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PREFACE. 


It  is  the  business  of  operative  industiy  to  produce,  transform,  and  dis* 
Inbiite  all  sach  material  objects  as  are  suited  to  satisfy  the  wants  of  nian- 
kind.  The  primary  production  of  these  objects  is  assigned  to  the  husband- 
BUUL,  the  fisherman,  and  the  miner ;  their  transformation  to  the  manufacturer 
and  artisan ;  and  their  distribution  to  the  engineer,  shipwright,  and  sailor.* 
The  miworked  or  raw  materials  are  derived, — 1 .  from  the  organic  processes 
ef  vegetables  and  animals,  conducted  either  without  or  with  the  fostering 
caxe  of  man ;  2.  from  the  boundless  stores  of  mineral  and  metallic  wealth, 
axranged  upon  or  within  the  surface  of  the  earth  by  the  benignant  Parent 
eC  our  being,  in  the  fittest  condition  to  exercise  our  physical  and  intellectual 
powers  in  turning  them  to  the  uses  of  life. 

The  task  which  I  have  undertaken  in  the  present  work,  is  to  describe 
and  ezfdain  the  transformations  of  these  primary  materials,  by  mechanical 
and  chemical  agencies,  mto  general  objects  of  exchangeable  value ;  leav- 
iag,  on  the  one  hand,  to  the  mechanical  engineer,  that  of  investigating  the 
notive  powers  of  transformation  and  transport ;  and,  on  the  other  hand,  to 
the  handicniftsman,  that  of  tracing  their  modifications  into  objects  of  special 
or  local  demand.  Contemplated  in  this  view,  an  art  or  manufacture  may 
be  defined  to  be  that  species  of  industry  which  effects  a  certain  change  in 
a  sobetance,  to  suit  it  for  the  general  market,  by  combining  its  parts  in  a 
new  order  and  form,  through  mechanical  or  chemical  means.  Iron  will 
verve  the  porpose  of  illustrating  the  nature  of  the  distinctions  here  laid 
down,  betw%?en  mechanical  engineering  ;  arts  and  manufactures ;  and  handi- 
craft trades.  The  engineer  perforates  the  ground  with  a  shaft,  or  a  drift, 
to  the  level  of  the  ore,  erects  the  pumps  for  drainage,  the  ventilating,  and 
hoistiog  ajqparatus,  along  with  the  requjstte  steam  or  water  power  ;  he  con* 
structs  the  roads,  ihe  bridges,  canals,  railways,  harbors,  docks,  cranes,  dec, 
subservient  to  the  transport  of  the  ore  and  metal ;  he  mounts  the  steam  or 
water<-power,  and  bellofws  for  working  the  blast-furnaces,  the  forges,  and 
the  cupolas ;  his  principal  end  and  aim  on  all  occasions  being  to  overcome 
he  forces  of  inertia,  gravity,  and  cohesion.    The  ores  extracted  and  sorted 

*For  correct  and  eopioat  infbrnuitioa  upon  ttgritultural  production,  I  have  great 
pleasure  in  referring  my  readers  to  Mr.  Loadoa's  daborate  Encydopediat^fJSgriaUiurt^ 
Gardemmg,  and  Plantt ;  and  for  ma-caniiU  prodoctien  and  distribution,  to  Mr.  M'Cot 
lodi'i  exeellent  JHetionary  of  C(mmerce  and  ComrntrciaX  Namgati/m. 
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by  the  miner,  and  transported  by  the  engineer  to  the  smelting  station,  are 
there  skilfully  blended  by  the  iron-master  (manufacturer),  who  treats  diem 
in  a  furnace  appropriately  constructed,  along  with  their  due  proportions  of 
flux  and  fuel,  whereby  he  reduces  them  to  cast  iron  of  certain  quality, 
which  he  runs  off  at  the  right  periods  into  rough  pigs  or  regular  moulds ; 
he  then  transforms  this  crude  metal,  by  mechanical  and  chemical  agencies, 
into  bar  and  plate  iron  of  various  sizes  and  shapes,  fit  for  the  general  market ; 
he  finally  converts  the  best  of  the  bars  into  steel,  by  the  cementation  fur- 
nace, the  forge,  and  the  tilt-hammer  ;  or  the  best  of  the  plates  into  tin-plate. 
When  farther  worked  by  definite  and  nearly  uniform  processes  into  objects 
of  very  general  demand  in  all  civilized  countries,  these  iron  and  steel  bars 
still  belong  to  the  domain  of  manufactures ;  as,  for  example,  when  made 
into  anchors,  chain-cables,  files,  nails,  needles,  wire,  &c. ;  but  when  the 
iron  is  fashioned,  into  ever  varying  and  capricious  forms,  they  belong  either 
to  the  general  business  of  the  founder  and  cutler,  or  to  the  particular  call* 
ing  of  some  handicraft,  as  the  locksmith,  gratesmith,  coachsmith,  gunsmith, 
tinman,  <&c. 

Such  are  the  principles  which  have  served  to  guide  me  in  selecting  arti- 
cles for  the  present  volume.  By  them,  as  a  clew,  I  have  endeavored  to 
hold  a  steady  coiurse  through  the  vast  and  otherwise  perplexing  labyrinth 
of  arts,  manufactures,  and  mines ;  avoiding  alike  engineering  and  mechan* 
ical  arts,  which  cause  no  change  in  the  texture  or  constitution  of  matter, — 
and  handicraft  operations,  which  are  multiform,  capricious,  and  hardly  sus- 
ceptible of  scientific  investigation.  In  fact,  had  such  topics  been  introduced 
into  the  volume,  it  would  have  presented  a  miscellaneous  farrago  of  incon- 
gruous articles,  too  numerous  to  allow  of  their  being  expounded  in  a  man- 
ner either  interesting  or  instructive  to  the  manufacturer  and  the  metallurgist. 
I  readily  acknowledge,  however,  that  I  have  not  been  able  to  adhere  always 
so  rigorously  as  I  could  have  wished  to  the  above  rule  of  selection ;  having 
been  constrained  by  intelligent  and  influential  friends  to  introduce  a  few 
articles  which  I  would  gladly  have  left  to  the  mechanical  engineer.  Of 
these  Printing  is  one,  which,  having  had  no  provision  made  for  it  in  my 
original  plan,  was  too  hastily  compiled  to  admit  of  my  describing,  with 
suitable  figures,  the  flat-printing  automatic  machine  of  Mr.  Spottiswoode, 
wherewith  the  pages  of  this  volume  were  worked  ofif;  a  mechanism  which 
I  regard  as  the  noost  elegant,  precise,  and  productive,  hitherto  employed  to 
execute  the  best  style  of  letter  press. 

I  have  imbodied  in  this  work  the  results  of  my  long  experience  as  a 
Professor  of  Practical  Science.  Since  the  year  1805,  when  I  entered  at 
an  early  age  upon  the  arduous  task  of  conducting  the  schools  of  chemistry 
and  manufactures  in  the  Andersonian  Institution,  up  to  the  present  day, 
I  have  been  assiduously  engaged  in  the  study  and  improvement  of  most  of 
the  chemical  and  many  of  3ie  mechanical  arts.  Consulted  professionally 
by  proprietors  of  factories,  workshops,  and  mines  of  various  descriptions, 
both  in  this  country  and  abroad,  concerning  derangements  in  their  opera- 
tions, or  defects  in  their  products,  I  have  enjoyed  peculiar  opportunities  of 
becoming  familiar  with  dieir  minutest  details,  and  have  frequently  had  the 
good  fortune  to  rectify  what  was  amiss,  or  to  supply  what  was  wanting. 
Of  the  stores  of  information  thus  acquired,  I  have  availed  myself  on  the 
present  occasion ;  careful,  meanwhile,  to  neglect  no  means  of  knowledge 
which  my  extensive  intercourse  with  foreign  nations  afifords. 

I  therefore  humbly  hope  that  this  work  will  prove  a  valuable  contribution 
to  the  literature  of  science,  serving  — 

In  the  first  f  Usee,  to  instruct  the  Manufacturer,  Metallurgist,  and  Trades- 
man, in  tne  prmciples  of  their  respective  processes,  so  as  to  render  them  in 
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reality  the  masters  of  their  business,  and  to  emancipate  them  from  a  state 
of  bondage  to  such  as  are  too  commonly  the  slaves  of  blind  prejudice  and 
vicious  routine. 

Secondly,  to  afford  to  Merchants,  Brokers,  Drysalters,  Druggists,  and 
Officers  of  the  Revenue,  characteristic  descriptions  of  the  commodities  which 
pass  through  their  hands. 

Thirdly^  by  exhibiting  some  of  the  finest  developments  of  chemistry  and 
physics,  to  lay  open  an  excellent  practical  school  to  students  of  these  kindred 
sciences. 

Fourthly y  to  teach  Capitalists,  who  may  be  desirous  of  placing  their  funds 
in  some  productive  bank  of  industry,  to  select  judiciously  among  plausible 
claimants. 

Fifthly,  to  enable  Gentlemen  of  the  Law  to  become  well  acquainted  with 
the  nature  of  those  patent  schemes  which  are  so  apt  to  give  rise  to  litigation. 

Sixthly,  to  present  to  our  Legislators  such  a  clear  exposition  of  our  staple 
manufactures,  as  may  dissuade  them  from  enacting  laws  which  obstruct 
industry,  or  cherish  one  branch  of  it  to  the  injury  of  many  others :  and, 

Lastly,  to  give  the  General  Reader,  intent  chiefly  on  intellectual  cultivation, 
a  view  of  many  of  the  noblest  achievements  of  science,  in  ejecting  those 
grand  transformations  of  matter  to  which  Great  Britain  owes  her  paramount 
wealth,  rank,  and  power  among  the  kingdoms. 

The  latest  statistics  of  every  important  object  of  manufacture  is  given  from 
the  best,  and,  usually,  from  official  authority,  at  the  end  of  each  article.* 

The  following  simimary  of  our  manufactures  is  extracted  from  Mr. 
Macqueen's  General  Statistics  of  the  British  Empire,  published  in  1836.  It 
shows  the  unount  of  capital  embarked  in  the  various  departments  of  manu- 
facturing industry,  and  of  the  returns  of  that  capital ; — 




CapiUl. 

Produce. 

Cotton  manufactures 

Woollen      ditto                 -        -        • 

Sflk             ditto                 

Linen         ditto                 -        -        -        -        . 
Leather      ditto                 ..... 
Iron            ditto,  to  making  pig  iron  .        -        - 
Iron,  hardware,  cutlery,  &c.      -        -        -        - 
Copper  and  brass  ditto       ..... 

China,  glass,  4tc 

Paper,  furniture,  books,  &c.       .... 
Spirits  (British),  ales,  soap,  &.C..         ... 

40,973,872 

36,000,000 

8,000,000 

12,000,000 

13,000,000 

10,000,000 

25,000,000 

3,600,000 

8,600,000 

10,000,000 

37,600,000 

£ 
52,513,586 
44,250,000 
10,000,000 
15,421,186 
16,000,000 

7,098,000 
31,072,600 

4,673,186 
10,892,794 
14,000,000 
47,163,847 

9,000,000 

OUIIUIICS  MUUJILIUIMJU        --.               —               ■». 

Totals 

201,773,872 

262,085,199    | 

In  consequence  of  an  arrangement  with  Mr.  William  Newton,  patent 
agent,  and  proprietor  of  the  London  Journal  of  Artv,  Sciences,  and  Manufac- 
tures, I  have  been  permitted  to  enrich  this  Dictionary  with  many  interesting 
descriptions  and  illustrative  figures  of  modem  patent  inventions  and  improve- 
ments, which  I  could  not  otherwise  have  presented  to  my  readers.  Mr. 
Newton  has  lately  enhanced  the  value  of  his  Journal  by  annexing  to  it  a 
catalogue  raisonnee,  entitled  "  An  Analytical  Index  to  the  Subjects  contained 
in  the  23  Volumes,*'  which  constitute  the  first  and  second  series.     The 

*  The  statistics  of  agriculture^  trade,  and  manufhctnres  is  ably  and  fully  discussed  in 
Mr.  Mcculloch's  Dictionary  afaready  referred  to. 


S  PREFACfi. 

subsequent  22  volumes,  of  his  Conjoined  Series,  are  of  still  superior  interest ; 
and  the  whole  form  a  vast  storehouse  of  Mechanical  and  Chemical  Invention. 

Although  I  am  conscious  of  having  used  much  diligence  for  many  years 
in  collecting  information  for  this  work,  from  every  quarter  within  my  reach, 
the  utmost  pains  in  preparing  it  for  publication,  and  incessant  vigilance  during 
its  passage  through  the  press,  yet  I  am  fully  aware  that  it  must  contain  sev- 
eral errors  and  defects.  These  I  have  studied  to  rectify,  in  the  text  of  this 
edition,  and  more  completely  in  a  compendious  Supplement. 

Since  this  book  is  not  a  Methodical  Treatise,  but  a  Dictionary,  one  exten* 
sive  subject  may  be  necessarily  dispersed  through  many  articles.  Thus,  for 
example,  information  upon  the  manufacture  of  Colors  will  be  found  under 
azure  ;  black  pigment ;  bone-black  ;  bronze  ;  brown  dye  ;  calico-printing ; 
carmine  ;  carthamus  ;  chromium ;  cochineal ;  crayons  ;  dyeing ;  enamels  ; 
gold  ;  gilding ;  gamboge  ;  gray  dye  ;  green  dye  ;  green  paints  ;  indigo  ; 
kermes;  lac  dye;  lakes;  madder;  massicot;  mercury;  periodide  of ;  Na^ 
pies  yellow ;  orange  dye ;  orpiment ;  paints ;  grinding  of ;  ochres ;  paper-* 
hangings ;  pastes ;  pearl  white ;  Persian  berries ;  pottery  pigments  ;  Prus* 
sian  blue ;  purple  of  Cassius ;  red  lead ;  rouge ;  Scheele's  green ;  Schwein- 
furth  green ;  stained  glass ;  terra  di  Sienna ;  ultramarine  ;  umber ;  verditer ; 
vermilion  ;  vitrifiable  colors,  weld,  white  lead ;  woad  ;  yellow,  king's. 

A  casual  consulter  of  the  Dictionary,  who  did  not  advert  to  this  distribu- 
tion, might  surmise  it  to  be  most  deficient,  where  it  is  in  reality  most  copious 

The  elaborate  and  costly  Encyclopedias,  and  Dictionaries  of  Arts,  which 
have  appeared  from  time  to  time  in  this  country,  and  abroad,  have,  for  the 
most  part,  treated  of  the  mechanical  manufactures  more  fully  and  correctly 
than  of  the  chemical.  The  operations  of  the  former  are,  in  fact,  tolerably 
obvious  and  accessible  to  the  inspection  of  the  curious  ;  nor  are  they  diffi- 
cult to  transfer  into  a  book,  with  the  aid  of  a  draughtsman,  even  by  a  per- 
son but  moderately  versed  in  their  principles.  But  those  of  the  latter  are 
not  unfirequently  involved  in  complicated  manipulations,  and  depend,  for 
their  success,  upon  a  delicate  play  of  affinities,  not  to  be  understood  with- 
out an  operative  familiarity  with  the  processes  themselves.  Having  enjoyed 
the  best  opportunities  of  studying  the  chemical  arts  upon  the  greatest  scale  in 
this  kingdom  and  on  the  Continent,  I  may  venture,  without  the  imputation 
of  arrogance,  to  claim  for  my  work,  in  this  respect,  more  precision  and  co- 
piousness than  its  predecessors  possess.  I  have  gone  as  far  in  describing 
several  curious  processes,  liitberto  veiled  in  mystery,  as  I  felt  warranted, 
without  breach  of  confidence,  to  go  |  regarding  it  as  a  sacred  duty  never  to 
publish  any  secret  whatever,  without  the  consent  of  its  proprietor.  During 
my  numerous  tours  through  the  factory  districts  of  Great  Britain,  France, 
&c.,  many  suggestions,  however,  have  been  presented  to  my  mind,  which  I 
am  quite  at  liberty  to  communicate  in  private,  or  carry  into  execution,  in 
other  districts  too  remote  to  excite  injurious  competition  against  the  original 
inventors.  I  am  also  possessed  of  many  plans  of  constructing  manufacto- 
ries, of  which  the  limits  of  this  volume  did  not  permit  me  to  avail  myself, 
but  which  I  am  ready  to  furnish,  upon  moderate  terms,  to  proper  applicants. 
I  conclude  by  pointing  attention  to  the  very  insecure  tenure  by  which  pat- 
ents for  chemical  or  chemico-mechanical  inventions  are  held ;  of  which 
there  is  hardly  one  on  record  which  may  not  be  readily  evaded  by  a  person 
skilled  in  the  resources  of  practical  chemistry,  or  which  could  stand  the 
ordeal  of  a  court  of  law,  directed  by  an  experienced  chemist.  The  specifi- 
cations of  such  patents  stand  in  need  of  a  thorough  reform ;  being  for  the 
most  part  not  only  discreditable  and  delusive  to  the  patentees,  but  calculated 
to  involve  them  in  one  of  the  greatest  of  evils — a  chancery  suit. 

Loudon:  IS  Charlotte  Street,  Bedford  Square, 
Aoffatt,  184S. 
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AbB-WOOL.    Among  elotkien,  tikis  term  tignifies  the  woofot  10^. 

ACETATE.  {jScetaUf  Fv. ;  Eangiawtf  Genu.)  Any  saline  compound  of  whieb 
the  acetic  is  the  add  constituent ;  as  acetate  of  soda,  of  iron,  of  copper^  ^. 

ACETATE  OF  ALUMINA,  see  Rn>  Liqnon  and  Mordaitt;  of  Copper,  see 
Coppnjof  Iron,  see  laoir ;  of  Lkad,  see  Lkao  ;  of  Lime,  see  pTRouomsoos  Acid. 

ACETIC  ACID  (Jeide  MiHqfiu^  Fr.;  J5*ng«aiitv,  Oenn.)  is  the  name  of  the  soar 
principle  which  eiists  in  Tinegar.  It  ocean,  ready  formed,  in  several  products  of 
the  vegetable  kingdom,  and  is  generated  during  the  spontaneons  fermentation  of  manT 
TegctaUe  and  amoial  juices.  The  MtnteciM  ^^»  or  blade  dder,  the  phanix  daetu 
BferOf  and  the  rktu  typhinnu  are  plants  which  anord  a  notable  quantity  of  vinegar.  It 
is  ibcijidy  likewise,  in  the  swca;t,  urine,  miyc,  and  stomach  of  animals.  All  infusions  of 
animal  or  T^etaUe  matters  in  water,  when  exposed  for  some  time  to  the  air,  at  a  mo- 
derate temperature,  ferment  into  vinegar;  and  most  vegetables,  when  su^jeeted  to 
decomposition  by  fire,  give  off  condensable  vapors  of  aeetie  add.  All  liquids  con- 
taining alcohol  are  susceptible  of  passing  into  the  state  of  vinegar ;  but  the  pre-existenee 
of  alcohol  is  not  necessary  to  this  chaage^  as  we  learn  from  the  aeetification  of  vegetable 
soaps,  infusion  of  cabbage^  stareh — paste,  kc 

Yinegar  may  be  distingniahed  into  foor  varieties^  aeeording  to  the  mode  of  its  pro- 
duction, though  all  of  them  are  capable  of  bdng  converted,  by  chemical  means,  into 
one  identical  acetic  add.  1.  Wine  vinegar.  2.  Malt  vinegar.  3  Sugar  vin^ar. 
4.  Wood  vinegar,  or  pyroKgneons  acid.  Fermentation  is  the  source  of  the  acid  in  the 
first  three  varieties.  Here  alcohol  is  firflt  generated,  and  is  next  converted  into  vinegar 
by  the  influence  a[  the  air  at  a  genial  tempenture ;  a  change  which  will  be  investigated 
under  FsRifEMTATioN.  Bat  the  conversion  of  spirit  of  wine  into  noetic  add  may  be  de* 
monstrated  by  direct  experiment.  When  the  vapor  of  alcohol  is  brought  into  contact 
in  the  atmosphere  with  the  black  powder  obtained  by  mixing  muriate  of  platina,  potash, 
and  aloo^l,  vinegar  is  rapidly  formed  at  the  expense  of  the  tdeohol.  In  Germany,  where 
crude  alcohol  bears  a  low  price,  the  manufiultiure  of  vinegar  has  been  arranged  upon  that 
prindple,  which,  as  throwing  some  light  on  the  proOess  of  aeetification,  I  shall  briefly 
describe.    See  FiAnwuinfar  the  mode  of  pnpttrifig  the  above  powder. 

Under  a  large  case,  which  for  experimental  purposes  may  be  made  of  glass,  several 
fluicer-shaped  dishes  of  pottery  or  wood  are  to  be  placed  in  rows,  upon  shelves  over 
ach  other,  a  few  inches  apart  A  portion  of  the  black  platina  powder  moistened  being 
suspended  over  each  dish,  let  as  much  vinous  spirits  be  put  into  them  as  the  oxygen  of 
the  indoded  air  shall  be  adequate  to  acidify.  Tlus  quantity  may  be  inferred  from  the 
fact,  that  1000  cubic  inches  of  air  can  oxygenate  110  grains  d  absolute  alcohol,  convert- 
ing them  into  122  grains  of  absolute  acetic  aeid,  and  644  grains  of  water. 

The  above  simple  apparatus  is  to  be  set  in  a  light  place  (in  sunshine,  if  convenient), 
at  a  temperature  of  ihmi  68^  to  86^  Fahr.,  and  tike  evaporation  of  the  alcohol  is  to  be 
promoted  by  hanging  several  leaves  of  porous  paper  in  tt^  case,  with  thdr  bottom  edges 
dipped  in  the  spmt.  In  the  eooise  of  a  few  minutes,  a  most  interesting  phenomenon 
will  be  peredved.  The  mutual  aetion  of  the  platina  and  the  alcohol  will  be  displayed 
by  an  increase  of  temperature,  and  a  generation  of  add  vapors,  which,  condensing  on 
the  sides  of  the  glass-case^  trickle  ia  streams  to  the  bottom.  This  striking  transforma- 
tion continues  tiU  all  the  oxygen  of  the  air  be  consumed.  If  we  wish,  then,  to  renew 
te  pcoeess,  we  must  open  the  case  for  a  little,  and  replenish  it  with  air.  With  a  box 
sf  12  eabie  feet  in  capodtyy  and  with  a  provision  of  7  or  8  ounces  of  the  platina  powder^ 
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we  can,  in  the  oov/se  of  a  day,  convert  one  pound  of  aleohol  into  pare  acetic  acid,  fit  for 
every  purpose,  culinary  or  chemical.  With  from  20  to  30  pounds  of  the  platina  powdet 
(which  does  not  waste),  we  may  transform,  daily,  nearly  300  pounds  of  bad  spirits  intc 
the  finest  vinegar.  Though  our  revenue  laws  preclude  the  adoption  of  this  elegant 
process  upon  the  manufacturing  scale  in  this  country,  it  may  be  regarded  as  one  of  the 
greatest  triumphs  of  chemistry,  where  art  has  rivallei  nature  in  one  of  her  most  myste- 
rious operations. 

To  readers  acquainted  with  chemical  symbols,  the  following  numerical  representation 
of  the  conversion  of  alcohol  into  acetic  acid  may  be  acceptable  : — 

580*64  parts  by  weight  of  alcohol  ^  His  Ci  Os  consist  of 

74-88  of  hydrogen  =  Hw 

305-76  of  carbon  =  d 

200*00  of  oxygen  =■  Oa 

If  we  combine  with  this  mixture,  400  parts  of  oxygen  =  d,  we  have, — 

of  water  b=        337*44        »        H<  Os 

acetic  acid    b=        643*20        »        H<  04  Os 

Hence,  in  this  formation  of  vinegar,  100  parts  by  weight  of  alcohol  take  68*89  parts  of 
oxygen;  and  there  are  produced  58-11  parts  of  water,  and  1]0'78  of  acetic  acid. 

These  beautiful  experiments  prove,  that  when  in  a  mere  mixture  of  alcohol  and  water, 
under  the  influence  of  the  atmospheric  air  and  heat,  some  vinegar  comes  to  be  formed 
aAer  a  considerable  time,  the  same  formation  of  vinegar  takes  place*  in  a  similar,  but 
more  efiective,  manner,  when  a  fennent  is  present,  which  acts  here  in  a  somewhat 
analogous  way  to  the  platina  powder  in  the  preceding  case.  Several  azotized  sub- 
stances serve  as  re-agents  towards  the  acetous  fermentation, — such  as  vinegar  ready- 
made,  vinegar-yeast,  or  lees,  barley  bread,  leaven,  beer  barm,  and  similar  vegetable 
matters,  which  contain  gluten.  The  best  and  purest  ferment  is,  however,  vinegar  itsel£ 
With  this  ferment  we  must  conjoin,  as  an  essential  condition  of  acetlfication,  the  firec 
access  of  atmospheric  air. 

It  is  a  weU-known  fact,  that  spirituous  liquors,  as  weak  brandy,  wine,  and  beer,  &c., 
may  be  preserved  fos  years  in  close  vessels,  without  undergoing  the  acetous  fermentation, 
even  when  they  repose  upon  a  layer  of  lees.  It  is  equally  well  known,  that  these  very 
liquors,  if  they  stand  for  some  time  in  open  vessels,  become  readily  sour,  especially  if  ex- 
posed, also,  to  a  somewhat  high  temperature.  If  we  fill  a  flask  with  common  brandy, 
and  subject  it,  without  a  stopper,  to  the  influence  of  air  and  warmth,  the  contained 
liquor  may,  at  the  end  of  many  weeks,  discover  no  sensible  acidity ;  if  we  add  to  the 
same  brandy  a  ferment,  and  stop  the  flask  air-tight,  everything  will  still  remain  unchang- 
ed ;  but  if  we  leave  a  portion  of  air  in  the  flask,  or  leave  it  uncorked,  vinegar  will  soon 
maJce  its  appearance  in  the  brandy. 

If  we  investigate  the  nature  of  the  air  which  remains  over  brandy  in  the  act  of  aceti- 
fication,  we  shall  find  that  it  consists  entirely  of  carbonic  acid  and  azote,  the  oxygen  being 
abeorbol  and  combined  in  the  acetic  acid  and  water  formed. 

Since  this  absorption  of  oxygen  from  the  afar  can  take  place  only  at  the  surface  of 
the  fermenting  liquors,  we  thus  see  the  necessity  and  the  practical  importance  of  ampli- 
fying that  surface,  in  order  to  accelerate  and  complete  the  acetlfication  by  multiplying  the 
points  of  contact  between  the  alcohol  and  the  oxygen.  The  essence  of  the  new  German 
method  of  rapid  acetlfication  depends  upon  this  principle. 

Temperature  has  also  a  remarkable  influence  on  the  formation  of  vinegar.  The  acid 
fermentation  proceeds  very  feebly  in  the  cold,  but  takes  an  accelerated  pace  as  the  heat 
is  raised.  It  would  even  appear  that  spirituous  vapors  brought  by  themselves  in  con- 
tact with  atmospheric  air,  without  the  aid  of  any  ferment,  are  capable  of  being  converted 
into  acetic  acid,  since  it  has  happened  in  the  rectification  of  brandy,  in  a  still  furnished 
with  a  large  capital  and  adopter  pipe  into  which  air  was  allowed  to  enter,  that  vinegar 
made  its  appearance.  Hence,  warmth  does  not  seem  to  act  as  a  promoter  of  the  combi- 
nation of  alcohol  with  oxygen  in  a  merely  chemical  point  of  view,  but  it  acts,  so  to  speak, 
physically.  Over  the  warm  liquor  a  stratum  of  spirit  vapor  appears  to  floot,  which, 
coming  there  into  conflict  with  the  atmospherical  oxygen,  probably  causes  the  generation 
of  some  acetic  acid,  and  thus  accelerates  the  operation,  much  more  than  by  the  mere 
contact  of  the  oxygen  with  the  liquid  surface. 

When  we  expose  any  spirituous  liquors,  as  wine,  beer,  &c.,  with  the  requisite 
ferment,  to  the  external  air,  at  a  temperature  of  from  64^  to  68°  Fahr.,  the  fluid,  how- 
ever clear  before,  becomes  soon  turbid ;  filamentous  slimy  particles  begin  to  appear 
moving  in  the  middle  and  on  the  sides  of  the  vessel,  and  then  fi}nn  a  scum  on  the  top  of 
the  liquor.  When  this  scum  has  acquired  a  certain  thickness  and  consistence,  it  falls  in 
a  sediment  to  the  bottom.  The  Germans  call  it  the  vinegar  mother^  as  it  serves  to  excite 
aeetification  in  fresh  liquors.    Meanwhile,  the  liquor  has  become  warmer  than  the  eur 
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fooading  air,  and  Uie  viaegar  proeess  betrays  itseif  by  difibsing  a  peculiar  aroma  in  the 
apartment.  Whenever  all  the  aleohol  present  has  been  converted  into  acetic  acid,  the 
2ii|nor  eomcs  iato  a  state  of  repose ;  its  temperature  sinks  to  the  pitch  of  the  atmosphere ; 
h  beoomes  bright,  and  is  the  article  well  known  by  its  taste  and  smell  under  the  name 
of  vinegar. 

Genuine  wine  or  raisin  vinegar  differs  from  that  formed  either  from  apples,  or  sugar, 
beer,  &c.,  in  containing  wine-stone  or  tartar;  by  which  peculiarity  it  may  be  distinguish- 
ed, except  in  those  cases  where  crude  tartar  has  been,  artificially  added  to  the  other 
vinegais,  as  a  disguise.  Barley-malt  vinegar  contains  some  phosphoric  acid,  in  the  state 
of  phosphate  of  lime  or  magnesia,  derived  from  the  grain. 

After  these  general  observations  upon  aceti&cation,  we  shall  now  proceed  to  describe 
the  process  for  numufacturing  vinegar  on  the  commercial  scale. 

1.  K^tns  vtnsgar*— The  first  consideration  with  a  vinegar-maker  i»  a  good  fermenting 
room,  in  which  the  wines  may  be  exposed  to  a  steady  temperature,  with  an  adequate 
rupply  of  atmospherical  air.  As  this  air  is  soon  deprived  of  its  oxygenous  constituent, 
facilities  ought  to  be  provided  for  a  renewal  of  it  by  moderate  ventilation.  The  air- 
holes for  this  purpose  ought  to  be  so  contrived  that  they  may  be  shut  up  when  the 
temperature  begins  to  fall  too  low,  or  in  windy  weather.  The  best  mode  of  com- 
municating the  proper  warmth  to  a  chamber  of  this  kind  is  by  means  of  fire-flues  or  hot 
water  pipes,  running  along  its  floor  at  the  sides  and  ends,  as  in  a  hot-house ;  the  fireplace 
being  on  the  outside,  so  that  no  dust  may  be  created  by  it  within.  The  flue  is  best  made 
of  bricks,  and  may  have  a  cross  section  of  10  or  12  inches  by  15  deep.  The  soot  deposited, 
even  when  coals  are  burned,  will  find  ample  space  in  the  bottom  of  the  flue,  without 
interfering  essentially  with  the  draught,  for  a  very  long  period,  if  it  be  made  of  the 
above  dimensions.  Low-roofed  apartments  are  preferable  to  high  ones ;  and  those  built 
with  thick  walls,  of  imperfectly  conducting  materials,  such  as  bricks,  lined  with  lath 
and  plaster  work.  Should  the  chamber,  however,  have  a  high  ceiling,  the  fermenting 
tuns  must  be  raised  to  a  suitable  height  on  scaffolding,  so  as  to  benefit  by  the  warmest 
air.  Sometimes  the  vinegar  vessels  are  placed  at  different  levels ;  in  which  case  the  up- 
per ones  acetify  their  contents  much  sooner  than  the  under,  unless  they  are  emptied  and 
filled  alternately,  which  is  a  good  plan. 

Orleans  is  the  place  most  famous  for  vinegars.  The  buikiing  there  destined  to  their 
manufacture  is  called  a  vmaignrie,  and  is  placed,  indifferently,  either  on  the  ground  floor 
or  the  floor  above  it ;  but  it  has  always  a  southern  exposure,  to  receive  the  inflnence 
of  the  sunbeams.  The  vessels  employed  for  carrying  on  the  fermentation  are  casks, 
adled  motktn.  Formerly  they  were  of  a  large  capacity,  containing  about  460  litres 
(150  gallons,  £ng.) ;  but  at  the  present  day  they  are  barrels  of  half  that  capacity,  oc 
somewhat  less  than  an  old  English  hogshead.  It  is  now  known  that  the  wine  passes 
sooner  into  vinegar  the  smaller  the  mass  operated  upon,  the  more  extensive  its  contact 
with  the  air,  and  the  more  genial  its  warmth.  These  casks  were  formerly  arranged  in 
three  ranks  by  means  of  massive  seaffoiding ;  they  are  now  set  in  four  ranks,  but  they 
rest  on  much  smaller  rafters,  sustained  by  uprights,  and  can  be  packed  closer  together. 
ne  casks,  which  are  laid  horizontally,  are  pierced  at  the  upper  surface  of  their  front  end 
with  two  holes:  one,  to  which  the  name  a^  eyt  is  given,  is  two  inches  in  diameter;  it 
serves  for  putting  in  the  charge,  and  drawing  off  the  vinegar  when  it  is  made;  the  other 
hole  is  much  smaller,  and  is  placed  immediately  alongside ;  it  is  merely  an  air-hole,  and 
is  necessary  to  allow  the  air  to  escape,  because  the  funnel  completely  fiUs  the  other  hole 
in  the  act  of  filling  the  cask. 

When  new  vessels  are  mounted  in  a  vinegar  work,  they  must  be  one  third  filled  with 
the  best  vinegar  that  can  be  procured,  which  becomes  the  true  mother  of  the  vinegar 
to  be  made ;  because  it  is  upon  this  portion  that  the  wine  to  be  acidified  is  successively 
added.  At  the  ordinary  rate  of  work,  they  put  at  first  upon  the  mother^  which  occupies 
one  third  of  the  vessel,  a  6roe  of  ten  litres  of  red  or  white  wine ;  eight  days  afterwarda 
they  add  a  second  6roc ;  then  a  third,  and  a  fourth,  always  observing  the  same  interval  of 
time,  8  days.  After  this  last  charge,  they  draw  off  about  forty  litres  of  vinegar,  and  then 
reeommeace  the  successive  additions. 

It  is  necessary  that  the  vessel  be  always  one  third  empty  if  we  wish  the  acetification 
to  go  on  steadily ;  but  as  a  portion  of  the  tartar  aad  the  lees  forms  and  accumulates  in 
the  lower  part  of  the  cask,  so  as  eventually  to  eounteract  the  fermentation,  the  time  ar- 
rives when  it  is  requisite  to  interrupt  it,  in  order  to  remove  this  residuum,  by  clearing  out 
an  the  contents.  The  whole  materials  must  be  renovated  every  10  years;  but  the  casks>. 
if  well  made  and  repaired,  will  serve  for  25  years. 

We  heave  mentioned  a  definite  period  at  which  the  vinegar  may  be  drawn  off;  but  thati 
on  the  supposition  that  the  process  had  all  the  success  we  could  wish;  there  an 
dUftenlt  to  appreciate,  which  modify  its  progress,  as  we  shall  presently* 
We  aogfaty  therefore,  before  discharging  the  vinegar,  to  test  and  see  if  the  fer 
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nentatioa  has  been  eomiilete.  We  inrooeed  as  f<d1ows  t  we  phmfe  into  the  iqnor  « 
white  stick  or  rod,  bent  at  one  end,  and  then  draw  it  oat  in  a  horirontal  direction :  if  it 
be  oorered  with  a  white  thick  froth,  to  which  is  given  the  name  of  worfc  (travc4l),  we 
jodge  that  the  operation  is  tenninated  {  bat  if  the  work,  instead  of  being  white  and 
pearly,  be  red,  the  manufactorers  regard  the  fermentation  to  be  nnfinished,  and  they 
endeavor  to  make  it  advance,  by  adding  fresh  wine,  or  by  increasing  the  heat  of  the 
apartment. 

It  is  not  always  easy  to  explain  why  the  fermentation  does  not  go  on  as  rapidly  in  000 
ease  as  in  another.  There  are  even  certain  things  which  seem  at  present  to  be  entirely 
inexplicable.  It  happens  sometimes,  ibr  example,  that  although  all  the  vessels  have  been 
equally  charged,  and  with  the  same  wine,  yet  the  fermentation  does  not  form  in  the  same 
manner  in  the  whole ;  it  will  move  rapidly  in  some,  be  hmgaid,  or  altogether  inert, 
in  others.  This  is  a  very  puzzling  anomaly ;  which  has  been  ascribed  to  electrical  and 
other  obscure  causes,  because  it  is  not  owing  to  want  of  heat,  the  casks  in  the  warmest 
positions  b^ing  frequently  in  fault  $  nor  to  the  timber  of  the  cask.  It,  however,  para* 
lyzes  the  process  so  completely  that  the  most  expert  vinegar  makers  have  nothing  else 
for  it,  when  this  accident  happens,. than  to  empty  entirely  what  they  call  the  lazy  cask, 
and  to  fill  it  with  their  best  vinegar.  The  fermentation  now  begins,  and  proceeds  as  well 
in  it  as  in  the  others.    See  Fermentatiok. 

We  must  here  mdce  an  important  remark,  relatively  to  the  temperature  which  should 
prevail  in  the  fermentation  room.  In  many  chemical  works  we  find  it  stated,  that  the 
heat  should  not  exceed  16°  R.,  or  65°  Fahr.,  for  fear  of  obtaming  bad  products.  But 
the  vinegar  makers  constantly  keep  up  the  heat  at  from  24°  to  25°  R.,  75°  to  77°  F. ; 
when  the  acetification  advances  much  more  rapidly,  and  the  vinegar  is  equally  stnmg. 
fhe  best  proof  of  this  heat  not  being  too  high  is,  that  under  it,  the  vessels  in  the  upper 
part  of  the  room,  work  best  and  quickest.  In  Orleans,  cast-iron  stoves  and  wood  fuel 
are  used  for  communicating  the  requisite  warmth« 

Before  pouring  the  wine  into  the  mothers,  it  is  clarified  in  the  following  manner. 
There  are  tuns  which  can  contain  from  12  to  15  pieces  of  wine.  Their  upper  end  has  at 
its  centre  an  opening  of  four  or  five  inches  diameter,  which  may  be  closed  after* 
wards  with  a  cvooden  cover ;  this  opening  is  for  the  purpose  of  receiving  a  large  funnel. 
The  inside  of  the  tun  is  filled  with  chips  of  beechwood,  well  pressed  down.  The  wine 
is  poured  upon  these  chips,  allowed  to  remain  for  some  time,  and  then  gently  drawn  off 
by  a  pipe  in  the  lower  part  of  the  vessel.  The  lees  are  deposited  upon  the  chips,  and 
the  wine  runs  ofi*  quite  dear.  However,  it  happens  sometimes,  notwithstanding  this 
precaution,  that  the  vinegar,  after  it  is  made,  requires  to  be  clarified,  more  particularly  if 
the  wine  employed  had  been  weak.  The  vinegar  must  be  filtered  in  the  same  way ;  aud- 
it derives  an  advantage  from  it,  as  the  products  of  different  casks  get  thereby  mixed  and 
made  uniform. 

By  this  Orleans  method  several  weeks  elapse  before  the  acetification  is  finished ;  but  a 
plan  has  been  lately  devised  in  Germany  to  quicken  greatly  the  acid  fermentation  by  pe- 
culiar constructions.  This  system  b  called,  the  quick  vinegar  work,  because  it  will  com 
plete  the  process  in  the  course  of  2  or  3  days,  or  even  in  a  shorter  time.  It  depends^ 
chiefly,  upon  the  peculiar  construction  of  the  fermenting  vessels,  whereby  the  vinous 
liquor  is  exposed  on  a  vastly  expanded  surface  to  the  action  of  the  atmospheric  air. 

An  oaken  tab,  somewhat  narrower  at  the  bottom  than  the  top,  from  6  to  7  feet  high 
and  3  feet  in  diameter,  is  furnished  with  a  well-fitted  grooved,  but  loose,  cover.  About 
half  a  foot  from  its  mouth,  the  tub  has  a  strong  oak  or  beech  hoop  fitted  to  its  inside 
surface,  sufficiently  firm  to  support  a  second  cover,  also  well  fitted,  but  moveable.  The 
space  under  this  second  cover  is  destined  to  contain  the  vinous  liquor,  and  in  order  to 
bring  it  very  amply,  into  contact  with  the  atmosphere,  the  following  contrivances  have 
been  resorted  to :  This  cover  is  perforated,  like  a  sieve,  with  small  holes  of  from  1  to  2 
lines  in  diameter,  and  about  U  inch  apart.  Through  each  of  these  holes  a  wick  of  pack- 
thmd  or  cotton  is  drawn,  about  6  inches  long,  which  is  prevented  from  falling  through 
by  a  knot  on  its  upper  end,  while  its  under  part  hangs  fVee  in  the  lower  space.  The 
wicks  must  be  just  so  thick  as  to  allow  of  the  liquor  poured  above  the  cover  pessing 
diroagh  the  holes  in  drops.  The  edges  of  the  lid  must  be  packed  with  tow  or  hemp  to 
prevent  the  liquor  running  down  through  the  interval. 

The  whole  lower  compartment  is  now  to  be  filled  with  chips  of  beechwood  up  to 
nearly  the  perforated  cover.  The  liquor,  as  it  trickles  through  the  holes,  diffuses  itself 
over  the  chips,  and,  sinking  stowly,  eoUeets  at  the  bottom  of  the  tub.  The  chips  should 
be  prepared  for  this  purpose  by  being  repeatedly  scalded  in  boiling  water,  then  dried, 
and  imbued  with  hot  vinegar.  The  same  measures  may  also  be  adopted  fbr  the  tub. 
To  provide  for  the  renewal  of  the  air,  the  tub  is  perforated  at  about  a  foot  from  its 
bottom  with  eight  holes,  set  equally  apart  round  the  circumference,  two  thirds  of  an  inch 
wide,  and  sloping  down,  through  which  the  ahr  may  enter  into  this  lower  compartment^ 
without  the  trickling  Uqnor  being  aUowed  to  flow  out.  In  order  that  the  foul  air  which  hit 
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beOMM  Qtd^M  mttgr-cmpeyibor  korge  boles  are  irieiced  in  the  sieve  eover,  at  equal  distan- 
ces asundef  and  from  the  centre,  whose  united  areas  are  rather  smaller  than  the  total 
areas  of  Ifae  holes  in  the  side  of  the  tab.  Into  these  four  holes  open  glass  tabes  must  be 
inserted,  so  as  to  stand  'some  inches  aboTe  the  coyer,  and  to  prevent  any  of  the  liqnor 
from  mnning  throiigh  them.  The  proper  circulation  of  the  air  takes  place  through  these 
dianiglit  holtt.  This  air  may  aftenrards  pass  off  throngh  a  hole  of  2|  inches  diameter 
in  the  nppennost  oover^  in  which  a  funnel  is  placed  for  the  supply  of  liquor  as  it  is  want> 
ed  to  keep  up  the  perooiation: 

The  temperatare  of  the  fermenting  compartment  is  ascertained  by  means  of  a  thenno- 
BseCcr,  whose  bulb  is  inserted  in  a  hole  through  its  side,  and  fastened  by  a  perforated 
cork.  The  liifDor  odllected  in  the  under  vessel  runs  off  by  a  syphon  inserted  near  its 
bottam»  the  leg  of  which  turns  up  to  nearly  the  level  of  the  ventilating  air  pipes  before  it 
fe  beat  outwards  and  downwards.  Thus  the  liquor  will  begin  to  flow  out  of  the  under 
compartment  only  when  it  stands  in  it  a  little  below  the  sieve  cover,  and  then  it  will  run 
slowly  off  at  the  inclined  mouth  of  the  syphon,  at  a  level  of  about  3  inches  below  the 
lower  end  of  the  glass  tubes.  There  is  a  vessel  placed  below,  upon  the  ground,  to  re- 
ceive it.  The  tub  itself  is  supported  upon  a  wooden  frame,  or  a  pier  of  brickwork,  a 
foot  or  18  inches  high. 

A  tub  constraded  like  the  above  is  called  a  gkaduatiok  vessel,  which  see.  It  is  work- 
ed  in  the  following  way : — ^The  vinegar  room  must  be,  in  the  first  place,  heated  to  from 
100^  to  li(y  F.,  or  till  the  thermometer  in  the  graduation  vessel  indicates  at  least  77^. 
Tlie  heat  may  then  be  modified.  We  now  pour  through  the  uppermost  cover  of  the  tub 
a  mixture,  vrarmed  to  144^  F.,  of  8  parts  proof  spirits,  25  parts  soft  water,  15  parts  of 
good  vin^ar,  and  as  much  dear  wine  or  beer.  The  water  should  be  first  heated,  and 
tfien  the  vinegar,  spirits,  and  wine  may  be  added  to  it.  Of  this  mixture,  so  much  should 
be  poured  in  as  is  necessary  to  cover  over  the  second  lid,  2  or  3  inches  deep,  with  the 
liquor ;  after  which,  the  rest  may  be  poured  slowly  in,  as  it  is  wanted. 

When  the  liqaor  has  run  for  the  first  time  through  the  graduation  vessel,  it  is  not  yet 
sniBciently  acidified  $  but  the  weak  vinegar  collected  in  the  exterior  receiving  cistern 
must  be  a  second  time,  and,  if  need  be,  a  third  time,  passed  through  the  graduation  tub, 
in  Older  to  convert  all  the  alcohol  into  acetic  acid.  In  general,  we  may  remark,  that 
the  stronger  the  vinous  liquor  the  more  difiicult  and  tedious  is  its  conversion  into 
vinegar,  but  it  is  so  much  the  stronger.  To  lessen  this  difiiculty  somewhat,  it  would  be 
well  not  to  put  all  the  spirits  at  first  into  the  wash,  or  mixed  liquors,  but  to  add  a  little 
more  of  it  at  the  second  and  the  third  running,  especially  when  we  desire  to  have  very 
strong  vinegar. 

After  the  graduatmn  vessel  has  been  some  days  at  work,  it  is  no  longer  necessary  to 
sdd  vinegar  to  the  mixture  of  spirits  and  water,  since  the  sides  of  the  graduation  tub,  the 
beech  chips,  and  the  packthreads,  are  all  impregnated  with  the  ferment,  and  supply  its 
place.    The  mixture  must,  however,  be  always  maintained  at  the  temperature  of  lOO*. 

Instead  of  the  above  mixture  of  brandy,  water,  and  wine,  w4  may  employ,  according  to 
Dingier,  a  clear  fermented  wort  of  malt,  mixed  with  a  Hltle  spirits.  The  perfect  vinegar, 
which  collects  in  the  receiving  cistern,  may  be  immediately  racked  off  into  the  store 
casks  for  sale. 

It  has  been  objected  to  this  process,  that,  in  consequence  of  the  mixture  of  saccharine 
snd  glutinous  materials,  which  are  contained  in  beer  or  worts,  along  with  the  acetous 
fermentation,  there  is  also,  partially,  a  vinous  fermentation,  and  much  carbonic  acid, 
thereby  disengaged,  so  as  to  obstruct  the  acetification.  This  obstruction  may  be  reme- 
died by  a  freer  circulation  of  air,  or  by  the  exposure  of  quicklime  in  the  chamber.  It  is 
a  more  substantial  objection,  that,  from  the  addition  of  beer,  &c.,  more  lees,  or  dregs, 
are  deposited  in  the  graduation  tub,  whereby  a  more  frequent  cleansing  of  it,  and  of  the 
beech  chips,  with  a  loss  of  time  and  vinegar,  becomes  necessary.  The  only  mode  of  ob- 
viating this  difiiculty  is,  to  take  well-clarified  fermented  wash. 

Another  evil  attendant  on  the  quick  process  is,  the  evaporation  of  the  spirituous 
liquors.  Snce,  in  the  graduation  tub,  there  is  a  temperature  of  110°,  it  is  impossible  to 
avoid  a  loss  of  spirit  from  the  eireulation  and  efflux  of  the  air.  The  air,  indeed,  that 
issues  from  the  top  hole  in  the  uppermost  cover,  might  be  conducted  over  an  extensive 
surface  of  fVesh  water,  where  its  spirit  would  be  condensed  in  a  great  measure.  But, 
after  all,  this  fear  of  great  loss  is,  I  believe,  groundless ;  because  the  spirit  is  rapidly 
acidified  by  the  oxygen  of  the  air,  and  thereby  rapidly  IcMCS  its  volatility. 

The  supply  of  the  warm  wash  should  be  drawn  fVom  a  cistern  placed  near  the  ceiling, 
where  the  tempeimture  of  the  aparttnent  s  hottest ;  and  it  may  be  replenished  from  the 
partly  acetified  liquor  in  the  cistern  on  the  floor.  With  this  view,  two  cisterns  should 
W  placed  above,  so  that  one  of  them  may  always  contain'  liquor  sufficiently  hot,  and  thus 
the  process  will  wttet  no  interruption. 

When  malt  wish  is  ii«ed  for'  this  qtikk  process,  the  resulting  vinegar  must  be  clarified 
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in  a  tan  with  beech  chips,  as  abore  described.    In  two  or  three  da^  the  uuporitlet  vfll 
be  deposited,  and  the  fine^ vinegar  may  be  racked  off. 

The  following  prescription,  for  preparing  what  he  calls  malt  wine,  is  given  by  Dr. 
Eastner.  Eighty  pounds  of  pale  barley  malt,  and  40  pounds  of  pale  wheat  malt,  are  to 
be  crushed  together.  These  120  pounds  are  to  be  infused  with  150  quarts  of  water,  at 
the  temperature  of  122°  Fahr.,  afterwards  with  300  quarts  of  boiling  water,  and  the 
whole  body  is  to  be  mashed  thoroughly,  till  all  the  lumps  disappear.  It  is  then  to  be 
left  at  rest  in  a  large  covered  tub,  for  two  or  three  hours,  to  allow  the  grains  to  settle 
down,  from  which  the  wort  is  to  be  drawn  off.  When  it  has  fallen  to  the  temperature 
of  64°  Fahr,  15  pounds  of  good  yeast  are  to  be  stirred  in,  and  U  must  now  be  left  for 
two  or  three  days  to  ferment,  in  a  loosely  covered  tun.  When  the  vinous  ^ermentatioB 
has  taken  place,  the  clear  liquor  must  be  drawn  off  by  a  tap  hole,  a  little  above  the  bot- 
tom, so  as  to  leave  the  lees  and  scum  in  the  tun.  This  malt  wine,  he  adds,  may  be  kept 
for  a  long  time  in  close  vessels,  and  is  always  ready  for  making  quick  vinegar. 

2.  McUt  Ftn«gar.— The  greater  part  of  British  vinegar  is  made  from  malt,  oy  the 
following  process : — 1  boll  of  good  barley  malt,  properly  crushed,  is  to  be  mashed  with 
water  at  160°  Fahr.  The  first  water  should  have  that  temperature ;  the  second  must  be 
hotter  than  160°,  and  the  third  waier,  for  the  extraction  of  all  the  soluble  matter,  may 
be  boiling  hot.  Upon  the  whq^e,  not  more  than  100  gallons  of  wort  should  be  extracted. 
After  the  liquor  has  cooled  to  75°  Fahr.,  3  or  4  gallons  of  beer  yeast  are  poured  in,  and 
well  mixed  with  a  proper  stirrer.  In  36  or  40  hours,  according  to  the  temperature  of 
the  air,  and  the  fermenting  quality  of  the  wash,  it  is  racked  off  into  casks,  which  are 
laid  upon  their  sides  in  the  fermenting  apartment  of  the  vinegar  work,  which  should  be 
kept  at  a  temperature  of  70°  at  least ;  in  summer  partly  by  the  heat  of  tlie  sun,  but  in 
general  by  the  agency  of  proper  stoves,  as  above  described.    The  bung-holes  should  be 

.  left  open,  and  the  casks  should  not  be  full,  in  order  that  the  air  may  act  over  an  exten- 
sive surface  of  the  liquor.  It  would  be  proper  to  secure  a  freer  circulation  to  the  air,  by 
boring  a  hole  in  each  end  of  the  cask,  near  its  upper  edge.  As  the  liquor,  by  evapora- 
tion, would  be  generally  a  few  degrees  colder  than  the  air  of  the  apartment,  a  circulation 
of*  air  would  be  established  in  at  the  bung-hole,  and  out  by  the  end  boles.  By  the  ordi- 
nary methods,  three  months  are  required  to  make  this  vinegar  marketable,  or  fit  for  the 
nuinufacture  of  sugar  of  lead. 

In  making  vinegar  for  domestic  purposes,  the  casks  are  usually  set  on  their  ends ;  and 
they  have,  sometimes,  a  false  bottom,  pierced  with  holes,  placed  about  a  foot  above  the 
true  one.  On  this  bottom,  a  quantity  of  rape,  or  the  refuse  raisins,  &.c.  from  the  making 
of  British  wines,  is  laid.  The  malt  liquor  has  a  proper  quantity  of  yeast  added  to  it.  In 
about  24  hours  it  becomes  warm,  and  is  then  racked  off  into  another  similar  cask.  Aftez 
some  time,  this  racking  process  is  discontinued,  and  the  vinegar  is  allowed  to  complete 
its  fermentation  quietly.  The  proper  temperature  must  always  be  kept  up,  by  placing 
the  cask  in  a  warm  situation.  A  Uttle  wine-stone  (argal)  added  to  the  malt  wash,  would 
make  the  vinegar  liker  that  made  from  wine.  Sometimes  a  little  isinglass  is  employed 
to  clarify  vinegar.    A  portion  of  sulphuric  acid  is  often  added  to  it. 

3.  Sugar  Vinegar, — By^ursuing  the  following  plan,  an  excellent  sugar  vinegar  may 
be  made.  In  158  quarts  of  boiling  water  dissolve  10  pounds  of  sugar,  and  6  pounds  ot 
wine-stone ;  put  the  solution  into  a  fermenting  cask,  and  when  it  is  cooled  to  the  tem- 
perature of  from  75°  to  80°,  add  4  quarts  of  beer  yeast  to  it.  Stir  the  mixture  well,  then 
cover  the  vessel  loosely,  and  expose  it  for  6  or  8  days  to  the  vinous  fermentation,  at  a 
temperature  of  from  70°  to  75°  Fahr.  When  it  has  become  clear,  draw  off  the  vinous 
liquor,  and  either  acetify  it  in  the  graduation  tub  above  described,  or  by  the  common 
vinegar  process.  Before  it  is  finished,  we  should  add  to  it  12  quarts  of  strong  spirits 
(brandy),  and  15  quarts  of  good  vinegar,  to  complete  the  acetous  fermentation.  With  a 
graduation  tub  which  has  been  used,  this  addition  of  vinegar  is  unnecessary. 

The  following  simpler  prescription  for  making  sugar  vinegar  deserves  attention.  For 
every  gallon  of  hot  water  take  18  ounces  of  sugar;  and  when  the  sirup  has  cooled  to 
75°,  add  4  per  cent.,  by  measure,  of  yeast.  When  the  vinous  fermentation  is  pretty  well 
advanced,  in  the  course  of  2  or  3  days,  rack  off  the  clear  wash  from  the  lees  into  a  proper 
cask,  and  add  1  ounce  of  wine-stone,  and  1  of  crushed  raisins,  for  every  gallon  of  water. 
Expose  it  in  a  proper  manner,  and  for  a  proper  time,  to  the  acetifying  process ;  and  then 
nick  off  the  vinegar,  and  fine  it  upon  beech  chips.  It  should  be  afterwards  put  into 
bottles,  which  are  to  be  well  corked. 

Vinegar  obtained  by  the  preceding  methods  has  always  a  yellowish  or  brownish 
color.  It  may  be  rendered  colorless  by  distillation.  For  nicer  chemical  purposes^ 
this  is  done  in  a  glass  retort ;  but  on  a  large  scale,  it  is  usually  performed  in  a  clean 
copper  still,  furnished  with  a  capital  and  worm-refrigeratory,  either  of  silver  or  block 
tin.  It  is  volatile  at  the  boiling  temperature  of  water ;  and  if  the  process  be  earried  on 
briskly,  it  will  not  sensibly  corrode  the  copper.  But  we  can  never  obtain,  in  this  way, 
a  strong  article ;  for,  as  s6on  as  the  vinegar  gets  concentrated  to  a  certain  degree,  w« 
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eumot  force  off  the  remainder  by  heat,  for  fear  of  giving  it  an  empyrenmatie  odor ;  be- 
cause the  gluten,  coloring  matter,  &c.  begin  to  adhere  to  the  bottom  of  the  still.  Wc 
are,  therefore,  obliged  to  suspend  the  operation  at  the  very  time  when  the  acid  is  acqui- 
ring strength.  It  has  been  also  proposed  to  concentrate  vinegar  by  the  process  of  con- 
gelation ;  bat  much  of  it  remains  entangled  among  the  frozen  water ;  and  common  dis- 
tilled vinegar  is  so  weak,  that  it  congeals  in  one  mass. 

Before  the  process  for  pyroligneous  acid,  or  wood  vinegar,  was  known,  there  was  only 
one  method  of  obtaining  strong  vinegar  practised  by  chemists ;  and  it  is  still  followed  by 
some  operators,  to  prepare  what  is  cnlled  radical  or  aromatic  vinegar.  This  consists  in 
decomposing,  by  heat  alone,  the  crystallized  binacetate  of  copper,  commonly,  but  impro> 
perly,  called  distilled  verdigris.    With  this  view,  we  take  a  stoneware  retort  (Jig.  1), 

_.  of   a    size    suited  to    the 

^'  quantity  we  wish  to  oper- 

ate upon ;  and  coat  it  with 
a  mixture  of  fire  clay  and 
horsedun?,  to  make  it 
stand  the  heat  better. 
When  this  coaling  is  dry, 
we  introduce  into  the  re- 
tort the  erystallized  ace- 
tate slightly  bruised,  but 
„.     -  verydr}*;  we  fill  it  as  far 

'♦^-  *•  as    it    wiU    hold    without 

spilling  when  the  beak  is  considerably  inclined.  We  then  set  it  in  a  proper  furnace. 
We  attach  to  its  neck  an  adopter  pipe,  and  two  or  three  globes  with  opposite  tubu- 
faires,  and  a  last  globe  with  a  vertical  tubulure.  The  apparatus  is  terminated  by  a 
Welter's  tube,  with  a  double  branch  ;  the  shorter  issues  from  the  last  (!lobe,  and  the 
other  dips  into  a  flask  filled  with  distilled  vinegar.  £ver)'lhini?  being  thus  arranged, 
we  lute  the  joinings  with  a  putty  made  of  pipeclay  and  linseed  oil,  and  cover  them  with 
glue  paper.  Each  globe  is  placed  in  a  separate  basin  of  coU  water,  or  the  whole  may 
be  put  into  an  oblong  trough,  through  which  a  constant  stream  of  cold  water  is  made  to 
flow.  The  tubes  must  be  allowed  a  day  to  dry.  Next  day  we  proceed  to  the  distilla> 
tion,  tempering  the  heat  very  nicely  at  the  beginning,  and  increasing  it  by  very  slow 
degrees  till  wc  see  the  drops  follow  each  other  pretty  rapidly  from  the  neck  of  the  retort, 
or  the  end  of  the  adopter  tube.  The  vapors  which  pass  over  are  very  hot,  whence  a  se- 
ries of  globes  are  necessary  to  condense  them.  We  should  renew,  from  time  to  time,  the 
water  of  the  basins,  and  keep  moist  pieces  of  cloth  upon  the  globes;  but  this  demands 
great  care,  especially  if  the  fire  be  a  little  too  briski,  for  the  vessels  become,  in  that  case, 
so  hot,  that  they  would  infallibly  be  broken,  if  touched  suddenly  with  cold  water.  It  is 
always  easy  for  us  to  regulate  this  operation,  according  to  the  emission  of  gas  from  the 
extremity  of  the  apparatus.  When  the  air  bubbles  succeed  each  other  with  great  ra- 
pidity, we  must  damp  the  flre. 

The  liquor  which  passes  in  the  first  half  hour  is  weakest;  it  proceeds,  in  some  mea- 
sure, from  a  little  water  sometimes  left  in  the  cr}'stals,  which  when  well  made,  however, 
ought  to  be  anhydrous.  A  period  arrives  towards  the  middle  of  the  process  when  wc 
see  the  extremity  of  the  beak  of  the  retort,  and  of  the  adopter,  covered  with  crystals  of  a 
lamellar  or  needle  shape,  and  of  a  pale  green  tint.  By  degrees  these  crystals  are  carri- 
ed into  the  condensed  liquid  by  the  acid  vapors,  and  give  a  color  to  the  product.  These 
crystals  are  merely  some  of  the  cupreous  salt  forced  over  by  the  heat.  As  the  process 
approaches  its  conclusion,  we  find  more  difficulty  in  raising  the  vapors;  and  we  must 
then  augment  the  intensity  of  the  heat,  in  order  to  continue  their  disengagement.  Finally, 
we  judge  that  the  process  is  altogether  finished,  when  the  globes  become  cold,  notwith- 
standing the  furnace  is  at  the  hottest,  and  when  no  more  vapors  are  evolved.  The  fire 
may  then  be  allowed  to  go  out,  and  the  retort  to  cool. 

As  the  acid  thus  obtained  is  slightly  tinged  with  copper,  it  most  be  rectified  before 
bringing  it  into  the  market.  For  this  purpose  we  may  make  use  of  the  same  apparatus, 
only  substituting  for  the  stoneware  retort  a  glass  one,  placed  in  a  sand  bath.  All  the 
globes  ought  to  be  perfectly  dean  and  dry.  The  distillation  is  to  be  conducted  in  the 
usual  way.  If  we  divide  the  product  into  thirds,  the  first  yields  the  feeblest  acid,  and 
the  third  the  strongest.  We  should  not  push  the  process  quite  to  dryness,  because 
there  remain  in  the  last  portions  certain  impurities,  which  would  injure  the  flavor  ol 
the  add. 

The  total  acid  thus  obtained  forms  nearly  one  half  of  the  weight  of  the  acetate 
employed,  and  the  residuum  forms  three  tenths ;  so  that  about  two  tenths  of  the  acid 
have  been  decomposed  by  the  heat,  and  are  lost.  As  the  oxyde  of  copper  is  readily 
reduced  to  the  metallic  state,  its  oxygen  goes  to  the  elements  oif  one  part  of  the  acid,  and 
forms  water,  which  mingles  with  the  products  of  carbonic  acid,  carbureted  hydrc^en,  and 
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cWbdle  oiyde  gajet  vMeh  are  duengnged  I  and  thore  rcmaliu  in  the  retort  tome  chu. 
cml  miied  vith  metallic  copper.  These  two  combiuliblei  are  in  such  ■  slate  of  division, 
that  the  TGBidalun  Is  pyropbocic.  Hence  it  often  takes  fire  the  moment  of  iU  being  re- 
moved from  the  cold  retort.  The  verr  eoniidenble  lost  eiperienced  in  this  opentio* 
has  induced  chemiits  to  try  differcat  methods  to  obtain  all  the  acid  canlained  in  the  ace- 
tate. Thus,  Tor  eiample,  a  certain  addition  of  mlphuric  acid  has  been  preieribed;  but, 
beaides  that  the  radictd  vinegar  oblained  in  this  way  always  contains  lulphurous  acid, 
liDm  vbich  it  is  difficult  to  ^ee  it,  it  is  thereby  depriTed  of  that  spirit  caQed  the  pyro- 
atttic,  which  tempen  the  shnrpnen  of  its  smeU,  and  gives  an  agreeable  aroma.  It  is  to 
be  preiiuned,  therefore,  that  the  preceding  process  will  coDlinue  (o  be  preferred  formak- 
iag  aiomotic  vinegar.  Its  odor  it  oAea  fntiher  modified  by  ewential  oOs^such  as  those 
of  rosemary,  lavender,  be. 

i.  Pjrroljgnurtu  ufrid,  or'  Wood  Vintgar. — The  process  for  making  this  acid  is  fouDded 
Bpon  the  tteneral  property  of  heat,  to  separate  the  elements  of  Vegetable  snbattnceg,  and 
to  unite  iben  bdcw  in  ajiulher  order,  with  the  production  of  compounds  which  did  not 
exist  in  the  bodies  subjected  to  its  action.  The  respective  proportion  of  these  prodacta 
varies,  not  only  in  the  different  substBDcei,  but  also  in  the  came  sabetanee,  aeeoiding  M 
the  degree  of  heal  has  beoi  greater  or  less,  or  conducted  with  moreorless  sliiU.  What 
we  distil  a  vegetable  body  in  a  doEe  vessel,  wc  oblain  at  first  the  included  wafer,  or  that 
of  vegetation  i  there  is  nexi  fomied  Another  portion  of  water,  at  ibe  expense  of  the  oxy- 
gen and  hydrogen  of  the  body ;  a  praportionaj  quantity  of  cbarcosl  is  set  free,  and,  with 
the  successive  iuereiiGe  of  the  heat,  a  mail  portion  of  charcoal  combines  with  the  oxygen 
and  hydrogen  to  foim  acetic  acid.  This  wns  considered,  for  some  lime,  as  ■  peculiar  acid, 
and  was  accpidingly  called  pyroligtiioui  acid.  As  the  proportion  of  carbon  tccomes 
preponderaaU  it  combines  with  the  other  principles,  and  then  lonie  empyreumatic  oil  it 
volatilized,  of  little  color,  but  which  becomes  thielfer,  and  of  a  darker  tint,  always  getting 
more  loaded  with  carbon. 

Several  elastic  fluids  accompany  these  different  products.  Carbonic  acid  comes  over, 
but  in  smnll  quantity,  much  carbuireled  hydrogen,  and,  towards  the  end,  a  considerable 
proportion  of  carbonic  oxyde.  The  remainder  of  the  charcoal,  which  could  not  be  carried 
Off  io  these  several  combinations,  is  found  in  the  retort,  and  preserves,  usoally,  the  farm 
of  the  vegetable  body  which  furnished  it.  Since  mankind  have  begun  to  reason  on  the 
different  opeiations  of  the  arts,  and  to  raise  Ibem  to  a  level  with  scientific  researches, 
they  have  introduced  into  several  branches  of  ma nufact are  a  multitude  of  improvement^ 
of  which,  formerly,  they  would  hiirdty  have  deemed  them  susceptible.  Thus,  in  particu- 
lar, the  process  for  carboniiing  wood  has  been  singularly  mdiurated,  and  in  reference  to 
the  preceding  observations,  advantage  has  been  derived  from  several  products  that  for- 
merly were  not  even  collected. 
The  ■ppaialus  employed  for  obtaining  cmde  vinegar  from  wood,  by  the  agency  of  heal, 
fig,  2.  are  large  iron  cylinders.    In  this  country  they  are  made 

—      ' —  of  cast  iron,  and   are  laid  borizonliUy  in  the  furnace;  io 

pVanee,  they  are  made  of  sheet  iron  riveted  together,  and 
they  are  set  oprighl  in  the  Gre.  Fig.  2  will  give  an  ac- 
curate idea  of  the  British  plan,  which  is  much  the  same  at 
that  adopted  for  decomposing  pit  coal  in  gas  works,  <inl7 
thai  the  c)'linders  for  the  pyroligneous  acid  manufacture  are 
generally  larger,  being  frequently  4  feet  in  diameter,  aod 
6  or  8  feet  long,  and  built  horizontally  in  brickwork,  to 
that  the  flame  of  one  furnace  may  play  around  two  of 
them.  It  would  probably  answer  better,  if  their  size  wet* 
brought  nearer  the  dimensions  of  the  gas-tight  retorts,  and 
if  the  whole  system  of  woriiing  them  were  asumilaled  U 
that  of  coal  gu. 

The  foUowmg  arrangement  is  adopted  in  an  excellent  esla- 
blisbment  in  Glasgow,  where  the  above  large  cylinders  are 
_  6  feel  long,  and  both  ends  of  them  project  a  very  little  beyond 
the  brickwork.  One  end  has  a  di»c  or  round  plaleof  cast  iron,  well  fitted,  and  firmly  boiled 
to  it,  from  the  acntre  of  which  disc  an  iron  lube,  about  6  inches  diameter,  proceeds  and 
enters,  at  a  right  angle,  the  main  tube  of  refrigeration.  The  diameter  of  this  lube  may  be 
fl'om  9  to  14  inches,  according  to  the  number  of  cylinders.  The  other  end  of  the  cylinder 
it  called  the  month  of  the  retort ;  Ihis  is  closed  by  a  disc  of  iron,  smeared  round  its  edge 
by  clay  lute,  and  secored  in  its  [dBce  by  fir  wedges.  The  charge  of  wood  for  such  a  cylin- 
der is  about  6  cwt.  The  hard  woods — oak,  ash,  birch,  and  beech— are  alone  used ;  fir  doei 
sot  answer.  The  heat  it  kept  up  daring  the  day-lime,  and  the  furnace  it  allowed  to  cooJ 
during  Ihe  night.  Next  mornini;  the  door  is  opened,  the  charcoal  removed,  and  a  new 
charge  of  wood  is  introdoced.  The  average  product  of  crude  vinegar  called  pyrolig- 
ncoui  acid,  it  36  gallons.    It  is  mach  eoolaminated  with  tar,  is  of  a  deep  brown  color, 
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■wl  hu  ■  ip.  ST.  of  1-025.  Ill  lotal  weight  is  thirefan  mboul  30ft  Ibt.,  bnt  the  reaidsu? 
fh—-'— ■!  U  biLnd  lo  weigh  no  more  than  aoe  £fUi  of  Ibe  wood  einp(«T«d  t  hence  nuily 
aae  half  of  ihe  ponderable  uullei  of  Uie  oood  i«  diMipaled  in  incoaiieawtile  gasea. 
Ctnat  Rninriud  Malei,  that  the  «hHrooal  u  equal  in  weight  to  lane  thu  four  tenthi  of 
the  wood  from  which  it  ii  made.  The  coiml'i  eiror  aetma  to  hare  arisen  from  the  slight 
heal  of  an  area  to  which  his  wood  was  exposed  in  n  glass  e;Uader.  The  remit  now 
girea,  is  the  expeiieoce  <£  an  eminent  manufacturing  ehenint. 

The  crude  pyioligneou*  acid  it  rectified  by  ■  secmd  disIiUatioa  in  a  eoppei  itiU,  is  the 
bod;  af  which  about  twenty  gailona  of  viscid  tarry  aiatler  are  left  Bmn  erery  KX).  Ithui 
DOW  bemiDe  a  tmuparent  biown  vinegar,  having  a  eoosideiaUj  empT'iearaatte  imeU,- 
and  a  sp.  gr.  of  I'OIS.  Its  acid  powers  are  superior  to  tliose  of  the  best  bovMhotd 
Tioegaj,  in  the  pnJportioD  of  three  to  two.  Bj'  KitittilUlioQ,  sataratioa  with  quick- 
lime, evaporation  of  the  liquid  acetate  lo  dryness,  nod  couvenioB  into  acetate  of  ■Bdabjr 
lolpliate  of  soda,  the  empTreamalic  matter  is  so  completely  dissipated,  that  on  decom-. 
posing  the  pure  acetate  of  aoda  by  sulphnric  aeid,  a  penTectly  colorless  and  grateful  vine- 
gar rises  in  disliUatioH.  It*  strength  will  be  pr«portioiuibie  to  the  conceuttatioi)'  of  the 
decomposing  acid. 

The  acetic  acid  of  the  chemist  may  be  prepared  also  in  the  fallowing  modes: — 1.  Two 
parts  of  fused  acetate  of  potash,  with  one  of  the  strongest  oil  of  vitriol,  field,  by  slow 
distillation  lioni  a  glass  retort  into  a  refrigerated  receiver,  coneeotral^  aceiie  acid.  A 
tmall  portion  of  solphnrous  acid,  which  contanuaales  it,  may  be  removed  by  rediltiltatioil 
fiom  a  little  acetate  of  lead.  2.  Or  four  parU  of  good  sugar  of  lead,  with  oae  part  of 
•ulphnric  acid,  treated  in  the  same  way,  nSbrd  a  slightly  weaker  aeetio  acid.  3.  Gentlf 
ealeiaed  snlphale  of  iron,  or  green  vitriol,  mixed  with  sagar  of  lead,  in  the  proportion  at 
1  of  the  Jbrmei  to  2^  of  the  Utter,  or  with  icelale  of  copper,  and  carefully  distilled  froin 
a  paeelain  retort  into  a  cool  receiver,  may  be  aUo  considered  an  economical  process. 
Bat  thai  with  biaacciate  cf  copper  above  described,  is  preferable  to  any  of  these. 

tiligneous  acid  is  csodueied  h 
ance.  Into  large  cylindrical 
iveled  «heet  iron,  anil  having 
11  sheet  iron  cylinder,  the  wood 
'cool  is  introduced.  To  tltf 
a  cover  of  sheet  iron,  n,  is 
ith  bolts.  This  vewiel,  ihni 
lee,  a  vast  retort.  When  it  it 
it  is  liAed  by  mean*  of  a  swing 
a  furnace,  d  (fig.  4),  of  • 
vessel,  and  the  opetiing  of  the 
dome,  E,  made  of  mosoary  or 
•jag  thus  arranged,  heat  is  ap> 
he  bonom.  The  moisture  <tf 
<i,  but  by  degrees  the  liquor 
nd  becomes  sooty.  An  adoptet 
!  lateral  cylinder.  Thisadoplei 
the  same  degree  of  inclination 
easing apparattu.  Themeana 
ding  to  the  localities.  In  cer- 
[n«ans  of  air,  by  makii^  the 
S  teties  of  cylinders,  or  some- 
M  of  casks  connected  together ) 
used  for  condensing,  when  it 
abnndsnce.  The  moat  simpla 
appaiatns  employed  for  Ihi* 
porpoae  consists  of  two  c; 
liadei*,  r,  t  (fig.  4),  the 
one  within  the  other,  and 
which  leave  between  them 


a  coondermble  body  of 
water  to  ekenlate  along  and 
cool  the  vapors.  This 
double  cytiadtT  i«  ada|Aed 
to  Ihe  distilling  Tcssel,  and 
placed  at  a  certain  Indink- 
I  tioa.  To  tke  first  doubla 
I  tube,  r,  r,  a  Mcond,  aad 
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tometimes  a  third,  entirely  similar,  are  connected,  which,  to  save  space,  retam  upon  them* 
•elTCs  in  a  zigzag  fashion.  The  water  is  set  in  circulation  by  an  ingenioos  means 
now  adopted  in  many  different  mannfactories.  From  the  lower  extremity,  g,  of  the 
system  of  condensers,  a  perpendicular  tube  rises,  whose  length  should  be  a  little  more 
than  the  most  elevated  point  of  the  system.  The  water,  furnished  by  a  reservoir,  l, 
enters  by  means  of  the  perpendienlar  tube  through  the  lower  part  of  the  system,  and 
fills  the  whole  space  between  the  double  cylinders.  When  the  apparatus  is  in  action, 
the  vapors,  as  they  condense,  raise  the  temperature  of  the  water,  which,  by  the  column 
in  L  6,  is  pressed  to  the  upper  part  of  the  cylinders,  and  runs  over  by  the  spout  k.  To 
this  point  a  very  short  tube  is  attached,  which  is  bent  towards  the  ground,  and  serves  as 
an  overflow. 

The  condensing  apparatus  is  terminated  by  a  conduit  in  bricks  covered  and  sunk  in 
the  ground.  At  the  extremity  of  this  species  of  gutter  is  a  bent  tube,  e,  which  dis- 
charges the  liquid  product  into  the  first  cistern.  When  it  is  full,  it  empties  itself,  by 
means  of  an  overflow  pipe,  into  a  great  reservoir :  the  tube  which  terminates  the  gutter 
plunges  into  the  liquid,  and  thus  intercepts  coomiunication  with  the  inside  of  the  appa- 
ratus. The  disengaged  gas  is  brought  back  by  means  of  pipes  m  l,  from  one  of  the  sides 
of  the' conduit  to  the  under  part  of  the  ash  pit  of  the  furnace.  These  pipes  are  furnish- 
ed  with  stopcocks  m,  at  some  distance  in  front  of  the  furnace,  for  the  purpose  of  regula- 
ting the  jet  of  the  gas,  and  interrupting,  at  pleasure,  communication  with  the  inside  of 
the  apparatus.  The  part  of  the  pipes  which  terminates  in  the  furnace  rises  perpendieu^ 
larly  several  inches  above  the  ground,  and  is  expanded  like  the  rose  of  a  watering  can,  n. 
The  gas,  by  means  of  this  disposition,  can  distribute  itself  uniformly  under  the  vessel,  with- 
out suflfering  the  pipe  which  conducts  it  to  be  obstructed  by  the  fuel  or  the  ashes. 

The  temperature  necessary  to  effect  the  carbonization  is  not  considerable :  however,  at 
the  last  it  is  raised  so  high  as  to  make  the  vessels  red  hot ;  and  the  duration  of  the  process 
is  necessarily  proportional  to  the  quantity  of  wood  carbonized.  For  a  vessel  which  shall 
contain  about  5  meters  cube  (nearly  6  cubic  yds.),  8  hours  of  fire  is  sufficient.  It  is 
known  tiiat  the  carbonization  is  complete  by  the  color  of  the  flame  of  the  gas :  it  is 
first  of  a  yellowish  red ;  it  becomes  afterwards  blue,  when  more  carbonic  oxyde  than 
carbonie  hydrogen  is  evolved ;  and  towards  the  end  it  becomes  entirely  white, —  a  circum- 
stance owing,  probably,  to  the  furnace  being  more  heated  at  this  period,  and  the 
combustion  being  more  complete.  There  is  still  another  means  of  knowing  the  state  of 
the  process,  to  which  recourse  is  more  frequently  had ;  that  is  the  cooling  of  the  first 
tubes,  which  are  not  surrounded  with  water :  a  few  drops  of  this  fiuid  are  thrown  upon 
their  surface,  and  if  they  evaporate  quietly,  it  is  judged  that  the  calcination  is  suflicient. 
The  adopter  tube  is  then  unluted,  and  is  slid  into  its  junction  pipe ;  the  orifices  are 
immediately  stopped  with  plates  of  iron  and  plaster  loam.  The  brick  cover,  e,  of  the 
furnace  is  first  removed  by  means  of  the  swing  crane,  then  the  cylinder  itself  is  Med 
out  and  replaced  immediately  by  another  one  previously  charged.  When  the  cylinder 
which  has  been  taken  out  of  the  furnace  is  entirely  cooled,  its  cover  is  removed,  and  the 
charcoal  is  emptied.  Five  cubic  meters  of  wood  furnish  about  7  chaldrons  (voies)  and 
a  half  of  charcoal.  (For  modifications  of  the  wood-vinegar  apparatus,  see  Chakcoal 
and  Ptbougneous  Acrr.) 

The  different  qualities  of  wood  employed  in  this  operation  give  nearly  similar  pro- 
ducts in  reference  to  the  acid ;  but  this  is  not  the  case  with  the  charcoal,  for  it  is  belter 
the  harder  the  wood ;  and  it  has  been  remarked  that  wood  long  exposed  to  the  air  fur- 
nishes a  charcoal  of  a  worse  quality  than  wood  carbonized  soon  after  it  is  cut 

Havine  described  the  kind  of  apparatus  employed  to  obtain  pyroligneous  acid,  I  shall 
now  detail  the  best  mode  of  purifying  it.  This  acid  has  a  reddish  brown  color ;  it  holds 
in  solution  a  portion  of  empyreumatic  oil  and  of  the  tar  which  were  formed  at  the  same 
time,  another  portion  of  these  products  is  in  the  state  of  a  shnple  mixture :  the  latter 
may  be  separated  by  repose  alone.  It  is  stated  above,  that  the  distilling  apparatus 
terminates  in  a  subterranean  reservoir,  where  the  products  of  all  the  vessels  are  mixed. 
A  common  pump  conmiunicates  with  the  reservoir,  and  sinks  to  its  very  bottom,  in  order 
that  it  may  draw  off  only  the  stratum  of  tar,  which,  according  to  its  greater  density, 
occupies  the  lower  part.  From  time  to  time  the  pump  is  worked  to  remove  the  tar  as  it 
is  deposited.  The  reservoir  has  at  its  top  an  overflow  pipe,  which  discharges  the  dear- 
est ncid  into  a  cistern,  from  which  it  is  taken  by  means  of  a  second  pump. 

The  pyroligneous  acid  thus  separated  from  the  undissolved  tar  is  transferred  from  this 
cistern  into  large  sheet  iron  boilers,  where  its  saturation  is  effected  either  by  quicklime 
or  by  chalk,  the  latter  of  which  is  preferable,  as  the  lime  is  apt  to  take  some  of  the  tar 
into  combination.  The  acid  parts  by  saturation  with  a  new  portion  of  the  tar,  which  is 
removed  by  skimmers.  The  neutral  solution  is  then  -allowed  to  rest  for  a  suflicient  time 
to  let  its  clear  parts  be  drawn  off  by  decantation. 

The  acetate  of  lime  thus  obtained  indicates  by  the  hydrometer,  before  being  mixed  with 
the  waters  of  edulcoration,  a  degree  corresponding  to  the  acidimetric  degree  of  the  acid 
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anpbyed.  Tliis  idiitiott  amst  «e  emporated  tiU  it  reaches  a  tpccific  gnYiTf  of  1*114 
( 1^  Baume),  aAcr  whick  there  is  added  to  k  a  saturated  sotation  of  sulphate  of  soda. 
The  acids  exchange  bases ;  sulphate  of  lime  precipitates,  and  acetate  of  soda  remains  in 
fohition.  In  some  inaniilhctcres,  instead  of  parsuini:  the  abore  plan,  the  sulphate  of 
soda  is  dtssolTcd  in  the  hot  pyroUgneoos  acid,  which  is  afterwards  saturated  with  chalk 
or  lime.  By  this  means  no  water  need  be  employed  to  dissolve  the  sulphate,  and  ae- 
cordiogly  the  liquor  is  obtained  in  a  concentrated  form  without  eraporaiion.  In  both 
modes  the  sulphate  of  lime  is  allowed  to  settle^  and  the  solution  of  acetate  of  soda  is  de-^ 
canted.  The  residuum  is  set  aside  to  be  edufcoiated,  and  the  last  waters  are  employed 
for  washing  fresh  portions. 

The  acetate  of  sioda  which  results  from  this  double  decomposition  is  afterwards  erap- 
Qiated  till  it  attains  to  the  density  of  1-225  or  1*23,  accordiog  to  the  season.  This  so- 
lution is  poured  into  large  crystaUixing  vesaels,  from  which,  at  the  end  of  3  or  4  days,, 
ueoording  to  their  capacity,  the  mother  waters  are  decanted,  and  a  first  erystallizatiott  is- 
obtained  of  rhomboidal  prisms,  which  are  highly  colored  and  very  bulky.  Their  facettes 
€ue  finely  polished,  and  their  edges  Tcry  sharp.  The  mother  waters  are  submitted  to- 
successive  evaporations  and  crystaUisatioas  till  they  refuse  to  crystallise,  and  they  are 
then  burnt  to  conyert  them  into  carbonate  of  soda. 

To  avoid  guesswork  proportions,  which  are  always  iigurkms,  by  the  loss  of  time  which 
chey  occasion,  and  by  the  bad  results  to  which  they  often  lead,  we  should  determiaa- 
experimentally,  beforehand,  the  quantities  absolutely  necessary  for  the  reciprocal  decom- 
position, especially  when  we  change  the  acid  or  the  sulphate.  But  it  may  be  remarked 
that,  not  withstanding  all  the  precaulions  we  can  take,  there  is  always  a  notable  quantity 
of  sulphate  of  soda  and  acetic  acid,  which  disappear  totally  in  this  decomposition.  This- 
arises  from  the  circumstance  that  sulphate  of  soda  and  acetate  of  lime  do  not  completely 
decompose  each  other,  as  I  have  ascertained  by  experiments  on  a  very  considerable  scale ;. 
and  thus  a  portion  of  each  of  them  is  always  lost  with  the  mother  waters.  It  might  be 
supposed  that  by  ealciaing  the  acetate  of  lime  we  could  completely  destroy  its  empy- 
2eumatie  eil{  but,  though  I  have  made  many  experiments  with  this  view,  I  never  eould 
abtain  an  acetate  capable  of  afibrding  a  tolerable  acid.  Some  manufacturers  prefer  to 
make  the  acetate  of  soda  by  direet  saturation  of  the  acid  with  the  alkali,  and  think  that 
the  higher  price  of  this  substance  is  compensated  by  the  economy  of  time  and  ftiel  which, 
it  produces. 

The  acetate  of  soda  is  easily  purified  by  crystallizatx>ns  and  torrefaction ;  the  latter 
process,  when  well  conducted,  freeing  it  completely  from  every  particle  of  tar.  This 
torrefaction,  to  which  the  name  of  fusion  may  be  given,  requires  great  care  and  dexterity. 
It  is  usually  done  in  shallow  cast  iron  boilers  of  a  hemispherical  shape.  During  all  the 
time  that  the  heat  of  about  500°  Fahr.  is  applied,  the  fused  mass  must  be  diligently  work- 
ed with  rakes ;  an  operation  which  continues  about  24  hours  for  half  a  ton  of  materials. 
We  must  carefully  avoid  raising  the  temperature  so  high  as  to  decompose  the  acetate, 
and  be  sure  that  Uie  heat  is  equally  distributed ;  for  if  any  point  of  the  mass  enters  into 
decomposition,  it  is  propagated  with  such  rapidity,  as  to  be  excessively  difiicolt  to  stop- 
its  progress  in  destroying  the  whole.  The  heat  should  never  be  so  great  as  to  disengage 
any  smoke,  even  when  the  whole  acetate  is  liquefied.  When  there  is  no  more  frothing 
up,  and  the  mass  flows  like  oil,  the  operation  is  finished.  It  is  now  allowed  to  cool  in  a 
body,  or  it  may  be  ladled  out  into  moulds,  which  is  preferable. 

When  the  acetate  is  dissolved  in  water,  the  charcoaly  matter  proceeding  flvm  thA 
decomposition  of  the  tar  must  be  separated  by  filtration,  or  by  boiling  up  the  liquor  to 
the  specific  gravity  1-114,  when  the  carbonaceous  matter  ihUs  to  the  bottom.  On  eva- 
porating the  clear  liquor,  we  obtain  an  acetate  perfectly  fine^  which  yields  beautifol 
crystals  on  cooling.  In  this  state  of  parity  it  is  decomposed  by  sulphuric  acid,  in  order 
to  separate  its  acetic  acid* 

This  last  operation,  however  simple  it  appears,  requires  no  little  care  and  skill.  The 
acetate  of  soda  crystallised  aad  ground  is  pot  into  a  copper,  and  the  necessary  quantity 
of  sulphuric  acid  of  1*842  (about  35  per  cent,  of  the  sidt)  to  decompose  almost,  box  not 
all,  the  acetate,  is  poured  on.  The  materials  are  left  to  act  on  each  other ;  by  degrect 
the  acetic  acid  quits  its  combination,  and  swims  upon  the  surface ;  the  greater  part  of 
the  resulting  sulphate  of  soda  falls  in  a  pulverulent  form,  or  in  small  granular  erystak, 
to  the  bottom.  Another  portion  remains  dissolved  in  the  liquid,  whidh  has  a  specific 
gravity  of  1-08.  By  distillation  we  separate  this  remainder  of  the  sulphate,  and  finally 
obtain  acetic  add,  luiving  a  specific  gravity  of  1*05,  an  agreeable  taste  and  smell,  though 
towards  the  ead  it  becomes  a  Uttie  empyreumatic,  and  colored;  for  which  reason^  dbe 
last  portmns  must  be  kept  apart.  The  acid  destined  for  table  use  ought  to  be  dulJDM 
in  an  alembic  whoae  capital  and  condensing  worm  are  of  sihrer{  and  to  make  it  Tery 
fine,  it  may  be  afterwards  infused  oyer  a  little  washed  bone-black.  It  is  usually  obtained 
IB  a  pretty  concentrated  state ;  but  when  we  wish  to  give  it  the  highest  degree  of  eoneen- 
tntkm,  we  mix  with  it  a  quantityofdrymuriateof  lime,  and  distil  anew.    Thitaddniay 
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be  aAerwafds  exposed  to  eongelatioQ,  when  the  strangest  wHI  crysCallize.  It  is  d^esnted, 
and  the  crystals  are  melted  by  exposing  them  to  a  temperature  of  from  60°  to  70°  Fahr.  $ 
this  process  is  repeated  till  the  acid  congeals  withoat  remainder,  at  the  temperature  of  55^ 
Fahr.    It  has  then  attained  its  maximum  strength,  and  has  a  speciic  grayity  of  1.063. 

We  shall  add  an  obsenration  on  the  above  mode  of  decomposing  the  acetate  of  soda  by 
sulphuric  acid.  Many  difficulties  are  experienced  in  this  process,  if  the  sulphuric  acid 
be  poured  on  in  small  quantities  at  a  time ;  for  then  such  acrid  fumes  of  acetic  acid  arc 
disengaged,  that  the  workmen  are  obliged  to  retire.  This  inconvenience  may  be  saved 
by  adding  all  the  sulphuric  acid  at  once ;  it  oeeupies  the  lower  part  of  the  vessel,  and 
decomposes  only  the  portion  of  the  acetate  in  contact  with  it ;  the  heat  evolved  in  conse- 
quence of  this  reaction  is  diffused  throogh  a  great  mass,  and  produces  no  sensible  effect. 
When  the  sulphuric  acid  forms  an  opening,  or  a  species  of  little  crater,  the  workman,  by 
means  of  a  rake,  depresses  the  acetate  into  it  by  degrees,  and  then  the  decomposition 
proceeds  as  slowly  as  he  desires. 

The  acetic  acid,  like  the  nitric,  chloric,  and  some  others,  has  not  hitherto  been  obtain^ 
ed  free  from  water,  and  the  greatest  degree  of  concentration  which  we  have  been  able  to 
give  it  is  that  in  which  it  contains  only  the  quantity  of  water  equivalent  to  the  atomie 
weight  of  another  oxydized  body ;  a  quantity  which  amounts  to  14*89  per  cent.  The 
processes  prescribed  for  preparing  concentrated  acetic  acid  sometimes  tend  to  deprive  it 
of  that  water  without  which  it  could  not  exist :  hence,  in  all  such  cases,  there  is  a  part 
of  the  acid  itself  decomposed  to  furnish  the  water  necessary  to  the  constitution  of  the  re- 
mainder. The  constituent,  principles  of  the  decomposed  portion  then  form  a  peculiar, 
intoiucating,  highly  inflammatory  liquid,  called  the  pybo-acettc  spieit. 

The  most  highly  concentrated  acid  of  1-063  Becomes  denser  by  the  addition  of  a  cer- 
tain quantity  of  water  up  to  a  certain  point.  According  to  Berzelius,  the  prime  equiva>- 
lent  of  this  acid  is  643-189,  oxygen  being  reckoned  100.  Kow,the  above  strongest  acid 
consists  of  one  prime  of  acid,  and  one  of  water  &■  1124*79.  When  it  contains  three 
atoms  of  water,  that  is,  337*437  parts  to  643*189,  or  34*41  to  65*69  in  100,  it  then  has 
taken  its  maximum  density  of  1*075 ;  aAer  which  the  further  addition  of  water  dimin- 
ishes its  specific  gravity,  as  the  following  table  of  Mollerat  shows.  His  supposed  anhy* 
drous  or  dry  acid  contains,  at  1*0630,  0*114  parts  of  water. 

Table  of  Jcetic  Acid. 


WiMi  In 
100  parU. 

Specific 
gravity. 

WntM-in 
100  paru. 

Specific 
gravity. 

0-00 

8*37 

1700 

2300 

2810 

1*0630 
10742 
1-0770 
1-0791 
1*0763 

33*83 
37*60 
47-00 
5000 
51*80 

10742 
1-0728 
10668 
1-0637 
1063 

Acetic  ncid  readily  takes  fire  when  it  is  heated  in  open  vessels  lo  the  boiling  point, 
and  it  bums  with  a  blue  flame,  nearly  like  alcohol.  It  mast  be  kept  in  close  vessels, 
otherwise  it  loses  its  strength,  by  attracting  humidity  from  the  air.  When  concentrated, 
it  is  used  only  as  a  scent,  or  pungent  exciter  of  the  olfactory  organs,  in  sickness  and 
fainting  fits.  Its  anti-epidemic  qualities  are  apocryphal.  What  is  met  with  in  the  shops 
under  the  name  of  salts  of  vinegar  is  nothing  but  sulphate  of  potash,  put  up  inamall 
vials,  and  impregnated  with  acetic  acid,  sometimes  rendered  aromatic  with  oil  of  rose- 
mary or  lavender. 

Acetic  acid,  in  its  dry  state,  as  it  exists  in  fused  acetate  of  potash  or  soda,  is  composed 

of 

47*636  carbon 
5*822  hydrogen 
46*642  oxygen 

100*000 

And  its  symbol  by  Berzelius  is  H*  C^  O  »  A.  We  must  bear  in  mind  that  his  atomic 
weight  for  hydrogen  is  only  one  half  of  the  number  usually  assigned  to  it  by  British 
chemists,  in  consequence  of  his  making  water  a  compound  of  two  atoms  of  hydrogen  and 
one  of  oxygen. 

When  the  vapor  of  acetic  acid  is  made  to  traverse  a  red-hot  tube  of  iron,  it  is  con- 
verted into  water,  carbonic  acid,  carbureted  hydrogen,  bnt  chiefly  pyro-aoetic  spirit. 
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Aoetie  acid  is  a  aolvent  of  several  (nganic  products  (  soch  as  eajnphor^  glittcn,  gum-re- 
WM,  resins,  the  fibrine  of  blood,  the  white  of  egg,  he. 

It  is  an  important  problem  to  ascertain  the  purity  and  strength  of  vinegar.  Spurious 
acidity  is  too  often  given  to  it  by  cheaper  acids,  such  as  the  sulphuric  and  the  nitric. 
The  former  may  most  surely  be  detected  by  the  nitrate  of  baryta,  or  even  by  acetate  of 
lead,  which  occasion  a  white  precipitate  in  such  adulterated  vinegar.  For  the  case  of 
nitric,  which  is  more  insidious,  the  proper  test  is,  a  bit  of  gold  leaf,  wetted  with  a  few 
drops  of  mariatie  acid.  If  the  leaf  diss<Uves,  on  heating  the  mixture  in  a  watch  glass,  we 
may  be  sure  that  nitric  aeid  is  present. 

Specific  gravity,  if  determined  by  a  sensible  hydrometer,  is  a  good  test  of  the  strength 
of  the  genuine  vinegar;  and  the  following  table  of  Messrs.  Taylor  is  nearly  correct,  or 
sufficiently  so  for  commercial  transactions. 

Revenue  proof  vinegar,  called  by  the  English  manufacturer  No.  24,  has  a  specific 
gravity  of 

1-0085  and  contains  of  real  acid  in  100 —  5 

I'OnO 10 

1-0257 15 

1-0320        ..---..  20 

1-0470 30 

1-0580 40 

An  excise  duty  of  id.  is  levied  on  every  gallon  of  the  above  proof  vinegar.  Its 
strength  is  not,  however,  estimated  directly  by  its  specific  gravity,  but  by  the  specific 
grarity  which  it  assumes  when  saturated  with  quicklime.  The  dedmal  fraction  of  the 
specific  gravity  of  the  calcareous  acetate  is  very  nearly  the  double  of  that  of  the  pure 
viaegar;  or,  1-009  in  vinegar  becomes  1*018  in  acetate  of  lime.  The  vinegar  of  malt 
contains  so  much  mucilage  or  gluten,  that  when  it  has  only  the  same  acid  strength  as 
the  above,  it  has  a  density  of  1.0014,  but  it  becomes  only  1-023  when  converted  into 
acetate  of  lime :  indeed,  0*005  of  its  density  is  due  to  mucilaginous  matter.  This  fact 
shows  the  fallacy  of  trusting  to  the  hydrometer  for  determining  the  strength  of  vinegars, 
which  may  be  more  or  less  loaded  with  vegetable  gluten.  The  proper  test  of  this,  as  of 
all  other  acids,  is,  the  quantity  of  alkaline  matter  which  a  given  weight  or  measure  of  it 
will  satorate.  For  this  purpose  the  bicarbonate  of  potash,  commonly  called,  in  the 
London  shops,  carbonate,  may  be  employed  very  conveniently.  As  it  is  a  very  uniform 
sabstance,  and  its  atomic  weight,  by  the  hydrogen  radix,  is  100*584,  while  the  atomic 
weiffht  of  acetic  acid,  by  the  same  radix,  is  51-563,  if  we  ef>timate  2  grains  of  the  bicar- 
boaate  as  equivalent  to  1  of  the  real  acid,  we  shall  commit  no  appreciable  error.  Hence, 
a  solution  of  the  carbonate  containing  200  grains  in  100  measures,  will  form  an  aceti- 
neter  of  the  most  perfect  and  convenient  kind ;  for  the  measures  of  test  liquid  expended 
in  satarating  any  measure, — for  instance,  an  ounce  or  1000  grains  of  acid, — will  indi- 
cate the  number  of  grains  of  real  acetic  acid  in  that  quantity.  Tlius,  1000  grains  of  the 
above  proof,  would  require  50  measures  of  the  acetimetrical  alkaline  solution,  showing 
that  it  contains  50  grains  of  real  acetic  acid  in  1000,  or  5  per  cent. 

It  is  common  to  add  to  purified  wood  vinegar,  a  little  acetic  ether,  or  caramelized 
(bomt)  ffugar  to  color  it,  also,  in  France,  even  wine,  to  flavor  it.  Its  blanching  effect 
apon  ned  cabbage,  which  it  has  been  employed  to  pickle,  is  owing  to  a  little  sulphurous 
aeid.  This  may  be  removed  by  redistillation  with  peroxyde  of  manganese.  Indeed, 
■Stoltse  professes  to  purify  the  pyroligneous  acid  solely  by  distilling  it  with  peroxyde  of 
:oaoganese,  Und  then  digesting  it  with  bruised  wood  charcoal ;  or  by  distilling  it  with  a 
Mixture  of  sulphuric  acid  and  manganese.  But  much  acid  is  lost  in  this  case  by  the  for* 
n«ation  of  acetate  of  ihat  metal. 

Birdi  and  beech  afibrd  most  pyroligneous  acid,  and  pine  the  least.  It  is  exclusively 
employed  in  the  arts,  for  most  purposes  of  which  it  need  not  be  very  highly  purified. 
It  is  much  used  in  calico  printing,  for  preparing  acetate  of  iron  called  Ikon  Liquor,  and 
a*:etate  of  alumina,  called  Red  Lxquoa ;  which  see.  It  serves  also  to  make  sugar  of 
l#«d ;  yet  when  it  contains  its  usual  quantity,  aAer  rectification  of  tarry  matter,  the 
acetate  of  lead  will  hardly  crystallize,  but  forms  cauliflower  concretions.  This  evil  may 
be  remedied,  I  believe,  by  boiling  the  saline  solution  with  a  very  little  nitric  acid,  which 
tauses  the  precipitation  of  a  brown  granular  substance,  and  gives  the  liquor  a  reddish 
tinge.  The  solution  being  afterwards  treated  with  bruised  charcoal,  becomes  colorless, 
and  furnishes  regular  crystals  of  acetate  or  sugar  of  lead. 

Pyroligneous  acid  possesses,  in  a  very  eminent  degree,  anti^putrescent  properties.  Flesh 
beeped  in  it  for  a  few  hours  may  be  afterwards  dried  in  the  air  without  corrupting;  but 
it  becomes  hard,  and  somewhat  leather-like :  so  that  this  mode  of  preservation  does  not 
answer  well  for  butcher's  meat.  Fisli  are  sometimes  cured  with  it.  See  Pyro-acetic 
Spirit;  Ptroxiuc  Ether;  Pteoxolic  Spirit;  Ptroligkeous  Acid  and  Yikegar. 
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ACETtM£TER.  An  aifptrato?  for  determiiiiB^  tlw  rtreaftk  oT  iffaegsr.  See  die 
eondusion  of  the  preceding  article  for  a  description  of  my  simple  method  <^  aeetiBetty. 

ACETOl^E.    The  new  chemieal  name  of  pyro>aeetic  spirit. 

ACID  OF  ARSENIC.  (Jcide  Jtrteinqfief  Ft,  ;  jtrttnikMnrty  Germ.) 

ACIDS.  A  class  of  chemical  sobstances  characterized  hj  the  property  of  comhiniog 
with  and  neutralizing  the  alkaline  and  other  bases,  and  of  thereby  Ibrming  a  pecnliai 
class  of  bodies  called  salts.  The  acids  which  constitote  objects  of  special  mairafaietiire 
for  commercial  purposes  are  the  following : — acetic,  arsenions,  carbonic,  chromic,  dtriCy 
malic,  muriatic,  nitric,  oxalic,  phosphoric,  sulphuric,  tartaric,  which  see. 

ACROSPIRE.  (P/aumfe,  Fr. ;  Blatikeim,  Germ.)  That  part  of  a  gefminating  seed 
which  botanists  call  the  plumnla,  or  plumes.    See  Beek  and  Malt. 

ADDITIONS.  Such  articles  as  are  added  to  the  fermenting  wash  of  the  distiller  are 
distinguished  by  this  tririal  name. 

ADIPOCIRE.  Fr.  (Fettwaciuj  Germ.)  The  fatty  matter  generated  in  dead  bofies 
bnried  under  peculiar  drcnmstaoces.  In  1786  and  1787,  when  the  churchyard  of  the 
Ifmocenlif  at  Paris,  was  cleaned  out,  and  the  bones  transported  to  the  catacombs,  it  w^ 
discoTer^  that  not  a  few  of  the  cadavrts  were  converted  into  a  saponaceous  white  sub- 
stance, mcnre  especially  many  of  those  which  had  been  interred  for  fiifteen  years  in  one 
pit,  to  the  amount  of  1500,  in  coffins  closely  packed  together.  These  bodies  were  flat- 
tened, in  consequence  of  their  mutual  pressure ;  and,  though  they  generally  retained 
their  shape,  there  was  deposited  round  the  bones  of  several  a  grayish  white,  somewhat 
soft,  flexible  substance.  Fourcnoy  presented  to  the  Academy  of  Sciences,  in  1789,  a  com- 
prehensive  memoir  upon  this  phenomenon,  which  appeared  to  prove  that  the  Ihtty  body 
was  an  ammoniacal  soap,  containing  phosphate  of  lime ;  that  the  ht  was  simikrto  sper* 
maceti,  as  it  assumed  on  slow  coolinj?  a  Ibliated  crystalline  structure ;  as  also  to  wax,  as, 
when  rapidly  cooled,  it  became  granular :  hence  he  called  it  jSdipocire,  Its  melting  point 
was  Si2'y  C.  (126-5'^  Fahr.).  He  likewise  compared  this  soap  to  the  fat  of  gall-stones, 
and  supposed  it  to  be  a  natural  prodnct  of  the  slow  decomposition  of  all  animal  matter, 
except  bones,  nails,  and  hairs. 

This  substance  was  again  examined  by  Chevreul  in  1812,  and  was  Ibnnd  by  hfai  to 
contain  mai^aric  acid,  oleic  acid,  combined  with  a  yellow  coloring,  od«rons  matter,  be- 
sides ammonia,  a  little  lime,  potash,  oxyde  of  iron,  sails  of  lactic  acid,  an  azoti£ed  sub- 
stance ;  and  was  therefore  considered  as  a  combination  of  margaric  and  oleic  acids,  in 
variable  proportions  (whence  arose  its  variable  fusibility),  but  that  it  was  not  analogona 
with  either  spermaceti  or  cholesterine  (gallstones).  These  fat  adds  are  obvionsly  gene- 
rated by  the  reaction  of  the  ammonia  upon  the  margarine  and  oldine,  tkongh  they  even- 
tually lose  the  greater  part  of  that  volatile  alkali. 

According  to  the  views  of  both  Gay  Lussac  and  Chevreul,  this  adipocirt  proceeds 
solely  from  the  pre-existing  (at  of  the  dead  body,  and  not  from  the  flesh,  tendons,  or  car- 
tilages, as  had  been  previously  imagined  ;  which  had  led  to  some  expensive  and  abortive 
attempt^  upon  the  great  scale  of  manufacture,  to  convert  the  dead  bodies  of  cattle  into 
adipocire,  for  the  purposes  of  the  candle-maker  or  9cmp-boiler,  by  exposing  them  lor  some 
time  to  the  action  of  moisture. 

Von  Hartkol  made  experiments  during  25  years  upon  this  subject,  from  which  he 
inferred,  that  there  is  no  formation  of  adipocire  in  bodies  buried  in  dry  ground ;  that 
in  moist  earth  the  fat  of  the  dead  body  does  not  increase,  but  changes  into  a  fetid 
saponaceous  substance,  incapable  of  being  worked  into  either  soap  or  candles ;  that  the 
dnd  bodies  of  mammalia  immersed  in  running  water,  leave  behind  after  3  years  a  pure 
tat,  which  is  more  abundant  from  young  than  from  old  anmials ;  that  the  intestinea 
aflbrd  more  fat  than  the  mnscles;  that  from  this  fat,  without  any  purification,  candiea 
may  be  made,  as  void  of  smell,  as  hard,  and  as  white,  as  from  bleached  wax ;  that  from 
cadavers  immersed  fur  3  years  in  stagnant  water,  more  fat  is  procured  than  from  thoae 
in  running  water,  but  that  it  needs  to  be  purified  before  it  can  be  made  into  soap  or 
candles. 

The  cause  of  the  diflerence  between  Hartkol's  and  Chevrenrs  results  cannot  be 
assigned,  as  the  latter  has  not  published  his  promised  remarks  upon  the  snbjeet.  At 
any  rate,  dead  animal  matter  can  be  worked  up  more  profitably  than  in  making  artifieia] 
adipocire. 

ADIT.  The  horizontal  entrance  of  a  mine.  It  is  sometimes  called  the  drift.  See 
MiNiNo  and  McTALLuaor. 

ADULTERATION.  The  debashig  any  product  of  manufacture,  especially  chemieal^ 
by  the  introduction  of  cheap  materials.  The  art  of  ascertaining  the  genuineness  of  the 
several  products  will  be  taught  under  the  specific  objects  of  manufactme. 

2ETHER.    See  Ethee. 

AFFINIT7.  The  chemical  term  denoting  the  peculiar  attractive  force  which  pro- 
duces the  combination  of  dissimilar  sabstanceB;  tneh  as  of  an  alkali  with  an  add,  or  of 
f  ulphnr  with  a  metiC 
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AfiABIC.  A  ipeeies  of  boletus  or  fongiis,  which  growv  in  dunghillt ;  with  the 
salts  of  iroB  it  afibnlB  %  hloick  dye.    It  is  said  to  be  coDTertible  into  a  kind  of  china  ink. 

AGATE.  A  silieions  mineral  which  is  cat  into  seals  and  other  forms  for  the  coarser 
kinds  of  jewellery.    See  Gem. 

AIR.    See  Ymctii^tion. 

ALABAKTER,  is  a  stone  nsnally  white,  and  soft  enough  to  be  scratched  by  iron. 
There  are  two  lands  of  it :  the  gypseous,  which  is  merely  a  natural  semi-crystalline  sul- 
phate of  line ;  and  the  calcareous  alabaster,  which  is  a  carbonate  of  lime.  The  oriental 
alabaster  is  always  of  the  latter  kind,  and  is  most  esteemed,  because  it  is  agreeably 
▼ariegated  with  lively  colors,  and  especially  with  zones  of  honey-yellow,  yellow-brown, 
Ttdf  Ac ;  it  is,  moreoTer,  susceptible  of  taking  a  marble  polish. 

The  fiaenese  of  the  grain  of  alabaster,  the  unifonnity  of  it^  texture,  the  beauty  of  its 
polished  suiface,  and  its  semi-tnuspareney,  are  the  qualities  which  render  it  valuable  to 
the  sealptor  and  to  the  manufacturer  of  ornamental  toys. 

The  UmesCioae  alabaster  is  Arequently  found  as  a  yellowish- white  deposite  in  certain 
Iboatasaa.  The  most  celebrated  spring  of  this  kind  is  that  of  the  baths  of  San  Filippo, 
in  Tuscany.  The  water,  almost  boiling  hot,  runs  over  an  enormous  mass  of  stalactites, 
which  it  has  formed,  and  holds  the  carbonate  of  lime  in  solution  by  means  of  sulphuret- 
ed  hydrogen  (according  to  M.  Alexandre  Brongniard),  which  escapes  by  contact  of  the 
atmosphere.  Advantage  has  been  taken  of  this  property  to  make  bauo  relievos  of  con- 
siderable hardness,  by  placing  moulds  of  sulphur  very  obliquely,  or  almost  upright,  in 
wooden  tabs  open  at  the  bottom.  These  tubs  are  surmounted  at  the  top  with  a  large 
woodea  cross.  The  water  of  the  spring,  after  having  deposited  in  an  external  conduit 
•r  eisteim  the  eoarser  sediment,  is  made  to  flow  upon  this  wooden  cross,  where  it  is 
scattered  into  little  streamlets,  and  thence  lets  fall,  upon  the  sulphur  casts,  a  precipitate 
so  mneh  Che  finer  the  more  nearly  vertical  the  mould.  From  one  to  four  months  are  re- 
quired for  this  operation,  according  to  the  thickness  of  the  deposited  crust.  By  analo- 
gous processes,  the  artists  have  succeeded  in  moulding  vases,  figures  of  animals,  and 
ocher  objects,  in  relief,  of  every  different  form,  which  require  only  to  be  trimmed  a  Uttle, 
and  aAerwards  polished. 

The  common  alabaster  is  composed  of  sulphuric  add  and  lime,  though  some  kinds  of 
it  eflerresee  with  acid.s  and  therefore  contain  some  carbonate  of  lime.  This  alabaster 
oecsn  in  mauf  different  colors,  and  of  very  different  degrees  of  hardness,  but  it  is  always 
toAer  than  marble.  It  forms,  usually,  the  lowest  beds  of  the  gypsum  quarries.  The 
senlpton  prefer  the  hardest,  the  whitest,  and  those  of  a  granular  texture,,  like  Carrara 
marble,  and  so  like  that  they  can  only  be  distinguished  by  the  hardness. 

The  alabaster  is  worked  with  the  same  tools  as  marble ;  and  as  it  is  many  degrees 
softer,  it  is  so  much  the  more  easily  cot ;  buf  it  is  more  difficult  to  polish,  from  its  little 
solidity.  After  it  has  been  fashioned  into  the  desired  form,  and  smoothed  down  with 
pamice  sione,  it  is  polished  with  a  pap-like  mixture  of  chalk,  soap,  and  milk ;  and,  last 
of  aU,  finished  by  friction  with  flannel.    It  is  apt  to  acquire  a  yellowish  tinge. 

Besides  the  harder  kinds,  employed  for  the  sculpture  of  large  figures,  there  is  a  softer 
alabaster,  pure  white  and  semi-transparent,  from  which  small  ornamental  objects  are 
made,  such  as  boxes,  vases,  lamps,  stands  of  time«pieces,  &c  This  branch  of  business 
is  nmch  prosecuted  in  Florence,  Leghorn,  Milan,  &c.,  a^d  employs  a  great  many  turning 
lathes.  Of  all  the  a]aba.«iters,  the  Florentine  merits  the  preference,  on  account  of  its  beauty 
and  aniibraiity,  so  that  it  may  be  fashioned  into  figures  of  considerable  size :  for  which 
porpoae  there  are  laige  work-shops  where  it  is  cut  with  steel  saws  into  blocks  and  mas- 
ses of  various  shapes.  Other  sorts  of  g>'psttm,  such  as  that  of  Salzburg  and  Austria, 
eoataia  sand  veins,  aad  hard  nodules,  and  require  to  be  quarried  by  deaviug  and  blasting 
sperations,  which  are  apt  to  crack  i^  and  unfit  it  for  all  delicate  objects  of  sculpture.  It 
ia^  besides,  of  a  gray  shade,  and  oflen  stained  with  darker  colors. 

The  alaiiaster  best  adapted  for  the  fine  arts  is  pretty  white  when  newly  broken,  and 
tKComes  whiter  on  the  surface  by  drying.  It  may  be  easily  cut  with  the  knife  or  chisel, 
and  formed  into  many  pleasing  shapes  by  suitable  steel  tools.  It  is  worked  either  by 
the  haad  aioae,  or  with  the  aid  of  a  turning  lathe.  The  turning  tools  should  not  be  too 
thin  or  sharp-edged ;  but  such  as  are  employed  for  ivory  and  brass  are  most  suitable  for 
alabaster,  and  are  chiefly  used  to  shave  and  to  scratch  Uie  surface.  The  objects  which 
cannot  be  turned  may  be  fashioned  by  the  rasping  tools,  or  with  minute  files,  such  as 
variegated  foliage.  Fine  chisels  and  graving  tools  are  also  used  for  the  better  pieces  of 
statuary. 

For  polishing  such  works,  a  peculiar  process  is  required :  pumice  stone,  in  fine 
powder,  serves  to  smooth  down  the  suifaces  very  well,  but  it  soUs  the  whiteness  of  the 
alabaster.  To  take  away  the  unevennesses  and  roughnesses  driol  shave-grass  (egaue^if  m) 
answers  best.  Frictions  with  this  plant  and  water  polish  down  the  asperities  left  1^ 
the  chisel :  the  fine  streaks  left  by  the  grass  may  be  removed  by  rubbing  the  pieces  with 
slaked  lime,  finely  pulverized  and  sifted,  madie  into  a  paste,  or  putty,  with  water.    The 
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polish  and  satin-lnstre  of  the  surface  are  eommnnicated  by  friction,  first  with  soap-water 
and  lime,  and  finally  with  powdered  and  elutriated  talc  or  French  chidk. 

Such  articles  as  consist  of  several  pieces  are  joined  by  a  cement  composed  of  quicklime 
and  white  of  egg,  or  of  well-calcined  and  well-sifted  Paris  plaster,  mixed  with  the  least 
possible  quantity  of  water. 

Alabaster  objects  are  liable  to  become  yellow  by  keeping,  and  are  especially  injured 
by  smoke,  dust,  &c.  They  may  be  in  some  measure  restored  by  washing  with  soap  and 
water,  then  with  clear  water,  and  again  polished  with  shave-grass.  Grease  spots  may 
be  removed  either  by  rubbing  with  talc  powder,  or  with  oil  of  turpentine. 

The  surface  of  alabaster  may  be  etched  by  covering  over  the  parts  that  are  not  to  be 
touched  with  a  solution  of  wax  in  oil  of  turpentine,  thickened  with  white  lead,  and 
immersing  the  articles  in  pttre  water  aAer  the  varnish  has  set.  The  action  of  the  water 
is  continued  from  20  to  50  hours,  more' or  less,  according  to  the  depth  to  which  the 
etching  is  to  be  cut.  After  removing  the  varnish  with  oil  of  turpentine,  the  etched 
places,  which  are  necessarily  deprived  of  their  polish,  should  be  rubbed  with  a  brush 
dipped  in  finely-powdered  g}'psuffi,  which  gives  a  kind  of  opacity,  contraMing  well  with 
the  rest  of  the  surface. 

Alabaster  may  be  stained  either  with  metallic  solutions,  with  spirituous  tinctures  of 
dyeing  plants,  or  with  colored  oils,  in  the  same  way  as  marbles. 

This  substance  has  been  hardened,  it  is  said,  by  exposing  it  to  the  heat  of  a  baker's 
oven  for  10  or  20  houis,  after  taking  it  out  of  the  quarrjr,  and  giving  it  the  figure,  rough- 
ly, which  it  is  intended  to  have.  After  this  exposure,  it  must  be  dipped  for  two  minutes 
in  running  water ;  when  it  is  cold,  it  must  be  dipped  a  second  time  for  the  same  period. 
On  being  exposed  to  the  air  for  a  few  days,  alabaster  so  treated  acquires  a  marble-like 
hardness.    I  doubt  the  truth  of  this  statement. 

ALBUM  6R£CUM.  The  white  dung  of  dogs,  sometimes  used  to  soften  leather  in 
the  process  of  dressing  it  aAer  the  depilatory  action  of  lime. 

ALCARAZZAS.  A  species  of  porous  earthenware,  made  in  Spain,  for  cooling  liquors. 
See  Pottery. 

ALCOHOL.  The  well-known  intoxicating  liquor  procured  by  distillation  from 
various  vegetable  juices,  and  infusions  of  a  saccharine  nature,  which  have  undergone  the 
vinous  fermentation.  Common  alcohol,  or  proof  spirit,  as  it  is  called,  contains  about 
one  half  its  weight  of  water.  It  may  be  concentrated  till  its  specific  gravity  becomes  so 
low  as  0*825,  by  simple  redistillation  at  a  steam  or  water-bath  heat ;  but  to  make  it 
stronger,  we  must  mix  with  it,  in  the  still  or  retort,  dry  carbonate  of  potash,  muriate  of 
lime,  or  some  other  substances  strongly  attractive  of  water,  and  then  it  may  be  obtained 
of  a  specific  gravity  so  low  as  0*791  at  16®  Reaumur  (68^  Fahr.),  water  being  I'OOO. 
At  0*825,  it  contains,  still,  11  per  cent,  of  water ;  and  in  this  state  it  is  as  volatile  as 
absolute  alcohol,  on  account  of  the  inferior  density  of  the  aqueous  vapor,  compared  to 
the  alcoholic.  Indeed,  according  to  Yelin  and  Fuchs,  the  boiling  point  of  anhydrous 
alcohol  is  higher  than  of  that  wliiich  contains  2  or  3  per  cent,  of  water ;  hence,  in  the 
distillation  of  alcohol  of  94  per  cent.,  the  first  portions  that  come  over  are  more  aqueous 
than  the  following.  Absolute  alcohol  has  its  boiling  point  at  ]68j^®  Fahr. ;  but  when 
it  holds  more  than  6  per  cent,  of  water,  the  first  portions  that  come  over  are  richest  in 
alcohol,  and  the  temperature  of  the  boUing  point,  or  of  the  spirituous  vapor,  is  always 
higher  the  longer  the  distillation  continues.  According  to  Grdning's  researches,  the 
following  temperatures  of  the  alcoholic  vapors  correspond  to  the  accompanying  contents 
of  alcohol  in  per  eentage  of  volume,  which  are  disengaged  in  the  boiling  of  the  spirituous 
liquid. 
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Growisr  undertook  this  inrestigation  in  order  to  employ  the  thermometer  as  an  aleo- 
bobieter  in  the  distillation  of  spirits ;  for  which  purpose  he  thrust  the  bulb  of  the  ther* 
BMMneter  through  a  cork,  inserted  into  a  tube  fixed  in  the  capital  of  the  still.  The  state  of 
the  barometer  ought  also  to  be  considered  in  making  comparative  experiments  of  this 
kind.  Siace,  by  this  method,  the  alcoholic  coatent  may  be  compared  with  the  tempera^ 
tare  of  the  Tapor  that  passes  over  at  any  time,  so,  also,  the  contents  of  the  whole  distil- 
lation may  be  found  approximately ;  and  the  method  serves  as  a  convenient  means  of 
making  coatinoal  observations  on  the  progress  of  the  distillation. 

Tbe  temperature,  corresponding  to  a  certain  per  centage  of  alcohol  in  vapor,  suggests 
the  emploTBient  of  a  convenient  method  for  obtainlfig,  at  one  process,  a  spirit  as  free  from 
water  as  it  can  be  made  by  mere  distillation.  We  place  over  the  top  of  the  capital  a 
water-bath,  and  lead  up  through  it  a  spiral  pipe  from  the  still,  which  there  passes  oblique- 
ly downwards,  aad  proceeds  to  the  refrigeratory.  If  this  bath  be  maintained,  by  a  constant 
influx  of  cold  water,  at  a  certain  temperatare,  only  the  alcoholic  vapor  corresponding  to 
that  temperature  will  pass  over,  and  the  rest  will  be  recondensed  and  returned  into  the 
stilL  If  we  keep  the  temperature  of  the  water  at  174°,  for  example,  the  spirituous  va- 
por which  passes  over  will  contain  90  per  cent,  of  absolute  alcohol,  according  to  the 
preceding  table.  The  skilful  use  of  this  principle  constitutes  the  main  improvement  in 
modem  distilleries.    See  Distillation  and  Still. 

Another  method  for  concentrating  alcohol  is  that  discovered  by  Sommering,  founded 
upon  the  property  of  ox  bladders  to  allow  water  to  pass  through  and  evaporate  out  of 
them,  but  not  to  permit  alcohol  to  transpire,  or  only  in  a  slight  degree.  Hence,  if  an 
ox's  bladder  is  filled  with  spirit  of  wine,  well  tied  at  the  mouth,  and  suspended  in  a  warm 
^bce,  the  water  will  continually  exhale,  and  the  alcohol  will  become  nearly  anhydrous ; 
Ibr  in  this  way  alcohol  of  97  or  98  per  cent,  may  be  obtamed. 

According  to  Sommering,  we  should  take  for  this  purpose  the  bladder  of  an  ox  or  a  calf, 
soak  it  for  some  time  in  water,  ihen  inflate  it  and  free  it  from  the  fat  and  the  attached 
vessels;  which  is  to  be  also  done  to  the  other  surface,  by  turning  it  inside  out.  AAer  it 
is  again  inflated  and  dried,  we  most  smear  over  the  outer  side  twice,  and  the  inner  side  four 
times,  with  a  solution  of  isinglass,  by  which  its  texture  is  made  closer,  and  the  concen- 
tration of  the  alcohol  goes  on  better.  A  bladder  so  prepared  may  serve  more  than  a 
hundred  times.  It  must  be  charged  with  the  spirits  to  be  concentrated,  leaving  a  small  space 
vacant;  it  is  then  to  be  lightly  bound  at  the  mouth,  and  suspended  in  a  warm  situation, 
at  a  temperature  of  122?  Fahr ,  over  a  sand-bath,  or  in  the  neighborhood  of  an  oven. 
The  surface  of  the  bladder  remains  moist  with  the  water,  as  long  as  the  sp.  gr.  of  the 
contained  spirit  is  greater  than  0-952.  Weak  spirit  loses  its  water  quicker  than  strong ; 
bat  in  from  6  to  12  hours  the  alcohol  may  be  concentrated,  when  a  suitable  heat  is  em- 
ployed. This  economical  method  is  particularly  applicable  in  obtaining  alcohol  for  the 
preparntion  of  varnishes.  When  the  alcohol  is  to  serve  for  other  purposes,  it  must  be 
freed,  by  distillation,  from  certain  matters  dissolved  out  of  the  bladder.  Alcohol  may 
bkewLse  be  strengthened,  as  Sommering  has  ascertained,  when  the  vessel  that  contains 
the  spirit  is  bound  over  with  a  bladder  which  does  not  come  into  contact  with  the  liquid. 
Thus,  too,  all  other  liquors  containing  alcohol  and  water,  as  wine,  cider,  &c.,  may  be 
made  more  spirituous. 

To  procure  absolute  alcohol,  we  must  take  chloride  of  calcium  recently  fused,  reduce 
it  to  coarse  powder,  and  mix  it  with  its  own  weight  of  spirit  of  wine,  of  sp.  gr.  0*833, 
in  a  bottle,  which  is  to  be  well  stoppered,  and  to  be  agitated  till  the  salt  is  dissolved. 
The  clear  solution  is  to  be  poured  into  a  retort,  and  half  of  tbe  volume  of  the  alcohol 
employed,  or  so  mMch  as  lias  the  sp.  gr.  0*791  at  68°  Fahr.,  is  to  be  distilled  off  at  a 
gentle  heat.  Quicklime  ha»  also  been  employed  for  the  same  purpose,  but  it  is  less 
powerful  and  convenient.  Alcohol,  nearly  free  from  water,  may  be  obtained  without 
distillation,  by  adding  dry  carbonate  of  potash  to  a  spirit  of  wine,  of  sp.  gr.  0*825.  The 
vater  eombineb  with  the  potash,  and  falls  to  the  bottom  in  a  dense  liquid,  while  the  pure 
spirit  floats  on  the  surface.  This  contains,  however,  a  little  alkali,  which  can  only  be 
separated  by  distillation. 

AohTdrons  alcohol  is  composed  by  weight  of  52*66  carbon,  12*90  hydrogen,  and  34*44 
cf  oxygen.  It  has  a  very  powerful  attraction  for  water,  and  absorbs  it  from  the  atmos- 
phere ;  therefore  it  must  be  kept  in  well-dosed  vessels.  It  also  robs  vegetable  and  ani- 
mal bodies  of  their  moisture ;  and  hence  common  alcohol  is  employed  for  preserving  ana- 
tomical preparations.  Alcohol  is  a  solvent  for  many  substances :  resins,  essential  oils, 
camphor,  are  abundantly  dissolved  by  it,  forming  varnishes,  perfumed  spirits,  &c.  The 
solution  of  a  resin  or  essential  oil  in  aleohol  becomes  mflky  on  the  addition  of  water, 
whidi,  by  its  attraction  for  alcohol,  separates  these  substances.  Several  salts,  especially 
the  deliquescent,  are  dissolved  by  it,  and  some  of  them  give  a  color  to  its  flame;  thas, 
the  solntioiis  of  the  salts  of  strontia  in  alcohol  burn  with  a  crimson  flame,  those  of  cop- 
per and  borax  green,  lime  reddish,  and  baryta  yellow. 

Wheft 'water  is  mixed  with  alcohol,  heat  and  a  condensatk>n  of  volume  are  the  result  t 
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these  effects  being  greatest  with  54  per  cent,  of  akohol  and  46  of  water,  aad  thence  «h^ 
creasing  with  a  greater  proportion  of  water.  For  alcohol  which  contains  90  per  cent* 
of  water,  this  condensation  amounts  to  1*94  per  cent,  of  the  volume :  for  80  per  cent., 
2'S7;  for  70  per  cent,  3*44;  for  60  per  cent.,  3*73  ;  ibr  40  per  cent,  3*44 ;  for  30  per 
cent,  2*72 ;  for  20  per  cent,  1*72 ;  for  10  per  cent,  0*72.  Hence,  to  estimate  the 
quantity  of  alcohol  in  aoy  spirit  it  is  necessary  that  the  speeifie  gravity  be  ascertained 
fbr  each  determinate  proportion  of  alcohol  and  water  that  are  mixed  together.  When 
this  is  done,  we  may,  by  means  of  an  areometer  constructed  for  liquids  lighter  than 
water,  determine  the  strength  of  the  spirit,  either  by  a  scale  of  specific  gravities  or  by  an 
arbitrary  graduation  corresponding  to  certain  commercial  objects,  and  thus  we  may  de- 
termine the  per  centage  of  alcohol  in  whiskey  or  brandy  of  any  strength  or  purity.  An 
areometer  intended  for  this  use  has  been  called  an  alcoholmeter,  in  patticnlar  when  the 
scale  of  it  is  so  graduated  that,  instead  of  the  specific  gravity,  it  indicates  immediately 
the  per  centage  of  anhydrous  alcohol  in  a  given  weight  or  volume  of  the  liquid.  The 
scale  graduated  according  to  the  per  centage  of  pure  alcohol  by  weight,  constitutes  the 
alcoholmeter  of  Richter ;  and  that  by  the  per  centage  in  volume,  Ihe  alcoholmeter  of 
Tralles  and  Gay  Lussae. 

As  liquors  are  sold  in  general  by  the  measure,  not  by  the  weight,  it  is  convenient, 
therefore,  to  know  the  alcoholic  content  of  the  mixtures  in  the  per  centage  by  volume. 
Tralles  has  constructed  new  tables  upon  the  principles  of  those  of  Gilpin,  in  which  the 
proportion  is  given  by  volume,  and  anhydrous  alcohcd  is  assumed  for  the  basis ;  which^ 
at  60^  Fahr.,  has  a  specific  gravity  of  0*7939  compared  with  water  at  its  maximum 
density,  or  a  specific  gravity  of  0*7946  compared  with  water  of  the  temperature  of  60^ 
Fahr.    Gilpin*s  alcohol  of  0*825  contains  92*6  per  cent,  by  volume  of  anhydrous  alcohol. 

The  following  table  exhibits  the  per  centage  of  anhydrous  alcohol  by  Tolume,  at  a 
temp^'ature  of  60^  Fahr.,  in  correspondence  with  the  specific  graTities  of  the  spirks, 
water  being  considered  at  60^  Fahr.  to  have  a  specific  gravity  of  0-9991. 

Alcoholmetrical  Table  of  Tralles. 


'  Aloohol  in  100 
meMiitea  of 
spirit. 

specific  naTitjT 
•t  60O  Fshr. 

DiflTereace  of 
the  ep.  gf. 

Alcohol  in  100 

mea»nrae  of 

•pint. 

Spocifin  rravity 
at  VP  Fahr. 

Difference   of 
the  sp.  gr. 

0 

9991 

51 

9315 

20 

1 

9976 

15 

52 

9295 

20 

2 

9961 

15 

53 

9275 

20 

3 

9947 

14 

54 

9254 

21 

4 

9933 

14 

55 

9234 

20 

6 

9919 

14 

56 

9213 

21 

6 

9906 

13 

57 

9192 

21 

7 

9893 

13 

58 

9170 

22 

8 

9881 

12 

59 

9143 

22 

9 

9869 

12 

60 

9126 

22 

10 

9857 

12 

61 

9104 

22 

11 

9845 

12 

62 

9082 

22 

12 

9834 

11 

63 

9059 

23 

13 

9823 

n 

64 

9036 

23 

14 

9812 

11 

65 

9013 

23 

15 

9802 

10 

66 

8989 

24 

16 

9791 

11 

67 

8965 

24 

17 

9781 

10 

tiS 

8941 

24 

18 

9771 

10 

69 

8917 

24 

19 

9761 

10 

70 

8892 

25 

20 

9751 

10 

71 

8867 

25 

21 

9741 

10 

72 

8842 

25 

22 

9731 

10 

73 

8817 

25 

23 

9720 

11 

74 

8791 

26 

24 

9710 

10 

75 

8765 

26 

25 

9700 

10 

76 

8739 

ie 

26 

9689 

11 

77 

8712 

27 

27 

9679 

10 

78 

8685 

27 

28 

9668 

11 

79 

8658 

27 

29 

9657 

11 

80 

8631 

27 

30 

9646 

11 

81 

860e 

28 

31 

9634 

12 

82 

8575 

28 

82 

9622 

12 

83 

8547 

2» 

38 

9609 

13 

84 

8518 

29 
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■■^s*«- 

"r^Ki;"' 

■IM  ip.  r- 

Alcohol  in  100 
•flcit. 

'T^?£!' 

lb.  IT  t,. 

13 

S3 

S488 

80 

35 

9583 

13 

87 

8428 

80 

39 

9528 

15 

S332 

40 

9610 

16 

41 

9494 

16 

8265 

34 

42 

9478 

16 

93 

8230 

3B 

43 

9461 

17 

94 

8191 

36 

44 

17 

95 

BJ57 

37 

17 

1           46 

le 

41 

18 

43 

1           48 

18 

46 

49 

100 

7939 

49 

1          SO 

9335 

19 

Rtmarkt  on  tht  prutdng  Tablt  af  jitcohol. 
The  third  eotnmn  oT  Ibn  t&ble  uhitaiu  ih«  iliffnvnceii  at  [he  ipMifle  ^raTities,  wbich 
EiTe  the  denotniDBiar  of  the  fiaetioa  fur  ladi  densilirt  u  ore  not  ronnd  safficieDlIy  neai 
IB  the  lable;  uid  the  difierence  of  their  nnmerators  is  the  next  ^reateat  to  the  dentit; 
found  in  tbe  table.  For  eioiople  :  IT  Ibe  tpeciBc  fjrivii;-  of  Ibe  liqnor  Tonnd  for 
W  Fobr.  =  9605  (ihe  per  centa^e  vUl  be  between  33  and  34  i,  tbe  diflerenee  from 
9609  (which  it  the  next  greatest  munber  iif  the  table)  =  4,  and  the  fraction  is  J,  - 
Ihiarttn  tbe  true  per  centage  i*33'  .  From  the  constmclion  of  this  table  the  per 
eentatge  (rf*  ileohol  by  we^hl  may  alio  be  foand.  For  instance  :  we  multiply  (he  number 
rcprcacDting  the  voltiinu  of  alcohol  (given  in  the  table  for  an)'  detemuoate  specific 
gravity  of  the  mii(nre)  by  tbe  ipccilic  graTily  of  Ihe  pure  aloobol,  that  is,  by  7939, 
and  the  product  is  tbe  aumber  of  ponnds  of  aJcobol  in  to  many  pounds  as  the  ipccifc 
gnrity  mnltiplied  by  100  gires.  Tbas,  in  the  oiiilure  of  9,^  10  specific  gravity,  then  are 
40  nwaSDces  of  alcobol;  hence  there  are  also  m  95,100  pounds  of  this  spirit 
7939-j- 40  =  31-756  pounds  of  alcobol;  and  in  100  pounds  of  (he  spirits  of  0-9S10 
q)ecifie  craiity,  33-39  pounds  of  alcohol  ore  contained. 

As  tbe  preceding  table  gives  the  true  alcoholic  ooutent  when  the  portion  of  spirit  under 
trial  has  the  normal  temperature  of  60°  Fahr.,  the  following  table  girei  tbe  percentage  of 
alcobol  for  (be  specifle  graTilies  corresponding  to  the  accompanying  temperatures. 

For  example :  if  we  have  a  spirituous  liquor  at  80°  Fahr.,  whose  specific  gravity  i» 
0-^42,  (be  akobol  present  is  45  per  cent,  of  the  volume,  or  that  specific  graviiy  at  that 
temperature  is  equal  to  (be  specific  gravity  0-9'l27  at  the  nonnol  temperature  tit 
W  Fahr.    This  taUe  may  also  be  employed  for  every  degree  of  the  thermometer  and 
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ereiy  per  eentage,  so  as  to  save  eompnlation  for  the  intervals.    It  is  evident  from  » 
spection  that  a  difference  of  5°  Fahr.  in  the  tempenUiire  ehanges  the  specific  gravity  ol 
the  liquor  by  a  difference  nearly  equal  to  1  volume  per  cent,  of  alcohol ;  thas  at  35 
and  85°  Fahr.  the  very  same  specific  gravity  of  the  liquor  shows  nearly  10  volumes  per 
cent,  of  alcohol  more  or  less ;  the  same,  for  example,  at  60  and  40  per  cent. 

The  importance  of  extreme  accuracy  in  determioing  the  density  of  alcoholic  mixtures 
in  the  United  Kingdom,  on  account  of  the  great  revenue  derived  from  them  to  the  State» 
and  their  consequent  high  price  in  commeree,  induced  the  Lords  of  the  Treasury  a  few 
years  ago  to  request  the  Royal  Society  to  examine  the  construction  and  mode  of  applying 
the  instrument  now  in  use  for  ascertaining  and  charging  the  duty  on  spirits.  This  instru- 
ment, which  is  known  and  described  in  the  law  as  Sikes's  hydrometer,  possesses,  in  many 
respects,  decided  advantages  over  those  formerly  in  use.  The  committee  of  the  Royd 
Society  state,  that  a  definite  mixture  of  alcohol  and  water  is  as  invariable  in  its  value  as 
absolute  alcohol  can  be ;  and  can  be  more  readily,  and  with  equal  accuracy,  identified 
by  that  only  quality  or  condition  to  which  recourse  can  be  had  in  practice,  namely, 
specific  gravity.  The  committee  further  proposed,  that  the  standard  spirit  be  that  which, 
consisting  of  alcohol  and  water  alone,  shall  have  a  specific  gravity  of  0*92  at  the 
temperature  of  62?  Fahr.,  water  being  unity  at  the  same  temperature ;  or,  in  other 
words,  that  it  shall  at  62?  weigh  JUL  or  2^  of  an  equal  bulk  of  water  at  the  same 
temperature. 

This  standard  is  rather  weaker  than  the  old  proof,  which  was  rf ,  or  0*923 ;  or  in  the 
proportion  of  nearly  1*1  gallon  of  the  present  proof  spirit  per  cent.  The  proposed 
standard  will  contain  nearly  one  half  by  weight  of  absolute  alcohol.  The  hydrometer 
ought  to  be  so  graduated  as  to  give  the  indication  of  strength ;  not  upon  an  arbitrary 
scale,  but  in  terms  of  specific  gravity  at  the  temperature  of  62°. 

The  committee  recommend  the  construction  of  an  equation  table,  which  shall  indicate 
the  same  strength  of  spirit  at  every  temperature.  Thus  in  standard  spirit  at  62?  the 
hydrometer  would  indicate  920,  which  in  this  table  would  give  proof  spirit.  If  that 
same  spirit  were  cooled  to  40^,  the  hydrometer  would  indicate  some  higher  number ;  but 
which,  being  combined  in  the  table  with  the  temperature  as  indicated  by  the  thermometer, 
should  still  give  proof  or  standard  spirit  &  the  result. 

It  is  considered  advisable,  in  this  and  the  other  tables,  not  to  express  the  quality  of  the 
spirit  by  any  number  over  or  under  proof,  but  to  indicate  at  once  the  number  of  gallons  of 
standard  spirit  contained  in,  or  equivalent  to,  100  gallons  of  the  spirit  under  examination. 
Thus,  instead  of  saying  23  over  proof,  it  is  proposed  to  insert  123 ;  and  in  place  of  35-4 
under  proof,  to  insert  its  difference  to  100,  or  64*6. 

It  has  been  considered  expedient  to  recommend  a  second  table  to  be  constructed,  so 
as  to  show  the  bulk  of  spirit  of  any  strength  at  any  temperature,  relative  to  a  standard 
bulk  of  100  gallons  at  62?.  In  this  table  a  spirit  which  had  diminished  in  volume,  at 
any  given  temperature,  0-7  per  cent.,  for  example,  would  be  expressed  by  99*3  ;  and  a 
spirit  which  had  increased  at  any  given  temperature  0*7  per  cent.,  by  100*7. 

When  a  sample  of  spirit,  therefore,  has  been  examined  by  the  hydrometer  and 
thermometer,  these  tables  will  give  first  the  proportion  of  standanl  spirit  at  the  observed 
temperature,  and  next  the  change  of  bulk  of  such  spirit  from  what  it  would  be  at  the 
standard  temperature.  Thus,  at  the  temperature  of  51°,  and  with  an  indication 
(sp.  gr.)  of  8240,  100  gallons  of  the  spirit  under  examination  wonld  be  shown  by  the 
first  table  to  be  equal  to  164*8  gallons  of  standard  spirit  of  that  temperature ;  and  by  the* 
second  table  it  would  appear  that  99*3  gallons  of  the  same  spirit  would  become  100  at 
62?,  or  in  reality  contain  the  164'8  gallons  of  spirit  in  that  state  only  in  which  it  is  to 
be  taxed. 

But  as  it  is  considered  that  neither  of  these  tables  can  alone  be  used  for  charging  the 
duty  (for  neither  can  express  the  actual  quantity  of  spirit  of  a  specific  gravity  of  0*92  at 
62°  in  100  gallons  of  stronger  or  weaker  spirit  at  temperatures  above  or  below  62?),  it  is 
considered  essential  to  have  a  third  table,  combining  the  two  former,  and  expressing  this 
relation  directly,  so  that  upon  mere  inspection  it  shall  indicate  the  proportion  of  standard 
spirit  in  100  gallons  of  that  under  examination  in  its  then  present  state.  In  this  table 
the  quantities  should  be  set  down  in  the  actual  number  of  gallons  of  standard  spirit  at 
62°,  equivalent  to  100  <^  the  spirit  under  examination;  and  the  column  of  quantities 
may  be  expressed  by  the  term  valve,  as  it  in  reality  expresses  the  proportion  of  the  only 
valuable  substance  present.  As  this  will  be  the  only  table  alraolutely  necessary  to  be 
used  with  the  instrument  for  the  purposes  of  the  excise,  it  may,  perhaps,  be  thought 
unnecessary  to  print  the  former  tvro. 
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The  foDowing  «peciiiieii  table  has  been  givea  by  the  committee :— 


1                       T«iDp«Tatun  45°.                     f                      Tamperature  75®.                     | 

Iiidkati<m.« 

Stranfth. 

▼ahie.       1    IndJeatinn. 

Strength. 

Value. 

9074 

114-5 

8941 

114-5 

7 

114*3 

4 

114-3 

9 

114-2 

6 

114-2 

81 

114-0 

8 

114  0 

3 

113-9 

9 

113-9 

5 

113-7 

52 

113-7 

6 

113  6 

3 

113-6 

9 

113-4 

6 

113-4 

90 

113-3 

7 

113-3 

3 

113-1 

9 

113-1 

The  mixtare  of  alcohol  and  water,  taken  as  spirit  in  Mr.  Gilpin's  tables,  is  that  of 
which  the  specific  gravity  is  0*825  at  60°  Fahr.,  water  being  unity  at  the  same  temper- 
ature. The  specific  grayity  of  water  at  60°  being  1000,  at  62°  it  is  99,981.  Hence,  in 
order  to  compare  the  specific  gravities  given  by  Mr.  Gilpin  with  those  which  would  re- 
salt  when  the  specific  gravity  of  water  at  62°  is  taken  at  unity,  all  the  former  numbers 
must  be  divided  by  99,981. 

Table  of  the  ^ledfic  Gravities  of  difierent  Mixtures,  by  Weight,  of  Alcohol  and  Water, 
at  dififerent  Temperatures;  constructed  by  Mr.  Gilpin,  for  the  use  of  the  British  Reve- 
nue on  Spirits. 
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Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 
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5 

10 

15 

20 

25 

30 

35 

40 

45 

50 
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Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 
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o-sssoo 

0-84905 

0^85057 

0^86825 

087585 

0-68263 

0-86921 

0^W511 

0-90054 

0^90558 

0-91023 

35 

•83679 

-94769 

•85729 

•86587 

•67357 

•88059 

•88701 

•80894 

-69et39 

•90345 

•90811 

40 

-83445 

•84530 

•85507 

•86361 

•87184 

•87838 

•88481 

•89073 

-89617 

•90127 

•90596 

45 

•83214 

•84310 

•852n 

■86131 

•86005 

'87613 

•88*S5 

•88849 

•89396 

•89900 

•90380 

50 

•aasiTT 

-84076 

'85042 

•85902 

•86670 

•87384     •88030 

•88626 

•89174 

•69684 

•OOlilO 

55 

•88736 

•83834 

•84802 

•85664 

•86441 

•87150     •87796 

•86393 

-66945 

•69458 

•69933 

60 

•82500 

•83599 

•84508 

•85430 

•86208 

•86918 

•87569 

■88169 

•887-20 

•69232 

•89707 

65 

•82362 

•83362 

•84334 

•85193 

•65976 

•86686 

•87337 

•87938 

-S8490 

•89006 

•80479 

70 

•82028 

•89124 

-84092 

•84951 

•85736 

•86451 

•87105 

•87705 

•88254 

•88773 

•69252 

75 

•81780 

•82878 

•83S51 

•84710 

•85496 

•66212 

•86864 

•87466 

•88018 

•88538 

•89018 

80 

•81530 

•82631 

•83603 

•84467 

•85348 

•85966 

•86622 

•87228 

•87776 

•68301 

•88781 

65 

•81291 

•82396 

•83371 

•84243 

•85036 

•85737 

•86411 

•87021 

•87590 

•88130 

•88609 

00 

•81044 

•82150 

•83128 

•84001 

•84797 

•85518 

•86172 

■86787 

87360 

87880 

•88376 

flft 

•807M 

•81000 

•82877 

•83753 

•84550 

•85372 

•65928 

•86542 

•87114 

•87654 

•88146 

100 

•80548 

•81057 

•82630 

•83513 

•84038 

•85031 

•85688 

■86302 

-86679 

•87421 

•87915 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

T«»permcim, 
Falir. 

Alcohol 

Alouhol 

Alcohol 

Alcohol 

Alcohol 

Alcohid 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

55 

.  60 

65 

70 

75 

80 

85 

90 

05 

100 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 
0-04232 

'Sf- 

0-01449 

0-91847 

0^92217 

0-92563 

0-92889 

0-93191 

0-93174 

0-93741 

0-93991 

15 

•9IS41 

•91640 

•93009 

•93355 

•93660 

•93986 

•93274 

•93541 

•93790 

•04025 

40 

•91020 

•91428 

-91799 

•92151 

•92476 

•93783 

•93072 

•93341 

•93592 

•03827 

45 

•90812 

91211 

•91581 

•91937 

•92264 

•92570 

•92859 

•93131 

•9338< 

•93611 

SO 

•90596 

•90997 

•91370 

•91723 

•93051 

•03358 

•92617 

•02919 

■93177 

-93419 

55 

-90367 

•90768 

•91144 

•91302 

•91837 

•93115 

•93436 

-93707 

•92963 

•93208 

60 

•90144 

•90549 

90927 

•91287 

•91632 

•91933 

•92325     02499 

•92758 

•93002 

65 

•89920 

•90328 

•90707 

•91066 

•91400 

•91715 

•93010 

•92283 

-92546 

-92794 

70 

•89695 

•90104 

•90481 

•90647 

•91181 

•91493 

•91703 

•92069 

•9'i333 

•92560 

75 

•89464 

•80872 

•90252 

•90617 

•90952 

•91270 

•91560 

•91849 

-92111 

•99364 

80 

■8B935 

•80639 

•90021 

•90385 

•90723 

•91046 

•91340 

•91622 

•91891 

•92142 

85 

•89043 

•89460 

•89843 

•00209 

•90558 

•90663 

•91186 

•91465 

•91729 

•91969 

80 

•88817 

•89330 

'89617 

•89988 

•90342 

•90688 

•90967 

•91246 

•91511 

•91751 

05 

•88588 

•80003 

•89390 

•89763 

•90119 

•90443 

•90747 

•91029 

•91290 

•91531 

1 

DO 

•83571 

88769 

•89156 

•80536 

•69689 

•90315 

•90532 

•00605 

-91066 

-91U0 

*By  specific  gravity. 
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'•60M 
■V!M3 

'«T8U 

O'OSMM 
■9(*W 
'«§79i 

'0«SM 
'WIKX 

'sesfT 
leser 

-09SM 
'BBS 10 

n 

■WMl| 

Eiperimenla  were  mode,  by  direction  nt  the  eommittee,  to  veriiy  Gilpia'i  uUei, 
vhich  allowed  thai  the  error  iatrodneed  in  ascertaintng  the  Birength  of  BpiritB  bj  tables 
(bunded  on  Gilpin's  numbers  muet  be  quite  insensible  in  the  ptaelice  of  the  rerenne. 
The  diBerepanciet  Ibus  detected,  on  a  miiture  of  a  giren  itrength,  did  not  amount  in  aof 
one  instance  to  unity  in  the  rouith  plnee  of  deeimttU.  From  a  careful  inspection  of  Bueh 
doeonientB  the  comuiiltee  are  of  opinion,  thai  Gilpin's  tables  poBsesE  a  degree  of  aceuncy 
fkr  surpueing  what  could  be  expected,  and  sufficiently  peifeet  for  all  practical  or  scien- 
tific purpose*. 


ALCOHOL. 


20 


Fig.  6. 


Hie  hydiMtfia  conatnetedr  «>te  ^he  dinctkms  of  the  Coounittkmen  of  Eidte,  t9 
Mr.  Bate,  has  a  scale  of  4  inches  in  length  divided  into  100  paitf» 
tod  9^  weights.  It  haas  thus  a  range  of  900  diTisioosi  and  expresses 
specific  gravities  at  the  tempemtore  of  62?  Fahr.  In  oi^r  to  render 
this  instnunent  so  accurate  a  measurer  of  the  specific  gravity,  at  the 
standard  temperatare,  as  to  involve  no  error  of  on  appreciable  amount, 
Mr.  Bate  has  constructed  the  weights  (which  in  this  instrument  are  im- 
mersed in  the  fluid  of  different  specific  gravities)  so  that  each  succes- 
sive we%ht  diould  have  an  increase  of  bulk  over  the  preceding  weight 
equal  to  that  part  of  the  stem  occupied  by  the  scale,  and  an  increase 
of  weight  suficient  to  take  the  whole  of  the  scale,  and  no  more,  down 
to  the  liquid.  This  arrangement  requires  great  accuracy  of  workman- 
ship, and  enhances  the  price  of  the  instrument.  But  it  allows  of  in- 
creased strength  in  the  ball,  where  it  is  very  much  required^  and  it 
gives,  upon  inspection  only,  the  indication  (apparent  specific  gravity) 
by  which  the  general  table  is  to  be  examined  and  the  result  ascertain^. 
Fig.  5  represents  this  instrument  and  two  of  its  nine  ballast  weights. 
It  comprehends  all  specific  gravities  between  820  and  1000.  It  indi- 
cates ime  spedfic  gravity  with  almost  perfect  accuracy  at  the  temper- 
ature of  62?  Fahr. ;  but  it  does  not  exclude  other  instruments  from 
being  used  in  conjunction  with  tables.  The  latter  are,  in  fact,  inde* 
pendent  of  the  instrument,  and  may  be  used  with  gravimeters,  or 
any  instrument  affording  indications  by  specific  gravity  at  a  given 
temperature. 

Tlie  commercial  value  of  spirituous  Uquors  bein^  much  lower  in 
France  than  in  England,  a  less  sensible  instrument  becomes  sufficient 
for  the  wants  of  that  country.  Baume's  and  Cartier's  hydrometers, 
with  short  arbitrary  scales,  are  very  much  employed,  but  they  have  been  lately  super- 
seded by  an  ingenious  and  ready  instrument  contrived  by  M.  Gay  Lussac,  and  ciJled 
by  him  an  aUoomiire,  He  takes  for  the  term  of  comparison  pure  alcohol  by  volume, 
at  the  temperature  of  15^  Cent.,  and  represents  the  strength  of  it  by  100  antimUf 
or  by  unity.  Consequently,  the  strength  of  a  spirituous  liquid  is  the  number  of  cen- 
times in  volume  of  pure  alcohol  which  that  liquid  contains  at  the  temperature  of  19^ 
Cent.  The  instrument  is  formed  like  a  common  hydrometer,  and  is  graduated  for  the 
temperature  of  15"  Cent.  Its  scale  is  divided  into  100  parts  or  degrees,  each  of  which 
denotes  a  centime  of  alcohol ;  the  division  0  at  the  bottom  of  the  stem  corresponds 
to  pure  water,  and  the  division  100  at  its  top,  to  pure  alcohol.  When  immersed  in  a 
spirituous  liquor  at  15^  Cent.  (59^  Fahr.)  it  announces  its  strength  directly.  For 
example :  if  in  spirits  supposed  at  the  temperature  of  15**  Cent,  it  sinks  to  the  division  50, 
it  indicates  that  the  strength  of  this  liquor  is  60  per  cent.,  or  that  it  ^ntains  50  centimes 
of  pure  alcohol.  In  our  new  British  proof  spirit,  it  would  sink  to  nearly  57,  indicating 
57  by  volume  of  pure  alcohol,  allowing  for  condensation,  or  50  by  weight.  A  table  of 
correction  is  given  for  tonperature,  which  he  calls  "  Table  of  real  strength  of  spirituous 
liquors."  The  first  vertical  column  of  this  table  contains  the  temperatures,  from  0^  to 
3(P  Cent.,  and  the  first  horizontal  line  the  indications  of  the  alcoometre.  In  the  same 
table  we  have  most  ingenioufly  inserted  a  correction  for  the  volume  of  the  spirits  when 
the  temperature  difiers  from  15®  Cent.  If  we  take  1000  litres  or  gallons,  measured  at 
the  temperatare  of  2?,  of  a  spirituous  liquor  whose  apparent  strength  is  A^ ;  iti 
real  strength  at  15®  will  from  the  preceding  mode  of  correction  be  A9^,  On  heating  this 
Uquid  to  15®,  in  order  to  find  its  real  specific  gravity  or  strength,  its  bulk  will  become 
greater ;  and,  instead  of  1000  litres  or  gallons,  which  it  measured  at  2®,  we  shall  have 
1009  at  15®  C.  This  number  is  inscribed  in  smaller  characters  in  the  same  square  cell 
with  the  real  force,  precisely  under  49c.  All  the  numbers  in  small  characters,  printed 
under  each  red  ttrength,  indicate  the  volume  which  1000  litres  of  a  spirituous  liquor 
would  have,  when  measured  at  the  temperature  at  which  its  apparent  strength  is  taken. 
In  the  above  example,  the  quantity  in  litres  or  gallons  of  pure  alcohol  contained  in  1000 
litres  or  gallons  of  the  spirits,  measured  at  the  temperature  of  2?,  will  be,  therefore,-^ 
1009  UL  X  0-49  =  494  lit.  41. 

This  quantity  of  pure  aleohol,  thus  estimated,  is  called  richnest  of  spirit  in  alcohol^  or 
simply  ridnneMa. 

Let  us  take  an  example  simflar  to  the  preceding,  bnt  at  a  higher  temperature  than 
19®  Cent.  Suppose  we  have  1000  litres  measured,  at  the  temperature  of  25®,  of  spirits 
whose  apparent  strength  is  53c,  what  is  the  real  quantity  of  pure  alcohol  which  this 
spirit  eontaint  at  the  temperature  of  15®  7  We  shall  find  in  the  table,  first  of  all,  that 
the  real  strength  of  the  spirits  is  49c*3.  As  to  its  bulk  or  volume,  it  is  very  clear 
that  the  1000  litres  in  cooling  from  25®  to  15®,  wiU  occupy  a  smaller  space.  This 
^Inme  wiU  be  993  litres ;  it  is  inscribed  directly  bekm  49<:-3,  the  real  strength.    We 
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Rhall  therefbre  have  of  pure  alcohol,  contained  in  the  1000  litres  of  spirits,  measured  at 
the  temperature  of  25^,  or  their  richness,  993  lit.  X  0-493  r=  489  liu  55. 


Alcomc 

»trical  Table  of  real  Strength,  by  M.  Gay  Lussac. 

Tempeimtare. 
C. 

31c 

32c 

33c 

34e 

39c 

36c 

87c 

38c 

39c 

40c 

Dtg. 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

33  0 
1002 

34 

1002 

35 
1003 

36 
1003 

37 
1003 

38 
1003 

39 

1003 

40 
1003 

41 
1003 

42 

1003 

32*6 
1002 

33  G 

1002 

34-6 

1003 

35-6 

loua 

36-6 
1003 

37-6. 
1003 

38-6 
1003 

39-6 
1003 

40-6 
1003 

41-6 
1003 

32  2 
1001 

33-2 
1001 

34-2 
1003 

35-2 
1003 

36-2 

1003 

37-2 
1003 

38-2 
1003 

39-2 
1003 

40-2 
1002 

41-2 
1003 

31-8 
1001 

32-8 
1001 

33-8 

1001 

34-8 
1001 

35-8 
1001 

36-8 
1001 

37-8 
1001 

38-8 
1001 

39-8 
lOOI 

40-8 
1001 

31-4 
1001 

32-4 
1001 

33-4 
1001 

34-4 
1001 

35-4 
1001 

36-4 
1001 

37-4 
1001 

38-4 
1001 

39-4 
1001 

40-4 
1001 

31 

1000 

32 

1000 

33 
1000 

34 
1000 

35 

1000 

36 
1000 

37 
1000 

38. 
1000 

39 

1000 

40 
1000 

30-6 
1000 

31-6 
1000 

32-5 
999 

33-6 
999 

34-6 
999 

35-5 
999 

36-6 
999 

37-6 
909 

38-5 
999 

39-5 
999 

30-2 
909 

31-2 
999 

32-1 
999 

33  1 
999 

341 
999 

351 
999 

361 
999 

37  1 

909 

38-1 
999 

39-1 
999 

29-8 
090 

30-8 
999 

31-7 
998 

32-7 
998 

33-7 
998 

34-7 
998 

35-7 

908 

36-7 
99B 

37-7 
908 

38-7 
996 

29-4 
998 

30-4 
098 

31-3 
998 

32-3 

998 

33-3 

998 

34*3 
998 

35-3 
998 

36-3 
998 

37-3 
997 

38-3 
997 

29 

908 

30 
998 

30-9 
997 

31-9 

997 

32-9 
997 

33-9 
997 

34-9 
907 

36-9 
097 

36-9 

997 

37-9 
997 

28-6 
997 

29-6 
997 

30-5 
997 

31-5 

997 

32-5 

997 

33-5 
997 

34-5 

997 

35-5 
990 

36-5 

996 

37-5 
996 

28-2 
997 

29-2 
907 

30  1 
990 

31   1 
996 

32-1 
996 

33  1 
996 

341 
996 

35-1 
996 

36-1 
996 

371 
996 

27-8 
906 

28-8 
906 

29-7 
996 

30-7 
990 

31-7 
996 

32-7 
996 

33-7 
996 

34-7 

995 

35-7 
995 

36-7 
995 

27-4 
996 

28-4 
996 

29-3 
095 

30-3 
995 

31-3 
995 

32-3 
995 

33-3 
995 

34-3 
995 

36-3 
995 

36-3 
904 

27 
995 

28 
995 

28-9 

<»?i5 

29-9 
995 

30-9 

P9S 

31-9 

994 

32-9 
094 

33-9 
904 

34-9 
994 

35-9 
994 

Teaiperaiurs. 
C. 

.410 

42c 

43c 

44c 

45c 

46c 

47c 

48c 

49(: 

50c 

11 

12 
13 
14 
15 
16 

43 

1003 

44 

1004 

45 

1004 

46 

1001 

46-9 
1004 

47-9 
1004 

48-9 
1004 

49-9 
1004 

60-9 
1004 

51-8 
1004 

42-6 
1003 

43-6 
1003 

44-6 

1003 

45-6 
1003 

46-6 
1003 

47-6 
1003 

48*6 
1003 

49-6 

1003 

60-6 
1003 

61 -5 
1003 

42-2 

1009 

43-2 

1002 

44-2 
1002 

46-2 

1002 

46*2 

1002 

47-2 
1003 

48-2 

1002 

49-2 
1003 

50-2 
1003 

51-1 
1003 

41-8 
1001 

42-8 
1001 

43-8 
1001 

44-8 
1003 

45-8 
1003 

46-8 
1003 

47-8 
1003 

48-8 
1008 

49  S 
1003 

60-8 
1003 

41-4 
1001 

42-4 
1001 

43-4 
1001 

44-4 
1001 

45-4 
1001 

46-4 
1000 

47-4 
1001 

48-4 
1001 

49*4 
1001 

50-4 
1000 

41 

1000 

42 

1000 

43 
1000 

44 
1000 

45 
1000 

46 
1000 

47 
1000 

48 
1000 

49 
1000 

50 
1000 

40-6 
909 

41-6 
999 

42-6 
999 

43-6 
999 

44-6 
999 

45-6 
999 

46-6 
999 

47 '6 
099 

48*6 
900 

49*6 
099 
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Akometiieal  Table  of  real  Strength,  bjr  M  Gay  Lussac  (etminmtd). 


T«iBipn»t«zc. 
C. 

4U 

42c 

43c 

44o 

4So 

460 

470 

48c 

49r 

50e 

18 
19 
20 
21 
22 
23 
24 
35 

40*2 
900 

41*2 
999 

42-2 
999 

43-2 

996 

44-9 

998 

45-2 

998 

46-2 

998 

47-2 

998 

48-2 
996 

49-2 

998 

39-8 
098 

40-8 
996 

41 -8 
993 

42-8 
996 

43:8 
998 

44-9 
998 

45-9 

996 

46-9 
996 

47-9 
996 

48-9 
998 

39-4 
907 

40-4 
997 

41-4 
997 

42-5 

997 

43-5 
997 

44-5 
997 

45-5 
997 

46-5 
997 

47-5 
997 

48-5 
997 

39 

007 

40 
997 

41 
997 

42  1 

997 

43-1 
996 

44*1 
996 

451 
906 

46  1 
996 

47-2 
996 

48-2 
996 

38*6 
000 

39-6 
990 

40-6 
990 

41-7 

996 

42-7 
996 

43-7 
996 

44-8 
996 

46-8 
996 

46-8 
995 

47-8 
995 

38-2 
906 

39-2 

995 

40-2 
995 

41-3 

995 

42-3 

995 

43-3 
995 

44-3 
995 

45-3 
995 

46-4 
995 

47-4 
995 

37-8 
005 

38-8 
995 

39-8 
995 

40-9 
994 

41*9 
994 

42-9 
994 

43-9 
994 

44*9 
994 

46 
994 

47 
994 

37-4 
004 

38-4 
994 

39-4 
994 

40-5 
994 

41-5 
994 

42-5 
994 

43-6 

994 

44-6 
994 

45-6 
993 

46-6 
993 

87 
994 

38 
904 

39 
993 

40  1 

993 

42-1 

993 

42-2 

993 

43-2 

993 

44-2 

093 

46-2 
993 

46-3 
993 

C. 

51e 

Sfift 

53-8 
1004 

53c 

54o 

55o 

56o 

57c 

5?c 

59e 

60c 

Deg 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

62-8 
1001 

54-8 
1004 

66-8 
1004 

56-8 
1004 

57-8 
1004 

58-8 
1004 

59-7 
1004 

60-7 
1004 

61-7 
1004 

62-6 
1003 

63-6 
1003 

54-4 
1003 

55-4 
1003 

56-4 
1003 

57-4 
1003 

68-4 
1003 

59-4 
1003 

60-4 
1003 

61-4 
1003 

62  1 

1003 

53  1 
1002 

541 
J003 

65 
1002 

66 
1003 

67 
1003 

58 
1003 

69 
1003 

60 

1008 

61 

1003 

51.8 
lOOS 

52-7 
1002 

53-7 
1002 

54-7 

1002 

65.7 
1003 

66-7 
1003 

67-7 
1003 

68-7 
1003 

59-7 
1003 

60-7 
1003 

51-4 
1001 

62-3 
1001 

63-3 

1001 

64-3 
1001 

65  3 
1001 

56-3 
1001 

57-3 
1001 

58-3 
1001 

59-3 
1001 

60-3 
1001 

51 
1000 

62 
1000 

53 

1000 

64 
1000 

65 
1000 

56 
1000 

57 
1000 

58 
•  1000 

69 
1000 

60 
1000 

50-6 
990 

51-6 
999 

62-6 
999 

53-6 
999  , 

54-6 
999 

65-6 
999 

56*6 
999 

57-6 
999 

68-6 
999 

69-6 
999 

50-3 

008 

61-3 
996 

62-3 

998 

53-3 

998 

54-3 
999 

66-3 

996 

66-3 
998 

67-3 
998 

58-3 
998 

59-8 
998 

49-9 
993 

60-9 

61-9 

998 

62-9 
998 

53-9 
998 

54-9 
996 

55-9 
998 

66 -9 
997 

57-9 
997 

58-9 
997 

49-5 
997 

50-6 
997 

61-6 
997 

52-6 
997 

53-6 
997 

54-6 
997 

65-6 
997 

66-6 
997 

67-6 
997 

68-6 
997 

49-2 
996 

60 -2 

996 

51-2 
996 

52  2 

996 

63-2 
996 

54-2 
996 

65 -2 
990 

66-2 
996 

67-2 
996 

68-2 
996 

48-8 
995 

49*8 
995 

60-8 
995 

51-8 
995 

62-9 
995 

53-9 
095 

64-9 
995 

65-9 
995 

66-9 
995 

57-9 
995 

48*4 
995 

49-4 
995 

50-4 
995 

61-4 
994 

52-5 
994 

63-6 
994 

54-5 
991 

55-5 
904 

66-5 
994 

57-6 
994 

48 
994 

49-1 
994 

50-1 
994 

61-1 
991 

52-1 
994 

53  1 

994 

54-1 
991 

651 
993 

56  1 
993 

57  1 
993 

47-6 

oos 

48-7 
093 

49-7 
993 

50-7 
993 

51-8 
993 

52-8 
993 

63-8 
993 

64-8 
993 

55-8 
993 

65 -6 
993 

56-8 
992 

47-3 
991 

48-3 
993 

49-3 
993 

50-3 
999 

51-4 
993 

62-4 
993 

53-4 
991 

54-4 
991 

66-5 
993 
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Tempvnilure. 
C. 

«lc 

02e 

OSe 

«4o 

65o 

60o 

67c 

06n 

60e 

70c 

Deff. 
10 

11 

IS 

IS 

14 

15 

16 

17 

18 

19 

20 

SI 

22 

23 

24 

25 

62-7 
1004 

63-7 
1004 

64-7 
1004 

65-7 
1004 

66-7 
1004 

67-6 
1004 

68-6 
1004 

69-6 
1004 

70-6 
1004 

71-6 
1004 

62*4 
1003 

63-4 
1003 

64-4 
1003 

65-4 
1003 

66-4 
1003 

67-3 
1003 

68-3 
1003 

69*3 
1004 

70-3 
1004 

71-3 
1004 

62 
lUOS 

63 
1002 

64 
1002 

65 
1002 

66 
1002 

67 
1002 

68 
1003 

69 
1003 

70 
1003 

71 

1003 

61.7 
1009 

62-7 
1002 

63-7 
1002 

64-7 
1002 

65  7 
1002 

66-7 
1002 

67-7 
1002 

68-7 
1002 

69-6 
1002 

70-6 
1002 

61-3 
1001 

62-3 
1001 

63*3 
1001 

64-3 
1001 

65-3 
1001 

66-3 
1001 

67-3 
1001 

68-3 
1001 

69-3 
1001 

70-3 
1001 

61 
1000 

62 
1000 

63 
1000 

64 
1000 

65 
1000 

66 

1000 

67 
1000 

68 
1000 

69 
1000 

70 
1000 

60-6 
000 

61-7 
999 

62-7 
000 

63-7 
090 

64-7 
090 

66-7 
090 

66-7 
999 

67-7 
009 

68-7 
090 

69-7 
090 

60-3 
096 

61-3 

998 

62-3 
098 

63-3 

096 

64-3 
008 

65-3 
996 

66-3 

998 

67-3 
006 

68-3 

006 

69-3 

006 

69-9 
907 

61 
997 

62 
907 

63 

997 

64 

007 

65 
997 

66 
997 

67 
OIW 

68 

007 

69 
907 

59-6 
997 

60-6 
097 

61-6 

997 

62-7 
997 

63-7 

907 

64-7 
997 

65-7 
997 

66-7 
907 

67-7 
006 

68-7 
006 

69-2 
090 

60*3 
996 

61-3 
996 

62-3 
090 

63*3 
996 

64-3 
996 

65-4 

996 

66-4 
006 

67-4 
000 

68-4 
090 

58-9 
095 

59-9 
905 

61 
995 

62 

995 

63 

995 

64 

995 

65 
995 

66 
095 

67 
005 

681 
995 

58-5 
094 

59-6 
994 

60-6 
094 

61-6 
994 

62-7 
994 

63-7 
994 

64-7 
994 

65-7 
004 

66-7 
094 

67-8 
994 

58-1 
093 

59-2 
998 

60-2 
903 

61-3 
993 

62-3 
993 

63-3 
003 

64-3 
903 

65-4 
903 

66-4 
993 

67-4 
993 

57-8 
002 

58-9 
992 

59-9 
092 

61 

992 

62 
992 

63 
002 

64 

992 

65 
992 

66 
992 

67-1 
992 

57-6 

OM 

68-5 
(K12 

69-5 
W2 

60-6 
Q9I 

61-6 
091 

62-6 

63-7 
991 

64-7 
091 

65-7 
001 

66-7 
991^ 

Tampermtan. 
C. 

71c 

79c 

73c 

74c 

75« 

76o 

77c 

78c 

70n 

80c 

11 
12 
13 
14 
15 
16 
17 

72-6 

IU4U 

73-5 
1001 

74-5 
1005 

75-5 
1005 

76-5 
1005 

77-5 
1005 

78-5 
1005 

79-5 
1005 

80-5 
1005 

81-5 
1005 

72  3 

1004 

73-2 
1004 

74-2 
10O4 

75-2 
1004 

76-2 
1004 

77*2 
1004 

78-2 
1004 

79-2 
1004 

feO-2 
1004 

81-2 
1004 

72 

1003 

72-9 
1003 

73-9 
1003 

74-9 
1003 

75-9 
1003 

76-9 
1003 

77-9 
1003 

78-9 
1003 

79-9 
1003 

80-9 
1003 

71-6 
1002 

72-6 
1002 

73-6 
1002 

74-6 
1002 

75-6 
1002 

76-6 
1002 

77-6 
1002 

78-6 
1002 

79-6 
1002 

80-6 
1002 

71-3 
1001 

72-3 
1001 

73-3 
1001 

74-3 
1001 

75-3 
1001 

76-3 
1001 

77-3 
1001 

78-3 
1001 

79-3 
1001 

80-3 
1001 

71 
1000 

72 
1000 

73 

1000 

74 
1000 

75 
1000 

76 
1000 

77 
1000 

78 
1000 

79 
1000 

80 
1000 

70-7 
009 

71-7 
090 

72-7 
000 

73*7 
099 

74-7 
009 

75-7 
009 

76-7 
009 

77*7 
999 

78-7 
009 

79*7 
009 

70-3 
008 

71-3 
098 

72-3 
008 

73-3 

096 

74-3 

008 

75-4 
998 

76-4 
908 

77-4 
006 

78-4 
908 

79-4 
996 

ALCOHOL. 


Akomelrieal  Table  of  real  Strengtb,  by  M.  Gay  Lussae  (^onHmiti). 

Tenipemtan. 
C. 

71o 

7Sc 

73o 

74c 

75c 

76d 

77c 

79c 

79fi 

80c 

19 
30 
21 
22 
23 
24 
25 

70 
997 

71 

997 

72 

9tf7 

73 
997 

74 
997 

75  1 

997 

76  1 

997 

77-1 
997 

78-1 

997 

79-1 

997 

69-7 
V96 

70-7 
996 

71-7 
990 

72-7 
996 

73-7 
996 

74-7 
996 

75-8 
996 

76-8 
996 

77 -S 
996 

78-8 
996 

69-4 

996 

70-4 
996 

71-4 
995 

72  4 

995 

73-4 
995 

74-4 
995 

75-5 

995 

76-6 
995 

77-5 
995 

78*5 
996 

691 
995 

70-1 
995 

71-1 
995 

721 

994 

73-1 
9&4 

74! 

994 

75-2 
994 

76-2 
994 

77-2 
994 

78-2 
994 

68-8 
V94 

69-8 
994 

70-8 
994 

71-8 
991 

72-8 
993 

73-8 
993 

74-8 
993 

75-9 
993 

76-9 
993 

77 '9 
998 

68 -4 
993 

69-4 
993 

70-5 
993 

71-5 
993 

72-6 
993 

73-5 
993 

74-5 
993 

75-6 
993 

76-6 
993 

77-6 
993 

681 

993 

69-1 
993 

70-1 

993 

71-2 

993 

72-2 

993 

73-2 

993 

74-2 

999 

75-2 
991 

76-3 
991 

77-3 
991 

67-8 
991 

68-8 
991 

69-8 
991 

70-8 
991 

71  8 
99] 

72-8 
991 

73-9 
991 

74-9 
991 

76 
991 

77 
991 

Tamperstttre. 
C. 

81c 

8Sc 

63c 

84o 

85o 

86o 

87o 

68e 

89o 

90e 

Dtg. 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

82-4 

1005 

83-4 
J  005 

84-4 

1005 

85 '4 
1005 

86-4 
1005 

87-4 
1005 

88*3 
1005 

89-3 
1005 

90-2 
1005 

91-2 
1006 

82-2 
1004 

83-1 
1004 

841 
1004 

85-1 
1004 

86-1 
1U04 

87-1 
1004 

88 
1004 

89 
1004 

90 

1004 

91 

1004 

81-9 
1003 

82-9 
1003 

83-9 
1003 

84-8 
10U3 

85-8 
1003 

86-8 
1003 

87-8 
1003 

88-7 
1003 

89-7 
1003 

90-7 
1003 

81.6 
1009 

82-6 
1O08 

83-6 
1003 

84-6 
1009 

85-5 
1003 

86-5 
1002 

87-5 
1003 

88  5 
1003 

89-5 
1003 

90-5 
1003 

81-3 
1001 

82*3 
1001 

83-3 

1001 

84-3 

1001 

85  3 

1001 

86*3 
1001 

87-3 
1001 

88-2 
1001 

89-2 
1001 

90-2 
1001 

81 
1000 

82 

1000 

83 
1000 

84 
1000 

85 
1000 

86 
1000 

87 
1000 

88 
1000 

89 
1000 

90 
.  1000 

80-7 

999 

81-7 

999 

82-7 
999 

83-7 
999 

84-7 
999 

86-7 
090 

86-7 
999 

87-7 
909 

88-7 
900 

89-7 
990 

80-4 
998 

81-4 
998 

82-4 

999 

83-4 
.  998 

84-4 
998 

85-4 
99o 

86-4 
996 

87-4 
998 

88*4 
998 

89*5 
908 

801 
997 

81-1 
997 

82  1 

997 

83-1 
997 

84-1 
997 

85-2 
997 

86-2 
997 

87-2 
997 

88-2 
997 

89-2 

997 

79-8 
990 

80-8 
990 

81-9 
990 

82-9 
996 

83-9 
996 

84-9 
996 

85-9 
996 

86*9 
996 

87-9 
996 

88-9 
996 

79-6 
995 

80-6 
995 

81-6 
995 

82-6 
995 

83-6 
995 

84-6 
995 

85-6 
995 

86-6 
995 

87-7 
995 

88-7 
995 

79-2 
994 

80*2 
994 

81-3 
994 

82*3 
994 

83-3 
994 

84-3 
994 

85-3 
994 

86*4 
904 

87-4 
994 

88-4 
994 

78-9 
993 

79-9 
993 

81 
998 

82 

993 

83 

998 

84 
998 

85 
993 

861 
993 

871 
993 

88-2 
998 

78-6 
093 

79-6 
999 

80-7 
993 

81-7 
992 

82-7 
993 

83-8 
999 

84-8 
099 

85-8 
909 

86-8 
009 

87-9 
099 

78-3 
991 

79-8 
901 

80-4 
991 

81-4 
991 

82-4 
991 

83-5 
991 

84*5 
991 

86-5 
001 

86-5 
901 

87-6 
001 

78 
991 

79 
991 

801 
990 

81-1 
990 

821 
990 

83 -S 

990 

84*2 
900 

85*3 
000 

86-8 
000 

8T«4 
000 

H  ALKALI. 

I  consider  the  preceding  table,  whieh  I  have  extracted  fVom  the  longer  tables  of  M. 
Jray  Lussac,  as  an  important  addition  to  the  resources  of  British  dealers  and  mannfac- 
turing  chemists.  With  the  aid  of  his  little  instrument,  which  may  be  got  for  a  trifle 
from  its  ingenious  maker,  M.  CoUardeau,  Rue  Faubourg  St.  Martin,  at  Paris,  or  con- 
structed by  one  of  the  London  hydrometer  artists,  the  per  centage  of  real  alcohol,  and 
the  real  value  of  any  spirituous  liquor,  may  be  determined  to  sufficient  nicety  for  most 
purposes,  in  a  far  easier  manner  than  by  any  instruments  now  used  in  this  country.  It 
has  been  adopted  by  the  Swedish  government,  with  M.  Gay  Lussac's  tables. 

M.  Gay  Lussao's  table  gives,  by  inspection,  the  true  bulk  of  the  spirits  as  corrected  for 
temperature ;  that  is,  their  volume,  if  of  the  normal  temperature  of  15*^  Cent.  (59°  Fahr.)' 
Now  this  is  important  information  ;  for,  if  a  person  buys  1000  gallons  of  spirits  in  hot 
weather,  and  pays  for  them  exactly  according  to  their  strength  corrected  for  temperature, 
he  will  not  have  1000  gallons  when  the  weather  is  in  lis  mean  state.  He  may  lose,  in 
this  way,  several  gallons  without  being  aware  of  it  from  his  hydrometer. 

Sometimes,  aAer  moist  autumns,  when  damaged  grain  abounds,  the  alcohol  distilled 
from  its  fermented  wash  contams  a  peculiar  volatile  body.  When  we  apply  our  nose 
to  this  species  of  spirits  in  its  hot  state,  the  volatile  substance  dissolved  in  it  irritates 
the  eyes  and  nostrils :  it  has  very  nearly  the  same  smell  as  an  alcoholic  solution  of 
cyanogen,  as  any  chemist  may  discover  by  standing  near  the  discharge  pipe  of  the  refri- 
geratory worm  of  a  raw-grain  whiskey  still.  Such  spirits  intoxicate  more  strongly  than 
pure  spirits  of  the  same  strength,  and  excite,  in  many  persons,  even  temporary  phrensy* 
It  is  a  volatile  fatty  matter,  of  a  very  fetid  odor,  when  obtained  %  itself,  as  I  have  pro- 
cured it  in  cold  weather  at  some  of  the  great  distilleries  in  Scotland.  It  does  not  com- 
bine with  bases.  At  the  end  of  a  few  months,  it  spontaneously  decomposes  in  the  spirits, 
and  leaves  them  in  a  less  nauseous  and  noxious  state.  By  largely  diluting  the  spirits 
with  water,  and  distilling  at  a  moderate  temperature,  the  greater  part  of  this  oil  may  be 
separated.  Part  of  it  comes  over  with  the  strongest  alcohol,  and  part  with  the  latter 
runnings^  whieh  are  called  by  the  distillers  strong  and  weak  feints.  The  intermediate 
portion  is  purer  spirit.  The  feints  are  always  more  or  less  opalescent,  or  become  so 
on  dilution  with  water,  and  then  throw  up  an  oily  pellicle  upon  their  surface.  The 
charcoals  of  light  wood,  such  as  pine  or  willow,  well  calcined,  and  infused  in  sufficient 
quantity  with  the  spirits  prior  to  rectification,  will  deprive  them  of  the  greater  part  of 
that  oily  contamination.  Animal  charcoal,  well  calcined,  has  also  been  found  useful ; 
but  it  must  be  macerated  for  some  time  with  the  empyreumatic  spirits,  before  distilla- 
tion. Another  mode  of  separating  that  offensive  oil  is,  to  agitate  the  impure  spirits 
with  a  quantity  of  a  fat  oil,  such  «s  olive  oil,  or  oil  of  almonds,  to  decant  off  the  oil,  and 
re-distil  the  spirits  with  a  little  water. 

Some  foreign  chemists  direct  empyreumatic  or  rank  spirits  to  be  rectified  with  the 
addition  of  ehloride  of  lime.  I  have  tried  this  method  in  every  way,  and  on  a  consider- 
able scale,  but  never  found  the  spirits  to  be  improved  by  it.  They  were  rather  deterio- 
raied.    See  Brandy^  DUtUlationf  Fermentation,  Gin,  Rum,  Whiskey. 

Anhydrous  or  absolute  alcohol,  when  swallowed,  acts  as  a  mortal  poison,  not  only  by 
Its  peculiar  stimulus  on  the  nervous  system,  but  by  its  abstracting  the  aqueous  particles 
from  the  soft  tissue  of  the  stomach,  with  which  it  comes  in  contact,  so  as  to  destroy  its 
organization.  Alcohol  of  0*812  consists,  by  experiments,  of  3  atoms  of  carbon,  6  of  hy- 
drogen,  and  2  of  oxygen ;  absolute  alcohol  consists,  probably,  of  2  of  carbon,  3  of  hydro- 
gen, and  1  of  oxygen. 

ALE.  The  fermented  infusion  of  pale  malted  barley,  usually  combined  with  infusion 
of  hops.    See  Beer. 

ALEMBIC,  a  Still  ;  which  see. 

ALEMBROTH,  salt  of.  The  salt  of  wisdom,  of  the  alchemists ;  a  compound  of  bi- 
chloride of  mercury  and  sal  ammoniac,  from  which  the  old  white  precipitate  of  mercury 
is  made. 

ALGAROTH,  powder  of.  A  compound  of  oxyde  and  chloride  of  antimony,  being  a 
precipitate  obtained  by  pouring  water  into  the  acidulous  chloride  of  that  metal. 

ALIZARINE.    See  Madder. 

ALKALI.  A  class  of  chemical  bodies,  distinguished  chiefly  by  their  solubility  in 
water,  and  their  power  of  neutralizing  acids,  so  as  to  form  saline  compounds.  The 
alkalis  of  manufacturing  importance  are,  ammonia,  potash,  soda,  and  quinia.  These 
alkalis  change  the  purple  color  of  red  cabbage  and  radishes  to  a  green,  the  .reddened 
tincture  of  litmus  to  a  purple,  and  the  color  of  turmeric  and  many  other  yellow  dyes 
to  a  brown.  Even  when  combined  with  carbonic  acid,  the  first  three  alkalis  exercise 
this  dieoloring  power,  which  the  alkaline  earths,  lime,  and  barytes,  do  not.  The  same 
three  alkalis  have  an  acrid,  and  somewhat  urinous  taste ;  the  first  two  are  energetic 
•(Events  of  animal  matter ;  and  the  three  combine  with  oils,  so  as  to  form  soaps.  They 
unite  with  water  in  every  proportion,  and  also  with  alcohol;  and  the  first  three  combine 
with  water  after  being  carbonated. 


ALLOY. 
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ALKALIBIETER.  An  instrument  for  measuring  the  alkaline  foree  or  pnrity  of  any 
of  the  alkalis  of  commerce.  It  is  founded  on  the  principle,  that  the  quantity  of  real 
aflcali  present  in  any  sample,  is  proportional  to  the  quantity  of  acid  which  a  given  weight 
of  it  can  neutzalize.    See  the  individual  alkalis,  Potash  and  Soda.. 

ALKANA,  is  the  name  of  the  root  and  leaves  of  Lausania  inermis,  which  have  been 
kMkg  employed  in  the  East,  to  dye  the  nails,  teeth,  hair,  garments,  &c.  The  leaves, 
gnmnd  and  mixed  with  a  little  limewater,  serve  for  dyeing  the  tails  of  horses  la  Persia 
and  Turkey. 

ALSANETT,  the  root  of.  (jSnrJinta  tinctoria.)  A  species  of  bugloss,  cultivated 
ehiedy  in  the  neighborhood  of  Montpellier.  It  affords  a  fine  red  color  to  alcohol 
and  oils;  but  a  dirty  red  to  water.  Its  principal  use  is  for  coloring  ointments,  cheeses, 
and  pommades.  The  spirituous  tincture  gives  to  white  marble  a  beautiful  deep 
stain. 

ALLIGATION.  An  arithmetical  fonnula,  useful,  on  many  occasions,  for  ascertaining 
the  proportion  of  constituents  in  a  mixture,  when  they  have  undergone  no  change  of 
nrfume  by  chemical  action.  When  alcoholic  liquors  are  mixed  with  water,  there  is  a 
condensation  of  bulk,  which  readers  that  arithmetical  ruie  inapplicable.  The  same  thing 
holds,  in  some  measure,  in  the  union  of  metals  by  fusion.    See  Alloy. 

ALLOY.  (jSUiagey  Fr. ;  Legirung,  Germ.)  This  term  formerly  signified  a  compound 
of  gold  and  silver^  with  some  metal  of  inferior  value,  but  it  now  means  any  compound 
«xf  any  two  or  more  metals  whatever.  Thus,  bronze  is  an  alloy  of  copper  and  tin ;  brass, 
tn  alloy  of  copper  and  zinc ;  and  type  metal,  an  alloy  of  lead  and  antimony.  All  the 
lUoys  possess  metallic  lustre,  even  when  cut  or  broken  to  pieces ;  they  are  opaque ;  are 
excdlent  eonductors  of  heat  and  dectricity ;  are  frequently  susceptible  of  crystallizing ; 
are  more  or  less  ductile,  malleable,  elastic,  and  sonorous.  An  alloy  which  consists  of 
mettls  differently  fusible  is  usually  malleable  in  the  cold,  and  brittle  when  hot,  as  is  ex- 
emplified with  brass  and  gong  metal. 

Bilany  alloys  consist  of  definite  or  equivalent  proportions  of  the  simple  component 
metals,  though  some  alloys  seem  to  form  in  any  proportion,  like  combinations  of  salt  or 
sugar  with  water.  It  is  probable  that  peculiar  properties  belong  to  the  equivalent  or 
atomic  ratio,  as  is  exemplified  in  the  superior  quality  of  brass  made  in  that  proportion. 

One  metal  does  not  alloy  indifferently  with  every  other  metal,  but  it  is  governed  in  this 
respect  by  peculiar  afilnities;  thus,  silver  will  hardly  unite  with  iron,  but  it  combines 
readily  with  gold,  eopper,  and  lead.  In  comparing  the  alloys  with  their  constituent 
metals,  the  following  differences  may  be  noted  { in  general,  the  ductility  of  the  alloy  is 
less  than  that  of  the  separate  metals,  and  sometimes  in  a  very  remarkaUe  degree ;  on 
the  contrary,  the  alloy  is  usually  harder  than  the  mean  hardness  of  its  constituents.  The 
mercurial  alloys  or  amalgams  are,  perhaps,  exceptions  to  this  rule. 

The  specific  gravity  is  rarely  the  mean  between  that  of  each  of  its  constituents,  but  is 
sooietimes  greater  and  sometimes  less,  indicating,  in  the  former  case,  an  approximation, 
aod  in  the  latter,  a  recedure,  of  the  particles  from  each  other  in  the  act  of  their 
unkm.  The  following  tables  of  binary  dloys  exhibit  this  circumstance  in  experimental 
detail:-- 


AUoy«  hftTing  a  d«owty  greater  Umr  tli« 
mean  of  their  constituent*. 

Gold  and  zinc 
Gold  and  tin 
Gold  and  bismuth 
Gold  and  antimony 
Gold  and  cobalt 
Silver  and  zinc 
Silver  and  lead 
Silver  and  tin 
Silver,  and  bismuth 
Silver  and  antimony 
Copper  and  zinc 
Copper  and  tin 
Copper  and  palladium 
Copper  and  bismuth 
Lead  and  antimony 
Platinum  and  molybdinum 
Palladium  and  bismuth* 


Alloys  karini^  a  density  leas  than  tha 
mean  of  their  constituents. 

Gold  and  silver 
Gold  and  iron 
Gold  and  lead 
Gold  and  copper 
Gold  and  iridium 
Grold  and  nickel 
Silver  and  copper 
Silver  and  lead 
Iron  and  bismuth 
Iron  and  antimony 
Iron  and  lead 
Tin  and  lead 
Tin  and  palladium 
Tin  and  antimony 
Nickel  and  arsenic 
Zinc  and  antimony. 


It  would  be  hardly  possible  to  infer  the  melting  point  of  an  alloy  from  that  of  each  of 
Hs  oonatituent  metaU;  but,  in  general,  the  fusibility  is  increased  by  mutual  afil* 
bity  in  their  state  of  combination.  Of  this,  a  remarkable  instance  is  afforded  in  the 
fnsiUe  metal  consisting  of  8  parts  of  bismuth,  5  of  lead,  and  3  of  tin,  which  melts  at  tlie 
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heat  of  boiling  water,  or  212^  Fahr<,  though  the  melting  point  dedneed  from  the  mean  of 
its  components  should  be  514^.  This  ailoy  may  be  rendered  still  more  fusible  hy  adding 
a  very  little  mercury  to  it,  when  it  forms  an  excellent  material  for  certain  anatomical  ia^ 
jections,  and  for  filUng  the  hollows  of  carious  teeth.  Nor  do  the  colors  of  alloys  depend, 
in  any  considerable  degree,  upon  those  of  the  separate  metals ;  thus,  the  color  of  copper, 
instead  of  being  rendered  paler  by  a  large  addition  of  zinc,  is  thereby  eouTerted  into  the 
rich-looking  pinchbeck  metal. 

By  means  of  alloys,  we  multiply,  as  it  were,  the  numbers  of  useful  metals,  and  some- 
times give  usefulness  to  such  as  are  separately  of  little  value.  Since  these  compounds 
can  be  formed  only  by  fusion,  and  since  many  metals  are  apt  to  oxydize  readily  at  their 
melting  temperature,  proper  precautions  must  be  taken  in  making  alloys  to  prevent  thie 
occurrence,  which  is  incompatible  with  their  formation.  Thus,  in  combining  tin  and  lead, 
rosin  or  grease  is  usually  put  on  the  surface  of  the  melting  metals,  the  carbon  produced 
by  the  decomposition  of  which  protects  them,  in  most  cases,  sufficiently  from  ozydizement. 
When  we  wish  to  combine  tin  with  iron,  as  in  the  tinning  of  cast-iron  tea  kettles,  we 
rub  sal  ammoniac  upon  the  surfaces  of  the  hot  metals  in  contact  with  each  other,  and 
thus  exclude  the  atmospheric  oxygen  by  means  of  its  fumes.  When  there  is  a  notable 
difference  in  the  specific  gravities  of  the  metals  which  we  wish  to  combine,  we  often  find 
great  difficulties  in  obtaining  homogeneous  alloys ;  for  each  metal  may  tend  to  assume 
the  level  due  to  its  density,  as  is  remarkably  exemplllied  in  alloys  of  gold  and  silver 
made  without  adequate  stirring  of  the  melting  metals.  If  the  mass  be  large,  and  slow 
of  cooling,  after  it  is  cast  in  an  upright  cylindrical  form,  the  metals  sometimes  separate, 
to  a  certain  degree,  in  the  order  of  their  densities.  Thus,  in  casting  large  bells  and 
cannon  s  with  copper  alloys,  the  bottom  of  the  casting  is  apt  to  contain  too  much  copper  and 
the  top  too  much  tin,  unless  very  dexterous  manipulation  in  mixing  the  fused  materials 
have  been  employed  immediately  before  the  instant  of  pouring  out  the  melted  mass. 
When  such  inequalities  are  observed,  the  objects  are  broken  and  re^melted,  after  whidi 
they  form  a  much  more  homc^eneous  alloy.  This  artifice  of  a  double  melting  is  often 
had  recourse  to,  and  especially  in  casting  the  alloys  for  the  specula  of  telescopes. 

When  we  wish  to  alloy  three  or  more  metals,  we  often  experience  difficulties,  either 
because  one  of  the  metals  is  more  oxydable,  or  denser,  or  more  fusible,  than  the  others, 
or  because  there  is  no  direct  affinity  between  two  of  the  metals.  In  the  latter  predica- 
ment, we  shall  succeed  better  by  combining  the  three  metals,  first  in  pairs,  for  example, 
and  then  melting  the  two  pairs  together.  Thus,  it  is  difficult  to  unite  iron  with  bronze 
directly ;  but  if,  instead  of  iron,  we  use  tin  plate,  we  shall  immediately  succeed,  and  the 
bronze,  in  this  manner,  acquires  valuable  qualities  from  the  iron.  Thus,  also,  to  render 
brass  better  adapted  for  certain  purposes,  a  small  quantity  of  lead  ought  to  he  added  to 
it,  but  this  cannot  be  done  directly  with  advantage :  it  is  better  to  melt  the  lead  first 
aJong  with  the  zinc,  and  then  to  add  this  alloy  to  the  melting  copper,  or  the  copper  to 
that  alloy,  and  fuse  them  together. 

We  have  said  that  the  difference  of  fusibility  was  often  an  obstacle  to  metallic  com- 
bination} but  this  circumstance  may  also  be  turned  to  advantage  in  decomposing  certain 
alloys  by  the  process  called  eliqnalion.  By  this  means  silver  may  be  separated  from 
copper,  if  a  considerable  quantity  of  lead  be  first  alloyed  with  the  said  copper ;  this 
alloy  is  next  exposed  to  a  heat  just  sufficient  to  melt  the  lead,  which  then  sweats  out,  so 
to  speak,  from  the  pores  of  the  copper,  and  carries  along  with  it  the  greater  part  of  the 
silver,  for  which  it  has  a  stronsr  affinity.  The  lead  and  the  silver  are  afterwards  sepa- 
rated from  each  other,  in  virtue  of  their  very  dififerent  oxydability,  by  the  action  of 
heat  and  air. 

One  of  the  alloys  most  useful  to  the  arts  is  brass ;  ft  is  more  ductile  and  less  easily 
oxydized  than  even  its  copper  constituent,  notwithstanding  the  opposite  nature  of  the 
zinc.  This  alloy  may  exist  in  many  different  proportions,  under  which  it  has  difierent 
names,  as  tombac,  similor,  pinchbeck.  &c.  Copper  and  tin  form,  also,  a  compound  of 
remarkable  utility,  known  under  the  names  of  hard  brass,  for  the  bushes,  steps,  and 
bearings  of  the  axles,  arbors,  and  spindles  in  machinery ;  and  of  bronze,  beU-metaJ,  &e. 
Gold  and  silver,  in  their  pure  state,  are  too  soft  and  flexible  to  form  either  vessels  or 
coins  of  sufficient  strength  and  durability ;  but  when  alloyed  with  a  little  copper,  they  ac- 
quire the  requisite  hardness  and  stiffness  for  these  and  other  purposes. 

When  we  have  occasion  to  unite  several  pieces  of  the  same  or  of  different  metals,  we 
employ  the  process  called  soldering,  which  consists  in  fixing  together  the  surfaces  by 
means  of  an  interposed  alloy,  which  must  be  necessarily  more  fusible  than  the  metal  or 
metals  to  be  joined.  That  alloy  must  also  consist  of  metals  which  possess  a  strong 
affinity  for  the  substances  to  be  soldered  together.  Hence  each  metal  would  seem  to 
require  a  particular  kind  of  solder,  which  is,  to  a  certain  extent,  true.  Thus,  the  solder 
for  gold  trinkets  and  plate  is  an  alloy  of  gold  and  silver,  or  gold  and  copper ;  that  of 
silver  trinkets,  is  an  tdloy  of  silver  and  copper ;  that  of  copper  is  either  fine  tin,  for 
pieces  that  must  not  be  exposed  to  the  fire,  or  a  brassy  aDoy  called  hud  solder,  of  whick 
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the  zine  fonoB  m  eonsideraUe  proparUon.  The  solder  of  lead  and  tinplate  is  an  alloy  of 
lead  an4  tin,  and  that  of  tin  is  the  same  alloy  with  a  little  bismuth.  Tinning,  gilding, 
and  nlYeiing  may  also  be  reckoned  a  species  of  alloys,  since  the  tin,  gold,  and  silver  are 
saperficialiy  nailed  in  these  cases  to  other  metals. 

MetaUie  alloys  possess  nsnally  more  tenacity  than  coold  be  inferred  from  their  con- 
Btitaents;  thus,  an  alloy  of  twelve  parts  of  lead  with  one  of  zinc  has  a  tenacity  donble 
that  of  ziDC.  Metallic  alloys  are  much  more  easily  oxydized  (hau  the  separate  metals,  a 
phenomenon  which  may  be  ascribed  to  the  increase  of  affinity  for  oxygen  which  results 
from  the  tendency  of  the  one  of  the  oxydes  to  combine  with  the  other.  An  alloy  of  tin 
and  lead  heated  to  redness  takes  fire,  and  continues  to  bur|i  for  some  time  like  a  piece 
of  bad  torf. 

Every  alloy  is,  in  reference  to  the  arts  and  manufactures,  a  new  metal;  on  account  of 
its  chexnkal  and  physical  properties.  A  vast  field  here  remains  to  be  explored.  Not  above 
sixty  alloys  have  been  studied  by  the  chemists  out  of  many  hundred  whidi  may  be  made ; 
and  of  these  very  few  have  yet  been  practically  employed.  Very  slight  modifications 
often  constitute  very  valuable  improvements  upon  metallic  bodies.  Thus,  the  brass  most 
esteemed  by  turners  at  the  lathe  contains  from  two  to  three  per  cent,  of  lead ;  but  such 
brass  does  not  work  well  under  the  hammer ;  and,  redprocally,  the  brass  which  is  best 
Qttder  the  hammer  is  too  tough  for  turning. 

That  metallic  alloys  tend  to  be  formed  in  definite  proportions  of  their  constituents  is 
dear  from  the  circumstance  that  the  native  gold  of  the  auriferous  sands  is  an  alloy  with 
sflver,  in  the  ratios  of  1  atom  of  silver  united  to  4,  5, 6, 12  atoms  of  gold,  but  never  with 
a  fractional  part  of  an  atom.  Also,  in  making  an  amalgam  of  1  part  of  silver  with  l!^ 
or  15  of  mercury,  and  afterwards  squeezing  the  mixture  through  chamois  leaU:er,  the 
amalgam  separates  into  2  parts :  one,  containing  a  small  proportion  of  silver  and  much 
raercnry,  passes  through  the  skin ;  and  the  other,  formed  of  1  of  silver  and  8  of  mercury, 
is  a  eompoand  in  definite  proportions,  which  crj'stallizes  readily,  and  remains  in  the  knot 
of  the  bag.  An  analogous  separation  takes  place  in  the  tinning  of  mirrors ;  for  on  load- 
iag  them  with  the  weights,  a  liquid  amalgam  of  tin  is  squeezed  out,  while  another  amal- 
gam remains  in  a  solid  form  composed  of  tin  and  mercury  in  unifonn  atomic  proportions. 
Bat,  as  alloys  are  generally  soluble,  so  to  speak,  in  each  other,  this  defioiteness  of  com- 
Unatioa  is  masked  and  disappears  in  most  cases. 

M.  Chandet  has  made  some  experiments  on  the  means  of  detecting  the  metals  of 
aUoys  fay  the  cupelling  furnace,  and  they  promise  useful  applications.  The  testing 
depends  npoa  the  appearances  exhibited  by  the  metals  and  their  alloys  when  heated  on  a 
cupel.  Pure  tin.  When  heated  this  way,  fuses,  becomes  of  a  grayish  black  color,  fumes 
a  little,  exhibits  incandescent  points  on  its  surface,  and  leaves  an  oxyde,  which,  whea 
withdrawn  from  the  fire,  is  at  first  lemon-yellow,  but  when  cold,  white.  Antimony 
mehs,  preserves  its  brilliancy,  fames,  and  leaves  the  vessel  colored  lemon-yellow  when 
hot,  but  colorless  when  cold,  except  a  few  spots  of  a  rose  tint.  Zinc  bums  bnlliantly, 
fonning  a  cone  of  oxyde ;  and  the  oxyde,  much  increased  in  volume,  is,  when  hot,  green* 
ish,  bat  when  cold,  perfectly  white.  Bismuth  fumes,  becomes  covered  with  a  coat  of 
melled  oxyde,  part  oif  which  sublimes,  and  the  rest  enters  the  pores  of  the  cupel ;  when 
coU,  the  capcl  is  of  a  fine  yellow  color,  with  spots  of  a  greenish  hue.  Lead  resembles 
bismath  very  much ;  the  cold  cupel  is  of  a  lemon-yellow  color.  Copper  melts,  and  be- 
comes eovered  with  a  coat  of  bhick  oxyde ;  sometimes  spots  of  a  rose  tint  remain  on  the 
eopeL 

Alloys. — Tin  75,  antimony  25,  melt,  become  covered  with  a  coat  of  black  oxyde, 
hare  very  few  incandescent  points;  when  cold,  the  oxyde  is  nearly  black,  in  con- 
sequence of  the  action  of  the  antimony  :  a  4-3^  part  of  antimony  may  be  ascertained  in 
this  way  in  the  alloy.    An  alloy  of  antimony,  cont&ining  tin,  leaves  oxyde  of  tin  in  the 

cupel :  a  ji^  part  of  tin  may  be  detected  in  this  way.  An  alloy  of  tin  and  zinc  gives  an 
oxyde  which,  while  hot,  is  of  a  green  tint,  and  resembles  philosophic  wool  in  appearance. 
An  alloy  containing  99  tin,  i  zinc,  did  not  present  the  incandescent  points  of  pure  tin, 
and  gave  an  oxyde  of  greenish  tint  when  cold.  Tin  95,  bismuth  5  parts,  gave  an  oxyde 
of  a  gray  color.  Tin  and  lead  give  an  oxyde  of  a  rusty  brown  color.  An  alloy  of  lead 
and  tin,  containing  only  1  per  eeat.  of  the  latter  metal,  when  heated,  does  not  expose  a 
dean  surface,  like  lead,  but  is  covered  at  times  with  oxyde  of  tin.  Tin  75,  and  copper 
25,  did  not  melt,  gave  a  black  oxyde  :  if  the  heat  be  much  elevated,  the  under  part  of 
fhe  oxyde  is  white,  and  is  oxyde  of  tin ;  the  upper  is  black,  and  comes  from  the  copper. 
The  cupel  becomes  of  a  rose  color.  If  the  tin  be  impure  fiom  iron,  the  oxyde  produced 
by  it  is  marked  with  spots  of  a  rust  color. 

The  degree  of  afi&nlty  between  metals  may  be  in  some  measure  estimated  by  the 
greater  or  less  facility  with  which,  when  of  different  degrees  of  fusibility  or  volatility, 
they  unite,  or  with  which  they  can,  after  union,  be  separated  by  heat.  The  greater  or 
less  tendency  to  separate  into  differently  proportioned  alloys,  by  long-continued  fusion, 
may  also  give  some  ioformatloa  upon  the  subject.    Mr.  Hatchett  remarked,  in  his 
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elaborute  researches  on  metallic  alloys,  that  gold  made  standard  with  the  usual  precan 
tioiLS,  by  silver,  copper,  lead,  antimony,  &c.,  and  then  cast,  aAer  long  fusion,  into  vertical 
bars,  was  by  no  means  a  uniiform  compound ;  but  that  the  top  of  the  bar,  corresponding 
to  the  metal  at  the  bottom  of  the  crucible,  contained  the  larger  proportion  of  gold. 
Hence,  for  a  more  thorough  combination,  two  red-hot  crucibles  should  be  employed,  and 
the  liquefied  metals  should  be  alternately  poured  from  the  one  into  the  other.  To  pre- 
vent unnecessary  oxydizement  from  the  air,  the  crucibles  should  contain,  besides  the 
metal,  a  mixture  of  eommon  salt  and  pounded  charcoal.  The  metallic  alloy  should  also 
be  occasionally  stirred  up  with  a  rod  of  pottery  ware. 

The  most  direct  evidence  of  a  chemicnl  change  having  been  effected  in  alloys  is,  when 
the  compound  melts  at  a  lower  temperature  than  the  mean  of  its  ingredients.  Iron, 
which  is  nearly  infusible,  acquires  almost  the  fusibility  ot  gold  when  alloyed  with  this 
precious  metal.  The  analogy  is  here  strong  with  the  increase  of  solubility  which  salts 
acquire  by  mixture,  as  is  exemplified  in  the  difiiculty  of  crystallizing  residuums  of  saline 
solutions,  or  mother  waters,  as  they  are  called. 

In  common  cases  the  specific  gravity  affords  a  good  criterion  whereby  to  judge  of  the 
proportion  of  two  metals  in  an  alloy.  But  a  very  fallacious  rule  has  been  given  in  some 
respectable  works  for  computing  the  specific  gravity  that  should  result  from  the  alloying 
of  given  quantities  of  two  metals  of  known  densities,  supposin'g  no  chemical  condensation 
or  expansion  of  volume  to  take  place.  Thus,  it  has  been  taught,  that  if  gold  and  copper 
be  united  in  equal  weights,  the  computed  specific  gravity  is  merely  the  arithmetical 
mean  between  the  numbers  denoting  the  two  specific  gravities.  Whereas  the  specific 
gravity  of  any  alloy  must  be  computed  by  dividing  the  sum  of  the  two  weights  by  the 
sum  of  the  two  volumes,  compared,  for  convenience  sake,  to  water  redconed  unity.  Or, 
in  another  form,  the  rule  may  be  stated  thus : — Multiply  the  sum  of  the  weights  into 
the  products  of  the  two  specific-gravity  numbers  for  a  numerator ;  and  multiply  each 
specific  gravity-number  into  the  weight  of  the  other  body,  and  add  the  two  products 
together  for  a  denominator.  The  quotient  obtained  by  dividing  the  said  numerator  by 
the  denominator,  is  the  truly  computed  mean  specific  gravity  of  the  alloy.  On  com- 
paring with  that  density,  the  density  found  by  experiment,  we  shall  see  whether  expan- 
sion  or  condensation  of  volume  has  attended  the  metallic  combination.  Gold  having  a 
specific  gravity  of  19*36,  and  copper  of  8*87,  when  they  are  alloyed  in  equal  weights,  give, 

19*36  -I-  8*87 
by  the  fallacious  rule  of  the  arithmetical  mean  of  the  densities HI =  14*11 ; 

whereas  the  rightly  computed  mean  density  is  only  12*16.  It  is  evident  that,  on  com* 
paring  the  first  result  with  experiment,  we  should  be  led  to  infer  that  there  had  been  a 
prodigious  condensation  of  volume,  though  expansion  has  actually  taken  place.  Let 
W,  w  be  the  two  weights ;  P,  p  the  two  specific  gravities,  then  M,  the  mean  specific 
gravity,  is  given  by  the  formula — 

M  =  -p;^:p^::2^=-p^^=twice 

the  error  of  the  arithmetical  mean ;  which  is  therefore  always  in  excess. 

ALMOND.  (jSmandej  Fr. ;  Mandel,  Germ.)  There  are  two  kinds  of  almond  which 
do  not  differ  in  chemical  composition,  only  that  the  bitter,  by  some  mysterious  re-action 
of  its  constituents,  generates  in  the  act  of  distillation  a  quantity  of  a  volatile  >oil,  which 
contains  hydrocyanic  acid.  Vogel  obtained  from  bitter  almonds  8*5  per  cent,  of  husks. 
AAer  pounding  the  kernels,  and  heating  them  to  coagulate  the  albumen,  he  procured, 
by  expression,  28  parts  of  an  unctuous  oil,  which  did  not  contain  the  smallest  particle 
of  hydrocyanic  acid.  The  whole  of  the  oil  could  not  be  extracted  in  this  way.  The 
expressed  mass,  treated  with  boiling  water,  afforded  sugar  and  gum,  and,  in  consequence 
of  the  heat,  some  of  that  acid.  The  sugar  constitutes  6*5  per  cent,  and  the  gum  3.  The 
vegetable  albumen  extracted,  by  means  of  caustic  potash,  amounted  to  30  parts :  the 
vegetable  fibre  to  only  5.  The  poisonous  aromatic  oil,  according  to  Robiquet  and  Bou- 
tron-Charlard,does  not  exist  ready-formed  in  the  bitter  almond,  but  seems  to  be  produced 
under  the  influence  of  ebullition  with  Water.  These  chemists  have  shown  that  bitter  al- 
monds deprived  of  their  unctuous  oil  by  the  press,  when  treated  first  by  alcohol,  and  th<en 
by  water,  afford  to  neither  of  these  liquids  any  volatile  oil.  But  alcohol  dissolves  out  a 
peculiar  white  crystalline  body,  without  smell,  of  a  sweetish  taste  at  first,  and  afterwards 
bitter,  to  which  they  gave  the  name  of  amygdaline.  This  substance  does  not  seem  con- 
vertible into  volatile  oil. 

Sweet  almonds,  by  the  analysis  of  Boullay,  consist  of  54  parts  of  the  bland  almond  oil, 
6  of  uncrystallizable  sugar,  3  of  gum,  24  of  vegetable  albumen,  24  of  woody  fibre,  5  of 
hm^,  3*5  of  water,  0*5  of  acetic  acid,  including  loss.  We  thus  see  that  sweet  almondi 
contain  nearly  twice  as  much  oil  as  bitter  almonds  do. 

ALMOND  OIL.  A  bland  fixed  oil,  obtained  usually  from  bitter  almonds  by  the  ac- 
tion of  a  hydraulic  press,  either  in  the  coM,  or  aided  by  hot  iron  plates.    See  Oil. 
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ALOE*  A  series  of  trials  has  been  made  vhhin  a  fen  years  at  Paris  to  aseertaia  the 
somparative  streagth  of  cables  made  of  hemp  and  of  the  aloe  from  Algiers ;  and  they 
are  said  to  hare  aJl  turned  to  the  advantage  of  the  aloe.  Of  cables  of  eqnal  site,  that 
made  of  aloe  raised  a  weight  of  2,(K)0  kilogrammes  (2  tons  nearly) ;  that  made  of  hemp, 
a  weight  of  only  400  kilogrammes.  At  the  exposition  of  objects  of  national  industry, 
two  years  ago^  in  Brussels,  I  saw  aloe  cordage  placarded,  as  being  far  preferable  to  hempen. 
See  RorK. 

ALUDEL.  A  pear-shaped  vessel  open  at  either  end,  of  which  a  series  are  joined 
for  distilling  mercury  in  Spain.    See  Mercury. 

ALUM.  {Mufiy  Fr. ;  jUauniy  Germ.)  A  saline  body,  consisting  of  the  earth  of  clay, 
called  alumina  by  the  chemists,  combined  with  sulphuric  acid  and  potash,  or  sulphuric 
acid  and  ammonia,  into  a  triple  compound*  It  occurs  in  the  crystallized  form  of  octahe> 
droos,  has  an  acerb  subacid  taste,  and  reddens  the  blue  color  of  litmus  or  red  cabbage. 

Alum  works  existed  many  centuries  ago  at  Koccha,  formerly  called  Edessa,  in  Syria, 
whence  the  ancient  name  of  Roch  alum  given  to  this  salt.  It  was  aAerwards  made  at 
Foya  Nova,  near  Smyrna,  and  in  the  neighborhood  of  Constantinople.  The  Genoese, 
and  other  trading  people  oC  Italy,  imported  alum  from  these  places  into  western  Europe, 
for  the  Qse  of  the  dyers  of  red  cloth.  About  the  middle  of  the  fifteenth  century,  alum  began 
to  be  manufactured  at  La  Tolfa,  Viterbo,  and  Volaterm,  in  Italy ;  afler  which  time  the 
importation  of  oriental  alum  was  prohibited  by  the  pope,  as  detrimental  to  the  interests 
of  his  dominions.  The  manufacture  of  this  soJt  was  extended  to  Germany  at  the  begin- 
ning of  the  sixteentii  century,  and  to  England  at  a  somewhat  later  period,  by  Sir 
Thomas  Chaloner,  in  the  reign  of  Elizabeth.  In  its  pure  state,  it  does  not  seem  to  have 
been  known  to  the  ancients ;  for  Pliny,  in  speaking  of  something  like  plumose  alum, 
says,  that  it  struck  a  bhick  color  with  pomegranate  juice,  which  shows  that  the  green 
vitriol  was  not  separated  from  it.  The  stypteria  of  Bioscorides^  and  the  alumen  of 
Pliny,  comprehended,  apparently,  a  variety  of  saline  substances,  of  which  sulphate  of 
iron,  as  well  as  alumina,  was  probably  a  constituent  part.  Pliny,  indeed,  says,  that  a 
substance  called  in  Greek  'Yypa,  or  watery,  probably  from  its  very  soluble  nature,  which 
was  milk-white,  was  used  for  dyeing  wood  of  bright  colors.  This  may  have  been  the 
mountain  butter  of  the  German  mineralogists,  which  is  a  native  sulphate  of  alumina,  of 
a  sad  texture,  waxy  lustre,  and  unctuous  to  the  touch. 

The  only  alum  manufactories  now  worked  in  Great  Britain,  are  those  of  Whitby,  in 
England,  and  of  Hurlett  and  Campsie,  near  Glasgow,  in  Scotland;  and  these  derive  the 
acid  and  earthy  constituents  of  the  salt  from  a  mineral  called  alum  slate.  This  mineral 
has  a  blueish  or  greenish-black  color,  emits  sulphurous  fumes  when  heated,  and  acquires 
thereby  an  aluminous  taste.  The  alum  manufactured  in  Great  Britain  contains  potash 
as  its  alkaline  constituent ;  that  made  in  France  contains,  commonly,  ammonia,  either 
alone,  or  with  variable  quantities  of  potash.  Alum  may  in  general  be  examined  by  water 
of  anunonia,  which  separates  from  its  watery  solutions  its  earthy  basis,  in  the  form  of  a 
light  flocculent  precipitate.  If  the  solution  be  dilute,  this  precipitate  will  float  long  as 
an  opalescent  cloud. 

If  we  dissolve  alum  in  20  parts  of  water,  and  drop  this  solution  slowly  into  water  or 
caustic  ammonia  till  this  be  nearly,  but  not  entirely,  saturated,  a  bulky  white  precipitate 
will  fall  down,  which,  when  properly  washed  with  water,  is  pure  aluminous  earth  or 
clay,  and  dried  forms  10-S2  per  cent,  of  the  weight  of  the  alum.  If  this  earth,  while 
still  moist,  be  dissolved  in  dilute  sulphuric  acid,  it  will  constitute,  when  as  neutral 
as  possible,  the  sulphate  of  alumina,  which  requires  only  two  parts  of  cold  water  for  its 
solution.  If  we  now  decompose  tliis  solution,  by  pouring  into  it  water  of  ammonia, 
there  appears  an  insoluble  white  powdc;^,  which  is  subsulphate  of  alumina,  or  basic  alum; 
and  contains  three  times  as  much  earth  as  exists  in  the  neutral  sulphate.  If,  however, 
we  pour  into  the  solution  of  the  neutral  sulphate  of  alumina  a  solution  of  sulphate  of 
poti^,  a  white  powder  will  fall  if  the  solutions  be  concentrated,  which  is  true  alum ;  but 
if  the  solutions  be  dilute,  by  evaporating  their  mixture,  and  cooling  it,  crystals  of  alum 
will  be  obtained. 

When  newly  precipitated  alumina  is  boiled  in  a  solution  of  alum,  a  portion  of  the 
earth  enters  into  combination  with  the  salt,  constituting  an  insoluble  com]x>und,  which 
falls  in  the  form  of  a  white  powder.  The  same  combination  takes  place,  if  we  decom- 
pose a  boiling  hot  solution  of  alum  with  a  solution  of  potash,  till  the  mixture  appears 
nearly  neutral  by  litmus  paper.  This  insoluble  or  basic  alum  exists  native  in  the 
alum-stone  of  Tolfa,  near  Civita  Yecchia,  and  it  consists  in  100  parts  of  19*72  parts  of 
snlphale  of  potash,  61*99  basic  sulphate  of  alumina,  and  18*29  water.  When  this 
mineral  is  treated  with  a  due  quantity  of  sulphuric  acid,  it  dissolves^  and  is  converted 
into  the  erystallizable  alum  of  commerce. 

These  experimental  facts  develop  the  principles  of  the  manufacture  of  alnrn^  which 
is  prosecuted  nnder  various  modifications,  for  its  important  uses  in  the  arts.  Alum 
seldom  occurs  ready- formed  in  nature;  occasionally,  as  an  efflorescence  on  stcmesy  and  ia 
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certain  mineTBl  'waters  in  the  East  Indies.  The  alum  of  European  eonunerce  is  fabricated 
artificially,  mther  fbom  the  alum  schists  or  stones,  or  from  clay.  The  mode  of  manufactore 
differs  according  to  the  nature  of  these  earthy  compounds.  Some  of  them,  such  as  the 
alum-stone,  contain  all  the  elements  of  the  salt,  but  mixed  with  other  matters  from 
which  it  must  be  freed.  The  schists  contain  only  the  elements  of  two  of  the  constituents, 
namely,  day  and  sulphur,  which  are  convertible  into  sulphate  of  alumina,  and  this  may 
be  then  made  into  alum  by  adding  the  alkaline  ingredient.  To  this  class  belong  the 
alum  slates,  and  other  analogous  schists,  containing  brown  coal. 

1.  Manufacture  of  jSlumfrom  the  Mum  Stone. — ^The  aKun-stone  is  a  rare  mineral,  being 
found  in  moderate  quantity  at  Tolfa,  and  in  larger  in  Hungary,  at  Bereghszasz,  and  Mus- 
zag,  where  it  forms  entire  beds  in  a  hard  snlntance,  partly  characterized  by  numerous 
cavities,  containing  drusy  crystallizations  of  alum-stone  or  basic  alum.  The  larger 
lumps  contain  more  or  fewer  flints  disseminated  through  them,  and  are,  according  to 
their  quality,  either  picked  out  to  make  alum,  or  are  thrown  away.  The  sorted  pieces 
are  roasted  or  calcined,  by  which  operation  apparently  the  hydrate  of  alumina,  associated 
with  the  sulphate  of  alumina,  loses  its  water,  and,  as  burnt  day,  loses  its  affinity  for 
alum.  It  becomes,  therefore,  free ;  and  during  the  subsequent  exposure  to  the  weather 
the  stone  gets  disintegrated,  and  the  alum  becomes  soluble  in  water. 

The  calcination  is  performed  in  common  lime-kilns  in  the  ordinary  way.  In  the 
regulation  of  the  fire  it  is  requisite,  here,  as  with  gypsum,  to  prevent  any  fusion  or 
running  together  of  the  stones,  or  even  any  disengagement  of  sulphuric  or  sulphurous 
acids,  which  would  cause  a  corresponding  defalcation  in  the  product  of  alum.  For  this 
reason  the  contact  of  the  ignited  stones  with  carbonaceous  matter  ought  to  be  avoided. 

The  caldned  alum-stones,  piled  in  heaps  from  2  to  3  feet  h%h',  are  to  be  exposed  to 
the  weather,  and  meanwhile  they  must  be  continually  kept  moist  by  sprinkling  them 
with  water.  As  the  water  combines  with  the^  ahun  the  stones  crumble  down,  and  fall, 
eventually,  into  a  pasty  mass,  which  must  be  Uxiviated  witli  warm  water,  and  allowed  to 
settle  in  a  large  cistern.  The  dear  supernatant  liquor,  being  drawn  oflT,  must  be 
evaporated,  and  then  crystallized.  A  second  crystallization  finishes  the  process,  and  fur- 
nishes a  marketable  alum.  Thus  the  Roman  alum  is  made,  which  is  covered  with  a 
fine  red  film  of  perozyde  of  iron. 

2.  Mum  Manufacture  from  Mum  S{^ist. — ^The  greater  portion  of  the  alum  found  in 
British  commerce  is  made  from  alum-slate  and  analogous  minerals.  This  slate  contains 
more  or  less  iron  pyrites,  mixed  with  coaly  or  bituminous  matter,  whidi  is  occasionally 
BO  abundant  as  to  render  them  somewhat  combustible.  In  the  strata  Of  brown  coal  and 
bituminous  wood,  where  the  upper  layers  lie  immediately  under  clay  beds,  they  consist 
of  the  coaly  substance  rendered  impure  with  day  and  pyrites.  This  triple  mixture 
constitutes  the  essence  of  all  good  alum  schists,  and  it  operates  spontaneously  towards 
the  production  of  sulphate  of  alumina.  The  coal  serves  to  make  the  textnre  open,  and 
to  allow  the  air  and  moisture  to  penetrate  freely,  and  to  change  the  sulphur  and  iron  pre- 
sent into  acid  and  oxyde.  When  these  schists  are  exposed  to  a  high  temperature  in 
contact  with  air,  the  pyrites  loses  one  half  of  its  sulphur,  in  the  form  of  sublimed 
sulphur  or  sulphurous  acid,  and  becomes  a  black  sulphuret  of  iron,  which  speedily 
attracts  oxygen,  and  changes  to  sulphate  of  iron,  or  green  vitriol.  The  brown  coal  schists 
contain,  commonly,  some  green  vitriol  crystals,  spontaneously  formed  in  them.  The 
sulphate  of  iron  transfers  its  add  to  the  day,  progressively,  as  the  iron,  by  the  action 
of  the  air  with  a  little  elevation  of  temperature,  becomes  peroxydized ;  whereby  sulphate 
of  alumina  is  produced.  A  portion  of  the  green  vitriol  remains,  however,  undecomposed, 
and  BO  much  the  more  as  there  may  happen  to  be  less  of  other  salifiable  bases  present  in 
the  day  slate.  Shoald  a  little  magnesia  or  lime  be  present,  the  vitriol  gets  more 
completely  decomposed,  and  a  portion  of  Epsom  salt  and  gypsum  is  produced. 

The  manufacture  of  alum  from  alum  schists  may  be  distributed  under  the  six  following 
heads  r^ — 1.  The  preparation  of  the  ahim  slate.    2.  The  lixiviation  of  the  slate.    3.  The 
evaporation  of  the  lixivium.     4.  The  addition  of  the  saline  ingredients,  or  the  pre- 
dpitation  of  the  alum.    5.   The  washing  of  the  aluminous  salts ;  and,  6.    The  crys 
talliiation. 

1.  Preparation  of  the  Mum  Slate. — Some  alum  slates  are  of  sudi  a  nature  that, 
being  piled  in  heaps  in  the  open  air,  and  moistened  from  time  to  time,  they  get  spon- 
taneously hot,  and  by  degrees  fall  into  a  pulverulent  mass,  ready  to  be  fixiviated.  The 
greater  part,  however,  require  the  process  of  ustulation,  from  which  they  derive  many 
advantages.  The' cohesion  of  the  dense  slates  is  thereby  so  much  impaired  that  their  de- 
composition becomes  more  rapid ;  the  decomposition  of  the  pjTites  is  quickened  by  the 
expulsion  of  a  portion  of  the  sulphur;  and  the  ready-formed  green  vitriol  is  partly 
decomposed  by  the  heat,  with  a  transference  of  its  sulphuric  acid  to  the  clay,  find 
tbe  production  of  sulphate  of  alumina. 

Such  alum-slates  as  contain  too  little  bitumen  or  coal  for  the  roasting  process  must  be 
mtentratified  with  layerB  of  small  eoal  or  brushwood  oter  an  extensive  surfaee.    At 


ALUM.  4 

Whitby  the  alnxn  rocky  broken  into  small  pieces,  is  laid  upon  a  horizontal  bed  of  fael, 
composed  of  brushwood ;  bat  at  Hnrlett  small  coal  is  chiefly  used  for  the  lower  bed. 
When  aboQt  four  feet  of  the  rock  is  piled  on,  fire  is  set  to  the  bottom  in  various  parts ;  and 
wheoeTer  the  mass  is  fairly  kindled,  more  rock  is  placed  over  the  top.  At  Whitby  this 
piling  process  is  continued  till  the  c»lcining  heap  &  raised  to  the  height  of  90  or  100  feet. 
The  horizontal  area  is  also  augmented  at  the  same  time  till  it  forms  a  great  bed  nearly 
200  feet  square,  having  therefore  about  100,000  yards  of  solid  measurement.  The  ra- 
pidity of  the  combustion  is  tempered  by  plastering  up  the  crevices  with  small  schist 
moistened.  When  such  an  immense  mass  is  inflamed,  the  heat  is  sure  to  rise  too  high, 
and  an  immense  waste  of  sulphur  and  sulphuric  acid  must  ensue.  This  evil  has  been 
nocioed  at  the  Whitby  works.  At  Hnrlett  the  height  to  which  the  heap  is  piled  is  only 
a  few  feet,  while  the  horizontal  area  is  expanded ;  which  is  a  much  more  judicious  ar- 
laagement.  At  Whitby  130  tons  of  calcined  schist  produce  on  an  average  1  ton  of  alum. 
in  this  humid  climate  it  would  be  advisable  to  pile  up  on  the  top  of  the  horizontal  strata 
of  brushwood  or  coal,  and  schist,  a  pyramidal  mass  of  schist,  which  having  its  surface 
plastered  smooth,  with  only  a  few  air-holes,  will  protect  the  mass  from  the  rains,  and  at 
the  same  time  prevent  the  combUstion  from  becoming  too  vehement.  Should  heavy  rains 
supervene,  a  gutter  mast  be  scooped  out  round  the  pile  for  receiving  the  aluminous  lixi- 
vinm,  and  eonducting  it  into  the  reservoir. 

It  may  be  observed,  that  certain  alum  schists  contain  abundance  of  combastible  matter, 
10  keep  up  a  suitable  calcining  heat  after  the  fire  is  once  kindled;  and  therefore  nothing 
is  needed  but  the  first  layer  of  brushwood,  which,  in  this  case,  may  be  laid  over  the  first 
bed  of  the  bituminous  sdiist. 

A  continual,  but  very  slow  heat,  with  a  smothered  fire,  is  most  beneficial  for  the 
ustulation  of  idum  slate.  When  the  fire  is  too  brisk,  the  salpharet  of  iron  may  run 
with  the  earthy  matters  into  a  species  of  slag,  or  the  sulphur  will  be  dissipated  in  vapor, 
by  both  of  which  accidents  the  product  of  alum  will  be  impaired.  Those  bituminous 
alum  schists  -which  have  been  used  as  fuel  under  steam  boilers  have  sufi*ered  such  a 
violent  combustion  that  their  ashes  yield  almost  no  alum.  Even  the  best  regulated 
calcining  pUes  are  apt  to  bum  too  briskly  in  high  winds,  and  should  have  their  draught- 
holes  carefully  stopped  under  each  circumstances.  It  may  be  laid  down  as  a  general 
rale,  that  the  slower  the  combustion  the  richer  the  roasted  ore  will  be  in  sulphate  of 
alnmina.  When  the  calcination  is  complete,  the  heap  diminishes  to  one  half  its  original 
bulk ;  it  is  covered  with  a  light  reddish  ash,  and  is  open  and  porous  in  the  interior,  so 
that  the  air  can  circulate  freely  throughout  the  mass.  To  favor  this  access  of  air,  the 
masses  should  not  be  too  loiVy ;  and  in  dry  weather  a  little  water  should  be  occasionally 
qNriakled  on  them,  which,  by  dissolving  away  some  of  the  saline  matter,  will  make  the 
interior  more  open  to  the  atmosphere. 

When  the  calciaed  mineral  becomes  thoroughly  cold,  we  may  proceed  to  the  llxiviation. 
But  as,  from  the  first  construction  of  the  piles  or  beds  till  their  complete  calcination, 
many  weeks,  or  even  months,  may  elapse,  care  ought  to  be  taken  to  provide  a  sufllcient 
number  or  extent  of  them,  so  as  to  have  an  adequate  supply  of  materuU  for  carrying  on 
the  lixiviating  and  crystaUizing  processes  during  the  course  of  the  year,  or  at  least  during 
(he  severity  of  the  winter  season,  when  the  calcination  may  be  suspended,  and  the 
Uxiviation  becomes  unsatisfactory  The  beds  are  known  to  be  sufficiently  decomposed 
by  the  efflorescence  of  the  salt  which  appears  upon  the  stones,  from  the  strong  aluminous 
taste  of  the  ashes,  and  from  the  appropriate  chemical  test  of  lixiviating  an  aliquot  average 
portion  of  the  mass,  and  seeing  how  much  alum  it  will  yield  to  solution  of  muriate  or 
solphate  of  potash. 

2.  The  JUxiviation, — ^The  llxiviation  is  best  performed  in  stone-built  cisterns ;  tliose  of 
wood,  however  strong  at  first,  are  soon  decomposed,  and  need  repairs.  They  ought  to  be 
erected  in  the  neighborhood  of  the  calcining  heaps,  to  save  the  labor  of  transport,  and  so  ar- 
ranged that  the  solutions  from  the  higher  cisterns  may  spontaneously  flow  into  the  lower. 
In  this  point  of  view,  a  sloping  terrace  is  the  best  situation  for  an  alum  work.  In  the 
lowest  part  of  this  terrace,  and  in  the  neighborhood  of  the  boiling-house,  there  ought 
to  be  two  or  more  large  deep  tanks,  for  holding  the  crude  lixivium,  and  they  should  be 
protected  from  the  rain  by  a  proper  shed.  Upon  a  somewhat  higher  level  the  cisterns 
of  the  dear  lixivium  may  be  placed.  Into  the  highest  range  of  cisterns  the  calcined 
mineral  is  to  be  put,  taking  care  to  lay  the  largest  lumps  at  the  bottom,  and  to  coyer 
them  with  lighter  ashes.  A  sufficient  quantity  of  water  is  now  to  be  run  over  it,  and 
allowed  to  rest  fiir  some  tim^.  The  lixiviam  may  then  be  drawn  off,  by  a  stopcock 
eoanected  with  a  pipe  at  the  bottom  of  the  cistern,  and  run  into  another  cistern  at  a 
somewhat  lower  level.  Tresh  water  must  now  be  poured  on  the  partly  exhausted 
•ehist,  and  allowed  to  remain  for  a  sufficient  time.  This  lixivium,  being  weak,  should 
be  run  off  into  a  separate  tank.  In  some  cases  a  third  addition  of  fresh  Water  may  be 
requisite,  and  the  weak  lixivium  whieh  is  drawn  off  may  be  reserved  for  a  fresh  portion 
of  calcined  mineraL  la  order  to  save  evaporation^  it  is  always  requisite  to  strengthen  weak 
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I178  by  employing  them  instead  of  water  for  fresh  portions  of  calcined  sdiist.  Upon  the 
ingenious  disposition  and  form  of  these  lixiviating  cisterns  much  of  the  economy  and  sac> 
cess  of  an  alum  work  depend.  The  hydrometer  should  be  always  used  to  determine  the 
degree  of  concentration  wluch  the  solutions  acquire. 

The  lixiviated  stone,  being  thus  exhausted  of  its  soluble  ingredients,  is  to  be  remoyed 
from  the  cisterns,  and  piled  up  in  a  heap  in  any  convenient  place,  where  it  may  be  leA 
either  spontaneously  to  decompose,  or,  after  drying,  may  be  subjected  to  another  calci- 
nation. 

The  density  of  the  solution  may  be  brought,  upon  an  average,  up  to  the  sp.  gr.  of 
from  1*09  to  1*15.  The  latter  density  may  always  be  obtained  by  pumping  up  the  weak- 
er solutions  upon  fresh  calcined  mine.  This  strong  liquor  is  then  drawn  off,  when  the 
sulphate  of  lime,  the  oxyde  of  iron,  and  the  earths  are  deposited.  It  is  of  advantage  to 
leave  the  liquor  exposed  for  some  time,  whereby  the  green  vitriol  may  pass  into  a  per- 
sulphate of  iron  with  the  deposition  of  some  oxyde,  while  the  liberated  acid  may  combine 
with  some  of  the  clay  present,  so  as  to  increase  the  quantity  of  sulphate  of  alumina. 
The  manufacture  of  alum  is  the  more  Imperfect,  as  the  quantity  of  sulphate  of  iron  leA 
undecomposed  is  greater,  and  therefore  every  expedient  ought  to  be  tried  to  convert  the 
sulphate  of  iron  into  sulphate  of  alumina. 

3.  The  evaporation  of  the  Schist  Lixivinm, — ^As  the  aluminous  liquors,  however 
well  settled  at  first,  are  apt,  on  the  great  scale,  to  deposite  earthy  matters  in  the  course 
of  their  concentration  by  heat,  they  are  best  evaporated  by  a  surface  fire,  such  as 
that  employed  at  Hurlett  and  Campsie.  A  water-tight  stone  cistern  must  be  built, 
having  a  Uyer  of  well  rammed  clay  behind  the  flags  or  tiles  which  line  its  bottom 
and  sides.  This  cistern  may  be  4  or  6  feet  wide,  2  or  3  feet  deep,  and  30  or  40 
feet  long,  and  it  is  covered  in  by  an  arch  oC  stone  or  brickwork.  At  one  extremity  of 
this  tunnel,  or  covered  canal,  a  fire-grate  is  set,  and  at  the  other  a  loAy  chimney 
is  erected.  The  cistern  being  filled  to  the  brim  with  the  alum  ley,  a  strong  fire  is 
kindled  in  the  reverberatory  grate,  and  the  flame  and  hot  air  are  forced  to  sweep  along 
the  surface  of  the  liquor,  so  as  to  keep  it  in  constant  ebullition,  and  to  carry  off  the 
aqueous  parts  in  vapor.  The  soot  which  is  condensed  in  the  process  falls  to  the  bottom, 
and  leaves  the  body  of  the  liquor  clear.  As  the  concentration  goes  on,  more  of  the 
rough  lixivium  is  run  in  from  the  settling  cistern,  placed  on  a  somewhat  higher  level,  till 
the  whole  gets  charged  with  a  clear  liquor  of  a  specific  gravity  sufficiently  high  for  trans- 
ferring into  the  proper  lead  boilers. 

At  Whitby,  the  lead  pans  are  10  feet  long,  4  feet  9  inches  wide,  2  feet  2  inches  deep 
at  the  one  end,  and  2  feet  8  inches  deep  at  the  other.  This  increase  of  depth  and  cor- 
responding slope  facilitates  the  decantation  of  the  concentrated  lixivium  by  means  of 
a  syphon,  applied  at  the  lower  end.  The  bottom  of  the  pan  is  supported  by  a  series  of 
parallel  iron  bars,  placed  very  near  each  other.  In  these  lead  pans  the  liquor  is  concen- 
trated, at  a  brisk  boiling  heat,  by  means  of  the  flame  of  a  flue  beneath  them.  Every 
morning  the  pans  are  emptied  into  a  settling  cistern  of  stone  or  lead.  The  specific  gra- 
vity of  the  liquor  should  be  about  1*4  or  1*5,  being  a  saturated  solution  of  the  saline  mat- 
ters present.  The  proper  degree  of  density  must  vary,  however,  with  different  kinds  of 
lixivia,  and  according  to  the  different  views  of  the  manufacturer.  For  a  liquor  which 
consists  of  two  parts  of  sulphate  of  olumma,  and  one  part  of  sulphate  of  iron,  a  specific 
gravity  of  1*25  may  be  sufficient ;  but  for  a  solution  which  contains  two  parts  of  sulphate 
of  iron  to  one  of  sulphate  of  alumina,  so  that  the  green  vitriol  must  be  withdrawn  first  of 
all  by  crystallization,  a  specific  gravity  of  1*4  may  be  requisite. 

The  construction  of  an  evaporating  furnace  well  adapted  to  the  concentration  of  alu- 
minous and  other  crude  lixivia,  is  described  under  Soda.  The  liquor  basin  may  be  made 
of  tiles  or  flags  puddled  in  clay,  and  secured  at  the  seams  with  a  good  hydraulic  cement. 
A  mortar  made  of  quicklime  mixed  with  the  exhausted  schist  in  powder,  and  iron  turn- 
ings, is  said  to  answer  well  for  this  purpose.  Sometimes  over  the  reverberatory  furnace 
a  flat  pan  is  laid,  instead  of  the  arched  top,  into  which  the  crude  liquor  is  put  for  neu- 
tralization and  partial  concentration.  In  Germany,  such  a  pan  is  made  of  copper,  because 
iron  would  waste  too  fast,  and  lead  would  be  apt  to  melt.  From  this  preparation  basin 
the  under  evaporating  trough  is  gradually  supplied  with  hot  liquor.  At  one  side  of  this 
lower  trough  there  is  sometimes  a  door,  through  which  the  sediment  may  be  raked  out 
as  it  accumulates  upon  the  bottom.  Such  a  contrivance  is  convenient  for  this  mode  of 
evaporation,  and  it  permits,  also,  any  repairs  to  be  readily  made ;  but,  indeed,  an  appa- 
ratus of  this  kind,  well  mounted  at  first,  will  serve  for  many  years. 

In  the  course  of  the  final  concentration  of  the  liquors,  it  is  customary  to  add  some  of 
the  mother  waters  of  a  former  process,  the  quantity  of  which  must  be  regulated  by  a 
proper  analysis  and  knowledge  of  their  contents.  If  these  mother  waters  contain  much 
free  sulphuric  acid,  from  the  peroxydation  of  their  sulphate  of  iron,  they  may  prove  useful 
in  dissolving  a  portion  of  the  alumina  of  the  sediment  which  is  always  present  in  greater 
or  less  quantity. 
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4.  The  prtdpUaHom  of  tKe  AHm  by  adding  jStkdlint  Saltt, — A8  ft  genenii  rale,  it  is 
ad^antagecnu  to  separate,  first  of  all,  from  the  concentrated  clear  liquors,  the  alam 
ia  the  state  of  powder  or  small  crystals,  by  addition  of  the  proper  alkaline  matter,  and 
to  leave  the  mingled  foreign  salts,  such'tu  the  sulphate  of  iron  or  magnesia,  in  solution, 
iBstead  of  trying  to  abstract  these  salts  by  a  previous  crystallization.  In  this  way  we 
Bot  only  simplify  and  accelerate  the  manufacture  of  alum,  and  leave  the  mother  waters 
to  be  woiiced  up  at  any  convenient  season,  but  we  also  avoid  the  risk  of  withdrawing  , 
aay  of  the  sulphate  of  alumina  with  the  sulphate  of  iron  or  magnesia.  On  this  account, 
the  concentration  of  the  liqnor  ought  not  to'  be  pushed  so  far  as  that,  when  it  gets  cold, 
it  shonJd  throw  oat  crystals,  but  merely  to  the  verge  of  this  point.  This  density  may  be 
determined  by  suitable  experiments. 

The  dear  liqnor  should  now  be  run  off  into  the  precipitation  cistern,  and  have  the 
proper  quantity  of  sulphate  or  muriate  of  potash,  or  impure  sulphate  or  carbonate  of 
ammonia  added  to  it.  The  sulphate  of  potash,  which  is  the  best  precipitant,  forms  18*34 
parts  OQt  of  100  of  crystallized  alum ;  and  therefore  that  quantity  of  i^  or  its  equivalent 
in  muriate  of  potash,  or  other  potash  or  ammoniacal  salts,  must  be  introduced  into  the 
alaminons  liqnor.  Since  sulphate  of  potash  takes  10  parts  of  cold  water  to  dissolve  it, 
bat  is  much  more  soluble  in  boiling  water,  and  since  the  precipitation  of  alum  is  more 
abundant  the  more  concentrated  the  mingled  solutions  are,  it  would  be  prudent  to  add 
the  sulphate  solution  as  hot  as  may  be  convenient ;  but,  as  muriate  of  potash  is  fully 
three  times  more  soluble  in  cold  water,  it  is  to  be  preferred  as  a  precipitant,  when  it  can 
be  procured  at  a  cheap  rate.  It  has,  also,  the  advantage  of  decomposing  the  sulphate  of 
inm  present  into  a  muriate,  a  salt  very  difficult  of  crystallization,  and,  therefore,  less 
apt  to  contaminate  the  crystals  of  alum.  The  quantity  of  alkaline  salts  requisite  to 
precipitate  the  alum,  in  a  granular  powder,  from  the  lixivium,  depends  on  their  rich- 
ness in  potash  or  ammonia,  on  the  one  hand,  and  on  the  richness  of  the  liquors  in 
•alphate  of  alumina  on  the  other ;  and  it  must  be  ascertained,  for  each  large  quantity  of 
product,  by  a  preliminary  experiment  in  a  precipitation  glass.  Here,  an  aliquot  measure 
of  the  aluminous  liquor  being  taken,  (he  liquid  precipitant  must  be  added  in  successive 
portion*:,  as  long  as  it  causes  any  cloud,  when  the  quantity  added  will  be  indicated  by 
the  graduation  of  the  vessel.  A  very  exact  approximation  is  not  practicable  upon  the 
great  seale ;  but,  as  the  mother  waters  are  afterwards  mixed  together  in  one  cistern,  any 
ezeess  of  the  precipitant,  at  one  time,  is  corrected  by  excess  of  aluminous  sulphate  at 
another,  and  the  resulting  alum  meal  is  collected  at  the  bottom.  When  the  precipitat- 
ed saline  powder  is  thoroughly  settled  and  cooled,  the  supernatant  mother  water  must 
be  drawn  off  by  a  pump,  or  rather  a  syphon  or  stopcock,  into  a  lower  cistern.  The 
marc  completely  this  drainage  is  effected,  the  more  easily  and  completely  will  the  alum 
be  purified. 

This  mother  liquor  has,  generally,  a  specific  gravity  of  1*4  at  a  medium  temperature 
of  the  atmosphere,  and  consists  of  a  satarated  solution  of  sulphate  or  muriate  of  Mack 
and  red  oxyde  of  iron,  with  sulphate  of  magnesia,  in  certain  localities,  and  muriate  of 
wda,  when  the  soaper's  salt  has  been  used  as  a  precipitant,  as  also  a  saturated  solution 
of  sulphate  of  alumina.  By  adding  some  of  it,  from  time  to  time,  to  the  fresh  lixivia,  a 
portion  of  that  sulphate  is  converted  into  alum ;  but,  eventually,  the  mother  water  must 
be  evaporated,  so  as  to  obtain  from  it  a  crop  of  ferruginous  crystals ;  afler  which  it  be- 
eomes  capable,  once  more,  of  giving  up  its  alum  to  the  alkaline  precipitants. 

When  the  iduminous  lixivia  contain  a  great  deal  of  sulphate  of  iron,  it  may  be  good 
policy  to  withdraw  a  portion  of  it  by  crystallization  before  precipitating  the  alum.  With 
this  view,  the  liquors  must  be  evaporated  to  the  density  of  1*4,  and  then  run  off  into 
erystallizing  stone  cisterns.  AAer  the  green  vitriol  has  concreted,  the  liquor  should  be 
pumped  back  into  the  evaporating  pan,  and  again  brought  to  the  density  of  1*4.  On 
adding  to  it,  now,  the  alkaline  precipitants,  the  alum  will  fall  down  from  this  concentrat- 
ed solution,  in  a  very  minute  crystalline  powder,  very  easy  to  wash  and  purify.  But  this 
method  requires  more  vessels  and  manipulation  than  the  preceding,  and  should  only  be 
had  reooorse  to  from  necessity;  since  it  compels  us  to  carry  on  the  manufacture  of  both 
the  valaable  alum  and  the  lower  priced  salts  at  the  same  time ;  moreover,  the  copperas 
extracted  at  first  from  the  schist  liquors  carries  with  it,  as  we  have  said,  a  portion  of  the 
Bolphaie  of  alumina,  and  acquires  thereby  a  dull  aspect ;  whereas  the  copperas  obtained 
after  the  separation  of  the  alum  is  of  a  brilliant  appearance. 

5.  The  watkingf  or  edvicoration,  of  the  Mum  Powder.— This  crystalline  pulverulent 
matter  has  a  brownish  color,  from  the  admixture  of  the  ferruginous  liquors;  but 
it  may  be  freed  from  it  by  washing  with  yery  cold  water,  which  dissoiyes  not  more 
than  one  sixteenth  of  its  weight  of  alum.  After  stirring  the  powder  and  the  water 
well  together,  the  former  must  be  allowed  to  settle,  and  then  the  washing  must  be 
drawn  off.  A  second  washing  will  render  the  alum  nearly  pure.  The  less  water 
is  employed,  and  the  more  effectually  it  is  drained  off,  the  more  complete  la  the 
proeess.    The  aeeond  water  may  be  used  in  the  first  washing  of  another  portion  of 
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ftlnm  powder,  in  the  place  of  pore  water.    These  waahings  may  be  added  to  the  schist 
liziyia. 

6.  The  crystaUizalion. — ^The  washed  alum  is  put  into  a  lead  pan,  with  just  enon^h 
water  to  dissolye  it  at  a  boiling  heat ;  fire  is  applied,  and  the  solution  is  promoted  by 
stirring.  WhencTer  it  is  dissolved  in  a  saturated  state,  it  is  run  off  into  the  crystallizing 
vessels,  which  are  called  rocking  casks.  These  casks  are  about  five  feet  high,  three  feet 
wide  in  the  middle,  somewhat  narrower  at  the  ends ;  they  are  made  of  very  strong  staves, 
nicely  fitted  to  each  other,  and  held  together  by  strong  iron  hoops,  which  are  driven  on 
pro  tempore,  so  that  they  may  be  easily  knocked  off  again,  in  oider  to  take  the  staves 
asunder.  The  concentrated  solution,  during  its  slow  cooling  in  these  close  vessels,  forms 
large  regular  crystals,  which  hang  down  from  the  top,  and  project  from  the  sides,  while 
a  thick  layer  or  cake  lines  the  whole  interior  of  the  cask.  At  the  end  of  eight  or  ten  days 
more  or  less,  acccording  to  the  weather,  the  hoops  and  staves  are  removed,  when  a  cask' 
of  apparently  solid  alam  is  disclosed  to  view.  The  workman  now  pierces  this  mass  with 
a  pickaxe  at  the  side  near  the  bottom,  and  allows  the  mother  water  of  the  interior  to  nm 
off  on  the  sloping  stoqe  door  into  a  proper  cistern,  whence  it  is  taken  and  added  to  another 
quantity  of  washed  powder  to  be  crystallized  with  it.  The  alum  is  next  broken  into 
lumps,  exposed  in  a  proper  place  to  dry,  and  is  then  put  into  the  finished  bing  for  the 
market.  There  is  sometimes  a  little  insoluble  basic  alum  (suhsulphate)  left  at  the  bottom 
of  the  cask.  This  being  mixed  with  the  former  mother  liquors,  gets  sulphuric  acid  from 
them  ;  or,  being  mixed  with  a  little  sulphuric  acid,  it  is  equally  converted  into  alum. 

When,  instead  of  potash  or  its  salts,  the  ammoniacal  salts  are  used,  or  putrid  urine, 
with  the  aluminous  lixivia,  ammoniacal  alum  is  produced,  which  b  perfectly  similar  to 
the  potash  alum  in  its  appearance  and  properties.  At  a  gentle  heat  both  lose  their  wa« 
ter  of  crystallization,  amounting  to  45^  per  cent,  for  the  potash  alum,  and  48  for  the  am- 
moniacal. The  quantity  of  acid  is  the  same  in  both,  as,  also,  very  nearly  the  quantity  of 
alumina,  as  the  following  analyses  will  show : — 


Potash  alum. 

Ammonia  alum. 

Sulphate  of  potash 

-    18-34 

Sulphate  of  ammonia 

-    12-88 

Sulphate  of  alumina 

-    36-20 

Sulphate  of  alumina 

-    38-64 

Water           .        -        - 

-    45-46 

Water      ...        - 

.    48-48 

100-00 


100-00 


Or  otherwise.  Potash  alum. 
1  atom  sulphate  of  potash    -  1089*07 . 
1  alumina    -  2149-80 

24  water  .        -        -    .  266R-62 


5938-39 


Ammonia  alum. 
1  atom  sulphate  of  ammonia 
1  alumina 

24  water   .... 


-  716-7 

-  2149-8 

-  2699*5 

5566-0 


Or,  Potash  alum. 

Ammonia  alum. 

Alumina         ....    10-82 

Alumina          ... 

-    11-90 

Potash           .        -        -        -      9-94 

Ammonia        ... 

.      3-89 

Sulphuric  acid        -        -        -    33-77 

Sulphuric  acid 

-    36-10 

Water   -        -        -        -        .    46-47 

Water     ...        - 

-    48-11 

100-00 


100-00 


When  heated  pretty  strongly,  the  ammoniacal  alum  loses  its  sulphuric  acid  and 
ammonia,  and  only  the  earth  remains.  This  is  a  very  convenient  process  for  procuring 
pure  alumina.  Ammoniacal  alum  is  easily  distinguished  from  the  other  by  the  smell  of 
ammonia  which  it  exhales  when  triturated  with  quicklime.  The  Roman  alum,  made 
from  alum-stone,  possesses  most  of  the  properties  of  the  schist-made  alums,  but  it  has  a 
few  peculiar  characters :  it  crystallizes  always  in  opaque  cubes,  whereas  the  common 
alum  crystallizes  in  transparent  octahedrons.  It  is  probable  that  Roman  alum  is  a 
sulphate  of  alumina  and  potash,  with  a  slight  excess  of  the  earthly  ingredient.  It  is 
permanent  when  dissolved  in  cold  water ;  for  after  a  slow  evaporation  it  is  recovered  in 
a  cubical  form.  But  when  it  is  dissolved  in  water  heated  to  110°  Fahr.  and  upwards,  or 
when  its  solution  is  heated  above  this  pitch,  suhsulphate  of  alumina  falls,  and  on 
evaporation  octahedral  crystals  of  common  alum  are  obtained.  The  exact  composition 
of  the  Roman  alum  has  not  been  determined,  as  far  as  I  know.  -  It  probably  differ* 
from  the  other  also  in  its  water  of  crystallization.  The  Roman  alum  contains,  according  to 
MM.  Thenard  and  Roard,  only  ^J^  of  sulphate  of  iron,  while  theoommon  commercial 
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«hiiDs  contain  r^^*  It  wmy  be  easily  purified  by  aalation,  gnnulatioOy  erystaUizatioD,  and 
vaahisg,  as  has  been  already  explained. 

Alnm  is  made,  extensively  in  France  from  an  artificial  snlphate  of  alumina.  For  thia 
purpose  clays  are  chosen  as  free  as  possible  from  carbonate  of  lime  and  oxyde  of  iron. 
They  are  calcined  in  a  reverberatory  furnace,  in  order  to  expel  the  water,  to  peroxydize 
the  iron,  and  to  render  the  alumina  more  easily  acted  on  by  the  acid.  The  expulsion  of 
the  witter  renders  the  day  porous  and  capable  of  abdorbing  the  sulphuric  acid  by 
capillary  attnction.  The  peroxydation  of  the  iron  renders  it  less  soluble  in  the 
■nlphoric  add;  and  the  silica  of  the  day,  by  reacting  on  the  alumina,  impairs  Its 
aegro^tioo,  and  makes  it  more  readily  attracted  by  the  acid.  The  clay  shoidd,  therefore, 
be  modeiatdy  calcuied;  but  not  so  as  to  indurate  it  like  pottery  ware,  for  it  would  then 
^ofifer  a  species  of  silidous  ecMnbination  which  would  make  it  resist  the  action  of  acids. 
The  day  is  usually  calcined  in  a  reverberatory  furnace,  the  flame  of  which  serves 
Ihereaflo*  to  heat  two  evaporating  pans  and  a  basin  for  containing  a  mixture  of  the 
calcined  day  and  sulphuric  acid.  As  soon  as  the  clay  has  become  friable  in  the  furnace 
it  is  taken  out,  reduced  to  powder,  and  passed  through  a  fine  sieve.  With  100  parts  of 
the  pulverized  day,  46  parts  of  solphuric  acid,  of  sp.  gr.  1*45,  are  well  mix^,  in  a 
ftone  basin,  arched  over  with  brickwork.  The  flame  and  hot  air  of  a  reverberatory 
foraace  are  made  to  play  along  the  mixture,  in  the  same  way  as  described  for  evaporating 
the  schist  liquors.  See  Soda.  The  mixture,  being  stirred  from  time  to  time,  is,  at  the 
end  of  a  few  days,  to  be  raked  out,  and  to  be  set  aside  in  a  warm  place,  for  the  acid  to 
vork  on  the  day,  during  six  or  eight  weeks.  At  the  end  of  this  time  it  must  be  washed, 
to  extmet  the  sulphate  of  alumina.  With  this  view,  it  may  be  treated  like  the  roasted 
alum  ores  above  described.  If  potash  alum  is  to  be  formed,  this  sulphate  of  alumina  is 
evaporated  to  the  specific  gravity  of  1*38;  but  if  ammonia  alum,  to  the:  specific  gravity 
of  oaly  1-24 ;  because  the  sulphate  of  ammonia,  being  soluble  in  twice  its  weight  of 
water,  will  cause  a  predpitation  of  pulverulent  alum  from  a  weaker  solution  of  sulphate 
of  alumina  than  the  less  soluble  snlphate  of  potash  could  do. 

The  alum  stone,  from  which  the  Roman  alum  is  made,  contains  potash.  The 
following  analysis  of  oteat/e,  by  M.  Coidier,  places  this  fact  in  a  clear  light : — 

Sulphate  of  potash  ....  18*53 
Sulphate  of  alumina  ....  38*50 
Hydrate  of  alumina      *  •  •  •       42*97 

100*00 


To  transform  this  compound  into  alum,  it  is  merely  necessary  to  abstract  the  hydrate 
of  alumina.  The  orduiary  alum  stone,  however,  is  rarely  so  pure  as  the  above  analyas 
would  seem  to  show ;  for  it  contains  a  mixture  of  other  substances ;  and  the  above  are  in 
different  proportions. 

Alum  is  very  extensively  employed  in  the  arts,  most  particulariy  in  dyeing,  lake 
making,  dressing  sheep-skins,  pasting  paper,  in  clarifying  liquors,  he.  Its  purity  far 
the  dyer  may  be  tested  by  prussiate  of  potash,  which  will  give  solution  of  alum  a  blue 
tint  in  a  few  minutes  if  it  contain  even  a  very  minute  portion  of  iron.  A  bit  of  nUt-gaU 
is  also  a  good  test  of  iron. 

AMADOU.  The  French  name  of  the  spongy  combustible  substance,  called  in  German 
SMMtkrsehwammy  prepared  from  a  species  of  agaric,  the  boletu$  igniarwu,  a  kind  of 
mushroom,  which  grows  on  the  trunks  of  old  oaks,  ashes,  beeches,  &c.  It  must  be 
plucked  in  the  months  of  August  and  September.  It  is  prepared  by  removing  the 
outer  bark  with  a  knife,  and  separating  carefully  the  spongy  substance  of  a  yellow 
brown  color,  which  lies  within  it,  from  the  ligneous  matter  below.  This  substance  is 
cut  into  thin  slices,  and  beat  with  a  maUet  to  soften  it,  till  it  can  be  easily  pulled 
•sunder  between  the  fingers.  In  this  state  the  boletus  is  a  valuable  substance  for  stop- 
ping oozing  hemorrhages,  and  some  other  surgical  purposes.  To  convert  it  into  tinder 
it  moat  reeeive  a  finishing  preparation,  Which  consists  in  boiling  it  in  a  strong  solution 
of  nitre;  drying  it,  beating  it  anew,  and  putting  it  a  second  time  into  the  solution. 
Sometimiies,  indeed,  to  render  it  very  infliumnable,  it  is  imbued  with  gunpowder,  whence 
the  distinction  of  black  and  brown  amadou. 

All  the  pufi"  balls  of  the  lycopodium  genus  of  plants,  which  have  a  fleshy  or  fila- 
mentous structure,  yield  a  tinder  quite  ready  for  soaking  in  gunpowder  water.  The 
Hindoos  employ  a  leguminous  plant,  which  they  call  aolu,  for  the  same  purpose.  Its 
thick  spongy  stem,  being  reduced  to  charcoal,  takes  fire  like  amadou. 

AMALGAM.  When  mercury  is  alloyed  with  any  metal,  the  compound  is  called  an 
tmnlg^T  of  that  metal ;  as,  for  example,  an  amalffam  of  tin,  bismuth,  frc. 

AMALGAMATION.  This  is  a  process  used  extensivdy  in  extracting  sflver  and 
90M  from  certain  of  their  ores,  (bunded  on  the  property  which  mereniy  has  to  dissolve  these 
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metals  as  dissemiuated  in  the  minerals,  and  thus  to  separate  them  from  the  earthy 
matters.    8ee  Mercury,  Metallurgy,  and  Silver.  , 

AMBER.  (Succin,  Fr. ;  Bernstein^  Germ.)  A  mineral  solid,  of  a  yellow  color, 
of  various  shades,  which  bams  quite  away  with  flame,  and  consists  of  carbon,  hydrogen, 
and  oxygren,  in  nearly  the  same  proportions,  and  the  same  state  of  combination,  as  vege- 
table resin.  Its  specific  gravity  varies,  by  my  trials,  from  1*080  to  1*085.  It  becomes 
negatively  and  powerfully  electrical  by  friction.  When  applied  to  a  lighted  candle  it 
takes  fire.  Swells  considerably,  and  exhales  a  white  smoke  of  a  pungent  odor ;  but 
dr>es  not  run  into  drops.  Copal,  which  resembles  it  in  several  respects,  difiers  in  being 
softer,  and  in  melting  into  drops  at  the  flame ;  and  mellite,  or  honey-stone,  which  is  a 
mineral  of  a  similar  color,  becomes  white  when  laid  on  a  red-hot  coal. 

The  texture  of  amber  is  resino-vitreous,  its  fraeture  conchoidal,  and  lustre  glassy.  It 
IS  perfectly  homogeneous ;  sufficiently  hard  to  scratch  gypsum,  and  to  take  a  fine  polish* 
It  is,  however,  scratched  by  calcareous  spar.  When  amber  is  distilled  in  a  retort, 
crystalline  needles  of  succinic  acid  snblime  into  the  dome,  and  oil  of  amber  drops  from 
the  beak  into  the  receiver.  Fossil  resins,  such  as  that  of  Highgate,  found  in  the  Lon- 
don clay  formation,  do  not  afford  succinic  acid  by  heat*,  nor  does  copal.  Amber  is 
occasionally  found  of  a  whitish  and  brownish  color. 

The  most  interesting  fact  relative  to  this  vegeto>mineral  is  its  geological  position, 
which  is  very  characteristic  and  well  determined.  It  is  found  almost  uniformly  in  sepa- 
rate nodules,  disseminated  in  the  sand,  clay,  or  fragments  of  lignite  of  the  plastic  clay, 
and  lignite  formation,  situated  between  the  ccUcaire  grossier  (crag  limestone)  of  the 
tertiary  strata  above,  and  the  white  chalk  below.  The  size  of  these  nodules  varies  from 
a  nut  to  a  man^s  head ;  but  this  magnitude  is  very  rare  in  true  amber.  It  does  not 
oecur  either  in  continuous  beds,  like  the  chalk  flints,  nor  in  veins ;  but  it  lies  at  one 
time  in  the  earthy  or  friable  strata,  which  accompany  or  include  the  lignites ;  at  another, 
entangled  in  the  lignites  themselves ;  and  is  associated  with  the  minerals  which  constitute 
this  formation,  principally  the  pyrites,  the  most  abundant  of  all.  The  pieces  of  amber 
found  in  the  sands,  and  other  formations  evidently  alluvial,  those  met  with  on  the  sea- 
coasts  of  certain  countries,  and  especially  Pomerania,  come  undoubtedly  from  the  above 
geological  formation ;  for  the  organic  matters  found  still  adhering  to  the  amber  leave 
no  doubt  as  to  its  primitive  place.  Amber  does  not,  therefore,  belong  to  any  postdilu- 
vian or  modem  soil,  since  its  native  bed  is  covered  by  three  or  fonr  series  of  strata,  often 
of  considerable  thickness,  and  well  characterized ;  proceeding  upwards  from  the  plastic 
clay  which  includes  the  amber :  these  are,  the  crag  limestone,  the  bone  gypsum,  with 
its  marls,  the  marly  limestone,  the  upper  marl  sandstone^  which  covers  it,  and,  lastly, 
the  fresh  water  or  lacustrine  formation,  oAen  so  thick,  and  composed  of  calcareous  and 
tilicious  rocks. 

The  amber  bed  is  not,  however,  always  covered  with  all  these  strata ;  and  it  is  even 
rare  to  see  a  great  mass  of  one  of  them  above  the  ground  which  contains  it ;  because, 
were  it  buried  under  such  strata,  it  would  be  difficult  to  meet  with  such  circumstances 
as  would  lay  it  spontaneously  open  to  the  day.  But  by  comparing  observations  made 
in  difierent  places,  relatively  to  the  patches  of  these  formations,  which  cover  the  amber 
deposites,  we  find  that  no  other  mineral  formations  have  been  ever  seen  among  them 
except  those  above  detailed,  and  thus  learn  that  its  geological  locality  is  completely  de- 
termined. 

The  proper  fellow  amber,  therefore,  or  the  Borassic,  from  the  country  where  it  has  been 
most  abundantly  found,  belongs  to  the  plastic  clay  formation,  intermediate,  in  England, 
between  the  chalk  and  the  London  clay.  It  is  sometimes  interposed  in  thin  plates  between 
tlie  layers  of  the  lignites,  but  more  towards  the  bark  of  the  fibrous  lignites,  which  retain 
the  form  of  the  wood,  than  towards  the  middle  of  the  tmnk  of  the  tree ;  a  position  analo- 
gous to  that  of  the  resinous  matters  in  our  existing  ligneous  vegetables.  The  fibrous 
Ugnites  which  thus  contain  amber  belong  to  the  dicotyledinous  woods.  Hence  that 
substance  seems  to  have  been  formed  during  the  life  of  the  vegetable  upon  which  it  is 
now  incrusted.  It  must  be  remembered  that  the  grounds  containing  the  amber  are 
often  replete  with  the  sulphates  of  iron,  alumina,  and  lime,  or  at  least  with  the  pyritonc 
elements  of  these  salts.  Some  specimens  of  amber  have  a  surface  figured  with  irregular 
meshes,  indicating  a  sort  of  shrinkage  from  consolidation,  and  consequently  a  matter 
that  was  at  one  time  fluid,  viscid,  or  merely  soft.  From  optical  examination.  Dr. 
Brewster  has  concluded  amber  to  be  of  vegetable  origin. 

The  different  bodies  included  in  the  amber,  distinguishable  from  its  transparence,  demon- 
strate, indeed,  in  the  most  convincing  manner,  its  primitive  state  of  liquidity  or  softness. 
These  bodies  have  long  exercised  the  skill  of  naturalists.  They  are  generally  insects, 
or  remains  of  insects,  and  sometimes  leaves,  stalks,  or  other  portions  of  vegetables. 
Certain  families  of  insects  occur  more  abundantly  than  others.  Thus  the  hymenoptera, 
or  insects  with  four  naked  membranaceous  wings,  as  the  bee  and  wasp,  and  the  dipitra^ 
or  insects  with  two  wings,  as  gnats,  flies,  gadflies,  &c ;  then  come  the  spidei  tribe ; 
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some  coleopi$ra  (iiiMCts  with  cnistaeeoas  shells  or  elytra,  which  shvt  together,  and  form 
a  loiigitiidinal  satnre  down  the  hack),  or  heetles,  principally  those  which  live  on  trees  $ 
such  as  the  elaterides,  or  leapers,  and  the  chrytomilida.  The  lepidoptera,  or  insects  with 
tbor  membranaceous  wings,  and  pterigostea  covered  with  mail-like  scales,  are  very  rare 
ia  amber.  We  perceive  from  this  enumeration,  which  ""results  from  the  labors  of 
Germar,  Schweiger,  &c.,  that  the  insects  enveloped  in  this  resinous  matter  are  in 
general  such  as  sit  on  the  trunks  of  trees,  or  live  in  the  fissures  of  their  bark.  Hitherto, 
it  has  not  been  found  possiUe  to  refer  them  to  any  living  species ;  but  it  has  been  ob- 
served in  general  that  they  resemble  more  the  insects  of  hot  climates  than  those  of  the 
temperate  zones. 

The  districts  where  amber  occurs  in  a  condition  fit  for  mining  operations  are  not 
numerous ;  but  those  in  which  it  is  met  with  in  small  scattered  bits  are  very  abundant. 
Its  principal  exploitation  is  in  Eastern  Prussia,  on  the  coasts  of  the  Baltic  Sea,  from 
Memel  to  Danlzick,  particularly  in  the  neighborhood  of  Konigsberg,  along  the  shore 
which  runs  north  and  soQth  from  Grossdirschheim  to  Pillau,  and  in  several  other  places 
near  Dantzick. 

It  is  collected  upon  this  eoast  in  several  ways;  1.  In  the  beds  of  small  streams  which 
run  near  the  villages,  and  in  rounded  fragments  without  bark,  or  in  the  sand'banks  of 
rivers,  in  pieces  thrown  back  by  the  sea,  and  rounded  by  tlie  waves.  2.  If  the  pieces 
thrown  up  by  the  waters  are  not  numerous,  the  fishers,  clothed  in  a  leather  dress,  wade 
into  the  sea  up  to  the  neck,  seek  to  discover  the  amber  by  lookinir  along  its  surface,  and 
seize  it  with  bag  nets,  hung  at  the  end  of  very  long  poles.  They  conclude  that  a  great 
deal  of  amber  has  been  detached  from  the  cliffs  by  the  sea,  when  many  pieces  of  lignite 
(wood  coal)  are  seen  afloat.  This  mode  of  collecting  amber  is  not  free  from  danger,  and 
the  fishers,  therefore,  advance  in  troops,  to  lend  each  other  aid  in  case  of  accident ;  but 
theb  success,  even  thus,  is  most  precarious.  3.  The  third  method  of  searching  for  am- 
ber is  a  real  mining  operation :  it  consists  in  digging  pits  upon  the  borders  of  the  sandy 
downs,  sometimes  to  a  depth  of  more  than  130  feet.  4.  The  last  mode  is  by  exploring 
the  precipitous  sea  dififs  in  boats,  and  detaching  masses  of  loose  soil  from  them  with  long 
poles  terminating  in  iron  hooks ;  a  very  hazardous  employment.  They  search  the  cliffs 
with  great  care  at  the  level,  where  the  amber  nodules  commonly  lie,  and  loosen  the  seams 
with  iheir  hooks ;  in  which  business  the  boats  are  sometimes  broken  against  the  preci- 
pices, or  sunk  by  an  avalanche  of  rubbish. 

Amber  occurs  in  Sicily,  disseminated  in  beds  of  clay  and  marl,  which  lie  below  the 
enig  limestone.  It  is  accompanied  with  bitumen ;  and,  though  a  scanty  deposite,  it  is 
mined  for  sale.  The  pieces  are  coated  with  a  kind  of  whitish  bark,  present  a  variety 
of  colors,  and  include  many  insects.  Amber  is  found  in  a  great  many  places  in  the  sandy 
districts  of  Poland,  at  a  very  great  distance  from  the  sea,  where  it  is  mixed  with  cones 
of  the  pine.  In  Saxony  it  is  met  with  in  the  neighborhood  of  Pretsch  and  Wiitemberg, 
in  a  bitaiiiinous  clay  mingled  with  lignite.  At  the  embouchure  of  the  Jenissey,  in  Sibe- 
ria, it  occurs  likewise  alon?  with  lignite ;  as  also  in  Greenland. 

Fine  amber  is  considerably  valued  for  making  ornamental  objects,  and  the  coarser 
kinds  for  certain  uses  in  chemistry,  medicine,  and  the  arts.  The  oriental  nations  prize 
more  highly  than  the  people  of  Europe  trinkets  made  of  amber ;  and  hence  the  ehlef 
eonmierce  of  the  Pomeranian  article  is  with  Turkey.  The  Prussian  government  is  said 
to  draw  an  annual  revenue  of  17,000  dollars  from  amber.  A  good  piece  of  a  pound 
weight  fetches  50  dollars.  A  mass  weighing  13  pounds  was  picked  up  not  long  since  in 
Pmsisia,  for  which  5000  doUars  were  offered,  and  which  would  bring,  in  the  opinion  of 
the  Armenian  merchants,  from  30,000  to  40,000  dollars  at  Constantinople.  At  one  time 
it  was  customary  to  bake  the  opaque  pieces  of  amber  in  sand,  at  a  gentle  heat,  for  sev- 
eral hours,  in  order  to  make  it  transparent,  or  to  digest  it  in  hot  rapeseed  oil,  with  the 
same  view ;  but  how  far  these  processes  were  advantageous  does  not  appear. 

When  amber  is  to  be  worked  into  trinkets,  it  is  first  split  on  a  leaden  plate  at  a  lathe 
(see  Gems,  Cutting  of),  and  then  smoothed  into  shape  on  a  Swedish  whetstone.  It  is 
polishe  1  on  the  lathe  with  chalk  and  water,  or  vegetable  oil,  and  finished  by  friction 
with  flannel.  In  these  processes  the  amber  is  apt  to  become  highly  electrical,  very  hot, 
and  even  to  fly  into  fragments.  Hence,  the  artists  work  the  pieces  time  about,  so  as  to 
keep  each  of  them  crol,  and  feebly  excited.  The  men  are  oiXen  seized  with  nervous 
tremors  in  their  wrists  and  arms  from  the  electricity.  Pieces  of  amber  may  be  neatly 
joined  by  smearinj?  their  edges  with  linseed  oil,  and  pressing  them  strongly  together, 
while  they  are  held  over  a  charcoal  fire.  Solid  specimens  of  amber,  reported  to  have 
been  altogether  fused  by  a  particular  application  of  heat,  are  now  shown  in  the  royal 
cabinet  of  Dresden. 

A  strong  and  durable  vanUk  is  made  by  dissolving  amber  in  drying  linseed  oil.  For 
this  purpose,  however,  the  amber  must  be  previondy  heated  in  an  iron  pot,  over  a  clear 
red  fire,  till  it  soAen  and  be  semi-liquefied.  The  oil,  previously  heated,  is  to  be  now 
ponred  in,  with  much  stirring,  in  the  proportion  of  10  onmces  to  the  pound  of  amber; 
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and  aAer  the  iDCorporatioa  is  complete,  and  the  liquid  somewhat  cooled,  a  pound  of  oil 
of  turpentine  must  be  added.  Some  persons  prescribe  2  ounces  of  melted  shellac, 
though  by  this  meatas  thej  are  apt  to  deepen  the  color,  already  rendered  too  dark  by  the 
roasting. 

The  fine  black  varnish  of  the  coachmakers  is  said  to  be  prepared  by  melting  16  ounces 
of  amber  in  ai^  iron  pot,  adding  to  it  half  a  pint  of  drying  linseei  oil,  boiling  hot,  of  pow- 
dered resin  and  asphaltnm  3  ounces  each :  when  the  materials  are  well  united,  by  stir- 
ring over  the  fire,  they  are  to  be  removed,  and,  after  cooling  for  some  time,  a  pint  of  warm 
oil  of  turpentine  is  to  be  introduced. 

The  oil  of  amber  enters  into  the  composition  of  the  old  perfhme  called  eau  d$  luce ; 
and  is  convertible,  by  the  action  of  a  small  quantity  of  strong  nitric  acid,  into  a  viscid 
mass  like  shoemakers'  rosin,  which  has  a  strong  odor  of  musk,  and,  under  the  name  of 
artificial  musk,  has  been  prescribed,  in  acoholic  solution,  as  a  remedy  against  hooping 
cough,  and  other  spasmodic  diseases.  ^ 

Acid  of  amber  {succinic  ucid)  is  a  delicate  reagent,  in  chemistry,  for  separating  red 
oxyde  of  iron  from  compound  metallic  solutions. 

AMBERGRIS.  {Jmbregric,  Fr. ;  Jmbra,  Germ.) — A  morbid  secretion  of  the  liver 
of  the  spermaceti  whale  (physeter  macrocephalus),  found  usually  swunming  upon  the 
sea.  It  occurs  upon  the  coasts  of  Coromandel,  Japan,  the  Moluccas,  and  Madagascar, 
and  has  sometimes  been  extracted  from  the  rectum  of  whales  in  the  South  sea  fishery. 
It  has  a  gray- white  color,  often  with  a  black  streak,  or  is  marbled,  yellow  and  black; 
has  a  strong  but  rather  agreeable  smell,  a  fatty  taste,  is  lighter  than  water,  melts  at  60^ 
C.  (140°  F.),  dissolves  readily  in  absolute  alcohol,  in  ether,  and  in  both  fat  and  volatile 
oils.  It  contains  85  of  the  fragrant  substance  called  ambreine.  This  is  extracted  from 
ambergris  by  digestion  with  alcohol  of  0-827,  filtering  the  solution,  and  leaving  it  to 
spontaneous  evaporation.  It  is  thus  obtained  in  the  form  of  delicate  white  tufts: 
which  are  convertible  into  ambreic  acid  by  the  action  of  nitric  add.  Ambergris  is  used 
in  perfumery. 

AMIANTHUS.    A  mineral  in  silky  filaments,  called  also  Asbestts. 

AMMONIA.  A  chemical  compound,  called  also  volatile  alkaK.  This  substance,  in  its 
purest  state,  is  a  highly  pungent  gas,  possessed  of  all  the  mechanical  properties  of  the 
air,  but  very  condensable  with  water.  It  consists  of  3  volumes  of  hydrogen  and  1  of  azote 
condensed  into  two  volumes;  and  hence  its  density  is  0*591,  atmospheric  air  being  1*000. 
By  strong  compression  and  refrigeration  it  may  be  liquefied  into  a  fluid,  whose  specific 
gravity  is  0*76  compared  to  water  1*000. 

Ammonia  gas  is  composed  by  weight  of  82*53  azote  and  17*47  hydrogen  in  100 
parts.  It  is  obtained  by  mixing  muriate  of  ammonia,  commonly  called  sal  ammoniac, 
with  quicklime,  in  a  retort  or  still,  applying  a  moderate  heat,  and  receiving  the  gas  either 
over  mercury  for  chemical  experiments,  or  in  water  to  make  liquid  ammonia  for  the 
purposes  of  medicine  and  the  arts.  Woulfe*s  apparatus  is  commonly  employed  for  this 
condensation. 

Ammonia  is  generated  in  a  great  many  operations,  and  especially  in  the  decomposition 
of  many  organic  substances,  by  fire  or  fermentation.  Urine  left  to  itself  for  a  few  days  is 
found  to  contain  much  carbonate  of  ammonia,  and  hence  this  substance  was  at  one  time 
collected  in  great  quantities  for  the  manufacture  of  certain  salts  of  ammonia,  and  is  stUl 
used  for  its  alkaline  properties  in  making  alum,  scouring  wool,  &c.  When  woollen  rags, 
horns,  bones,  and  other  animal  substances  are  decomposed  in  close  vessels  by  fire,  they 
evolve  a  large  quantity  of  ammonia,  which  distils  over  in  the  form  of  a  carbonate.  The 
main  source  of  ammonia  now  in  this  country,  for  commercial  purposes,  is  the  coal  gas 
works.  A  large  quantity  of  watery  fluid  is  condensed  in  their  tar  pits,  which  contains, 
chiefly,  ammonia  combined  with  sulphureted  hydrogen  and  carbonic  acid.  When  this 
water  is  saturated  with  muriatic  acid  and  evaporated  it  yields  muriate  of  ammonia,  or 
sal  ammoniac,  somewhat  impure,  which  is  afterwards  purifled  by  sublimation.  See 
Cabbonate  op  Ammonia  and  Sal  Ammoniac. 

The  soot  of  chimneys  where  coal  is  burned  contains  both  sulphate  and  carbonate  of 
ammonia,  and  was  extensively  employed,  at  one  time,  to  manufacture  these  saits. 

In  making  water  of  anmionia  on  the  great  scale,  a  cast  iron  still  should  be  preferred, 
and  equal  weights  of  quicklime  and  sal  ammoniac  should  be  brought  to  the  consistence 
of  a  pap,  with  water,  before  the  heat  is  applied.  In  this  case  a  refrigeratory  worm  or 
globe  should  be  interposed  between  the  adopter  tube  of  the  capital  of  the  still  and  the 
bottles  of  Woulfe*s  apparatus.  The  muriate  of  lime,  or  chloride  of  calcium,  which  is  left 
m  the  still  when  the  whole  ammonia  is  expelled,  is  of  no  value.  Water  is  capable  of 
condensing  easDy  about  one  third  of  its  weight  of  ammonia  gas,  or  460  times  its  bulk. 
The  following  table  of  the  quantity  of  ammonia  in  100  parts  by  weight  of  its  aqueous 
combinations,  at  successive  densities,  is  the  result  of  very  careAil  experiments  made  by 
me,  and  recorded  in  the  Phikwophical  Magazine  for  March,  1821. 
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75 
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70 
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65 
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-82-65, 
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60 
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16-9- 
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55 
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11  to  I 

50 

13-250 
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0-9465 
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■86-40, 
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45 
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88-076 

0-9510 

0-95238 

n-9i 

■88-1, 

14  10  1 

40 

10-BOO 

89-400 

0-9664 

0-95744 

U-2- 

■88-8. 

1510  1 

35 

9-275 

90-725 

0-9614 

0-96256 

30 

7-y50 

92050 

0-966= 

0-96774 

8-63  +  91-37, 

20  tol 

25 

6'625 

93-379 

0-9716 

0-97297 

7  +  93, 

SStol 

20 

6-300 

94-700 

0-0768 

0-97S28 

6- -94, 

30  tol 

15 

3'975 

96-02S 

0-9S2S 

0-98360 

4-6-- 95-5, 

40  tol 

10 

2-650 

97-350 

0^887 

0-98900 

3^97, 

60IO1 

5 

1-325 

98-67ft 

0-9945 

0-99447 

AMUONIAC.  gDm-TMio.  ThU  ii  the  liupUsated  juice  of  an  ambetliferotu  plant 
(the  iortma  omuniacam)  which  growi  in  Persia.  It  comes  to  ds  either  ia  edmU 
white  ton  elnstered  toitelber,  or  in  brownish  lamps,  containing  maay  impariliet.  It 
poMFSses  a  prcnliar  smell,  somewhat  lilie  that  of  ataTiEliiia,  and  a  biltcrith  (atte.  It 
ii  emplored  in  medicine.  lis  onlf  Dse  in  the  ant  is  for  rorming  a  cement  to  jmii. 
traken  piece*  of  china  and  glais,  which  ma;  be  prepared  as  follows:  Talte  jsiDglaM- 
I  oonce,  diitilled  water  6  ounces,  boil  together  down  to  3  oaneea,  and  add  I^  ooncc  of 
itniog  spirit  oTwinej  boil  this  miitnrc  for  a  minute  or  two;  itrsia  il;  add,  while 
bnt,  first,  hair  an  ooace  of  a  taitky  emulsion  of  gam  ammoniac,  and  then  five  drams  of 
am  alcoboUc  w^ulioa  of  resin  mastic.  This  resembles  a  snbstaace  sold  in  the  London 
rhops,  under  the  name  of  iiamotd,  ceTnenf.    The  recipe  waa  given  me  by  a  retpeclable 


,   _  _     a,  cbemist. 

AMORPHOUS.     Wilhmt  Aapt. 
xa  tomia  not  ea«y  to  be  defined. 

ANALYSIS.  The  art  of  resolving  a  eompoand  substance  or  machine  into  its  eon- 
ititaent  parts.  Ever;  manarBcturer  should  so  stud;  this  art,  in  the  proper  treatises,  and 
■eboc^  of  Chemislrr  or  Mechanics,  as  to  enable  hiffi  property  lo  nndersland  and  r^ulata 


Id  of  mineral  and  other  substances  which  occur 


ma  minnen. 

ANCHOR.  lAitcn,  Fr. ;  Avktr,  Germ.}  An  iron  hook  of  considerable  weight 
and  auesgtb,  for  enabling  a  ship  to  lay  bold  of  the  ground,  and  fii  itself  in  a  certain 
■itaalioo  by  means  of  a  rope  called  the  cable.  It  is  an  instrument  of  the  greatest  im- 
portance lo  the  navigator,  since  upon  tit  taking  and  beeping  hold  depends  his  gaiety  upon 


n  ANCHOR. 

many  occasions,  espeeially  netr  a  lee  shore,  -where  he  might  he  otherw&e  stranded  or 
shipwreck^l.  Anchors  are  generally  made  of  wrought  iron,  except  among  nations  who 
cannot  work  this  metal  well,  and  who  therefore  use  copper.  The  mode  in  which  an 
anchor  operates  will  be  understood  from  inspection  of  fig.  0»  where,  from  the  direction 
of  the  strain,  it  is  obvious  that  the  anchor  cannot  move  without  ploughing  up  th« 
ground  in  which  its  hook  or  fluke  is  sunk.  When  this,  however,  unluckily  takes 
place,  from  the  nature  of  the  ground,  from  the  mode  of  insertion  of  the  anchor,  or  from 
the  violence  of  the  winds  or  currents,  it  is  called  dragging  the  anchor.  When  the  hold  is 
good,  the  cable  or  the  buried  arm  will  sooner  break  than  the  ship  will  drive.  Anchon 
are  of  diflerent  sizes,  and  have  different  names,  according  to  the  purposes  they  serve; 
.thus  there  are,  «Aee/,  htst  hovjtr,  amall  bower,  spare,  stream^  and  hedge  anchors.  Ships 
of  the  first  class  have  seven  anchors,  and  smfUler  vessels,  such  as  brigs  and  schooners^ 
three. 

The  manufacture  of  anchors  requires  great  knowledge 
of  the  structure  of  iron,  and  skill  in  the  art  of  working 
it.  I  shall  give,  here,  a  brief  notice  of  the  improved  system 
introduced  by  Mr.  Perring,  clerk  of  the  cheque  at  Ply- 
mouth, in  which  the  proportions  of  the  parts  are  admirably 
adapted  to  the  strains  they  are  likely  to  suffer.  In  fig.  7^ 
A  is  the  shank ;  b,  the  arm  oxfiuke ;  c,  the  palm ;  d,  the 
blade ;  e,  the  square ;  f,  the  not ;  6,  the  ring ;  H,  the  crovm. 
Formerly  the  shank  was  made  of  a  number  of  square 
iron  rods>  laid  parallel  toeetber  in  a  cylindrical  form,  and 
bound  by  iron  hoops.  When  they  were  welded  into  one 
bar,  the  exterior  rods  could  not  fail  to  be  partially  burned 
and  wasted  by  the  strong  heat.  Mr.  Perrin  abated  this 
evil  by  using  bars  of  the  whole  breadth  of  the  shank,  and 
placing  them  right  over  eaeh  other,  hooping  them  and 
welding  them  together  at  two  heats  into  one  solid  mass* 
To  any  one  who  has  seen  the  working  of  puddled  iron,  with 
a  heavy  mill  hammer,  this  operation  will  not  appear  difficult. 

He  formed  the  crown  with  bare  similarly  distributed  with  those  of  the  shank.  Hia 
mode  of  uniting  the  flukes  to  the  crown  b  probably  the  most  valuable  part  of  his 
invention.  The  bars  and  half  the  breadth  of  the  anchor  are  firat  welded  separately,  and 
then  placed  side  by  side,  where  the  upper  half  is  worked  into  one  mass,  while  the  lower 
part  is  leA  disunited,  but  has  carrier  iron  bars,  or  porters,  as  these  prolongation  rods 
are  commonly  called,  welded  to  the  extremity  of  each  portion.  The  lower  part  is  now 
heated  and  placed  in  the  clamping  machine,  which  is  merely  an  iron  plate  firmly  bolted 
to  a  mass  of  timber,  and  bearing  upon  its  surface  four  iron  pins.  One  end  of  the  crown 
Is  placed  between  the  first  of  these  pins,  and  passed  under  an  iron  strap ;  the  other  end 
is  brought  between  the  other  pins,  and  is  bent  by  the  leverage  power  of  the  elongated 
rods  or  porters. 

Thus  a  part  of  the  arm  being  formed  out  of  the  crown  gives  much  greater  security 
that  a  true  union  of  fibres  is  effected,  than  when  the  junction  was  made  merely  by  a  short 
scarf. 

The  angular  opening  upon  the  side  opposite  b  h,  fig.  7,  is  filled  with  the  diode, 
formed  of  short  iron  bars  placed  upright.  When  this  has  been  firmly  welded,  the  truss- 
piece  is  brought  over  it  Thi^  piece  is  made  of  plates  similar  to  the  nbove,  except  that 
their  edges  are  here  horizontal.  The  trass-piece  is  half  the  breadth  of  the  arm ;  so  that, 
when  united  to  the  crown,  it  constitutes,  with  the  other  parts,  the  total  breadth  of  the 
arms  at  those  places. 

The  shank  is  now  shut  upon  the  crown ;  the  square  is  formed,  and  the  nuts  welded  to 
it ;  the  hole  is  punched  out  for  the  ring,  and  the  shank  is  then  fashioned. 

The  blade  is  made  much  in  the  way  above  described.  In  making  the  palm,  an  iron 
rod  is  first  bent  into  the  approximate  form,  notching  it  so  that  it  may  more  readily  take 
the  desired  shape.  To  one  end  a  porter  rod  is  fastened,  by  which  the  palm  is  carried 
3ind  turned  round  in  the  fire  during  the  progress  of  the  fabrication.  Iron  plates  are  next 
laid  side  by  side  upon  the  rod,  and  the  joint  at  the  middle  is  broken  by  another  plate 
laid  over  it.  When  the  mass  is  worked,  its  under  side  is  filled  up  by  similar  plates,  and 
the  whole  is  completely  welded  ;  pieces  being  added  to  the  sides,  if  necessar)',  to  form  the 
angles  of  the  palm.  The  blade  ia  then  shut  on  to  the  palm,  aAer  which  the  part  of  the 
arm  attached  to  the  blade  is  united  to  that  which  constitutes  the  crown.  The  smith-work 
of  the  anchor  is  now  finished. 

The  junction,  or  shutting  on,  as  the  workmen  call  it,  of  the  several  membera  of  an 
anchor,  is  effected  by  an  instrument  called  a  monkey,  which  is  merely  a  mass  of  iron 
raised  to  a  certain  height^  between  parallel  uprights,  as  in  the  pile  engine  or  vertical 
nm^  and  let  fall  upon  the  metal  previously  brought  to  a  welding  heat. 
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ne  mDMfoy  and  the  kircukai  both  aOlf  » irbritHk  namts,  in  akmkr  instmmenli,  and  are 
vsnatty  worked,  like  a  poitable  pile  ensine,  by  the  hands  of  several  laborers,  palling 
separate  ropes.  Many  other  modes  of  manofaetnrimg  anchors  have  been  devised,  in 
which  meehiuiical  power  is  more  extensively  resorted  to. 

The  upper  end  of  the  duuik  f  (fig,  7)  is  squared  to  receive  and  hold  the  stock  steadi- 
ly, and  keep  it  from  tnming.  To  prevent  it  shifting  along,  there  are  two  knobs  or 
tenoa-like  projections.  The  point  of  the  angle  h,  between  the  arms  and  the  shank,  is 
sometimes  eaUed  the  throat.  The  arm  b  c  generally  makes  an  angle  of  56^  with  the 
shank  a  ;  it  is  either  round  or  polygonal,  and  about  half  the  length  of  the  shank. 

The  Mipck  i/t  the  anchor  (fig,  6)  is  made  of  oak.  It  consists  of  two  beams  which  em- 
bnoe  the  tquare,  and  are  mrmiy  united  by  iron  bolts  and  hoops,  as  shown  in  the  figore. 
The  stock  is  usually  somewhat  longer  than  the  shank,  has  in  the  middle  a  thickness 
about  one  tweUlh  of  its  length,  but  tapers  at  its  under  side  to  nearly  oac  half  this  thick- 
ness at  the  extremities.  In  small  anchors  the  stock  is  firequently  made  of  iron •$  but  in 
this  case  it  does  not  embrace  the  aachor,  but  goes  through  a  hole  made  in  the  square, 
which  is  swelled  out  on  purpose. 

Hie  weight  of  anchors  for  different  vessels  is  proportioned  to  the  tonnage ;  a  good  rule 
beii^  to  make  the  anchor  in  hundred  weights  one  twentieth  of  the  number  of  tons  of  the 
(miden.  Thus  a  sliip  of  1000  tons  would  require  a  sheet  anchor  of  60  cwts.  Ships  of  * 
war  are  provided  with  somewhat  heavier  anchors. 

Several  new  forms  and  constructions  of  anchors  were  proposed  under  Mr.  Piper*s  pa- 
tent of  November,  1822,  by  the  adoption  of  which  great  advantages  as  to  strength  were 
anticipated  over  every  other  form  or  construction  previously  made. 

The  particular  object  was  to  preserve  such  a  disposition  of  the  fibres  of  the  metal  as 
should  afford  the  greatest  possible  strength ;  in  doing  which  the  crossing  or  bending  of 
the  fibres  at  the  junctions  of  the  shank,  flukes,  and  crown,  where  great  streagth  is  re- 
qmred,  has  been  avoided  as  much  as  possible,  so  that  the  fibres  are  not  disturbed  or 
injured. 

In  this  respect  most  anchors  are  defective ;  for  in  connecting  the  shanks  to  the  crown- 
ineces^  the  grain  of  the  metal  is  either  crossed,  or  so  much  curved,  as  to  strain  the  fibre, 
and  consequently  Induce  a  weakness  where  the  greatest  strength  is  required.  And,  fur- 
ther, the  very  considerable  thicknesses  of  metal  which  are  to  be  brought  into  immediate 
CGntact  by  means  of  the  hammer  in  forging  anchors  upon  the  old  construction,  render  it 
highly  probable  that  faulty  places  may  be  left  within  the  mass,  though  they  be  externally 
imperceptible.  Mr»  Piper's  leading  principle  was,  that  the  fibre  oC  the  metal  should  run 
nearly  straight  in  all  the  parts  where  strength  is  particularly  required. 

Fig.  8  shows  an  anchor  with  one  tumbling  fluke,  which 
passes  through  the  forked  or  branched  part  of  the  shanx.  The 
lower  part  of  this  anchor,  answering  to  the  crown,  has  a  spin- 
dle through  it,  upon  which  the  fluke  turns,  and  a  pin  is  there 
introduced  for  the  purpose  of  confining  the  fluke  when  in  a 
holding  position.  This  shank  is  formed  of  a  solid  piece  of 
wrought  iron,  the  fibres  of  which  run  straight,  and  at  the 
crown  holes  are  pierced,  which  merely  bulge  the  metal  without 
bending  the  fibres  round  so  as  to  strain  them.  The  orm  and 
fluke,  also,  are  formed  of  one  piece  punched  through  without 
curling  or  crossing  the  fibre,  and  the  spindle  which  holds  the 
to  the  crown  is  likewise  straight.  This  spindle  extends  some  distance  on  each  side 
of  the  anchor,  and  is  intended  to  answer  the  purpose  of  a  stock ;  for  when  either  of  the 
ends  of  the  spindle  comes  in  contact  with  the  ground,  the  anchor  will  be  thrown  over 
into  a  holding  positM>n ;  or  an  iron  stock  may  be  introduced  near  the  shackle,  instead  of 
tliese  projecting  ends.  In  the  descent  of  the  anchor,  the  fluke  will  fall  over  towards 
that  skle  which  is  nearest  the  ground,  and  will  there  be  ready  to  take  hold  when  the 
anchor  is  drawn  forward. 

Fig.  9  is  another  anchor  upon  the  same  principle,  but 
slightly  varied  in  form  from  the'  hist.  In  this  the  forked  part 
of  the  shank  is  closer  than  in  the  former,  and  there  are  two 
arms  or  flukes  connected  to  the  crown- pieces,  one  of  which  falls 
into  its  holding  position  as  the  anchor  comes  to  the  ground, 
and  is  held  at  its  proper  angle  by  the  other  fluke  stopping 
against  the  shank. 

Fig.  10  represents  another,  variation  m  the  form  of  these 
improved  anchors,  having  two  tumbling  flukes,  which  are  both 
intended  to  take  hold  of  the  ground  at  the  same  time.  The 
Aaak  is  here,  as  belbre,  made  without  crossing  the  grain  of  the  iron,  nod  the  eyes  for 
admitting  the  bolt  at  the  crown  and  at  the  shackle  are  punched  out  of  the  solid,  not 
ftniied  by  welding  or  tmrning  the  iron  nm&d.    In  this  form  a  guard  is  introduced  at 
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IheerowBy  toaniwertlusjraiposeofastodc,  bj^tturniiigtiie  flukes  ow  iato  a  hsUdiag 
positHm.  -  The  arms  and  nukes  are  made^  as  before  described,  of  the  straight  fibre  ol' 
I  he  iron  punched  through,  and  the  flakes  are  fixed  to  the  spindle,  whldi  passes  through 
the  crown-piece. 

JF»^.  11  has  a  shank  without  any  fink,  but  formed  straight  throughout;  the  guard 
here  is  an  ekmgated  frame  of  iron,  fi>r  the  same  purpose  as  a  stock,  and  is,  with  the 
tumbling  flukes,  fastened  to  the  spindle,  which  passes  through  the.  crown  of  the  anchor, 
and  causes  the  flukes  to  fall  Into  their  holding  position. 

The  principles  of  these  new  anchors  are  consklered  to  consist  in  shanks  which  are 
made  of  straight  lengths  of  metal,  and  finished  so  that  the  fibres  of  the  iron  shall  not  be 
injured  by  cross-shuts  or  uncertain  welding;  also  each  arm  and  palm  is  made  in  one 
solid  piece,  and  finished  in  straight  lines,  so  that  the  fibres  will  not  be  altered,  and  the 
shaft-pin  or  spindle  will  also  be  in  one  straight  line;  and  this  m  the  improTcmcnt 
claimed.  These  anchors,  being  made  in  separate  pieces,  give  a  great  advantage  to  the 
workman  to  execute  each  part  perfectly ;  for  he  wiU  not  have  sudi  heavy  weights  to  UA 
when  hot,  which  will  render  these  anchors  much  stronger,  with  less  weight ;  and  if  any 
accident  should  happen  to  them,  any  part  may  be  taken  separate  from  the  others  to  be 
repaired,  and  several  of  those  parts  of  the  anchor  which  may  be  likely  to  break  may  be 
carried  on  board,  in  case  of  accident  This  anchor  is  so  eontrived  that  one  of  thirty 
hundred  weight  may  be  token  to  pieces  and  put  together  again,  by  one  man,  in  twenty 
minutes ;  it  may  also  be  dismounted,  and  stowed  in  any  part  of  the  ship,  in  as  little  roam 
as  straight  bars  of  iron,  and  speedily  put  together  again. 

The  anchor  (fig,  12)  patented  by  Mr.  Bronton,  in  February, 
If     W  1822,  has  its  stock  introduced  at  the  crown  part,  for  the  purpose 

of  turning  it  over  into  a  holding  position.  The  shaak  is  perfinra^' 
ted  through  the  solid,  in  two  places,  with  elliptical  apertures,  Ibr 
the  purpose  of  giving  it  a  greater  stability,  and  more  eflfectnaKy 
resisting  the  strain  to  which  the  anchor  may  be  subjected.  The 
stock  is  a  cylindrical  iron  rod,  held  at  its  extremities  by  lateral 
braces,  which  are  bohed  to  the  shank. 
Fig.  12  shows  the  form  of  the  anchor.  The  shank  is  seen 
upright,  with  one  of  the  flukes  projecting  in  its  front;  the  horizontal  iron  stock  is  at 
bottom ;  and  the  oblique  braces  are  bolted  to  both  shank  and  stock.  The  ends  of  the 
stock,  from  the  shoulder,  are  formed  dove-tailed,  and  oval  in  the  vertical  direction,  and 

are  protruded  through  apertures  in  the  bra- 
ces, also  oval,  but  in  the  horizontal  direction, 
and  counter  sunk.  When  the  ends  of  the 
stock  have  been  thus  introduced  through  the 
holes,  the  braces  are  securely  bolted  to  the 
shank,  the  ends  of  the  stock  are  then  spread, 
by  hfliinmering  into  the  counter-sunk  holes 
of  the  braces,  and  by  that  means  they  an 
Kt\  A'  II II     f^  made  firm. 

v  I  >  IT      I B I  JL  ''^^  anchor  of  this  description  is  consider- 

I  jpy     *  /l\     ed  by  the  patentee  to  possess  considerabli 

|_  ■%    '  =  •  ^'"^     advantage,  particularly  in  point  of  stability- 

T " '  Bt    I  = '       ifc  •  ®^^  *^*  ordinary  construction  of  anehora 

I  jQ ,     I  s  r       H       IS  ^^^  '^  economical,  inasmuch  as  a  leas  weigh 

of  metal  will  give,  upon  this  plan,  an  equt 
dc^ee  of  strength. 

An  ingenious  form  of  anchor  was  ma^  « 
the  subject  of  a  patent,  by  Lieutenant  Rodg 
ers,  of  the  Royal  Navy,  in  1828,  and  wra 
aflerwards  modified  by  him  in  a  second  pa 
W      "##        J     III  ifl  ^^^  obtained  in  August,  1829.    The  who^c 

v^   j  IT  ^J      H  ^  of  the  parts  of  the  anchor  are  to  be  booiU 

^^^'^^  u"^^      m  together  by  means  of  iron  bands  or  hoops, 

^*'**— — "^        jJII  in  place  of  bolts  or  pins. 

Fig,  13   is  a  side  view  of  a  complete 
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anchor,   formed    upon    his    last   improved 

construction,  and  fig,   14,  a  plan  of  the 

same;  fig.  15,  an  end  view  of  the  ciown 

and  flukes,  or   aims;   fig.   16   represents 

the   two   principal   iron   plates,    a,  a,  of 

▼hieh  the  shank  is' constructed,  but  ao  as  to  form  parts  of  the  stump  anns  to  which  the 

flukeaare  to  be  connected.  ^  ^  ^ 

The  crown  piece  is  to  be  welded  to  the  stomp  piees^  c,  c,  Jig.  16,  as  weU  as  to  the 
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cad  f  of  the  eeitre  pieee  Jb  A,  and  the  scarfs  m  m  are  to  be  ctit  tu  reeeiTe  the  arms  or 
fnket.  Preriimsly,  however,  to  aniting  the  arms  or  flukes  with  the  stump  arms,  the 
crown  and  throat  of  the  anchor  are  to  be  strengthened,  by  the  application  of  the  crown 
slabs  %  n,fig,  16,  winch  are  to  be  weUed  upon  each  side  of  the  crown,  overlapping  the 
end  of  the  pillar  A,  and  the  throat  or  knees  of  the  stump  arms  and  the  crown  piece.  The 
stomp  arms  are  then  to  be  strengthened  in  a  similar  manner,  by  the  thin  flat  pieces  p  p, 
wiiich  are  to  be  welded  upon  each  side.  The  palms  are  united  to  the  flukes  in  the 
usual  way,  and  the  flakes  are  also  united  to  the  stump  arms  by  means  of  the  lon^  scarfs 
m  IB.  When  the  shank  of  the  anchor  has  been  thus  formed,  and  united  with  the  flukes, 
the  aaebor  smith's  work  may  be  said  to  be  complete. 

Another  of  the  improvements  in  the  eonstmction  of  anchors,  claimed  under  this 
patent,  consists  in  a  new  method  of  affixing  the  stock  upon  the  shank  of  the  anchor, 
which  is  effected  in  the  following  manner :  in  fig,  14,  the  stock  is  shown  affixed  to  the 
aadior;  in  fig»  17,  it  is  shown  detached.  It  may  be  made  either  of  one  or  two  pieces 
of  timber,  as  may  be  found  most  convenient.  It  is,  however,  to  be  observed  that  the 
stodc  is  to  be  oompleted  before  fitting  on  to  the  shank.  AAer  the  stock  is  shaped,  a  hole 
a  to  be  made  through  the  middle  of  it,  to  fit  that  part  of  the  shank  to  which  it  is  to  be 
affixed.  Two  stock  plates  are  then  to  be  let  in,  one  on  each  side  of  the  stock,  and  made 
fcst  by  coonter  sunk  nails  and  straps,  or  hoops ;  other  streps  or  hoops  of  iron  are  also  to 
be  placed  round  the  stock,  as  usual. 

In  place  of  nuts,  formed  upon  the  shank  of  the  anchor,  it  is  proposed  to  secure  the 
alDck  by  means  of  a  hoop  and  a  key,  shown  above  and  bek)w  j.  In  fig.  14.  By  this 
eontrivance,  the  stock  is  prevented  from  going  nearer  to  the  crown  of  the  anchor  than  it 
OQSht  to  do,  and  the  key  prevents  it  from  sliding  towards  the  shackle. 

Since  fitting  the  stock  to  the  shank  of  an  anchor,  by  this  method,  prevents  the  use  of 
a  rinsT,  as  in  the  ordinary  manner,  the  patentee  says  that  he  in  all  cases  substitutes  a 
shackle  for  the  rin?,  and  which  is  all  that  is  required  for  a  chain  cable ;  but,  when  a 
hempen  cable  is  to  be  used,  he  connects  a  ring  to  the  usual  shackle,  by  means  of  a  join- 
ing shackle,  as  in  figs.  13  and  14. 

Mr.  Rodgers  proposes,  under  another  potent,  dated  July,  1833,  to  alter  the  size  and 
Ibrm  of  the  palms ;  having  found  from  experience  that  anchors  with  small  palms  will 
not  only  hold  better  than  with  large  ones,  but  that  the  arms  of  the  anchor,  even  without 
any  palms,  have  been  Tound  to  take  more  secure  hold  of  the  ground  than  anchors  of  the 
old  construction,  of  similar  weight  and  length.  He  has,  uceordingly,  fixed  upon  one- 
fifth  of  the  length  of  the  arm,  as  a  suitable  proportion  for  the  length  or  diepth  of  the  palm. 
He  mokes  the  palmsi,  also,  broader  than  they  are  long  or  deep. 

ANIME'.  A  resin  of  a  pale  brown  yellow  color,  transparent  and  brittle.  It  exudes 
from  the  courbaril  of  Cayenne,  a  tree  which  grows  also  in  various  parts  of  South  Ameri- 
ca. It  oeeurs  in  pieces  of  various  sizes,  and  it  oAen  contains  so  many  insects  belonging 
Co  liviBg  species,  as  to  have  merited  its  name,  as  being  animated.  It  contains  about  a 
illh  of  one  per  cent,  of  a  volatile  oil,  which  gives  it  an  agreeable  odor.  Alcohol  does 
not  dissolve  the  genuine  anim^,  as  I  have  ascertained  by  careful  experiments;-  nor  does 
eaootchoocine ;  but  a  mixture  of  the  two,  in  equal  parts,  softens  it  into  a  tremulous  Jel- 
ly, though  it  will  not  produce  a  liquid  solution.  When  reduced  to  this  state,  the  insects 
can  be  easfly  picked  out,  without  injury  to  their  most  delicate  parts. 

The  specific  gravity  of  the  difll^rent  specimens  of  anim^  which  I  tried,  varied  from 
1-054  to  1-057.  When  exposed  to  heat,  in  a  glass  retort  over  a  spirit  flame,  if  softeni, 
•ad,  bf  careful  management,  it  may  be  brought  into  liqfuld  fusion,  without  discoloration. 
It  then  exhales  a  few  white  vapors,  of  an  ambroaiacal  odor,  which  being  condensed  in  wa»> 
ter,  and  the  liquid  being  tested,  is  found  to  be  sttceinie  aeid.    Juthor» 

It  is  extensively  used  by  the  varnish  makers,  who  fuse  it  at  a  pretty  high  heat,  and  in 
this  state  eombine  it  with  their  oils,  or  other  varnishes. 

ANKER.  A  liquid  measure  of  Amsterdam,  which  contains  82  gallons  English. 
AKNEALINO  or  NEALING.  (Le  rteuit^  Fr.;  dot  anlatam,  Germ.)  A  process 
by  which  glass  is  rendered  less  frangible ;  and  metals,  which  have  become  brittle,  either 
in  eoBseqnence  of  fusion,  or  long-continued  hammering,  are  again  rendered  malleable. 
When  a  glass  vessel  is  allowed  to  cool  immediately  aAer  being  made,  it  will  often  sustain 
the  shock  of  a  pistol-bullet,  or  any  other  blunt  body  falling  into  it  from  a  oonsideraUe 
Wight ;  while  a  small  splinter  of  flint,  or  an  angular  fragment  of  quartz,  dropped  gently 
into  it,  makes  it  sometimes  immediately,  sometimes  aAer  a  few  minutes,  fly  to  pieces 
with  great  violence.  This  extreme  fragflity  is  prevented  by  annealing,  or  placing  the 
vessels  in  an  oven,  where  they  take  several  hours  or  even  some  days  to  eooL  Snaular  phe- 
nomena are  exhibited  in  a  higher  degree  by  glass-tears,  or  Prinee  Rupert's  drops.  They 
ave  proeored  by  letting  drops  of  melted  glass  fall  into  eoU  water.  Their  form  resembles 
that  of  a  pear,  nmnded  at  one  extremity,  and  tapering  to  a  very  slender  taQ  at  the  other. 
if  a  part  of  the  tail  be  broken  off,  the  whole  drop  flies  to  pieces  with  a  loud  explosion ; 
and  yet  the  tan  of  a  drop  may  be  cut  away  by  a  glass-cutter's  wheel,  or  the  thick  end 
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may  be  stnieic  smartly  with  a  hammer,  withont  the  l^sar  of  snfttahung  any  injuty.  Whm 
heated  to  redneas,  and  permitted  to  cool  gradually  in  the  open  air,  they  lose  these  peea- 
iiarities,  and  do  not  diifer  sensibly  from  common  glass. 

The  properties  of  nnannealed  glass  depend'  on  a  pecnliar  structve,  extending  vni- 
fonnly  through  its  whole  substanee ;  and  the  banting  of  a  glass  drop  by  breakiiig  off 
the  tail,  or  of  an  unannealed  glass  vessel,  by  dropping  a  piece  of  flint  into  it,  arises  from 
a  cradc  being  thus  begun,  which  afterwards  extends  its  ramifications  in  different  (firec- 
tions  throughout  the  glass. 

When  metals  hare  been  extended  to  a  certain  degree  under  the  hammer,  they  become 
brittle,  and  incapable  of  being  further  extended  without  cracking.  In  this  case  the 
workxnan  restores  their  malleability  by  annealing,  ar  heating  them  red-hot.  .The 
iBtionale  of  this  process  seems  to  be,  that  the  hammering  and  extension  of  the  metal 
destroy  the  kind  of  arrangement  which  the  particles  of  the  metal  had  previous  to  the  ham- 
mering; and  that  the  annealing,  by- softening  the  metal,  enables  it  to  recover,  its  original 
structure* 

Of  late  years  a  mode  has  been  discovered  af  rendering  cast  iron  malleable,  without 
subjecting  it  to  the  action  of  puddling.  The  process  is  somewhat  similar  to  that  em- 
ployed in  annealing  glass.  The  metal  is  kept  for  several  hours  at  a  temperature  a  little 
below  ita>  fusing  point,  and  then  allowed  to  cool  slowly.  In  this  manner  vessels  are 
made  of  cast  iron  which  can  sustain  considerable  violence^  wKhout  being  broken.  See 
Steel,  softening  of. 

ANNOTTO.  (Roeou,  or  rovcot/,  Fr. ;  orUa%s,  6enn.)  A  somewhat  dry  and  hard  paste, 
brown  without,  and  red  within.  It  is  usually  imported  in  cakes  of  two  or  three  pounds 
weight,  wrapped  op  in  leaves  of  large  reeds,  packed  in  casks,  from  America,  where  it  is 
prepared  from  the  seeds  of  a  certain  tree,  the  bixa  onUanay  of  Ltnnseus. 

The  pods  of  the  tree  being  gathered,  their  seeds  are  taken  out  and  bruised ;  they  are 
then  transferred  to  a  vat,  which  is  called  the  steeper,  where  they  are  mixed  with  as  much 
water  as  eovers  them.  Here  the  substanee  is  left  for  several  weeks,  or  even  months; 
it  is  now  squeezed  through  sieves  placed  above  the  steeper,  that  the  water  coAtaining 
the  coloring  matter  in  suspension  may  return  into  the  vat.  The  residuum  is  preserved 
under  the  leaves  of  the  anana  (pine-apple)  tree,  till  it  becomes  hot  by  fermentation.  It 
is  again  subjected  to  the  same  operation,  and  this  treatment  is  continued  till  no  more 
color  remains. 

The  substance  thus  ALtracted  is  passed  through  sieves,  in  order  to  separate  the 
remainder  of  the  seeds,  and  the  cobr  is  allowed  to  subside.  The  precipitate  is  boiled 
in  coppers  till  it  be  reduced  to  a  consistent  paste ;  it  is  then  suffered  to  cool,  and  dried  in 
the  shade. 

Instead  of  this  long  and  painful  labor,  which  occasions  diseases  by  the  putrefaction  in- 
duced, and  which  affords  a  spoiled  product,  Leblond  proposes  simply  to  wash  the  seeds  of 
suinotto  till  they  be  entirely  deprived  of  their  color,  which  lies  wholly  on  their  surface; 
to  precipitate  the  color  by  means  of  vinegar  or  lemon  juice,  and  to  boil  it  up  in  the  ordi- 
nary manner,  or  to  drain  it  in  bags,  as  is  practised  with  indigo. 

The  experiments  which  Vauquelin  made  on  the  seeds  of  annotto  imported  by  Lebhnii, 
confirmed  the  efficacy  of  the  process  which  he  proposed;  and  the  dyers  ascertained  that 
the  annotto  obtained  in  this  manner  was  worth  at  least  four  times  more  than  that  of  com- 
merce ;  that,  moreover,  it  was  more  easily  employed ;  that  it  required  less  solvent ;  that 
k  gave  less  trouble  in  the  copper,  and  furnished  a  purer  color. 

Annotto  dissolves  better  and  more  readily  in  alcohol  than  in  water,,  when  it  is  intro- 
duced into  the  yellow  varnishes  for  communicating  an  orange  tint 

The  decoction  of  annotto  in  water  has  a  strong  pectdiar  odor,  and  a  disagreeable 
taste.  Its  color  is  yellowish-red,  and  it  remains  a  little  turbid.  An  aBcaline  solution 
renders  its  orange-yellow  clearer  and  more  agreeable,  while  a  small  quantity  of  a  whitish 
substance  is  separated  from  it,  which  remains  suspended  in  the  liquid.  If  annotto  be 
boiled  in  water  aloag  with  an  alkali,  it  dissolves  much  better  than  when  alone,  and  the 
liquid  has  an  orange  hue. 

The  acids  form  with  this  Hqnor  an  orange-eolored  precipitate,  soluble  in  alkalies, 
which  communicate  to  it  a  deep  orange  color.  The  supernatant  liquor  retains  only  a 
pale  yellow  hue. 

When  annotto  is  used  as  a  dye^  it  is  always  mixed  with  alkaU,  which  facilitates  its 
solution,  and  gives  it  a  color  indining  less  to  Ted.  The  annotto  is  cut  in  pieces,  and 
boiled  for  some  instants  in  a  copper  with  its  own  weight  of  crude  pearl  ashes,  provided 
die  shade  wanted  do  not  require  less  alkali.  The  cloths  may  be  thereafter  dyed  in  this 
bath,  either  by  these  ingredients  ahme,  or  by  adding  others  to  modify  the  color;  but  an- 
notto is  sddom  used  for  woollen,  because  the  colors  which  it  gives  are  too  fugitive^  «wi 
may  be  obtained  hy  more  permanent  dyes.  Hellot  employed  it  to  dye  a  stuff,  prepared 
with  alum  and  tartar;  but  the  ookir  acquired  had  little  permanence.  It  is  almost  salely 
«aedfor 
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For  nlks  intended  lo  become  aoron  and  omtige,  it  is  enfficient  to  Mdor  tbem  nt  the 
rate  of  20  per  cent,  of  soap.  When  they  have  been  well  ckansed,  they  are  immersed 
in  a  bath  prepared  wiih  water,  to  which  is  added  a  qoaatity  of  aikaline  solution  of  an- 
ootto,  more  or  le^  considerable  according  to  the  shade  that  may  be  wtated.  This  bath 
should  have  a  mean  temperature,  between  that  of  tepid  and  boiling  water. 

When  the  silk  has  become  uniibrmf  one  of  the  hanks  is  taken  out,  washed,  and  wmag, 
io  see  if  the  color  be  satficientiy  full ;  if  it  be  not  so,  more  solution  of  annotto  is  addeo, 
and  the  silk  is  turned  a^n  round  the  sticks :  the  solutioa  keeps  without  alteration. 

When  the  desired  shade  is  obiained»  nothing  remains  but  to  wash  the  silk,  and  gire  it 
two  beetUnes  al  the  river,  in  order  to  free  it  from  the  c«dondaot  anaotto,  which  would 
injure  the  lustre  of  the  coior. 

When  raw  silks  are  to  be  dyed,  those  naturally  white  are  chosen,  and  dyed  in  the  an- 
notto bath,  which  should  not  be  more  than  tepid,  or  even  cold,  in  order  that  the  alkali 
may  not  attack  the  gum  ol'  the  silk,  and  dei>rive  it  of  the  elasticity  which  it  is  desirable 
for  it  to  preserve. 

What  has  been  now  said  regards  the  silks  to  which  the  aurora  shades  are  to  to  be  given ; 
but  to  make  an  orange  hue,  which  contains  more  red  than  the  anrora,  it  is  requisite, 
aAer  dyeing  with  annotto,  to  redden  the  silks  with  vinegar,  alum,  or  lemon  juice.  The 
nci  J,  by  saturating  the  alkali  empioyed  ibr  dissolving  the  annotto^  destroys  the  shade  of 
yellow  that  the  a&ali  had  given,  and  restores  it  Lo  its  natural  color,  which  indinet  a 
good  deal  to  red. 

For  the  deep  shades,  the  practice  at  Paris,  as  Macqner  informs  us,  is  to  pass  the- silks 
through  alum;  and  i(  the  color  be  not  red  enough,  they  are  passed  through  a  faint  bath 
of  brazil  wood.  Al  Lyons,  the  dyers  who  use  carthamus,  sometimes  employ  old  baths 
of  this  ingredient  for  dipping  the  deep  oranges. 

When  the  orange  hues  have  been  reddened  by  alum,  they  must  be  washed  at  the  river; 
but  it  is  not  necessary  to  beetle  them,  unless  the  eolor  turns  out  too  red. 

Shades  may  be  obtained  also  by  a  single  operation,  which  retain  a  reddish  tint,  en- 
ploying  for  the  annotto  bath  a  less  proportion  of  alkali  than  has  been  pointed  out. 

Guhliche  recommends  ^o  aroid  heat  in  the  preparation  of  annotto.  Hediseets  it  to  be 
placed  in  a  glass  vessel,  or  in  a  glaaed  earthea  one;  to  cover  it  with  a  solotion  of  pure 
alkali ;  to  leave  the  mixture  at  rest  for  24  hours ;  to  decant  the  liquor,  filter  it,  and  add 
water  repeatedly  to  the  residuum,  leaving  the  mixture  each  time  at  rest  Ibr  two  or  three 
days,  till  the  water  is  no  longer  colored ;  to  mix  all  these  liqaofs,  and  preserve  the  whole 
for  nse  in  a  well-stopped  vessel. 

He  macerates  the  silk  for  12  hours  m  a  solution  of  alum,  at  the  rate  of  an  eighth  of 
this  salt  for  one  part  of  silk,  or  in  a  water  rendered*  aeklolous  by  the  aeeto-eitrie  acid 
above  described ;  and  he  wrings  it  well  on  its  coming  out  of  this  bath 

Slk  thus  prepared  is  put  into  the  annotto  bath  quite  cold.  It  is  kept  in  agitatiob 
there  till  it  has  taken  the  shade  sought  lor;  or  the  liquor  may  be  maintained  at  a  heat 
far  below  ebullition.  On  being  taken  out  of  the  bath,  the  silk  is  lo  be  washed  and  dried 
io  the  shade. 

For  lighter  hues,  a  liquor  less  charged  with  color  is  taken ;  and  a  little  of  the  acid 
liquid  which  has  served  for  the  mordant  may  be  added,  or  the  dyed  silk  may  be  passed 
through  the  acidulous  water. 

We  have  seen  the  following  preparation  employed  for  cotton  velvet : — one  part  of 
quicklime,  one  of  potash,  two  of  soda. 

Of  these  «  ley  as  formed,  in  which  one  part  of  annotto  is  dissolved ;  aniT  the  mbttnre 
IS  boiled  for  an  hour  and  a  half.  This  bath  affords  the  liveliest  and  most  brilliant  auro- 
ras. The  buff  (chamois)  fttgiiive  dye  is  aUo  obtained  with  this  solotion.  For  this  pur- 
pose only  a  little  is  wanted ;  but  we  must  never  forget,  that  the  colors  arising  from  an- 
notto are  all  fugitive. 

Dr.  John  found  in  the  pulp  surrounding  the  anfermeated  fresh  seeds,  which  are  abent 
ihe  size  of  little  peas,  28  parts  of  coloring  resinous  matter,  26*5  of  yegetable  gluten,  80 
of  ligneous  fibre,  20  of  coloring  extractive  matter,  4  formed  of  matters  aaalogooa  to  vegt* 
table  gluten  and  extractive,  and  a  trace  of  spicy  and  acid  matters. 

The  Gloucestershire  cheese  is  colored  with  aanotto,  in  the  proportion  of  one  ewt.  to 
an  ounce  of  the  dye. 
When  used  in  calico-printing,  it  is  usually  mixed  with  potash  or  ammonia  and  staroh. 
It  is  an  appropriate  substance  for  tinging  varnishes,  oils,  spirits,  Itc. 
The  import  duty  upon  annotto  is  1^.  per  cwt  fi»r  fiag,  and  4«.  for  other  sorts.    In  l884, 
252,981  lbs.  were  imported ;  and  in  1835, 163,421  lbs.    The  revenne  from  this  drag  in 
these  two  years,  was  180^  and  98/.  respectively. 

ANTHRACITE,  from  mS^a^f  eoal,  is  a  species  of  coal  found  in  the  traajation  rock 
formation,  and  is  oAen  called  stone  coal.  It  has  a  gcayish  blaek,  or  iron  Idack  oolar, 
an  imperfectly  metallic  lustre,  conchoidal  fracture,  and  n  specific  gntvity  of  from  1"4  to 
1*6,  being,  therefore^  much  denser  than  the  coal  of  the  proper  eoal  acaMiresti    It  oonsisls 
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wlisUjr  of  carbon,  with  a  imall  aod  Tarlable  pro(«ituni  of  iroa,  ailiea,  and  alDniua.  Il 
11  difficult  to  kindle  in  sepantB  manes,  and  burag  wbeo  in  hraps  or  grates  vtlhoDi 
•mell  or  tmidte,  leaving  sometimea  an  tanij  residuum.  It  baa  b«en  little  explored  or 
voj-ked  in  tbe  old  vorld ;  but  ia  exteniHel;  used  in  the  United  States  ot  America,  and 
has  become  u(  late  yeare  a  tnuit  nluabte  mineral  to  Ibat  coanlr]-,  whrrre  il  is  bunied  in 
paculiar  gtatee,  adapted  to  ili  difficolt  combuilioa.  In  PennsTlTania  ibe  aathracite  coal 
fonBalion  has  been  traced  through  a  tract  manf  milet  in  width,  aad  extending  across 
the  two  entire  counties  of  Lozerne  and  Schuylkill.  Al  Maauch  Clionlc,  upon  Ibe  Lie- 
high,  BOO  men  were  eiiiplayed,  so  far  back  as  1S25,  in  digging  this  coal.  Ia  tliat  year 
7fi0,000  bushels  were  despatched  for  Philadelphia.  It  is  worked  there  with  liilte  cost  or 
labor,  being  situated  on  liills  rrom  300  to  600  feet  above  the  level  of  the  Deighborinit 
rivers  and  canals,  and  eiieting  in  nearly  horiionlal  beds,  of  from  15  to  40  feet  io  thick- 
IMH,  covered  by  only  a  few  feel  cf  gravelly  loaiii.  At  Portsmouth,  in  Rhode  Inland,  ut 
dtensive  stratum  of  tbii  coal  has  been  worked,  wilh  some  interraptions,  far  20  years  ; 
and  more  recently  s  mine  of  anthracite  has  been  opened  al  Worcesl«-,  in  Massachusetts, 
at  the  head  uf  the  Blaekstone  canal.  It  has  been  of  late  employed  in  Soalh  Wales,  fol 
nnelting  iron,  and  in  a  cupola  blast  furnace,  by  Mr.  Crane. 

ANTIGUGGLF.R.  A  small  syphon  of  metal,  which  »  inserted  into  the  months  of 
casks,  or  large  bottles,  called  carboys,  to  odmH  air  over  the  liquor  eoDlained  in  them,  and 
thus  to  facilitate  their  being  emptied  wiihant  agilalian  or  a  guggling  noise. 

ANTIMONY.  {^Klimoixe,  Fr.;  Spiusglanz,  or  SpUaglaH,  Ger.)  The  only  ore 
of  this  metal  found  in  sufficient  sburdance  to  be  smelted,  is  the  Bulphnrel,  liirinerly 
called  erade  antimony.  It  occurs  generally  in  masses,  consisting  of  needles  closely 
aegregated,  of  a  metallic  liisti  e,  a  Irad-gtay  color,  iuetining  to  steel-gray,  which  is  un- 
changed in  the  streak.  The  neeilles  ore  eitremely  brittle,  and  mell  even  in  the  lame 
ofa  candle,  with  the  exhalation  of  a  sulphureous  smell.  The  pc^er  of  this  sulphur«t 
is  very  black,  and  was  employed  by  women  in  ancient  times  to  slain  their  eyebrows  and 
eyelids.  This  ore  couiisU  in  100  parts  of  T2-B6  metal,  and  27-14  sulphur.  Specific 
gravity  (torn  4-13  to  4-8. 

The  veins  ofsutpharei  ofantioMiB;  oeenr  associated  with  gangncs  of  qnaiiz,  sulphate 
of  baljtes,  and  carbonate  of  lime;  those  of  AUemont  occur  in  the  numerous  Sssurea  ofa 
KicB  schist,  evidently  primitive. 

In  treating  the  ore  to  obtain  the  metal,  the  first  object  is  to  aepaistc  the  gangue, 
which  was  formerly  dnne  by  filling  enicibles  with  the  mixed  material!,  placing  them  on 
(he  hearth  of  sn  oven,  and  exposing  them  to  a  moderate  heat.  As  the  sulphurft  easily 
melts,  it  ran  oat  through  a  hole  in  the  boltom  of  the  crneible  into  a  poL  placed  beieath, 
knd  out  of  the  reach  of  the  fire.  But  the  great  loss  f^om  breakage  of  the  crucibles,  has 
caused  another  method  to  be  adopted.  In  this  Ibe  tnoken  ore,  beng  sorted,  is  laid  on 
the  bottom  of  a  eoneave  reveibeiatory  hearth,  where  jt  is  reduced. 

Figs.  IB,  19,  represent  a  wind  oi  flame  furnace,  for  the  reduelioa  of  antimony.    Th? 

hearth   is  formed  of  sand 

and    day  solidly   beat    to- 

■      gelher,  and  slopes  from  all 

sides   towards    the   midile, 

,      where  it  is  connected  with 

the  orifice  a,  which  is  dosed 

with  dense  eoal-ashes  ;    b  is 

I      the  air  channel  np  Ihrnaglt 

3   the  bridge;   r,  the  door  fol 

intrednctng  the  prepared  ore,  and  running  off  the  slags ;  d,  the  bridge ;  t,  the  grate ;  /, 

the  fire  or  fuel  door ;  g,  the  chimney.    With  S  or  3  cwt.  of  ore,  the  smel^ng  process  ii 

completed  in  from  8  to  10  hours.    The  metal  thus  obtained  is  not  pure  enough,  but  must 

be  fused  under  coal  dust,  in  porliuus  of  SO  or  30  pounds,  in  crucibles,  pla^  upon  a 

reverberatory  hearth. 

To  obtain  antimony  free  from  iron,  it  shonld  be  fused  wilh  some  antimonk  oxyde  in 
a  crucible,  whereby  the  iron  is  oxydiied  and  separnled.  The  presence  of  ar^enie  in 
antimony  is  detected  by  the  garlic  smell,  emitted  by  such  an  alloy  when  heated  al  the 
blow-pipe)  or,  belter,  by  igniting  it  wilh  nitre  in  a  crucible;  in  which  case,  insoluble 
antimonite  aad  antimoniate  of  potnsh  will  he  fomed  along  wilh  soluble  arseaiate. 
Water  digested  upon  the  mixture,  fihercd,  and  then  tested  wilh  nitrate  of  silver,  wiU  af- 
ford the  brown-red  precipitate  character islic  of  arsenic  acid. 

According  to  Berthier,  the  following  materials  afford,  in  smehing,  an  excellent  pro- 
dactof  antimony  :  100  parts  of  sulphuric ;  60  of  hammerscfalag  (protoiyde  of  iron  frotn 
the  ahingling  or  rolling  mills) ;  45  to  50  of  earbonale  of  soda  ;  and  10  of  charcoal  pow- 
der. From  6S  to  TO  parts  of  raetallie  antimony  or  reguhis  should  be  obtained.  Glauber 
■alls  may  be  used  instead  of  soda.  For  another  mode  of  smelting  antimony,  at  Malbosc, 
in  the  depaitment  of  Aid^che,  in  France,  see  LiqvATroN. 

In  the  works  where  antimonisl  ore*  are  smelted,  by  means  of  tartar  (argol),  the  alkft- 
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line  worie,  iHiicli  eover  tbe  metaHie  Ingots,  are  not  tejeetod  as  useless,  for  thfy  hold 
a  eeitain  qimntity  of  antimonial  oxyde  in  combination ;  a  property  of  the  potash  flnx, 
irfakh  is  propitaons  to  the  purity  of  the  metaL  These  scorias,  consisting  of  culphnret 
of  potasnom  and  antinionite  of  potash,  being  treated  with  water,  undergo  a  reciprocal 
deeompoaitioa ;  the  elements  of  the  water  aet  on  those  of  the  solphuret,  and  the 
resulting  allcaJine  hydro-snlphnret  reacts  on  the  antSmonial  solution,  so  as  to  form  a 
species  of  krnnt*  mintrai,  which  precipitates.  This  is  dried,  and  sold  at  a  low  price  » 
a  Teterinary  medicine,  under  the  name  otkennesy  by  the  dry  way. 

Metallic  antimony,  as  obtained  by  the  preceding  process,  is  the  antimony  of  com- 
meree,  but  is  not  absolutely  pure ;  eontaiaing  frequently  minute  portions  of  iron,  lead, 
and  eren  arsenic ;  the  dete^on  and  separation  of  which  belong  to  the  sciences  of  che* 
mistry  and  pharmacy.  Antimony  is  a  brittle  metal,  of  a  silrery  white  color,  with  a 
tinge  of  bine,  a  lamellar  texture,  and  crystalline  fracture.  When  heated  at  tho  blow- 
pipe, it  melts  with  great  readiness,  and  diffuses  white  vapors,  possessing  somewhat  of  a 
garlic  smelL  If  thrown  in  this  melted  state  on  a  sheet  of  flat  paper,  the  globule  sparkles, 
and  bursts  into  a  multitude  of  small  spheroids,  which  retain  their  incandescence  for  a 
long  tinoe,  and  run  about  od  the  paper,  leaving  traces  of  the  white  oxyde  produced 
during  the  combustion.  When  th^  oxyde  is  fused  with  borax,  or  other  vitnfying  mat- 
ter, it  imparts  a  yellow  color  to  it.  Metallic  antimony,  treated  with  hot  nitric  acid  and 
in  a  concentrated  state,  is  converted  into  a  powder,  called  antiinonions  acid,  which  is 
altogether  insoluble  in  the  ordinary  acid  menstrua;  a  property  by  which  the  chemist 
can  separate  that  metal  fVom  lead,  iron,  copper,  bismuth,  and  silver.  According  to 
Bergman,  the  specific  gravity  of  antimony  is  6*86 ;  but  Haidinger  makes  the  Swedish 
native  metal  on^  6*646.  The  alchemists  had  conceived  the  most  brilliant  hopes  of  this 
metal.  The  facility  with  which  it  is  alloyed  with  gold,  since  its  fumes  alone  render  this 
most  ductile  metal  immediately  brittle,  led  them  to  assign  to  it  a  royal  lineage,  and  to 
distingnish  it  by  the  title  ofrtgnlut,  or  the  little  king. 

Its  chief  employment  now  is  in  medicine,  and  in  making  the  alloys  cnlled  type  metal, 
stereotype  metal,  music  plates,  and  Britannia  metal ;  the  first  consistin^r  of  G  of  lead  and 
2  of  antimony;  the  second  of  6  of  lead  and  1  of  antimony;  the  thini  of  lead,  tin. 
and  antimony ;  and  the  fourth  also  of  lead,  tin,  and  antimony,  with  occasionall}'  a  little 
eopper  and  bianinth.— For  Glass  of  antimony,  see  Pastes. 

ANTISEPTICS.  Substances  which  counteract  the  spontaneous  dccnTnpo«?ition  of 
animal  and  vegetable  substances.  These  are  chiefly  culinary  rait,  nitre,  spices,  and 
sogar,  which  operate  partly  by  inducing  a  change  in  the  animal  or  vegetable  fibres, 
and  partly  by  rendering  the  aqueous  constituent  tmsusceptible  of  decomposition.  See 
PaovisioHSy  cuRtKo  or. 

ANVIL.  A  mass  of  iron,  having  a  smooth  and  nearly  flat  top  surface  of  steel ;  upon 
"uiiich  Uaeksmiths,  and  various  other  artificers,  forge  metals  with  the  ham'ncr.  The  com- 
Don  anvil  is  usually  made  of  seven  pieces ;  1,  the  core,  or  body ;  2, 3, 4,  5,  the  four  corner 
pieces  which  serve  to  enlarge  its  base;  6,  the  projectinjr  end,  which  has  a  square  hole 
Sot  the  reception  of  the  tail  or  shank  of  a  chisel  on  which  iron  bars  may  be  cut  through  ; 
and  7,  the  beak,  or  horizontal  cone  round  which  rods  or  slips  of  metal  may  be  turned 
into  a  eircalar  form,  as  in  making  rings.  These  6  pieces  are  welded  separately  lo  the 
first,  or  core,  and  then  hanunered  into  a  unifiMrm  body.  In  manufacturing  large 
anvils  two  hearths  are  needed,  in  order  to  bring  each  of  the  two  pieces  to  be  welded, 
to  a  proper  heat  by  itself;  and  several  men  are  employed  in  workin;^  them  together 
briskly  in  the  welding  state,  by  heavy  swing  hammers.  The  steel  facing  is  applied  by 
welding  in  the  same  manner.  The  anvil  is  then  hardened  by  heating  it  to  a  cherry  rec^ 
and  plunging  it  into  coM  water ;  a  running  stream  being  preferable  to  a  pool  or  cistern. 
The  facing  should  not  be  too  thick  a  plate,  for,  when  such,  it  Is  apt  to  crack  in  the 
hardening.  The  face  of  the  anvil  is  now  smoothed  upon  a  grindstone,  and  finally 
polished  with  emery  and  croco8,for  all  delicate  purposes  of  art. 

The  Uacksmith,  in  general,  sets  his  anvil  loosely  upon  a  wooden  block,  and  in  prefer* 
ence  on  the  root  of  an  oak.  But  the  cutlers  and  ^file-makers  fasten  their  anviU  to  a 
large  block  of  stone,  whidi  Is  an  advantage,  for  the  more  firmly  and  solidly  this  inol  is 
eonnccted  to  the  earth,  the  more  efllcaeious  will  be  the  blows  with  the  hammer  on  any 
object  placed  upon  it.  * 

AQUAFORTIS.  Nitric  acid,  somewhat  dilute,  was  so  named  by  the  alchemists 
on  aceooat  of  its  strong  solvent  and  corrosive  operation  upon  many  mineral,  vegetable, 
and  animal  snbstanees.    See  Nrraic  Acid. 

AQUA  BEOIA.  The  name  given  by  the  alchemists  to  that  mixture  of  nitric  and 
■mrlatie  aeida  which  wa»  best  fitted  to  dissolve  goM,  styled  by  them  the  king  of  the 
Bietals.    It  is  now  called  nitro^tnuriatic  acid, 

AQUA  VTTJS.  The  name  very  absurdly  given  to  alcohol,  when  used  as  an 
iatozieatiDg  bererage.  It  has  been  the  aqua  mortlt  to  myriads  of  the  Imman  iticc ;  and 
willy  probably,  ere  long  destroy  all  the  native  tribes  of  North  America  and  Australia. 
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ARCHIL.     A  violet  red  paste  used  in  dydngy  of  whMi  tha  Mbsteliee  odled 

cudbear  in  Scotland  (from  Cuihberi,  ita  first  preparer  in  that  fonn),  is  a  modifieauon. 
Two  kinds  of  archil  are  distinguished  in  commerce,  the  archil  plant  of  the  Ganariesy  and 
that  of  Auvergne.  The  first  is  most  esteemed :  it  is  prepared  from  the  HtJum  rocc/hu, 
which  grows  on  rocks  adjoining  the  sea  in  the  Canary  and  Cape  de  Verd  Islands,  in  Sai^ 
dinia,  Minorca,  &c^  as  well  as  on  the  rocks  of  Sweden.  The  second  species  is  prepared 
from  the  lichen  parelltu,  which  grows  on  the  basaltic  roeks  of  Aaveigne. 

There  are  several  other  species  of  lichen  which  might  be  employed  in  prodocing  an 
analogous  dye,  were  they  prepared,  like  the  preceding,  into  the  substance  called  archil, 
Hellot  gives  the  following  method  for  discovering  if  they  possess  Ukis  property.  A  little 
of  the  plant  is  to  be  put  into  a  glass  vessel ;  it  is  to  be  moistened  with  ammonia  and 
lime-water  in  equal  parts;  a  little  muriate  of  ammonia  (sal  ammoniac)  is  added;  and 
the  small  vessel  is  corked.  If  the  plant  be  of  a  nature  to  afibrd  a  red  dye,  after  three  or 
four  days,  the  smaU  portion  of  liquid,  which  will  run  ofiT  on  inclining  the  vessel,  now 
opened,  will  be  tinged  of  a  crimson  red,  and  the  plant  itself  will  have  assumed  this  color. 
If  the  liquor  or  the  plant  does  not  take  this  color,  nothing  need  be  hoped  for ;  and  it  is 
useless  to  attempt  its  preparation  on  the  great  scale.  Lewis  says,  however,  that  he  has 
tested  in  this  way  a  great  many  mosses,  and  that  most  of  ihem  afiforded  him  a  yellow  or 
reddish-brown  color ;  but  that  he  obtained  from  only  a  small  number  a  liquor  of  a  deep 
red,  which  communicated  to  cloth  merely  a  yellowish-red  color. 

Prepared  archil  gives  out  its  color  very  readily  to  water,  ammonia,  and  alcohol.  Its 
solution  in  alcohol  is  used  for  filling  spirit-of-wine  thermometers ;  and  when  these  ther- 
mometers are  well  freed  from  air,  the  liquor  loses  its  color  in  some  yean,  as  Abbe 
Nollet  observed.  Tlie  contact  of  air  restores  the  color,  which  is  destroyed  anew,  in 
vacuo,  in  process  of  time.  The  watery  infusion  loses  its  color,  by  the  privation  of  air, 
in  a  few  days ;  a  singular  phenomenon,  which  merits  new  researches. 

The  infusion  of  archil  is  of  a  crimson  bordering  on  violet.  As  it  contains  ammonia, 
which  has  already  modified  its  natural  color,  the  fixed  alkalies  can  produce  little  change 
on  it,  only  deepening  the  color  a  little,  and  making  it  more  violet.  Alum  Ibnns  in  it 
a  precipitate  of  a  brown  red ;  and  the  supernatant  liquid  retains  a  yellowisb-red  color. 
The  solution  of  tin  afifords  a  reddish  precipitate,  which  falls  down  slowly ;  the  super- 
natant liquid  retains  a  feeble  red  color.  The  other  metallic  salts  produce  precipitates 
which  oflfer  nothing  remarkable. 

The  watery  solniion  of  archil,  applied  to  cold  marble,  penetrates  it,  communicating  a 
beautiful  violet  color,  or  a  blue  bordering  on  purple,  which  resists  the  air  much  loncer 
than  the  archil  colors  applied  to  other  substances.  Dufay  says,  that  he  has  seen  marble 
tinged  with  this  color  preserve  it  without  alteration  at  the  end  of  two  years. 

To  dye  with  archil,  the  quantity  of  this  substance  deemed  necessary,  according  to  the 
quantity  of  wool  or  stuff  to  be  dyed,  and  according  to  the  shade  to  which  they  are  to  be 
brought,  is  to  be  difiused  in  a  bath  of  water  as  soon  as  it  begins  to  grow  warm.  The  bath 
is  then  heated  till  it  be  ready  to  boil,  and  the  wool  or  stuff  is  passed  through  it  without 
any  other  preparation,  except  keeping  that  longest  in,  which  is  to  have  the  deepest  shade. 
A  fine  grideUn,  bordering  uix>n  violet,  is  thereby  obtained ;  but  this  color  has  no  permai- 
nence.  Hence  archil  is  rarely  employed  with  any  other  view  than  to  modify,  heighten,  and 
give  lustre  to  the  other  colors.  Hellot  says,  that  having  employed  archU  on  wool  boiled 
with  tartar  and  aluto,  the  color  resisted  the  air  no  more  than  what  had  reeeived  no 
preparation.  But  he  obtained  from  herb  archil  (I'ortciUe  d'htrifi)  a  much  more  durable 
color,  by  putting  in  the  bath  some  solution  of  tin.  The  archil  thereby  loses  its  natural 
color,  and  assumes  one  approaching  more  or  less  to  scarlet,  according  to  the  quantity 
of  solution  of  tin  employed.  This  process  must  be  executed  in  nearly  the  same  manner 
as  that  of  scarlet,  except  that  the  dyeing  may  be  performed  in  a  single  bath. 

Archil  is  frequently  had  recourse  to  for  varying  the  different  shades  and  giving  them 
lustre ;  hence  it  is  used  for  violets,  lilachs,  msiUows,  and  rosemary  flowers.  To  bbtain  a 
deeper  tone,  as  for  the  deep  soupa  au  via,  sometimes  a^  little  sJkali  or  milk  of  lime  is 
mixed  with  it.  The  suites  of  this  browning  may  also  afford  agates,  rosemary  flowers, 
and  other  delicate  colors,  which  cannot  be  obtained  so  beautiful  by  other  processes. 
Alum  cannot  be  substituted  for  this  purpose;  it  not  only  does  not  give  this  lustre,  but 
it  degrades  the  deep  colors. 

The  herb-archil  is  preferable  to  the  archil  of  Auvergne,  flnom  the  greater  bloom  which 
it  communicates  to  the  colors,  and  from  the  larger  quantity  of  coloring  matter.  It 
has,  besides,  the  advantage  of  bearing  ebullition.  The  latter,  moreover,  does  not  answer 
with  alum,  which  destroys  the  color ;  but  the  herb  archil  has  the  inconvenience  of 
dyeing  in  an  irregular  manner,  unless  attention  be  given  to  pass  the  doth  throngh.  hot 
wa^er  as  soon  as  it  comes  out  of  the  dye. 

Aidul  alone  is  not  used  for  dyeing  silk,  imleas  for  lilachs ;  but  nXk  is  frequently 
passed  tiirongh  a  bath  of  archi],  either  before  dyeing  it  in  other  baths  or  after  it  hu  been 
dyed,  in  otSa  to  xnodiftr  difiSerent  eohn,  or  to  give  them  lustre.    Riamplci  of  thit 
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win  be  given  in  treating  of  the  oomponnd  colore.  It  k  nifficient  here  to  point  ont  how 
while  ttlks  are  passed  through  the  archil  bath.  The  same  process  is  performed  with  a 
bath  more  or  less  charged  with  this  color,  for  silks  already  dyed. 

Archil,  in  a  qaantity  proportioned  to  the  color  desired,  is  to  be  boiled  is  a  copper.  The 
clear  liquid  is  to  be  run  off  quite  hot  from  the  archil  bath,  leaving  the  sediment  syt  the 
bottom,  into  a  tub  of  proper  size,  in  which  the  siUcs,  newly  scoured  with  soap,  are  to  be 
tnmed  round  on  the  skein-sticks  with  much  exactness,  till  they  have  attained  the  wished- 
for  shade.    AAer  this  they  must  receive  one  beetling  at  the  river. 

Archil  is  in  general  a  very  useful  ingredient  in  dyeing ;  but  as  it  is  rich  in  color,  and 
communicaies  an  alluring  bloom,  dyers  are  often  tempted  to  abuse  it,  and  to  exeeed  the 
proportions  that  can  add  to  the  beauty  without  at  the  same  time  iiguring  in  a  dangerous 
manner  the  permanence  of  the  colors.  Nevertheless,  the  color  obtained  when  solution 
of  tin  is  employed,  is  less  fugitive  than  without  this  addition :  it  is  red,  approaching  to 
scarlet.  Tin  appears  to  be  the  only  ingredient  which  can  increase  its  durability.  The 
solution  of  tin  may  be  employed,  not  only  in  the  dyeing  bath,  but  for  the  preparation  of 
the  silk.  In  this  case,  by  mixing  the  archil  with  other  coloring  substances,  dyes  may  be 
olytained  which  have  lustre  with  sufficient  durability. 

We  have  spoken  of  the  color  of  the  archil  as  if  it  were  natural  to  it ;  but  it  is,  really, 
dne  to  an  alkaUne  combination.  The  acids  make  it  pass  to  red,  either  by  saturating  the 
alkali,  or  by  substituting  themselves  for  the  alkali. 

The  lichen  which  produces  archil  is  subjected  to  another  preparation,  to  make  turn- 
sole (litmus).  This  article  is  made  in  Holland.  The  lichen  comes  from  the  Canary 
Islands,  and  also  from  Sweden.  It  is  reduced  to  a  fine  powder  by  means  of  a  mill, 
and  a  certain  proportion  of  potash  if  mixed  with  it.  The  mixture  is  watered  with 
urine,  and  allowed  to  suffer  a  species  of  fermentation.  When  this  has  arrived  at  a 
certain  degree,  carbonate  of  lime  in  powder  is  added,  to  give  consistence  and  weight  to 
the  paste,  which  is  afterwards  reduced  into  small  parallelopipeds  that  are  carefully 


The  latest  researches  on  the  lichens,  as  objects  of  manufacture,  are  those  of  Westring 
of  Stockholm.  He  examined  150  species,  among  which  he  found  several  which  might 
be  rendered  useful.  He  recommends  that  the  coloring  matter  should  be  extracted  in 
the  places  where  they  grow,  which  would  save  a  vast  expense  in  curing,  package,  car- 
riage, and  waste.  He  styles  the  coloring  substance  itself  cutbear,  persio,  or  turnsole ; 
and  distributes  the  lichens  as  follows  : — 1st.  Those  which,  left  to  themselves,  exposed  to 
moderate  heat  and  moisture,  may  be  fixed  without  a  mordant  upon  wool  or  silk ;  such 
are  the  L.  cinareus,  amatonta,  ventonu,  coralUnu»t  toeatrvngii,  saxaiilisy  conspauuSi  bar^ 
btUiUj  plicatu$y  ra/^tniu,  &c. 

2.  Those  which  develop  a  coloring  matter,  fixable  likewise  without  mordant,  but  which 
require  boiling  and  a  complicated  preparation ;  such  are  the  lichens  subcameus,  dUleniiy 
/arinaeeiUy  jubatus,  /»ffuraceus,  ptUmonartus,  comigalus,  cocciferua,  digitatut,  micia" 
Ksy  aduMcusy  &«.  Saltpetre  or  sea-salt  is  requisite  to  improve  the  lostre  and  fastness 
of  the  dye  given  by  this  group  to  sOk. 

3.  Those  which  require  a  peculiar  process  to  develop  thdr  eolor;  such  as  those 
which  become  purple  through  the  agency  of  stale  urine  or  ammonia.  Westring  em- 
ployed the  following  mode  of  testing : — He  put  three  or  four  drachms  of  the  dried 
and  powdered  lichen  into  a  flask;  moistened  it  with  three  or  four  measures  of  cold 
spring  water;  put  the  stuff  to  be  dyed  into  the  mixture,  and  left  the  fiask  in  a  cool 
place.  Sometimes  he  added  a  little  salt,  saltpetre,  quicklime,  or  sulphate  of  copper.  If 
no  color  appeared,  he  then  moistened  the  lichen  with  water  containing  one  twentieth 
of  sal  ammoniac,  and  one  tenth  of  quicklime,  and  set  the  mixture  aside  in  a  cool  place 
Irom  eight  to  fourteen  days.  There  appeared  in  most  cases  a  reddish  or  violet  colored 
tint.  Thus  the  lichen  cinenut  dyed  silk  s  deep  caimelite,  and  wool  a  light  carmelite ; 
the  L  pkytodes  gave  a  yeUowish-gray ;  the  jnuivUUus,  a  rose  red ;  sanguinaritu,  gray ; 
iariareusj  found  on  the  rocks  of  Norway,  Scotland,  and  England,  dyes  arcrimson-red. 
In  Jutland,  cutbear  is  made  from  it,  by  grinding  the  dry  lichen,  sifting  it,  then  setting 
it  to  ferment  in  a  dose  vessel  with  ammonia.  The  lichen  must  be  of  the  third  year's 
powih  to  yieU  an  abundant  dye ;  and  that  which  grows  near  the  sea  is  the  best.  It 
loses  half  its  weight  by  drying.  A  single  person  may  gather  from  twenty  to  thirty 
pounds  a  day  in  situations  where  it  abounds.  No  less  than  2,239,685  pounds  were 
manufactured  at  Christlanrand,  Flekkefiort,  and  Fakrsond,  in  Norway,  in  the  course  of 
the  six  years  prior  to  1812.  Since  more  solid  dyes  of  the  same  shade  have  been 
invented,  the  archil  has  gone  much  into  disuse.  Federigo,  of  Florence,  who  revived 
its  use  at  the  beginning  of  the  fourteenth  century,  made  such  an  immense  fortune  by  its 
preparation,  that  his  family  became  one  of  the  grandees  of  that  city,  under  the  name  of 
OriceUarii,  or  Rucellarii.  For  more  than  a  century  Italy  possessed  the  exclusive  art  of 
making  archil,  obtaining  the  lichens  from  the  islands  of  the  Mediterranean.  According 
to  an  official  report  of  1831>  Teneriffe  furnished  annnally  500  quintals  (ewts.)  of  lichen ; 
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the  Qanary  Isles,  400 ;  Fvertft  Santnra,  300 ;  Laneerot,  300 1  Gomera,  300 ;  isle  of  Fer 
ro,  800.  This  business  belonged  to  the  crown,  and  brought  it  a  revenue  Qf  1500  piastres. 
The  farmers  paid  from  15  to  20  reals  for  the  right  to  gather  each  quintal.    At  that  time 
the  quintal  fetched  in  the  London  market  4t,  sterling. 

Archil  is  perhaps  too  much  used  in  some  cloth  factories  of  Kngland,  to  the  discredit  of 
our  dyes.  It  is  said,  that  by  its  aid  one  third  of  the  indigo  may  be  saved  in  the  blue  vat ; 
but  the  color  is  so  much  the  more  perishable.  The  fine  soft  tint  induced  upon  much  of 
the  black  cloth  by  means  of  archil  is  also  deceptive.  One  half-pound  of  cutbear  will 
dye  one  pound  of  woollen  doth.  A  crimson  red  is  obtained  by  adding  to  the  de- 
ooctioc  of  archil  a  little  salt  of  tin  (muriate),  and  passing  the  cloth  through  the  bath, 
after  it  has  been  prepared  by  a  mordant  of  tin  and  tartar.  It  must  be  afterwards  passed 
through  hot  water. 

ARDENT  SPIRIT.    Alcohol  of  moderate  strength. 

AREOMETER  OF  BAUME\    This  scale  It  mnch  used  by  the  French  authors. 

Specific  Gravity  Numbers  corresponding  with  Banm^'s  Areooietric  Degrees. 


Liqaida  denser  than  Water. 

Less  dense  tbnn  Water.              j 
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ARGILLACEOUS  EARTH.  The  earth  of  clay,  called  in  chemistry  alumina,  because 
it  is  obtained  in  greatest  purity  from  ^lum. 

ARGOL.     Crude  tariar ;  which  see. 

ARMS.    Weapons  of  war.    See  Fire-Arms  for  an  account  of  this  manufacture. 

AkRACK.  A  kind  of  intoxicating  beverage  made  in  India,  by  distilling  the  ferment* 
ed  juice  of  the  cocoa-nut,  the  palmyra  tree,  and  rice  in  the  husk. 

ARROW  ROOT.  The  root  of  the  waranta  anindinaceay  a  plant  which  grows  in  the 
West  Indies,  furnisheii,  by  pounding  in  mortafs  and  elutriation  through  sieves,  a  peculiar 
species  of  starch,  commonly,  but  improperly  called  arrow  root.  It  is  reckoned  more 
nourishing  than  the  starch  of  wheat  or  potatoes,  and  is  generally  also  freer  from  peculiar 
taste  or  flavor.  The  fresh  root  consists,  according  to  Benzon,  of  0-07  of  volatile  oil ; 
26  of  starch  (23  or  which  are  obtained  in  the  form  of  powder,  while'  the  other  3  must 
be  extracted  from  the  parenchyma  in  a  paste  by  boiling  water)  ;  1'58  of  vegetable  albu- 
men ;  0'6  of  a  gummy  extract ;  0*25  of  chloride  of  calcium ;  6  of  insoluble  fibrine ;  and 
65*6  of  water. 

The  import  duty  upon  arrow  root  from  our  own  colonies  is  U,  per  cwt. ;  from  foreign 
parts  2d.  per  lib.  In  1835,  987,966  lbs.  were  imported,  of  which  only  6267  were  export- 
ed ;  leaving  895,406  for  home  consumption.  The  total  revenue  derived  that  year  from 
an-ow  root,  was  518/.    See  Starch. 

ARSENIC.  This  metal  occurs  native  in  the  state  of  oxyde,  and  also  combined  with 
sulphur  under  the  improper  name  of  yellow  and  red  arsenic,  or  orpiment  and  realgar. 
Arsenic  is  associated  with  a  great  many  metallic  ores ;  but  it  is  chiefly  extracted  from 
those  of  cobalt,  by  roasting,  in  which  ease  the  white  oxyde  of  arsenic,  or,  more  correctly, 
the  arsenious  acid  is  obtained.    This  acid  is  introduced  occasionally  in  small  Quantities 
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Wo  Ike  naterikb  of  ftiot  glam,  dlber  berore  tbeir  fniiDn,  or  ia  Uir  melting  pot.  It  stmt 
Id  pnvxydize  U»  iron  oi^e  in  the  sajid,  and  therebf  to  piuit'y  ihE  body  of  the  glass ; 
Iral  BD  eieesi  of  it  makes  the  gtaaa  milkr. 

Stkalfa  grtta  a  ■  axDbinBtioD  of  Ihia  ancnioai  acid  with  oii'de  of  copper,  or  an 
■noite  of  copper,  and  is  described  under  this  metal. 

Jrttwiai*  of  fotaA  U  prepared,  in  the  uttail  way,  by  exposing  to  a  moderate  heat  in  ■ 
cmeitde,  a  niitare  of  equal  parts  of  vhite  arsenic  and  nitre  in  powder.  Arier  fusion, 
the  CTDcible  ia  to  be  cooled  ;  the  coBtcDlsJieii)^  dissolved  in  hoi  water,  and  ihe  EolutioD 
Gllered,  iriU  aflbrd  refular  ci^staU  on  coolinz.  According  lo  M.  ilerzelius,  they  are 
twnposed  oTanenic  ackl,  63-HT',  potash,  £6-16  i  and  water,  9-97.  It  is  an  aciiluloas 
tail,  and  is  hence  osuaUj  called  the  binojseniate,  to  dencte  that  ila  composition  is  2 
aUMB  of  arsenic  acid,  and  I  of  poiash.  This  article  i*  prepared  upon  the  great  scale,  in 
SaxonT,  by  melting  nitre  and  araenious  acid  together  in  a  cylinder  of  cast-iron.  A 
Dcatral  aneoiate  also  is  readilT  formed,  by  satmatiag  the  excels  of  acid  in  the  above  ull 
with  potash  1  it  does  not  crystallize.  The  acid  arseniate  is  occasionally  used  in  calico 
pnatiag,  for  preventing  certain  poiots-oT  the  cotton  doth  from  taking  on  the  mordant; 
»itli  which  TJev  il  is  mixed  ap  with  gum  water  and  pipe-clay  into  a  paste,  which  is  ap- 
plied to  such  phioes  with  a  block. 

The  extraction  of  arsenic  from  the  cobalt  ores,  is  performed  at  Altenber^  and  Reichen- 
MoD,  in  Silesia,  with  an  apparatus,  Mcellently  contrived  to  protect  the  health  of  the 
Hnehers  from  the  vapors  of  Ihii  most  noxious  melaUic  sublimate. 

Figt.  SO  10  23  represent  the  arsenical  furnaces  at  AUenbel^.  Fig.  20  is  a  vertical 
sectkHi  of  the  poison  tower;  fig.  21,  a  hmgitudinal  section  of  the  subliming  rumaee  A, 
with  the  adjoining  vanlt  i,  and  Ibc  poison  tower  in  pan  at  n ;  fig.  32,  the  transverse 
teclUm  of  the  famaee  A,  <i(  fig.  21 ;  fig.  23,  ground  plan  of  the  fumsce  a,  wher.?  the 
leA  hair  ahowi  the  part  above,  and  the  right  the  part  below  the  muffle  or  oblong 
rtloTi;  b'  is  the  upper  view,  b"  the  ground- plan  of  the  vault  a,  oC  fig.  21 ;  m.  n,  the 
base  tS  the  poison  tower.  In  the  levenl  figures  the  faow  letter*  denote  the  sane  object* ; 


a  la  the  mnflle ;  £  is  iU  mouh  for  tnrning  over  the  arsenic^  sehlich,  or  ground  ore ; 
c  c  e,  fire  draugbts  or  Sues ;  if,  an  aperture  far  ckaifing  the  maffle  with  fresh  scblich ; 
(,  the  imoke  chimney ;  /,  two  channels  or  flues  for  the  ascent  of  the  araenioua  fume*, 
which  proceed  to  other  two  flaes  g,  and  then  terminate  both  in  A,  which  conducts  the 
fumes  into  the  vault  ■.  They  issue  by  the  door  i,  into  the  conduit  it,  thence  by  /  into  the 
fpMc*  «,  ■,  ^  j>,  9,  r,  of  the  tower.    The  incondensable  gases  escape  by  the  chimney,  *. 
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The  coTct  I,  ii  reiDOTed  after  completion  of  tbe  proecti^  in  orier  U>  jMik  4avi  the  p ra- 
cipiute  into  the  lower  comparlmenu. 

The  artenions  schlicli,  to  the  amount  of  9  or  10  cwl.  fcr  one  opention  (1  roait-fost, 
or  martins  ronnd),  are  spread  2  or  3  inchet  thick  npon  the  bottom  of  tbe  mnffie,  heated 
with  a  brisk  fire  to  rednesB,  1h«n  wilh  ■  penllcr  heat,  in  older  to  ondiie  completel;, 
beibre  cnbliming,  the  arsenical  ore.  With  this  view  the  air  mast  bav«  f>ec  enlnmce,  and 
(he  front  aperlnre  of  the  muffle  must  be  lefX  quite  open,  Afler  1 1  or  13  hours,  the  cal- 
cined materials  are  raked  out  ly  the  month  of  the  muffle,  acd  fresh  one*  are  introduced 
br  the  openings  indicslfd  above,  nhich  ore  closed  during  the  sublimation. 

T^e  ajienious  acid  found  in  1hc«e  pnsGages  is  not  marketable  till  it  be  re-rabUmnl  in 

In^  iron  pots,  surmounted  wilh  R  tciin  of  sheet  iron  dmim  or  eut-iron  crlinden,  upon 

the  sides  of  which  the  arsenic  is  condensed  in  it«  compact  glasty  form.   The  top  cylioder 

»  famished  with  a  pipe,  which  tenninalea  in  ■  condensinf  chamber. 

Fig:  24,  25,  represent  the  arsenic  refining  ftirnaces  at  Reicbenstein.    Fig.  24  shown 

at  A,  a  Tcrtjcal  section  of  the  nimace. 

the  kettle,  and  the  surmounting  dnmis 

or  erlinden ;  over  b  it  is  wen  in  elera- 

tion;  fig.  2S    ia  It   ground    plan  of  the 

fooi  flrepUeee.    a  is  the  pate ;  b,  the 

ash-pit ;  c,  tbe  openings  for  firing ;  d, 

the   lire-place ;   t,  iron  pots  or  kettles 

which  are  chained  wilh  the  arseniou 

powdery  /,  the  fire-flnei  [«t>cecdiag  to 

die  cominon  chimner  g;   k,   iron  ej- 

liuders;    i,    eap«;    k,  pipes   Icidiag   to 

the  poison  vent  1 1  m,  openings  in  the 

pipes    for     introducing     the     probing 

The  conduct  of  the  process  is  as 
follows:— The  pot  is  filled  nearly  to 
ill  brim  with  3^  cwt.  of  the  arsenic 
meal,  the  cflinaera  are  fitted  on  by 
means  of  their  handles,  and  Intcd  to- 
gether wilh  a  mijlnre  of  loom,  blood, 
and  hair ;  then  is  appUed  first  a  genllr, 
and  after  half  an  hour,  a  strong  fir«, 
whereby  the  arsenic  is  raised  partly 
in  the  Ibrm  of  a  white  dnsc,  and  partly 
in  crystals  j  which,  by  the  conlimaiice 
of  the  hea^  fnse  together  into  a  homo- 
geneoua  ta»s*.  If  Ihe  fire  be  too  fee- 
•  25'  ble,  only  «  suhlimale  is  obtained;  bni, 

if  too  violent,  much  of  the  aisenic  it 
volatilized  into  the  pipes.  The  work- 
men judge  by  the  heat  of  the  cylin- 
ders whether  the  operation  be  going 
on  well  or  not.  After  12  houn  Ihe 
(bmace  is  allowed  to  cool,  provided 
the  probe  wires  shew  that  Ihe  subli- 
mation is  over.  The  cylindera  are 
then  lifted  olT,  and  Ihe  arseuious  gla&a 
is  detached  from  Ihrir  inner  surface. 
According  to  the  quality  of  the  poison 
flour,  it  yields  ft^m  ]  to  )  of  its  weight 

if  the  glass  or  eniuneL    Should  rny  dark  particles  of  metallic  arsenic  be  inlenniicd  with 

Ihe  glus,  a  tiesh  suhliitialion  most  be  bad  tecourw  to. 
Tbe  following  is  the  product  in  cwts.  of  arscnions  acid,at  Allenberg  and  Eeichenstun, 

in  Silesia,  in  tbe  years 

I  itiu.  I  IMS.      ibiT.      ]«».      lesa.      mo.  j  leii.      i^a~] 


Sublimed  arsenic  in  pow- 
I    der    - 

jTellow  arsenical  glass  - 
iHed  arsenical  glau 


ASTESUN  WELLa  (& 

AETESIAN  WELLS.  Under  Uiii  nwnc  u  do^nstnl  ■  crtindrieal  pofontion, 
kond  Tcnieally  down  tluongh  one  or  more  of  the  geological  Krata  of  ihe  eartb,  [ill  il 
pmei  iMo  B  paniw  fn>rel  bed  eoataiiung  wvler,  placed  nnder  such  ineambent  p»unrc 
u  lo  mak«  i:  mooot  sp  through  the  periumiaD,  either  to  the  surface  or  ta  a  height  con 
TcoKU  Tor  Ihe  optntion  of  ■  pump.  la  the  fint  nse,  these  irells  are  called  sponlintr 
or  oTerflooiDg.  Tkii  pcopeity  is  not  directly  proportional  lo  the  depth,  lu  might  at  SnI 
•igbt  be  mppoaed,  bnl  lo  ihe  labjaeenl  prcsaore  npon  Ihe  irater.  We  do  not  kaow  v\- 
aolj  the  penod  mt  which  Ihe  borer  or  iDUiid  WM  applied  to  (he  iavesligalion  of  snbler- 
laaeaa  Icwataiiu,  Ixit  we  believe  the  fini  overflowio;  veils  irere  made  in  the  ancient 
Freoch  proTiaee  of  Artois,  whence  the  name  of  Arlesiao.  These  veils,  of  snch  impor' 
Mm  to  KsricDltuie  slul  DHmaractares,  Bi»d  which  cost  nothinjr  lo  keep  them  in  condition, 
hare  been  in  use,  undoubteilty,  for  serenl  cealnries  in  tbe  Dorthem  departments  ofFrance, 
and  tbe  north  of  Italy  ;  bnl  it  ii  not  more  than  50  or  60  yean  nnee  they  became  known 
in  England  and  Germany.  There  are  now  a  great  many  such  wells  in  London  and  its 
■eigbborbood,  pnibraled  1  hrongh  the  isttneikaely  thick  bed  of  the  Iioridon  clay,  and  even 
Ihroagh  mme  portions  of  Ihe  luhfaeent  chalk.  The  boring  oT  such  wells  has  given  mncb 
asi^  into  Ihe  geolo^iical  strneture  of  many  dittricta. 

The  rornution  of  .\rlejian  wells  depends  on  tiro  Ihinzs,  essentially  distinct  from  each 
other:  ].  On  an  acqaainlance  with  the  physical  constitution,  or  nalnre,  of  the  mineral 
■iniFtnre  of  each  particular  eounlry ;  and,  2.  On  the  skilful  direction  of  the  procesae* 
by  which  we  can  reach  the  water  level,  and  of  those  hy  which  we  can  promule  its  ascent 
la  the  lobe.  We  shall  firal  treat  of  the  best  method  of  making  Ihe  well,  and  then  offei 
some  general  remariu  on  the  other  snbjeet*. 

The  operations  employed  for  penetrating  (he  soil  are  entirety  similar  lo  those  daily 
[aactised  by  the  miner,  in  bormg  lo  And  metaUie  veins  ;  but  the  vcU  excavator  must  re- 
wn  to  pecnlisr  expedients  to  prevent  the  purer  water,  which  comes  from  deep  elrala, 
toingling  with  the  cruder  waters  of  Ihe  alluvial  beds  near  the  surface  of  the  ground,  as 
alao  to  prevent  the  small  perlbralion  getting  evenluallf  filled  with  rubbish. 

The  cause  of  overflowli^  wella  has  been  ascribed  to  a  variety  of  circumstances.  Bat, 
ai  it  if  now  generally  admitted  that  the  niuneroos  springs  whii^  issue  from  the  ground 
pnteeed  from  the  infiltration  of  the  waters  progressively  condensed  in  rain,  dew,  snow, 
kc,  npon  the  surTace  of  our  globe,  the  Iheory  of  these  interior  itreamlels  bccomea  by  no 
maaa  intiieale ;  being  snali^ous  lo  Ihat  of  syphons  and  water  jets,  as  eiponmlcd  in  Ihe 
Deatises  on  physics.  The  waters  are  diffused,  afler  condensation,  upon  the  surface  of  Ihe 
soil,  and  percolate  downwards,  through  Ihe  various  pores  and  fissures  of  the  geoli^ical 
Mraia,  to  he  again  united  subtcrraneously  in  veins,  rills,  streamlets,  or  expanded  films, 
of  greater  or  less  roagnilndc,  or  regularity.  The  beds  traversed  by  numerous  disjnnctiont 
wiB  give  occasion  to  nnmerous  interior  currents  in  all  directions,  which  cannot  he  re- 
covered, and  t>rought  to  the  day  ;  hoi  whea  the  ground  is  composed  of  strata  of  sand,  (V 
gnvri  very  petmeable  to  water,  separated  by  other  strata  nearly  imperyious  to  it,  reser- 
voir* are  formed  (o  our  hand,  from  which  an  abundant  supply  of  water  may  he  spontone- 
ansly  raised,  in  this  case,  as  soon  as  the  upper  slratom  ii  perforated,  the  waters  may 
me,  in  consequence  of  Ihe  hydrostatic  pressure  upon  the  loiver  strata,  and  even  overflow 
the  sorfkee  in  a  eonstaal  stream,  provided  the  level  ftom  which  Iliej'  proceed  be  propor- 
tioaallr  b^er. 

Tbe  sheetsof  water  oceur  principally  at  the  separation  of  two  contiguous  formations; 

and,  if  the  sncccssion  of  the  geological  strata  be  considered,  this  diatribulion  of  the  water 

will  be  seen  to  be  its  necessary  consequence.    In  fact,  the  lower  beds  are  frcqwotly 

composed   of  compact  sandstone  or  timeslohe,  and  Ihe  upper  beds  of  clay.     In  levd 

eonntries,  Ihe  formalioos  being  almost  alwoys  in  horizontal  bedn,  ihc  waters  which  feed 

Ihe  Artesian  wells  must  come  from  districts  somenhnt  remote,  where  the  strata  are  more 

devated,as  towards  Ihe  secondary  and  1  ran sition  rocks.    The  copious  streams  condensed 

upon  the  sides  of  these  odder  lands  maybe  therefore  regarded  as  the  proper  reservoir^  of 

■or  veils. 

Fig,  2$  represents  the  manner  in  which. the  condensed  water  of  the  heavens  dis- 

Iributcs  itself  under  Ihe 

aarface    of    our    globe. 

Here  we   have   a  geoh>- 

gical     section,    showing 

Ihe     succession     of    tbe 
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10  which  Ihe  water  rewceailt  ia  Ihe  bore  of  k  well  dapendt  apon  the  beight  of  llie  re- 
MTToir  which  lapplies  the  ihect  of  wuer  lo  whicli  (be  well  is  peribntei].  ThD«  the 
well  A,  haTing  ^twe  do*a  lo  Ihe  aqneoat  eipaaie  a  a,  'vbou  waieri  of  tupplf  an  de- 
rived from  the  percolatioo  h,  wtU  aJSord  riling  waters,  which  will  came  to  the  vul'fccei 
while  In  the  well  b,  supplied  by  the  sbeet  r,  the  waters  will  spont  above  the  lorrace, 
and  in  the  well  c  thef  will  remain  short  of  it.  The  same  figure  shows  thai  thrse  wells 
ode n  tiaTcne  sheets  uf  water,  which  rise  lu  diflhrent  heights.  Thus,  in  the  weli  c  there 
are  fire  eolnnina  of  ascending  waten,  wliieh  risa  to  heights  propOTtioael  to  the  painti 
whence  they  take  iheir  origin.  Several  of  these  will  be  spouting  or  OTcrflowing,  bat 
tODie  will  reauuD  beneath  the  surfBce. 

The  situaltoQ  <rf'  the  inlended  well  being  detemiiaed  npon,  a  circidaT  hole  is  f  eoeialtf 
dn;  in  the  ^trouad,  about  6  or  S  feet  deep,  aiul  5  or  6  feel  wide.  In  tbe  centre  of  this 
kole  Ihe  boring  is  carried  on  by  two  workmen  below,  assisted  by  ■  laborer  above,  ai 
sftDWQ  ia  fig.  2T. 

The  handle  (fig.  38)  haring  a  female  screw  in  the  bottom  of  its  iron  ahanb,  with  k 
wooden  bar  or  rail  pauing  thcongh  the  aocket  of  the  shank,  and  a  ring  at  top,  ia  the 
general  agent  to  which  all  the  boring  implements  an   to  be  attached.     A  ehiwl 
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(fig.  S9>  is  first  employed,  and  connected 
to  (hit  handle  by  ila  screw  at   top.    If  the 

ind  is  tolerably  soil,  (he  weight  of  the 
iwo  workmen  bearing  upon  the  cross  bar,  and 

isionally  farcins  it  round,  will  soon  CaOM 
the  chisel  to  penelralc ;  but  if  the  Erouod  is 
hard  or  strong,  the  workmen  strike  the  chisel 
down  with  repeated  blows,  so  as  to  peck  theii 
way,  oden  changing  their  situation  by  walk- 
ing round,  which  breaks  ihe  stones,  ur  other 
hard  substances,  that  may  happen  to  otutruet 

The  labor  is  very  considerably  reduced 
by  means  of  an  elastic  wooden  pole,  placed 
Itorizonlally  over  the  well,  IVom  which  a  chain  ia  brought  down,  and  atlnehed  to  (he  ring 
of  the  handle.  This  pole  is  usually  made  bst  at  one  end,  a>  a  fulcrum,  by  being  set 
into  a  heap  of  heavy  loose  stone*;  at  the  other  end  the  laborer  above  gives  i(  a  slight  up 
and  down  vibrating  motion,  corresponding  lo  the  bealinfi  motion  of  the  workmen  below, 
by  which  means  the  elasticity  of  the  pole  in  rising  tifls  the  handle  and  pecker,  and  Ihete- 
by  very  considerably  diminishes  the  labor  of  the  workmen.    Sttfig.  27. 

When  the  hole  has  been  thus  opened  by  a  chisel,  as  far  u  its  slrenglb  would  permit, 
Ihe  chisel  is  withdrawn,  and  ■  tort  of  cylindrical  auger  (fig.  3D)  attached  to  the  baiidla 
(JSg.  28),  for  the  purpose  of  drawing  op  the  dirt  or  broken  stones  which  have  been  db- 
hirbed  by  the  chisel.  A  section  of  this  auger  is  shown  in  Jig.  31,  by  which  the  intemal 
valve  will  be  teen.  Tlie  ai^er  being  inlrodneed  into  the  hole,  and  turned  round  by  the 
Workman,  the  dirt  or  broken  stone*  wOl  put  through  the  aperture  at  bottom  (ibowa  at 
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fig,  32),  mnd  fill  the  CTlinder,  which  is  then  drawn  up,  and  discharged  at  the  top  of  the 
anger,  th«  Talre  preventing  its  escape  at  bottom. 

In  order  to  penetrate  deeper  into  the  ground,  an  iron  rod,  as  a,  fig,  33,  is  now  to 
be  attached  to  the  chisel,  fig.  29,'  by  screwing  on  to  its  upper  end,  and  the  rod  is  also 
fastened  to  the  handle,  fig,  28,  by  screwing  into  its  socket.  The  chisel  having  thus 
become  lengthened  by  the  addition  of  the  rod,  it  is  again  mtrodueed  into  the  hole; 
and  the  operation  of  pecking  or  forcing  it  down,  is  carried  on  by  the  workmen  as  be- 
ffire.  When  the  gronnd  has  been  thns  perforated,  as  far  as  the  chisel  and  its  rod  will 
rmchy  they  must  be  withdrawn,  in  order  again  to  introduce  the  auger,  fig,  30,  to  col- 
lect and  bring  up  the  rubbish  ;  which  is  done  by  attaching  it  to  the  iron  rod,  in  place 
of  the  chisel.  Thus,  as  the  hole  becomes  deepened,  other  lengths  of  iron  rods  are  added, 
by  connecting  them  together,  as  a  5  are  in  fig,  34.  The  necessity  of  frequently  with- 
drawing  the  rods  from  the  holes,  in  order  to  collect  the  mud,  stones,  or  ruhbi&h,  and 
the  great  friction  produced  by  the  rubbing  of  the  tools  against  its  sides,  as  well  as  the 
lengths  of  rods  aus^menting  in  the  progress  of  the  operation,  sometimes  to  the  extent  of 
KYeral  hundred  feet,  render  it  extremely  inconvenient,  if  not  impossible,  to  raise  them 
by  hand.  A  tripedal  standard  is  therefore  generally  constnictcd  by  three  scaffolding 
poles  tied  together,  over  the  hole,  as  shown  fig.  27,  from  the  centre  of  which  a  whed 
and  axle,  or  a  pair  of  pully  blocks  is  suspendea,  for  the  purpose  of  hauling  up  the  rods, 
and  from  which  hangs  the  fork,^g.  35.  This  fork  is  to  be  brought  down  under  the  shoul- 
der, near  the  top  of  each  rod,  and  made  fast  to  it  by  passing  a  pin  through  two  little 
holes  in  the  claws.  The  rods  are  thus  drawn  up,  about  seven  feet  at  a  time,  which  is 
the  usual  distance  between  each  joint,  and  at  every  haul  a  fork,^g.  36,  is  laid  hori- 
Eontally  over  the  hole,  with  the  shoulders  of  the  lower  rod  resting  between  its  claws,  by 
which  means  the  rods  are  prevented  from  sinking  down  into  the  hole  again,  while  the 
apper  length  is  unscrewed  and  removed.  In  attaching  and  detaching  these  lengths  of 
rod,  a  wrench,  yig.  37,  is  employed,  by  which  they  are  turned  round,  and  the  screws  for- 
ced up  to  their  firm  bearing. 

The  boring  is  sometimes  performed  for  the  first  sixty  or  a  hundred  feet,  by  a  chisd 
of  2|  inches  wide,  and  cleared  out  by  a  gouge  of  2|  diameter,  and  then  the  hole  is 
widened  by  a  tool,  such  as  is  shown  at^g.  38.  This  is  merely  a  chisel,  as  fig.  29,  four 
inehes  wide,  but  with  a  euide,  a,  put  on  at  its  lower  part,  for  the  purpose  of  keeping 
it  in  a  perpendicular  direction;  the  lower  part  is  not  intended  to  peck,  put  to  pass 
down  the  hole  previously  made,  while  the  sides  of  the  chisel  operate  in  enlarging  the 
bole  to  four  inches.  The  process,  however,  is  generally  performed  at  one  operation,  by 
a  chisel  of  four  inches  wide,  as  fig.  29,  and  a  gouge  of  three  inches  and  three  quarters, 

9Mfig.  30. 

It  is  obvious  that  placin?  and  displacing  the  lengths  of  rod,  which  is  done  every  time 
that  the  auger  is  required  to  be  introduced  or  withdrawn,  must,  of  itself,  be  extremely 
troublesome,  independent  of  the  labor  of  boring,  but  yet  the  operation  proceeds,  when- 
Bo  nnpropitious  circumstances  attend  it,  with  a  facility  almost  incredible.  Sometimes^ 
however,  rocks  intercept  the  way,  which  require  great  labor  to  penetrate ;  but  this  is 
always  effected  by  pecking,  which  slowly  pulverizes  the  stone.  The  most  unpleasant 
circomstance  attendant  upon  this  business  is  the  occasional  breaking  of  a  rod  into  the 
bole,  which  sometimes  creates  a  delay  of  many  days,  and  an  incalculable  labor  in  draw- 
ing up  the  lower  portion. 

When  the  water  is  obtained  in  such  quantities  and  of  such  quality  as  may  be  required,, 
the  hole  is  dressed  or  finished  by  passing  down  it  a  diamond  chisel,  funnel  mouthed, 
with  a  trianeular  bit  in  its  centre ;  this  makes  the  sides  smooth  previous  to  putting  in 
the  pipe.  This  chisel  is  attached  to  rods,  and  to  the  handle,  as  before  described ;  and, 
in  its  descent,  the  workmen  continually  walk  round,  by  which  the  hole  is  made  smooth 
and  cylindrical.  In  the  progress  of  the  boring,  frequent  veins  of  water  are  passed 
Ihroogh ;  but,  as  these  are  small  streams,  and  perhaps  impregnated  with  mineral  sub> 
stances,  the  operation  is  carried  on  until  an  aperture  is  made  into  a  main  spring,  which 
will  flow  up  to  the  surface  of  the  earth.  This  must,  of  course,  depend  upon  the  level  of 
its  souree,  which,  if  in  a  neighboring  hill,  will  frequently  cause  the  water  to  rise  up,. 
and  prodnce  a  continued  fountain.  But  if  the  altitude  of  the  distant  spring  happens  tO' 
be  below  the  level  of  the  surface  of  the  ground  where  the  boring  is  effected,  it  sometimes 
haiipens  that  a  well  of  considerable  capacity  is  obliged  to  be  dug  down  to  that  level^  la 
Older  to  form  a  reservoir,  into  which  the  water  may  flow,  and  whence  it  mast  be  rabed 
by  a  pamp;  while,  in  the  former  instance,  a  perpetual  fountain  may  be  obtained. 
Benee,  it  will  always  be  a  matter  of  doubt,  in  level  countries,  whether  water  can  be 
procured  which  wonld  flow  near  to  or  over  the  surface ;  if  this  cannot  be  effected,  the 
preeess  of  boring  will  be  of  little  or  no  advantage,  except  as  an  experiment  to  ascertain 
the  fiuC. 

In  Older  to  keep  the  strata  pore  and  nncontaminated  with  mineral  springs,  the  hole 
ii  cased,  fiir  a  eoatidenfale  depth,  with  a  metallic  pip^  nbont  a  qnarter  of  an  inek 
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miller  iban  Ibe  bore.  Ttiia  is  genenD;  made  of  tin  (lliongh  Bomelimea  of  copper  or 
lead)  in  conTenient  length*  i  and,  as  eacb  letigth  i*  lei  down,  i(  ia  held  by  a  Ehouldcr 
retting  in  a  fork,  while  anolher  length  is  soldered  to  it ;  by  which  roeaoB  a  continnoo* 
pipe  U  carried  through  Ihe  bore,  as  far  be  may  be  foond  necessary,  to  exdade  land  springi, 
and  to  prerenl  loose  earth  or  »nd  from  falling  in,  and  choking  the  aperture. 

Mr.  John  Good,  or  Tottenham,  who  had  been  eilencively  employed  in  boring  the 
earth  for  water,  obtained  a  patent,  in  Aug.  1823,  for  certain  improved  imfdeinents  con- 
trived by  him  to  facililaie  bis  userul  labon;  a  description  of  which  gbiuidI  fail  to  be  in- 

The  Dgnres  annexed  exhibit  these  ingenious  loole ;  fix-  39  ia  an  auger,  to  be  connected 
'"  "  '"  ""  by  ibe  screw-heajl  to  Ihe  length  oT  rods  by  which  the  boring  is  car- 
ried oa.  This  auger  is  for  boring  in  soft  clay  or  land ;  it  it  cylin- 
drical, and  has  a  slit  or  opening  from  end  to  end,  and  a  bit,  or 
culting-ptece  at  bottom.  When  the  earth  ia  loose  or  wet,  an  auger 
of  the  staoe  form  is  to  be  employed,  but  the  Fill  or  opening  reduced 
in  width,  or  eren  witboDi  a  slil  or  opening.  A  similar  auger  is 
UEcd  lor  cutting  ibrougb  chalk ;  but  the  point  or  bit  at  bottom 
should  then  project  lower,  and,  for  lliat  purpose,  some  of  these 
cylindrical  augers  nre  made  with  ntuveable  bits,  to  be  attached  by 
screwE,  which  is  extremely  desirable  in  grinding  them  to  catling 
edRes.  fig-.  ■lO  is  a  hoDow  conical  auger,  for  boring  loose  sandy 
coilg ;  it  has  a  spiral  cutting  edge  coiled  round  it,  which,  as  il 
turns,  CBUseB  the  loose  soQ  to  ascend  np  the  inclined  plane,  and 
deposite  itself  in  the  hollow  within.  Fig.  41  is  a  hollow  cylinder 
or  tnbe,  shown  in  section,  with  a  foot-valve,  and  a  backet  to  be 
raised  by  a  rod  and  cord  attached  at  the  lop;  this  is  a  pumping 
tool,  fur  the  purpose  of  getting  up  water  and  sand  that  woold  not 
ri*e  by  the  auger.  When  (his  cjhnder  is  lowered  to  the  bottom  of  the  bore,  the  bucket 
it  lifted  up  l^  the  rod  and  cord,  and  descends  again  by  its  own  gravity,  having  a  valve 
in  the  bucket,  opening  upwards,  like  other  lift  pumps;  which,  at  every  stroke,  raises  ■ 
quantity  of  water  and  sand  in  the  cylinder  equal  to  the  stroke  ;  the  ascent  and  descent  ol 
the  bucket  being  limited  by  a  guide-piece  at  the  lop  of  the  cylinder,  and  two  small  knobs 
upon  the  rod  which  stop  against  Uie  cross-guide.  J^ig.  '12  is  a  tool  for  getting  up  brdten 
rods.  It  consists  of  a  smaU  cylindrical  piece  nt  bottom,  which  the  broken  rod  slips  through 
when  it  is  lowered,  and  a  small  catch  with  a  luufe-edEe,  ocled  upon  by  a  back-spring. 
In  rising,  the  tool  takes  hoM  of  the  broken  rod,  and  thereby  vnables  the  workman  at 
lop  to  draw  it  np.  Another  tool  for  the  some  purpose,  is  shown  at  Jig.  43,  which  is  like 
%  pair  of  tonga;  it  b  intended  to  be  slidden  down  the  bore,  and  for  the  broken  rod  to  pasa 
between  the  two  catches,  which,  pre&sed  by  Itack-springs,  will,  when  drawn  np,  take  fast 
hold  of  the  broken  rod. 
Fig.  44  is  a  tool  for  widening  Ibe  hole,  to  be  connected,  like  all  the  others,  to  ihe  end 
of  the   length  c'   —'- -* 
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down  the   bore ;   this  tool  has 

two  cut  ling-pieces  extending  on 
[he  sides  al  bottom,  by  which, 
as  Ihe  tocil  is  turned  round  in 
the  bore,  the  earth  is  peeled 
away.  Fig.  45  is  a  chisel,  or 
punch,  with  a  projecting  piece 
to  bo  used  for  penetrating 
throngh  stone;  this  chisel  is, 
by  rising  and  fulling,  mode  to 
perk  the  stone,  and  pulverixe 
it ;  the  Hnmll  middle  part  break- 
ing il  away  first,  and  afterwords 
the  broad  part  coming  into  ac- 
tion. Fig.  46  is  anolher  chisel, 
or  punching  tool,  twisted  on  its 
cutting  edge,  which  bi«aks  away 

1  pipe,  after  the  bore  is  formed,  is 
ahowB  at  fig.  47  ;  the  pipe  is  seen"below  in  the  socket,  at  Ihe  end  of  whicb  a  block  is 
inserted;  and  from  this  block  a  rod  extends  upwards,  upon  which  a  weight  at  top 
i^e«.  To  this  weight  coids  are  diown  to  be  attached,  reaching  to  Ibe  top  of  the  bore  j 
where  Ihe  workmen  allemalely  raise  the  weight  and  let  it  fall,  which,  by  striking  upon 
Uie  block  in  its  middle,  beats  down  the  pipe  by  a  succession  of  strokes ;  and  wh«  one 
hoftb  ti  pipe  bM,  \tj  theM  ineus,  been  forced  down,  amtber  length  i*  intToioMd  into 
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the  socket  of  tlie  former.  Another  tool  for  the  same  purpose  is  shown  utfig.  48,  which 
if  formed  like  an  acorn ;  the  raised  part  of  the  acorn  strikes  against  the  edge  of  the 
pipe,  and  by  that  means,  it  is  forced  down  the  bore.  When  it  happens  that  an  auger 
breaks  in  the  hole,  a  tool  similar  to  that  shown  tit  Jig.  49  is  introduced;  on  one  side  of 
this  tool  a  eorved  piece  is  attached,  for  the  purpose  of  a  guide,  to  conduct  it  past  the 
cylindrical  anger;  and  at  the  end  of  the  other  side  is  a  hook,  which,  taking  hold  of  the 
kottooi  edge  of  the  auger,  enables  it  to  be  drawn  up. 

Wrought  iron,  copper,  tin,  and  lead  pipes,  are  occasionally  used  for  lining  the  bore ; 
tad  as  these  are  subject  to  bends  and  bruises,  it  is  necessary  to  introduce  tools  for  the 
pnipose  of  straightening  their  sides.  One  of  these  tools  is  shown  at/g.  50,  which  is  a 
bow,  and  is  to  be  passed  down  the  inside  of  the  pipe,  in  order  to  inress  out  any  dents. 
Another  tool,  for  the  same  purpose,  is  shown  at,/ig.  51,  which  is  a  double  bow,  and 
may  be  turned  round  in  the  pipe  for  the  purpose  of  straightening  it  all  the  way  down ; 
at  JS^.  52,  is  a  pair  of  clams,  for  turning  the  pipe  round  in  the  hole  while  driving. 

When  looee  stones  lie  at  the  bottom  of  the  bole,  which  are  too  large  to  be  brought  up 
by  the  cylindrical  auger,  and  cannot  be  conveniently  broken,  then  it  is  proposed  to 
introduce  a  triangular  claw,  asySg.  53,  the  internal  notches  of  which  take  hold  of  the 
stone,  and  as  the  tool  rises,  bring  it  up.  For  raising  broken  rods,  a  tool  like^g.  54 
is  sometimes  employed,  which  has  an  angular  claw  that  slips  under  the  shoulder  of  the 
rod,  and  holds  it  fast  while  drawing  up. 

In  raisin?  pipes  it  is  necessary  to  introduce  a  tool  into  the  inside  of  the  pipe,  by 
which  it  will  be  held  fast.  Fig,  55  is  a  pine-apple-tool  for  this  purpose;  its  surface  is 
cat  like  a  rasp,  which  passes  easily  down  into  the  pipe,  but  catches  as  it  is  drawn  up ; 
and  by  that  means  brings  the  pipe  with  it.  Fig,  56  is  a  spear  for  the  same  purpose^ 
which  easfly  enters  the  pipe  by  springing;  at  the  ends  of  its  prongs  there  are  forks 
which  stick  into  the  metal  as  it  is  drawn  up,  and  thereby  raise  it. 

These  are  the  new  implements,  for  which  the  patent  was  granted.  In  the  process  of 
boring,  there  does  not  appear  to  be  anything  new  proposed ;  but  that  these  several 
tools  are  to  be  employed  for  boring,  packing,  and  otherwise  penetrating,  raising  the 
earth,  and  extracting  broken  or  injured  tools.  There  are  also  suggestions  for  employing 
long  buckets,  with  valves  opening  upward  in  their  bottoms,  for  the  purpose  of  drawing 
water  from  these  wells  when  the  water  will  not  flow  over  the  surface ;  also  lift  pumps^ 
with  a  succession  of  buckets  for  the  same  purpose.  But  as  these  suggestions  possess 
little  if  any  novelty,  it  cannot  be  intended  to  claim  them  a^  pacts  of  the  patent. 

ASPHALTUM.    Native  bitumen,  so  called  from  the  lake  Asphaltites. 

ASSAY  and  ASSAYING.  (Coupellation,  Fr. ;  jSblreiben  auf  der  capelle,  Germ.) 
This  is  the  process  by  which  the  quality  of  gold  and  silver  bullion,  coin,  plate,  or 
trinkets  is  ascertained  with  precision,  or  by  which  the  quantity  of  either  or  both  these 
precious  metals  is  determined  in  any  given  alloy.  It  is,  therefore,  a  case  of  chemical 
analysis,  in  which  peculiar  methods  are  employed  to  attain  the  object  in  view  with 
accuracy  and  despatch.  Assaying  has  been  also  extended,  of  late  years,  to  determine  the 
quantity  of  palladium  and  platina  in  certain  bullion  and  gold  dnst  brought  from  Brazil. 

The  art  of  assaying  gold  and  silver  by  the  cupel ^  is  founded  upon  the  feeble  affinity 
which  these  metals  have  for  oxygen,  in  comparison  with  copper,  tin,  and  the  other 
cheaper  metals ;  and  on  the  tendency  which  the  latter  metals  have  to  oxydize  rapidly  in 
contact  with  lead  at  a  high  temperature,  and  sink  with  it  into  any  porous  earthy  vessel 
in  a  thin  glassy  or  vitriform  state.  The  porous  vessel  may  be  made  either  of  .wood- 
ashes,  freed  from  their  soluble  matter  by  washing  with  water ;  or,  preferably,  of  burned 
bones  reduced  to  a  fine  powder. 

The  lead  added  to  the  silver  or  eold  to  be  assayed,  serves  chiefly  to  dissolve  the 
oxydized  copper,  whence  it  appears  that  the  quantity  of  lead  requisite  for  silver  assays, 
ouzht  to  be  directly  proportional  to  the  quantity  which  the  silver  and  copper  would 
separately  require.  It  has  been  found  by  experiment,  that  16  parts  of  lead  are  quite 
sufficient  to  pass  1  of  copper  through  the  cupel;  and  that  JL  of  lead  presents  the  most 
suitable  proportion  for  passing  one  of  silver.  From  these  principles,  however,  if  we 
thoald  always  regard  the  dose  of  lead  to  be  employed  for  any  alloy  as  being  equal  to 
16  X  C  +  ^  X  S  we  should  certainly  commit  an  error.    The  phenomena  of  cupellation 

b  of  a  more  complex  nature.  Long  practice  and  delicate  trials  alone  can  guide  to  the 
proper  quantity  of  lead  to  be  employed  for  every  various  state  of  the  alloy.  The 
Mkiwing  Table  contains  the  results  of  M.  D'Arcet's  elaborat<»  experiments  upon  this 
snbfeet  ^— 
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AUojr. 

Lead  fori  of  AUoy. 

Ratio  of  tho  Coppor  lo 
the  Lead. 

Silver. 

Copp«r. 

1000 

0 

A 

0 

950 

50 

3 

1   :  60 

900 

100 

7 

1  :  70 

800 

200 

10 

1  :  50 

700 

300 

12 

I  :  40 

600 

400 

14 

1  :  35 

500 

500 

16  or  17 

1  :  32 

400 

600 

16  —  17 

1  :  26-7 

300 

700 

16  —  17 

1  :  22-9 

200 

800 

16  —  17 

1  :  20 

100 

900 

16  —  17 

1  :  17-8 

0 

1000 

16  —  17 

1  :  16 

Bismuth  may  be  used  as  a  substitute  for  lead  in  cupellation ;  two  parts  of  it  being 
nearly  equivalent  to  three  of  lead.  But  its  higher  prices  will  prevent  its  general 
introduction  among  assay  masters. 

We  bet^in  this  assay  process  by  weighing,  in  a  delicate  balance,  a  certain  weight  of 
the  metallic  alloy;  a  gramme  (=15*444  gr.)  is  usually  taken  in  France,  and  12  grains 
in  this  country.  This  weight  is  wrapped  up  in  a  slip  of  lead  foil  or  paper,  should  it 
consist  of  several  fragments.  This  small  parcel,  thus  enveloped,  is  then  laid  in  a  watch 
glass  or  a  capsule  of  copper,  and  there  is  add^  to  it  the  proportion  of  lead  suited  to 
the  quality  of  alloy  to  be  assayed ;  there  being  less  lead,  the  finer  the  silver  is  presumed 
to  be.  Those  who  are  nmch  in  the  habit  of  cupellation  can  make  good  guesses  in  this 
way ;  though  it  is  still  guess  work,  and  oflen  leads  to  considerable  error,  fbr  if  too 
much  lead  be  used  for  the  proportion  of  baser  metal  present,  a  portion  of  the  silver 
is  wasted ;  but  if  too  little,  then  the  whole  of  the  copper,  &c.  is  not  carried  off,  and 
the  button  of  fine  silver  remains  more  or  less  hnpure.  The  most  expert  and  experienced 
assayer  by  the  cupel,  produces  merely  a  scries  of  approximate  conjectural  results  which 
faU  short  of  chemical  demonstration  and  certainty  in  every  instance.  The  lead  must  be, 
in  all  cases,  entirely  firee  from  silver,  being  such  as  has  been  revived  from  pure  litharge ; 
otherwise  errors  of  the  most  serious  kind  would  be  occasioned  in  the  assays. 

The  best  cupels  weigh  12|  grammes,  or  193  grains.  The  cupels  allow  the  fused 
oxydes  to  flow  through  them  as  through  a  fine  sieve,  bat  are  impermeable  to  the 
particles  of  metals ;  and  thus  the  former  pass  readily  down  into  their  substance  while 
the  latter  remain  upon  their  surface ;  a  phenomenon  owing  to  the  circumstance  of  the 
glassy  oxydes  moistening,  as  it  were,  the  bone-ash  powder,  whereas  the  metals  can 
contract  no  adherence  with  it.  Hence  also  the  liquid  metals  preserve  a  hemispherical 
shape  in  the  cupels,  as  quicksilver  does  in  a  cup  of  glass,  while  the  fused  oxyde  spreads 
over,  and  penetrates  their  substance  like  water.  A  cupel  may  be  regarded,  in  some 
measure,  as  a  filter  permeable  only  to  certain  liquids. 

If  we  put  into  a  cupel,  therefore,  two  metals,  of  which  the  one  is  unalterable  in  the 
air,  the  other  susceptible  of  oxydizement,  nnd  of  producing  a  very  fusible  oxyde,  it  is 
obvious  that,  by  exposing  both  to  a  proper  decree  of  heat,  we  shall  succeed  in  separating 
them.  We  should  also  succeed,  though  the  oxyde  were  infusible,  by  placing  it  in  contact 
with  another  one,  which  may  render  i(  fusible.    In  both  cases,  however,  the  metal  fhnn 

which  we  wish  to  part  the  oxydes  must  not  be  volatile ;  it 
should  also  melt,  and  form  a  button  at  the  heat  of  cupel- 
lation ;  for  otherwise  it  would  continue  disseminated,  at- 
tached to  the  portion  of  oxyde  spread  over  the  cupel,  and 
incapable  of  being  collected. 

The  furnace  and  implements  used  for  assaying  In  the 
Royal  Mint  and  the  Goldsmiths'  Hall,  in  the  city  of  Loih 
don,  are  the  followiag : — 

A  A  A  A,  fig,  58,  is  a  front  elevation  of  an  assay  furnace ; 
a  a,  a  view  of  one  of  the  two  iron  rolkrs  on  which  the  for- 
nace  rests,  and  by  means  of  which  it  is  moved  forward  or 
backward;  6,  the  ash-pit;  c  c  are  the  ash-pit  dampers, 
which  are  moved  in  a  horizontal  direction  towards  each 
other  for  regulating  the  draught  of  the  fomaec;  d,  the 
door,  or  opening,  by  which  the  cupels  and  assays  are  intro- 
duced into  the  muffle ;  s,  m  moveable  ftuuiel  or  cfainmey 
by  which  the  draught  of  the  Aimace  is  increased. 
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■  ■  B  ■, Jif.  S9,  b  a  parpeBdienUr  lectioa  oT  jig.  SB ;  a  a,  end  ti(«  of  Uib  rollert ; 
SS  t  the  uh-pit ;  c  one  of  the  ash-pit  dampert ;    d  Ibe 

grate,  over  which  is  the  pUle  upon  which  the 
nnffle  resta,  and  which  is  corered  with  loam  aeafljr 
one  iach  ttilck;  /  the  muffle  ia  section  lepresenl- 
iug  the  eiloatioa  of  (he  cupcU ;  g  the  mouth-plate,' 
jl  and  upon  it  arc  laid  pieces  of  charcoal,  whicli  durins 

the  process  are  iniited,  and  heat  the  air  thai  is 
allowed  to  pass  over  the  enpels,  at  will  be  more 
fully  expliiined  in  the  sequel;  b  the  interior  of  the 
furnace,  exhibiting  (he  fuel. 

The  total  height  of  the  furnace  is  2  feet  6|  inches-, 
from  the  bottom  to  (he  grate,  6  inches;  the  sra(e, 
maSe,  plale,  and   bed   of  loam,  with   which   it   ia 
B  covered,  3  inches ;   Irom  (he  i^per   surface   of  the 

grele  (o  the  comnencement  of  (he  funnel  t,  fi%.  58, 
21i   inches',   the   funnel  c,  6  inches.    The  square 
of  the  rum»j;e  which  rcceiTes  Ibe  mnffle  and  fuel 
s  hr  15  inches.    The  eitemal  titles  nf  the  furniee  are  made  of  plates  of 
in,  and  are  lined  with  a  2-inch  fire-brick, 
c  (Tc  Cffig.  60,  i*  a  horizontal  sFclion  of  the  furnace  over  the  )crate,  showing  the  width 
of  the  mDQth-pieoe,  or  plate 
of    wrought   iron,   which    it 
6  inches,  and  (he  opening  *rhich 
receives  (he  moffle-plaie. 

Pig.  61,  represents  (he  muf- 
fie  or  pot,  which  is  12  inches 
long,  6  inches  bro(id  inside; 
in  (he  dear  6t :  In  height  4| 
indde  measure,  and  nearlr  5| 
in  (he  clear, 
the  bottom  of  [he  muffle, 
of  the  sliding-door  of  (he  mooth-ptate,  a*  shown  U  if,  in 
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Fig.  £4,  a  front  view  of  the  Fiauth-plate  or  piece,  ((,  Jig.  58. 

Fig.  65,  ■  repreeenUIion  of  the  mode  of  making,  or  shutting  np  with  pieces  of  ehar- 
cobI,  the  mouth  of  the  furnace. 

Fig.  66,  the  teaser  for  cleaning  the  grate. 

Fig.  GT,  s  larger  leaser,  which  ts  iatroduced  at  the  tap  of  the  fHmaee,  for  keeping  k 
complete  supply  of  charcsal  arouad  the  mulBe. 

Ftg,  68,  the  tones  a«ed  for  chanine  the  assays  into  the  caps. 

Fig.  69,  represents  a  board  of  wood  used  as  a  register,  and  is  divided  into  45  eqsal 
compartmeDts,  apua  which  the  assaj's  are  placed  previously  to  their  being  introduced 
into  the  fnraace.  Whea  the  operation  is  perfonned,  (he  cupels  are  placed  in  Ihe  furnace 
■a  sitnatioDS  corresponding  to  these  asKnys  on  the  biiard.  By  these  means  all  eoofusuM 
is  avoided,  and  without  this  regularity  it  would  be  impossible  to  preserve  the  accorac; 
which  the  delieate  operatiooa  of  Ihe  assayer  require. 

I  shall  DOW  proceed  to  a  description  of  a  unall  assay  i\imace,  invented  by  Mesnt. 
Anftre  and  d'Arcet,  of  Paris.  They  term  it,  Lt  Petit  Fmmtau  a  CoupeOt.  Fig.  70 
rrpreaeuta  this  fnniace,  and  it  is  composed  of  a  chimnef  or  pipe  of  wrought  iron  a,  an4 
«f  the  fDniKe  ■,  II  is  ITJt  inehes  high,  and  TJ  inches  wide.  The  furnace  is  formed 
jflhroe  pieces]  of  a  dome  Li  the  body  of  thefornace  ■;  and  the  ash-pit  c,  which  'v 
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used'  as  the  base  of  the  fhrnace,  flga,  70  and  71.  The  princiiNiI  piece,  or  MF  of  the 
fhrnace,  b,  has  the  form  of  a  hollow  tower,  or  of  a  hollow  cylinder,  flattened  equally  at 
the  two  opposite  sides  parallel  to  the  axis,  in  such  a  manner  that  the  horizontal  section 
is  elliptical.  The  foot  whidi  supports  it  is  a  hoUow  truncated  cone  flattened  in  like 
manner  upon  the  two  opposite  sides,  and  having  consequently  for  its  basis  two  ellipses 

of  difi*erent  diame- 
ters ;  the  smallest 
ought  to  be  equfl  to 
that  of  the  furnace, 
80  that  the  bottom  of 
the  latter  may  exactly 
fit  it.  The  domcy 
which  forms  an  arch 
aboTC  the  furnace, 
has  also  its  base  ellip- 
tical, while  that  of 
the  superior  orifice 
by  which  the  smoke 
goes  out  preserres  the 
cylindrical  form.  The 
tube  of  wrought  iron 
is  18  inches  long  and 
2}  inches  diameter, 
having  one  of  its  ends 
a  little  enlarged,  and 
slightly  conical,  that 
it  may  be  exactly 
fitted  or  jointed  upon 
the  upper  part  of 
the  furnace  dome  d, 
fig.  70,  At  the  union 
of  the  conical  and 
cylindrical  parts  of 
the  tube,  there  is 
placed  a  small  gal- 
lery of  iron,  e,^g.  70, 
7  ] .  See  also  a  plan 
of  it,  fig.  72.  This 
gallery  is  both  iik- 
genious   and  useful. 

Upon  it  are  placed  the  cupels,  which  are  thus  annealed  during  the  ordinary  work  of 
the  furnace,  that  they  may  be  introduced  into  the  muflle,  when  it  is  brought  into  its 
proper  degree  of  heat.  A  little  above  this  gallery  is  a  door/,  by  which,  if  thought 
proper,  the  charcoal  could  be  introduced  into  the  llimace ;  above  that  there  is  placed  at 
g  a  throttle  valve,  which  is  used  for  regulating  the  draught  of  the  IVimace  at  pleasure. 
Messrs.  Anfrye  and  d'Arcet  eay,  that,  to  give  the  furnace  the  necessary  degree  of  heat 
so  as  to  work  the  assays  of  gold,  the  tube  must  be  about  18  inches  above  the  gallery, 
for  annealing  or  heating  the  cupels.  The  chrcular  opening  h,  in  the  dome,^g.  70,  and 
as  seen  in  the  section,  ^g.  71,  is  used  to  introduce  the  charcoal  into  the  furnace  :  it  is 
also  used  to  inspect  the  interior  of  the  fhrnace,  and  to  arrange  the  ehareoal  round  the 
muffle.  This  opening  is  kept  shut  during  the  working  of  the  furnace,  with  the  month- 
piece,  of  which  the  face  is  seen  at  iiffig,  71. 

The  section  of  the  furnace,  yig.  7],  presents  several  openings,  the  principal  of  which  is 
that  of  the  muffle ;  it  is  placed  at  i ;  it  is  shut  with  the  semicircular  door  m,fig,  70,  and 
seen  in  the  section  tn,  fig.  71.  In  front  <3lf  this  opening,  is  the  table  or  shelf,  upon 
which  the  door  of  the  muffle  is  made  to  advance  or  recede ;  the  letter  q,  fig,  71,  shows 
the  fhce,  side,  and  cross  section  of  the  shelf,  which  makes  part  of  the  furnace.  Imme- 
diately under  the  shelf,  is  a  horizontal  slit,  /,  which  is  pierced  at  the  level  of  the  upper 
part  of  the  grate,  and  used  for  the  introduction  of  a  slender  rod  of  iron,  that  the  grate 
nay  be  easily  kept  clean.  This  opening  is  shut  at  pleasure,  by  the  wedge  represented 
at  kyfigi.  70,  and  71. 

Upon  the  back  of  the  furnace  is  a  hori£ontal  slit;),  fig,  71,  which  supports  the  fire- 
hrick,  «,  and  upon  which  the  end  of  the  muffle,  if  necessary,  may  rest ;  «,  Jig.  71,  is  the 
opening  in  the  furnace  where  the  muffle  is  placed. 

The  plan  of  the  grate  of  the  fbrnace  is  an  ellipse :  fig.  73,  is  a  hariEontal  view  of  it« 
The  dimensions  of  that  ellipsis  determine  the  general  form  of  the  fVimace,  and  thieknoss 
cf  the  grate.    To  give  strength  and  solidity  to  the  grate,  it  is  encircled  hy  a  bar  or  hoop  of 
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irgn.  There  is  a  grooTc  in  nhkk  the  hoop  of  iron  is  fixed.  Tlic  holes  of  the  grate  ate 
truncated  cones,  having  the  greater  base  below,  that  the  ashes  may  more  easily  fall  into 
the  ash-piu  The  letter  r,./!g.  71,  shows  the  form  of  these  holes.  The  grate  is  support* 
ed  by  a  small  bank  or  shelf,  making  part  of  the  inmace,  as  seen  at  a.  Jig,  71. 

The  ash-pit,  c,  has  an  opening  y  in  front,  Jig.  71 ;  and  is  shut  when  necessary  by  the 
moath-pieee  r.  Jigs.  70  and  71.  ' 

To  frive  strength  and  solidity  to  the  fumaee,  it  is  bound  with  hoops  of  iron,  at  b,  6,  6,  6, 
fig.  70. 

Figa,  74,  75,  76,  are  views  of  the  mniffle. 

Fig.  77  is  a  view  of  a  crucible  for  annealing  gold. 

Fig».  78,  79,  80,  are  cnpels  of  various  sizes,  to  be  used  in  the  fbmace.  They  are  the 
same  as  those  used  by  assayers  in  their  ordinary  furnaces. 

Figs.  81  and  82  are  Views  of  the  hand>shovels,  used  for  filling  the  furnace  wj^ 
cfaaroMd ;.  they  should  be  made  of  such  size  and  form  as  to  fit  the  opening  h,  in  figt, 
70  and  71. 

The  smaller  pincers  or  tongs,  by  which  the  assays  are  charged  into  the  cupels,  and  by 
which  the  latter  are  withdrawn  from  the  fUrnace,  as  well  as  the  teaser  for  cleaning  the 
grate  of  the  furnace,  are  similar  to  those  used  in  the  British  Mint. 

In  the  furnace  of  the  Mint  above  described,  the  number  of  assays  that  can  be  made  at 
one  time  is  43.  The  same  number  of  cupels  are  put  into  the  mufiHe.  The  furnace  ii 
then  filled  with  charcoal  to  the  top,  and  upon  this  are  laid  a  few  pieces  already  ignited. 
In  the  course  of  three  hours,  a  littSe  more  or  less,  according  to  circumstances,  the  whole 
is  igaitecl ;  during  which  period,  the  muflle,  which  is  made  of  fire-clay,  is  gradually 
heated  to  redness,  and  is  prevented  from  cracking ;  which  a  less  regular  or  more  sudden 
increase  of  temperature  would  not  faQ  to  do :  the  cupels,  also,  become  properly  anneal- 
ed. All  moi«ture  being  dispelled,  they  are  in  a  fit  state  to  receive  the  piece  of  silver  or 
gold  %o  be  assayed. 

The  greater  care  that  is  exercised  in  this  operation,  the  less  liable  is  the  assayer  to  ac- 
cidents from  the  breaking  of  the  mnffle ;  which  is  both  expensive  and  troublesome  to  fit 
properly  into  Che  furnace. 

The  cnpels  used  in  the  assay  process,  are  made  of  the  ashes  of  burnt  bones  (phosphate 
nf  lime).  In  the  Royal  Mint,  the  cores  of  ox-hom  are  selected  for  this  purpose;  and  the 
aashes  prodneed  are  abont  four  tiroes  the  expense  of  the  bone-ash,  used  in  the  process  ot 
capellaticni  upon  a  large  scale.  So  moch  depends  upon  the  accuracy  of  an  assay  of 
gold  or  silver,  where  a  mass  of  151^.  troy  in  the  first,  and  fiOlbs  troy  in  the  second 
tDstaace  is  dfOermined  by  the  analysis  of  a  portion  not  exceeding  20  troy  grains,  that 
every  precantion  which  the  longest  experience  has  suggested,  is  used  to  obtain  an  accn- 
rate  result.  Hence  the  attention  paid  to  the  selection  of  the  most  proper  materials  for 
making  the  cupels. 

The  cupels  are  formed  in  a  circular  mould  made  of  cast  steel,  very  nicely  turned,  by 
which  means  they  are  easily  freed  from  the  mould  when  struck.  The  bone-ash  is  used 
moistened  with  n  quantity  of  water,  sufficient  to  make  the  particles  adhere  firmly  togeth- 
er. The  circular  mould  is  filled,  and  pressed  level  with  its  surface ;  aAer  which,  a  pestle 
or  ranuBcr,  having  its  end  nieely  tmned,  of  a  globular  or  convex  shape,  and  of  a  size 
equal  to  the  degnee  of  concavity  wished  to  be  made  in  the  cupel  for  the  reception  of  the 
assay,  is  placed  upon  the  ashes  in  the  mould,  and  struck  with  a  hammer  until  the  cupel 
is  properiy  formed.  These  cupels  are  allowed  to  dry  in  the  air  for  some  time  before  they 
are  used.     If  the  weather  is  fine,  a  (brtnight  will  be  sufficient. 

An  assay  may  prove  defective  for  several  reasons.  Sometimes  the  button  or  bead 
sends  forth  crystalline  v^etations  on  its  suriace  with  such  force,  as  to  make  one  suppose 
a  portion  of  ihe  silver  may  be  thrown  out  of  the  cupel.  When  the  surface  of  the  bead 
is  dull  and  flat,  the  assay  is  considered  to  have  been  too  hot,  and  it  indicates  a  loss  of 
silver  in  fumes.  When  the  tint  of  the  bead  is  not  uniform,  when  its  inferior  surface  is 
bubbly,  when  yellow  scales  of  oxyde  of  lead  remain  on  the  bottom  of  the  cupel,  and 
the  bead  adheres  strongly  to  it,  by  these  signs  it  is  judged  that  the  assay  has  been  too  cold, 
and  that  the  silver  retains  some  lead. 

I.astly,  the  assay  is  thought  to  be  good  if  the  bead  is  of  a  round  form,  if  its  upper  snr* 
face  is  brilliant,  if  its  lower  surface  is  granular  and  of  a  dead  white,  and  if  it  separates 
readily  from  the  cupel. 

AAer  the  lead  is  put  into  the  cupel,  it  gets  immediately  covered  with  a  coat  of  oxyde, 
which  resists  the  admission  of  the  silver  to  be  assayed  into  the  melted  metal ;  so  that  the 
alloy  cannot  fonn.  When  a  bit  of  silver  is  laid  on  a  lead  bath  in  this  predicament,  we 
see  it  swim  abont  for  a  long  time  without  dissolving.  In  order  to  avoid  this  result,  the 
silver  is  wrapped  np  in  a  bit  of  paper ;  and  the  carbureted  hydrogen  generated  by  its 
combustion  reduces  the  film  of  the  lead  oxyde,  gives  the  bath  immediately  a  bright  me- 
tallic lustre,  and  enables  the  two  metals  readily  to  combine. 

As  the  heat  rises,  the  oxyde  of  lead  flows  roond  about  over  the  surface,  tUl  it  is  ab- 
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Borbed  by  the  cupel.  When  the  lead  is  Wasted  to  a  ceitaia  degree,  a  very  thin  film  ui  it 
only  remains  on  the  silver,  which  causes  the  iridiseent  appearance,  like  the  colors  of 
soap-bubbles ;  a  phenomenon,  called  by  the  old  chemists,  fulguration. 

When  the  cupd  cools  in  the  progress  of  the  assay,  the  oxygenation  of  the  lead  ceases ; 
and,  instead  of  a  very  liquid  vitreous  oxyde,  an  imperfectly  melted  oxyde  is  formed,  which 
the  cupel  cannot  absorb.  To  correct  a  cold  assay,  the  temperature  of  the  furnace  ought 
to  be  raised,  and  pieces  of  paper  ought  to  be  put  into  the  cupd,  till  the  oxyde  of  lead 
which  adheres  to  it  be  reduced.  On  keeping  up  the  heat,  the  assay  will  resume  its  ordi- 
nary train. 

Pure  silver  almost  always  vegetates.  Some  traces  of  copper  destroy  this  property, 
which  is  obviously  due  to  the  oxygen  which  the  silver  can  absorb  while  it  is  in  fusion, 
and  which  is  disengaged  the  moment  it  solidifies.  An  excess  of  lead,  by  removing  all  the 
copper  at  an  early  stage,  tends  to  cause  the  vegetation. 

The  brightening  is  caused  by  the  heat  evolved,  when  the  button  passes  from  the  liquid 
to  the  solid  state.    Many  other  substances  present  the  same  phenomenon. 

In  the  above  operation  it  is  necessary  to  employ  lead  which  is  very  pure,  or  at  least  free 
from  silver.    That  kind  is  called  poor  lead. 

It  has  been  observed  at  all  timQ3,'that  the  oxyde  of  lead  carries  off  with  it,  into  the  cu- 
pel, a  little  silver  in  the  state  of  an  oxyde.  This  effect  becomes  less,  or  even  disappears^ 
when  there  is  some  copper  remaining ;  and  the  more  copper,  the  less  chance  there  is  of 
any  silver  bein?  lost.  The  loss  of  silver  increases,  on  the  other  hand,  with  the  dose  of 
lead.  Hence  the  reason  why  it  is  so  important  to  proportion  the  lead  with  a  preciskm 
which,  at  first  sight,  would  appear  to  be  superfluous.  Hence,  also,  the  reason  of  the  at- 
tempts which  have,  of  late  years,  been  made  to  change  the  whole  system  of  silver  assays^ 
and  to  have  recourse  to  a  method  exempt  from  the  above  causes  of  error. 

M.  d'Arcet,  charged  by  the  Commission  of  the  Mint  in  Paris,  to  examine  into  the  jus- 
tice of  the  reclamations  made  by  the  French  silversmiths  against  the  puMic  assays,  as* 
certained  that  they  were  weU  founded;  and  that  the  results  of  cupellation  gave  for  the 
alloys  betwen  897  and  903  thousandths  (the  limits  of  their  standard  coin)  m  inferior 
standard,  by  from  4  to  5  thousandth  parts,  from  the  standard  or  title  which  should  result 
from  the  absolute  or  actual  alloy. 

The  mode  of  assay  shows,  in  fact,  that  an  ingot,  experimeatally  composed  of  900 
thousandths  of  fine  silver,  and  100  thousandths  of  copper,  appears,  by  cupellation,  to  be 
only,  at  the  utmost,  896  or  897  thousandths;,  whereas  fine  silver,  of  1000  thousandths, 
comes  out  nearly  of  its  real  standard.  Consequently  a  director  of  the  Mint,  who  should 
compound  his  aUoy  with  fine  silver,  would  be  oblageQ  to  employ  903  or  904  thousandths^ 
in  order  that,  by  the  assay  in  the  laboratory  of  the  Mint,  it  should  appear  to  have  the 
standard  of  900  thousandths.  These  3  or  4  thousandths  would  be  lost  to  him,  since  they 
would  be  disguised  by  the  mode  of  assay,  the  definitive  criterion  of  the  quantity  of  silver^ 
of  which  the  government  keeps  connt  from  the  coiner  of  the  money. 

From  the  experiments  subsequently  made  by  M.  d'Arcet,  it  appears  that  silver  assays 
always  suffer  a  loss  of  the  precious  metal,  which  varies,  however,  with  the  standard  of 
the  alloy.    It  is  1  thousandth  for  fine  silver, 

4*3  thousandths  for  silver  of  900  thousandths^ 
4.9         —         for    —    of  800        — 
4-2         —         for    —    of  500        — 
and  dii&iuishes  thereafter,  progressively,  till  the  alloy  contains  only  100  thousandths  of 
silver,  at  which  point  the  loss  is  only  0-4. 

Assays  requested  by  the  Commission  of  the  Paris  Mint,  from  the  assayers  of  the  prin- 
cipal Royal  Mints  in  Europe,  to  which  the  same  alloys,  synthetically  compounded,  were 
sent,  afforded  the  results  inscribed  in  the  following  table. 


NamM  of  th«  Atsayen. 


F.  de  Castenhole,  Mint  Assayer 

A.  R.  Vervaez,  ditto 

B.  M.   Cabrera,    Assayer    in 
Spain  -        -        -        -        - 

Assayer-        -        -        -        - 
Mr.  Bingley,  Assay  Master     - 
Mr.  Johnson,  Asjo^yer     - 
Inspector  of  the  Mint     - 
Assayer  of  the  Mint 
Assayer  of  Trade    -        .        - 
Assayer  of  the  Mint 
Ditto 


CitJM  where  they 
reeida. 


Vienna 

Madrid 

Ditto 

Amsterdam 

London 

Ditto 

Utrecht 

Naples 

Ditto 

Hamburgh 

Altona 


Staniinrdii  fouod  for  the  Methcmntical  Alloys 


950  mill. 


946-20 
944-40 

944-40 
94700 
946-25 
933-33 
945-00 
945*00 
945-00 

946-i§ 
942- f 


900  oiill. 


898  40 
893-70 

893-70 

895-00 

896-25 

883-50 

896-60 

891-00 

891-00 

897- 

894- 


t« 


800  mill. 


795-10 
789-20 

788-60 
795-00 
794-25 
783-33 
799-00 
787-00 
787-00 

79'8-4J 
790 
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Tbese  results,  as  well  as  thope  in  still  greater  numbers,  obtained  from  the  ablest 
Parisian  assayer^  upon  identiod  alloys  of  silver  and  copper,  prove  that  die  mode  of 
assay  applied  to  them  brings  out  the  standard  too  low ;  and  further,  that  the  quantity 
of  silrer  masked  or  disguised,  is  not  uniform  for  these  diflTerent  eminent  assay  masters. 
An  alloy,  for  example^  at  the  standard  of  900  thousandths  is  judged  at 

M. 

the  Mint  of  Paris  to  have  a  standard  of  895'6 
At  that  of  Vienna  —  898*4 

—  Madrid  —  893-7 

—  Naples  —  891-0 

The  fact  thus  so  clearly  made  out  of  a  loss  in  the  standard  of  silver  bullion  and  coin, 
merits  the  most  serious  attention ;  and  it  will  appear  astonishing,  perhaps,  that  a  thing 
recurring  every  day,  should  have  remained  for  so  long  a  time  in  the  dark.  In  reality, 
however,  the  fact  is  not  new;  as  the  very  numerous  and  well-made  experiments  of 
Tillet,  from  1760  to  1763,.  which  are  related  in  the  memoirs  of  the  Academy  of 
Sciences,  show,  in  the  silver  assays,  a  loss  still  greater  than  that  which  was  experienced 
lately  in  the  laboratory  of  the  Commission  of  ti^e  French  Mint.  But  he  thought  that, 
as  the  error  was  common  to  the  nations  in  general,  it  was  not  worth  while  or  prudent 
to  introduce  any  innovation. 

A  mode  of  assaying,  to  give,  with  certainty,  the  standard  of  Silver  bullion,  should  be 
entirely  independent  of  the  variable  circumstances  of  temperature,  and  the  unknown 
proportions  of  copper,  so  difficult  to  r^;ulate  by  the  mere  judgment  of  the  senses.  The 
process  by  the  humid  way,  recommended  by  me  to  the  Royal  Mint  in  1829,  and  ex- 
hibited as  to  its  principles  before  the  Right  Honorable  John  Herries,  then  Master,  in 
1830,  has  aU  the  precision  and  certainty  we  could  wish.  It  is  founded  on  the  well-known 
property  which  silver  has,  when  dissolved  in  nitric  acid,  to  be  precipitated  in  a  chloride  of 
silver  quite  insoluble,  by  a  solution  of  sea  salt,  or  by  muriatic  acid ;  but,  instead  of  deter^ 
mining  the  weight  of  the  chloride  of  silver,  which  would  be  somewhat  uncertain  and 
rather  tedious,  on  account  of  the  difficulty  of  drying  it,  we  take  the  quantity  of  the 
solution  of  sea  salt  which  has  been  necessary  for  the  precipitation  of  the  silver.  To 
pat  the  process  in  execution,  a  liquor  is  prepared,  composed  d*  'V'ater  and  sea  salt  in  such 
piropoitions  that  1000  measures  of  this  liquor  may  precipitate,  completely,  12  grains  of 
silTer,  perfectly  pure,  or  of  the  standard  1000,  previously  dissolved  in  nitric  acid.  The 
liquor  thus  prepared,  gives,  immediately,  the  true  standard  of  any  alloy  whatever,  of 
sQver  and  copper,  by  the  weight  of  it  which  may  be  necessary  to  precipitate  12  grains 
of  this  alloy  If,  for  example,  905  measures  have  been  required  to  precipitate  the  12 
grains  of  alloy,  its  standard  would  be  905- thousandths. 

The  process  by  the  humid  way  is,  so  to  speak,  independent  of  the  operator.  The 
manipulations  are  so  easy ;  and  the  term  of  the  operation  is  very  distinctly  announced  by 
the  absence  of  any  sensible  nebulosities  on  the  affusion  of  sea  salt  into  the  silver  solution, 
while  there  remains  in  it  J  thousandth  of  metal.  The  process  is  not  tedious,  and  in 
ex])erienced  hands  it  may  rival  the  cupel  in  rapidity;  it  has  the  advantage  over  the 
cupel  of  being  more  within  the  reach  of  ordinary  operators,  and  of  not  requiring  a  long 
apprenticeship.  It  is  particularly  useful  to  such  assayers  as  have  only  a  few  assays  to 
make  daily,  as  it  will  cost  them  very  little  time  and  expense. 

By  agitating  briskly  during  two  minutes,  or  thereby,  the  liquid  rendered  milky  by 
the  precipitation  of  Ihe  chloride  of  silver,  it  may  be  sufficiently  clarified  to  enable  us  to 
apprectaip,  after  a  few  moments  of  repose,  the  disturbance  that  can  be  produced  in  it  by 
the  addition  of  1000  of  a  grain  of  silver.  Filtration  is  more  efficacious  than  agitation, 
especially  when  it  is  employed  aflerwards ;  it  may  be  sometimes  used ;  but  agitation, 
which  is  much  more  prompt,  is  generally  sufficient.  The  presence  of  lead  and  copper, 
or  any  other  metal,  except  mercury,  has  no  perceptible  indnence  on  the  quantity  of  sea 
salt  necessar>'  to  precipitate  the  silver ;  that  is  to  say,  the  same  quantity  of  silver,  pure 
or  alloyed,  requires  for  its  precipitation  a  constant  quantity  of  the  solution  of  sea  salt. 

Supposing  that  we  operate  upon  a  gramme  of  pure  silver,  the  solution  of  sea  salt 
onght  to  be  such  that  100  centimetres  cube  may  precipitate  exactly  the  whole  silver. 
The  standard  of  an  alloy  is  given  by  the  number  of  thousandths  of  solution  of  sea  salt 
necessary  to  precipitate  the  silver  contained  in  a  gramme  of  the  alloy. 

When  any  mercury  is  accidentally  present,  which  is,  however,  a  rare  occurrence,  it 
is  made  obvious  by  ihe  precipitated  chloride  remaining  white  when  exposed  to  daylight, 
whereas  when  there  is  no  mercury  present,  it  becomes  speedily  first  gray  and  then 
purple.  Silver  so  contaminated  must  be  strongly  ignited  in  fhsion  before  being  assayed, 
and  its  loss  of  weight  noted.    In  this  case,  a  cupel  assay  must  be  had  recourse  to. 

Prtpar alien  of  the  Normal  Solution  of  Sea  Salt,  vken  it  it  meaanred  by  Weight, — Sup« 
posing  the  sea  salt  pure  as  well  as  the  water,  we  have  only  to  take  these  two  bodies  in 
the  proportion  of  0-5427  k.  of  salt  to  99*4573  k.  of  water,  to  have  100  k.  of  solution^ 
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of  which  100  grammes  wiU  precipitate  exactly  one  gramme  of  flilrer.  Bat  instead  of 
pure  salt,  which  is  to  be  procured  with  difficulty,  and  which  besides  may  be  altered 
readily  by  absorbing  the  humidity  of  the  air,  a  coneentraXed  solution  of  the  sea  salt  of 
commerce  is  to  be  preferred,  of  which  a  large  quantity  may  be  prepared  at  a  time,  to  be 
kept  in  reserve  for  use,  as  it  is  wanted.    Itulrwtion  de  Gay  Imssoc, 

Preparation  of  the  Normal  Solution  of  Sea  Salt,  when  measured  by  Volume, — The 
measure  by  weight  has  the  advantage  of  being  independent  of  temperature,  of  having 
the  same  degree  of  precision  as  the  balance,  and  of  standing  in  need  of  no  correction. 
The  measure  by  volume  has  not  all  these  advantages;  but,  by  gixdng  it  sufficient 
precision,  it  is  more  rapid,  and  is  quite  sufficient  for  the  numerous  daily  assays  of  the 
mint.  This  normal  solution  is  so  made,  that  a  volume  equal  to  that  of  100  graounes 
of  water,  or  100  centimetres  cube,  ^t  a  determinate  temperature,  may  precipitate  exactly 
one  gramme  of  silver.  The  solution  may  be  kept  at  a  constant  temperature,  and  in 
this  case  the  assay  stands  in  want  of  no  correction ;  or  if  its  temperature  be  variable, 
the  assay  must  be  corrected  according  to  its  influence.  These  two  circumstances  make 
no  change  in  the  principle  of  the  process,  but  they  are  sufficiently  important  to  occasion 
some  modifications  in  the  apparatus.  Experience  has  decided  the  preference  in  favor 
of  applying  a  correction  to  a  variable  temperature. 
We  readily  obtain  a  volume  of  100  cubic  centimetres  by  means  of  b.  pipette,  fig,  83, 

so  gauged  that  when  filled  with  water  up  to  the 
mark  a,  6,  and  well  dried  at  its  point,  it  wiU  run 
out,  at  a  continuous  efflux,  100  grammes  of  water 
at  the  temperature  of  15  C.  (59  Fah.).  We  say 
purposely  at  one  efflux,  because  aAer  the  cessation 
of  the  jet,  the  pipette  may  still  furnish  two  or 
three  drops  of  liquid,  which  must  not  be  counted 
or  reckoned  upon.  The  weight  of  the  volume  of 
the  normal  solution,  taken  in  this  manner  with 
suitable  precautions,  will  be  uniform  from  one 
extreme  to  another,  upon  two  centimetres  and  a 
half,  at  most,  or  to  a  quarter  of  a  thousandth,  and 
the  difference  from  the  mean  will  be  obviously 
twice  less,  or  one  half.  Let  us  indicate  the  most 
simple  manner  of  taking  a  measure  of  the  normal 
sohnion  of  sea  salt. 

AAer  having  immersed  the  beak  c  of  the  pipette 
in  the  solution,  we  apply  suction  by  the  mouth, 
to  the  upper  orifice,  and  thereby  raise  the  liquid  to 
dy  above  the  circular  line  a  b.  We  next  apply 
neatly  the  forefinger  of  one  hand  to  this  orifice, 
I  I  iJU        ^^        remove  the  pipette  from  the  liquid,  and  seize  it 

I k  C\J  as  represented  in  fig,  84.    The  mark  a  b  being 

]\  U  placed  at  the  level  of  tlie  eye,  we  make  the  sur- 

face of  the  solution  become  exactly  a  tangent  to 
the  plane  a  b.  At  the  instant  it  becomes  a  tangent,  we  leave  the  beak  c  of  the  pipette 
open,  by  taking  away  the  finger  that  had  been  applied  to  it,  and  without  changing 
anything  else  in  the  position  of  the  hands,  we  empty  it  into  the  bottle  which  should 
receive  the  solution,  taking  care  to  remove  it  whenever  the  efflux  has  run  out. 

If,  after  filling  the  pipette  by  suction,  any  one  should  find  a  difficulty  in  applying  the 
forefinger  fast  enough  to  the  upper  orifice,  without  letting  the  liquid  run  down  below 
the  mark  a  b,  he  should  remove  the  pipette  from  the  solution  with  its  top  still  closed 
with  his  tongue,  then  apply  the  middle  finger  of  one  of  his  hands  to  the  lower  orifice ; 
after  which  he  may  withdraw  his  tongue,  and  apply  the  forefinger  of  the  other  hand  to 
the  orifice  previously  wiped.  This  mode  of  obtaining  a  measure  of  normal  solution  of 
sea  salt  is  very  simple,  and  requires  no  complex  apparatus  :  but  we  shall  indicate  another 
manipulation  still  easier,  and  also  more  exact. 

In  this  new  process  the  pipette  is  filled  from  the  top  like  a  bottle,  instead  of  being 
filled  by  suction,  and  it  is  moreover  fixed.  Fig.  85  represents  the  apparatus,  d  and 
d'  are  two  sockets  separated  by  a  stop-cock  a.  The  upper  one,  tapped  interiorly, 
receives,  by  means  of  a  cork  stopper  l,  the  tube  t,  which  admits  the  solution  of  sea 
salt.  The  lower  socket  is  cemented  on  to  the  pipette ;  it  bears  a  small  air-cock  n',  and 
a  screw  plug  v,  which  regulates  a  minute  opening  intended  to  let  the  air  enter  very 
slowly  into  the  pipette.  Below  the  stop-cock  r',  a  silver  tube  k,  of  narrow  diameter, 
toldered  to  the  socket,  leads  the  solution  into  the  pipette,  by  allowing  the  air,  which  it 
displaces,  to  escape  by  the  stop-cock  n'.  The  screw  plug,  with  the  milled  head  v', 
Tejdaces  the  ordinary  screw  by  which  the  key  of  the  stop-cock  may  be  made  to  press 
with  more  or  less  force,  upon  its  conical  seat. 
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Fi$,  86  lepreieiitty  in  a  side  Tiew,  tlie  apparatus  just  described.    We  here  remark  an 

air-cock  a,  and  an  opening  m.    At  the  extremity  q  of  the  same  fignre,  the  conical  pipe 

T  entersy  vith  frietion.    It  is  by  this  pipe  that  the  air  is  sncked  into  the  pipette  when  it 

is  to  be  fined  from  its  beak. 

The  jnqpette  is  supported  by  twa  horizontal  arms  h  k  (fig.  87)  moveable  abont  a 

common  axis  a  a,  and  capable  of  being  drawn 
ont  or  shortened  by  the  aid  of  two  k)ngita- 
dinal  slits.  They  are  fixed  steadily  by  two 
screw  nuts  e  i,  and  their  distance  may  be  varied 
by  means  of  round  bits  of  wood  or  cork  inter- 
posed, or  even  by  opposite  screw  nuts  o  6,  The 
upper  arm  h  is  pierced  with  a  hole,  in  which 
is  fixed,  by  the  pressure  of  a  Wooden  screw  «, 
the  socket  of  the  jnptttt.  The  corresponding 
hole  of  the  lower  arm  is  larger ;  and  the  beak 
of  the  jripeite  is  supported  in  it  by  a  cork  stop- 
per L.  The  apparatus  is  fixed  by  its  tail-piece 
p,  by  means  of  a  screw,  to  the  corner  of  a  wall, 
or  any  other  prop. 

The  manner  of  filling  the  pipette  is  very  sim- 
ple. We  begin  by  applying  the  fore-finger  of 
the  left  hand  to  the  lower  aperture  c ;  we  then 
open  the  two  stop-cocks  r  and  il\  Whenever 
the  liquor  approaches  the  neck  of  the  pipette,  we 
ihust  temper  its  influx,  and  when  it  has  arrived 
at  some  millimetres  above  the  mark  a  6,  we  close 
the  two  stop-cocks,  and  remove  our  fore-finger. 
We  have  now  nothing  more  ta  do  than  to  regu- 
late the  pipette;  for  which  purpose  the  liquid 
must  touch  the  line  a  6,  and  must  simply  adhere 
externally  to  the  beak  of  the  pipette. 
This  last  circumstance  is  easily  adjusted. 
After  taking  away  the  finger  which  dosed  the  aperture  e  of  the  pipette,  we  apply  to  this 
orifice  a  moist  sponge  m,fig.  88,  wrapped  up  in  a  linen  rag,  to  absorb  the  superfiuous 

liquor  as  it  drops  out.  This  sponge 
is  called  the  handkerchief  {mint' 
cfcotr),  by  M.  Gay  Lussac.  The 
pipette  is  said  to  be  wiped  when 
there  is  no  liquor  adhering  to  its 
point  exteriorly. 

For  the  convenience  of  operat- 
ing, the  handkerchief  is  fixed  by 
friction  in  a  tube  of  tin  plate,  ter- 
minated by  a  cup,  open  at  bottom 
to  let  the  droppings  flow  off  into 
^  the  cistern  c,  to  which  the  tube  ia 
soldered.  It  may  be  easily  re- 
moved for  the  purpose  of  washing 
it ;  and,  if  necessary,  a  little  wedge 
of  wood,  0,  can  raise  it  toward  the  pipette. 

To  complete  the  adjustment  of  the  pipette,  the  liquid  must  be  made  merely  to  descend 
tn  the  mark  a,  b.  With  this  view,  and  whUe  the  handkerchid*  is  applied  to  the  beak 
o  the  pipette,  the  air  must  be  allowed  to  enter  very  slowly  by  unscrewing  the  plug  v, 
fig,  86;  and  at  the  moment  of  the  contact  the  handkerchief  mnst  be  removed,  and  the 
bottle  F,  destined  to  receive  the  solution,  mnst  be  placed  below  the  orifice  of  the  pipette, 
fig.  88.  As '  the  motion  must  be  made  rapidly,  and  without  hesitation,  the  bottle  is 
placed  in  a  cylinder  of  tin-plate,  of  a  diameter  somewhat  greater,  and  forming  one  body 
with  the  cistern  and  the  haadkerdiief.  The  whole  of  this  apparatus  has  for  a  basis  a 
plate  of  tinned  iron,  moveable  betweoi  two  wooden  rulers  r  r,  one  of  which  bears  a 
groove,  nnder  which  the  edge  of  the  plate  slips.  Its  traverses  are  fixed  by  two  abutments 
h  h,  plaieed  so  that  when  it  is  stopped  by  one  of  them,  the  beak  of  the  pipette  corresponds 
to  the  centre  of  the  neck  of  the  bottle,  or  is  a  tangent  to  the  handkerchief.  This 
anangeoient,  very  convenient  for  wiping  the  pipette  and  emptying  it,  gives  the  apparatus 
sufficient  solidity,  and  allows  of  its  being  taken  away  and  replaced  without  deranging 
anything.  It  is  obvious  that  it  is  of  advantage,  when  once  the  entry  of  the  air  into 
the  p^tt  has  been  regulated  by  the  screw  v,  to  leave  it  t.  nstantly  open,  because  the 
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motion  firosa  the  handkerchief  to  the  hottle  is  peffonaed  with  sufficient  rapidity  to  preTent 
a  di-op  of  the  sohition  from  collecting  and  falling  down. 

Temperature  of  the  Soluti&n. — ^After  having  described  the  manner  of  measuring  by 
volume  the  normal  solution  of  the  sea  salt,  we  shall  indicate  the  most  convenient  means 
of  taking  the  temperature.  The  thennometer  is  placed  in  a  tube  of  glass  t,  fig.  89^ 
which  the  solution  traverses  to  arrive  at  the  pipette.  It  is  suspended  in  it  by  a  piece  of 
cork,  grooved  on  the  four  sides  to  afford  passage  to  the  liquid.  The  scale  is  engraved 
upon  the  tube  itself,  and  is  repeated  at  the  opposite  side,  to  fix  the  eye  by  the  coincidence 
of  this  double  division  at  the  level  of  the  tfaermometric  column.  The  tube  is  joined 
below  to  another  narrower  one,  through  which  it  is  attached  by  means  of  a  cork  stopper 
B,  in  the  socket  of  the  stop-cock  of  the  pipette.  At  its  upper  piart  it  is  cemented  into  a 
brass  socket,  screw-tapped  in  the  inside,  which  is  connected  in  its  turn  by  a  cock,  with 
the  extremity^  also  tapped,  of  the  tube  above  t,  belonging  to  the  reservoir  of  the  normal 
solution.  The  corks  employed  here  as  connecting  links  between  the  parts  of  the 
apparatus,  give  them  a  certain  flexibilit}',  and  allow  of  their  being  dismounted  and  re- 
mounted in  a  very  short  time ;  but  it  is  indispensable  to  make  them  be  traversed  by  a 
hollow  tube  of  glass  or  metal,  which  will  hinder  them  from  being  crushed  by  the  pressure 
they  are  exposed  to.  If  the  precaution  be  taken  to  grease  them  with  a  little  suet,  and  to 
fill  their  pores,  they  will  suffer  no  leakage. 

Preservation  of  the  Normal  Solution  of  Sea  Salt  in  metallic  Vesteit. — M.  Gny  Lussac 
uses  for  this  purpose  a  cylindrical  vessel  or  drum  of  copper,  of  a  capacity  of  about  110 
litres,  having  its  inside  covered  with  a  rosin  and  wax  cement. 

Preparation  of  the.  Normal  Solution  of  Sea  Soli,  measuring  it  by  Volume. — If  the  drum 
contains  1 10  litres,  we  should  put  only  105  into  it,  in  order  that  sufficient  space  may  be 
left  for  agitating  the  liquor  without  throwing  it  out.  According  to  the  principle  that 
100  centimetres  cube,  or  -X  of  a  litre  of  the  solution  should  contain  enough  of  sea  salt  to 
precipitate  a  gramme  of  pure  silver ;  and,  admitting,  moreover,  13*516  for  the  prime  equi- 
valent of  silver,  and  7*335  for  that  of  sea  salt,  we  shall  find  the  quantity  of  pure  salt  that 
should  be  dissolved  in  the  105  litres  of  water,  and  which  corresponds  to  105  X  10  =  1(D50 
grammes  of  silver,  to  be  by  the  following  proportion : — 

13*516  :  7*335  ::  1050  gramm.  :  x=569*83  gr. 

And  as  the  solution  of  the 'sea  salt  of  commerce,  formerly  mentioned,  contains  approxi> 
mately  250  grammes  per  kilogramme,  we  must  take  2279*3  grammes  of  this  solution  to 
have  569*83  gram,  of  salt.  The  mLxture  being  perfectly  made,  the  tubes  and  the  pipeue 
must  be  several  times  washed  by  running  the  solution  through  them,  and  putting  it  into 
the  drum.  The  staudard  of  the  solution  must  be  determined  aAer  it  has  been  well  agi" 
tated,  supposing  the  temperature  to  remain  uniform. 

To  arrive  more  conveniently  at  this  result,  we  begin  by  preparing  two  decimee  solu- 
tions ;  one  of  silver,  and  another  of  sea  salt. 

The  decime  solution  of  silver  is  obtained  by  dissolving  1  gramme  of  silver  in  nitric  acid, 
and  diluting  the  solution  with  water  till  its  volume  becomes  a  litre. 

The  decime  solution  of  sea  salt  may  be  obtained  by  dissolving  0*543  grammes  of  pure 
sea  salt  in  water,  so  that  the  solution  shall  occupy  a  litre;  but  we  shall  prepare  it  even 
with  the  normal  solution  which  we  wish  to  test,  by  mixing  a  measure  of  it  with  9  mea- 
sures of  water ;  it  being  understood  that  this  solution  is  not  rigorously  equivalent  to  that 
of  silver,  and  that  it  will  become  so,  only  when  the  normal  solution  employed  for  its  pre- 
paration shall  be  finally  of  the  true  standard.  Lastly,  we  prepare  beforehand  several 
^stoppered  vials,  in  each  of  which  we  dissolve  1  gramme  of  silver  in  8  or  10  grammes  of 
nitric  acid.     For  brevity's  sake  we  shall  call  these  tests. 

Now  to  investigate  the  standard  of  the  normal  solution,  we  must  transfer  a  pipciie  of 
it  into  one  of  these  test  vials;  and  we  must  agitate  the  liquors  briskly  to  clarify  them. 
AAer  some  instants  of  repose,  we  must  pour  in  2  thousandths  of  the  decime  solution  ol 
sea  salt,  >Khich,  we  suppose,  will  produce  a  precipitate.  The  normal  liquor  is  conse- 
quently too  feeble ;  and  we  should  expeet  this,  since  the  sea  salt  employed  was  not  per- 
fpctly  pure.  We  agitate  and  add  2  fresh  thousandths^  which  will  also  produce  a  precipi- 
tate. We  continue  thus  by  successive  additions  of  2  thousandths,  till  the  last  produces 
no  precipitation.  Suppose  that  we  have  added  16  thousandths :  the  last  two  should  not 
be  reckoned,  as  they  produced  no  precipitate ;  the  preceding  two  were  necessary',  but 
only  in  part ;  that  is  to  say,  the  useful  thousandths  added  are  above  12  and  below  14,  or 
otherwise  they  are  on  an  average  equal  to  13. 

Thus,  in  the  condition  of  the  normal  solution,  we  require  1013  parts  of  it  to  pre- 
cipitate one  gramme  of  silver,  while  we  should  jequire  only  1000.  We  shall  find  the 
quantity  of  concentrated  solution  of  sea  salt  that  we  should  add,  by  noting  that  the 
quantity  of  solution  of  sea  salt,  at  first  employed,  viz.  2279*3  grammes,  produced  a 
slandard  of  only  987  tbousandihs^lOOO — 13  ;  and  by  using  the  following  proportion  • 

987  :  2279*3  ::  13  :  x=30*02  grammes. 
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This  quantity  of  the  fttrong  sdntion  of  salt,  mUed  with  tkc  kfifrmal  solution  In  the 
inuny  will  correct  its  staodaid,  and  we  shall  now  see  by  how  much. 

AAer  having  washed  the  tubes  and  the  jripeiie  with  the  new  solution,  we  mnsi 
repeat  the  experiment  upon  a  fresh  gramme  of  silver.  We  shall  find,  for  example,  in 
proceeding  only  by  a  thousandth  at  a  time,  that  the  first  causes  a  precipitate,  but  not  the 
second.  The  standard  of  the  solution  is  still  too  weak,  and  is  comprised  between  1000 
and  JOOl ;  that  is  to  say,  it  may  be  equal  to  1000^,  but  we  must  make  a  closer  approxi- 
mation. 

We  pour  into  the  test  bottle  2  thousandths  of  the  decime  solution  of  silrer,  which  will 
destroy,  perceptibly,  two  thousandths  of  sea  salt,  and  the  operation  will  have  retrograded 
by  two  thousandths ;  that  is  to  say,  it  will  be  brought  back  to  the  point  at  which  it  was 
first  of  all.  If,  after  having  cleared  up  the  liquor,  we  add  half  a  thoui«andth  of  the  de- 
dme  solution,  there  will  necessarily  be  a  precipitate,  as  we  knew  beforehand,  but  a  se- 
cond will  canse  no  turbidity.  The  standard  of  the  normal  liquor  will  be  consequently 
comprehended  between  1000  and  lOOOi,  or  equal  to  1000}. 

We  should  rest  content  with  this  standaid,  but  if  we  wi^b  to  correct  it,  we  may 
remark  that  the  two  quantities  of  solution  of  salt  added,  viz.  2279*3  gr.  -{-  3002  gr.= 
2?09'32  gr.  have  produced  only  999*75  thousandths,  and  that  we  must  add  a  new 
quantity  of  it  corresponding  to  }  of  a  thousandth.    We  make,  therefore,  the  proportion 

999*7.5  :  2309*32  ::  0-25  :  x. 

But  since  the  first  term  dififers  very  little  from  1000,  we  may  content  ourselves  to 
hare  x  by  taking  the  g^g^  of  2309-32,  and  we  shall  find  0*577  gr.  for  the  quantity  of 

solution  of  sea  salt  to  oe  added  to  the  normal  solution. 

It  is  not  convenient  to  take  exactly  so  small  a  quantity  of  solution  of  sea  salt  by  the 
balance,  bat  we  shall  succeed  easily  by  the  following  process.  We  weigh  50  grammes 
of  this  solution,  and  we  dilute  it  with  water;  so  that  it  occupies  exactly  half  a  litre,  or 
500  centimetres  cube.  A  pipette  of  this  solution,  one  centimetre  cube  in  volume,  will 
give  a  decigramme  of  the  primitive  solution,  and  as  such  a  small  pipette  is  divided  into 
twenty  drops,  each  drop,  for  example,  will  represent  5  milligrammes  of  the  solution.  We 
should  arrive  at  quantities  smaller  stUi  by  diluting  the  solution  with  a  proper  quantity 
of  water;  but  greater  precision  would  be  entirely  needless. 

The  testing  of  the  normal  liquor  just  described,  is,  in  reality,  less  tedious  than  might 
be  supposed.  It  deserves  also  to  be  remarked,  that  liquor  has  been  prepared  for  more 
than  1000  assays ;  and  that,  in  preparing  a  fresh  quantity,  we  shall  obtain  directly  its  true 
standard,  or  nearly  so,  if  we  bear  in  mind  the  quantities  of  water  and  solution  of  sah 
which  had  been  employed. 

Correction  of  the  Standard  of  the  Normal  Solution  of  Sea  Salt,  when  the  Temperature 
tkanges. — ^We  have  supposed,  in  determining  the  standard  of  the  normal  solution  of  sea 
salt,  that  the  temperature  remained  uniform.  The  assays  made  in  such  circumstances, 
have  no  need  of  correction;  but  if  the  temperature  should  change,  the  same  measure  of 
the  solution  will  not  contain  the  same  quantity  of  sea  salt.  Supposing  that  we  have 
tested  the  solution  of  the  salt  at  the  temperature  of  15°  C. ;  if,  at  the  time  of  making  the 
experiment,  the  temperature  is  18°  C,  for  example,  the  solution  will  be  too  weak  on  ac- 
count of  its  expansion,  and  thepipettt  will  contain  less  of  it  by  weight;  if,  on  the  con- 
trary, the  temperature  has  fallen  to  12^,  the  solution  will  be  thereby  concentrated  and 
will  prove  too  strong.  It  is  therefore  proper  to  determine  the  correction  necessary  to  be 
made,  for  any  variation  of  temperature. 

To  ascertain  this  point,  the  temperature  of  the  solution  of  sea  salt  was  made  succes- 
sively to  be  0°,  5°,  10^,  15°,  20°,  26°,  and  30°  C. ;  and  three  pipettes  of  the  solution  were 
weighed  exactly  at  each  of  these  temperatures.  The  third  of  these  weighings  gave  the 
mean  weight  of  a  pipette.  The  corresponding  weights  Of  a  pipette  of  the  solution,  were 
afterwards  graphically  interpolated  from  degree  to  degree.  These  weights  form  the  se- 
cond column  of  the  following  table,  enthled,  Table  of  Correction  for  the  Fariaiiona  in  the 
Temperature  of  the  Normal  Solution  of  the  Sea  Salt,  They  enable  us  to  correct  any  tem- 
perature between  0  and  30  degrees  centigrade  (32^  and  86°  Fahr.)  when  the  solution  of 
sea  salt  has  been  prepared  in  the  same  limits. 

Ixt  us  suppose,  for  example,  that  the  solution  has  been  made  standard  at  15°,  and 
that,  at  the  time  of  using  it,  the  temperature  has  become  18°.  We  see  by  the  second 
column  of  the  table,  that  the  weight  of  a  measure  of  the  solution  is  100*099  gr.  at  15°, 
and  100-065  at  18° ;  the  difiference  0*034  gr.,  is  the  quantity  of  solution  less  which  has 
been  really  taken ;  and  of  course  we  must  add  it  to  the  normal  measure,  in  order  to 
Ottke  it  equal  to  one  thousand  miUiemet.  If  the  temperature  of  the  solution  had  fallen 
to  10  degrees,  the  difference  of  the  weight  of  a  measure  from  10  to  15  degrees  would  be 
0*019  gr.,  which  we  must  on  the  contrary  deduct  from  the  measure,  since  it  had  been  taken 
too  large.    These  differences  of  weight  of  a  measure  of  solution  at  15^,  from  that  of  a 
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measure  at  any  other  temperature,  form  the  column  10^  of  (he  table,  where  they  are 
expressed  in  thousandths ;  they  are  inscribed  on  the  same  horizontal  lines  as  the  tem- 
peratures to  which  each  of  them  relates,  with  the  sign  -|~  pl^9  when  they  must  be  added, 
and  with  the  sign  —  minus,  when  they  must  be  subtracted.  The  columns  5°,  10°,  20°, 
25^3  35°,  have  been  calculated  in  the  same  manner  for  the  cases  in  which  the  normal 
solution  may  have  been  graduated  to  each  of  these  temperatures.  Thus,  to  calculate  the 
column  10,  the  number  100*1 18  has  been  taken  of  the  column  of  weights  for  a  term  of 
departure,  and  its  difference  from  all  the  numbers  of  the  same  column  has  been 
sought. 


Table  of  Correction  for  the  Variations  in  the  Temperature  of  the  Normal  Solution  of 

the  Sea  Salt. 


Temperatare. 

Weight. 

5« 

10« 

15« 

20° 

2SO 

80«> 

yram. 

milt. 

mill. 

mill. 

mill. 

mill. 

mill.        1 

4 

100,109 

00 

—  0-1 

-1 

[-0-1 

- 

I- 0-7 

hl-7 

h2-7 

5 

100,113 

0-0 

—  01 

~ 

-0-1 

- 

-0-7 

-1-7 

-2-8 

6 

100,115 

0-0 

00 

- 

-0-2 

- 

-0-8 

-1-7 

-2-8 

7 

110,118 

-l-O-l 

0-0 

- 

-0-2 

- 

-0-8 

-1-7 

-2-8 

8 

100,120 

~ 

UO-1 

0-0 

— 

-0-2 

- 

-0-8 

-1-8 

-2-8 

9 

100,120 

_ 

-0-1 

0-0 

— 

-0-2 

- 

-0-8 

-1-8 

-2-8 

10 

100,118 

— 

-0-1 

0-0 

- 

-0-2 

_ 

-0-8 

-1-7 

-2-8 

11 

100,116 

0-0 

0-0 

- 

-0-2 

_  -. 

-0-8 

-1-7 

-2-8 

12 

100,114 

0-0 

0-0 

- 

-0-2 

- 

-0-8 

-1-7 

- 

-2-8 

13 

100,110 

0-0 

—  01 

- 

-0-1 

- 

-0-7 

^ 

-1-7 

-2-7 

14 

100,106 

—  0-1 

—  0-1 

-i 

-0-1 

_ 

.0-7 

-1-6 

-2-7 

15 

100,099 

—  0-1 

-0-2 

^0-0 

_ 

-0-6 

•» 

-1-6 

-2-6 

16 

100,090 

0-2 

-0-3 

—  0-1 

- 

-0-5 

-1-5 

-2-5 

17 

100,078 

—  0*4 

—  0-4 

—  0-2 

- 

-0-4 

-1-3 

-2-4 

18 

100,065 

—  0-5 

—  0-5 

—  0-3 

- 

-0-3 

-1-2     '  - 

-2-3 

19 

100,053 

—  0-6 

-0-7 

—  0-6 

+  0-1 

-M     1- 

-2-2 

20 

100,039 

—  0-7 

—  0-8 

—  0-6 

0-0 

-10 

1 

-2-0 

21 

100,021 

0-9 

—  10 

—  0-8 

—  0-2 

-0-8 

-1-9 

22 

100,001 

—  1-1 

—  1-2 

—  1-0 

-0-4 

-0-6 

-1-7 

23 

99,983 

—  1-3 

—  1-4 

—  1-2 

—  0-6 

-0-4 

-1-6 

24 

99,964 

—  1-5 

-1-5 

—  1-4 

-0-8 

-0-2     '  -J 

-1-3 

25 

99,944 

—  1-7 

-1-7 

-1-6 

—  10 

0-0 

-M 

26 

99,924 

—  1-9 

—  1-9 

—  1-8 

-1-2 

-0-2 

-0-9 

27 

99,902 

2-1 

—  2-2 

—  2-0 

-1-4 

—  0-4 

-0-7 

28 

99,879 

—  2-3 

—  2-4 

—  2-2 

—  1-6 

—  0-7 

-0-4 

29 

99,858 

—  2-6 

—  2-6 

—  2-4 

—  1-8 

—  0-9 

- 

-0'2 

30 

99,836 

—  2-8 

—  2-8 

-2-6 

—  2-0 

—  M 

0-0 

Several  expedients  have  been  employed  to  facilitate  and  abridge  the  manipulations.  In 
the  first  place,  the  vials  for  testing  or  assaying  the  specimens  of  silver  should  all  be  of 
the  same  height  and  of  the  same  diameter.  They  should  be  niunbered  at  their  top,  as  well 
as  on  their  stoppers,  in  the  order  1,  2,  3,  &c.  They  may  be  ranged  successively  in  tens ; 
the  stoppers  of  the  same  series  being  placed  on  a  support  in  their  proper  order.  Each  two 
vials  should,  in  their  turn,  be  placed  in  a  japanned  tin  case  (fig.  90),  with  ten  compart- 
ments duly  numbered.  These  compartments  are  cut  out  anteriorly  to  about  half  their 
height,  to  allow  the  bottoms  of  the  bottles  to  be  seen.  When  each  vial  has  received  its 
portion  of  alloy,  through  a  wide-beaked  funnel,  there  must  be  poured  into  it  about  10 
granunes  of  nitric  acid,  of  specific  (gravity  1*28,  with  a  pipette,  containing  that  quantity; 
it  is  then  exposed  to  the  heat  of  a  water  bath,  in  order  to  facilitate  the  solution  of  the 
alloy.  The  water  bath  is  an  oblong  vessel  made  of  tin  plate,  intended  to  receive  the 
vials.  It  has  a  moveable  double  bottom,  pierced  with  small  holes,  for  the  purpose  of  pre- 
venting the  vials  being  broken,  as  it  insulates  them  from  the  bottom  to  which  the  heat  is 
applied.  The  solution  is  rapid ;  and,  since  it  emits  nitrous  vapors  in  abundance,  it  ought 
to  be  carried  on  under  a  chimney. 

The  agitator » — Fig,  91  gives  a  sufficiently  exact  idea  of  it,  and  may  dispense  with  a 
lengthened  description.  It  has  ten  cylindrical  compartments,  numbered  from  1  to  10. 
The  vials,  after  the  solution  of  the  alloy,  are  arranged  in  it  in  the  order  of  their  num- 
bers. The  agitator  is  then  placed  within  reach  of  the  pipetti,  intended  to  measure  out 
the  normal  solution  of  sea  salt,  and  a  pipette  full  of  this  solution  is  put  in  each  vial. 
Each  is  then  closed  with  its  glass  stopper,  previously  dipped  in  pure  water.  They  are 
fixed  in  the  cells  of  the  agitator  by  wooden  wedges.    The  agitotor  is  then  suspended 
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ID  a  spring  R,  and,  seizing  it  -with  the  two  hands,  the  operator  gives  an  ahernating 
rapid  movement,  which  agitates  the  solution,  and  makes  it,  in  less  than  a  minute,  as 

limpid  as  water.  This  movement 
is  promoted  by  a  spiral  spring,  £, 
fixed  to  the  agitator  and  the  ground, 
hut  this  is  seldom  njade  nse  of,  be- 
caose  it  is .  convenient  to  be  able  lo 
transport  the  agitator  from  one  place 
to  another.  When  the  agitation  is 
finished,  the  wedges  are  to  be  taken 
out,  and  the  vials  are  placed  in  order 
upon  a  table  furnished  with  round 
cells  destined  to  receive  them,  and  to 
screen  them  from  too  free  a  light. 

When  we  place  the  vials  upon  this 
table,  we  must  give  them  a  brisk  cir- 
cular motion,  to  collect  the  chloride 
of  silver  scattered  round  their  sides ; 
we  must  liA  out  their  stoppers,  and 
suspend  them  in  wire  rings,  or  pincers. 
We  next  pour  a  thousandth  of  the 
decime  solution  into  each  vial;  and 
before  this  operation  is  terminated, 
there  is  formed  in  the  first  vials, 
when  there  thould  be  a  precipitate,  a 
nebulous  stratum,  very  well  marked, 
of  about  a  centimetre  in  thickness. 

At  the  back  of  the  table  there  is  a 
black  board  divided  into  compart- 
ments numbered  from  1  to  10,  upon 
each  of  which  we  mark,  wiih  chalk, 
the  thousandths  of  the  decime  liquor 
put  into  the  correspondent  vial.  The 
thousandths  of  sea  salt,  which  indicate 
an  augmentation  of  standard,  are  pre- 
ceded by  the  sign  -)-,  and  the  thou- 
sandths of  nitrate  of  silver  by  the  fign  — . 

When  the  assays  are  finished,  the  liquor  of  each  vial  is  to  be  poured  into  a  large 
vessel,  in  which  a  slight  excess  of  sea  salt  is  kept ;  and  when  it  is  full,  the  supernatant 
dear  liqnid  must  be  run  ofiT  with  a  syphon. 

The  chloride  of  silver  may  be  reduced  without  any  perceptible  loss.  After  having 
washed  it  weU,  we  immerse  pieces  of  iron  or  zinc  into  it,  and  add  sulphuric  acid  in  suffi- 
cient quantity  to  keep  up  a  feeble  disengagement  of  hydrogen  gas.  The  mass  must  not 
be  touched.  In  a  few  days  the  silver  is  completely  reduced.  This  is  easily  recognised 
by  the  color  and  nature  of  the  product ;  or  by  treating:  a  small  quantity  of  it  with 
water  of  ammonia,  we  shaU  see  whether  there  be  any  chloride  unreduced  ;  for  it  will 
be  dissolved  by  the  ammonia,  and  will  afterwards  appear  upon  saturating  the  ammonia 
with  an  acid.  The  chlorine  remains  associated  with  the  iron  or  the  zinc  in  a  state 
of  solution.  The  first  washings  of  the  reduced  silver  must  be  made  with  an  acidulous 
water,  to  dissolve  the  oxyde  of  iron  which  may  have  been  formed,  and  the  other  washings 
with  common  water.  After  decanting  the  water  of  the  last  washing,  we  dry  the  mass, 
and  add  a  little  powdered  borax  to  it.  It  must  be  now  fused.  The  silver  being  in  a 
bulky  powder,  is  to  be  put  in  successive  portions  into  a  crucible  as  it  sinks  down.  The 
heat  should  be  at  first  moderate ;  but  towards  the  end  of  the  operation  it  must  be  pretty 
strong  to  bring  into  complete  fusion  the  silver  and  the  scoriae,  and  lo  effect  their 
complete  separation.  In  case  it  should  be  supposed  that  the  whole  of  the  silver  had 
not  been  reduced  by  the  iron  or  zinc,  a  little  carbonate  of  potash  should  be  added  to  the 
borax.  The  silver  may  also  be  reduced  by  exposing  the  chloride  to  a  strong  heat,  in 
eontact  with  chalk  and  charcoal. 

The  following  remarks  by  M.  Gay  Lnssac,  the  author  of  the  above  method,  upon  the 
effect  of  a  little  mercury  in  the  humid  assay,  are  important : — 

It  is  well  known  that  chloride  of  silver  blackens  the  more  readily  as  it  is  exposed 
to  an  intense  light,  and  that  even  in  the  difiused  light  of  a  room,  it  becomes  soon 
sensibly  colored.  If  it  contains  four  to  five  thousandths  of  mercury,  it  does  not  blacken ; 
It  remains  of  a  dead  white:  with  three  thousandths  of  mercury,  there  is  no  marked 
dtRoIoring  in  diffused  light ;  with  two  thousandths  it  is  slight ;  with  one  it  is  mueh 
■talked,  but  still  it  is  much  less  intense  than  with  pure  chloride.    With  half  m 
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thousandth  of  mercury  the  difference  of  color  is  not  remarkable,  and  is  perceived  only 
in  a  very  moderate  light. 

But  when  the  quantity  of  mercury  is  so  small  that  it  cannot  be  detected  by  the 
difference  of  color  in  the  chloride  of  silver,  it  may  be  rendered  quite  evident  by  a  very 
simple  process  of  concentration.  Dissolve  one  gramme  of  the  silver  supposed  to  contain 
{of  a  thousandth  of  mercury,  and  let  only  J  of  it  be  precipitated,  by  adding  only  }  of 
the  common  salt  necessary  to  precipitate  it  entirely.  In  thus  operating,  the  }  thou- 
sandth of  mercury  is  concentrated  in  a  quantity  of  chloride  of  silver  four  times  smaller : 
it  is  as  if  the  silver  having  been  entirely  precipitated,  four  times  as  much  mercury, 
equal  to  two  thousandths,  had  been  precipitated  with  it. 

In  taking  two  grammes  of  silver,  and  precipitating  only  I  by  common  salt,  the 
precipitate  would  be,  with  respect  to  the  chloride  of  silver,  as  if  it  amounted  to  four 
thousandths.  By  this  process,  which  occupies  only  five  minutes,  because  exact  weighing 
is  not  necessarj",   i    of  a  thousandth  of  mercury  may  be  detected  in  silver. 

It  is  not  useless  to  observe,  that  in  making  those  experiments  the  most  exact  manner 
of  introducing  smaU  quantities  of  mercury  into  a  solution  of  silver,  is  to  weigh  a  minute 
globule  of  mercury,  and  to  dissolve  it  in  nitric  acid,  diluting  the  solution  so  that  it 
may  contain  as  many  cubic  centimetres  as  the  globule  weighs  of  centigrammes.  Each 
cubic  centimetre,  taken  by  means  of  a  pipette,  will  contain  one  milligramme  of 
mercury. 

If  the  ingot  of  silver  to  be  assayed  is  found  to  contain  a  greater  quantity  of  mercury, 
one  thousandth  for  example,  the  hnmid  process  ought  either  to  be  given  up  in  th's 
case,  or  to  be  compared  with  cupellation. 

When  the  silver  contains  mercury,  the  solution  from  which  the  mixed  chlorides  are 
precipitated  does  not  readily  become  dear. 

Silver  containing  mercury,  put  into  a  small  crucible  and  mixed  with  lamp-black, 
to  prevent  the  volatilization  of  the  silver,  was  heated  for  three  quarters  of  an  hour 
in  a  mufile,  but  the  silver  increased  sensibly  in  weight.  This  process  for  separating  the 
mercury,  therefore,  failed.  It  is  to  be  observed,  that  mercury  is  the  only  metal  which 
has  thus  the  power  of  disturbing  the  analysis  by  the  humid  way. 

Assaying  of  Gold. — In  estimating  or  expressing  the  fineness  of  gold,  the  whole 
mass  spoken  of  is  supposed  to  weigh  24  carats  of  12  grains  each,  either  real,  or  merely 
proportional,  like  the  assayer*s  weights ;  and  the  pure  gold  is  called  fine.  Thus,  if 
gold  be  said  to  be  23  carats  fine,  it  is  to  be  understood,  that  in  a  mass,  weighing 
24  carats,  the  quantity  of  pure  gold  amounts  to  23  carats. 

lu  such  small  work  as  cannot  be  assayed  by  scraping  off  a  part  and  cupelling  it, 
the  assayers  endeavor  to  ascertain  its  fineness  or  quality  by  the  touch.  This  is  a 
method  of  comparing  the  color  and  other  properties,  of  a  minute  portion  of  the 
metal,  with  those  of  small  bars,  the  composition  of  which  is  known.  These  bars  are 
called  touch  needles,  and  they  are  rubbed  upon  a  smooth  piece  of  black  basaltes  or 
pottery,  which,  for  this  reason,  is  called  the  touchstone.  Black  flint  slate  will  serve 
the  same  purpose.  Sets  of  gold  needles  may  consist  of  pure  gold ;  of  pure  gold,  23) 
carats  with  |  carat  of  silver ;  23  carats  of  gold  with  one  carat  of  silver;  22|  carats  of 
gold  with  1^  carat  of  sUver;  and  so  on,  till  the  silver  amounts  to  four  carats;  after 
which  the  additions  may  proceed  by  whole  carats.  Other  needles  may  be  made  in  the 
same  manner,  with  copper  instead  of  silver ;  and  other  sets  may  have  the  addition, 
consisting  either  of  equal  parts  of  silver  and  copper,  or  of  such  proportions  as  the 
occasions  of  business  require.  The  examination  by  the  touch  may  be  advantageously 
employed  previous  to  quartation,  to  indicate  the  quantity  of  silver  necessary  to  be 
added. 

In  foreign  countries,  where  trinkets  and  small  work  are  required  to  be  submitted  to 
the  assay  of  the  touch,  a  variety  of  needles  b  necessary ;  but  they  are  not  much  used 
in  England.  They  afford,  however,  a  degree  of  information  which  is  more  considerable 
than  might  at  first  be  expected.  The  attentive  assayer  compares  not  only  the  color  of 
the  stroke  made  upon  the  touchstone  by  the  metal  under  examination,  with  that  produced 
by  his  needle,  but  will  likewise  attend  to  the  sensation  of  roughness,  dryness,  smooth- 
ness, or  greasiness,  which  the  texture  of  the  rubbed  metal  excites,  when  abraded  by  the 
stone.  When  two  strokes  perfectly  alike  in  color  are  made  upon  the  stone,  he  may 
then  wet  them  with  aquafortis,  which  will  affect  them  very  differently,  if  they  be  not 
similar  compositions ;  or  the  stone  itself  may  be  made  red>hot  by  the  fire,  or  by  the  blow- 
pipe, if  thin  black  pottery  be  used ;  in  which  case  the  phenomena  of  oxydation  will  differ 
according  to  the  niiture  and  quantity  of  the  alloy.  Six  principaJ  circumstances  appear 
to  affect  the  operation  of  parting;  namely,  the  quantity  of  acid  used  in  parting,  or  in 
the  first  boiling ;  the  concentration  of  this  acid ;  the  time  employed  in  its  application ; 
the  quantity  of  acid  made  use  of  in  the  reprise^  or  second  operation ;  its  concentration ; 
and  the  time  during  which  it  is  applied.  From  experiment  it  has  been  shown,  tnat 
each  of  these  unfavorable  circumstances  might  easily  occasion  a  Iocs  of  ih)m  the  half  of 
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a  Uurty-seoond  put  of  a  eant,  to  two  thirty-second  parts.  The  sssayere  explain  their 
technical  language  by  observing,  that  in  the  whole  mass  consisting  of  Iwenty-foor  carats, 
this  thirty-second  part  denotes  l-768th  part  of  the  mass.  It  may  easfly  be  conceived, 
therefore,  that  if  the  whole  six  circumstances  were  to  exist,  and  be  productive  of  errors, 
falling  the  same  way,  the  loss  would  be  very  considerable. 

It  is  therefore  indispensably  necessary,  that  one  uniform  process  should  be  followed 
in  the  assays  of  gold ;  and  it  is  a  matter  of  astonishment,  that  such  an  accurate  process 
ihoold  not  have  been  prescribed  by  government  for  assayers,  in  an  operation  of  such 
great  commercial  importance,  instead  of  every  one  being  left  to  follow  his  own 
Judgment.  The  process  recommended  in  the  old  French  official  report  is  as  follows  : — 
twdre  graias  of  the  gohi-  intended  to  be  assayed  must  be  mixed  with  thirty  grains  of 
fine  silver,  and  cupelled  wi{h  108  grains  of  lead.  The  cupellation  must  be  carefully 
attended  to,  and  all  the  imperfect  buttons  rejected.  When  the  cupellation  is  ended,  the 
button  must  be  reduced,  by  lamination,  into  a  plate  of  Ij^  inches,  or  rather  more,  in 
length,  and  four  or  five  lines  in  breadth.  This  must  be  rolled  up  upon  a  quill,  and 
placed  in  a  matrass  capable  of  holding  about  three  ounces  of  liquid,  when  filled  up  to 
its  narrow  part.  Two  ounces  and  a  half  of  very  pure  aquafortis,  of  the  strength  of  20 
degrees  of  Baume's  areometer,  must  then  be  poured  upon  it ;  and  the  matrass  being 
placed  npoQ  hot  ashes,  or  sand,  the  acid  must  be  kept  gently  boiling  for  a  'quarter  of  an 
hour :  the  acid  must  then  be  cautiously  decanted,  and  an  additional  quantity  of  1} 
ounces  must  be  poured  upon  the  metal,  and  slightly  boiled  for  twelve  minutes.  This 
being  likewise  carefully  decanted,  the  small  spiral  piece  of  metal  must  be  washed  with 
filtered  river  water,  or  distilled  water,  by  filling  the  matrass  with  this  fluid.  The 
veffiel  is  then  to  be  reversed,  by  applying  the  extremity  of  its  neck  against  the  bottom 
of  a  cracible  of  fine  earth,  the  intemJed  surface  of  which  is  very  smooth.  The  annealing 
must  now  be  made,  aAer  having  separated  the  portion  of  water  which  had  fallen  into 
the  crucible ;  and,  lastly,  the  annealed  gold  must  be  weighed.  For  the  certainty  of 
this  operation,  two  assays  most  be  made  in  the  same  manner,  together  with  a  third  as- 
say upon  gold  of  twenty-four  carats,  or  upon  gold  the  fineness  of  which  is  perfectly  and 
generally  known. 

Xo  conclusion  must  be  drawn  from  this  assay,  unless  the  latter  gold  should  prove  tO' 
be  c€  the  fineness  of  twenty-four  carats  exactly,  or  of  its  known  degree  of  fineness ;  for, 
if  there  he  either  loss  or  surplus,  it  may  be  inferred  that  the  other  two  assays,  having 
undergone  the  same  operation,  must  be  subject  to  the  same  error.  The  operation  being 
made  according  to  this  process  by  several  assayers,  in  circumstances  of  importance,  such 
as  those  which  relate  to  large  fabrications,  the  fineness  of  the  gold  must  not  be  depended' 
upon,  nor  considered  as  accurately  known,  unless  all  the  assayers  have  obtained  a  uni- 
form result,  without  communication  with  each  other.  This  identity  must  be  considered  as 
referring  to  the  accuracy  of  half  the  thirty-second  part  of  a  carat.  For,  notwithstanding 
every  possible  precaution  or  uniformity,  it  very  seldom  happens  that  an  absolute  agree*- 
mem  is  obtained  between  the  different  assays  of  one  and  the  same  ingot ;  because  the 
ingot  itself  may  differ  in  its  fineness  in  different  parts  of  its  mass. 

The  phenomena  of  the  cupellation  of  gold  are  the  same  as  of  silver,  only  the  ope^ 
ration  is  less  delicate,  for  no  gold  is  lost  by  evaporation  or  penetration  into  the  bone* 
ash,  and  therefore  it  bears  safely  the  highest  heat  of  the  assay  furnace.  The  button^ 
of  gold  never  vegetates,  and  need  not  therefore  be  drawn  out  to  the  front  of  the  muflSe, 
but  may  be  left  at  the  further  end  till  the  assay  is  complete.  Copper  is  retained  more 
strongly  by  gold  than  it  is  by  silver ;  so  that  with  it  16  parts  of  lead  are  requisite  to- 
sweat  out  1  of  copper ;  or,  in  general,  twice  as  much  lead  must  be  taken  for  the  copper 
aUoys  of  gold,  as  for  those  of  silver.  When  the  copper  is  alloyed  with  very  small  quan- 
tities of  gold,  cupellation  would  afford  very  uncertain  results ;  we  must  then  have  re- 
course to  liquid  analysis. 

M.  Vauquelin  recommends  to  boil  60  parts  of  nitric  acid  at  22^  Baum^,  on  the  spiral' 
tUp  or  comet  of  gold  and  silver  alloy,  for  twenty-five  minutes,  and  replace  the  Hquid* 
aAerwards  by  acid  of  32P,  which  must  be  boiled  on  it  for  eight  minutes.  This  process 
is  free  from  uncertainty  when  the  assay  is  performed  upon  an  alloy  containing  a  con- 
siderable quantity  of  copper.  But  this  is  not  the  case  in  assaying  finer  gold ;  for  then 
a  little  silver  always  remains  in  the  gold.  The  surcharge  which  occurs  here  is  2  or  3 
tiiousandths ;  this  is  too  mudi,  and  it  is  an  intolerable  error  when  it  becomes  greater^ 
which  often  happens.  This  evil  may  be  completely  avoided  by  employing  the  following 
process  c^  M.  Chaudet.  He  takes  0-500  of  the  fine  gold  to  be  assayed;  cupels  it  with 
1-500  of  silver,  and  1*000  of  lead;  forms,  with  the  button  from  the  cnpel,  a  riband  or 
strip  three  inches  long,  which  he  rolls  into  a  comet.  He  puts  this  into  a  matrass  with 
add  at  22P  B.,  which  be  boils  for  3  or  4  minutes.  He  replaces  this  by  acid  of  32^  B;,  and 
bcjls  fiv  ten  minutes;  then  decants  off,  and  boils  again  with  add  of  32P,  which  most  be 
finally  boiled  for  8  or  10  minutes. 
GoU  thus  treated  is  very  pure.    He  washes  the  coimety  aad  puts  it  entire  into  a  small 
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cracible  permeable  to  water ;  heats  the  cmcible  to  datt  redness  under  the  mnffle,  when 
the  gold  assumes  the  metallic  lustre,  and  the  comet  becomes  solid.  It  is  now  taken  out 
of  the  crucible  and  weighed. 

When  the  alloy  contains  platinum,  the  assay  presents  greater  difficulties.  In  general, 
to  separate  the  platinum  from  the  gold  with  accuracy,  we  must  avaQ  ourselves  of  a  pe- 
culiar property  of  platinum ;  when  alloyed  with  silver,  it  becomes  soluble  in  nitric  acid. 
Therefore,  by  a  proper  quartation  of  the  alloy  by  cupeliation,  and  boiling  the  button  with 
nitric  acid,  we  may  get  a  residuum  of  pure  gold.  If  we  were  to  treat  the  button  with 
sulphuric  acid,  however,  we  should  dissolve  nothing  but  the  silver.  The  copper  is  easily 
removed  by  cupeliation.  Hence,  supposing  that  we  have  a  quaternary  compound  of  cop- 
per, silver,  platinum,  and  gold,  we  first  cupel  it,  and  weigh  the  button  obtained ;  the  loss 
denotes  the  copper.  This  button,  treated  by  sulphurie  acid,  will  sufier  a  loss  of  weight 
equal  to  the  amount  of  silver  present.  The  residuum,  by  quartation  with  silver  and  boil- 
ing with  nitric  aciJ,  will  part  with  its  platinum,  and  the  gold  will  remain  pure.  For 
more  detailed  explanations,  see  Platinum. 

ATOMIC  WEIGHTS  or  ATOMS,"  are  the  primal  quantities  in  which  the  different 
objects  of  chemistry,  simple  or  compound,  combine  with  each  other,  refeired  to  a  common 
body,  taken  as  unity.  Oxyzen  is  assumed  by  some  philosophers,  and  hydrogen  by  others, 
as  the  standaVd  of  comparison.  Every  chemical  manufacturer  should  be  thoroughly  ac- 
quainted with  the  combinins:  ratios,  which  are,  for  the  same  two  substances,  not  only  defi- 
nite, but  multiple;  two  great  truths,  upon  which  are  founded  not  merely  the  rationale  of 
his  operations,  but  also  the  means  of  modifying  them  to  useful  purposes.  The  discus- 
sion of  the  doctrine  of  atomic  weights,  or  prime  equivalents,  belongs  to  pure  chemistry ; 
but  several  of  its  happiest  applications  are  to  be  found  in  the  processes  of  art,  as  pursued 
upon  the  greatest  scale.  For  many  instructive  examples  of  this  proposition,  the  various 
chemical  manufactures  may  be  consulted  in  this  Dictionary. 

ATTAR  OF  ROSES.    See  Oils,  Volatile,  and  Perfumerv. 

AURUM  MUSIVUM.    Mosaic  gold,  a  preparation  of  tin ;  which  see. 

AUTOMATIC,  a  term  which  I  have  employed  to  designate  such  economic  arts  as 
axe  carried  on  by  self-acting  machinery.  The  word  '*  manufacture,"  in  its  etymolc^ical 
sense,  means  any  system,  or  objects  of  industry,  executed  by  the  hands ;  but  in  the 
vicissitude  of  language,  it  has  now  come  to  signify  every  extensive  product  of  art  which 
is  made  by  machinery,  with  little  or  no  aid  of  the  human  hand,  so  that  the  most  perfect 
manufacture  is  that  which  dispenses  entirely  with  manual  labor.*  It  is  in  our  modem 
cotton  and  fiiax  mills  that  automatic  operations  are  displayed  to  most  advantage ;  for 
there  the  elemental  powers  have  been  made  to  animate  millions  of  complex  organs, 
infusing  into  forms  of  wood,  iron,  and  brass,  an  intelligent  agency.  And  as  the 
philosophy  of  the  fine  arts,  poetry',  painting,  and  music,  may  be  best  studied  in  their 
mdividual  master-pieces,  so  may  the  philosophy  of  manufactures  in  these  its  noblest 
creations.f 

The  constant  aim  and  effect  of  these  automatic  improvements  in  the  arts  are  philan- 
thropic, as  they  tend  to  relieve  the  workmen  either  from  niceties  of  adjustment,  which 
exhaust  his  mind  and  fatigue  his  eyes,  or  from  painful  repetition  of  effort,  which  distort 
and  wear  out  his  frame.  A  well-arranged  power-mill  combines  the  operation  of  many 
work-people,  adult  and  younsr,  in  tending  with  assiduous  skill  a  system  of  productive 
machines  continuously  impelled  by  a  central  force.  How  vastly  conducive  to  the 
commercial  greatness  of  a  nation,  and  the  comforts  of  mankind,  human  industry  can 
become,  when  no  longer  proportioned  in  its  results  to  muscular  effort,  which  is  by  its 
nature  fitful  and  capricious,  but  when  made  to  consist  in  the  task  of  guiding  the  work 
of  mechanical  fingers  and  arms  r^ularly  impelled,  with  equal  precision  and  velocity, 
by  some  indefatigable  physical  agent,  is  apparent  to  every  visiter  of  our  cotton,  flax, 
sUk,  wool,  and  machine  factories.  This  great  era  in  the  useful  arts  is  mainly  due  to 
the  genius  of  Arkwright.  Prior  to  the  introduction  of  his  system,  manufactures  were 
everywhere  feeble  and  fluctuating  in  their  development ;  shooting  forth  luxuriantly  for 
a  season,  and  again  withering  almost  to  the  roots  like  annual  plants.  Their  perennial 
growth  then  bes^an,  and  attracted  capital,  in  copious  streams,  to  irrigate  the  rich  domains 
of  industry.  When  this  new  career  commenced,  about  the  year  1770,  the  annual 
consumption  of  cotton  in  British  manufactures  was  under  four  millions  of  pounds 
weight,  and  that  of  the  whole  of  Christendom  was  probably  not  more  than  ten  millions. 
Last  year  the  consumption  in  Great  Britain  and  Ireland  was  about  two  hundred  and 
•eventy  millions  of  pounds,  and  that  of  Europe  and  the  United  States  together,  four 
bnndred  and  eighty  millions.  In  our  spacious  factory  apartments  the  benignant  XK>wer 
of  steam  summons  around  him  his  myriads  of  willing  menials,  and  assigns  to  each  the 
v^ulated  task,  substituting,  for  painful  muscular  effort  upon  their  part,  the  energies 
of  his  own  gigantic  arm,  and  demanding,  in  return,  only  attention  and  dexterity  to 
oorreet  such  little  aberrations  as  casually  occur  in  his  workmanship.  Under  his  auspices^ 
*  Ph]law>|iby  of  Misi«ftctiire»,  p.  I .  t  Ibid.,  p.  2 . 
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ud  in  obedieaoe  to  Arkwright's  polity,  magoiftcent  edifice?,  surposuDg  far  in  Dumber, 
ndae,  usefulness,  «nd  ingenuity  of  construction,  the  boasted  monuments  of  Asiatic, 
£gyp^o,  and  Roman  despotism,  have,  within  the  short  period  of  fiAy  years,  risen  up 
in  this  longdom,  to  show  to  what  extent  capital,  industry,  and  science,  may  augment 
die  resources  of  a  state,  while  they  meliorate  the  condition  of  its  citizens.  Such  is  the 
avlanialic  system,  replete  with  prodi^es  in  mechanics  and  political  economy,  which 
pnmises,  in  its  future  growth,  to  become  the  great  minister  of  civilization  to  the  ter- 
raqaeoiis  globe,  enabling  this  conntry,  as  its  heart,  to  diffuse,  along  with  its  commerce, 
the  lile-blood  of  knowledge  and  religion  to  myriads  of  people  still  lying  "  in  the  region 
and  shadow  of  death."*  Of  these  truths,  the  present  work  affords  decisive  evidence  in 
afanost  every  page. 

AUTOMATON.  In  the  etymological  sense>  this  word  (self- working)  signifies  every 
mechanical  construction'  which,  by  virtue  of  a  latent  intrinsic  force,  not  obvious  to  com- 
mon eyeiK,  can  carry  on,  for  some  time,  certain  movements  more  or  less  resembling  the 
mnlis  of  animal  exertion,  without  the  aid  of  external  impulse.  In  this  respect,  all  kinds 
of  ckKks  and  watches,  planetariums,  common  knd  smoke  jacks,  with  a  vast  number  of  the 
■lachines  now  employed  in  our  cotton,  silk,  flax,  and  wool  factories,  as  well  as  in  our 
dyeing  and  calico  printing  works,  may  be  denominated  automatic.  Bat  the  term,  auto- 
maton, is,  in  common  language,  appropriated  to  that  class  of  mechanical  artifices  in  which 
the  pnrpoaely  concealed  power  is  made  to  imitate  the  arbitrary  or  voluntary  motions  of 
liring  beings.  Human  figures,  of  this  kind,  are  sometimes  styled  jSndroides,  from  the 
Greek  term,  like  a  man. 

Although,  from  what  we  have  said,  clock-work  is  not  properly  placed  under  the 
head  aniomaion,  it  cannot  be  doubted  that  the  art  of  making  clocks,  in  its  progressive 
imprDvement  and  extenston,  has  given  rise  to  the  production  of  automata.  The  most 
of  these,  in  their  interior  structure,  as  well  as  in  the  mode  of  applying  the  moTlng 
power,  have  a  distinct  an'd1c>gy  with  clocks ;  and  these  automata  are  frequently  mounted 
in  connexion  with  watch  work.  Towards  the  end  of  the  13th  century,  several  tower 
docksy  such  as  those  at  Strasburg,  Lubec,  Prague,  Ohnutz,  had  curious  mechanisms 
attached  to  them.  The  most  careful  historical  inquiry  proves  that  automata,  properly 
speakine,  are  certainly  not  older  than  irAee/- clocks;  and  that  the  more  perfect  struc- 
tures of  this  kind  are  subsequent  to  the  eeneral  introduction  of  jprtng-clocks.  Many 
accoonts  of  ancient  automata,  such  as  the  flying  doves  of  Archytas  of  Tarentom, 
Resriomontanus's  iron  flies,  the  easle  which  flew  towards  the  emperor  Maximilian,  in 
Knremburg,  in  the  year  1470,  were  deceptions,  or  exaggerated  statements ;  fbr,  three  such 
of  art  would  Torm  now,  with  every  aid  of  our  improved  mechanisms,  the 
difficnit  of  problems.  The  imitation  of  flying  creatures  is  extremely  difficult,  for 
reasons.  There  is  very  little  space  for  the  moving  power,  and  the  only  ma- 
texial  possessed  of  requisite  strength  being  metal,  must  have  considerable  weight.  Two 
antomata,  of  the  celebrated  French  mechanician,  Vaucauson,  first  exhibited  in  the  year 
1738,  hare  been  greatly  admired ;  namely,  a  flute-player,  five  and  a  half  feet  high,  with 
its  cubical  pedestal,  which  played  several  airs  upon  the  German  flute;  and  that,  not  by 
any  interior  lube- work,  but  through  the  actual  blowing  of  air  into  the  flute,  the  motion 
of  the  tongue,  and  the  skilful  stopping  of  the  holes  with  the  fingers ;  as  also  a  duck, 
which  imitated  many  motions  of  a  natural  kind  in  the  most  extraordinary  manner. 
This  artist  has  had  many  imitators,  of  whom  the  brothers  Droz  of  Chatix  de  Fonds 
were  the  most  distinguished.  Several  very  beautiful  clock  mechanisms  of  theirs  are 
known.  One  of  them  with  a  figure  which  draws;  another  playing  on  the  piano  y  n  third 
which  writes,  besides  numerous  other  combined  automata.  Frederick  Von  Knauss 
completed  a  writing  machine  at  Vienna,  in  the  year  1760.  It  is  now  in  the  model 
cabinet  of  the  Polytechnic  Institute,  and  consists  of  a  globe  2  feet  in  diameter,  con- 
taining the  mechanism,  upon  which  a  figure  7  inches  hi^h  sits,  and  writes  upon  a  sheet 
of  paper  fixed  to  a  frame,  whatever  has  been  placed  beforehand  upon  a  regulating  cy- 
linder. At  the  end  of  every  line,  it  rises  and  moves  its  hand  sideways,  in  order  to  begin 
a  new  line. 

Very  complete  automata  have  not  been  made  of  hite  years,  because  they  are  very 
expensive;  and  by  soon  satisA'insr  curiosity,  they  cease  to  interest.  Ingenious  me- 
chanicians find  themselves  better  rewarded  by  directing  their  talents  to  the  self-acting 
machinery  of  modern  manufactures.  We  may  notice  here,  however,  the  mechanical 
trumpeter  of  Malzl,  at  Vienna,  and  a  similar  work  of  KauflTmann,  at  Dresden.  In 
French  Switzerland  some  artists  continue  to  make  minute  automata  which  excite  no 
lit! le  wonder ;  such  as  singing  canary  birds,  with  various  movements  of  a  natural  kind ; 
tL«o  little  birds,  sometimes  hardly  three  quarters  of  an  inch  long,  in  snuflf-boxes  and 
watches  of  enamelled  gold.  Certain  artificial  figures  which  have  been  denominated 
automata,  hardly  deserve  the  name ;  since  trick  and  confederacy  are  more  or  less  eon- 

*  Phfloaophy  of  MmaAtctnrM,  p.  18. 
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eerned  in  Ibeir  opention.  To  this  head  belong  a  mmiber  of  fignrei  apparantlr  (pealdag 
by  mMhanigm;  a  clock  -which  begins  to  glrilcc,  or  to  j^Ti  when  a  perwa  nakM  • 
sign  of  holding  up  his  Snger;  this  effect  being  probablr  pTodneed  hj  a  conwalad 
gTeeD-flnch,  or  other  little  bird,  instructed  to  set  off  the  dittntt  oT  the  wheel-work  at  ■ 
siRnal.  It  ia  likely,  also,  Ihut  the  chess  player  of  Von  Kempden,  which  excited  «a  moch 
wonder  in  the  Usl  century,  had  a  concealed  confederate.  Likewise,  the  very  iogeniont 
litCe  Genres  of  Tendler,  father  and  son,  which  imitated  English  honemen  and  rope-dan. 
cerii,  conslmcled  at  Eisenerz,  in  Styria,  are  probably  no  more  ime  automata  than  the 
fatUoccim,  or  ligDres  of  puppets  which  aie  exhibited  in  great  perfeclioain  many  towns  of 
Italy,  especially  at  Rone. 

The  moving  power  of  almost  all  automata  is  a  vonnd-up  steel  spring ;  beeaose  in  cofu- 
parison  with  other  means  of  giving  motion,  it  takes  np  the  smallest  mom,  is  easiest  con- 
cealed, and  set  a-^oing.  Weights  are  seldom  employed,  and  only  in  a  partial  way.  The 
employment  of  other  moving  powers  is  more  limited  j  sometimes  Sne  sand  is  made  to  fall 
OD  the  eircoDiference  of  a  wheel,  by  which  (he  rest  of  the  mechanism  is  moved.  For  the 
aamepurpose  water  has  been  employed  ;  and,  when  it  is  made  to  fall  into  an  ait-chamber, 
it  causes  sudicient  wind  to  excite  musical  sounds  in  pipes.  In  partieolnr  cases  quickiil. 
ver  has  been  used,  as,  for  example,  in  the  Chinese  tomblers,  which  is  oDiy  a  physical  ap 
panitas  to  illustrate  the  doctrine  of  the  centre  of  gravity. 

Figures  are  frequently  constructed  for  playthinjts  which  move  by  wheels  hardly  visible 
An  example  of  this  simjilest  kind  of  automaton  which  may  be  inlrodaced  here,  as  iIIdi- 
trating  the  self-acting  principles  of  manufactures,  is  shown  in  the  l^re. 

Fig.  92  eihiUls  the  outlines  of  an  aotomaton,  representing  a  swan,  with  soilably 
Mcnbined  moremenls.  The  mechanism  may  be  described,  for  the  sake  of  clearnesi 
of  explanation,  under  di«> 
linet  beads.  The  G  rat  relate* 
to  the  motion  of  the  whole 
figure.  By  means  of  this 
'  part  it  swimaupon  the  water, 
in  directions  changed  fron 
time  to  lime  without  exterior 
agency.  Another  eonitme- 
tion  gives  to  Ike  Sgnre  the 
facntly  of  bending  its  neck  on 
several  occnsions,  and  l« 
such  an  eiienl  (hat  it  can 
plunge  the  bill  and  a  partioB 
of  the  head  under  water. 
Lastly,  it  is  made  to  more 
its  head  and  neck  bIdwIt 
from  aide  to  side. 

On  the  barrel  of  the  spring, 
exterior  to  the  osnal  ratchet 
irheel,  there  is  a  main-wheel,  marked  I,  wliich  works  into  the  pinion  of  the  wheel  S, 
The  wheel  3  moves  a  smaller  one,  shown  merely  in  dolled  tines,  and  on  the  long  axil 
of  the  latter,  at  either  end  tbere  is  a  rudder,  or  vater-wheel,  the  paddles  of  which  arv 
denoted  by  the  letter  a.  Both  of  these  rudder-wheels  extend  through  an  obloDg 
Opening  in  the  bottom  of  the  ligure  down  into  (he  water.  They  lurn  in  the  direction 
of  Ihe  arrow,  and  impart  a  straight-forward  movement  (o  the  swan.  The  chamber, 
in  which  these  wheels  revolve,  is  made  water  (ighl,  to  preveM  moisture  being  (hrown 
upon  the  rest  of  (he  machinery.  By  the  wheel  4,  motion  is  conveyed  to  the  Sy-pinion  9  ; 
the  fly  ilseir  6,  serves  to  reculalc  the  working  of  the  whole  apparatus,  and  it  is  provided 
nith  a  slop  bur  nol  shown  in  the  engraving,  to  bring  it  to  rest,  or  set  il  a  going  at 
pleasure.  Here,  as  we  mny  imagine,  the  path  parsued  is  rectilinear,  when  the  rudder- 
wheels  are  made  to  work  in  a  square  direction.  An  oblique  bar,  seen  only  in  section 
nt  h,  moveable  about  its  middle  point,  carries  at  each  end  a  web  foot  c,  so  that  the  direc- 
tion of  the  bar  b,  and  of  both  feet  towards  the  rudder  wheels,  determines  the  form  of 
the  path  which  the  figure  will  describe.  The  change  of  direction  of  thai  oblique  baz 
is  eflecled  without  other  agency.  For  this  purpose  the  wheel  1  takes  into  Ihe  pinion  7, 
and  this  carries  round  the  crown-wheel  8,  which  is  fixed,  with  an  eccentric  disc  9,  upon 
H  common  axis.  While  (he  crown-wheel  tooves  in  Ihe  direction  of  the  arrow,  it  inrnt 
the  smaller  eccentric  portion  of  the  elliptic  disc  towards  the  lever  m,  which,  pressed 
upon  incessantly  by  its  spring,  assumes,  by  d^rees,  the  position  corresponding  with  the 
niiddle  line  of  the  fignre,  and  afterwards  an  oblique  position ;  then  il  goes  back  again, 
nnd  reaches  its  first  situation  {  eonaeqaently,  through  the  reciprocal  taming  of  the  Nir  K, 
nod  the  swim-fuol,  is  determined  and  varied  the  path  which  (he  swan  most  pursue. 
Thii  mnttraction  is  available  with  all  aatomata,  whjch  work  by  wheels;  and  it  is  ol>- 
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?foas,  that  ire  may,  bjr  different  forms  of  the  disc  9,  modify,  at  pleasare,  the  direction 
and  the  Telocity  of  the  turnings.  If  the  disc  is  a  circle,  for  instance,  then  the  changes 
will  take  place  leas  suddenly;  if  the  disc  has  an  ontvard  and  inward  carvature^  upon 
whose  edge  the  end  of  the  lever  presses  with  a  rolier,  the  movement  will  take  place  in  a 
serpentine  line. 

The  neck  is  the  part  which  requires  the  most  careful  workmanship.  Its  outward  case 
most  be  flexible,  and  the  neck  itself  should  therefore  be  made  of  a  tube  of  spiral  wire, 
covered  with  leather,  or  with  a  feathered  bird-skin.  The  double  line  in  the  interior, 
where  we  see  the  triangles  e,  e,  <,  denotes  a  steel  spring  made  fast  to  the  plate  10,  which 
forms  the  bottom  of  the  neck ;  it  stands  loose,  and  needs  to  be  merely  so  strong  as  to 
keep  the  neck  straight,  or  to  bend  it  a  little  backwards.  It  should  not  be  equally 
thick  in  all  points,  but  it  should  be  weaker  where  the  first  graceful  bend  is  to  be  made ; 
and,  in  general,  its  stiffness  ought  to  correspond  to  the  curvature  of  the  neck  of  this  bird. 
The  triangles  e  are  made  fast  at  their  base  to  the  front  surface  of  the  spring ;  in  the 
points  of  each  there  is  a  slit,  in  the  middle  of  which  a  moveable  roller  is  set,  formed  of  a 
smoothly  turned  steel  rod.  A  thin  catgut  string/,  runs  from  the  upper  end  of  the 
spring,  where  it  is  fixed  over  aU  these  rollers,  and  passes  through  an  aperture  pierced 
in  tlK  middle  of  10,  into  the  inside  of  the  rump.  If  the  catgut  be  drawn  straight 
back  towards  /,  the  sirring,  and  consequently  the  neck,  must  obviously  be  bent, 
and  so  much  the  more,  the  more  tightly  /  is  pulled,  and  is  shortened  in  the  hollow  of 
the  neck.  How  this  is  accomplished  by  the  wheel-work  will  presently  be  shown.  The 
wheel  1 1  receives  its  motion  from  the  pinion  «,  connected  with  the  main-wheel  1. 
Upon  1 1  there  is,  moreover,  the  disc  12,  to  whose  circumference  a  slender  chain  is 
&stened.  When  the  wheel  11  turns  in  the  direction  of  the  arrow,  the  chain  will  be  so 
mnch  pulled  onwards  through  the  corresponding  advance  at  the  point  at  12,  till  this 
point  has  come  to  the  place  opposite  to  its  present  situation,  and,  consequently,  1 1  must 
have  performed  half  a  revolution.  The  other  end  of  the  chain  is  hung  in  the  groove 
of  a  very  moveable  roller  14;  and  this  wUI  be  turned  immediately  by  the  unwincUng  of 
the  chain  upon  its  axis.  There  turns,  in  connexion  with  it,  however,  the  large  roller  13^ 
to  which  the  catgut  /  is  fastened ;  and  as  this  is  pulled  in  the  direction  of  the  arrow, 
the  neck  will  be  bent  until  the  wheel  1 1  has  made  a  half  revolution.  Then  the  drag 
ceases  again  to  act  upon  the  chain  and  the  catgut ;  the  spring  in  the  neck  comes  into 
play:  it  becomes  straight,  erects  the  neck  of  the  animal,  and  turns  the  rollers  13  and 
14,  bade  into  their  first  position. 

The  roller  13  is  of  considerable  size,  in  order  that  through  the  slight  motion  of  the 
roOer  14,  a  sufficient  length  of  the  catgut  may  be  wound  off,  and  tlw  requisite  short- 
ening of  the  neck  may  be  effected  $  which  results  from  the  proportion  of  the  diameters 
of  the  rolleTS  11,  13,  and  14.  This  part  of  the  mechanism  is  attached  as  near  to  the 
side  of  the  hollow  body  as  possible,  to  make  room  for  the  interior  parts,  but  particulaxly 
fiir  the  paddle-wheels.  Since  the  catgut,/,  must  pass  downwards  on  the  middle  firom 
10,  it  is  necessary  to  incline  it  sideways  and  outwards  towards  13,  by  means  of  some 
small  rollers. 

The  head,  constituting  one  piece  with  the  neck,  will  be  depressed  by  the  complete 
flexure  of  .this ;  and  the  bill,  being  turned  downwards  in  front  of  the  breast,  will  touch 
the  surface  of  the  water.  The  head  will  not  be  motionless ;  but  it  is  joined  on  both 
sides  by  a  very  moveable  hinge,  with  the  light  ring,  which  forms  the  upper  part  of  the 
dothing  of  the  neck.  A  weak  spring,  g,  also  fastened  to  the  end  of  the  neck,  tends  to 
mm  the  head  backwards;  but  in  the  present  position  it  cannot  do  so,  because  a  chain 
at  g,  whose  other  end  is  attached  to  the  plate  10,  keeps  it  on  the  stretch.  On  the  bending 
oftiie  neck,  this  chain  becomes  slack;  the  spring  g  comes  into  operation,  and  throws 
the  head  so  far  back,  that,  in  its  natural  position,  it  will  reach  the  water. 

Finally,  to  render  the  turning  of  the  head  and  the  neck  practicable,  the  latter  is  not 
dosdy  connected  with  the  rump,  while  the  plate  10  can  turn  in  a  cylindrical  manner 
upon  its  axis,  but  cannot  become  loose  outwardly.  Moreover,  there  is  upon  the  axis  of 
tte  wheel  1,  and  behind  it  (shown  merely  as  a  circle  in  the  engraving)  a  bevel  wheel, 
which  works  into  a  second  similar  wheel,  15,  so  as  to  turn  it  in  a  horizontal  direction. 
The  pin  16,  of  the  last  wheel,  wdrks  upon  a  two-armed  lever  19,  moveable  round  the 
point  A,  and  this  lever  moves  the  nedc  by  means  of  the  pin  17.  The  shorter  arm  of  the 
lever  19  has  an  oval  aperture  in  which  the  pin  16  stands.  As  soon  as  this,  in  con* 
sequence  of  the  movement  of  the  bevd  wheel  15,  comes  into  the  dotted  position,  it  pushes 
the  oval  ring  outwards  on  its  smaller  diameter,  and  thereby  turns  the  lever  upon  the 
point  A,  into  the  oblique  direction  shown  by  the  dotted  lines.  The  pin  16,  having  come 
on  its  way  right  opposite  to  its  present  position,  sets  the  lever  again  straight.  Then  the 
lerer,  by  the  further  progress  of  the  pin  in  its  circular  path,  is  directed  outwards  to  the 
opposite  side ;  and,  at  last,  when  15  has  made  an  entire  revolution,-  it  is  quite  straight. 
The  kmger  arm  of  the  lever  follows,  of  course,  these  alternating  movements,  so  that  it 
Ime  the  neck  upon  its  plate  10,  by  means  of  the  pin  17 }  and,  as  18  denotes  this  biU, 
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tUa  eoRiM  iDto  the  dotted  poiHiDii.    It  bmt   be  rt ,__, _.._ 

drawing  of  Jig.  92  rcpreKots  nboal  half  &e  me  uf  vbich  like  uUanatoii  jua;  be  Doti- 
■Imcted,  uid  that  the  body  may  be  fonnrd  of  thin  iheet-copper  or  braM. 

Figi,  93  94  9A,  thmr  the  plan  of  a  tbitd  •iltoo.atoii.    A  hone  which  mimx  it 


in  a  natnml  naj,  and  draws  a  carriage  with  two  figures  sitting  in  it.  The  man  apppnrs 
to  drire  the  horse  with  a  whip;  ilic  woman  bends  forward  from  him  in  front.  The 
fonr  whedi  of  the  carriage  have  tko  connexion  with  Uie  moving  mechanism.  In  Jig.  95, 
some  parts  are  represented  upon  a  larger  Kale.  The  wheel  1,  in  Jig.  93,  opcratei 
through  the  two  currier  wheels  upon  the  wheels  marked  4  and  5.  By  means  oC  the  ajia 
of  these  two  wheels,  the  feet  are  set  in  motion.  The  leA  fore-foot,  a,  then  the  right 
hinder  foot,  move  tbemselves  backwards,  and  lake  hold  of  the  ground  with  email  tacks 
in  their  hoofi,  while  the  two  other  legs  are  bent  and  raised,  but  no  motion  of  the  body 
takes  place.  The  carriage,  however,  with  which  the  horse  is  connected,  advances  opon 
it!  wtecls.  By  studying  the  mechanism  of  the  foot,  a,  and  the  ports  connected  with  it, 
we  can  icadily  understand  the  principles  of  Ihe  movement.  The  axis  of  wheel  4  is 
cranb-ibaped  on  both  sides,  where  it  has  to  operate  directly  on  the  fore  feel;  but  for 
each  foot,  it  is  bent  in  an  opposite  direction,  as  is  obvious  in  the  front  view  Jig.  94. 
Thit  cranlt,  or  properly  its  part  fUrtbest  from  the  axis,  serves  instead  of  the  pin  16,  in 
the  swan,  aitd  moves  like  it  in  an  oval  spot,  p,Jig.  93,  n  two-aimed  lever,  which  gives 
notion  thronah  tooth- work,  but  not  as  in  Iheswan,  bymeimsof  a  second  pin.  This  wheel- 
work  renders  the  motion  smoother.  The  above  lever  has  its  fulcrum  at  yi,Jig.  93,  about 
which  it  Inms  attemately,  to  Ihe  one  and  the  other  side,  fay  virtue  of  Ihe  rotaliun  of  the 
wheel  4.  The  toothed  ardi,  or  the  hnlT-wheel  on  the  under  side,  lays  hold  of  a  shorter 
lever,  in  a  similar  arch,  upon  the  upper  joint  of  the  foot,  which  is  moved  forwani  and 
backward  upon  the  pivot  m.  In  virtue  of  the  motions  in  the  direction  of  the  arrow, 
the  foot  a  will  move  itself  first  obliquely  backwards,  without  bending,  and  the  body 
win  thereby  bend  itself  forward.  When  the  right  hand  fool  makes  the  same  motion, 
both  the  other  feet  are  raised  and  bent.  The  joints  of  the  foot  nt  d  and  (  are  formed 
of  hinget,  which  are  so  constructed  that  they  can  yield  no  fulher  than  it  necessary  at 
every  oblique  position  of  the  foot.  With  the  continued  rotation  of  the  wheel  4,  the 
lever  turns  itself  about  n,  in  an  inverted  direction  inwards,  and  impels  the  nppcmost 
feot-joint  formtrd,  to  that  it  forms  an  acute  angle  with  the  body  in  &onl.  The  fool  ii 
now  twice  bent  opon  its  joints.  This  takes  place  by  the  traction  of  the  chqin  f,  which 
il  led  over  rollers  (as  the  drawing  shows)  to  the  foot,  and  is  there  fastened.  As  ita 
upper  end  has  its  fixed  point  in  the  interior  of  the  body,  it  is  therefore  drawn  by 
the  eceenlric  pin  r  standing  in  the  vicinity  of  tn,  and  thus  bends  the  foot  at  the 
hinges.  If  there  was  space  for  it,  a  roller  woukl  answer  better  than  a  pin.  By 
the  reccdure  of  the  upp^TmosI  joint  into  the  first  position,  the  tension  of  the  chain  t 
ceases  ainin  of  itself,  while  the  pin  r  removes  from  il,  and  the  foot  ia  again  extended  in 
a  atnight  line  by  the  small  springs  operalimt  upon  its  two  under  parts,  which  were 
pi«TiousIy  bent  stiffly  by  the  chain.  By  the  aid  of  the  fignres,  with  this  explanation,  it 
will  be  apparent  that  all  the  fore  feet  have  a  similar  conilmction,  that  the  proper 
toeceasion  of  motions  will  be  effected  through  the  toothed  ares,  and  the  position  of  Ihe 
aanks  on  Ihe  ajiii  of  the  wheels  4  and  5,  and  hence  the  advance  rd"  the  figure  must 
fbllow.  The  wheel  6  pats  the  &y  7  in  motion,  by  means  of  the  smaU  wheel  marked  1 ; 
h  the  ixed  points  of  the  4   chains,  by  meana  of  a  nichet-wbeel  and  >  latch,  th« 
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neeessary  tension  will  agaia  be  produced  when  the  chains  liare  been  drawn  ont  a  little. 
There  is  sufficient  room  for  a  mechanism  which  could  give  motion  to  the  head  and  can, 
were  ii  thought  necessary. 

The  proper  cause  of  the  motions  may  now  be  explained.  In  fig.  95,  a  is  a  wheel  connect- 
ed with  the  wound-up  spring,  by  which  the  motion  of  the  two  human  figures,  and  also, 
if  desired,  that  of  the  horse  may  be  effected.  The  axis  of  the  wheel  h  carries  a  disc  with 
pins,  which  operate  upon  the  two-armed  lever  with  its  fulcrum  e,  and  thus  cause  the  bend- 
ing of  the  upper  part  of  one  of  the  figures,  which  has  a  hinge  at/.  On  the  axis  of  that 
wheel  there  ts  a  second  disc  e,  for  giving  motion  to  the  other  figure ;  which,  fur  the  sake 
of  clearness,  is  sbown  separate,  although  it  should  sit  alongside  of  its  fellow.  On  the 
upper  end  t3£  the  double-armed  lever  d,  there  is  a  cord  whose  other  end  is  connected  with 
the  moving  arm,  in  the  situation  t,  and  raises  it  whenever  a  pin  in  the  disc  presses  the 
under  part  of  the  lever.  A  spring  h  brings  the  arm  back  into  the  original  position, 
when  a  pin  has  passed  from  the  lever,  and  has  lefl  it  behind.  The  pins  at  c  and  d  may 
be  set  at  different  distances  from  the  middle  of  the  disc,  whereby  the  motions  of  the  fig- 
ures by  every  contact  of  another  pin  are  varied,  and  are  therefore  not  so  uniform,  and 
consequently  more  natural. 

For  the  connexion  of  both  mechanisms,  namely,  the  carriage  with  the  horse,  various 
arrangements  may  be  adopted.  Two  separate  traction  spnngs  should  be  employed; 
one  at  a^fig.  95,  in  the  coach-scat;  the  other  in  the  body  of  the  horse.  In  the  coach- 
seat  at  6,  the  fly  with  its  pinion,  as  well  as  a  ratchet-wheel,  is  i^ecessary.  By  means  of 
the  sbafL,  the  horse  is  placed  in  connexion  with  the  wagon.  It  may,  however,  receive 
i!s  motion  from  the  spring  in  the  earriage,  in  which  case  one  spring  will  be  sufficient. 
Upon  the  latter  plan  the  following  construction  may  be  adopted : — To  the  axis  of  6, 
jfSg.  95.  a  bevel  wheel  i§  to  be  attached,  and  from  tlJl  the  motion  is  to  be  transmitted  to 
the  bottom  of  the  carriage  with  the  help  of  a  second  bevel  wheel  «,  connected  with  a 
third  bevel  wheel  /.  This  again  turns  the  wheel  tt,  whose  long  axis  v  goes  to  the  middle 
of  the  horse's  body,  in  an  oblique  direction,  through  the  hollow  shaA.  This  axis  carries 
an  endless  screw  9,^g.  93,  with  veiy  oblique  threads,  which  works  into  the  little  wheel 
8,  corresponding  to  the  wheel  1,  through  an  opening  in  the  side  of  the  horse,  and  in  this 
way  sets  the  mechanism  of  the  horse  a-going.  With  this  construction  of^g.  95,  a  spring 
of  considerable  strength  is  necessary',  or  if  the  height  of  the  carriage-seat  aces  not  afford 
sufficient  room,  its  breadth  will  answer  for  placing  two  weaker  springs  along-side  of  each 
other  upon  a  common  barrel. 

AXE.  A  tool  much  used  by  carpenters  fur  cleaving,  and  roughly  fashioning,  blocks 
of  wood.  It  is  a  dat  iron  wedge,  with  an  oblong  steel  edge,  parallel  to  which,  in  the 
short  base,  is  a  hole  for  receiving  and  holding  fast  the  end  of  a  strong  wooden  handle.  In 
the  cooper's  aiizty  the  oblong  edge  is  at  right  angles  to  the  handle,  and  is  slightly  curved 
op,  or  inflected  towards  it. 

AXLES,  of  carriages;  for  their  latest  improvements,  see  Wheel  Carbiages. 

AXUNGE.    Hog's  lard ;  sec  Fat  and  Oils. 

AZOTIZED,  said  of  certain  vegetable  substances,  which,  as  containing  azote,  were 
supposed  at  one  time  to  partake,  in  some  measure,  of  the  animal  nature ;  most  animal 
bodies  being  characterized  by  the  presence  of  much  azote  in  their  composition.  The 
vegetable  products,  indigo,  cafeinc,  gluten,  and  many  others,  contain  abundance  of 
azote. 

AZURE,  the  fine  blue  pigment,  commonly  called  smalt,  is  a  glass  colored  with  oxyde 
of  cobalt,  and  ground  to  an  impalpable  powder. 

The  manufacture  of  azure,  or  smalt,  has  been  lately  improved  in  Sweden,  by  the 
adoption  of  the  following  process  : — 

The  cobalt  ore  is  first  roasted  till  the  greater  part  of  the  arsenic  is  driven  ofiV  The 
residuary  impure  black  oxyde  is  mixed  with  as  much  sulphuric  acid  (concentrated)  as 
will  make  it  into  a  paste,  which  is  exposed  at  first  to  a  moderate  heat,  then  to  a  cherry- 
red  ignition  for  an  hour.  The  sulphate  thus  obtained  is  reduced  to  powder,  and  du 
solved  in  water.  To  the  solution,  carbonate  of  potash  is  gradually  added,  in  order  to 
separate  the  remaining  portion  of  oxyde  of  iron ;  the  quantity  of  which  depends  upon  the 
previous  degree  of  calcination.  If  it  be  not  enough  oxydized,  the  iron  is  difficult  to  be 
got  rid  of. 

When,  from  the  color  of  the  precipitate,  we  find  that  the  potash  separates  merely  car- 
bonate of  cobalt,  it  is  allowed  to  settle,  the  supernatant  liquor  is  decanted,  and  precipitated, 
by  means  of  a  solution  of  silicate  of  potash,  prepared  as  follows : — 

Ten  parts  of  potash  are  carefully  mixed  with  fifteen  parts  of  finely  ground  flints  or 
sand,  and  one  part  of  pounded  charcoal.  This  mixture  is  melted  in  a  crucible  of  brick 
day,  an  operation  which  requires  steady  ignition  during  5  or  6  hours.  The  mass, 
when  melted  and  pulverized,  ihay  be  easily  dissolved  in  boiling  water,  adding  to  it,  by 
little  at  a  time,  the  glass  previotisly  ground.  The  filtered  solution  is  colorless,  and 
lEceps  well  in  the  air,  if  it  contains  one  part  of  glass  for  5  or  6  of  water.    The  silicate 
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of  eoMty  which  precipitates  upon  mixing  the  two  solationft,  is  the  preparation  of  cobalt 
most  suitable  for  painting  upon  porcelain,  and  for  the  manufacture  of  blue  glass.  See 
Cobalt. 


B. 

BABLAH.  The  rind  or  shell  which  surrounds  the  fruit  of  the  mimosa  cvneraria ;  it 
comes  Irom  the  East  Indies,  as  also  from  Senegal,  under  the  name  of  Neb-neb.  It  con- 
tains gallic  acid,  tannin,  a  red  coloring  matter,  and  an  azotized  substance ;  but  the  pro- 
portion of  tannin  is  emedler  than  in  sumach,  gedls,  and  knoppern  (gall-nuts  of  the  common 
oak)  in  reference  to  that  of  gallic  acid,  which  is  considerable  in  the  b'ablah.  It  has  been 
used,  in  dyeing  cotton,  for  producing  various  shades  of  drab ;  as  a  substitute  for  the  more 
expensive  astringent  dye-stuffs. 

BAGASSE.  The  sugar-cane,  in  its  dry,  crushed  state,  as  delivered  from  the  sugar- 
mill.    It  is  much  employed  for  fbel  in  the  colonial  sugar-houses. 

BAKING.  (Cttire,  Fr.  Backtiij  Germ.)  The  exposure  of  any  body  to  such  a  heat 
as  will  dry  and  consolidate  its  parts  without  wasting  them.  Thus,  wood,  pottery,  and 
porcelain,  are  baked,  as  well  as  bread. 

BALANCE*  To  conduct  arts,  manufactures,  and  mines,  with  judgment  and  success, 
recourse  must  be  had,  at  almost  every  step,  to  a  balance.  Experience  proves  that  all 
material  bodies,  existing  upon  the  surface  of  the  earth,  are  constantly  solicited  by  a  force 
which  tends  to  bring  them  to  its  centre,  and  that  they  actually  fall  towards  it  when  they 
are  free  to  move.  This  force  is  called  gravity.  Though  the  bodies  be  not  free,  the  ef- 
fort of  gravity  is  still  sensible,  and  the  resultant  of  all  the  actions  which  it  exercises  upon 
their  material  points,  constitutes  what  is.  popularly  called  their  weight.  These  weights 
are,  therefore,  forces  which  may  be  compared  together,  and  by  means  of  machines  may 
be  made  to  correspond  or  be  counterpoised. 

To  discover  whether  two  weights  be  equal,  we  must  oppose  them  to  each  other  in  a 
machine  where  they  act  in  a  similar  manner,  and  then  see  if  they  maintain  .an  equi- 
librium ;  for  example,  we  fulfil  this  condition  if  we  suspend  them  at  the  two  extremitief 
of  a  lever,  supported  at  its  centre,  and  whose  arms  are  equal.  Such  is  the  general  idea 
of  a  balance.  The  beam  of  a  good  balance  ought  to  be  a  bar  of  well-tempered  steel,  of 
such  form  as  to  secure  perfect  inflexibility  under  any  load  which  may  be  filly  applied 
to  its  extremities.  Its  arms  should  be  quite  equal  in  weight  and  length  upon  each  side 
of  its  point  of  suspension  ;  and  this  point  should  be  placed  in  a  vertical  line  over  the 
centre  of  gravity ;  and  the  less  distant  it  is  from  it,  the  more  delicate  will  be  the  balance. 
Were  it  placed  exactly  in  that  centre,  the  beam  would  not  spontaneously  recover  the 
horizontal  position  when  it  was  once  removed  from  it.  To  render  its  indications  more 
readUy  commensurable,  a  slender  rod  or  needle  is  fixed  to  it,  at  right  angles,  in  the  line 
passing  through  its  centres  of  graviiy  and  suspension.  The  point,  or  rather  edge  of 
suspension,  is  made  of  perfectly  hard  steel,  and  turns  upon  a  bed  of  the  same.  For 
common  uses  the  arms  of  a  balance  can  be  made  sufficiently  equal  to  give  satisfactory 
results ;  but,  for  the  more  refined  purposes  of  science,  that  equality  should  never  be 
presumed  nor  trusted  to ;  and,  fortunately,  exact  weighing  is  quite  independent  of  that 
equality.  To  weigh  a  body  is  to  determine  how  many  times  the  weight  of  that  body 
contains  another  species  cf  known  weight,  as  of  grains  or  pounds,  for  example.  In 
order  to  find  it  out,  let  us  place  the  substance,  suppose  a  piece  of  gold,  in  the  left  hand 
scale  of  the  balance ;  counterpoise  it  with  jiand  or  shot  in  the  other,  till  the  index 
needle  be  truly  vertical,  or  stand  in  the  middle  of  the  scale,  proving  the  beam  to  be 
horizontal.  Now  remove  gently  the  piece  of  gold,  and  substitute  in  its  place  standard 
multiple  weights  of  any  grsUluation,  English  or  French,  till  the  needle  again  resumes  the 
vertical  position,  or  till  its  oscillations  upon  either  side  of  the  zero  point  are  equal. 
These  weights  will  represent  precisely  the  weight  of  the  gold,  since  they  are  placed  in 
the  same  circumstances  precisely  with  it,  and  make  the  saine  equilibrium  with  the  weight 
laid  in  the  other  scale. 

This  method  of  v.eighing  is  obviously  independent  of  the  unequal  length  as  well  as 
the  unequal  weight  of  the  arms  of  the  beam.  For  its  perfection  two  requisites  only  are 
indispensable.  The  first  is  that  the  points  of  suspension  should  be  rigorously  the  same 
m  the  two  operations ;  for  the  power  of  a  given  weight  to  turn  the  beam  being  unequal, 
according  as  we  place  it  at  dififcrent  distances  from  the  centre  of  suspension,  did  thai 
point  vary  in  the  two  consecutive  weighings,  we  would  require  to  employ,  in  the  second, 
a  dififerent  weight  from  that  of  the  piece  of  gold,  in  order  to  form  an  equilibrium  with 
the  sand  or  shot  originally  put  in  the  opposite  scale ;  and  as  there  is  nothing  to  indicate 
such  inequality  in  the  states  of  the  beam,  great  errors  would  result  from  it.  The  best 
mode  of  securing  against  such  inequality  is  to  suspend  the  cords  of  the  scales  from 
shaip-edged  rings,  upon  knife  edges,  at  the  ends  of  the  beam,  both  made  of  steel  so 
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balance  shoald  be  Tery  sensible,  that  is,  when  in  equiUbriom  and  loaded,  it  may  be 
dsilurbed,  and  its  needle  may  oscillate,  by  the  smallest  weight  pnt  into  either  of  the 
scale*.  This  sensibility  depends  solely  npon  the  centre  or  nail  of  suspension ;  and  it 
will  be  the  more  perfect  the  less  friction  there  is  between  that  kni/e-edge  surface  and  the 
plane  which  supports  it.  Both  should  therefore  be  as  hard  and  highly  polished  as 
possible ;  and  shoald  not  be  suffered  to  press  against  each  other,  except  at  the  time  of 
weishing.  Every  delicate  balance  of  moderate  sise,  moreover,  should  be  suspended 
within  a  glass  case,  to  protect  it  from  the  agitations  of  the  air,  and  the  corroding 
infinence  of  the  weather.  In  some  balances  a  ball  is  placed  upon  the  index  or  needle 
(whether  that  index  stand  above  or  below  the  beam),  which'  may  be  made  to  approach 
or  recede  from  the  beam  by  a  fine-threaded  screw,  with  the  effect  of  varying  the 
cenfte  c  f  gravity  relatively  to  the  point  of  suspension,  and  thereby  increasing,  at 
will,  either  the  sensibility,  or  the  stability  of  the  balance.  The  greater  the  length 
of  the  arms,  the  less  distant  the  centre  of  gravity  is  beneath  the  centre  of  suspension, 
the  better  polished  its  central  knife-edge  of  30°,  the  lighter  the  whole  balance,  and 
the  less  it  is  loaded ;  the  greater  will  be  its  sensibility.  In  all  cases  the  arms  must 
be  qnite  inflexible.-  A  balance  made  by  Ramsden  for  the  Royal  Society,  is  capable 
of  weighing  ten  pounds,  and  turns  with  one  hundredth  of  a  grain,  which  is  the  seven* 
nillionth  part  of  the  weight.  In  pointing  out  this  balance  to  me  one  evening,  Br.  Wol- 
laston  told  me  it  was  so  delicate,  that  Mr.  Pond,  then  astronomer  royal,  when  making 
some  observations  with  it,  found  its  indications  affected  by  his  relative  position  before 
it,  ahhongh  it  was  enclosed  in  a  glass  case.  When  he  stood  opposite  the  right  arm, 
that  end  of  the  beam  preponderated,  in  consequence  of  its  becoming  expanded  by  the 
radiation  of  heat  from  his  body ;  and  when  he  stood  opposite  the  left  arm,  he  made  this 
preponderate  in  its  turn.  It  is  probable  that  Mr.  Pond  had  previously  adjusted  the 
centres  of  gravity  and  suspension  so  near  to  each  other  as  to  give  the  balance  its 
navimum  sensibility,  consistent  with  stability.  Were  these  centres  made  to  coincide, 
the  beam,  when  the  weights  are  equal,  would  rest  in  any  position,  and  the  addition  of 
the  smallest  weight  would  overset  the  balance,  and  place  the  beam  in  a  vertical  position, 
from  which  it  would  have  no  tendency  to  return.  The  sensibility  in  this  case  would 
be  the  greate|;F  possible ;  but  the  Other  two  requisites  of  level  and  stability  would  be 
entirely  lost.  The  case  would  be  even  worse  if  the  centre  of  gravity  were  higher  than 
the  centre  of  suspension,  as  the  balance  when  deranged,  if  free,  would  make  a  revolution 
of  no  less  than  a  semi-circle.  A  balance  may  be  made  by  a  fraudulent  dealer  to  weigh 
falsely,  though  its  arms  be  equal,  provided  the  suspension  be  as  low  as  the  centre  of 
gravity,  for  he  has  only  to  toss  his  tea,  for  instance,  forcibly  into  one  scale  to  cause 
15  ounces  of  it,  or  thereby,  to  counterpoise  a  pound  weight  in  the  other.  Inspectors 
of  weishts,  &.c.  are  not  aufait  to  this  fruitful  source  of  fraud  among  hucksters. 

BALSAMS  (Battme«,  Fr.  Bahame,  Germ.)  are  native  compounds  of  ethereal  or 
essential  oils,  with  resin,  and  frequently  benzoic  acid.  Most  of  them  have  the  con- 
sistence of  honey ;  but  a  few  are  solid,  or  become  so  by  keeping.  They  flow  either 
spontaneoosly,  or  by  incisions  made  from  trees  and  shrubs  in  tropical  climates.  They 
posacss  peculiar  poweribl  smells,  aromatic  hot  tastes,  but  lose  their  odoriferous  pro> 
perties  by  long  exposnre  to  the  air.  They  are  insoluble  in  water;  soluble,  to  a  con- 
siderable degree,  in  ether;  and  completely  in  alcohol.  When  distilled  with  water, 
ethereal  oil  comes  over,  and  resin  remains  in  the  retort. 

J.  Bauams  wtth  benzoic  Acrs : — 

Baham  of  Peru  is  extracted  from  the  myroxyhm  perui/erum,  a  tree  which  grows  in 
Pcro,  Mexico,  &c. ;  sometimes  by  incision,  and  sometimes  by  evaporating  the  decoction 
of  the  bark  and  branches  of  the  tree.  The  former  kind  is  very  rare,  and  is  imported 
in  the  husk  of  the  cocoa-nut,  whence  it  is  called  balsam  en  coipf.  It  is  brown,  trans- 
parent only  in  thin  layers,  of  the  consistence  of  thick  turpenUne ;  an  agreeable  smell, 
an  acrid  and  bitter  taste ;  formed  of  two  matters,  the  one  h'qnid,  the  other  grannlar, 
and  somewhat  crystalline.  In  100  parts,  it  contains  12  of  benzoic  add,  88  of  resin, 
with  traces  of  a  volatile  oil. 

The  second  sort,  the  hladk  balsam  of  Peru,  is  much  more  common  than  the  pie- 
eeding,  translucent,  of  the  eomsistence  of  well-boiled  sirup,  very  deep  red-brown 
color,  an  almost  intolerably  acrid  and  bitter  taste,  and  a  stronger  smell  than  the  other 
balsam.  Stoltze  regards  it  as  formed  of  69  parts  of  a  peculiar  oil,  20-7  of  a  resin,  little 
soluble  in  alcohol,  of  6*4  of  benzoic  acid,  of  0*6  of  extractive  matter,  and  0*9  of 
water. 

From  its  high  price,  balsam  of  Peru  is  often  adulterated  with  copaiba,  oil  of  tur- 
pentine, and  olive  oil.  One  thousand  parts  of  good  balsam  should,  by  its  benzole 
acid,  saturate  76  parts  of  crystallized  carbonate  of  soda.  It  is  employed  as  a  perfume 
lor  pomatniDs,  tinctures,  lozenges,  sealing-wax,  and  for  chocolate  and  liqmewrt^  instead 
oTvanflla,  when  this  happens  to  be  very  dear. 
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Liquid  ambtr,  Storax  w  Styra^  flows  from  the  Uastm  and  tmak  of  the  ligM  ambtr 
thjraciflua,  a  tree  which  grows  in  Virginia,  Louitiana,  and  Mexico.  It  is  brownith 
ash-gray,  of  the  consistence  of  turpentine,  dries  up  readily,  smells  agreeably,  like  ben- 
zoin, has  a  bitterish,  sharp,  burning  taste ;  is  solaUe  in  4  parts  of  alcohol,  and  contains 
only  1*4  per  cent,  of  benzoic  acid. 

Balsam  of  Tola  flows  from  the  trunk  of  the  mynxylon  tolni/erum,  a  tree  which  grows  in 
South  ^  America ;  it  is,  when  fresh,  of  the  consistence  of  turpentine,  is  brownish-rod, 
dries  into  a  yellowish  or  reddish  brittle  resinous  mass,  of  a  smell  like  benzoin ;  is  soluble 
in  alcohol  and  ether ;  afibrds,  with  water,  benzoic  acid. 

•  Chinese  varnish  flows  from  the  bark  of  the  Jugia  sinensis ;  it  is  a  greenish  yellow 
turpenline-Iike  substance,  smells  aromatic,  tastes  strong  and  rather  astringent,  in  thin 
layers  dries  soon  into  a  smooth  shining  lac,  and  consists  of  resin,  ethereous  oil,  and  ben- 
zoic acid.  It  is  soluble  in  alcohol  and  ether ;  and  has  been  employed,  immemorially, 
in  China,  for  lackering  and  Tarnishing  surfaces,  either  alone  or  colored. 

Balsams  without  bei^zoic  acid  ;— 

Copaiva  balsam,  balsam  of  copahu  or  capivi,  is  obtained  from  incisions  made  in  the 
trank  of  the  Copai/era  officinalisy  a  tree  which  grows  in  Brazil  and  Cayenne.  It  is  pale 
yellow,  middling  liquid,  dear  transparent,  has  a  bitter,  sharp,  hot  taste;  a  penetrating 
disagreeable  smell  j  a  specific  gravity  of  from  0*950  to  0*996.  It  dissolves  in  absolate 
alcohol,  partially  in  spirit  of  wine,  forms  a'ith  alkalis,  crystalline  compounds.  It  con- 
sists of  45-59  ethereous  oil,  52*75  of  a  yellow  brittle  resin,  and  1*66  of  a  brown  viscid 
resin.  The  oil  contains  no  oxygen,  has  a  composition  like  oil  of  turpentine,  dissolves 
caoutchouc  (according  to  Dnrand),  but  becomes  oxydized  in  the  air,  into  a  peculiar 
species  of  resin.  This  balsam  is  used  for  making  paper  transparent,  for  certain  lackers, 
and  in  medicine. 

Mecca  balsam,  or  opobalsam,  is  obtained  both  by  incisions  of,  and  by  boiling,  the 
branches  and  leaves  of  the  Balsamodendron  GHeadense,  a  shrub  which  grows  in  Arabia 
Felix,  Lesser  Asia,  and  Egypt.  When  fresh  it  is  turbid,  whitish,  becomes,  by  degrees, 
transparent;  yellow,  thickish,  and  eventually  solid.  It  smells  peculiar,  but  agreeable; 
tastes  bitter  and  spicy ;  does  not  dissolve  completely  in  hot  spirit  of  wine,  and  contaiis 
10  per  cent,  of  ethereous  oil,  of  the  specific  gravity  0*876. 

Japan  lac  varnish  flows  from  incisions  in  the  trunk  of  the  Rhus  Vemix  {Melanorrheu 
usitata)  which  is  cultivated  in  Japan,  and  grows  wild  in  North  America.  Tbe  juice 
becomes  black  in  the  air  ,*  when  purified,  dissolves  in  very  little  oil ;  and,  mixed  with 
coloring  matter,  it  constitutes  the  celebrated  varnish  of  the  Japanese. 

For  Benzoin  and  Turpentine,  see  these  articles  in  their  alphabetical  places. 

BANDANNA.  A  style  of  calico  printing,  in  which  white  or  .brightly  colored 
spots  are  produced  upon  a  red  or  dark  ground.  It  seems  to  have  been  practised  from 
time  immemorial  in  India,  by  binding  up  firmly  with  thread,  those  points  of  the  cloth 
which  were  to  remain  white  or  yellow,  while  the  rest  of  the  surface  was  freely  subjected 
to  the  dyeing  operations. 

The  Furopean  imitations  have  now  far  surpassed,  in  the  beauty  and  precision  of 
the  design,  the  oriental  patterns;   having  called  into  action  the  refined  resources  cf 
mechanical  and  chemical  science.    The  general  principles  of  producing  bright  figures 
upon  dark  grounds,  are  explained  in  the  article  Calico-printing  ;  but  the  peculiarities 
of  the  Bandanna  printing  may  be  conveniently  introduced  here.    In  Brande's  Journal 
tor  July,  1823, 1  described  the  Bandanna  gallery  of  Messrs.  Monteith  at  Glasgow, 
which,  when  in  full  action  some  years  ago,  micht  be  reckoned  the  most  magnificent  and 
profitable  printing  apartment  in  the  world.    The  white  spots  were  produced  by  a  so- 
lution of  chlorine,  made  to  percolate  down  through  the  Turkey  red  cotton  cloth,  in 
certain  points  defined  and  circumscribed  by  the  pressure  of  hollow  lead  types  in  plateSy 
in  a  hydraulic  press,  itg.  96  is  an  elevation  of  one  press;  A,  the  top  or  entablature; 
B  B,  the  cheeks  or  pillars;.  C,  the  upper  block  for  fastening  the  upper  lead  perforated 
pattern  to ;  D,  the  lower  block  to  which  the  fellow  pattern  is  affixed,  and  which  moves 
op  and  down  with  the  piston  of  the  press ;  £,  the  piston  or  ram ;  F,  the  sole  or 
base;  G,  the  water-trough,  for  the  dischai^ed  or  spotted  calico  to  fall  into;  H,  the 
small  cistern,  for  the  aqueous  chlorine  or  liquor-meter,  with  glass  tubes  for  indicating 
the  height  of  liquor  inside  of  the  cistern ;  e  e,  glass  stopcocks,  for  admitting  the  liquor 
into  that  cistern  from  the  general  reservoir;  //,  stopcocks  for  admitting  water  to  wash 
out  the  chlorine ;  g  g,  the  pattern  lead-plates,  with  screws  for  setting  the  patterns  paralld 
to  each  other ;  m  nh  projecting  angular  pieces  at  each  corner,  perforated  with  a  half-inch 
hole  to  receive  the  four  guide-pins  rising  from  the  lower  plate,  which  serve  to  secure 
accuracy  of  adjustment  b^ween  the  two  faces  of  the  lead  pattern  plates ;  h  ^two  rollers 
which  seize  and  pull  through  the  discharged  pieces,  and  deliver  them  into  the  Water- 
troogh.    To  the  left  of  D  there  is  a  stopcock  for  filling  the  trough  with  water;  2,  is  the 
waste  tube  for  ehk>rine  liquor  and  water  of  washing.    The  contrivance  for  bk>wing  a 
ctreim  of  air  across  the  doth,  through  the  pattern  tubesb  is  not  represented  in  the  figure. 
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^  en^jnes  simibr  to  the  above,  each  posseieing  the  power  of  pre&smg  with 
hundred  tonsy  are  ajnranged  in  one  line, in  subdivisions  of  four;  the  spaces 
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between  each  subdiTision  serving  as  passas^es  to  allow  the  workmen  to  go  readily 
fiom  the  front  to  the  back  of  the  presses.  Each  occupies  twenty-five  feet,  so  that  the 
total  length  of  the  apartment  is  100  feet. 

To  each  press  is  attached  a  pair  of  patterns  in  lead,  (or  plates,  as  they  are  caUed,)  the 
manner  of  forming  which  will  be  described  in  the  sequel.  One  of  these  plates  is  fixed 
to  the  upper  block  of  the  press.  This  block  is  so  contrived,  that  it  rests  upon  a  kind  of 
unirersal  joint,  which  enables  this  plate  to  apply  more  exactly  to  the  under  fellow- 
fdate.  The  latter  sits  on  the  moveable  part  of  the  press,  commonly  called  the  sill. 
When  this  is  (breed  np,  the  two  patterns  do^e  on  each  other  very  nicely,  by  means  of 
the  gnide-pins  at  the  corners,  which  are  fitted  with  the  utmost  care. 

TLe  power  which  impels  this  great  hydrostatic  range  is  placed  in  a  separate'  apart- 
mett%  called  the  machinery  room.  This  machinery  consists  of  two  press  cylinders 
of  a  peculiar  constmction,  having  solid  rams  accurately  fitted  to  them.  To  each  of 
theae  cylinders,  three  little  force-pumps,  worked  by  a  steam-engine,  are  connected. 

The  piston  of  the  large  cylinder  is  eight  inches  in  diameter,  and  is  loaded  with  a 
top^wcight  of  &rt  tons.  This  piston  can  be  made  to  rise  about  two  feet  through  a 
leather  stuffing  or  collar.  The  other  cylinder  has  a  piston  of  only  one  inch  in  diameter, 
which  is  also  loaded  with  a  top-weight  of  &ve  tons.  It  is  capable,  like  the  other,  of 
being  raised  two  feet  through  its  ooUar. 

Snpposing  the  pistons  to  be  at  their  lowest  point,  four  of  the  six  small  force-pumps 
are  pot  in  action  by  the  steam-engine,  two  of  xtiem  to  raise  the  large  piston,  and  two 
Uie  little  one.  In  a  short  time,  so  much  water  is  injected  into  the  cylinders,  that 
the  loaded  pistons  have  arrived  at  their  highest  points.  They  are  now  ready  for 
working  the  hydrostatic  discharge-presses,  the  water  pressure  being  conveyed  from 
the  one  apartment  to  the  other,  nnder  ground,  through  strong  copper  tubes,  of  small 
calibre* 

Two  valves  are  attached  to  each  press,  one  opening  a  communication  between  the  large 
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driring-cyliader  and  the  cylinder  of  the  press,  the  other  between  the  small  driving-eylto- 
der  and  the  press.  The  function  of  the  first  is  simplf  to  lift  the  nnder-Uock  of  the  prest 
into  contact  with  the  upper-block ;  that  of  the  second,  is  to  give  the  requisite  compression 
to  the  cloth.  A  third  valye  is  attached  to  the  press,  for  the  purpose  of  discharging  the 
water  from  its  cylinder,  when  the  press  is  to  be  relaxed,  in  order  to  remove  or  draw 
through  the  doth. 

From  twelve  to  fourteen  pieces  of  cloth,  previously  dyed  Turkey-red,  are  stretched 
over  each  other,  as  parallel  as  possible,  by  a  particular  machine.  These  parallel  layers  are 
then  rolled  round  a  wooden  cylinder,  called  by  the  workmen,  a  drum.  This  cylinder  is 
now  placed  in  its  proper  situation  at  the  back  of  the  press.  A  portion  of  the  fourteen  lay- 
ers of  doth,  equal  to  the  area  of  the  plates,  is  next  drawn  thnragh  between  them,  by  hooks 
attached  to  the  two  comers  of  the  webs.  On  opening  the  valve  connected  with  the  eight- 
inch  driving-cylinder,  the  water  enters  the  cylinder  of  the  press,  and  instantly  lifts  its  lower 
block,  so  as  to  apply  the  imder  plate  with  its  cloth,  close  to  the  upper  one.  This  valve  is 
then  shut,  and  the  other  is  opened.  The  pressure  of  five  tons  in  the  one  inch  prime-cylin- 
der, is  now  brought  to  bear  on  the  piston  of  the  press,  which  is  eight  inches  in  diameter. 
The  effective  force  here  will,  therefore,  be  5  tons  X  83=320  tons ;  the  areas  of  cylinders 
being  to  each  other,  as  the  squares  of  their  respective  diameters.  The  doth  is  thus  con* 
deaned  between  the  leaden  pattern-plates  with  a  pressure  of  320  tons,  in  a  couple  of 
seconds ;  — a  splendid  example  of  automatic  art. 

The  next  step,  is  to  admit  the  blanching  or  discharging  liquor  (aqueous  chlorine,  ob- 
tained  by  adding  sulphuric  acid  to  solution  of  chloride  of  lime)  to  the  cloth.  This  liquor 
is  contained  in  a  large  cistern,  in  an  adjoining  house,  from  which  it  is  run  at  pleasure  into 
smaU  lead  cisterns  H  attached  to  the  presses ;  which  cisterns  have  graduated  index  tubes, 
for  regulating  the  quantity  of  liquor  according  to  the  pattern  of  discharge.  The  stopcocks 
on  the  pipes  and  cisterns  containing  this  liquor,  are  all  made  of  glass. 

From  the  measurc-cistem  H,  the  liquor  is  allowed  to  flow  into  the  hollows  in  the  upper 
lead-plate,  whence  it  descends  on  the  cloth,  and  percolates  through  it,  extracting  in  its  pas- 
sage the  Turkey-red  dye.  The  liquor  is  finally  conveyed  into  the  waste  pipe,  from  a  groove 
in  the  under  block.  As  soon  as  the  chlorine  liquor  has  passed  through,  water  is  admit- 
ted in  a  similar  manner,  to  wash  away  the  chlorine ;  otherwise,  upon  relaxing  the  pres- 
sure, the  outline  of  the  figure  discharged  would  become  ragged.  The  passage  of  the  dis- 
charge liquor,  as  well  as  of  the  water  through  the  doth,  is  occasionally  aided  by  a  pneu- 
matic apparatus,  or  blowing  machine ;  consisting  of  a  large  gasometer,  from  which  air 
suk^ected  to  a  moderate  pressure  m'ly  be  allowed  to  Issue,  and  act  in  the  direction  of  the 
liquid  upon  the  folds  of  the  cloth.  By  an  occasional  twist  of  the  air  stopcock,  the  work- 
man also  can  ensure  the  equal  distribution  of  the  discharging  liquor,  over  the  whole  ex- 
cavations in  the  upper  plate.  When  the  demand  for  goods  is  very  brisk,  the  air  appara- 
tus is  much  employed,  as  it  enables  the  workman  to  double  his  product. 

The  time  requisite  for  completing  the  discharging  process  in  the  first  press  is  sufll- 
cient  to  enable  the  other  three  workmen  to  put  the  remaining  fifteen  presses  in  play.  The 
discharger  proceeds  now  from  press  to  press,  admits  the  liquor,  the  air,  and  the  water ; 
and  is  followed  at  a  proper  interval  by  the  assistants,  who  relax  the  press,  move  forwards 
another  square  of  the  cloth,  and  then  restore  the  pressure.  Whenever  the  sixteenth  press 
has  been  liquored,  2&c.,  it  is  time  to  open  the  first  press.  In  this  routine,  about  ten  min- 
utes are  employed ;  that  is,  224  handkerchiefs  (16-|-14)  are  discharged  every  ten  minutes. 
The  whole  cloUi  is  drawn  successively  forward,  to  be  successively  treated  in  the  above 
method. 

When  the  cloth  escapes  from  the  press,  it  is  passed  between  the  two  rollers  in  front ;  from 
which  it  falls  into  a  trough  of  water  placed  below.  It  is  finally  carried  oflf  to  the  wash- 
ing and  bleaching  department,  where  the  lustre  of  both  the  white  and  the  red  is  con- 
siderably brightened. 

By  the  above  arrangement  of  presses,  1600  pieces,  oonsbting  of  12  yards  each= 19,200 
yards,  are  converted  into  Bandannas  in  the  space  of  ten  hours,  by  the  labor  of  fcur 
workmen. 

The  patterns,  or  plates,  which  are  put  into  the  presses  to  determine  the  white  figures 
on  the  cloth,  are  made  of  lead  in  the  following  way.  A  trellis  frame  of  cast-iron,  one 
inch  thick,  with  tumed-up  edges,  forming  a  trough  rather  larger  than  the  intendea  lead 
pattern,  is  used  as  the  solid  ground-work.  Into  this  trough,  a  lead  plate  about  one  half 
inch  thick,  is  firmly  fixed  by  screw  nails  passing  up  from  bdow.  To  the  edges  of  this  lead 
plate,  the  borders  of  the  piece  of  sheet-lead  are  soldered,  which  covers  the  whole  outer 
surface  of  the  iron  frame.  Thus  a  strong  trough  is  formed,  one  inch  deep.  The  upright 
border  gives  at  once  great  strength  to  the  plate,  and  serves  to  confine  the  liquor.  A  thin 
^heet  of  lead  is  now  laid  on  the  thick  lead-plate,  in  the  manner  of  a  veneer  on  toilet- 
tables,  and  is  soldered  to  it  round  the  edges.  Both  sheets  must  be  made  very  smooth 
beforehand,  by  hammering  them  on  a  smooth  stone  table,  and  then  finishing  with  a  plane : 
the  surikoe  of  the  thin  sliL*et  (now  attached)  is  to  be  covered  with  drawing  paper,  pasted 
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fla,  and  apo«  this  tbe  pattetn  is  dmtm,  Ii  is  now  ready  for  the  cutter.  The  first  thing 
which  he  doesi  is  to  £x  down  with  brass  pins  all  the  parts  of  the  pattern  which  are  to 
be  left  solid.  He  now  proceeds  with  the  little  tools  general!)'  used  by  bbck-cutters, 
which  are  fitted  to  the  different  curvatures  of  the  pattern,  and  he  cuts  perpendicularly 
4uite  tbrongli  the  thin  sheet.  The  pieces  thus  detached  are  easily  liAed  out ;  and  thus 
the  channels  are  formed  which  design  the  white  figures  on  the  red  cloth.  At  the  bol- 
lom  of  the  channels,  a  sufficient  number  of  smaU  perforations  are  made  through  tne 
thicker  sheet  of  lead,  so  that  the  discharging  liquor  may  have  free  ingress  and  egress. 
Thos  one  plate  is  finished ;  from  which,  an  impression  is  to  be  taken  by  means  of  printers* 
ink,  on  the  paper  pasted  upon  another  plate.  The  impression  is  taken  in  the  hydrostatic 
press.  Each  pair  of  plates  constitutes  a  set,  which  may  be  put  into  the  presses,  and  re- 
moved at  pleasure. 

BARBERRY.  The  root  of  this  plant  contains  a  yellow  coloring  matter,  which  is 
soluble  in  water  and  alcohol,  and  is  rendered  brown  by  alkalis.  The  solution  is  employ- 
ed in  the  manufacture  of  Morocco  leather. 

BARILLA.  A  crude  soda,  procured  by  the  incineration  of  the  saUola  soda,  a  plant  cul- 
tivated for  this  purpose  in  Spain,  Sicily,  Sardinia,  &c.  Good  barUla  usually  contains,  ac- 
cording to  my  analysis,  20  per  cent,  of  real  alkali,  associated  with  muriates  and  sulphates, 
chiefly  of  soda,  some  lime,  and  alumina,  with  very  little  sulphur.  Caustic  leys  made  from 
it,  are  used  in  the  finishing  process  of  the  hard  soap  manufacture.  125,068  cwts.  were 
imported  in  1835,  of  which  only  5*8J7  were  exported.  The  duty  is  2x,  per  cwt.  Of  the 
above  quantity,  ^,174  came  from  Spain  and  tbe  Balearic  islands,  39,943  from  the  Cana- 
ries, anid  20,432  from  Italy  and  the  Italian  islands. 

BARIUM,  the  metallic  basis  of  Baryta. 

BARK  OF  OAK,  for  tanning.  Unfortunately,  the  Tables  of  Revenue  published  by 
the  Board  of  Trade,  mix  up  this  bark  and  the  dyeing  barks  together,  and  give  the  sum  oif 
the  whole  for  1835,  at  826,566  cwts.,  of  which  only  2,264  were  re-exported.  The  duty 
is  Id,  per  cwL  from  British  possessions,  and  Sd  from  other  parts. 

Barley  {Orgej  Fr. ;  Gertttj  Germ.)  English  barley  is  that  with  two-rowed  ears,  or 
the  hordeum  vnlgan  dutickn^  of  the  botanists ;  the  Scotch  beer  or  bigg,  is  the  hordfum 
tulgart  hexasiidum.  The  latter  has  two  rows  of  ears,  but  3  corns  come  from  the  same 
point,  so  that  it  seems  to  be  sLx-eared.  The  grains  of  bise  are  smaller  than  those  of  bar- 
ley, and  the  husks  thinner.  The  specific  gravity  of  English  barley  varies  from  1*25  to 
1-33  ;  of  bigg  from  1*227  to  1-265 ;  the  weight  of  the  husk  of  barley  is  1  that  of  bigg  f . 

1000  parts  of  barley  floor  contain,  according  to  Einhof,  720  of  starch,  56  sugar,  50  muci- 
lage, 36*6  gluten,  12-3  vegetable  albomen,  100  water,  2*5  phosphate  of  lime,  68  fibrous 
or  ligneous  matter.    Sp.  gravity  of  barley  is  1*235  by  my  trials. 
BARM.    The  yeasty  top  of  fermenting  beer.    See  Bbea,  Distillation,  Febmen- 

TATIOK. 

BARYTA  or  BARYT£&,  one  of  the  simple  earths.  It  may  be  obtained  most 
easily  by  dissolving  the  native  carbonate  of  barytes  (Witherite)  in  nitric  acid,  evapora- 
ting the  nentral  nitrate  till  crystals  be  fonned,  draining  and  then  calcining  these  in  a 
covered  platina  crucible,  at  a  bright  red  heat.  A  less  pure  bar)'ta  may  be  obtained  by 
igniting  strongly  a  mixture  of  the  carbonate  and  charcoal,  both  in  fine  powder  and 
Doistened.  It  is  a  grayish  white  earthy  looking  substance,  fusible  only  at  the  jet  of 
the  oxy-hydrogen  blowpipe,  has  a  sharp  caustic  taste,  corrodes  the  tongue  and  all  animal 
matter,  is  poisonous  even  in  small  quantities,  has  a  very  powerful  alkaline  reaction ; 
a  specific  gravity  of  4*0 ;  becomes  hot,  and  slakes  violently  when  sprinkled  with  water, 
falling  into  a  fine  white  powder,  called  the  hydrate  of  baryta,  which  contains  10|  per 
cent,  of  water,  and  dissolves  in  10  parts  of  boiUng  water.  This  solution  lets  fall  abun- 
dant eolumnar  crystals  of  hydrate  of  baryta  as  it  cools;  but  it  still  retains  one  twentieth 
its  weight  of  baryta,  and  is  called  baryta  water.  The  above  crystals  contain  61  per  cent. 
of  water,  of  which,  by  drying,  they  lose  50  parts.  This  hydrate  may  be  fused  at  a  red 
heat  without  losing  any  more  water.  Of  all  the  bases,  baryta  has  the  strongest  affinity 
for  sniphnric  acid,  and  is  hence  employed  either  in  the  stale  of  the  above  water,  or  in 
that  of  one  of  its  neutral  salts,  as  the  nitrate  or  muriate,  to  detect  the  presence,  and  de- 
tennine  the  quantity  of  that  acid  present  in  any  soluble  compound.  Its  prime  equivalent, 
aeoordtng  to  Berzelins,  is  956,880,  oxygen  heing  100 ;  or  76,676,  hydnM:en  being  1,000. 
Native  sulphate  of  baryta,  or  heavy  spar,  is  fraudulently  used  to  adulterate  white  lead  by 
the  EngUsh  dealers  to  a  shameful  extent. 

BASSORINE.  A  constituent  part  of  a  species  of  gum  which  comes  from  Bassora, 
as  abo  of  gum  tragacanth,  and  of  some  gum  resins.  It  is  semi-transparent,  difficult  to 
pnlveriaEe,  swells  considerably  in'  cold  or  boiling  water,  and  forms  a  thick  mucilage 
without  di«olving.  IVeated  with  ten  times  its  weight  of  nitric  acid,  it  affords  nearly 
23  per  eent.  of  its  weight  of  made  acid,  being  much  more  than  is  obtainable  from  gum 
vahie  or  eherry-tree  gum.    Bassorine  is  ver^  soluble  in  water  slightly  acidulated  with 
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nitric  or  muriatic  acid.    Thii  principle  is  procured  by  soaking  gum  Busoca  in  a  great 
qnantity  of  cold  water,  and  in  removing,  by  a  filter,  all  the  sokible  parts. 

BATHS.  (Bains,  Fr.  Baden,  Germ.)  Warm  baths  hare  lately  come  into  rery 
general  nse,  and  they  are  justly  considered  as  indispensably  necessary  in  all  modem 
houses  of  any  magnitude,  as  also  in  club-houses,  hotels,  and  hospitals.  But  the  mode 
of  constructing  these  baths,  and  of  obtaining  the  necessary  supplies  oC  hot  and  cold  wa- 
ter, does  not  appear  to  have  undergone  an  improvement  equal  to  the  eitension  of  their 
employment. 

The  several  points  in  regard  to  warm  baths,  are, 

i.  The  materials  of  which  they  are  constructed. 

2.  Ther  situation. 

3.  The  supply  of  cold  water. 

4.  The  supply  of  hot  water. 

5.  Minor  comforts  and  conveniences. 

1.  As  to  the  materials  of  which  they  are  constructed.  Of  these  the  best  are 
slabs  of  polished  marble,  properly  bedded  with  good  water-tight  cement,  in  a  seasoned 
wooden  case,  and  neatly  and  carefully  united  at  their  respective  edges.  These,  when 
originally  ywell  constructed,  form  a  durable,  pleasant,  and  agreeable-looking  bath ;  but 
the  expense  is  of\en  objectionable,  and,  in  upper  chambers,  the  weight  may  prove 
inconvenient.  If  of  white  or  veined  marble,  they  are  also  apt  to  get  yellow  or  dis- 
colored by  frequent  use,  and  cannot  easily  be  cleansed;  so  that  large  Dutch  tiles,  as 
they  are  called,  or  square  pieces  of  white  earthenware,  are  sometimes  substituted; 
which,  however,  are  difficultly  kept  water-tight;  so  that,  upon  the  whole,  marble  is 
preferable. 

Where  there  are  reasons  for  excluding  marble,  copper  or  tinned  iron  plate  is  the  nsual 
materia]  resorted  to.  The  former  is  most  expensive  in  the  outfit,  but  far  more  durable 
than  the  latter,  which  is,  moreover,  liable  to  leakage  at  the  joints,  unless  most  carefully 
made.  Either  the  one  or  the  other  should  be  well  covered,  outside  and  inside,  with  seve- 
ral coats  of  paint,  which  may  then  be  marbled  or  otherwise  ornamented. 

Wooden  tubs,  square  or  oblong,  and  oval,  are  sometimes  used  for  warm  baths ;  and 
are  cheap  and  convenient,  but  neither  elegant  nor  cleanly.  The  wood  always  contracts 
a  mouldy  smell;  and  the  difficulty  and  nuisance  of  keeping  them  water-tight,  and 
preventing  shrinkage,  are  such  as  to  exclude  them  from  all  except  extemporaneous  ap- 
plication. 

2.  As  to  the  situation  of  the  bath,  or  the  part  of  the  house  in  which  it  is  to  be 
placed. — ^In  hotels,  and  clab-houses,  this  is  a  question  easily  determined :  several  baths 
are  usually  here  required,  and  each  should  have  annexed  to  it  a  properly  warmed 
dressing-room.  Whether  they  are  up  stairs  or  down  stairs,  is  a  question  of  convenience, 
but  the  basement  story,  in  which  they  are  sometimes  placed,  should  always  be  avoided ; 
there  is  a  coldness  and  dampness  belonging  to  it,  in  almost  all  weathers,  which  is  neither 
agreeable  nor  salubrious. 

In  hospitals,  there  should  be  at  least  two  or  three  baths  on  each  side  of  the  house  (the 
men's  and  women»,  and  the  supply  of  hot  water  should  be  ready  at  a  moment's  notice, 
rhe  rooms  in  which  the  baths  are  placed  should  be  light,  and  comparatively  large  and 
airy ;  and  such  conveniences  for  getting  into  and  out  of  the  bath  should  be  adopted,  as 
Che  sick  are  well  known  to  require.  The  dimensions  of  these  baths  should  also  be  larger 
than  usual. 

In  private  houses,  the  fittest  places  for  warm  baths  are  dressing-rooms  annexed  to 
the  principal  bed-rooms ;  or,  where  such  convenience  cannot  be  obtained,  a  separate 
bath-room,  connected  with  the  dressinflr-room,  and  always  upon  the  bed-room  floor.  AH 
newly-built  houses  should  be  properly  arranged  for  this  purpose,  and  due  attention 
should  be  paid  to  the  warming  of  the  bath-room,  which  ought  also  to  be  properly  ven- 
tilated. A  temperature  of  7QP  may  easily  be  kept  up  in  it,  and  sufficient  ventilation 
is  absolutely  requisite,  to  prevent  the  deposition  of  moisture  upon  the  walls  and 
furniture. 

The  objection  which  formerly  j^vafled,  in  respect  to  the  difficulty  of  obtaining 
adequate  supplies  of  water,  in  the  upper  rooms,  has  been  entirely  obviated,  by  having 
ci5t«*ms  at  or  near  the  top  of  the  house ;  and  we  would  just  hint  that  these  should  be 
so  contrived,  as  to  be  placed  out  of  the  reach  of  frost ;  a  provision  of  the  utmost  im- 
portance in  every  point  of  view,  and  very  easily  efifected  in  a  newly-built  house,  though 
it  unfortunately  happens,  that  architects  usually  regard  these  matters  as  trifles,  and 
treat  them  with  neglect,  as  indeed  they  do  the  warming  and  ventilation  of  buildings 
generally. 

3.  The  supply  of  water  of  proper  quality  and  quantity,  is  a  very  important  point, 
as  connected  with  the  present  subject.  The  water  should  be  soA,  dean,  and  pure ;  and 
as  free  as  possible  horn  all  substances  mechanically  suspended  in  it.  In  many  cases, 
it  answers  to  dig  a  well  for  the  exclusive  supply  of  a  large  house  with  water.    In  most 
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puis  of  Ijcmdoii  this  may  effeeloaDy  be  aecompUsbed,  at  a  comparatlyely  moderate  ex- 
pense ;  and,  if  the  well  be  deep  enough,  the  water  will  be  abundant,  soft,  and  pellucid. 
The  labor  of  forcing  it  by  a  pnrop  to  the  top  of  the  house,  is  the  only  drawback :  this, 
however,  is  Tery  eaaly  done  by  a  horse-engine,  or  there  ace  people  enough  about  town, 
gbd  to  undertake  it  at  a  shilling  a  day.  I  am  led  to  these  remarks  by  observing  the 
filthy  9tate  of  the  water  usually  supplied,  at  very  extravagant  rates,  l>y  the  water  com- 
panies. It  often  partakes  more  of  the  appearance  of  pea-soup  than  of  the  pure  ele- 
ment ;  fills  our  cisterns  and  pipes  with  mud  and  dirt,  and,  even  when  cleared  by  subsi- 
dence, is  extremely  unpalatable.  It  depositee  its  nastiness  in  the  pipes  connected  with 
warm  baths,  and  throws  down  a  slippery  deposite  upon  the  bottom  of  the  vessel  itself  to 
snch  an  extent,  as  often  to  preclude  its  being  used,  at  least  as  a  luxury,  which  a  dear 
and  dean  bath  really  is.  This  inconvenience  may,  in  some  measure,  be  avoided,  by  suf- 
fering the  water  lo  throw  down  its  extraneous  matters  upon  the  bottom  of  the  cistern,  and 
drawing  oar  supplies  from  pipes  a  little  above  it ;  there  will,' however,  always  be  more 
or  less  deposite  in  the  pipes  themselves ;  and  every  time  the  water  funs  into  the  cistern, 
the  grouts  are  stirred  up,  and  diffused  through  its  mass :  this,  from  some  cause  or  other, 
has  lately  become  an  intolerable  nuisance ;  and  he  who  reflects  upon  the  misceUaneouB 
efmtents  of  Thames  water,  will  not  have  his  appetite  sharpened  by  a  draught  of  the  Grand 
Junction  beverage,  nor  feel  reanimated  and  refreshed  by  bathing  in  a  compound  so  hete- 
rogeneoas  and  unsavory. 

4  and  5.  In  public  bathing  establishments,  where  numerous  and  constant  baths 
are  reqfoired,  the  simplest  and  roost  effective  means  of  obtaining  hot  water  for  their 
supply  consists  in  drawing  it  directly  into  the  baths  from  a  large  boiler,  placed  some- 
where above  their  level.  This  boiler  should  be  supplied  with  proper  feeding-pipes 
and  gauges ;  and,  above  all  things,  its  dimensions  should  he  ample ;  it  should  be  of 
wrought  iron  or  copper,  except  where  sea  water  is  used,  in  which  case  the  latter  metal 
is  sometimes  objectionable.  The  hot  water  should  enter  the  bath  by  a  pipe  at  least 
an  inch  and  a  half  in  diameter ;  and  the  cold  water  by  one  of  the  same  dimension,  or 
somewhat  larger,  so  that  the  bath  may  not  be  long  in  filling.  The  rehitive  proportions 
•f  the  hot  and  cold  water  are,  of  course,  to  be  adjusted  by  a  thermometer,  uid  every  bath 
should  have  a  two  inch  waste-pipe,  opening  about  two  inches  from  the  top  of  the  bath, 
and  snfifering  the  excess  of  water  freely  to  run  off;  so  that  when  a  person  is  ismiersed 
in  the  bath,  or  when  the  supplies  of  water  Sre  acddentally  left  open,  there  may  be  no 
danger  of  an  overflow. 

Where  there  is  a  laundry  in  the  upper  story  of  the  house,  or  other  convenient  place 
for  erecting  a  copper  and  its  appurtenances,  a  plan  similar  to  the  above  may  often  be 
eonveniently  adopted  in  private  houses,  for  the  supply  of  a  bath  upon  the  prindpal  bed- 
room floor.  An  attempt  is  sometimes  made  to  place  boilers  behind  the  fires  of  dress- 
ing-rooms, or  otherwise  to  erect  them  in  the  room  itself,  for  the  purpose  of  supplying 
warm  water ;  but  this  plan  is  always  objectionable,  from  the  complexity  of  the  means 
by  which  the  supply  of  water  is  furnished  to  the  boiler,  and  often  dangerous  from 
the  flues  becoming  choaked  with  soot,  and  taking  fire.  JSteam  is  also  apt,  in  such 
eases,  to  escape  in  quantities  inio  the  room ;  so  that  it  becomes  necessary  to  search  for 
other  naethods  of  heating  the  bath ;  one  or  two  of  the  least  objectionable  of  which  I  shall 
describe. 

1.  A  contrivance  of  some  insrenuity  consists  in  suffering  the  water  for  the  supply  of 
the  baih  to  flow  from  a  cistern  above  it,  throiie:h  a  leaden  pipe  of  about  one  inch  diame- 
ter, which  is  conducted  into  the  kitchen  or  other  convenient  place,  where  a  large  boOer 
for  the  supply  of  hot  water  is  required.  The  bath-pipe  is  immersed  in  this  boiler,  in 
which  it  makes  many  oonvolutions,  and,  as^in  emerging,  ascends  to  the  bath.  The  ope- 
ration is  simply  this  : — the  cold  water  passing  through  the  convolutions  of  that  part  of 
the  pipe  which  is  immersed  in  the  boiling  water,  receives  there  suflScient  heat  for  the 
purpose  required,  and  is  delivered  in  that  state  by  the  ascending  pipe  into  the  bath, 
which  is  also  supplied  with  cold  water  and  waste-pipes  as  usual.  The  pipe  may  be  of 
lead,  as  far  as  the  descending  and  ascend  in  j?  parts  are  concerned,  but  the  portion  forming 
the  worm,  or  convolutions  immersed  in  the  boiler,  should  be  copper,  in  order  that  the  wa- 
ter within  it  may  receive  heat  without  impediment. 

This  plan  is  economical  only  where  a  large  boiler  is  constantly  kept  at  work  in  the 
lower  part  of  the  house;  otherwise,  the  trouble  and  expense  of  heating  such  a  boiler,  for 
the  mere  purpose  of  the  bath,  render  it  unavailable.  The  worm-pipe  is  also  apt  to  become 
forred,  upon  the  outside,  by  the  deposition  of  the  earthy  impurities  of  the  water  in  which 
it  is  immersed ;  it  then  becomes  a  bad  conductor  of  heat,  is  cleansed  with  difliculty,  and 
the  plan  is  rendered  ineffective.  This  system,  however,  has  been  adopted,  in  some  par- 
ticular cases,  with  satisfaction. 

2.  A  much  more  simple,  economical,  and  independent  mode  of  heating  a  warm 
hath,  by  a  fire  placed  at  a  distance  from  it,  is  the  following,  which  is  found  to  answer 
peitet^  in  private  honues,  as  well  as  upon  a  more  extended  scale  in  large  establish- 
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mcnts.  It  is  certainly  open  to  some  objections,  but  these  are  overbalanced  by  its  advan- 
tages. A  wagon-shaped  boiler,  holding  aboat  sii  gallons  of  water,  is  properly  placed 
over  a  small  fbmace,  in  any  convenient  and  safe  part  of  the  house,  as  the  kitchen,  scul- 
lery, servants'  hall,  or  wash-house.  The  bath  itself,  of  the  usual  dimensions  and  construc- 
tion, is  placed  where  it  is  wanted,  with  a  doe  supply  of  cold  water  from  above.  Two 
pipes  issue  from  within  an  inch  of  the  bottom  of  the  bath  at  its  opposite  extremities ;  one 
at  the  head  of  the  bath,  about  one  inch,  and  the  other  at  the  foot,  an  inch  and  one  eishth 
in  diameter.  These  tubes  descend  to  the  boiler,  the  smaller  one  entering  it  at  the  bot- 
tom, and  the  lai^er  one  issuing  from  its  top. 

Under  these  circumstances,  supposing  the  pipes  and  boiler  everywhere  perfectly  tight, 
when  the  bath  is  filled,  the  water  will  descend  into  and  eipel  the  air  from  the  boiler,  and 
completely  fill  it.  Now,  upon  making  a  gentle  fire  under  the  boiler,  an  ascending  cur- 
rent of  warm  water  will  necessarily  pass  upwards  through  the  larger  pipe  which  issues 
from  its  top,  and  cold  water  will  descend  by  the  pipe  which  enters  at  the  bottom  ;  and 
thus,  by  the  establishment  of  currents,  the  whole  mass  of  water  in  the  bath  will  become 
heated  to  the  desired  point ;  or,  if  above  it,  the  temperature  may  easily  be  lowered  by 
the  admixture  of  cold  water. 

The  advantages  of  this  form  of  bath  are  numerous.  The  shorter  the  pipes  of  oom- 
munication  the  better,  but  they  may  extend  forty  or  fifty  feet  without  any  incon- 
venience beyond  that  of  expense ;  so  that  there  is  no  obstacle  to  the  bath  being  near 
the  bed-room  while  the  boUer  is  on  the  basement  story.  There  is  but  little  time  requir- 
ed for  heating  the  baih ;  the  water  in  which  may,  if  requisite,  be  raised  to  about  lOO*'  in 
about  half  an  hour  from  the  time  of  lighting  the  fire.  The  consumption  of  fuel  is  also 
trifling. 

The  following  are  the  chief  disadvantages  attendant  upon  this  plan,  and  the  means  of 
obviating  them : — 

It  is  necessary,  when  the  water  has  acquired  its  proper  temperature,  to  withdraw  the 
fire  from  the  boiler,  or  not  to  use  the  bath  immediately,  as  it  may  go  on  acquiring 
some  heat  from  the  boiler,  so  that  we  may  become  inconveniently  hot  in  the  bath. 
When,  therefore,  this  bath  is  used,  we  may  proceed  as  follows  t-^heat  the  water  in  it 
an  hour  before  it  is  wanted,  to  about  100°,  and  then  extinguish  the  fire.  The  water 
will  retain  its  temperature,  or  nearly  so,  for  three  or  four  hours,  especially  If  the  bath 
be  shut  up  with  a  cover ;  so  that  when  about  to  use  it,  cold  water  may  be  admitted  till 
the  temperature  is  lowered  to  the  required  point,  and  thus  all  the  above  inconveniences 
are  avoided. 

Another  disadvantage  of  this  bath  arises  from  too  fierce  a  fire  being  made  under  the 
boiler,  so  as  to  occasion  the  water  to  boil  within  it,  a  circumstance  which  ought  always 
to  be  carefully  avoided.  In  that  case,  the  steam  rising  in  the  upper  part  of  the  boiler, 
and  into  the  top  pipe,  condenses  there,  and  occasions  violent  concussions,  the  noise  ol 
which  oAen  alarms  the  whole  house,  and  leads  to  apprehensions  of  explosion,  which, 
however,  is  very  unlikely  to  occur;  but  the  concussions  thus  produced  injure  the  pipes, 
and  may  render  them  leaky;  so  that  in  regard  to  these,  and  all  other  baths,  &c.,  we 
may  remark,  that  the  pipes  should  pass  up  and  down  in  such  parts  of  the  house  as  will 
not  be  injured  if  some  leakage  takes  place ;  and  under  the  bath  itself  should  be  a  suf- 
ficiently large  leaden  tray  with  a  waste-pipe,  to  receive  and  carry  ofif  any  accidental 
drippings,  which  might  injure  the  ceilings  of  the  rooms  below.  In  all  newly-buUt 
houses,  two  or  three  flues  should  be  left  in  proper  places  for  the  passage  of  ascending 
and  descending  water-pipes ;  and  these  flues  should  in  some  way  receive  at  their  lower 
part  a  little  warm  air  in  winter,  to  prevent  the  pipes  freezing ;  the  same  attention  should 
also  be  paid  to  the  situation  of  the  cisterns  of  water  in  houses,  which  should  be  kept 
within  the  house,  and  always  supplied  with  a  very  ample  waste-pipe,  to  prevent  the 
danger  of  overflow.  Cisterns  thus  properly  placed,  and  carefully  constructed,  should 
be  supplied  from  the  water-mains  by  pipes  kept  under  ground,  till  they  enter  the  house, 
and  not  carried  across  the  area,  or  immediately  under  the  pavement,  where  they  are 
liable  to  freeze. 

3.  Baths  are  sometimes  heated  by  steam,  which  has  sereral  advantages :  it  may  either 
br;  condensed  directly  into  the  water  of  the  bath,  or,  if  the  bath  be  of  copper  or  tinned 
iron,  it  may  be  conducted  into  a  casing  upon  its  outside,  usually  called  a  jacket;  in 
the  latter  case  there  must  be  a  proper  vent  for  the  condensed  water,  and  for  the  escape 
of  air  and  waste  steam.  Steam  is  also  sometimes  passed  through  a  serpentine  pipe,  placed 
at  the  bottom  of  the  bath.  Bnt  none  of  these  methods  are  to  be  recommended  for  adop- 
tion in  private  houses,  and  are  oidy  advisable  in  hospitals,  or  establishments  where 
steam  boilers  are  worked  for  other  purposes  than  the  mere  heating  of  baths. 

Many  copper  and  tin  baths  have  been  lately  constructed  in  London,  with  a  little 
furnace  attached  to  one  end,  and  surrounded  with  a  case  or  jacket,  into  which  the  water 
flows  and  circulates  backwards  and  forwards  till  the  whole  mass  in  the  bath  gets 
heated  to  the  doe  degree.    One  of  the  best  of  these  is  that  constmcted  by  Mr.  Benham, 
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of  Wigmare  street  The  lAth  most  be  placed  near  the  fire-grate,  and  the  smoke-pipe 
of  the  attached  ftunace  be  conducted  up  the  chimnef  a  certain  way  to  secure  a  sufficient 
draoght  to  maintain  eombostion.  The  above  bath,  well  managed,  heats  the  water  from 
5(y  to  98°  in  about  20  or  25  minutes,  as  I  have  experimentally  proved.  When  the 
proper  temperature  is  attained,  the  fire  must  of  course  be  extinguished. 

BDELLIUM.  A  gum  resin,  produced  by  an  unknown  plant  which  grows  in 
Persia  and  Arabia.  It  comes  to  us  in  yellowish  or  reddish  pieces,  smells  faintly, 
like  myrrh,  and  consists  of  59  resin,  9*2  gum,  30*6  bassorine,  and  1-2  ethereous  oit. 

B££R.  (BUre,  Fr. ;  Bier,  Germ.)  The  fermented  infusion  of  malted  barley,  flavored 
vith  hops,  constitutes  the  best  species  of  beer ;  but  there  are  many  beverages  of  inferior 
quality  to  which  this  name  is  given,  such  as  spruce  beer,  ginger  beer,  molasses  beer,  &c. ; 
all  of  which  consist  of  a  saccharine  liquor,  partially  advanced  into  the  vinous  fermentation, 
ani  flavored  with -jieculiar  substances. 

The  ancients  were  acquainted  with  beer,  and  the  Bomans  gave  it  the  appropriate 
oame  of  Cenvisia  (quasi  Cenaia),  as  being  the  product  of  com,  the  gift  of  Ceres.  The 
most  celebrated  liquor  of  this  kind  in  the  old  time,  was  the  Peluaian  potation,  so  called 
from  the  town  where  it  was  prepared  at  the  mouth  of  the  Nile.  Aristotle  speaks  of  the 
intoxication  caused  by  beer ;  and  Theophrastus  very  justly  denominated  it  the  vnve  of 
barUy.  We  may,  indeed,  infer  from  the  notices  found  in  historians,  that  drinks  analo- 
gous to  our  beer  were  in  use  among  the  ancient  Gauls,  Germans,  and  in  fact  almost  every 
people  of  our  temperate  zone ;  and  they  are  still  the  universal  -beverage  in  every  land 
where  the  vine  is  not  an  object  of  rustic  husbandry. 

The  manufacture  of  beer,  or  the  art  of  brewing,  may  be  conveniently  considered  under 
fire  heads : — 

1.  An  examination  of  the  natural  productions  which  enter  into  its  composition;  or  of 
barley  and  hops. 

2.  The  changes  which  barley  must  undo^o  to  fit  it  for  making  beer ;  or  the  proeesses 
of  malting  and  mashing. 

3.  The  formation  of  a  proper  wort  from  the  mashed  malt  and  hops. 

4.  The  fermentation  of  that  wort ;  and, 

5.  I'he  fining,  ripening,  and  preservation  of  the  beer. 
L  Of  tht  materiaU. 

1.  Ikirley,  wheat,  maize,  and  several  other  kinds  of  corn  are  capable  of  undergoing  those 
fermentative  changes,  by  which  beer  may  be  made ;  but  the  first  substance  is  by  far  the 
fittest.  There  are  two  species  of  barley,  the  hordeum  milgare  or  eomnum  barley,  having 
two  seeds  arranged  in  a  row  on  its  spikes ;  and  the  hordeum  hexattidion,  in  which  three 
seeds  spring  from  one  point,  so  that  its  double  row  has  apparently  six  seeds.  The  former 
IS  the  proper  barley,  and  is  much  the  larger  sized  gnpn ;  the  latter  is  little  known  in 
England,  but  is  much  cultivated  in  Scotland  under  the  name  of  bear  or  bigg ;  being  a 
hardy  plant  adapted  to  a  colder  country.  The  finer  the  climate  in  which  barley  grows, 
the  denser  and  larger  its  seed,  and  the  thinner  its  husk ;  thus  the  Norfolk  and  Sofifolk 
barley  is  distinguished  in  these  respects  from  that  of  Aberdeenshire.  Bigg  is  a  less  com- 
pact grain  than  barley ;  the  weight  of  a  Winchester  bushel  (2150'42  cubic  inches)  of 
the  former  is  only  about  47  lbs.,  while  that  of  a  bushel  of  the  latter  is  nearly  51  lbs. 
Their  constituents,  however,  bear  much  the  same  proportion  to  each  other. 

The  quality  of  barley  is  proved  not  only  by  its  density  when  dry,  but  by  the  increase 
of  volume  which  it  acquires  when  steeped  in  water.    Thus, 

100  measures  of  average  English  barley  thereby  swell  into  124. 

100      ^        of   —        Scotch  ditto,  ...        ]21. 

100      —        of    —  -—     bigg  or  bear,  -        118. 

Nay,    100  of  yery  fine  Suilblk  barley  have  swollen  into  •        183. 

While  100  of  an  inferior  Scotch  bigg  became  no  more  than     -        109. 

This  circumstance  indicates  so  nearly  the  probable  yield  of  malt,  that  it  is  earefuUy 
attended  to  by  the  officers  of  excise,  who  gauge  the  steep  cistern,  and  levy  their  duty  in 
coolbrmity  with  the  laigest  volume.  100  pounds  of  good  barley  become  almost  one  half 
beari^r  by  the  absorptiim  of  moisture ;  and  weigh  upon  an  average  147  pounds ;  the  best 
of  course  taking  up  most  water. 

By  chemical  analysis  barley  flour  seems  to  oonsist  of  67-18  parts  of  hordeine,  or  stareh 
and  gluten  intimately  combined,  7*29  of  vegetable  fibre,  1*15  of  coagulated  albooen,- 
3*52  parts  of  gluten,  5*21  of  sugar,  4*62  of  gum,  0-24  of  phosphate  of  lime,  and  9-37  of 
water.  The  loss  amounted  to  1-42.  To  these  principles  should  be  added  a  peculiar 
virfatile  on  of  a  concrete  nature,  which  is  obtained  during  the  process  of  distilling  fe- 
mentcd  malt  wash.  (See  Whiskby.)  It  may  also  be  extracted  firom  barley  flour,  by  the 
solvent  action  of  alcohol  j  and  never  amounts  to  more  than  a  few  parts  in  the  thousaadL 
The  husk  also  contains  some  of  that  fetid  ail.  Proust  thought  that  he  had  discovered  in 
baxky  a  peculiar  priaeiple,  to  which  he  gave  the  name  of  kordeim ;  and  whieh  he  sepa- 
nted  from  stareh  by  the  action  of  both  ookl  and  boiling  water.    He  foond  that  br  Hcit- 
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ing  barley  meal  successively  with  water,  he  obtained  from  89  to  90  parts  o£a  farinaeeotis 
substance,  composed  of  from  32  to  33  of  starch,  and  from  57  to  58  ofhordeine.  Einhof 
obtained  from  barley  seeds,  70-05  of  flour,  18*75  of  husks  or  bran,  and  11*20  of  water. 

According  to  Proust,  hordeine  ia  a  yellowish  powder,  not  unlike  fine  saw-dust.  It 
contains  no  azote,  for  it  affords  no  ammonia  by  distillaiion,  and  is  therefore  very  diasimi^ 
lar  to  gluten.  In  the  germination  of  barley,  which  constitutes  the  process  of  malting, 
the  proportion  of  hordeine  is  greatly  diminished  by  its  conversion  into  sugar  and  starch. 
Other  chemists  suppose  that  the  hordeine  of  Proust  is  merely  a  mixture  of  the  bran  of 
the  barley  with  starch  and  gluten.  It  is  obvious  that  the  subject  stands  in  need  of  new 
chemical  researches.  In  barley  the  husk  constitutes  from  one  fourth  to  one  fiflh  of  the 
whole  weight ;  in  oats  it  constitutes  one  third,-  and  in  wheat  one  tenth.  From  the  ana- 
lysis of  barley  flour  recently  made,  it  appears  to  consist  in  1000  parts :  of  water,  iOO ;  al- 
bumen, 22-3 ;  sugar,  56 ;  gum  or  mucilage,  50 ;  gluten,  37*6 ;  starch,  720 ;  phosphate 
of  lime,  2-5. 

2.  The  hop,  humulut  lupulusy  the  female  flowers  of  the  plant.  Ives  first  directed  attention 
to  a  yellow  pulverulent  substance  which  invests  the  scales  of  the  catkins,  amounting  to 
about  one  eighth  of  their  weight ;  and  referred  to  it  the  valuable  properties  which  hops  im- 
part to  beer.  We  may  obtain  this  substance  by  dryin?  the  hops  at  a  temperature  of  86" 
F.,  introducing  them  into  a  coarse  canvass  bag,  and  shaking  it  so  that  the  yellow  powder 
shall  pass  through  the  pores  of  the  canvass.  This  powder  bears  some  resemblance  to  lyco- 
podium.  Of  the  13  parts  in  100  of  this  powder,  4  parts  are  foreign  matters,  derived  from 
the  scales  of  the  cones ;  leaving  9  parts  of  a  peculiar  granular  substance.  When  distilled 
with  water,  4his  substance  affords  two  per  cent,  of  its  weight  (X.  for    100  times  the 

weight  of  hops)  of  a  volatile  colorless  oil,  to  which  the  plant  owes  its  peculiar  aroma* 
This  nil  dissolves  in  water  in  considerable  quantity.  It  appears  to  contain  sulphur  (for 
it  blackens  solutions  of  silver),  and  also  acetate  of  amDK)nia.  No  less  than  65  per  cent, 
of  the  yellow  dust  is  soluble  in  alcohol.  This  solution,  treated  with  water  and  distilled, 
leaves  a  resin,  which  amounts  to  52*5  per  cent.  It  has  no  bitter  taste,  and  is  soluble  in 
alcohol  and  ether.  The  watery  solution  from  which  the  resin  was  separated  contains  the 
bitter  substance  which  has  been  called  /upu/me  by  Payen  and  Chevallier,  mixed  with  a 
little  tannin  and  malic  acid.  To  obtain  this  in  a  state  of  purity,  the  free  acid  must  be 
saturated  with  lime,  the  solution  evaporated  to  dryness,  and  the  residuum  must  be  treated 
with  ether,  which  removes  a  Utile  resin ;  after  which  the  lupuline  is  dissolved  oul  by  al- 
cohol, which  leaves  the  malate  of  lime.  On  evaporating  away  the  alcohol,  the  lupuline 
remains,  weighing  from  8*3  to  12*5  per  cent.  It  is  sometimes  white,  or  slightly  yel- 
lowish, and  opaque,  sometimes  orange  yeUow  and  transparent.  At  ordinary  tempera- 
tures it  is  inodorous,  but  when  heated  strongly  it  emits  the  smell  of  hops.  It  possesses 
the  characteristic  taste  and  bitterness  of  the  hop.  Water  dissolves  it  only  in  the  propor- 
tion of  5  per  cent.,  but  it  thereby  acquires  a  pale  yellow  color.  Lupuline  is  neither 
acid  nor  alkaline ;  it  is  acted  upon  neither  by  the  dilute  acids  nor  alkalis,  nor  by  the 
solutions  of  the  metallic  salts ;  it  is  quite  soluble  in  alcohol,  but  hardly  in  ether.  It 
contains  apparently  no  azote,  for  it  affords  no  ammonia  by  destructive  distillation  ;  bnt 
only  an  empyreumatic  oil. 

The  yellow  dust  of  hops  contains,  moreover,  traces  of  a  fatty  matter,  gum,  a 
small  quantity  of  an  azotized  substance,  and  several  saline  combinations  in  minute 
quantity.  Boiling  water  dissolves  from  19  to  31  per  cent,  of  the  contents  of  the  dust,  of 
which  a  large  proportion  is  resin.  Ives  thought  that  the  scales  of  the  6aikins  of  hops,  when 
freed  from  the  yellow  powder,  contained  no  principles  analogous  to  it ;  but  Payen  and 
Chevallier  have  proved  the  contrar)'.  The  cones  of  hop  give  up  to  boiling  alcohol  36 
per  cent,  of  soluble  matter;  while  the  same  cones,  stripped  of  their  yellow  powder,  yield 
onlsr  26  per  cent. ;  and  further,  these  chemists  found  the  same  principles  in  the  different 
parts  of  the  hop,  but  in  different  proportions. 

The  packing  of  the  hop  catkins  or  cones  is  one  of  the  most  important  operations 
towards  the  preservation  of  this  plant ;  and  is  probably  the  cause  of  the  enormous  dif- 
ference in  value  between  the  English  and  French  hops  aAer  a  few  years  keeping.  The 
former^  at  the  end  of  six  years,  possess  still  great  value,  and  may  be  sold  as  an  article 
only  two  or  three  years  old ;  while  the  latter  have  lost  the  greater  part  of  their  value  in 
three  years,  and  are  no  more  saleable  at  the  end  of  four.  In  France,  it  is  packed  merely 
by  trancing  it  with  the  feet  in  sacks.  Under  this  slight  pressure,  large  interstitial 
spaces  are  led  anud  the  mass  of  the  hope,  through  which  the  air  freely  circulates,  car- 
rying ofl'-the  essential  oil,  and  oxygenating  some  of  the  other  proximate  principles,  so  as 
to  render  Xhem  inert.  By  the  English  method,  on  the  contrary,  the  hops,  aher  being 
well  rammed  into  strong  sacks  hung  in  frames,  are  next  subjected  to  the  action  of  a 
hydraulic  press.  The  valuable  yellow  powder  thus  enclosed  on  every  side  by  innu- 
merable compact  scales,  is  completely  screened  from  the  contact  of  the  atmosphere,  and 
from  all  its  vicissitudes  of  homidity.  Its  essential  oil,  In  particular,  the  basis  of  its  flavor, 
is  preserved  without  decay. 
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According  to  the  experiments  of  Cherallier  and  Payen  upon  the  hops  of  England, 
Flandera,  the  Netherlands,  and  the  department  of  the  Vosges,  those  of  the  county  of  Xent 
afforded  the  largest  cones,  and  were  most  prodnctive  in  useful  secreted  and  soluble  mat- 
ters.    Next  to  diem  were  the  hops  of  Alost. 

The  best  hops  have  a  golden  yellow  color,  large  cones,  an  agreeable  aroma :  when  rub- 
bed between  the  hands,  they  leave  yellow  traces,  powerfully  odoriferous,  without  any 
broken  portions  of  the  plant,  such  as  leaves,  stems,  and  scaly  fragments.  When  alcohol 
is  d^ested  on  good  hops,  Ihnn  9  to  12  per  cent,  of  soluble  yellow  matter  may  be  obtained 
by  evaporating  it  to  dryness.    This  is  a  good  test  of  their  quality. 

The  best-flavored  and  palest  hops  are  packed  in  sacks  of  fine  canvass,  which  are  call- 
ed pockets,  and  weigh  about  ]|  cwt.  each.  These  are  bought  by  the  ale  brewer.  The 
stronger-flavored  and  darker-colored  hops  are  packed  in  bags  of  a  very  coarse  texture 
like  door-mats,  called  hop  bags  :  these  contain  generally  about  3  cwt.,  and  are  sold  to  the 
porter  and  beer  brewers.  AAer  the  end  of  a  year  or  two,  hops  are  redconed  to  have  lost 
much  of  their  marketable  value,  and  are  then  sold  lo  the  second-rate  porter  brewers,  un- 
der the  name  of  old  hops.  The  finest  hops  are  grown  in  the  neighborhood  of  Canterbury ; 
bat  those  of  Worcester  have  an  agreieable  mildness  of  flavor,  greatly  admired  by  many 
ale  drinkers.  When  the  bitter  and  aromatic  principles  disappear,  the  hops  are  no  better 
than  so  much  chaff;  therefore,  an  accurate  chemical  criterion  of  their  principles  would 
be  a  great  benefit  to  the  brewer. 

If.  MtUiing. — ^This  process  consists  of  three  successive  operations ;  the  steei»A^ ;  tiie 
oouehing,  sweating,  and  flooring ;  and  the  kiln-drying. 

The  steepmg  is  performed  in  large  cisterns  made  of  woo4  or  stone,  which  being  filled 
with  dear  water  up  to  a  certain  height,  a  quantity  of  barley  is  shot  into  ihem,  and  well 
stirred  about  with  rakes.  The  good  grain  is  heavy,  and  subsides ;  the  lighter  grains, 
which  float  on  the  surface,  are  damaged,  and  should  be  skimmed  off;  for  they  would  in- 
jnre  the  quality  of  the  malt,  and  the  flavor  of  the  beer  made  with  it.  They  seldom  amount 
to  more  than  two  per  cent.  More  barley  is  successively  emptied  into  the  steep  cistern, 
tUl  the  water  stands  only  a  few  inches,  about  five,  above  its  surface ;  when  this  is  levelled 
very  carefully,  and  every  light  seed  is  removed.  The  steep  lasts  from  forty  to  sixty  hours, 
aceofding  to  circumstances ;  new  barley  requiring  a  longer  period  than  old,  and  bigg  re- 
qairing  much  less  time  than  barley. 

During  this  steep,  some  carbonic  acid  is  evolved  from  the  grains,  and  combines  with 
the  water,  which,  at  the  same  time,  acquires  a  yellowish  tinge,  and  a  strawy  smell,  from 
disaolving  some  of  the  extractive  matter  of  the  barley  husks.  The  grain  imbibes  about 
one  half  its  weight  of  water,  and  increases  in  size  by  about  one  fifth.  By  losing  this  ex- 
tract, the  husk  becomes  about  one  seventieth  lighter  in  weight,  and  paler  in  color. 

The  duration  of  the  steep  depends,  in  some  measure,  upon  the  temperature  of  the  air, 
and  is  shorter  in  summer  than  in  winter.  In  general  from  40  to  48  hours  will  be 
found  suflicient  for  sound  dry  grain.  Steeping  has  for  its  object  to  expand  the  farina 
of  the  barley  with  humidity,  apdthus  prepare  the  seed  for  germination,  in  the  same  way 
as  the  moisture  of  the  earth  prepares  for  the  growth  of  the  radicle  and  plumula  in  seed 
sown  in  it.  Too  long  continuance  in  the  steep  is  injurious ;  because  it  prevents  the 
germination  at  the  proper  time,  and  thereby  exhausts  a  portion  of  the  vegetative  power : 
it  eanses  also  an  abstraction  of  saccharine  matter  by  the  water.  The  maceration  is  known 
to  be  complete  when  the  grain  may  be  easily  transfixed  with  a  needle,  and  is  swollen 
to  its  fall  size.  The  following  is  reckoned  a  good  test : — If  a  barley-corn,  when  pressed 
between  the  thumb  and  fingers,  continues  entire  in  its  husk,  it  is  not  sufliciently  steeped ; 
bat  if  it  sheds  its  flour  upon  the  fingers,  it  is  ready.  When  the  substance  exudes  in  the 
form  of  a  milky  juice,  the  steep  has  been  too  long  continued,  and  the  barley  is  spoiled  for 
germination. 

In  warm  weather  it  sometimes  happens  that  the  water  becomes  acescent  before  the 
grain  is  thoroughly  swelled.  This  accident,  which -is  manifest  to  the  taste  and  smelly 
must  be  immediately  obviated  by  drawing  off  the  foul  water  through  the  lap  at  the  bottom 
of  the  cistem,  and  replacing  it  with  fresh  coM  water.  It  does  no  harm  to  renew  it  two 
or  three  times  at  one  steep. 

The  oMdk. — ^The  water  being  drawn  off,  and  occasionally  a  fresh  quantity  passed 
Ihnragh,  to  wash  away  any  slimy  matter  which  may  have  been  generated  in  warm 
weather,  the  barley  is  now  laid  upon  the  couch  floor  of  stone  flags,  in  square  heaps  from 
12  lo  16  inches  high,  and  left  in  that  position  for  24  hours.  At  this  period,  the  bulk 
of  the  grain  being  the  greatest,  it  may  be  gauged  by  the  revenue  officers  if  they  think 
fit.  The  moisture  now  leaves  the  surface  of  the  barley  so  completely,  that  it  imparts 
no  dampness  to  the  hand.  By  degrees,  however,  it  becomes  warm ;  the  temperature 
rising  JO^  above  the  atmosphere,  while  an  agreeable  fruity  smell  is  evolved.  At  this  time, 
If  the  hand  be  thmst  into  the  heap,  it  not  only  feels  warm,  but  it  gets  bedewed  with 
■oittiire.  At  this  sweating  stage,  the  germination  begins ;  the  fibrils  of  the  radicle 
lint  spront  forth  irom  the  tip  of  «vcry  gsrain,  and  a  white  elevation  appears,  that  soon 
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separates  into  three  or  more  radizles,  which  grow  rapidly  larger.  About  a  day  after  this 
appearance,  the  plumula  peeps  forth  at  the  same  point,  proceeding  thence  beneath  the 
husk  to  the  other  end  of  the  seed,  in  the  form  of  a  gteen  leaflet. 

The  greatest  heat  of  the  couch  is  usually  about  96  hours  after  the  barley  has  been 
taken  out  of  the  steep.  In  consequence,  the  radicles  tend  to  increase  in  length  with 
very  great  rapidity,  and  must  be  checked  by  artificial  means,  whieh  constitute  the 
chief  art  of  the  maltster.  He  now  begins  to  spread  the  barley  thinner  on  the  floor, 
and  turns  it  over  several  times  in  the  course  of  a  day,  bringing  the  portions  of  the 
interior  into  the  exterior  surface.  The  depth,  which  was  originally  15  or  16  inches, 
is  lowered  a  little  at  every  turning  over,  till  it  be  brought  eventually  down  to  three 
or  four  inches.  Two  turnings  a  day  are  generally  required.  At  this  period  of  spread- 
ing or  flooring,  the  temperature, in  England  is  about  62^,  and  in  Scotland  5  or  6  degrees 
lower. 

About  a  day  after  the  radicles  appear,  the  mdiments  of  the  stem,  or  of  the  plumula, 
sprout  forth,  called  by  the  English  maltsters  the  aenapirt.  It  issues  from  the  same  end 
of  the  seed  as  the  radicle,  but  turns  round,  and  proceeds  within  the  husk  towards  the  other 
end,  and  would  there  come  forth  as  a  green  leaf,  were  its  progress  not  arrested.  The 
malting,  however,  is  complete  before  the  acrospire  becomes  a  leaf. 

The  barley  couch  absorbs  oxygen  and  emits  carbonic  acid,  just  as  animals  do  in  breath- 
ing, but  to  a  very  limited  extent ;  for  the  grain  loses  only  three  per  cent,  of  its  weight 
upon  the  malt  floor,  and  a  part  of  this  loss  is  due  to  waste  particles.  As  the  acrospire 
creeps  along  the  smrface  of  the  seed,  the  farina  within  undergoes  a  remarkable  altera- 
tion. The  gluten  and  mucilage  disappear,  in  a  great  measure,  the  color  becomes  whiter, 
and  the  substance  becomes  so  friable  that  it  crumbles  into  meal  between  the  fi&gers. 
This  is  the  great  purpose  of  malting,  and  it  is  known  to  be  accomplished  when  the  plu- 
mula or  acrospire  has  approached  the  end  of  the  seed.  Now  the  fortiier  growth  must 
be  completely  stopped.  Fourteen  days  may  be  reckoned  the  usual  duration  of  the 
germinating  stage  of  the  malting  operations  in  England ;  but  in  Scotland,  where  the 
temperature  of  the  conch  is  lower,  eighteen  days,  or  even  twenty-one,  are  sometimes  re- 
quired. The  shorter  the  period  within  the  above  limits,  the  more  advantageous  is  the 
process  to  the  maltster,  as  he  can  turn  over  his  capital  the  sooner,  and  his  malt-  is  also 
somewhat  the  better.  Bigg  is  more  rapid  in  its  germination  than  barley,  and  requires  to 
be  still  more  carefully  watched.  In  dry  weather  it  is  sometimes  necessary  to  water  the 
barley  ujion  the  couch. 

Occasionally  the  odor  disengaged  from  the  couch  is  offensive,  resembling  that  of 
rotten  apples.  This  is  a  bad  prognostic,  indicating  either  that  the  barley  was  of  bad 
quality,  or  that  the  workmen,  Uirough  careless  shovelling,  have  crushed  a  number  of  the 
grains  in  turning  them  over.  Hence  when  the  weather  causes  too  quick  germination,  it 
is  better  to  check  it  by  spreading  the  heap  out  thinner  than  by  turning  it  too  frequently 
over.  On  comparing  different  samples  of  barley,  we  shall  find  that  the  best  develop  the 
germ  or  acrospire  quicker  than  the  radicles,  and  thus  occasion  a  greater  production  of 
the  saccharine  principle;  this  conversion  advances  along  with  the  acrospire,  and  keep;* 
pace  with  it,  so  that  the  portion  of  the  seed  to  which  it  has  not  reached  is  stUl  in  its  un 
altered  starchy  state.  It  is  never  complete  for  any  single  barleycorn  till  the  acrospire 
has  come  to  the  end  opposite  to  that  from  which  it  sprung ;  hence  one  part  of  the  com 
may  be  sugary,  while  the  other  is  still  insipid.  If  the  grain  were  allowed  to  vegetate 
beyond  this  term,  the  radicles  being  fully  one  third  of  an  inch  long,  the  future  stem  would 
become  visibly  green  in  the  exterior;  it  would  shoot  forth  rapidly,  the  interior  of  the 
grain  would  become  milky,  with  a  complete  exhaustion  of  all  its  nseful  constituents, 
and  nothing  but  the  husk  would  remain. 

In  France,  the  brewers,  who  generally  malt  their  barley  themselves,  seldom  leave  it  on 
the  couch  more  than  8  or  10  days,  which,  even  taking  into  account  the  warmer  climate 
of  their  country,  is  certainly  too  short  a  period,  and  hence  they  make  inferior  wort  to  the 
English  brewer,  from  the  same  quantity  of  malt. 

At  the  end  of  the  germination,  the  radicles  have  become  1)  longer  than  the  barley, 
and  are  contorted  so  that  the  corns  hook  into  one  another,  but  the  acrospire  is  just 
beginning  to  push  through.  A  moderate  temperature  of  the  air  is  best  adapted  to  malt- 
ing ;  therefore  it  cannot  be  carried  on  well  during  the  heat  of  summer  or  the  colds  of 
winter.  Malt-floors  should  be  placed  in  substantial  thiek-walled  buildings,  without 
access  of  the  sun,  so  that  a  uniform  temperature  of  59^  or  60°  may  prevail  inside. 
Some  recommend  them  to  be  sunk  a  little  under  the  surface  of  the  ground,  if  the 
situation  be  dry. 

During  germination  a  remarkable  change  hat  taken  place  in  the  substance  of  the 
grain.  The  glutinous  constituent  has  ahnost  entirdy  disappeared,  and  is  suppoeed  to 
have  passed  into  the  matter  of  the  radicles,  while  a  portion  of  the  starch  is  converted 
into  sugar  and  mucilage.  The  ehange  is  similar  to  what  starch  undergoes  when 
dissolved  in  water,  and  digested  in  a  heat  of  about  160^  F.  along  with  a  little  gluten. 
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Tlie  thick  paste  beeomes  gradnaBy  liquid,  tmaspareiit,and  sweet  taatadyand  the  fohition 
eontains  now,  sugar  and  gum,  mixed  with  some  nnaltered  starch.  Hie  ghiten  suffers  a 
cbange  at  the  same  time,  and  becomes  aceseent,  so  that  only  a  certain  qaantity  of  starch 
can  be  thns  oonyerted  by  a  quantity  of  gluten.  By  the  artificial  growtji  upon  the  malt- 
floor,  all  the  gluten  and  albumen  present  in  barley  is  not  decomposed,  and  only  about 
one  half  of  the  starch  is  conyerted  into  sugar ;  the  other  half,  by  a  continuance  of  the 
germination,  would  only  go  to  the  growth  of  the  roots  and  stems  of  the  plant ;  but  it  re* 
ceires  its  neaiiy  complete  conrersion  into  sugar  without  any  notable  waste  of  substance 
in  the  brewer''8  operation  of  mashing. 

The  ktH-drying. — ^When  the  malt  has  become  perceptibly  dry  to  the  hand  upon 
the  floor,  it  is  taken  to  the  kiln,  and  dned  hard  with  artificial  heat,  to  stop  all  further 
growth,  and  enable  it  to  be  kept,  without  change,  for  future  use,  at  any  time.  The 
malt-kiln,  which  is  particularly  described  in  the  next  page,  is  a  round  or  a  square 
chamber,  covered  with  perforated  plates  of  cast  iron,  whose  area  is  heated  by  a  stove  or 
furnace,  so  that  not  merely  the  plates  on  which  the  malt  is  laid  are  warmed,  but  the  air 
which  passes  up  through  the  stratum  of  malt  itself,  with  the  effect  of  carrying  off  very 
rapidly  the  moisture  from  the  grains.  The  layer  of  malt  should  be  about  3  or  4  inches 
diick,  and  evenly  spread,  and  its  heat  should  be  steadily  kept  at  from  the  90th  to  the 
100th  degree  of  Fahrenheit's  scale,  till  the  moisture  be  mostly  exhaled  from  it.  During 
this  time  the  malt  most  be  turned  over  at  first  frequently,  and  latterly  every  three  or 
four  hours.  When  it  is  nearly  dry,  its  temperature  should  be  raised  to  from  145**  to 
165P  F.,  and  it  must  be  kept  at  this  heat  till  it  has  assumed  the  desired  shade  of  color, 
which  is  commonly  a  brownish-yeUow  or  a  yellowish-brown.  The  fire  is  now  allowed 
to  die  out,  and  the  malt  is  left  on  the  plates  till  it  has  become  completely  cool ;  a  result 
ptomoted  iiy  the  stream  of  cool  air,  which  now  rises  up  through  the  bars  of  the  grate ; 
or  the  thoroughly  dry  browned  malt  may,  by  damping  the  fire,  be  taken  hot  from  the 
plates,  and  cooled  upon  the  floor  of  an  adjoining  apartment.  The  prepared  malt  mu^t 
he  kept  in  a  dry  loft,  where  it  can  be  occasionally  turned  over  till  it  is  used.  The 
period  of  kiln-drying  should  not  be  hurried.  Many  persons  employ  two  days  in  this 
operation. 

According  to  the  color  and  the  degree  of  drying,  malt  is  distributed  into  three  sorts  . 
pale,  yellow,  and  brown.  The  first  is  produced  when  the  highest  heat  to  which  it  has 
been  subjected  is  iVom  90^  to  100^  F. ;  the  amber  yellow,  when  it  has  suffered  a  heat 
of  122° ;  and  the  brown  when  it  has  been  treated  as  above  described.  The  black  malt 
used  by  the  porter  brewer  to  color  his  beer,  has  suffered  a  much  higher  heat,  and  is 
partially  charred.  The  temperature  of  the  kiln  should,  in  all  cases,  be  most  gradually 
raised,  and  most  equably  maintained.  If  the  heat  be  too  great  at  the  beginning,  the 
hxtsk  gets  hard  dried,  and  hinders  the  evaporation  of  the  water  from  the  interior  sub- 
stance; and  should  the  interior  be  dried  by  a  stronger  heat,  the  husk  will  probably  split, 
and  the  farina  become  of  a  homy  texture,  very  refractory  in  the  mash-tun.  In  general, 
it  is  preferable  to  brown  malt,  rather  by  a  long-continued  moderate  heat,  than  by  a  more 
violent  heat  of  shorter  duration,  which  is  apt  to  carbonize  a  portion  of  the  mucilaginous 
sogar,  and  to  damage  the  article.  In  this  way,  the  sweet  is  sometimes  converted  into  a 
hitter  principle. 

Daring  the  kiln-drying,  the  roots  and  acrospire  of  the  barley  become  brittle,  and  fall 
off;  and  are  separated  by  a  wire  sieve  whose  meshes  are  too  smaJl  to  allow  the  malt 
itodf  to  pass  through. 

A  qaantity  of  good  barley,  whldi  weighs  100  pounds,  being  judiciously  malted,  will 
weigh,  after  drying  and  sifting,  80  pounds.  Since  the  raw  grain,  dried  by  itself  at  the 
same  temperature  as  the  malt,  would  lose  12  per  cent  of  its  weight  in  water,  the  malt 
process  dHsipates  out  of  these  remaining  88  pounds,  only  8  pounds,  or  8  per  cent.  o£  the 
raw  boriey.    This  loss  consists  of— 

li  per  cent,  dissolved  out  in  the  steep  water, 
3       — ^        dissipated  in  the  kiln, 
3       —       by  the  falling  of  the  fibrils, 
i     —       of  waste. 

The  balk  of  good  malt  exceeds  that  of  the  barley  from  which  It  was  made,  by  about  8 
or  9  per  cent. 

The  operalioa  of  kiln-drying  is  not  confined  to  the  mere  expulsion  of  the  moisture 
fioiD  the  gesminated  seeds ;  but  it  serves  to  convert  into  sugar  a  portion  of  the  starch 
which  xeniained  unchanged,  and  that  in  a  twofold  way;  first,  by  the  action  of  the 
g^ten  npott  the  feenla  at  an  elevated  temperature,  as  also  by  the  species  of  roasting 
which  the  starch  undergoes,  and  which  renders  it  of  a  gummy  nature.  (See  Stakch.) 
We  shall  have  a  pro^  of  this  explanation,  if  we  dry  one  portion  of  the  malt  in  a 
aatnrany  dry  atmosphere,  and  another  in  a  moderately  warm  kiln;  the  former  will 
yidd  ksa  saeeharine  extract  than  the  latter.  Moreover,  the  kiln-dried  malt  has  a  pe- 
cnfiar,  agreeable^  and  faintly  burned  taste,  probably  from  «  small  portion  of  ernpy- 


lemnatic  oO  torrati  in  the  husk,  and  which  not  onlf  impuu  iu  Abtot  to  tbe  bMr,  bat 
b]m>  contribatei  to  iti  preaemtion.  Il  is  therefore  obvious,  IhM  the  skiUol  prepumtimi 
of  the  malt  must  have  [he  greatest  mfluencr  both  on  the  qooalitir  and  qualitf  ofthe  nort* 
to  be  made  fVom  it.  If  the  germinatiaa  be  poshed  loo  far,  a  pait  of  the  exttaeUUe  mat- 
ter is  wasted;  if  it  has  not  advanced  far  enough,  the  mall  will  be  too  raw,  and  loo  macb 
of  its  substance  will  remain  as  an  insoluble  staieh  \  if  il  is  loo  highly  kiln-dried,  a  porlioa 
of  ill  satrar  will  be  earameliied,  and  become  bitter  ;  and  if  the  sweating  was  imperfect 
or  irregalar,  much  of  the  b^rle;  ma;  be  rendered  lumpy  and  useless.  Good  malt  is  dis- 
tinguisliable  bj  the  following  chnracters : — 

The  grain  is  Tonnd  and  full,  breaks  freelT  between  (he  teeth,  and  has  ■  sweetish  taste, 
an  agreeable  smell,  and  is  full  of  a  soft  flour  from  end  to  end.  Il  anbrds  no  unpleasant 
flavor  on  being  chewed  ;  it  is  not  hard,  to  that  when  drawn  along  an  oaken  table  actost 
the  fibres,  it  leaves  a  white  streak,  like  chalk.  It  swims  upon  water,  while  unmalted 
barley  sinks  in  it.  Since  the  quality  of  Ihe  omit  depends  much  on  that  of  the  barley,  the 
same  sort  only  should  be  used  for  one  malting.  New  bBiley  germinates  quicker  than 
old,  which  1)  more  dried  up;  a  coach  of  a  mixture  of  the  two  would  be  insular,  and 
difficult  to  regulate. 

DacTiplion  of  Iht  maU-kiln.—Figi.  97,  98,  99,  100,  exhibit  the  conslrnclion  of  a  well- 
contrived  malt-kiin.  Fig.  97,  is  the  ground  plan  :  Jig,  98  is  the  vertical  section  ;  and 
■Ifi.  99  and  100,  a  horkzoolal  and  vertical  section  in  Ihe  line  of  the  null-platea.  The  same 
■elters  denote  the  same  parts  in  each  of  the  figoies.    A  casl-iron  cupola-shaped  oteu  is 


Mpported  in  the  middle,  upon  a  wall  of  brickwortc  four  feet  high ;  and  beneath  [i,  are  the 
grate  and  its  ash-pit.  The  smoke  passes  ofT  throuih  two  equi-distant  pipes  inlo  Ihe  ehim- 
MJ.  The  OTcn  is  surrounded  with  four  pillars,  on  whose  lop  a  stone  lintel  is  laid  :  a  is 
Ihe  grate,  9  inches  below  the  sole  of  the  oren  ft ;  c  c  c  c  are  the  four  nine-inch  strong 
pOlars  of  brickwork  which  bear  the  linlel  nt;  dddd  ddtur  strong  nine-inch  pillars, 
which  support  the  girder  and  joists  upon  which  perferated  plates  repose;  t  denotes  n 
TanJted  arch  on  each  of  the  four  sides  of  Ihe  oven ;  /  is  the  space  between  Ihe  kiln 
and  the  aide  arch,  inlo  which  a  workman  may  enter,  to  inspect  and  clean  the  bQn  ;  g  g, 
the  walls  on  either  side  of  the  kiln,  upon  which  the  arches  rest;  A,  the  space  for  the  ashea 
to  fall  j  k,  the  fire-door  of  the  kiln  ;  I  I,  junction-pieces  to  connect  the  pipes  r  r  with 
the  kiln;  the  mode  of  attaching  them  is  shown  in  fig.  99.  These  smoke-pipes  lie 
about  three  feet  under  the  iron  plates,  and  at  Ihe  same  distance  from  the  side  waDs ; 
tbej  are  mpported  upoa  iron  props,  which  are  made  fait  to  the  arches,    liflg,  98,  > 
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ibov*  tbeirsectiOBj  U  >  «,  ^g.  99,  thcr  mter  ihe  chlmner,  which  ii  provided  with  two 
register  or  dunper  plalcf,  lo  regulate  the  draught  through  the  pipea,  Theae  regitUn 
we  repreceated  bj  1 1,  fig.  100,  which  ihowi  ■  perpendiciUiir  eeciion  of  the  dumnejr. 
SI,  fig.  98,  11  tbe  linlel  which  eaases  the  heated  air  to  spread  lateraUy  initead  of 
■EcendiDg  in  one  mass  in  the  middle,  and  prevenls  any  combuslible  paniclei  fam  Iklli^ 
upon  the  iron  cupola,  n  n  are  the  main  girdera  oT  iron  for  [he  iron  beams  o  o,  upon 
which  the  peifanited  ploteBpliei  7,jlg'.  98,  is  the  vapor  pipe  in  Uie  middle  oTthe  fo^, 
which  allows  the  steaia  of  the  drying  malt  lo  escape.  The  kiln  may  be  healed  either 
with  coal  or  wood. 

The  size  of  this  kiln  is  about  20  feet  square  j  but  it  may  be  made  proportionally  either 
smaller  or  greater.  The  perrurated  floor  shoold  be  large  enough  to  receive  Ihe  content* 
of  one  steep  or  couch. 

Tlie  perfonled  plate  miihl  be  convenienlly  heated  by  steam  pipes,  laid  xis-iag,  or  in 
parallel  l.^es  under  itj  or  a  wiie-gauze  web  might  be  stretched  upon  such  pipes.  The 
wooden  joisis  of  a  common  floor  would  answer  perfectly  lo  sappoit  this  MeaEO-range,  and 
Ihe  heal  of  the  pipes  would  cause  an  abundant  circulation  of  air.  For  drying  the  pale 
malt  of  the  ale  brewer,  this  plan  is  pailicularly  wrll  adapted. 

The  kiln-dried  mall  is  sometimes  groDod  between  stones  in  a  common  cwn  mill,  like 
•almeal ;  but  ii  is  more  generally  crushed  between  iron  rollers,  ai  least  for  the  purpoaea 
of  the  London  brewers. 

The  ermhing  inul. — The  cylinder  malt-mill  is  constructed  as  shown  inylgi.  101,  lOS. 
I  is  the  liloping  trough,  by  which  the  mall  is  let  down   from  its  bin  or  floor  t^   the 
hopper   A   of   the  mill,  whence 
it    is    progressively    shaken    in 
between  the  rollert  B  D,    The 
rollers  are  of  iron,  truly  cylin- 
drical, and    their   ends    rest  i> 
bearers  of  hard  brass,  fitted  into 
the  side  frames  of  iron.    A  screw 
E    goes    through    Ihe    npright, 
and  serres  to  foree  the  bearer 
of  the  one  roller  towards  that  of 
the  other,  so   as  lo  bring  them 
closer  together  when  the  crash- 
ing  effect  is  to  be  increased.    G 
is    Ihe    square    end  of  Ihe    axis, 
by   which    one    of    Ihe    rollers 
may    be    turned    either  by    Ihe 
band   or   by   power;    the    other 
lerives  its  rotaloiy  molion  from  a  pair  of  equal-loolhed  wheels  H,  which  are  filled  to 
the  other  end  of  the  axes  of  the  rollers,    d  is  a  catch  which  works  inio  the  teelh  of 
a  ratchet  wheel  on  the  end  of  one  of  ihe  roUers  (not  shown  in  this  view.)    The  levet 
t  strikes  Ihe  tiuugh  b  at  the  bottom  of  Ilie  hopper,  and  eiies  it  the  shaking  molion  for 
discharging   the  malt  between  the  rollers,  from  the  Elide  sluice  a.     t  t,Jig.  101,  are 
acraper-plates  of  Eheel  iron,  Ihe  edges  of  which  press  by  a  weight  against  Ihe  surfoces 
of  Ihe  rullen,  and  keep  Ihem  clean. 

Instead  of  the  cjlindcra,  some  employ  a  crashing  mill  of  a  conical-graoTed  Ibrm  like  a 
eoffee-inill,  upon  a  lar^e  scale.     {See  Iht  general  plan,  in/rd.} 

The  mathirg  and  iii/Hig.— Mashing  is  Ihe  operation  by  which  the  wort  is  ejitraeted, 
or  cLminated  from  Ihe  malt,  and  whereb)  a  saccharo-mncilnginous  extrect  is  made 
from  i<.  The  matt  shonid  not  in  genernl  be  gronnd  into  a  fine  meal,  Tor  in  that  case 
il  would  be  apt  to  fonn  a  cohesive  paste  with  hot  water,  or  lo  set,  as  it  is  caUed,  and  to 
be  difficult  to  drain.  In  crushed  mall,  the  husk  remains  nearly  entire,  and  thus  helps 
lo  keep  Ihe  farinaceous  particles  open  and  porous  to  the  aclion  of  the  water.  The  bulk 
of  the  crushed  matt  is  aboul  one  filUi  greater  than  that  of  the  whole,  or  one  bushel  of 
malt  eives  a  bushel  and  a  qaarler  of  crushed  malt.  This  is  frequently  allowed  to  lie 
a  few  days  in  a  cool  place,  in  order  that  it  may  attract  moistitre  IVom  the  air,  which  it 
does  very  readily  by  its  bygrometric  power.  Thns,  the  farrnaceoQs  substance  which  had 
been  indurated  in  the  kiln,  becomes  soft,  spongy,  and  Et  for  the  ensaing  process  of  watery 
extraction. 

Hashing  has  not  for  its  objecl  merely  to  dissolve  the  sugar  and  gum  already  prefent 
in  tbe  malt,  but  also  to  convert  into  a  sweet  mucilage  the  slarch  which  had-  remained 
unchanged  daring  the  germinatioB.  We  have  already  stated  that  starch,  mixed  with 
gluten,  and  digested  for  some  tiae  with  hot  water,  becomes  a  species  of  sugar.  T^ 
CMiverBon  takes  place  in  the  mash-tun.  Tbe  malted  barley  contains  not  only  a  portion 
of  gloleu,  bat  ifftiif ojf  more  Uian  sufficient  to  convert  the  starch  coDtained  in  !t,  by  this 
■eans,  into  sugar. 
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Tbe  researches  of  Payen  and  Penoz  show,  that  the  mncilage  fonnccl  by  the  reaction 
of  malt  upon  starc^,  may  either  be  converted  into  sugar,  or  be  made  into  permanent 
gum,  according  to  the  temperature  of  the  water  in  which  the  materials  are  digested. 
We  take  of  pale  barley  malt,  ground  fine,  from  6  to  10  parts,  and  100  parts  of  starch ;  wc 
heat,  by  means  of  a  water-bath,  400  parts  of  water  in  a  copper,  to  about  80^  F. ;  we 
then  stir  in  the  ^nalt,  and  increase  the  heat  to  140^  F.,  when  we  add  the  starch, 
and  stir  well  together.  We  next  raise  the  temperature  to  158^,  and  endeavor  to 
maintain  it  constantly  at  that  point,  or  at  least  to  keep  it  within  the  limits  of  167^  on 
the  one  side,  and  158^  on  the  other.  At  the  end  of  20  or  30  minutes,  the  original  milky 
and  pasty  solution  becomes  thinner,  and  soon  after  as  fluid  nearly  as  water.  This  is  the 
moment  in  which  the  starch  is  converted  into  gum,  or  into  that  substance  which  the 
French  chemists  call  dextrine,  from  its  power  of  polarizing  light  to  the  right  hand,  whereas 
common  gum  does  it  to  the  left.  If  this  merely  mucilaginous  solution,  which  seems  to 
be  a  mixture  of  gum  with  a  little  liquid  starch  and  sugar,  be  suitably  evaporated,  it  may 
serve  for  various  purposes  in  the  arts  to  which  gum  is  applied,  but  with  this  vicw^  it 
must  be  quickly  raised  to  the  boiling  point,  to  prevent  the  farther  operation  (if  the  nuJt 
upon  it.  If  we  wish,  on  the  contrary,  however,  to  promote  the  saccharine  fermentation, 
for  the  formation  of  beer,  we  must  maintain  the  temperature  at  between  158°  and  167® 
for  three  or  four  hours,  when  the  greatest  part  of  the  gum  will  have  passed  into  sugar, 
and  by  evaporation  of  the  liquid  at  the  same  temperature,  a  starch  sirup  may  be  obtained 
like  that  procured  by  the  action  of  sulphuric  acid  upon  starch.  The  substance,  which  oper* 
ates  in  the  formation  of  sugar,  or  is  the  peculiar  ferment  of  the  sugar  fermentation,  may 
be  considered  as  a  residuTun  of  the  eluten  or  vegetable  albumen  in  the  germinating 
grain :  it  is  reckoned  by  Payen  and  Persoz,  a  new  proximate  principle  called  diast<ue, 
which  is  formed  during  malting,  in  the  grains  of  barley,  oats,  and  wheat,  and  may  be 
separated  in  a  pore  state,  if  we  moisten  the  malt  flour  for  a  few  minutes  in  cold  water, 
press  it  out  strongly,  filter  the  solution,  and  heat  the  clear  liquid  in  a  water  bath,  to  the 
temperature  of  158^.  The  greater  part  of  that  albuminous  azotized  substance  is  thus 
coagulated,  and  is  to  be  separated  by  a  fresh  filtration ;  after  which,  the  dear  liquid  is 
to  be  treated  with  alcohol,  when  a  flocky  precipitate  appears,  which  is  diastase.  To  pu- 
rify it  still  further,  especially  from  the  azotized  matter,  we  should  dissolve  it  in 
water,  and  precipitate  again  with  alcohol.  When  dried  at  a  low  temperature,  it  appears 
as  a  solid  white  substance,  which  contains  no  azote ;  is  insoluble  in  alcohol,  but  dissolves 
in  water  and  proof  spirit.  Its  solution  is  neutral  and  tasteless ;  when  left  to  itself,  it 
changes  with  greater  or  less  rapidity  according  to  the  temperature,  and  becomes  sour  at 
a  temperature  of  from  149®  to  167®.  It  has  the  property  of  converting  starch  into  gum 
(dextrine)  and  sugar,  and  indeed,  when  sufficiently  pure,  with  such  energy  that  one 
part  of  it  disposes  2000  parts  of  dry  starch  to  that  change,  but  it  operates  the  quicker  the 
greater  its  quantity.  Whenever  the  solution  of  diastase  with  starch  or  with  dextrine  is 
heated  to  the  boiling  point,  it  loses  the  sugar-fermenting-  property.  One  hundred  parts 
of  well-malted  starch  appear  to  contain  about  one  part  of  this  substance. 

We  can  now  understand  the  theory  of  malting,  and  the  limits  between  which  the 
temperature  of  the  liquor  ought  to  be  maintained  in  this  operation ;  namely,  the  range 
between  157®  and  160®  F.  It  has  been  ascertained  as  a  principle  in  mashing,  that 
the  best  and  soundest  extract  of  the  malt  is  to  be  obtained,  first  of  all,  by  beginning  to 
work  with  water  at  the  lowest  of  these  heats,  and  to  conclude  the  mash  with  water  at 
the  highest.  Secondly,  not  to  operate  the  extraction  at  once  with  the  whole  of  the  water 
that  is  to  be  employed ;  but  with  separate  portions  and  by  degrees.  The  first  portion  is 
added  with  the  view  of  penetrating  equally  the  crushed  malt,  and  of  extracting  the 
already  formed  sugar ;  the  next  for  effecting  the  sugar  fermentation  by  the  action  of  the 
diastase.  By  this  means,  also,  the  starch  is  not  allowed  to  run  into  a  cohesive  paste,  and 
the  extract  is  more  easily  drained  from  the  poorer  mass,  and  comes  off  in  the  form  of  a 
nearly  limpid  wort.  The  thicker,  moreover,  or  the  less  diluted  the  mash  in,  so  much  the 
easier  is  the  wort  fined  in  the  boiler  or  copper  by  the  coagulation  of  the  albuminous 
matter :  these  principles  illustrate,  in  every  condition,  the  true  mode  of  conducting 
the  mashing  process ;  but  different  kinds  of  malt  require  a  different  treatment.  Pale 
and  slightly  kilned  malt  requires  a  somewhat  lower  heat  than  malt  highly  kilned,  because 
the  former  has  more  undecomposed  starch,  and  is  more  ready  to  become  pasty.  The 
former  also,  for  the  same  reason,  needs  a  more  leisurely  infusion  than  the  latter,  for  its 
conversion  into  mucilaginous  sugar.  .  The  more  susrar  the  malt  contains,  the  more  is  its 
saccharine  fermentation  accelerated  by  the  action  of  the  diastase.  What  has  been  here 
said  of  pale  malt^  is  still  more  applicable  to  the  case  of  a  mixture  of  raw  grain  with  malt, 
for  it  requires  still  gentler  heats,  and  more  cautious  treatment.  . 

m.  The  mash-tun  is  a  large  circular  tub  with  a  double  bottom ;  the  uppermost  of 
which  is  called  a  false  bottom,  and  is  pierced  with  many  holes.  There  is  a  space  of  about 
2  or  3  inches  between  the  two,  into  which  the  stopcocks  enter,  for  letting  in  the  water 
and  drawing  off  the  wort.  The  holes  of  the  false  bottom  should  be  burned,  and  not  bored. 
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10  prefent  the  cbance  of  tlieir  filling  up  bjr  the  swelling  of  the  wood,  whkh  woald 
obstraet  the  drainage :  the  holes  should  be  oonical,  and  lu^est  iielow,  being  about  f  of 
an  inch  there,  and  i  at  the  npper  snzfaoe.  The  perfomted  bottom  must  be  fitted  truly 
at  the  sides  of  the  mash-tun,  so  that  no  grains  may  pass  through.  The  mashed  liquor  is 
let  off  into  a  huge  baek,  finom  whieh  it  is  puniped  into  the  wort  coppers.  The  mash-tun 
is  poTided  with  a  peenliar  rotatory  apparatus  for  agitating  the  crushed  grains  and  water 
together,  which  we  shall  presently  describe.  The  size  of  the  wort  copper  is  proportional 
to  the  amount  of  the  brewing,  and  it  must,  in  general,  be  at  least  so  large  as  to 
operate  upon  the  whole  quantity  of  wort  made  from  one  mashing;  that  is,  for  every 
qnarter  of  malt  mashed*  the  copper  should  contain  140  gallons,  llie  mash-tun  ought  to 
be  at  least  a  third  larger,  and  of  a  conical  form,  somewhat  wider  below  than  above. 
The  quantity  of  water  to  be  employed  for  mashing,  or  the  extraction  of  the  wort,  de- 
pends upon  the  greater  or  less  strength  to  be  given  to  the  beer.  The  seeds  of  the  crushed 
malt,  after  the  wort  is  drawn  off,  retain  still  about  32  gallons  of  water  for  every  .quarter 
of  Bialt.  In  the  boiling,  and  evaporation  from  the  coolers,  40  gallons  of  water  are  dis- 
tipaled  from  one  quarter  of  malt ;  eonstituting  72  gallons  in  all.  If  13  quarters  of  barley 
be  taken  to  make  1500  galloas  of  beer,  2400  gallons  of  water  must  therefore  be  required 
for  ihe  mashing.  This  escample  will  give  an  idea  of  the  proportions  (be  an  ordinary 
qnality  of  beer. 

When  the  mash  is  to  begin,  the  copper  nrast  be  filled  with  water,  and  heated.  As  soon 
as  the  water  has  attained  the  heat  of  145^  m  summer,  or  167®  in  winter,  600  gallons  of  it 
an  to  be  run  off  into  the  mash-tun,  and  the  13  quarters  of  crushed  malt  are  to  be  gradu- 
ally tlffown  in  and  well  intermixed  by  proper  agitation,  so  that  it  may  be  uniformly 
moistened,  and  no  lumps  may  remain.  After  continuing  the  agitation  in  this  way  for  one 
balf  or  three  quarten  of  an  hour,  the  water  in  the  copper  will  have  approached  to  its 
boiling  point,  when  450  gallons  at  the  temperature  of  about  200^  are  to  be  run  into  the 
mK»h-tun,  and  the  agitation  is  to  be  renewed  tlQ  the  whole  assumes  an  equally  fluid 
state :  the  tun  is  now  to  be  well  covered  for  the  preservation  of  its  heat,  and  to  be 
allowed  to  remain  at  rest  for  an  hour,  or  an  hour  and  a  half.  The  mean  temperature  of 
this  mash  may  be  reckoned  at  about  145®.  The  time  which  is  necessary  for  the  trans- 
muting heat  of  the  remaining  starch  into  sugar  depends  on  the  quality  of  the  malt. 
Brown  malt  requires  less  time  than  pale  malt,  and  still  less  than  a  mixture  with  raw 
grain,  as  already  explained.  After  the  mash  has  rested  the  proper  time,  the  tap  of  the< 
ton  is  opened,  and  the  clear  wort  is  to  be  drawn  out  into  the  under  back.  If  the  wort 
tbat  first  flows  is  turbid,  it  must  be  returned  into  the  tun,  till  it  nms  dear.  The  amount 
of  this  first  wort  may  be  about  675  gallons.  Seven  hundred  and  fifty  gallons  of  water, 
at  the  temperature  of  200®,  are  now  to  be  introduced  up  through  the  drained  malt,  into 
the  tun,  and  the  mixture  is  to  be  agitated  till  it  becomes  uniform,  as  before.  The  mash- 
tnn  is  then  to  be  covered,  and  allowed  to  remain  at  rest  for  an  hour.  The  temperature 
of  this  mash  is  from  167®  to  174®.  While  the  second  mash  is  making,  the  worts  of  the 
first  are  to  be  pumped  into  the  wort  copper,  and  set  a-boiling  as  speedily  as  possible. 
The  wort  of  the  second  mash  is  to  be  drawn  off  at  the  proper  time,  and  added  to  the 
eopper  as  fast  as  it  will  receive  it,  without  causing  the  ebullition  to  stop. 

A  third  quantity  of  water  amounting  to  600  gallons,  at  200^,  is  to  be  introduced  into 
the  mash-tun,  and  after  half  an  hour  is  to  be  drawn  off,  and  either  pumped  into  the  wort 
capper,  or  reserved  for  mashing  fresh  malt,  as  the  brewer  may  think  fit. 

The  quantitjr  of  extract,  per  barrel  weight,  which  a  quarter  of  malt  yields  to  wort, 
amounts  to  about  84  lbs.  The  wort  of  the  first  extract  is  the  strongest ;  the  second  con- 
tains, commonly,  one  half  the  extract  of  the  first ;  and  the  third,  one  half  of  the  second ; 
leecmliag  to  circumstances. 

To  measure  the  degrees  of  concentration  of  the  worts  drawn  off  fh)m  the  tun,  a  par- 
tieular  form  of  hydrometer,  called  a  saccharometer,  is  employed,  whieh  indicates  the 
•amber  of  pounds  weij^ht  of  liquid  contained  in  a  barrel  of  36  gallons  imperial  measure. 
Alow,  as  the  barrel  of  water  weighs  360  lbs.,  the  indication  of  the  instrument,  when 
placed  in  any  wort,  shows  by  how  many  pounds  a  barrel  of  that  wort  is  heavier  than  a 
barrel  of  water;  thus,  if  the  instrument  sinks  with  its  poise  till  the  mark  10  is  upon  a 
Ime  with  the  surface  of  the  liquid,  it  indicates  that  a  barrel  of  that  wort  weighs  ten 
pounds  more  than  a  barrel  of  water.    6ee  Sacchabometer. 

Or,  supposing  the  barrel  of  wort  weighs  396  lbs.,  to  convert  that  number  into  specific 
gravity,  we  have  the  following  simple  rule  t — 

360:396  ::  100:  MOO; 
It  which  density,  by  my  experiments,  the  wort  contains  25  per  cent,  of  solid  extract. 

Having  been  employed  to  make  experiments  on  the  density  of  worts,  and  the  ferment 
ative  changes  which  they  undergo,  for  the  information  of  a  committee  of  the  House  of 
Commons,  which  sat  in  July  and  August,  1830, 1  shall  here  introduce  a  short  abstract  of 
that  part  of  my  evidenee  which  bears  upon  the  present  subject. 

My  first  object  was  to  dear  up  the  difficulties  which,  to  common  apprehension,  hung 
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over  the  matter,  from  the  difference  in  the  scales  of  the  saedharometerB  in  nse  among  the 
brewers  and  distillers  of  England  and  Scotland.  I  found  that  one  quarter  of  good  malt 
would  yield  to  the  porter*brewer  a  barrel  Imperial  measure  of  wort,  at  the  concentrated 
specific  gravity  of  1-234.  Now,  if  the  decimal  part  of  this  number  be  multiplied  by 
360;  being  the  number  of  pounds  weight  of  water  in  the  barrel,  the  product  will  denote 
the  excess  in  pounds,  of  the  weight  of  a  barrel  of  such  concentrated  wort,  over  that  of 
a  h'arrel  of  water;  and  that  product  is,  in  the  present  case,  84*24  pounds. 

Mr.  Martineau,  jun.,  of  the  house  of  Messrs.  Whitbread  and  Company,  and  a  gentle- 
man connected  with  another  great  London  brewery,  had  the  kindness  to  inform  me  that 
their  average  product  from  a  quarter  of  malt  was  a  barrel  of  84  lbs.  gravity.  It  is  ob- 
vious, thcreibre,  that  by  taking  the  mean  oi>eraiion  of  two  such  great  establishments,  I 
must  have  arrived  very  nearly  at  the  truth. 

It  ought  to  be  remarked  that  such  a  high  density  of  wort  as  1*234  is  not  the  result  of 
any  direct  experiment  in  the  brewery,  for  infusion  of  malt  is  never  drawn  off  so  strong ; 
that  density  is  deduced  by  computation  from  the  quantity  and  quality  of  several  succes- 
sive infusions ;  thus,  supposing  a  first  infusion  of  the  quarter  of  malt  to  yield  a  barrel  ol 
specific  gravity  1*112,  a  second  to  yield  a  barrel  at  1-091,  and  a  third  a  barrel  at  1*031, 
we  shall  have  three  barrels  at  the  mean  of  these  three  numbers,  or  one  barrel  at  their 
sum,  equal  to  1-234. 

I  may  here  observe  that  the  arithmetical  mean  or  sum  is  not  the  true  mean  or  sum  of 
the  two  specific  gravities ;  but  this  difference  is  either  not  known  or  disregarded  by  the 
brewers.  At  low  densities  this  difference  is  inconsiderable,  but  at  high  densities  it  would 
lead  to  serious  errors.  At  specific  gravity  1*231,  wort  or  sirup  contains  one  half  of  its 
weight  of  solid  pure  saccharuro,  and  at  1*1045  it  contains  one  fourth  of  its  weight;  but 
the  brewer's  rule,  when  here  applied,  gives  for  the  mean  specific  gravity  1-1156= 

£ —  +  I'OOO;   "pjjg  contents  ill  solid  saccharine  matter  at  that  density  are  however  27} 
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per  cent.,  showing  the  rule  to  be  2}  lbs.  wrong  in  excess  on  100  lbs.,  or  9  lbs.  per  barrel. 

The  specific  gravity  of  the  solid  dry  extract  of  malt  wort  is  1*264 ;  it  was  taken  in  oil 
of  turpentine,  and  the  result  reduced  to  distilled  water  as  unity.  Its  specific  volume  is 
0*791 1,  that  is,  10  lbs.  of  it  wUl  occupy  the  volume  of  7*911  lbs.  of  water.  The  mean 
specific  gravity,  by  computation  of  a  solution  of  that  extract  in  its  own  weight  of  water, 
is  1*1166;  but  by  experiment,  the  specific  gravity  of  that  solution  is  1-216,  showing 
considerable  condensation  of  volume  in  the  act  of  combination  with  water. 

Thp  following  Table  shows  the  relation  between  the  specific  gravities  of  solutions  of 
malt  extract,  and  the  per-centage  of  solid  extract  they  contain : 




Extr  Malt. 

Waur. 

Malt  Extract  in  100. 

Sogar  in  100. 

Specific  gravity. 

600 
600 
600 
600 
600  . 

s 

600 

900 

1200 

1600 

1800 

60*00 

40*0 

33-3 

28-67 

2500 

4700 
37-00 
31-60 
26-76 
24*00 

1-2160 
1*1670 
1*1350 
1*1130 
I -1000 

The  extract  of  malt  was  evaporated  to  dryness,  at  a  temperature  of  about  250^  F., 
without  the  slightest  injury  to  its  quality,  or  any  empyreumatic  smell.  Bate's  tables 
have  been  constructed  on  solutions  of  sugar,  and  not  with  solutions  of  extract  of  malt, 
or  they  agree  sufTiciently  well  with  the  former,  but  differ  materially  from  the  latter. 
Allan's  tables  crive  the  amount  of  a  certain  form  of  solid  saccharine  matter  extracted 
fVom  malt,  and  dried  at  175*  F.,  in  correspondence  to  the  specific  gravity  of  the  solution ; 
but  1  have  found  it  impossible  to  make  a  solid  extract  from  infusions  of  malt,  except  at 
much  higher  temperatures  tlian  176°  F.  Indeed,  the  numbers  on  Allan's  saccharometet 
scale  clearly  show  that  his  extract  was  by  no  means  dry:  thus,  at  1*100  of  gravity  he 
assigns  29-669  per  cent,  of  solid  saccharine  matter ;  whereas  there  is  at  that  density  of 
solid  extract  only  25  per  cent.  Again,  at  1*135,  Allan  gives  40  parts  per  cent,  of  solid 
extract,  whereas  there  are  only  33|  present. 

ISy  the  triple  mashing  operations  above  described,  the  malt  is  so  much  exhausted  that 
it  can  yield  no  further  extract  useful  for  strong  beer  or  porter.  A  weaker  wort  might 
no  doubt  still  be  drawn  off  for  small  beer,  or  for  contributing  a  little  to  the  strength  of 
the  next  mashing  of  firesh  malt.  But  this  I  believe  is  seldom  practised  by  respectable 
brewers,  as  it  impoverishes  the  grains  which  they  dispose  of  for  feeding  cattle. 

The  wort  should  be  transfcrreid  into  the  copper,  and  made  to  boU  as  soon  as  possible, 
for  if  it  remains  long  in  the  under-badc  it  is  apt  to  become  aeescent.  The  steam  more- 
over raised  fVom  it  in  the  act  of  boUine  serves  to  screen  it  fiom  the  oxygenating  or  acidi- 
fying influence  of  the  atmosphere.  Until  it  begins  to  boO,  the  air  shauld  be  excluded 
by  some  kind  of  a  oorer. 
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Sometimes  the  lint  wort  is  brewed  by  itself  into  strong  ale,  the  second  by  itself  into  an 
intennediate  quality ;  and  the  third  into  small  beer ;  bat  this  practice  is  not  much  fol- 
lowed in  this  coonoy. 

We  shall  now  treat  of  the  boiling  in  of  the  hops.  The  wort  drawn  from  the  mash- 
tan,  whenever  it  is  pomped  into  the  copper,  must  receive  its- allowance  of  hops.  Besides 
evaporating  off  a  portion  of  the  water,  and  thereby  concentrating  the  wort,  boiling  has  a 
twolbld  object.  In  the  first  place,  it  coagulates  the  albuminous  matter,  partly  by  the 
heat,  and  partly  by  the  principles  in  the  hops,  «id  thereby  causes  a  general  clarification 
of  the  whole  mass,  with  the  effect  of  separating  the  muddy  matters  in  a  flocculent  form. 
Secondly,  daring  the  ebullition^  the  residuary  starch  and  hordeine  of  the  medt  are  con- 
verted into  a  limpid  sweetish  mucilage,  the  dextrint  above  described ;  while  some  of  the 
glatinous  stringy  matter  is  rendered  insoluble  by  the  tannin  principle  of  the  hops,  which 
favors  still  further  the  clearing  of  the  wort.  By  both  operations  the  keeping  quality 
of  the  beer  is  improved.  This  boil  must  be  continued  dnrii^  several  hours ;  a  longer 
time  far  the  stronger,  and  a  shorter  for  the  weaker  beers.  I'bere  is  nsualiy  one  seventh 
or  one  sixth  part  of  the  water  dissipated  in  the  boiling  copper.  This  process  is  known 
to  have  continued  a  sufficient  time,  if  the  separation  of  the  albuminous  fiocks  is  distinct^ 
and  if  these  are  found,  by  means  Of  a  proof  gauge  suddenly  dipped  to  the  bottom,  to  be 
eoUected  there,  while  the  supernatant  liquor  has  become  limpid.  Two  or  three  hours' 
boil  is  deemed  long  enough  in  many  weli-oonducted  breweries ;  but  in  some  of  those  in 
Belgium,  the  boiling  is  continued  from  10  to  15  hours,  a  period  certainly  detrimental  to 
the  aroma  derived  from  the  hop. 

Many  prefer  adding  the  hops  when  the  wort  has  just  come  to  the  boilii^  point. 
Their  effect  is  to  repress  the  further  progress  of  fermentation,  and  especially  the  passage 
into  the  acetous  stage,  which  would  otherwise  inevitably  ensue  in  a  few  days.  In  this 
respect,  no  other  vegetable  production  hitherto  discovered  can  be  a  substitute  for  the 
hap.  The  odorant  principle  is  not  so  readily  volatilized  as  would  at  first  be  imagined ; 
for  when  hop  is  mixed  with  strong  beer  wort  and  boiled  for  many  hours,  it  can  still 
impart  a  very  considerable  degree  of  its  flavor  to  weaker  beer.  By  mere  infusion  in 
hot  beer  or  water,  without  boiling,  the  hop  loses  very  little  of  its  soluble  principles. 
The  tannin  of  the  hop  combines,  as  we  have  said,  with  the  vegetable  albumen  of  tiie 
bariey,  and  helps  to  clarify  the  liquor.  Should  there  be  a  deficiency  of  albumen  and 
ginten,  in  consequence  of  the  mashing  having  been  done  at  such  a  heat  as  to  have  coagu- 
lated them  beforehand,  the  defect  may  be  remedied  by  the  addition  of  a  little  gelatine  to 
the  wort  copper^  either  in  the  form  of  calf's  foot,  or  of  a  little  isinglass.  If  the  hops  be 
boiled  in  the  wort  for  a  longer  period  than  5  or  6  hours,  they  lose  a  portion  of  their  fine 
flavor;  but  if  their  natural  flavor  be  rank,  a  little  extra  boiling  improves  it.  Many  brew- 
eis  throw  the  hops  in  upon  the  surface  of  the  boiling  wort,  and  allow  them  to  swim  there 
for  some  time,  that  the  steam  may  penetrate  them,  and  open  their  pores  for  a  complete  so- 
lotion  of  their  principles  when  they  are  pushed  down  into  the  liquor.  It  is  proper  to  add 
the  hops  in  considerable  masses,  because,  in  tearing  them  asunder,  some  of  the  lupuline 
powder  is  apt  to  be  lost. 

The  quantity  of  hop  to  be  added  to  the  wort  varies  according  to  the  strength  of  the 
beer,  the  length  of  time  it  is  to  be  kept,  or  the  heat  of  the  climate  where  it  is  intended 
to  be  sent  For  strong  beer,  4^  lbs.  of  hops  are  required  to  a  quarter  of  malt,  when  it 
IS  to  be  highly  aromatic  and  remarkably  clear.  For  the  stronger  kinds  of  ale  and 
porter^,  the  rule,  in  England,  is  to  take  a  pound  of  hops  for  every  bushel  of  malt,  or  8  lbs. 
jo  a  quarter.  Common  beer  has  seldom  more  than  a  quarter  of  a  pound  of  hoito  to  the 
bushel  of  malL 

It  has  been  attempted  to  form  an  extract  of  bops  by  boiling  in  covered  vessels,  so  as 
not  to  lose  the  oil,  and  to  add  this  instead  of  the  hop  itself  to  the  beer.  On  the  great 
scale  this  method  has  no  practical  advantage,  because  the  extraction  of  the  hop  is  per- 
fectly accomplished  duriog  the  necessary  boiling  of  the  wort,  and  because  the  hop  ope- 
rates very  beneficially,  as  we  have  explained,  in  clarifying  the  beer.  Such  an  extract, 
moreover,  could  be  easily  adulterated- 

Of  the  Coolers. — The  contents  of  the  copper  are  run  into  what  is  called  the  hop* 
back,  on  the  upper  part  of  which  is  fixed  a  drainer,  to  keep  back  the  hops.  The 
pump  is  placed  in  the  hop-back,  for  the  purpose  of  raising  the  wort  to  the  coolers, 
nsnally  placed  in  an  airy  situation  upon  the  top  of  the  brewery.  Two  coolers  are 
indispensable  when  we  make  two  kinds  of  beer  fh>m  the  same  brewing,  and  even  in 
single  brewings,  caUed  gyle*,  if  small  beer  is  to  be  made.  One  of  these  coolers  ought 
to  be  placed  above  the  level  of  the  other.  As  it  is  of  great  consequence  to  cool  the 
worts  down  to  the  fermenting  pitch  as  fast  as  possible,  various  contrivances  have  been 
made  for  effecting  this  purpose.  The  common  eooler  is  a  square  wooden  cistern,  about 
6  inches  deep,  and  of  such  an  extent  of  surfiiee  that  the  whole  of  one  boil  may  only 
iccupy  2  inches,  or  thereabouts,  of  depth  in  it.  For  a  quantity  of  wort  equal  to  about 
1500  gallons  its  area  should  be  at  least  54  feet  long  and  20  feet  wide.    The  seams  of 
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Ihe  cooler  most  be  made  perfeetfr  ^i«ter-tigfat  and  miooth,  so  that  no  liquor  may  lodp  in 
tbem  when  they  are  emptied.  The  utmost  cleaaliness  is  repaired,  and  an  occasional 
sweetening  with  lime-water. 

The  hot  wort  reaches  the  cooler  at  ft  temperatore  of  from  200^  to  208°,  according  to 
the  power  of  the  pump.  Here  it  should  be  cooled  to  the  proper  temperature  for  the 
fermenting  tun,  which  may  vary  from  54®  to  64^,  aeccrding  to  circumstances.  The 
refrigeration  is  accomplished  by  the  evaporation  of  a  porJon  of  the  liquor :  it  is  more 
rapid  in  .proportion  to  ihe  extent  of  the  surface,  to  the  low  temperature,  and  the  dryness 
of  the  atmosphere  surrounding  the  cooler.  The  renewal  of  a  body  of  cool  dry  air  by 
the  agency  of  a  fan,  may  be  employed  with  great  advantage.  The  cooler  itself  must 
be  so  placed  that  its  surface  shall  he  freely  exposed  to  the  prevailing  wind  of  the  district, 
and  be  as  free  as  possible  from  the  eddy  of  surrounding  buildings.  It  is  thought  by  many 
that  the  agitation  of  the  wort  during  its  cooling  is  hurtful.  Were  the  roof  made  move- 
able»  so  that  the  wort  could  be  readily  exposed,  in  a  clear  night,  to  the  aspect  of  the  slnr, 
it  would  cool  rapidly  by  evaporation,  on  the  principles  explained  by  Dr.  Wells,  in  his 
"Essay  on  Dew." 

When  the  cooling  is  effected  by  evaporation  alone,  the  temperature  falls  very  slowly, 
even  in  cold  air,  if  it  be  loaded  with  moisture.  But  when  the  air  is  dry,  the  evaporation 
is  vigorous,  and  the  moisture  exhaled  does  not  remain  incumbent  on  the  liquor,  as  in 
damp  weather,  but  is  diffused  widely  in  space.  Hence  we  can  understand  how  wort 
cools  so  rapidly  in  the  spring  and  autumn,  when  the  air  is  generally  dry,  and  even  more 
quickly  than  in  winter,  when  the  air  is  cooler,  but  loaded  with  moisture.  In  fact,  the 
cooling  process  goes  on  better  when  the  atmosphere  is  from  50°  to  55°,  than  when  it  falls 
to  the  freezing  point,  because  in  this  case,  if  the  air  be  still,  the  vapors  generated  remaia 
on  the  surface  of  the  liquor,  and  prevent  further  evaporation.  In  summer  the  cooling 
can  talie  place  only  during  the  night. 

la  consequence  of  the  evaporation  during  this  cooling  process,  the  bulk  of  the  worts 
is  considerably  reduced ;  thus,  if  the  temperature  at  the  beginning  was  208°,  and  if  it 
be  at  the  end  64°,  the  quantity  of  water  necessary  to  be  evaporated' to  produce  this 
refrigeration  would  be  nearly  |  of  the  whole,  putting  radiation  and  conduction  of  heat 
out  of  the  question.  The  effect  of  this  will  be  a  proportional  concentration  of  the 
beer. 

The  period  of  refrigeration  in  a  well-constructed  cooler,  amounts  to  6  or  7  hours  in 
favorable  weather,  but  to  12  or  15  in  other  circumstances.  The  quality  of  the  beer  is 
much  improved  by  shortening  this  period ;  because,  in  consequence  of  the  great  surface 
which  the  wort  exposes  to  the  air,  it  readily  absorbs  oxgyen,  and  passes  into  the  acetous 
fermentation  with  the  production  of  various  mouldy  spots ;  an  evil  to  which  ill-hopped 
beer  is  particularly  liable.  Various  schemes  have  been  contrived  to  cool  wort,  by  trans- 
mitting it  through  the  convolutions  of  a  pipe  immersed  in  cold  water.  The  best  plan 
is  to  expose  the  hot  wort  for  some  hours  freely  to  the  atmosphere  and  the  cooler,  when 
the  loss  of  heat  is  most  rapid  by  evaporation  and  other  means,  and  when  the  tempera- 
ture falls  to  100°,  or  thereby,  to  transmit  the  liquor  through  a  zig-zag  pipe,  laid  almost 
horizontally  in  a  trough  of  cold  water.  The  various  methods  described  under  Refrigera- 
tor  are  more  complex,  but  they  may  be  practised  in  many  situations  with  considerable  ad- 
vantage. 

Whilst  the  wort  reposes  in  the  cooler,  it  lets  fall  a  slight  sediment,  which  consists 
partly  of  fine  flocks  of  coagulated  albumen  combined  with  tannin,  and  partly  of  starch, 
which  had  been  dissolved  at  the  high  temperature,  and  separates  at  the  lower.  The  wort 
should  be  perfectly  limpid,  for  a  muddy  liquor  never  produces  transparent  beer.  Such 
beer  contains,  besides  mucilaginous  sugar  and  gum,  usually  some  stareh,  which  even  re- 
mains after  the  fermentation,  and  hinders  its  clarifying,  and  gives  it  a  tendency  to  sour. 
The  wort  contains  more  starch  the  hotter  it  has  been  mashed,  the  less  hops  have  been 
added,  and  the  shorter  time  it  has  been  boiled.  The  presence  of  starch  in  the  wort  may 
be  made  manifest  by  adding  a  little  solution  of  iodine  in  alcohol  to  it,  when  it  will  be- 
come immediately  blue.  We  thus  see  that  the  tranquil  cooling  of  wort  in  a  proper  ves- 
sel has  an  advantage  over  cooling  it  rapidly  by  a  refrigeratory  apparatus.  When  the 
wort  is  sufficiently  cool,  it  is  let  down  into  the  fermenting  tun.  In  this  transfer  the  cool- 
ing might  be  carried  several  degrees  lower,  were  the  wort  made  to  pass  down  through  a 
tube  enclosed  in  another  tube,  along  which  a  stream  of  cold  water  is  flowing  in  the  oppo- 
site direction,  as  we  have  described  in  the  sequel  of  Acetic  acid.  These  fermentim^  tuns 
are  commonly  called  gyU-iuna,  or  working  tuns,  and  are  either  square  or  circular,  the 
latter  being  preferable  on  many  accounts. 

IV.  Of  tht  Ftrmtntatioh. — In  the  great  London  breweries,  the  size  of  these  fermenting 
tuns  is  such  that  they  contain  from  1200  to  1500  barrels.  The  quantity  of  wort 
Introduced  at  a  time  must,  however,  be  considerably  less  than  the  capacity  of  the  vessel, 
to  allow  room  for  the  head  of  yeast  which  rises  during  the  process ;  if  the  vessel  be 
qrlindrical,  this  head  is  proportional  to  the  depth  of  the  worts.    In  certain  kinds  of 
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fenoentation,  it  may  rise  to  a  thiid  of  that  depth.  Ia  general,  the  fermentation  pioceeC^ 
more  unifonnly  and  constantly  in  large  masses,  because  they  are  little  influenced  by  vi 
eissitodes  of  temperature ;  smaller  yessels,  on  the  other  hand,  are  more  easily  handled. 
The  general  Tiew  of  fermentation  will  be  foand  under  that  title ;  I  shall  here  make  a 
few  remarks  on  what  is  peculiar  lo  beer.  During  the  fermentation  of  wort,  a  portion 
of  lis  saccharine  matter  is  conveited  into  alcohol,  and  wort  thus  changed  is  beer.  It  is 
necessary  that  this  conversion  of  the  sugar  be  only  partial,  for  beer  which  contains  no 
undecomposed  sugar  would  soon  turn  soar,  and  even  in  the  casks  its  alcohol  undergoes 
a  slow  fermentation  into  vinegar.  The  amount  of  (his  excess  of  sugar  is  greater  in 
proportion  to  the  strength  of  the  wort,  sinee  a  certain  quantity  of  alcohol,  already 
Ibrmed,  prevents  the  operation  of  the  ferment  on  the  remaining  wort.  Temperature  has 
the  greatest  influence  upon  the  fermentation  of  wort.  A  temperature  of  from  55°  to  60" 
of  the  liquor,  when  that  of  the  atmosphere  is  55°,  is  most  advantageous  for  the 
commencement.  The  warmth  of  the  wort  as  it  comes  into  the  gyle-tun  must  be  modi* 
fied  by  that  of  the  air  in  the  apartment.  In  winter,  when  this  apartment  is  cold,  the 
wort  should  not  be  cooled  under  64°  or  60°,  as  in  that  case  the  fermentation  would  be 
tedious  or  interrupted,- and  the  wort  liable  to  spoil  or  beeome  sour.  In  summer,  when 
the  temperature  of  the  place  rises  to  above  75°,  the  wort  should  be  cooled,  if  possible, 
down  10  55°,  for  which  purpose  it  should  be  let  in  by  the  system  of  doable  pipes,  above 
mentioned.  The  higher  the  temperature  of  the  wort,  the  sooner  will  the  fermentation 
begin  and  end,  and  the  less  is  it  in  our  power  to  regulate  its  progress.  The  expert 
brewer  must  steer  a  middle  course  between  these  two  extremes,  which  threaten  to  de- 
stroy his  labors.  In  some  breweries  a  convoluted  pipe  is  made  to  traverse  or  go  round 
the  sides  of  the  gyle-tun,  through  which  warm  water  is  allowed  to  flow  in  winter,  and 
cold  in  summer,  so  as  to  modify  the  temperature  of  the  mass  to  the  proper  fermenting 
pilch.  If  there  be  no  contrivance  of  this  kind,  the  apartment  may  be  cooled  in  summer, 
by  suspending  wet  canvass  opposite  the  windows  in  warm  weather,  and  kindling  a  small 
stove  within  it  in  cold. 

When  the  wort  is  discharged  into  the  gyle-tun,  it  must  receive  its  dose  of  yeast,  which 
has  been  previously  mixed  with  a  quantity  of  the  wort,  pud  left  in  a  warm  place  till  it 
has  begun  to  ferment.  This  mixture,  called -^066,  is  then  to  be  pnt  into  the  tun,  and  stir 
red  well  through  the  mass.  The  yeast  should  be  taken  from  similar  beer.  Its  quantity 
most  depend  upon  the  temperature,  strength,  and  quantity  of  the  wort.  In  general,^one 
gallon  of  yeast  is  suflicient  to  set  100  gallons  of  wort  in  complete  fermentation.  An  ex- 
cess of  yeast  is  to  be  avoided,  lest  the  fermentation  should  be  too  violent,  and  be  finished 
in  less  than  the  proper  period  of  6  or  8  days.  More  yeast  is  required  in  winter  than  in 
summer ;  for,  at  a  temperature  of  50°,  a  double  quantity  may  be  used  to  that  at  68°. 

Six  or  eight  hours  after  adding  the  yeast,  the  tun  being  meanwhile  covered,  the  fer« 
mentation  becomes  active :  a  white  milky-looking  froth  appears,  first  on  the  middle,  and 
spreads  gradually  over  the  whole  surface ;  but  continues  highest  in  the  middle,  fonning 
a  frothy  elevation,  the  he^ht  of  which  increases  with  the  progress  of  the  fermentatioo, 
and  whose  color  gradually  changes  to  a  bright  brown,  the  result,  apparently,  of  the  oxy- 
datlon  of  the  extractive  contained  in  this  yeasty  top.  -This  covering  screens  the  wort 
from  the  contact  of  the  atmospherical  air.  During  this  time,  there  is  a  perpetual  disen* 
gagemcnt  of  carbonic  acid  gas,  which  is  proportional  to  the  quantity  of  sugar  converted 
bto  alcohoL  The  warmth  of  the  fermenting  liquid  increases  at  the  same  time,  and  is  at 
a  maximum  when  the  fermentation  has  come  to  its  highest  point.  This  increase  of 
temperature  amounts  to  from  9°  to  14°  or  upwards,  and  is  the  greater  the  more  rapid  the 
fermentation.  But  in  general,  the  fermentation  is  not  allowed  to  proceed  so  far  in  the 
gyle-tun,  for  aAer  it  is  advanced  a  little  way,  the  beer  is  ckanaedy  that  is,  drawn  off  into 
other  vessels,  which  are  large  barrels  set  on  end,  with  large  openings  in  their  top,  fur- 
nished with  a  sloping  tray  for  discharging  an  excess  of  yeast  into  the  wooden  trough,  in 
which  the  stUlions  stand.  These  stiUums  are  placed  in  communication  with  a  store-tub, 
which  keeps  them  always  full,  by  hydrostatic  pressure,  so  that  the  head  of  yeast  may 
sp|ontaneously  flow  over,  and  keep  the  body  of  liquor  in  the  cask  clean.  This  apparatus 
will  be  explained  in  describing  the  brewery  plant.    See  the  figures,  infra. 

It  must  be  observed,  that  the  quantity  of  yeast,  and  the  heat  of  fermentation,  differ 
for  every  different  quality  of  beer.  For  mild  ale,  when  the  fermentation  has  reached  75^ 
Its  first  flavor  begins;  at  80°  the  flavor  increases;  at  85°  it  approaches  the  high 
flavor ;  at  90"  it  IS  high ;  but  it  may  be  carried  to  100°  and  upwards,  for  particulai 
purposes.  A  wort  of  301bs.  per  barrel  (sp.  gr.  1*088),  ought  to  increase  about  15°, 
so  that  in  order  to  arrive  at  80°,  it  should  be  set  at  66°.  The  quantity  of  yeast  for  such 
an  ale  should  be  from  2  to  3  lbs.  per  barrel  Tlie  higher  the  heat,  the  less  yeast  is  ne- 
cessary. If  the  heat  of  the  fermentation  should  at  any  lime  fall,  it  must  be  raised  by  a 
lopply  of  fresh  yeast,  weU  stirred  in;  but  this  practice  is  not  advisable  in  general, 
because  rousing  the  worts  in  the  gyle-tan  is  apt  to  communicate  a  rank  flavor  of  yeast 
to  the  ale.    It  is  the  pcaetiee  of  ouuiy  eacperienced  brewers  to  look  every  2  hours  into  the 
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^le-tun,  ehiefly  irith  the  view  of  obseiring  the  progress  of  the  heat,  which  is  loyt  at 
first,  but  afterwards  often  increases  half  a  degree  per  hour,  and  subsequently  declinef ,  as 
the  fermentation  approaches  its  conclusion,  till  at  length  the  heat  becomes  uniform,  or 
sometimes  decreases,  before  the  fermentation  is  finished,  especially  where  the  quan'lity 
operated  upon  is  smaJl. 

Some  brewers  recommend,  when  the  fermentation  is  carried  to  its  utmost  period,  to  add 
about  7  lbs.  of  wheat  or  bean  flour  to  a  gyle-tun  of  25  or  30  barrels,  at  the  time  of  clean- 
nng,  so  as  to  quicken  the  discharge  of  the  yeast,  by  disengagement  of  more  carbonic  acid. 
The  flour  should  be  whisked  up  in  a  pail,  with  some  of  the  beer,  till  the  lumps  are  bro- 
ken, and  then  poured  im  By  early  cleansing,  the  yeast  is  preserved  longer  in  a  state 
proper  for  a  perfect  fermentation  than  by  a  contrary  practice. 

For  old  ale,  which  is  to  be  long  kept,  the  heat  of  the  fermentation  should  not  exceed 
75®,  but  a  longer  time  is  required  to  complete  the  fermentation  and  ensure  the  future 
good  flavor  of  the  ale. 

For  porter,  the  general  practice  is,  to  use  from  4  to  4}  lbs.  of  hops  per  barrel  for  keep- 
ing ;  though  what  is  termed  mild  or  mixing  porter,  has  not  more  than  3  or  3^  lbs.  The 
heat  of  fermentation  must  not  exceed  70°,  and  begin  about  60^.  If  the  heat  tend  to  in- 
crease much  above  that  pitch  in  the  gyle-tun,  the  porter  should  be  cleansed,  by  means  of 
the  ttillions.  At  this  period  of  the  fermentation,  care  should  be  taken  that  the  sweetness 
of  the  malt  be  removed,  for  which  purpose  more  yeast  may  be  used  than  with  any  other 
beer  of  the  same  strength.  The  quantity  is  from  3  to  4  lbs.  per  barrel,  rousing  the  wort 
in  the  g}'Ie-tun  every  2  hours  in  the  day-time. 

When  the  plan  of  cleansing  casks  is  not  employed,  the  yeast  is  removed  flrom  the 
surface  of  the  fermenting  tun  by  a  skimmer,  and  the  clear  beer  beneath  is  then  drawn 
ofiT  into  the  ripening  tuns,  called  siore-^aft,  in  which  it  is  mixed  up  with  difierent  brew- 
ings, to  suit  the  taste  of  the  customers.  This  transfer  must  take  place  whenever  the 
extrication  of  carbonic  acid  has  nearly  ceased ;  lest  the  alcohol  formed  should  dissolve 
some  of  the  floatinir  yeast,  acquire  thereby  a  disagreeable  taste,  and  pass  partially  into 
the  acetous  state.  ' 

In  this  process,  durinsr  the  formation  of  vinous  spirit  at  the  expense  of  the  sugar,  the 
albumen  and  gluten  diflVised  through  the  beer,  being  acted  upon  by  the  alcohol,  become 
insoluble ;  one  portion  of  them  is  buoyed  to  the  top  with  the  carbonic  acid  gas,  to  form 
the  frothy  yeast ;  and  another  portion  falls  to  form  the  bottom  barm.  The  former  con- 
sists of  the  same  materials  as  the  wort,  with  a  large  proportion  of  gluten,  which  forms 
its  active  constituent ;  the  latter  is  a  peculiar  deposite,  consisting  of  the  same  gluten  mixed 
with  the  various  dense  impurities  of  the  wort,  and  may  be  also  used  as  a  ferment,  but  is 
cruder  than  the  floating  yeast.  The  amount  of  yeast  is  proportional  to  the  activity  of  the 
fermentation,  or  extrication  of  carbonic  acid  gas,  as  also  to  the  heat  of  the  mashing  pro- 
cess, and  the  quantity  of  starch  or  flour  unaltered  by  germination.  Pale  malt  ailbrds, 
usually,  more  yeast  than  malt  highly  kilned.  When  the  yeast  becomes  excessive,  from 
too  violent  fermentation,  it  should  be  skimmed  ofl'from  time  to  time,  which  will  tend  to 
cool  tlie  liquor  and  moderate  the  intestine  changes. 

After  the  beer  is  let  down  into  the  close  store-tuns  in  the  cellar,  an  obscure  fermenta- 
tion goes  on,  for  a  considerable  period,  in  its  body,  which  increases  its  spintuous  strength, 
and  keeps  up  in  it  a  constant  impregnation  of  carbonic  acid  gas,  so  as  to  render  it  lively 
and  agreeable  to  the  taste,  when  it  is  casked  oflT  for  sale.  It  would  appear  that  beer  is 
never  stationary  in  quality,  while  it  is  contained  in  the  tuns  j  for  the  moment  when  it 
ceases  to  improve  by  the  decomposition  of  its  residuary  sugar,  it  begins  to  degenerate 
into  vinegar.  This  result  may  be  produced  either  by  the  exhaustion  oi^  the  saccharine, 
or  by  the  fermentative  matter.  The  store  cellar  should  Ihercfore  be  under  ground,  free 
ftom  alternations  of  temperature,  vibrations  of  carriages,  and  as  cool  as  possible.  In  the 
great  London  breweries  the  fermentation  is  rendered  very  complete  in  the  cleansing 
butts ;  so  that  a  slow  and  steady  ripening  is  ensured  in  the  great  store-tuns.  The  gyle- 
tuns  are  too  capacious  to  permit  the  fermentation  to  be  finished,  with  either  safety  or 
sufllicient  despatch  in  them. 

V.  Or  niPENiNG  DiiTEEEKT  KiJ^Ds  OP  Bker. — ^Thc  Varieties  of  bccr  depend  either  upon 
the  difl*erence  of  their  materials,  or  from  a  difl*erent  management  of  the  brewing  processes. 
With  regard  to  the  materials,  beers  differ  in  the  proportion  of  their  malt,  hops,  and 
water;  and  ift  the  different  kinds  of  malt  or  other  grain.  To  the  class  of  table  or 
small  beers,  all  those  sorts  may  be  referred  whose  specific  gravity  does  not  exceed  1*025, 
which  contain  about  5  per  cent,  of  malt  extract,  or  nearly  18  pounds  per  barrel.  Beers 
of  middling  strength  may  be  reckoned  those  between  the  density  of  1*025  and  1*040; 
which  contain  at  the  average  7  per  cent,  or  25  pounds  per  barrel.  The  latter  may 
be  made  with  400  quarters  of  malt  to  1500  barrels  of  beer.  Stronger  beers  have  a 
specific  gravity  of  from  1*050  to  1*080,  and  take  from  45  to  75  quarters  of  malt  to 
the  same  quantity  of  beer.  The  strongest  beer  found  in  the  market  is  some  of  the 
English  and  Scotch  ales,  for  which  from  18  to  27  quarters  of  mah  art  taken  for  1500 
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gtEoiis  of  beer.  Good  porter  requires  from  16  to  18  quarters  for  that  quantity.  Bee.  • 
■re  sometimes  made  with  the  addition  of  other  farinaeeous  matter  to  the  malt ;  bat 
vhen  the  latter  constitutes  the  main  portion  of  the  grain,  the  maltin?  of  the  other 
kinds  of  com  becomes  unnecessary,  for  the  diastase  of  the  harlej-malt  chansrcs  the 
starch  into  sagar  during  the  mashing  operation.  Even  with  entirely  raw  grain,  beer 
is  made  in  some  parts  of  the  Continent,  the  brewe^  trusting  the  conversion  of  the 
starch  imo  sugar  to  the  action  of  the  gluten  alone,  at. a  low  mashing  temperature,  on 
the  principle  of  Saussure's  and  KirchofTs  researches. 

The  color  of  the  beer  depends  upon  the  color  of  the  malt,  and  the  duration  of  the 
bofl  in  the  copper.  Th^  pale  ale  is  made,  as  we  have  stated,  from  steam  or  sun-dried 
malt,  and  the  young  shoots  of  the  bop ;  the  deep  yellow  alo ,  from  a  mixture  of  pale 
yellow  and  brown  malt;  and  the  dark  brown  beer  from  well-kilned  and  partly  car- 
bonized malt,  mixed  with  a  good  deal  of  the  pale,  to  give  body.  The  longer  and  more 
strongly  heated  the  malt  has  been  in  the  kiln,  the  less  weight  of  extract,  cateris  paribiu, 
does  it  afford.  In  making  the  fine  nild  ales,  hieh  temperatures  ouirht  to  be  avoided, 
and  the  yeast  ought  to  be  skimmed  o&f,  or  allowed  to  flow  very  readily  from  its  top,  by 
means  of  the  cleansing  butt  system,  so  that  little  ferment  being  left  in  it  to  decompose 
the  rest  of  the  sugar,  the  sweetness  may  remain  unimpaired.  With  regard  to  porter, 
in  certain  breweries,  each  of  the  three  kinds  of  malt  employed  for  it  is  separately 
nashed,  after  which  the  first  and  the  half  of  the  second  wort  is  boUed  along  with  the 
whole  of  the  hops,  and  thence  cooled  and  set  to  ferment  in  the  gyle-tun.  The  third 
drawn  wort,  with  the  remaining  half  of  the  second,  is  then  boiled  with  the  same  hops, 
saved  by  the  drainer,  and,  after  cooling,  added  to  the  former  in  the  gyle-tun,  when  the 
two  must  be  well  roused  together. 

It  is  obvious,  from  the  preceding  development  of  principles,  that  aU  amylaceous  and 
saccharine  materials,  such  as  potatoes,  beans,  turnips,  as  well  as  cane  and  starch  sirup, 
molasses,  &c.,  may  be  used  in  brewing  beer.  When,  however,  a  superior  quality  of 
brown  beer  is  desired,  malted  barley  is  indispensable,  and  even  with  these  substitutes 
a  mixture  of  it  is  most  advantageous.  The  washed  roots  of  the  common  carrot,  of  the 
red  and  yellow  beet,  or  of  the  potato,  must  be  first  boiled  in  water,  and  then  mashed 
into  a  palp.  This  pulp  must  be  mixed  with  water  in  the  copper,  along  with  wheaten 
or  oat  meal,  and  the  proper  quantity  of  hops,  then  boUed  during  8  or  9  hours.  This 
wort  is  to  be  cooled  in  the  usual  way,  and  fermented,  with  the  addition  of  yeast. 
A  mach  better  process  is  that  now  practised,  on  a  considerable  scale,  at  Strasbourg,  in 
making  the  ale,  for  which  that  city  is  celebrated.  The  mashed  potatoes  are  mixed  with 
from  a  twentieth  to  a  tenth  of  their  weight  of  finely  ground  barley  malt,  and  some 
water.  The  mixture  is  exposed,  in  a  water-bath,  to  a  heat  of  160^  F.  for  four  hours, 
whereby  it  passes  into  a  saccharine  state,  and  may  then  be  boiled  with  hops,  cooled,  and 
properly  fermented  into  good  beer. 

Maize,  or  Indian  corn,  has  also  been  employed  to  make  beer ;  but  its  malting  is 
somewhat  difficult  on  account  of  the  rapfdity  and  vigor  with  which  its  radicals  and 
plumnla  sprout  forth.  The  proper  mode  of  causing  it  to  germinate  is  to  cover  it,  a  few 
inches  deep,  with  common  soil,  in  a  garden  or  field,  and  to  leave  it  there  till  the  bed  is 
coveted  with  green  shoots  of  the  plant.  The  com  must  be  then  liAed,  washed,  and 
exposed  to  the  kiln. 

The  Difference  of  th^  Fermentalion, — ^The  greater  or  less  rapidity  with  which  the 
worts  are  made  to  ferment  has  a  remarkable  influence  upon  the  quality  of  the  beer, 
cqweially  in  reference  to  its  fitness  for  keeping.  The  wort  is  a  mucilaginous  solution 
m  which  the  yeasty  principles,  eliminated  by  the  fermentation,  will,  if  favored  by 
tegular  and  slow  intestine  movements,  completely  rise  to  the  surface,  or  sink  to  the 
bottom,  so  as  to  leave  the  body  fine.  But,  when  the  action  is  too  violent,  these  barmy 
glutinous  matters  get  comminuted  and  dispersed  throui^h  the  liquor,  and  can  never  aAer- 
wards  be  thoroughly  separated.  A  portion  of  the  same  feculent  matter  becomes,  moreover, 
permanently  dissolved,  during  this  furious  commotion,  by  the  alcohol  that  is  generated. 
Thus  the  beer  loses  not  merely  its  agreeable  fiavor  and  limpidity,  but  is  apt  to  spoil 
from  the  slightest  causes.  The  slower,  more  regularly  progressive,  and  less  interrupted, 
therefore,  the  fermentation  is,  so  much  better  will  the  product  be. 

Beer,  in  its  perfect  condition,  is  an  excellent  and  healthful  beverage,  combining,  in 
aome  measure,  the  virtues  of  water,  of  wine,  and  of  food,  as  it  quenches  thirst,  stimulates, 
cheers,  and  strengthens.  The  vinous  portion  of  it  is  the  alcohol,  proceeding  from  the 
fermentation  of  the  malt  sugar.  Its  amount,  in  common  strong  ale  or  beer,  is  about 
4  per  cent.,  or  four  measures  of  spirits,  specific  gravity  0*82d  in  100  measures  of  the 
fiqnor.  The  best  brown  stout  porter  contains  6  per  cent.,  the  strongest  ale  even  8  per 
cent. ;  but  common  beer  only  pne.  The  nutritive  part  of  the  beer  is  the  undecomposed 
gmiwsugar,  and  the  starch-gum,  not  changed  into  sugar.  Its  quantity  is  very  variable, 
aeeording  to  the  original  starch  of  the  wort,  the  length  of  the  fennentation«  and  the  age 
of  the  beer. 
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The  main  feature  ot  good  beer  is  fine  color  and  trenfparenef ;  the  production  of 
which  is  an  object  of  great  interest  to  the  brewer.  Attempts  to  clarify  it  in  the  cask 
seldom  fail  to  do  it  barm.  The  only  thing  that  can  be  nsed  with  advantage  for  ^ntng 
fonl  or  muddy  beer,  is  isinglass.  For  porter,  as  commonly  brewed,  it  is  frequently  had 
recourse  to.  A  pound  of  good  isinglass  will  make  about  12  gallons  oC  finings.  It  is 
cut  into  slender  shreds,  and  put  into  a  tub  with  as  much  vinegar  or  hard  beer  as  will 
cover  it,  in  order  that  it  may  swell  and  dissolve.  In  proportion  as  the  solution  proceeds, 
more  beer  must  be  poured  upon  it,  but  it  need  not  be  so  acidulous  as  the  first,  because, 
when  ooce  well  fioftenod  by  the  vinegar,  it  readily  dissolves.  The  mixture  should  be 
frequently  agitated  with  a  bundle  of  rods,  till  it  acquires  the  uniform  consistence  of  thin 
treacle,  when  it  must  be  equalized  still  more  by  passing  through  a  tammy  cloth,  or  a 
sieve.  It  may  now  be  made  up  with  beer  to  the  proper  measure  of  dilution.  The 
quantity  generally  nsed  is  from  a  pint  to  a  quart  per  barrel,  more  or  less,  according  to 
the  foulness  of  the  beer.  But  before  putting  it  into  the  butt,  it  should  be  difibsed 
through  a  considerable  volume  of  the  beer  with  a  whisk,  till  a  frothy  head  be  raised 
upon  it.  It  is  in  this  state  to  be  poured  into  the  cask,  briskly  stured  about;  after 
which  the  cask  must  be  bunged  down  for  at  least  24  hours,  when  the  liquor  should  be 
limpid.  Sometimes  the  beer  will  not  be  unproved  by  this  treatment ;  but  this  should 
be  ascertained  beforehand,  by  drawing  off  some  of  the  beer  into  a  cylindric  jar  or  vial, 
and  adding  to  it  a  little  of  the  finings.  After  shaking  and  setting  down  the  glass,  we 
shall  observe  whether  the  feculencies  begin  to  collect  in  flocky  parcels,  which  slowly 
subside ;  or  whether  the  isinglass  falls  to  the  bottom  without  making  any  impression 
upon  the  beer.  This  is  always  the  case  when  the  fermentation  is  incomplete,  or  a  se- 
condary decomposition  has  begun.  Mr.  Jackson  has  accounted  for  this  clarifying  effect 
of  isinglass  in  the  following  way. 

The  isinglass,  he  thinks,  is  first  of  all  rather  diffused  mechanically,  than  chemically 
dissolved,  in  the  sour  beer  or  vinegar,  so  that  when  the  finings  are  put  into  the  foul  beer, 
the  gelatinous  fibres,  being  set  free  in  the  liquor,  attract  and  unite  with  the  floating  fecu- 
lencies, which  before  this  union  were  of  the  same  specific  gravity  with  the  beer,  and 
therefore  conld  not  subside  alone ;  but  having  now  acquired  additional  weight  by  the 
coating  of  fish  glue,  precipitate  as  a  floeculent  magma.  This  is  Mr.  Jackson's  explana- 
tion $  to  which  I  wouM  add,  that  if  there  be  the  slightest  disengagement  of  carbonic 
acid  gas,  it  will  keep  up  an  obscure  locomotion  in  the  particles,  which  will  prevent  the  said 
Ught  impurities,  either  alone  or  when  coated  with  isinglass,  from  subsiding.  The  beer 
is  then  properly  enough  called  ttubbom  by  the  coopers.  But  the  true  theory  of  the  action 
of  isinglass  is,  that  the  tannin  of  the  bops  combines  with  the  fluid  gelatine,  and  forms  a 
floeculent  mass,  which  envelopes  the  muddy  particles  of  the  beer,  and  carries  them  to  the 
bottom  as  it  falls,  and  forms  a  sediment.  When,  after  the  finings  are  poured  in,  no 
proper  precipitate  ensues,  it  may  be  nuuie  to  appear  by  the  addition  of  a  little  decoction 
of  hop. 

Mr.  Richardson,  the  author  of  the  weD-known  brewer's  saccharometer,  gives  the 
fbllowing  as  the  densities  of  different  kinds  of  beer : — 


Btn. 

PoQiida  per  Barrel. 

Specific  Giavit;. 

Burton  ale,  Ist  sort     -       -       - 

40  to  43 

Mil  to  M20 

2d  ditto  ... 

35  to  40 

1-097  to  Mil 

3d  ditto      ... 

28  to  33 

1-077  to  1-092 

Conunon  ale    - 

26  to  27 

1-070  to  1-073 

Ditto  ditto 

21 

1-068 

Porter,  common  sort 

18 

1-050 

Ditto,  double       -        -       -       - 

20 

1-056 

Ditto,  brown  stout   .       -       - 

23 

1-064 

Ditto,  best  brown  stout 

26 

1-072 

Common  small  beer  .        .        - 

6 

1-014 

Good  table  beer  .... 

12  to  14 

1-033  to  1  039 

0/  Returns  or  Malt  Reaiduunu.^Wheik  small  beer  is  brewed  after  ale  or  porter,  only 
one  mash  is  to  be  made ;  but  where  this  is  not  done,  there  may  be  two  mashes,  in  order 
to  economize  malt  to  the  utmost.  We  may  let  on  the  water  at  160^  or  165^,  in  any 
convenient  quantity,  infuse  for  an  hour  or  thereby,  then  run  it  off,  and  pump  into  the 
copper,  putting  some  hops  into  it,  and  causing  it  to  boil  for  an  instant;  when  it  may  be 
transferred  to  the  cooler.  A  second  mash  or  return  may  be  made  in  the  same  manner, 
but  at  a  heat  5°  lower;  and  then  disposed  of  in  the  boiler  with  some  hops,  which  may 
remain  in  the  copper  during  the  night  at  a  scalding  heat,  and  may  be  discharged  into 
the  cooler  in  the  morning.  These  two  returns  an  to  be  let  down  into  the  under- 
back  immediately  before  the  next  brewing,  and  thence  heated  in  the  copper  for  die  next 
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umMtuBg  of  fmh  malt,  inttcMl  of  kot  water,  cammoiily  called  Hquary  in  the  breweries. 
But  allowanee  nnat  be  loade,  in  the  calculation  of  the  worts,  for  the  quantity  of  ferment* 
able  matter  in  these  two  returns.  The  nett  aggregate  saving  is  estimated  fiom  the 
grBFitj  of  the  reCom  taken  when  cold  in  the  cooler.  A  slight  economy  is  also  made  in 
the  extra  boiling  of  the  used  hcfpB.  The  lapse  of  a  day  or  two  between  the  consecntive 
brawiogB  is  no  ofaieetion  to  the  method  of  retwrtu,  because  they  are  too  weak  in  saceha- 
nae  matter  to  m  any  ride  of  fennentatioii.  ^ 

In  fimrViff"**,  it  nay  be  remarked  that  Mr.  Richardson  somewhat  vndemtes  the 
g*mrity  of  porter,  which  is  now  seldom  under  201b6.  per  barrel.  The  criterion  for  trans- 
fefriag  liQin  the  gyle^ton  to  the  cleansing  bntts  is  the  atlennation  caused  by  the  produc- 
tiun  of  alcohol  in  the  beer :  when  that  has  fallen  to  lOlbs.  or  HIbs.,  whidi  it  usually  doei 
in  48  boon,  the  cleansing  process  is  commenced.  The  heat  is  at  this  time  generally  76% 
if  it  was  pitched  at  66°  $  for  the  heat  and  the  attenuation  go  hand  in  hand. 

About  thirty  years  ago,  it  was  customary  for  the  London  brewers  of  porter  to  keep 
immense  stocks  cf  it  for  eighteen  months  or  two  years,  with  the  Tiew  of  improving  its 
quality.  The  beer  was  pumped  from  the  cleansing  butts  into  store>vats,  holding  fiom 
twenty  to  twenty^ve  gyles  or  brewings  of  several  hundred  barrels  each.  The  store-vats 
had  commonly  a  capacity  of  6000  or  6000  barrels;  and  a  few  were  double,  and  one  was 
treb&a^  this  size.  The  porter,  during  its  long  repose  in  these  vats,  became  fine,  and  by 
dfascnre  fermentation  its  saccharine  mucilage  was  nearly  all  converted  into  vinous  lUiuor, 
and  dissipated  in  carbonic  add.  Its  hop-bitter  was  also  in  a  great  degree  decomposed. 
Good  hard  beer  was  the  boost  of  the  day.  This  was  sometimes  softened  by  the  publican, 
by  the  niHiti^F'!  of  some  mild  new-brewed  beer.  Of  late  years,  the  taste  of  the  metro- 
polis has  undergone  such  a  complete  revolution  in  this  respect,  that  nothing  but  the 
nddeat  porter  mXL  now  go  down.  Hence,  six  weeks  is  a  long  period  for  beer  to  be  kept 
in  London ;  and  much  of  it  is  drunk  when  only  a  fortnight  old.  Ale  is  for  the  same  rea-> 
son  I  jtae  greatly  into  vogue;  and  the  two  greatest  poiter  houses,  Messrs.  Barclay, 
Peridns,  &  Co.,  and  Truman,  Hanbury,  k,  Cow,  have  become  extendve  and  successful 
brewers  of  mild  ale,  to  please  tlie  changed  palate  of  their  customers. 

We  shall  add  a  few  observations  upon  the  brewing  of  Seoteh  ale.  This  beverage  is 
chaneterized  by  its  pale  amber  color,  and  its  mild  balsamic  flavor.  The  bitterness  of 
the  bop  is  so  mellowed  with  the  malt  as  not  to  predominate.  The  ale  of  Preston  Pans 
is,  in  fact,  the  best  substitute  for  wine  which  bariey  has  hitherto  produced.  The  low 
temperature  at  which  the  Scotch  brewer  pitehes  his  feimenting  tun  restricts  his  labors 
to  the  colder  months  of  the  year.  He  does  nothing  during  four  of  the  summer  months. 
He  is  extremely  nice  in  selecting  his  malt  and  hops ;  the  former  being  made  from  the  best 
English  barley,  and  the  latter  being  the  growth  of  Famham  or  East  Kent.  The  yeast  is 
carefully  looked  after,  and  measured  into  the  fermenting  tun  in  the  proportion  of  one 
gallon  to  240  gallons  of  wort. 

Ovlj  one  mash  is  made  by  the  Scotch  ale  brewer,  and  that  pretty  strong;  but  tha 
malt  is  exhausted  by  eight  or  ton  successive  wrinklings  of  liquor  (hot  water)  over  the 
goods  (malt),  which  are  termed  in  the  vernacular  tongue,  sparges.  These  waterings 
percolate  through  the  malt  on  the  mash-tun  bottom,  and  extract  as  much  of  the  saccharine 
matter  as  may  be  sufficient  for  the  brewing.  By  this  simple  method  much  higher  specific 
gravities  may  be  obtained  than  would  be  practicable  by  a  second  mash.  With  malt,  the 
inlbsion  or  saccharine  fermentation  of  the  diastase  is  fimshed  with  the  first  mash ;  and 
nothing  remains  but  to  wash  away  from  the  goods  the  matter  which  that  process  has 
rendered  soluble.  It  will  be  found  on  trial  that  20  barrels  of  wort  drawn  from  a  certain 
quantity  of  malt,  by  two  successive  mashings,  will  not  be  so  rich  in  fermentable  matter 
as  20  barrels  extracted  by  ten  successive  sparges  of  two  barrels  each.  The  grains 
always  remain  soaked  with  wort  like  that  just  drawn  ofi*,  and  the  total  residual  quantity 
is  three  Iburths  of  a  barrel  for  every  quarter  of  malt.  The  gravity  of  this  residual  wort 
will  on  the  first  plan  be  equal  to  that  of  the  second  mash ;  but  on  the  second  plan,  it 
will  be  equal  only  to  that  of  the  tenth  sparge,  and  will  be  more  attenuated  in  a  very  high 
geometriod  ratio.  The  only  serious  objection  to  the  sparging  system  is  the  loss  of  time 
by  the  snceesaive  drainages.  A  mash-tun  with  a  steam  jacket  promises  to  suit  the 
sparging  system  well;  as  it  would  keep  up  a  uniform  temperature  in  the  goods,  without, 
reqdnng  them  to  be  sparged  with  very  hot  liquor. 

The  AtXpead  of  the  Scotch  process  seems  of  doubtful  economy ;  for  the  mash  liquor  ir 
heated  so  high  as  180^.  After  mashing  for  about  half  an  hour,  or  tUl  every  particle  of 
the  malt  is  thoroughly  drenched,  the  tun  is  covered,  and  the  mixture  left  to  infuse  about 
three  hours  j  it  is  then  drained  off  into  the  under-back,  or  preferably  into  the  wcvt 
eopper. 

After  this  wort  is  mn  ofi^  a  quantijty  of  liquor  (water),  at  180^  of  heat,  is  sprinkle- 
nnifiirmly  over  the  sorfhce  of  the  malt;  being  first  dashed  on  a  peHbrated  dreular 
board,  sospended  honsontally  over  the  mash-tun,  wherefirom  it  desoads  like  a  showw 
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upon  the  whole  of  the  goods.  The  percolatiDg  wort  is  allowed  to  flow  off,  by  three  or 
more  small  stopcocks  round  the  drcumference  of  the  mash-tuo,  to  ensure  the  equal  dif 
fusion  of  the  liquor. 

The  first  sparge  being  run  off  in  the  course  of  twenty  minutes,  another  similar  one 
is  abused }  and  thus  in  succesision  till  the  whole  of  the  drainage,  when  mixed  with  the 
first  mash-wort,  .constitutes  the  density  adapted  to  the  quality  of  the  ale.  Thus,  the 
strong  worts  are  prepa^,  and  the  ma]t  is  exhausted  either  for  table  beer,  or  for  a 
ntumy  as  ppinted  out  aboTe.  The  last  sparges  are  made  5°  or  6°  eooler  than  tho 
first. 

Thf  quantity  of  hops  seldom  exceeds  four  pounds  to  the  quarter  of  malt.  The  manner 
of  boiling  the  worts  is  the  same  as  that  above  described ;  but  the  conduet  of  the  fer- 
mentation is  peculiar.  The  heat  is  pitched  at  50^,  and  the  fermentation  continues  from 
a  fortnight  to  three  weeks.  Were  three  brewings  made  in  the  week,  seven  or  eight 
workiag  tuns  would  thus  be  in  constant  action ;  and,  as  they  are  usutdly  in  one  room, 
and  fome  of  them  at  an  fetation  of  temperature  of  16^,  the  apartment  must  be  pro 
pitions  to  fermentation,  however  low  its  heat  may  be  at  the  commencement.  No  mori; 
yeast  is  used  than  is  indispensable ;  if  a  little  more  be  needed,  it  is  made  efiecitve  b> 
rousing  up  the  tuns  twice  a  day  from  the  bottom. 

When  the  progress  of  the  attenuation  becomes  so  slack  as  not  to  exceed  half  a  pounu 
in  the  day,  it  is  prudent  to  cleanse,  otherwise  the  top-barm  might  re-enter  the  body  of  the 
b?er,  and  it  wnuM  become  yeatt-biUen.  When  the  ale  is  deansed,  the  head,  which  has 
not  been  disturbed  for  some  days,  is  allowed  to  float  on  the  surface  till  the  whole  of  the 
thM  pure  ale  is  drawn  off  into  the  casks.  This  top  is  regarded  as  a  sufficient  preservative 
against  the  contact  of  the  atmosphere.  The  Scotch  do  not  skim  their  tuns,  as  the  Iion- 
don  ale  brewers  commonly  do.  The  Scotch  ale,  when  so  cleansed,  does  not  require  to 
be  set  upon  dose  still  ions.  It  throws  off  little  or  no  yeast,  because  the  fermentation 
was  nearly  finished  in  the  tun.  The  strength  of  the  best  Scotch  ale  ranges  between  32 
and  44  pounds  to  the  barrel;  or  it  has  a  specific  gravity  of  from  1*088  to  1*122,  according 
to  the  price  at  which  it  is  sold.  In  a  good  fermentation,  seldom  more  than  a  fourth  of 
the  original  gravity  of  the  wort  remains  at  the  period  of  the  cleansing.  Between  one 
third  and  one  fourth  is  the  usual  degree  of  attenuation.  Scotch  ale  soon  becomes  fine, 
and  is  sddom  racked  for  the  home  market.  The  following  table  will  show  the  progress 
of  formentation  in  a  brewing  of  good  Scotch  ale : 

20  barrels  of  mash-worts  of  42)  pounds  gravity  =  860*6 
20     —  returns  6^  =  122 

12 )  982*6 


pounds  weight  of  extract  per  quarter  of  malt  =  81 


Fermentation  »— 

March  24. 

pitched  the  tun  at  5V* : 

yeast  4  gallons. 

T«inp. 

Gravity. 

25. 

52* 

41  pounds. 

28. 

56<» 

39 

30. 

60* 

34 

April    1. 

62* 

32 

4. 

65* 

29  added  1  lb.  of  yeast. 

5. 

66* 

25 

6. 

67* 

23 

7. 

67* 

20 

8. 

66* 

18 

9. 

66* 

15 

10. 

64* 

14*5  deansed.  * 

The  following  table  shows  the  origin  and  the  result  of  fermentation,  in  a  number  of 
yactlcal  experunents :— 


Otigwal  Gravity  of 

Lba.  )Ntr  Barral  of 

Specific  Gravity  of 

Lba.  per  Barrel  of 

AttenQation,  or  Sao- 

the  Worts. 

Sacthatine   Matter. 

the  Ale. 

Saeeharine   Matter. 

ehanim  deconpoeed. 

1*0950 

88-75 

1*0500 

40*25 

0*478 

1*0918 

85*62 

1*0420 

38*42 

0*552 

1*0829 

78*125 

1*0205 

16*87 

0*787 

1*0862 

80*625 

1*0236 

20*00 

0*757 

1-0780 

73*75 

1*0280 

24-25 

0-698 

1*0700 

65*00 

1*0285 

25*00 

0-615 

1-1002 

93*75 

1*0400 

36-25 

0-618 

*  Baswivo  (Soeiety  for  diflnnanf  Uesfol  Knowledge),  p.  10<t. 
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OtkiMl  Grmvity  of 

LIm.  p«r  Ban«I  of 

Spticific  Gravity  of 

LIm.  per  Banel  of 

Aitcnuation,  or  Sarv 

Um  Worts. 

S«cchaiiue  MftUer. 

the  Ale. 

Saccharine    Matter. 

'  harvm  decom|Miied. 

M025 

95-93 

1-0420 

38-42 

0-600 

1-0978 

91-56 

1-0307 

27-00 

0-705 

1-0956 

89-37 

1-0368 

32-19 

0-640 

1-1130 

105-82 

1-0352 

31-87 

0-661 

1-1092 

102-187 

1-0302 

26-75 

0-605  • 

1-1171 

110-00 

1-0400 

36-25   ^ 

0-669 

1-1030 

96-40 

1-0271 

23-42 

0-757 

L      1-0660 

6J-25                   .1-0214 

17-80 

0-709 

The  second  oolamn  hefe  does  not  represent,  1  believe,  the  solid  extract,  but  the  pasty 
extract  obtained  as  the  basis  or  Mr.  Allen's  saccharometer,  and  therefore  each  of  its 
nnmbers  is  somewhat  too  high.  The  last  column,  also,  must  be  in  some  measure  erro^ 
neons,  on  account  of  the  quantity  of  acohol  dissipated  daring  the  process  of  fermenta- 
tion. It  mast  be  likewise  inoorreet,  because  the  density  due  to  tfie  saccharine  matter 
will  be  partly  counteracted,  by  the  effect  of  the  alcohol  present  in  the  fermented  liquor. 
Id  fact,  the  attenuation  does  not  correspond  to  the  strength  of  the  wort ;  being  greatest 
in  the  third  brewing,  and  smallest  in  the  first.  The  quantity  of  yeast  for  the  above  ale 
brewings  in  the  table  was,  upon  an  average,  one  gallon  for  108  gallons;  but  it  varied 
with  its  quality,  and  .with  the  state  of  the  weather,  which,  when  warm,  permits  much 
less  to  be  used  with  propriety. 

The  good  quality  of  the  malt,  and  the  right  management  of  the  mashing,  may  be  tested 
by  the  quantity  of  saccharine  matter  contained  in  the  successively  drawn  worts.  With 
this  view,  an  aliquot  portion  of  eaci)  of  them  should  be  evaporated  by  a  safety-bath  heat 
to  a  nearly  concrete  consistence,  and  then  mixed  with  twice  its  volume  of  strong  spirit 
of  wine.  The  truly  saccharine  substance  will  be  dissolved,  while  the  starch  and  other 
matters  will  be  separated;  aAer  which  the  proportions  of  each  may  be  determined  by 
filtration  and  evaporation.  Or  an  equally  correct,  and  much  more  expeditious  method  of 
aniviog  at  the  same  result  would  be,  after  agitating  the  viscid  extract  with  the  alcohol 
in  a  tali  glass  cylinder,  to  allow  the  insoluble  fecula  to  subside,  and  then  to  determine 
the  specific  gravity  of  the  supernatant  liquid  by  a  hydrometer.  The  additional  density 
which  the  alcoh<^  has  acquired  will  indicate  the  quantity  of  malt  sugar  which  it  has 
reeerved.  The  following  table,  constructed  by  me,  at  the  request  of  Henry  Warburton, 
Esq.,  M.  P.,  chairman  of  the  Mola^es  Committee  of  the  Hobse  of  Commons  in  1830, 
win  show  the  brewer  the  principle  of  this  important  inquiry.  It  exhibits  the  quantity  in 
irrains  weight  of  sugar,  requisite  to  raise  the  specific  gravity  of  a  gallon  of  spirit  of  dif- 
ferent densities  to  the  gravity  of  water  =  1-000 : 

Speeifie  Gravity  of  Graina ;  Weight  of  8afar  fti  the 

Sitirit.  Gallon  Impeiial. 

0-995  980 

0-990  1-890 

0-985  2*800 

0-980  3-710 

0-975  4-690 

0-970  6-600 

0-965  6-650 

0-960  7-070 

0-955  8-400 

0-950  9-310 

The  immediate  purpose  of  this  table  was  to  show  the  effect  of  saccharine  mailer  in 
diseoisiiig  the  presence  or  amount  of  alcohol  in  the  weak  feints  of  the  distiller.  But 
a  similar  table  might  easily  be  constructed,  in  which,  takmg  a  uniform  quantity  of  alco- 
hoi  of  0*825,  for  example,  the  quantity  of  sugar  in  any  wort-extract  would  be  shown  by 
the  increase  of  specific  gravity  which  the  alcohol  received  from  agitation  with  a  certain 
weight  of  the  wort,  in.«pi8sated  to  a  nearly  solid  consistence  by  a  safety-pan,  made  on 
the  principle  of  my  patent  sugar-pan.  (See  Sugab.)  Thus,  the  normal  quantities 
being  1000  grain  measures  of  alcohol,  and  100  grains  by  weight  of  inspissated  mash- 
cxtract,  the  hydrometer  would  at  once  indicate,  by  help  of  the  table,  first,  the  quantity 
per  cent,  of  truly  saccharine  matter,  and  next,  by  subtraction,  that  of  farinaceous  matter 
present  in  it. 

Plan^  Madiinrnfy  and  UletuiU  of  a  great  Brewery. — Ftga.  103  and  104  represent  the 
arrangement  of  the  utensils  and  machinery  in  a  porter  brewery  on  the  laj^est  scale ;  in 
which,  however,  it  must  be  observed  that  the  elevation  fig,  103  is  in  a  great  degree  im&F 
fiinary  as  to  the  plane  npon  which  it  is  taken ;  but  the  diflerent  vessels  are  arranged  so  as 


The  niUtliir  the  ntpplroT  the  brewery  IB  slOTcd  in  Ti     _ 
l^tOBlM  in  the  npper  part  oTthe  bnildiii^    Of  ihete,  I  hare  been  able  to  repreaent 
oniT  one,  a.  a,  fig.  103 :  the  othen,  whieb  an  MppoMd  to  be  m  each  lide  if  h,  caawit 


VBSBL  IIY 

be  seen  In  this  vieir.    Immedittely  'beneith  the  gnibaiy  ▲,  on  the  groniid  floor,  is  the 
ajll ;  IB  the  «pper  ttorjr  abo^  it,  are  two  pain  of  rollers,  jlgf.  101,  102,  and  103,  under 
a,  ff,  for  faniiBing  or  crushing  the  gndns  of  the  malt.    In  the  floor  beneath  the  rollers  are  - 
die  mill-fltlones  by  by  where  the  nude  is  sometimes  gronnd,  instead  of  being  merely  bruised 
by  peasing  between  the  rollers,  under  a,  a. 

The  malt,  when  prepared,  is  oonveyed  by  a  trough  into  a  chest  d,  to-the  right  of  5, 
froiB  which  it  can  be  derated  by  the  action  of  a  spiral  screw,  fig.  105,  endosed  in  the 
sloping  tube  <,  into  the  large  chest  or  bin  b,  for  holding  ground  malt,  situated  imme- 
dnidy  over  the  mash-tnn  d.  The  malt  is  reserved  in  this  bin  tiU  wanted,  and  it  is 
then  let  down  into  the  mashing-ton,  where  the  extract  is  obtained  by  hot  water  suppUed 
from  the  copper  o,  seen  to  the  right  of  b. 

The  water  for  the  service  of  the  brewery  is  obtained  from  the  vreU  E,  seen  beneath  the 
mfl]  to  the  left,  hy  a  lifting  pump  worked  by  the  steam  engine ;  and  the  forcing-pipe  / 
of  this  pwnp  conveys  the  water  up  to  the  large  reservoir  or  water-back  f,  placed  at  the 
top  of  (he  engine-house.  From  this  cistern,  iron  pipes  are  laid  to  the  copper  o  (on  the 
light-hand  side  of  the  figure),  as  also  to  every  pan  of  the  establishment  where  cold  water 
cnn  be  wanted  for  cleaning  and  washing  the  vessels.  The  copper  g  can  be  filled  with 
eold  water  by  merdy  turning  a  cock ;  and  the  water,  when  boiled  therein,  is  conveyed 
by  the  pipe  g  into  the  bottom  of  the  mash-tun  d.  It  is  introduced  beneath  a  false  bot- 
tom, upon  which  the  malt  lies,  and,  rising  up  through  the  holes  in  the  false  bottom,  it 
cxtraelB  the  saccharine  matter  from  the  malt ;  a  greater  or  less  time  being  allowed  for  the 
inteioo,  according  to  ckcnmsfances.  The  instant  the  water  is  drawn  off  from  the  copper, 
fresh  water  must  be  let  into  it,  in  order  to  be  ready  for  boiling  the  second  mashing ;  be^ 
caate  the  copper  most  not  be  left  empty  for  a  moment,  otherwise  the  intense  heat  of  the 
lire  would  destroy  its  bottom.  For  the  convenience  of  thus  letting  down  at  once  as  much 
liquor  as  wiH  fill  the  lower  part  of  the  copper,  a  pan  or  second  boiler  is  placed  over  the 
top  of  the  cc^per^  as  seen  in  fig.  103 ;  and  the  steam  rising  from  the  copper  conununi- 
cales  a  considerable  degree  of  heat  to  the  contents  of  the  pan,  without  any  expense  ot 
fQeL    Hits  will  be  more  minutely  explained  hereafter.    (See  fig,  107.) 

During  the  process  of  mashing,  the  malt  is  agitated  in  the  mash-tun  so  as  to  expose 
every  part  to  the  action  of  the  water.  This  is  done  by  a  mechanism  contained  within 
the  mash-tun,  which  is  put  in  motion  by  a  horizontal  shaft  above  it,  h,  leading  from  the 
wuSL  The  mash  machine  is  shown  separately  in  fig.  106.  When  the  operation  of  mash- 
ing is  finished,  the  wort  or  extract  is  drained  down  from  the  malt  into  the  vessel  i,  called 
the  mtder-hadt,  immediately  below  the  mash-tun,  of  like  dimensions,  and  situated  always 
oa  a  lower  levd,  for  which  reason  it  has  received  this  name.  Here  the  wortMoes  not  re- 
main longer  than  is  necessary  to  drain  off  the  whole  of  it  from  the  tun  above.  It  Is  then 
pumped  up  by  the  three-barrelled  pomp  Ic,  into  the  pan  upon  the  top  of  the  copper,  by  a 
pipe  which  cannot  be  seen  in  this  section.  The  wort  remains  in  the  pan  until  the  water 
for  the  succeeding  mashes  is  discharged  from  the  copper.  But  this  delay  is  no  loss  of 
lime,  because  the  heat  of  the  copper,  and  the  steam  arising  from  it,  prepare  the  wort, 
which  had  become  cooler,  for  boiling.  The  instant  the  copper  is  emptied,  the  first  wort 
is  let  down  from  the  pan  into  the  copper,  and  the  second  wort  is  pumped  up  from  the 
under-back  into  the  upper  pan.  The  proper  proportion  of  hops  is  thrown  into  the  cop- 
per throagh  the  near  hole,  and  then  the  door  is  shut  down,  and  screwed  fast,  to  keep  in 
the  sicam,  and  cause  it  to  rise  up  through  pipes  into  the  pan.  It  is  thus  forced  to  blow 
up  through  the  wort  in  the  pan,  and  communicates  so  much  heat  to  it,  or  water,  called  Zt- 
gmor  by  the  brewers,  that  either  is  brought  near  to  the  boiling  point.  The  different  worts 
socceed  each  other  through  all  the  different  vessds  with  the  greatest  regularity,  so  that 
there  is  no  loss  of  time,  but  every  part  of  the  apparatus  is  constantly  employed.  When 
the  ehollitiDtt  has  eontinned  a  sufficient  period  to  coagulate  the  grosser  part  of  the  extract, 
Hsd  lo  evaporate  part  of  the  water,  the  contents  of  the  copper  are  run  off  through  a  large 
eodc  into  the /ad^^ocfc  k,  below  o,  which  is  a  vessel  of  sufficient  dimensions  to  contain 
it,  and  provided  with  a  bottom  of  cast-iron  plates,  perforated  with  small  holes,  through 
wliieh  the  wort  drains  and  leaves  the  hops.  The  hot  wort  is  drawn  off  from  the  jadk- 
badc  through  the  pipe  h  by  the  three-barrelled  pump,  which  throws  it  up  to  the  coolers 
£,£,!.;  this  pump  being  made  with  different  pipes  and  codes  of  communication,  to  serve 
all  the  purposes  of  the  brewery  except  that  of  raising  the  cold  water  from  the  welL  The 
coolers  x.,  i*  !•,  are  very  shallow  vessels,  built  over  one  another  in  several  stages :  and  that 
part  of  the  bnUding  in  which  they  are  contained  is  built  wi:h  lattice-work  or  shutter  flapSy 
oa  all  sides,  to  admit  free  currenu  of  air.  When  the  wort  is  sufficiently  cooled  to  be  pni  to 
the  fine  fermentation,  it  is  conducted  in  pipes  from  all  the  different  coolers  to  the  3bu:ge 
fenaenting  vessel  or  gyle-tun  m,  which,  with  another  similar  vessel  bdiind  it,  is  of  suffi- 
deat  capacity  to  contain  all  the  beer  of  one  day's  brewings. 

WLenerer  the  first  fermentation  is  concluded,  the  beer  is  drawn  off  from  the  great  fer- 
meatiag  vecsd  m,  into  the  smaU  fennenting  casks  or  cleansing  vessds  k,  of  wMch  there 
aie  a  great  number  in  the  brewery.  They  are  placed  fonr  together,  and  to  each  four  a  com- 


e-vaU,  ^hich  are  culu  or  luns  of  an  immenM  site,  whn« 
it  is  Jicpt  till  w&ntcd,  and  it 
SuaUy  ilnwn  off  into  buTelt, 
and  seat  am)'  rnim  the  brenerr. 
The  itore-vata  are  not  repreaented 
ia  the  figure :  Ihef  are  of  a  conical 
iliape,  and  oT  diflcrait  dintea^ 
sioni,  fmn  fifteen  to  twenty  feel 
diaiDEler,  and  uiuall;  fhun  fifteen 
to  twenty  feet  in  dupth.  The 
«team-engine  whicb  putt  all  the 
madiiiie  in  ntolian  ia  eiliitoled 
in  iti  place,  on  the  left  lide  of 
the  %iire.  On  the  au«  of  the 
lar^  flj-\*he«l  is  a  bevelled  (if<iir< 
wheel,  which  Innu  another  si- 
,  milai  wheel  apon  the  end  of  a 
horuontal  shojll,  which  extend* 
fhm  the  engine-houte  to  the 
great  bone-wheel,  set  in  moUon 
by  meani  of  a  Bpur-whecL  The 
hon&-wlieal  drive*  all  the  piiuoni 
for  the  mill-tlone*  b  b,  aitd  alas 
the  horiionlal  uii  which  work* 
the  Ihrce-batrelled  pomp  Jb.  The 
rollen  a,  a,  are  turned  by  a  bevel 
wheel  upon  the  npper  end  of  tbs 
aiia  of  the  horae-wheel,  irtiieb  ia 
prolonged  for  that  purpose ,'  and 
the  hDriiontal  ahaft  h,  for  the 
maahing  engine,  it  driven  by  ■ 
pair  of  bevel  whecla.  There  U 
likewite  a  tack-tackle,  which  it 
not  represented.  It  it  a  """^'nf 
for  drawing  up  the  aadu  of  malt 
from  the  conrt-yard  to  the  higheat 
put  of  tiie  building,  whence  the 
aadu  are  wheeled  on  a  lr«ck  to 
the  malt-loft  A,  and  the  contenla 
of  the  nckt  are  ditchai^ad. 

The  horK-wbeel  it  intended  to 
be  driven  by  honea  occatioBallj, 
if  the  MealD-engine  thould  fail| 
bot  thcM  enginet  are  now  brooght 
Ic  tnch  perfection  that  it  it  very 
seldom  any  reooum  of  this  kind  it 

Fig.  104  is  a  repretentatioa 
of  the  fiTHitnling  *o«M  at  the 
biewcry  of  Mcssia.  WhiltoMtl 
and  Company,  Chiiwell  Street, 
London,  whidi  is  one  of  the  mott 


the  world  :  it  was  erected  after  the 
plan  of  Mr.  Richardson,  who  cdo- 
dudt  the  brewing  at  those  workt. 
The  whole  of  fig.  101  is  lo  be 
considered  as  devoted  to  the  same 
object  as  the  larfw  vessel  M  and 
IbG  casks  n,  fig.  103.  In  fig.  104 
r  r  in  the  pipe  which  leads  IVccn 
the  different  coolers  to  convey 
the  wort  to  the  great  fenoeotiDg 
TeMdt  or  tqnaret  h,  of  which  there  are  two,  one  behind  the  other ;  //  npretenis  a  part  ef 
Ihegrent  pipe  which  eonreya  all  the  water  from  the  well  x,.flS'  103,Dp  to  the  water  clMen 
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r.  Hub  inpe  is  eondoeled  i^rpoMly  op  the  ivaH  of  the  fennentiag.hoiise,yS;.  104,  and 
has  a  cock  in  it,  near  r,  to  stop  the  paaaage.  Just  beneath  this  passage  a  branch-pipe  p 
proeeeda,  and  enters  a  large  pipe  x  Xy  which  has  the  former  pipe  r  withinside  of  it. 
From  the  end  of  the  pipe  x,  nearest  to  the  squares  m,  another  branch  vi  n  proceeds,  and 
retnms  to  the  original  pipe/,  with  a  cock  to  regulate  it.  The  object  of  this  arrangement 
is  10  make  all,  or  any  part,  of  the  cold  water  flow  through  the  pipe  x  x,  which  surrounds 
the  pipe  r,  formed  only  of  thin  copper,  and  thus  cool  the  wort  passing  through  the  pipe 
r,  natn  it  is  found  by  the  thermometer  to  have  the  exact  temperature  which  is  desirable 
before  it  is  put  to  ferment  in  the  great  square  m.  By  means  of  the  cocks  at  n  and  p,  the 
qfoantity  of  cold  water  passing  over  the  surface  of  the  pipe  r  can  be  regulated  at  pleasure, 
whereby  the  heat  of  the  wort,  when  it  enters  into  the  square,  may  be  a4iusted  within  half 
a  degree. 

When  the  first  fermentation  in  the  squares  m  m  is  finished,  the  beer  is  drawn  oflffrom 
them  by  pipes  marked  9,  and  conducted  by  its  branches  w  w  w,  to  the  different  rows  of 
fermenting-tuns,  marked  k  n,  which  occupy  the  greater  part  of  the  building.  In  the 
hollow  between  every  two  rows  are  placed  larse  troughs,  to  contain  the  yeast  which 
they  throw  off.  The  figure  shows  that  the  small  tuns  are  all ,  placed  on  a  lower  level 
than  the  bottom  of  the  great  vessels  m,  so  that  the  beer  will  flow  into  them,  and,  by  hy- 
drostatic equilibrium,  will  fill  them  to  the  same  level.  When  they  are  filled,  the  com- 
mimicatioii'>eock  is  shut ;  but,  as  the  working  off  the  yeast  diminishes  the  quantity  of 
beer  in  each  vessel,  it  is  necessary  to  replenish  them  from  time  to  time.  For  this 
purpose,  the  two  large  vats  o  o  are  filled  from  the  great  squares  m  m,  before  any  beer 
is  drawn  off  into  the  small  casks  k,  and  this  quantity  of  beer  is  reserved  at  the  higher 
level  for  filling  up.  The  two  vessels  o  o  are,  in  reality,  situated  between  the  two  squares 
M  M ;  bat  I  have  been  obliged  to  place  them  thus  in  the  section,  in  order  that  they 
may  be  seen.  Near  each  filUng-up  ton  o  is  a  small  cistern"/  communicating  with  the 
ton  o  by  a  pipe,  which  is  closed  by  a  float^valve.  The  small  cisterns  /  are  always  in 
eommunicaiion  with  the  pipes  which  lead  to  the  small  fermenting  vessels  n  ;  and  there- 
lore  the  surface  of  the  beer  in  all  the  tuns,  and  in  the  cisterns,  will  always  be  at  the  same 
levd ;  and  as  this  level  subsides  by  the  forking  off  of  the  yeast  from  the  tuns,  the  float 
sinks  and  opens  the  valve,  so  as  to  admit  a  sufiiciency  of  beer  from  the  filling-up  tuns 
o,  to  restore  the  surfaces  of  the  beer  in  all  the  tuns,  and  also  in  the  cistern  /,  to  the 
original  level.  In  order  to  carry  off  the  yeast  which  is  produced  by  the  fermentation  of 
the  beer  in  the  tuns  o  o,  a  conical  iron  dish  or  funnel  is  nxade  to  float  upon  the  surface  of 
the  beer  which  they  contain ;  and  from  the  centre  of  this  funnel  a  pipe,  0,  descends,  and 
passes  through  the  bottom  of  the  tun,  being  packed  with  a  collar  of  leather,  so  as  to  be 
water-tight ;  at  the  same  time  that  it  is  at  liberty  to  slide  down,  as  the  surface  of  the  beer 
descends  in  the  tun.  The  yeast  flows  over  the  edge  of  this  funnel-shaped  dish,  and  is 
eonveyed  dowuv  the  pipe  to  a  trough  beneath. 

Beneath  the  fermenting-house  are  large  arched  vaults,  P,  built  with  stone,  and  lined 
with  stucco.  Into  these  the  beer  is  let  down  in  casks  when  sufficiently  fermented,  and 
is  kept  in  store  till  wanted.  These  vaults  are  used  at  Mr.  Whitbread's  brewery,  instead 
of  the  great  store-vats  of  which  we  have  before  spoken,  and  are  in  some  respects  pre- 
ferable, because  they  preserve  a  great  equality  of  temperature,  being  beneath  the  surface 
of  the  earth. 

The  malt-rollers,  or  machines  for  bruising  the  crains  of  the  malt,yig9.  101,  102,  have 
been  already  described.  The  malt  is  shot  down  from  a.  Jig,  103,  the  malt-loA,  into  the 
hopper;  and  from  this  it  is  let  out  gradually  through  a  sluice  or  sliding  shuttle,  a^ftg,  103, 
and  falls  between  the  rollers. 

Fig,  105,  is  the  screw  by  which  the  ground  or  bruised  malt  is  raised  up,  or  conveyed 
from  one  part  of  the  brewery  to  another,  x  is  an  inclined  box  or  trough,  in  the  centre 
of  which  the  axis  of  the  screw  h  is  placed;  the  spiral  iron  plate  or  worm,  which  is 
fixed  projecting  from  the  axis,  at^  which  forms  the  screw,  is  made  very  nearly  to 
fill  the  inside  of  the  box.  By  this  means,  when  the  screw  is  turned  round  by  the 
wheeb  £  p,  or  by  any  other  means,  it  raises  up  the  malt  from  the  box  <2,  and  delivers  it 
at  tHe  spout  o. 

This  screw  is  equally  applicable  for  conveying  the  malt  horizontally  in  the  trough  k, 
as  slantingly ;  and  similar  machines  are  employed  in  various  parts  of  breweries  for  con- 
veying the  malt  wherever  the  situation  of  the  works  requires. 

Fig.  106,  is  the  mashing-maehine.  a  a  is  the  tun,  made  of  wood  staves,  hooped  tCK 
getJun'.  In  the  centre  of  it  rises  a  perpendicular  shaft,  h,  which  is  turned  dowly  wand 
by  means  of  the  bevelled  wheels  <  «.  at  the  top.  c  c  are  two  aims,  projecting  from 
that  axis,  and  supporting  the  short  vertical  axis  d  of  the  spur-wheel  x,  which  is 
timied  by  the  spur-wheel  10;  so  that^  when  the  central  axis  b  is  made  to  revolve,  it 
wSl  eany  the  thick  short  axle  d  round  the  tun  in  a  cirde.  That  axle  d  is  furnished 
with  a  number  of  nam,  t  e,  which  have  blades  plaeed  obliquely  to  the  phuie  of  tlnir 


motion.    Wliai  the  aik  ii  toned  Mtuid,  liiete  atmi  agitue  tlw  mdt  in  Uie  tim,  ud  gin 
it  «  eoTMlut  tendencr  la  riie  Dpwmid  tram  the  bottom. 
Tbe  motion  of  the  uU  d  ii  piodaeed  by  b  wheel,  z-,  on  the  opper  end  of  it,  whkli  it 


tamed  b;  e  wheel,  v,  (kstehed  on  the  middle  of  the  Inbe  b,  vhich  lorni  Tndj  ronnd 
upon  iu  central  uU.  Upon  ■  higher  jpoinl  of  the  same  tube  b  is  a  bevel  wheel,  i^ 
TeeeiTing  motion  flnm  ■  berel  wheel,  q,  fixed  npon  the  end  of  the  borizonUl  uii  n  ■, 


whid  rive*  motkn  to  the  whole  maehine.  Tbit  tame  aiii  hat  a  piskm,  p,  upon 
It,  whid  givet  motion  to  the  whe<J  r,  fixed  near  the  middle  (d'  ■  horizontal  axle, 
which,  at  Ua  left  hand  end,  hu  n  bevel  pinion,  I,  woriiing  the  wheel  >,  berore  mentianed. 
B7  theie  meaiw,  the  rotation  or  the  eenlral  aii«  6  will  be  rer;  ilow  eempared  with  the 
•MtioB  oTthe  Htle  d  (  Tor  the  ktter  will  make  «evenleea  or  eighteen  rerolotioDi  on  its 
own  Bxit  in  the  tame  tpace  of  tinie  that  it  will  be  csrried  once  roond  the  tun  I7  tbe 
'        "  "       '    "  ■      At  the  beginning  of  the  openUion  of  11     " 
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to  the  mddiie,  tot  two  leirel  wheel*,  h  iy  Hxed  vpeb  a  tnhe,  fgy  which  is,  fitted 
Mpon  a  cettlral  shaft*  These  wheels  aotuate  the  wheels  m  and  a,  upon  the  end  of  the 
horizontal  shaft  urn;  bat  the  distance  between  the  two  wheels  h  and  i  is  snch.  that  they 
cannot  be  ennged  both  at  once  with  the  wheels  m  and  o ;  bat  the  tube  ^  g,  to  which 
Ihej  are  fixed,  is  capable  of  sliding  np  and  down  on  its  central  axis  sufficiently  to  bring 
either  wheel  A  or  t  into  gear  with  its  corresponding  wheel  o  or  tn,  upon  the  horizontid 
shaft ;  and  as  the  diameters  of  a  o,'and  i  tn,  are  of  very  different  proportions,  the  velocity 
of  the  motion  of  the  machine  can  be  varied  at  pleasure,  by  nsing  one  or  oiher.  k  and 
k  are  two  levers,  which  are  forked  at  their  extremittet,  and  embrace  collars  at  the  ends 
of  the  tnbe/g.  These  leven  being  united  by  a  rod,  2,  the  handle  k  gives  the  means  of 
BMiving  the  tnbe/g,  and  its  vrheela  h  i,  vp  or  down,  to  throw  either  the  one  or  the  other 
wheel  into  gear. 

The  object  of  boiling  the  wort  is  not  merely  evaporation  and  concentration,  but  extrac- 
tion, ooagolation,  and,  finally,  comlnnation  with  the  hops ;  purposes  which  ore  better  ae- 
eomplished  in  a  deep  confined  copper,  by  a  moderate  heat,  than  in  an  open  shallow  pan 
with  a  quick  fire.  The  copper,  bemg  incased  above  in  brickwork,  retains  its  digesting 
temperatiire  mnch  longer  than  the  pan  could  do.  The  waste  steam  of  the  close  kettle, 
moreover,  can  be  economically  employed  in  communicating  heat  to  water  or  weak  worts ; 
whereas  the  exhalations  from  an  open  pan  would  prove  a  nuisance,  and  vrould  need  to  be 
carried  off  by  a  hood.  The  boiling  has  a  four-fold  effect :  1.  it  concentrates  the  wort;  2. 
daring  the  earlier  stages  of  heating,  it  converts  the  starch  into  sugar,  dextrine,  and  gum, 
by  means  of  the  diastase ;  3.  it  extracts  the  substance  of  the  hops  diffused  through  the 
wort;  4.  it  coagulates  the  albuminous  matter  present  in  the  graix^  or  precipitates  it  by 
means  of  the  tannin  of  the  hops. 

The  degree  of  evaporation  is  regulated  by  the  nature  of  the  wort,  and  the  quality  of 
the  beer.  Strong  ale  and  stout  for  keeping,  require  more  boiling  Uian  ordinary  porter 
or  table-beer  brewed  for  immediate  use.  The  proportion  of  the  water  carried  off  by 
evaporatiott  is  nsnally  from  a  seventh  to  a  sixth  of  the  volume.  The  hops  are  introduced 
daruig  the  progress  of  the  ebullition.  They  serve  to  give  the  beer  not  only  a  bitter 
aiDmaiie  taste,  but  also  a  keeping  quality,  or  they  counteract  its  natural  tendency  to 
beeome  sour ;  an  effect  partly  due  to  the  precipitation  of  the  albumen  and  stareh,  by 
their  resinoos  and  tanning  constituents,  and  partly  to  the  ahtifermentable  properties  of 
their  lupoline,  bitter  principle,  ethereous  oil,  and  resin.  In  these  respects,  there  is  none 
of  the  bitter  plants  which  can  be  substituted  Ibr  hops  with  advantage.  For  strong  beer, 
poweifnl  fresh  hops  should  be  selected ;  for  weaker  beer,  an  older  and  weaker  article 
will  suffice. 

The  hops  are  either  boiled  with  the  whole  body  of  the  wort,  or  extracted  with  a 
portioa  of  it ;  and  this  concentrated  extract  added  to  the  rest.  The  stronger  the.  hops 
aie,  the  longer  time  they  require  for  extraction  of  their  virtues;  Ibr  strong  hops,  an  hour 
and  a  half  or  two  hours  boiling  may  be  proper ;  for  a  weaker  sort,  half  an  hoar  or  an 
hour  may  be  sufficient ;  but  it  is  never  advisable  to  push  this  process  too  far,  lest  a  dis- 
agreeable bitterness,  without  aroma,  be  imparted  to  the  beer.  In  our  breweries,  it  is  the 
praetiee  to  boil  the  hops  with  a  part  of  the  #ort,  and  to  filter  the  decoction  through  a 
diainer,  called  the  Jade  http-hatk.  The  proportion  of  hops  to  malt  is  very  various;  but,  in 
general,  firom  a  pound  and  a  quarter  to  a  pound  and  a  half  of  the  fortner  are  taken  for 
100  Ihs.  of  the  latter  in  making  good  table-beer.  For  porter  and  strong  ale,  2  pounds  of 
hops  are  used,  or  even  more;  for  instance,  one  pound  <^  hops  to  a  bushel  of  malt,  if  the 
beer  be  destined  for  the  consumption  of  India. 

During  the  boiling  of  the  two  ingredients,  much  ooagulatod  albuminous  matter,  in 
varkms  states  of  combination,  makes  its  appearance  in  the  liquid,  constituting  what  is 
called  the  breaking  or  curdiing  of  the  toortj  when  numerous  minute  flocks  are  seen  floating 
in  it.  The  resinous,  bitter,  and  oily-ethereous  principles  of  the  hops  combine  wiih  the 
sugar  and  gum,  or  dextrine  of  the  wort ;  but  for  this  effect  they  require  time  and  heat ; 
showing  that  the  boO  is  not  a  process  of  mere  evaporation,  but  one  of  chemical  reaction. 
A  yeOowish-green  pellicle  of  hop-oil  and  resin  appears  upon  the  surface  of  the  boiling 
wort,  in  a  somevrhat  fh>thy  fbrm :  when  this  disappears,  the  boiling  is  presumed  to  be 
completed,  and  the  beer  is  strained  off  into  t\e  cooler.  The  residuazy  hops  may  be 
piesstd  and  used  for  an  inferior  quality  of  beet ;  or  they  may  be  boiled  with  fresh  wort. 
and  be  added  to  the  next  brewing  charge. 

Fig*,  107, 108,  represent  the  copper  c^  a  London  brewery.  Fig,  107  Is  a  vertical  section ; 
fig,  108,  a  grovnd-piaA  of  the  fire-grate  and  flue,  upon  a  smaller  scale :  a  is  the  close  cop* 
per  kettle,  having  its  bottom  convex  withm ;  Ms  the  open  pan  placed  upon  its  top.  From 
the  upper  part  of  tiie  copper,  a  Wide  tube,  e,  ascends,  to  carry  off  the  steam  generated 
dviag  the  ebalUtion  of  the  woit,  which  is  conducted  through  four  downwards-slanting 
takes,  d  d  (two  only  are  visible' in  this  section)^  into  the  liquor  of  the  pan  fr,  in  order  to 
warm  its  eontents.  A  rertieal  iron  shaft  or  spindle,  e,  passes  down  through  the  tube  e, 
Mailf  to  the  bottom  of  the  eopper,  and  is  there  mounted  with  an  iron  ann«  called  a 


mutr,  which  curin  ruand  ■  ebain  biug  in  kxip*,  to  pmrat  Ike  feOfB  finu  BdhshiB  to 
the  bottom  oTtlie  boiler.  Three  beat  ila^i,/,  ue  ilrelehed  aenm  the  interior,  to  •apporl 
the  iheA  br  e  collet  at  Iheir  middle  joDctioii.    The  tlitft  earhei  at  it*  nn^r  end  ■  bvrel 


.. The  rouMT  ibaft  may  be  liAed  b;  meiM  of  the  cheia  i,  which,  piing 

uvEr  two  puUcya,  hai  ill  end  passed  round  ihe  wheel  and  axle  It,  and  i*  tnined  by  ■ 
winch  ;  I  is  a  lube  lor  eoDvcying  ihe  waste  steam  inlo  ibe  chimney  m. 

The  heat  is  applied  as  follows: — For  heating  Ibe  eolosgaj  coppers  of  the  LosdMi 
breweries,  two  separate  fires  are  reqnired,  which  are  sepBraled  by  a  narrow  wall  of 
brickwork,  n,_flg).  107,  108.  Thedottedcirdeo'o'indicalet  the  largest  cireumTcrence  of 
the  copper,  and  b'  b'  its  bottom ;  o  [>  ire  the  grates  upon  which  the  ccnls  are  thrown, 
not  thraiiitti  TolJing  doors  (as  of  old),  but  throngh  a  short  slanting  iron  hopper,  shown  at 
p,Jig.  107,  built  in  the  wait,  and  kept  constantly  filled  with  the  fhd,  in  order  to  exclude 
the  air.  Thus  ihe  lower  stialnm  of  coals  gets  ixniled  before  il  reaches  the  grate.  Above 
the  hopper  p,  a  narrow  chaonel  is  provided  for  the  admission  of  atmospherical  air,  ia 
such  qusnlity  merely  as  may  be  requisite  to  complete  the  eombualian  of  the  smoke  oT 
the  cokls.  Behind  each  grate  there  is  a  Gre-hridge,  r,  which  reSeels  the  Same  upward*. 
and  caases  it  lo  play  upon  the  bottom  of  ihe  copper.  The  burnt  air  then  passes  rmind 
the  capper  in  a  semicircular  flae,  1 1,  from  which  it  flows  off  into  the  chimney  m,  on 
whose  nnder  end  a  sliding  (kmper-pUte,  t,  a  placed  for  lemperiag  the  draught  When 
cold  air  is  admitted  at  this  orifice,  the  eombnstioB  of  the  fuel  is  immediatdy  checked. 
There  is,  besides,  another  slide-plate  at  the  entrance  of  the  shutting  Que  into  the  vertical 
chimney,  for  regulnliiiK  the  phiy  of  the  flatne  under  and  around  the  copper.  If  Ihe  plat* 
'  be  opened,  and  the  other  plate  shut,  the  power  of  the  fire  is  suspended,  as  it  ought  t» 
be,  Bl  the  time  of  emptying  the  copper.  Immediately  over  the  grate  is  a  bdck  areh,  «,  to 
prolect  the  front  edge  of  the  copper  from  the  first  impulsion  of  the  fiame.  The  chim- 
ner  is  supported  upon  iron  pUlars,  c,  v ;  w  is  a  cavity  closed  with  a  slide-pUle,  through 
which  the  ashes  may  be  taken  out  from  behind,  by  means  of  a  long  iron  hook. 

Fig.  109  represents  one  of  the  slnice-cocks,  which  are  used  to  make  the  comniB- 
nicatlons  of  the  pipe*  with  the  pnmpe,  or  other  parts  of  the  l««wery.  a  b  repreaenle 
the  pipe  in  which  the  cock  is  placed.  The  two  parts  of  this  pipe  are  screwed  to  Ihe 
lide  of  a  boi,  c  c,  in  which  a  slider,  i,  riaes  and  falls,  and  iDtereepts,  at  pleasnre,  the 
peaageof  the  pipe.    The  aliilet  ii  nwred  by  Ihe  rod  a.    This  pnseei  through  e  stni&Bf- 
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UOf  In  the  top  of  the  box  which  covtaiiis  the  slider,  and  btt  the  nek  h  fastened  to  it. 
The  rack  is  moved  by  a  pinion  fixed  npon  the  axis  of  A  handles,  and  the  rack  and  pinion 
are  contained  in  a  frame  d,  which  is  sapported  by  two  piUan.  The  frame  contains  a 
mall  rofler  behind  the  rac]^  which  bears  it  up  towards  the  pinion,  and  keeps  its  teeth 
«p  to  the  teeth  of  tbe  pinion.  Tlie  slider  A  is  made  to  fit  accurately  against  the  internal 
soriace  of  the  box  c,  and  to  bear  against  this  sur&ce  by  the  pressure  of  a  spring,  so  as  to 
make  a  perfectly  close  fitting. 

Fig.  110  is  a  small  cock  to  be  placed  in  the  side  of  the  great  store  Tats,  for  the 
purpose  of  drawing  off  a  small  quantity  of  beer,  to  taste  and  try  iU  quality,    a  is  a 


part  of  the  stave  or  thickness  of  the  great  store  vat ;  into  this  the  tube  b  of  the  cock  is 
fitted,  and  is  held  tight  in  its  place  by  a  nut,  a  a,  screwed  on  withinside.  At  the  other 
end  of  the  tube  b,  a  plug,  c,  is  fitted,  by  grinding  it  into  a  cone,  and  it  is  kept  in  by  a 
serew.  This  plug  has  a  hole  up  the  centre  of  it,  and  fhsn  this  a  hole  proceeds  side- 
wise,  and  eorresponds  with  a  hole  made  through  the  side  of  the  tube  when  the  cock  is 
open ;  but  when  the  plog  c  is  turned  round-,  the  hole  will  not  coincide,  and  then  the 
eodc  will  be  shot,  p  is  the  handle  or  key  of  the  cock,  by  which  its  plug  is  turned  to 
open  or  shnt  it :  this  handle  is  put  up  the  bore  of  the  tube  (the  cover  s  being  first 
mnserewed  and  remored),  and  the  end  of  it  is  adapted  to  fit  the  end  of  the  plug  of  the 
eodi.  The  handle  has  a  tube  or  passage  bored  up  it,  to  convey  the  beer  away  from  the 
eodi  when  it  b  opened,  and  from  this  the  passage  /,  through  the  handle,  leads,  to  draw 
the  beer  into  a  glass  or  tumUer.  The  hole  in  the  sule  of  ike  plug  is  so  arranged,  that, 
when  the  handle  is  turned  into  a  perpendicular  direction,  with  the  passage/ downwards, 
the  eoek  will  be  open.  The  intention  of  this  contrivance  is,  that  there  shall  be  no 
considemble  projection  beyond  the  surface  of  the  tun ;  because  it  sometimes  happens 
that  a  great  hoop  of  the  tun  breaks,  and,  filling  down,  its  great  weight  would  strike  out 
any  code  which  had  a  projection ;  and,  if  this  happened  in  the  night,  much  beer  might 
be  lost  before  it  was  diseovere4.  The  cock  above  described,  being  almost  wholly  within- 
side, and  having  scarcely  any  projection  beyond  tiie  outside  surface  of  the  tun,  is  secure 
fipom  this  accident. 

Jig.  1 1 1  is  a  small  contrivance  of  a  Tent  peg,  to  be  screwed  into  the  head  of  a  common 
esak  when  the  beer  is  to  be  drawn  off  firam  it,  and  it  is  necessary  to  admit  some  air  to 

allow  the  beer  to  flow,  a  a  represents  a  portion  of  the  head 
of  the  cask  into  which  the  tube  b  is  screwed.  The  top  of 
this  tube  is  surrounded  by  a  small  cup,  from  which  project 
the  two  small  handles  c  c,  by  which  the  peg  is  turned  round  to 
screw  it  into  the  cask.  The  Cup  round  the  other  part  of  the 
tube  is  filled  with  water;  into  this  a  small  cup,  d,  is  inverted ; 
in  consequence,  the  air  can  gain  admission  into  the  cask  when 
the  pressure  within  Is  so  far  diminished,  that  the  air  will  bubble 
up  through  the  water,  and  enter  beneath  the  Small  cup  d. 

The  most  efficient  substance  for  fining  beer  hitherto  diieovered  is  isinglass,  which  is 
pnpared  by  solution  in  Tinegar  or  old  stale  beer,  and  this  sdution  is  afterwards  reduced 
with  thin  mild  beer  generally  brewed  for  the  purpose,  in  all  large  establishments,  fixmi  a 
law  or  return  worL  It  must  next  be  passed  through  a  fine  hair  sieve,  by  means  of  rub- 
bing it  down  with  a  hard  hair-bruah,  and  brought  to  the  proper  consistency  by  thin  mild 
beer.  If  properly  made,  it  will  he  dear,  transparent,  and  free  from  fecniencies.  Finings 
serve  excellently  to  remove  any  extraneous  matter  that  may  be  found  fioating  in  the  beer, 
and  thus  changes  it  Cnm  bright  to  brilliant.  The  common  quantity  used  is  from  a  pint 
to  a  quart  per  bazrely  according  to  the  nature  of  the  beer. 

To  ascertain  whether  the  beer  is  in  a  fit  state  for  fining,  put  it  into  a  long  glass 
cylindric  Tcssd,  and  add  to  it  a  teaspoonful,  or  thereby,  of  the  fining;  then  give  the 
Buxlore  a  good  shake,  by  turning  t)ie  vessel  np  and  down,  after  dosing  its  mouth  with 
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the  |Milm  of  the  hftnd.  Tf  the  hecar  hu  been  wdl  tirewed,  Its  aptitode  to  hecome  hrighi 
wfll  be  soon  shown  by  the  mixture  getting  thick  and  eordy ;  a  bright  portion  wfll  gener- 
ally show  itself  at  the  bottom  or  middle ;  after  which  the  fining^  will  gradaally  monnt  to 
the  top,  taking  up  all  the  impm-ities  along  with  them,  tfll  the  whole  becomes  brilliant. 
Some  have  said  that  the  finings  should  carry  the  impurities  down  to  the  bottom ;  but 
Ihisy  according  to  Mr.  Black,*  takes  place  only  with  stubborn  beer,  which  would  not  be^ 
come  thoroughly  bright  with  any  quantity  of  finings  which  could  be  introduced.  Finings 
have  usually  a  specific  gravity  of  from  1>010  to  1*016,  and,  when  added  to  beer  in  a  fit 
eonditioa  for  fining,  inwiably  go  to  the  top,  and  not  to  the  bottom.  In  fining  beer  in 
a  barrel  laid  on  its  side,  if  the  finings  do  not  make  their  appearance  at  the  bong«hole, 
the  beer  will  not  become  bright.  The  isinglass  must  not  be  dinolred  with  heat,  nor  in 
hot  water. 

Beer  brewed  from  imperfectly  malted  grain,  or  from  a  mixture  of  malt  and  raw  com, 
gives  a  fermentation  quite  dififerent  in  flavor  from  that  of  beer  from  sound  malt.  The 
nose  is,  in  fact,  the  best  guide  to  the  experienced  brewer  for  ascertaining  whether  his 
process  is  going  on  well  or  HI.  ' 

Ropiness  is  a  morbid  state  of  beer,  which  is  best  remedied,  according  to  Bfr.  Black,  by 
ptltting  the  beer  into  a  vat  with  a  false  bottom,  and  addiog,  per  barrel,  4  or  5  pounds  of 
hops,  taken  gradually  away  after  the  first  boilmgs  of  the  worts ;  and  to  them  may  be 
added  about  hdf  a  pound  per  barrel  of  mustard-seed.  Rouse  the  beer  as  the  hops  are 
gradually  introduced,  and,  in  some  months,  the  ropiness  will  be  perfectly  cured.  The 
beer  shouU  be  drawn  ofi"  from  below  the  false  bottom. 

For  theoretical  views,  see  Ferment atioK  ;  and  for  wort-cooling  apparatus,  see  Refri* 

GERATOa. 

BEET-ROOT  SUGAR.    See  Sugar. 

BELL-METAL,  an  alk)y  of  copper  and  tin.    See  Copper. 

BELLOWS.    See  Metallurgy. 

BEN  OIL.    See  Oil  or  Ben. 

BENGAL  STRIPES.  Ginghams)  a  kind  of  cotton  doth  winren  with  eolorad 
ftripes. 

BENJAMIN  or  BENZOIN.  (BenjoiM,  Fr. ;  Benzde,  Germ.)  A  species  of  resin  used 
chiefiy  in  perfumery.  It  is  extracted  by  incision  from  the  truidc  and  bnmehes  of  the  t/y* 
ra;r  btnxoiuy  which  grows  in  Java,  Sumatra,  Santa  F^,  and  in  the  kingdom  of  Slam,  tht 
plant  belongs  to  the  decandria  monogynia  of  Linnssus,  and  the  natural  family  of  the  ebe* 
nacese.  It  hardens  readily  in  the  air,  and  comes  to  us  in  brittle  masses,  whose  flracture 
presents  a  mixture  of  red,  brown,  and  white  grains  of  various  sizes,  which,  when  white, 
and  of  a  oertain  shape,  have  been  called  amygdaloid^  fhm  their  resemblance  to  almonds: 
The  9ort€d  benzoin  is,  on  the  other  hand,  very  impure. 

The  fracture  of  benzoin  is  conehoidal,  and  its  lustre  greasy :  its  specific  gravity  variet 
from  1*063  to  1*092.  It  has  an  agreeable  smell,  somewhat  like  vanilla,  which  is  moat 
manifest  when  it  is  ground.  It  enters  into  fusion  at  a  gentle  heat,  and  then  exhales  a 
white  smoke,  which  maybe  condensed  into  theacicular  cgrstab  of  benzoic  acid,  of  which 
it  contains  18  parts  in  the  hundred.  Stoltze  recommends  the  fbUowing  process  for  ex- 
tracting the  acid.  The  resin  is  to  be  dissolved  in  3  parts  of  alcohol,  the  solution  is  to  b^ 
introdaced  into  a  retort;  and  a  solution  of  carbonate  of  soda  dissolved  in  dilute  alcohol  is  to 
be  gradually  added  to  it,  till  the  free  add  be  neutralized;  and  then  a  bnik  of  water  equal 
to  double  the  weight  of  the  benzoin  is  to  be  poured  in.  The  alcohol  bdhg  drawn  ofi"  by 
distillation,  the  remaining  liquor  contains  the  add,  and  the  resin  floating  upon  it  may  be 
skimmed  off  and  washed,  when  its  weight  will  be  found  to  amount  to  about  80  per  cent, 
of  the  raw  material.  The  benzoin  contains  traces  of  a  volatile  oil,  and  a  substance  solu- 
ble in  water,  at  least  through  the  agency  of  carbonate  of  potash.  E^er  does  not  dissolve 
benzoin  completely.    The  fat  and  volatile  oils  dissolve  very  little  of  it. 

Unverdorben  has  found  in  benzoin,  besides  benzoic  acid,  and  a  little  volatile  oil,  no  less 
than  three  diflerent  kinds  of  resin,  none  of  which  has,  however,  been  turned  as  yet  to 
any  use  m  the  arts. 

Benzoin  is  of  great  use  in  perfumery,  as  it  enters  into  a  number  of  preparations ;  among 
which  may  be  mentioned  fumigating  pastilles,  fumigating  cloves  (called  also  nails),  poiuirs 
tt  la  marethah,  &c.  The  alcoholic  tincture,  mixed  with  water^  forms  tirgintU  milk. 
Benzoin  enters  also  into  the  compodtion  of  certain  varnishes  empk>yed  for  snoflT-boxes 
and  walking-sticks,  in  order  to  give  these  objects  an  agreeable  smell  when  they  become 
heated  in  the  hand.  It  is  likewise  added  to  the  tpirimoas  aolutkm  of  isinglass  with 
which  the  best  court  plaster  Is  made. 

BERLIN  BLUE.    Prosdan  bine.    SeeBms. 

BERRIES  OF  AVIGNON,  and  Pertian  BirrtM.  (GraiMt  d^Jvlgwrn,  Fr.  f 
Odbbeerta,  Germ.)    A  ydtowish  dye-drag,  the  fVult  of  the  rkammu  iafeetoriMBy  a  plant 

*  TrMt£n  on  Brawittg,  Bro,  p.  ML 
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adimit«d  m  Pmwmte^  LangiMdoc,  ttid  Ilaiiphlo^  for  the  mJm  of  iu  iberrict,  which  are 
pincked  before  they  «re  ripe,  while  they  have  «  fuveifish  hue.  Another  variety  comes 
froB  Peisity  whenee  its  trivial  naine :  it  is  kurger  than  the  French  kindy  and  has  supenor 
properties.  The  principal  snhstances  containol  in  these  berries  are,  i.  A  colorug  mat- 
ter, which  is  united  with  a  matter  insolnhle  in  ether,  littk  sohible  in  concentrated  alcohol, 
and  very  solnMe  in  water :  it  appears  to  be  Tolatile.  2.  A  matter  remarkable  for  its 
bitterness,  whidi  is  solnble  in  water,  and  alcohol.  3.  A  third  principle,  in  small  quantity. 
A  decoction  of  one  part  of  the  Avignon  or  Persian  berry  in  tea  of  water  i^ords  a  brown- 
yellow  liqaofr  bordering  npon  green,  having  the  smell  of  a  vegetaUe  extract,  and  a  slightly 
bitter  taste. 
With  gelatine  that  decoction  gives,  after  some  time,  a  slight  precipitate,— 

—  alkalis         -       -       -     -  -       •       a  yellow  hue,~ 

—  acids       ......    a  slight  muddlness, 

—  lime-water  .       .       *       •        a  greenish-yellow  tint, 
■^        alum       -  .    -        -        -        -        -    a  yellow  color,- 

—  red  sulphate  pf  iron      -       •       .       an  olive-green  color, 

—  sulphate  of  copper  -        .       •    an  olive  color, 

—  proto-muriateoirtin  •       -        a  greenish  yellow  with  a  slight 

precipitate.        (See     Calico 

PniNTINO.) 

BERTI#.  A  beantifnl  mineral  i  r  gem,  of  moderate*  price,  usually  of  a  green  color  of 
various  shades,  passing  into  honey-yellow  and  sky  blue. 

BEZOAR.  The  name  of  certain  concretioaB  fonnd  in  the  stomachs  of  animals,  to 
wfaieh  many  fanciful  virtues  were  formerly  ascribed.  They  are  interesting  only  to  the 
chemical  pathologist. 

BELJ5.  (Biltj  Ft.  i  galkyGerau)  The  secreted  liquor  of  the  liver  in  animals.  For  an 
Bceovnt  of  the  uses  of  animal  bile  in  the  arts,  see  Gaix. 

BIRDLIME.  (G^  Fr. ;  VogiUnm^  Germ.)  The  best  birdlime  may  be  made  from  the 
Bkidle  baric  of  the  holly ,'boilcd  seven  or  eight  hours  in  water,  till  it  is  soft  and  tender, 
then  laid  by  heaps  in  pits  under  ground,  covered  with  stones  after  the  water  is  drainen 
fian  it.  There  it  must  be  left  during  Uro  or  three  weeks,  to  ferment  in  the  summer  sea* 
SOD,  and  vratered  if  necessary,  till  it  passes  into  a  mucilaginous  state.  It  is  then  to  be 
pounded  in  a  mortar  to  a  paste,  washed  in  running  water,  and  kneaded  till  it  be  free  from 
CKtraneous  matters.  It  is  next  left  for  four  or  Are  days  in  earthen  vessels  to  ferment  and 
pnify  itself,  when  it  is  fit  for  use.  Birdlime  may  be  made  by  the  same  process  from  the 
fflistietoe  (vQmrtmm  lauiama),  young  shoots  of  elder,  and  the  barks  of  other  vegetables, 
as  well  as  from  most  parasite  plants. 

G(wd  birdlime  is  of  a  greenish  color,  and  sour  flavor,  somewhat  resembling  that  of  ltn> 
seed  oil ;  gluey,  stringy,  and  tenacious.  By  drying  in  the  air  it  becomes  brittle,  and  may 
he  powdered ;  but  ito  viscosity  may  be  resttved  by  moistening  it.  It  has  an  acid  reaction 
with  litmus  paper.  It  eontains  resin,  mucilage,  a  little  firee  aeidy  coloring  and  extrective 
Batter.    The  resin  has  been  call^  YisaKZ. 

BISMUTH.  (Bigmutkj  Fr. ;  Wiiftmih,  Geim.)  Called  also  marcasite  and  tin-gkss. 
It  was  shown  to  be  a  metal  somewhat  different  from  lead,  by  G.  Agriocda,  in  1546 ;  Stahl 
and  Dufay  proved  its  peculiarity  \  but  it  was  more  minutely  distinguished  by  Pott  and 
Geofiroy,  about  the  middle  of  the  last  eeaiury.  It  is  a  rare  substance,  occurring  native 
as  an  oxyde,  nnder  the  name  of  hismutb  ochre ;  as  a  sulphuret,  called  bismuth  glance ;  as 
a  sulphuret  with  copper,  called  copper  bismuth  ore ;  as  also  with  copper  and  lead,  called 
needk  ore.  It  is  found  assoeiaied  likewise  with  selenium  and  tellurhun.  The  native 
metal  occurs  in  vaiions  ionns  and  colony  .as  white,  reddish,  and  variegated ;  in  primitive 
and  floets  fixmatbns,  along  with  the  ores  of  eohalt»  nickel,  copper,  silver,  and  bismuth 
oehre;  at  the  Saxon  Enegebirge^  near  Shneeberg,  and  Joh.  G^oigenstadt  j  also  in  Bohe- 
mia, Baden,  Wurlcmbeig,  'HfemtL^  Sweden,  Norway,  CngUwd,  and  France. 

The  prodoetion  of  this  metai  is  but  a  limited  object  of  the  smelting-woiVs  of  the  Saxon 
EiiegeUiige  at  Sehneeberg.  It  there  oeeim,  mixed  with  cobalt  speiss,  in  rhe  proportion 
of  aboal  7  per  eent.  upon  the  average^  and  is  procured  by  means  of  a  peculiar  flimace  of 
hr^nation,  which  is  the.  most  economical  method,  both  as  to  saving  fuel,  and  oxydizement 
oflhebtsmnth. 

The  biMintk4iiqnat]aii  ftmace  at  Sehneeberg  is  represented  in  ^gx,  1 12, 1 13,  and  1 14, 

'—^'^  the  first  is  a  sriew  from  above,  thoseoond  a  view  in  front,  and  the  third  a  trans- 
tioB  in  tbe  dotted  lineAsofySg.  112*  » is  the  ash-pit}  i,  the  fireplace ;  c,  the  eli- 
>  pipes;  df  the  giato  of  masonry  or  brickwork,  upon  which  the  fuel  is  thrown  through 
the  fire-door  t  e.  Hie  anterior  deeper  lyii^  orifice  of  the  diquation  pipes  is  closed  with 
the  diy.plate/r  whoeh  has  beneath  a  mdl  cixcular  gsoove,  through  which  the  liquefied 
■dal  flours  off.  g  is  a  wall  extending  Iram  the  Jhearthrsole  nearly  to  the  anterior 
arifiee  of  the  diqui^ioii  pipes,  in  which  watt  there  are  as  many  fiie-hi^es,  h,  as  there  are 
pipes  in  tha  fwaaaai  i  aia  im  pam^  which  receive  the  ILnid  metalf  k,  a  wooden  water- 


trongb,  in  which  tfce  biaunth  U  granulated  and  cooled;  I,  the  poitcrira'  and  higher  iTinf 
sprrtures  of  Ibe  eliqaation  pipe*,  «hnl  merely  with  *  sheet-iron  eorer.  The  grenDloIiow 
of  biunnth  drained  frnn  the  poaterior  openii^  fall  upon  the  A«l  mittett  m.  and  th«B 


pipett* 


lain  the  ^raior-ln  nh.    n  ti  are  draii^hi-hole*  in  the  vaOll  belweeo  the  li 
terve  for  inermsiitg  or  iliminisbing  the  bmi  m  plcasurej 

The  ores  to  be  eliqualed  (sweated)  are  sorted  by  han  1  fVom  the  gaofue,  broken  into 
pieces  about  the  size  ofa  hazel  nut,  and  introdnced  into  Ihe  itniled  p^iea  ;  one  charge 
consistini;  of  about  j;  cwt. ;  bo  Ibal  Ihe  pipes  are  filled  to  hair  their  diuneler,  and  three 
Ibunhs  of  Iheir  len^h.  The  theei-iron  dooi  Ushnt.Hadthe  fire  BtronglTn^ed,whereb]r 
the  bitmulh  begins  to  Qow  in  ten  minntei,  and  Talla  through  the  holei  in  the  diT-pl'tea 
into  hot  pang  containing  tome  eoal-dust.  Whenever  it  rgns  slow];,  the  ore  it  ttitred 
round  in  the  pipeg,at  inlervals  during  half  an  how,  in  which  time  the  liquation  it  utnallf 
finished.  The  refiduom,  colled  bismulh  barley  (gronpm),  ii  scooped  oat  with  iron  rakei 
into  a  water  trough  ;  the  pipes  are  charged  afresh  ;  the  pans,  when  full,  have  their  con* 
tents  cn^l  into  moulds,  forming  bars  cf  from  £5  to  50  pounds  weight.  Abont  20  cwt.  of 
ore  are  tmelted  in  6  hourt,  with  a  consumption  of  63  Leipcic  cabie  feet  of  wood.  The 
total  production  of  Elmecbere,  la  1830,  was  9800  lb>.  The  bismnth  thus  procured  b; 
liqaetion  npon  the  irreat  leale,  eontajnt  no  soiall  admixtnre  of  aneaie,  iron,  and  srane 
other  metals,  tVom  which  ii  mBy  be  freed  by  sotulion  in  nitric  add,  preeipicatian  by  water, 
and  reduction  of  the  subnilraled  oxyde  by  black  flui.  By  expoaing  the  erode  bismnth 
Ibr  tome  time  to  a  dull  red  heal,  nnder  charcoal,  oraenic  it  eipelled. 

Bitniiith  it  white,  and  resembles  antimonf ,  but  hat  a  reddish  tint ;  whereas  Ihe  iMter 
melal  hat  a  blaeith  east.  It  ii  brilliant,  crjttallixet  readily  in  noall  cubical  facets,  it 
very  brittle,  and  may  be  easily  reduced  to  powder.  Itt  specific  gravity  is  9-83 ;  and  bf 
hammering  It  with  care,  the  density  may  be  increued  to  9-8827.  It  melU  at  480°  Fahr., 
and  may  be  cooled  6  or  7  degrees  below  this  point  without  fixing;  bnt  the  moment  it  be- 
gins to  solidify,  Ihe  lemperalure  rises  to  iSiP,  and  continues  atatioaary  till  the  wbi^ 
moss  ii  congealed.  When  heated  ttma  3S?  to  213?,  it  expands  ^.  in  length.  When 
pnre  it  afibrds  a  very  Talaable  means  of  adjusting  the  scale  of  hign-raBged  Iherrnometen. 
At  sIronE  heats  bismnth  Tolatilixes,  may  be  distilled  In  cloae  TesMlt,Blid  it  thus  obtained 
in  crystalline  laminc 

The  alloy  of  biamulh  and  lead  in  equal  parts  bas  «  denuty  of  10-709,  being  greater 
than  the  mean  of  the  consliluentt ;  it  hat  a  fftUaled  texture,  is  brittle,  and  of  the  same 
color  as  bismnth.  Bismuth,  with  tin,  formt  a  nnnpound  more  elaatic  end  sontmnis  than 
the  tin  itself,  and  is  therefore  frequently  added  to  it  by  the  pewterers.  With  1  of  bis- 
mnth and  24  of  tin,  the  alloy  is  somewhat  malleable  i  with  more  binnuth,  it  is  brittle. 
When  much  bismuth  is  present,  it  may  be  easily  larted  by  tlrong  muriatic  add,  which 
dissolves  the  tin,  and  leaves  the  bismnth  in  a  black  powder.  It  has  been  said,  that  an 
alloy  of  tin,  bitmnth,  nickel,  and  siWer  hiodeit  iron  from  msiJng.  (Erdmaiut't  JounaLi 
The  alloy  of  bismuth  with  tin  and  lead  was  first  examined  by  Sir  I.  Newton,  and  has 
been  called  ever  since  Visible  metal.  Eight  parts  of  bismnth,  fi  of  lead,  and  3  of  tin,  melt 
at  the  moderate  temperature  of  302*  F. ;  bat  2  of  biamatb,  I  of  lead,  and  ]  of  tin,  melt 
at  200-75°  F.  according  to  Hose.  A  small  additkm  of  mercnry  of  cowae  aidt  the  fnsi> 
bDity.  Such  alloys  serve  to  take  casta  of  anatoDtieal  preparatioati  An  aUof  of  1  bk- 
math,  2  tin,  and  1  lead.  Is  employed  at  a  •oft  solder  by  the  pewteren ;  uul  tin  Mme 
has  been  proposed  as  a  bath  for  tempering  Heel  instrtunenta.  <^»4noalds,  for  the 
nuuinfacturers  of  ttnlet  soaps,  are  made  of  the  same  metal ;  ai  aba  eseallent  didid*  fbr 
stereotype,  of  3  lead,  2  tin,  and  B  bismuth ;  an  alloy  which  melta  at  199°  F.  This  eeai- 
pound  should  be  allowed  to  cool  upon  a  piece  of  pasleboard,  till  it  bceomea  of  a  dongky 
!,  before  it  is  applied  to  the  monld,  to  receive  Ihe  imprtsi  of  the  ituip. 
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T%e  cmployraaii  of  fdates  of  fusiUe  metal  as  safety  ronddkB^  to  apertures  in  the  tofw 
of  steam  Ixiilers,  lias  been  proposed  in  France^  beeaase  thejr  would  melt  and  give  way  at 
devmlioBS  of  temperature  under. those  which  would  endanger  the  bursting  of  the  vpssei ; 
the  fusibility  of  the  alloy  being  proportioned  to  the  quality  of  steam  required  for  the  en- 
giae.  It  has  been  found,  however,  that  boilers,  apparently  secured  in  this  way,  burst, 
while  the  safety  discs  remained  entire  {  the  expansive  force  of  the  steam  causing  explo- 
skn  so  suddenly,  that  the  fusible  alloy  had  not  time  to  melt  or  give  way. 

There  are  two,  perhaps  three,  ozydes  of  bismuth ;  the  first  and  the  third,  or  the  sub- 
oxyde  and  super-oxyde,  are  merely  objects  of  chemical  curiosity.  The  oxyde  proper  occurs 
native,  and  may  be  readily  formed  by  exposing  the  metal  to  a  red-white  beat  in  a  mufBe, 
when  il  takes  fire,  bums  with  a  faint  blue  flame^  and  sends  off  fumes  which  condense  into 
a  yeUow  pulverulent  oxyde.  But  an  easier  process  than  that  now  mentioned  is  to 
dissolve  the  bismuth  in  nitric  add,  precipitate  with  water,  and  expose  the  precipitate  to 
a  red  heaL  The  oxyde  thus  obtained  has  a  straw  ydlow  color,  and  f\ises  at  a  high 
heat  into  an  opaque  glass  of  a  dark-brown  or  black  colore  but  which  becomes  less 
opaque  and  yellow  aAer  it  has  cooled.  Its  specific  gravity  is  so  high  as  8*211.  It  con- 
sists of  89*S7  of  metal  and  10-13  ox^en  in  100  parts.  The  above  precipitate,  which 
is  a  sub-nitrale  of  bismuth,  is  called  pearl-^itey  iod  is  employed  as  a  flux  for  certain 
mnMTiu>i^ ;  as  it  augments  their  fusibility  without  imparting  any  color  to  them.  Hence, 
it  is  used  sometimes  as  a  vehicle  of  the  colors  of  other  metidlie  oxydes.  When  well 
washed,  it  is  employed  in  gilding  porcelain;  being  added  inUhe  proportion  of  one 
fifteenth  to  the  gold.  But  pearl-white  is  most  used  by  ladies  as  a  cosmetic  for  giving  a 
brilliant  tint  to  a  faded  oonH>lexion.  It  is  called  blanc  defard,  by  the  French.  If  it  con« 
tains,  as  bismuth  often  does,  a  little  silver,  it  becomes  gray  or  dingy  colored  on  exposure 
to  light.  When  the  oxyde  is  prepared,  by  dropping  the  nitric  sdution  into  an  alkaline 
ley  in  excess,  if  this  precipitate  is  well  washed  and  dried,  it  forms  an  excellent  medicine ; 
and  is  given,  mixed  with  gum  tragacanth,  for 'the  relief  of  cardialgia,  or  burning  and 
spasoMMlic  pains  of  the  stomach. 

Another  sort  of  pearl-powder  is  prepared  by  adding  a  very  dilute  solution  of  common 
salt  to  the  above  nitric  solution  of  bismuth,  whereby  a  pulverulent  sob-chloride  of  the 
metal  is  obtained  in  a  light  flocculent  form.  A  similar  powder  of  a  mother-of-pearl 
aspect  may  be  formed  by  dropping  dilute  muriatic  add  into  the  solution  of  nitrate  of 
Usmoth.  The  arsenic  always  present  in  the  bismuth  of  commerce  is  converted  by  nitric 
add  into  arsenic  acid,  which,  forming  an  insoluble  arseniate  of  bismuth,  separates  firom 
the  solution,  unless  there  be  such  an  excess  of  nitric  acid  as  to  re-dissolve  it.  Hence  the 
medidnal  oxyde,  prepared  from  a  rightly-made  nitrate,  can  contain  no  arsenic.  If  we 
write  with  a  pen  dipped  in  that  solution,  the  dry  invisible  traces  wilt  become  legible  on 
phmging  the  paper  in  water. 

It  has  been  proposed  to  substitute  bismuth  for  lead  in  assaying  silver,  as  a  smaBer 
quantity  of  it  answers  the  purpose,  and,  as  its  oxyde  is  more  fluent,  can  therefbre 
penetrate  the  cupel  more  readily,  and  give  a  more  rapid  result.  -But,  independently 
of  the  objection  from  its  high  price,  bismuth  has  the  disadvantage  of  boiling  up;  as 
wen  as  of  rocfetng  or  vegetating,  with  the  silver,  when  the  cupellation  requires  a  high 
heat.  In  extracting  the  silver  from  the  galena  found  in  the  copper-mine  of  Yahlmif 
it  has  happened  sometimes  that  the  silver  concreted  towards  the  end  of  the  operation, 
and  produced  a  cauliflower  excrescence,  which  had  to  be  cupelled  again  with  a  fresh 
dose  of  lead.  It  was  observed  that,  in  thi^  case,  a  portion  of  the  nlver  had  passed  into 
the  cupel.  Berzelius  detected  in  a  sample  of  silver  thus  concreted  the  presence  of 
himnth. 

The  nitrate  of  bismuth,  mixed  with  solution  of  tin  and  tartar,  has  been  employed  as'  a 
wtttdMSit  for  dyeing  lilach  and  violet  in  calieo  printing. 

BISTR£.  (Bistre,  Fr. ;  buiery  Germ.)  A  brown  color  which  is  used  in  water  colony 
m  the  same  way  as  China  ink.  It  is  prepared  from  wood-soot,  that  of  beech  being  pre- 
ferred. The  most  compact  and  best  burned  parcels  of  soot  are  collected  from  the  chim- 
ney, pulverized,  and  passed  through  a  silk  deve.  Thu  powder  is  infused  in  pure  water, 
sad  stirred  frequently  with  a  glass  ruler,  then  allowed  to  settle,  when  the  water  is  decant- 
ed. If  the  salts  are  not  all  washed  away,  the  process  may  be  repeated  with  warm  water. 
The  paste  is  now  to  be  poured  into  a  long  narrow  vessel  filled  with  water,  stirred  well, 
and  left  to  settle  for  a  few  minutes,  in  order  to  let  the  grosser  parts  suhdde.  The  super- 
natant part  is  then  to  be  poured  off  into  a  similar  vessel.  This  process  may  be  repeated 
twice  or  thrice,  to  obtain  a  very  good  bistre.  At  last  the  settled  deposite  is  sufllciently 
fine,  and  when  freed  from  its  supernatant  water,  it  is  mixed  with  gmn-water,  moulded 
into  proper  cakes,  and  dried.  It  is  not  used  in  oil  painting,  but  has  the  same  dfect  in 
WBter-ccJors  as  brown  pinli  has  in  oiL 

BrrUMCN,  or  ASPHALTUM.  (BUunUy  Ft.  lErdpecky  Geim.)  A  black  snb- 
siaaee  fimnd  in  the  earth,  externally  not  diarimilar  to  pit-coal.  It  is  composed  of 
ottboii,  hydrogen,  and  oxygen,  like  organic  bodies;  but  its  origin  is  vnknown.    It 
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• 
has  not  been  obtenred  among  the  primitive  or  older  etiata,  hot  only  in  the  seeotadary 
and  aUavial  formatiuns.  It  oonstitatcs  sometimes  contiderable  beds,  as  in  the  isle  of 
Trinidad,  iprhere  it  ocean  orer  an  extensive  district,  in  scattered  masses.  The  grreater 
part  of  the  asphaltum  to  be  met  Mith  in  commerce  comes  ftom  the  Dead  Sea,  on  whose 
shores  it  Ib  cast  up  and  gathered  j  whence  it  has  got  the  name  of  Jewish  bitumen.  In 
its  black  color  and  fracture  it  resembles  ordinary  pitch.  By  friction  it  aifords  ncgattve 
electricity.  Its  average  density  is  1*16.  It  melts  at  the. temperature  of  boiling  water, 
iundles  very  readily  at  the  flame,  burns  brightly  with  a  thick  smoke,  and  leaves  little 
ashes.  Distilled  by  itself,  it  yields  a  peenliar  Intnminons  oil,  very  little  water,  some  eom* 
bustible  gases,  and  traces  of  ammonia.  It  leaves  about  one  thiid  of  its  weight  of  char- 
coal after  combustion,  and  sshes,  containing  silica,  ahonioa,  oxyde  of  iron,  sometimes  a 
little  lime,  and  oxyde  of  manganese.  According  to  John,  asphidtnm  may  be  deeomposed, 
by  diflTerent  solvents,  into  three  distinct  snbetances.  Water  dissolves  nothing }  aletAol 
(anhydrous)  dissolves  out  a  yeDow  resin  equal  to  5  per  cent,  of  the  weight  of  the  asphal- 
tum ;  that  resin  is  soluble  in  dilute  aloc^ol  and  in  ether.  The  portion- not  soluble  in  the 
alcohol  gives  up  a  brown  resin  to  ether,  amonnting  to  70  per  cent,  of  the  weight  of  the 
asphaltum.  On  evaporating  off  the  ether,  the  resin  remains  of  a  brownish-black  color, 
which  dissolves  readily  in  the  volatfle.oils,  and  in  the  oil  of  petrolenm.  The  portion  of 
asphaltum  which  does  not  dissolve  in  ether  is  very  soluble  in  oil  of  turpentine,  and  in  oil 
of  petroleum ;  but  less  so  in  oil  of  lavender.  These  three  resinous  principles  dissolve  all 
together  by  digestion  in  the  oils  of  anise,  rosemary,  turpentine,  olive,  hemp-seed,  not,  and 
linseed.  Caustic  potash  dissolves  a  notable  quantity  of  asphaltnm ;  but  carbonate  of  pot- 
ash has  no  effect  upon  it. 

Asphaltum  entecs  into  the  composition  of  hydrmnlic  cements,  and  into  that  of  Uaek  var- 
nishes, called  japans,  for  coating  iron  trays,  Aut.  A  similar  varnish  may  be  prepared  by 
dissolving  12  parts  of  fused  amber,  2  parts  of  rosin,  and  2  parts  of  asphaltum,  in  6  parts 
of  linseed  oil  varnish,  to  which  12  parts  of  oil  of  turpentine  have  been  added. 

There  is  a  kind  of  bitumen  found  at  Aniches,  in  France,  in  the  department  of  the 
north,  which  is  black,  very  fusible,  an4  soft.  It  bums  with  flame.  Alcohol,  ether,  and 
oil  of  turpeutine  extract  ftom  it  a  fatty  snbstaace,  which  may  be  saponified  with  alkalis. 

The  bilnmep  of  Murindd,  near  Chooo,  in  Columbia,  is  of  a  brownish-black  color,  soft, 
and  has  an  eaHhy  fracture.  It  has  an  acrid  taste,  bums  with  a  smell  of  vanilla,  and  is 
said  to  contain  a  large  quantity  of  benxoic  add.  It  appears  to  be  the  result  of  the  decom- 
position of  trees  containing  benzoin. 

Aq^haltum  occurs  abundantly  at  the  surface  of  the  salt  lake  Asphaltites,  in  Judca, 
produced  from  springs  in  the  neighborhood;  it  is  floated  down,  gathers  consistence  and 
accumulates  upon  the  snrface  of  the  lake;  the  winds  drive  it  on  the  shores,  and  the  in- 
habitants collect  it  for  sale.  Its  inspissation  diffuses  a  disagreeable  smell  in  the  air  of 
that  region,  which  is  supposed  by  the  natives  to  be  powerful  enough  to  kill  birds  when 
they  attempt  to  fly  across  the  lake. 

Bbt  probably  the  most  remarkable  locality  of  asphaltum  in  the  worid  is  the  entire 
basin,  or  rather  plain  of  it,  in  the  island  of  Trinidad,  called  the  Tar  Lake.  It  lies  on  the 
highest  land  in  the  island,  and  emits  a  strong  smell,  sensible  at  ten  miles'  distance.  Its 
tnX  appearance  is  that  of  a  lake  of  water,  Imt  when  viewed  more  nearly,  it  seems  to  be 
a  surface  of  glass.  In  hot  weather  its  surface  liquefies  to  the  depth  of  an  inch,  and  it 
cannot  then  be  walked  upon.  It  is  of  a  circulsr  form,  about  three  mOes  in  circumference, 
and  of  a  depth  not  ascertained.  Luge  fissures  frequently  open  and  dose  up  in  it,  whence 
the  pitch  has  been  supposed  to  float  upon  a  body  of  water.  The  soil,  for  a  considerable 
distance  round  it,  consists  of  cinders  and  burnt  earth,  and  presents  in  many  points  indi- 
oations  of  convulsions  by  snbtanrancan  Are.  In  several  parts  of  the  neighboring  woods, 
there  arc  round  holes  anid  fissures  in  the  ground,  containing  liquid  bitumen  to  the  depth 
of  two  inches. 

Hr.  Hatcheit  examined  some  specimens  ftom  Trinidad,  and  concluded  that  what  had 
been  heretofore  supposed  to  be  a  pure  mineral  pitch  was  in  reality  only  a  porous  stone  of 
the  arg^aceous  kind,  much  impregnated  with  bitumen. 

These  various  bitumens  belong  exdusively  to  the  secondary*  and  tertiary  geological 
formations,  and  are  not  found  among  primitive  rocks,  except  very  rarely  in  veins.  They 
occur  most  generally  in  calcareous,  argillaceous,  and  sandy  strata,  and  also  in  volcanic 
districts.  Petrolenm  frequently  floats  on  the  waters  which  issue  from  the  volcanic  moun- 
tains, or  which  lie  at  their  base ;  even  the  sea  is  at  times  covered  with  it  near  the  vol- 
canic islands  of  Cape  Verd.  Mr.  Breislack  observed  a  petrolenm  spring  rising  from  the 
bottom  4^  the  sea  near  the  southern  base  of  Vesuvius. 

The  substance  with  which  bitumen  seems  to  have  the  most  constant  and  most  remaik- 
able  relations,  is  sea-salt;  so  that  almost  all  the  countries  most  abundant  in  petrolenm, 
as  Italy,  Transylvania,  Persia,  the  environs  of  Babylon,  the  region  of  the  Dead  Sea,  fte., 
contain  salt  mines,  or  lakes,  or  exhibit  salme  efflorescences.  Iron  pyrites  is  often  *nn- 
pngnmed  with  petrolenm^  or  contains  a  bituauMMs  nndens* 
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the  angin  of  bitmnen  is  as  little  known  as  tbat  of  most  of  the  pitxhictions  of  nature. 
Some  regard  it  as  an  empyreDinatic  oil,  a  matter  analogdus  to  liquid  resin  or  essential 
«il,  resnlting  fnm  the  destruction  of  that  astonishing  multitude  of  animals  and  vege- 
tables buried  in  the  earth,  whose  solid  remains  are  daily  brought  to  view  in  mineral 
researches.  It  has  been  also  supposed  that  naphtha  and  petroleum  are  the  product  of 
coals  decomposed  either  by  the  fire  of  Tolcanoes,  by  the  subterranean  combustion  of  coal 
itself,  or  by  the  decompositito  of  pyrites.  The  latter  opinion  is  not  supx>orted  by  any 
direct  evidence,  but  the  two  former  are  sufficiently  probable. 

Ebuiie  Bitumtn  is  a  rare  substance,  found  hitherto  only  near  Castletoo,  in  Derby- 
flure,  in  fissures  of  slaty  day. 

mttuntfums  mastic,  or  cementy  hto  been  of  late  extensively  employed  in  France  for 
wtering  roofs  and  terraces,  and  lining  water  cisterns.  The  mineral  bitumen  used  for 
the  composition  of  this  mastic  is  procured  chiefly  from  the  Obtann  (Bas-Rhin),  from 
the  Pare  (department  de  I'Ain),  and  fh)m  the  Puy-dt-la-Poix  (department  of  Puy-de- 
Dome.)  But  boiled  coal-tar  answers  equally  well.  In  the  neighborhood  of  these 
fecalities,  there  is  a  limestone  impregnated  with  bitumen,  which  suits  for  giving  con- 
sistence to  the  cement.  This  is  well  dried,  ground  to  powder,  slfled,  and  stirred  while 
hot,  in  about  one  fifth  its  weight  of  melted  asphaltum,  contained  in  a  cast-iron  boiler. 
Dry  chalk  or  bricks,  ground  and  siAed,  wUl  suit  equally  well.  As  soon  as  this  paste  is 
made  quite  homogeneous,  it  is  lifted  out  with  an  iron  shovel  or  spoon,  and  spread  in 
rectangular  moulds,  secured  with  pegs  at  the  joints,  fastened  to  a  kind  of  platform  of 
sowothed  planks,  covered  with  strong  sheet-iron.  The  sides  of  these  moulds  should  be 
previously  smeared  over  with  a  thin  coat  of  loam-paste,  to  prevent  their  adhesion  to  the 
BMStic.  Whenever  the  cake  is  eold,  the  frame  is  taken  asunder,  and  it  is  removed  from 
the  iron  plate  by  an  oUong  shovel,  or  strong  spatula  of  iron.  Iliese  (»kes  or  bricks  are 
nsoaUy  18  inches  long,  22  broad,  and  4  thick,  and  weigh  about  70  lbs. 

BI'iTER  PRINCIPLE.  (Jm^,  Fr. ;  BUiersloff,  Genn.)  This  principle  has  not 
been  insniated  hitherto  by  the  chemist  from  the  other  proximate  principles  of  plants,  but 
its  existence  is  sufficiently  recognised  by  the  taste.  The  following  list  contains  the  prin- 
cipal bitter  substances,  many  of  which  have  been  used  in  the  arts  and  in  medicine. 


Nairn. 

Put  empk>7cd. 

Covntiy. 

ObteTTatioM. 

Quassia 

Wood 

Surinam,  East  Indies 

PowerfaUy  bitter 

Wormwood 

Herb 

Great  Britain 

Ditto 

Afce 

Inspissated  juice 

South  Africa 

Ditto 

Angustnra 

Bark 

South  America 

Ditto 

Orange 
Ditto 

Unripe  fmit 
Peel 

South  of  Europe 
Ditto 

Aromatic  bitter 

Acorns 

Root 

Ditto 

Ditto 

Carduus  Benedictus 

Herb 

Greek  Archipelago 

Cascarilla 

Bark 

Jamaica 

Ditto 

Centanzy 

Herb 

Great  Britain 

Chamomile 

Flowers 

• 

Colocynth 

Fruit 

Levant 

Intolerably  bitter 

Coknnbo 

Root 

East  Africa 

Very  bitter 

Fumitory 

Herb                        j 

Great  Britain 

Gentiana  lutca 

Root 

Switzerland 

Very  bitter 

Gfoondlvy 

Herb 

Great  Britain 

Walnut 

Peels 

With  tannin 

Island  moss 

WithstaKh 

Hops 

Scales  of  the  fe-) 
male  flowers  5 

Great  Britain 

Aromatic  bitten 

Milibil 

Herb«floweri 

Great  Britain 

Large-leaved  Satyrion 

Herb 

Great  Britain 

Rhubarb 

Root 

China 

Disagreeable  odor 

Roe 

Herb 

Great  Britain 

Bitter  and  sharp 

Tansy 

Herb  flowers 

Ditto 

Bitter  and  ofiensive 

Bitter  trefoil 

Herb 

Ditto 

Soaiouba 

Bark 

Guyant 

i 

Brynnj 

Root 

Great  Britain 

5      Sharp,  bitter, 
I           nauseoQf 

Coffee 

Seeds 

Arabia 

- 

BLACK  DTE.  (Tefe/s  noin,  Fr.  j  Schwartzefarhe,  Genn.) 
we  put  into  a  boiler  of  middle  size  18  lbs.  of  logwood,  with 

9 


For  1  ewt.  of  doth,  there 
as  much  Aleppo  gut  hi 
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powder,  and  the  wholc^  being  endoeed  in  a  bag,  is  boiled  in  a  Boffieieiit  <iuaatity  of  water 
for  12  bonjrs.!  One  third  of  this  bath  is  transferred  into  another  boiler  with  two  ponnds 
of  verdigris;  and  the  stuff  is  passed  through  this  solution,  st  rring  it  continually  during 
two  hours,  taking  care  to  keep  tiie  bath  very  hot  without  boilmg.  The  stufl'  is  then 
liiled  put,  another  third  of  the  bath  is  added  to  the  boiler,  along  with  eight  pounds 
of  sulphate  of  iron  or  green  vitriol.  The  fire  is  to  be  lowered  while  the  sulphate  dis- 
solves, and  the  bath  is  allowed  to  cool  for  half  an  hour,  after  which  the  stuff  is  introduced, 
and  well  moved  about  for  an  hour,  after  which  it  is  taken  out  to  air.  Lastly,  the  remain- 
ing third  of.  the  bath  is  added  to  the  other  two,  taking  care  to  squeeze  the  bag  well.  18 
or  22  lbs.  of  sumach  are  thrown  in ;  the  whole  is  just  brought  to  a  boil,  and  then  refreshed 
with  a  little  cold  water ;  two  pounds  more  of  sulphate  of  iron  are  added,  after  which 
the  stuff  is  turned  through  for  an  hour.  It  is  thereafter  washed,  aired,  and  put  again 
into  the  bath,  stirring  it  continually  for  an  hour.  After  thisi  it  is  carried  to  the  river, 
washed  well,  and  then  filled.  Whenever  the  water  runs  off  clear,  a  bath  is  prepared 
with  weld,  which  is  made  to  boil  for  an  instant ;  and  after  refreshing  the  bath  the  stoff 
is  turned  in  to  soften,  and  to  render  the  black  more  fast.  In  this  manner,  a  very  beauti- 
fbl  black  is  obtained,  without  rendering  the  cloth  too  harsh. 

Commonly  more  simple  processes  are  employed.  Thns  the  blue  cloth  iss simply  turned 
through  a  baih  of  gall-nuts,  where  it  is  boiled  for  two  hours.  It  is  next  passed  through 
a  bath  of  logwood  and  sulphate  of  iron  for  two  hours,  without  boiling,  after  which 'it  is 
washed  and  fulled. 

Hellot  has  found  that  the  dyeing  might  be  performed  in  the  following  manner  *. — ^For 
20  yards  of  dark  blue  cloth,  a  bath  is  made  of  two  pounds  (^  fustic  (morus  tinctoria), 
41  lbs.  of  logwood,  and  II  lbs.  sumach.  AAer  boiling  the  «loth  in  it  for  three  hours 
it  is  lifted  out,  1 1  lbs.  of  sulphate  of  iron  are  thrown  into  the  boiler,  and  the  cloth  is 
then  passed  through  it  during  two  hours.  It  is  now  aired,  and  put  again  in  the  bath 
ibr  an  hour.  It  is,  lastly,  washed  and  scoured.  The  black  is  less  velvety  than  that  of 
the  preceding  .process.  Experience  convinced  him  that  the  maddering  prescribed  in 
the  ancient  regulations  only  gives  a  reidish  cast  to  the  black,  which  is  obtained  finer 
and  more  velvety  without  madder.  * 

A  black  may  be  dyed  likewise  without  having  given  a  blue  ground.  This  method  is 
employed  for  cloths  of  little  value.  In  this  case  they  are  rooted ;  that  is  to  say,  they 
receive  a  dun  ground  with  walnut  husks,  or  the  root  of  the  walnut-tree,  and  are  after- 
wards made  black  in  the  manner  above  described,  or  in  some  other  way ;  for  it  is  ob- 
vious that  a  black  may  be  obtained  by  several  processes. 

According  to  Lewis,  the  proportions  which  the  English  dyers  most  generally  adopt 
are,  for  one  hundred  and  twelve  pounds  of  woollen  cloth  previously  dyed  of  a  dark  blue, 
about  five  pounds  of  sulphate  of  iron,  as  much  gall-nuts,  and  thirty  pounds  of  logwood. 
They  begin  by  galling  the  cloth,  they  then  pass  it  through  the  decoction  of  logwood,  to 
which  the  sulphate  of  iron  has  been  aidded. 

When  the  cloth  is  completely  dyed,  it  is  washed  in  the  river,  and  passed  through  the 
fnlling-mill  till  the  water  runs  off  clear  and  colorless.  Some  persons  recommend,  for 
fine  cloths,  to  full  them  with  soap  water.  This  operation  requires  an  expert  workman, 
who  can  free  the  cloth  thoroughly  from  the  soap.  Several  recommend  at  its  coming 
from  the  fulling  to  pass  the  cloth  through  a  bath  of  weld,  with  the  view  of  giving  soft 
ness  and  solidity  to  the  black.  Lewis  says,  that  passing  the  cloth  through  weld,  after  i1 
has  been  treated  with  soap,  is  absolutely  useless,  although  it  may  be  beneficial  when  this 
operation  has  been  neglected. 

Diiferent  operations  may  be  tlistmgnished  in  dyeing  sUk  black ;  the  boiling  of  the  silk, 
its  galling,  the  preparation  of  the  bath,  the  operation  of  dyeing,  the  softening  of  the 
black. 

Silk  naturally  contains  a  substance  called  gum,  which  gives  it  the  stiffness  and  elas- 
ticity peculiar  to  it  in  its  native  state ;  but  this  adds  nothing  to  the  strength  of  the  silk, 
which  is  then  styled  raw ;  it  rather  renders  it,  indeed,  more  apt  to  wear  out  by  the  stiff- 
ness which  it  communicates ;  and  although  raw  silk  more  readily  takes  a  black  color,  yet 
the  black  is  not  so  perfect  in  intensity,  nor  does  it  so  well  resist  the  re-agents  capable  of 
diseolving  the  coloring  particles,  as  silk  which  is  scoured  or  deprived  of  its  gum.  ' 

To  cleanse  silk  intended  for  black,  it  is  usually  boiled  four  or  five  hours  with  one  fifth 
of  its  weight  of  white  soap,  after  which  it  is  carefully  beetled  and  washed. 

For  the  galling,  nnt-galls  equal  nearly  to  three  fourths  of  the  weight  of  the  silk  are 
boiled  during  three  or  four  hours  j  but  on  account  of  the  price  of  Aleppo  galls,  more  or 
lest  of  the  white  gall-nuts,  or  of  even  an  inferior  kind  called  galon,  berry  or  apple  galls, 
are  used.  The  proportion  commonly  employed  at  Paris  is  two  parts  of  Aleppo  galls  to 
iVom  eight  to  ten  parts  of  galon.  After  the  boiling,  the  galls  are  allowed  to  settle  fot 
alont  two  hours.  The  silk  is  then  plunged  into  the  bath,  and  left  in  it  from  twelve  to 
thirty-six  hours,  after  which  it  is  taken  out  and  washed  in  the  river. 

Silk  h  capable  of  combining  with  qnantities,  more  or  less  considerable,  of  the  mstrin« 
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gat  principle ;  wliaioe  results  a  Cfmeiderable  ineretse  of  weighty  not  on^  from  the  weight 
of  the  asfiingent  principle,  bat  also  from  that  of  the  coloring  particles,  which  snbseqoent* 
]y  ^  thaaoselyes  in  proportion  to  the  quantity  of  tiie  astringent  principle  which  had  en- 
tered into  ccMoabination.  Consequently  the  processes  are  yaried  according  to  the  degree 
of  weight  which  it  is  wished  to  conmiunicate  to  the  silk;  a  circumstance  requiring  s(»ne 
flliBtiHtkm.  ' 

The  cooimeree  of  silk  goods  is  carried  on  in  two  ways ;  they  are  sold  either  by  the 
weight,  or  by  the  surface,  that  is,  by  measure.  Thus  the  trade  of  Tours  was  formerly 
distiagiiished  from  that  of  Lyons;  the  silks  of  the  former  beiif^  sold  by  weight,  those  of 
the  latter,  by  measure.  It  was  therdbre  their  interest  to  surcharge  the  weight  at  Tours, 
and,  on  the  contrary,  to  be  sparing  of  the  dyeing  ingredients  at  Lyons ;  whence  came  the 
distinction  of  light  black  and  heavy  black.  At  present,  both  methods  of  dyeing  are  prac- 
tised at  Lyons,  the  two  modes  of  sale  having  been  adopted  there.  •     • 

Silk  loses  nearly  a  fourth  of  its  weight  by  a  thorough  boiling,  and  it  resumes,  in  the 
light  black  dye,  one  half  of  this  loss ;  but  in  the  heavy  black  dye,  it  takes  sometimes  U|k 
muds  of  a  fifth  more  than  its  primitive  weight ;  a  surcharge  injurious  to  the  beauty  of 
the  blade,  and  the  durability  of  the  stuff.  The  surcharged  kind  u  denominated  English 
black,  because  it  is  pretended  that  it  was  first  practised  in  England.  Since  silk  dyed  with 
a  great  surcharge  has  not  a  beautiful  black,  it  is  usually  destined  for  weft,  and  is  blended 
With  a  warp  dyed  of  a  fine  black. 

The  peculiarity  of  the  process  for  obtaining  the  heavy  black  consists  in  leaving  the 
silk  hmger  in  the  gall  liquor,  in  repeating  the  galling,  in  passing  the  silk  a  greater  num- 
ber of  times  through  the  dye,  and  even  letting  it  lie  in  it  for  some  time.  The  first  gall- 
inir  is  usually  made  with  galls  which  have  served  for  a  preceding  operation,  and  fresh 
gall-nuts  are  employed  for  the  second.  But  these  methods  would  not  be  sufficient  for 
giving  a  great  surcharge,  such  as  is  found  in  what  is  called  the  English  black.  To  give 
it  this  weight,  the  silk  is  galled  without  being  ungummed ;  and,  on  coming  out  of  the 
galls,  it  is  rendered  supple  by  being  worked  on  the  jack  and  pin. 

The  silk-dyeis  keep  a  blade  vat,  and  its  very  complex  composition  varies  ra  different 
dye-houses.  These  vats  are  commonly  established  for  many  years :  and  when  their  blade 
dye  is  exhausted  it  is  renovated  by  what  is  called  in  France  a  brevet.  When  the  deposlte 
which  has  accumulated  in  it  is  too  great,  it  is  taken  out,  so  that  at  the  end  of  a  certain 
time  nothing  remains  of  the  several  ingredients  which  composed  the  primitive  bath,  but 
which  are  not  employed  in  the  brevet. 

For  the  dyeing  of  raw  silk  black,  it  is  galled  in  the  cold,  with  the  bath  of  galls  which 
hss  already  served  for  *lhe  black  of  boiled  silk.  For  this  purpose,  silk,  in  its  native 
yellow  coIot,  is  made  dkoice  of.  It  should  be  remarked,  that  when  it  is  desired  to 
preserve  a  portion  of  the  ^um  of  the  silk,  which  is  aAerwards  made  flexible,  the  galling 
is  given  with  the  hot  bath  of  gall  nuts  in  the  ordinary  manner.  But  here,  where  the 
whole  gum  of  the  silk,  and  its  concomitant  elasticity,  are  to  be  preserved,  the  galling 
is  made  in  the  cold.  If  the  infVision  of  galls  be  weak,  the  silk  is  left  in  it  for  several 
days. 

SBl  thus  prepared  and  washed  takes  very  easily  the:  black  dye,  and  the  rinsing  in  a 
little  water,  to  which  sulphate  of  iron  may  be  addnl,  is  sufficient  to  gire  it.  The  dye  is 
made  in  the  cold ;  but,  according  to  the  greater  or  less  strength  of  the  rinsings,  it  re- 
quires more  or  less  time.  Occasionally  three  or  four  days  are  necessary  ;  after  whieh 
H  is  washed,  it  is  beetled  once  or  twice,  and  it  is  then  dried  without  wringing,  to  avoid 
soAeningit. 

Raw  silk  nmybe  more  quickly  dyed,  by  shaking  it  round  the  rods  in  the  cold  bath  tSUft 
the  galling,  airing  it,  and  repeating  these  manipulations  several  times,  after  which  it  is 
washed  and  dried  as  above. 

Maequer  deaeribM  a  more  simple  process  for  the  black  by  which  velvet  is  dyed  at  Ge- 
Boa;  and  he  says  that  this  process,  rendered  still  simpler,  has  had  complete  success  at 
Tours.    The  ibllowing  is  his  description. 

For  1  cwt  (60  kilcra^rammes)  silk,  22  lbs.  (1 1  kilogrammes)  of  Aleppo  galls,  in  powder, 
are  boiled  for  an  hour  in  a  sufficient  quantity  of  water.  The  bath  is  allowed  to  settle  till 
the  galls  have  fallen  to  the  bottom  of  the  boiler,  from  which  they  are  withdrawn ;  aftei 
whl^h  32  lbs.  of  English  vitriol  (or  copperas)  are  introduced,  with  13  lbs.  of  iron  filings, 
and  22  lbs,  of  country  imm,  put  into  a  kind  of  two-handled  cullender,  pierced  every 
where  with  holes.  This  kettlei  is  suspended  by  two  rods  in  the  boiler,  so  as  not  to  reach 
the  bottoou  The  gum  is  left  to  dissolve  for  about  an  hour,  stirring  it  from  time  to 
time.  If^  after  this  time,  some  gum  remains  in  the  kettle,  it  is  a  proof  that  the  bath, 
which  eootBiofi  two  hogsheads,  has  taken  as  much  of  it  as  is  necessary.  If,  on  the  con- 
trary, the  whole  gum  is  dissolved,  from  one  to  4  lbs.  more  may  be  added.  This  cul- 
knder  is  left  constantly  suspended  in  the  boiler,  from  which  it  is  removed  only  when  the 
dyeing  is  goiiig  on ;  and  thereafter  it  is  replaced.  During  all  these  operations  the  boiler 
be  kept  faot^  hot  without  botlnig.-  The  galling  of  the  silk  is  performed  with  one 
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fliird  of  Aleppo  galls.    The  silk  is  left  in  it  for  six  hoars  the  fint  tune,  then  for  twelY« 
hours.    The  rest,  $ecundum  artem, 

Lewis  states  that  he  has  repeated  this  process  in  the  small  way ;  and  that  by  adding 
sulphate  of  iion  prog^ressively,  and  repeating  the  immersions  of  the  silk  a  great  number 
of  times,  he  eventually  obtained  a  fine  black. 

Astringents  differ  from  one  another  as  to  the  quantity  of  the  principle  which  enters  into 
combination  with  the  oxyde  of  iron.  Hence,  the  proportion  of  the  sulphate,  or  of  any 
other  salt  dT  iron,  and  that  of  the  astringents,  should  vary  according  to  the  astringents 
made  use  of,  and  according  to  their  respective  quantities.  Grall-nut  is  the  substance 
which  contains  most  astringent ;  sumach,  which  seems  second  to  it  in  this  respect,  throws 
down  (decomposes),  however,  only  half  as  much  sulphate  of  iron. 

The  most  suitable  proportion  of  sulphate  of  iron  appears  to  be  that  which  corresponds 
to  the  quantity  of  the  astringent  piatter,  so  that  the  whole  iron  precipitable  by  the  as- 
tringent may  be  thrown  down,  and  the  whole  astringent  may  be  taken  up  in  combination 
with  the  iron.  -  As  it  is  not  possible,  however,  to  arrive  at  such  precision,  it  ii  better 
that  the  sulphate  of  iron  should  predominate,  because  the  astringent,  when  in  excess, 
counteracts  the  precipitation  of  the  black  coloring  particles,  and  has  the  property  of  even 
dissolving  them. 

This  action  of  the  astringent  is  such  that,  if  a  pattern  of  black  cloth  be  boiled  with  gall- 
nuts,  it  is  reducible  to  gray.  An  observation  of  Lewis  may  thence  be  explained.  If  cloth 
be  turned  several  times  through  the  coloring  bath,  after  it  has  taken  a  good  black  color, 
instead  of  acquiring  more  body,  it  is  weakened,  and  becomes  brownish.  Too  considen^ 
ble  a  quantity  of  the  ingredients  produces  the  same  effect ;  to  which  the  sulphuric  acidy 
set  at  liberty  by  the  precipitation  of  the  oxyde  of  iron,  contributes. 

It  is  merely  the  highly  oxydized  sulphate  which  is  decomposed  by  the  astringent; 
whence  it  appears,  that  the  sulphate  will  produce  a  different  effect  according  to  its  state 
of  oxydizement,  and  call  for  other  proportions.  Some  advise,  therefore,  to  follow  the 
method  of  Proust,  employing  it  in  the  oxydized  state ;  but  in  this  case  it  is  only  partially 
decomposed,  and  another  part  is  brought,  by  the  action  of  the  astringent,  into  the  lower 
degree  of  oxydizement. 

The  particles  precipitated  by  the  mixture  of  an  astringent  and  sulphate  of  iron  have 
not  at  first  a  deep  color ;  but  they  pass  to  a  black  by  contact  of  air  while  they  are 
moist. 

Under  dyeing  I  shall  show  that  the  black  dye  is  only  a  very  condensed  color,  and  that 
it  assumes  more  intensity  from  the  mixture  of  different  colors  likewise  deep.  It  is  for 
this  reason  advantageous  to  unite  several  astringents,  each  combination  of  which  produ- 
ces a  diiferent  shade.  But  blue  appears  the  color  most  conducive  to  this  effect,  and  it 
oonects  the  tendency  to  duo,  which  is  remarked  in  the  black  produced  on  stuffs  by  the 
other  astringents. 

On  this  property  is  founded  the  practice  of  giving  a  blue  ground  to  black  cloths,  which 
aequire  more  beauty  and  solidity  the  deeper  the  blue.  Another  advantage  of  this  prac- 
tice is  to  diminish  the  quantity  of  sulphuric  acid  which  is  necessarily  disengaged  by  the 
precipitation  of  the  black  particles,  and  which  would  not  only  counteract  their  fixation, 
but  would  Airther  weaken  the  stuff",  and  give  it  harshness. 

For  common  stuffs,  a  portion  of  the  effect  of  the  blue  ground  is  produced  by  the 
rooting. 

The  mixture  of  logwood  with  astringents  contributes  to  the  beauty  of  the  black  in  a 
twofold  way.  It  produces  molecules  of  a  hue  different  from  what  the  astringents  do, 
and  particularly  blue  molecules,  with  the  oxyde  of  copper,  commonly  employ^  in  the 
black  dyes ;  which  appears  to  be  more  useful  the  more  acetate  the  veniigris  made  use  of 
contains. 

The  boil  of  weld,  by  which  the  dye  of  black  cloth  is  frequently  finished,  may  also  con- 
tribute to  its  beauty,  by  the  shade  peculiar  to  its  combination.  It  has,  moreover,  the  ad- 
vantage of  giving  softness  to  the  stuffs. 

The  processes  that  are  employed  for  wool,  yield,  according  to  the  observation  of  Lewis, 
only  a  rusty  black  to  silk ;  and  cotton  is  hanlly  dyed  by  the  processes  proper  for  wool 
and  silk.  Let  us  endeavor  to  ascertain  the  conditions  which  these  three  varieties  o€ 
dyeing  demand. 

Wool  has  a  great  tendency  to  combine  with  coloring  substances ;  but  its  physical  tm- 
ture  requires  its  combinations  to  be  made  in  general  at  a  high  temperature.  The  com- 
bination of  the  Uack  molecules  may  therefore  be  directly  eflfeeted  in  a  bath,  in  proportion 
as  they  form ;  and  if  the  operation  be  prolonged  by  subdividing  it,  it  is  only  with  the 
view  of  changing  the  necessary  oxydizement  of  the  sulphate,  and  angmeoting  that  of  the 
coloring  partides  themselves. 

Silk  has  little  disposition  to  unite  with  the  black  particles.  It  seems  to  be  merely  by 
the  agency  of  the  tannin,  with  which  it  is  previously  impregnated,  that  these  partides 
can  fbi  themsdves  on  it,  especially  after  it  has  been  •eonred.    Fbr  this  reM0ii,8iIk  baths 


BLACK  PIGMENT.  281 

AooU  lie  oU,  and  have  the  coloring  paitideuBCCtimDlaled  in  (hem,  but  lafMblTBimpeiidcd 
M  to  yield  to  a  weak  affinilj.  Tbeir  precipilallon  is  coanlerBcted  hf  the  ftddUtoD  at  gam, 
tr  otbcT  maeiU^oas  inbsluieei.  The  obsiacle  which  muchl  arise  from  the  tulphurie 
■eid  Id  at  liberty  ii  destroyed  by  iron  filingi,  or  nther  basis.  Thus,  baths  or  a  very  diffeN 
CBt  compoailkia,  but  with  the  essential  eondilioa  of  age,  may  be  proper  for  this  dye.  Fir 
toOaa  blaek  dye,  tee  Cauco  Pbintiho. 

BLACK  PIGMENT.  The  finest  light  bUck  is  prepared  princiiially  rot  the  nana- 
bctoring  of  printen'  ink.  In  Mestn.  Martin  and  Granon's  potent  process,  the  black 
is  obtained  by  bnrniag  common  coal-tar,  which  should,  however,  be  prerionsly  divest- 
ed, as  mach  as  possible,  of  the  amiooiiiBCBl  liquor  and  acid  mixed  with  it  in 
tke  tank. 

For  this  pnrpote,  it  it  proposed  that  Tour  casks  should  be  employed,  each  capable  of 
holding  130  gallons,  and  into  every  one  of  ihem  are  to  be  put  about  60  gallont  of  Ibe 
nngh  impure  tar,  to  which  an  equal  quantity  of  lime-water  is  to  be  added,  and  Ihea 
agitated  by  machinery  or  manual  labor  until  Ihe  lime'water  is  completely  mixed  with 
tbg  (ar.  The  veuels  thonU  next  be  suffered  to  rest  for  about  six  hours,  by  which  time 
tte  tai  will  settle  at  the  bottom  of  the  casks,  and  the  water  may  be  drawn  off.  The 
casks  eoDtaining  the  tar  sboukt  now  be  filled  wiih  hot  water,  which  may  be  supplied 
fion  the  boiler  oTa  steam  engine,  and  (he  whole  again  agitated  as  before.  This  proccM 
may  be  repeated  three  times,  suffering  the  tar  to  sulHide  between  each;  and  tweliv 
koors  ahoald  be  allowed  fur  setlliog  from  the  last  water,  so  that  the  whole  of  the  tar  and 
water  may  become  separated,  the  water  rising  to  Ihe  top  of  the  cask,  and  Ihe  tar  bdn| 
left  at  the  bottom  in  a  pure  stale. 

Bbi,  aa  some  of  Ihe  water  will  yet  remain  mechaaieally  combined  with  the  tar,  it  w 
liopoaed  that  the  tar  should  be  subjected  to  the  process  of  distillstioo.  For  tbif 
porpose,  a  slill,  capable  of  holding  120  gallons,  may  be  employed,  in  which  aboot 
50  gallons  at  one  time  may  be  operated  npon ;  when,  by  a  t^nlle  heal,  Ihe  Water,  and 
Mber  imparities  which  the  tar  may  have  retained,  wilt  be  driven  off.  As  soon  as  the 
water  appears  to  have  evaporated,  and  the  spirit  runs  fine  and  clear,  the  process  of 
distillBtiDn  should  be  slopped ;  and,  when  cold,  Ihe  pure  laf  may  be  drawn  off,  and  set 
apart  for  the  purpose  of  being  employed  as  contemplated  in  the  patent. 

The  tar  thus  purified  may  be  now  converted  into  black,  or  it  may  be  subjected  to 
farther  rectification  to  divesi  it  of  the  miacial  pilch,  or  asphallam,  which  is  combined 
with  the  oil  and  spirit:  the  latter  is  to  be  preferred,  because  the  mineral  pitch,  or 
aaphallnm,  is  only  inflammable  at  a  high  temperature,  which  renders  it  more  Ironbla- 
scine  to  use  in  the  process  here  contemplated,  and  also  would  cause  the  apparatus  10 
■equire  frequent  cleaning  from  the  carbonixed  pilch  deposited.  In  order,  therefore,  to 
get  rid  of  the  mineral  pitch,  or  asphaltum,  forty  gallons  of  the  tar  are  to  be  introduced 
into  a  still,  as  before  t  and,  instead  of  stopping  Ihe  operation,  as  soon  as  ihe  spirit  begina 
to  come  over,  the  distillation  is  continued  with  a  strong  hrat,  so  as  to  force  over  the 
whole  of  the  oil  and  spirit,  leaving  Ihe  residuum  of  a'phalium  in  Ihe  still ;  this  proceH) 
knrever,  U  known  to  every  cbemisl,  and  need  nol  be  further  explained. 

In^.  115,  is  exhibited  a  rude  represenlilion  of  the  appa-3tus  employed  in  prepariag 
and  collecting  the  fine  light  spirit  black,  produced  by  th?  combustion  of  the  oil  and 
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dots,  fts  ])ftflsing  along  its  whole  length.  Ftg.  116  is  a  section  of  the  Hrldrmirk,  witii  the 
tnbe,  burner,  and  receiver,  as  wiU  be  dpscribed  hereafVer.  The  tube  may  be  called  the 
tar  main,  as  it  is  intended  to  be  filled  with  tar :  it  is  constructed  if  cast  iron,  and  from  it 
issue  BCTeral  (in  this  figure  twenty-four)  jets  or  burners,  c,  c,  c  /  any  other  number  may 
be  employed,  d  is  a  furnace  under  the  tar  main,  the  flue  of  which  extends  along,  fyt 
the  purpose  of  heating  the  tar  to  the  boiling  point,  in  order  to  facilitate  the  process. 
From  the  main,  ft,  the  tar  flows  into  the  jets  c;  wicks  are  introduced  into  the  jets,  and, 
when  set  fire  to,  by  a  red-hot  stick,  will  bum  and  emit  a  very  considerable  quantity  of 
smoke ;  which  it  is  the  object  of  this  apparatus  to  oondnct  through  many  passages,  for 
the  purpose  of  collecting  its  sooty  particles. 

There  are  a  number  of  hoods,  e,  e,  e,  or  bonnets,  as  they  are  termed,  all  of  whiehi 
through  nheir  pipes,  have  coDununication  with,  or  lead  into  a  main  chimney,/,/.  Into 
these  hoods  or  bonnets  the  smoke  of  the  burners  ascends,  and  from  thence  passes  into 
the  main  chimney  /,  and  thence  through  the  smoke  tubes  into  the  box  g :  here  the 
heaviest  particles  of  the  black  deposite  themselves ;  but,  as  the  smoke  passes  on  through 
the  farther  pipes,  a  deposite  of  the  second,  or  finer,  particles  of  Uack  takes  place  in  tiie 
box  h.  From  hence  the  smoke  proceeds  through  other  pines  into  a  series  of  canvass 
bags,  t,  t,  f,  which  are  proposed  to  be  about  eighteen  feet  long[,  and  three  in  diameter. 
These  bags  are  connected  together  at  top  and  bottom  alternately,  and  through  the 
whole  series  the  smoke  passes  up  one  bag  and  down  the  next,  depositing  fine  black, 
called  spirit  black,  upon  the  sides  of  the  canvass.  After  the  jets  have  continued  burning 
for  several  days,  the  bags  are  to  be  beaten  with  a  stick,  so  that  the  black  may  fall  to  the 
bottom ;  and,  when  a  sufficient  quantity  has  accumulated,  the  bags  may  be  emptied  and 
swept  out.  Thus  seventy  or  eighty  bags  may  be  employed ;  so  that  the  smoke  should 
pass  through  a  length  of  about  400  yards,  the  farthest  of  which  wiU  be  found  to  contain 
the  finest  black.  Tlie  last  bag  should  be  leA  open,  in  order  to  allow  the  vapor  to  escape 
into  the  open  air. 

The  main  tar  tube  will  require  to  be  emptied  every  four  or  five  days,  in  order  to 
dear  it  from  the  pitchy  matter  that  may  have  subsided  from  the  burners,  and  they  also 
will  require  to  be  frequency  poked  with  a  wire,  to  clear  off  the  black  which  forms  upon 
the  edges,  and  to  drive  down  the  carbonized  tar  which  attaches  itself  to  the  upper  part 
of  the  jets. 

BLEACHING  (Blanchimmt,  Fr. ;  Bkichen,  Germ.)  is  the  process  by  which  the  tex- 
tile filaments,  cotton,  flax,  hemp,  wool,  silk,  and  the  cloths  made  of  them,  as  well  as  va- 
rious vegetable  and  animal  substances,  are  deprived  of  their  natural  color,  and  rendered 
nearly  or  altogether  white.  The  term  bleaching  comes  from  the  French  verb  blanehir,  to 
whiten,  llie  word  blanch,  which  has  the  same  origin,  is  applied  to  the  whitening  of 
living  plants  by  making  them  grow  in  the  dark,  as  when  the  stems  of  celery  are  covered 
over  with  mould. 

The  operations  which  the  bleacher  has  recourse  to  differ  according  to  the  nature  of 
the  bleaching  means,  the  property  of  the  stuff  to  be  bleached,  and  local  customs  or  cir- 
cumstances; and  the  result  is  also  obtained  with  more  or  less  rapidity,  certainty, 
economy,  and  perfection.  The  destruction  of  the  coloring  matters  attached  to  the  bodies 
to  be  bleached  is  effected  either  by  the  action  of  the  air  wad  light,  of  chlorine,  or  suli^u- 
rons  acid ;  which  may  be  considered  the  three  bleaching  powers  employed  for  manufac- 
turing purposes. 

Bleaching  by  the  influence  of  air  and  sunshine  is  the  most  ancient,  and  still  the  most 
common,  method  in  several  civilized  countries ;  it  is  also  supposed  by  many  to  be  the 
least  injurious  to  the  texture  of  yam  and  cloth.  The  operations  it  involves  are  very 
simple,  consisting  in  the  exposure  of  the  goods  upon  a  grass-plat  to  the  s^y,  with  their 
occasional  aspersion  with  moisture  if  necessary,  in  addition  to  the  rain  and  dew.  The 
atmospheric  air  effects  the  bleaching  by  means  of  its  oxygenous  constituent,  which  com- 
bines with  the  ooloring  matter,  or  its  elements  carbon  and  hydrogen,  and  either  makes  it 
nearly  white,  or  converts  it  into  a  substance  easily  soluble  in  water  and  alkaline  solutions. 
This  natural  process  is  too  slow  to  suit  the  modem  demands  of  the  cotton  and  linen 
manufacturers.  Fortunately  for  them,  a  new  bleaching  agent,  unknown  to  our  forefathers, 
has  been  discovered  in  chlorine,  formerly  called  oxymuriatic  acid,  an  agent  modified  by 
chemistry  so  as  to  give  an  astonishing  degree  of  rapidity,  economy,  and  perfection,  to  this 
important  art.  It  is,  however,  not  a  little  surprising,  that  the  science  which  has  so  greatly 
advanced  its  practical  part  shonld  have  left  its  theory  far  from  complete,  and  should  afford 
no  satisfactory  answers  to  the  two  following  questions.— What  is  the  action  of  the  solar 
rays  npon  the  coloring  matter  7  How  do  air  and  chlorine  operate  upon  this  principle  7 
Some  suppose  that  light  prddupotet  the  col<Mring  matter  to  combine  with  oxygen ;  others 
fancy  that  it  acts  merdy  in  the  manner  of  a  high  temperature,  so  as  to  determine  a 
veaetion  between  the  elements  of  that  substance,  and  to  cause  a  new  combination 
possessed  of  peculiar  properties.  It  is  generally  admitted  at  the  present  day,  that  a 
portioB  ef  the  oxygea  of  the  air  passes  into  the  coloring  matter,  and  changes  its  ceo* 
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•titotion.  This  Is,  howeTer,  probably  not  the  put  which  ox^rgen  play*,  nor  is  it  tbeonly 
principle  in  the  atmosphere  which  exercises  a  bleaching  influence.  Neither  is  the  aet^ 
of  chlorine  such  as  has  been  commonly  represented  in  our  chemical  systems. 

Bat  if  authors  offer  us  only  vagiie  hypotheses  oonceming  the  three  principal  agents, 
light,  oxygen,  chlorine,  they  aflbr^  no  information  whatever  concerning  the  phenomena 
iue  to  greasy  spots  so  frequently  found  upon  cotton  doth,  and  so  very  troublesome  to 
the  bleacher.  It  has  indeed  been  sometimes  said  in  bleach-works,  that  fatty  sub- 
stances are  no  longer  soluble  in  alkalis,  when  they  aire  combined  with  oxygen.  The 
very  reverse  of  this  statement  is  probably  nearer  the  truth. 

The  object  of  bleaching  is  to  separate  from  the  textile  fibre,  by  suitaUe  opo^tions,  all 
the  substances  which  mask  its  intrinsic  whiteness :  or  which,  in  the  course  of  ulterior 
dyeing  operations,  may  produce  injurious  effects.  In  this  latter  respect,  cotton  deserves 
especial  consideration.  This  substance  is  covered  with  a  resinous  matter,  which  obstructB 
Its  abscvption  of  moisture,  and  with  a  yellow  coloring  matter  in  very  small  quantity, 
often  so  inconsiderable  in  some  cottons,  that  it  would  be  unnecessary  to  bleach  them, 
before  submitting  them  to  ^e  dyer,  were  it  not  that  the  manipulations  which  they 
undergo  introduce  certain  impurities  which  are  mojce  or  less  injurious^  and  must  be 
removed.  It  is  in  fact  a  circumstance  well  known  in  the  factories,  that  unbleached 
cottons  may  be  dyed  any  dark  color,  provided  they  are  deprived  of  tJia(t  matter  which 
makes  them  difficult  to  moisten.  ,  The  substances  present  in  cotton  goods  are  the 
foUowins;: : — 

1.  The  resinous  matter  natural  to  the  cotton  filaments. 

2.  The  proper  coloring  matter  of  this  vegetable. 

3.  The  paste  of  the  weaver. 

4.  A  fat  matter. 

5.  A  cupreons  soap.  * 

6.  A  calcareous  soap. 

7.  The  filth  of  the  hands. 

&  Iron,  and  some  earthy  substances. 

1.  The  matter  which  prevents  the  moistening  of  cotton  wool  may  be  separated-  by 
means  of  alcohol,  which,  when  evaporated,  leaves  thin  yellowish  scales,  soluble  in  alkalis, 
in  adds,  and  even  in  a  large  quantity  of  boiling  water.  For  a  long  time  the  bleaching 
process  commenced  with  the  removsJ  of  this  resinous  stuff,  by  passing  the  cloth  or  the 
yam  through  an  alkaline  ley.    This  was  called  scouring }  it  is  now  nearly  laid  aside. 

2.  The  coloring  matter  of  cotton  seems  to  be  superficial,  and  to  have  no  influence 
on  the  strength  of  the  fibres ;  for  the  yam  is  found  to  be  as  strong  after  it  has  been 
stripped  b)'  caustic  soda  of  its  resinous  and  coloring  matters,  as  it  waB  before.  Tbn 
coloring  matter  is  slightly  soluble  in  water,  and  perfectly  in  alkaline  4eys.  When  gray 
calico  is  boiled  in  lime-water,  it  comes  out  with  a  tint  darker  than  it  had  before}  whence 
it  might  be  supposed  that  the  coloring  matter  was  not  dissolved  out,  even  in  part. 
Thi5,  however,  is  not  the  case ;  for  if  we  filler  the  liquor,  and  neutralize  it  with  an  acid, 
we  shall  perceive  light  flocks,  formed  of  the  resinous  substance,  united  with  the  coloring 
matter.  The  dark  color  of  the  cloth  is  to  be  ascribed  solely  to  the  property  which  lime 
possesses  of  browning  certain  vegetable  colors.  This  action  is  here  exercised  upon  the 
remaining  color  of  the  cloth. 

It  may  be  laid  down  as  a  principle,  that  the  coloring  matter  is  not  directly  soluble 
by  the  alkalis ;  but  that  it  becomes  so  only  after  having  been  for  some  time  exposed  to 
the  joint  action  of  air  and  light,  or  after  haying  been  in  contact  with  chlorine.  What 
change  does  it  thereby  experience,  which  gives  it  this  solubility  7  Experiments  mmAt 
upon  pieces  of  cloth  placed  in  humid  oxygen,  in  dry  oxygen,  in  moist  chlorine,  and  in  dry 
chlorine,  tend  to  show  that  hydrogen  is  abstracted  by  the  atmosphere;  for  in  those 
experiments  proofs  of  dU-hydrogenaiion  appeared,' and  of  the.  production  of  carbonic  add. 
In  all  cases  of  bleaching  by  chlorine,  tlus  principle  combines  immediately  with  the 
hydrogen  of  the  coloring  matter,  and  forms  muriatic  add,  while  the  carbon  is  elimi* 
Dated.  Undoubtedly  water  has  an  influence  upon  this  phenomenon,  since  the  bleaching 
process  is  quicker  with  the  humid  dilorine  than  with  the  dry ;  bnt  this  liquid  seems  to 
net  here  only  mechanically,  in  condensing  the  partides  of  the  gas  into  a  solution.  We 
sbooM  also  take  into  account  the  great  amnity  of  muriatic  add  for  water. 

3.  The  weaver's  dressing  is  composed  of  farinaceous  matters,  which  are  usually  allowed 
to  sour  before  they  are  employed.  It  may  contain  glue,  starch,  gluten ;  which  last  is 
very  soluble  in  lime-water. 

4.  When  the  dressing  gets  dry,  the  hand-weaver  occasionally  renders  his  warp-threadi 
more  pliant  by  rubbing  some  cheap  kind  of  grease  upon  them.  Hence  it  happens,  that 
the  doth  which  has  not  been  completely  freed  from  this  fatty  matter  will  not  readily 
imbibe  water  in  the  different  bleaching  operations ;  and  hence,  in  the  subsequent  dyeing 
or  dunging,  these  greasy  spots,  under  peculiar  circumstances,  somewhat  like  lithographie 
{tones,  strongly  attract  the  aluminous  and  iron  mordants,  as  well  as  the  dye-stnffi^  and 
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occaiioa  staiat  which  it  is  almoet  imposftiUe  to  discharge.  The  acids  act  dilTerently 
upon  the  fhtty  matters,  and  thence  remarkable  anomalies  in  Ueaching  take  place.  When 
oU  is  treated  with  the  acetic  or  muriatic  acid,  or  with  aqueous  chlorine,  it  evolves  no 
gas,  as  it  does  with  the  sulphuric  and  nitric  acids,  but  it  combines  with  these  substances 
so  as  to  form  a  compound  which  cannot  be  dissolved  by  a  st^ng  boiling  ley  of  caustic 
Boda«  Carbonic  acid  acts  in  the  same  way  with  oil.  On  the  other  hand,  when  the  oils 
and  fats  are  sufficiently  exposed  to  the  air,  they  seize  a  portion  of  its  oxygen,  and 
become  thereby  capable  of  saponification,  that  is,  very  soluble  in  the  alkalis. 

5.  When  the  hand-weaver's  grease  continues  in  contact  for  a  night  with  the  copper 
dents  of  his  reed,  a  kind  of  cupreous  soap  is  formed,  which  is  sometimes  very  difficult  to 
remove  from  the  web.  Lime-water  does  not  dissolve  it;  but  dilute  sulphuric  acid  carries 
off  the  metallic  oxyde,  and  liberates  the  margaric  acid,  in  a  state  ready  to  be  acted  on  by 
alkalis. 

6.  When  cloth  is  boiled  with  milk  of  lime,  the  grease  which  is  uncombined  unites 
with  that  alkaline  earth ;  and  forms  a  calcareous  soap,  pretty  soluble  in  a  great  excess  of 
lime-water,  and  stiU  more  so  in  caustic  soda.  But  aJl  fats  and  oils,  as  well  as  the  soaps 
of  copper  and  lime,  cease  to  be  soluble  in  alkaline  leys,  when  they  have  remained  a  con- 
siderable time  upon  the  goods,  and  have  been  in  contact  with  acetic,  carbonic,  muriatic 
adds,  or  chlorine.    These  results  have  been  verified  by  experiment. 

7.  Cotton  goods  are  sometimes  much  soiled,  from  being  sewed  or  tamboured  with  dirty 
hands ;  but  they  may  be  easily  cleansed  from  this  filth  by  hot  water. 

8.  Any  ferruginous  or  earthy  matters  which  get  attached  to  the  goods  in  the  course  of 
bleaching,  are  readily  removiAile. 

We  are  now  prepared  to  understand  the  true  principles  of  bleaching  cotton  goods,  for 
the  most  delicate  operations  of  the  calico  printer. 

1.  Tlie  first  process  is  steeping,  or  rather  boiling,  the  goods  in  water,  in  order  to  re- 
move all  the  substances  soluble  in  that  liquid. 

2.  The  next  step  is  to  wash  or  scour  the  goods  by  the  dash-wheel  or  the  stocks.  This 
is  of  great  importance  in  the  course  of  bleaching,  and  must  be  repeated  several  times;  so 
much  so,  that  in  winter,  when  the  water  of  the  dash-wheel  is  cold,  the  bleachiog  is 
more  tedious  and  difficult.  Yam  and  very  open  fabrics  do  not  much  need  the  dash- 
wheel. 

By  these  first  two  operations,  the  woven  goods  lose  about  sixteen  per  cent,  of  their 
weight,  while  they  lose  only  two  parts  out  of  five  hundred  in  all  the  rest  of  the 
bleaching. 

3.  In  the  third  place  the  calicoes  are  boiled  with  milk  of  lime,  whereby  they  are 
stripped  of  their  gluten,  and  acquire  a  portion  of  calcareous  soap.  Formerly,  and  still 
in  maYiy  bleach-works,  the  gluten  was  got  rid  of  by  a  species  of  fermentation  of  the 
farinaceous  dressing ;  but  this  method  is  liable  to  several  objections  in  reference  to  the 
calico  printer.  1.  The  fermentative  action  extends  sometimes  to  the  goods  and  weakens 
their  texture,  especially  when  they  are  piled  up  in  a  great  heap  without  being  previously 
washed.  2.  The  spots  of  grease,  or  of  the  insoluble  soaps,  become  thereby  capable  of 
resisting  the  caustic  alkalis,  and  are  rendered  in  some  measure  indelible ;  an  effect  due 
to  the  acetic  and  carbonic  acids  generated  during  fermentation,  and  which  will  be  easily 
understood  from  what  has  been  said  concerning  the  action  of  acids  on  fatty  substances. 
It  B  not,  therefore,  without  good  reason  that  many  practical  men  throw  some  spent  leys 
into  the  fermenting  vats,  to  neutralize  the  adds  which  are  formed.  Were  it  not  for  the 
presence  of  fat,  fermentation,  skilfully  conducted,  would  be  an  excellent  means  of  car- 
rying off  the  gluten ;  and  the  steep  is  therefore  applicable  to  power-loom  goods,  which 
are  not  polluted  with  grease. 

4.  The  goods  are  now  subjected  to  a  caustic  soda  ley,  which  dissolves  out  the  soaps 
of  lime  and  copper,  as  wdl  as  that  portion  of  the  colorini;  matter  which  is  sufficiently 
dis-hydfogenated  to  be  capable  of  combining  with  it.  This  bucking  with  ley,  which  is 
repeated  several  times  upon  the  goods,  in  order  to  purge  them  completely  from  the  fatty 
matter  present  in  the  hand-loom  webs,  and  also  partially  introduce  in  the  spinning,  it 
almost  the  only  operation  to  which  yams  for  Turkey  red  are  subjected.  After  being 
boiled  in  a  caastic  soda  ley,  they  are  passed  through  solutions  of  chloride  of  lime,  and 
afterwards  through  the  add  steep. 

5.  When  the  goods  are  sufficiently  bucked  in  the  leys,  they  are  either  exposed  to 
chlorine,  or  laid  out  on  the  grass ;  sometimes  both  are  had  recourse  to  for  delicate  work. 
These  different  modes  of  action  have  the  same  influence  on  the  coloring  matter,  but 
they  give  rise  to  different  effects  in  reference  to  greasy  stains. 

The  goods  are  dipped  in  a  solution  of  chloride  of  lime,  which  should  be  kept  tepid 
by  means  of  steam.  Alongside  of  the  chlorine  cistera,  there  is  another  filled  with  dHate 
solpharic  or  muriatic  acid.  When  the  goods  are  taken  out  of  the  chlorine,  they  are 
drained  on  the  top  of  its  cistern  till  no  more  liquid  mns  off  them,  and  they  are  then 
pimped  into  the  mmr.    The  action  of  the  add  in  the  present  ease  may  be  easily  ex- 
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pbiMd.  In  proportkm  as  «  nK  of  Ui&e  is  formed,  tikis  hue  qnits  the  chlorine,  and  allows 
it  to  aeC  fredy  upon  the  ookning  matter.  Thus  we  prerent  the  development  of  too  great 
a  qnaatitx  of  cUoiine  at  ooce,  whieh  woald  be  apt  to  injure  the  fibres ;  and  we  pursue 
both  a  prudent  and  economical  plan.  Only  so  much  chlorine  as  is  strictly  necessary  is 
called  forth,  and  hence  it  excites  no  smell  in  the  apartment. 

The  chlorine  senres  to  acidUy  the  coloring  matter,  by  abstracting  a  portion  of  its  hy- 
drogen; but  we  most  take  the  greatest  eare  that  there  is  no  grease  upon  the  goods  before 
immersion  in  it,  for  the  consequence  would  be,  as  above  shown,  very  troublesome  spots. 
When  the  cloth  is  laid  out  upon  the  grassy  it  is  the  oxygen  of  tiie  air  which  acidifies  the 
coloring  matter ;  for  which  reason,  the  dew,  which  contains  much  air  rich  in  oxygen,  sin- 
fnlariy  accelerates  the  bleaching  process.  It  is  likewise,  by  absorbing  oxygen  from  the 
atmosphere,  that  fats  or  oils  pass  to  the  state  of  margaric  and  oleic  acids,  and  become 
most  easily  saponified.  Shoidd  the  goods,  however,  be  left  too  long  on  the  grass,  the  fats 
ibwrb  carbonic  acid,  and  beeome  insolnUe  in  leys. 

6.  The  goods  must  now  receive  a  new  soda  ley,  to  dissolve  out  that  portion  of  the 
eoknag  matter  which  has  beeai  dis-hydrogenated  in  the  chlorine  of  the  air,  as  well  as 
the  grease,  if  any  perchanee  remained  in  the  soluble  state.  These  last  two  operations 
sre  to  be  several  times  repeated,  because  the  coloring  matter  should  be  removed  only  by 
degrees,  for  fear  of  injuring  the  texture  of  the  goods,  by  subjecting  them  to  too  much 
efajorine  at  a  time. 

7.  We  6.niah  with  the  dilute  sulphuric  acid^  which  should  be  very  weak  and  tepid.  It 
dimolves  out  the  iron,  and  some  earthy  matters  occasionally  found  upon  cotton.  The 
foods  must  be  most  carelVilly  washed  at  the  dash-wheel,  or  in  a  stream  of  water  on  quit* 
ling  the  sour  ba'h,  for  if  the  acid  were  allowed  to  dry  in  them,  it  would  infallibly  injure 
tkeir  texture  by  its  concentration.  In  winter,  if  the  goods  are  allowed  to  get  fVosen  with 
llie  add  upon  them,  they  may  likewise  be  damaged. 

We  may  here  observe,  that  when  the  goods  are  not  to  remain  white,  their  bleaching 
■ay  be  completed  with  a  ley ;  for  though  it  leaves  a  faint  yellow  tint,  this  is  no  incon* 
venience  to  the  dyer.  But  when  they  are  to  be  finished  with  a  starching  afler  the  last 
ley,  they  must  have  another  dip  of  the  chlorine  to  render  tiie  white  more  perfect.  An 
imnersbn  in  the  dilute  add  has  neariy  the  same  effect. 

The  prittdples  expounded  above  lead  to  this  important  consequence,  that  when  we 
^isb  to  bleach  goods  that  are  free  from  greasy  stains,  as  is  the  case  generally  with  the 
better  kinds  of  muslins,  or  when  we  wish  to  bleach  even  greasy  goods  for  the  starch 
finiili,  we  may  content  ourselves  with  the  following  operations : — 

1.  Boiling  in  water. 

2.  Soourm^  by  the  stocks  or  the  dash-wheeL 

3.  Bucking  with  milk  of  lime. 

4.  Passing  through  chlorine,  or  exposure  on  the  grass. 

5.  Bucking,  or  bonking  with  milk  of  lime.  These  two  latter  operations  require  to  ne 
iheniated  several  times,  till  the  whole  of  the  coloring  matter  be  removed. 

6.  Souring. 

The  Ueaehlflg  of  goods,  which  are  never  laid  down  on  the  green,  and  which  are  not 
dried  between  two  operations,  may  be  completed  in  a  couple  of  days.  They  answer  as 
veQ  for  the  printer  as  the  others,  and  they  are  as  White.  Cotton  fibres"  or  yarns  sufiier 
■0  diminution  of  their  strength;  when  the  cloth  has  been  properly  treated  in  the  above 


Aecurate  experiments  have  demonstrated  that  their  strength  is  not  impaired  by  being 
Wed  in  milk  of  lime  for  two  hours  at  the  ordinary  pressure,  provided  they  be  constantly 
kept  covered  with  liquid  daring  the  whole  ebullition,  and  that  they  be  well  washed  im- 
iaeiiately  afterwards ;  or,  by  being  boOed  in  pure  water  under  the  pressure  of  ten  atmos- 
pheres of  steam;  or  by  being  boil^  under  the  same  pressure  in  a  caustic  soda  ley,  mark- 
iag3^  of  Tweedale,  or  speeific  gravity  1*015,  though  it  has  increased  to  double  the  density 
ia  the  course  sf  the  bci^  by  the  escape  of  the  steam  ;  or  by  being  boiled  under  the  atmos- 
pheric pressnre  at  14^  of  Tweedale,  or  specific  gravity  of  1*070 ;  or  by  being  immersed 
for  eight  hours  in  chloride  of  lime,  capable  of  decoloring  three  times  its  bulk,  of  test  so- 
hition  of  indigo  (See  CHiiORiHE) ;  and  by  being  afterwards  dipped  in  sulphuric  acid  of 
spedfie  gravity  1*007,  Tweedale  14® ;  or  by  being  steeped  for  eighteen  hours  in  sulphu- 
ric or  nmriatic  add  of  specific  gravity  1*035,  7^  Tweedale. 

In  other  well-ocmducted  Meaeh-works  the  following  is  the  train  of  operations: — 
1.  Cleansing  out  the  weavw's  dressing  by  steeping  the  cloth  fbr  twelve  hours  in  cold 
vater,  and  then  washing  it  at  the  stodcs  or  the  dash-wheel.  2.  Boiling  in  milk  of  lime, 
<f  a  strength  snited  to  the  quality  of  the  goods,  but  for  a  shorter  time  than  with  the 
nda  ley;  two  short  operations  with  the  lime,  with  intermediate  washing,  being  prefer- 
able to  one  of  greater  dnratkm.  3  and  4.  Two  consecutive  leys  of  ten  or  twelve  hours' 
hailing,  with  about  two  pounds  of  soda  chrystals  for  1  cwt.  of  doth.  5.  Exposure  to 
fiie  air  for  six  or  eight  days,  or  the  application  of  the  chloride  of  Ume  and  the  sulphuric 
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acid.  6.  A  ley  of  caustic  soda»  like  tHe  fonner,  aemetlmetf  'witfa.  leaa  iJkali.  7.  Exptmt 
to  the  air  for  six  or  eight  days,  or  chlorine  and  the  sour,  as  above.  8.  Caustic  soda  ley, 
as  before.  9.  Chlorine  and  tbe  sour.  10.  fiinsiAg  in  hot  water,  or  scouring  at  the 
dash-vheel. 

If  the  nnmoer  of  Tessels  to  be  heated  exceeds  four  or  five,  there  is  an  economy  in 
using  steam  as  the  medium  of  heat ;  but  under  this  number  there  is  an  advantage  in 
the  direct  application  of  fire  to  a  boiling  or  bucking  apparatus ;  since  when  only  two 
vessels  are  in  activity,  there  is  a  waste  of  fuel  by  the  extra  steam  power.  It  deserves  to 
be  remarked,  also,  that  the  increase  of  the  bulk  of  the  liqaid  by  the  condensation  of  the 
steam,  does  not  permit  the  spent  white  ley  to  be  turned  to  use  for  the  green  goods,  on  ac- 
count of  its  excessive  dilution.  With  the  milk  of  lime  boil,  however,  this  dilntkm 
would  be  rather  an  advantage. 

It  has  been  found  that  the  introduction  of  bran  into  the  fermenting  steep  (when  this  is 
used)  endangers  the  texture  of  the  goods,  by  causing  a  pntre(ketive  fermentation  in  some 
places. 

When  in  the  milk  of  lime  boil  there  is  too  much  of  this  caustic  earth,  or  when  it  is 
poured  in  on  the  top  of  the  ^oods,  they  are  apt  to  suffer  damage.  The  milk  of  Ume  should 
be  introduced  from  beneath  into  the  under  oouipartment  of  t)te  bucking  apparatus.  For 
the  some  reason,  after  the  caustic  soda  ley,  the  vessel  should  be  filled  up  with  water,  if 
the  goods  be  not  immediately  transferred  to  the  dash-wheel.  When  they  are  allowed  to 
become  partially  dry  on  the  top,  they  are  easily  injured.  The  copper  of  the  bucking  ap- 
paratus ought  to  be  of  a  size  proportioned  to  that  of  the  surmounting  crib  or  vat;  for 
when  it  is  too  small,  the  liquid  is  too  long  of  being  brought  into  proper  diculation,  and 
the  goods  may  be  meanwhile  injured.  In  a  bucking  apparatus,  which  requires  five  or  A 
hours  to  be  brought  into  full  play,  those  goods  are  very  apt  to  be  injured,  which  lie  im- 
mediately under  the  overflow  pipe. 

When  the  chloride  of  lime  steep  is  too  strong,  sometimes  small  round  holes  are  made 
in  the  calico,  just  as  if  they  had  been  cut  out  by  a  punch,  espedaliy  in  the  borders  or 
thicker  parts  of  the  goods*  This  accident  is  owing  to  the  presence  of  bubbles  of  chlorine. 
From  the  saturated  state  of  the  liquid,  they  remain  gaseous  a  sufficient  length  of  time  for 
corroding  the  parts  of  the  cloth  with  which  they  are  in  contact.  These  will  be  obviously 
the  denser  parts,  for  they  confine  the  gas  most  completely,  or  prevent  its  difi'nsion  through 
the  mass.  This  evil  is  prevented  by  dbuting  the  chloride  steep  to  the  proper  degree,  and 
moving  the  goods  through  it. 

The  greasy  spots,  describcxl  above,  show  themselves  in  the  maddering  by  attracting  the 
dye-stuff  more  copiously  than  the  pure  parts  of  the  cloth,  so  as  to  mottle  it ;  they  are  also 
recognised  in  the  white  goods  by  being  somewhat  repulsive  of  moisture.  When  the  com- 
bination of  fatty  matters  with  chlorine  takes  place  at  the  suiface  of  cotton  goods,  it  is  of 
a  nature  to  resist  the  action  of  alkalis.  It  is  the  stearine,  or  the  principle  of  suet,  par- 
ticularly, which,  by  this  means,  acquires  such  a  strong  aflinity  for  cottons ;  the  elaine,  or 
the  principle  of  oils,  has  no  such  remarkable  affinity.  Lime,  in  some  circumstances^ 
seems  to  act  as  a  mordant  to  greasy  matters,  and  to  fix  them  fast.  Hence  the  weaver 
should  be  prohibited,  in  all  cases,  from  allowing  candle-grease  to  touch  his  web.  Goods 
soiled  with  it  should  never  be  allowed  to  lie  by  in  the  ware-house,  but  be  immediately 
cleansed  before  the  air  has  fixed  the  stearine  by  converting  it  into  mansaric  acid.  Lime 
should,  in  these  cases,  be  prudently  employed  f  chlorine  should  never  be  used  till  the  greasy 
stains  are  thoroughly  removed ;  and  the  bleacher  should  never  warrant  his  pieces  for  the 
printer  till  he  has  verified  some  of  them  by  the  water  test. 

t  shall  conclude  this  general  analysis  of  the  principles  of  bleaching  by  a  few 
precepts.  Avoid  lime,  at  the  first  ley,  for  goods  which  contain  creasy  spots ;  but  use 
it  freely  after  one  or  two  soda  leys,  and  apply  two  soda  leys  after  it.  Do  not  apply 
chlorine  between  these  leys,  but  reserve  it  for  the  final  operation.  By  this  plan  the 
goods  will  be  weU  bleached  and  very  little  worn.  Use  the  souring  steeps  freely^ 
giWng  them  after  each  ley,  whether  of  lime  or  soda,  since  the  calcareous  base,  with 
which  the  greasy  spots  get  charged  merely  from  hard  water,  is  an  obstacle  to  the  further 
action  of  the  leys. 

I  shall  now  give  some  practical  instmctions  concerning  the  several  steps  of  the  bleach- 
ing process,  as  applied  to  cotton,  linen,  silk,  and  wool. 

The  first  thing  which  the  cotton  bleacher  does,  is  to  mark  the  pieces  with  tue  fnitiala 
of  the  owner,  by  means  of  a  stamp  imbued  with  coal  tar.  The  linen  bleacher  marks 
with  nitrate  of  silver,  a  far  more  expensive  substance,  but  one  which  resists  better  the 
severer  treatment  which  his  goods  are  destined  to  undergo. 

The  cotton  goods  are  generally  singed  before  they  are  sent  to  the  bleacher,  and  this  is 
done  either  by  passing  them  rapidly  over  a  red-hot  semi-cylinder  of  iron,  or  over  a  row 
of  gas  flames,  by  Mr.  Hall's  ingenious  contrivance.  (See  SiKGxiivc}.)  Each  piece  is  neit 
creased  together  lengthwise  like  a  rope,  folded  into  a  bundle,  and  fixed  by  a  noose  at  the 
end.  In  this  open  stato  it  is  easily  penetrated  by  the  water  of  the  soaking  cistern  into 
which  it  is  thrown.    It  is  then  scoured  by  the  dash  or  wash-wheel.    It  is  now  ready  for 
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Ob  bodlBg  ot  tbeumiag  appuatna,  where  it  is  treated  irith  mfflc  of  Une.  The  iteam 
ttoMber  naenUei  the  backinf  reaael,  wiihml  in  boltom  copper;  that  h  to  Mf,  a  ftw 
Nckes  bdov-tbe  gnied  botWin  oT  the  backing  tub,  there  is  a  clore  iron  eole,  throo^h 
Ike  ecBln  of  which  the  ■team  a  Rdminnl  by  sereral  small  apertures,  for  the  purpose  of 
JiffaMng  it  thron^chonl  the  fTOods,  nnd  esming  a  liquid  eircuialion  by  ita  pressure,  as 
Uk  tteam  does  ia  the  proper  bachiiig  boiler.  One  pound  of  lime  prejiously  made  into 
aciewn  cauist«need  mixtore,  and  pused  tlirou^h  a  siere,  is  used  for  every  thirty  or  fortr 
^xnada  of  doih,  according  to  iti  ealar  sod  textnre;  and  this  creiun  mixed  with  more  water 
iM  iatenlmliSpd  with  Ihe  pieces,  u  Ihey  are  Laid  re^Iarlf  in  the  vessel.  Whenever  thti 
ii  ilDcked  with  goods,  all  their  interstices  are  filled  up  with  water.  After  the  lime 
Mdin;,  the  cloth  is  Uranaferred  to  the  dash-wheel. 

A  pouwi  of  doth  reqaires  tor  M  whitenii^  abont  half  a  pmnd  of  good  average 
eUoiidE  of  lime  or  bleaohin;  powder,  na  ll  is  commonly  called,  and  this  ought  to  be 
jipalred  in  about  three  gallons  of  water.  Mr.  Cmm  of  Thomiebank,  sear  Glasgoi^ 
n  ^tenaive  aikd  exceileni  Ueacher,  has  so  modified  Dr.  Dalloa's  ingenious  plan  of 
lestiBg  the  power  of  bleaching  liqnon  bf  green  sulphate  of  iron,  as  to  give  it  much 
pealef  pceeisioQ  for  the  bleacher's  use,  Ihui  the  discoloration  of  indigo  originnUy  pron 
toard  by  Berthollet.  Mr.  Cram  dissolves  fonr  onnces  of  fresh  green  vitriol  in  hot  water,' 
tad  then  adds  Ihe  solution  of  bleaching  powder  by  small  qusniities  at  a  tiiq^,  till  the 
Foa  becoBKS  wholly  peroxydized,  when  the  smell  of  chlorine  will  become  perceptible. 
When  the  bleacher  has  once  foOnd  by  trial  the  proper  blanching  power  which  his  chlorine 
Beep  oaght  to  hare,  he  can  verify  its  standard,  by  seeing  how  much  of  it  most  be  added 
U  D  onoce,  or  any  given  weight  of  fresh  copperas,  dissolved  in  hot  water,  to  cause  the 
peraxTdiEemeDi  and  the  exhalation  of  the  peculiar  odor.  M.  Gay  Lossac's  new  method 
bf  arsensous  add  will  be  described  nitder  chloriue.  Frtaa  the  experiments  whioh  I . 
Made  eanie  years  ago,*  apoa  indigo,  it  will  be  seen  that  this  dye  stuff  is  so  variable  in 
te  qaantity  of  Coloring  matter,  thai  no  two  chemists  operating  with  it  independently, 
•s  a  test  for  chloride  of  lime,  could  arrive  at  Ihe  same  result.  They  must  provide 
themaelves  with  absolute  iod^o,  by  an  expensive  and  tranblesome  process,  not  suited  to 
the  busy  bleacher.  The  vitriolage,  as  the  Frcndi  term  it,  or  Ihe  soaring  of  the  English 
bleacher,  consists  in  immersing  the  goods  for  four  hours  in  dilute  sulphuric  acid,  con- 
lainiDg  one  gallon  of  oil  of  vitriol  to  Cana  25  to  30  of  water,  ihoroughly  intermixed  bj 
■ining  i  for  the  density  of  the  acid  it  an  obstacle  to  its  equal  distribution  ihroogh  the 
water.  This  dilute  acid  will  have  a  density  of  liom  1047  to  1-040,  and  will  contain 
&«a  T  to  6^  per  cent,  by  weight  of  the  oil  of  vitriol. 

The  goods  are  now  washed,  and  then  bailed  for  eight  or  nine  hoars  in  an  alkaline 
ky,  coutaining  aboot  two  pounds  aC  crystals  of  soda,  or  their  equivalent  in  soda  ash  W 
poiri-ash,  fbr  every  100  lbs.  of  cloth.  The  ley  must  be  mode  previonsly  caoBtie  bf 
qnkk  lime.  A  washing  in  the  wheel  follows  this  boil ;  and  then  a  chlorine  steep  for 
five  hoars  in  a  liquor  two  thirds  of  the  strength  of  the  former.  It  is  next  soured  in  tha 
dilute  sulphuric  actd,  for  two,  Ihiee,  or  four  hours,  according  to  the  color  and  qtudity 
of  the  cotton,  and  then  thoroughly  washed. 

Tht  rkAh  it  now  bleached  while,  bat  cannot  be  presented  in  the  market  till  it 
sadi  1 11,1 1 1  I  certain  finishing  processes.  The  piece  it  elongated  from  the  folds  which  it 
cailiacls  dorin;  the  rotalioa  of  the  dash-wheel  by  being  thrown  into  a  stream  of  water 
ia  a  cistera,  terminated  by  the  squeezing  rullen,  which  take  in  Ihe  end  of  Ihe  piece,  atkd 
inn  it  Ihroogh  between  them,  with  the  eifect  of  making  it  nearly  dry.  Two  pieca  of 
cklh  pus  limultaneously  Ihroogh  the  rollers,  and  are  disentangled  spootaneuusly,  so  la 
•peak,  withoDt  the  help  of  bands. 

The  squecxing  rollers  or  sqaeezrr?,  for  discharging  tha  greater  part  of  Ihe  water  from 
the  yatiu  and  gtwda  in  Ihe  procesaof  bleftclune,ai«  repre*«nled  in  fig*.  117,  ItS,  the 
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tnnier  bein;  a  eide-Tww,  to  show  how  Ilu  roller  godseon*  lie  in  lk«  iloti  or  the  Itane^ 
and  how  [he  ghoA  of  [he  upper  roller  is  pressed  downmrd  by  a  weighted  lever,  tbrougk 
a  Tertieal  junctioD  rod,  jointed  at  the  boUom  to  a  nearljr  horizontal  bar,  on  vhott  end 
the  proper  weight  is  hung.  In^g.  US,  Ihew  rollen  of  birch-wood  are  sbown  in  Ace) 
the  under  one  receiriag  motioa  through  the  loolhed  wheel  on  its  shaft,  from  anf  suitable 
power  of  water  or  steuu.  Upon  (he  shaA  o[  Ihe  latter,  between  the  toothed  ^Aeel  and 
the  nJJer,  the  levei  aad  pulley  Tor  putting  the  machine  into  and  oat  of  gear  are  visibte. 
The  under  roller  makes  about  25  levolulioos  in  Ihe  minute,  in  which  time  three  piece* 
of  goods,  stitched  endwise,  measuring  28  yards  each,  ma;  be  run  through  the  machine, 
.  from  a  water  trough  on  one  side,  to  a  wooden  grating  upon  the  other. 

When  Ihe  goods  are  run  through,  thef  are  oarri^  off  uptm  a  grated  wheelbarrow,  ia 
a  nearly  diy  slate,  and  iransferj-ed  lo  the  spreading  machine,  Mlled  at  Mnnehestcr  a 
candroy.  In  many  bleach-works,  however,  the  creaied  pieces  are  pulled  glnight  by  the 
hands  of  women,  and  are  then  tlrongly  beat  against  a  wooden  stock  lo  smooth  out  t^ 
edges.  This  being  done,  a  Bomber  of  pieces  are  ttilched  endwise  together,  preparatMj 
to  being  mangled. 

CaltHiUr.—  Fig.  120  is  a  cross  sect ioa  of  this  machine,  and  ;lg>.  119,  121,  are  lh»t 

views  broken  off.    The  goods  are  tirsl  rolled  upon  the  wooden  cylinder  a,  near  tht 

119  120  191 


giouitdi  by  Ihe  tension  roller  b,  upon  the  same  cylinder,  the  goods  receive  a  proper 
degree  of  siretehinv  in  the  winding  off.  They  then  pass  over  the  spreading  bars  ere, 
by  which  they  are  still  more  distended  ;  next  round  the  hollow  iron  cylinder  d,  16  inehca 
diameter,  and  the  paper  cylinder  t,  of  like  dimensions ;  thence  they  proceed  ouder  the 
second  massive  iron  cylinder /,  of  8  inches  diameter,  to  be  finally  wound  about  the  pro- 
jecting wooden  roller  g.  This  is  set  in  motion  by  Ibe  pulleys  k,fig.  121,  s^d  i,fig.  120, 
and  receives  its  proper  tension  IVom  Ihe  hanging  roller  fc;  I  is  a  press  cylinder,  of  14 
Inches  diameter,  made  of  plane-tree  wuod.  By  ill  means  we  can  at  all  times  secure  an 
equal  degree  of  pressure,  which  would  be  hardly  possible  did  the  weighted  lever  press 
immediately  upon  two  paints  of  the  calender  rollen.  The  compression  exercis^  by 
Ihe  cylinders  may  be  increased  at  pleasure  by  the  bent  lever  m,  weights  being  applied 
to  it  at  a.  The  upper  branch  of  the  lever  o  is  made  fait  by  tcrews  and  bolts  at  p,  to 
the  nppcr  press-cylinder.  The  junction  leg  5  is  attached  lo  the  inlermediate  piece  r,  by 
left  and  right-handed  screws,  so  that  according  as  that  piece  is  turned  roand  to  l{ie  right 
or  the  len,  the  pressure  of  the  weighted  roller  will  be  either  increased  or  diminished.  By 
taming  jt  still  more,  the  pieee  will  get  delaefaed,  the  whole  pressure  will  be  removed,  and 
the  press-roller  tnay  be  taken  off;  which  is  a  main  object  of  thla  mechanism. 

The  unequable  movement  of  the  cylinders  is  prodnced  by  the  wheels  1 1  a,  of  which 
Ihe  undermost  has  69,  the  oppermosl  has  20,  and  the  carrier-wheel  I,  cither  33, 32,  or  20 
teeth,  according  to  the  difference  of  speed  reqnired.  The  carrier-wheel  ii  bolted  cm  at 
^  and  adjusted  in  its  proper  place  by  means  of  a  slot.  To  Ihe  undermost  iron  cylinder, 
the  firti  molion  is  communicated  by  any  power,  for  which  purpose  either  a  rigger 
(driving  policy)  is  applied  to  iu  shaft  «l  ■,  or  a  crank  motion,    IT  it  be  dewed  n 
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tpwtip  wiOk  a  herted  eiteder,  the  nndennoit  hoQoir  cylinder  mtj  be  /Uled  with  hot 
NBun,  admitted  throogh  a  ttoffing-boiz  at  one  eiid>  and  discharged  throagb  a  stuifing-boz 
at  fhe  other,  or  by  a  red-hot  iron  roUer. 

Pore  starch  wodiA  be  too  expensive  a  dressing  for  common  calico  shirtings,  and  there- 
Are  an  extemporsaeons  starch  is  made  by  mixing  one  pound  of  flour  with  one  gallon  of 
valcr,  and  allowing  the  mixtnre  to  feimeat  in  a  warm  place  for  twenty-four  hours.  In 
das  way,  a  portion  of  iaetic  acid  is  formed,  which  dissolves  the  gluten,  or  separates  it 
fipOB  the  starch;  so  that  when  the  whole  is  thrown  upon  a  sieve,  a  liquid  paste  passes 
through,  which,  being  boiled,  answers  well  for  stiffening  the  goods,  without  giving  them 
a  gray  tinge.  The  paste  is  thinned  with  water  to  the  desired  degree,  and  faintly  tinged 
wSh  solution  of  indigo.  The  stfuch,  which  is  sometimes  thickened  with  porcelain  clay, 
Puis  platter,  or  Spanish  white,  is  put  into  a  trough,  and  is  evenly  imparted  to  the  cloth  as 
this  is  drawn  down  thnmgh  it,  by  the  traction  of  rollers.  There  is  a  roller  near  the 
bottom  of  the  trough,  round  which  the  cloth  is  noade  to  run,  to  secure  its  full  impregna^ 
tion ;  while  the  upper  rollers  serve  to  expel  its  excess  of  the  starch,  and  throw  it  back 
iato  the  dstem.    See  SrAacHiNo  Apparatus. 

The  goods  are  next  dri«l  in  an  apartment  heated  by  two,  three,  or  more  flues,  running 
■long  the  floor,  and  covered  usually  with  fire-tiles.  At  first  the  heat  is  moderate,  but  it 
is  gndnally  raised  to  upwards  of  110^  F. 

The  goods  most  now  be  passed  again  through  the  calender,  in  order  to  receive  their 
final  smoothness  and  lustre.  They  are,  in  the  first  place,  damped  with  a  peculiar  ma^ 
chine,  fomiahed  with  a  drcnlar  brush,  whose  points  revolve  in  contact  with  water  in  a 
Hoo^  placed  beneath  them,  and  sprinkle  drops  of  water  upon  the  goods  as  ^ey  are 
dmwn  foraraid  1^  a  pair  of  cylinders,  They  are  then  subjected  to  the  powerful  pressure 
of  the  calender  rollers. 

The  calendered  pieces  are  neatly  folded  into  compact  parcels,  and  stamped  with  the 
oarks  of  each  particular  manufacturer,  or  various  devices  to  suit  the  markets  fi:>r  which 
they  are  designed.  They  are  finally  piled  on  the  sole  of  an  hydraulic  press,  with  a  sheet 
of  pasteboard  between  each  piece;  but  with  occasional  plates  of  iron  to  secure  uniformity 
of  presaore  throughout.  When  sofikiently  condensed  by  the  press,  they  are  taken  out, 
and  despatched  to  their  respective  manufacturers  in  a  state  ready  for  sale. 

There  are  no  less  than  25  steps  in  the  bleaching  of  calicoes,  many  of  them  effected 
with  expensive  machinery ;  yet  the  whole  do  not  produce  to  the  bleacher  more  than  10 
pence  per  piece  of  24  yards. 

The  following  system  was  pursued,  a  fiew  years  back,  by  a  skilful  bleacher  of  muslins 
sear  Glasgow: — 

*<  In  fermenting  muslin  goods,  we  surround  them  with  our  spent  leys,  from  the  tem- 
pcntare  of  100°  to  150^  F.,  according  to  the  weather,  and  allow  them  to  ferment  for 
36  hours.  In  boiling  112  lbs.  =  112  pieces  of  yard-wide  muslin,  we  use  6  or  7  lbs.  of 
peari-ashes,  and  2  lbs.  of  soft  soap,  with  360  gallons  of  water,  and  allow  them  to  boil  for 
6  hours ;  then  wash  them,  and  boil  them  again  with  5  lbs.  of  pearl-ashes  and  2  lbs.  of 
soft  soap,  and  allow  them  to  boil  3  hours ;  then  wash  them  with  water,  and  immerse 
them  into  the  solution  of  oxymuriate  of  Ume,  at  5  on  the  test-tube»  and  allow  them  to 
remain  firom  6  to  12  hoars ;  next  wash  them,  and  inunerse  them  into  dilute  sulphnvie  add 
St  the  spedfie  gravity  of  3^  on  Tweedale's  hydrometer  =  1-0175,  and  allow  them  to 
Rmain  an  hour.  They  are  now  well  washed,  and  boiled  with  2j^  lbs.  of  pearl-ashes,  and 
2  lbs.  of  soft  soap  for  half  an  hour ;  aftervrards  washed  and  inunersed  into  tlic  oxymn- 
late  of  lime  as  before,  at  the  strength  of  3  on  the  test-tube,  which  is  stronger  than  the 
ftnner,  and  allowed  to  remain  for  6  hours.  They  are  again  washed,  and  ixjnersed  in 
dflnted  solphnric  add  at  the  specific  gravity  of  3  on  Tweedale's  hydrometer  ==  1-015. 
If  the  goods  be  strong,  they  will  require  an<^er  boil,  steepi  and  sour.  At  any  rate,  the 
lalphBric  add  must  be  well  washed  oat  before  they  recdve  the  finishing  operation  with 


^  With  regard  to  the  lime,  which  some  use  instead  of  alkali  immediately  after  ferment- 
ing the  same  weight  of  it  is  employed  as  of  pearl-ashes.  The  goods  are  allowed  to  boQ 
m  it  fiir  15  minutes,  but  no  longer,  otherwise  the  lime  will  ii^ure  the  fabric.'^ 

More  reeeatly  the  plan  adopted  la  as  foUows;  by  which  the  purest  whites  are  pro- 
daeed  for  the  Loodon  mariceL 

^Udm^  seUom  used  for  oar  finer  muslin  goods,  as  it  is  found  to  injure  tlieir  fabric, 
aad  the  colors  do  not  keep  for  any  length  of  time. 

''An  aOkaline  ley  is  made  by  boiling  equal  weights  of  lime  and  soda  together  for  an 
hoar:  this  alkali  is  used  for  boiling  goods  the  same  as  potash,  but  without  soap. 

"In  finishiag  jaeoneta  or  mnslms,  after  washing  them  from  the  sour,  they  are  run 
tana^  spring-water  containing  a  little  fine  smalts,  which  give  them  a  clear  shade; 
if  of  a  coaiK  iahnc,  a  little  weil-boiled  starch  is  added  to  the  water.  From  this  they 
aie  wrung  or  pressed,  and  taken  up  by  the  selvage  for  the  breadthing  frame,  and  are 
ittoff  it  Vfoa  a  tin  cylinder  heated  by  iteam»  by  which  the  piece  is  completdy  dried 
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in  15  minutes :  it  is  then  stripped  from  the  cylinder,  neatly  folded  and  prened,  wUeb 
finishes  the  piece  for  the  market.    JFVom  6d.  to  9d.  per  piece  of  12  yards  is  obtained  fiic  : 
the  bleaching  and  finishing  of  those  goods. 

*<  Book  muslins,  after  being  washed'  from  the  sour,  are  wrong  or  pressed  |  then  they  are 
hung  up  to  dry  in  a  heated  stove,  prerioos  to  being  put  into  starch,  prepared  by  boiliag 
3  lbs.  of  it  to  every  5  gallons  of  water,  with  20  ounces  of  smalts :  they  are  wrung  oat  of 
this  starch,  and  taken  to  a  room  heated  to  110°  F. ;  the  starch  is  wrought  into  the  piece 
till  dear,  then  taken  into  a  cold  room,  and  the  selvages  dressed  or  set,  before  beiag  pat 
on  the  breadthing  frame  in  the  heated  stove,  where  the  piece  is  stretched-  to  its  length, 
while  three  or  four  persons  at  each  selvage  keep  the  piece  to  its  breadth.  If  a  stifl*  finish 
is  wanted,  they  keep  exactly  opposite  each  other ;  bat  in  breadthing  the  piece  of  elastic 
they  cross  the  piece  in  breadthing,  which  gives  it<a  springy  elastic  finish.  From  9d.  to 
IM.  per  piece  of  12  yards  is  obtained  for  the  bleaching  and  finishing  of  these  goods. 

**  Sewed  trimmings,  flounces,  and  dresses  are  ran  through  spring  water  containing  fine 
tmalts  with  a  little  well-boiled  starch.  They  are  then  taken  to  the  drying-stoye,  where 
they  are  stented  till  dry,  which  finishes  the  piece  for  the  market.  From  6d,  to  Sd,  per 
piece  is  obtained  for  trimmings  and  fionnoes,  and  ftom  9d»  to  U,  for  dresses,  bleaching 
and  finishing.'' 

In  the  bleaching  of  cotton  cloth,  where  fixed  colors  are  previoosly  dyed  in  the  yarn 
before  it  is  woven  into  cloth,  such  as  the  Turkey  or  Adrianople  red,  and  its  compounds 
of  lilach  or  purple,  by  the  addition  of  iron  bases,  various  shades  of  blue  fttMn  indigo,  together 
with  buff  and  gold  color,  tinged  with  the  oxydes  of  iron,  great  care  is  necessary. 

The  common  process  of  bleaching  pulicates,  into  which  *  permanent  colors  are  woven, 
is,  to  wash  the  dressing  or  starch  well  oat  in  cold  water ;  to  boil  them  gently  in  soap, 
and,  after  again  washing,  to  inmierse  them  in  a  moderately  strong  solution  of  tiie  oxy- 
Buriate  of  potash ;  and  tiiis  process  is  followed  until  the  white  is  good  :  they  are  then 
soured  in  dilute  sulphuric  acid.  If  the  goods  are  attended  to  in  a  proper  manner,  the 
oolors,  in  place  of  being  impaired,  will  be  found  greatly  improved,  and  to  have  acquired 
a  delicacy  of  tint  which  no  other  process  can  impart  to  them. 

Pulicates,  or  ginghams,  which  have  been  woven  along  with  yam  which  has  been  pre- 
viously bleached,  are  first  freed  by  washing  from  the  starch  or  dressing :  they  are  then 
washed,  or  slightly  boiled  with  soap.  Afler  which,  they  are  completely  rinsed  in  pure 
spring  water,  and  then  soured. 

Besides  these  common  processes  for  bleaching,  another  was  some  time  ago  introduced, 
which  consisted  in  immersing  tiie  cotton  or  linen  goods  in  pretty  strong  solution  of  caus- 
tic alkali,  and  afterwards  exposing  them  to  the  action  of  steam  in  a  close  vessel.  It  is 
BOW  generally  abandoned. 

The  cotton  or  linen  goods,  having  been  previously  deaned  by  steeping  and  washing, 
were,  after  being  Well  drain«l,  steeped  in  a  solution  of  caustic  alkali  of  the  specific  gravity 
of  1020.  After  the  superflnoas  alkaline  ley  had  been  drained  ftom  them,  they  were  ar« 
ranged  on  a  grating  in  a  receiver.  The  cover  was  then  placed  on  the  ve^d,  and  firmly 
■crewed  down;  and  the  steam  was  admitted  by  turning  the  stopcock  of  the  pipe  which 
communicated  with  a  steam  boiler  of  the  common  construction. 

The  stains  which  come  out  upon  maddered  goods,  in  consequence  of  defective  bleach- 
ing, are  called  in  this  country  tpangi.  Their  origin  is  such  as  I  have  described  above, 
as  the  following  statement  of  facts  will  show.  The  weaver  of  calicoes  receives  frequently 
a  fine  warp  so  tender  ftom  bad  spinning  or  bad  staple  in  the  cotton,  that  it  will  not  bear 
the  ordinary  strain  of  the  heddles,  or  ftictiop  of  the  shuttle  and  reed,  and  he  is  obliged 
to  throw  in  as  much  weft  as  will  compensate  for  the  weakness  or  thinness  of  the  warp^ 
and  make  a  good  marketable  doth.  He  of  eourse  tries  to  gain  his  end  at  the  least 
expense  of  time  and  labor.  Hence,  when  his  paste  dressing  becomes  dry  and  stiff,  he  hak 
recourse  to  such  greasy  lubricnnts  as  he  can  most  cheaply  procure ;  which  are  commonly 
either  tallow  or  butter  in  a  rancid  state,  but  the  former,  being  the  lowest  priced,  is  pre* 
ftrred.  Accordingly,  the  weaver,  having  heated  a  lump  of  iron,  applies  it  to  a  piece  of 
tallow  held  over  the  warp  in  the  loom,  and  causes  the  nidted  fat  to  chrop  in  patches  upon 
the  yarns,  which  he  afterwards  spreads  more  evenly  by  his  brush.  It  is  obvious,  however, 
that  the  grease  must  be  very  irregularly  applied  in  this  way,  and  be  particularly  thick  on 
certain  spots.  This  irregularity  sddom  fai  *  to  appear  when  the  goods  are  bleached  or 
dyed  by  the  common  routine  of  work.  Printed  calicoes  examined  by  a  skilf^  eye  will 
be  often  seen  to  be  stained  with  large  blotches  evidently  occasioned  by  this  vile  practice 
of  the  weaver.  The  ordinary  workmen  call  these  copper  stains,  believing  them  to  be 
oonununicated  in  the  dyeing  copper.  Such  stains  on  the  doth  are  extremely  injurious  in 
dyeing  with  the  indigo  vat.  The  following  plan  is  adopted  by  some  Scotch  bleachers, 
with  the  effect,  it  is  said,  of  effectually  counteracting  spangs  ftom  grease. 

The  goods  having  been  singed  and  steeped  in  pure  water,  as  is  customary  in  common 
bleaching,  they  are  passed  through  a  pair  of  roflers  to* press  out  the  impurities  which 
have  been  loosened  by  the  steeping.    It  must  here,  howevei^  be  observed,  that  where  the 
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of  oae  ettm  iryi^g  can  be  aflbided,  the  process  might  be  very  much  improved 
Vf  steepiDg-  the  brown  Mlicoes  for  thirty  or  forty  boors  before  singeing,  because  this  would 
sepaiate  much  of  that  impurity  which  usuaQy  becomes  fixed  in  the  stuff  on  its  being  pass- 
ed over  the  hot  cylinders.  When  the  pieces  have  been  thus  singed,  steeped,  and  pressed,' 
they  sane  boiled  four  times,  ten  or  twelve  hours  at  eaeh  time,  in  a  solution  of  caustic  pot- 
ash, of  the  specific  gravity  of  from  1-0127  to  1*0156,  washing  them  carefully  and  thorough- 
\f  in  pore  water  between  each  of  these  boilings.  They  are  then  immersed  in  a  solution 
oif  the  dilaiide  of  potash,  originally  of  the  strength  of  1-0025,  and  afterwards  reduced 
with  twenty-four  times  its  measure  with  water. 

When  the  preparation  is  good,  these  proportions  will  whiten  cotton  goods  completely  in 
eight  hoars.  In  this  steep  they  are,  however,  genemlly  suffered  to  remain  twelve  hours. 
It  has  been  supposed  that  the  common  bleaching  liquor  (chloride  of  lime)  cannot,  without 
ii^aryy  be  substituted  for  chloride  of  potash,  but  I  believe  this  to  be  a  mistake. 

Some  printers  take  the  pieces  from  this  solution,  and,  while  wet,  lay  thein  upon  the 
grass,  and  there  expose  them  to  the  sun  and  weather  for  two  or  three  days.  Tliey  arc 
dience  remcyved  to  the  soars,  made  of  the  specific  gravity  of  about  1*0254  at  the  temper- 
atare  of  110^  of  fUirenheit.  In  bleaching  common  goods,  and  such  as  are  not  designed 
ibr  the  best  printing,  the  specific  gravity  of  the  sours  is  varied  from  that  of  1*0146  to  that 
of  l-0238y  if  weigb^i  when  they  become  of  the  temperature  of  the  atmosphere.  In  these 
they  are  sofiered  to  lie  for  five  or  six  hours,  after  which  they  are  taken  >to  the  dash-wheel 
aad  washed  thoroughly.  When  this  operation  is  finished,  they  are  submitted  to  four  more 
boffiags  as  before,  with  a  solution  of  caustic  potash ;  taking  care  to  wash  well  between 
eMh  of  these  boilings.  Sometimes  pearl-ash,  made  caustic,  is  used  for  the  last  of  these 
hoiUogs,  lest  the  sulphur,  which  always  exists  in  the  potashes  of  conmierce,  should  impair 
the  whites.  They  are  next  immersed  in  the  diluted  chloride  of  potash,  of  the  strength 
More  mentioned ;  after  which  they  arc  well  washed  in  pure  water,  and  then  winched 
lor  half  an  hoar  in  common  soursi  The  last  process  is  that  of  careful  washing  in  plenty 
of  dean  water,  after  which  they  are  not  put  into  the  stove,  but  are  immediately  hung  up 
ia  the  airing  sheds  to  dry  gradually.    The  water  must  be  good^  and  abundant. 

The  namber  of  operations,  as  here  described,  is  great  j  but  I  know  of  no  other  mode 
of  proeedure  by  which  perfbct  bleaching  is  so  likely  to  be  effected  at  all  times  and  in  aU 
Sfaaonsy  without  disappointment.  It  must  here  be  remarked,  that,  for  the  best  purposes 
of  printing,  it  would  not  be  sufllcient  to  take  goods  which  have  been  bleached  in  the 
*—">■"»  way  and  finish  these  by  the  better  process ;  because  the  sulphate  of  lime  depo- 
sited in  the  cloth  by  that  operation  will  be  apt  to  spoil  them  for  madder  colors  i  at  least, 
a  yraifer  who  is  curious  in  his  business  would  hesitate  to  work  up  such  cloth. 

BmdeiMg  or  Bowking, — ^This  is  one  of  the  most  important  operations  in  the  bleaching 
of  both  cotton  and  linen  goods.  There  are  several  methods  whereby  this  process  is  ear- 
ned on ;  but  of  these  we  shall  select  only  two,  distinguishing  them  as  the  old  and  new 
■othod  of  backing.  In  the  former  way,  the  cloths  have  been  steeped  in  the  alkaline  ley, 
as  bdfore  described,  and  afterwards  wdl  washed,  are  regularly  arranged  in  a  large  wooden 
nrty  or  kieve;  a  boiler  of  sufficient  capacity  is  theh  filled  with  caustic  alkaline  ley, 
whaeh  m  heated  to  the  temperature  of  bloiod.  The  boiler  is  then  emptied  by  a  stop-code 
upon  the  linens  in  the  kieve,  until  they  are  covered  with  the  liquor.  After  having 
zanained  on  the  doth  for  some  time,  it  is  run  off  by  a  stop-cock,  at  the  bottom  of  the 
kieve^  into  an  iron  boiler  sunk  in  the  ground,  from  whence  it  is  raised  into  the  boiler 
br  a  pomp.  The  heat  is  now  devated  to  a  higher  temperature,  and  the  ley  again  run 
upon  the  goods  ia  the  kieve;  ftom  whence  it  is  returned  into  the  boiler,  aS  before 
deseribed :  and  these  operations  are  continued,  always  increasing  the  heat,  until  the 
alkaiiBp  ley  is  completely  saturated  with  the  coloring  matter  taken  from  the  doth, 
which  is  known  by  its  having  acquired  a  completdy  offensive  smell,  and  losjog  its 


When  we  eonsider  the  effect  which  heated  liquids  have  upon  colored  vegetable 
',  we  shall  see  the  propriety  of  the  temperature  of  the  alkaline  ley  bein?  gradually 
inaeased.  Thus,  when  vegetable  substances  are  hastily  plunged  into  boiling  liquids, 
the  coloring  matter,  in  place  Of  b^ing  extracted,  is,  by  this  higher  temperature,  fixed 
jmo  them.  It  is  on  this  principle  that  a  cook  acts  in  the  culinary  art,  when  the  green 
sobr  of  vegetables  is  intended  to  be  preserved :  in  place  of  patting  them  into  water  when 
cald,  they  %n  kept  bade  until  the  water  is  boiling ;  because  it  is  well  known  that,  in 
the  fonner  ease,  the  green  color  would  be  entirely  extracted,  whereas,  when  the  vegeta- 
Un  are  not  infused  nntil  the  water  is  boiling,  the  color  is  completely  preserved  or  fixed. 
On  the  same  principle  when  the  tempetature  of  the  allmline  ley  is  giadually  raised,  the 
eitnctive  and  coloring  matter  is  more  effectually  taken  from  the  cloth ;  and  the  case  is 
leveised  when  the  ley  is  applied  at  the  boiling  temperature :  so  much  so,  that  linen 
vhieh  has  been  so  unfortanate  as  to  meet  with  this  treatment,  can  never  be  brought  to.  a 
psadwhite. 

When  the  nlfcaline  ley  it  satvmted  with  coloring  matter,  it  is  run  off  as  unfit  for 
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fiullia  Die  in  thit  operation;  but,  were  ttke  goodi  to  be  intUntljr  take*  out  of  (Iw 
kieve,  uul  curled  to  be  mthcd  in  the  daih-wbeeL  while  hot,  •  certain  portion  of  ths 
ooloriag  matter  would  be  again  Axed  inio  then),  which  ii  exlremely  difficoll  to 
eradicate.  In  order  to  preTent  this,  the  moat  approved  bleachera  ran  warm  water  apon 
the  dolb  a>  soon  as  the  impum  lef  is  ran  off:  thii  craabines  with  and  carries  off  pan 
of  the  lemainin;  impurities.  A  Etretm  of  water  is  then  allowed  to  run  upon  the  cloth 
in  the  kieve,  nntil  it  comea  oS'  almtxt  traasparent.  The  goods  are  now  to  be  taken 
to  the  wash  slocks,  or  to  the  dash-wheel,  to  be  fartbeT  cleaned,  with  the  greatait 

The  improTed  cnode  or  bowking  was  the  iavention  of  Mr.  John  Laurie,  a  native  of 
Glasgow.  It  is  now  practised  by  man;  bieachera  in  Lancashire,  some  an  more  perfect 
plans  Ihati  olhrrs ;  but  we  shall  give  the  desciiption  of  the  kind  of  apparatus  approved 

of  by   those   whose  experience  and  skill  have  rendered  them  the  n     ' 


In  Jig.  122,  A  B  c  D  is  the  wooden  kieve,  or  kier,  containing  the  eloth ;  c  K  r  d 
represents  the  caat-iron  boiler;  a  g,  the 
pamp )  g  X,  the  pipe  of  commnnieatioit 
between  the  kieve  and  the  boiler.  This 
pipe  has  a  valve  on  eacb  of  itseilremitiei; 
that  on  the  upper  extremity,  when  sho^ 
prevents  the  ley  from  ruoniog  into  tha 
boiler,  and  is  regulated  by  the  attendant 
by  means  of  the  rod  and  handle  g  b. 
The  valve  at  K  admits  the  ley;  butjtqwn- 
ing  invanbi,  il  prevents  the  steam  from 
escaping  through  the  pipe  g  n.  Ths 
boiler  has  a  sleam-tight  iron  cover,  g  l  ; 
and  Bl  c  D,  in  the  kieve,  is  a  wooden 
gratiag,  a  small  distance  above  the  eorer 
of  the  boiler. 

At  M  o  is  a  brood  plate  of  metal,  in 
order  to  upread  the. ley  over  the  dotb. 
It  is  hardly  necessary  to  ny  tiiM  tha 
boiler  has  a  furnace,  as  naaal,  for  similaT 

While  the  ley  is  at  a  low  temperature, 
the  pump  is  worked  by  the  mill  or  ateam- 
(ogine.    When  it  is  sufficiently  heated,  the  elasticity  of  the  steam  forces  il  op  Ihni^Ii 
the  valves  of  Ibe  pump,  in  which  ease  il  is  disjoined  from  the  moving  power. 

IT  r  is  a  copper  spoul,  which  is  removed  at  the  lime  of  taking  the  doth  oat  of  the 

The  boilers  A,  Jig,  123,  used  tn  bleaching,  are  of  the  common  form,  having  a  slop- 
cock,  H  G,  at  bottom,  fur  running  off  the  waste  ler. 
They  are  commonly  aiade  of  cast-iron,  and  are  ca- 
pable of  contaioiag  from  300  to  600  gallons  of  water, 
according  la  the  extent  of  the  business  done.  In 
order  that  the  capacitjfrf' the  boilers  may  be  enlarged, 
they  are  formed  so  as  to  admit  of  a  crib  of  wood, 
strongly  hooped,  or,  what  is  preferable,  of  cast-iion, 
to  be  Bxed  to  the  npper  rim  or  edge  of  it.  To  keep 
the  goods  from  the  buIlMD,  where  the  heat  acts  moat 
forcibly,  a  strong  iron  ring,  covered  with  nettii^ 
made  of  slont  rope,  c,  is  allowed  to  rest  six  or  eight 
indies  above  the  bottom  of  Ihe  boiler.  Foot 
double  ropes  are  attached  to  the  ring  e,  for  with- 
drawing the  goods  when  sufficiently  boiled,  which 
have  each  an  eye  for  admitting  books  from  the 
running  tackle  ^  a  crane.  Where  more  boilen 
than  one  are  employed,  the  crane  Is  so  placed, 
that,  in  the  range  of  it*  sweep,  it  may  withdraw  the  goodi  Inmi  any  of  them.  I^r  this 
purpose,  the  crane  Itirns  on  pivots  at  lop  and  bottom ;  and  the  goods  are  raised  or  Imr- 
ered  at  pleasure,  with  double  pulleys  and  sheaves,  by  meani  of  a.  cylinder  moved  byeaiU 
iron  wheels.    The  lid  is  secured  by  the  screw  bolts  d  d,  and  rii^  b  a.    r  is  a  Mfotr 

The  efficacy  of  Liaucie's  bowking  apparatus  is  renwrkaUe.  While  the  heat  b 
gradually  rising,  a  cunenl  of  fresh  ley  is  coustanily  presented  to  the  diflereni  iiirikeca 
far  saturating  Ihe  goods,  so  a*  to  increase  its  detcrtlve  powen.    BoaidBi,  the  manoer  is 


^iA  the  qvnmni  ■>  inKkad,Gnt  b^  &e  itmlcr-irlted  or  (tevn-nriite,  tail  Iten  b;  itt 
kiBime  o|>enikiD,  paU  it  complelclr  out  of  tbe  power  of  serraDti  to  iNfAt  the  work  { 
Bot  to  (peak  of  the  great  taTiiig  of  alluli,  which,  in  budj  eatn,  hai  been  foiuul  la 
■BoUDl  to  25  per  cent. 
A  limple  mcdificMion  of  th«  boidung  Kpp«ntn«  i*  shown  in  ^i.  IS4,  125,  126 ;  the 
BrVt  being  ■  Tcrtical  lection,  th« 
Kcond,  ■  hariionlnl  lectioa  in  the 
line  X  of  the  flnt.  It  consiils  n 
two  partai  the  upper  wide  pnt, 
aa.Krret  forthe  reception  <rf' the 
goods,  and  the  lower  or  pot,  t,  fat 
holding  the  ler;  e  e  i*  ■■!  inn 
grating,  shown  ap«rt  in  flg.  126. 
The  ^tiog  hu  namerous  aqoue 
apertam  in  the  middle  of  like 
disc,  to  which  the  rising  pipe  d  ia 
screwed  fast.  The  upper  cflittder 
ia  fortned  of  eait  iron,  or  of  ihoet 
iron  well  itTeted  at  the  edges )  or 
sometimes  of  Wood,  this  being 
secured  at  its  nndec  edge  into  m 
groove  in  the  top  et^e  of  the  le;- 
pol.  The  Dunlh  of  the  cylinder 
is  eonstraeted  nsuaUr  of  sheet 
iron.  (  <  il  the  fire-grate,  wbosft 
upp«r  surface  is  shown  in  Jig.  126; 
~  it  is  nuule  of  cut  iron.  In  three 
pieces.  The  flame  U  parted  at/,  ud  puses  througk 
the  two  apertures  g  g,  into  tbe  fiuet  A  A,  so  h  to  pllf 
round  the  pot,  as  is  visible  in^.  13S ;  and  enape*  \ff 
two  outlets  into  the  chimnef.  Tbe  apertorei  i  i 
serve  for  occasioniillf  sleaning  oat  the  flaee  A  k,  and 
are,  at  other  tioies,  sbat  with  an  iron  plate.  In  the 
L  partition /,  which  sepuatei  the  two  openinp  g  g, 
■  — ''  the  nnei  A  A,  fanning  round  the  pot,  there  is  ■ 
liar  space  at  the  point  marked  with  k,Jlg,  125,  in 
J  which  the  large  pipe  for  discbargiog  the  waste  ley  ia 
7  lodged.  The  npper  large  cylinder  should  he  incaMd 
f  in  wood,  with  an  inlennediate  space  filled  with  saw* 
dusl,  to  confine  tbe  heat.  The  action  <f  this  appa- 
ratus  is  eiaclly  the  suae  as  of  that  alreadj'  explained. 
Besides  the  boiling,  bucking,  and  other  appa- 
jralut  above  described,  the  macfainer;  and  ntenail* 
naed  in  bleaching  ore  various,  according  to  the 
business  done  by  the  bleacher.  When  linen  or 
lES  heavy  cotton  cloths  are  whitened,  and  the  Lusinesa 
is  carried  on  to  a  consideiable  eiteol,  the  machine* 
ore  Iralh  complicated  and  eipensiie.  They  con- 
sist chiefly  of  a  water-wheel,  sufficiently  powerful 
for  giving  motion  to  the  wa^-stoclu,  daah-wheeli, 
squeezers,  k^.,  with  any  other  operations  where 
power  is  required. 

Fig:   127,.  128,  represent  a  pair  of  woah-itocks. 

A  A  are  caUed  the  stocks,  or  feet.    They  are  sni-. 

peoded  on  iron  pivots  at  b,  and  receive  their  mo- 

^T  lioB  from  wipers  on  tbe  revolving  abaft  c.    The 

dMh  k  laid  in  at  v,  and  by  the  alternate  strokes  of  the  feet,  and  the  curved  fimn  ot 

the  tnuhead  s,  the  cleth  ii  washed  and  giadually  lunied.    At  the  taioB  time,  an. 

abnadknt  stream  of  water  rashes  <m  the  doth  throaghont  holes  in  the  apper  part  ol< 

the  Umlwad.    Waih-ttoeka  are  much  wed  in  Seottand  and  in  Ireland.    In  tlie  lattm 

tMstiy  they  are  often  made  with  double  feet,  suspended  above  aad  below  two  taraheadi> 

nd  WToagbt  widi  ermki  initead  ef  wiperc    Wash-sto^i,  property  eoiMinKledj.inak^ 

hn  34  to  30  itiDket  per  mkiuts. 

This  mode  U  washing  is  now  eatirely  given  up  in  Lancashire,  where  a  picferenea  to 

|>Mi  lo  whM  are  called  dadi-wbaels  and  squeezers.    The  dash  are  small  water-wheel^ 

^  inside  ef  which  i*  diTided  into  four  comiiaitmentt,  and  dosed  Jp)  leariug  oaly  •.hoi* 

■  ■Mh  esKqnitnent  fir  poOfaig  ia  the  cloth. 

10 


objectionable  i  bcmuec  Ili< 

TMiuge  aa  a  tralcr-wlieel. 

The  wuK  or  da^b-whed,  bow  driven   by   power  in  all  good   bleach  and    priat> 

work«,   is   repreiented    in 

]  ^g.  129,  upon  the  leR  Mm 

in  ■  back  view,  and  npon 

the  right  aide  in  a  font 

view  (the    sketch    being 

halved).     Fig.  130  ii  b 

gronnd  plnn. 

a  a  is  the  washine-wheel ; 

h  h  its  ihaTt-cQdi ;  'c  c  their 

brais  bearings  or  ploouner- 

blodu,  supported  apoo  the 

.  iTx>n  pillara  d  d.  The  fnuDe 

■  ii  made  or  strong  beami  of 

wood,  (  c,  bound  together 

by  eroM  ban  with  mortises. 

/  /,  two   of  the  dranlar 

apeTtnrts,  each  leading  to 

a  qundrantal  compartment 

within  the  dash-wheel.   In 

tbe  back  view  (the  leA-hand  half  oT  the  fiftore)  the  bian  grating  g  g,  oT  t  cnrrilinear 

ftim,   is  seen,  thioogh  which  tbe  jets  of  water  are  admiiled  into  the  eafitr  of  the 

,  .   wheel;  A  A,  are  the  ronod 

oriBces,  through  wliidi  the 
foul  water  runs  off,  as  each 
quadrant  passes  the  lows' 
part  of  its  rcrolutioo ;  i,  a 
water-pipe,  with  a  stop-cock 
for  reflating  the  washing- 
jets;  fc  A',  the  lever  for  throw- 
ing the  driving-cnb  f,  or 
coopling-box,  into  or  ont 
of  gear  witb  the  dMfl  of  tke 
wheel.    This  marine  is  to 


ttt^tf  of  (he  sbaA  of  the  dash-whtel,  which  worlu  into  the  toothed  p 


code  is  opened  or  Ani  by 
the  MUD*  leverage  whieh 
thrown  Ih*  wheel  into  or 
oat  cf  gtmi.  m,  a  wbed, 
filed   npon  the  nnnd  e 
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with  the  priDie  mover.  When  the  aid  of  the  lever  k,  whose  fork  embraees  the  eoupling- 
box  upon  the  square  part  of  the  shaft,  is  pushed  forwards  or  backwards,  it  shifts  the  clutch 
into  or  oat  of  gear  with  the  toothed  wheel  m.  In  the  latter  case,  this  wheel  turns  with 
its  pinion  without  affecting  the  dash*wheel.  n  n,  holdfasts  fixed  upon  the  wooden  frame, 
to  which  the  boards  o  o  are  attached,  for  preventing  the  Water  from  being  thrown  about 
bj  the  centrtfagal  fbree. 

The  dash-wheel  is  generaUy  from  6  to  7  feet  in  diameter,  about  30  inches  wide,  and  re 
quires  the  power  of  about  two  horses  to  drive  it. 

From  one  to  two  pieces  6f  calico  may  be  done  at  once  in  each  quadrantal  compartment, 
in  the  course  of  8  or  10  minutes ;  hence,  in  a  day  of  13  hours,  with  two  such  wheels 
1200  pieces  of  yard-wide  goods  may  be  washed. 

AAer  the  process  of  washing  by  the  dash-wheel,  the  water  is  expressed  from  the  doth 
t^  means  of  the  squeezers  already  described. 

Bkatkiug  of  Linen. — Linen  contains  much  more  coloring  matter  than  cotton.  ^  The 
Sotmer  loses  nearly  a  third  of  its  weight,  while  the  latter  loses  not  more  than  a  twentieth. 
The  fibres  of  flax  possess,  in  the  natural  condition,  a  light  gray,  yellow,  or  blond  color. 
By  the  operation  of  rotting,  or,  as  it  is  commonly  called,  water-retting,  which  is  employed 
to  enaUe  the  textile  filaments  to  be  separated  from  the  boon,  or  woody  matter,  the  color 
becomes  darker,  and,  in  consequence  probably  of  the  putrefaction  of  the  green  matter  of 
the  bark,  the  coloring  stibstance  appears.  Hence,  flax  prepared  without  rotting  is  mueh 
paler,  and  its  coloring  matter  may  be  in  a  great  measure  removed  by  washing  with 
soap,  leaving  the  filaments  nearly  white.  Mr.  James  Lee  obtained  a  patent  in  1812,  as 
having  discovered  that  the  process  of  steeping  and  dew-rettins;  is  unnecessary,  and  that 
flax  and  hemp  will  not  only  dress,  but  will  produce  an  equal  if  not  greater  quantity  of  ' 
more  dnrable  fibre,  when  cleaned  in  the  dry  way.  Mr.  Lee  stated  that,  when  hemp  or 
flax  plants  are  ripe,  the  farmer  has  nothing  more  to  do  than  to  pull,  spread,  and  dry 
them  in  the  son,  and  theb  to  break  them  by  proper  maehinery.  This  promising  im- 
provement  has  apparently  oome  to  naught,  having  been  many  years  abandoned  by  the 
patentee  himself,  though  he  was  favored  with  a  special  act  of  parliament,'  which  permit- 
ted the  specification  of  his  patent  to  remain  sealed  up  for  seven  years,  contrary  to  the 
general  practice  in  such  cases.' 

The  substance  which  gives  steeped  flax  its  peculiar  tint  is  insoluble  in  boiling  water, 
in  aeids,  and  in  alkalis ;  but  it  possesses  the  property  of  dissolving  in  caustic  or  carbonated 
alkaline  leys,  when  it  has  possessed  the  means  of  dehydrogenation  by  previous  exposure 
to  oxygen.  Hemp  is,  in  this  respect,. analogous  to  flax.  The  Ue^hing  of  both  depends 
apon  this  action  of  oxygen,  and  upon  the  removal  of  the  acidified  dye,  by  means  of  an 
alfcalL  This  process  is  efl*ected  generally  by  the  influence  of  air  in  combination  with 
Ughl  and  moisture  acting  on  the  linen  cloth  laid,  upon  the  grass :  but  chlorine  will  effeet 
the  same  object  more  expeditiously.  In  no  case,  however,  is  it  possible  to  acidify  the 
cokH'  completely  at  once,  but  there  must  be  mafiy  alternate  exposures  to  oxygen  or  ehlo- 
xine,  and  alkali,  before  the  flax  becomes  white.  It  is  this  circumstance  alone  which  ren- 
das  the  Ueaching  of  linen  an  apparently  complicated  business/- 

Having  made  ihese  preliminary  observations  with  regard  to  the  method  of  applying  the 
aikalinf  leys  used  in  blvaching  linen  cloth,  1  shall  now  bring  the  whole  into  one  point  of 
view,  by  detailing  the  connexion  of  these  processes,  as  carried  on  at  a  bleach-field,  which 
has  miformly  been  successful  in  returning;  the  cloth  of  a  good  white,  and  has  otherwise 
given  satisfaction  to  its  employers;  and  I  shall  only  remark,  that  I  by  no  means  hold  it 
op  as  the  best  process  which  may  be  employed,  as  every  experienced  bleacher  knows  that 
ptoeesaes  most  be  varied,  not  only  according  to  existing  circumstances,  but  also  aeoording 
to  the  nature  of  the  linens  operated  upon. 

In  order  to  avoid  repetition,  where  washing  is  mentioned,  it  must  always  be  under- 
stood that  the  linen  is  taken  to  the  wash-stocks  or  dash- wheel,  and  washed  well  in  them 
for  some  hours.  This  part  of  the  work  can  never  be  overdone;  and  on  its  being  properly 
executed  between  every  part  of  the  buckine,  boilin?,  steeping  in  the  chloride  of  lime 
sohition,  and  soaring,  not  a  little  of  the  success  of  bleaching  depends.  By  exposure  is 
meant,  that  the  linen  cloth  is  taken  and  spread  upon  the  bleach-green  for  four,  six,  or 
eight  days,  according  as  the  routine  of  business  calls  for  the  return  of  the  doth,  in  order 
to  undergo  further  operations. 

A  pared  of  goods  consists  of  360  pieces  of  those  linens  which  axe  called  Britannios. 
£ach  piece  is  35  yards  long ;  and  they  weigh,  on  an  average,  10  lbs.  each :  the  weight  of 
the  parcel  is,  ia  consequence,  about  3600  I1».  avoirdupois  weight.  The  linens  are  first 
washed,  and.  then  steeped  in  waste  alkaline  -ley,  aa  formerly  described  under  these  pn^ 
i;  tbey  then  undergo  the  following  operations:— 

1st,    Bucked  with  60  lbs.  p^arl-ashes,  washed,  exposed  on  the  field. 
ad.     Ditto         ^    80  ditto  <         ditto      ditto  ditto. 

Bd,     Ditto  90         potashes       ditto      ditto  ditto. 

4lh»   Ditto  80  ditto  ditto      ditto  ditto. 
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6tli9  Bocked  with  80  lbs.  pearl  ashes,  washed,  exposed  on  the  field. 
6th,  Ditto  50  ditto  ditto        ditto  ditto. 

7th,  Ditto  70  ditto  ditto        ditto  ditto. 

8th,  Ditto  70  ditto  ditto       ditto  ditto. 

9th,  Soured  one  night  in  dilate  sulphuric  acid,  washed. 

10th,  Bucked  with  50  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 

11th,  Immersed  in  the  chloride  of  potash  or  lime  12  hours. 

12ih,  Boiled  with  30  lbs.  pearl-ashe?,  washed,  exposed  on  the  field. 

13th,  Ditto  30  ditto  ditto        ditto  ditto. 

14th,  Somred,  washed. 
The  linens  are  then  taken  to  the  rnbbing-board,  and  well  rubbed  with  a  strongs  lather 
of  black  soap,  afler  which  they  are  well  washed  in  pare  spring  water.  At  this  period 
they  are  carefully  examined,  and  those  which  are  fully  bleached  are  laid  aside  to  be 
blued,  and  made  up  for  the  market ;  while  those  which  are  not  fully  white  are  returned 
to  be  boiled,  and  steeped  in  the  chloride  of  lime  or  potash ;  then  soured,  until  they  are 
fully  white. 

By  the  above  process,  690  lbs.  weight  of  alkali  is  taken  to  bleach  360  pieces  of  lineiiy 
each  piece  consisting  of  35  yards  in  length ;  so  that  the  expenditure  of  aJkali  would  be 
somewhat  less  than  2  lbs.  for  each  piece,  were  it  not  that  some  parts  of  the  liiiens  are 
not  fully  whitened,  as  above  noted.    Two  pounds  of  alkali  may  therefore  be  stated  as  the 
average  quantity  employed  for  bleaching  each  piece  of  goods. 
The  method  of  bleaching  linens  in  Ireland  is  similar  to  the  foregoing;  any  alteration  in 
^  the  process  depending  upon  the  judgment  of  the  bleacher  in  increasing  or  diminishing  the 
*  quantity  of  alkali  used.  But  it  is  common,  at  most' bleach-fields,  to  steep  the  linens  in  the 
chloride  of  lime  or  potash  at  an  early  stage  of  the  process,  or  after  the  goods  have  under- 
gone the  fiilh  or  sixth  operation  of  bucking.    By  this  means  those  parts  of  the  flax  which 
are  most  difficult  to  bleach  are  more  easily  acted  upon  by  the  alkali ;  and,  as  before  noticed, 
souring  early  in  very  dilute  sulphuric  acid,  assists  greatly  in  forwarding  the  whitening  of 
the  linens.    Mr.  Grimshaw,  calico-printer,  near  Belfast,  was  the  first  who  recommended 
early  souring,  which  has  since  been  very  generally  adopted. 

The  bleacking  of  Silk  —Silk  in  its  raw  state,  as  spun  by  the  worm,  is  either  white  or 
yellow  of  various  shades,  and  is  covered  with  a  varnish,  which  gives  it  stiffness  and  a 
degree  of  elasticity.  For  the  greater  number  of  purposes  to  which,  silk  is  applied,  it 
must  be  deprived  of  this  native  covering,  which  was  long  considered  to  be  a  sort  of  gum. 
The  operation  by  which  this  coloring  matter  is  removed  is  called  scouring,  cleansing, 
or  boiling.  A  great  many  different  processes  have  been  proposed  for  freeing  the  wSl 
fibres  from  all  foreign  impurities,  and  for  giving  it  the  utmost  whiteness,  lustre,  and 
pUaney ;  but  none  of  the  new  plans  has  superseded,  with  any  advantage,  the  one  prmc- 
tised  of  old,  which  consists  essentially  in  steeping  the  silk  in  a  warm  solution  of  soap ;  a 
circumstance  placed  beyond  all  doubt  by  the  interesting  experiments  of  M.  RoaJnL 
The  alkalis,  or  alkaline  salts,  act  in  a  marked  mariner  upon  the  varnish  of  silk,  and  efiect 
its  complete  solution ;  the  prolonged  agency  of  boiling  water,  alone  answers  the  same 
purpose ;  but  nothing  agrees  so  well  with  the  nature  of  silk,  and  preserves  its  brilliancy 
and  suppleness  so  perfectly,  as  a  rapid  boil  with  soap-water.  It  would  appear,  howevery 
that  the  Chinese  do  not  employ  this  method,  but  something  that  is  preferable.  Probably 
the  superior  beauty  of  their  white  silk  may  be  owing  to  the  superiority  of  the  raw  ma- 
terial. 

The  most  ancient  method  of  scouring  silk  consists  of  three  operations.  For  the  first, 
or  the  ungummingf  thirty  per  cent,  of  soap  is  first  of  all  dissolved  in  clean  river  water  by 
a  boiling  heat ;  then  the  temperature  is  lowered  by  the  addition  of  a  little  cold  water, 
by  withdrawing  the  fire,  or  at  least  by  damping  it.  The  hanks  of  silk,  suspended 
upon  horizontal  poles  over  the  boiler,  are  now  plunged  into  the  soapy  solution,  kept  at 
a  heat  somewhat  under  ebullition,  which  is  an  essential  point ;  for  if  hotter,  the  soap 
would  attack  the  substance  of  the  silk,  and  not  only  dissolve  a  portion  of  it,  but  deprive 
the  whole  of  its  lustre.  The  portions  of  the  hanks  plunged  in  the  bath  get  scoured  \fy 
degrees ;  the  varnish  and  the  coloring  matter  come  away,  and  the  silk  assumes  its  proper 
whiteness  and  pliancy.  Whenever  this  point  is  attained,  the  hanks  are  turned  round  upon 
the  poles,  so  that  the  portion  formerly  in  the  air  may  be  also  subjected  to  the  bath.  As 
soon  as  the  whole  is  completely  ungummed,  they  are  taken  out,  wrung  by  the  peg,  amd 
shaken  out ;  afler  which,  the  next  step,  called  the  boily  is  commenced.  Into  bagsof  coane 
canvass,  called  podcets,  about  25  lbs.  or  35  lbs.  of  ungummed  silk  are  enclosed,  and  put 
into  a  shnilar  bath  with  the  preceding,  but  with  a  smaller  proportion  of  soap,  which  may 
therefore  be  raised  to  the  boiling  point  without  any  danger  of  destroying  the  silk.  The 
ebullition  is  to  be  kept  up  for  an  hour  and  a  hdf,  during  which  time  the  bags  most  be 
frequently  stirred,  lest  those  near  the  bottom  should  suffer  an  undue  degree  of  heat.  The 
silk  experiences  in  these  two  operations  a  loss  of  about  26  per  cent,  of  its  weight 
The  third  and  last  scouring  operation  is  intended  to  give  the  silk  a  slight  tinge,  wbkk 
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Kadxn  the  wliite  more  ftgreeable,  nod  better  adapted  to  its  Taiioin  uses  in  trade.  In 
this  way  we  distinguish  the  China  white,  which  has  a  faint,  cast  of  red,  the  silver  white, 
the  azure  white,  and  the  thread  white.  To  produce  these  different  shades,  we  begin  bv 
preparing  a  soap-water  so  strong  as  to  lather  by  agitation ;  we  then  add  to  it,  for  the 
China  white,  a  little  annotbo,  mixing  it  carefully  in;  and  then  passing  the  silk  properly 
thzoQgh  it,  till  it  has  acquired  the  irished  for  tint.  As  to  the  other  shades,  we  need  only 
axnre  them  more  or  less  with  a  fine  indigo,  which  has  been  previously  washed  several 
times  in  hot  water,  and  reduced  to  powder  in  a  mortar.  It  is  then  diflfosed  through 
hoiUag  water,  allowed  to  settle  for  a  few  minutes,  and  the  supernatant  liquid,  which 
eoDtains  only  the  finer  particles,  is  added  to  the  soap  bath  in  such  proportion  as  may  be 
icquisite.  The  silk,  on  being  taken  out. of  this  bath,  must  be  wrung  well,  and  stretched 
upon  perches  to  dry;  after  which  it  is  introduced  into  the  sulphuring  chamber,  if  it  is 
to  be  made  use  of  in  the  white  state.  At  Lyons,  however,  no  soap  is  employed  at  the 
third  operation :  after  the  boil,  the  silk  is  washed,  sulphured,  and  azured,  by  passing 
through  very  clear  river  water  properly  blued. 

The  silks  intended  for  the  manufacture  cf  blonds  and  gauzes  are  not  subjected  to  the 
ordinary  scouring  proeess,  because  it  is  essential,  in  these  cases,  for  them  to  preserve  their 
natural  stiffness.  We  must  therefore  select  the  raw  silk  of  China,  or  the  whitest  raw 
silks  of  other  countries ;  steep  them,  rinse  them  in  a  bath  of  pore  water,  or  in  one  con- 
taining a  little  soap ;  wring  them,  expose  them  to  the  vapor  of  sulphur,  and  then  pass 
them  through  the  axure  water.    Sometimes  this  process  is  repeated. 

Before  the  memoir  of  M.  Roard  appeared,  extremely  vague  ideas  were  entertained 
about  the  composition  of  the  native  varnish  of  silk.  He  has  shown  that  this  substance, 
so  far  from  being  of  a  gunmiy  nature,  as  had  been  believed,  may  be  rather  compared  to 
bees*  wax,  with  a  species  of  oil,  and  a  coloring  matter,  which  exists  only  in  raw  silks. 
It  is  conlsLvned  in  them  to  the  amount  of  from  23  to  24  per  cent.,  and  forms  the  portion 
of  weight  which  is  lost  in  the  unpimming.  It  possesses,  however,  some  of  the  properties 
of  vegetaUe  gnms,  though  it  differs  essentially  as  to  others.  In  a  dry  mass,  it  is  frisJ>le 
and  l»s  a  vitreous  fracture ;  it  is  soluble  in  water,  and  affords  a  solution  which  lathers 
like  soap ;  but  when  thrown  upon  burning  coals,  it  does  not  soften  like  gum,  but  barns 
with  the  exhalation  of  a  fetid  odor.  Its  solution,  when  left  exposed  to  the  open  air,  at 
first  of  a  golden  yellow,  'jeoomes  soon  greenish,  and  ere  long  putrefies,  as  a  solution  of 
animal  matter  would  do  *n  similar  circumstances.  M.  Roard  assures  us  that  the  city  of 
Lyons  ak>ne  could  fumi&h  several  thousand  quintals  of  this  substance  per  annum,  were  it 
applicaUe  to  any  useful  purpose. 

The  yellow  varnish  is  of  a  resinous  nature,  altogether  insoluble  in  water,  very  soluble 
in  alcohol,  and  contains  a  little  volatile  oil,  which  gives  it  a  rank  smell.  The  color  of 
this  resin  is  easily  dissipated,  either  by  exposure  to  the  sun  or  by  the  action  of  chlorine : 
it  forms  about  one  fifiy-fifth  of  its  weight. 

Bees'  wax  exists  also  in  all  the  sorts  of  silk,  even  in  that  of  China ;  but  the  whiter  the 
filaments,  the  less  wax  do  they  contain. 

M.  Roard  has  observed  that,  if  the  silk  be  exposed  to  the  soap  baths  for  some  time  after 
it  has  been  stripped  of  its  foreign  matters,  it  begins  to  lose  body,  and  has  its  valuable 
qnallties  impaired.  It  becomes  dull,  stiff",  and  colored  in  consequence  of  the  solution 
more  or  less  considerable  of  its  substance ;  a  solution  which  takes  place  in  all  liquids, 
and  even  in  boiling  water.  It  is  for  this  reason  that  silks  cannot  be  alumed  with  heat ; 
and  that  they  lose  some  of  their  lastre  in  being  dyed  brown,  a  color  which  requires  a 
boiling  hot  bath.  The  best  mode,  therefore,  of  avoiding  these  inconveniences,  is  to  boil 
the  silks  in  the  soap-bath  no  longer  than  is  absolutely  necessary  for  the  scouring  process, 
and  to  expose  them  in  the  various  dyeing  operations  to  as  moderate  temperature  as  may 
be  requisite  to  communicate  the  color.  When  silks  are  to  be  dyed,  much  less  soap 
should  be  used  in  the  cleansing,  and  very  little  for  the  dark  colors.  According  to  M. 
Board,  raw  silks,  white  or  yellow,  ma^  be  completely  scoured  in  one  hour,  with  15  lbs. 
of  water  for  one  of  silk,  and  a  suitable  proportion  of  soap.  The  soap  and  the  silk  should 
be  put  into  the  bath  half  an  hour  before  its  ebuUition,  and  the  latter  should  be  tumsd 
about  frequently.  The  dull  silks,  in  which  the  varnish  has  already  undergone  some  al- 
teration, never  acquire  a  fine  white  nntU  they  are  exposed  to  sulphureous  acid  gas.  Ex- 
posure to  light  has  also  a  very  good  effect  in  whitening  silks,  and  is  had  reoourse  to,  it  is 
nid,  with  advantage  by  the  Chinese. 

Carbonate  of  soda  has  been  proposed  to  be  used  instead  of  soap  in  scouring  silk, 
but  it  has  never  come  into  use.  The  Abb6  CoUomb,  in  1785,  scoured  silk  by  eight 
hoars'  boiling  in  simple  water,  and  he  found  the  silks  bleached  in  this  way  to  be 
stronger  than  by  soap,  but  they  are  not  nearly  so  white.  A  patent  has  been  taken  out 
in  England  for  Ueaehing  them  by  steam,  of  which  an  account  will  be  foand  under  the 
article  Silk. 

It  appears  that  the  Chinese  do  not  use  soap  in  producing  those  fine  white  silks  which 
are  fanported  Into  Europe.    Michel  de  Ombbens,  who  redded  kmg  at  Canton,  saw  and 
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practise^l  himseir  the  operation  thece,  which  he  publish^  in  the  Memain  of  tfeft 
Academy  of  Stockholm  in  1803.  It  consists  in-  preparing  the  silk  #ith  a  species  of 
irhite  beans,  smaller  than  the  Turkey  beans,  with  some  wheat  flour,  common  salt,  and 
water.  The  proportions  are  5  parts  of  beans,  5  of  salt,  6  of  flour,  and  25  of  water,  to 
fonn  this  vegetable  bath.  The  beans  must  be  previpudy  washed.  It  is  difficult  to  dis* 
cover  what  chemical  action  can  occur  between  that  decoction  and  the  varnish  of  raW 
siHc ;  possibly  some  acid  may  be  developed,  which  may  soften  the  gummy  matter,  ami 
facilitate  its  separation. 

Baume  contrived  a'  process  which  does  not  appear  to  'have  received  the  sanction  of 
experience,  but  which  may  put  us  in  the  right  way.  He  macerates  the  yellow  raw  silk 
in  a  mixture  of  alcohol  at  36°  (sp.  gr.  0837)  and  one  thirty-second  part  of  pure  mnriatiB 
acid.  At  the  end  of  fortj'-eight  hours,  it  is  as  white  as  possible,  and  the  more  so,  the 
better  the  quality  of  the  silk.  The  loss  which  it  suffers  in  this  menstruum  is  only  one 
fi>rtieth ;  showing  that  nothing  but  the  coloring  matter  is  abstracted.  The  expense  of 
this  menstruum  is  the  great  obstacle  to  Baume's  process.  The  alcohol,  however,  might 
be  in  a  very  great  measure  recovered,  by  saturating  the  acid  with  chalk,  and  re- 
distillation. 

Bkacking  of  Woo!,, — ^Wool,  like  the  preceding  fibrous  matter,  is  covered  with  a  pe- 
culiar varolsh,  which  impairs  its  qualities,  and  prevents  it  fh>m  being  employed  in  the 
raw  state  for  the  purposes  to  which  it  is  well  adapted  when  it  is  scoured.  The  English 
give  the  name  yoOc,  and  the  French  auinty  to  that  native  coat :  it  is  a  fatty  unctuous  mat- 
ter, of  a  strong  smell,  which  apparently  has  its  chief  origin  in  the  cutaneous  perspiration 
of  the  sheep ;  but  whichj  by  the  agency  of  external  bodies,  may  have  undergone  some 
changes  which  modify  its  constitution.  It  results  from  the  experiments  of  M.  Vauque* 
lin,  that  the  yolk  is  composed  of  several  substances ;  namely,  1,  a  soap  with  basis  of 
potadi,  which  constitutes  the  greater  part  of  it;  2,  of  a  notable  quantity  of  acetate  d* 
potash ;  3,  of  a  small  quantity  of  carbonate,  and  a  trace  of  muriate,  of  potash ;  4,  of  a 
little  lime  in  an  unknown  state  of  combination  j  5,  of  a  species  of  sebaceous  matter, 
and  an  animal  substance  to  which  the  odor  is  due.  There  are  several  other  accidental 
matters  present  on  sheens'  wool. 

The  proportion  of  yolk  is  vdriable  in  different  kinds  of  wool,  but  in  general  it  is  more 
abundant  the  finer  the  staple ;  the  loss  by  scouring  being  46  per  cent,  for  the  finest  wools, 
and  35  per  cent,  for  the  coarse. 

The  yolk,  on  account  of  its  soapy  nature,  dissolves  readily  in  water,  with  the  ex- 
ception of  a  little  free  fatty  matter,  which  easUy  separates  from  the  filaments,  and  re- 
mains floating  in  the  liquor.  It  would  thence  appear  sufficient  to  expose  the  wools  to 
simple  washing  in  a  stream  of  water;  yet  experience  shows  that  this  method  never  an- 
swers so  well  as  that  usually  adopted,  which  consists  in  steeping  the  wool  for  some  time 
in  simple  warm  water,  or  in  warm  water  mixed  with  a  fourth  of  stale  urine.  From  15 
to  20  minutes  of  contact  are  sufficient  in  this  case,  if  we  heat  the  bath  as  warm  as  the 
hand  can  bear  it,  and  stir  it  well  with  a  rod.  At  the  end  of  this  time  the  wool  may  be 
taken  out,  set  to  drain,  then  placed  in  large  baskets,  in  order  to  be  completely  rinsed  in 
a  stream  of  water. 

It  is  generally  supposed  that  putrid  urine  acts  on  the  wool  by  the  ammonia  which  it 
contains,  and  that  this  serves  to  saponify  the  remainder  of  the  fatty  matter  not  combined 
with  the  potash.  M.  Yauquelin  is  not  of  this  opinion,  because  he  found  that  #ool  steeped 
in  water,  with  sal  ammoniac  and  quick  lime,  is  not  better  scoured  than  an  equal  quantity 
of  wool  treated  with  mere  water.  He  was  hence  led  to  conclude  that  the  good  effects  of 
putrefied  urine  might  be  ascribed  to  anything  else  besides  the  ammonia,  and  probably  ta 
the  urea.  Fresh  urine  contains  a  free  acid,  which,  by  decomposing  the  potash  soap  of 
the  yolk,  counteracts  the  scouring  operation. 

If  wools  are  better  scoured  in  a  small  quantity  of  water  than  in  a  great  stream,  we 
can  conceive  that  this  circumstance  must  depend  upon  the  nature  of  the  yolk,  which,  in 
a  concentrated  solution,  acts  like  a  saponaceous  compound,  and  thus  contributes  to  re- 
move the  free  fatty  particles  which  adhere  to  the  filaments.  It  should  also  be  obwrvcd 
that  too  long  a  continuance  of  the  wool  in  the  yolk  water,  hurts  its  quality  very  much, 
by  weakening  its  cohesion,  causing  the  filaments  to  swell,  and  even  to  split.  It  is  said 
then  to  have  lost  its  nerve.  Another  circumstance  in  the  scouring  of  wool,  that  should 
always  be  attended  to,  is  never  to  work  the  filaments  together  to  such  a  degree  as  to  oc- 
casion their  felting ;  but  in  agitating  we  must  merely  push  them  slowly  round  in  the 
vessel,  or  press  them  gently  under  the  feet.  Were  it  at  all  felted,  it  would  neither  card 
Bor  spin  well 

As  the  heat  of  boiling  water  is  apt  to  decompose  woollen  fibres,  we  should  be  careful 
never  to  raise  the  temperature  of  the  scouring  bath  to  near  this  point,  nor,  in  fact,  to  ex- 
ceed 140°  F.    Some  authors  recommend  the  use  of  alkaline  or  soapy  baths  for  scouring 
wool,  but  practical  people  do  not  deviate  from  the  method  above  described. 
•  When  the  washing  is  completed,  all  the  wool  which  is  to  be  aent  white  into  the 
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ket»  most  be  exposed  to  the  action  of  solpharous  acid«  either  in  a  liquid  or  a  gaseous 
stale.  In  the  latter  case,  salphnr  is  burned  in  a  close  chamber,  in  which  the  wools  are 
hong  up  or  spread  out ;  in  the  former,  the  wools  are .  plunged  into  water,  moderately 
impregnated  with,  the  acid.  (See  Sulphuring.)  Exposure  on  the  grass  may  also  con* 
tribute  to  the  bleaching  of  wool..  Some  fraudulent  dealers  are  accused  of  dipping  wools 
in  butter-milk,  or  chalk  and  water,  in  order  to  whiten  them  and  increase  their  weight. 

Wool  is  sometimes  whitened  in  the  fleece,  and  sometimes  in  the  state  of  yam;  the 
latter  afibrding  the  best  means  of  operating.  It  has  been  observed  that  the  wool  cut 
from  certain  parts  of  the  sheep,  especially  from  thei  groins,  never  bleaches  welL 

After  sulphuring,  the  wool  has  a  harsh  crispy  feel,  which  may  be  removed  by  a  weak 
soap  bath.  To  this  also  the  \k'oo1  comber  has  recourse  when  he  wishes  to  cleanse  and 
whiten  his  wools  to  the  utmost.  He  generally  uses  a  soft  or  potash  soap,  and  after  the 
wool  is  well  soaked  in  the  warm  soap  bath,  with  gentle  pressure  he  wrings  it  well  with 
the  help  of  a  hook,  fixed  at  the  end  of  his  washing  tub,  and. hangs  it  up  to  dry. 

Bleaching  of  ragt,  and  paste  for  paper  makiag,  —  After  the  rags  are  reduced  to  what  is 
called  half  stuif,  they  should  have  the  greater  part  of  the  floating  water  run  off,  leaving 
just  enongh  to  form  a  stir-about  mass.  Into  this  a  clear  solution  of  chloride  of  lime 
should  be  poured,  of  such  a  strength  aS  is  suited  to  the  color  of  the  rags,  which  'shonkl 
have  been  previously  sorted;  and  the  engine  is  kept  going  so  as  to  churn  the  rags 
with  the  bleaching  agent.  After  an  hour,  the  water  may  be  returned  upon  the  engine, 
and  the  washias;  of  the  paper  resumed.  Prom  two  to  four  pounds  of  good  chloride  of 
time  are  reckoned  sufficient  to  bleach  one  hundred  weight  of  rags. 

When  the  rags  consist  of  dyed  or  printed  cottons,  after  being  well  washed  and  re- 
duced to  half  stuff,  ihcy  should  be  put  into  a  large  cask  or  butt,  supported  horizontally 
by  iron  axles  upon  cradle  beaiinzs,  so  that  it  may  be  made  to  revolve  like  a  barrel- 
churn.  For  each  hundred  weight  of  the  colored  rags,  take  a  solution  containing  ftom 
four  to  eight  pounds  of  chloride  of  lime ;  add  it  to  the  liquid  mixture  in  the  butt  along 
with  half  a  pound  of  sulphuric  acid  for  every  |K>und  of  the  chloride  f  and  after  inserting 
the  bung,  or  rather  the  siuare  valve,  set  the  vessel  in  slow  revolution  backwards  and  for- 
wards. In  a  short  time  the  rags  will  be  colorless.  The  rags  and  paper  paste  ought 
to  be  very  well  washed,  to'  expel  all  the  chlorine,  and  perhaps  a  little  muriatic  acid 
might  be  used  with  advantage  to  dissolve  out  all  the  calcareous  matter,  a  portion  of 
which  is  apt  to  remain  in  the  paper,  and  to  operate  injuriously  upon  both  the  pens  and 
the  ink.  Sonic  of  llie  French  paper  manufacturers  bleach  the  paste  with  chlorine  gas. 
Paper  prepared  from  such  paste,  well  washed,  is  not  apt  to  give  a  brown  tint  to  maps,  as 
(hat  carelessly  bleached  with  chloride  of  lime  is  known  to  do. 

BLEXDE.  (».  and  Germ.)  Sulphurct  of  zinc,  so  named  from  the  German  blenden^ 
to  dazzle,  on  account  of  its  glistening  aspect.  It  is  called  black  jack  from  its  usual 
color.  Its  lastre  is  pearly  adamantine.  Spec,  gravity  from  3*7  to  4*3.  It  contains 
firequently  iron,  copper,  arsenic,  cadmium,  and  silver,  adl  associated  with  sulphur.  It  is 
worked  up  partly  into  metallic  zinc,  and  partly  Into  the  sulphate  of  zinc,  or  white  vitriol. 
It  consisis  of  G6*72  zinc,  and  33*23  sulphur ;  being  nearly  by  weight  as  two  to  one. 

C^M  ZlKC. 

BLOCK  MANUFACTURE.  Though  the  making  of  ships'  blocks  belongs  rather 
to  a  dictionary  of  engineering  than  of  manufactures,  it  may  be  expected  that  I  should 
give  some  account  of  the  automatic  machinery  for  making  blocks  so  admimbly  devised 
and  mounted  by  M.  I.  Brunei,  Esq.  for  the  British  navy,  in  the  dock-yard  of  Portsmouth. 

The  series  of  machines  and  operations  are  as  follows :  — 

1.  The  straight  eroM-ctUting  $aw. — ^The  log  is  placed  horizontally  on  a  very  low  bench, 
which  is  continued  through  the  window  of  the  mill  into  the  yard.  The  saw  is  exactly 
orer  the  place  where  the  log  is  to  be  divided.  It  is  let  down,  and  suflfered  to  rest  with 
its  teeth  upon  the  log,  the  back  still  being  in  the  cleft  of  the  guide.  The  crank  being 
set  in  motion,  the  saw  reciprocates  backwards  and  forwards  with  exactly  the  same  motion 
•s  if  worked  by  a  carpenter,  and  quickly  cuts  through  the  tree.  When  it  first  begins  to 
cut,  its  back  is  in  the  cleft  in  the  guide,  and  this  causes  it  to  move  in  a  straight  line  \ 
but  before  it  gets  out  of  the  guide,  it  is  so  deep  in  the  wood  as  to  guide  itself:  for  in 
cutting  across  the  grain  of  the  wood,  it  has  no  tendency  to  be  diverted  from  its  true  IMe 
by  the  irregular  grain.  When  the  saw  has  descended  through  the  tree,  its  haniUe  is 
caught  in  a  fixed  stop,  to  prevent  its  cutting  the  l»ench.  The  machine  is  thrown  out  of 
gear,  the  attendant  lifts  up  the  saw  by  a  rope,  removes  the  block  tut  ofl^  and  advances 
die  tree  to  receive  a  fresh  cut. 

2.  The  cirnUar  cro^s-cuttin^  tatr.-^This  saw  possesses  universal  motion ;  but  the  axis 
is  always  parallel  to  itself,  and  the  saw  in  the  salne  plane.  It  can  be  readily  raised  or 
lowered,  ti^^  inclining  the  upper  frame  on  its  axis ;  and  to  move  it  sidewise,  the  saw  ftame 
most  swing  sidewise  on  its  joints,  which  connect  it  with  the  upper  frame.  These  move- 
meats  are  eflfected  by  two  winches,  each  furnished  with  a  poji  of  equal  pinions,  working 
a  pair  of  racks  fixed  upon  two  long  poles.    The  spindles  of  these  winches  are  fixed  in  two 
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nrtieal  posts,  which  an pport  Ihe  aiia  ot  ike  upper  frame.  One  of  these  pain  ofpolnli 
joinled  to  the  exlreme  end  of  Ihe  upper  Traine ;  therefore  by  luming  the  handle  beloDK- 
ing  to  Ihem,  the  frame  anil  M.W  is  elevated  or  depmsed  ;  in  like  manner,  the  other  pair 
ia  ■Itache'l  to  the  lotrer  part  of  the  saw  frame,  so  that  the  saw  eao  he  movtd  gidewise  fa; 
means  of  their  handles,  which  then  swing  the  saw  from  its  vertical  position. 

These  two  handles  giye  the  attendant  a  complete  command  of  the  taw,  which  we 
nippose  to  he  in  rapid  motion,  the  tree  beint;  bioaght  forward  and  properly  fixed,  Bj 
one  handle,  he  draw*  the  saw  against  one  side  of  the  tree,  which  is  thns  cut  into  (perhapi 
balf  through) ;  now,  by  the  other  handle,  he  raises  the  saw  up,  and  hj  the  firel-mentioned 
lundle  be  draws  it  across  the  top  of  the  tree,  and  cuts  il  half  throogh  IVom  the  upper 
■ide  ;  he  then  depresses  the  saw  and  cuts  half  through  fVam  the  next  tide  \  and  lastly  a 
trifling  cut  of  the  saw,  at  Ihe  lower  side,  completely  divides  the  tree,  which  is  then  ad- 
nnced  to  take  another  eat. 

The  gnat  Ttfipnca'ing  nits  is  on  the  same  principle  as  Ihe  Mw-mill  in  common  tue  in 

3.  Tht  cirmiar  ripping  taw  ii  a  thin  circular  plate  of  steel,  with  teeth  similar  to  those 
of*  pit  saw,  formed  in  its  periphery.  It  is  fixed  lo  a  spindle  placed  horiiontally,  at  a 
mall  distance  beneath  Ihe  surface  of  a  bench  or  table,  so  that  the  saw  projecls  throng 
a  erevice  a  few  inches  abore  the  bench.  The  spindle,  bein(t  supported  in  proper  collaJ^ 
has  a  rapid  rotatory  motion  commnnicaled  lo  il  by  n  palley  on  the  opposite  end,  round 
which  an  endless  strap  ia  passed  from  a  dram  placed  overhead  in  Ihe  mill.  The  block 
cnt  by  the  preceding  machine,  from  the  end  of  the  tree,  is  placed  with  one  of  the  aides 
flat  npoa  ihe  bench,  and  thus  slides  forward  against  the  revolving  taw,  which  cuts  the 
wood  with  a  rapidity  incredible  to  any  one  who  has  not  seen  these  or  limilar  machines. 

4.  fim'ng  Tnackita. — The  blocks,  prepared  by  the  for^oinf  Mws,  are  placed  in  the 
machine  represented  in  fig.  131.    This  macbine  ha*  an  iron  flame,  a  a,  with  three  1^^ 


beneath  which  the  block  is  introduced,  and  the  sctew  near  n  being  forced  down  npoa  jt, 
confines  it  precisely  in  the  proper  spot  lo  receive  the  borers  d  and  e.  This  qxtt  is  d»- 
lenniaed  by  a  piece  of  metal  ^ed  perpendicularly  just  beneath  the  point  of  Ihe  borei  ^ 
rtiown  separately  on  Ihe  ground  at  Ji  this  piece  Ol  metal  adjusts  the  position  for  Ihe 
bcrrei  r,  and  its  height  is  regulated  by  resting  on  the  head  of  the  screw  2,  which  fasten* 
the  piece  x  down  to  the  fnune.  The  sides  of  the  block  ara  kepi  to  a  parallel  position,  bj 
bdi^  applied  against  the  heads  Of  three  screws  tapped  into  the  double  leg  of  the  Innw 
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A.  The  honr  b  ii  adapted  to  bore  the  hole  for  tie  cenim  pin  in  a  direction  exactly  per> 
fCadKOlar  to  tke  mrftee  rating  i^ainst  the  three  Fcrewt ;  the  otbcr,  at  e,  peiforales  the 
inia  for  tbe  eomtDeneement  of  the  sheaTe  holes.  Both  borers  are  conelrncled  in  neariT 
fle  nine  imnner ;  t1>ey  ore  SCreved  upon  the  ends  of  small  tnaadrelg,  mounted  in  Trqinet 
•imilar  to  ■  bthe.  Theae  rrames,  o  and  H,  are  fitted  with  iliders  upon  thp  an^ulsredget 
of  the  Sat  broad  ban,  i  and  k.  The  former  of  tbeee  is  screwed  fast  1o  the  frame ;  Ibc 
latter  is  fiird  apon  a  fVame  of  its  otu,  morin?  on  the  centre  screws,  nl  l  l,  beneath  the 
pincipal  liame  of  the  machine.  By  this  means  the  borer  r.  ean  be  moved  within  certain 
limit*,  le  a*  to  bofe  hole*  in  different  positions.  ThKE  limits  are  dttcrmined  by  two 
•cnwt,  one  <rf  which  is  seen  at  a  ;  the  other,  beta?  on  the  opposite  side,  ii  invisible.  They 
are  tapped  through  fiied  pieces  projecting  ap  from  the  iVame.  A  prcijecling  piece  of 
OKtal,  from  the  nader  side  of  the  slider  E  of  the  borer  f.,  slops  against  the  ends  of  theae 
Krews,  to  limit  the  eicnrsioa  of  the  borer.  The  frames  for  both  borers  are  brought  up 
towanb  the  block  by  means  of  levers  m  aad  h.  These  are  centred  on  a  pin,  at  ttie  ojv 
poBle  lidea  of  the  frame  of  the  machine,  and  have  oblonK  grooves  through  them,  whi^ 
TCceiTe  BCrew  pins,  fixed  into  the  frvmes  G  and  h,  beneath  the  pulleys  r  f,  which  gita 
■K^jon  to  the  spindlet. 

6.  Tfu  moriuing  machaie  is  a  beautiful  piece  of  raeehaaism,  but  too  complicated  for 
diaeriplion  within  the  limits  prescribed  to  this  article. 

6.  Tkt  comtr  laa,  fig.  133,  eonsials  of  a  mandrel,  mounted  in  a  frame  A,  and  canj- 
iag  a  eircolar  saw  i.  upon  the  extreme  end  of  it.  This  mandrel  and  its  frame  being 
euctly  aimilar  to  thoee  at  g  and  h,  fig.  131,  does  not  require  a  separate  view,  althoBgh 
it  if  hid  behind  the  saw,  except  the  end  of  tbe  screw,  marlied  a.  This  frame  ii  screwed 
dawn  apon  the  frame  a  a  of  the  machine,  which  is  snpported  upon  four  columns,  c  c, 
b  D,  ia  an  iaclined  bench,  or  a  hind  of  trough,  in  which  a  block  is  laid,  as  at  E,  being 
■apported  on  its  edge  by  the  plane  c  c  of  IhU  b«ich,  and  its  end  kept  op  to  its  position 
ty  tke  other  port  of  the  bench  D  n. 

By  alidinfc  the  bloctt  along  tbia  bench,  it  ia  applied  to  the  sow,  which  cuts  off  its 
aa^eti,  ss  is  evident  from  ihe  fieuic,  and  prepares  it  for  (he  shaping  engine.  Alt  tbe 
fixn'  anglea  are  cut  off  to  sncc^ion,  by  applying  its  different  sides  to  the  trough,  or 
bench.  In  the  ligure,  two  of  them  are  drawn  ns  beine.  cnl,  and  the  third  is  just  marked 
by  Ihe  saw.  This  machine  is  readily  nilapled  to  different  i^izps  of  blcckg,  bj  the  simple 
expedient  of  laying  pieces  of  wood  of  dlHerent  lltirknp^i  asain^t  Ihe  plane  n  D,  so  as  lo 
til  it  Dp,  and  keep  the  block  nearer  lo  or  fhriher  fiom  Ibesnw,-  for  all  t lie  blocks  are 
lectured  to  be  cut  at  the  same  angle,  though,  rf  cnur'^e,  a  larger  piece  is  lo  be  cat 
fWim  large  (ban  from  tmnll  Mocks.  The 
block  rednced  10  the  stale  of  u  is  now 

7.  Tht  ihaping  marAine. — A  BTcat 
deal  of  the  appnrcat  complication  (^thia 
Igare  arises  from  the  iron  cage,  which 
is  provided  to  defend  the  workmen,  lest 
ibe  blocks,  which  are  revolving  in  tha 
circle^,  or  chuck,  with  an  mmicnse 
relocilT,  should  be  loosened  by  Ihe  ac- 
tion n{  Ihe  tool,  and  By  out  by  their 
centrifugal  force.  Without  this  provt- 
Tian,  Ihe  conseiiucnccs  of  such  an  acci- 
dent would  be  dreadfnl,  as  ihe  blocks 
would  be  projecled  in  all  directions,  with 
an  inconceivable  force. 

8.  The  leoring  engitit  receives  two 
blociis,  as  they  come  Irom  Ihe  shaping 
engine,  and  forms  tbe  groove  ronnd 
their  longest  diameters  for  Ihe  reception 
of  their  ropes  oi  straps,  as  represented 
in  the  two  snatch  blocks  and  donUa 
block,  nuder  ;tgi.  131,  132. 

A>  ■>  fis-  '^3,  represent  the  above 
two  blo<^s,  each  held  between  two  small 
piDars  a  (the  other  pillar  Is  hid  behind 
the  Uock),  fixed  in  a  strong  plate  n,  and 
pressed  against  tbe  pillars  by  a  screw  b, 
which  acts  on  a  clamp  d.  Over  tbe 
blocks  a  pair  of  circular  planet  or  enl- 
lert,  c  E,  are  sitoated,  both  being  fixed  on  the  same  spindle,  which  is  turned  by  a  pnller 
ii  the  middle  of  iL     The  fpindle  is  fitted  in  a  ftniha  r  r,  moving  in  eenlrea  at.*  t,  m 
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as*  to  ri^e  ind  fall  when  moyed  by  a  handle/.  This  brings  ihe  eatten  down  'apon  tito 
blocks ;  and  the  depth  to  which  they  can  cut  ii  regulated  by  a  curved  shape  g,  fixed  by 
screws  upon  the  plate  d,  between  the  blocks.  Upon  this  rests  a  cunred  piece  of  metai 
h,  fixed  to  the  frame  f,  and  enclosing)  but  not  touching,  file  pulley.  To  admit  the  cnt^ 
ters  to  traverse  the  whole  length  of  the  blocks,  the  plate  d  (or  rather  a  frame  beneath 
it)  b  sustained  between  the  points  of  two  centres.  Screws  are  seen  at  i,  on  these  cen- 
tres. The  frame  inclines  when  the  liandle  l  is  depressed.  At  m  is  a  lever,  with  a  weight 
at  the  end  of  it,  counterbalancing  the  weight  of  the  blocks,  and  plate  d,  all  which  are 
above  the  centre  on  which  they  move.  The  frame  f  is  also  provided  with  a  counterpoise 
to  balance  the  cuitcrsj  &c.  The  cutters  £  £  are  circular  wheds  of  brass^  with  romid 
edges.  Each  has  two  notches  in  its  circumference,  at  opposite  sides ;  and  hi  these  notches 
chisels  are  fixed  by  screws,  to  project  beyond  the  rim  of  the  wheej^  in  the  manner  of  a 
plane  iron  befurc  its  face. 

This  machine  is  used  as  follows : — In  order  to  fix  the  block,  it  is  pressed  between 
the  two  pins  (only  one  of  which  at  a,  can  be  seen  in  this  view),  and  the  damp  d,  screwed 
up  against  it,  so  as  just  to  hold  the  block,  but  no  more.  The  damp  has  two  daws, 
as  is  seen  in  the  figure,  each  furnished  with  a  ring  entering  the  double  prints  previously 
made,  in  the  end  of  the  block.  These  rings  are  partly  cut  away,  leaving  only 
such  a  segment  of  each  as  will  just  retain  the  block)  and  the  metal  between  them  is 
taken  out  to  admit  the  cutter  to  operate  between  them,  or  nearly  ao.  In  patting  the 
blocks  into  this  machine,  the  workman  applies  the  doable  prints  to.  the  ends  of  the 
daws  of  the  clamps,  but  takes  care  that  the  blocks  are  higha  between  the  pins  a  than 
they  should  be :  he  then  takes  Uie  handle  /,  and  by  it  presses  the  cutters  s  e  (which 
we  suppose  are  standing  still)  down  upon  the  blocks,  depressing  them  between  their 
pips  at  the  same  time,  Ull  the  descent  of  the  cutters  is  stopped  by  the  piece  h  resting 
on  the  shape  g.  He  now  turns  the  screws  fr  6,  to  fix  the  blocks  tight.  The  cutters 
being  put  in  motion  cut  the  scores,  which  will  be  plainly  seen  by  the  mode  of  adjust- 
ment just  described,  to  be  of  no  depth  at  the  pin-hole;  but  by  depressing  the  handle  i, 
so  as  to  incline  the  blocks,  and  keeping  the  cutters  down  upon  their  shape  g,  by  the 
handle  f,  they  will  cut  any  depth  towards  the  ends  of  the  blocks,  which  the  shape  g 
admits. 

By  this  means  one  quarter  of  the  score  is  formed ;  the  other  is  done  by  turning  botfi 
blocks  together  half  round  in  this  manner.  The  centres  /  are  not  fitted  into  the  plate  d 
itsdf,  but  into  a  frame  seen  at  a  beneath  the  plate,  which  is  connected  vrith  it  by  a 
centre  pin,  exactly  midway  between  the  two  blocks  a  b.  A  spring  catch,  the  end  of 
which  is  seen  at  r,  confines  them  together ;  when  this  catch  is  pressed  back,  the  plate  d 
can  be  turned  about  upon  its  centre  pin,  so  as  to  change  the  blocks,  end  for  end,  and 
bring  the  unscored  quarters  (t.  e.  over  the  clamps)  beneath  the  cutters ;  the  workman 
taking  the  handles  /  and  l,  one  in  each  hand,  and  pressing  them  down,  cuts  out  the 
second  quarter.  This  might  have  been  efifected  by  simply  lifting  up  the  handle  l;  but 
in  that  case  the  cutter  would  have  struck  against  the  grain  of  the  wood,  so  as  to  cut 
rather  roughly ;  but  by  this  ingenious  device  of  reversing  the  blocks,  it  always  cuts 
dean  and  smooth,  in  the  direction  of  the  grain.  The  third  and  fourth  quarters  of  the 
score  are  cut  by  turning  the  other  sides  of  the  blocks  upwards,  and  repeating  the  above 
operation.  The  shape  g  can  be  removed,  and  another  put  in  its  place,  for  difierent  sizes 
and  curves  of  block ;  but  the  same  pins  a,  and  holding  clamps  d,  will  suit  many  different 
sizes. 

By  these  machines  the  shells  of  the  blocks  are  completely  formed,  and  they  are  next 
polished  and  finished  by  hand  labor;  but  as  this  is  performed  by  tools  and  methods  which 
are  well  known,  it  is  needless  to  enter  into  any  explanation :  the  finishing  required  being 
only  a  smoothing  of  the  surfaces.  The  machines  cut  so  perfectly  true  as  to  require  no 
wood  to  be  removed  in  the  finishing ;  but  as  they  eut  without  regard  to  the  irregularity 
of  the  grain,  knots,  &.C.,  it  happens  that  many  parts  are  not  so  smooth  as  might  be  wislih- 
ed,  and  for  this  purpose  manual  labor  alone  can  be  employed. 

The  lignum  vitae  for  the  sheaves  of  the  blocks,  is  cut  across  the  grain  of  the  wool  by 
two  cross-cutting  saws,  a  circidar  and  straight  saw,  as  before  mentioned.  These  ma* 
chin^  do  not  essentially  differ  in  their  principle  from  the  great  cross-cutting  saws  we 
have  described,  except  that  the  wood  revolves  while  It  is  cutting,  so  that  a  small  saw  will 
reach  the  centre  of  a  large  tree,  and  at  the  same  time  cut  it  tridy  flat.  The  limits  pre- 
scribed for  our  plates  will  not  aidmit'of  giving  drawings  of  these  machines,  and  the  idea 
which  could  be  derived  from  a  verbal  description  would  not  be  materially  dififerent  from 
the  cross-cutting  saws  before  mentioned.  These  machines  cut  ofif  their  plates  for  the  end 
of  the  tree,  which  are  exactly  the  thickness  for  the  intended  sheave.  These  pieces  are 
of  an  irregular  figure,  and  must  be  rounded  and  centred  in  the  crown  saw. 

9.  The  crown  saw  is  represented  in  fig,  134,  where  A  is  a  pulley  revolving  by 
means  of  an  endless  strap.  Itxhas  the  crown  or  trepan  saw  a  fijced  to  it,  by  a  screw  eat 
within  the  piece,  upon  which  the  saw  is  fixed,  and  which  gives  the  ring  or  hoop  of  th* 
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Hw  saffieieni  vtabilitT  to  perfbrm  iu  o&M.    Botii  tlie  pnlleri  »ni  saw  rtvolTC  together 

■poa  a  mly  cjlindriciil  tube  b,  vrhieb  U  sUlioDUTi  being  Bltached  by  a  floanch  c  to  ■ 

fixed  ppppet  a,  and  on  (his  lulw  u  kn  mxii 

the  i&w  uid  pulle;  lurn,  bdiI  mar  be  jlid 

endwise  by  «  colJar  fitted  roand  the  oenire> 
piece  of  ihe  pulleri  and  having  two  iroa 
rods  (only  one  of  which  can  be  seea  at  il 
in  the  figure),  pasting  through  holes  made 
through  the  flionclk  aixi  jiujipel  a.    Wlieli 
the  saw  is  drawn  kick  upon  its  cenlial  tube, 
the  and  of  the   Tatter  projecta    beyond   the 
teeth  of  tbe  sow.  It  ie  b;  meana  of  [his  fixed 
ring  or  lube  wilLin  (he  saw,  tbnt  the  piece 
of  wood  t  is  supported  dtiriag  the  operation 
of  uwiog,  beiug  pressed  foicibly  Bgalost  ft 
by  a^crew  d,  acling  throunh  a  puppet  fixed 
to  tbe  frame  of  the  ir.ochioe.    Al  Ihe  end  <it 
[his  screw  is  a  cup  or  basin  which  appliet 
itself  to  tbe  piece  of  wood,  so  ai  to  fonn  a 
kind  of  vige,  one  tiiit  being  the  end  of  the 
6*ed  lube,  tbe  oiher  the  cup  at  the  end  of 
the  screw  D.     Within  the  lube  A  is  a  collar 
Ik  mpparting  a  central  aiii,  which  i«  perfectly  cylindrical.    The  other  end  of  this  axil, 
(teen  at  /,)  turns  in  a  collar  of  the  tiled  puppet  e.    The  eenlral  aiis  has  a  pulley  r, 
fled  on  il,  aud  giving  it  motion  by  a  strap  similar  to  the  other.     Ckee  to  the  latltt 
pdley  a  coUbt  g  is  fitted  on  the  centre  piece  of  the  pullty,  so  as  lo  slip  round  freely, 
bat  al  the  same  time  coafiaed  to  move  endways  with  tbe  pulley  and  it^  collar.    This  ocu- 
lar receires  the  ends  of  the  two  iron  rods  d.     The  opposite  ends  of  these  rods  are,  •* 
abore  m'.nlioned,  connected  by  a  similar  collar,  wiih  the  pulley  a  of  (he  saw  a.    By  tliia 
comkexioD,  bath  the  centre  bit,  which  is  screwnl  into  Ihe  end  of  Ihe  central  axis  /,  and 
Ihe  siv  Eliding  upon  the  fixed  lube  A,  are  brought  forward  to  the  wood  al  the  same  timi^ 
loth  being  in  rapid  motion  by  their  respective  pulleys, 

10.  TSt  Cooking  iTng'rw.— This  ingeaioas  piece  of  madunery  is  used  lo  cut  the  thrw 
Kmicirculor  holes  which  surround  the  hole  bored  by  the  crown  saw,  so  as  to  produce  a 
carily  in  the  centre  of  the  disc. 

11.  Faa-timing  Laltn.—Tbt  sheave  is  fired  against  a  flat  ehuek  at  the  end  of  a 
■Mndrel,  by  a  noivertal  chuck,  similar  to  that  in  the  conMnE  engine,  except  that  the 
centre  pirk,  instead  of  having  a  nut,  is  lapped  into  the  flat  chuck,  and  turned  by  a  aerew* 

BLOOD.  (Sann,  7r. ;  Blv.1,  Germ.)  The  liquid  which  circnhites  in  tbe  arteries  and 
veins  of  animals;  Iirlgbt  red  in  the  former  nod  purple  in  the  latter,  among  all  the  tribe* 
vtuH  tpToperalure  is  considembly  higher  than  that  of  the  atmosphere.  It  eonsisla,  1.  of 
a  ecdortess  transpireiil  soluiii'u  of  several  substances  in  water ;  and,  S.  of  red,  undisaolved 
panicles  lUffased  through  that  sutiitioa.  Its  specilic  gravity  varies  with  (he  naiure  aikd 
hahh  oT  the  anim^il ;  b^ins  from  1-0527  lo  1-0S70  at  G0°  F.  It  has  a  saline  sub-nauseou* 
taste,  and  a  smell  peculiar  lo  each  animoL  Whenfiesh  drawn  from  the  vessels,  itrapidly 
coagulates  into  a  gelatinous  moss.catlci  the  clot,  c.-unr,  or  cinssamentum,  from  which, 
rtir  some  time,  a  pale  yellow  fluid,  pa>sing  into  ydlowish  gieen,  oozes  fortb,  called  the 
Mran.  If  Ihe  warm  blood  be  stirred  n'ilh  a  bundle  of  twigs,  ns  it  flows  from  the  veins, 
dx  fibrine  eonerete>,  and  fomis  long  fibres  .ind  knots,  while  it  retains  Its  usual  appear- 
ance in  other  ruspects.  The  dot  CL-nt:iin4  flbrina  unl  cQl'>rl:i::  matter  in  various  pro- 
portions. Berzelius  found  in  100  parts  of  the  dried  clot  of  blood,  35  parts  of  fibriae ; 
58  of  coloring  matter ;  1'3  of  carbonate  ..f  foJa  ;  4  of  an  animal  matter  soluble  in  waler, 
iloag  with  some  salts  and  fat.  The  specific  jrnvity  cf  (be  serum  varies  from  1-027  to 
1-0Z9.  It  fonuB  abant  three  foarths  of  the  wei^'lil  of  (he  blood,  has  an  alkaline  reaction, 
coagulates  at  167^  F.  into  a  gelatinouf  mass,  and  has  fur  its  leading  cOnBUtuent  aUmmtn 
M  the  amount  of  8  per  cent ,  besides  fat,  pulash,  soda,  and  salts  of  these  ba»ea.  Blood 
doc*  not  seem  to  contain  any  eclaline. 

The  red  coloring  matter  called  htmoliBt,  may  be  obtained  from  Ihe  cruor  by  washing 
adth  cold  water  and  flltering. 

Sood  was  at  one  time  largely  employed  for  clarifying  sirup,  bul  it  is  very  sparing 
wed  by  the  sogar  refiners  in  Great  Britain  of  the  p.-e scut  day.  It  may  be  dried  by  evapl^ 
ration  at  a  heat  of  130°  or  140°,  and  in  this  state  has  been  transported  lo  Ihe  colonies  lot 
pirilVint;  cone  juice.  It  is  an  ingredient  in  certain  adhesive  cements,  coarse  pigments  ftv 
pMecIing  walls  from  the  weather,  for  making  animal  charcoal  in  tbe  Fmssiao  Une  voib% 
•ad  by  an  aRer  procera,  a  decoloring  carbon.  It  it  nteil  in  soma  Tnrliey  red  dye-woriu. 
Bkod  it  a  powerful  nannre. 
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BLOWING  MACHINE.    See  Ibok,  Metailuiiot,  VENTiLAtioif . 

BLOWPIPE.  {Chalumeauy  Fr. ;  Lothrdhrty  Germ.)  Jewellere,  mineralogists,  diem> 
kU)  enamellers,  &€.»  make  frequent  use  of  a  tabe,  usually  beat  near  the  end,  terminated 
with  a  finely  pointed  noztXe,  for  blomng  through  the  flame  of  a  lamp,  candle,  or  gas-jet, 
and  producing  thereby  a  small  eonical  flame  possessing  a  Tery  intense  heat.  Modifica- 
tions of  blow  pipes  are  made  with  jets  of  hydrogen,  olygen,  or  the  two  gases  mixed  in 
due  proportions. 

BLU£  DYES.  (Tetn/,  Germ.  See  Enamel.)  The  materials  employed  for  this  pur- 
pose are  indigo,  Prussian  blue,  logwood,  bilberry,  (vaceiniMm  myrtUlusy)  elder  berries, 
(sambucus  nigray)  mulberries,  privet  berries,  {ligustrum  vulgart,)  and  some  other  berries 
whose  juice  becomes  blue  by  the  addition  of  a  small  portion  of  alkali,  or  of  the  salts  of 
copper.  For  dyeing  with  the  first  three  articles,  see  them  in  their  alphabetical  places.  I 
shall  here  describe  the  other  or  minor  blue  dyes. 

To  dye  blue  with  such  berries  as  the  above,  we  boil  one  pound  of  them  in  water,  add- 
ing one  ounce  of  alum,  of  copperas,  and  of  blue  vitriol,  to  the  decoction,  or  in  their  stead 
equal  parts  of  verdigris  and  tartar,  and  pass  the  stuffs  a  sufficient  time  through  the  liquor. 
When  an  iron  mordant  alone  is  employed,  a  steel  blue  tint  is  obtained ;  and  when  a  tin 
one,  a  blue  with  a  violet  cast.  The  privet  berries  which  have  been  employed  as  sap 
colors  by  the  card  painters,  may  be  extensively  used  in  the  dyeing  of  silk.  The  berries 
of  tk  e  African  night-shade  (soluTrnm  guineeme)  have  been  of  late  years  considerably  ap- 
plied to  silk  on  the  continent  in  producin;*  rarions  shades  of  blue,  violet,  red,  brown,  &c.y 
but  particularly  vblet.  With  alkalis  and  acids  these  berries  have  the  same  habitudes  as 
bilberries ;  the  former  turning  them  green,  the  latter  red.  They  usually  come  from 
Italy  compressed  in  a  dry  cake,  and  are  infused  in  hot  water.  The  infusion  is  merely 
filtered,  and  then  employed  without  any  mordant,  for  dyeing  silk,  being  kept  at  a  warm 
tempei^atore  by  surrounding  the  bath  vessel  with  hot  water.  The  goods  must  be  winced 
for  six  hours  through  it  in  order  to  be  saturated  with  color ;  then  they  are  to  be  rinsed 
in  running  water  and  dried.  One  pound  of  silk  requires  a  pound  and  a  half  of  the  berryy 
eake.  In  the  residuary  bath^  other  tints  of  blue  may  be  given.  Sometimes  the  dyed 
silk  is  finished  by  running  it  through  a  weal^  alum  water.  A  color  approaching  to  in- 
digo in  permanence,  but  which  diflers  from  it  in  being  soluble  in  alkalis,  though  inca- 
pable of  similar  dlsoxydizement,  is  the  gardenia  genipa  and  aculeata  of  South  America, 
whose  coloriess  juice  becomes  dark  blue  with  contact  of  air ;  and  dyes  stuffs,  the  skin, 
and  nails,  of  an  unchangeable  deep  blue  color,  but  the  juice  must  be  applied  in  the  color- 
less state. 

BLUE  PIGMENTS.  Several  metallic  compounds  possess  a  blue  color;  especially 
those  of  iron,  cobalt,  and  molydenum.  The  metallic  pigments,  little  if  at  all  employed, 
but  which  may  be  found  useful  in  particular  cases,  are  the  molybdate  of  mercury,  the 
hydro-sulphuret  of  tungsten,  the  prussiate  of  tungsten,  the  molybdate  of  tin,  the  ox^'de  of 
copper  darkened  with  ammonia,  the  silicate  of  copper,  and  a  fine  violet  color  formed  from 
manganese  and  molybdenum.  The  blues  of  vegetable  origin,  in  common  use,  are  indlji^o, 
litmus,  and  blue  cakes.  The  blue  pigments  of  a  metallic  nature  found  in  commerce  are  the 
following :  Prussian  blue ;  mifuntain  blue,  n  carbonate  of  copper  mixed  with  more  or  less 
earthy  matter;  Bremen  blue  or  verdittr,  a  greenish  blue  color  obtained  from  copper  mixed 
with  chalk  or  lime ;  iron  bhie,  phosphate  of  iron,  little  employed ;  cobalt  blue,  a  color 
obtained  by  calcining  a  salt  of  cobalt  with  alumina  or  oxyde  of  tin ;  smalf,  a  glass  color- 
ed with  cobcdt  and  ground  to  a  fine  powder;  charcoal  blue,  a  deep  shade  obtained  by  tri- 
turating carbonized  vine  stalks  with  an  equal  weight  of  potash  in  a  crucible  till  the  mix- 
ture ceases  to  swell,  then  pouring  it  upon  a  slab,  putting  it  into  water,  and  saturating  the 
alkali  with  sulphuric  acid.  The  liquor  becomes  blue,  and  lets  fall  a  dark  blue  precipitate, 
which  becomes  of  a  brilliant  blue  color  when  heated.  , 

Molybdenum  blue  is  a  combination  of  this  metal,  and  oxyde  of  tin  or  phosphate  of  lime. 
It  is  employed  both  as  a  paint,  and  an  enamel  color.  A  blue  may  also  be  obtained  by 
putting  into  molybdic  acid,  (made  by  digesting  sulphuret  of  molybdenum  with  nitric 
acid,)  some  filings  of  tin,  and  a  little  muriatic  acid.  The  tin  deoxydizes  the  molybdic 
•add  to  a  certain  degree,  and  converts  it  into  the  molybdous,  which,  when  eitiporated  and 
heated  with  alumina  recently  precipitated,  forms  this  blue  pigment.  UltraTnarine  is  a 
beautiful  blue  pigment,  which  see. 

BLUE  VITRIOL  J  sulphate  of  copper. 
BOMBAZINE.    A  worsted  stufi*,  sometimes  mixed  with  silk. 

BONES.  (0«,  Fr. ;  JTnoc^at,  Germ.)  They  form  the  frame  work  of  animal  bodies, 
commonly  called  the  skeleton ;  upon  which  the  sofY  parts  are  suspended,  or  in  which  they 
are  enclosed.  Bones  are  invested  with  a  membrane  styled  the  periosteum,  which  is 
composed  of  a  dense  tissue  aflTording  glue;  whence  it  is  convertible  into  jelly,  by 
ebuiiition  with  water.  Bones  are  not  equally  compact  throughout  their  whole  sub- 
stance ;  the  long  ones  have  tubes  in  their  centres  lined  with  a  kind  of  periosteum,  of 
more  importance  to  the  life  of  the  bones  than  even  their  external  coat.    The  fiat,  as 
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well  as  the  short  and  thick  bones,  exhibit  upon  their  snrfaee  an  osseous  mass  of  a 
donae  nature^  whfle  their  interior  presents  a  cavity  divided  into  small  cellules  by  their 
bony  partitions. 

In  reference  to  the  comiiosition  of  bones,  we  have  to  consider  two  principal  constitn- 
CBls;  the  living  portion  or  the  osseous  cartilage,  and  ihe  inorganic  or  the  earthy  salts  of 
tebones. 

The  osseons  cartilage  4s  obtained  by  suspending  bones  in  a  large  vessel  fuU  of  dilute 
miriatie  acid,  and  leaving  it  in  a  cool  place  at  alMont  50^  Fahr.  fur  example.  The  acid 
(finolTea  the  earthy  salts  of  the  bones  without  perceptibly  attacking  the  cartilage,  which, 
at  the  end  of  a  short  time,  becomes  soft  and  traaslacid,  retaining  the  shape  of  the  bones; 
whenever  the  acid  is  saturated,  before  it  has  dissolved  all  the  earthy  salts  it  should  be 
renewed.  The  cartilage  is  to  be  next  suspended  in  cold  water,  which  is  to  be  frequently 
changed  till  it  has  removed  all  the  acidity.  By  drying,  the  cartilage  shrinks  a  little, 
aad  assumes  a  daricer  hue,  bat  without  losing  its  translncency.  It  becomes,  at  the 
same  time,  hard  and  susceptible  of  breaking  vrhen  bent,  but  it  possesses  great 
slrei^th. 

This  cartilage  is  composed  entirely  of  a  tissue  passing  into  gelatine.  By  boiling  with 
wster,  it  is  very  readily  convertible  into  a  glue,  which  passes  clear  and  colorless  through 
the  filter,  leaving  only  a  small  portion  of  fibrous  matter  insoluble  by  further  boilii^. 
TUs  matter  is  produced  by  the  yessels  which  penetrate  the  cartilage,  and  carry  nourish- 
ment to  the  bone.  We  may  observe  all  these  phenomena  in  a  very  instructive  manner, 
hy  maeerattng  a  bone  in  dilute  mnriatic  acid,  till  it  has  lost  about  the  half  of  its  salts ; 
then  -washing  it  with  cold  water,  next  pouring  boiling  w^ter  upon  it,  leaving  the 
whole  in  repose  for  24  honrs,  at  a  temperature  a  few  degrees  below  212?  Fahr. 

The  cartilage,  which  has  been  stripped  of  its  earthy  salts,  dissolves,  but  the  small' 
vessels  which  issue  from  the  undecomposed  portion  of  the  bone  remain  under  the  form 
of  white  plume?,  if  the  water  has  received  no  movement  capable  of  crushing  or  breaking 
them.  We  may  then  easily  recognise  them  with  a  lens,  but  the  slightest  touch  tears 
theiB,  and  makes  them  fall  to  the  bottom  of  the  vessel  in  the  form  of  a  precipitate ;  if 
we  digest  bones  with  strong,  hot  muriatic  acid  so  as  to  accelerate  their  decomposition,  a 
portion  of  the  cartilage  dissolves  in  the  acid  with  a  manifest  disengagement  of  carbonic 
acid  gas,  which  breaks  the  interior  mass,  and  causes  the  half«oftened  bone  to  begin  to 
split  into  fibrous  plates,  separable  in  the  direction  of  their  length.  According  to  Marx, 
these  plates,  when  sufficiently  thin,  possess,  like  scales  of  mica,  the  property  of  polar* 
izing  light,  a  phenomenon  which  becomes  more  beautifhl  s^  when  we  soak  them  with 
the  essential  oil  of  the  bark  of  the  Laurus  Cassia.  The  osseous  cartUage  is  formed 
before  the  earthy  part.  The  long  bones  are  then  soiid,  and  they  become  hollow  only  in 
proportion  as  the  earthy  salts  appear.  In  the  new-bom  infant,  a  large  portion  of  the 
bones  is  bnt  partially  filled  with  these  salts,  their  deposition  in  cartilage  takes  place 
under  eertain  invariable  points  of  o.rnification,  and  begins  at  a  certain  period  after  con- 
ception, so  that  we  may  calculate  the  age  of  the  foetus  according  to  the  progress  which 
onfifieation  has  made. 

The  earthy  parts  of  bones  are  composed  principally  of  the  phosphate  and  carbonate 
of  lime  in  various  proportions,  variable  in  different  animals,  and  mixed  with  smajl 
qoantitiesy  equally  variable,  of  phosphate  of  magnesia  and  fluate  of  lime.  The  easiest 
means  of  procuring  the  earthy  sedts  of  bones  consists  in  burning  them  to  whiteness,  bnt 
the  earthy  reaidunm  proenred  in  this  manner,  contains  substsuiees  which  did  not  exist 
beforehand  in  the  bones,  and  which  did  not  form  a  part  of  their  earthy  salts ;  as,  for 
example,  sulphate  of  soda,  produced  at  the  expense  of  the  sulphur  of  the  bones  and  the 
alkaline  carbonate,  proceeding  from  the  cartilage  with  which  it  was  combined.  On  the 
flCher  hand,  the  gneater  part  of  the  lime  has  lost  its  carbonic  acid.  As  the  sulphuric 
aeid  is  the  prodnct  of  combustion,  it  is  obvious  that  an  acidulous  solution  of  a  fresh  bone 
eaa  affinrd  no  precipitate  with  muriate  of  barytas.  The  phosphate  of  lime  contained  in 
the  bone-saits  is  a  subphosphate,  consisting,  aceordinR  to  Berzelius,  of  three  prime 
eqaiva  nts  of  the  acid,  and  eight  of  the  base ;  or  of  2,677  parts  of  the  former,  and  ^848 
of  the  latter.  It  is  always  obtained  when  wt  precipitate  the  phosphate  of  lime  by  an 
eieesa  of  mnmonia.  When  calcined  bones  are  distilled  in  a  retort  with  their  own  weight 
of  snlphnric  acid,  a  little  fluoric  acid  is  disengaged,  and  it  acts  on  the  surface  of  the 
glass.  The  following  analyses  of  the  bones  of  men  and  horned  cattle,  are  given  by  Ber- 
selias.  They  were  dried  after  being  stripped  of  their  fat  and  periosteum  till  they  lost 
ao  more  vreight. 
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■■■....  - II.  '  ■'■ 

Cartilage  completely  soluble  in  water         ... 
Vessels-       -        -        .^ 
Subphosphate  with  a  little  flnate  of  lime    •       •       - 
Carbonate  of  lime  ---.--- 
Phosphate  of  magnesia     ------ 

Soda  with  very  little  muriate  of  soda      .        •       . 


ITuiuau  bone. 


32-17 

M3 

6a*04 

11-3 

1*16 

1-20 

100-00 


Ox  bope. 


33-3 

67-35 
3*86 
2-06 
3-45 

100-00 


The  most  essential  difference  in  the  composition  of  these  bones  is  that  those  of  man 
contain  three  times  as  much  carbonate  of  lime  a»  those  of  the  ox ;  and  that  the  latter 
are  richer  in  phosphate  of  lime  and  magnesia  in  tlie  same  proportion^  Fernaodec  -de 
Barros  has  established  a  comparison  between  the  phosphate  and  carbonate  of  lime  in 
the  bones  of  different  animals.  He  found  in  100  parts  of  earthy  salt  uf  the  bones  of  the 
following  animals : — 


Lion 

Sheep 

Hen 

Frog 
Fish 


Phospbote  nriiiDA 


960 
80-0 
88-9 
95-2 
91-9 


Curb.  lime. 


2-5 

19-3 

10-4 

2-4 

6-3 


The  bones  of  fish  are  divided  into  those  which  contain  earthy  salts  and  those  which 
have  none,  called  cartilaginous  fishes.  The  enamel  of  the  teeth  is  composed  as 
follows: — 


Phosphate  of  lime  with  fluate  of  lime        ... 
Carbonate  of  lime  .------ 

Phosphate  of  magnesia     •        -  ^     - 

Soda 

Brown  membranes  attached  to  the  tooth,  alkali,  water 


Ha  man  enamel. 

Oxenaiaal. 

88-6 

85-0 

8-0 

7-1 

1-6 

3-0 

0-0 

1*4 

2-0 

3-5 

100-0 


1000 


.  In  the  arts,  th&  bones  are  employed  by  turners,  cutlers,  mannfaeturers  of  animal  dmr- 
eoal,  and,  when  calcined,  by  assayers  for  maldng  cupels.  In  agriculture,  they  are 
employed  as  a  manure,  for  which  purpose  they  should  be  ground  in  a  miU,  and  the  pow- 
d^  sowed  along  with  the  seeds  in  a  d^.  It  is  supposed,  in  many  cases,  lo  increase  the 
orop  in  weij^ht  of  grain  and  straw  together,  by  from  40  to  60  per  cent.  In  France,  soap 
is  extensively  made  by  dissolving  bones  in  a  steam-heat  of  two  or  three  days'  eontinn- 
aaee.  The  shavings  of  hartshorn,  which  is  a  species  of  bone,  aflbrd  an  elegant  jelly  t 
tiie  shavings  of  calves'  bones  may  be  used  in  their  stead. 

Living  bones  acquire  a  red  tinge  when  the  anknals  receive  madder  with  their  food ; 
hat  they  lose  it  when  the  madder  is  discontinued  for  some  time. 

BONE  BLACK  {Noir  dosy  Fr. ;  KnochMsckwartz,  Oerm.),  or  Jlnimal  t^arcoat,  hb 
it  is  less  correctly  called,  is  the  black  carbonaceous  subi>tanee  into  Which  bones  are 
converted  by  calcination  in  close  vessels.  This  kind  of  charcaol  has  two  prindpel 
applications :  to  deprive  various  solutions,  particularly  sirups,  of  their  coloring  matters, 
and  to  furnish  a  black  pigment.  The  latter  subject  will  be  treated  of  under  Ivort 
Black. 

The  discovery  of  the  antiputrescent  and  decoloring  properties  of  charcoal  in  genera], 
is  due  lo  Lowitz,  of  Petersburg ;  but  their  modifications  have  occupied  the  attention  of 
many  chemists  since  his  time.  Eels  published,  in  179B,  some  essays  on  the  discolonAg 
of  indigo,  saffron,  madder,  sirup,  &c.  by  means  of  charcoal,  but  he  7;ommitted  a  mistake 
in  supposing  bone  black  to  have  less  power  than  the  charcoal  of  wood.  The  fint 
useful  application  of  charcoal  to  the  purification  of  raw  colonial  sugar  was  made  by 
M.  Guillon,  who  brought  into  the  French  markets  considerable  quantities  of  fine  sirupe, 
which  he  discolored  by  ground  wood  charcoal,  and  sold  them  to  great  advantage,  as 
much  superior  to  the  cassonades  of  that  time.  In  1811,  M.  Figuier,  an  apothecary  at 
Montpeliier,  published  a  note  about  animal  charcoal,  showing  that  it  blanched  vinegaia 
and  wmcs  with  much  more  energy  than  regetable  charoml;  and,  huMlji  fai  lIlS* 
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M.  Deratiin  pnqueed  lo  employ  uniraBl  chnrami  io  tlie  purifiwlioa  ot  tiraps  mad 
t^u  refining.  The  quaatilics  oT  bone  lilack  lefl  in  the  retoitl  emplored  by  MM. 
hyen.  for  prododag  cruUc  cnrSoFiaic  i  f  Hminooij.,  rumiehcd  abundant  aMiieriab  for 
m^dri^  the  most  saliHTaelor;  rxpeitmenls,  bdiI  enabled  these  fcentlemen  coon  to  ob> 
Mb  ten  per  Mnt.  more  of  refined  siigsj'  from  llie  raw  article  than  had  been  fonnerlf 
cxtneted,  and  lo  improve,  at  the  saute  lime,  liie  characters  of  the  lumps,  boUards, 
iceule,  *te. 
The  calcination  nT  bones  is  elTccied  by  two  diSeient  ayBtems  or  apparatus ;  by  healing 
n  in  ■  retort  similar  to  that  in  vhich  conl  is  decomposed  in  tbe  gas  work' 


If  the  descriplion 


mall  pols  pilid   np  in  a  kilo. 

On  the  secJDd  plan,  tlie  bonet 

of  the  form  shown  in  fig-  135, 

dotemiiBly  placed  with  their  mauins  in  coni 

The  lip  of  the  upper  pot  a  made  lo  slip  insidi 

(DDlaiaia^  tojelher  about  filly  pounds  of  bones,  are 

««her,  in  in  OTcn,  like  a  poller'- '■ '-   -"  -'  "--  ="- 

obkmK  or  upright.    The  lalte: 

at  grate  for  tbe  fuelj 

tbe  flame  flows ;  the 

bkk-work-    d  the  sp 


former,  see  Gas-Light. 

■u  into  pieces,  are  put  inio  small   east-iron  pou 

three  eighths  of  an  inch  thick,  two  of  which  are 

L,  and  ihen  luted  toother  with  kwn. 

r  the  under  oae.    These  dou  ble  Tettelt, 

iged  alongside,  and  over  eaeh 

be  fillrd.     The  oven  or  kiln  may  be  either 

,  137,  138.    A  is  tlie  Gleplace 

are  the  openings  in  Ihs  dome  of  Ihe  furnace  through  which 

divisions  of  these  orifices  are  shown  in  fig.  I3S     b  la  the  wall  at 

ace  in  which  Ihe  pots  are  distributed,    k  is  Ihe  door  by  which  the 

le  pots,  which  is  afterwords  built  op  nith  fire-briclis,  and  plastetvd 

n  in  fig.  136.    F  r  are  the  lateral  flu«s  for  eonveying 


mttzf 


J^.  139  is  »  longitndinal  section,  and  fig.  140,  a  groun  I  plan  of  a  honzonlal  kiln  for 
wldnin^  hones,  a  is  the  Gre-chember,  lying  npon  a  level  with  the  sole  of  the  kiln  ;  it 
■  separBted  by  a  pillar  b,  from  the  calcining  liearlh  t.  In  the  pillar  or  wall,  seveml 
n«i  of  hole*  d,  are  IcA  at  different  heights;  (  IS  the  entrance  door;  /,  the  outiet  veatt 
bi  the  gases,  vapors,  and  smoke,  into  the  chimney  g;  A,  a  sLding  damper-plale  for  regn- 
lati^  the  adniission  of  Ehe  nir  into  the  fire  in  Ihe  Space  a. 

By  this  arrangeinent  the  offenjivc  emanations  are  partly  consnmed,  anJ  psrtly  carried 
off  with  the  smoke.  To  destroy  the  smell  completely,  the  smoke  should  be  made  to  paM 
tknmgh  a  se(.?nd  small Tumace. 

The  namber  of  pots  that  may  be  put  into  a  kiln  of  this  kind  depends,  of  course,  upoi 
itsdimeiuuoDS;  bnl,iD  general,  from  100  to  IKO  are  piled  up  over  each  other,  in  colninn^ 
itaiiee;  the  greatest  heal  being  nearest  the  roof  of  the  kilo;  which  resemldes,  in  manf 
rapects,  that  used  for  baking  pottery  ware. 

In  boith  kilns  the  interior  walls  are  bnilt  of  fire-bricks.  In  the  oblong  one,  the 
fiereeit  heat  is  near  the  vaulted  roof;  in  the  npright  one,  near  the  sole;  and  the  pot*, 
eaoiainiag  the  larger  lumps  of  bones,  should  be  placed  accordingly  near  the  top  of  the 
lormer,  and  the  bottom  of  Ihe  latter.  Such  a  kiln  may  receive  about  seventy  double 
pots,  conlaining  in  the  whole  thiny-five  ewt.  of  bones. 

After  Ihe  earth  is  filled  with  the  pole,  and  the  entrance  door  is  shnt,  the  fire  is 
applied  at  first  moderately,  but  afterwards  it  must  be  raised  and  maintained,  at  a  biislc 
heat,  for  eic;ht  or  ten  hours.  The  door  of  the  ash-pit  and  the  damper  may  now  ba 
leailr  clos^  to  moderate  the  draught,  and  to  keep  np  a  steady  ignition  for  six  or  eight 
kans  longer,  wilhou I  additional  firing;  after  which  ttie  doors  must  be  all  opened  to 
bmI  the  fninace.  When  Ihls  is  done,  the  brick-work  of  the  entrance  door  most  b* 
Ukea  dowB,  the  Idln  ainst  be  emptied,  and  immediately  Oiled  again  with  a  set  of  poti 
ireriuaaly  filled  with  boaes,  and  Inted  together ;  ihe  poti  which  have  been  ignited  msy, 
ii  Aa  oMnve  sf  a  short  time,  be  opened,  and  the  eontenta  pot  into  the  taa^anne.    Bat 
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in  operating  with  the  large  decomposing  cylinder  retort,  the  bones  being  raked  out  hot, 
most  be  instantly  tossed  into  a  receirer,  whidi  can  be  covered  in  air-tight  till  thev  are  cool. 

The  bones  lose  upon  the  average  about  one  half  of  their  weight  in  the  cfUctnatioB. 
In  reference  to  the  Quality  of  the  black,  experience  has  shown  that  it  is  so  mnch  mom 
powerful  as  a  discoloring  agent,  as  ^e  bones  from  which  it  was  made  have  been  freer 
from  adhering  fatty,  fleshy,  and  tendinous  matters. 

The  charcoal  is  ground  in  a  mill,  either  to  a  fine  powder  and  siflcd,  or  into  a  couse 
givnuJar  state,  like  gunpowder,  for  the  preparation  of  which  two  sieves  are  required,  one 
with  moderately  fine  meshes,  to  allow  the  small  dust  to  pass  through,  and  one  with  large 
meshes,  to  separate  the  proper-sized  ^ins  from  the  coarset  lumps.  Either  a  cpm-miD, 
an  edgestone  mill,  or  a  steel  cylinder  mill,  may  be  employed  for  grinding  bone-black,  and 
it  is  generally  damped  in  the  operation  to  keep  down  the  fine  dust. 

Bone-black,  as  found  in  commerce,  is  very  variable  in  its  discoloring  power,  which 
arises  from  its  having  been  exposed  either  to  too  great  a  heat  which  has  glazed  its  car- 
bon, or  too  low  a  heat  which  has  left  its  albumen  imperfectly  decomposed.  A  steady 
ignition  of  due  continuance  is  the  proper  decomposing  temperature.  Its  compodtion  it 
generally  as  follows : — 

Phosphate  of  lime,  with  carbonate  of  lime,  and  a  little  snlphnret  of  iron,  or  ozyde  of 
iron,  88  parts;  iron  in  the  state  of  a  sDicated  ^carburet,  2  parti;  charcoal  containing 
about  one  fideenth  of  azote,  10  parts.  None  of  the  substances  present,  except  the  char- 
coal, possesses  separately  any  discoloring  power. 

The  quality  may  be  tested  by  a  solution  of  brown  sugar,  or  molasses,  or  of  indigo  in. 
sulphuric  acid.  The  last  is  generally  prefeixed  by  the  French  chemists,  who  have  occn* 
pied  themselves  most  with  this  subject,  and  it  contains  usually  one  thousandth  part 
of  its  weight  of  this  dye-drug  of  the  best  quality.  Other  animal  substances  yield  a 
charcoal,  posFCf^sed  of  very  considerable  discoloring  properties.  The  following  table  by 
M.  Bussy  exhibits  an  interesting  comparison  of  almost  every  kind  of  charcoal  in  this 
point  of  view. 


Table  of  the  discoloring  powers  < 

of  different  charcoals. 

Spf-citfS  ««f  Cfiaicoul. 

Wfighl. 

IbdifO  tmt 
eunauned. 

Moiuwi  t«Bt, 

COIMUIMd. 

Blniching  by 
indigo. 

Power  by 
tuiiitnes. 

Grimms. 

Liirei. 

Blood  calcined  with  potash 

1-60 

0-18 

50 

20 

Ditto  with  chalk   -    -    - 

0-57 

0-10 

18 

11 

Ditto  with  phosphate  lime 

0-38 

0-09 

12 

10 

Gelatine  ditto  with  potash 

M6 

0-14 

36 

15-5 

Albumen  ditto  ditto    -    - 

1-08 

0-14 

34 

16-5 

Starch  ditto  ditto  -    -    - 

0-34 

0-08 

10-6 

8-8 

Charcoal  from  acct.  potash 

0-18 

0-04 

6-6 

4*4 

Ditto  from  carb.  soda  by 

phosphorus    -    -    -    - 

0-88 

0-08 

12 

8-8 

Calcined  lamp  black  ^    - 

0-128 

0-03 

4 

3-3 

Ditto  ditto  potash  -    -    - 

0-55 

0-09 

16-2 

10*6 

Bone  black  treated  with 

mur.  acid  and  potash  - 

1-45 

0-18 

45 

20 

Bone  black  ditto  with  mur. 

acid 

0-06 

0016 

•  1-87 

1-6 

Oil  calcined  with  phosph. 

of  lime 

0-064 

0-017 

2 

1-9 

Crude  bone  black  -    .    - 

0-032 

0-009 

1 

1 

With  regard  to  the  mode  of  operation  of  bone  black  on  colored  liquids,  M.  Payea 
showed  in~  his  prize  essay,  1.  That  the  decoloring  power  of  charcoal  depends  in. 
general  upon  its  state  of  division  j  2.  That  in  the  various  charcoals,  the  ciubonaceoiit 
matter  acts  only  upon  the  coloring  matters,  combining  with  and  precipitating  them;  3, 
That  in  the  application  of  charcoal  to  the  refining  of  sugar,  it  acts  also  upon  the  gluten^ 
ibr  it  singularly  promotes  crystallization ;  4.  That  according  to  the  above  principles,  the 
decoloring  action  of  charcoals  may  be  so  modified,  as  to  make  the  most  inert  become 
the  most  active ;  5.  That  the  distinction  between  animal  and  vegetable  charcoals  is  im- 
proper, and  that  we  may  substitute  for  it  that  of  dull  and  brilliant  diareoals ;  6.  That 
of  the  substances  present  in  charcoal  besides  carbon,  and  particularly  animal  charooa], 
those  which  favor  the  decoloring  action,  have  an  influence  relative  only  to  the  carbon ; 
they  serve  as  auxiliaries  to  it,  by  insulating  its  particles,  and  preaentmg  them  mort 
freely  to  the  action  of  the  coloring  matter;  7.  That  aniinal  chaiooal,  besUet  its  de- 
coloring power,  has  the  valnaUe  property  of  taking  lime  in  aofaitioii  from  mlcr  wad 
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flnp;   8.  That  ndther  regeUtle,  nor  other  efaarooals,  besides  the  animal,  have  this 
power- (if  abstracting  lime;  9:  That  by  the  aid  of  the  deoolorimeter,  or  gradaated  tnbe 
charged  with  test  solution  of  indigo  or  molasses,  it  is  easy  to  appreciate  exactly  the  de 
cohuing  properties  of  all  kinds  of  eharcoal.- 

Difierenl  varieties  of  lignite  (fossilized  wood)  or  even  pit  coal,  when  well  carbonized 
in  dose  vessebs  afford  a  decoloring  charcoal  of  considerable  value.  By  reducing  100 
parts  of  clay  into  a  thin  paste  with  water,  kneading  into  it  20  parts  of  tar,  and  500  of 
finely-groaiid  pit  coal,  diying  the  mixed  mass,  and  cakiaing  it  out  of  contact  of  air,  a 
eharcoally  matter  may  beobuuned  not  much  inferior  to  bone-black  in  whitening  simps. 

The  restoration  of  animal  charcoal  from  burnt  bones,  for  the  purpose  of  sugar  re* 
fining,  has  been  long  practised  in  France.  Mr.  W.  Parker  has  lately  made  the  following 
process  the  subject  of  a  patent.  The  charcoal,  nhen  taken  from  the  vessel  in  which  it 
has  been  employed  for  the  purposes  of  clarifying  the  sugar,  is  to  be^oroughly  washed 
with  the  purest  water  that  can  be  obtained,  in  order  to  remove  all  the  saccharine  matter 
adhering  to  it.  When  the  washing  process  has  been  completed,  the  charcoal  is  laid  oat 
to  dry,  eiiher  in  the  open  air  or  in  a  suitable  stove,  and  when  perfectly  free  from  moist- 
ure, it  is  to  be  separated  into  small  pieces  and  sifted  through  a  sieve,  the  wins  or  meShes 
of  which  are  phiced  at  distances  of  aboat  two  and  a  half  in  every  inch.  This  sifting 
will  not  only  divide  the  charcoal  into  small  pieces,  but  will  cause  any  bits  of  wood  or 
other  improper  matters  to  be  separated  from  iL 

The  charcoal,  thus  prepared,  is  then  to  be  packed  lightly  in  cylindrical  vessels  called 
emcibles,  with  some  small  quantity  of  bones,  oil,  or  other  animal  matter  mixed  with  it. 
The  crucibles  are  then  to  be  closed  by  covers,  and  luted  at  the  joints,  leaving  no  other 
qwning  but  one  small  hole  in  the  centre  of  the  cover,  through  which  any  gas,  generated 
within  the  vessel  when  placed  in  the  oven  or  furnace,  may  be  allowed  to  escape. 

The  crucibles  are  now  to  be  ranged  round  Uie  oven,  aiid  placed,  one  upon  another,  la 
vertical  positions ;  and  when  the  oven  is  properly  heated,  gas  will  be  generated  within 
each  crucible,  and  issue  out  from  the  central  hole.  The  gas  thus  emitted,  being  of  an 
inflammable  quality,  will  tidce  fire,  and  assist  in  heating  the  crucibles ;  and  the  operation 
being  carried  on  until  the  emcibles  become  of  a  red  heat,  the  oven  is  then  to  be  dosed, 
snd  allowed  to  cool;  after  which  the  emcibles  are  to  be  removed,  when  the  charcoal  will 
be  found  to  have  become  perfectly  renovated,  and  £t  for  use  as  before. 

BORAX.  A  native  saline  compound  of  boradc  acid  and  soda,  found  abundantly  in 
Thibet  and  in  Sooth  America.  The  erode  product  from  the  former  locality  was  imported 
into  Europe  under  the  name  of  tiiicaly  and  was  purified  from  some  adheriog  fatty  matter 
by  a  process  kept  a  lonsr  time  secret  by  the  Venetians  and  the  Dutch,  and  which  consisted 
diiefiy  in  boiling  the  substance  in  water  with  a  little  quicklime. 

Gmdin  fuund  boraoi,  in  prismatic  crystals,  to  contain  46*6  per  cent,  of  water;  and 
Arwedson,  in  the  calcined  state,  to  consist  of  68*9  of  add  and  31*1  soda,  in  100  parts. 
M.  Payen  describes  an  octahedxul  borax,  which  contains  only  30*64  per  cent,  of  water, 
sad  is  therefore  preferred  by  the  brasiers  in  thenr  soldering  processes. 

Borax  has  a  sweetish,  somewhat  lixivial  taste,  and  affects  vegetable  cobrs  like  an  al* 
kali  i  it  is  soluble  in  12  parts  of  cold  and  2  of  boiling  water.  It  efiSoresces  and  becomes 
opaque  in  a  dry  atmosphere,  and  appears  luminous,  by  friction,  in  the  dark.  It  mdts  at 
a  heat  a  little  above  that  of  boiling  water,  and  gite^out  its  water  of  crystallization,  after 
which  it  forms  a  spongy  mass,  called  caldned  borax.  The  octahedral  borax,  which  is 
prepared  by  crystallization,  in  a  solution  of  1*266  sp.  gr.,  kept  up  at  145^  F.,  is  not 
efflorescent.    When  borax  is  ignited,  it  fuses  into  a  glassy-looking  substance. 

The  lbik>wing  is  the  improved  mode  of  purifying  borax.  The  crude  crystals  are  to 
be  bfoken  into  small  lumps,  and^  spread  upon  a  filter  lined  with  a  lead  grating,  under 
which  a  piece  of  doth  is  stretched  upon  a  wooden  ftame.  The  lumps  are  pilid  up  to 
the  height  of  12  inches,  and  washed  with  small  quantities  of  a  caustic  soda  ley  of  6**  B. 
(sp.  gr.  1-033)  until  the  liquor  comes  off  nearly  colorless ;  they  are  then  drained,  and  put 
olo  a  large  eopper  of  boiling  water,  in  such  quantities  that  the  resulting  solution  stands 
20P  B.  (sp.  gr.  M60.)  Carbonate  of  soda,  equivalent  to  12  per  cent,  of  the  bonu^ 
most  DOW  be  added  $  the  mixed  solution  is  aUowed  to  settle,  and  the  dear  liquid  syphoned 
off  into  crystallizing  vessels.  Whenever  the  mother  waters  get  foul,  they  must  be 
evaporated  to  dryness  in  cast-inm  pots,  and  roasted,  to  bum  awny  the  visckl  cokirinf 


Borax  is  sometunes  adulterated  with  alum  and  common  salt ;  the  former  additmn  may 
be  readily  detected  by  a  few  drops  of  water  of  ammonia,  which  will  throw  down  its  aliK 
miaa;  and  the  latter  by  nitrate  of  silver,  which  will  give  with  it  a  precipitate  insoluble 
m  aitnc  acid. 

The  native  boradc  add  obtained  from  the  lakes  of  Tuscany,  which  has  been  man«» 
fiKtaared  in  France  into  borax,  has  greatly,  lowered  the  price  of  this  artide  of  commerce. 
When  MM.  Paycn  and  Cartier  first  began  the  business,  they  sold  the  crystals  at  tha 
prise  as  the  Dotch^  viz.,  7  francs  the  kilogramme  (2i  lbs.  avoird.) ;  but,  in  a  ftw 
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years,  they  oould  obtain  only  2  fnmcs  and  60  centimes,  in  conseqnence  of  the  maiicet 
getting  oyerstocked.  The  annual  eonsnmption  of  Ftanee  in  1823  was  25,000  kilos.,  and 
the  quantity  produced  in  M.  Payen's  works  was  50,000.  The  mo6e  of  making  borax 
from  the  acid  is  as  follows : — ^The  lake  water  is  evaporated  in  graduation  houses,  and 
then  concentrated  in  boilers  till  it  crystallizes.  In  that  state  it  is  carried  to  Mar- 
seilles. About  5P0  kilognmmes  of  water  are  made  to  boil  in  a  copper,  and  600  kilo* 
grammes  of  crystallized  carbonate  of  soda  are  dissolved  in  it  by  snccessire  additions 
.of  20  kilogrammes.  The  solution  being  maintained  at  nearly  the  boiling  point,  500 
kilogrammes  of  the  crystallized  boracic  acid  of  Tuscany  are  introduced,  in  successive 
portions.  At  each  addition  of  about  10  kilogrammes,  a  lively  effervescence  ensues, 
on  which  account  the  copper  should  be  of  much  greater  capacity  than  is  sufficient  to 
contain  the  liquors.  When  the  whole  acid  has  been  added,  the  fire  must  be  damped 
by  being  covered  m>  with  moist  ashes,  and  the  copper  must  be  covered  with  a  tight  lid 
and  blankets,  to  preserve  the  temperature  uniform.  The  whole  is  left  in  this  state 
daring  30  hours ;  the  dear  liquor  is  then  drawn  off  into  shallow  crystallizing  vessels  of 
lead,  in  which  it  should  stand  no  higher  than  10  or  12-  inches,  to  favor  its  rapid  cooling. 
At  the  cnd^of  three  days  in  winter,  and  four  in  summer,  the  crystallization  is  usually 
finished.  The  mother  water  is  drawn  off,  and  employed,  instead  of  simple  water, 
for  the  purpose  of  dissolving  fresh  crystals  of  soda.  The  above  crystals  are  carefully 
detached  with  chisels,  redissolved  in  boiling  water,  adding  for  each  100  kilos.,  10  kilos. 
of  carbonate  of  soda.  This  solution  marks  20°  B.  (sp.  gr.  1-160) ;  and,  at  least,  one  ton 
(1000  kilos.)  of  borax  should  be  dissolved  at  once,  in  order  to  obtain  crystals  of  a 
maricetable  tfize.  Whenever  this  solution  has  become  boiling  hot,  it  must  be  run  off  into 
large  crystallizing  lead  chests  of  the  form  of  inverted  truncated  pyramids,  fur3i:died  with 
lids,  endosed  in  wooden  frames,  and  surrounded  with  mats  to  confine  the  heat.  For  a 
oontinuous  business,  there  should  be  at  least  18  vessels  of  this  kind  i  as  thu  solution 
takes  a  long  time  to  complete  its  crystallization,  by  cooling  to  Z€P  C.  (86°  F.)  The  bo- 
X9X  Crystals  are  taken  out  with  chisels,  aAer  the  liquor  has  been  drawn  off,  and  the  whole 
has  become  cold; 

One  hundred  pans  of  the  purest  add,  usually  extracted  from  the  lakes  of  Tuscany,  con- 
tain only  fifty  parts  of  the  real  boradc  acu),  and  yield  no  more,  at  the  utmost,  than  140 
or  150  of  good  borax. 

Dry  borax  acts  on  the  metallic  oxydes  at  a  high  temperature,  in  a  very  remarkable 
manner,  mdting  and  vitrifying  them  Into  beautiful  colored  glasses.  On  this  account,  it 
is  a  most  useful  reagent  for  the  blowpipe.  Oxyde  of  chrome  tinges  it  of  an  emerald 
green ;  oxyde  of  cobalt,  an  intense  blue ;  oxyde  of  copper,  a  pale  green ;  oxyde  of  tin, 
opal ;  oxyde  of  iron,  bottle-green  and  yellow ;  oxyde  of  manganese,  violet ;  oxyde  of  nidcel^ 
INde  gmerald  green.  The  white  oxydes  impart  no  color  to  it  by  themsdves.  In  the  fU- 
sjon  of  metals,  borax  protects  their  surface  from  oxydizement,  and  even  dissolves  away 
any  oxydes  formed  upon  them  ,-  by  which  twofold  agency  it  becomes  an  excdl^&t  flux,  in- 
Taluable  to  the  goldsmith  in  soldering  the  predous  metals,  and  to  the  brasier  in  soldering 
copper  and  iron. 

Borax  absorbs  muriatic  and  sulphurous  acid  gases,  but  no  others,  whereby  it  becomes, 
19  this  respect,  a  usefhl  means  of  analysis. 

The  strength  or  purity  of  borax  may  be  tested  by  the  quantity  of  sulphuric  acid  requi- 
site to  neutralize  a  given  weight  of  it,  as  indicated  by  tincture  of  litmus. 

When  mixed  with  shell-lac  in  the  proportion  of  one  part  to  five,  borax  renders  that 
resinous  body  soluble  in  water,  and  forms  with  it  a  species  of  varnish. 

Boracic  add  is  a  compound  of  31*19  of  boron,  and  68*81  oxygen,  in  100  parts.  Its 
prime  equivalent  referred  to  oxygen  100,  is  871-96. 

The  following  process  for  refining  the  native  Indian  borax  or  tineal,  has  been  published 
by  MM.  Robiquet  and  Marehand : — 

It  is  put  into  large  tubs,  covered  with  water  for  3  or  4  inches  above  its  suHkce,  and 
stirr^  through  it  several  times  during  six  hours.  For  400  pounds  of  the  tineal,  there 
must  now  be  added  one  pound  of  quicklime  diffused  through  two  quarts  of  water.  Next 
day  the  whole  is  thrown  upon  a  sieve,  to  drain  off  the  water  with  the  impurities,  con- 
sisting, in  some  measure,  of  the  fatty  matter  combined  with  the  lime,  as  an  insoluble 
soap.  The  borax,  so  far  purified,  is  to  be  dissolved  in  2|  times  its  weight  of  boiling 
water,  and  eight  pounds  of  muriate  of  lime  are  to  be  added  for  the  above  quantity  of  bo- 
rax. The  liquor  is  now  filtered,  evaporated  to  the  density  of  IS*"  or  20^  B.  (M4  to  1*16 
sp.  grav.),  and  set  to  crystallize  in  vessels  shaped  like  inverted  pyramids,  and  lined  with 
lead.  At  the  end  of  a  few  days,  the  crystallization  being  oomiJeted,  the  mother  waters 
are  drawn  off,  the  crystals  are  detached  and  dried.  The  loss  of  weight  in  this  operation 
is  about  20  per  cent. 

The  quantity  of  borax  imported  into  the  United  Kingdom  in  1835  was  336,224  ponnds  | 
wkereof  122,0^  pounds  were  exported.    The  duty  is  10*.  upon  the  vefined,  and  4iw* 
unrefined. 
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BOQiLtflNBIKG  is  tlie  art  of  tewing  together  the  sheets  of  r  fxwk,  and  securing 
bdD  with  a  back  and  side  boards.    Binding  is  distinguished  from  stitching^  which  is 
Derely  sewing  the  leaTcs  without  bands  or  backs;    and  from  half-binding,  which  con- 
skis  in  aeenrittg  the  back  only  with  lather,  the  pasteboard  sides  being  covereil  with 
htne  or  marble  paper;  whereas  in  binding,  both  the  back  and  sides  are  corered  with 


Bookbinding,  aeeording  to  the  present  mode,  is  performed  in  the  following  manner : 

— ^The  sheets  are  first  folded  into  a  certain  number  of  leaves,  aeeording  to  the  form  in 

which  the  book  is  to  appear ;  viz.,  two  leaves  for  folios,  fonr  for  quartos,  eight  (or 

oetavoa,  twelve  for  dnadecimos,  &.C.    This  is  done  with  a  slip  of  ivory  or  boxwood, 

called  a  folding-stick ;  and  in  the  arrangement  of  the  sheets  the  workmen  are  directed 

by  the  cateh-words  and  signatnres  at  the  bottom  of  the  pages.    When  the  leaves  are  thuft 

fiiUed  and  arranged  in  proper  order,  they  are  osnally  beaten  upon  a  stone  with  a  heavy 

hammer,  to  make  them  eoIhI  and  smooth,  and  are  then  condensed  in  a  press.    AAer 

tMs  preparation  they  are  sewed  in  a  sewing  press,  upon  cords  or  packthreads  called 

bandsy  which  are  kept  at  a  proper  distance  from  each  other,  by  drawing  a  thread  through 

the  middle  of  each  sheet,  and  turning  it  round  each  band,  beginning  with  the  first  and 

ineeeding  to  the  last.    The  nmnber  of  bands  is  generally  six  for  folios,  and  five  for 

quartos,  or  any  smaller  size.    The  backs  are  now  glued,  and  the  ends  of  the  bands  nt 

opened,  and  ttiraped  with  a  knife,  that  they  may  be  more  conveniently  fixed  to  the  paste- 

boafd  sides;  after  which  the  back  is  turned  with  a  hammer,  the  book  being  fixed  in  a 

press  between  boards,  called  backing  boards,  in  order  to  make  a  gioove  for  admitting  the 

pesteboaTd  sides.    When  these  ndes  are  applied,  holes  are  made  in  them  for  drawing 

the  baoids  through,  the  superfluous  ends  are  cut  off,  and  the  parts  are  hammered 

SBooth.    The  book  is  next  pressed  for  cutting;  which  is  done  by  a  particular  machine 

csUcd  the  plough,  to  which  is  attached  a  knife.    See  the  figures  and  descriptions  infra. 

It  is  then  pal  into  a  press  called  the  cutting  press,  betwixt  two  boards,  one  of  which 

lies  even  with  the  pre^^s,  for  the  knife  to  run  upon ;  and  the  other  above  for  the  knife 

to  cat  against.    After  this  the  pasteboards  are  cat  square  with  a  pab  of  iron  shears ; 

and  last  of  all,  the  colors  are  sprinkled  on  the  edges  of  the  leaves,  with  a  brush  made 

of  hog's  bristles;  the  brush  being  held  in  the  one  hand,  and  the  hair  moved  with  the 

other. 

Difllefent  kinds  of  binding  are  distinguished  by  difierent  names,  such  as  law  binding, 
marble  binding,  French  binding,  Dutch  binding,  &c.  In  Dutch  binding,  the  backs  are 
YeUam.  In  French  binding  a  slip  of  parchment  is  applied  over  the  back  between  each 
huid,  and  the  ends  are  pasted  upon  the  inside  of  each  pasteboord.  This  indorsing,  as  it 
is  called,  is  peculiar  to  the  French  binders ;  who  are  enjoined,  by  speoial  ordonnunce^  to 
hack  dieir  bodes  with  parehment.  The  parchment  is  applied  in  the  press,  aAer  the  back 
ftas  been  grated  to  make  the  pa^te  take  hold.  The  Italians  still  bind  in  a  coarse  (hick 
paper,  and  this  they  call  binding  alia  naiica.  It  is  extremely  inconvenient,  as  it  is  lia- 
ble to  wear  without  particular  care. 

A  patent  was  obtained  in  1799  by  Messrs.  John  and  Joseph  Williams,  stationers' in 
London,  for  an  improved  method  of  binding  books  of  ever)*  description.  The  improve- 
ment consists  of  a  back,  in  any  cunred  form,  turned  a  Utile  at  the  ed%e9y  and  made  of 
inm,  steel,  copper,  brass,  tin,  or  of  ivory,  bone,  wood,  vellum,  or,  in  short,  any  material 
flfsolBcsent  firmness.  This  back  is  put  on  the  book  before  it  is  bound,  so  as  just  to 
cover  without  pressing  the  edges ;  and  the  advantage  of  It  is  that  it  prevents  the  book, 
when  opened,  from  spreading^on  either  side,  and  causes  it  to  rise  in  any  part  to  nearly  a 
level  surface.  In  this  meihod  of  binding  the  sheets  are  prepared  in  the  usual  manner, 
then  sewed  on  vellum  slips,  glued,  cut,  clothed,  and  boarded,  or  half  boarded ;  the  firm 
hack  is  then  fastened  to  the  sides  by  vellum  drawn  through  holes,  or  secured  by  enclosing 
it  in  vellum  or  ferret  wrappers,  or  other  materials  pasted  down  upon  the  boards,  or  drawn 
throngh  them. 

A  patent  was  likewise  obtained  in  1800  by  Mr.  Ebenezer  Palmer,  a  London  stationer, 
for  an  improved  way  of  binding  books,  particularly  merchants'  account-books.  This  u:i- 
provcment  has  been  described  as  follows : — let  several  small  bars  of  metal  be  provided, 
about  the  thickness  of.  a  shilling  or  more,  according  to  the  size  and  thickness  of  the 
bode ;  the  length  of  each  bar  being  from  half  an  inch  to  several  inches,  in  proportion  to 
the  strength  required  in  the  back  of  the  book.  At  each  end  of  every  bar  let  a  pivot  be 
made  ofdiflereot  lengths,  to  correspond  to  the  thickness  of  two  links  which  they  are  to 
reeeive.  Each  link  must  be  made  in  an  oval  form,  and  contain  two  holes  proportioned 
lo  the  size  of  the  pivots,  these  links  to  be  the  same  metal  as  the  ,hinge,  and  each  of 
diem  nearly  e^ial  in  length  to  the  width  of  two  bars.  The  links  are  then  to  be  riveted 
on  the  pivots,  each  pivot  receiving  two  of  them,  and  thus  holding  the  hinge  together, 
on  the  principle  of  a  link-chain  or  hinge.  There  must  be  two  holes  or  more  of  di/Terent 
_  as  may  be  required,  on  each  bar  of  the  hinge  or  chain ;  by  means  of  these  holes 
section  of  the  book  is  strongly  fostened  to  the  hinge  which  operates  with  the  back 
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of  the  book,  when  boand,  ia  sach  a  manner  ax  to  make  the  difleient  seetloBB  paialtel 
with  each  other,  and  thas  admit  writing  without  inconvenience  on  the  ruled  lines,  cleae 
to  the  back. 

The  leather  used  in  covering  books  is  prepared  and  applied  as  follows:  being  first 
moistened  in  water,  it  is  cut  to  the  size  of  the  book,  and  the  thickness  of  the  edge  is 
paired  off  on  a  marble  stone.  It  is  next  smeared  over  with  paste  made  of  wheat  Aonr, 
stretched  over  the  pasteboard  on  the  ontside,  and  doablcil  over  the  edges  within.  The 
book  is  then  corded,  that  is,  bound  firmly  betufixt  two  boards,  to  make  the  cover  stick 
strongly  to  the  pasteboard  and  the  back ;  on  the  exact  performance  of  which  the  neat- 
ness of  the  book  in  a  great  measare  depends.  The  back  is  then  warmed  at  the  fire  to 
ioften  the  glne,  and  the  leather  is  rubbed  down  with  a  bodkin  or  folding  stick,  to  set  and 
fix  it  close  to  the  back  of  the  book.  It  is  now  set  to  dry,  and  when  dry,  the  boards  are 
removed ;  the  book  i»  then  washed  or  sprinkled  over  with  a  little  paste  and  water,  the 
edges  and  squares  blacked  with  ink,  and  then  sprinkled  fine  with  a  bcush,  by  striking  it 
against  the  hand  or  a  stick ;  or  with  large  spots,  by  being  mixed  with  solution  of  green 
vitriol,  which  is  called  marbling.  Two  blank  leaves  are  then  pasted  down  to  the  cover, 
and  the  leaves,  when  dry,  are  burnished  in  the  press,  and  the  cover  rolled  on  the  edges. 
The  cover  is  now  glazed  twice  with  the  white  of  an  ega^  filleted,  and,  last  of  all,  pdished, 
by  passing  a  hot  iron  over  the  glazed  color. 

The  employment  in  bookbinding  of  a  rolling  press  for  smoothing  and  condensing  the 
leaves,  instead  of  the  hammering  which  books  have  usually  received,  is  an  impiovement 
introduced  several  years  ago  into  the  trade  by  Mr.  W.  Bum.  His  press  consists  of  two 
iron  cylinders  about  a  foot  in  diameter,  adjustable  in  the  usual  way,  by  means  of  a  screw, 
and  put  in  motion  by  the  power  of  one  man  or  of  two,  if  need  be,  ai^lled  to  one  or  two 
winch-handles.  .  In  front  of  the  press  sits  a  boy  who  gathers  the  sheets  into  packets,  by 
placing  two,  three,  or  fonr,  upon  a  piece  of  tin  plate  of  the  same  size,  and  covering  them 
with  another  piece  of  tin  plate,  and  thus  proceeding  by  alternating  tin  plates  and  bandies 
of  sheets  till  a  snfiicient  quantity  have  been  put  together,  which  will  depend  on  the  stifiT- 
ness  and  thickness  of  the  paper.  The  packet  is  then  passed  between  the  rollers  and  re- 
ceived by  the  man  who  turns  the  winch,  and  who  has  time  to  lay  the  sheets  ont  one  sid^ 
and  to  hand  over  the  tin  plates  by  the  time  that  the  boy  has  prepared  a  seooad  packet 
A  minion  Bible  may  be  passed  through  the  press  in  one  minute,  whereas  the  time 
necessary  to  beat  it  would  be  twenty  minutes.  It  is  not,  however,  merely  a  saving  of 
time  that  ia  gained  by  the  use  of  the  rolling-press;  the  paper  is  made  smoother  than  it 

would  have  been  by  beating,  and  the  compression  is 
so  much  greater,  that  a  rolled  book  will  be  redneed 
to  nbout  five  sixths  of  the  thickness  of  the  same  book 
if  beattn.  A  shelf,  therefore,  that  will  hohi  fifty 
books  bound  in  the  nsnal  way  wonhi  hoUl  nearijr 
sixty  of  those  bound  in  this  manner,  a  circumstance 
of  no  small '  importance,  when  it  is  considered  how 
large  a  space  even  a  moderate  library  ocenpie^  and 
that  book  cases  are  an  expensive  article  of  (bmiture. 
The  rolling-press  is  now  substituted  for  the  hammer 
by  several  considerable  bookbinders. 

~r~|  I  I    I  Fig.  141  represents  the  sewing-press,  as  it  stands 

I       .  upon  the  table,  before  which  the  bookbinder  sits. 

I      '**•  ^  Fisr.  142  is  a  ground  plan,  without  the  parts  a  and 

W }  I  2  «  »n   t^»«  former  figure.    A  is  the  base-board,  sup- 

■  VSYy  rr(g   I       ported  upon  the  cross  bars  m  n,  marked  with  dotted 

lines  in  fig,  142.  Upon  the  screw  rods  r  r,fig.  141,  the  nuts  t  d  serve  to  ftt  the  flat  upper 

bar  a,  at  any  desir^  distance  from  the  base.  That  bar  has  a  slit  along  its  middle,  through 

which  the  hooks  below  t  z  pass  down  for  receiving  the  ends  of  the  sewing  cords  p  p, 

fixed  at  y  y,  and  stretched  by  the  thumb-screws  s  «. 
The  bar  y  y  is  let  into  an  oblong  space  cut  out  of  the 
front  edge  of  the  base-board,  and  fixed  there  by  a 
moveable  pin  a,  and  a  fixed  pin  at  its  other  end,  round 
which  it  turns. 

Fig.  143  is  the  bookbinder's  eutting^press,  which  is 
set  upright  upon  a  sort  of  chest  for  the  receptioa  of 
the  paper  parings ;  and  consists  of  three  sides,  being 
open  above  and  to  the  left  hand  of  the  workman. 
The  pressbar,  or  beam  a,  has  two  holes  «  •  upon  its 
under  surface,  for  securing  it  to  two  pegs  standing  oa 
the  top  of  the  chest.  The  screw  rods  1 1  pass  through 

_  two  tapped  holes  in  the  bar,  marked  with  6  e  at  its 

opp*  cad;  their  headi  r  r  being  held  by  the  shoulders  o  o.    The  heads  are  piereed  with 
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Mie*  into  wtikb  lever  pins  ue  thnut  for  serening  the  rods  baid  up.  The  heavy  bean 
■  remnios  umaoveabte,  while  the  parallel  bar  willk  the  book  is  brought  home  totnrdi  it 
bj  the  tiro  screws.  The  two  rulen  1 1  secce  as  gaidet  la  preserve  the  molions  traly 
fsrallel ;  and  the  two  psnllel  lath  ban  b  c  gaide  between  tbein  the  end  b>r  «,  oT  the 
pkmgh,  whose  knife  is  shown  at  i,  with  its  clampiog  screw  a. 

Hr.  OldfaBin,  printing  engineer  of  the  Bank  of  Eagland,  dislingoished  for  mechanical 
ingenuitf,  has  contrived  a  coaveaienl  machine  for  culling  the  edges  of  books,  banknotes, 
lie.,  either  Irulf  square  or  polygonal,  with  mBlheaialicHl  precision.  Fig,  144,  lepresenls 
an  end  elevation  of  Ihe  machine.  Fig.  145,  a  side  view  oT  the  same,  ihe  leilen  of 
ld«renee  indicniing  the  same  parts  oflhe  machloe  in  euhof  tlie  figures. 

«,  U  Ihe  top  crose  bar  with  rectangular  grooves  b  b;  c  c,  are  side  posts;  d  J, cross  feet 
to  the  sune,  with  strengthen  in?  brackets ;  e  t,  a  square  box,  in  which  the  press  stands, 
for  holding  waste  cuttings.  Fig.  146,  is  a  cross  section  of  tbe  aprigbt  posts,  c  c,  taken 
hotiiontallf .  There  are  rectangular  grooves  in  the  upright  posts,  for  the  projecting  ends 
oTthe  cast  iron  cross  biackel/,lo  slide  up  and  dowji  in.  In  the  middle  of  the  under-side 
tf  this  piece  /',  there  is  a  boss,  within  which  is  a  round  recess,  to  receive  Ihe  top  of  the 
Krew  g,  which  works  in  Ihe  cast  iron  cross  piece  A,  simihirly  made  with  the  former,  but 
b<dted  firmly  to  the  posts  c  c.    Upon  Ihe  screw  g,  Uicre  is  a  circular  handle  or  ring  i,  for 


irtnlly  inmiog  Ihe  screw,  and  immediBtely  over  it  croM  holes  fur  li^iilciiin;  the  press 
'  means  of  a  lever  bar.  Upon  llie  cioss  piece  /,  Is  bolted  the  buard  j,  and  upon  g.ich 
A  of  this  board  is  made  fast  the  rabbeted  piecus  k  It,  for  naoihcr  b  lard  J.  to  slid*  in. 


P^ 

«^^^T- 

L^ 

Ir ?w' 


Aam  the  middle  of  this  board,  and  parallel  to  the  pieces  k  k,  llie  tongue  piece  m  is 
Made  fan,  which  fits  into  a  groove  in  ihe  bottom  of  board  /.  A  horiionlal  representatioa 
ef  tUi  H  ten  al  fig.  147,  and  immediately  under  this  view  is  also  seen  an  end  view  of  I 
aad/,  wnwted  lugether,  and  a  skle  view  oT/  by  inelT.    In  the  middle  of  the  boaid  I, 
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18  a  pin  for  a  circular  board  v,  to  turn  upon,  and  upon  this  letter  board  is  placed^  the 
**  material  to  be  cut,'*  with  a  saving  piece  between  It,  and  the  circular  piece  which  is  to 
be  divided  upon  its  edge  into  any  number  of  parts  required,  with  a  stationary  index  on 
the  board  I,  to  point  to  each. 

It  will  now  be  understood  that  the  "  material  to  be  cut,"  may  be  turned  round  upon 
the  centre  pin  of  tlie  board  n,  and  also  that  both  it  and  the  board  can  be  shifted  back- 
ward and  forward  under  the  top  cross  piece  a^  and  between  the  side  slide  ;Blips  A;  k,  the 
surfaces  of  which  should  also  be  divided  into  inches  and  tenths. 

The  plough,  fig,  148,  shown  in  several  positions,  is  made  to  receive  two  knives  or 
eutters  as  the  **  material  to  be  cut'"  may  require,  and  which  are  situated  in  the  plough 
as  I  now  describe.  The  plough  is  composed  of  three  principal  parts,  namely,  the^  top, 
and  its  two  sides.  The  top  o,  is  made  the  breadth  of  the  cross  piece  a,  and  with  a 
handle  made  fast  thereon.  The  sides  p  p,  are  bolted  thereto,  with  bolts  and  nuts  through 
corresponding  holes  in  the  top  and  sides.  The  f)<*ures  below  give  inside .  views,  and 
cross  sections  of  the  details  of  the  manner  in  which  the  cutters  and  adjustments  are 
mounted.  A  groove  is  cut  down  each  cheek  or  side,  in  which  are  placed  screws  that 
are  held  at  top  and  bottom  from  movihg  up  and  down,  but  by  turning  they  cause  the 
nuts  upon  them  to  do  so ;  they  are  shown  at  q  q»  These  nuts  have  eacl^  a  pin  projecting 
inwards,  that  go  into  plain  holes  made  in  th6  top  ends  of  cutters  r  r.  The  I48th<  and 
foHowing  figs,  are  }  in  scale. 

The  CQtter$,  and, the  work  for  causing  them  to  go  up  and  down,  are  sunk  into  the 
cheeks,  so  as  to  be  quite  leyel  with  their  inner  surfaces.  Fig.  149  shows  one  of  those 
tcrews  apart,  how  fixed,  and  with  moveable  nnt  and  projecting  pin.  The  lop  of  each 
screw  terminates  with  a  round  split  down,  and  above  it  a  pinion  wheel  and  boss  thereon, 
also  similarly  split.  This  pinion  fits  upon  the  split  pin.  Above,  .there  is  a  cross  section 
of  a  hollow  coupling  cap  with  steel  tongue  across,  that  JSts  into  both  the  cuts  of  the  screw 
pin  and  pinion  boss,  so  that  when  lowered  upon  each  other,  they  must  all  turn  together. 
In  the  middle  and  on  the  top  of  the  upper  piece  o,  the  larger  wheel «,  runs  loose  upon  its 
centre,  and  works  into  the  two  pinion-wheels  /  /.  The'  wheel  t  has  a  fly-nut  with  wings 
mounted  upon  it. 

It  will  now  be  seen,  when  the  plough  is  in  its  place  as  at  fig.  150,  that  if  it  be  pushed 
to  and  fro  by  the  right  hand,  and  the  nut  Occasionally  turned  by  the  leA,  the  knives  or 
cutters  will  be  protruded  downwards  at  the  same  time^and  these  either  wifl  or  will  not 
advance  as  the  coupling  caps  uu  are  on  or  off  The  ribs  vv,- run  in  the  grooves  6  6, 
fig.  144,  and  keep  the  cutters  to  their  duty,  working  steadily.  The  top  cross  bar  a,  is  the 
exact  breadth  of  a  bank>note,  by  which  means  both  knives  are  made  to  cut  at  the  same 
time.    The  paper  is- cut  uniformly  to  one  length,  and  accurately  square. 

By  the  use  of  this  machine,  the  air-pump  paper-wetting  apparatus,  and  appendant 
press,  the  paper  of  45,000  notes  is  fully  prepared  in  one  hour  and  a  half  by  one  person, 
and  may  then  be  printed.  It'  is  not  so  much  injured  by  this  process  as  by  the  ordinary 
method  of  clipping  by  hand,  soaking  it,  &c.,  which  more  or  less  opens  and  weakens  the 
fabric,  especially  of  bank-note  paper. 

One  of  the  greatest  improvements  ever  made  in  the  art  of  bookbinding  is,  appurently, 
that  for  which  Mr.  William  Hancock  has  very  recently  obtained  a  patent.  After 
folding  the  sheets  in  double  leaves,  he  places  them  vertically,  with  the  edges  forming  the 
back  of  the  book  downwaHs  in  a  concave  mould,  of  such  rounded  or  semi-cylindrieal 
shape  as  the  back  of  the  book  is  intended  to  have.  The  mould  Cot  this  purpose  consists 
of  two  parallel  upright  boards,  set  apart  upon  a  cradle  frame,  each  having  a  portion  or 
portions  cut  oat  vertically,  somewhat  deeper  than  the  breadth  of  the  book,  but  of  a  width 
nearly  equal  to  its  thickness  before  it  is  pressed.  One  of  these  upright  boards  may  be 
slidden  nearer  to  or  farther  from  its  fellow,  by  means  of  a  guide  bar,  attached  to  the  sole 
of  the  cradle.  Thus  the  distance  between  the  concave  bed  of  the  two  vertical  slots  in 
which  the  book  rests,  may  be  varied  according  to  the  length  of  the  leaves.  In  all  cases 
about  one  fourth  of  the  length  of  the  book  at  each  end  projects  beyond  the  board,  so 
that  que  half  rests  between  the  two  boards.  Two  or  three  packthreads  are  new  bouid 
round  the  leaves  thus  arranged,  from  top  to  bottom  of  the  page  in  different  lines,  in 
order  to  preserve  the  form  given  to  the  back  of  the  mould  in  which  it  lay.  The'  book  is 
next  subjected  to  the  action  of  the  press.  The  back)  which  is  left  projecting  very  tlightly 
'm  front,  is  then  smeared  carefully  by  the  fingers  with  a  solution  of  caoutchouc,  whereby 
each  paper-edge  receives  a  small  portion  of  the  cement.  In  a  few  hours  it  is  sufficiently 
dry  to  take  another  coat  of  a  somewhat  stronger  caoutchouc  solution.  In  48  htfurs,  4  ap- 
plic^ions  of  the  caoutchouc  may  be  made  and  dried.  The  back  and  the  adjoining  part 
of  the  nies  are  next  covered  with  the  usual  band  or  fillet  of  cloth,  glued  on  with  caoat- 
ehouc )  after  which  the  book  is  ready  to  have  the  boards  attached,  and  to  be  covered  with 
leather  or  parchipent  as  may  be  desired. 

We  thos  see  that  Mr.  Hancock  dispenses  entirely  vith  the  operations  of  stitching, 
sewing,  8awuig*in,  hammering,  the  bade,  or  the  use  of  paste  and  glue.    Instead  of  Idives 
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•ttMked  br  lIuMd  tlitehn  «t  2  or  3  poinis,  ve  have  lliem  agglutinated  lecaidjr  ak^ 
llwir  whcie  leogth.  DooliB  bounO  in  IhU  way  opeR  so  perfectly  flat  upon  a  table 
vitbout  Mraln  or  reiilicnce,  that  they  are  equally  conifuttable  to  the  iludenl,  ibe  muBician, 
•ad  th«  luerchanl.  The  caoutchouc  cement  moreover,  bciDg  repulsive  to  insects,  and  not 
■ffecled  bj  bnniidil];,  gives  this  mode  o{  binding  a  gieat  superiarily  over  llie  old  method 
«ilb  paste  or  glue,  which  atti&cled  tlie  ravagi-s  of  the  moth,  nnil  in  damp  siluaiioni 
■UoTed  the  bock  to  Tall  to  pieces.  For  engraving),  aliases,  and  \vgcie,  this  binding  u 
admirably  adapted,  bccanBe  it  allows  the  pages  lo  be  displayed  most  freely,  wilhout  the 
mk  of  diilocating  the  volume ;  but  for  secailly,  3  or  4  slitclies  should  be  mnde.  The  leavet 
of  niiuic-boobs  bound  with  raoulcbouc,  when  turned  over,  lie  flat  at  thcii  nhole  extent, 
•tifialoiwe  sheets,  and  do  notlormenl  the  musician  like  the  leaves  of  the  orHiQuj 
books,  which  are  so  ready  to  spring  back  again.  Manuscripts  and  collectioas  of 
lellera  wbieh  happen  lo  have  little  or  no  margin  left  at  the  bodi  for  Bliicbinj  them  by, 
may  be  bound  by  Mr.  Hancoek'a  plan  without  the  least  encroachment  upon  the  wrilinj. 
The  tbickeit  legers,  thus  bound,  open  as  easily  as  paper  in  quire,  and  may  be  written  oil 
Dp  lo  the  Innermost  margin  of  Ihe  bonk  without  the  least  inconTenien(!e. 

Having  inspected  various  specimens  of  Mr.  Hancock's  workmanship,  I  willingly  bear 
lestimony  to  the  irulh  of  the  preceding  statement.    See  Cloth  Sihuikg. 

BOTTLE  MANUrACTURE.    Thefol- 

kiwing    mechanidi   for   ipoulding   botilel 

Ibrms  the  subject  ot  a  pateat  oblaiaed  by 

MeorTBickelsofBriiidl,in  1822.   Fif.lSb 

is  a  section  of  the  apparatus,  cpnsisting  of 

n  ^uare  frame,  a  a,  of  iron  or  n'oodg  tbi* 

is  fixed  in  a  pit  formed  in  the  Hoor;   bt 

is  the  base  of  the  frame,  urith  an  apei- 

tuie  for   knocking   up  the  bottom  oT  lh« 

bottle  \  ce  tie  [o\ft  legs   secured   to   ih» 

Irame-floar   b,    upon   which    the  mould   il 

siipiiorted.    The  platform  or  stand  of  tha 

mould  li  d  has  an  opening  in  its  centre  for 

Uie    introduction    of  the    bottrai   of   the 

mould,  which  u  raised  ogainil  the  bottmt 

of  the  bottle  by  the  knocker-up ;   c  s  are 

the  sides  of  the  mould)  and//  is  the  lop 

of  the  mould  in  .two  pieces,  turning  oTGt 

upon  Ihe  joints  at  e  g,  so  as  lo  form  the 

neck  of  the  bottle ;  A  A  ore  levers  or  annt 

for  raising  and  depressing  the  lop  piecesi 

i  i  is  a  horizontal  sbnfl  or  aile,  turning  in 

bearings  at  eaeh  end,  frtm  which  sliaA  two 

levers,  fc  k,  eilend  j  these  levers  are  eoiv- 

neeled  by  upright  rods,  1 1,  to  the  levers  or 

arms,  &  A,  of  the  lop  pieces  //. 

Tne  V    I.I,;   of  the  arm*  h  i,  and  rods  J  I,  will,  by  their  gravity,  cause  the  top  piece* 

to  open,  as  sl'unn  by  Ihe  dolled  Unes)  In  this  situation  of  the  mould,  the  melted  glass 

ii  to  be  rnlrudnced  by  a  tube  as  usual.    The  worknaa  then  steps  with  one  foot  upon 

the  knob  m,  which  foice*  down  llie  rod  n,  and  by  means  of  a  short  lever  o,  eitending  from 

the  shad  I,  forces  down  Ihe  top  pieces  /,  and  doses  the  mould,  as  seen  in  the  dgute;  ihe 

gLin  is  then  made  lo  extend  ilself  lo  Ibe  shape  of  the  mould,  by  blowing  as  usual,  so  m 

10  form  the  bottle,  and  the  workman  at  this  time  pulling  his  olher  foot  upon  Ihe  knob  p, 

depresses  the  rod  g,  and  hence  raises  the  bottom  of  the  mould  by  means  of  Ihe  knoekei- 

np,  r,  BO  as  to  (arm  .Ibe  bottom  of  the  bottle. 

At  the  boUqm  of  Ihe  mould  a  ring  is  introduced  of  any  required  thickness,  for  Ihe 
purpose  of  regnlating  tlie  capacity  of  the  bottle ;  upon  which  ring  it  is  proposed  lo 
raise  letters  and  figures,  as  a  mould  to  imprint  the  maker's  name  and  the  size  of  the 
boiile.  These  moulds  can  be  removed  and  changed  at  pleasure.  Under  the  knob  p, 
a  collar  or  miher  is  lo  be  introduced,  of  any  required  thickness,  to  regulate  Ihe 
knocking  Dp  of  the  bottom,  by  which  a  perfeet  symmetry  of  form  it  presented.  In 
order  lo  make  bottles  qT  difi'erent  aizes  or  forms.  Ibe  mould  is  intended  to  be  removed, 
and  iis  place  snpplied  by  another  mould  of  different  dimensions  and  Egnre ;  the  lower 
pans  of  all  the  moulds  being  made  to  fit  the  same  fhune.  Sueh  a  mould  onght  to  be 
pmcribed  by  legisJaiivr  enactment,  with  an  excise  stamp  to  define  the  capacity  of  every 
bottle,  aod  thereby  pot  an  end  to  the  interpiinable  frauds  committed  in  the  meaanre  of 
wine  and  all  olher  liquors  sold  by  ihe  boltte. 

BOUGIE.  A  smoolh,  flexible,  elastic,  slender  cylinder,  inlrodnced  into  Ihe  nrethra, 
tcetniB,  M  RM^bagw,  for  opening  or  ■*''*■  ■"g  ii,  in  oases  uf  •irictuie  and  oiber  diseMCi. 
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The  innntion  of  Ihii  iaatrument  b  elaimfd  hj  Aldeitto,  ■  Vortagtttse  phfaiciaii,  bnt  ill 
form  ind  utes  were  lint  described  by  hii  pupil  Amntos,  in  (he  ynr  1554.  Some  are 
»olid,  and  lome  hollow ;  some  corrosive,  *nd  some  moliuying.  They  generally  owe  Una 
elulicity  to  linseed  oil,  ingpis^aied  by  long  bailing,  and  rehdered  drying  by  litbnrge. 
Thii  riscid  ms tier  is  spread  upon  ■  Tery  fine  cord  or  Inbalar  web  of  collon,  flu,  or  sUk. 
whieh  is  roiled  upon  a  slab  when  it  becomes  nearly  solid  by  dr^-ing,  and  is  finally  polish^ 
in  the  same  way. 

Piclcel,  a  Prencti  professor  of  medicine,  pablished  the  following  recipe  fur  the  eoot- 
positioD  of  bougies.  Take  3  perls  of  boQed  linfeed  oil,  one  part  of  amber,  and  one 
of  oil  of  turpentine;  mett  and  mil  these  ingredients  well  together,  and  spread  lb* 
eomponad  at  three  suecessive  intervals  upon  a  tilk  cord  or  web.  Place  ihe  piece* 
to  coated  in  a  stove  healed  to  150°  F. ;  leave  (hem  in  it  for  12  hours,  adding  16 
er  16  fresh  layers  in  successiun,  (itl  the  insiramenls  have  acquired  Ihe  proper  size. 
Polish  (hem  first  with  pumice-stone,  and  finally  smooth  with  (ripoli  and  oil.  This  pro> 
c«st  is  the  one  Elill  cmptoyed  in  Paris,  with  some  slight  modifications;  the  chief  of 
which  is  dissolring  in  the  oil  one  twenlielh  of  iu  weight  of  caonlchouc  to  render  the 
■abstanee  more  solid.  For  this  purpose  the  caoutchuac  must  be  cut  inlo  slender 
shreds,  and  added  gradually  to  the  hat  oil.  The  silk  tissue  must  be  fine  and  open,  lo 
admit  of  the  composition  entering  freely  among  its  Gtaments.  Each  successive  layer 
onght  to  be  dried  first  in  a  store,  and  then  in  the  open  air,  before  another  is  applied. 
This  process  takes  two  monlhs  for  its  eompletion,  in  forming  the  best  bougies  called 
ttailie ;  whieh  ought  to  bear  twisting  ronnd  the  finger  without  cracking  or  scaling,  and 
extension  without  giving  way,  bnl  retracting  when  lei  go.  When  the  bougies  are  to  be 
hollow,  a  mandril  of  iron  wire,  properly  beni  with  a  ring  at  one  end,  is  introduced  in(« 
the  uls  of  the  silk  tissue.  Some  bougies  are  made  with  a  hollow  axis  of  tin  foil  rolled 
into  a  sleniter  tube.  Bougies  are  also  made  entirely  of  caoulchoiic,  by  the  inlervenlioa 
of  a  solution  of  (his  substance  in  sulpbaric  ether,  a  menslrnom  sufficiently  cheap  ia 
France,  on  account  of  the  low  duty  upon  alcohol.  There  are  medicated  bougies,  the 
eomposition  of  which  belongs  (o  surgical  pharmacy.  The  mnnuhcture  of  these  intirn* 
aentB  of  various  kinds  foims  a  separate  and  no  inconsiderable  bianch  of  induttix  al 
Paris.    MM.  Feburger-and  Lalnotte  are  eminent  in  this  line. 

BBACE3.  {Bn!tllt3,Fr.;  ffomtrdgtr,  Germ.}  Narrow  fillets  or  bands  of  leallur 
or  textile  fabric,  which  pass  o*ir  the  sbouldera,  and  are  attached  behind  and  before  to 
the  wsislbands  of  pantaloons  and  Ironsers,  in  the  act  of  wearing  (hem,  for  supporting 
their  weight,  end  (racing  them  up  lo  the  body.  It  is  a  nscful  modern  invention,  super- 
seding the  n»ce';sity  of  girding  the  belly  with  a  tieht  eirdle,  as  in  former  times. 

BRAIDING  MACHINE,  (flfurfins  d  lanli,  Fr, ;  Sorttnatrktrtluhl,  Germ.)  Thit 
being  employed  not  only  lo  msnufaclure  stay-laces,  braid,  and  npliolslerert'  cord,  bnt 
lo  cover  the  threads  of  caoutchouc  for  weaving  brace-bands,  deserves  a  description  ia 
this  work.  Three  threads  at  least  ore  required  to  moke  sudi  a  knitted  lace,  bul  11, 13, 
or  17,  and  even  29  Ihreads  arc  often  employed,  the  first  three  nnmbers  being  preferred. 
They  are  made  by  mennS  of  a  frame  of  a  very  ingenious  construction,  which  movei  by 
■  continuous  rolntion.  We  shall  describe  a  frame  with  13  threads,  from  which  tha 
itrticlnre  of  the  others  may  be  lesdily  conceived.    The  basis  of  the  machine  comisls  of 


(bur  stroog  wooden  nprights,  a,  Jigs.  IB6,  157,  158,  occupying  the  four  uriM  of  • 
rectangle,  irf  which  one  side  is  14  inches  long,  Ihe  other  18  inches,  and  Ihe  height  of  the 
reetangle  about  40  inches.  Fig.  IX  is  a  section  in  a  horuontal  plane,  passing  through 
tbe  line  a  b  at  fig.  1 57,  whieh  is  a  vertical  section  ii  a  i^ne  pasajiig  through  the  CBntre  of 
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Ae  BMdane  c,  •eeordmg  to.the  line  c  d,ftg.  IM.  The  side  x  is  supposed  to  be  the  front 
ef  the  Inuiie;  and  the  opposite  side,  t,  the  beck,  b,  six  spindles  or  skewers,  numbered, 
fion  1  to  6,  placed  io  a  yertical  position  upon  the  eireomferenee  of  a  circle,  whose  centre 
CGincides  with  that  of  the  machine  at  the  point  c.  These  six  spindles  are  composed, 
1.  Of  so  nmay  inm  shafts  or  axes  d,  supported  in  brass  collets  x  (fig.  157),  and  ex* 
tended  downwards  within  six  inches  of  the  ground,  where  they  rest  in  brass  steps  fix^ 
apon  a  horixontal  beam.  2.  Wooden  heads,  made  of  hom*beam  or  nut-tree,  placed,  the 
frst  upon  the  upper  end  of  each  spindle,  opposite  the  cut-out  beam  f,  and  the  second 
opposite  the  second  beam  o.  3«  Wooden-toothed  wheels,  h,  reciprocally  working 
together,  placed  between  the  beam  g  and  the  eoUet-beam  x.  The  toothed  wheels  and 
the  lower  heads  for  each  spindle  are  in  one  piece. 

The  heads  and  shalls  of  the  spindles  No.  1  and  6,  are  one  flflh  stronger  than  those  of 
the  other  spindles ;  their  heads  hare  &7e  semicircular  grooTes,  and  wheels  of  60  teeth, 
while  the  heads  of  the  others  have  only  four  grooves,  and  wheels  of  48  teeth ;  so  that 
the  number  of  the  groovea  in  the  six  spindles  is  26,  one  half  of  which  is  occupied  with 
the  stems  of  the  poppets  i,  which  carry  the  13  threads  from  No.  1  to  13.  The  toothed 
wheels,  which  give  all  the  spindles  a  simultaneous  movement,  but  in  different  directions, 
■re  so  disposed  as  to  bring  their  grooves  opposite  to  eaeh  other  in  the  course  of 
vocation. 

x,  the  middle  winglet,  triple  at  bottom  and  quintuple  at  top,  wiiich  serves  to  guide  the 
pupiMts  in  the  direction  they  ought  to  pume. 

I,  three  winglets,  single  at  top  and  bottom,  placed  exteriorly,  which  wetve  a  like 


M,  two  winglets,  triple  at  bottom  and  single  at  top,  placed  Iflcewise  exteriorly,  and 
which  nerve  the  same  purposes  as  the  preceding ;  m  are  iron  pins  inserted  in  the  cut-out 
beam  g,  which  serve  as  stops  or  limits  to  the  osdllations  of  the  exterior  winglets. 

Now,  if  by  any  moving  power  (a  man  can  drive  a  pair)  rotation  be  impressed  upon 
the  large  spindle  No.  1,  in  the  direction  of  the  arrow,  all  the  other  spindles  wiH  neces- 
suily  pursue  the  rotatory  movement  indicated  by  the  respective  arrows.  In  this  case, 
the  13  puppets  working  in  the  grooves  of  the  heads  of  the  spindles  will  be  carried  round 
simultaneously,  and  wUl  proceed  each  in  its  turn,  ftom  one  extremity  of  the  machine  to 
the  opposite  point,  crossing  those  which  hnve  a  retrograde  movement  The  13  threads 
at  the  point  n,  situated  above  the  centre  of  the  machine,  will  form  at  that  point 
the  braidi  which,  after  having  passed  over  the  pulley  o,  comes  between  the 
two  rollers  p  q,  and  is  squeexed  together,  as  in  a  flatting-mUl,  where  the 
braid  is  calendered  at  the  same  time  that  it  is  delivered.  It  is  obvious 
that  the  roller  p  receives  ils  motion  from  the  toothed  wheel  of  the  spindle 
No.  3,  and  from  the  intermediate  wheris  n,  s,  T,as  well  as  from  the  endless 
screw  s,  which  drives  at  proper  speed  the  wheel  w,  fixed  upon  the  shaft 
of  the  loUet  p. 

The  braid  is  denser  in  proportion  as  the  point  »  is  less  elevated  above 
the  tops  of  the  puppets;  but  in  this  ease^  the  eccentric  motion  of  these 
puppets  is  much  more  sensible  in  reference  to  that  point  towards  which 
^^  all  the  threads  converge  than  when  it  Is  elevated.  The  threads,  which 
^^^  must  be  always  kept  dually  stretched  by  means  of  a  weight,  as  we  shall 
presently  see,  are  considerably  strained  by  the  tractiDn,  occasioned  by  the 
constantly  eccentric  movement  of  the  puppets.  From  this  cause,  braid- 
ing  machines  most  be  worked  at  a. moderate  veloeity.  In  general,  for 
fine  work,  30  turns  of  the  large  spindle  per  minute  arc  the  utmost  that  can 
safely  be  made. 

The  puppet  or  spindle  of  this  maehine,  being  the  most  important 
piece,  I  have  represented  it  in  section,  upon  a  scale  one  fourth  of  its  ac- 
tual sixe,  fig.  158.  It  is  formed  of  n  tube,  a,  of  strong  sheet  iron  well 
brazed  {  6  is  a  disc,  likewise  of  sheet  iron,  from  which  a  narrow  fillet,  e^ 
rises  vertically  as  high  as  the  tnbe^  where  both  are  pierced  with  holes, 
d  c,  through  which  the  thread  /  is  passed,  as  it  comes  fttnn  the  bobbin, 
g,  whieb  turns  freely  upon  the  .tube  a.  The  top  of  this  bobbin  is  conical 
and  toothed.  A  small  catch  or  detent,  h,  moveable  in  a  vertical  di- 
rection round  i,  (alls  by  its  own  weight  into  the  teeth  of  the  crown  of 
the  bobbin,  in  which  case  this  cannot  revolve;  but  when  the  detent  is 
raised  so  far  as  to  disengage  the  teeth,  and  at  the  same  time  to  pull  the 
thread,  the  bobbin  turns,  and  lets  out  thread  till  the  detent  falls  back  into 
these  same  teeth. 
A  skewer  of  iron  wire,  fc,  is  loaded  with  a  small  weight,  I,  melted  upon 
it.  The  top  of  this  skewer  has  an  eye  in  it,  and  the  bottom  is  recQrved  as  is  shown  in 
yig.  158,  so  that  supposing  the  thread  comes  to  break,  this  skewer  iUls  into  the  actual 
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position  ia  the  figure,  where  we  lee  its  lower  end  ezUad. jg  beyond  ,the  tsbe  a,  %f 
aboat  i  of  an  inch ;  but  as  long  as  the  thread  is  unbroken,  the  skewer  k,  which  serves 
to  keep  it  always  tense,  during  the  eccentric  movement  of  the  pnppeC,  does  hot  pass  out 
below  the  tube.  « 

This  disposition  has  natuialiy  famished  the  means  of  eansinff  the  machine  to  stop, 
whenever  one  of  the.  threads  breaks.  This  inferior  protrusion  of  the  skewer  pushes  in 
its  progress  a  detent,  which  instantly  causes  the  band  to  slide  from  the  driving  pulley  to 
the  loose  pulley.  Thus  the  machine  cannot  operate  unless  all  the  threads  be  entire.  It 
is  the  business  of  the  operfitive,  who  has  3  or  4  under  her  charge,  to  mend  the  threads 
as  they  break,  and  to  substitute  full  bobbins  fox  empty  ones,  whenever  the  machine  is 
stopped. 

The  braiding  firame,  though  it  does  not  move  quickly,  makes  a  great  deal  of  noise,  and 
would  make  still  more,  were  the  toothed  wheels  made  of  metal  instead  of  wood.  F<lr 
them  to  act  well,  they  should  be  made  with  the  greatest  precision,  by  means  of  appropri- 
ate tools  for  forming  the  teeth  of  the  wheels,  and  the  other  peculiar  parts. 

BRAN.  (Son,  Fr. ;  KUie,  Germ.)  The  husky  portion  of  ground  wheat,  separated  by 
the  bolter  from  the  flour.  It  is  advantageously  employed  by  the  calico  printers,  in  the 
clearing  process,  in  which,  by  boiling  in  bran-water,  ihe  cok>ring  matters  adhering  to  tbie 
non-mordanted  parts  of  maddered  goods,  as  weU  as  the  dun  matters  which  cloud  the  mor- 
danted portions,  are  removed.  A  valuable  series  of  researches  concerning  the  operation 
of  bran  In  such  cases  was  made  a  few  years  ago  by  that  distinguished  chemist  and  eaUcto 

Srinter,  M.  Daniel  KccchlinSchouch,  and  published  in  the  ninth  number  of  the  Bulletin 
e  la  Societe  Industrielle  de  Mulhausen.    Nine  sets  of  experiments  are  recorded,  whieh 
justified  the  following  conclusions. 

1.  The  dose  of  two  bushels  of  bran  for  10  pieces  of  calico  is  the  best,  the  ebullition 
being  kept  up  for  an  hour.  A  boil  for  the  same  time  in  pure  water  had  no  effect  in  clear- 
ing either  the  ground  or  the  figures. 

2.  FiAeen  minutes  boiling  are  su^cient  when  the  principal  object  Is  to  dear  white 
grounds,  but  in  certain  cases  thirty  minutes  are  requisite  to  brighten  the  dyed  parts.  If, 
by  increasing  the  charge  of  bran,  the  time  of  the  ebullition  'Could  be  shortened,  it  would 
be  in  some  places,  as  Alsace,  an  economy ;  becanse  for  the  passage  of  ten  pieces  through 
a  copper  or  vat  heated  with  steam,  1  cwt.  of  coal  is  consumed  in  fViel  which  costs  from 
2|  to  3  francs,  while  two  bushels  of  bran  are  to  be  bought  for  one  franc. 

3.  By  increasing  the  quantity  of  water  firom  12  to  24  hectolitres  with  two  bushels  of 
bran,  the  clearing  effect  upon  the  ten  pieces  was  impaired.  It  is  therefore  advantageoat 
not  to  use  too  much  water. 

4.  Many  experiments  concur  to  prove  thai  flour  is  altogether  useless  for  the  clearing 
boil,  and  that  finer  bran  is  inferior  for  this  purpose  to  the  coarser. 

5.  The  while  ground  of  the  calicoes  boUed  with  wheat  bran,  are  distinguishable  by 
their  superior  brightness  from  that  of  those  boiled  with  rye  bran,  and  especially  with 
barley  bran ;  the  ^tter  having  hardly  any  effect. 

6.  There  is  no  advantage  in  adding  soap  to  the  bran  boil ;  though  a  little  potnsh  or  soda 
may  be  properly  introduceid  when  the  water  is  calcareous. 

7.  The  pellicle  of  the  bran  is  the  most  powerful  part,  the  flour  and  the  starch  are  of 
BO  use  in  clearing  goods,  but  the  mvoilage  which  forms  one  third  of  the  weight  of  the 
bran  has  considerable  efficacy,  and  seems  to  act  in  the  following  way.  In  proportion  as 
the  mucilaginous  substance  dissolves  the  coloring  and  tawny  matters  upon  the  doth,  the 
husky  surface  attracts  and  fixes  upon  itself  the  greater  part  of  them.  Accordingly,  when 
used  bran  is  digested  in  a  weak  alkaline  bath,  it  gives  up  the  color  which  It  had  absorbed 
from  the  cloth. 

The  following  chemical  examination  of  bran  is  interesting.  A  pound  of  it  was  h^eOed 
at  successive  times  with  water  j  the  decoctions,  being  filtered,  let  fhU  in  cooling  a  grayish 
deposite,  which  was  separated  by  decantation.  The  clear  liquor  aflbrded  by  evaporation 
to  dryness  four  ounces  of  a  brownish,  brittle  matter,  composed  chiefly  of  mucilage,  a 
lUtle  gluten,  and  starch.  The  gray  deposite  of  the  above  filtered  liquor  amounted  to  half 
an  ounce.  Nine  ounces  of  the  cortical  portion  of  the  bran  were  obtained.  The  lost 
amounted  to  2|  ounces,  being  in  some -measure  the  hygrometrie  water  of  the  bran 
itself. 

When  boiled  with  distilled  water,  goods  are  deared  pretty  well  without  bran.  Cer- 
tain delicate  dyes  must  t»e  boiled  only  a  few.  minutes  in  a  strong  deeoetioh  of  bran  previ- 
ously made. 

BRANDY.  The  name  given  in  this  eonntry  to  ardent  spirits  distilled  from  wine, 
and  possessed  of  a  peculiar  taste  and  flavor,  due  to  a  minute  portion  of  a  peculiar 
TohUile  oil.  Each  variety  of  aioohol  has  an  aroma  charaeteristie  of  the  fermented  sub- 
stance from  which  it  is  proeoradt  whether  it  be  the  grape,  cherries,  sugar-cane,  riee^ 
eomt  or  potatoes ;  and  it  may  be  distinguished  even  as  proenred  from  different  giowtha 
of  the  vine.     The  brandies  of  Languedoc,   Bordeaux,  Armagnac,   Cognac,  Aiuil% 
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Sainton tre,  RcMshelle,  QdeaDS,  Barcebnay  Naj^es,  Slc,  being  each  readily  recognliable  by 
an  experienced  dealer. 

Aabergier  showed,  by  experiments,  that  the  disagreeable  taste  of  the  spirits  distiUed 
from  the  marc  of  the  gxape  is  owing-  to  an  ess^ntlol  oil,  contained  in  the  akin  Of  the 
grape ;  and  fonnd  that  the  oil,  when  insulated,  is  so  energetic  that  a  few  drop»  are  suffi- 
cient to  taint  a  pipe  of  600  litres  of  fine  flavored  spirit. 

The  nK»t  celebrated  of  the  French  bnudics,  those  of  Cegnae  and  Axmajmae,  are  sKght^ 
ly  rectified  to  only  from  0*935  to  0*922;  they  contain  more  than  half  their  we^ht  of  wa- 
ter, and  come  over  therefore  h^hly  charged  with-  the  fragrant  essential  oil  of  the  hnsk  of 
the  grape.  When,  to  save  expense  of  carriage,  the  spirit  is  rectiiCled  to  a  mach  higher 
d^ree,  the  dealer,  on  receiving  it  at  Paris,  reduces  it  to  the  market  proof  by  the  addEion 
of  a  little  highly-flavored  weak  brandy  and  water ;  but  he  eaasiot  in  thia  way  prodnee  so 
finely-flavored  a  spirit,  as  the  weaker  product  of  distillation  of  the  Oognae  wine.  If  the 
best  Cojgnac  brandy  be  carefully  distilled  at  a  low  heat*  and  the  strong  spirit  be  diluted 
with  water,  it  will  be  fbimd  to  have  suflered  much  in  its  flavor. 

Genuine  French  brandy  evinces  an  acid  reaction  with  litmus  paper,  owing  to  a  miante 
portion  of  vinegar ;  it  oontaiosy  besides^  Bome  acetic  ether,  and,  when  Ion?  kept  in  oak 
casks,  a  little  astringent  matter.  The  following  fonnola  may  be  proposed  for  oonverting 
a  silent  or  flavorless  com  spirit,  into  a  factitious  brandy.  Dilute  the  pnne  aleohol  to  the 
proof  pitch,  add  to  every  hundred  pounds  weight  of  it  from  half  a  ponnd  to  a  pound  of 
aigol  (crude  winestone)  djissolved  in  water,  a  little  acetic  ether,  and  French  wine-vinegar, 
some  bruised  French  jdoms,  and  Asvor-stuflTfrom  Cognac  {  then  distil  tlve  mixtore  with  a 
geotle  fire,  in  an  alembic  furnished  with  an  agitator. 

The  spirit  which. comes  over  may  be  cok^ed  with,  nicely  burned  sogar  (caramel)  to 
the  desired  tint,  and  roughened  in  taste  with  a  few  drops  of  tincture  of  catechu  or  oak- 
bark. 

The  above  recipe  will  aflbrd  a  spirit  free  0x>m  the  deleterious  drugs  toe  often  used  to 
disguise  and  increase  the  intoxicating  power  of  British  brandies  {  one  whidi  maybe  reck- 
oned as  wholesome  as  alcohol,  ia  any  shape,  can  ever  be.   ^  -   .    ^ 

BRASS.  (Laiton^  cuivrt  Jaunty  Fr. ;  Jftftttig,  G«rm.)  An  aQoy  of  copper  and 
zinc.  It  was  formerly  manufacture!  by  cementing  granulated  copper,  odled  beoi^o/,  or 
eopper  dippings,  with  calcined  calamine  (native  carboaate  of  zinc)  and  charcoal,  in  a 
crucible,  and  exposing  them  to  bright  ignition.  Three  parts  of  copper  were  used  fiur 
three  of  calamine  and  two  of  charcoal.  The  zinc  reduced  to  the  metallic  state  by  the 
agency  of  the  charcoal,  combuied  with  the  copper,  into  an  aUoy  which  fi>rm0d,  on  cool- 
ing, a  lump  at  the  bottom  of  the  crucible.  Several  of  these,  being  remelied  and  cast 
into  moulds*  constituted  ingots  of  brass  jfor  the  market.  ^4aines  Emerson  obtained  a  ])a- 
tent,  in  178 1,  fur  making  brass  by  the  direct  fusion  of  itsiwo  metallic  elements,  and  it 
is  now  usually  manufactured  in  this  way. 

It  appears  that  the  best  proportion  of  the  constituents  to  form  fine  brass  is  one  prime 
equivadent  of  copper=63(4-ooe  of  ziacB:32-3 ;  or  very  nearly  2  parts  of  copper  to  1  of 
zinc  The  bright  gold  ocuored  alloy,  called  Prince's,  or  Bnnee  Rupert's  metal,  in  this 
country,  consists  apparently  of  two  primes  of  zinc  to  one  of  copper,  or  of  nearly  equal 
parts  of  each.  Bras8»  or  hard  solder,  consists  of  two  parts  of  brass  and  one  of  zinc 
melted  together,  to  which  a  little  tia  is  occasionally  added ;  but  when  the  solder  must 
be  very  strong,  as  for  brass  tubes  that  are  to  undergo  drawing,  two  thirds  of  a  part  of 
zinc  are  used  for  two  parts  of  brass.  Mosaic  gold,  aeoording  to  the  specifleadon  of 
Parker  and  Hamilton's  patent,  consists  of  100  parts  of  copper,  and  from  52  to  55  of  zinc ; 
which  is  no  atomic  proportion.  Bath  metal  is  said  to  consist  of  32  parts  ^t  brass  and  9 
parts  of  zinc. 

The  button  manufacturers  of  Birmingham  make  their  pUUin  with  8  parts  of  brass  and 
5  of  zinc ;  but  their  cheap  buttons  with  an  alloy  of  copper,  tin,  zinc,  and  lead. 

Red  brass,  the  Tombak  of  some,  (not  of  the  Chinese,  for  this  is  white  copper,) 
consists  of  more  copper  and  less  zinc  than  go  1o  the  eompostiion  of  brass ;  beinr  from 
2|  to  8  or  10  of  the  former  to  1  of  the  latter.  At  the  famous  brass  works  of  Heger- 
muhl,  to  be  presently  described,  U  parts  of  copper  are  alloyed  with  2  of  zinc  into  a  red 
brass,  from  which  plates  are  made  that  are  afterwards  rolled  into  sheets.  From  such 
an  aUoy  the  Dutch  foU,  as  it  is  called,  is  manufactured  at  Nurnberg ;  Pinchbeck,  Similor^ 
Bfaonheim  wM^  are  merely  different  names  of  alloy  similar  to  Prince's  metal.  The  last 
consists  of  3  of  coppo:  anid  1  of  zine,  separately  mdted,  and  suddenly  incorporated  by 
stirring. — WkgUb. 

Ia  the  process  of  alloying  two  metals  qf  such  diflRerent  fusibilities  as  copper  and  zine^ 
a  considerable  waste  of  the  latter  metal  1^  the  combustion,  to  which  it  is  so  prone^ 
might  be  expected;  but,  in  reality,  their  mutual  aflinittes  seem  to  prevent  the  loss,*  in 
a  great  measure,  by  the  speedy  absorption  of  the  zino  into  the  substance  of  the  eopper* 
Indeed,  eopper  plates  and  rods  are  oflen  hriuMd  estuanaS^  by  exposure,  at  a  high 
temperature,  to  the  fumes  of  zinc,  and  aftewards  laminatdl  or  drawn.    The  spisloai 
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gtfld  wire  of  Lyoi^s  is  made  IVom  tach  rods.  Copper  vessels  may  be  superficially  converi* 
Cx-i  into  brass  by  boiling  them  in  dilate  muriatic  acid  containing  some  wine-stone  and  dnc 
anjalgum. 

The  first  step  in  making  brass  is  to  plunge  slips  of  copper  into  melted  zinc  till  an  alloy 
nf  somewhat  difiicalt  fusion  be  formed^  to  raise  the  heat^  and  add  the  remaining  propor- 
tion of  the  copper. 

^  The  brass  of  the  first  (Vision  is  brdken  to  pieces,  and  melted  with  a  fresh  quantity  of 
zinc,  to  obtain  the  finished  brass.  Each  melting  takes  about  8  or  9  hours.  The  metal 
is  now  cast  into  plates,  aboat  40  inches  long  by  26  inehes  broad,  and  fxom  one  third  to 
one  half  inch  thick.  The  moulds  are,  in  this  case  also,  slabs  of  granite  mounted  in  an  iron 
finune.  Granite  appears  to  be  -preferred  to  every  thing  dse  as  a  mould,  because  it  pre- 
serves the  heat  long,  and  by  the  asperities  of  its  surface,  it  keeps  hold  of  the  day  lute 
applied  to  secure  the  joinings. 

The  east  plates  are  most  usually  rolled  into  sheets.  For  this  purpose  they  are  cut 
into  ribands  of  various  breadths,  commonly  about  -61  inches.  The  cylinders  ef  the 
brass  rolling-press  are  generally  46  inches  loi^,  and  18  inches  in  diameter.  The 
ribands  are  first  of  all  passed  cold  tlurough  the  cylinders ;  but  the  brass  soon  becemes 
too  hard  to  laminate.  It  is  then  anneal«l  in  a  furnace,  and,  after  cooling,  is  passed 
afresh  through  a  rolling  press.  After  paring  ofi*  the  chipped  edges,  the  sheets  are 
laminated  two  at  a  time :  and  if  they  are  to  be  made  very  thin,  even  eight  plates  are 
paftsed  through  together.  The  brass  in  these  operations  must  be  annealed  7  or  8  times 
befdre  the  sheet  arrives  at  the  required  thinness.  These  successive  heatings  are  very 
expensive ;  and  hence  they  have  led  the  manufacturers  to  try  various  plans  of  econo- 
my. The  annealing  furnaces  are  of  two  forms,  according  to  the  size  of  the  sheets 
of  brass.  The  smaJler  are  about  12  feet  long,  with  a  fire-place  at  each  end,  and  about 
13  inches  wide.  The  arch  of  the  furnace  has  a  cylindrical  shape,  whose  axis  is 
parallel  to  its  small  side.  The  hearth  is  horizontal,  and  is  made  of  bricks  set  on  edge. 
In  the  front  of  the  furnace  there  is  a  large  door,  which  is  raised  by  a  lever,  or  chain, 
and  counterweight,  and  slides  m  a  frame  between  twcf  cheeks  of  cast  iron.  This  furnace 
has,  in  general,  no  chimney,  except  a  vent  slightly  raised  above  the  door,  to  prevent  the 
workmen  beingincommoded  by  the  smoke.  Sometime  the  arch  is  perforated  with  a  num- 
ber of  holes.  The  sheets  of  brass  are  placed  above  each  other,  but  separated  by  parings, 
to  allow  the  hot  air  to  circulate  among  them,  the  lowest  sheet  resting  upon  two  bars  of 
cast  iron  placed  lengthwise. 

The  large  furnaces  are  usually  32  feet  long,  by  6|  feet  wide,  in  the  body,  and  3  feet 
at  the  hearth.  A  grate,  13  inehes  broad,  extends  along  eadi  side  of  the  hearth, 
through  its  whole  length,  and  is  divided  from  it  by  a  small  wall,  2  or  3  inches  high. 
The  vault  of  the  i\irnace  has  a  small  curvature,  and  is  pierced  with  6  or  8  openings^ 
which  allow  the  smoke  to  pass  ofiT  into  a  low  bell-chimney  above.  At  each  end  of  &e 
furnace  there  is  a  east-iron  door,  which  slides  up  and  down  in  an  iron  frame,  and 
is  poised  by  a  counterweight.  On  the  hearth  there  is  a  kind  of  railway,  composed  of 
two  iron  bars,  on  the  grooves  of  which  the  carriage  moves  with  its  loads  of  sheets  of 
brass. 

These  sheets,  being  often  24  feet  long,  eouM  not  be  easily  moved  in  and  out  of  the 
furnace ;  but  as  brass  laminates  well  in  the  cold  state,  they  are  all  introduced  and 
moved  out  together.  With  this  view,  an  iron  carriage  is  fhimed  with  (bur  bars,  which 
rest  on  four  wheels.  Upon  this  carriage,  of  a  length  nearly  equal  to  that  of  the  furnace^ 
the  sheets  are  laid,  with  brass  parings  between  them.  The  carriage  is  then  raised  by  a 
crane  to  a  level  with  the  furnace,  and  entered  upon  the  grooved  bars  which  lie  upon  the 
hearth.  That  no  lieat  may  be  lost,  two  carriages  are  provided,  the  one  being  ready  to 
put  in  as  the  other  is  taken  out ;  the  fVkmaee  is  meanwhile  uniformly  kept  hot.  This 
method,  however  convenient  for  moving  the  sheets  in  and  out,  wastes  a  good  deal  of  fuel 
in  heating  the  iron  carriage. 

The  principal  places  in  which  brass  ismanufoctured  on  the  great  scale  in  England,  are 
Bristol,  Birmingham,  and  Holywell,  in  North  Wales. 

The  French  writers  affirm,  that  a  brass,  containing  2  per  cent,  of  lead,  works  more 
freely  in  the  turning  faithe,  but  does  not  hammer  so  weD  as  a  mere  alloy  of  copper  and 
sine. 

At  the  brass  manufactory  of  Hegermi&hl,  upon  the  Finon  canal  near  Potsdam,  the  foU 
kming  are  the  materials  of  one  charge ;  41  pounds  of  old  brass,  56  pounds  refined  cop- 
per (gahrkupfer)  granulated ;  and  24  pounds  of  zinc  This  mixture,  weighing  120  pounds, 
is  dtrtributed  into  four  crucibles,  and  Aised  in  a  wind  fbmace  with  pitooal  fad.  The 
waste  varies  from  2^  to  4  pounds  upon  the  whole. 

jF^.  IfiO  represents  the  Airnace  as  it  was  formerly  worked  there  with  charcoal ;  a,  the 
laboratory  in  which  the  crudbles  were  placed.  It  was  walled  with  fire-bricks.  The  fonn* 
Nations  and  the  filling-in  walls  were  formed  of  stone  rubbish,  as  bdng  bad  conductors  ot 
heat  I  sand  and  aakes  may  be  also  used ;  6,  cast-iron  circular  grating  plates  pierced 
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rounded   with   the  fuel,  hut   they  reeeive 
the  requisite  mellin;  heat  rrum  the  flaina 
proceeding  from  the  grate  upon  which  it 
apoo  7  binding  arches,  a,  which  anile  In  the  middle  at 
■■"         ■  spaces  ihrough  which  the  llame  rises  from 

the  grate  ci  d  ia  the  fire-door ;  f  a 
•Uding  tile  or  damper  for  regulatinc 
0T  shutting  off  the  air-draught  ■,/  an 
inclined  plane,  for  carrying  off  th« 
cinders  that  fall  through  the  grata, 
'  along  the  draught  tunnel  g,  so  that  Iha 
air  in  entering  bdow  may  not  be  heal- 
ed bf  them. 

The  crucibles  are  16  inches  deep, 
9^  wide  at  the  mouth,  6i  at  the 
bottom;  with  •  thickness  in  the  aide* 
of  I  iocb,  and  H  below;  Ihej  stand  from  40  to  M  melting*.  The  old  brass,  which 
CIls  their  whole  capacity,  is  first  put  in  and  melted  down  ;  the  cniciblei  are  now 
taken  out,  aad  are  charged  with  the  half  oT  the  zinc  in  pieces  of  from  1  to  3 
eabie  inches  in  size,  covered  over  with  coal  ashes  ;  then  one  half  of  Ihe  copper  charge  ii 
ialnidacal,  Bgain  cosl-dust ;  and  thus  the  layen  of  line  and  copper  are  diMlibltled 
aUeroately  with  coal-oshes  betwixt  them,  till  the  whole  charge  gets  finally  fused.  Over 
all,  ■  thicker  Uyei  of  carbonaceotis  matter  is  laid,  to  prevent  oidizemeat  of  the  bran- 
Eight  cmcibles  filled  in  this  way  are  put  into  the  furnace  between  the  II  holes  of  the 
gme-shelf ;  and  over  them  two  empty  crucible*  are  laid  to  be  heated  for  the  casting 
operation.  In  from  3i  to  4  hoBTt  the  brass  is  ready  to  be  ponred  out.  Filleen  English 
bnsbeb  oC  eoalsare  contnmed  in  one  operalion ;  of  which  six  are  used  at  Ihe  intn^ne- 
tioD  oT  the  cniciblef,  and  four  gradnally  afterwards. 
When  (beet  brass  ia  to  be  made  the  following  process  is  punned ; — 
Ad  empty  craeible,  called  a  ciu'rr  (giuier),  in  taken  out  of  the  fnmaee  ihrongh  Ihs 
omra  wUh  »  pair  of  tongs,  and  is  kept  red  hot  by  placing  it  ia  a  hollow  hearth  (manioJ), 
•uToanded  with  burning  eoals ;  into  this  erocible  the  contents  of  fottr  of  the  melting 
pots  are  poured ;  the  drosa  being  raked  out  with  an  iron  scraper.  As  soon  as  the  melt> 
iag  pot  ia  emptied,  it  is  immediately  re-chaiged  in  the  manner  above  described,  and  re- 
placed in  the  fnmaee.  The  sntfaee  of  the  melted  bra»s  in  the  eatler  is  swept  with  the 
namp  of  a  broom,  then  slimd  abont  with  the  iron  rake,  to  bring  np  any  light  foreign 
moner  to  the  surface,  which  is  then  skimmed  with  a  little  scraper ;  the  crucible  if  ninr 
•eiied  with  the  easting  tongs,  and  emptied  in  the  following  way : — 

The  mouU  or  /orm  for  casting  sheet  brn^s  consists  of  two  tlnbs  of  granite,  a  a,  Jift 
IM,  165.  They  are  n|  feet  long,  3  feet  broad,  I  foot  thick,  and,  for  greater  secnrlty, 
girl  with  iron  bands,  b  b,  2  inches  broad.  It  thick,  and  joined  at  the  four  comera  oriUt 
bolts  and  nats.  The  mould  rests  npon  an  oaken  block,  r,  3^  feet  long,  2<  brood,  and  If 
tbidi,  which  is  suspended  at  each  end  upon  gndgeons,  in  bearing  blocks,  placed  nnder  Um 
buidry  floor,  J  ^  ia  the  casting  pit,  i  <  Tbia  is  lined  with  bricks  (  and  is  61  feel  long, 
H  tsvad,  and  2  deep;  npon  the  two  long  riie  walls  (rf'  the  pit,  Ihe  bearing  blocks  ore 
laid,  which  support  the  gudgeons.  The  swing-blocks  are  10  inches  long,  18  inches 
broad,  li  inches  thick,  oiid  are  somewhat  rounded  opon  their  back  edge,  so  that  the 
casting  fntae  may  slope  a  little  to  the  horiion.  To  these  blocks  two  cross  wooden  aim*, 
//,  are  m(Nrtis«)|  upon  wbkh  the  under  slab  rests  fleelj,  bat  so  as  to  project  abont  0  inchei 
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Iwekwards  over  the  Uock,  to  seenre  an  equipoise  in  the  act  of  casting.    |  g  ate  bar^ 
placed  at  both  of  the  long  sides,  and  one  of  the  ends,  between  the  dabs,  to  detennine  the 
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thickness  of  the  brass-plate.  Upon  the  other  slab  the  gate  h  is  fastened,  a  sheet  of 
iron  6  inches  broad,  which  has  nearly  the  shape  of  a  parallel  trapezium  (loxenge),  and 
slopes  a  little  towards  the  horizon.  It  serves  for  setting  the  casting  pot  upon  in  the  act 
of  poorinsr  out,  and  renders  its  emptying  more  convenient.  That  gate  {jAtinmanX) 
is  coated  with  a  mixta  re  of  loam  and  hair.  The  upper  slab  is  secured  to  the  under  one 
in  its  slanting  position  by  an  armor  or  binding.  This  consists  of  the  tension  bars  of 
wood,  ik  I  rriy  of  the  iron  bars  n,  (3  to  3|  inches  broad,  i\  inch  thick,  see  the  top  view, 
fig.  165, )  of  a  rod  with  holes  iind  pins  at  its  upper  end,  and  of  the  iron  screw  spindle  o. 
The  mode  in  which  these  parts  act  may  be  understood  from  inspection  of  the  figure.  In 
order  to  lifl  the  upper  slab  from  the  under  one,  which  is  effected  by  turning  it  round  its 
edge,  a  chain  is  employed,  suspending  two  others,  connected  with  the  slab.  The  former 
passes  over  a  pulley,  and  may  be  pulled  up  and  down  by  means  of  a  wheel  and  aile,  or 
with  the  aid  of  a  counterweight.  Upon  each  of  the  two  long  sides  of  the  slab  there  are 
two  iron  rings,  to  which  the  ends  of  the  chains  may  be  hooked.  The  casting  faces  of  the 
slab  must  be  coated  with  a  layer  of  finely  ground  loam  ;  the  thinner  the  better. 

When  calamine  is  employed,  \  cwt.  of  copper,  f  cwt.  of  calamine,  and  )  the  vohime 
of  both  of  charcoal  mixed,  are  put  into  7  crucibles,  and  exposed  to  heat  during  11  or  12 
hours ;  the  product  being  from  70  to  72  lbs.  of  brass. 

Brass^late  rolling.  At  Hegermfihl  there  are  two  re-heating  or  annealing  furnaces, 
one  larger,  18  feet  Icng,  and  another  smaller,  8} ;  the  hot  chamber  is  separated  fVom  the 
fire  place  by  iron  beams,  in  such  a  way  that  the  brass  castings  are  played  upon  by  the 
flames  on  both  their  sides.  Afler  each  passage  through  the  laminating  press  (rolls)  they 
are  heated  anew,  thpn  cooltnl  and  laminated  afresh,  till  they  have  reached  the  proper 
length.    The  plates  arc  besmeared  with  grease  before  rolling. 
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Fig.  166  shows  the  ground  plan  of  the  furnace  and  its  railway ;  fig,  167,  the 
tion ;  and  fig,  1 68,  the  section  lengthwise ;  a  a,  the  iron  way  bars  or  rails  upon  the  floor  of  the 
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imadry,  for  enabliiig  the  wheels  of  the  wagoB^fimme  to  move  readily  baekwtrd  and  foiv 
ward;  h  b,  the  two  gxatcs;  c  ^  tke  ash  pits ;  4  d^  the  Arc  heoms;  e  €  «,  vents  in  the  roof 
of  the  hot  chamber  f;ggy  two  plates  for  shutting  the  hot  chumber ;  k,  the  floe;  t^  the 
chimBey.  AiVer  the  rollmg,  the  sheets,  covered  with  a  black  oxyde  of  copper,  ^re  plunged 
jBio  a  mother  water  of  the  alum  works  ibr  a  few  nunutes,  then  washed  in  dean  water, 
and,  lastly,  smeared  with  oil,  and  scraped  with  a  binnt  knife. 

In  rough  brass  and  brass  wares,  no  less  than  16,210  ewts.  were  mannfhctnred  in  the 
Pmssian  States  in  the  year  1832. 

For  musical  purposes,  the  brass  wire  made  in  Ber  in  has  acquired  great  and  merited 
tdebrity ;  bat  that  of  Birmingham  is  now  preferred,  even  by  foreigners. 

Bbass  Color,  for  staining  glass,  is  prepared  by  exposing  for  several  days  thin  plates 
of  brass  upon  tiles  in  the  leer  or  annealing  arch  of  theglass-hoose,  till  it  be  oxydized  into 
a  Uack  powder,  aggregated  iti  lamps,  lliis  being  pulverized  and  sifted,  is  to  be  again 
wdl  calcined  for  several  days  more,  till  no  particles  remain  in  the  metallic  state ;  when  it 
wiQ  IbnQ  a  fine  powder  of  a  russet  brown  color.  A  third  calcination  must  now  be  given, 
with  a  carefully  regulated  heat ;  its  quality  being  tested  from  time  to  time  by  fusion  with 
some  glass.  If  it  makes  the  glass  swell,  and  intumesce,  it  is  properly  prepared ;  if  not, 
it  most  be  still  farther  calcined.  Such  a  powder  communicates  to  glass,  greens  of  various 
tints,  passing  into  tuiqaoise. 

When  thin  narrow  strips  of  brass  are  stratifled  with  sulphur  in  a  crucible,  and  calcined 
ai  a  red  heat,  they  become  friable,  and  may  be  reduced  to  powder^  This  being  siAed  and 
exposed  upon  tiles  in  a  reverberatory  furnace  ibrten  or  twelve  days,  becomes  ifit  for  use, 
and  is  capable  of  imparting  a  calcedony,  red,  or  yellow  tinge  to  glass  by  fusion,  according 
to  the  mode  and  proportion  of  using  it. 

The  glass-makers'  red  color  may  be  prepared  by  exposing  small  plates  of  brass  to  a 
moderate  heat  in  a  reverberatory  fbmaoe,  tin  they  are  thoroughly  calcined,  wheti  the 
sahstanee  becomes  polverolent,  and  a8si:ttie8  a  red  eoior.  It  is  then  ready  for  imme- 
diate ose. 

Beass  Coxx>b,  as  employed  by  the  cokmnen  to  imitate  brass,  is  of  two  tints,  the  red  or 
teoaze^  and  the  yellow  like  gilt  brass.  Copper  filings,  mixed  with  red  ochre  or  bole,  con- 
stitute the  former ;  a  powdered  brass  imported  from  Germany,  is  used  for  the  latter.  Both 
nut  be  worked  up  with  varnish  afber  being  dried  vrith  heat,  and  then  spread  with  a  fiat 
camel-hair  brush  evenly  upon  the  surface  of  the  object.  The  best  varnish  is  composed 
of  20  owioes  of  spirits  of  wine,  2  ounces  of  iihellae,  and  2  ounces  of  sandarach,  properly 
teolved.  See  YAaNisH.  Only  so  much  of  the  brass  po^er  and  varnish  should  be 
aused  at  a  time  as  is  wanted  for  immediate  use. 

BsAss  Foil.  Dutch  leaf,  called  Kmtfer  or  Rauschgold  in  Crermany,  is  made  from  a 
very  thin  sheet  brass,  beat  out  under  a  hammer  workea  by  water  power,  which  gives  300 
or  400  strokes  per  minute :  from  40  to  80  leaves  being  laid  over  each  other.  By  this  treat- 
ment, it  acquires  its  characteristic  solidity  and  lustre.  Bee  above,  the  process  fbr  con- 
verting the  copper  superficially  into  brass  by  the  fumes  of  zinc. 

BRAZING.  {BroHTy  Fr. ;  Mening-lolhHng,  Germ.)  The  soldering  together  of 
edges  of  iron,  copper,  brass,  &c.,  with  an  alloy  consisting  of  brass  and  zmc,  sometimes 
with  a  little  tin  or  silver.  The  surfaces  to  be  thus  united  must  be  fil^  perfectly 
hrigbt,  and  not  be  soiled  with  the  fingers  or  in  any  other  way.  The  granular  or  nearly 
piJTeralent  alloy  is  usually  wetted  with  a  paste  of  ground  borax  and  water,  applied  in 
this  state,  dried,  and  then  exposed  carefully  to  bright  ignition  at  a  clear  fbrge  fire. 
Scase  workmen  eadose  the  part  to  be  soldered  in  a  clay  lute,  but  others  prefer  leaving 
it  uncovered,  that  they  may  see  when  the  solder  has  fiowed  freely,  and  entered  into  all 
theseams. 

BRAZII#-WOOD.  (BoU  de  Femamboue,  Fr. ;  BraiUienhoh,  Germ.)  This  dye-wood 
demcs  its  name  flrom  the  part  of  America  whence  it  was  firet  imported.  It  has  also 
the  names  Femambuc^  wood  of  Saint  Martha,  and  of  Sapan,  according  to  the  places 
wMdi  produce  it.  Linnseus  distingu^es  the  tree  which  famishes  toe  Brazil-wood 
by  the  name  of  Casaljania  crista.  It  commonly  grows  in  dry  places  among  rocks.  Its 
trank  is  very  laxige,  crooked,  and  full  of  knots.  It  is  very  hard,  susceptible  of  a  fine 
paGsh,  and  sinks  in  vmter.  It  is  pale  when  newly  cleft,  but  becomes  red  on  exposure  to 
the  air. 

It  has  diflierent  shades  of  red  and  orange.  Its  goodness  is  determined  particularly  by 
its  density.  When  chewed,  a  saccharine  taste  is  perceived.  It  may  be  distinguished 
fiuB  red  saunders  wood,  as  the  latter  does  not  yield  its  color  to  water. 

Boiling  vrater  extracts  the  whole  coloring  matter  of  BrazO-wood.  If  the  ebullition  be 
long  enough  continued,  it  assumes  a  fine  red  color.  The  residutmi  appears  black.  In 
tub  ease,  an  alkali  may  still  extract  much  coloring  matter.  The  solution  in  alcohol  or 
anaDonia  is  still  deeper  than  the  preceding. 

Hie  decoction  of  Brazil-wood,  called  juice  of  Brazil,  is  observed  to  be  less  fit  for 
dycinf  when  reeenty  than  when  M  or  even  fermented.    By  age,  it  takes  a  yellowish- 
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red  .color.  For  making  this  decoction,  Hellot  reooimnends  to  use  tbe  hardest  water;  tat 
it  should  be  remarked,  that  this  water  deepens  the  color  in  proportion  to  the  earthy  asdts 
which  it  contains.  AAer  boiling  this  wood  rednced  to  chips,  or,  what  is  preferable^  to 
powder,  for  three  hours,  this  first  decoction  is  poured  into  a  cask.  Fresh  water  is  ponred 
on  the  wood,  which  is  then  made  to  boil  for  three  hoors,  and  mixed  with  the  former. 
When  Brazil-wood  is  employed  in  a  dyeing  bath,  it  is  proper  to  enclose  it  in  a  thin  linen 
bag,  as  well  as  all  the  dye-woods  in  general. 

Wool  immersed  in  the  juice  of  Brazil  takes  bnt  a  feeble  tint,  which  is  speedily  de- 
stroyed.   It  must  receive  some  preparations. 

The  wool  is  to  be  boiled  in  a  solution  of  alum,  to  which  a  fourth  or  even  leas  of  tartar 
is  added,  for  a  larger  proportion  of  tartar  would  make  the  color  yellowish.  The  wool  is 
kept  impregnated  with  it  for  at  least  eight  days,  in  a  cool  place.  After  this,  it  is  dyed  in 
the  Brazil  juice  with  a  slight  boiling.  But  the  first  coloring  particles  that  are  deposited, 
afiford  a  less  beautiful  color ;  hence  it  is* proper  to  pass  a  eoarser  stuff  previously  through 
the  bath.  In  this  manner  a  lirely  red  is  procured,  which  resists  pretty  well  the  action 
of  the  air. 

Brazil-wood  is  made  use  of  for  dyeing  silk  what  is  called  false  crimson,  to  distinguish 
it  from  the  crimson  made  by  means  of  cochineal,  which  is  much  more  permanent. 

The  silk  should  be  boiled  at  the  rate  of  20  parts  of  soap  per  cent.,  and  then  alumed. 
The  aluming  need  not  be  so  strong  as  for  the  fine  crimson.  The  sUk  is  refreshed  at  the 
river,  and  passed  through  a  bath  more  or  less  charged  with  Brazil  juice,  according  to  the 
shade  to  be  given.  When  Water  free  from  earlhy  salts  is  employed,  the  color  is  too  red 
to  imitate  crimson ;  this  quality  is  given  it  by  passing  the  silk  through  a  slight  alkaline 
solution,  or  by  adding  a  little  alkali  to  the  bath.  It  might,  indeed^  be  wash^  in  a  hard 
water  till  it  had  taken  the  desired  shade. 

To  make  deeper  false  arimsons  of  a  dark  red,  juice  of  logwood  is  put  into  the  Brazil 
bath  aAer  the  silk  has  been  impregnated  with  it.  A  little  alkali  may  be  added,  according 
to  the  shade  that  is  wanted. 

To  imitate  poppy  or  flame  color,  an  annotto  ground  is  given  to  the  silk,  deeper  even 
than  when  it  is  dyed  with  carthamus.  It  is  washed,  alumed,  and  dyed  with  juice  of  Bra« 
zil,  to  which  a  little  soap  water  is  usually  added. 

The  coloring  particles  of  Brazil-wood  are  easily  affected,  and  made  yellow  by  the  action 
of  adds. 

They  thus  become  permanent  colors.  But  what  distinguishes  them  from  madder  and 
icermes,  and  approximates  them  to  cochineal,'  is  their  reappearing  in  their  natural  color, 
when  they  are  thrown  down  in  a  state  of  combination  with  alumina,  or  with  oxyde  of  tin. 
These  two  combinations  9eem  to  be  the  fittest  (or  rendering  them  durable.  It  is  requisite, 
therefore,  to  inquire  what  circumstances  are  best  calcclikied  to  promote  the  fomation  of 
these  combinations,  according  to  the  nature  of  tLe  stuff. 

The  astringent  principle,  likewise,  seems  to  contribute  to  the  permaneuec  of  the  col<v- 
ing  matter  of  Brazil-wood ;  but  it  deepens  its  hue,  and  can  only  be  employed  for  light 
'shades. 

The  coloring  particles  of  Brazil-wood  are  very  sensible  to  the  action  of  alkalis 
which  give  them  a  purple  hue  j  and  there  are  several  processes  in  which  the  alkalis^ 
either  fixed  or  volatile,  are  used  for  forming  violets  and  purples.  But  the  colors  ob- 
tained by  these  methods,  which  may  be  easily  varied  acoonling  to  the  purpose,  are 
perishable,  and  possess  but  a  transient  bloom.  The  alkalis  appear  not  to  injure 
the  colors  derived  from  madder,  but  they  accderete  the  destruction  of  most  other 
colors. 

In  Ens^Iand  and  Holland  the  dye-woods  are  reduced  to  powder  by  means  of  mills  erected 
for  the  purpose. 

The  bright  Aigitive  red,  called  fancy  red,  is  given  to  ootton  by  Nicaragua,  or  peach- 
wood,  a  cheap  kind  of  Brazil-wood. 

The  cotton  being  scoured  and  bleached,  is  boiled  with  sumach.  It  is  then  impregna- 
ted with  a  solution  of  tin  (at  &*  Banm6,  accordjns^to  Vitalis).  It  should  now  be  washed 
slightly  in  a  weak  bath  of  the  dyeing  wood,  and,  lastly,  worked  in  a  somewhat  stale  infa* 
sion  of  the  peach  or  Brazil  wood.  When  the  temperature  of  this  is  lukewarm,  the  dye  is 
said  to  take  better.  Sometimes  two  successive  immersions  in  the  bath  are  given.  It  is 
now  wrune  out,  aired,  washed  in  water,  and  dried. 

M.  Vitalis  says,  Uiat  his  solutbn  of  tin  is  prepared  with  two  ounces  of  tin  and  a  pound 
of  aqua  regia  niade  with  two  parts  of  nitric  acid  at  24^  Baume,  and  three  parts  of  muri- 
atic acid  at  22*. 

For  a  rose  color,  the  cotton  is  alumed  as  usual,  and  washed  from  the  alum.  It  then 
gets  the  tin  mordant,  and  is  again  washed.  It  is  now  turned  through  the  dye-bath,  an 
operation  which  is  repeated  if  necessary. 

For  purple,  a  little  alum  is  added  to  the  Brazil  bath. 

1.  For  amaranth,  the  cotton  is  strongly  galled,  dried,  and  washed. 
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Sl  It  is  pttssed  thrmigh  the  bladt  cask  (tonne  au  noir,)  -see  Black  Dyt,  till  it  has  takep 
ft  fltnms  gray  shade. 

3.  It  receives  a  bath  of  lime-water. 

4.  Mordant  of  tin. 

5.  Djeiiur  in  the  Bmzil--wood  bath. 

6.  The  two  last  operations  are  repeated. 

Dingier  has  endeayored  to  separate  the  coloring  matter  of  the  different  sorts  of  Brazil- 
woody  so  as  to  obtain  the  same  tint  from  the  coarser  as  from  the  best  Pernambnco.  His 
process  consists  in  treating  the  wood  with  hot  water  or  steam,  in  concentrating  the  de- 
tection so  as  to  obtain  14  or  15  pounds  of  it  from  4  podnds  of  wood,  allowing  it  to  cool, 
and  pouring  into  it  tw6  pounds  of  skim  miJk ;  agitating,  then  boiling  for  a  few  minutes, 
and  filtering.  The  dun  coloring  matters  are  precipitated  by  Ihe  coagulation  of  the 
caseous  substance.  For  dyeing,  the  decoctions  must  be  diluted  with  water ;  for  printing 
they  must  be  concentrated,  so  that  4  pounds  of  wood  shall  ftirnish  only  5  or  6  pcmnds  of 
decoction,  and  the  liquor  may  be  thickened  in  the  ordinary  way.  These  decoctions  may 
be  employed  immediatdy,  as  by  this  treatment  they  hare  acquired  the  same  property  as 
they  otherwise  could  get  only  by  being  long  kept.  A  slight  fermentation  is  said  to  im- 
proTe  the  color  of  these  decoctions;  some  ground  wood  is  put  into  the  decoction  to  favor 
this  process. 

As  gelatine  produces  no  precipitate  with  these  decoctions,  they  consequently  contain 
00  tannin.  Gall-nuts,  however,  sumach,  the  bark  of  birch  or  alder,  render  the  color  of 
Brazil-wood  more  durable,  upon  alumed  linen  and  cotton  goods,  but  the  shade  is  a  little 
daiker. 

In  dyeing  wool  with  Pemambuco,  the  temperature  of  the  bath  should  never  be  above 
ISCP  Fahr.,  since  higher  heats  impair  the  color. 

According  to  Dingier  and  Kurrer,  bright  and  fast  scarlet  reds  may  be  obtained  upon 
wool,  by  preparing  a  decoction  of  60  pounds  of  Brazil-wood  in  three  successive  boils, 
and  setting  the  decoction  aside  for  3  or  4  weeks  in  a  cool  place ;  100  pounds  of  the  Wfiol 
are  then  alumed  in  a  bath  of  22  pounds  of  alum  and  1 1  pounds  of  tartar,  and  afterwards 
rinsed  in  cold  water.  Meanwhile  we  fill  two  thirds  with  water,  a  copi>er  containing  30 
pails,  and  heated  to  the  temperature  of  150^  or  160"  F.  We  pour  in  3  paHfuls  of  the  de- 
coction, heat  to  the  same  point  again,  and  introduce  30  i>ounds  of  wool,  which  does  not 
take  a  scarlet,  but  rather  a  crimson  tint.  This  being  removed,  2  pails  of  decoction  are 
put  in,  and  30  pounds  of  wool,  which  becomes  scarlet,  but  not  so  fine  as  at  the  third  dip. 
If  the  dyer  strengthens  the  color  a  little  at  the  first  dip,  a  little  more  at  the  second,  and 
Kkis  at  the  third  and  fourth  the  quantity  of  decoction  merely  necessary,  he  will  obtain  a 
uniform  scarlet  tint.  With  50  pounds  of  Pemambuco  1000  pounds  of  wool  may  be  dyed 
seaiiet  in  this  way,  and  with  the  deposites  another  100  may  be  dyed  of  a  tile  color.  An 
addition  of  weU  renders  the  color  faster  but  less  brilliant 

Karkutscb  says  the  dye  may  be  improved  by  adding  some  ox-gall  to  the  bath. 

In  dyeing  cotton  the  tannin  and  gallic  acid  are  two  necessary  mordants,  and  the  color 
is  particularly  bright  and  durable,  when  the  cloth  has  been  prepared  with  the  oily  process 
oTTorkey  red. 

It  is  said  that  stale  urine  heightens  the  color  of  the  Brazil  dye  when  the  ground  "woo^ 
m  moistened  with  it. 

The  quantity  of  Brazil  or  Nicaragua  wood  imported  into  the  United  Kingdom  in  1835, 
was  6,1^2  tons,  whereof  1,811  were  exported;  of  Brazilietto  230  tons.  The  duty  upon 
the  tint  article  is  5«.  per  ton. 

AREAD   (Pam,  Fr. ;   Brdd,  Germ.)  is  the  spongy  mass  produced  by  baking  the 
leavened  or  fermented  dough  offbeat  or  rye  flour,  at  a  proper  heat.    It  is  the  prinoipal' 
(bod  of  highly  civilized  nations.    The  skilful  preparation  of  this  indispensable  article  con- 
siitates  the  art  of  the  Baker.     Dough  baked  without  being  fermented  constitutes  cakes 
or  biscuits ;  but  not  bread  strictly  speaking. 

Pliny  informs  us,  that  barley  was  the  only  species  of  com  at  first  used  for  (bod;  and' 
even  aher  the  method  of  reducing  it  to  flour  had  been  discovered,  it  was  long  before 
mankind  learned  the  art  of  converting  it  into  cakes. 

Ovens  were  first  invented  in  the  East.  Their  construction  was  understood  by  the 
Jews,  the  Greeks,  and  the  Asiatics,  among  whom  baking  was  practised  as  a  distinct- pro- 
fession. In  this  art,  the  Cappadocians,  Lydians,  and  Phoeniciansj  are  said  to  have  par^ 
ticalariy  excelled.  It  was  not  till  about  580  years  after  the  foundation  of  Rome,  that 
these  artisans  passed  into  Europe.  The  Roman  armies,  on  their  return  from  Macedonia, 
brooght  Grecian  bakers  with  them  into  Italy.  As  these  bakers  had  handmills  beside 
their  ovens,  they  still  continued  to  be  caHed  piatonsy  from  the  ancient  practice  of  bruis- 
ing the  com  in  a  mortar;  and  their  bakehouses  were  denominated  piatoria.  In  the  time 
of  Angnstos  there  were  no  fewer  than  329  publicbakehouses  in  Rome ;  almost  the  whole 
of  wUeh  were  in  the  hands  of  Greeks,  who  long  continued  the  only  persons  in  that  city 
aenaiated  with  the  art  o£  baking  good  bread. 
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In  nothini;,  i>erhaj)Sy  is  the  ^'ise  and  caations  policy  of  the  Roman  gorcniinent  more 
remarkably  displayed,  than  in  the  regulations  which  it  imposed  on  the  bakers  within 
the  city.  To  the  foreign  bakers  who  came  to  Rome  with  the  army  from  Macedonia,  a 
number  of  freedmen  were  associated,  forming  together  an  incorporation  from  which 
neither  they  nor  their  children  could  separate,  and  of  which  even  those  who  married  the 
daughters  of  bakers  were  obliged  to  become  members.  To  this  incorporation  were  in- 
trusted all  the  mills,  utensils,  slaves,  animals,  every  thing,  in  short,  which  belonged  to 
the  former  bakehouses.  In  addition  to  these,  they  received  considerable  portions  of  land ; 
and  nothing  was  withhek],  which  could  assist  them  in  pursuing,  to  the  best  advantage, 
their  highly  prized  labors  and  trade.  The  practice  of  condemning  criminals  and  slaves, 
for  petty  offences,  to  work  in  the  bakehouse,  was  stUl  continued ;  and  even  the  judees  of 
Africa  were  bound  to  send  thither,  every  five  years,  such  persons  as  had  incurred  that 
kind  of  chastisement.  The  bakehouses  were  distributed  throughout  the  fourteen  dinsions 
of  the  city,  and  no  baker  conld  pass  from  one  into  another  without  special  permission. 
The  public  granaries  were  committed  to  their  care;  they  paid  nothing  for  the  corn  em- 
ployed in  baking  bread  that  was  to  be  given  in  lai^ess  to  the  citizens;  and  the  price  of 
the  rest  was  regulated  by  the  magistrates.  No  corn  was  given  out  of  these  granaries  ex- 
eept  for  the  bakehouses,  nnd  for  the  private  use  cf  the  prince.  The  bakers  had  besides 
private  granaries,  in  which  they  deposited  the  erain,  which  they  had  taken  from  the  pub- 
lic granaries  fur  immediate  use ;  and  if  any  of  them  happened  to  be  convicted  of  having 
diverted  any  portion  of  (he  grain  to  another  purpose,  he  was  condemned  to  a  ruinous  fine 
of  five  hundred  pounds  wei^iht  of  gold* 

Mo^t  of  the?e  regnlations  were  soon  introduced  among  the  Gauls;  but  it  was  long  be- 
fore they  fuund  thtir  wny  into  the  more  northern  countries  of  Knrope.  Borrichius  informs 
us  that  in  Sweden  and  Norway,  the  only  bread  known,  so  late  as  the  middle  of  the  ]6tli 
centur}',  was  unleavened  cakes  kneaded  by  the  women.  At  what  period  in  our  own  his* 
tory  the  art  of  baKin<r  bccair.c  a  separate  profession,  we  have  not  been  able  to  ascertain  | 
but  this  profession  is  now  comnicn  to  all  the  countries  in  Europe,  and  the  process  pf 
baking  is  also  nearly  the  same. 

The  French,  who  particularly  excel  in  the  art  of  baking,  have  a  great  many  difiOirent 
kinds  of  bread.  Their  pain  bis,  or  brown  bread,  is  the  coarsest  kind  of  all,  and  is  made 
of  coarse  groats  mixed  with  a  portion  of  white  flour.  The  pain  bit  blanc,  is  a  kind  of 
bread  between  white  and  brown,  made  of  white  flour  and  fine  groats.  The  pain  blttnCf 
or  white  bread,  is  made  of  white  flour,  shaken  through  a  sieve  aAer  the  finest  flour  has 
been  separated.  The  />am  mollet,  or  soil  bread,  is  made  of  the  purest  flour  without  any 
admixture.  The  pain  chaland,  or  customers'  bread,  is  a  very  white  kind  of  bread,  made 
of  pounded  paste.  Pain  chapele,  is  a  small  kind  of  bread,  with  a  well-beaten  and  very 
light  paste,  seasoned  with  butter  or  milk.  This  name  is  also  given  to  a  small  bread,  from 
which  the  thickest  crust  has  been  removed  by  a  knife.  Pain  corwa,  is  a  name  given  by 
the  French  bakers  to  a  kind  rf  bread  made  with  four  corners,  and  l^metimes^more.  Of 
all  the  kinds  of  small  bread,  this  has  the  strongest  and  firmest  .|)aste.  Pain  d  la  nine, 
queen's  bread,  pain  a  la  Sigorie,  pain  chapele,  and  pain  romn,  are  all  small  kinds  of  bread, 
dififering  only  in  the  lishtness  or  thickness  of  the  paste.  Pain  gniau  is  a  small  very 
white  bread  mode  now  in  Paris,  from  the  flour  separated  aAer  a  ^ight  grinding  from  the 
l>est  wheat.    Such  flour  is  in  hard  granular  particles. 

In  this  country  we  have  fewer  varieties  of  bread,  and  these  differ  chiefly  in  their  de- 
grees of  purity.  Our  while  or  fine  bread  is  made  of  the  purest  flour;  our  wbeatea 
bread,  of  flour  with  a  mixture  of  the  finest  bran;  and  our  household  bread,  of  the  whole 
substance  of  the  grain  without  the  separation  either  of  the  fine  flour  or  coarse  bran.  We 
Jiave  also  symnel  bread,  manchet  or  roll  bread,  and  French  bread,  which  are  all  made  of 
the  purest  flour  from  the  finest  wheat;  the  roll  bread  being  improved  by  tlie  addition  of 
-milk,  and  the  French  bread  by  the  addition  of  eggs  and  butter.  To  these  may  be  added 
^ngerbread,  a  cake  made  of  flour,  with  almonds,  liquorice,  aniseed,  rose-water,  and  sugar 
or  treacle;  and  mastlin  bread,  made  of  wheat  and  rye,  or  sometimes  of  wheat  and  barley. 
We  have  various  kinds  of  small  bread,  having  various  names,  according  to  their  vaiious 
fams.  They  are,  in  general,  extremely  light,  and  are  sweetened  with  sugar,  currants, 
md  other  palatable  ingredients.  In  Scotland  there  is  a  cake  called  $hort  bread,  made 
ihai  a  pretty  thick  dough,  enriched  with  butter,  sweetened  with  sugar,  and  seasoned  with 
ormge  peel,  or  other  kinds  of  spices. 

The  process  of  making  bread  is  nearly  the  same  in  all  the  countries  of  modem  Europe ; 
thosgh  the  materials  of  which  it  is  composed  vary  with  the  farinaceous  productions  of 
dififerent  climates  and  soils.  The  flour  of  wheat  is  most  generally  employed  for  this  pur- 
pose, wherever  that  vegetable  can  be  reared.  This  flour  is  composed  of  a  small  portion 
of  ntucilaginous  saccharine  matter,  soluble  in  eold  water,  from  which  it  may  be  separated 
by  evaporation ;  of  a  great  quantity  of  starch,  which  is  scarcely  soluble  in  cold  water,  bat 
capable  of  combining  with  that  fluid  by  means  of  heat ;  and  an  adhesive  gray  substaace 
called  gluten,  insoluble  in  water,  ardent  spirit,  oil,  or  ether,  and  resembling  aa 
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nJbsUnee  in  m&ny  of  its  properties.  Flour  kneaded  with  water,  forms  a  tongh  and  rather 
indigestible  paste  oontaining  all  the  constituent  parts  which  we  have  enumerated.  Heat 
produces  a  considerable  change  on  the  glutinous  part  of  this  compound,  and  renders  it 
more  easy  of  mastication  and  digestion.  Still,  however,  it  continues  heavv  and  tough, 
compared  with  bread  which  is  raised  by  leaven  or  yeast.  Leaven  is  nothing  more  than  a 
piece  of  dough,  kept  in  a  warm  place  till  it  undergoes  a  process  of  fermentation ;  swelling, 
becoming  spongy,  or  full  of  air  bubbles,  at  length  disengaging  an  acidulo^spirituous  va- 
por, and  contracting  a  sour  taste.  When  this  leaven  is  mingled  in  pVopcr  proportions 
with  fresh-made  dough,  it  makes  it  rise  more  readily  and  eAectually  than  it  would  do 
akme,  and  gives  it  at  the  same  time  a  greater  degree  of  firmness.  Upon  the  quality  of 
the  leaven  employed,  the  quality  of  the  bread  materially  depends. 

The  principal  improvement  which  has  been  made  on  bread  in  modem  times,  is  the 
snbstitation  of  yeast  or  barm  in  place  of  coinmon  leaven.  This  yeasi  is  the  viscid  froth 
that  rises  to  the  surface  of  beer,  in  the  first  stage  of  its  fermentation.  When  mixed  with 
the  dough,  it  makes  it  rise  much  more  speedily  and  effectually  than  ordinary  leaven, 
md  the  bread  is  of  course  much  lighter,  and  freer  from  that  sonr  and  disagreeable  taste 
which  may  oAen  be  perceived  in  bread  raised  with  leaven,  either  because  too  much  is 
ningied  with  the  paste,  or  because  ii  has  been  allowed  to  advance  too  far  iii  the  process 
of  fermentation. 

Bread  properly  raised  and  baked  differs  materially  from  unleavened  cakes,  not  only  in 
being  less  compact  and  heavy,  and  more  agreeable  to  the  taste,  but  in  losing  its  tena- 
cams  and  glotinoas  qualities,  and  thus  becoming  more  salutary  and  digestible. 

We  po»e8S  several  analyses  of  wheat  flour.  Ordinary  wheat  (triiicum  hybemum 
miad  icitk  triiicum  turgidum)  contains,  according  to  the  analyses  made  by  Vanquelin 
of  several  species  of  wheat  flour,  the  following  substances  : — 


SpeciM  of  Wheat. 


French  wheat  flour  -    - 

Hard  wheat  of  Odessa 

flour-    .     -    -    -    - 

Soft  wheat   of  Odessa 
flour-    -     -    -    -    - 

Same  sort  of  flour   -    - 

Same  sort  of  flour  -    - 

Wheat  of   the  French 

bakers  .    -    -    -    - 

Flour  of  the  Paris  hos- 
pitals (2d  quality)     - 
Ditto  (3d  quality)    -     - 


Wa«^r. 

Gtuirii. 

Suich. 

Sugar. 

Gum. 

Bran. 

m 

Toial. 

Watar 
of  doof h 

10*0 

10-96 

71-49 

4-72 

3-32 

100-49 

60-3 

12-0 

14-55 

56-50 

8-48 

4-90 

2-3 

98-73 

51-2 

100 

8*0 

12-0 

J  2-00 

12-10 

7-30 

62-00 
70-84 
72-00 

7-56 

4-:>o 

5-42 

5-80 
4-60 
3-CO 

1-2 

98-42 
100-41 
100-02 

54-8 
37-4 
37-2 

10-0 

10-20 

72-80 

4-20 

2-80 

m 

100-00 

40-6 

8-0 
12-0 

10-30 
902 

71-20 
67-78 

4-80 
4-80 

3-60 
4-60 

2-0 

97-90 
100-21 

37-8 
37-8 

The  following  table  of  analyses  merits  also  a  place  here 

• 

Spaeiea  of  Flour. 

Water. 

Gluten. 

Starch. 

Sujar. 

Gammiglaten. 

Albanian. 

Bran. 

Flour  of  the  triticum  spelta 
Ditto  triticom  hybemum 
Ditto  common  wheat  -    - 
Ditto    wheat     and    rye 
mixed  (mastlin)     -    - 

1 
1 

6 

22« 
12-5 
9-80 

74- 
68- 
74-5 

75-50 

5-50 
5-0 
12- 

4-22 

1- 
2' 

3^28 

1»50 
1-50 

1-2 

The  first  two  of  the  above  analyses  were  made  by  Vogel,  the  third  by  Proust,  and  the 
fcorth  by  Vaoquelin. 
Analyses  of  the  flour  of  some  other  corns. 


Specie*  of  floor. 

Surch. 

Mnirilage. 

Gluten. 

Albanian. 

Sagar. 

Httik. 

Hordein. 

Wkte  Oatmeal    -    .    - 

59-00 

2-6 

4-30 

8-25 

Of  a  fat  oil, 
2 

Barley  meal  .... 

32*00 

9- 

3- 

- 

Of  rrijn, 

2 

00 

The  flrst  analysis  is  by  Vogel,  the  second  by  Proust. 

b  deserves  to  be  remarked,  that  the  flour  of  Odessa  contains  a  much  greater  quantity 
of  M^r  than  the  French  flour.    The  substance  indicated  in  the  preceding  table  by  the 
!  of  ghitCB,  is  the  gluten  of  Beeearia ;  that  is  to  say,  a  mixture  of  glutea  and  vegctabla 
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ftlbumen.  The  ^g1lm  of  wheat  is  not  quite  identical  with  ordinary  gun.  It  is  a  browa 
azotized  substance,  which,  when  treated  by  nitric  acid,  affords  no  mucic  acid,  but  auilie 
ttcid  and  the  bitter  piinciple  of  Welter.    It  contains  brides  superphosphate  of  lime. 

The  last  column  of  the  first  table  exhibits  the  quantity  of  water  necessary  to  convert 
the  flour  into  dough  of  the  ordinary  consistence,  and  it  is  usually  proportional  to  the 
quantity  of  gluten.  The  hard  wheat  of  Odessa  forms  an  exception  in  this  respect ;  the 
reason  of  the  difference  being  that  the  starch  contained  in  this  flour  is  not  as  in  or- 
dinary floor  in  a  fine  powder,  but  in  small  transparent  grains,  which  resemble  pounded 
gum,  and  absorb  less  water  than  pulverulent  starch. 

The  triticum  monococeon,  according  to  Zenneck,  contains  in  its  unsided  flour,  16*334 
of  glaten  and  vegetable  albumen ;  64*838  of  starch ;  1 1*347  of  gum,  sugar,  and  extractive} 
7*481  of  husks.  The  sifted  flour  affords  15*536  of  gluten  and  vegetable  albumen  f 
76*459  of  starch;  7*198  of  sugar,  gum,  and  extractive;  0*807  of  husky  matter.  It  is 
difficult  to  conceive  how  such  great  quantities  of  gluten,  albumen,  and  extractive  matter 
,  could  disappear  in  the  sifting.  The  triticum  spelta  contains  in  100  parts  of  the  finest 
flour,  22*5  of  a  soft  and  humid  gluten,  mixed  with  vegetable  albumen ;  74  of  starch,  and 
5-5  of  sugar.    Here  we  have  an  excess  of  2  parts  in  the  J 00. 

Wheat  furnishes  very  little  ashes  by  incineration,  not  more  than  0*15  per  cent,  of  the 
weight;  containing  superphosphates  of  soda,  lime,  and  magnet^ia. 

llie  object  of  baking  is  to  combine  the  dmen  and  starch  of  the  flour  into  a  homo- 
geneous substance,  and  to  excite  such  a  vinous  fermentative  action,  by  means  of  its 
saccharine  matter,  as  shall  disengat;e  abundnnce  of  carbonic  acid  gas  in  it  for  making 
an  agreeable,  soft,  succulent,  sponey,  and  easily  digestible  bread  The  two  evils  to  be 
avoided  in  baking  are  hardness  on  the  one  hand,  and  pastiness  on  the  other.  Well-made 
bread  is  a  chemical  compound,  in  which  the  gluten  and  starch  cannot  be  recognised 
or  separated,  as  before,  by  a  stream  of  water.  When  flour  is  kneaded  into  a  dough, 
and  spread  into  a  cake,  this  cake,  when  baked,  will  be  homy  if  it  be  thin,  or  if  thick, 
will  be  tough  and  clammy ;  whence  we  see  the  value  of  that  fermentative  process,  which 
generates  thousands  of  little  cells  in  the  mass  or  crumb,  each  of  them  dry,  yet  tender 
and  succulent,  through  the  intimate  combination  of  the  moisture.  By  this  constitution 
it  becomes  easily  soluble  in  the  juices  of  the  stomach,  or,  in  other  words,  light  of  diges- 
tion. It  is  moreover  much  less  liable  to  turn  sour  than  cakes  made  from  unfermented 
dough. 

Rye,  which  also  forms  a  true  spongy  bread,  though  inferior  to  that  of  wheat,  consists 
of  similar  insured ien ts ;  namely,  61*07  of  starch J^  9*48  of  gluten;  3*28  of  vegetable 
albumen;  3*28  of  uncr^'stallizable  sugar;  11*09  of  gum;  6*38  of  vegetable  fibre;  the 
loss  upon  the  100  parts  umounted  to  5*62,  including  an  acid  whose  nature  the  analyst, 
M.  Einhof,  did  not  determine.  Rye  flour  contains  also  several  salts,  principally  the 
phosphates  of  lime  and  magnesia.  This  kind  of  grain  forms  a  dark-colored  bread 
reckoned  very  wholesome ;  comparatively  little  used  in  this  country,  but  very  much  in 
France,  Grermany,  and  Belgium. 

Dough  fermented  with  the  aid  either  of  leaven  or  yeast,  contains  little  or  none  of  the 
saccluuine  matter  of  the  flour,  but  in  its  stead  a  certain  portion,  nearly  half  its  weight, 
of  spirit,  which  imparts  to  it  a  vinous  Finell,  and  is  volatilized  in  the  oven ;  whence  it 
might  be  condensed  into  a  crude  weak  alcohol,  on  the  plan  of  Mr.  Hick's  patent,  were  it, 
worth  while.  But  the  increased  complexity  of  the  baking  apparatus  will  probably  prove 
an  effectual  obstacle  to  the  commercial  success  of  this  project,  upon  which  already  nit- 
wards  of  £20,000  sterling  have  been  squandered. 

That  the  sugar  of  the  flour  is  the  true  element  of  the  fermentation  preposterously 
called  panary,  which  dough  undergoes,  and  that  the  starch  and  gluten  have  nothing  to 
do  with  it,  may  be  proved  by  decisive  experiments.  The  vinous  fermentation  continues 
till  the  whole  suirar  is  decomposed,  and  no  longer ;  when,  if  the  process  be  not  checked 
by  the  heat  of  baking,  the  acetous  fermentation  will  supervene.  Therefore,  if  a  litde 
sugar  be  added  to  a  flour  which  contains  little  or  none,  its  dough  will  become  susceptible 
of  fermenting,  with  extrication  of  gas,  so  as  to  make  spongy  succulent  bread.  But  since 
fliis  sponginess  is  produced  solely  by  the  extrication  of  gas,  and  its  expansion  in  the  heat 
of  the  oven,  any  substance  capable  of  emitting  gas,  or  of  being  converted  into  it  under 
these  circumstances,  will  answer  the  same  purpose.  Were  a  solution  of  bicarbonate  of 
ammonia  obtained  by  exposing  the  common  sesqui-carbonate  in  powder  for  a  day  to  the 
air,  incorporated  with  the  dough,  in  the  subsequent  firing  it  will  be  converted  into 
vapor,  and  in  its  extrication  render  the  bread  very  porous.  Nay,  if  water  highly 
'  unpregnated  with  carbonic  acid  eas  be  used  for  kneading  the  dough,  the  resulting  braad 
will  be  somewhat  spongy.  CouM  a  light  article  of  food  be  prepared  in  this  way,  then 
as  the  sugar  would  remain  undecomposed,  the  bread  would  be  so  much  the  sweeter,  and 
tke  more  nourishing.  How  far  a  change  propitious  to  digestion  takes  place  in  the 
constitution  of  the  starch  and  gluten,  during  the  fermentative  action  of  the  dough,  has 
not  been    hitherto  ascertained  by  precise  experiments.    Medical  practitioners^ 


BREAD.  181 

an  enormous  revenue  from  dys;  epsid,  shouM  take  yome  pains  to  invest! ^'ate  Xhin 
iabjeet. 

Dr.  Colqnboan,  in  his  able  essay  upon  the  art  ofmakino  bread,  has  shown  that  its  texinve, 
w|ieo  prepared  by  a  sadden  formatioa  and  disengaj^emcnt  of  elastic  fluid  frenerated  within 
the  oTen,  differs  remarkably  from  that  of  a  loaf  which  has  been  made  aAcr  the  prepara- 
tory fermentation  with  yeast.  Bread  which  has  been  raised  wi|h  the  common  carbonate 
of  ammonia,  as  nsed  by  the  pastry-cooks,  is  porons  no  doubt,  but  not  sponsry  with  vesicu- 
lar spaces,  tike  that  made  in  the  ordinary  way.  The  former  kind  oC  bread  never  presents 
that  air-cell  stratification  which  is  the  boast  of  the  Parisian  baker,  but  which  is  almost  un- 
known in  London.  I  have  found  it,  moreover,  very  difficult  to  expel  by  the  oven  the  last 
portim  of  the  ammonia,  which  gives  both  a  tinze  and  a  taste  to  the  bread.  I  believe, 
however,  that  the  bicarbonate  would  be  nearly  free  from  this  objection,  which  operates 
•0  much  against  the  sesqui-earbonate  of  the  shops. 

In  opposition  to  Mr.  Edlm's  account  of  the  excellent  quality  of  bread  made  by  im- 
pregnating doosh  with  carbonic  acid  gas,*  Dr.  Colquhoun  adduces  Vogel's  experiments, 
which  show  that  such  dough,  when  baked,  after  having  been  kept  in  a  warm  situation 
daring  the  usual  time,  afforded  nothing  better  than  a  hard  cake,  which  had  no  resem- 
blance to  common  hre^d,  Vogel  farther  states,  as  illastrative  of  the  general  necessity 
of  providing  a  sufficient  supply  of  disengaged  elastic  fluid  within  the  dough,  before 
baking  it  at  all,  that  when  he  made  various  attempts  to  form  a  well-raised  vesicular  Ixm£, 
within  the  oven,  by  mixing  flour  with  carbonate  of  magnesia,  or  with  zinc  filings,  and 
then  kneadin?  it  into  a  paste  by  means  of  water,  acidulated  with  sulphuric  acid,  he  al- 
ways met  with  complete  failure  and  di$appoint4nent.  Dr.  Colquhoun  performed  a  series 
of  well-devised  experiments  on  this  subject,  which  fully  confirmed  Vogel's  results,  and 
prove  that  a  proper  sponpv  brea'l  cannot  be  made  by  the  agency  of  either  carbonic  acid 
water,  or  of  mixtures  of  sesqui-earbonate  of  soda,  and  tartaric  acid.  The  bread  proved 
doughy  and  dense  in  every  case,  though  less  so  with  the  latter  mixture  than  the  former. 
No  loaf  bread  can,  indeed,  be  well  made  by  any  of  these  two  extemporaneous  systems, 
becanse  they  are  inconsistent  with  the  thorough  kneading  of  the  dough.  It  is  this  pro- 
cesa  which  renders  dough  at  once  elastic  enough  to  expand  when  carbonic  acid  gas  is 
generated  within  it,  and  cohesive  enoush  to  confine  the  gas  when  it  is  generated.  The 
whole  gas  of  the  loaf  is  disengaged  in  its  interior  by  a  continuous  fermentation,  afXer  all 
the  processes  of  kneadin?  have  been  finished  ;  for  the  loaf,  aAer  being  kneaded,  weighed 
ont,  and  shaped,  is  set  aside  till  it  expands  gradually  to  double  its  bulk,  before  it  is  put 
into  the  oven.  But  when  a  dough  containing  sesqui-earbonate  of  soda  is  mixed  with  one 
containing  muriatic  acid,  in  due  pro^iortions  to  forni  the  just  dose  of  culinary  salt,  the  gas 
escapes  during  the  necessary  incorporation  of  the  two,  and  the  bread  formed  from  it  is 
dense  and  hard.  Dr.  Whiting  has,  however,  made  this  old  chemical  process  the  subject 
of  a  new  patent  for  baking  bread. 

When  the  baker  prepares  his  dough,  he  takes  a  portion  of  the  water  needed  for 
the  hatch,  having  raised  its  temperature  to  from  70^  to  lOCP  F.,  dissolves  a  certain 
proportion  of  his  salt  in  it,  then  adds  the  yeast,  and  a  certain  quantity  of  his  flour. 
This  mixture,  called  the  sponge,  is  next  covered  up  in  the  small  kneading-trough, 
alongside  of  the  large  one,  and  let  alone  for  Kiting  in  a  warm  situation.  In  about  an 
hoar,  signs  of  vinous  fermentntion  appear,  by  the  swelling  and  heaving  up  of  the  sponge, 
in  consequence  of  the  generation  of  carbonic  acid;  and  if  it  be  of  a  semi-liquid  con- 
sistence, large  air  bubbles  will  force  their  way  to  the  surface,  break,  and  disappear  in 
rapid  succession.  But  when  the  sponge  has  the  consistence  of  thin  dongk^  it  confines  the 
gas,  beeoDies  thereby  equably  and  progressively  inflated  to  double  its  original  volume ; 
when  no  longer  capable  of  containing  the  pent-up  air,  it  bursts  and  subsides.  This 
process  of  rising  and  falling  alternately  might  be  carried  on  during  twenty-four  hours, 
but  the  baker  has  learned  by  experience  to  guard  against  allowing  full  scope  to  the  fer- 
mentative principle.  He  generally  interferes  after  the  first,  or  at  furthest  afler  the 
second  or  third  dropping  of  the  sponge ;  for  were  he  not  to  do  so,  the  bread  formed  with 
snch  dough  would  be  invariably  found  sour  tu  the  taste  and  the  smell.  Therefore  he 
adds  at  this  stage  to  the  sponge  the  reserved  proportions  of  flour,' salt,  and  water,  which 
are  requisite  to  make  the  dough  of  the  desired  consistence  and  size ;  and  next  incor- 
porates the  whole  together  by  a  long  and  laborious  course  of  kneading.  When  this 
operation  has  been  continued  dll  the  fermenting  and  the  fresh  dough  have  been  intimately 
blended,  and  till  the  glutinous  matter  of  both  is  worked  into  such  union  and  consistence 
that  the  mass  becomes  so  tough  and  elastic  as  to  receive  the  smart  pressure  of  the 
hand  without  adhering  to  it,  the  kneading  is  suspended  for  some  time.  The  dough  is 
■ow  abandoned  to  itself  for  a  few  hours,  during  which  it  continues  in  a  state  of  active 
fermentation  throughout  its  entire  mass.  Then  it  is  subjected  to  a  second  but  much 
lets  laborious  kneading,  in  order  to  distribute  the  generated  gas  as  evenly  as  possible 
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among  its  parts,  so  that  they  may  all  partake  equally  of  the  Tesicolar  straetnre.  Aflef 
(his  second  kneading,  the  dough  is  weighed  out  into  the  portions  suitable  to  the  size  of 
01  ead  desired ;  which  are  of  course  shaped  into  the  proper  forms,  and  once  more  set 
aside  in  a  warm  situation.  The  continuance  of  the  fermentation  soon  disengages  a  fresh 
quantity  of  carbonic  acid  gas,  and  expands  the  lamps  to  about  double  their  pristine  volume. 
These  are  now  ready  for  the  oven,  and  when  they  finally  quit  it  in  the  baked  state,  are 
about  twice  the  size  they  were  when  they  went  in.  The  generation  of  the  due  quantity 
of  gas  should  be  complete  before  the  lumps  are  transferred  to  the  oven ;  because  wheneyer 
ttiey  encounter  its  heat,  the  process  of  fermentation  is  arrested ;  for  it  is  only  the  previ- 
ously existing  air  which  gets  expanded  throughout  every  part  of  the  loaf,  swells  out  its 
volume,  and  gives  it  the  piled  and  vesicular  texture.  Thus  the  we]l-bak«l  loaf  is  com- 
posed of  an  infinite  number  of  ceUules  filled  with  carbooic  acid  gas,  and  apparently  lined 
with  a  glutinous  membrane  of  a  silky  softness.  It  is  this  which  gives  the  light,  elastic, 
porous  constitution  to  bread. 

After  sufiering  the  fermentative  process  to  exhaust  itself  in  a  mass  of  dough,  and  the 
dough  to  be  brought  into  that  state  in  which  the  addition  of  neither  yeast,  nor  starch,  nor 
gluten  will  produce  any  efiect  in  restoring  that  action,  if  we  mix  in  4  per  cent,  of  saccha- 
rine matter,  of  any  kind,  with  a  little  yeast,  the  process  of  fermentation  will  immediately 
re-commence,  and  pursue  a  course  as  active  and  lengthened  as  at  first,  and  cease  about 
the  same  period.* 

This  experiment,  taken  in  connexion  with  the  facts  formerly  stated,  proves  that  what 
was  called  panary  fermentation,  is  nothing  but  the  ancient  and  weU-known  process  of  the 
vinous  fermentation  of  sugar,  which  generates  alcohol.  There  seems  to  be  but  one  ob- 
jection to  the  adoption  of  this  theory.  AAer  the  loaf  is  baked,  there  is  found  in  its  com- 
position nearly  as  much  saccharine  matter  as  existed  in  the  flour  before  fermentation. 
M.  Vogel  stales  that  in  the  baked  bread  there  remains  3*6  parts  of  sugar,  out  of  the 
5  parts  which  it  originally  contained.  Thus,  in  100  parts  of  loaf  bread  prepared  with 
wheaten  flour,  distilled  water,  and  yeast  without  the  admixture  of  any  common  salt,  he 
found  the  following  ingredients : — 

Sugar  ...  3*6 

Torrefied  or  gummy  starch  -        18*0 

Starch  -  -  -  53*5 

Gluten,  combined  with  a  little  starch,  20*75 
Exclusive  of  carbonic  acid,  muriate  of  lime,  phosphate  of  lime,  &c. 

It  must  be  borne  in  mind  that  in  every  loaf  the  process  of  fermentation  has  been  pre- 
maturely checked  by  the  baker's  oven,  and  therefore  the  saccharine  constituent  can  never 
be  wholly  decomposed.  It  seems  certain,  also,  that  by  the  action  of  gluten  upon  the 
starch  in  the  early  stage  of  the  firing,  a  quantity  of  sugar  will  be  formed  by  the  saccha- 
rine fermentation ;  which  we  have  explained  in  treating  of  Bekr. 

Several  masses  of  dough  were  prepared  by  Dr.  Colquhoun  in  which  pure  wheat  starch 
was  mixed  with  common  flour,  in  various  proportions.  In  some  of  the  lumps  this  starch 
had  been  gelatinized,  with  the  minimum  of  hot  water,  before  it  was  added  to  the  flour. 
After  introducing  the  usual  dose  of  salt,  the  dough  was  thoroughly  kneaded,  set  apart  for 
the  proper  period,  allowed  to  ferment  in  the  accustomed  way,  and  then  baked  in  the  oven. 
In  outward  appearance,  increase  of  bulk,  and  vesicular  texture,  noue  of  them  dififered 
materially  from  a  common  loaf,  baked  aJong  with  them  for  the  sake  of  comparison; 
except  that  when  the  starch  considerably  exceeded  the  proportion  of  flour  in  the  lump, 
the  loaf,  though  whiter,  had  not  risen  so  well,  being  somewhat  less  vesicular.  But,  on 
tasting  the  bread  of  each  loaf,  those  which  contained  most  gelatinized  starch  were  unex- 
pectedly found  to  be  the  sweetest.  The  other  loaves,  into  which  smaller  quantities  of 
the  gelatinized  starch  had  been  introduced,  or  only  some  dry  starch,  had  no  sweetish 
taste  whatever  to  distinguish  them  from  ordinary  bread.  These  facts  seem  to  establish 
the  conclusion,  that  the  presence  of  gelatinous  starch  in  bread  put  into  the  oven,  is  a 
means  of  forming  a  certain  portion  of  saccharine  matter  within  the  loaf,  during  the  bak- 
ing process.  Now  it  is  more  than  probable  that  gelatinized  starch  does  exi^t,  more  or 
less,  in  all  loaves  which  have  been  fermented  by  our  usual  methods,  and  hence  a  certain 
quantity  of  sugar  will  necessarily  be  generated  at  its  expense,  by  the  action  of  heat. 
Thus  the  difficulty  started  by  M.  Vogel  is  sufficiently  solved ;  and  there  remains  no  doubt 
that,  in  the  saccharine  principle  of  flour,  the  fermentation  has  its  origin  and  end,  while  dough 
is  under  fermentation. 

The  source  of  the  sourness  which  supervenes  in  bread,  under  careless  or  unskilful 
hands,  had  been  formerly  ascribed  to  each  of  all  the  constituents  of  flour ;  to  its  gluten, 
its  starch,  and  its  sugar;  but  erroneously,  as  we  now  see :  for  it  is  merely  the  result  of 
the  second  fermentation  which  always  succeeds  the  vinous,  when  pushed  improperly  too 
fiur.    It  has  been  oniyersally  taken  for  granted  by  authors,  that  the  acid  thus  generated 
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m  doqph  is  the  acetic.  Bat  there  appear  good  groands  to  believe  that  it  is  (Vequently 
a  less  irolatUe  acid,  probably  the  lactic,  paniculariy  when  the  process  has  been  tardy, 
from  the  imperfection  of  the  yeast  or  the  bad  quality  of  the  floar.  The  experiments  of 
Vogel,  Braconnot,  and  others,  prove  that  the  latter  acid  is  (generated  very  readily,  and  in 
eoosiderablc  quanli^r  daring  the  spontaneous  decomposition  of  a  great  many  vegetable 
substances,  when  in  a  state  of  hamidity.  The  presence  of  lactic  acid  would  account 
for  the  curious  fact,  that  the  acidity  of  unbaked  dough  is  much  more  perceptible  to  the 
taste  than  to  the  smell;  while  the  sourness  of  the  same  piece  of  bread,  after  coming  out 
of  the  oven,  is,  on  the  contrary,  much  more  obvious  to  the  olfactory  organs  than  to  the 
palate.  But  this  is  exactly  what  ought  to  happen,  if  the  lactic  acid  contribute^-,  in  con- 
junction  with  the  acetic,  to  produce  the  aeescence  of  the  dough.  At  the  ordinary  tem- 
peratnre  of  a  bakehouse,  the  former  acid,  though  veiy  perceptible  in  the  mouth,  is  not 
dutinguishable  by  the  nostrils ;  but  as  it  is  easily  decomposed  by  heat,  no  sooner  is  it  ex- 
posed to  the  high  temperature  of  the  oven,  than  it  is  resolved,  in  a  great  measure,  into 
aeetic  acid,*  and  thus  becomes  more  manifest  to  the  sense  of  smell,  and  less  to  that  of 
taste.  This  theory  seems  to  explain  satisfactorily  all  the  phenomena  accompanying  the 
ptogieas  of  fermentation  in  baker's  dough,  and  also  some  of  its  reanlts  in  the  process  of 
baking  which  do  not  easily  admit  of  any  other  solution. 

There  are  extremely  simple  and  effectual  methods  for  enabiinir  the  bakrr  to  adopt 
measures  either  to  prevent  or  correct  the  evil  of  acescence,  and  these  are  to  neutralize 
the  acid  by  the  due  exhibition  of  an  alkali,  such  as  soda ;  or  an  alkaline  earth,  such  as 
magnesia  or  chalk.  And  it  affords  a  striking  proof  of  how  much  the  artisan  has  been 
accustomed  to  plod,  uoinquiring  and  uninformed,  over  the  same  gronnd,  that  a  remedy 
so  safe  and  so  economical,  should  remain  at  this  day  unthooght  of  and  unemployed  by 
most  of  the  manufacturers  of  bread  in  the  United  Kingdom.  The  introduction  of  a 
small  portion  of  carbonate  of  soda  will  rectify  any  occasional  error  in  the  result  of  the 
so  called  panary  fermentation,  and  will,  in  fact,  restore  the  dough  to  its  pristine  sweet- 
ness. The  quantity  of  acetate  of  soda,  which  will  be  thus  present  in  the  bread,  will  be 
altogether  inconsiderable ;  and  as  it  has  no  disagreeable  taste,  and  is  merely  aperient  to 
the  bowels  in  a  very  mild  degree,  it  can  form  no  objection  in  the  eye  of  the  publie 
police.  The  restoration  of  dough  thus  tainted  with  acid,  and  its  conversion  into 
pleasant  and  wholesome  bread,  has  been  sufficiently  verified  by  experiment.  £at, 
aceording  to  Mr.  Edmund  Davy,  carbonate  of  magnesia  may  be  used  with  still  greater 
advantage,  as  during  the  slow  action  of  the  acid  upon  it,  the  carbonic  acid  evolved 
serves  to  open  np  and  lighten  bread  which  would  otherwise  be  dense  and  doughy  from 
the  indifferent  quality  of  the  flour.  Here,  however,  the  dangerous  temptation  lies  with 
a  sordid  baker  to  use  cheap  or  damaged  flour,  and  to  rectify  the  bread  made  of  it  by 
chemical  agents,  innocent  in  (.hemselves,  but  injurious  as  masks  of  a  bad  raw  material. 
When  soar  yeast  must  be  used,  as  sometimes  happens  with  the  country  bakers,  or  in 
private  houses  at  a  distance  from  beer  breweries,  there  can  be  no  harm,  but,  on  the 
contrary,  mnch  propriety,  in  correcting  its  acidity,  by  the  addition  of  as  much  carbonate 
of  ^oda  to  it  as  will  effect  its  neutralization,  but  nothing  more.  When  sour  yeast  has 
been  thus  corrected,  it  has  been  found,  in  practice,  to  possess  its  fermentative  power  un- 
impaired, and  to  be  equally  efficacious  with  fresh  formed  yeast,  in  making  good  palata- 
ble loaves. 

We  have  seen  that,  in  baking,  about  one  fourth  of  the  starch  is  converted  into  a 
matter  possessing  the  properties  of  British  gum  (see  Starch),  and  also  that  the  gluten, 
though  not  decomposed,  has  its  particles  disunited,  and  is  not  so  tough  and  adhesive  as 
it  is  in  the  flour.  This  principle  is  also,  as  we  have  said,  useful  in  cementing  all  the 
particles  of  the  dough  into  a  tenacious  mass,  capable  of  confining  the  elastic  fluid  gene> 
rated  by  the  vinous  fermentation  of  the  sugar.  Starch  is  the  main  constituent^  the  basis 
of  nourishment  in  bread,  as  well  as  in  all  farinaceous  articles  of  food.  The  albumen  al« 
so  of  the  wheat,  being  coagulated  by  the  heat  of  the  oven,  contributes  to  the  setting  of 
the  bread  into  a  consistent  elastic  body. 

In  the  mills  in  the  neighborhood  of  London,  no  less  than  seven  distinct  sorts  of  flouf 
tre  ground  oat  of  one  quantity  of  wheat.    These  are  for  one  quarter — 

Fine  flour     .--..-    5  bushels  3  peeks. 

Seconds 0  2 

Fine  middlings      .....    0  1 

Coarse  middlings       -        -        .        .         0  0*5 

Bran 3  0 

Twenty-penny  .....         3  0 

Pollard 2 

14  2-6 

*  Bcnelioi. 
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So  that  we  have  nearly  a  donUe  hulk  of  floar,  or  14  bnshels  and  2^  peeks  from  8  hashek 
of  wheat.  In  the  sifting  of  the  floar  through  the  hotter,  there' is  a  fine  white  angular  meal 
obtained  called  sharps,. which  forms  the  central  part  of  the  strain.  It  is  consumed  partly 
1>y  the  fine  biscuit  bakers.  The  bakers  of  this  country  were  formerly  bound  by  law  to  bake 
three  kinds  of  bread,  the  wheaieny  standard  wheaten,  and  the  household ;  marked  respee- 
tively  with  a  W,  S  W,  and  H,  and  if  they  omitted  to  make  these  marks  on  their  bread 
they  were  liable  to  a  penalty.  The  size  of  the  loaves  were  usually  peck,  half-peck, 
quartern,  and  half-quartern ;  the  weights  of  which,  within  48  hours  of  their  being  baked, 
should  luive  been  respectively  17  lbs.  6  oz.;  8  lbs.  11  oz. ;  4  lbs.  5  oz.  8  dr. ;  and  4  lbs. 
2  oz.  14  dr.  In  general  they  weigh  about  one  Seventh  more  before  tliey  enter  the  oven, 
or  they  lose  one  seventh  of  their  weight  in  baking.  The  French  brc^ad  loses  fully,  one 
sixth  in  the  oven,  owing  chiefly  to  its  more  oblong  thin  shape,  as  compared  to  the 
cubical  shape  of  the  English  bread.  But  this  loss  of  i^eight  is  very  variable,  being  de- 
pendant upon  the  quality  of  the  whealen  flour,  and  the  circumstances  of  baking.  The 
present  law  in  England  defines  the  quartern  loaf  at  4  lbs.,  and  subjects  the  baker  to  a 
penally  if  the  bread  be  one  ounce  lighter  than  the  standard.  Hence  it  leaves  the  baker, 
in  self-defence,  to  leave  it  in  rather  a  damp  and  doughy  state.  But  there  is  much  light 
bread  sold  in  London.  I  have  met  with  quartern  loaves  of  3  lbs.  10  oz.  A  sack  of  flour 
weighing  280  lbs.  was  presumed  by  the  framers  of  our  former  parliamentary  acts,  for  the 
assize  of  bread,  to  be  capable  of  being  baked  into  80  loaves.  If  this  proportion  had  been 
correct,  one  fifth  part  of  our  quartern  loaf  must  consist  of  water  and  s^alt,  and  four  fifths 
of  flour.  But  in  general,  of  good  wheaten  flour,  three  parts  will  take  up  one  part  of 
water ;  so  that  the  sack  of  flour  should  have  turned  out,  and  actually  did  turn  out,  more 
than  80  loaves.    At  present  with  4  lb.  bread  it  may  well  yield  92  loaves. 

The  following  statement  of  the  system  of  baking  at  Paris,  I  received  in  1835  from  a 
very  competent  judge  of  the  business. 

1,000  kilogrammes  of  wheat=5  quarters  English,  cost  200  fr.,  and  yield  800  kilos. 
of  flour  of  the  best  white  quality,  equivalent  to  5  J^  sacks  French.    Hence  the  sack  of 

flour  costs  40  francs  at  the  mill,  and  including  the  carriage  to  Paris,  it  costs  45  or  46 
francs. 

The  profit  of  the  flour  dealer  is  about  3j^  francs,  and  the  sale  price  becomes  from  43  to 
50  francs. 

Bread  manufactured  firom  the  above ^ 

£    s»   d»        £.    Sm   dL 
One  day's  work  of  an  ordinary  baker,  who  makes  four  batches 

in  a  day,  consists  of  3  sacks  at  50  francs,  or  2^  sterling  each 

Salt  2f  lbs.  at  2</.  per  lb.        -        - 

Yeast  or  leaven  3  lbs.  at  5(2.      - 

Total  cost  of  materials  .......  618^ 

Expenses  of  Baking, 
Three  workmen  at  different  rates  of  wages,  15  francs     -        -    0    12   0 
Fire-wood  0,  as  the  charcoal  produced  pays  for  it    - 
General  expenses,  such  as  rent,  taxes,  interest  of  capital,  &c.      0    12   0 

1     4    0   =    140 
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For  this  sum  315  loaves  are  made,  being  105  for  every  sack 
of  flour  weighing  156*66  kilos,  or  344^  lbs.  avoird.  One 
loaf  contains  therefore  '|^^.  =  3*282  lbs.,  and  as  100  lbs. 

of  flour  in  Parisian  baking  are  reckoned  to  produce 
127  lbs.  of  bread,  each  loaf  will  weigh  4*168  lbs.,  avoird., 
and  will  cost  7/.  6s.  S^d,  divided  by  315  =  5^(2.  very 
nearly.  The  value  of  315  loaves  at  the  sale  price  of  6d, 
will  be 7    17    6 


Upon  this  day's  work  the  clear  profit  is  therefore        -  •  0    1 1   6| 

A  new  baking  establishment  has  been  recently  formed  at  the  Boyal  Clarence 
Victualling  Establishment  at  Weevil,  near  Portsmouth,  upon  a  scale  of  magnitude  near- 
ly sufficient  to  supply  the  whole  royal  navy  with  biscuits,  and  that  of  a  very  superior 
description.  The  following  account  of  it  is  taken  from  the  United  Service  Journal. 
*'  It  having  been  discovered  that  the  floor  supplied  to  government  by  contract,  had  in 
many  instances  been  most  shamefully  adulterated,  the  com  is  ground  at  mills  comprised 
within  the  establishment,  by  which  means  the  introduction  of  improper  ingredients  is 
prevented,  and  precisely  the  proportion  of  bran  which  is  requisite  in  the  composition  of 
good  sea-biscuit  is  retained,  and  no  more.    The  flour-mill  is  furnished  widi  ten  pairs  of 
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ttaosMf  by  "wblc^  40  bushels  of  flour  may  be  groimd  and  dressed  ready  for  baking,  in  an 
hour.  Tbe  baking  establishment  consists  of  9  ovens,  each  13  feet  long  by  1  ]  feet  wide, 
and  l7i  inches  in  height.  These  are  each  heated  by  separate  furnaces,  so  constructed 
that  a  blast  of  hot  air  and  fire  sweeps  through  them,  and  gives  to  the  interior  the 
requisite  dose  of  heat  in  an  incredible  short  space  of  time.  The  first  operation  in 
m^ing  the  biseuits  consists  in  mixing  the  flour,  or  rather  meal  and  water ;  13  gallons  of 
water  are  first  introduced  into  a  trough,  and  then  a  sack  of  the  meal,  weighing  280  lbs. 
When  the  whole  has  been  poured  in  by  a  channel  communicating  willi  an  upper  room, 
a  bell  rings,  and  the  trough  is  closed.  An  apparatus  consisting  of  two  sets  of  what  are 
called  knives,  each  set  ten  in  number,  are  then  made  to  revolve  amongst  the  flour  and 
water  fay  means  of  machinery.  This  mixing  operation  lasts  one  minute  and  a  half, 
during  which  time  the  double  set  of  knives  or  stirrers  makes  twenty-six  revolutions.  The 
next  process  is  to  cast  the  lumps  of  dough  under  what  are  called  the  breaking-rollers, — 
hnge  cylinders  of  iron*  weighing  14  cwt.  each,  and  moved  horizontally  by  the  machinery 
akmg  stout  tables.  The  dough  is  thus  formed  into  large  rude  masses  6  feet  long  by  3 
feet  broad,  and  several  inches  thick.  At  this  stage  of  the  business,  the  kneading  is  stiU 
Tery  imperfect,  and  traces  of  dry  flour  may  still  be  detected.  These  great  masses  of 
don^h  are  now  drawn  out,  and  cut  into  a  number  of  smaller  masses  about  a  foot  and  a 
half  long  by  a  foot  wide,  and  again  thrust  under  the  rollers,  which  is  repeated  until  the 
mixture  is  so  complete  that  not  the  slightest  trace  of  any  inequality  is  discoverable  in  any 
lart  of  the  mass.  It  should  have  been  stated  that  two  workmen  stand  one  at  each  side 
of  the  rollers,  and  as  the  dough  is  flattened  out  they  fold  it  up^  or  double  one  part  upon 
another,  so  that  the  roller  at  its  next  passage  squeezes  these  parts  together,  and  forees 
them  to  mix.  The  dough  is  next  cut  into  small  portions,  and  being  placed  upon  large 
flat  boards,  is,  by  the  agency  of  machinery,  conveyed  from  the  centre  to  the  extremity  of 
the  bakin;^-room.  Here  it  is  received  by  a  workman,  who  places  it  under  what  is 
caHed  the  sheet  roller,  but  which,  for  size,  color,  and  thickness,  more  nearly  resembles 
a  blanket*  The  kneading  is  thus  complete,  and  the  dough  only  requires  to  be  cut  into 
biscuits  before  it  is  committed  to  the  oven.  The  cutting  is  effected  by  what  is  called 
the  eutting-plate,  consisting  of  a  net-work  of  52  sharp-edged  hexagonal  frames,  each  as 
huge  as  a  biscuit.  This  frame  is  moved  slowly  up  and  down  by  machinery,  and  the 
workman,  watching  lus  opportunity,  slides  under  it  the  above-described  blanket  of 
dough,  which  is  about  the  size  of  a  leaf  of  a  dining-table ;  and  the  cutting-frame  in  its 
descent  indents  the  sheet,  but  does  not  actually  «cut  it  through,  but  leaves  suflicient 
substance  to  enable  the  workman  at  the  mouth  of  the  oven  to  jerk  the  whole  mass  of 
biscuits  unbroken  into  ir.  The  dough  is  prevented  sticking  to  the  cutting-frame  by 
the  following  ingenious  device :  between  each  of  the  cutter-frames  is  a  small  flat  opdi 
frame,  moveable  up  and  down,  and  loaded  with  an  iron  ball,  weighing  several  ounces. 
When  the  great  frame  comes  down  upon  the  dough,  and  cuts  out  52  biscuits,  each  of 
th«e  minor  frames  yields  to  the  pressure,  and  is  raised  up  t  but  as  soon  as  the  great 
fbuue  rises,  the  weight  of  the  balls,  acting  upon  the  little  frames,  thrusts  the  whole 
blanket  oflf,  and  allows  the  workmen  to  pull  it  out.  One  quarter  of  an  hour  is  sufficient 
10  bake  the  biscuit,  which  is  afterwards  placed  for  three  days  in  a  drying  room,  heated 
to  89^  or  90^,  which  completes  the  process."  The  following  statement  of  the  per- 
formance of  the  machinery  is  taken  from  actual  experiment ;  in  1 16  days,  during  68  of 
i^ich  the  work  was  continued  for  only  7|  hours ;  and  daring  48,  for  only  5f  hours 
each  day,  in  all  769  working  hours,  equal  to  77  days  of  10  hours  each ;  the  following 
qoantfty  of  biscuit  was  baked  in  tbe  9  ovens,  viz. :  12,307  cwt.  =  1,378,400  lbs.  The 
wages  of  the  men  employed  in  baking  this  quantity  amounted  to  273^  10s,  9|(f. ;  if  it 
had  been  made  by  hand,  the  wages  would  have  been  933/.  9s,  lOd, ;  saving  in  the  wages 
<r  labor,  659/.  79.  O^d.  In  this,  is  not  included  any  part  of  the  interest  of  the  sum  laid 
out  upon  the  machine,  or  expended  in  keeping  it  in  order.  But  in  a  very  few  years,  at 
such  an  immense  rate  of  saving,  the  cost  of  the  engine  and  other  machinery  will  be 
repaid.  This  admirable  apparatus  is  the  invention  of  T.  T.  Grant,  Esq.,  storekeeper  of 
the  Royvd  Clarence  Victualling  Establishment,  who,  we  believe,  has  been  properly 
rewarded,  by  a  grant  of  2,000/.  from  government. 

The  labor  of  incorporating  the  ingredients  of  bread,  viz.,  flour,  water,  and  salt,  or 
kneading  dough,  is  so  great  as  to  have  led  to  the  contrivance  of  various  mechanical  modes 
of  producing  the  same  eflect.  Or.e  of  the  most  ingenious  is  that  for  which  a  patent  was 
obtained  in  August,  1830,  by  Mr.  Edwin  Clayton.  It  consists  of  a  rotatory  kneading 
trough,  or  rather  barrel,  mounted  in  bearings  with  a  hollow  axle,  and  of  an  interior 
frame  of  east  iron  made  to  revolve  by  a  solid  axle  which  passes  through  the  hollow  one; 
m  the  frame  there  are  cutters  diagonally  placed  for  kneading  the  dough.  The  revolving 
frame  and  its  barrel  are  made  to  turn  in  contrary  directions,  so  as  greatly  to  save  time 
and  equalise  the  operatk>n.  This  double  action  represents  kneading  bv  the  two  hands, 
in  which  the  dough  is  inverted  from  time  to  time,  torn  asunder,  and  reunited  in  every 
difierent  form.    The  mechanism  will  be  readily  understood  from  the  following  description. 
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barrtl,  info  whidi  the  fcraral  ingredients,  coniiilinf  of  flonr,  iraler,  and  yetal,  are  pot, 
whicb  barrel  is  mouniHi  in  the  (rame-wotlf  b,  iviih  hoUaw  ajles  c  end  d,  vhich  hollow 
ajiles  tarn  in  BUilBble  beajiiurs  at  < ;  /  is  the  revolving  frame  which  is  mounted  in  llic 
inleiioT  of  the  barrel  a,  by  ailes  g  and  k.  The  ends  of  Ihie  revolving  frame  are  fast- 
ened, or  bracisl  It^Fllier  by  means  of  the  obliqne  cullers  or  braces  t,  which  act  npon  the 
dough  when  the  machine  is  pat  in  motion,  and  thnii  cause  ihe  opnation  of  kneadin?- 

Either  the  barrel  may  be  niode  to  reTolre  withont  the  rotatory  frame,  or  the  nilaloiT 
frame  without  the  beriel,  or  both  may  be  made  to  revolve  together,  but  in  opposite  wayi. 
These  several  motions  may  be  obtained  by  meaoi  of  the  gear-work,  shown  at  k,  t,  and 
m,  as  will  be  presently  described. 

If  il  be  desired  to  have  the  revolving  motion  of  the  barrel  aod  rotatory  fhuH  together, 
but  in  conlrary  directions,  thai  motion  may  be  obtained  by  fastenini;  the  hollow  aile  of 
the  wheel  tn,  by  means  of  a  screw  n,  to  the  axle  h,  of  the  rotatory  frame  /,  light,  so  U 
Ihey  will  revolve  together,  ihe  other  wheels  fc  and  ( being  nsed  for  the  purpose  of  re- 
versing Ihe  motion  of  Ihe  barrel.  Il  wUl  then  be  found  that  by  turning  the  handla  o, 
Ihe  two  motions  will  be  obtained. 

If  il  be  desired  to  put  the  rotatory  frame  y,  only,  into  motion,  thai  action  will  be  ob- 
tained by  loosening  the  screw  n,  npon  the  axle  of  Ihe  wheel  m,  when  it  will  be  fonnd  thai 
Ihe  axle  h  will  be  made  to  revolve  freely  by  means  of  the  winch  o,  withont  giving  motion 
to  the  wheels  k,  t,  and  rn,  end  Ihu%  the  barrel  will  remain  stalionary.  If  the  rotatory 
aclioD  of  the  barrel  be  wanted,  it  will  be  obtained  by  turning  the  handle  p,  at  the  reverse 
end  of  the  machine,  which,  although  it  puts  the  gear  at  the  opposite  end  of  the  barrel 
into  motion,  yet  as  the  hollow  axle  of  (he  wheel  m  is  not  fastened  to  the  aile  A,  by  the 
(crew  n,  these  wheels  will  revolve  without  carrying  round  the  frame  /. 

M.  Euhlmann,  Professor  of  Chemistry  at  Lille,  having  been  called  upon  several  times 
by  the  couili  of  justice  to  examine  by  chemical  processes  breed  suspected  of  containing 
sntetances  injurious  to  health,  collected  some  ioleresling  facts  upon  the  subject,  which 
were  published  under  Ihe  direction  of  the  central  council  of  salabrily  of  the  deperiment 

For  some  lime  public  attention  had  been  drawn  lo  an  odious  (hiiid  commitled  by  a 
great  many  bailers  in  the  north  of  France  and  in  Belgium — the  inlrodnclion  of  a  eenaia 
qnantiiy  of  sulphate  of  copper  into  their  bread,  Whm  the  fiour  was  made  from  bad 
gnin  this  adulteration  was  very  generally  )iraclised,  as  was  proved  by  many  convictions 
and  confesraons  of  the  gajlly  persons.  When  the  dongh  does  not  rise  well  in  the  fer- 
IBentBtian  (/e  pain  potisjt  flat),  this  inconvenience  was  found  to  be  obviated  by  the  ad- 
dition of  blue  vitriol,  which  was  supposed  also  to  cause  the  fioor  to  retain  more  water. 
The  quantity  of  blue  water  added  is  extremely  small,  and  il  is  never  done  in  presence  of 
alrangcrs,  because  il  is  reckoned  a  valaable  seeret.  It  occasions  no  economy  of  yeast, 
bnt  rather  the  reveiee.  In  a  litre  (about  a  quart)  of  water,  an  ounce  of  sulphate  of 
copper  is  dissolved  ;  and  of  this  solution  a  wine-glass  fhll  is  mixed  with  the  water  neeec- 
tary  far  90  quarlern  or  4  pound  loaves. 

M.  Kuhlmann  justly  observes,  that  there  can  be  no  safety  whatever  to  the  public  when 
such  a  practice  is  permitted,  because  ignorance  and  avarice  are  always  apt  to  increase  thfi 
quantity  of  the  iwisonous  water.  In  analyses  made  by  him  and  bis  colleaeues,  porliona 
of  bread  were  several  limes  found  so  impregnated  with  the  above  salt  that  they  had  ac- 
quired a  blue  color,  and  presented  occasionally  even  small  crjstals  of  the  sulphate.  By 
acting  on  the  poisoned  bread  with  distilled  water,  and  testing  the  water  with  fenxMjya- 
nate  (prussiate)  of  polash.  the  reddish  brown  precipitate  or  tint  characteristic  of  copper 
will  appear  even  with  small  quantities.  Ehonld  Ihe  noxious  impregnation  be  still  more 
minvte,  Ihe  bread  should  be  treated  with  a  very  dilute  nitric  aeid,  either  directly  or  after 
iudncration  in  a  platinum  capsule,  and  the  solution,  when  concentrated  by  evaporatioB, 
■hould  be  tested  by  the  ferro-cyaaate  of  potash.  In  this  way,  a  one  scTcnly  thousandth 
part  of  snlphale  of  copper  may  be  detected. 
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M.  Kuhlmaim  deduces,  from  a  series  of  experiments  on  baking  with  various  small 
quantities  of  snlphate  of  copper,  that  this  salt  exercises  an  extremely  energetic  action 
upon  the  fermentation  and  rising  of  the  doagh,  even  when  not  above  one  seventy  thou- 
sandth  part  of  the  weight  of  the  bread  is  employed ;  or  one  grain  of  sulphate  for  ten  ponnds 
of  bread.  The  proportion  of  the  salt  which  makes  the  bread  rise  best  is  one  twenty  thou- 
sandth, or  one  grain  in  three  pounds  of  bread.  If  much  more  of  the  sulphate  be  added, 
the  bread  becomes  moist,  less  white,  and  acquires  a  peculiar  disagreeable  smell  like  that 
of  leaven.  The  increase  of  weight  by  increased  moisture  may  amount  to  one  sixteenth 
without  the  bread  appearing  sofler,  in  consequence  of  the  solidifying  quality  of  the  cop- 
per ;  for  the  acid  does  not  seem  to  have  any  influence ;  as  neither  sulphate  of  soda,  sul- 
phate of  iron,  nor  sulphuric  acid  have  any  analogous  power.  Alum  operates  like  blue 
vitriol  on  bread,  but  larger  quantities  of  it  are  required.  It  keeps  watery  and  raises  weUy 
to  use  the  bakers^  terms. 

When  alum  is  present  in  bread  it  may  be  detected  by  treating  the  bread  with  distilled 
water,  filtering  the  water  first  through  calico,  and  next  through  filtering  paper,  till  it  b^ 
comes  clear;  then  dividing  it  into  two  portions,  and  into  the  one  pouring  a  few  drops 
of  nitrate  or  muriate  of  barytes,  and  into  the  other  a  few  drops  of  water  of  ammonia.  In 
the  former  a  heavy  white  precipitate  indicating  sulphuric  acid  will  appear,  and  in  the 
latter  a  light  precipitate  of  alumina,  redissolublc  by  a  few  drops  of  solution  of  eaustie 
potash. 

When  chalk  or  Paris  plaster  is  used  to  sophisticate  flour,  they  may  be  best  detected  bf 
incinerating  the  bread  made  of  it,  and  examining  the  ashes  with  nitric  acid,  which  wiQ 
dissolve  the  chalk  with  effervescence,  and  the  Paris  plaster  without.  In  both  cases  the 
calcareous  matter  may  be  demonstrated  in  the  solution,  by  oxalic  acid,  or  better  by  oxa- 
late of  ammonia. 

lo  baking  pufi'-paste  the  dough  is  first  kneaded  along  with  a  certain  quantity  of  butter, 
then  n^led  oat  into  a  thin  layer,  which  is  coated  over  with  butter,  and  folded  face-wise 
many  times  together,  the  upper  and  under  surfaces  being  made  to  correspond.  This 
stratified  mass  is  again  rolled  out  into  a  thin  layer,  its  surface  is  besmeared  with  butter, 
and  then  it  is  folded  face-wise  as  before.  When  this  process  is  repeated  ten  or  a  dozen 
timefl,  the  dough  will  consist  of  many  hundred  parallel  lamins,  with  butter  interposed 
between  each  pair  of  pUites.  When  a  moderately  thick  mass  of  this  is  put  into  the  oven, 
the  elastic  vapor  disengaged  from  the  water  and  the  butter,  diffuses  itself  between  each 
of  the  thin  laminse,  and  causes  them  to  swell  into  what  is  properly  called  pulT-paste,  be- 
ing an  assemblage  of  thin  membranes,  each  dense  in  itself,  but  more  or  less  distinct  from 
the  other,  aad  therefore  forming  apparently,  but  not  really,  light  bread. 

One  of  the  most  curious  branches  of  the  baker's  craft  is  the  manufacture  of  ginger- 
bread, which  contains  such  a  proportion  of  molasses,  that  it  cannot  be  fermented  by 
means  of  yeast.  Its  ingredients  are  flonr,  molasses  or  treacle,  butter,  common  potashes, 
and  alum.  After  the  butter  is  melted,  and  the  potashes  and  alum  are  dissolved  in  a 
little  hot  water,  these  three  ingredients,  along  wiih  the  treacle,  are  poured  aAiong  the 
flonr,  which  is  to  form  the  body  of  the  bread.  The  whole  is  then  incorporate  by 
niztore  and  kneading  into  a  stifi*  dough.  Of  these  five  constituents  the  alum  is 
tfaonght  to  be  the  least  essential,  although  it  makes  the  bread  lighter  and  crisper,  and 
renders  the  process  more  rapid ;  for  gingerbread  dough  requires  to  stand  over  several 
days,  sometimes  8  or  10,  before  it  acquires  that  state  of  porosity  which  qualifies  it  for 
the  oren.  The  action  of  the  treacle  and  alum  on  the  potashes  in  evolving  carbonic  acid, 
seems  to  be  the  gasefying  principle  of  gingerbread ;  for  if  the  carbonate  of  potash  is 
withheld  from  the  mixture,  the  bread,  when  baked,  resembles  in  hardness  a  piece  of 
wood. 

Treacle  is  always  acidulous.  Carbonate  of  magnesia  and  soda  may  be  uf^ed  as  sub- 
ititntes  for  the  potashes.  Dr.  Colquhonn  has  found  that  carbonate  of  magnesia  and 
tartaric  acid  may  replace  the  potashes  and  the  alum  with  great  advantage,  affording  a 
gingerbread  folly  more  agreeable  to  the  taste,  and  much  more  wholesome  than  the 
eooimon  kind,  which  contains  a  notable  quantity  of  potashes.  His  proportions  are  one 
pound  of  flonr,  a  quarter  of  an  ounce  of  carbonate  of  magnesia,  and  one  eighth  of  an 
oonee  of  tartaric  acid;  in  addition  to  the  treacle,  butter,  and  aroniatic-«,  as  at  present 
vsed.  The  acid  and  alkaline  earth  must  be  well  diffused  through  the  whole  dough. 
The  magnesia  should,  in  fad,  be  first  of  all  mixed  with  the  flour.  Pour  the  melted 
batter,  the  treacle,  and  the  acid  dissolved  in  a  little  water  all  at  once  among  the  flour, 
aad  knead  into  a  consistent  dough,  which  being  set  aside  for  half  an  honr  or  an  hour  will 
be  ready  for  the  oven,  and  shonM  never  be  kept  unbaked  more  than  2  or  3  hours.  The 
ib1k>win«  more  complete  recipe  is  given  by  Dr.  Colquhoun,  for  making  thm  ginger* 
faread  cakes: — 

Ffenr  1  lb. 

Treacle  0| 

Raw  sugar         o| 
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Batter  2  os. 

Carbon,  magnesia 

Tartaric  acid 

Ginger 

Cinnamon  0^ 

Nntmeg  1 

This  eompotmd  has  rather  more  butter  than  common  thin  gingerbread. 
I  shall  here  insert  a  passage  from  my  Dictionary  of  Chemistry,  as  pubiic^ed  in  1821 1 
■s  it  may  prove  interesting  to  many  of  my  present  readers. 

**  Under  Process  of  Bakings  in  the  Supplement  to  the  Encyclopedia  Britannica,  we 
hate  the  following  statement : — *  An  ounce  of  alum  is  then  dissolved  over  the  fire  in  a 
tin  pot,  and  the  solution  poured  into  a  large  tub,  called  by  the  baiters  the  seasoning- 
tub.  Four  pounds  and  a  half  of  salt  ate  likewise  put  into  the  tub,  and  a  pailful  of  hot 
water.' — Foot  noit  on  this  passage, — ^  In  London,  \vhere  the  goodness  of  bread  is  esti- 
mated entirely  by  its  whiteness,  it  is  usual  with  those  bakers  who  employ  flour  of  an  in- 
ferior quality,  to  add  as  much  alum  as  common  salt  to  the  dough ;  or,  in  other  wordiL 
the  quantity  of  salt  added  is  diminished  one  half,  and  the  deficiency  supplied  by  an  equal 
weight  of  sdum.  This  improves  the  look  of  the  bread  very  much,  rendering  it  much 
whiter  and  firmer.' " 

In  a-  passage  which  we  shall  presently  quote,  our  author  represents  the  bakers  of 
London  in  a  conspiracy  to  supply  the  citizens  with  bad  bread.  We  may  hence  infer 
that  the  full  allowance  he  assigns  of  2}  pounds  of  alum  for  every  2}  pounds  of  salt,  will 
be  Adopted  in  converting  the  sack  of  flour  into  loaves.  But  as  a  sack  of  flour  weighs  280 
pounds,  and  furnishes  on  an  average  SO  quartern  loaves,  we  have  2|  pounds  divided  by 

80,  or  y^g^'"  =  197  grains,  for  the  quantity  present,  by  this  writer,  in  a  London 

quartern  loaf.  Yet  in  the  very  same  page  (39th  of  vol.  ii.)  we  have  the  ibllowing 
passage :  *'  Alum  is  not  added  by  all  bakers.  The  writer  of  this  article  has  been  assured 
by  several  bakers  of  respectability,  both  in  Edinburgh  and  Glasgow,  on  whose  testimony 
he  relies,  and  who  made  excellent  bread,  that  they  never  employed  'any  alum.  The  rea- 
son for  adding  it  given  by  the  London  bakers  is,  that  it  renders  the  bread  whiter,  and  en- 
ables them  to  separate  readily  the  loaves  Aom  each  other.  This  addition  has  been  alleged 
by  medical  men,  and  is  considered  by  the  community  at  large,  as  injurious  to  the  healthy 
by  occasioning  constipation.  But  if  we  consider  the  small  quantity  of  this  salt  added  by 
the  baker,  not  quite  5j^  grains  to  a  quartern  loaf,  we  will  not  readily  admit  these  allega- 
tions. Suppose  an  individu.nI  to  eal  the  seventh  part  of  a  quartern  loaf  a  day,  he  would 
only  swallow  eight  tenth?  of  n  j:rain  of  alum,  or,  in  reality,  not  quite  so  much,  as  half  a 
grain;  for  one  half  of  this  salt  consists  of  water.  It  seems  absurd  to  suppose  that  half  a 
grain  of  alum,  swallowed  at  diflTerent  times  during  the  course  of  a  day,  should  occasion 
constipation."  Is  it  not  more  absurd  to  state  2}  pounds  or  36  onnces,  as  the  alum  adul- 
teration of  a  sack  of  flour  by  the  London  bakers,  and  within  a  few  periods  to  reduce  the 
adulteration  to  one  ounce  7 

That  this  voluntary  abstraction  of  |^  of  the  alum,  and  substitution  of  superior  and 
more  expensive  flour,  is  not  expected  by  him  from  the  London  bakers,  is  suflSciently  evi- 
dent from  the  following  story.  It  would  appear  that  one  of  his  friends  had  invented  a 
new  yeast  for  fermenting  dough,  by  mixing  a  quart  of  beer  barm  with  a  paste  made  of 
ten  pounds  of  flour  and  two  gallons  of  boiling  water,  and  keeping  this  mixture  warm  for 
lix  or  eight  hours. 

'*  Yeast  made  in  this  way,"  says  he, ''  answers  the  purposes  of  the  baker  much  better 
than  brewers'  yeast,  because  it  is  clearer,  and  free  from  the  hop  mixture  which  sometimes 
ii^'ures  the  yeast  of  the  brewer.  Some  years  ago  the  bakers  of  London,  sensible  of  the 
superiority  of  this  artiflcial  yeast,  invited  a  company  of  manufacturers  from  Glasgow 
to  establish  a  manufactory  of  it  in  London,  and  promised  to  nse  no  other.  About 
5,000/.  accordingly  was  laid  out  on  buildings  and  materials,  and  the  manufactory  was 
begun  on  a  considerable  scale.  The  ale-brewers,  finding  their  yeast,  for  which  they  had 
drawn  a  good  price,  lie  heavy  on  their  hands,  invited  aU  the  journeymen  bakers  to  their 
cellars,  gave  them  their  fnll  of  ale,  and  promised  to  regale  them  in  that  manner  every 
day,  provided  they  would  force  their  masters  to  take  all  their  yeast  from  the  ale-brewers. 
The  journeymen  accordingly  declared,  in  a  body,  that  they  would  work  no  more  for  their 
masters  unless  they  gave  up  taking  any  more  yeast  from  the  manufactory.  The  masters 
were  obliged  to  comply ;  the  new  manufactory  was  stopped,  and  the  inhabitants  of  Lon- 
don were  obliged  to  continue  to  eat  worse  bread,  because  it  was  the  interest  of  the  ale- 
brewers  to  sell  the  yeast.  Such  is  the  influence  of  journeymen  bakers  in  the  metropolis 
of  England!" 

This  doleful  diatribe  seems  rather  extravagant;  for  surely  beer  yeast  can  derive 
nothing  noxious  to  a  porter  drinking  people,  from  a  slight  impregnation  of  hops ;  while 
it  must  form  probably  a  more  energetic  ferment  than  the  fermented  paste  of  the  new 
company,  which  at  any  rate  couU  be  prepared  in  six  or  eight  hours  by  any  baker  who 


btai  it  to  MUwer  hii  porpoM  of  making  ■  pletuant  eating  bread.  But  it  is  a  very  seriont 
Ihiu  for  a  laili  or  gentlemaa  of  MdcDlarr  habits,  or  inGriD  CDnttitulioD,  to  faaVE  their  di- 
fatiTc  process  daily  tiliiled  by  damaged  flour,  whileaed  with  197  grains  of  Bluin  per 
qoartoa  kwr.  Acidity  of  stomBCh,  indigestion,  flatulence,  headache*,  palpilallon,  costire- 
Hss,  and  urinary  ealeali  may  be  the  probable  conseqaence*  of  (be  habitual  Introdnclion 
of  so  much  aciduloas  and  acfacEDl  matter. 

I  hare  made  many  eiperimenls  upon  bread,  and  have  found  the  proportion  <f  alum  vtiy 
rariable.  Its  quanUly  eeems  to  be  proportional  to  the  badness  of  the  floari  and  hence 
*hcn  the  best  floor  is  used  no  stain  need  be  JDlroduced.  That  alam  is  not  necessary  for 
giTing  bresd  its  ntnuat  beaaly,  spOBginsss,  and  agreeablenessof  taste,  is  undoubted;  since 
the  bread  balied  al  a  Terr  extensire  establish  meat  in  Glasgow,  in  which  about  20  Ions  of 
dour  were  regniariy  convened  into  loaves  in  the  course  of  a  week,  united  every  quality 
of  appearance  with  an  ahaolute  freedom  from  that  acido-a»tringenl  diug.  Six  pounds  of 
salt  were  n&ed  for  every  tack  of  dour;  which,  fiom  its  good  qnalily,  generally  aflbtdcd 
K  or  Rl  gaartem  loaves  of  the  le^l  weight  of  four  pounds  five  onaMf  and  a  balT  each. 
Tbe  loaves  lost  nine  ounces  in  the  oven. 

Every  baker  ought  to  be  able  to  analyze  his  flour.  He  may  proceed  as  follows : — A  due* 
tile  paste  is  to  be  made  with  a  pound  of  the  flour  and  a  saflicipnt  quantity  of  water,  and 
Ml  at  rest  for  an  boori  then  baviog  tied  across  a  bowl  a  piece  of  silken  sieve-stuff,  a 
little  below  the  surface  of  Ibe  water  in  the  bowl,  the  paste  it  to  be  laid  upon  the  sieve  on 
a  level  wiih  the  water,  and  kneaded  lenderty  with  the  hand,  so  as  merely  tu  wash  the 
•larehy  panicles  out  of  it.  This  portion  of  the  flour  gets  immediately  diffused  (hrongh 
the  water,  aameoftbe  olhei  contlitoents  dissolve,  and  the  gluten  alone  remaint  upon  the 
fitter.  The  water  most  be  several  limes  renewed  llU  it  ceases  to  hteotae  milky.  The 
last  washings  of  the  gluten  are  made  oul  of  Ihe  sieve. 

Tke  whole  of  the  turbid  wathingt  aie  lo  be  put  into  a  tall  conical  gla°«  or  ttoaeware 
vesael,  and  allowed  to  remain  al  reit,  in  a  cool  place,  [ill  they  deposile  Ihe  starch.  The 
clear  supernatant  liquor  is  then  decanted  off.  The  depoute  eonsitts  of  starch,  with  a 
Ulle  ihiteii-  It  mOBl  be  washed  till  Ihe  water  settles  over  it  quite  clear,  and  then  it  U 
lobe  dried. 

The  Sltered  waters  being  evaporated  at  a  boiling  heal,  discover  flodcs  floating  Ihroogh 
Ibem,  which  have  be«n  supposed  by  some  to  be  albumen,  and  by  oiheit  gluten.  Al  la«^ 
pbosphale  of  lime  precipitates.  When  the  residunm  has  assumed  a  sirupy  consistence  ik 
the  coh),  it  is  to  be  miied  with  alcohol,  in  order  to  dissolve  out  its  augat.  Cold  water 
beiai-  added  tu  what  remains,  effects  a  soluliim  of  the  mucilage,  and  leaves  the  insolnUe 
uolized  matlrr  willi  the  phosphate  of  lime. 

By  ttih  inotle  of  analysis  a  minute  portion  of  resin  may  remain  in  the  gluten  and  in  the 
•ashing  waier  ;  the  glalea  retains  also  a  small  proportion  of  a  fixed  oil,  and  a  Toktile 
principle,  which  may  be  removed  by  alcohol.  If  we  wish  lo  procure  the  resin  alone,  WF 
■Dtl  first  of  all  treat  the  flour,  well  dried,  wiib  alcohol. 

When  com  floor,  pocH'  in  gluten,  is  lo  be  analysed,  the  dongh  matt  be  eackMcd  ia  « 
linen  bme,  kneaded  with  water,  and  washed  in  that  stale. 

In  analyzioE  barley.meal  by  llie  above  process,  hordtivt,  mixed  with  eomoiDii  starch,  it 
sbtaiocd  1  Ih^  may  be  separated  by  boiling  water,  which  dissolves  the  (larch,  and  leani 
it  hunieine  under  the  aspecl  et  saW'.duM. 
Fig.  ITO  ii  (he  plan  of  a  London  baker's  oven,  fired  with  cmJ  AieL 
Jig.  ITI  is  the  k>ngiludinal  teetion. 


B,  the  body  of  Ihe  oren;  b,  the  door;  c,  the  flre-grale  and  furnace;  d,  the  smokt 
lae;  t,  Ihe  flue  abovt  the  doiir,  to  carry  off  the  ileam  and  hot  air,  when  tHkinc  out  tho 
keod ;  /,  recess  below  the  door,  for  receiving  Ihe  Just ;  p,  dnmper  plale  to  shut  off  the 
Mnk  fine ;  k,  damper  plate  to  shut  off  smoke  fine,  ader  the  oven  hat  come  to  its  proper 
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heat;  t,  a  small  irca  ptn  over  the  jSre-plaee  e 
fur  heating  water;  k^  ash-pit  below  the  fur 
nace. 

Fig,  172  is  the  front  view ;  the  same  letters  re* 
ferto  the  same  objects  in  all  the  figures. 

The  flame  and  bnmt  air  of  the  fire  at  c,  sweep 
along  the  bottom  of  the  oven  by  the  right  hand 
side,  are  reflected  from  the  back  to  the  leA  hand 
side,  and  thence  escape  by  the  flue  d ;  (see  plan 
fig.  171.)  Whenever  the  oven  has  acquired  the 
proper  degree  of  heat,  the  fire  is  withdrawn,  the 

^, ^_ .  .  flues  are  closed  by  the  damper  plates,  and  the  lamps 

^o'^'^^^^^^^^i^^^^I^  of  fermented  dough  are  introduced. 
BR£CCIA,  an  Italian  term,  used  by  mineralogists  and  architects  to  designate  snch 
compound  stony  masses,  natural  or  artificial,  as  consist  of  hard  rocky  fragments  of  con- 
siderable size,  united  by  a  common  cement.  When  these  masses  are  formed  of  small 
rounded  pebbles,  the  conglomerate  is  called  a  pudding-stone,  fVom  a  fancied  resemblance 
to  plum  pudding. 

Concrete,  now  so  much  used  for  the  foundations  of  large  buildings,  is  a  factitious  brec- 
cia, or  pudding-stone.  See  CoNcnirrE. 
BREWING.  (Brasser,  Fr. ;  Brauen,  Germ.)  The  art  of  making  beer,  which  see* 
BRICK.  (Brique,  Fr. ;  Backattiney  ziegelsteine.  Germ.)  A  solid,  commonly  reclan* 
gular,  composed  of  clay,  hardened  by  heat,  and  intended  for  building  purposes.  The 
natural  mixture  of  clay  and  sand,  called  loam,  as  well  as  marl,  which  consists  of  lime 
and  clay,  with  little  or  no  sand,  constitutes  also  a  good  material  for  making  bricks. 
The  poorer  the  marl  is  in  lime,  the  worse  adapted  it  is  for  agricultural  purposes,  and 
the  better  for  tlie  brick  manufacturer,  being  less  liable  to  fuse  in  his  kiln.  When  a 
natural  compound  of  silica  and  day  can  be  got  nearly  free  from  lime  and  magnesia,  it 
fbrms  a  kind  of  bricks  very  refractory  in  the  furnace,  hence  termed.,  fin-bricks.  Such  a 
material  is  the  slate-clay,  schieferthon,  of  our  coal  measures,  found  abundantly,  and  of 
excellent  quality,  at  Stourbridge^  and  in  the  neighborhood  of  Newcastle  and  Glasgow. 
The  London  b:  ickmakers  add  to  the  day  about  one  third  of  coal  ashes  obtained  from 
the  kitchen  dust-holes ;  so  that  when  the  bricks  are  pnt  into  the  kiln,  the  quantity  of 
coaly  matter  attached  to  their  surface  serves  to  economize  fuel,  and  makes  them  less 
apt  to  siirink  in  the  fire ;  though  they  are  less  compact,  and  probably  less  darable,  than 
the  bricks  made  in  (he  coal  districts  of  England. 

The  general  process  of  brick-making  consists  in  digging  up  the  clay  in  autumn ; 
exposing  it,  durin?  ihe  whole  winter,  to  the  frost,  and  the  action  of  the  air,  turning  it 
repeatedly,  and  wurkin?  it  with  thespadie;  breaking  down  the  clay  lumps  in  spring, 
throwing  them  into  shallow  pits,  to  be  watered  and  fuoaked  for  several  days.  The  next 
step  is  to  temper  the  clay,  which  is  generally  done  by  the  treading  of  men  or  oxen. 
In  the  neis^hborhnod  of  London,  however,  this  process  is  performed  in  a  horse-onilL 
The  kneading  of  the  clay  is,  in  fact,  the  most  laborious  but  indispensable  part  of  the 
whole  business ;  and  that  on  which,  in  a  great  measure,  the  quality  of  the  bricks 
depends.  All  the  stones,  particularly  the  ferruginous,  calcareous,  and  pyritous  kinds, 
should  be  removed,  and  the  clay  worked  into  a  homogeneous  paste,  with  as  little  water 
as  possible. 

The  earth,  bein?  sufficiently  kneaded,  is  brought  to  the  bench  of  the  moulder,  who 
works  the  clay  into  a  mould  made  of  wood  or  iron,  and  strikes  ofif  the  superfluous 
matter.  The  bricks  are  next  delivered  from  the  mould,  and  ranged  on  the  ground; 
and  when  they  have  acquired  sufiicient  firmness  to  bear  handling,  they  are  dressed  with 
a  knife,  and  stacked  or  built  up  in  long  dwarf  walls,  thatched  over,  and  left  to  dry.  An 
able  workman  will  make,  by  hand,  5,000  bricks  in  a  day. 

The  diiferent  kinds  of  bricks  made  in  England  are  principally  place  briduy  gray  and 
red  stocks,  marl  facing  brick-^y  and  cutting  bricks.  The  place  bricks  and  stocks  are  used  in 
common  walling.  The  marls  are  made  in  the  neighborhood  of  London,  and  used  in  the 
outside  of  buildings ;  they  are  very  beautiful  bricks,  of  a  fine  yellow  color,  hard,  and 
well  burnt,  and,  in  every  respect,  superior  to  the  stocks.  The  finest  kind  of  marl  and 
red  bricks,  called  cutting  bricks,  are  used  in  Uie  arches  over  windows  and  doors,  bdng 
rubbed  to  a  centre,  and  gauged  to  a  height. 

In  France  attempts  were  long  ago  made  to  substitute  animals  and  machines  far  the 
treading  of  men's  feet  in  the  clay-kneading-pit ;  but  it  was  found  that  their  schemes 
eonld  not  replace,  with  advantage,  human  labor,  where  it  is  so  cheap,  particularly  for 
separating  the  stones  and  heterogeneous  matters  from  the  loam.  The  more  it  is  worked, 
the  denser,  more  uniform,  and  more  durable,  the  bricks  which  are  made  of  it.  A  good 
French  workman,  in  a  day's  labor  of  12  or  13  hours,  it  has  been  said,  is  able  to  mould 
from  9,000  to  10,000  bricks,  9  inches  long,  4|  inches  broad,  and  2}  thick ;  but  he  must 
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tmn  good  uanUnts  under  him.  In  many  brickworks  near  Poris^  screw-presses  are 
BOW  ined  for  coasolidating  the  bricks  and  paving  tiles  in  their  moulds.  M.  MoUerat 
employed  the  bydiaalie  press  for  the  purpose  dT  condensing  pr.Iverized  clay,  which, 
after  baking,  formed  beautiful  bricks;  but  the  process  was  too  tedi.rjs  and  costly.  An 
iasrenioos  eontrivance  for  mouMing  bricks  mechanically,  is  said  to  be  employed  near 
Washington,  in  America.  This  machine  moulds  30,000  in  a  day's  wo:k  of  12  hoursi 
with  the  help  of  one  horse,  yoked  to  a  gin  wheel,  and  the  bricks  are  so  dry  when 
diaeharged  from  their  moulite,  as  to  be  ready  for  immediate  burning.  Tue  machine  ia 
described,  with  figures,  in  the  Bulletin  de  la  SocieU  d'Encouragtment  for  IS] 9,  p.  361. 
Sa  further  on,  an  account  of  our  recent  patents. 

Bricks,  in  this  country,  are  generally  bated  either  in  a  damp  or  in  a  kiln.  The 
latter  is  the  preferable  method,  as  less  waste  arises,  less  fuel  is  consumed,  and  the  bricks 
tre  sooner  borni.  The  kiln  is  usually  13  feet  long,  by  10^  feet  wiJc,  and  about  12  feet 
ia  height.  The  walls  are  one  foot  two  inches  thick,  carried  up  a  little  out  of  the 
perpendicular,  inclining  towards  each  other  at  the  top.  The  bricks  are  placed  on  flat 
arches,  having  holes  TeA  in  them  resembling  laltice-work ;  the  kiln  is  then  covered 
with  pieces  of  tiles  and  bricks,  and  some  wood  put  in,  to  dry  them  with  a  gentle  fire. 
This  continues  two  or  three  days  before  they  are  ready  for  burning,  which  is  known  by 
the  smoke  taming  from  a  darkish  color  to  transparent.  The  mouth  or  mouths  of  the 
kiln  are  now  dammed  up  with  a  shinlog,  which  consists  of  pieces  of  bricks  piled  one 
upon  another,  and  closed  with  wet  brick  earth,  leaving  above  it  just  room  sufficient  to 
reeeive  a  fagot.  The  fagots  are  made  of  furze,  heath,  brake,  fern,  &,c.,  and  the  kiln 
is  aajipUed  with  these  until  its  arches  look  white,  and  the  fire  appears  at  the  top ;  upon 
wluch  the  &xe  is  slackened  for  an  hour,  and  the  kiln  allowed  gradually  to  cool.  This 
*M^f^"5  and  cooling  is  repeated  until  the  bricks  be  thoroughly  burnt,  which  is  generally 
done  in  48  hours.    One  of  these  kihis  will  hold  about  20,000  bricks. 

Clamps  are  also  in  common  use.  They  are  made  of  the  bricks  themselves,  and 
generally  of  an  oblong  form.  The  foundation  is  laid  with  place  brick,  or  the  (driest  of 
those  just  made,  and  then  the  bricks  to  be  burnt  are  built  up,  tier  upon  tier,  as  high  as 
the  damp  ia  meant  to  be,  with  two  or  three  inches  of  breeze  or  dnders  strewed  between 
eweh  layer  of  bricks,  and  the  whole  covered  with  a  thick  stratum  of  breeze.  The  fire- 
place is  perpendicular,  about  three  feet  high,  and  generally  placed  at  the  west  end;  and 
the  flues  are  formed  by  gathering  or  arching  the  bricks  over,  so  as  to  leave  a  spsce 
between  eaeh  of  nearly  a  brick  wide.  The  flues  run  straight  through  the  clamp,  and 
are  filled  with  wood,  coals,  and  breeze,  pressed  closely  together.  If  the  bricks  are  to 
be  burnt  off  qnickly,  which  may  be  done  in  20  or  30  days,  according  as  the  weather 
nmy  suit,  the  fines  should  be  only  at  about  six  feet  distance;  but  if  there  be  no 
immediate  hurry,  they  may  be  placed  nine  feet  asunder,  and  the  damp  leil  to  bum 
off  6k)wly, 

Floating  bricks  are  a  very  ancient  invention :  they  are  so  Heht  as  to  swim  in  water; 
and  Pliny  tells  us,  that  they  were  made  at  Marseilles;  at  Colento,  in  Spain;  and  at 
Pittane,  in  Asia.  This  invention,  however,  was  completely  lost,  until  M.  FaM>roni 
published  a  discovery  of  a  method  to  imitate  the  floating  bricks  of  the  ancients. 
Aeoording  to  Posidonius,  these  bricks  are  made  of  a  kind  of  argillaceous  earth,  which 
was  employed  to  clean  silver  plate.  But  as  it  could  not  be  our  tripoli,  which  is  too, 
heavy  to  float  in  water,  M.  Fabbroni  tried  several  experiments  with  mineral  argarie, 
guhr,  la&-lunfle,  and  fossil  meal,  which  last  was  found  to  be  the  very  substance  of  which 
he  was  in  search.  This  earth  is  abundant  in  Tuscany,  and  is  found  near  Casteldelpiano, 
ia  the  territories  of  Sienna.  According  to  the  analysis  of  M.  Fnbbroni,  It  consists  of 
55  parts  of  silicious  earth,  15  of  magnesia,  14  of  watef,  12  of  alumina,  3  of  lime,  and  1  of 
inm.  It  exhales  an  argillaceous  odor,  and,  when  sprinkled  with  wati*r,  throws  out  a 
Kght  whitish  smoke.  It  is  infusible  in  the  fire ;  and,  though  it  loses  about  an  eighth 
part  of  its  weight,  its  bulk  is  scarcdy  diminished.  Bricks  composed  of  this  substance, 
either  baked  or  unbaked,  float  \fi  water;  and  a  twentieth  part  of  clay^may  be  added  to 
their  composition  without  taking  away  their  property  of  swimming.  These  bricks 
resist  water,  unite  perfectly  with  lime,  are  subject  to  no  alteration  from  heat  or  cold, 
and  the  baked  differ  from  the  unbaked  only  in  the  sonorous  quality  which  they  have 
aeqotred  from  the  fire.  Their  strength  is  little  inferior  to  that  of  common  bricks,  but 
lanch  greater  in  proportion  to  their  weight ;  for  M.  Fabbroni  found,  that  a  floating 
brick,  measuring  7  inches  in  length,  A\  in  breadth,  and  one  inch  eight  lines  in  thick- 
ness, weighed  only  14}  ounces;  whereas  a  common  brick  weighed  5  pounds  6j  ounce8« 
The  Qse  of  these  bricks  may  be  very  important  in  the  construction  of  powder  magazines 
and  reverberatory  furnaces,  as  they  are  such  bad  conductors  of  heat,  that  one  end  may 
be  made  red  hot  while  the  other  is  held  in  the  hand.  They  may  also  be  employed  for 
boildings  that  require  to  be  light;  sach  as  cooking-places  in  ships,  and  floating  batteries^ 
the  parapets  of  which  would  be  proof  against  red-hot  bullets. 

The  &Xkmin^  plan  of  a  furnace  or  kiln  for  burning  tiles  has  been  found  very  ooa* 
Tcaient:— 


Fig.  173,  front  view,  a  a,  b  n,  Ihe  Mlid  whIIb  of  Ihe  fiiraaee ;  a  a  a,  0|)«atii^  to  tbe 
uh-pii,  and  the  draught  hole ;  bbb,  openings  Tor  Ibe  tajiplj  of  Tiiel,  Turnished  vith  a 
■heel-iroD  door.    i'ig.  1T4.  Plan  oC  the  vli-pits  and  air  cliannels  c  c  c.    The  principal 


_ 

A 
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branch  or  ihe  aih-pjt  D  n  d,  is  also  the  opening  for  taking  out  the  til€»,  after  remoTiog 
the  grate ;  e  Ihe  smok?  flae.  Fig.  175.  Plan  of  the  kiln  seen  froni  above.  The  gialea 
u  H  H.    The  tile*  to  be  fired  are  amulgrd  upon  the  spaces  ////. 

Fig.  176  is  the  plan  and  seclian  of  one  of  the  grates  ofion  a  much  larger  scale  thu 
In  the  preceding  figures. 

Mechanical  brick  raooIdJng.-^-Menrs.  Lfne  and  Stainfocd  ob 
tained,  in  Angast,  lS£fi,  a  paleni  for  a  machioe  for  making  a 
considerable  number  of  bricks  at  one  operation.  Il  consist!,  in 
the  Erst  place,  of  a  cylindrical  pug-ioili  of  the  kind  nsaallf  em- 
pluyed  for  commiauling  clay  for  bricks  and  liles,  furnished  with 
rotatory  knives,  or  cutters,  for  breaking  the  lumps  and  mixing 
the  clay  ivith  the  other  materials  of  which  bricks  arc  eommoalT 
mnde.  Secondly,  of  two  tnoTeahle  moulds,  in  each  of  which 
■  fifieen  bricks  are  made  at  once;  these  moulds  being  made  to 
'  mel  to  and  fro  in  Ihe  machine  for  the  purpose  of  being  alter- 
nirly  brought  under  the  pug-mill  to  be  fitted  with  the  clay, 
ltd  then  removed  Lo  situalions  where  plungers  are  enabled  to 
cI  upon  them.  Thirdly,  in  a  eonlrivanee  by  which  the  plunger* 
re  tnaile  to  descend,  for  the  purpose  of  eompressini;  Ihe  mate- 
ial  and  discharging  it  fhun  Ihe  laauld  in  the  form  of  bricks. 
S  of  conslractiBg  and  workii^  trucks  which  carry  the  receiving 
bricks  away  as  they  are  fonned. 
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Fig,  177  exhibits  the  general  construction  of  the  upparatos ;  both  ends  of  which  being 
aaeUj  similar,  little  more  than  half  of  the  machine  is  represented,  a  is  the  cylindrical 
pag-miU»  shown  partly  in  section,  which  is  supplied  with  the  clay  and  other  materials 
from  a  hopper  above ;  b  b,  are  the  rotatory  knives  or  cutters,  which  are  attached  to 
the  vertical  shaA,  and  being  placed  obliquely,  press  the  clay  down  toward  the  bottom  of 
the  cylinder,  in  the  act  of  breaking  and  mixing  it  as  the  shaf\  revolves.  The  lower  part 
of  the  cylinder  is  open ;  and  immediately  under  it  the  mould  is  placed  in  which  the  bricks 
arc  to  be  formed.  These  moulds  run  to  and  fro  upon  ledges  in  the  side  frames  of  the 
machine ;  one  of  the  moulds  only  can  be  shown  by  dots  in  the  figure,  the  side  rail  inter- 
vening :  they  are  situated  at  c  c,  and  are  formed  of  bars  of  iron  crossing  each  other^ 
and  encompassed  with  a  frame.  The  mould  resembles  an  ordinary  sash-window  in  its 
Ibrm,  being  divided  into  rectangular  compartments  (fiAeen  are  proposed  in  each)  of  the 
dimensions  of  the  intended  bricks,  but  sufficiently  deep  to  allow  the  material,  after  being 
considerably  pressed  in  the  mould,  to  leave  it,^when  discharged,  of  the  usual  thickness  of 
a  common  brick. 

The  mould  being  open  at  top  and  bottom,  the  material  is  allowed  to  pass  into  it,  when 
situated  exactly  under  the  cylinder ;  and  the  lower  side  of  the  mould,  when  so  placed,  is  to 
be  closed  by  a  flat  board  d,  supported  by  the  truck  e,  which  is  raised  by  a  lever  and  roller 
beneath,  running  upon  a  plane  rail  with  inclined  ends. 

The  central  shaft  /,  is  kept  in  continual  rotatory  motion  by  the  revolution  of  the 
upper  horizontal  wheel  g,  of  which  it  is  the  axis  i^  and  this  wheel  may  be  turned  by  a 
horse  yoked  to  a  radiating  arm,  or  by  any  other  means.  A  part  of  the  circumference 
of  the  wheel  g,  has  teeth  which  are  intended  at  certain  periods  of  its  revolution  to  take 
into  a  toothed  pinion,  fixed  upon  the  top  of  a  vertical  shaft  h  h.  At  the  lower  part  of 
this  vertical  shaft,  there  is  a  pulley  t,  over  which  a  chain  is  passed  that  is  connected  to 
the  two  moulds  c,  and  to  the  frame  in  which  the  trucks  are  supported ;  by  the  rotation 
of  the  vertical  shaft,  the  pulley  winds  a  chain,  and  draws  the  moulds  and  truck-frames 
along. 

The  clay  and  other  material  having  been  forced  down  from  the  cylinder  into  the  mouldj 
the  teeth  of  the  horizontal  wheel  g  now  come  into  gear  with  the  pinion  upon  A,  and  turn 
it  and  the  shaft  and  pulley  t,  by  which  the  chain  is  wound,  and  the  mould  at  the  right 
hand  of  the  machine  brought  into  the  situation  shown  in  the  figure ;  a  scraper  or  edge* 
bar  under  the  pug-mill  having  levelled  the  upper  face  of  the  clay  in  the  mould,  and  the 
board  d,  support^  by  the  truck  e,  formed  the  flat  under  side. 

The  mould  being  brought  into  this  position,  it  is  now  necessary  to  compress  the  mate- 
rials, which  is  done  by  the  descent  of  the  plungers  kk.  A  friction-roller  /,  pendent  from 
the  under  side  of  the  horizontal  wheel  as  that  wheel  revolv^  comes  in  contact  with  an 
inclined  plane,  at  the  top  of  the  shaft  of  the  plungers;  and,  as  the  friction-roller  passes 
over  this  inclined  plane,  the  plungers  are  made  to  descend  into  the  mould,  and  to  com- 
press the  material ;  the  resistance  of  the  board  beneath  causing  the  day  to  be  squeezed 
into  a  compact  slate.  When  this  has  been  eflectually  accomplished,  the  further  descent 
of  the  plungers  brings  a  pin  m,  against  the  upper  end  of  a  quadrant  catch-lever  n,  and, 
by  depressing  this  quadrant,  causes  the  balance-lever  upon  which  the  truck  is  now  sujv 
ported  to  rise  at  that  end,  and  to  allow  the  truck  with  the  board  d  to  descend,  as  shown 
by  dots  i  the  plungers  at  the  same  time  forcing  out  the  bricks  from  the  moulds,  whereby 
they  are  deposited  upon  the  board  d ;  when,  by  drawing  the  truck  forward  out  of  the 
machine,  the  board  with  the  bricks  may  be  removed,  and  replaced  by  another  board.  The 
truck  may  then  be  ^ain  introduced  into  the  machine,  ready  to  receive  the  next  parcel 
of  bricks. 

By  the  time  that  the  discharge  of  the  bricks  fron^  this  mould  has  been  eflected,  the- 
other  mould  under  the  pug-cylinder  has  become  filled  with  the  day,  when  the  teeth  of 
Ihe  horizontal  wheel  coming  round,  take  into  a  pinion  upon  the  top  of  a  vertical  shafV 
exactly  similar  to  that  at  A,  but  at  the  reverse  end  of  the  macnine,  and  cause  the 
mookls  and  the  frame  supporting  the  trucks  to  be  slidden  to  the  left  end  of  the  machine ; 
the  upper  surface  of  the  mould  being  scraped  levd  in  its  progress,  in  the  way  already 
described.    This  movement  brings  the  friction-wheel  o,  up  the  inclined  plane,  and^ 
thereby  raises  the  truck  with  the  board  to  the  under  side  of  the  mould,  ready  to  xeceive 
another  supply  of  day ;  and  the  mould  at  the  left-hand  side  of  the  machine  being  now. 
in  its  proper  situation  under  the  plungers,  the  clay  becomes  compressed,  and  the  bricks 
discharged  from  the  mould  in  the  way  described  in  the  former  instance ;  when  this  track 
being  drawn  out,  the  bricks  are  removed  to  be  dried  and  baked,  and  another  boavd  is- 
pbeed  in  the  same  situation.    There  are  boxes  j9,  upon  each  side  of  the  pug-cylindeK 
containing  sand,  at  the  lower  parts  of  which  small  sliders  are  to  be  opened  (by  eon-- 
Invanees  not  shown  in  the  figure),  as  the  mould  passes  under  them,  for  the  purpose  of 
scattering  sand  upon  the  day  in  the  mould  to  prevent  its  adhering  to  the  plungen. 
There  is  also  a  rack  and  toothed  sector,  with  a  balance-weight  connected  to  Uie  inclined* 
phuie  at  the  lop  of  the  plunger-rods,  for  the  purpose  of  raising  the  plunger  after  the- 
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G-iclion-raller  has  pasKd  over  i[.    And  ihere  i: 

qDoiIcanl-catcb  Tor  Ihe  purpose  oT  throwing  il : 
Uic  plui^er  has  ruen. 

Odg  of  the  lalesl.  tati  apparenilf  most  effective  iniuhines  for  b-ick-niaking,  ii  llwt 
patented  by  Mr.  cdcrnrd  Jones,  of  Birmlnghani,  \n  August,  IS39.  His  improTemeaU 
are  describeil  under  Tout  heads;  Ihe  first  applies  to  a  machiie  for  luouldiDt;  Ihe  eMIh. 
into  bricks  in  a  circulaT  riBine-plate  hnrizoncally,  containing  a  series  of  moulds  or  ree- 
tanfulur  botes,  standing  radiiill;  round  the  circumference  of  the  eircuhkr  frame,  into 
which  boxes  successively  Ihe  clay  is  expressed  from  n  stationary  hopper  as  Ihe  l>anie 
revolves,  and  alter  being  to  formed,  the  tiricks  are  successively  pnthcd  out  of  their  boies, 
etch  by  a  piston,  acted  upon  by  an  inclined  plane  belotr.  The  second  head  of  the  spe- 
dfiotion  describes  a  recianeular  horizontal  frame,  having  a  series  of  moulding  boiei 
placed  in  a  straight  ranse,  which  are  aeled  npon  for  pressing  ihe  clay  by  a  correspondiD^ 
range  of  pistons  fixed  in  a  horizontal  frame,  worked  up  and  down  by  rods  eilendinl 
from  a  rotatory  crank  shall,  Ihe  mouldin);  boxes  bein^  nilowed  to  tise  for  the  purpose  of 
enabling  the  pistons  to  force  out  the  bricks  when  moulded,  and  leave  them  upon  the  bed 
or  board  below.  The  third  head  applies  particularly  to  the  making  of  tiles,  for  the 
flooring  of  kilns  in  which  malt  or  proin  is  lo  be  dried.  There  is  in  this  Contrivance  s 
rectaneular  mould,  with  pointed  pieces  standing  up  for  Ihe  purpose  of  producing  air- 
holes through  the  liles  as  Ihey  are  moulded,  which  is  done  by  pressing  the  clay  into  the 
moulds  upon  the  points,  and  scrapinir  off  Ihe  iiiperflUDUE  mailer  at  top  by  hand.  The 
fourth  or  last  head  applies  to  moulding  chimney  pots  in  double  moulds,  which  take 
to  pieces  for  the  purpose  of  withdrawing  the  pol  when  the  edges  of  the  slabs  or  sides  are 
snfliciently  brought  into  contact. 

"The  drawing  which  accompanies  the  specification  verj' imperfectly  represents  some 
parts  of  the  appaiatus,  and  the  description  is  slill  more  defective;  but  as  we  are  ftc- 
quaiated  with  ihe  machinery,  we  will  endeavor  to  give  il  an  intelligible  form,  and  quote 
those  parts  of  the  speciUcation  which  point  the  particular  features  oC  novelty  proposed  to 
becUimed  by  Ihe  patenieeas  his  inveniion,  under  the  several  heads."* 

Fig.  ITS  represents,  in  ele- 
valion,  the  first-mentioned  ma- 
chine for  moulding  bricks.  The 
mould*  are  fonnetl  in  the  face 
of  a  circoTar  plate  or  wheel, 
a  d,  a  portion  of  Ihe  upper  sur' 
face  of  which  is  represented  in 
the  horizontal  view.  Jig.  179. 
Any  eonvenient  nnmber  of  these 
moulds  are  set  radiaDy  in  the 
wheel,  which  is  mounted  upon 
a  central  pivot,  supported  by 
the  mnsonry  >•  i-  There  i*  « 
rim  of   teeth   round    Ihe   outer 

edee  of   Ihe  wheel   a  a,  whicb 

lake  Into  n  pinion  c,  on  a  shaft 
eonnecled  lo  the  first  mover; 
and  by  these  means  Ihe  wheel 
a,  with  the  mouldii^  boxes,  is 
made  to  revolve  horizon taJIy, 
guided  by  arms  with  anti-  frictioD 
rollers,  which  run  roond  a  hori- 
zontal plate  a  a,  fixed  upon  the 

A  hopper,  e,  filled  With  the 
brich  eorlh  shown  with  one  of  the 
moulding  boxes  in  section,  ii  fixed 
atrare  Ihe  face  of  Ihe  wheel  in  sneh  a  wny  that  the  earth  may  descend  from  Ihe  hopper 
into  the  sevenl  moulding  boxes  as  the  wheel  passes  round  onder  it ;  the  earth  being 
pressed  into  Ihe  moulds,  and  its  sarface  scraped  ofl'  smooth  by  a  conical  roller/,  in  the 
bMtotn  of  Ihe  hopper. 

Throagb  the  bottom  of  each  moulding  box  there  is  a  hole  for  the  passage  of  a  piston 
red  g,  the  opper  end  of  which  tod  tarries  a  piston  wilh  a  wooden  pallet  upon  il,  acting 
within  the  moulding  box;  and  the  lower  end  of  this  rod  has  a  small  aDli-friction  roller, 
which,  ■•  Ihe  wked  a  revolves,  rnns  round  upon  the  face  of  an  oblique  ring  or  inclined 
way,  k  h,  fixed  upon  the  masonry. 
Tb*  etay  m  iairodaced  into  Ihe  nwiilding  boxes  from  the  hopper,  fixed  orar  tke  lowwl 
•  Mr.  ftwua,  i>  U>  Losdoa  Imral.  Fibiuiy.  18iT. 
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put  of  the  indined  Way  k^  and  it  will  be  perceived  that  as  the  wheel  revplves,  the  piston 
rods  gt  in  passing  np  tiie  inclined  way,  will  cause  the  pistons  to  force  the  new-moulded 
Wcka,  with  their  pallet  or  board  under  them,  severally  up  the  mould,  into  the  situation 
shown  at  ty  in  Jig.  178,  from  whence  they  are  to  be  removed  by  hand.  Fresh  pallets 
being  then  placed  upon  the  several  pistons,  they,  with  the  moulds,  wiir  be  ready  for 
moolding  fmh  bricks,  When,  by  the  rotation  of  the  wheel  a,  they  are  severally  brought 
under  the  hopper,  the  pistons  having  sunk  to  the  bottoms  of  their  boxes^  as  the  piston 
rods  passed  down  the  other  side  of  the  inclined  way  h» 

The  patentee  says,  after  having  described  the  first  head  of  his  invention,  he  would 
have  it  understood  that  the  same  may  be  varied  without  departing  from  the  main  object 
of  the  invention ;  viz.,  that  of  arranging  a  series  of  moulds  when  worked  by  means  of  an 
inclined  track*  and  in  such  manner  that  bricks,  tiles,  or  other  articles  made  of  brick 
earth,  may  be  capable  of  being  formed  in  a  mould  with  pallets  or  boards  laid  within 
the  monkls,  and  constituting  ihe  bottom  thereof,  the  bricks  being  removed  from  out  of 
the  moulds,  with  the  pallets  or  boards  under  them,  as  above  described.  "I  do  not,  there- 
f«e,  confine  myself  to  the  precise  arrangement  of  the  machine  here  shown,  though  it  is 
the  best  with  which  I  am  acquainted  for  the  purpose.'^ 

The  seeond  head  of  the  invention  is  another  construction  of  apparatus  for  moulding 
brides,  in  this  iastancej  in  a  rectangular  frame.    Fig»  180  is  a  front  elevation  of  the  ma* 
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;  figm  181,  a  section  of  the  same  taken  transversely »  a  a  is  the  standard  frame-work 
bed  on  which  the  bricks  are  to  be  moulded.  Near  the  corners  of  this  standard 
'Work,  foor  vertical  pillars  b  b  are  erected,  upon  which  pillars  tlie  frame  of  the 
OKRilding  boxes  c,  slides  up  and  down,  and  also  the  bar  d.  carrying  the  rods  of  the  pis- 
tfeoseee.  These  pistons  are  for  the  purpose  of  compressing  the  day  in  the  moulding 
box,  and  therefore  must  stand  exactly  over  and  correspond  with  the  respective  moulds 
in  the  frame  c  beneath. 

The  sliding  frame  c,  constituting  the  sides  and  ends  of  the  moulding  boxes,  is  sup- 
ported at  each  end  by  an  upright  sliding  rod  /,  which  rods  pass  through  guides  fixed  to 
tiM  sides  of  the  standard  frame  a  a,  and  at  the  lower  end  of  each  there  is  a  roller,  bearing 
upon  the  levers  g,  on  each  side  of  the  machine,  but  seen  only  in  Jig.  181,  which  levers, 
when  depressed,  allow  the  moulding  boxes  to  descend,  and  rest  upon  the  bed  or  table  of 
liie  machine  h  A. 

In  this  position  of  the  machine  resting  upon  the  bed  or  table,  the  brick-earth  is  to  be 
pbecd  opon,  and  spread  over,  the  top  of  the  fVame  c,  by  the  hands  of  workmen,  when 
the  descent  of  the  {dnnger  or  pistons  e « e,  will  cause  the  earth  to  be  forced  into  the 
noolds,  and  the  bricks  to  be  formed  therein.  To  efifect  this,  rotatory  power  is  to  be 
applied  to  the  toothed  wheel  i,  fixed  on  the  end  of  the  main  driving  crank  shaft  k  ft, 
wiuch  on  nevolving  wifi,  by  means  of  the  crank  rods  /  2,  bring  down  the  bar  a,  with  the 
fB/tOBB  or  plungers  <«e,  and  eompress  the  earth  compactly  into  the  moulds,  and  thereby 
Ivai  the  bricks. 

When  this  has  been  done,  the  bricks  are  to  be  released  from  the  moulds  by  the 
BOttldiBg  6ame  c  rising  up  from  the  bed,  as  shown  in  Jig,  180,  the  pistons  still  remain^ 
mg  depressed,  and  bearing  upon  the  upper  surfaces  of  the  bricks.  The  moulding  frame  is 
nmed  by  means  of  cams  m^  upon  the  crank  shaft,  which  at  this  part  of  the  operation 
nve  heoo^t  nnder  the  levers  g,  for  the  purpose  of  raising  the  cams  and  the  sliding  rods 
/,  imo  the  position  shown  in  Jig^  181. 

Thie  htieks  having  been  thns  formed  and  rdeased  from  their  moulds,  they  are  to  be 
KODOved  from  the  bed  of  the  machine  by  pushing  forward,  on  the  front  side,  fresh  boards 
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or  pallets,  which  of  course  will  dnve  the  bricks  out  ttpQ»  the  other  side,  wheiree  they 
are  to  be  removed  by  hand. 

There  is  to  be  a  small  bole  in  the  centre  of  each  pallet,  and  also  in  the  bed,  for  the 
purpose  of  allowing  any  snperflaous  earth  to  be  pressed  through  the  moulding  boxes 
when  the  pistons  descend.  And  in  order  to  cut  off  the  projecting  piece  of  clay  which 
would  be  thus  formed  on  the  bottom  of  the  brick,  a  knife-edge  is  in  some  way  connected 
to  the  bed  of  the  machine ;  and  as  the  brick  slides  over  it,  the  knife  separates  the  pro- 
tuberant lump  :  but  the  particular  construction  of  this  part  of  the  apparatus  is  considered 
to  be  of  little  importance ;  and  the  manner  of  effecting  the  object  is  not  clearly  stated 
in  the  specification. 

The  patentee  proposes  a  variation  in  this  construction,  which  he  describes  in  these 
words  :  *<  It  will  be  evident  that  in  place  of  having  the  moulds  to  rise,  they  may,  by 
suitable  arrangements,  be  made  to  descend  below  the  bricks.  In  this  case,  in  place  of 
the  boards,  stationary  blocks  to  receive  the  pallets  must  be  fixed  on  the  bed  of  the 
machine,  and  these  blocks  must  be  shaped'  in  such  a  manner  as  to  allow  of  the  moulds 
passing  over  them  ;  and  then  it  will  be  desirable  to  use  the  first  part  of  my  improve- 
ments, that  of  having  the  pallets  within  the  moulds  at  the  time  of  moulding  the  bricks ; 
or  in  case  of  working  with  exceedingly  stiff  brick-earth,  the  pallets  may  be  dispensed 
with.''  In  1835,  1,380,279,065  bricks  paid  duty  in  the  United  Kingdom;  the  revenue 
from  which  was  405,580Z.  6s.  3(2. 

BRIMSTONE.    {Sou/re,  Fr. ;  Schtoefd,  Germ.)    Sulphur,  which  see. 

BRITISH  GUM.  The  trivial  name  given  to  starch,  altered  by  a  slight  calcination  in 
an  oven,  whereby  it  assumes  the  appearance  and  acquires  the  properties  of  gum,  being 
soluble  in  cold  water,  and  forming  in  that  state  a  paste  well  adapted  to  thicken  the 
colors  of  the  calico  printer.    See  Starch. 

BROMINE,  one  of  the  archseal  elements,  which  being  developed  from  its  combinations 
at  the  positive  pole  of  the  voltaic  circuit,  has  been  therefore  deemed  to  be  idio-electro- 
positive,  like  oxygen  and  chlorine.  It  derives  its  name  from  its  nauseous  smell,  Spd^oq^ 
fcitor.  It  occurs  in  various  saline  springs  on  the  continent  of  Europe,  in  those  of  Ashby 
de  la  Zouche,  and  some  others  in  England  ;  in  the  lake  Asphaltites,  in  sponges,  in  some 
marine  plants,  in  an  ore  of  zinc,  and  in  the  cadmium  of  Silesia.  At  ordinary  tempera- 
tures it  is  liquid,  of  a  dark  brown  color  In  mass,  but  of  a  hyacinth-red  in  thin  layers. 
Its  smell  is  rank  and  disagreeable,  somewhat  like  that  of  chlorine.  It  has  a  very  caustic 
taste.  Its  specific  gravity  is  2*966.  Applied  to  the  skin  it  colors  it  deep  yeUow  and 
corrodes  it.  One  drop  put  within  the  bill  of  a  bird  suffices  to  kill  it.  It  combines  with 
oxygen  with  feeble  affinity,  forming  bromic  acid.  Its  attraction  for  hydrogen  being  far 
more  energetic,  it  forms  therewith  a  strong  acid,  the  hydrobromic. 

Bromine  dissolves  very  sparingly  in  water,  but  it  is  very  soluble  in  alcohol  and  ether. 
It  combines  with  carbon,  phosphorus,  sulphur,  and  chlorine,  as  well  as  with  most  of  the 
metals.  From  its  scarcity  it  has  not  hitherto  been  applied  to  any  purpose  in  the  artSy 
but  it  is  supposed  to  possess  powerful  discutient  effects  upon  serofidous  and  other 
glandular  tumors,  whence  the  waters  containing  it  are  prescribed  as  an  internal  and 
external  remedy  in  such  forms  of  disease. 

BRONZE.  A  compound  metal  consisting  of  copper  and  tin,  to  which  sometimes  a 
little  zinc  and  lead  are  added.  This  alloy  is  much  harder  than  copper,  and  was 
employed  by  the  ancients  to  make  swords,  hatchets,  &c.,  before  the  method  of  working 
iron  was  generally  understood.  The  art  of  casting  bronze  statues  may  be  traced  to  the 
most  remote  antiquity,  but  it  was  first  brought  to  a  certain  degree  of  refinement  by 
Theodoros  and  Rcecus  of  Samos,  about  700  years  before  the  Christian  era,  to  whom  the 
invention  of  modelling  is  ascribed  by  Pliny.  The  ancients  were  well  aware  that  by 
alloying  copper  with  tin,  a  more  fusible  metal  was  obtained,  that  the  process  of  casting 
was  therefore  rendered  easier,  and  that  the  statue  was  harder  and  more  durable ;  and 
yet  they  frequently  made  them  of  copper  nearly  pure,  because  they  possessed  no  means 
of  determining  the  proportions  of  tlieir  alloys,  and  because,  by  their  mode  of  managing 
the  fire,  the  copper  be<»me  refined  in  the  course  of  melting,  as  has  happened  to  many 
founders  in  our  own  days.  It  was  during  the  reign  of  Alexander  that  bronze  statuary 
received  its  greatest  extension,  when  the  celebrated  artist  Lysippos  succeeded  by  new 
processes  of  moulding  and  melting  to  multiply  groups  of  statues  to  such  a  degree  that 
Pliny  called  them  the  mch  of  jiUxepnder,  Soon  afterwards  enormous  bronze  cdossoses 
were  made,  to  the  height  of  towers,  of  which  the  isle  of  Rhodes  possessed  no  less  than  one 
hundred.  The  Roman  consal  Mutianus  found  3,000  bronze  statues  at  Athens,  3,000  at 
Rhodes,  as  many  at  Olympia  and  at  Delphi,  although  a  great  number  had  been  previously 
carried  off  from  the  last  town. 

In  forming  such  statues,  the  alloy  should  be  capable  of  flowing  readfly  into  all  the 
parts  of  the  mould,  however  minute ;  it  should  be  hard,  in  order  to  resist  aeddental 
blows,  be  proof  ai^ainst  the  influence  of  the  weather,  and  be  of  such  a  nature  as  to 
acquire  that  greenish  oxydized  coat  upon  the  surface  whMh  is  so  much  admired  m  Uie 
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iAtiqiie  bronzes,  eaUed  paiina  aniiqua.  The  diemical  composition  of  the  broiize  alloy 
is  a  matter  therefore  of  the  first  momeot.  The  hrothers  Keller,  celebrated  founders  in 
the  time  of  Louis  XIV.,  whose  chefs  d'cmvre  are  well  known,  directed  their  attention 
toward  this  point,  to  which  too  little  importance  is  attached  at  the  present  day.  The 
statne  of  Desaix  in  the  Place  Danphine,  and  the  colanm  in  the  Place  Vend6me,  are  noted 
specimens  of  most  defective  workmanship  from  mismanagement  of  the  alloys  of  which 
they  are  composed.  On  analyzing  separately  specimens  taken  from  the  bass-reliefs  of  the 
pedestal  of  this  column,  from  the  shaft,  and  from  the  capital,  it  was  found  that  the  first 
contained  only  six  per  cent,  of  alloy,  -and  94  of  copper,  the  second  much  less,  and  the 
third  only  0-21.  It  was  therefore  obvious  that  the  founder,  unskilful  in  the  melting  of 
bronze,  had  gone  on  progressively  refining  his  alloy,  by  the  oxydizement  of  the  tin,  till  he 
had  exhausted  the  copper,  and  that  he  had  then  worked  up  the  refuse  soorioe  in  the  upper 
part  of  the  column.  The  cannons  which  the  government  furnished  him  for  casting  the 
SMnnment  consisted  of — 

Copper  ...    89*360 

Tin        -  .  -  10-040 

Lead  -  -  -      0-lOa 

Silver,  zinc,  iron,  and  loss  0-498 

100-000 

The  monlding  of  the  several  bass-reliefs  was  so  ill  executed,  that  the  chisellers  employed 
to  repair  the  faults  removed  no  less  than  70  tons  of  bronze,  which  was  nven  them,  be- 
sides 300,000  francs  for  their  work.  The  statues  made  by  the  Kellers  at  Versailles  were 
fbond  on  chemical  analysis  to  consist  of — 

No.  1.  No.  2.  No.  8.  The  noflan. 

Copper            91-30  91-68  91-22  91-40 

Tin                   1-00  2-32  1-78  1-70 

Zinc                 6-09  '4-93  5-57  6-53 

Lead                 1-61  1-07  1-43  1-37 


100-00  10000  100-00  10000 

The  analysis  of  the  bronze  of  the  statne  of  Louis  XV.  was  as  follows  :— 

Copper  82-45    Its  specific  gravity  was  8*482. 

2inc  10-30 
Tin  4-10 

Lead        3-15 


100-00 


The  alio;  roost  proper  for  bronze  medals  which  are  to  be  afterward  struck,  is  composed 
of  from  8  to  12  parts  of  tin,  and  from  92  to  88  of  copper ;  to  which  if  two  or  three  parts 
in  the  hundred  of  zinc  be  added,  they  will  make  it  assume  a  finer  bronze  tint.  The  alloy 
of  the  Kellers  is  famous  for  this  efiect.  The  medal  should  be  subjected  to  three  or  four 
successive  stamps  of  the  press,  and  be  softened  between  each  blow  by  being  heated  and 
plunged  into  cold  water. 

The  bronze  of  bells  or  bell  metal  is  composed  in  100  parts  of  copper  78,  tin  22.  This 
■Hoy  has  a  fine  compact  grain,  is  very  fusible  and  sonorous.  The  other  metals  sometimes 
■dded  are  rather  prejudicial,  and  merely  increase  the  profit  of  the  founders.  Some  of  the 
English  bells  consist  of  80  copper,  10.1  tin,  5-6  zinc,  and  4*3  lead ;  the  latter  metal  when 
in  sach  large  quantity  is  apt  to  cause  insolated  drops,  hurtful  to  the  uniformity  of  the 
afloy. 

The  fam-tams  and  cymhalt  of  hromt. — ^The  Chinese  make  use  of  bronze  instruments 
forged  by  the  hammer,  which  are  very  thin,  and  raised  up  in  the  middle ;  they  are  called 
gongs,  from  the  word  fihoung,  which  signifies  a  bell.  Klaproth  has  shown  that  they  con- 
tain nothing  but  copper  and  tin ;  in  the  proportions  of  78  of  the  former  metal  and  22  of 
the  latter.  Their  specific  gravity  is  8*816.  This  alloy  when  newly  cast  is  as  brittle  as 
0ass,  but  by  being  plunged  at  a'  cherry-red  heat  into  cold  water,  and  confined  between 
two  discs  of  iron  to  keep  it  in  shape,  it  becomes  tough  and  malleable.  The  cymbals 
cottsiat  of  80  parts  copper  and  20  tin. 

Bronze  vessels  naturally  brittle  may  be  made  tenacious  by  the  same  ingenious  process, 
for  which  the  world  is  indebted  to  M.  Darcet.  Bronze  mortars  for  pounding  have  their 
lips  tempered  in  the  same  way.  Ancient  warlike  weapons  of  bronze  were  variously  com* 
ponnded ;  swords  were  formed  of  87}  copper,  and  12j^  tin  in  100  parts ;  the  springs  of 
balistBe  consisted  of  97  copper,  and  3  tin. 

Common  metal  consists  of  abont  90  or  91  copper,  and  10  or  9  of  tin.  From  the  ezperi- 
ueats  of  Papadno-d'Antony,  made  at  Turin*  in  1770,  it  appears  that  the  most  proper 
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aUOy'for  great  guns  is  from  12  to  14  parts  of  tin  to  100  of  copper ;  but  the  Comte  Lamar 
tilliere  concluded  from  his  experiments  made  at  Pouay,  in  1786,  that  never  less  than  8 
nor  more  than  11  of  tin  should  be  employed  in  100  parts  of  bronze. 

Gilt  ornaments  of  bronze. — This  kind  of  bronze  should  be  easy  of  fusion,  and  take 
perfectly  the  impression  of  the  mould.  The  alloy  of  copper  and  zinc  is  when  fused  of  « 
pasty  consistence,  does  not  make  a  sharp  cast,  is  apt  to  absorb  too  much  amalgam,  is 
liable  to  crack  in  cooling,  and  is  too  toueh  or  too  soil  for  the  chaser  or  the  turner.  Were 
the  quantity  of  zinc  increased  to  make  the  metal  harder,  it  would  lose  the  yellow  color 
suitable  to  the  gilder.  A  fourfold  combination  of  copper,  zinc,  tin,  and  lead  is  preferable 
for  making  such  ornamental  bronze  articles ;  and  the  following  proportions  are  probably 
the  best,  as  they  unite  closeness  of  grain  with  the  other  good  qualities.  Copper  82,  zioc 
18,  tin  3  or  1,  lead  1^  or  3.  In  the  alloy  which  contains  most  lead,  the  tenacity  is  di- 
minished and  the  density  is  increased,  which  is  preferable  for  pieces  of  small  dimensiona. 
Another  alloy,  which  is  said  to  require  for  its  gildin?  onlytwothirdsof  the  ordinary  quan- 
tity of  gold,  has  the  followins:  com  position:  copper,  82*257;  zinc,  17'481  ;  tin,  0*238;^ 
lead,  0-024. 

The  antique  bronze  color  is  given  to  figures  and  other  objects  made  from  these  alloys  by 
the  following  process : — Two  drachms  of  sal-ammoniac,  and  half  a  drachm  of  salt  of  sorrel 
(binoxalate  of  potash)  are  to  be  dissolved  in  fourteen  ounce  measures  (English)  of  color- 
less vinegar.  A  hair  pencil  beine  dipped  into  this  solution,  and  pressed  gently  between 
the  fingers,  is  to  be  rubbed  equally  over  the  clean  surface  of  the  object,  slightly  warmed 
in  the  sun  or  at  a  stove ;  and  the  operation  is  to  be  repeated  till  the  wished-for  shade  is 
obtained.    (See  Gilding.) 

The  bronze  founder  ought  to  melt  his  metals  rapidly,  in  order  to  prevent  the  loss  of  tin, 
zinc,  and  lead,  by  their  oxydizement.  Reverberatory  furnaces  have  been  long  used  for 
this  operation ;  the  best  being  of  an  elliptical  form.  The  furnaces  with  dome  tops  are 
employed  by  the  bell-founders,  because  their  alloy  being  more  fusible,  they  do  not  require 
so  intense  a  heat ;  but  they  also  would  find  their  advantage  in  using  the  most  rapid  mode 
of  fusion.  The  surface  of  the  melting  metals  should  be  covered  with  small  charcoal,  or 
coke ;  and  when  the  zinc  is  added,  it  should  be  dexterously  thrust  to  the  bottom  of  the 
melted  copper.  Immediately  after  stirring  the  melted  mass  so  as  to  incorporate  its  ingre- 
dients, it  should  be  poured  out  into  the  moulds.  In  general,  the  metals  most  easily  al- 
tered by  the  fire,  as  the  tin,  should  be  put  in  last.  The  cooling  should  be  as  quidc  as 
possible  in  the  moulds,  to  prevent  the  risk  of  the  metals  separating  from  each  other  in 
the  order  of  their  density,  as  they  are  very  apt  to  do.  The  addition  of  a  little  iron,  in  the 
form  of  tin-plate,  to  bronze,  is  reckoned  to  be  advantageous. 

One  part  of  tin,  and  two  parts  of  copper  (nearly  one  atom  of  tin  and  four  of  copper,  or 
*  more  exactly,  100  parts  of  tin,  and  215  copper),  form  the  ordinary  speculum  metal  of  re- 
flecting telescopes,  which  is  of  all  the  alloys  the  whitest,  the  most  brilliant,  the  hardest, 
and  the  most  brittle.    The  alloy  of  1  part  of  tin,  and  10  of  copper  (or  nearly  one  atom 
of  the  former  to  eighteen  of  the  latter),  is  the  strongest  of  the  whole  series. 

Ornamental  objects  of  bronze,  aAer  being  cast,  are  commonly  laid  upon  red-hot  coals 
till  they  take  a  dull  red  heat,  and  are  then  exposed  for  some  time  to  the  air.  The  sur- 
face is  thereby  freed  from  any  greasy  matter,  some  portion  of  the  zinc  is  dissipated,  the 
alloy  assumes  more  of  a  coppery  hue,  which  prepares  for  the  subsequent  gilding.  The 
black  tinge  which  it  sometimes  get«  from  the  fire  may  be  removed  by  washing  it  with  a 
weak  acid.  It  may  be  made  very  clean  by  acting  upon  it  with  nitric  acid,  of  specific 
gravity  1*324,  to  which  a  little  common  salt  and  soot  have  been  added,  the  latter  being 
of  doubtful  utility  j  after  which  it  must  be  well  washed  in  water,  and  dried  wi*h  rags  or 
saw-dust. 

BaoNziNG  is  the  art  of  giving  to  objects  of  wood,  plaster,  &.c.,  such  a  surface  as  makes 
them  appear  as  if  made  of  bronze.  The  term  is  sometimes  extended  to  signify  the  pro- 
duction of  a  metallic  appearance  of  any  kind  upon  such  objects.  They  ought  first  to  be 
smeared  over  smoothly  with  a  coat  of  size  or  oil  varnish,  and  when  nearly  dry,  the  me- 
tallic powder-  made  fVom  Dutch  foil,  gold  leaf,  mosaic  gold,  or  precipitated  copper,  is  to 
be  applied  with  a  dusting  bag,  and  then  rubbed  over  the  surface  with  a  linen  pad ;  or  the 
metallic  powders  may  be  mixed  with  the  drying  oil  beforehand,  and  then  applied  with  a 
brush.  Sometimes  fine  copper,  or  brass  filings,  or  mosaic  gold,  are  mixed  previously  with 
some  pulverized  bone^ash,  and  then  applied  in  either  way.  A  mixture  of  these  powders 
with  mucilage  of  gum  arable  is  used  to  give  paper  or  wood  a  bronze  appearance.  The 
surface  must  be  afterward  burnished.  Copper  powder  precipitated  by  clean  plates  of  iron, 
•Irom  a  solution  of  nitrate  of  copper,  after  being  well  washed  and  dried,  has  been  em- 
ployed in  this  way,  either  alone  or  mixed  with  pulverized  bone-ash.  A  finish  is  given  to 
•works  of  this  nature  by  a  coat  of  spirit  varnish. 

A  white  metallic  appearance  is  given  to  plaster  figures  by  rubbing  over  them  an  amal- 
gam of  equal  parts  of  mercury,  bismuth,  and  tin,  and  applying  a  coat  of  varnish  over  it. 
The  inm-colored  bronzing  is  given  by  black  lead  or  plumbago,  finely  pulverized  and 
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vashed.  Busts  and  other  objects  made  of  cast  iron  acquire  a  bronze  aspect  by  being  well 
cleaned  and  plunged  in  solution  of  sulphate  of  copper,  whereby  a  thin  fiLm  of  this  metal 
is  left  upon  the  iron. 

Copper  acquires  by  a  certain  treatment  a  reddish  or  yellowish  hue,  in  consequence  of 
a  little  oxyde  being  formed  upon  its  surface.  Coins  and  medab  may  be  handsomely 
bronzed  as.  follows;  two  parts  of  verdigris  and  1  pa. t  of  sal  ammoniftc  are  to  be  di»* 
solved  in  vin^ar ;  the  solution  is  to  be  boiled,  skimra'^d,  and  diluted  with  water  till  it  has 
only  a  weak  metallic  taste,  and  upon  further  dilution  lets  fall  no  white  precipitate.  This 
soluttoii  is  made  to  boil  briskly,  and  is  poured  upon  the  objects  to  be  bronzed,  which  are 
previously  made  quite  clean,  particularly  free  from  grease,  and  set  in  SFiother  copper  pan. 
This  pan  is  to  be  put  upon  the  fire,  that  the  boiling  may  be  renewed.  The  pieces  under 
operation  must  be  so  laid  that  the  solution  hasire*^  access  to  every  point  of  their  surface. 
The  copper  hereby  acquires  an  agreeable  reddish  brown  hue,  without  losing  its  lustre. 
But  if  the  process  be  too  long  continued,  the  coat  of  oxyde  becomes  thick,  and  makes  the 
objects  appear  scaly  and  dull.  Hence  they  must  be  inspected  every  5  minutes,  and 
be  taken  out  of  the  solution  the  moment  their  color  arrives  at  the  desired  shade.  If 
the  solution  be  too  strong,  the  bronzing  comes  off  with  friction,  or  the  copper  gets  covered 
with  a  white  powder,  which  becomes  green  by  exposure  to  air,  and  the  labor  is  con^ 
sequently  lost.  The  bronzed  pieces  are  to  be  washed  with  many  repeated  waters,  and 
carefully  dried,  otherwise  they  wonid  infallibly  turn  green.  To  give  fresh  made  bronze 
objects  an  antique  appearance,  three  quarters  of  an  ounce  of  sal  ammoniac,  and  a  drachm 
and  a  half  of  binoxalate  of  potash  (salt  of  sorrel)  are  to  be  dissolved  in  a  quart  of  vinegar, 
and  a  sofi  rag  or  brush  moistened  with  this  solution  is  to  be  rubbed  over  the  clean  bright 
metal,  till  its  surface  becomes  entirely  dry  by  the  friction.  This  process  must  be  repeal- 
ed  several  times  to  produce  the  full  effect ;  and  the  object  should  be  kept  a  litle  warm. 
Copper  acquires  very  readily  a  brown  color  by  rubbing  it  with  a  solution  of  the  common 
liver  of  sulphur,  or  sulphuret  of  potash. 

The  Chinese  are  said  to  bronze  their  copper  vessels  by  taking  2  ounces  of  verdi* 
gris,  2  ounces  of  cinnabar,  5  ounces  of  sal  ammoniac,  and  5  ounces  of  alum,  all  in 
powder,  making  them  into  a  paste  with  vinegar,  and  spreading  this  pretty  thick  like  a 
^ment  on  the  surfaces  previously  brightened.  The  piece  is  then  to  be  held  a  little 
while  over  a  fire,  till  it  becomes  uniformly  heated.  It  is  next  cooled,  washed,  and  dried  { 
aAer  which  it  is  treated  in  the  same  way  once  and  again  till  the  wished  for  color  is 
obtained.  An  addition  of  sulphate  of  copper  makes  the  color  incline  more  to  chestnut 
brown,  and  of  borax  more  to  yellow.  It  is  obvious  that  the  cinnabar  produces  a  thin  coat 
of  sulphuret  of  copper  upon  the  surface  of  the  vessel,  and  might  probably  be  used  with 
advantage  by  itself. 

To  give  the  appearance  of  antique  bronze  to  modem  articles,  we  should  dissolve  1 
part  of  sal  ammoniac,  3  parts  of  cream  of  tartar,  and  6  parts  of  coounon  salt  in 
12  parts  of  hot  water,  and  mix  with  the  solution  8  parts  of  a  solution  of  nitrate 
of  copper  of  specific  gravity  1*160.  This  compound,  when  applied  repeatedly  in  a 
moderately  damp  place  to  bronze,  gives  it  in  a  short  time  a  durable  green  coat, 
which  becomes  by  degrees  very  beautiful.  More  salt  gives  it  a  yellowish  tinge,  less 
adt  a  blueish  cast.  A  large  addition  of  sal  ammoniac  accelerates  the  operation  of  the 
mordant. 

Browning  of  guti-barrds  a-nd  other  arms, — ^By  this  process,  the  surface  of  several 
articles  of  iron  acquires  a  shining  brown  color.  This  preparation,  which  protects  the 
iron  from  rust,  and  also  improves  its  appearance,  is  chiefly  employed  for  the  barrels  of 
Ibwling-picces  and  soldiers'  rifles,  to  conceal  the  fire^anns  from  the  eame  and  the  enemy. 
The  finest  kind  of  browning  is  the  Damascus,  in  which  dark  and  bright  lines  run  through 
the  brown  ground. 

This  operation  consists  in  producing  a  very  thin  uniform  film  of  oxyde  or  rust  upon  the 
iron,  and  giving  a  gloss  to  its  surface  by  rubbing  wax  over  it,  or  coating  it  with  a  shel- 
lac vaniL<h. 

Several  means  may  be  employed  to  produce  this  rust  speedily  and  well.  The  effect 
may  be  obtained  by  enclosing  the  barrels  in  a  space  filled  with  the  vapor  of  muriatic 
acid.  Moistening  their  surface  with  dilute  muriatic  or  nitric  acid,  will  answer  the  same 
purpose.  But  the  most  common  material  used  for  browning,  is  the  butter  or  chloride 
of  antimony,  which,  on  account  of  its  being  subservient  to  this  purpose,  has  been  called 
hrtmzing  salt.  It  is  mixed  uniformly  with  olive  oil,  and  rubbed  upon  the  iron  slightly 
heated ;  which  is  aAerwards  exposed  to  the  air,  till  the  wished-for  degree  of  browning  is 
produced.  A  little  aquafortis  is  rubbed  on  after  the  antimony,  to  quicken  its  operatioii. 
The  brown  barrel  must  be  then  carefully  cleaned,  washed  with  water,  dried,  and  finally 
polished,  either  by  the  steel  burnisher,  or  rubbed  with  white  wax,  or  varnished  with  a 
solution  of  2  ounces  of  shellac,  and  three  drachms  of  dragon's  blood,  in  2  quarts  of  spirit 
of  wine. 

The  Ibllowing  process  may  also  be  recommended;  Make  a  solution  with  half  an 
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mmce  of  aqaafonis,  half  an  ounce  of.  sweet  spirit  of  nitre,  1  oance  of  spirit  of  wine, 
2  ounces  of  sulphate  of  copper,  and  1  ounce  of  tincture  of  iron,  in  so  much  water  as 
will  fill  altogether  a  quart  measure.  The  gun  barrel  to  be  browned  must  first  of  all  bf 
filed  and  polished  bright,  and  then  rubbed  with  unslaked  lime  and  water  to  clear  away 
all  the  grease.  Its  two  ends  must  now  be  stopped  with  wooden  rods,  which  may  serve 
as  handles,  and  the  touch-hole  must  be  filled  with  wax.  The  barrel  is  then  to  be  rubbed 
with  that  solution,  applied  to  linen  rags  or  a  sponge,  tiU  the  whole  surface  be  equally 
moistened ;  it  is  allowed  to  stand  24  hours,  and  is  then  scrubbed  with  a  stiff  brush. 
The  application  of  the  liquid  and  the  brushing  may  be  repeated  twice  or  oflener,  till  the 
iron  acquires  a  fine  brown  color.  AAer  the  last  brushing,  the  barrel  must  be  washed 
with  plenty  of  boiling  water,  containing  a  little  potash ;  {hen  washed  with  clean  water, 
dried,  rubbed  with  polishing  hard  wood,  and  coated  with  shellac  varnish,  for  which  pur« 
pose  the  barrel  most  be  heated  to  the  boiling  point  of  water.  It  is  finally  polished  with  a 
piece  of  hard  wood. 

Storch  recommends  to  make  a  browning  solution  with  1  part  of  sulphate  of  copper,  one 
third  of  a  part  of  sulphuric  ether,  and  4  parts  of  distilled  water. 

To  give  the  damask  appearance,  the  barrel  must  be  rubbed  over  first  wit)i  very  dilute 
aquafortis  and  vinegar,  mixed  with  a  solution  of  blue  vitriol ;  washed  and  dried,  and 
mbbed  with  a  hard  brush  to  remove  any  scales  of  copper  which  may  be  precipitated  upon 
it  firom  the  sulphate. 

Statues,  vases,  bass-reliefs,  and  other  objects  made  of  gypsnm,  may  be  durably  bronzed, 
and  bear  exi>osure  to  the  weather  better  than  af^er  the  ordinary  oil-varnish,  by  the 
following  process :— ^Prepare  a  soap  from  linseed  oil,  boiled  with  caustic  soda  ley,  to  which 
add  a  solution  of  common  salt,  and  concentrate  it  by  boiling,  till  it  becomes  somewhat 
granular  upon  ihe  surface.  It  is  then  thrown  U];)on  a  piece  of  linen  cloth,  and  strained 
with  moderate  pressure.  What  passes  through  is  to  be  diluted  with  boiling  water,  and 
again  filtered.  On  the  other  hand,  4  parts  of  blue  vitriol  and  1  part  of  copperas  are  to 
be  dissolved  separately  in  hot  water.  This  solution  is  to  be  poured  slowly  into  the 
solution  of  soap,  as  long  as  it  occasions  any  precipitate.  This  flocculent  matter  is  a 
mixture  of  cupreous  soap  and  ferruginous  soap,  that  is,  a  combination  of  the  oxydes  of 
copper  and  iron  with  the  margaric  acid  of  the  soda  soap.  The  copper  soap  is  green,  the 
iron  soap  is  reddish  brown,  and  both  together  resemble  that  green  rust  which  is  charac- 
teristic of  the  antique  bronzes.  When  the  precipitate  is  completely  separated,  a  fresh 
portion  of  the  vitriol  solution  is  to  be  poured  upon  it  in  a  copper  pan,  and  is  made  to  boil, 
in  order  to  wash  it.  Ader  some  time,  the  liquid  part  must  be  decanted,  and  replaced  by 
warm  water  for  the  purpose  of  washing  the  metallic  soaps.  They  are  finally  treated  with 
cold  water,  pressed  in  a  linen  bag,  drained,  and  dried.  In  this  state  the  compound  is  ready 
for  use  in  the  following  way : — 

Three  pounds  of  pure  linseed  oil  are  to  be  boiled  with  twelve  ounces  of  finely- 
powdered  lithan^e,  then  strained  through  a  coarse  canvass  doth,  and  allowed  to  stand  in 
a  warm  place  till  the  soap  turns  clear.  Fifteen  ounces  of  this  soap  varnish,  mixed  with 
12  ounces  of  the  above  metallic  soaps,  and  5  ounces  of  fine  white  wax,  are  to  be  melted 
together  at  a  gentle  heat  in  a  porcelain  basin,  by  means  of  a  water  bath.  The  mixture 
must  be  kept  for  some  time  in  a  melted  state,  to  expel  any  moisture  which  it  may  contain. 
It  must  be  then  applied,  by  means  of  a  painter's  brush,  to  the  surface  of  the  g}'psum  pre- 
viously heated  to  the  temperature  of  about  200°  F.  By  skilful  management  of  the  heat, 
the  color  may  be  evenly  and  smoothly  laid  on  without  filling  up  the  minute  lineaments 
6t  the  busts.  When,  after  remaining  in  the  cool  air  for  a  few  days,  the  smell  of  the  pig- 
ment has  gone  ofi*,  the  surface  is  to  be  rubbed  with  cotton  wool,  or  a  fine  linen  rag,  and 
vanegated  with  a  few  streaks  of  metal  powder  or  shell  gold.  Small  objects  may  be  dipp- 
ed in  the  melted  mixture,  and  then  exposed  to  the  heat  of  a  fire  till  they  are  thoroughly 
penetrated  and  evenly  coated  with  it. 

BROWN  DYE.  Upon  this  subject  some  genera]  views  are  given  in  the  article  Dtb- 
IKG,  explanatory  of  the  nature  of  this  color,  to  which  I  may  in  the  first  place  refer.  This 
dye  presents  a  vast  variety  of  tints,  from  yellow  and  red  to  black  brown,  and  is  produced 
either  by  mixtures  of  red,  yellow,  and  blue  with  each  other,  or  of  yellow  or  red  with 
Uack,  or  by  substantive  colors,  such  as  catechu  or  oxyde  of  manganese,  alone.  We  shall 
here  notice  only  the  principal  shades ;  leaving  their  modifications  to  the  caprice  or  skill  of 
the  dyer. 

1.  Brown  from  mixture  of  other  eolofs. 

Wool  and  woollen  cloths  must  be  boiled  with  one  eighth  their  weight  of  alum  and 
•olpho-tartrate  of  iron  (see  this  article);  afterwards  washed,  and  winced  through  the 
madder  bath,  which  dyes  the  portion  of  the  stuff*  imbued  with  the  alum  red,  and  that  with 
the  salt  of  iron  black ;  the  tint  depending  upon  the  proportion  of  each,  and  the  duration 
of  the  madder  bath. 

A  similar  brown  is  produced  by  boiling  every  iK)nnd  of  the  stuff  with  two  ounces  of 
alnm,  and  one  ounce  of  common  salt,  and  then  dyeing  it  in  a  bath  of  logwood  contain- 
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tag  eitker  siilpliotartnitey  aeeUte,  or  snlplnte  of  ihm.  Or  the  stuiT  may  he  boiled  with 
•lom  and  tartar,  dyed  up  in  a  madder  bath,  and  then  run  through  a  black  bath  of  iron 
mordaiit  and  gaUs  or  sumach.  Here  the  black  tint  is  added  to  the  red  till  the  proper  hue 
be  hit.  The  brown  may  be  produced  also  by  adding  some  iron  liquor  to  the  madder  bath, 
after  the  stulf  has  been  dyed  up  in  it  with  alum  and  tartar.  A  better  brown  of  this 
kirtd  is  obtained  by  boiling  every  pound  of  wool  with  2  ounces  of  alum,  dyeing  it  up  in 
eoehinea],  then  tbanging  the  crimson  thus  given  into  brown,  by  turning  the  stuff  throagh 
the  bath  after  acetate  of  iron  has  been  added  to  it.  Instead  of  the  cochineal,  archil,  or 
cntbear,  with  a  little  galls  or  sumach,  may  be  used. 

Wool  or  silk  may  also  receive  a  light  blue  ground  from  the  indigo  vat,  then  be  mor- 
danted with  alam,  washed,  and  turned  through  a  madder  bath  till  the  wished-for  brown 
be  brought  out.  For  the  deeper  shades^  galls  or  sumach  may  be  added  to  the  paler  Brazil- 
wood,  with  more  or  less  iron  mordant.  Instead  of  the  indigo  viit,  Saxon  blue  may  be 
employed  to  ground  the  stnff  before  dyeing  it  with  madder,  or  5  pounds  of  madder,  with 
1  pound  of  alum,  a  solution  of  one  tenth  of  a  pound  of  indigo  in  sulphuric  acid,  may  be 
used  with  the  proper  quantity  of  water  for  20  pounds  of  wool;  for  dark  shades,  some  iron 
Donlant  may  be  added.  Or  we  may  combine  a  bath  of  cochineal  or  cutbear,  fustic, 
and  galls,  aAd  add  to  it  sulphate  of  iron  and  sulphate  of  indigo,  blunted  with  a  little 
potash. 

If  we  boil  woollen  doth  with  alum  and  tartar,  then  pass  it  throngh  a  madder  bath,  and 
afterward  through  one  of  weld  or  fustic,  containing  more  or  less  iron  mordant,  we  obtain 
shades  variahle,  according  to  the  proportions  of  the  materials,  from  mordori  and  cinnamon 
to  chestnut  brown. 

After  the  same  manner,  bronze  colors  may  be  obtained  from  the  union  of  olive  dyes 
with  red.  For  25  pounds  of  cloth,  we  take  4  pounds  of  fustic  chips,  boil  them  for  2  hours, 
torn  the  cloth  in  this  bath  for  an  hour,  and  drain  it;  then  add  to  the  bath  from  4  to  6 
ooBces  of  sulphate  of  iron,  and  1  pound  of  ordinary  madder,  or  2  pounds  of  sandal-wood  { 
pot  the  cloth  again  in  this  compound  bath,  and  tarn  it  through,  till  the  desired  shade  be 
obtained.  By  changing  the  proportions,  and  adding  an  iron  mordant,  other  tints  may  be 
produced. 

This  mode  of  dyeing  is  suitable  for  silk,  but  with  three  different  baths ;  one  of  logwood^ 
one  of  fiiazil-wood,  and  one  of  fustic.  The  silk,  after  being  boiled  with  soap,  is  to  be 
afaimed,  and  then  dyed  up  in  a  bath  compounded  of  these  three  decoctions,  mixed  in  the 
requisite  proportions.  By  the  addition  of  walnut  peels,  sulphate  of  copper,  and  a  little 
nlphate  of  iron,  or  by  passing  the  silk  through  a  bath  of  annotto,  a  variety  of  brown 
ihaides  may  be  had. 

Or  the  silk  may  reeeive  an  annotto  ground,  and  then  be  passed  through  a  bath  of  log- 
wood or  Brazil-wood.  For  10  pounds  of  silk,  6  ounces  of  annotto  are  to  be  taken,  and 
dissolved  with  18  ounces  of  potashes  in  boiling  water.  The  silk  must  be  winced  through 
this  solution  for  2  hours,  then  wrung  out,  dried,  next  alumed,  passed  through  a  bath  of 
Brazil-wood,  and  finally  through  a  bath  of  logwood,  containing  some  sulphate  of  iron. 
It  is  to  be  vrrung  out  and  dried. 

Brown  of  different  shades  is  imparted  to  cotton  and  linen,  by  impregnating  them  with 
a  mixed  mordant  of  acetates  of  alumina  and  iron,  and  then  dyeing  them  up,  either  with 
madder  alone,  or  with  madder  and  fustic.  When  the  aluminous  mordant  predominates, 
the  madder  ^ives  an  amaranth  tint.  For  horse-chestnut  brown,  the  cotton  must  be  galled, 
plunged  into  a  black  bath,  then  into  a  bath  of  sulphate  of  copper,  next  dyed  up  in  a  de- 
eoction  of  fustic,  wrung  out,  passed  through  a  strong  madder  bath,  then  through  the  sol- 
phate  of  copper  solution,  and  finished  with  a  soap  boil.  Different  shades  of  cinnamon 
sie  obtained,  when  cottons  first  dyed  op  with  madder  get  an  olive  cast  with  iron  liquor  in 
a  fustic  bath. 

These  cinnamon  and  mordore  shades  are  also  produced  by  dyeing  them  first  in  a  bath 
of  weld  and  verdigris,  passing  them  through  a  solution  of  sulphate  of  iron,  wringing  and 
drying  them ;  next  putting  them  through  a  bath  containing  1  pound  of  galls  for  10  pounds 
of  stuff,  again  di^'ing,  next  aluming,  and  maddering.  They  must  be  brightened  by  a  boil 
in  soap  water. 

A  soycrior  brown  is  produced  by  like  means  upon  cotton  goods,  which  have  undergone 
the  oiling  process  of  the  Turkey  red  dye.  Such  stuffs  must  be  galled,  mordanted  with 
alom  (see  Madper),  sulphate  of  iron,  and  acetate  of  lead  (equal  to  f  of  the  alum);  after 
washing  and  dryinir,  dyed  in  a  madder  bath,  and  cleared  with  a  soap  boil.  The  tint  of 
brown  raries  with  the  proportion  of  alum  and  sulphate  of  iron. 

We  perceive  from  these  examples,  in  how  many  ways  the  browninsr  of  dyes  may  be 
modifieid,  upon  what  principles  they  are  founded,  and  how  we  have  it  in  our  power  to  turn 
the  »bade  more  or  less  toward  red,  black,  yellow,  blue,  &c. 

Brown  may  be  produced  by  direct  dyes.  The  decoction  of  oak  bnrk  dyes  wool  a  fast 
brown  of  different  shades,  according  to  the  concentration  of  the  bath.  The  color  is  more 
lively  with  the  addition  of  alum. 
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The  decoction  of  bastard  laaijonm  (Origaiokm  vulgafu)  dyes  cottoa  and  linen  a  reddkb 
brown,  with  acetate  of  alumina.    WcKkl  takes  ftom  it  a  dark  brown. 

The  bark  of  the  mangrove  tree  {Rixophora  vnangU)  affords  to  wool  boiled  with  aimn 
and  tartar  a  fine  red  brown  color,  which,  with  the  addition  of  sulphate  of  iron,  passes 
into  a  fast  chocolate. 

The  Bablah,  the  pods  of  the  East  Indian  Mimo$a  cineraria^  and  the  African  Mitnota 
niloticay  gnres  cotton  a  brown  with  acetate  or  sulphate  of  copper. 

The  root  of  the  white  sea  rose  (Nymphaa  alba)  gives  to  cotton  and  wool  beautiiVU 
shades  of  brown.  A  mordant  of  sulphate  of  iron  and  zinc 'is  first  given,  and  then  the 
wool  is  turned  through  the  decoction  of  the  root,  till  the  wishedrfor  shade  is  obtained. 
The  cotton  must  be  mordanted  with  a  mixture  of  the  acetates  of  iron  and  zinc. 

Walnut  peels  (Juglaiu  regia),  when  ripe,  contain  a  dark  brown  dye  stuff,  which  com- 
municates a  permanent  color  to  wool.  The  older  the  infusion  or  decoction  of  the  peels, 
the  better  dye  does  it  make.  The  stuff  is  dyed  in  the  lukewarm  bath,  and  needs  no 
mordant,  though  it  becomes  brighter  with  alum.  Or  this  dye  may  be  combined  with  the 
madder  or  fustic  bath,  to  give  varieties  of  shade.  For  dyeing  sUk,  this  bath  should  be 
hardly  lukewarm,  for  fear  of  causing  inequality  of  color. 

The  peelings  of  horse-chestnuts  may  be  used,  for  the  same  purpose.  Wflh  muriate  of 
tin  they  give  a  bronze  color,  and  with  acetate  of  lead  a  reddish  brown. 

Catechu  gives  cotton  a  permanent  brown  dye,  as  also  a  bronze,  and  mordore,  when  its 
solution  in  hot  water  is  combined  with  acetate  or  sulphate  of  copper,  or  when  the  stuff 
is  previously  mordanted  with  the  acetates  of  copper  and  alumina  mixed,  sometimes  vtith 
a  little  iron  liquor,  rinsed,  dried,  and  dyed  up,  the  bath  being  at  a  boiling  heat. 

Ferrocyanate  of  copper  gives  a  yellow  brown  or  a  bronze  to  cotton  and  silk. 

The  brown  color  called  carmelUe  by  the  French  is  produced  by  one  pound  of  catechu 
to  four  ounces  of  verdigris,  with  five  ounces  of  muriate  of  ammonia.  The  bronze 
{solitaire)  is  given  by  passing  the  stuff  through  a  solution  of  muriate  or  sulphate  of 
manganese,  with  a  little  tartaric  acid,  drying,  passing  through  a  potash  ley  at  4°  Baumg, 
brightening  and  fixing  with  solution  of  chloride  of  lime. 

BRUSHES.  {Brossei,  Fr. ;  Bursten,  Germ.)  Mr.  T.  Mason  obtained  a  patent  in 
October,  1830,  for  an  improvement  in  the  manufacture  of  this  article.  It  consists  in  a 
firmer  mode  of  fixing  the  knots  or  small  bundles  of  hair  into  the  stock  or  the  handle  of 
the  brush.  This  is  done  by  forming  grooves  in  the  stocks  of  the  brushes,  for  the  purpose 
of  receiving  the  ends  of  the  knots  of  hair,  instead  of  the  holes  drilled  into  the  wood,  as 
in  brushes  of  Uie  common  constructions.  These  grooves  are  to  be  formed  like  a  dovetail, 
or  wider  at  the  bottom  than  the  top ;  and  when  the  ends  of  the  knots  of  hair  have  been 
dipped  into  cement,  they  are  to  be  plsiced  in  the  grooves  and  compressed  into  an  oval  form, 
by  which  the  ends  of  the  hair  will  be  pressed  outwards  into  the  recess  or  wider  part  of 
the  dovetailed  groove,  or  the  grooves  may  be  formed  with  threads  or  teeth  on  the  sides, 
instead  of  being  dovetailed ;  and  the  cement  and  hairs  being  pressed  into  the  teeth  or 
threads,  will  cause  them  to  adhere  firmly  to  the  stock  or  handle  of  the  brush. 

A  metal  ferrule  may  be  placed  on  the  outside  of  the  stock  of  the  brush,  if  necessary, 
and  secured  by  ^lins  or  rivets,  or  in  any  other  convenient  manner,  which  ferrule  may 

169     C0      ^'^^  ^^^1^   ^<^c  s'^c  ^^  ^^^  outer  groove.    Fig,  182  is 
■  a  plan  view  of  the  stock  of  a  round  brush;  fig,  183 

is  a  section  of  the  same ;  a  a  are  the  dovetailed  grooves, 
which  are  turned  out  of  the  wood ;  b  is  the  metal  fer- 
rule;  c  c  are  knots  or  small  bundles  of  hair,  to  fonn 
the  bmsh.  After  a  number  of  the  knots  of  hair  are 
prepared,  the  ends  are  to  be  dipped  into  proper  cement, 
and  then  placed  into  the  grooves,  when  their  ends  are 
to  be  squeezed  by  a  pair  of  pliers,  or  other  means,  which 
will  compress  them  into  the  oval  shape,  as  shown  in 
fig.  184,  and  cause  the  ends  of  the  hairs  to  extend  out* 
ward  under  the  dovetailed  part  of  the  recess. 
The  knots  of  hair  are  to  be  successively  placed  in  the 

grooves,  and  forced  up  by  a  tool  against  the  last  knot 

1 84  ^''QfliP^  put  in,  and  so  on,  until  the  grooves  are  filled ;  fig.  184  is 

a  section  taken  through  a  brush  with  teeth  or  tlu-eads  of  a  screw  formed  upon  the  sides 
of  the  groove ;  into  these  teeth  or  threads  the  cement  and  hairs  will  be  forced  by  the 
compression,  by  which  means  they  will  be  held  firmly  in  the  stock  of  the  brush. 

BUTTER.  {JBeurre,  Fr.;  Butter^  Germ.)  Milk  contains  a  fatty  matter  of  more 
or  less  consistency,  modified  very  much  according  to  the  nature  of  the  animals  which 
afford  it.  This  substance  is  butter,  held  suspended  in  the  milk  by  means  of  the  caseous 
matter  and  whey,  with  which  it  is  intimately  blended.  Milk  is  a  true  emulsion 
residting  from  the  mixture  of  these  three  ingredients,  owing  its  opacity  and  white 
dolor  to  the  diffusion  through  it  of  that  butyraceons  oil.    When  any  circumstance 
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tkls  muoii,  each  eomponent  bcteomes  insulated,  and  maaifests  its  peculiar 
properties.  Milk,  even  left  to  itself,  at  a  temperature  of  from  50^  to  6CP  F.,  separates 
spontaneously  into  several  products.  A  layer  of  a  fatter,  more  consistent,  but  lighter 
natoie,  flostts  Upon  its  surface,  whUe  the  subjacent  liquid  forms  a  white  magma,  which 
retains  among  its  curdy  flocks  all  the  whey  of  the  milk.  The  upper  layer  or  cream  con- 
tains nearly  the  whole  of  the  batter ;  but  a  portion  remains  entangled  with  the  curd  and 
whey  below. 

It  belongs  to  a  work  on  husbandry  or  rural  eeonomy  to  treat  fuUy  bf  the  operations  of 
the  dairy ;  one  of  the  principal  of  which  is  the  extraction  of  butter  from  milk. 

The  Tartars  and  French  have  been  long  in  the  habit  of  preserving  butter,  by  melting 
it  with  a  moderate  heat,  whereby  are  coagulated  the  albuminous  and  curdy  matters 
tta/uning  in  it^  which  are  very  potrescible.  This  fusion  should  be  made  by  a  heat  cf 
a  water  balh,  about  176^  F.,  continned  for  some  time,  to  effect  the  more  complete 
purification  of  the  butter.  If  in  this  settled  liquefied  state  it  be  carefully  decanted, 
strained  throagh  a  tammy  doth,  and  slightly  salted,  it  may  be  kept  for  a  long  time  nearly 
fresh,  without  becoming  in  any  degree  rancid,  more  especially  if  it  be  put  up  in  small 
iars  closely  covered. 

JBcTTTEK  OF  Cacao.    See  Cacao  and  Oils. 

BUTTON  MANUFACTURE.  This  art  is  divided  into  several  branches,  constitutmg 
so  many  distinct  trades.  Horn,  leather,  bone,  and  wood,  are  the  substances  frequently 
tmpUjftd  for  buttons,  which  are  either  plain,  or  covered  with  silk,  mohair,  thread,  or 
other  ornamental  materials.  The  most  durable  and  ornamental  buttons  are  made  of 
various  ouetals,  polished,  or  covered  with  an  exceedingly  thin  wash,  as  it  is  termed,  of 
some  more  valuable  metal,  chiefly  tin,  silver,  and  gold. 

Those  buttons  intended  to  be  covered  with  silk,  &c.  are  termed,  in  general,  moulds. 
They  are  small  circles,  perforated  in  the  centre,  and  made  from  those  refuse  chips  of  bone 
whidi  are  too  small  for  other  purposes.  These  chips,  which,  for  the  large  and  coarser 
buttons,  are  pieces  of  hard  wood,  are  sawn  into  thin  flakes,  of  an  equal  thickness ;  from 
which,  by  a  machine,  the  button  moulds  are  cut  out  at  two  operations. 

Tlie  shavings,  sawdust,  and  more  minute  fragments,  are  used  by  manufacturers  of 
catlery  and  iron  toys^  in  the  operations  of  case-hsutlening ;  so  that  not  the  smallest  waste 
takes  place. 

Metal  buttons  are  fooned  of  an  inferior  kind  of  brass,  pewter,  and  other  metaUie 
eompositions :  the  shanks  are  made  of  brass  or  iron  wire,  the  formation  of  which  is  a 
distinct  trade.  The  buttons  are  made  by  casting  them  round  the  shank.  For  this 
purpose  the  workman  has  a  pattern  of  metal,  consisting  of  a  great  number  of  circular 
buttons,  connected  together  in  one  plane  by  very  small  bars  ftom  one  to  the  next ;  and 
the  pattern  contains  from  four  to  twelve  dozen  of  buttons  of  the  same  size.  An 
impression  from  this  pattern  is  taken  in  sand  in  the  usual  manner;  and  shanks  are 
pressed  into  the  sand  in  the  centre  of  each  impression,  the  part  which  is  to  enter  the 
metal  being  left  projecting  above  the  surface  of  the  sand.  The  buttons  are  now  cast 
from  a  mixture  of  brass  and  tin ;  sometimes  a  small  proportion  of  zinc  is  added,  which 
is  found  useful  in  causing  the  metal  to  flow  freely  into  the  mould,  and  make  a  sharp 
casting.  When  the  buttons  are  cast,  they  are  deaned  from  the  sand  by  brushing ; 
they  are  then  broken  asunder,  and  carried  to  a  second  workman  at  the  lathe,  who  in- 
serts the  shank  of  a  button  into  a  chuck  of  a  proper  figure,  in  which  it  is  retained  by 
the  back  centre  of  the  lathe  being  pressed  against  the  button  with  a  spring.  The  cir* 
csmference  is  now,  by  filing  it  as  it  turns  round,  reduced  to  a  true  circle ;  and  the  button 
b  instantly  released  by  the  workman's  holding  back  the  centre,  and  is  replaced  by 
another.  A  third  workman  now  turns  the  back  of  the^button  smooths  in  a  chuck  Iath6> 
and  makes  the  projecting  part  round  the  shank  true ;  and  a  fourth  renders  the  face  of 
the  button  smooth,  by  placing  it  in  a  chuck,  and  applying  the  edge  of  a  square  bar  of 
steel  across  its  centre. 

Gilt  battons  are  stamped  out  from  copper,  (having  sometimes  a  small  alloy  of  zinc,) 
laminated  in  the  flatting  mill  to  the  proper  thickness.  The  stamp  is  urged  by  a  fly- 
press,  which  cuts  them  out  at  one  stroke.  These  circular  pieces,  called  blanks,  are  an- 
nealed in  a  furnace  to  soften  them ;  and  the  maker's  name,  4tc.  is  struck  on  the  back  by 
a  monkey,  which  is  a  machine  very  similar  to  a  pile-engine.  This  stamp  also  renders 
the  lace  yery  slightly  oonrex,  that  the  buttons  may  not  stick  together  in  the  gilding 
process.  The  shanks  are  next  soldered  on.  The  burnishing  is  performed  by  a  piece  of 
hematites  or  blood-stone,  fixed  into  a  handle,  and  applied  to  the  button  as  it  revolves  by 
the  motion  of  the  lathe. 

A  great  number  of  the  buttons,  thus  prepared  for  gilding,  are  put  into  an  earthen  pan, 
with  the  proper  quantity  of  gold  to  cover  them,*  amalgamated  with  mercury  in  the  fol- 

*Brft  of  pariiaiiMiit  5  gniu  of  fold  an  allotted  for  tho  parpoM  of  gildiiif  144  batfeoM,  though  tbay  omw 
be  tdenbljr  woD  gOt  by  hidf  that  qoantity.  la  this  last  eaaa,  the  thickneie  would  be  about  the  S14,000ta 
ffntefaafach. 
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lOwing  manner :  —  The  gold  is  put  into  an  inm  ladle,  and  a  tmaU  qnantitf  of  nwr- 
cnry  added  to  it;  the  ladle  ia  held  over  the  fire^till  the  gold  and  mercniy  are  per- 
fectly united.  This  amalgam  being  put  into  the  pan  with  the  buttons,  as  maeb 
aquftfortis,  diluted  with  water,  as  w^  wet  them  all  over,  is  thrown  in,  and  they  are 
stirred  up  with  a  brush,  tiU  the  acid,  by  its  affinity  to  the  eopper,  eazries  the  amalgam 
to  every  part  of  its  surface,  covering  it  with  the  appearance  of  diver.  When  this  is 
perfected,  the  acid  is  washed  away  with  clean  water.  This  process  by  the  workman  is 
called  quicking. 

The  old  process  in  gilding  buttons,  called  the  drying  off,  was  exceedingly  pemicions 
to  the  operator,  as  he  inhaled  the  vapor  of  the  mercury,  which  is  well  known  to  be 
a  violent  poison.  In  order  to  obviate  this,  the  following  plan  of  apparatus  has 
been  employed  with  success.  The  vapor,  as  it  rises  from  the  pan  of  buttons  heated 
by  a  charcoal  fire,  is  conducted  into  an  oblong  iron  flue  or  gallery,  gently  sloped  dovm- 
wards,  having  at  its  end  a  small  vertical  tube  dipping  Into  a  water  cistern,  for  condensing 
the  mercury,  and  a  large  vertical  pipe  for  promoting  the  draught  of  the  products  of  the 
combustion. 

Plated  buttons  are  stamped  by  the  fly-press,  oUt  of  copper-plate,  covered  on  one  side 
with  silver  at  the  flatting-mill.  The  copper  side  is  placed  upwards  in  stamping,  and 
the  die  or  hole  through  which  they  are  stamped  is  rather  chamfered  at  its  edge,  to  make 
the  silver  turn  over  the  edge  of  the  button.  The  backs  are  stamped  in  the  same 
manner  as  the  gilt  buttons.  The  shanks  are  soldered  on  with  silver  solder,  and  heated  one 
by  one  in  the  flame  of  a  lamp,  with  a  blow-pipe  urged  by  bdlows.  The  edges  are  now 
filed  smooth  in  the  lathe,  care  being  taken  not  to  remove  any  of  the  silver  which  is  turn- 
ed over  the  edge.  They  are  next  dipped  in  acid,  to  clean  the  backs,  and  boiled  in  cream 
of  tartar  and  silver,  to  whiten  them ;  after  which  they  are  burnished,  the  backs  being 
first  brushed  clean  by  a  brush  held  against  them  as  they  revolve  in  the  lathe.  The  mode 
of  burnishing  is  the  same  as  for  gilt  buttons. 

Button  shanks  are  made  by  hand  from  brass  or  iron  wire,  bent  and  cut  by  the  follow- 
ing means : — 

The  wire  is  lapped  spirally  round  a  piece  of  steel  bar.  The  steel  is  turned  round  by 
screwing  it  into  the  end  of  the  spindle  of  a  lathe,  and  the  wire  by  this  means  lapped 
close  round  it  till  it  is  covered.  The  coil  of  wire  thus  formed  is  slipped  off,  and  a  wire 
fork  or  staple  with  parallel  legs  put  into  it.  It  is  now  laid  upon  an  anvil,  and  by  a 
piinch  the  coil  of  wire  is  struck  down  between  the  two  prongs  of  the  fork,  so  as  to  form 
a  figure  8,  a  little  open  in  the  middle.  The  punch  has  an  edge  which  majks  the  middle 
of  the  8,  and  the  coil  being  cut  open  by  a  pair  of  shears  along  this  mark,  divides  each 
turn  of  the  coil  into  two  perfect  button  shanks  or  eyes. 
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Mr.  Holmes,  of  Birmingham,  obtained  in  May,  1833,  a  patent  for  an  improved  eon- 
•Iraction  of  buttons.  Ftg.  185  represents  the  outside  appearance  of  one  of  his 
improved  shanks,  as  raised  or  formed  out  of  the  disc  of  metal  which  is  to  constitute  the 


BUTTON  MANUFACTURE.  205 

btdc  of  the  button ;  fig.  186  an  edge  yiew,  looking  throagh  the  shank  or  loop ;  Jig.  187  n 
another  edge  view,  kx>king  at  the  raised  shank  or  loop  endways ;  fig,  188  is  a  section 
taken  through  the  shank  and  disc  in  the  direction  pf  the  dotted  line  a  b,  in  fig,  185 ;  and 
fig.  1S9  another  section  taken  ia  the  direction  of  the  dotted  line  c  d,  in  fig,  185.  All  these 
figures  of  his  improved  shanks,  as  well  as  those  hereinarier  descrihed,  together  with  the 
tools  used  to  form  the  same,  are  drawn  at  about  half  the  real  size,  to  show  the  parts 
more  distinctly.    It  will  be  seen  that  the  shanks  or  loops  a  a  are  formed  by  ^ttially 
tutting  and  raising,  or  forcing  up  a  portion  of  the  metal  disc  or  back  6,  and  are  com- 
pressed  or  formed  by  the  action  of  ihe  took,  or  punches  and  dies,  so  as  to  have  a  rounded 
figure  on  the  inside  of  the  top  part  of  the  shank,  as  at  r,  the  edges  of  the  metal  being 
turned  so  as  to  prevent  them  cutting  the  threads  by  which  the  button  is  fastened  to  the 
doth  or  garment.    It  will  be  observed  that,  there  being  but  one  passage  or, way  through 
which  the  thread  can  be  passed  to  sew  on  the  button,  and  that  opening  being  rounded 
on  all  edges,  will  cause  the  threads  to  keep  in  the  centre  of  ihe  shanks,  the  form  of  the 
shank  allowing  a  much  neater  attachment  to  the  garment,  and  keeping  the  threads  from 
the  edges  of  the  metal.  The  ends  of  the  shank,  or  portions  £  e,  which  rise  up  from  the  disc 
OT  ba^  bj  are  nuide  nearly  circular,  in  order  to  avoid  presenting  any  edges  of  the  metal 
to  the  sides  of  the  button  hole ;  and  when  the  shank  is  sewed  on  the  cloth,  it  forms,  in 
conjunction  with  the  threads,  a  round  attachment,  thereby  preventing  the  shank  from 
eaiting  or  wearing  the  buiton-hole ;  the  threads,  when  the  shank  is  properly  sewed  to 
the  garment,  nearly  filling  up  the  opening  through  the  shank,  and  completing  that  portion 
of  the  circle  which  has  been  taken  out  of  the  shank  by  the  dies  in  forming  the  crescented 
parts  of  the  loop.    It  will  be  therefore  understood  that  the  intention  is,  that  the  inside 
edges  of  the  shank  should  be  turned  as  much  as  possible  away  from  the  threads  by  which 
the  button  is  sewed  on  the  cloth,  and  that  the  outside  of  the  shank  should  be  formed  so 
as  to  present  rounded  surfaces  to  the  button-hole,  and  that  the  thread  should  fill  up  the 
opening  through  the  shank,  so  as  to  produce  a  round  attachment  to  the  garment.  It  should 
here  be  observed,  that  the  backs  of  the  buttons  shown  in  these  figures  are  of  the  shape 
generally  used  for  buttons  covered  with  Florentine  or  other  fabric,  or  faced  with  plates  of 
thin  metal,  and  are  intended  to  have  the  edges  of  a  disc,  or  what  is  termed  a  shell,  form- 
ing the  face,  to  be  closed  in  upon  the  inclined  or  bevelled  edges  of  the  backs.    Having 
now  deMsribed  the  peculiar  form  of  the  improved  shanks  which  he  prefers,  for  buttons  to 
be  covered  with  Florentine  or  other  fabric,  or  shells  of  thin  metal  plate,  he  proceeds  to/ 
describe  some  of  the  different  variations^  from  the  same. 

Fig,  190  is  a  representation  of  a  shank,  the  cut  through  the  disc  or  back  being  effected 
by  a  parallel  rib  on  the  die,  and  corresponding  groove  in  the  shaping  punch,  instead  of  the 
semicircular  or  crescented  cut  shown  in^g.  185 ;  fig,  191  is  a  view  of  another  sl^nk,  the  se- 
paration of  the  sides  of  the  loop  being  performed  by  straight  edges  in  both  punch  and  die. 
He  prefers  finishing  this  shaped  shank  (that  is,  giving  it  the  rounded  form,  to  prevent  its 
cutting  the  threads)  by  detached  punches,  and  dies,  or  pincers,  as  will  be  hereinafter  de- 
scribed. Fig  192  is  a  representation  of  one  of  the  improved  shanks,  which  has  merely 
portions,  //,  of  the  back  of  the  button  connected  to  its  ends.  This  shank  may  be  uied 
for  buttons  which  have  a  metal  shell  to  be  closed  in  upon  the  bevelled  edges  of  the  end% 
or  the  shank  piece  may  be  otherwise  connected  to  the  face  part  of  the  button.  Fig,  193 
is  a  representation  of  a  shank  raised  out  of  a  small  disc  of  metal  g  g,  intended  to  be  sol* 
dered  to  the  disc  of  metal  forming  the  button,  or  it  may  be  otherwise  fixed  to  Uie  back; 
fit»  194  is  a  representation  of  another  shank  for  the  same  purpose,  having  only  portions 
of  metal  h  A,  for  soldering  or  otherwise  attaching  it  to  the  back  of  the  button,  as  by 
placing  a  ring  or  annular  piece  over  it  forming  the  back,  which  shall  be  confined  to  the 
face  as  before  described  \fi^,  195  is  a  representation  of  a  shank  raised  upon  a  dish  or  bevel- 
led piece  of  metal,  and  is  intended  to  be  used  for  buttons  made  from  pearl-shell,  horn, 
wood,  paper,  or  other  substances.  The  back  part  of  the  button  has  a  dovetailed  rece» 
fonned  in  it  to  receive  the  dish-shaped  back,  which  is  pressed  into  the  recess,  the  edges 
^  the  dish  being  expanded  in  the  dovetailed  parts  of  the  recess  by  the  ordinary  means, 
and  thereby  firmly  fixing  it  to  the  button,  as  shown  in  jig.  196. 

Having  now  explained  the  peculiar  forms  of  his  improv^  shanks,  he  proceeds  to  describe 
t>  e  tools,  or  punches  and  dies,  by  which  he  cuts  the  disc  or  back  from  out  of  a  sheet  of  metal, 
and  at  the  same  operation  produces  and  forms  the  shank  complete.  Fig,  197  is  a  longita- 
dinal  section  taken  through  a  pair  of  dies  and  punches  when  separated  ;j^g.  198  is  a  similur 
section,  taken  when  they  are  put  together,  and  in  the  act  of  forming  a  shank  after  cutting 
out  the  disc  or  back  of  the  button  from  a  sheet  of  metal ;  fig,  199  is  a  face  view  of  the 
punch ;  -andyfg.  200  is  a  similar  representation  of  the  counter  die,  with  the  tools  complete; 
a  is  the  pnnch  or  cutter,  and  6  the  counter  bed,  by  the  circular  edees  of  which  the  disc 
oT  metal  is  Cut  out  of  the  sheet ;  c  is  a  die,  fixed  in  the  cutter  a  (upon  which  the  name 
of  the  button-maker  may  be  engraved).  Fig,  201  is  a  face  view  of  this  die  when  removed 
ont  of  the  pnnch ;  d  is  the  counter  die  to  the  die  c.  It  will  be  perceived  that  these  dies 
c  and  d,  together  with  the  punch  and  bed,  compress  the  disc  of  metal  into  the  form  re- 
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quired  for  the  back  of  the  button  $  that  shown  in  the  figtires,  as  be^i>re  Stated,  is  of  the 
shape  u.«ed  for  battons  to  be  covered  with  Florentine  or  thin  plate  metal,  in  a  round 
shell  closed  in  upon  the  inclined  or  bevelled  ed?e  of  the  bade ;  e  is  the  catting  and 
shaping  punch  of  the  shank,  which  is  fixed  within  the  counter  die;  this  punch  cuts 
throus^h  the  metal  of  the  disc,  and  forms  the  shank  as  the  dies  approach  nearer  together, 
by  raising  or  forcing  it  up  into  the  recess  or  opening  in  the  die  c,  where  it  is  met  by  the 
end  of  another  shaping  punch  /,  fixed  in  the  punch  a,  which  compresses  the  upper  pari 
of  the  shank  into  the  recess  g,  in  the  end  of  the  punch  e,  thereby  giving  the  shank  its 
rounded  figure,  and  at  the  same  lime  forming  the  other  part  of  the  shank  into  the  required 
shape,  as  described  at  figs.  185  to  189.  The  ends  of  these  shaping  punches  fit  into  and 
over  each  other,  as  wiU  be  seen  by  the  detached  figures  of  the  punches  designed  for  form"* 
inc?  the  shank  first  described.  Fig,  202  is  a  representation  of  the  punches  When  apart  and 
removed  out  of  the  dies ;  fig.  203  is  a  longitudinal  section  of  the  same;  fig.  204  is  another 
viev*f  of  the  punches  as  seen  on  the  top.  The  sharp  edge  of  the  recess  h,  in  the  punch  e> 
comes  in  contact  with  the  cutting  edges  of  the  projecting  rib  t  of  the  die  c,  and  thereby 
cuts  through  so  much  of  the  metal  as  is  required.  The  edge  k  of  this  die  keeps  the  out- 
side ends  of  the  shank  of  a  spherical  figure,  as  before  explained,  while  the  punches  force 
up  the  metal,  and  form  the  elevated  loop  or  shank  t  u  u  are  holes  made  through  the  coun- 
ter die  i,  for  the  passage  of  clearing  pins,  which  force  out  the  shank  or  back  piece  from 
the  counter  die  when  finished ;  the  operation  of  Which  will  be  shown  when  describing  the 
machinery  hereafler.  There  are  aaju«ting  screws  at  the  back  of  the  punches  and  diesj 
by  which  they  can  be  regulated  and  brought  to  their  proper  position  one  to  the  other. 

Although  he  has  shown  the  punches  which  form  his  improved  shanks,  fixed  into  and 
working  in  conjunction  with  the  punch  and  dies  which  cut  out  and  shape  the  discs  of 
metal  for  the  back  of  the  button,  yet  he  does  not  intend  to  confine  himself  to  that  mode 
of  using  them,  as  fiat  blanks  or  discs  for  the  backs  of  buttons  may  be  cut  out  in  a 
separate  stamping  press,  and  aflerwards  shaped  in  the  same  press  or  in  another,  and  then 
brought  under  the  operation  of  the  punches  which  form  his  improved  shanks,  fixed  in 
any  suitable  press.  This  last  mentioned  mode  of  producing  button  shanks  and  backs 
he  prefers  when  such  metals  are  employed  as  require  annealing  between  the  operations 
of  shaping  the  backs  and  forming  the  shank.  Fig.  205  is  a  section  taken  through  a 
pair  of  dies,  in  which  the  operation  only  of  forming  the  shank  is  to  be  performed,  the 
backs  being  previously  shaped  in  another  press.  In  this  instance  the  punches  e  and  f 
are  mounted  in  guide-pieces  m  and  n,  which  keep  them  in  the  proper  position  towards 
each  other,  the  die  c  being  mounted  in  the  piece  n,  and  acting  against  the  face  of  the 
guide  m.  The  blanks  or  backs  of  the  buttons  may  be  fed  into  these  dies  by  hand  or  any 
other  means }  and  aller  the  shank  is  formed,  the  finished  back  can  be  pushed  out  of  the 
lower  die  by  clearing  rods  passed  through  the  holes  «  «  and  removed  by  hand,  or  in  any 
convenient  manner. 

When  his  improved  shanks  are  formed  out  of  iron  or  other  metal  which  is  too  brittle  to 
aUow  of  the  shank  being  forced  up  and  finished  at  one  operation  in  the  dies  and  punches^ 
he  prefers  cutting  out  and  shaping  the  blank  or  back  of  the  button  first,  and  afler  an- 
nealing it,  to  raise  or  force  up  the  portion  of  metal  to  form  the  shank  into  the  shape 
shoxm  in  fig.  206^  that  is,  without  the  edges  of  the  metal  being  turned  to  prevent  their 
cutting  the  threads,  and  afler  again  annealing  it,  to  bend  or  turn  the  edges  Into  the 
shape  shown  in  fig.  191  by  means  of  suitable  punches  in  another  press,  or  by  a  pair  of 
pincers  and  punch  as  shown  in  fig.  207,  which  is  a  side  riew  of  a  small  apparatus  to  be 
used  for  turning  the  edges  of  the  shank  by  hand,  with  a  partly  formed  shank  seen  under 
operation,  a,  is  the  upper  jaw  >of  a  pair  of  pincers,  this  jaw  being  fixed  on  to  the  head 
of  the  standard  6 ;  the  under  jaw  c,  is  formed  by  the  end  of  the  lever  or  handle  d,  which 
has  its  fulcrum  in  the  standard  b.  e  is  a  Small  punch,  passed  thrt>ugh  a  guide  hole  in 
the  head  of  the  standard,  one  end  projecting  into  the  jaws  of  the  pincers,  the  other 
against  a  piece  /,  attached  by  a  joint  to  the  lever  d,  and  working  through  a  slot  in  the 
head  of  the  standard ;  this  piece  /,  has  an  inclined  plane  on  the  side  next  the  end  of  the 
punch,  which,  in  its  descent,  projects  the  punch  forward  against  the  top  of  the  loop  of 
the  shank,  (placed  at  g,)  as  the  pincers  are  closed  by  forcing  down  the  lever  tf,  and,  in 
conjunction  with  the  jaws  of  the  pincers,  compresses  the  shank  into  the  required  form,  as 
shown  at  A,  and  in  the  enlarged  ^g.  191.  A  spring,  t,  acts  against  a  pin  fixed  into  the 
punch  e,  for  the  purpose  of  bringing  it  back  as  the  jaWs  open  after  forming  a  shank. 
Figs.  208  and  209  represent  the  face  and  section  of  the  dies  mentioned  before,  for  catting 
the  slits  in  the  discs,  as  at  fig.  190. 

Having  explained  the  peculiar  forms  of  his  improved  metallic  shanks  for  battons, 
and  the  tools  employed  in  making  the  same,  he  proceeds  to  describe  the  machinery  or 
apparatus  by  which  he  intends  to  carry  his  invention  into  efliect.  He  proposes  to  take 
a  sheet  of  metal,  say  about  30  or  40  feet  long,  and  of  the  proper  width  and  thickness ; 
which  thin  sheet  is  to  be  wound  upon  a  roller,  and  placed  above  the  machine,  so  that  it 
can  be  easOy  drawn  down  into  the  machine  as  required  for  feeding  the  pnacfaes  and 
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As  the  oonnter  dies  advajoiee  towards  the  panehM,  they  fifst  come  In  contact  uith  the 
sheet  of  metal  to  be  operated  upon;  and  aAer  having  produced  the  pressnre  which  cuts 
out  the  discs,  the  perforations  of  the  sheet  are  pushed  on  to  the  ends  of  the  punches  by  the 
counter  dies ;  and  in  order  that  the  sheet  may  be  allowed  to  advance,  the  carriage  which 
supports  the  axles  of  the  feeding  rollers,  with  the  guide  rod  and  clearing-plate,  are  made 
to  slide  by  means  of  the  pin  tn^  which  works  in  a  slot  in  the  sliding-piece  n,  bearing  the 
axis  of  the  feeding-roller  /  /,  the  slide  n  being  kept  in  its  place  on  the  framework  by 
dovetailed  guides  shown  in^lg.  214.  / 

When  the  counter  dies  have  advanced  near  to  the  sheet  of  metal,  the  pin  m  comes 
in  contact  with  that  end  of  the  slot  in  the  piece  n  which  is  next  to  the  punches,  and 
forces  the  carriage  with  feed-rollers  and  clearing-plate,  and  also  the  sheet  of  metal,  on* 
wards,  as  the  dies  are  advanced  by  the  reaction  of  the  cranks ;  and  after  they  have  cut 
out  the  discs,  and  raised  the  shanks,  the  sheet  of  metal  will  remain  upon  the  punches ; 
and  when  the  bar  e  returns,  the  finished  backs  and  shanks  are  forced  out  of  the  coun- 
ter dies,  by  the  clearing-pins  and  rods  o  o,  which  project  through  the  bar  e,  and  through 
the  holes  before  mentioned  in  the  counter  dies ;  these  clearing-pins  being  stationary  be- 
tween the  bars  p  p,  mounted  upon  the  standard  q  q,  on  the  cross  bar  of  the  frame,  as 
shown  in  figs*  210,  212,  213.  Inmiediately  after  this  is  done,  the  pins  m  come  in  contact 
with  the  other  ends  of  the  slots  in  the  pieces  n,  and  draw  back  the  feeding- rollers  /  /,  to- 
gether with  the  clearing-plate  fc,  and  the  sheet  of  metal,  away  from  the  punches  into  the 
position  represented  in  the  figures. 

At  this  lime  the  feeding  of  the  metal  into  the  machine  is  effected  by  a  crank-pin,  r,  on 
the  end  of  the  crank-shaAs  coming  in  contact  with  the  bent  end  of  the  sliding-bar  s, 
supported  in  standards  1 1 ;  and  as  the  crank-shaft  revolves,  this  pin  r  forces  the  bar  « 
forward,  and  causes  the  tooth  or  pall  u,  on  its  reverse  end,  to  drive  the  racket-wheel  v, 
one  or  more  teeth ;  and  as  the  racket-wheel  v  is  fixed  on  to  the  end  of  the  axle  of  one 
of  the  rollers  /,  it  will  cause  that  roller  to  revolve ;  and  by  means  of  the  pair  of  spur- 
pinions  on  the  other  ends  of  the  axles  of  the  feeding-rollers,  they  will  both  revolre 
simultaneously,  and  thereby  draw  down  the  sheet  of  metal  into  the  machine.  It  will 
be  perceived  that  the  standards  which  support  the  clearing-plate  and  guide-bar  are  car- 
ried by  the  axles  of  the  feeding-rollers,  and  partake  of  their  sliding  motion :  also  that 
the  clearing-pins  o,  are  made  adjustable  between  the  bars  p,  to  correspond  with  the 
counter  dies.  There  is  an  adjustable  sliding  stop  x  upon  the  bar  a,  which  comes  in 
contact  with  the  back  standanl  /,  and  prevents  the  bar  t  sliding  back  too  far,  and  con- 
sequently reeulates  the  quantity  of  sheet  metal  to  be  fed  into  the  machine  by  the  pall 
and  ratchet-wheel,  in  order  to  suit  different  sizes  of  punches  and  dies.  In  case  the 
weight  of  the  bar  c,  carrying  the  counter  dies,  should  wear  upon  its  bearings,  the  guide 
pins  g  g,  have  small  friction-rollers  y  y,  shown  under  the  bosses  of  this  bar,  which  friction* 
rollers  run  upon  adjustable  beds  or  planes  z  z^  by  which  means  the  guide  pins  may 
be  partially  relieved  from  the  weight  of  the.  bar  c>  and  the  friction  consequently 
diminished. 

c. 

CABLE.  {Cable,  Fr. ;  .jMeertau^  Grenn.)  A  strong  rope  or  chain,  connecting  the 
ship  with  the  anchor  for  the  purpose  of  mooring  it  to  the  ground.  The  •heet  aitduir 
cable  is  the  strongest,  and  is  used  at  sea;  the  ttrtam  cable  is  more  slender,  being 
used  chiefly  in  rivers.  A  cable's  length  is  120  fathoms.  The  greatest  improvement 
in  mooring  vessels  has  been  the  introduction  of  the  chain  cable,  which,  when  daly 
let  out,  affords  in  the  weight  of  its  long  catenary  curve,  an  elastic  tension  and  play 
to  the  ship  under  the  pressure  of  wind.  The  dead  strain  upon  the  anchor  is 
thus  greatly  reduced,  and  the  sudden  pull  by  which  the  flukes  or  arms  are  readily 
snapped  is  in  a  great  measure  obviated.  The  best  iron  cables  are  chains  made 
of  links,  bound  and  braced  by  rods  across  their  middle.  Experience  has  taught  that 
the  ends  of  these  links  wear  out  much  sooner  than  the  sides.  To  remedy  this  evil,  Mr. 
Hawkes,  iron  manufacturer,  obtained  a  patent  in  July,  1828,  for  constructing  these 
anchor  chains  with  links  considerably  stouter  at  the  ends  than  in  the  middle.  With 
this  view,  he  forms  the  short  rods  of  iron,  of  which  the  links  are  to  be  made,  with  swells 
or  protuberances  about  one  third  of  their  length  from  each  of  their  ends,  so  that  when 
these  are  welded  together,  the  slenderer  parts  are  at  the  sides,  and  the  thicker  at  the  ends 
of  the  elliptic  links.  Such  rods  as  the  above  are  formed  at  once  by  rolling,  swagging,  or 
any  other  means.  When  the  link  is  welded,  it  may  be  strengthened,  by  a  brace  or 
stretcher  fixefl  across  the  middle. 

The  first  avowed  proposal  to  substitute  iron  cables  for  cordagj  in  the  sea  service,  was 
made  by  Mr.  Sinter,  surgeon  of  the  navy,  who  obtained  a  patent  for  the  plan  in  1808, 
though  he  does  not  seem  to  have  had  the  means  of  carr}'ing  it  into  effect ;  a  very  general 
misfortune  with  ingenious  projectors.     It  was  Captain  Brown  of  the  West  Indin 
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merdiftQt  serviee  who,  in  1811,  first  employed  chain  cables  in  the  vessel  Penelope,  of 
400  tons  burden,  of  which  he  was  captain.  He  made  a  Toyage  in  this  ship  from  England 
to  Martinique  and  Guadaloupe  and  home  again,  in  the  course  of  four  months,  having 
anchored  many  times  in  every  variety  of  ground  without  any  accident.  He  multiplied 
his  trials,  and  acquired  certain  proofs  that  iron  migttt  be  substituted  for  hemp  in  making 
cables,  not  only  for  mooring  vessels,  but  for  the  standing  rigging.  Since  this  period 
chain  cables  have  been  universally  introduced  inio  aU  the  ships  of  the  royal  nav)%  bat 
^e  twisted  links  employed  at  first  by  Bmwn  have  been  replaced  by  straight  ones,  stayed 
in  the  middle  with  a  cross  rod,  the  contrivance  of  Mr.  Brunton,  which  was  secured  by 
patent  in  this  country  and  in  France ;  but  the  latter  patent  was  suffered  to  fall  from  not 
being  acted  upon  within  the  two  years  specified  by  law. 

The  first  thing  to  be  considered  in  the  manufacture  of  iioni cables  is,  to  procure  a  ma- 
terial of  the  best  quality,  and,  in  using  it,  always  to  keep  in  view  the  direction  of  the 
strain,  in  order  to  oppose  the  maximum  strength  of  the  iron  to  it.  The  best  form  of  the 
links  may  be  deduced  from  the  following  investigation. 

%15  VU^nr>?  ^^  ^  ^yfiS'  "^^^9  ^  ^  circular  link  or  ring,  of  one  inch  rod  iron,  the 

outer  circumference  of  the  ring  being  15  inches,  and  the  inner  9. 
If  equal  opposite  forces  be  applied  to  the  two  points  of  the  link 
'c  D,  pulling  c  towards  e,  and  d  towards  r,  the  result  will  be,  when 
the  forces  are  sufficiently  intense,  that  the  circular  form  of  the  link 
will  be  changed  into  another  form  with  two  round  ends  and  two 
painllel  sides,  as  seen  in  Jig,  216.  The  ratio  of  the  exterior  to  the 
interior  periphery,  which  was  originally  as  16  to  9,  or  5  to  3,  is  no 
<^  .^  longer  the  same  in  fig.  216.    Hence  there  vvill  be  a  derangement  in 

l@-- ^-'    the  relative  position  of  the  component  particles,  and  conseqaently 

y — /\'    r^  their  cohesion  will  be  progressively  impaired,  and  eventually  de- 
^^  siroyed.    In  fig.  215,  the  segment  m  n  of  the  outside  periphery  being 

^nal  to  3  inches,  the  corresponding  inside  segment  will  be  ^  of  it,  or  1-|  inches.  If 
^is  portion  of  the  link,  in  consequence  of  the  stretching  force,  comes  to  be  extended 
into  a  straight  line,  as  shown  in  fig,  216,  the  corresponding  segments,  interior  and 
exterior,  most  both  be  reduced  to  an  equal  length.  The  matter  contained  in  the  3 
inches  of  the  outside  periphery  must  therefore  be  either  compressed,  that  is,  condensed 
into  li.  inches,  or  the  inside  periphery,  which  is  only  li  inches  already, must  be  extended  to 

3  inches ;  that  is  to  say,  the  exterior  condensation  and  the  interior  expansion  must  take 
place  io  a  reciprocal  proportion.  But,  in  every  case,  it  is  impossible  to  effect  this  con- 
traction of  one  side  of  the  rod,  and  extension  of  the  other,  without  disrupture  of  the  link. 
Let  us-  imagine  the  outside  periphery  divided  into  an  infinity  of  points,  upon  each  of 
which  equal  opposite  forces  act  to  straighten  the  curvature :  they  must  undoubtedly  occa- 
ixm  the  rupture  of  the  corresponding  part  of  the  internal  periphery.  This  is  not  the 
sole  ii^nry  which  must  result ;  others  will  occur,  as  we  shall  perceive  in  considering  what 
passes  in  the  portion  of  the  link  which  surrounds  c  D,/g.  216,  whose  length  is  4^  inches 
OQtside,  and  i^j^  inside.    The  segments  m  p  and  n  o,  fig,  215,  are  actually  reduced  to 

semi-circumferences,  which  are  inside  no  more  than  half  an  inch,  and  outside  as  before. 
Tliere  is  thus  contractinn  in  the  interior,  with  a  quicker  eurvature  or  one  of  shorter 
radios  in  the  exterior.  The  derangement  of  the  particles  takes  place  here,  in  an  order 
inverse  to  that  of  the  preceding  case,  but  it  no  less  tends  to  diminish  the  strength  of  that 
portion  of  the  link ;  whence  we  may  certainly  conclude  that  the  circular  form  of  cable 
links  Is  an  extremely  faulty  one. 

Leaving  matters  as  we  have  supposed  \nfig,  215,  but  suppose  that  o  is  a  rod  introduced 
into  the  mail,  hindering  its  two  opposite  points  A  b  from  approximatinir.  This  circum- 
117     ^.^  stance  makes  a  remarkable  change  in  the  results.    The  link  pulled  as 

above  described,  must  assume  the  quadrilateral  form  shown  in  fig,  217. 
It  offers  more  resistance  to  deformation  than  before ;  but  as  it  may  still 
suffer  change  of  shape,  it  will  lose  strength  in  so  doing,  and  cannot 
therefore  be  recommended  for  the  construction  of  cables  which  are  to  be 
exposed  to  very  severe  strains. 
Sopposinir  stUl  the  link  to  be  circular,  if  the  ends  of  the  stay  comprehended  a  larger 
portion  of  the  internal  periphery,  so  as  to  leave  merely  the  space  necessary  for  the  ;jui 
of  the  next  link,  there  can  be  no  doubt  of  its  opposing  more  effectively  the  change  of 
Ann,  and  thus  rendering  the  chain  stronger.  But,  notwithftanding,  the  circular  portions 
whidi  reoMin  between  the  points  of  application  of  the  strain  and  the  stay,  would  tend^ 
always  to  be  straightened,  and  of  consequence  *  to  be  destroyed.  Besides,  though  we 
eonld  construct  circular  links  of  sufficient  strength  to  bear  all  strains,  we  ought  still  ta 
reject  then,  because  they  would  consume  more  materials  than  links  of  a  more  snitabl* 
Ainn,  as  we  shall  presently  see. 
Tbe  effect  of  two  apposite  forced  applied  to  the  links  of  a  chahi,  isy  as  we  haTe 
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to  redace  to  ■  itnight  line  or  a  ilraight  plane  ererr  curved  p«rt  which  ii  not  tfajM ; 
whence  it  u  obTioiu  thit  lirisled  linki,  such  lu  Brown  first  employed,  even  with  b  it*j 
in  ihtir  middle,  mail  of  neeenilf  be  Mraighlened  out,  because  ibere  Is  no  resiiUuice  i> 
the  direction  opposed  to  the  (wist.  A  cable  formed  of  twi&led  linlu,  for  a  towI  of  400 
long,  strelchei  30  feet,  wheo  put  to  the  trial  straio,  and  draws  backs  onlf  10  feet.  Thit 
elonKSlion  of  30  feet  jiroceed*  evidently  from  the  straightening  of  (he  twist  in  each  link, 
which  can  take  place  only  b;  impairing  the  strength  of  llie  cable. 

From  the  preceding  remarks,  it  appears  that  (he  slrongesl  links  are  such  as  present,  ia 
their  original  form,  straight  portions  between  the  points  of  leusion  ;  whenee  it  is  dear 
that  links  with  parallel  sides  and  round  ends  would  be  prefcrqUe  to  all  others,  did  not 
a  good  cable  require  to  be  able  to  resist  a  lateral  force,  as  well  as  one  in  tlie  direction  of 
its  length. 

Lei  us  suppose  that  by  some  accident  the  link  fig.  216  should  have  its  two  atremitiM 
SIS  y^^  pulled  towards  T  and  z,  whilst  an  obstacle  i,  placed  right  opposite  to 
^•O^yOv  't*  middle,  resiBied  the  effort.  The  side  of  the  link  which  touches  x 
^'^<5l,jC\  wouhi  be  beot  inwaids ;  but  if,  as  in  fig.  218,  there  is  a  stay  a  o  b,  the 
t  H?St^J"^y '^^  *''***  "'"I'l  I**  t*"'  ■'  the  same  time;  the  link  would  notwith- 
— ^flQ>— '  Standing  assume  a  faulty  shape. 

In  thus  rejecting  all  the  vicious  Ibrms,  we  ore  naturally  directed  to  that  *hich  deaerres 
the  preference.  It  is  shown  injig.  219.  This  link  has  a  cast-iron  slay  with  lar^e  ends; 
't  presents  in  all  direclions  a  great  resistance  to  everj 
\  change  of  form ;  lor  let  it  be  pulled  in  the  direction  a  b, 
?]/)  against  an  otnlacle  t,  it  is  evident  that  the  portions  d  * 
/and  df,  which  are  Eupported  by  Ihe  parts  g  e  aiul  g/,  can- 
not get  deformed  or  be  broken  without  the  whole  link  giving 
— *  way.  As  the  matter  composinK  g  t  and  gf  cannot  be 
shorlencd,  or  that  which  composes  d  t  and  d/be  lengtbened,  ih^  four  sides  will  remain 
necessarily  in  their  relative  positions,  by  virtue  of  the  large-ended  stay  A,  whow  profile 
it  shown  in  fig.  320. 

''~  We  have  examined  the  strength  of  b  link  in  enay  di- 

rection, except  that  perpendicular  to  its  plane.    Fig-  221 
,      repretenli  the  assemblage  of  three  links  in   the   above 
'  I B  piedicament ;  but  we  ought  to  observe  that  the  obstacle  c* 
placed  between  the  links  A  B,  must  be  necessarily  verj 
small,  and  couU  not,  therefore,  resist  the  pressure  or  im- 
_  _  pact  of  the  two  literal  links. 

Proem  of  mmtufatluring  iro»  laWei.— The  implements  and  operationB  are  arranged 
in  the  following  order  : — 

1.  A  reverberalory  fnmace  (see  Iiion),  in  which  a  nnmber  of  rods  or  round  bare  of 
the  bcit  posible  wrought-iron,  and  of  proper  dimensions,  are  heated  to  bright  ignition. 

2.  The  cutting  by  a  machine  of  these  bars,  in  equal  lengths,  but  with  opposite  bevels, 
to  allow  of  the  requisite  crossing  and  splicing  of  the  ends  in  the  act  of  welding. 

3.  The  bendini  of  each  of  IheM  pieces  by  a  machine,  so  as  to  form  the  links ;  the 
latt  two  opeTBlions  are  done  rapidly  while  the  iron  is  redact. 

4.  The  welding  of  the  links  at  small  forge  Gres,  fitted  with  tools  for  thb  eipreti 
purpose,  and  Ihe  immediole  inlroduetioa  of  the  stay,  by  means  of  a  componad  lerer 

6.  Proving  the  strength  of  the  cables  by  an  hydraulic  press,  worked  by  two  men  turn* 


talo  eqitia]  ptecet,  to  R 
•man  (team  engine,  but, 


fa  •  Uak.    It  it  moved  at  Mr.  Bnmton'i  factory  hf  m 

en  engine,  but,  for  the  take  of  simplicity,  it  is  here  repreaented  worked  bj  ibw 

or  udn  laborers,  as  it  mmj  be  in  aay  ettabliabmeDt.    Tboe  mn*l  be  rcUered,  however. 
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NfMAllr  b*  othns,  for  t  'Miefe  Mch  shears'  auebiBe  h  ealenliled  lo  require  tmrlf 
ORB  bone  tn  steam  poirn'.    It  is  portable,  and  mnst  b«  placed  in  the  oe^hborhood  of 
both  the  fliraaee  and  benMag  machine. 
A  aod  B  arc  the  l*a  cast-iroa  limbs  of  tbe  sbean.    The  Gnt  ia  fixed,  and  the  feeond 
ebrmeansofa  crank  ibaSt  c,drivea  bjr  a beatr  flr-whsel  weighing  7  orScwI. 


which  are  made  fnsi  by  bolla,  end 


The  entling  jawso  are  mounted  with  pieces 
lUj  be  chansed  si  pleasure. 

i,  the  bar  of  iron  lo  be  cut.  It  is  subj^cicd,  immcJialclv  Upon  being  taken  out  of  the 
lre,lo  tbe  shears,  under  a  delerminKle  uiiiflirm  anslc,  c'.tre  liein;  talicn  not  lo  let  it 
torn  Toand  npoa  its  aiit,  lest  the  planes  of  the  succts-ivc  incisions  vhoold  become  un- 


F  is  a  stop  Which  scrresto  determine,  for  tl 
ia  the  link  pieces. 

Figt.  224,  ass,  S26,  plan  and  elevations  of 
dliplic  fonu.    It  is  represented  at  the  momen 


lekind  of  chain,  (he  equality  of  lenglh 


•d«b™«i^ir°"l"u^'^*^?""'"^'""^«^''P™'*'*  top  of  a  wooden  pillar  1, 
a.^'^L""  '°^^'  ^■"P™^™!"^  >«""«">  X  and  T,  formed  as  an  Inclined  plane.  M 

Tu.r'^i^S'.^S.'^"' '"  ""^ "'""^'^  "^  ""  "^  '*'"""  «"« '-  -^'-'^ 

«waaM«W  tints  (.heart)  pa«ing  through  the  centre  of  the  nut  of  the  mandrel,  in 
■WM  eaen  of  Ue  piaa  r  nttj  be  freely  slidden  ' 

JU«rf  ted,  w]M»e  po«t»n  MT  be  alierrf  .ecordins  to  Ihe  Harnett  of  the  linlu.    It 
«  *™.  tl«t  o  i««,  mudnU  ».  rap  W  „  there  m  ™.  „d  .hep.,  ef  SE 


ta  CABLE. 

The  pieee  oTiroa  inuoded  lo  Font  ■  Unlf  being  enl,  4i  curled,  wlul«  red'hot,  to  tbe 
bending  machine,  where  it  is  teized  with  the  jaw  oT  Ihe  rice  c,  br  one  of  ii«  ends,  Uia 
tlantofllie  cutbeine  turned  upwards  ;  this  piece  of  iron  hu  now  the  horiionlal  diredion 
tn  a ;  on  pDiliing  [lie  lever  g  in  the  line  or  the  kitow,  Ihe  roller  H  will  force  m  ■  to  be 
applied  suceestiTel;  in  the  elliptic  eroore  of  the  mandrel;  thai  finally  the  two  Tacei  that 
are  lo  be  welded  logelher  will  be  placed  right  opposite  each  olher. 

The  length  of  the  imall  diameter  of  the  ellipse  oueht  to  exceed  bj  a  little  the  length 
of  the  stay-piece,  to  allow  of  Ihis  being  readily  inlrodueed.  The  diflerenee  between  tbe 
points  r  E,  is  eqnal  to  (he  difference  of  the  ratiii  MCforu  oT  the  eilipM.  HenM  it  will  be 
alwajB  easy  to  find  the  eceenlricily  of  Ibe  ellipse. 

Fig.  S27  is  a  lever  press  Tor  sqaeezing  the  links  upon  their  Aajn,  after  Ih*  Uttln  ua 
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welded.  This  machine  consist*  of  a  flrong  cast-iron  piece  a,  in  the  form  of  a  gqnare,  of 
which  one  of  the  bmnchps  is  inid  horizon  tally,  and  Ejed  lo  a  solid  bed  by  means  of 
bolls )  the  other  branch,  composed  vf  two  cheeks,  leaTiag  between  Ibem  a  space  of  two 
inches,  sinnds  npriiht.  These  two  cheeks  are  tinited  at  (op,  and  on  the  back  of  their 
plane  by  a  cross  piece  b.  c,  a  reclangnlar  staple,  placed  (othe  ri;h(  and  tell  of  (hecheekl 
through  which  is  passed  the  mandrel  d,  which  represenU  and  keeps  (he  place  of  the  M- 
lowing  link.  I,  is  a  press  lever,  6  feet  long,  r,  clamp  and  counierclamp,  between  whidi 
Ihe  link  is  pressed  at  Ihe  moment  when  (he  stij  is  properly  placed.  There  are  other 
clamps,  as  well  as  staples  c,  for  changing  with  each  changed  dimension  of  links. 

Tbe  links  ben(,  as  we  hav^scen,  are  carried  to  tbe  foige  hearth  lo  be  welded,  and  to  re- 
ceive (heir  stay  )  two  operations  performed  at  one  healing.  Whenever  the  welding  it 
finished,  white  the  iron  is  still  red-hot,  the  link  is  placed  upright  between  (he  dunpa 
r;  then  a  workman  intrcdneea  in(o  (he  Staple  Ihe  mandrel  d,  and  now  applies  the  stay 
with  a  pair  of  tongs  or  pincers,  while  another  workman  strikes  down  the  lever  a  forcibly 
upon  it.  Thia  mechanical  compression  first  of  all  joins  perfectly  the  sides  of  the  link 
against  the  concave  ends  of  the  sta;,  and  allerwards  the  retisction  of  the  iron  on  cooling 
jncreBseB  dill  more  this  compression. 

If  each  link  be  made  with  the  same  care,  (he  cable  must  be  sonnd  thronghont.  It 
is  not  delivered  for  use,  however,  till  it  be  proved  by  the  hydraulic  press,  at  a  draw-bench 
made  on  pnrpose.  The  prefs  is  a  borizonlal  one,  having  the  axis  of  its  ram  in  the 
middle  line  of  the  draw-bench,  which  is  about  60  feet  long,  and  is  secured  lo  Ihe  body  of 
the  press  hy  strong  bolts. 

The  portion  of  chain  under  trial,  being  attached  at  the  one  end  to  the  end  of  the  ran 
of  the  press,  and  at  ihe  other  to  a  cross-bar  at  the  extremity  of  the  draw-bench,  two 
men  put  the  press  in  aciion,  by  turning  the  winch,  which  works  by  a  triple  crank  three 
forcing  pumps  alternately;  Ihe  action  being  eqaaliied  by  means  of  a  heavy  Hy-wfaeel. 
As  long  as  the  resistance  does  not  exceed  the  force  of  two  men,  the  whole  three  pompa 
■re  kep[  in  play.  Alter  a  while  one  pump  is  thrown  out  of  gear  and  next  another, 
only  one  being  worked  towaids  the  condnsion.  Tha  velocity  of  the  ran  being  retarded 
first  one  third  and  next  two  thirds,  gives  the  nen  a  proportiooal  increase  of  meehnnkal 

The  strength  of  two  average  men  thus  applied  being  eompnled,  ennUe*  at  lo  know  at 
every  instant  the  rcFistance  opposed  by  the  chain  to  the  presanre  of  the  ram.  The  Mraia 
usually  applied  to  the  stronger  cables  is  about  COO  tons. 

Tbe  tide  beams  of  the  draw-bench  are  of  cast-iron,  6  inches  In  dtameter ;  the  Ht- 
ferent  pieces  composing  it  are  adjusted  to  each  olher  endwise  by  tnmed  jointt.  Pntpa 
also  of  cast-iron  support  ihe  beams  two  feet  asondei',  and  at  Ihe  height  of  30  iachM 
nbove  the  ground.  The  (pace  between  them  it  filled  with  an  oak  plank  oa  which  tlie 
trial  chain  i*  laid. 
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Iron  Cablei. 
DiaiMter  of  Iron  Rod. 

Hemp  Cablet. 
CirennforenM  of  Rope. 

RmUUium. 

btekts. 

Ji»eJu8. 

Tons. 

01 

9 

12 

1 

10 

18 

11 

11 

26 

H 

12 

32 

If 

13 

35 

14  to  15 

38 

li 

16 

44 

i| 

17 

52 

U 

18 

60 

11 

20 

70 

2 

22  to  24 

80 

It  would  be  imprudent  to  put  hemp  cables  to  severer  strains  than  those  indicated  io 
the  preceding  table,  drawn  up  from  Bninton's  experiments ;  but  the  iron  cables  of  the 
above  sizes  will  support  a  double  strain  without  breaking.  The>  ought  never  in  com- 
ipoD  cases,  however,  to  be  exposed  to  a  ereater  stress.  A  cable  destmed  for  ships  of  a 
certain  tonnage,  should  not  be  employed  in  those  of  greater  burden.  Thus  treated  it 
inaf  be  always  trusted  to  do  its  duty,  and  will  last  longer  thaa  the  ship  to  which  it  be- 
longs. A  considerable  part  of  this  decided  superiority  which  iron  cables  have  over  hemp 
ones,  is  undoubtedly  due  to  the  admirable  form  contrived  by  Brunton.  Repeated 
experiments  have  proved  that  his  cables  possess  double  the  strength  of  the  iron  rods 
with  which  they  are  made — a  fact  which  demonstrates  that  no  stronger  form  can  be 
devised  or  is  in  fact  possible.  * 

One  of  the  most  valuable  qualities  of  iron  cables  is  their  resisting  lateral  as  well  as 
longitudinal  strains,  as  explained  under /g«.  219  and  221. 

Vessels  furnished  with  such  cables  have  been  saved  by  them  from  the  most  imminent 
peril.  The  Henry,  sent  out  with  army  stores  during  the  peninsular  war,  was  caught 
on  the  northern  coast  of  Spain  in  a  furious  storm.  She  run  for  shelter  into  the  Bay  of 
Biscay  among  the  rocks,  where  she  was  exposed  for  three  days  to  the  hurricane.  She 
possessed  furtunately  one  of  Brunton's  70  fathom  chain  cables,  which  held  good  all  the 
time,  but  it  was  found  aAerwardg  to  have  had  the  links  of  its  lower  portion  polished 
bright  by  attrition  against  the  rocky  bottom.  A  hemp  cable  would  have  been  speedily 
torn  to  pieces  in  such  a  predicament. 

In  the  contracts  of  the  Admiralty  for  chain  cables  for  the  British  navy,  it  is  stipulated 
&at  ^  the  iron  shall  have  been  manufactured  in  the  best  manner  from  pig  iron,  smelted 
from  iron-stone  only,  and  selected  of  the  best  quality  for  the  purpose,  and  shall  not  have 
received,  in  any  process  whatever  subsequent  to  the  smelting,  the  admixture  of  either  the 
cinder  or  oxydes  produced  in  the  manufacture  of  iron  ;  and  shall  also  have  been  puddled 
m  the  best  manner  upon  iron  bottoms,  and  at  least  three  times  sufficiently  drawn  out  at 
three  distinct  welding  heats,  and  at  least  twice  properly  fagoted." 

The  following  is  a  table  of  the  breaking  proof  cf  chain  cables,  and  of  the  iron  for  the 
purpose  of  making  them,  also  of  the  proofs  r^ijuired  by  her  majesty's  navy  for  chains. 


Sam  of  Bolt. 

Pr<H.r  nf  Bolu 

Proof  of  Chain. 

Nary  Proof  of  Chain. 

Jnehes. 

Ton,        (hot. 

Ton*.        Cie/. 

ToiM. 

5            7 

8          11 

4* 

^p 

8            7 

13            4 

8* 

12          1 

19          5 

10} 

16          4 

26          5 

13! 

21          8 

34          5 

18 

27          2 

48        15 

22i 

33        10 

53        11 

28i 

40        10 

65          0 

34 

48          4 

77          0 

40i 

56        11 

90        10 

47| 

65        12 

105          0 

55i 

li 

75          6 

120        10 

63^ 

2 

85        14 

137          0 

72 

2» 

96        15 

155          0 

81i 

In  Bnmton^s  cable  the  matter  in  the  link  is  thrown  very  much  into  one  plane }  the 
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Unk  being  of  an  otbI  fimn,  «nd  provided  with  a  stay.  Am  there  are  emergencies  in  which 
the  cable  must  be  serered,  this  is  accomplished  in  those  of  iron  by  means  of  a  bolt  and 
sheckle  (shackle),  at  every  faUiom  or  two  fathoms ;  so  that  by  striking  out  this  bolt  or 
pin,  this  cable  is  parted  with  more  ease  than  a  hempen  one  can  be  cut. 

CACAO,  BUTTER  OF.    See  Cocoa,  and  Oils,  Uwcrrous. 

CADMIUM  is  a  metal  discovered  about  the  beginning  of  the  year  I8l8.  It  occurs 
chiefly  in  Silesia  in  several  ores  of  zinc ;  and  may  be  readily  recognised  by  means  o£ 
the  blowpipe ;  for  at  the  first  impression  of  the  reducing  or  smoky  part  of  the  flame,  the 
ores  containing  cadmium  stain  the  charcoal  all  round  them  with  a  reddish  yellow  circle 
of  oxyde  of  cadmium.  The  Silesian  native  oxyde  of  zinc  contains  from  1)  to  11  per 
cent,  of  cadmium. 

The  cadmium  may  be  extracted  by  dissolving  the  ore  in  sulphuric  acid,  leaving 
the  solution  acidulous,  and  diluting  it  with  water,  then  transmitting  through  it  a 
stream  of  sulphureted  hydrogen,  tiQ  the  yellow  precipitate  ceases  to  fall.  This 
powder,  which  is  sulphuret  of  cadmium,  is  to  be  dissolved  in  concentrated  muri- 
atic acid,  the  excess  of  which  is  to  be  expelled  by  evaporation ;  and  the  muriatic 
salt  being  dissolved  in  water,  carbonate  of  ammonia  is  to  be  added  in  excess,  whereby 
the  cadmium  separates  as  a  carbonate,  while  the  small  portion  of  adhering  copper 
or  zinc  i^  retained  in  solution  by  the  ammonia.  Herapath  has  shown,  that  in  distilling 
zinc  per  de3cenaum  (see  Zinc),  the  flrst  portions  of  gaseous  metal  which  are  disengaged 
bum  with  a  brown  flame  and  deposit e  the  brown  oxyde  of  cadmium. 

Cadmium  has  the  color  and  lustre  of  tin,  and  is  susceptible  of  a  fine  poL'sh.  Its 
fracture  is  fibrous ;  it  crystallizes  readily  in  regular  octahedrons,  and  when  it  suddenly 
solidifies,  its  surface  gets  covert  with  fine  mossy  vegetations.  It  is  soft,  easily  bent, 
filed,  and  cut,  soils  like  lead  any  surface  rubbed  with  it.  It  is  harder  and  more  tena- 
cious than  tin,  and  emits  a  creaking  sound  when  bent,  like  that  metal.  It  is  very  ductile, 
and  may  be  drawn  out  into  fine  wire,  and  hammered  into  thin  leaves  without 
cracking  at  the  edges.  Its  specific  gravity,  aAer  being  merely  melted,  is  8-604;  and 
8*6944  aAer  it  has  been  hammered.  It  is  very  fusible,  melting  at  a  heat  much  under 
redness ;  indeed,  at  a  temperature  little  exceeding  that  of  boiling  mercury,  it  boils  and 
distils  over  in  drops.  Its  vapors  have  no  smell.  It  is  but  slightly  altereid  by  exposure 
to  air.  When  heated  in  the  atmosphere,  it  readily  takes  fire,  and  bums  with  n  brownish 
yellow  smoke  which  is  destitute  of  smell.  In  strong  acids  it  dissolves  with  disengage- 
ment of  hydrogen,  and  forms  colorless  solutions.  Chromate  of  potash  causes  no  pre- 
cipitate in  them,  unless  zinc  or  lead  be  present. 

There  is  only  one  oxyde  oT  cadmium,  the  brown  above  mentioned.  Its  specific  gravity 
is  8*183.  It  is  neither  fusible  nor  volatile  at  a  very  high  temperature.  When  in  the 
state  of  a  hydrate  it  is  white.  The  oxyde  of  cadmium  consists  of  87*45  parts  of  metal, 
and  12-55  oxygen  in  100  parts.  Berzelius  states  its  atomic  weight  to  be  55*833  to  hydro- 
gen I -000.  Its  sulphuret  has  a  fine  orange  yellow  color,  and  would  form  a  beautiful 
pigment,  could  the  metal  be  found  in  sufiicient  quantity  for  the  purposes  of  art.  Tlie 
sulphate  is  applied  to  the  eyes  by  surgeons  for  removing  specks  of  the  cornea. 

CAFEINE.  A  chemical  principle  discovered  in  eofllte,  remarkable  for  containing 
much  azote.    See  Coffee. 

CAJEPUT  OIL  is  obtained  from  the  leaves  of  the  tree  called  Melaleuca  Leucaden- 
dron  by  {/inneus,  which  grows  upon  the  mountains  of  Amboyna,  and  in  other  of  the 
Molucca  islands.  It  is  procured  by  distillation  of  the  dried  leaves  along  with  water,  is 
prepared  in  great  quantities  in  the  island  of  Banda,  and  sent  to  Holland  in  copper  fiasks. 
Hence,  as  it  comes  to  us,  it  has  a  green  color.  It  is  very  limpid,  lighter  than  water,  of 
a  strong  smell  resembling  camphor,  and  puneent  taste  like  cardamoms.  When  rectified 
the  copper  remains  in  the  retort,  and  the  oil  comes  over  colorless.  It  is  used  in  medieiiie 
as  a  stimulant.    See  Oils  Ethereous. 

CALAMANCO.  A  sort  of  woollen  stufi*  ef  a  shining  appearance,  checkered  in  the 
warp,  so  that  the  checks  are  seen  only  upon  one  side. 

CALAMINE.    A  native  carbonate  of  zinc.    See  Zinc 

CALCAREOUS  EARTH,  {Terrt  calcaire,  Fr.;  Kalkerde,  Germ.),  commonly  de* 
notes  lime,  in  any  form ;  but,  properly  speaking,  it  is  pure  lime. 

CALCAREOUS  SPAR.    Crystallized  native  carbonate  of  lime. 

CALCEDONY.  A  hard  mineral  of  the  silicious  family,  often  cut  into  seals.  Under 
it  may  be  grouped  common  calcedony,  heliotrope,  chrysoprase,  plasma,  onyx,  sardonyx^ 
and  sard. 

CALCHANTUM.    The  ancient  name  of  native  copperas  or  sulphate  of  iron. 

CALCINATION  is  the  chemical  process  of  subjecting  metallic  bodies  to  heat  with 
access  of  air,  whereby  they  are  converted  into  a  pulveralent  matter,  somewhat  like  lime 
in  appearance,  called  calx  in  Latin.  The  term  <»lcination,  however,  is  now  used  when 
any  substance  whatever  is  exposed  to  a  roasting  heat. 

CALCIUM.    The  metallic  baais  of  lime.    See  Limb* 
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CALC-SINTER.    The  incrustations  of  carbonate  of  lime  upon  the  ground,  or  the 
pendulous  conical  pieces  called  stalactites,  attached  to  the  roofs  of  caverns,  are  so  called* 
CALC-TUFF.     A  semi-hard,  Irregular  deposite  of  carbonate  of  lime,  formed  from 
the  waters  of  calcareous  springs. 

CALCULUS.  The  stony-looking  morbid  concretion,  occasionally  formed  in  the 
bladder  of  urine,  gall-bladder,  cystic  duct,  kidneys,  and  other  parts  of  living  animals. 
Its  examination  belongs  to  medical  chemistry. 

CALENDER  {Calandre,  Fr. ;  Kalander,  Germ.),  a  word  derived  from  the  Greek 
kalindros  i  cylinder),  is  the  name  of  a  machine,  consisting  of  two  or  more  cylinders,  revolving 
H>  nearlj  in  contact  with  each  other  that  cloth  passed  through  between  them  is  smoothed^ 
and  even  glazed,  by  their  powerful  pressure*  It  is  employed  either  to  finish  goods  for  the 
market,  or  to  prepare  cotton  and  linen  webs  for  the  calico-printer,  by  rendering  their  sur- 
firces  level,  compact,  and  uniform.  This  condensation  and  polish,  or  satinage,  as  the  French 
eall  it,  differ  in  degree  according  to  the  object  in  view,  and  may  be  arranged  into  three 
distinct  series.  1.  For  goods  which  are  to  receive  the  first  impression  by  the  block, 
a  very  strong  pressure  is  required ;  for,  upon  the  uniformity  of  the  polish,  the  neatness 
and  regularity  of  the  printing,  and  the  correspondence  of  its  members,  depend.  In 
nnny  establishments  the  calico  is  passed  twice  through  the  calender  before  being  sent 
to  the  tables.  2.  The  pieces  already  dyed  up  al  the  madder  bath,  or  otherwise^  and 
which  remain  to  be  filled  in  with  other  colors,  or  grounded-in^  as  it  is  technically  styled, 
must  receive  a  much  less  considerable  gloss.  This  is  a  principle  everywhere  admitted 
and  acted  upon,  because  the  outline  of  the  figured,  dosign  being  deranged  by  the 
washing,  and  sometimes  in  consequence  of  the  peculiar  texture  of  the  cloth,  the  printer, 
in  Older  to  apply  his  grounding  blocks  properly,  and  to  fit  them  to  the  contours  of  the 
figures  already  impressed,  is  obliged  to  stretch  ihe  piece  sometimes  in  the  direction  of 
the  warp,  and  sometimes  of  the  weft,  which  would  be  impossible  if  they  had  been  hard 
^azed  by  the  calender.  3.  The  degree  of  glazir.g  given  to  finished  goods  depends  upon 
the  taste  of  purchasers,  and  the  nature  of  the  article ;  but  it  is,  in  general,  much  less 
than  for  the  first  course  of  block-printing. 

The  most  complete  calender  probably  in  existence  is  that  used  by  some  of  the 
eminent  calico-printers  of  Alsace,  as  contrived  by  M.  Charles  Dollfus,  and  constructed 
by  JVt3f .  Witz,  Biech,  and  Co.  1.  It  passes  two  j>iece$  at  once,  and  thus  does  double  the 
work  of  any  ordinary  machine.  2.  It  supersedes* the  necessity  of  having  a  workman  to 
ibid  up  the  goods,  as  they  emerge  from  the  calender,  with  the  aid  of  a  self-acting  folder, 
3.  It  receives,  at  pleasure,  the  finished  pieces  upon  a  roller,  instead  of  laying  them  in 
folds ;  and,  by  a  very  simple  arrangement,  it  hinders  the  hands  of  the  workmen  from 
being  caught  by  the  rollers. 

Calenders,  in  consequence  of  the  irregular  demand  for  foreign  orders  and  shipments, 
are  worked  very  irregularly,  being  sometimes  overloaded  with  duty,  and  at  others  alto- 
gether unemployed.  A  machine  which  can,  when  required,  turn  out  a  double  quantity 
of  goods,  must,  therefore,  be  a  desirable  possession.  For  the  first  course  of  the  printers, 
where  high  calendering  is  necessary,  the  goods  are  usually  passed  twice  through  be- 
tween two  paper  cylinders,  to  give  that  equality  of  surface  which  could  not  be  obtained  by 
one  passage,  however  strong  the  pressure ;  and  therefore  the  simplification  of  this  calen- 
der will  prove  no  economy.  Besides,  in  order  to  increase  the  pressure  to  the  requisite  de- 
gree, the  cylinders  would  need  to  be  made  bulging  at  their  middle  part,  and  with  sudi 
cylinders  common  smoothing  could  not  be  given ;  for  the  pieces  would  be  glazed  in  the 
eentral  line,  and  rough  towards  the  edges.  For  pieces  already  printed  in  part,  and  re- 
quiring only  to  be  grounded-in  for  other  colors,  the  system  of  double  eifect  has  fewer  ob- 
jeeiions,  as  a  single  passage  through  the  excellent  calender  described  under  Bleaching, 
page  140,  is  found  to  answer  very  well. 

The  most  remarkable  feature  of  M.  DoUfuS's  machine  is  its  being  managed  by  a  single 
vorkman.  Six  or  eight  pieces  are  coiled  upon  the  feed-roller,  and  they  are  neither  pasted 
Dor  stitched  together,  but  the  ends  are  merely  overlapped  half  a  yard  or  so.  The 
woikman  is  careful  not  to  enter  the  second  piece  till  one  third  or  one  half  of  the  first 
ooe  has  passed  through  on  the  other  side,  to  prevent  his  being  engrossed  with  two  ends 
at  a  time.  He  must,  no  doubt,  go  sometimes  to  the  one  side,  and  sometimes  to  the 
other  of  the  machine,  to  see  that  no  folds  or  creases  occur,  and  to  be  ready  for  supplying 
a  fresh  piece  as  the  preceding  one  has  gone  through.  The  mechanism  of  the  folder  in 
the  Alsace  machine  is  truly  ingenious:  it  performs  extremely  well,  really  saves  the 
attendance  of  an  extra  woriunan,  and  is  worthy  the  attention  of  manufacturers  intent 
upon  economizing  hand  labor.  The  lapping-roller  works  by  friction,  and  does  its  duty 
fnlly  better  than  similar  machines  guided  by  Sie  hand. 

The  numerous  accidents  which  have  happened  to  the  hands  of  workmen  engaged  in 
calenders  should  direct  ihe  attention  towards  its  effective  contrivance  for  preventing  such 
misfortunes.  These  rarious  improvements  in  the  Alsace  machine  may  be  easily  adapted 
to  the  ordinary  calenders  of  almost  every  construction. 
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The  fdder  ia  a  kind  nf  cage,  in  the  shape  of  an  ioTerLed  pynunid,  shut  on  the  fom 
■ides,  and  open  si  top  and  botlom;  the  lop  oriGce  is  abont  live  inchcB,  the  bollom  one 
an  inch  and  a  half;  the  front  snd  the  bock,  which  are  about  /bur  feel  broad,  ace  made  of 
lia-plale  or  emoolh  pasteboard,  and  the  two  side;  are  made  of  strong  shepl-iron^  the  whole 
being  boiled  lo^elher  by  small  bars  of  ifon.  L'pon  (he  sheet-iron  of  the  sides,  iron  up- 
ri|tht»  Bre  filed,  perforaled  with  holes,  Ihrongh  which  the  whole  cage  U  sapporled  free)y 
by  means  of  ftuds  Ihat  enter  into  them.  One  of  the  uprights  is  longer  than  the  other, 
and  bears  a  bIoI  wiib  a  small  knob,  which,  by  means  of  the  iron  piece,  joins  the  guide  to 
the  crank  of  the  c)linder,  and  thereby  communicates  to  the  cace  a  seesaw  movement ; 
at  the  bottom  exiiemilT  <^  the  great  upright,  there  is  a  piece  of  iron  in  the  shnpe  of  Mt 
«nehor,  which  may  be  raised,  or  lowered,  or  made  fast,  by  screws. 

At  the  ends  of  this  anchor  are  frictian-rolters,  which  may  be  drawn  out  or  pushed 
back  and  filed  by  screws;  these  rollers  ]iH  atlernalety  two  levers  made  of  wood,  and  6ied 
to  a  wooden  shaft. 

The  paws  are  alto  made  of  wood  :  they  serve  to  lay  dnwn  alternately  the  plies  of  the 
dolb  which  passes  upon  the  cage,  and  is  fulded  ziszag  upon  the  floor,  or  U[>Dn  a  board 
■et  below  the  cage;  a  motiaa  impnrled  by  the  seesaw  motion  of  the  cage  itself.  See 
Sthetchino  Machink. 

To  protect  the  lingers  of  the  workmen,  above  the  small  plnle  of  the  spread ing-board 
or  bar,  there  is  another  bar,  which  furms  witli  the  furmer  an  ani;le  of  about  75' ;  Ibej 
come  BUdidenlly  near  together  for  the  oprninic  at  the  summit  of  the  angle  to  allow  the 
doth  to  pass  through,  but  not  the  fingers.  See  Bitllelin  de  la  Sotiiie  hdvilriiUt  it 
MnOiaum,  No.  IS. 

I  shall  now  describe,  more  minutely,  the  structure  of  the  powerful  hut  less  complicMed 
calender  mechanisms  employed  in  the  Briiish  manufactories. 

A  front  elevalion  of  a  four-roUered  calender  (live  rollers  are  ollen  introduced)  for  gla- 
wg  goods  is  given  in^g.  ^28.    dl  are  two  pasteboard  or  paper  cylinders,  each  20inche» 


perfectly  smoith  (ils  feltuw  is  oden  placed  between  t  and  d)  -.  i\  i»  eigliL  inchps  in  diame- 
ter outsi'c,  foui  inches  inside,  with  two  inches  thickness  of  metal,  i  is  another  paote- 
board  cylinder,  fourteen  inches  in  diameter:  the  strong  cast-iron  frame  contains  the  bush- 
es in  which  the  journals  of  the  rollers  turn,  op,  is  one  of  the  pair  of  Icveis  for  commu- 
nicating a  eradualed  pjressure  acconling  to  the  quality  of  the  goods.  Figi.  229, 330,  are  end 
views  oi  the  same  machine  to  show  the  working  gear.  The  wheel  i,  on  the  «id  of  the 
upper  iron  cylinder,  is  ten  inches  in  diameter;  that  on  the  end  of  the  fellow  iron  cylinder 
below  (when  it  is  present)  is  thirteen  inches ;  both  are  connected  by  the  larger  carrier 
wheel  '■  The  lower  wheel  «  is  one  third  larger  than  the  upper  wheel,  and  therefore 
receives  from  the  carrier  wheel  I,  a  proportionally  slower  motion,  which  it  imparts  to  the 
central  pasteboard  roller  e,  lying  upon  it,  causing  it  to  move  one  third  more  slowly  than 
the  upper  pasteboard  roller.  Thus  a  sort  of  sliding  motion  is  produced,  which,  by  rubbing 
tlkrir  surfaces,  glazes  the  goods. 
The  iron  roUtri  are  mode  hollow  for  the  purpose  of  adtnilling  either  a  hot  roller  c( 
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iron,  or  steam  when  hot  calenderiDg  is  required.  The  other  cylinders  used  formerly  to  be 
made  of  wood,  but  it  was  liable  to  many  defects.  The  advantage  of  the  paper  roller 
consists  ia  its  being  devoid  of  any  tendency  to  split,  crack,  or  warp,  especiaUy  when 
exposed  to  a  considerable  heat  from  the  contact  and  pressure  of  the  hot  iron  rollers. 
The  paper,  moreover,  takes  a  vastly  finer  polish,  and,  being  of  an  elastic  nature,  presses 
into  every  pore  of  the  cloth,  and  smooths  its  surface  more  effectually  than  any  wooden 
cylinder,  however  truly  turned,  could  possibly  do. 

The  paper  cylinder  is  constructed  as  follows : — ^The  axis  of  the  cylinder  is  a  strong 
square  bar  of  the  best  wrought  iron,  cut  to  the  proper  length.  Upon  this  bar  a  strong 
naad  plate  of  cast  iron  is  first  put,  somewhat  less  in  diameter  than  the  cylinder  when 
finished.  A  quantity  of  thick  stout  pasteboard  is  then  procured,  and  cut  into  round 
pieces  an  inch  larger  in  diameter  than  the  iron  plate.  In  the  centre  of  the  plates,  and 
of  every  piece  of  the  pasteboard,  a  square  hole  must  be  cut  to  receive  the  axis ;  and,  the 
drele  being  divided  into  six  equal  parts,  a  hole  must  also  be  cut  at  each  of  the  dirisions, 
an  inch  or  two  within  the  rim.  These  pieces  of  pasteboard  being  successively  put 
npoa  the  axis  ^  ^^ng  bolt  of  malleable  iron,  with  a  head  at  one  end,  and  screwed  at  the 
other,  is  also  introduced  through  each  of  the  holes  near  the  rim ;  and  this  is  continued 
until  a  sufficient  number  of  pasteboards  are  thus  placed  to  form  a  cylinder  of  the 
length  required,  proper  allowance  being  made  for  the  compression  which  the  pasteboard 
is  afterwards  to  undergo.  Another  round  plate  is  then  applied,  and,  nuts  being  put 
upon  the  screws,  the  whole  are  screwed  tight,  and  a  cylinder  formed.  This  cylinder  is 
BOW  to  be  placed  in  a  stove,  exposed  to  a  strong  heat,  and  must  be  kept  there  for  at  least 
several  days ;  and,  as  the  pasteboard  shrinks  by  exposure  to  the  heat,  the  screws  must 
be  frequently  tightened  until  the  whole  mass  has  been  compressed  as  much  as  possible. 
When  the  cylinder  is  thus  brought  to  a  suflident  degree  of  density,  it  is  removed  from 
the  stove ;  and,  when  allowed  to  cool,  the  pasteboard  forms  a  substance  almost  incon* 
ceivably  dense  and  hard.  Nothing  now  remains  but  to  turn  the  cylinder ;  and  this  is  an 
operation  of  no  slight  labor  and  patience.  The  motion  in  turning  must  be  slow,  not 
exceeding  about  forty  revolutions  in  a  minute ;  the  substance  being  now  so  hard  and 
tough  that  tools  of  a  very  small  size  must  be  used  to  cut,  or  rather  scrape  it,  until  it  is 
true.  Three  men  are  generally  employed  for  the  turning,  even  when  the  motion  of 
the  cylinder  is  effected  by  mechanical  power,  two  being  necessary  to  sharpen  tools  for 
the  third,  who  turns,  as  quickly  as  he  blants  them. 

Let  us  suppose  it  to  be  a  five-rollered  machine:  when  a  person  stands  in  front  of 
the  calender,  the  cloth  coming  from  behind  above  thfe  uppermost  cylinder  1,  passes  be- 
tween 1  and  2 :  proceeding  behind  2,  it  again  comes  to  the  front  between  2  and  3 : 
between  3  and  4  it  is  once  more  carried  behind,  and,  lastly,  brought  in  front  between 
4  and  5,  where  it  is  received,  and  smoothly  folded  on  a  clean  board,  or  in  a  box,  by  a 
person  placed  there  for  the  purpose.  In  folding  the  cloth  at  this  time,  care  'must  be 
taken  tl»t  it  may  be  loosely  done,  so  that  no  mark  may  appear  until  it  be  again  folded 
in  the  precise  length  and  form  into  which  the  piece  is  to  be  made  up.  The  folding  may 
be  done  either  by  two  persons  or  by  one,  with  the  aid  of  two  sharp  polished  spikes 
placed  at  a  proper  distance,  to  ascertain  the  length  of  the  fold,  and  to  make  the  whole 
equal.  When  folded  into  lengths,  it  is  again  folded  across  upon  a  smooth  clean  table, 
aeoording  lo  the  shape  intended,  which  varies  with  the  different  kinds  of  goods,  or  the 
particular  market  for  which  the  goods  are  designed. 

When  the  pieces  have  received  the  proper  fold,  the  last  operation  previous  to  packing 
them  is  the  pressing.  This  is  commonly  performed  by  placing  a  certain  number  of  pieces, 
divided  by  thin  smooth  boards  of  wood,  in  a  common  screw  press,  similar  to  those  used 
by  printers  for  taking  out  the  impression  left  by  the  types  in  the  printing-press.  Be- 
sides the  wooden  boards,  a  piece  of  glazed  pasteboard  is  placed  above  and  below  every 
piece  of  doth,  that  the  outer  folds  may  be  as  smooth  and  glossy  as  possible.  The 
operation  of  the  common  screw  press  being  found  tedious  and  laborious,  the  hydrau- 
lie  press  is  now  in  all  well-mounted  establishments  had  recourse  to.    See  Hydrauuc 


No  improvements  that  have  taken  place  in  calendering  can  exceed  the  power  and  fa- 
cility of  the  water  press :  one  of  these  presses  may  be  worked  by  two  men,  who  can 
with  great  ease  produce  a  pressure  of  400  tons ;  but,  in  considerate  establishments,  the 
prenses  are  worked  by  power.    See  Bandanna  . 

The  appearance  and  finish  of  the  goods,  in  consequence  of  such  an  immense  weight 
acting  on  them,  are  materially  improved. 

The  press  is  also  used  for  the  purpose  of  packing ;  whereby  the  bale  is  rendered  much 
more  compact  than  formerly.  It  is  commonly  roped,  &c.,  whOe  in  this  compressed 
ilate ;  the  dimension6  are  therefore  greatly  diminished  from  what  they  would  otherwise 
be  by  any  other  method.  For  instance,  the  same  quantity  of  goods  pocked  in  a  bale 
are  from  one  third  to  one  half  less  bulky  than  if  they  were  packed  in  a  box  with  the 
utDiost  force  of  the  hands. 
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For  lawns  and  muslins  of  a  light  texture,  the  operation  of  smoothing  requirct  a  dif- 
ferent process  in  some  respects  then  close  heavy  fabrics.  They  only  require  to  be  slightly 
smoothed  to  remove  any  marks  which  they  may  have  received  at  the  bleaching ;  and  as 
cheir  beauty  depends  rather  on  their  transparency  than  their  closeness,  the  more  the  cy 
lyndrical  form  of  the  yarn  is  preserved  the  better.  They  are  therefore  put  throng  a 
small  machine,  consisting  of  three  rollers  'or  cylinders;  and  as  the  power  reqairra  1o 
move  this  is  small,  the  person  who  attends  it  generally  drives  it  by  a  snail  winch ;  or 
the  same  effect  may  be  produced  by  passing  the  muslins  between  only  two  or  three  roUem 
of  the  above  calender,  lightly  loaded. 

In  the  thick  fabrics  of  cloth,  induding  those  kinds  which  are  used  for  many  parts  of 
household  furniture,  as  also  those  for  female  dress,  the  operation  of  glazing  is  used  both 
to  add  to  the  original  beauty  of  the  cloth,  and  to  render  it  more  impervious  to  dost  or 
smoke.  The  glazing  operation  is  performed  entirely  by  the  friction  of  any  smooth 
substance  upon  the  cloth ;  and,  to  render  the  gloss  brighter,  a  small  quantity  of  bleached 
wax  is  previously  rubbed  over  the  surface.  The  operation  of  glazing  by  the  common 
plan  is  very  laborious,  but  the  apparatus  is  of  the  most  simple  kind.  A  table  is  mounted 
with  a  thick  stout  cover  of  level  and  well-smoothed  wood,  forming  an  inclined  plane  i 
that  side  where  the  operator  stands  at  work  being  the  lowest.  The  table  is  generally 
placed  near  a  wall,  both  for  convenience  in  suspending  the  glazing  api)aratus,  and  ibr 
the  sake  of  light.  A  long  piece  of  wood  is  suspended  in  a  groove  formed  between  two 
longitudinal  beams,  placed  parallel  to  the  wall,  and  fixed  to  it.  The  groove  resembles 
exactly  the  aperture  between  the  shears  of  a  common  turning  lathe.  The  lever,  of  which 
the  groove  may  be  supposed  to  be  the  centre  or  fulcrum,  is  faced  at  the  bottom  with  a 
semi-cylindrical  piece  of  finely  polished  flint,  which  gives  the  friction  to  the  cloth  stretched 
upon  the  table  below.  Above  the  flint  are  two  cross  handles,  of  which  the  operator 
lays  hold,  and  moves  them  backward  and  forward  with  his  hands,  keeping  the  flint  press- 
ing slightly  upon  the  cloth.  When  he  has  glazed  a  portion  equal  to  the  breadth  of  the 
flint,  he  moves  his  lever  between  the  shears  sidewise,  and  glazes  a  fresh  part :  thus  he 
proceeds  from  one  side  or  selvage  of  the  cloth  to  the  other ;  and  when  all  which  is  upon 
the  table  is  sufficiently  glazed,  he  draws  it  over,  and  exposes  a  new  portion  to  the  same 
operation.  To  preseive  the  cloth  at  a  proper  tension,  it  may  be  wound  smoothly  upon 
a  roller  or  beam,  which  being  set  so  as  to  revolve  upon  its  own  axis  behind  the  table, 
another  roller  to  receive  the  cloth  may  be  placed  before,  both  being  secured  by  a  catch, 
acting  in  a  ratchet  wheeL  Of  late  years,  however,  a  great  part  of  the  labor  employed 
in  glazing  cloth  has  been  saved,  as  the  common  four  or  five  bowl  calender  has  been 
altered  to  fit  this  purpose  by  direct  pressure. 

As  a  matter  of  accommodation,  the  diflferent  processes  of  packing,  cording  of  boxes, 
sheeting  of  trunks,  and,  in  general,  all  the  arrangements  preparatory  to  shipments,  and 
also  the  intimations  and  surveys  necessary  for  obtaining  drawbacks,  debentures,  or 
bounties,  according  to  the  excise  laws,  are  generally  conducted  at  the  calender  houses 
where  goods  are  finished.  These  operations  sufficiently  account  for  the  general  meaning 
attached  to  the  word. 

CALICO-PRINTING  (Impnfsion  d'Indiennea,  Fr. ;  Zeugdrudeerei,  Genn.)  is  the 
art  of  impressing  cotton  cloth  with  topical  dyes  of  more  or  less  permanence.  Of  late 
years,  silk  and  wooUcn  fabrics  have  been  made  the  subjects  of  a  similar  style  of 
dyeing.  Linens  were  formerly  stained  with  various  colored  designs,  but  since  the 
modern  improvements  in  the  manufacture  of  cotton  cloth,  they  are  seldom  printed,  as 
they  are  both  dearer,  and  produce  less  beautiful  work,  because  flax  possesses  less  affinity 
than  cotton  for  coloring  matters. 

This  art  is  of  very  ancient  date  in  India,  and  takes  its  English  name  from  Calicut,  a 
district  where  it  has  been  practised  with  great  success  from  time  immemorial.  The 
Egyptians,  also,  appear  from  Pliny's  testimony  to  have  practised  at  a  remote  era  some  of 
the  most  refined  processes  of  topical  dyeing.  *'  Robes  and  white  veils,"  says  he,  *'  are 
psinted  in  Egypt  iu  a  wonderful  way.  They  are  first  imbued,  not  with  dyes,  but  with 
dye-absorbing  drugs,  by  which,  though  they  seem  to  be  unaltered,  yet,  when  immersed 
for  a  little  while  in  a  caldron  of  the  boiling  dye-liquor,  they  are  found  to  become 
painted.  Yet,  as  there  is  only  one  color  in  the  caldron,  it  is  marvellous  to  see  many 
colors  imparted  to  the  robe,  in  consequence  of  the  influence  of  the  excipient  drag.  Nor 
can  the  dye  be  washed  out.  A  caldron,  which  would  of  itself  merely  confuse  the  colors 
of  cloths  previously  dyed,  is  thus  made  to  impart  several  pigments  from  a  single  dye- 
stufl*,  painting  as  it  boils,^*  The  last  expression,  pingitquB  dum  coquU,  is  perfectly  graphie 
and  descriptive  of  calico-printing. 

The  cotton  chints  counterpanes  of  great  size,  caUed  paUampoort^  which  have  been 
manufactured  in  Madras  from  the  earliest  ages,  have  in  Iflce  manner  peculiar  dye-absorb- 
ing drugs  applied  to  them  with  the  pencil,  as  also  wax,  to  protect  certain  parts  of  the 
surface  from  the  action  of  the  dye,  and  are  afterwards  immersed  in  a  staining  liquor,  which, 
when  wax  is  applied,  is  usually  the  cold  indigo-vat,  but  without  the  wax  is  a  hot  liquor 
similar  to  the  Egyptian.    M.  Koechlin  Roder,  of  Mulhouse,  brought  home  lately  firom 
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India,  a  rich  eolleetion  of  doths  in  this  state  of  preptiatioD,  which  I  saw  in  the 
cabinet  of  the  Socieii  huhutrieiU  of  that  interesting  emporium  of  calico-printing. 
The  native  implements  for  applying  the  wax  and  coloring  bases  are  placed  along- 
side of  the  doths,  and  form  a  curious  pictore  of  primed  art.  There  is  among 
other  samples  aa  ancient  paUampoor,  fire  French  yards  long,  and  two  and  a  half  broad, 
said  to  be  the  labor  of  Hindoo  princesses,  which  must  have  taken  a  lifetime  to  execute. 
The  printing  machinery  of  great  Britain  has  begun  to  supersede,  for  these  styles  of 
work,  the  cheaxKSt  hand  labor  of  India. 

Calico-printing  has  been  for  several  hundred  years  practised  by  the  oriental  methods 
in  Asia  Minor  and  the  Levant ;  but  it  was  unknown  as  an  English  art  till  1696, 
when  a  small  print-ground  was  formed  upon  the  banks  of  the  Thames,  near  Richmond, 
by  a  Frenehmaa — ^probably  a  refugee  from  his  own  country,  in  consequence  of  the 
zeroeation  of  the  edict  of  Nantes.  Some  time  afVerwards,  a  considerable  printing 
wwk  was  established  at  Bromley  Hall,  in  Essex,' and  seyeral  others  sprung  up  succes- 
aireiy  in  Sarrey,  to  supply  the  London  shops  with  chintses,  their  import  from  India 
hsTiag  been  prohibited  by  act  of  parliament  in  1700.  The  silk  and  woollen  weavers, 
indeed,  had  all  along  manifested  the  keenest  hostility  to  the  use  of  printed  calicoes, 
whether  brought  from  the  East  or  made  at  home.  In  the  year  1680  they  mobbed  the 
India  House  in  revenge  for  some  large  importations  then  made  of  the  chintses  of 
Malabar.  They  next  induced  the  government,  by  incessant  clamors,  to  exclude  alto- 
gether the  beautiful  robes  of  Calicut  from  the  British  market.  But  the  printed  goods, 
imported  by  the  English  and  Dutch  East  India  companies,  found  their  way  into  this 
coQBtry,  in  spite  of  the  excessive  penalties  annexed  lo  smuggling,  and  raised  a  new  alarm 
amons  the  manufacturing  population  of  Spitalfields.  The  sapient  legislators  of  that  day, 
intimidated,  as  would  appear,  by  the  East  London  mobs,  enacted  in  1720  an  absurd 
samptnary  law,  prohibiting  the  wearing  of  all  jninied  ecUicots  tchatsoeifer,  either,  of  foreign 
or  domestic  origin.  This  disgraceful  enactment,  worthy  of  the  meridian  of  Cairo  or 
Algiera,  proved  not  only  a  death-blow  to  rising  industry  in  this  ingenious  department 
of  the  arts,  but  prevented  the  British  ladies  from  attiring  themselves  in  the  beconnng 
drapery  of  Hindostan.  After  an  oppressive  operation  of  ten  years,  this  act  was  rejiealed 
by  a  partially  enlightened  set  of  senators,  who  were  then  |deased  to  permit  what  they 
called  British  calicoes,  if  made  of  linen  warp,  with  merely  weft  of  the  hated  cotton,  to  be 
printed  and  worn,  upon  paying  a  duty  of  no  less  than  sixpence  the  square  yard.  Under 
this  harden,  English  calico-printing  could  not  be  expected  to  make  a  rapid  progress. 
Aeeordingly,  even  so  lately  as  the  year  1760,  no  more  than  50,000  pieces  of  mixed 
staff  were  printed  in  Great  Britain,  and  that  chiefly  in  the  ne^hborhood  of  London ; 
whereas  a  single  manufacturer,  Mr.  Coates  of  Manchester,  now-a-days  will  turn  off 
nearly  twenty  times  that  xiuantity,  and  there  are  very  many  others  who  manufacture 
setend  hundred  thousand  pieces  per  annum.  It  was  not  till  about  1766  that  this  ait 
migrated  into  Lancashire,  where  it  has  since  taken  such  extraordinary  development ; 
but  it  was  only  after  1774  that  it  began  to  be  founded  upon  right  principles,  in  conse- 
quence of  the  repeal  of  that  part  of  the  act  of  1730  which  required  the  warp  to  be  made 
of  Unea  yam.  Henceforth  the  printer,  though  still  saddled  with  a  heavy  duty  of  3d.  the 
sqnare  yard,  was  allowed  to  apply  his  colors  to  a  homogeneous  web,  instead  of  the  mixed 
fabric  of  linen  and  cotton  substances,  which  differ  in  their  affinities  for  dyes. 

France  pnrsned  for  some  time  a  similar  false  policy  with  regard  to  calico-printing,  but 
she  emerged  sooner  from  the  mists  of  manufacturing  monopoly  than  England.  Her 
aiowed  motive  was  to  cherish  the  manufacture  of  fax,  a  native  product,  instead  of*  that 
of  cotton,  a  raw  material,  for  which  prejudice  urged  that  money  had  to  be  exported. 
Her  intelligent  statesmen  of  that  day,  ftilly  seventy  years  ago,  replied  that  the  money 
expended  in  the  purchase  of  cotton  was  the  produce  of  French  industry,  beneficially 
employed,  and  they  therefore  took  immediate  measures  to  put  the  cotton  fabrics  upon  a 
fiioting  of  equality.  Meanwhile  the  popular  prejudices  became  irritated  to  such  a  degree, 
by  the  prajeet  of  permitting  the  free  manufacture  and  sale  of  printed  cottons,  that  every 
French  town  possessed  of  a  chamber  of  commerce  made  the  strongest  remonstrances 
against  it.  The  Rouen  deputies  declared  to  the  government,  <*  that  the  intended  mea- 
sure wooM  throw  its  inhabitants  mto  despair,  aiKl  make  a  desert  of  the  surrounding 
country  i"  those  of  Lyons  said,  **  the  news  had  spread  terror  through  all  its  workshops :'' 
Tours  ^  fiifesaw  a  commotion  likely  to  convulse  the  body  of  the  state  ^*  Amiens  said, 
*^  that  the  new  law  would  be  the  grave  of  the  raanuActuring  industry  of  France ;''  and 
Paris  declared  that  **  her  merchants  came  forward  to  batbe  the  throne  with  their  tears 
upon  that  inauspicious  occasion.'' 

The  goveniment  persisted  in  earrying  its  truly  enlightened  principles  into  effect,  and 
with  so  manifest  advantage  to  the  nation,  as  to  warrant  the  inspector-general  of  mann- 
fiutnres  to  make,  soon  afterwards,  the  following  appeal  to  those  prejudiced  bodies  :— 
**  Will  any  of  yon  now  deny  that  the  fabrication  of  printed  cottons  has  occasioned  a  vast 
cxitasion  of  the  industry  of  Ftanoe,  by  giving  profitable  employment  to  a  great  many 
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hands  in  spimung,  weaving,  bleaching,  and  printing  the  cobrs  I  Look  only  at  the  dyeing 
department,  and  say  -whether  it  has  not  done  more  good  to  France  in  a  few  yean  than 
many  of  your  other  manufactures  have  in  a  century  V* 

The  despair  of  Rouen  has  heen  replaced  by  the  most  signal  prosperity  in  the  cotton 
trade,  and  especially  in  printed  calicoes,  for  the  manufacture  of  which  it  possesses  70 
different  establishments,  producing  upwards  of  a  million  of  pieces  of  greater  average  size 
and  price  than  the  Snglish.  In  &e  district  of  the  Lower  Seine,  round  that  town,  there 
are  500  cotton  factories  of  different  kinds,  which  give  em]doyment  to  118,000  operatives 
of  all  orders,  and  thus  procure  a  comfortable  livelihood  to  probably  not  less  than  half  a 
million  of  people. 

The  repeal,  in  1831,  of  the  consolidated  duty  of  S^d.  per  square  yard  upon  printed 
calicoes  in  Great  Britain  is  one  of  the  most  judicious  acts  of  modem  legislation.  By 
the  improvements  in  calico-printing,  due  to  the  modem  discoveries  and  inventions  in 
chemistry  and  mechanics,  the  trade  had  become  so  vast  as  to  yield  in  1830  a  revenue  of 
2,280,0002.  levied  upon  8,696,000  pieces,  of  which,  however,  about  three  fourths  were 
exported,  with  a  drawback  of  1,579,000/.  2,281,512  pieces  were  consumed  in  that  year 
at  home.  When  the  expenses  of  collection  were  deducted,  only  350,000/.  found  their 
way  into  the  exchequer,  for  which  pitiful  sum  thousands  of  frauds  and  obstructions  wei 
committed  against  the  honest  manufacturer.  This  reduction  of  duty  enables  the  con- 
sumer to  get  this  extensive  article  of  clothing  from  50  to  80  per  cent,  cheaper  than 
before,  and  thus  places  a  becoming  dress  within  the  reach  of  thousands  of  handsome 
females  in  the  humbler  ranks  of  l^e.  Printed  goods,  which  in  1795  were  sold  for  two 
shillings  and  three-pence  the  yard,  may  be  bought  at  present  for  eight-pence.  In  fact,  a 
woman  may  now  purchase  the  materials  of  a  pretty  gown  for  two  shillings.  The  repeal 
of  the  tax  has  been  no  less  beneficial  to  the  fair  doders,  by  putting  an  end  to  the  eontra- 
band  trade,  formerly  pursued  to  an  extent  equally  injurious  to  them  and  the  revenue. 
It  ha9,  moreover,  emancipated  a  manufacture,  emioently  dependant  upon  taste,  science, 
and  dexterity,  from  the  venal  curiosity  of  petty  excisemen,  by  whom  private  improve- 
ments, of  great  value  to  the  investor,  were  in  perpetual  jeopardy  of  being  pirated  and 
sold  to  any  sordid  rival.  Tlie  manufacturer  has  now  become  a  free  agent,  a  master  of 
his  time,  his  workmen,  and  his  apparatus ;  and  can  print  at  whatever  hour  he  may  re- 
ceive an  order ;  whereas  he  was  formerly  obliged  to  wait  the  convenience  of  the  excise 
officer,  whose  province  it  was  to  measure  and  stamp  the  cloth  before  it  could  be  packed, 
— an  operation  fraught  with  no  little  annoyance  and  delay.  Under  the  patronage  of  par- 
liament, it  was  easy  for  needy  adventurers  to  buy  printed  calicoes,  because  they  could 
raise  such  a  som  by  drawbacks  upon  the  export  of  one  lot  as  woi^d  go  far  to  pay  fbr 
another,  and  thus  carry  on  a  fraudulent  system  of  credit,  which  sooner  or  later  merged 
in  a  disastrous  bankruptcy.  Meanwhile  the  goods  thus  obtained  were  pushed  off  to 
some  foreign  markets,  for  which  they  were  possibly  not  suited,  or  where  they  produced, 
by  tlieir  forced  sales,  a  depreciation  of  all  similar  merchandise,  ruinous  to  the  man  who 
meant  to  pay  for  his  wares. 

The  principles  of  calico-printing  have  been  very  profoundly  studied  by  many  of  the 
French  manufacturers,  who  generally  keep  a  chemist,  who  has  been  educated  in  the  Parisian 
schools  of  science,  constantly  at  work,  making  experiments  upon  colors  in  a  well-mounted 
laboratory.  In  that  belonging  to  M.  Daniel  Ka*chlin,  of  Mulhausen,  there  are  upwards 
of  3000  labelled  vials,  filled  with  chemical  reagents,  and  specimens  subservient  to  dyeing. 
The  great  disadvantage  under  which  the  French  printera  labor  is  the  higher  price  they 
pay  for  cotton  fabrics  above  that  pajd  by  the  English  printers.  It  is  this  drcumstanee 
alone  which  prevents  them  from  becoming  very  formidable  rivals  to  us  in  the  markets  of 
the  world.  M.  Barbet,  deputy  and  mayor  of  Rouen,  in  his  replies  to  the  ministerial 
commission  of  inquiry,  rates  the  disadvantage  proceeding  fi:om  that  cause  at  2  firancs  per 
piece,  or  about  5  per  cent,  in  value.  In  the  annual  report  of  the  SociiU  JniustrieUe  of 
Mulhausen,  made  in  December,  1833,  the  number  of  pieces  printed  that  year  in  Alsace 
is  rated  at  720,000,  to  which  if  we  add  1,000,000  for  the  produce  of  the  department  of 
the  Lower  Seine,  and  280,000  for  that  of  St.  Quentin,  Lille,  and  the  rest  of  France,  we 
shall  have  for  the  total  amount  of  this  manufacture  2,000,000  of  pieces,  equivalent  to 
nearly  2,400,000  pieces  English ;  for  the  French  piece  usually  measures  33|  annea, 
=  41  yards  nearly;  and  it  is  also  considerably  broader  than  the  English  pieces  upon 
an  average.  It  is  therefore  probable  that  the  home  consumption  of  France  in  printed 
goods  is  equal  in  quantity,  and  superior  in  value,  to  that  of  England.  With  regard  tc 
the  comparative  skiU  of  the  workmen  in  the  two  countries,  M.  Nicholas  Koechlin,  depnty 
of  the  Upper  Rhine,  says,  that  one  of  his  foremen,  who  worked  for  a  year  in  a  print- 
field  in  Lancashire,  found  little  or  no  difierence  between  them  in  that  respect  The 
English  wages  are  considerably  higher  than  the  French.  The  machines  for  multiplying 
production,  which  for  some  time  gave  us  a  decided  advantage,  are  now  getting  into  very 
general  use  among  our  neighbon.  In  my  recent  visit  to  Mulhausen,  Rouen,  and  their 
environs,  I  had  an  opportunity  of  seeing  many  printing  establishments  mounted  with  all 
*the  resources  of  the  most  refined  mechanisms. 
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The  ediccK-printiiuf  of  this  conntiy  stOl  labors  under  the  Inirden  of  considerable  taxes 
apon  madder  and  gallipoli  oil,  which  have  coanteracted  the  prosperity  of  our  Turkey  red 
•tyles  of  work,  aiid  caused  liiexn  to  flourish  at'Blberfeldt,  and  some  other  places  on  the 
eoniinent  whither  a  good  deal  of  the  English  yams  are  sent  to  be  dyed,  then  brought 
back,  and  mannfactured  into  ginghams,  chedcs,  8lc.,  or  forwarded  directly  ihence  to  our 
Rossian  customers.  This  fact  places  our  fiscal  laws  in  the  same  odious  light  as  the  fa- 
cility of  pirating  printers'  patterns  with  impunity  does  our  chancery  laws. 

Before  ck)th  can  receive  good  figured  impressions  its  surface  most  be  freed  from  fibrous 
down  by  Singeing,  and  be  rendered  smooth  by  the  Calender.  See  these  articles.  They 
are  next  bleached,  with  the  exception  of  those  destined  for  Turkey  red.  See  Bleaching 
■nd  Maddkr.  AAer  they  are  bleached,  dried,  singed,  and  calendered,  they  are  lapped 
round  in  ^reat  lengths  of  several  pieces,  stitched  endwise  together,  by  means  of  an  appa- 
ratus called  in  Manchester  a  candroy,  which  bears  on  its  front  edge  a  rounded  iron  biar, 
transversely  grooved  to  the  right  and  left  from  the  centre,  so  as  to  spread  out  the  web  as 
it  is  drawn  over  it  by  the  rotation  of  the  lapping  roller.  See  a  figure  of  this  bar  sub- 
servient to  the  cylinder  printing-machine. 

Four  dififerent  methods  are  in  use  for  imprinting  figures  upon  calicoes :  the  first  is  by 
small  wooden  blocks,  on  whose  face  the  design  is  cut,  which  are  worked  by  band ;  the  second 
i5  by  larger  wood-cot  blocks,  placed  in  either  two  or  three  planes,  standing  at  ri^ht  angles 
to  each  other,  called  a  Perrotine,  from  the  name  of  its  inventor ;  the  third  is  by  flat  copper 
plates^,  a  method  now  almost  obsolete ;  and  the  fourth  is  by  a  system  of  copper  cylinders, 
mounted  in  a  frame  of  great  elegance,  but  no  little  complexity,  by  which  two,  three,  four, 
or  even  five  colors  may  be  printed  on  in  rapid  succession  by  the  mere  rotation  of  the  ma- 
chine driven  by  the  agency  of  steam  or  water.  The  productive  powers  of  this  printing 
Botomaton  are  very  great,  amounting  for  some  styles  to  a  piece  in  the  minute,  or  a  mile 
of  cloth  in  the  hour.  The  fifth  color  is  commonly  communicated  by  means  of  what  is 
eafled  a  surface  cylinder,  covered  with  wooden  figures  in  bass-relief,  which,  by  rotation, 
are  applied  to  a  plane  of  cloth  imbued  with  the  thickened  mordants. 

The  band  blocks  are  made  of  sycamore  or  pear-tree  wood,  or  of  deal  tttctl  with  these 
woods,  and  are  fVom  two  to  three  inches  thick,  nine  or  ten  inches  long,  and  five  broad, 
with  a  Btron?  box  handle  on  the  back  for  seizing  them  by.  The  face  of  the  block  is  either 
carved  in  relief  into  the  desired  design,  like  an  ordinary  wood-cut,  or  the  figure  is  formed 
by  the  insertion  edgewise  into  the  wood  of  narrow  slips  of  flattened  copper  wire.  These 
tiny  fillets,  being  filed  level  on  the  one  edge,  are  cut  or  bent  into  the  proper  shape,  and 
fiirced  into  the  wood  by  the  taps  of  a  hammer  at  the  traced  lines  of  the  configuration. 
Their  upper  surfaces  are  now  filed  flat,  and  polished  into  one  horizontal  plane,  for  the 
sake  of  equality  of  impression.  As  the  slips  are  of  equal  thickness  in  th^ir  whole  depth, 
finm  having  been  made  by  running  the  wire  through  between  the  steel  cylinder  of  a 
flatting  mill,  the  lines  of  the  figure,  however  much  they  get  worn  by  use,  are  always 
equally  broad  as  at  first ;  an  advantage  which  does  not  belong  to  wood-cutting.  The 
mterstices  between  the  ridges  thus  formed  are  filled  up  with  felt-stuff.  Sometimes  a 
ddicate  part  of  the  design  is  made  by  the  wood-eutter,  and  the  rest  by  the  insertion  of 
copper  slips. 

The  coloring  matter,  properly  thickened,  is  spread  with  a  flat  brush,  by  a  child,  upon 
fine  woollen  cloth,  stretched  in  a  frame  over  the  wax  cloth  head  of  a  wooden  drum  or 
sieve,  which  floats  inverted  in  a  tobful  of  old  paste,  to  give  it  dastie  buoyancy.  The  in- 
verted sieve  drum  should  fit  the  paste  tub  pretty  closely.  The  printer  presses  the  face 
of  the  block  on  the  drum  head,  so  as  to  take  up  the  requisite  quantity  of  color,  applies 
ft  to  the  surface  of  the  calico,  extended  upon  a  flat  table  covered  with  a  blanket,  and 
then  strikes  the  back  of  the  block  with  a  wooden  mallet,  in  order  to  transfer  the  impres- 
sion fully  to  the  cloth.  This  is  a  delicate  operation,  requiring  equal  dexterity  and  dili- 
gence. To  print  a  piece  of  cloth  25  yards  lonar,  and  30  inches  broad,  no  less  than  672 
appUeattons  of  a  block,  9  inches  long  and  5  inches  broad,  are  requisite  for  each  color; 
so  that  if  there  are  three  colors,  or  three  hands  as  the  French  term  it,  no  less  than 
2016  applications  will  be  necessary.  The  blocks  have  pin-points  fixed  into  their  corners, 
by  means  of  which  they  are  adjusted  to  their  positions  upon  the  cloth,  so  as  to  join  the 
diflferent  parts  of  the  design  with  precision.  Each  printer  has  a  color-tub  placed 
within  reach  of  his  right  hand ;  and  for  every  diflferent  color  he  must  have  a  separate 
sieve.  Many  manufacturers  cause  their  blocks  to  be  made  of  three  layers  of  wood,  two 
of  them  being  deal  with  the  grain  crossed  to  prevent  warping,  and  the  third  sycamore  for 

eagraviniT* 

The  printing  shop  is  an  oblong  apartment,  lighted  with  numerous  windows  at  each 
aide,  and  having  a  solid  table  opposite  to  each  window.  The  table  B,ftg.  231,  is  formed 
of  a  stroni?  plank  of  Well-seasoned  hard  wood,  mahogany,  or  marble,  with  a  surface  truly 
dane.  Its  length  is  about  6  feet,  its  breadth  2  feet,  and  its  thickness  3,  4,  or  5  inches. 
it  ttands  on  strong  feet,  with  its  top  about  36  inches  above  the  floor.  At  one  of  Its 
there  are  two  bcadcets  c  tat  supporting  the  axles  of  the  roller  e,  which  carries  the 
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white  calico  to  be  printed.  The  hanging  rollers  x  are  laid  acrott  joists  filed  neir  the  rdof 
of  the  apartment  above  the  printing;  shopj  the  ceiling  and  floor  between  them  being  opeA 
bar  work,  at  least  in  the  middle  of  the  room.  Their  nse  is  to  facilitate  the  expoanrey 
and,  conse^nently,  the  drying  of  the  printed  pieces,  and  to  prevent  one  figure  being  daubed 
by  another.  Should  they  come  to  be  all  filled,  the  remainder  o(  the  goods  must  be  foUed 
iiu'hily  upon  the  stool  d. 


The  printer  stretches  a  length  of  the  piece  upon  his  table  a  b,  taking  care  to  place 
the  selvage  towards  himself,  and  one  inch  from  the  edge.  He  presents  the  block 
towards  the  end,  to  determine  the  width  of  its  impression,  and  marks  this  line  a  b,  by 
means  of  his  square  and  tracing  point.  The  spreader  now  besmears  the  cbth  with  the 
color,  at  the  commencement,  upon  both  sides  of  the  sieve  head ;  because,  if  not  uniformly 
applied,  the  block  will  take  it  up  unequally.  The  printer  seizes  the  block  in  his  right 
hand,  and  daubs  it  twice  in  different  directions  upon  the  sieve  cloth,  then  he  transfers  it 
to  the  calico  in  the  line  a  b,  as  indicated  by  the  four  points  abed,  corresponding  to 
the  four  pins  in  the  comers  of  the  block.  Having  done  so,  he  tidces  another  danb  of 
the  color,  and  makes  the  points  a  h  fall  on  c  (2,  so  as  to  have  at  the  second  stamp 
a'  V,  covering  a  b  and  c'  df ;  and  so  on,  through  the  rest,  as  denoted  by  the  accented  let*- 
ters.  When  one  table  length  is  finished,  he  draws  the  cloth  along,  so  as  to  bring  a  new 
length  in  its  place. 

The  grounding-in,  or  re-entering  (ren/ragc),  of  the  other  colors  is  the  next  process. 
The  blocks  used  for  this  purpose  are  furnished  with  pin>points,  so  a4iusted  that,  when 
they  are  made  to  coincide  with  the  pin-points  of  the  former  block,  the  design  will  be  cor- 
rect ;  that  is  to  say,  the  new  color  will  be  applied  in  its  due  place  upon  the  flower  or  other 
fignre.  The  points  should  not  be  allowed  to  touch  the  white  cloth,  but  should  be  made  to 
fail  upon  the  stem  of  a  leaf,  or  some  other  dark  spot.  These  rentrages  are  of  four  sorts : — 
1.  One  for  the  mordants,  as  above ;  2.  one  for  topical  colors  j  3.  one  for  the  application  of 
reds;  and,  4.  one  for  the  application  of  resist  pastes  or  reserves.  These  styles  have 
superseded  the  old  practice  of  pencilling. 

The  Perrotine  is  a  machine  for  executing  block-printing  by  mechanical  power.;  and 
it  performs  as  much  work,  it  is  said,  as  20  expert  hands.  I  have  seen  its  operation^  in 
many  factories  in  France  and  Belgium,  in  a  very  satisfactory  manner;  but  I  have 
reason  to  believe  that  there  are  none  of  them  as  yet  in  this  country.  Three  wooden 
Uodcs,  from  2i  to  3  feet  long,  according  to  the  breadth  of  the  cloth,  and  from  2  to  5 
inches  broad,  faced  with  pear-tree  wood,  engraved  in  relief,  are  mounted  in  a  powerful 
cast-iron  frame  work,  with  their  planes  at  right  angles  to  each  other,  so  that  each 
of  them  may, .  in  snecession,  be  brought  to  helar  upon  the  face,  top,  and  back  of  a 
square  prism  of  iron  covered  with  cloth,  and  fitted  to  revolve  upon  an  axis  between  the 
said  blocks.  The  eaUoo  passes  between  the  prism  and  the  engraved  blocks,  and 
receives  successive  impressions  from  them  as  it  is  successively  drawn  through  by  a 
winding  cylinder.  The  blocks  are  pressed  against  the  calico  Uirough  the  agency  of 
springs,  which  imitate  the  elastic  pressure  of  the  workman's  hand.  Each  block  receives 
a  coat  of  colored  paste  from  a  woollen  surface,  smeared  after  every  contact  with  a 
mechanical  brush.  One  man,  with  one  or  two  children  for  superintending  the  color* 
giving  surfaces,  can  turn  off  about  30  pieces  English  per  day,  in  three  colors,  which 
is  the  woric  of  fblly  20  men  and  20  children  in  block  printing  by  hattd.  It  executes 
some  styles  of  work  to  which  the  cylinder  machine,  without  the  surface  xoUer,  is 
inadequate. 
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Tht  eopper-pkte  printiBg  of  cslieo  is  almost  eisedy  the  sune  ts  that  uird  for  printiii;^ 
ogravini^  on  paper  from  flat  plates,  and  being  nearly  superseded  by  the  neit  machine^ 
seed  not  be  described. 

The  cylinder  printing  maclUne  consists,  as  its  name  imports,  of  an  engraved  copper 
cylinder,  so  mounted  as  to  revolve  against  another  cylinder  lapped  in  woollen  cloth,  and 
imbaed  with   a  colored  paste,  from  which  it  derives  the  means  of  communicating 

colored  impressions  to  pieces  of  calico  passed  over  it.  Fig,  2?3 
will  give  the  reader  a  general  idea  of  this  elegant  and  expe- 
ditious plan  of  printing.  The  pattern  is  engraved  upon  the 
surface  of  a  hollow  cylinder  of  copper,  or  sometimes  gun- 
metal,  and  the  cylinder  is  forced  by  pressure  upon  a  strong 
iron  mandrel,  which  serves  as  its  turning  shaft.  To  facilitate 
the  transfer  of  the  impression  from  the  engraving  to  the  cotton 
doth,  the  latter  is  lapped  round  another  large  cylinder,  rendered 
elastic  by  rolls  of  wooUen  cloth,  and  the  engraved  cylinder 
presses  the  calico  against  this  elastic  cushion,  and  thereby  prints 
it  as  it  revolves.  Let  a  be  the  engraved  cylinder  tnounted  upon 
its  mandrel,  which  receives  rotatory  motion  by  wheels  on  its 
end,  connected  with  the  steam  or  water  power  of  the  factory. 
B  is  a  large  iron  drum  or  roller,  turning  in  bearings  of  the  end 
frames  of  the  machine.  Against  that  dirnm  the  engraved  cylin- 
der A  is  pressed  by  weights  or  screws ;  the  weights  acting  steadily^ 
by  levers,  upon  its  brass  bearings.  Round  the  drum  b  the  endless  web  of  felt  or  blan- 
ket stuff  a  Oj  travels  in  the  direction  of  the  arrow,  being  carried  round  along  with  the 
dram  B,  which  again  is  turned  by  the  friction  of  contact  with  the  cylinder  a.  c  repre- 
sents a  clothed  wooden  roller,  partly  plunged  into  the  thickened  color  of  the  trough  d  d. 
That  roller  is  also  made  to  bear,  with  a  moderate  force,  against  a,  and  thus  receives,  by 
friction,  in  some  cases,  a  movement  of  rotation.  But  it  is  preferable  to  drive  the  roller  c 
from  the  cylinder  a,  by  means  of  a  system  of  toothed  wheels  attached  to  their  ends,  so  that 
the  surihee  speed  of  the  wooden  or  paste  roller  shall  be  somewhat  greater  than  that  of 
the  printing  cylinder,  whereby  the  color  will  be  rubbed,  as  it  were,  into  the  engraved 
parts  of  the  latter. 

As  the  cylinder  a  is  pressed  upwards  against  B,  it  is  obvious  that  the  bearers  of  the 
troogh  and  its  roller  must  be  attached  to  the  bearings  of  the  cylinder  a,  in  order  to 
preserve  its  contact  with  the  oolor-roUer  c.  ft  is  a  sharp-edged  ruler  of  gun-metal  or 
iteel,  called  the  color  doctor,  screwed  between  two  gun-metal  stiffening  bars ;  the  edge 
of  which  wiper  is  slightly  pressed  as  a  tangent  upon  the  engraved  roller  a.  This  ruler 
vibrates  with  a  slow  motion  from  side  to  side,  or  right  to  left,  so  as  to  exercise  a  delicate 
tkaving  action  upon  the  engraved  surface,  as  this  revolves  in  the  direction  of  the  arrow, 
c  is  another  similar  sharp-edged  ruler,  called  the  lint  doctor,  whose  office  it  is  to  remove 
say  fibres  which  may  have  come  off  the  calico  in  the  set  of  printing,  and  which,  if  left 
oa  the  enirraved  cylinder,  would  be  apt  to  occupy  some  of  the  lines,  or  at  least  to  prevent 
the  ookn-  from  filling  ihem  all.  This  lint  doctor  is  pressed  very  slightly  upon  the  cylinder 
Ay  and  has  no  transverse  motion. 

What  was  stated  with  regard  to  the  bearers  of  the  color  trough  d,  namely,  that  they 
sie  eonnected,  and  moved  up  and  down  together  with  the  bearings  of  the  cylinder  a,  may 
also  be  said  of  the  bearers  of  the  two  doctors. 

The  working  of  this  beautiful  mechanism  may  now  be  easily  comprehended.  The 
web  of  calico,  indicated  in  the  figure  by  the  letter  d,  is  introduced  or  carried  in  along 
with  the  blanket  stuff  a  a,  in  the  direction  of  the  arrow,  and  is  moved  onward  by  the 
pfessnre  of  the  revolving  cylinder  A,  so  as  to  receive  the  impression  of  the  pattern  en- 
graved on  that  cylinder. 

Bdbre  proceeding  to  describe  the  more  complex  calico-machine  which  prints  upon 
fkith  3,  4»  or  5  colors  at  one  operation,  by  the  rotation  of  so  many  cylinders,  I  shall 
explain  the  modern  methods  of  engraving  the  cylinder,  which  I  am  enabled  to  do  by  the 
eoortesy  of  Mr.  Locket,  of  Manchester,  an  artist  of  great  ingenuity  in  this  department,  who 
politely  allowed  me  to  inspect  the  admirable  apparatus  and  arrangements  of  his  factory. 
To  engrave  a  copper  cylinder  3  or  4  inches  in  diameter,  and  from  3QA  36  inches  long, 
with  the  multitude  of  minute  figures  whicli  exist  in  many  pattems^^ould  be  a  very 
laborioDs  and  expensive  operation.  The  happy  invention  made  by  Mr.  Jacob  Perkins, 
ia  America,  for  transferring  engravings  fVom  one  surface  to  another  by  means  of  steel 
roller  dies,  was  with  great  judgment  applied  by  Mr.  Locket  to  calico-printing,  so  long 
sgo  as  the  year  1808,  before  the  first  inventor  came  to  Europe  with  the  plan.  The 
pattern  is  first  drawn  upon  a  seale  of  about  3  inches  square,  so  that  this  size  of  figure 
being  repealed  a  definite  number  of  times,  will  cover  the  cylinder.  This  pattern  is  next 
engraved  in  intaglio  upon  a  roller  of  softened  steel,  about  1  inch  in  diameter,  and  3  inches 
ioBgySO  thai  it  will  exactly  occupy  its  surface.    The  engraver  aids  his  eye  with  a 
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lens,  when  employed  at  this  delicftte  work.  This  roller  is  btrdened  bf  heating  it  to  a 
cherry-red  in  an  iron  case  coniaining  pounded  bone-^h,  and  then  plunging  it  into  cold 
water ;  its  surface  being  protected  from  oxydizement  by  a  chaiky  paste.  This  hardened 
roller  is  put  into  a  press  of  a  peculiar  construction,  where,  by  a  rotatory  pressure,  it  trans 
feis  its  design  to  a  similar  roller  in  the  soA  state;  and  as  the  former  was  in  intaglio,  thi 
latter  must  be  in  relievo.  This  second  roller  being  hardened,  and  placed  in  an  appro 
priate  volutory  press,  is  employed  to  engrave  by  indentation  upon  the  full-sized  cop{wi 
cylinder  the  whole  of  its  intended  pattern.  The  first  roller  engraved  by  hand  is  callee 
the  die ;  the  second,  obtained  from  it  by  a  process  like  that  of  a  milling  tool,  is  called  the 
mill.  By  this  indentation  and  multiplication  system,  an  engrayed  cylinder  may  be  had  foi 
seven  pounds,  which  engraved  by  hand  would  cost  fifty  or  upwards.  The  restoration  of 
a  worn-out  cylinder  becomes  extremely  easy  in  this  way ;  the  mill  being  preserved^  neei 
merely  be  properly  rolled  over  the  copper  surface  again.  * 

At  other  times,  the  hard  roller  die  is  placed  in  the  upper  bed  of  a  screw  press,  not  on- 
like  that  for  coining,  while  the  horizontal  bed  below  is  made  to  move  upon  strong  rollers 
mounted  in  a  rectangular  iron  frame.  In  the  middle  of  that  bed  a  smooth  cake  or  flat 
disc  of  very  soA  iron,  about  1  inch  thick,  and  3  or  4  inches  in  diameter,  is  made  fast 
by  four  horizontal  adjusting  screws,  that  work  in  studs  of  the  bed  frame.  The  die  beini 
now  brought  down  by  a  powerful  screw,  worked  by  toothed  wheel-work,  and  made  tc 
press  with  force  upon  the  iron  cake,  the  bed  is  moved  backwards  and  forwards,  causing 
the  roller  to  revolve  on  its  axles  by  friction,  and  to  impart  its  design  to  the  cake.  This 
iron  disc  is  now  case-hardened  by  being  ignited  amidst  horn  shavings  in  a  box,  and  then 
suddenly  quenched  in  water,  when  it  becomes  itself  a  die  in  relievo.  This  disc  die  if 
fixed  in  the  upper  part  of  a  screw  press  with  its  engraved  face  downwards,  yet  so  as  to  be 
moveable  horizontally  by  traverse  screws.  Beneath  this  inverted  bed,  sustained  at  iti 
upper  surface  by  friction-rollers,  a  copper  cylinder  30  inches  long,  or  thereby,  is  mounted 
horizontally  upon  a  strong  iron  mandrel,  furnished  with  toothed  wheels  at  one  of  ita 
ends,  to  communicate  to  it  a  movement  upon  its  axis  through  any  aliquot  arcs  of  the 
circle.  The  disc  die  being  now  brought  down  to  bear  upon  the  copper  cylinder,  this  is 
turned  round  through  an  arc  corresponding  in  length  to  the  length  of  the  die;  and  thus, 
by  the  steady  downward  pressure  of  the  screw,  combined  with  the  revolution  of  the  cy-* 
Under,  the  transfer  of  the  engraving  is  made  in  intaglio.  This  is,  I  believe,  the  most  con* 
venient  process  for  engraving,  by  transfer,  the  copper  of  a  one-cylinder  machine.  But 
when  2,  3,  or  4  cylinders  are  to  be  engraved  with  the  same  pattern  for  a  two,  three,  or 
four-colored  machine,  the  die  and  the  mill  roller  plan  of  transfer  is  adopted.  In  this 
case,  the  hardened  roller  die  is  mounted  in  the  upper  bed  of  the  transfer  press,  in  such  a 
way  as  to  be  capable  of  rotation  round  its  axis,  and  a  similar  roller  of  soAened  steel 
IS  similarly  placed  in  the  under  bed.  The  rollers  are  now  made  to  bear  on  each  other  by 
the  action  of  the  upper  screw,  and  while  in  hard  contact,  the  lower  one  is  caused  to  re- 
volve, which,  carrying  round  the  upper  by  friction,  receives  from  it  the  figured  impression 
in  relief.  When  cylinders  for  a  three-oolored  machine  are  wanted,  three  such  mt/Zt  are 
made  fac- similes  of  each  other ;  and  the  prominent  parts  of  the  figure  which  belong  to 
the  other  two  copper  cylinders  are  filed  off  in  each  one  respectively.  Thus  three  differ- 
ently figured  mUls  are  very  readily  formed,  each  adapted  to  engrave  its  particular  figure 
upon  a  distinct  copper  cylinder. 

Some  copper  cylinders  for  peculiar  styles  are  not  graved  by  indentation,  as  just  d<s 
scribed,  but  etched  by  a  diamond  point,  which  is  moved  by  mechanism  in  the  most  curiona 
variety  of  configurations,  while  the  cylinder  slowly  revolves  in  a  horizontal  line  beneath  it. 
The  result  is  extremely  beautiful,  but  it  would  require  a  very  elaborate  set  of  drawings  to 
represent  the  machinery  by  which  Mr.  Locket  produces  it.  The  copper  is  covered  by  a  re- 
sist varnish  while  beini;  heated  by  the  transmission  of  steam  through  its  axis.  AAer  being 
etched,  it  is  suspended  horizontally  by  the  ends,  for  about  five  minutes,  in  an  oblong  trough 
charged  with  dilute  nitric  acid. 

With  regard  to  the  two  and  three-colored  machines,  we  must  observe,  that  as  the  calico 
in  passing  between  the  cylinders  is  stretched  laterally  from  the  central  line  of  the  web,  the 
figures  engraved  upon  the  cylinders  must  be  proportionally  shortened,  in  their  lateral  di- 
mensions especially,  for  the  first  and  second  cylinder. 

Cylinder  printing,  though  a  Scotch  invention,  has  received  its  wonderful  develop- 
ment in  England  and  does  the  greatest  honor  to  this  country.  The  economy  of 
labor  introduced  by  these  machines  is  truly  marveUous;  one  of  them,  under  the 
guidance  of  a  man  to  regulate  the  rollers,  and  the  service  of  a  boy,  to  supply  the 
color  troughs,  beina:  capable  of  printing  as  many  pieces  as  nearly  200  men  and  boys 
could  do  with  blocks.  The  perfection  of  the  engraving  is  most  honorable  to  our 
artisans.  The  French,  with  all  their  ingenuity  and  neat-handedness,  can  produce  nothing 
approaching  in  excellence  to  the  engraved  cylinders  of  Manchester, — a  painful  admission^ 
universally  made  to  me  by  every  eminent  manufacturer  in  Alsace,  whom  I  visited  ia  ny 
late  tour. 
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Aairther  modiflemtfon  of  cylinder  printing,  is  that  with  wooden  roners  cut  in  relief)  ft 
a  called  vKrfaet  printingy  probably  becansc  the  thickened  color  is  applied  to  a*tenae  ear 
free  of  woollen  cloih,  from  which  the  roller  takes  it  np  fay  revolving  in  contact  with  thr. 
doth.    When  the  copper  cylinden  and  the  wooden  ones  are  combined  in  one  apparatoa, 
it  has  got  the  appropriate  name  of  the  union  printing  machine. 

In  moanting  three  or  more  cylinders  in  one  frame,  many  more  adjustments  become  ne- 
cessary than  those  described  above.  The  first  and  most  important  is  that  which  ensures 
the  correspondence  between  the  parts  of  the  figures  iu  the  successive  printing  rollers,  for 
iciless  those  of  the  second  and  subsequent  engraved  cylinders  be  accurately  inserted  into 
thejr  respective  places,  a  confused  pattern  would  be  produced  upon  the  clo&  as  it  advaB- 
ees  rovmd  the  pressure  cylinder  b,  figs,  233,  234. 

Each  cylinder  must  have  a  forward  adjiistment  in  the  direction  of  rotation  round  its 
axis,  80  as  to  bring  the  patterns  into  correspondence  with  each  other  in  the  length  of  the 
piece;  and  also  a  lateral  or  traverse  adjustment  in  the  line  of  its  axis,  to  effect  the  corres- 
pondence of  the  figures  across  the  piece  j  and  thus,  by  both  together,  each  cylinder  may 
be  made  to  work  symmetrically  with  its  fellows. 

Fig.  234  is  a  cross  section  of  a  four-color  cylinder  machine,  by  which  the  working 
parts  are  clearly  illustrated. 

A  A  A  is  a  part  of  the  two  strong  iron  frames  or  cheeks,  in  which  the  various  rollers 
are  mounted.    They  are  bound  together  by  the  rods  and  bolts  a  a  a  a.. 

B  is  the  large  iron  pressure  cylinder,  which  rests  with  its  gudgeons  in  bearings  or  bush- 
es, which  can  be  shifted  up  and  down  in  slots  of  the  side  cheeks  a  a.  These  bushes  are 
suspended  from  powerful  screws  b,  which  turn  in  brass  nuts,  made  fast  to  the  top  of  the 
frame  A,  as  is  plainly  shown  in  the  fii;ure.  These  screws  serve  to  counteract  the  strong 
pressure  applied  beneath  that  cylinder,  by  the  engraved  cylinders  d  ie. 

c  D  £  F  are  the  four  printing  cylinders,  named  in  the  order  of  their  operation.  They 
cQBskt  of  strong  tubes  of  copper  or  gun-metal,  forcibly  thrust  by  a  screw  press  npcm  the 
inn  mandrels,  round  which  as  shafU  they  revolve. 

The  first  and  last  cylinder  c  and  r  are  mounted  in  brass  bearings,  which  may  be  shifted 
m  horizontal  slots  of  the  frame  a.  The  pressure  roller  b,  against  whose  surface  they 
bear  with  a  very  little  obliquity  downwards,  may  be  nicely  adjusted  to  that  pressure  by  its 
elevating  and  depressing  screws.  By  this  means  c  and  f  can  be  adjusted  to  b  with  geo- 
metrical precision,  and  made  to  press  it  in  truly  opposite  directions. 

The  bearings  of  the  cylinders  D  and  e  are  lodged  also  in  slots  of  the  frame  a,  which 
point  obliquely  upwards,  towards  the  centre  of  b.  The  pressure  of  these  two  print  cylln- 
dcis  c  and  r  is  produced  by  two  screws  €  and  d,  which  work  in  brass  nuts,  made  fast 
to  the  frame  and  very  visible  in  the  figure.  The  frame-work  in  which  these  bearings  and 
screws  are  placed,  has  a  curvilinear  form,  in  order  to  permit  the  cylinders  to  be  readQy 
removed  and  replaced ;  and  also  to  introduce  a  certain  degree  of  elasticity.  Hence  the 
IfesBore  applied  to  the  cylinders  c  and  f,  partakes  of  the  nature  of  a  spring ;  a  circnm^ 
slsaee  essential  to  their  working  smoothly,  on  account  of  the  occasional  inequalities  in  Ihf 
thickness  of  the  felt  web  and  the  calico. 

The  pressure  upon  the  other  two  print  cylinders  d  and  £  b  produced  by  weights  acting 
with  levers  against  the  bearings.  The  bearings  of  d  are,  at  each  of  their  ends,  aeted^ 
upon  by  cylindrical  rods,  which  slide  in  long  tubular  bosses  of  the  frame,  and  press  with 
flieir  nuts  g  at  their  under  end  upon  the  small  arms  of  two  strong  levers  o,  which  lie  on« 
each  side  of  the  machine,  and  whose  fulcrum  is  at  h  (in  the  lower  corner  at  the  leA  hand). 
The  long  arms  of  these  levers  g,  are  loaded  with  weights  h,  whereby  they  are  made  to. 
press  up  against  the  bearings  of  the  roller  d,  with  any  degree  of  force,  by  screwing  itp< 
the  nut  g,  and  hanging  on  the  requisite  weights. 

The  manner  in  which  the  cylinder  £  is  pressed  up  against  b,  is  by  a  similar  eonstmo-- 
tkm  to  that  just  described.  With  each  of  its  bearings,  there  is  connected  by  the  link  ky. 
a  curved  lever  i,  whose  fulcrum  or  centre  of  motion  is  at  the  bolt  /.  To  the  outer  end 
sf  thb  lever,  a  screw,  m.  is  attached,  which  presses  downwards  upon  the  link  n,  coAnect- 
fld  with  the  small  arm  of  the  strong  lever  fc,  whose  centre  of  motion  is  at  o.  By  turning 
therefore  the  screw  m,  the  Weight  l,  laid  upon  the  end  of  the  long  arm  of  the  lever  k  (of 
which  there  is  one  upon  each  side  of  the  machine),  may  be  made  to  act  or  not  at  pleastire 
apm  the  bearings  of  the  cylinder  c. 

In  tracing  the  operation  of  this  exquisite  printing  machine,  we  shall  begin  withtbe 
fkst  engraved  cylinder  c.    Its  bearings  or  bushes  shift,  as  was  already  stated,  in  slots  of 
the  fhmie  a.    fkieh  of  theoft  oonsists  of  a  round  piece  of  iron,  to  whieh  the  end  of  the 
screw  c  is  joined,  in  the  same  way  as  at  d,  in  the  opposite  side.    In  each  of  these  iron 
heanngs,  a  concave  brass  is  inserted  to  support  the  collar  of  the  shaft,  and  in  a  dove-< 
UDed  sitt  of  this  brass,  a  sliding  piece  is  fitted,  upon  which  a  set  or  sidjnsting  screw  in 
the  iron  bearing  acts,  and  which,  being  forced  against  the  copper  cylinder  c,  serves  to* 
sQost  the  line  of  its  axis,  and  to  keep  it  steady  between  its  beirings,  and  tme  in  Its* 
Mtaloffy  motion.    Upon  the  iron  bearing  a  plate  is.  screwed,  prondedswithitiiafiAngesy 
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filed  npon  ■  boaid ;  bat  iu  ends  are  made  of  plate*  of  eail  eopper  ot  gm-metal  to  •em 
at  beuing*  lo  the  color  roller  m.  The  troagh  aad  it«  roller  mnj  be  ahifled  both  logetber 
into  «>nbicl  vith  the  printing  cylinder  c,  by  meanl  of  Ihe  Bcreir  r.  Near  t,  Kcn  Bbore 
llw  roller,  c,  aTtd  (  bekiw  it,  are  Beclioni  of  the  two  doctors,  which  keep  the  engiaTOd 
CfUuden  ia  sound  working  raadiiioa)  the  rortner  being  the  colour  doctor,  and  the  latter 
lie  lint  doctor.  Their  cnla  lie  in  bnnes,  wbiefa  may  be  adjuated  by  the  screws  »  and  *, 
working  in  ibe  respeelivc  brackets,  which  carry  ikeir  braswH,  aod  are  Biadc  Ikit  to  the 
iraa  beatingg  of  Ibc  eyiinder. 

The  preisare  of  the  color  doctor  is  pradnetd  by  two  weight!  v,  (see  high  op  oa  the 
flwne  work,)  whiEh  ad  on  a  pair  of  small  le*ers  z,  (oae  on  each  side  et  Ihe  machine,} 
aad  thtu,  by  means  of  the  ebains,  tend  to  lift  the  arm*  y,  attached  to  the  end  axles  of  the 
doctor.  The  presanre  of  the  lint  doctor  upon  the  cylinder  c,  is  perfonned  by  the  aerew 
t,  i«e«aing  upon  aa  arm  which  protects  downwards,  and  is  attathed  to  the  aile  of  that 
Aodor. 

The  bearings  of  the  lecend  printing  cylinder  d,  conslsl  at  each  ead  of  a  inast  of  iron 
(iCBHind  in  the  dnwiag  la  show  the  »iedianism  below  it),  which  shift*  in  the  ihoting 
dot  of  the  frame  a.  Ib  each  of  these  uaeses  there  is  another  piece  of  iroa,  which  elide* 
in  the  iransTcrse  directioii,  and  may  be  shifted  by  (he  adjiwling  screw  a'  fixed  tn  it,  and 
working  in  a  not  cagt  upon  the  principal  bearing  aboTc  described.  To  the  inner  bear- 
iagi,  •which  eanr  the  hriuaes  bi  which  the  ahad  lies,  arc  screwed  the  two  enrred  mm 
tfif  to  which  are  attached  the  bearings  *«.,  br  the  color  trough  and  the  doctors.  In 
tbesC'teuae*  there  are  also  doTCtailed  jRcees,  wfakh  slide  and  are  presaed  by  set  aowwa 
fiunlshedwilh  ainare  heads  in  the  iron  secondary  bearings,  whichserre,  as  before  said,  to 
adjott  the  printing  cylinder  k  die  li«e  of  it*  axis,  while  other  serewi  adjnsl  the  dlattne* 
«f  the  elolh  npon  ii4idi  the  second  eolor  is  printed,  and   the  lia«  of  contact  with  th« 
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kttriAgs  of  tlie  cjrlxiider,  and  whose  ends  are  suspended  by  screws  f( ;  whereby  the  eolor 
raDer  k,  may  be  pressed  with  greater  or  less  force  to  the  cylinder  d.  K  and  i'  are  the 
two  doetors  of  this  cylinder  i  the  former  being  the  color,  the  latter  the  lint  doctor. 
They  rest,  as  was  said  of  the  cylinder  c,  in  brasses  which  are  a^jastable  by  means  of 
serewB,  that  work  in  the  stads  or  brackets  by  which  the  brasses  are  supported.  These 
bradcets  mast  of  coarse  be  screwed  to  the  secondary  bearing-pieces,  in  oxder  that  they 
may  keep  their  position,  into  whatcTer  direction  the  bearings  may  be  shifted,  fe"  and  V 
are  these  set  screws  for  the  color  and  lint  doctors.  The  pressure  of  the  former  upon  the 
cylinder  d,  is  produced  by  weights  m',  acting  upon  levers  a',  and  pressing  by  rods  or  links 
0^,  upon  arms  attached  to  each  end  of  the  axis  of  the  doclar.  («!e  the  left  hand  side  of 
the  figore  near  the  bottom.)  The  lint^octor  f  is  pressed  in  a  similar  way  at  the  other 
side  upon  the  cylinder  d,  by  the  weights  acting  upon  levers  j)',  and  by  rods  <(  upon  arms 
fixed  at  each  end  of  the  axis  of  the  doctor. 

The  bearings  of  the  third  printing  cylinder  x,  are  of  exactly  the  same  construction  as 
that  above  described,  and  therefore  require  no  particular  detail.  The  lint  doctor  «,  is 
hcfe  pressed  upon  the  engraved  cylinder  by.  screws  t\  working  in  the  ends  of  studs  or 
anna  fixed  upon  each  end  of  the  axis  of  the  doctor,  and  pressing  upon  flanges  cast  upon 
the  brackets  in  which  the  brasses  of  the  doctor^s  axis  lie,  which  are  made  fast  to  the  b«ir- 
ings  of  the  cylinder  s. 

The  bearings  of  the  fourth  copper  cylinder  f,  are  also  constrneted  in  a  similar  way, 
£adi  consists  of  a  first  bearing,  to  which  is  joined  the  end  of  the  screw  d,  by  which  it 
is  made  to  slide  in  a  slot  of  the  frame.  Another  bearing,  which  contains  the  brass  for 
the  shaft  of  the  cylinder,  can  be  shifted  up  and  down  in  a  transverse  direction  by  a  screw 
s',  of  the  second  bearing,  working  in  a  nut  cast  upon  the  first  bearing.  To  this  secondary 
bearing,  plates  are  made  fast  by  the  screws  xt  v'  Vi  the  inside,  to  carry  the  studs  or 
bradcets  of  the  doetors  s^  and  y'.  In  the  brasses  of  the  cylinder  shaft,  dovetailed  pieces 
are  made  to  slide,  being  pressed  by  set  screws  vs'y  against  the  engraved  cylinder  f,  similar 
U>  what  has  been  described  for  adjusting  the  cylinders  to  one  another.  This  cylinder  has 
no  separate  color  roller,  nor  trough,  properly  speaking,  but  the  color  doctor  y  is  made 
eoneave  to  serve  the  purpose  of  a  trough  in  supplying  the  engraved  lines  of  the  cylinder 
with  eolor.  With  this  view  the  top  plate  of  the  doctor  is  curved  to  contain  the  colored 
paste,  and  it  is  shut  up  at  the  ends  by  pieces  of  wood  made  to  fit  the  curvature  of  the  doctor. 
Its  pressure  against  the  engraved  surface  is  produced  by  weights  a!\  acting  at  the  ends 
of  arms  V\  attached  to  the  ends  of  the  axis  of  the  doctor.  The  pressure  of  the  lint 
doctor  jr'  is  given  by  screws  c",  working  in  arms  attached  to  the  ends  of  the  axis  of  the 
doetor,  and  pressing  npon  the  flanges  d,"y  cast  npon  the  brackets  which  carry  the  brasses 
fer  the  axis  of  the  doctor.  These  brasses  are  themselves  adjustable,  like  those  of  all  the 
ether  cylinders,  by  set  screws  in  the  brackets,  which  work  in  the  nuts  formed  in  the 


€*  €%  is  the  endless  web  of  felt  stuff  which  goes  round  the  cylinder  b,  and  constitutes 
the  soft  elastic  surface  upon  which  the  printing  cylinders  c,  d,  e,  and  r  exercise  their 
presBore.  This  endless  felt  is  passed  over  a  set  of  rollers  at  a  certain  distance  from  the 
BMchine,  to  give  opportunity  for  the  drying  up  (^  ady  coloring  paste  Which  it  may 
have  imbibed  from  the  calico  in  the  course  of  the  impressions.  In  its  return  to  the  ma- 
ddne  in  the  direction  of  the  arrow,  it  is  led  over  a  guide  roller  o,  which  is  thereby  made 
to  revolve.  Upon  the  two  ends  of  this,  and  outside  of  the  bearings  which  are  fixed  upon 
the  tops  of  the  frame  a,  are  two  eccentrics,  one  of  which  serves  to  give  a  vibratory  tra- 
verse movement  to  the  color  doctors  f',  h\  and  r'  of  the  three'  cylinders,  c,  d,  and  z^ 
whilst  the  other  causes  the  color  doctor  yf  of  the  cylinder  f,  to  make  latc^  vibra- 


q  is  one  of  a  pair  of  cast-iron  brackets,  screwed  oo  at  the  back  of  the  side-frames  or 
chedis  A  A,  to  carry  the  roller  filled  with  White  calico  a,  ready  for  the  printing  operations. 
Upon  the  end  of  the  shaft  whereon  the  calico  is  coiled,  a  puQey  is  fixed,  over  which  a 
rof»e  passes  suspending  a  weight  in  order  to  produce  friction,  and  thereby  resistance  to 
the  action  which  tends  to  unwind  the  calico.  In  winding  it  upon  that  and  similar 
rollers,  the  calico  is  smoothed  and  expanded  in  breadth  by  being  passed  over  one  or 

more  grooved  rods,  or  over  a  wooden  bar  s,  j^g.  235,  the  surface 
of  which  is  covered  with  wire,  so  as  to  have  the  appearance  of  a 
united  right  and  left-handed  screw.    By  this  device,  the'  calico, 

foldol  or  creased  at  any  part,  is  stretched  laterally  from  the 

2S5  S  centre,  and  made  level.    It  then  passes  over  the  guide-roller 

0,  where  it  comes  upon  the  surface  of  the  felt  €*  s'',  and  thence  proceeds  under  its  guid- 
Snce  to  the  series  of  printing  cylinders. 

Three  and  four-color  machines,  similar  to  the  above,  are  now  at  work  in  many  es* 
taUishments  in  Lancashire,  which  will  tarn  ofiT  a  piece  of  28  yards  per  minute,  each  of 
the  three  or  four  cylinders  applying  its  peculiar  part  of  the  pattern  to  the  cloth  as  it 
•iong^  by  ceaseless  rotation  of  the  unwearied  wheels.    At  this  rate,  the  astonishiag 
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length  of  one  mUe  of  many-colored  web  is  inrinted  wHa  degant  flowers  and  odMr 
figures  in  an  hour.  When  we  call  to  mind  how  much  knowledge  and  sldll  are  inrohred 
In  this  process,  we  may  fairly  consider  it  as  the  greatest  acfaierement  of  dienueal  and 
mechanical  science. 

Before  entering  upon  the  different  styles  of  work  which  eonstitnte  ealieo-priatingy  I 
shall  treat,  in  the  first  place,  of  what  is  common  to  them  all,  namely,  the  thickening  oi 
the  mordants  and  colors.  This  is  an  (q>eration  of  the  greatest  importance  towards  the 
snccessfal  practice  of  the  art.  Several  circumstances  may  require  the  consistence  of  the 
thickening  to  be  varied ;  such  as  the  nature  of  the  mordant,  its  density,  and  its  acidity. 
A  strong  acid  mordant  cannot  be  easily  thickened  with  starch ;  bat  it  may  be  by  roasted 
starch,  vulgarly  called  British  gum,  and  by  gum  arable  or  Senegal.  Some  mordants 
which  seem  sufficiently  inspissated  with  starch,  liqnefy  in  the  course  of  a  few  days,  and, 
being  apt  to  run  in  the  prlnting-on,  make  blotted  work.  In  France,  this  evil  is  readily 
obviated  by  adding  one  ounce  of  spirits  of  wine  to  half  a  gaUon  of  calm'— a  remedy 
which  the  English  excise  duties  render  too  costly. 

The  very  same  mordant,  when  inspissated  to  difierent  degrees,  produces  difierent  tints 
in  the  dycncopper^-^  difference  due  to  the  increased  bulk  from  the  thickening  sabstance ; 
thus,  the  same  mordant,  thickened  with  starch,  furnishes  a  darker  shade  than  when 
thickened  with  gum.  Yet  there  are  circumstances  in  which  the  latter  is  preferred,  be- 
cause it  conmiuBicates  more  transparency  to  the  dyes,  and  because,  in  spite  of  the  wash- 
ing,  more  or  less  of  the  starch  always  sticks  to  the  mordant.  The  gam  has  the 
inconvenience,  however,  of  drying  too  speedily,  and  of  also  increasing  too  mach  Uw 
volume  of  the  mordants ;  by  both  of  which  causes  it  obstructs  their  combination  with  the 
stuff,  and  the  tints  become  thin  or  scratchy. 

The  substances  generally  employed  as  thickeners  are  the  following  ^— 

1.  Wheat  starch. 

2.  Flour. 

3.  Roasted  starch. 

4.  Gum  Senegal. 

5.  Com  tragacanth. 

6.  Salep. 

7.  Pipe-clay,  mixed  with  gum  senegaL 

8.  Sulphate  of  lead. 

9.  Sugar. 

10.  Molasses. 

11.  Glue. 

After  thickening  with  gum,  we  ought  to  avoid  adding  metallic  solutions  in  the  liquid 
state;  such  as  nitrate  of  iron,  of  copper,  solutions  of  tin,  of  subacetate  of  lead,  fce.  i 
as  they  possess  the  property  of  coagulating  gum.  I  shall  take  care  to  specify  the  nature 
and  proportion  of  thickening  to  be  employed  for  each  color;  a  most  important  mattcTj 
hitherto  neglected  by  English  writers  upon  calico-printing. 

The  atmosphere  of  the  printing  shops  should  never  be  allowed  to  cool  under  65*  or 
7(r  F. ;  and  it  should  be  heat^  by  proper  stoves  in  cold  weather,- but  not  rendered  too 
dry.  The  temperature  and  moisture  should  therefore  both  be  regulated  with  the  aid  oc 
thennometers  and  hydrometers,  as  they  exercise  a  great  influence  upon  all  the  printiBg 
processes,  and  especially  upon  the  combination  of  the  mordant  with  the  cloth.  In  the 
course  of  the  desiccation,  a  portion  of  the  acetic  acid  evaporates  with  the  water,  and  sab- 
acetates  are  formed,,  which  combine  with  the  stuff  in  proportion  as  the  solvent  principle 
escapes ;  the  water,  as  it  evaporates,  carries  off  acetic  acid  with  it,  and  thereby  aids  the 
fixation  of  bases.  These  remarks  are  peculiarly  appropriate  to  delicate  impressions  bj 
the  cylinder  machine,  where  the  printing  and  drying  are  both  rapidly  effected.  In  the 
lapis  lazuli  style,  the  strong  mordants  are  apt  to  produce  patches,  being  thickened  with 
pipe-day  and  gum,  yrhieh  olwtruct  the  evaporation  of  the  acids.  .  They  are  therefore  apt 
to  remain,  and  to  dissolve  a  portion  of  the  mordants  at  their  immersion  in  the  Uue  vat, 
or  at  any  rate  in  the  dung  bath.  In  such  a  case,  a  hot  and  humid  air  is  indispensable, 
aAer  the  application  of  the  mordants,  and  sometimes  the  stuffs  so  impregnated  must  be 
suspended  in  a  damp  chamber.  To  prevent  the  resist  pastes  becoming  rapidly  crusty, 
substances  apparendy  useless  are  mixed  with  them,  but  which  act  beneficially  by  thw 
hygrometric  qualities,  in  retarding  the  desiccation.  Oil  also  is  sometimes  added  wiUi 
that  view. 

It  is  oAen  observed  that  goods  printed  upon  the  same  day,  and  with  the  same  mordant, 
exhibit  inequalities  in  their  tints.  Sometimes  the  color  is  strong  and  decided  in  one 
part  of  the  piece,  while  it  is  didl  and  meager  in  another.  The  Utter  has  been  printed 
m  too  dry  an  atmosphere.  In  such  circumstances  a  neutral  mordant  answers  best,  espe- 
cially if  the  goods  be  dried  in  a  hot  fine,  through  which  humid  vapors  are  in  constant 
eireulation. 

In  padding,  where  the  whole  surface  of  the  calieo  is  ifflbaed  with  mordant,  the  diyiiv 
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tpaftment  or  fine,  in  which  m  great  many  pieces  are  exposed  at  once,  shoidd  be  to  eon- 
itmcted  as  to  afford  a  ready  oadet  to  the  aqueous  and  acid  exhalations.  The  cloth  ought 
to  be  introduccMl  into  it  in  a  distended  state ;  because  the  acetic  add  may  accumulate  in 
the  foldings,  and  dissolve  out  the  earthy  or  metallic  base  of  the  mordant,  causing  white 
■od  gray  spots  in  such  parts  of  the  printed  goods.  Fans  may  be  employed  with  great  ad- 
vantage, eombined  with  Hot  Flues.    (See  this  article.) 

In  the  color  laboratory,  aU  the  decoctions  requisite  for  the  print  work  should  be  ready 
prepared.  Tbey  are  best  made  by  a  steam  heat,  by  means  of  copper  boilers  of  a  cylln^ 
dric  form,  rounded  at  the  bottom,  and  incased  within  a  cast-iron  cylinder,  the  steam  being 
mppUed  to  the  space  between  the  two  vessels,  and  the  dye-stuff  and  water  being  intro- 
duced into  the  interior  one,  which  for  some  delicate  purposes  may  be  made  of  tin,  or  cop- 
per tinned  inside.  A  range  of  such  steam  apparatus  should  be  placed  either  along  one  of 
the  side  walls,  or  in  the  middle  line  of  the  laboratory.  Proper  tables,  diawers,  vials, 
with  diemical  reagents,  measures,  balances,  &c.,  should  also  1]«  provided.  The  most  use- 
ful dye-extracts  are  the  following  :— 

Decoction  of  logwood,  of  Brazil-wood,  of  Persian  berries,  of  quercitron  bark,  of  nut- 
fsalls,  of  old  fustic,  of  archil  or  cutbear,  of  cochineal,  of  cochineal  with  anmionia,  of 
eatechu. 

The  following  mordants  should  also  be  kept  ready  prepared : — 

1.  Ahiminous  mordant. 

Tnke  50  gallons  oi  boiling  water. 

100  lbs.  of  alum. 

10  lbs.  of  soda  crystals. 

75  lbs.  of  acetate  of  lead. 
The  aoda  should  be  added  slowly  to  the  solution  of  the  alum  in  the  water,  and  when 
the  effervescence  is  finished,  the  pulverized  acetate  of  lead  is  put  in  and  well  stirred  about 
till  it  be  aH  dissolved  and  decomposed.  During  the  cooling,  the  mixture  should  be  raked 
up  a  few  times,  and  then  allowed  to  settle.  The  supernatant  liquor  is  the  mordant;  it  has 
a  denidty  of  1 1®  or  11^**  Baum6.  It  serves  for  reds  and  j^inks,  and  enters  into  the  com- 
position of  puce  and  lilach. 

2.  Aluminous  mordant. 
Take  50  gallons  of  water. 

100  lbs.  of  alum. 
10  lbs.  of  soda  crystals. 

100  lbs.  of  acetate  of  lead ; — operate  as  above  directed. 
The  supernatant  liquor  here  has  a  density  of  12?  Baum^ ;  it  is  employed  for  lapis  resists 
or  reserves,  and  the  cylinder  printing  of  madder  reds. 

3.  Aluminous  mordant. 
lUce  50  gallons  of  water. 

100  lbs  of  alum.  * 

6  lbs.  of  soda  crystals. 

50  lbs.  of  acetate  of  lead ; — operate  as  above  directed. 
This  Doordant  is  employed  for  uniform  yellow  grounds. 

4.  Aluminous  mordant. 

This  is  made  by  adding  potash  to  a  solution  of  alum,  till  its  earth  begins  to  be  separa- 
ted, then  boiling  the  mixture  to  precipitate  the  subsulphate  of  alumina,  which  is  to  be 
strained  upon  a  filter,  and  dissolved  in  acetic  acid  of  moderate  strength  with  the  aid  of 
heaL    This  mordant  is  very  rich  in  alumina,  and  marks  20^  B. 

5.  Aluminous  mordant. 
Take  12|  calkms  of  water. 

100  lbs.  of  alum. 

150  lbs.  of  liquid  pyrolignite  of  lime  at  11^^  Baum^. 
This  mordant  is  made  with  heat  like  the  first;  after  cooling,  some  alum  crystallizes^ 
and  it  marks  only  nff*  B. 
A  moidant  is  made  by  solution  of  alum  in  potash,  commonly  called-— 

6.  Alnminate  of  potash.  The  caustic  ley  is  prepared  by  boiling  together  for  an  hour 
100  gallons  of  water,  200  lbs.  of  potash,  and  80  lbs.  of  quicklime ;  the  mixture  is  then 
allowed  to  settle,  the  supernatant  liquor  is  decanted,  and  evaporated  till  its  density  be  30* 
B.  In  30  gallons  of  that  ley  at  a  boiling  heat,  100  lbs.  of  ground  alum  are  to  be  dissolved. 
On  eooling,  crystals  of  sulphate  of  potash  separate.  The  dear  liquor  is  to  be  decanted  off, 
and  the  crystals  being  washed  with  a  little  water,  this  is  to  be  added  to  the  ley.  About 
33  gallons  of  mordant  should  be  obtained. 

MordofU/or  Black, 

The  pyrolignite  of  iron,  called  iron  liquor  in  this  country,  is  the  only  mordant  used  in 
caHeo-printing  for  black,  violet,  puce,  and  brown  colors.  The  acetate  of  alumina,  pre- 
pared from  pyroligneons  acid,  is  nrach  used  by  the  caUoo-printers  under  the  name  of  rod  or 
ydDow  liqiior,  being  employed  for  these  dyes. 
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We  may  olwerve  that  a  strong  mordaQt,  like  No.  2,  does  not  keep  so  weU  as  one  of 
mean  density,  such  as  No«  1.  Too  much  mordant  relatively  to  the  demsnds  of  the  works 
should  therefore  not  be  made  at  a  time. 

There  are  eight  different  styles  of  calico-printing,  each  requiring  different  methods  of 
manipulation,  and  peculiar  protesses. 

1.  The  madder  style,  to  which  the  best  chintses  belong,  in  which  the  mordants  are  ap- 
plied to  the  white  cloth  with  many  precautions,  and  the  colors  are  aAerwaids  brought  up 
in  the  dye-bath.    These  constitute  permanent  prints. 

2.  The  padding  or  plaquage  styie,  in  which  the  whole  surface  of  the  calico  is  imbued  with 
a  mordant,  upon  which  afterwards  different  colored  figures  may  be  raised,  by  the  topical 
application  of  other  mordants  joined  to  the  actirn  of  the  dye-bath. 

3.  The  zesenre  style,  where  the  white  cloth  is  impressed  with  figures  in  resist  paste, 
and  is  afterward  subjected  first  to  a  cold  dye,  as  the  indigo  vat,  and  then  to  a  hot  dye- 
bath,  with  the  effect  of  producing  white  or  colored  spots  upon  a  blue  ground. 

4.  The  discharge  or  rongeant  style,  in  which  thickened  acidulous  matter,  either  pure  or 
Inixed  wUh  mordants,  is  imprinted  in  certain  points  upon  the  doth,  which  is  aAerwards 
padded  with  a  dark-colored  mordant,  and  then  dyed,  with  the  effect  of  showing  bright 
figures  on  a  darkish  ground. 

5.  China  blues;  a  style  resembling  blue  stone-ware,  which  requires  very  peculiar 
treatment. 

6.  The  decoloring  or  enlevage  style ;  by  the  topical  application  of  chlorine  or  ehromie 
acid  to  dyed  goods.    This  is  sometimes  called  a  discbarge. 

7.  Steam  colors ;  a  style  in  which  a  mixture  of  dye  extracts  and  mordants  is  topical- 
ly  applied  to  calico,  while  the  chemical  reaction  which  fixes  the  colors  to  the  fibre  is  pro- 
duced by  steam. 

8.  Spirit  colors ;  produced  by  a  mixture  of  dye  extracts,  and  solution  of  tin,  yulgarly 
called  spirit  by  dyers.    These  colors  are  brilliant  but  fugiiive. 

I.  The  madider  style;  called  by  some  dip  colors.  The  true  chints  patterns  bdoag  to  it; 
they  have  from  5  to  7  colors,  several  of  which  are  grounded-in  after  the  first  dye  has 
been  given  in  the  madder  bath. 

In  dyeing  with  madder,  sumach,  fustic,  or  quercitron,  is  sometimes  added  to  the  bath, 
an  order  to  produce  a  variety  of  tints  with  the  various  mordants  at  one  operation. 

1.  Suppose  we  wish  to  produce  flowers  or  figures  of  any  kind  containing  red,  purple, 
and  black  colors,  we  may  apply  the  three  moi^ants  at  once,  by  the  three-color  cylinder 
machine,  putting  into  the  first  trough  acetate  of  alumina  thickened;  into  the  second,  ace- 
tate of  iron ;  and  into  the  third,  a  mixture  of  the  two ;  then  drying  in  the  air  for  a  few 
days  to  fix  the  iron,  dunging  and  dyeing  up  in  a  bath  of  madder  and  sumach.  If  we  wish 
to  procure  the  finest  madder  reds  and  pinks,  besides  the  purple  and  black,  we  must  apply 
at  first  only  the  acetate  of  alumina  of  two  densities,  by  two  cylinders,  dry,  dung,  and  dye 
up,  in  a  madder  bath.  The  mordants  of  iron  liquor  for  the  black,  and  of  iron  liquor 
mixed  with  the  aluminous  for  purple,  must  be  now  grounded-in  by  blocks,  taking  care  to 
insert  these  mordants  into  their  precise  spots :  the  goods  being  then  dried  with  airing  for 
several  days,  and  next  dunged,  are  dyed  up  in  a  bath  of  madder  and  sumach.  They  most 
be  aAerwards  cleared  by  branning.    See  Bran,  Dunging,  and  Madder. 

2.  Suppose  we  wish  to  produce  yellow  with  red,  pink,  purple,  and  black ;  in  this  case 
the  second  dye-bath  should  contain  quercitron  or  fustic,  and  the  spots  intended  to  be  yel- 
low should  receive  the  acetate  of  alumina  mordant. 

3.  The  mordant  for  a  full  red  may  be  acetate  of  alumina,  of  spec.  grav.  1*055,  thickened 
with  starch,  and  tinged  with  Brazil-wood ;  that  for  a  pale  red  or  pink,  the  same  at  spec 
gravity  1*014,  thickened  with  gum;  that  for  a  middling  red,  the  same  at  spec,  gravity 
1*027,  thickened  with  British  gum ;  and  for  distinction's  sake,  it  may  be  tinged  yellow 
with  Persian  berries.  The  mordant  for  black  is  a  pyroligncous  acetate  of  iron,  of  specific 
gravity  1*04;  for  purple  the  same,  diluted  with  six  times  its  volume  of  water;  for 
chocolate,  that  iron  liquor  mixed  with  acetate  of  alumina,  in  various  proportions  accord- 
ing to  the  shade  wanted.  Sumach  is  mixed  with  the  madder  for  all  these  colors  except  for 
the  purple.  The  quantity  of  madder  required  varies  according  to  the  body  of  color  to  be 
put  upon  the  cloth,  being  from  one  pound  per  piece  to  three  or  even  four.  The  goods 
must  be  entered  when  the  copper  is  cool,  be  gradually  heated  during  two  or  three  hours, 
up  to  ebullition,  and  sometimes  boiled  for  a  quarter  of  an  hour ;  the  pieces  being  all  the 
whQe  turned  with  a  wince  from  the  one  side  of  the  copper  to  the  other,  (See  Wikck.) 
They  are  then  washed  and  boiled  in  bran  and  water  for  ten  or  fifteen  minutes.  Wheo 
there  is  much  white  ground  in  the  chints,  they  must  be  branned  a  second  or  even  a  third 
time,  with  alternate  washing  in  the  dash-wheeL  To  complete  the  purification  of  the  white, 
theyare  sprad  upon  the  grass  for  a  few  days ;  or  what  is  more  expeditious,  and  equally 
good  if  delicately  managed,  they  are  winced  for  a  few  minutes  in  a  weak  solution  of 
chloride  of  lime. 

4.  la  the  grounding-in  for  yellow,  after  madder  reds,  the  aluminous  mordant  bebif 
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ftpphed,  Jtc,  the  piece  is  dyed,  for  about  an  hour,  with  one  poond  of  qnereitron  bade, 
the  infnsioa  being  Kradoally  heated  to  150°  or  160°,  bat  not  higher. 

5.  A  yellow  is  sometimes  applied  in  chints  work  after  the  other  colors  are  dyed,  by 
means  of  a  decoction  of  Persian  berries  mixed  with  the  alnminous  mordant,  thickened 
with  flour  or  gum,  and  printed-on  with  the  block;  the  piece,  when  dry,  is  passed 
through  a  weak  carbenatfQd  alkaline  water,  or  lime  water,  then  washed  and  dried  for 
the  BMirket. 

6.  Blmek  mordamt, — Take  half  a  gallon  of  acetate  of  iron,  of  spec.  gray.  1*04, 4  ounces 
of  starch,  and  4  ounces  of  flour.  The  starch  must  first  be  moistened  with  the  acetate, 
thai  the  floor  must  be  added,  the  .rest  of  the  acetate  well  mixed  with  both,  and  the 
whcHe  made  to  boil  over  a  brisk  fire  fur  five  minutes,  stirring  meanwhile  to  prevent  adhe- 
skm  to  the  bottom  of  the  pot.  The  color  must  be  poured  into  an  earthen  pipkin,  and 
well  mixed  with  half  an  ounce  of  gallipoli  oiL  In  general,  all  the  mordants,  thickened 
with  starch  and  floor,  must  be  boiled  for  a  few  minutes.  With  British  gum  or  conunon 
gum,  they  must  be  heated  to  160°  F.,  or  thereby,  for  the  purpose  merely  of  dissolving 
them.  The  latter  should  be  passed  through  a  sieve  to  separate  the  impurities  often 
present  in  common  gum. 

7.  Pnee  mordant, — Take  a  quart  of  acetate  of  alumina  and  acetate  of  iron,  each  of 
spec.  graT.  1*04,  mixed  and  thickened  like  the  black.  No.  6.  To  give  the  puce  a  reddish 
tinge^  the  acetate  of  alumina  should  have  a  specific  gravity  of  1*048,  and  the  iron  liquor 
inly  1*007. 

Red  mordants  are  thickened  with  British  gum,  and  are  sufficiently  colored  with  the 
addition  of  any  tinging  decoction. 

8.  Violet  tnordantt, — ^These  consist  either  of  a  very  weak  solution  of  acetate  of  iron, 
of  specific  gravity  1*007,  for  example ;  or  of  a  little  of  the  stronger  acetate  of  1*04, 
nixed  with  acetate  of  alumina,  and  a  little  acetate  of  copper,  thickened  with  starch  or 
British  gam.    The  shades  may  be  indefinitely  varied  by  varying  the  proportions  of  the 


When  Mack  is  one  of  the  colors  wanted,  its  mofdant  is  very  commonly  printed-on 
first,  and  the  goods  are  then  hung  upon  poles  in  the  dryiog-room,  where  they  are  aired 
Ibr  a  few  days,  in  order  to  fix  the  iron  by  its  peroxydizement ;  the  mordants  for  red, 
violet,  Jbc.,  are  then  grounded  in,  and  the  pieces  are  dyed  up,  after  dunging  and 
washing,  in  the  madder  bath,  into  which,  for  certain  shades,  sumach,  galls,  or  fustic  is 
added.  The  goods  are  brightened  with  a  boil  in  soap  water;  occasionally  also  in  a 
hath,  containing  a  small  quantity  of  solution  of  tin  or  conunon  salt.  The  following 
mode  of  brightening  is  much  extolled  by  the  French,  who  are  famous  for  their  reds 
and  roses. 

1.  A  soap  boil  of  forty  minutes,  at  the  rate  of  1  pound  for  every  2  pieces.  Rinse  in 
dear  water. 

2.  Pass  through  chloride  of  soda  solution  of  such  strength  that  two  parts  of  it  decolor 
oae  part  of  Gay  Lussac's  test  liquor.  See  Chlousk  or  Lim£  and  Indigo.  Wince  the 
pieces  through  it  for  40  minutes.     Rinse  again. 

3.  Pass  it  again  through  the  soap  bath.  No.  1. 

4.  Brighten  it  in  a  large  bath  of  boUing  water,  containing  4  pounds  of  soap,  and 
1  pound  of  a  cream-consistenced  salt  of  tin,  containing  nearly  half  its  weight  of  the 
muriate  of  tin,  combined  with  as  mUch  nitric  acid  of  spec.  grav.  1*288.  l^is  strong 
nitro-muriate  having  been  diluted  with  a  little  water,  is  to  be  slowly  poured  into  the  bath 
of  aoap  water,  and  well  mixed  by  stirring.  The  pieces  are  now  put  in,  and  winced 
Ihroogh  it  for  one  half  or  three  quarters  of  an  hour. 

5.  Repeat  the  soap  boil.  No.  1.    Rinse  and  dry. 
9.  Grtnaiding-iM  o/ Indigo  blue. 

Take  half  a  gallon  of  water  of  120°  F.,  8  ounces  of  ground  indigo,  and  8  ounces 
of  red  sulphuret  of  arsenic  (orpiment),  8  ounces  of  quicklime,  mix  together,  and  heat 
the  mixture  to  the  boiling  point ;  withdraw  from  the  fire,  and  add,  when  it  is  lukewarm, 
6  ounces  of  carbonate  of  soda,  stir  and  leave  the  whole  at  rest  till  the  next  day.  Then 
decant  the  clear  liquor,  and  thicken  every  quart  of  it  with  half  a  pound  of  gum.  This 
eotor  ought  to  be  green,  and  be  preserved  in  a  close  vessel.  When  used,  it  is  put  into  a 
pot  with  a  narrow  orifice,  the  pencil  is  dipped  into  it,  wiped  on  the  edge  of  the  pot,  and 
immediately  applied  by  hand.  This  plan  is  tedious,  and  is  nearly  superseded  by  the  fol- 
lowing grounding  blue. 

Take  half  a  g^Ion  of  caustic  soda  ley  of  spec.  grav.  1*15,  heated  to  120^  F. 

12  ounces  of  hydrate  of  protoxyde  of  tin,  obtained  by  precipitating  it  tram  the  muriate 
of  tin  by  solution  of  potash. 

8  ounces  of  ground'  indigo ;  heat  these  mixed  ingredients  to  the  boiling  point,  (hen 
move  the  pot  off  and  on  the  fire  two  or  three  times  in  succession,  and  finally  tMcken 
with  3  pounds  of  raw  sugar.  In  order  to  apply  this  by  the  block,  the  following  ap- 
paralos  is  cmplo}'ed,  called  the  canvass  frame  i  figs,  236,  237.    It  is  formed  of  a  copper 
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case  or  box  a,  in  which  is  laid  a  frame  b,  filled  with  pretty  stout  canvasB  The  box 
oommanicates  by  a  tube  with  the  cistern  c,  monnted  with  a  stop-cock  d.  Fig,  237 
represents  the  apparatus  in  plan  :  a,  the  box ;  b,  the  eanvass,  with  its  edges  a  a  a  a^ 
fixed  by  pin  points  to  the  sides.  The  c»lor  is  teared  (tire),  or  spread  even,  with  a 
wooden  scraper  as  broad  as  the  canvass.  In  working  with  tMs  apparatas,  the  color 
being  contained  in  the  vessel  c  is  drawn  ofi"  into  the  case  a,  by  opening  the  stop-cock  D, 
till  it  rises  to  the  level  of  the  canvass.  The  instant  before  the  printer  daubs  the  block 
upon  the  canvass,  the  iearer  {tireur),  boy  or  girl,  runs  the  scraper  across  it  to  renew  ita 
siiiface ;  and  the  printer  immediately  transfers  the  color  to  the  cloth.  In  this  kind  of 
printing  great  skill  is  required  to  give  evenly  impressions.  As  the  blue  is  usually  applied 
to  somewhat  large  designs,  it  is  very  apt  to  run ;  an  inconvenience  counteracted  by  dust- 
ing fine  dry  sand  upon  the  cloth  as  soon  as  it  is  blocked.  The  goods  must  be  washed 
within  24  hours  after  being  printed. 

10.  Topical  grounding  blue  for  the  cylindtr  press. 
Take  3|  gallons  of  caustic  soda  ley  of  spec.  grav.  1*15. 

3|  lbs.  of  ground  indigo. 

5  lbs.  of  precipitated  protoxyde  of  tin  (as  above). 

Boil  the  mixed  ingredients  for  ten  minutes,  take  them  from  the  Art,  and  add,  fint, 
3  lbs.  of  Venice  turpentine ;  then  ]  1  lbs.  of  gum. 

Put  this  mixture  into  the  color  trough,  print  witb  it,  and  aAer  two  days  wash  in  the 
dash-wheel ;  then  pass  it  through  a  soap-bath,  along  with  a  little  soda,  to  brighten  the 
blue,  and  to  take  off  its  grayish  tint. 

The  use  of  the  turpentine  is  easily  explained;  it  serves  to  exclude  the  atmospheilcal 
oxygen,  and  prevent  the  regeneration  of  the  indigo  blue,  before  it  is  spread  upon  the 
doth. 

Ailer  the  application  to  white  calico  of  a  similar  blue,  into  which  a  little  acid  muriate 
of  tin  has  been  put,  the  goods  are  dipped  for  ten  minutes  in  thin  milk  of  lime,  shaking 
the  frame  all  the  time.  They  are  then  washed,  and  cleared  with  a  soap  boil.  The  ibl- 
'  lowing  color  remains  long  in  the  deoxydized  state  from  its  containing  8  ounces  of  indigo, 
10  ounces  of  hydrated  protoxyde  of  tin,  and  1|  pounds  of  solution  of  muriate  of  tin,  to  2 
quarts  of  soda  ley  of  M5,  thickened  with  2}  pounds  of  gum.  This  bitae  may  be  applied 
by  either  the  block  or  the  cylinder. 

11.  Topical  Prussian  blue  for  grounding. 

2  quarts  of  water  with  8  ounces  of  starch  are  to  be  mixed  and  boiled ;  add  2}  ounces 
of  a  liquid  Prussian  blue  color,  preparo)  by  triturating  three  quarters  of  an  ounce  of  that 
pigment  with  as  much  muriatic  acid,  leaving  the  ingredients  to  react  upon  each  other  for 
24  honrs,  and  then  adding  three  quarters  of  an  ounce  of  water. 

Add  4  ounces  of  liquid  perchloride  of  tin  (oxymuriate% 

Mix  aU  together,  and  pass  through  a  scarce.  This  color  is  not  very  ftst ;  doth  printed 
With  it  will  bear  only  rinsing. 

12.  Prussian  blue  figures  are  impressed  as  follows : — 

Dissolve  8  ounces  of  sulphate  of  iron,  and  as  much  acetate  of  lead,  separately  in  2 
quarts  of  boiling  water ;  mix  well,  and  settle.  Take  one  quart  of  this  dear  liquor  re- 
duced to  spec.  grav.  1*02,  one  quart  of  mucilage  containing  3  pounds  of  gum,  colored  with 
a  little  prussiate  of  potash,  mix  into  a  mordant,  and  print  it  on  with  the  cylinder.  Two 
days  aAerwards  wash  in  tepid  water  containing  a  little  chalk,  and  then  pass  the  cloth 
through  a  solution  of  prussiate  of  potash  in  water,  sharpened  with  a  little  muriatic  acid, 
till  it  takes  the  desired  hue.    Finally  rinse. 

n.  The  padding  or  plaguage  style,  called /o«/arJ  also  by  the  French.    See  Pabdiko. 

Any  moitlant  whatever,  such  as  the  acetates  of  alumina,  or  of  iron,  or  their  mixture, 
may  be  applied  to  the  piece  by  the  padding  machine,  after  which  it  is  dried  in  the  hot 
ixuz,  washed,  dunged,  dyed,  washed,  and  brightened. 

Colors  from  metallic  oxydes  are  very  el^antly  applied  by  the  padding  process.  Thus 
the  iron  bufi',  the  manganese  bronze,  and  the  chrome  yellows  and  greens  are  given. 

1.  Iron  buff  or  chamois. 
Talce  50  gallons  of  boUing  water ; 

150  pounds  of  sulphate  of  iron ;  dissolve  along  with 
10  pounds  of  alum ;  which  partly  saturate  by  the  gradual  addition  of 
6  pounds  of  erystals  of  soda ;  and  in  this  mixture  disadve 
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60  poimds  of  pyroligneons  Metate  of  lead.  Allow  the  whole  to  settle,  and  draw  off  the 
dear  supernataiU  liquid. 

For  fumitare  prints  this  bath  should  have  the  spec.  grar.  1*07. 

The  calico  beuig  padded  in  it,  is  to  be  dried  in  the  hot-flne ;  and  after  48  hours  suspen- 
sion is  to  be  washed  in  water  at  170^  eontaining  some  chalk,  bf  the  wince  apparatus.  It 
is  then  washed,  by  the  same  apparatus,  in  hot  water,  oantaining  a  paUful  of  soda  ley  of 
spec.  grar.  1*04. 

For  light  tints  the  padding  liquor  shonld  be  redneed  to  the  spec.  grav.  1*01.  The 
dye  in  either  case  may  be  brightened  by  wincing  through  a  weak  solution  of  chloride  of 


Nitrate  of  iron  diffused  throngh  a  body  of  water  may  be  also  used  for  padding,  with 
alternate  washings  in  water,  and  a. final  wincing  in  a  weak  alkaline  ley. 
With  a  stronger  solution,  similar  to  the  first,  the  boot-top  color  is  given. 

2.  The  bronze  or  iolUain. 

The  goods  are  to  be  padded  in  a  solution  of  the  snlphate  or  muriate  of  manganese,  of 
a  strength  proportional  to  the  shade  desired,  dried  in  the  hot*flue,  and  then  raised  by 
wincing  them  in  a  boiling-hot  caustic  ley,  of  spec.  grav.  1*08,  and  next  through  a  weak 
solution  of  chloride  of  lime,  or  soda,  lliey  are  afterwards  rinsed.  Instead  of  passing 
them  through  the  chloride,  they  may  be  meriely  exiweed  to  the  air  tiU  the  manganese  at* 
tracts  oxygen,  then  rinsed  and  dried. 

When  the  manganese  solution  has  the  density  of  1*027,  it  gives  a  light  shade ;  at  the 
density  of  1*06,  a  shade  of  moderate  depth,  and  at  1*12. a  dark  tint. 

The  texture  of  the  stuff  is  apt  to  be  injiued  daring  the  oxydation  of  the  manganese. 

3.  Carmelite  is  obtained  by  padding  in  a  mixture  of  muriate  or  sulphate  of  manganese 
and  acetate  of  iron,  then  proceeding  as  above. 

4.  Copper  green  is  given  by  podding  in  a  mixed  solution  of  sulphate  and  acetate  of 
eopper  with  a  little  glue,  drying  in  the  hot-flue,  and  next  day  padding  in  a  caustic  ley  of 
spec.  grav.  1*05.  The  gdods  are  then  rinsed,  and  padded  through  a  solution  made  with  8 
onaees  of  arsenions  acid  combined  with  4  ounces  of  potash  diluted  with  2  gallons  of  wa- 
ter.   They  are  finally  rinsed  and  dried. 

5.  Olive  and  cinnamon  colors  are  given  by  padding  through  mixed  solutions  of  the 
acetate  of  iron  and  sulphate  of  copper ;  drying,  and  padding  in  a  caustic  ley  of  spec, 
giav.  1*05. 

6.  Greem  and  eoUtavrt  form  a  pleasing  amber,  or  hellebore  shade,  which  may  be  ob- 
tsined  by  padding  through  a  mixed  solution  of  manganese  and  aceto-sulphate  of  copper, 
aad  raising  the  shades  as  above  prescribed. 

7.  Chrome  yellow. 

Pad  in  a  solution  of  bichromate  of  potash  containing  8  ounces  of  it  to  the  gallon  of  wa- 
ter; then  dry  with  moderate  heat,  and  pad  in  a  solution  of  acetate  or  nitrate  of  lead,  con- 
taining 6  or  8  ounces  in  the  gallon  of  water ;  wash,  and  dry.  Or  we  may  pad  first  in  a 
sohition  of  acetate  of  lead  containing  a  little  glne ;  dry,  and  pad  in  solution  of  bichro- 
Bate  of  potash.  Then  rinse.  The  last  process  is  apt  to  occasion  eloudiness.  To  obtain 
a  light  lemon  tint,  we  must  pad  in  a  solution  of  acetate  of  lead  of  doable  the  above 
Btreagih,  or  16  ounces  to  the  gallon,  then  wince  the  pieces  through  weak  milk  of  lime, 
rinse,  paid  through  bichromate  of  potash,  rinse  and  dry. 

8.  Cibiome  orange. 

Pad  throogh  a  mixed  solution  of  the  subacetate  and  acetate  of  lead,  three  times  in  sne- 
eession,  and  dry  in  the  hot-flne ;  then  wince  for  ten  minutes  through  weak  milk  of  lime  t 
riase ;  wince  for  a  quarter  of  an  hour  in  a  warm  solution  of  bichromate  of  potash ;  and 
finally  raise  the  color  by  wincing  the  goods  through  hot  lime-water. 

9.  PrstnoaMae. 

P^  in  the  preceding  chamois  liquor  of  the  spec.  grav.  1-007;  dry  in  the  hot-flue  | 
wince  well  in  chalky  water  at  1^  F.,  and  then  dye  by  wincing  in  the  following 
liquor : — 

Dissolve  5  ounces  of  prussiate  of  potash,  in  25  gallons  of  water  heated  to  90^  or  100^, 
adding  2  oonces  of  sulphiirie  ae^ ;  afterwards  riase,  and  brighten  in  a  very  dilute  sulphu- 
ric acid. 

10.  Green  is  given  by  padding  goods,  previously  dyed  in  the  indigo  vat,  in  a  solution  of 
acetate  of  lead  containing  a  little  glue ;  and  then  padding  them  in  a  warm  solution  of 
bichromate  of  potash ;  finally  rinsing  and  drying. 

in.  Besist  pastes  or  reserves;  these  are  subservient  to  the  cold  indigo  vat,  and  they 
may  be  distributed  under  four  heads;  1.  fat  reserves;  2.  reserves  with  bases  of  metallic 
salita ;  3.  colored  reserves  capable  of  assuming  different  tints  in  the  dyeing ;  4.  reserves 
with  mordants,  for  the  cloth  to  be  afterwards  subjected  to  a  dyeing  bath,  whereby  variously 
eolored  figures  are  brought  np  on  a  blue  ground,  so  as  to  resemble  the  mineral  called 
taxuHie;  whence  the  name  lapU  or  lapis  lazuli. 

1.  The  latty  resists  are  empkyed  in  the  printing  of  silk ;  which  see  i^fra. 
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2.  With  regard  to  resenrei  the  foUofwing  general  obsenrations  may  be  made.  After 
printing-on  the  paste,  the  goods  mast  be  hungup  in  a  chamber,  rather  humid  than  too  dry, 
and  led  there  for  a  certain  time^  more  or  less,  according  to  the  nature  of  the  reserve.  In 
dipping  them  into  the  blue  vat,  if  the  reserve  be  too  dry,  it  is  apt  to  swell,  scale  off,  and 
vitiate  the  pattern.  This  accident  is  liable  to  happen  nlso  when  the  vat  is  deficient  in 
lime,  especially  with  deep  blues. 

1.  Simple  tohite  resist  paste  for  a  full  body  of  blue. 
Take  1  gallon  of  water,  in  which  are  to  be  dissolved, 

J  pound  of  binacetate  of  copper  (distilled  verd^fris),  and  3  lbs.  of  sulphate  of 

copper. 
This  solution  is  to  be  thickened  with 
2  lbs.  of  gum  Senegal,  1  lb.  of  British  gum,  and  4  lbs.  of  pipe-day ;  adding  after 

wards,  2  ounces  of  nitrate  of  copper — as  a  deliquescent  substance. 

2.  White  reserve  for  lig^t  blues. 

Take  1  gallon  of  water,  in  which  dissolve 
4  ounces  of  binacetate  of  copper, 

1  lb.  of  sulphate  of  copper;  and  thicken  this  solution  with 

2  lbs.  of  gum  Senegal,  1  lb.  of  British  gum,  and  4  lbs.  of  pipe- day. 

3.  WhUe  reserve  far  <heqf Under  rnachme^ 
Take  1}  gallons  of  water;  in  which  dissolve 

2}  lbs.  of  binacetate  of  copper, 

10  lbs.  of  sulphate  of  copper ;  and  add  to  the  solutiott 

6  lbs.  of  acetate  of  lead ;  then  thicken  with 

10  lbs.  of  gum;  adding  afterwards  10  Ibe.  of  sulphate  of  lead. 
After  printing-on  this  reserve,  the  goods  are  to  be  hung  up  for  two  days,  then  dipped 
till  the  proper  blue  tint  be  obtained.    Finally  they  must  be  winced  through  dilnte  snl]&a- 
ric  acid  to  dear  up  the  white,  by  removing  the  cupreous  tinge. 

3.  Colored  reserves. 

1.  Chamois  reserve. 

Take  1  gallon  of  the  chamois  bath  (No.  1,  page  232,  at  bottom) ;  to  which  add 

8  ounces  of  nitrate  of  copper, 

24  ditto  of  muriate  of  zinc ;  thicken  with 

6  pounds  of  pipe-day,  and  3  pounds  of  gum  sen^fal. 
After  printing-on  this  paste,  the  goods  must  be  hung  up  for  five  or  six  days  in  a  some- 
what damp  room.    Then  after  having  dipped  them  in  the  vat,  they  are  to  be  steeped  in 
water  for  half  an  hour,  and  slightly  washed.   Next  wince  for  half  an  hour,  through  water 
at  100°  F.  containing  2  pounds  of  soda  crystals  per  30  gallons.    Rinse  and  dry. 

2.  Chrome  yellow  reserve. 

Take  1  gallon  of  water ;  in  which  dissolve 

3  lbs.  of  nitrate  of  lead, 

1  lb.  of  binacetate  of  copper ;  to  the  solution,  add 
I  lb.  of  subacetate  of  lead ;  and  thicken  the  mixed  solution  with 
3  lbs.  of  gum. 

6  lbs.  of  pipe-clay.    Grind  all  the  ingredients  together,  and  pass  through  a  scarce. 
After  treating  the  goods  as  in  No.  1,  they  must  be  winced  for  half  an  hour  in  a  soIntiOQ 
containing  5  ounces  of  bichromate  of  potash,  per  piece  of  calico,  and  also  in  a  dilute 
muriatic  bath,  till  the  chrome  yellow  becomes  sufficiently  bright. ' 

A  chrome  orange  reserve  may  be  made  by  introducing  a  laiger  proportion  of  subacetate 
of  lead,  and  passing  the  reserve  printed  gomls  through  weak  milk  of  lime,  as  already  pre- 
scribed for  producing  fin  orange  by  chrome. 

The  basis  of  the  resist  pastes  used  at  Manchester  is  sometimes  of  more  complex  com- 
position than  the  above ;  since,  according  to  the  private  information  I  received  from  an 
extensive  calico  printer,  they  contain  china  day  (instead  of  pipe-day,  which  often  eon- 
tains  iron),  strong  solntion  of  sulphate  of  copper,  oil,  tallow,  and  soap;  the  whole  incorpo* 
rated  by  trituration  with  heat.  ^ 

In  the  Lancashire  print-works,  a  little  tartaric  acid  is  added  to  the  nitrate  of  lead, 
which  prevents  the  color  from  taking  a  dingy  cast. 

4.  Reserves  voith  mordants^  or  the  lazulite  style. 
1.  Blade  upon  a  blue  ground. 

At  Manchester  the  black  pattern  is  printed-on  with  a  mixture  of  iron  liquor  and  extreet 
of  logwood,  and  the  resist  paste  by  the  cylinder  machine ;  in  France  the  black  is  given 
by  the  following  recipe : — 

Take  1  gallon  of  decoction  of  galls  of  spec.  grav.  1-04,  mixed  and  boiled  into  a  paste  with 
14  ounces  of  flour ;  into  the  paste,  when  nearly  cold,  there  are  added, 
8  ounces  of  an  acetated  peroxyde  of  iron,  made  by  addJng  1  lb.  acetate  of  lead  to  3 

lbs.  of  nitrate  of  iron,  spec.  gray.  1*56. 
I  ounce  of  gallipoli  oil. 
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Tbis  topical  Uack  fonns  a  last  color,  and  resists  the  Aae  Uoe  Tat,  weak  potash  ley, 
hichromatff  of  potash,  boiling  milk  of  lune,  dunging,  and  maddering. 

The  preceding  answers  best  for  the  bloek  $  the  following  for  the  cylmder, — 

2,  Take  1  gallon  deeoction  of  galls  of  spee.  grav.  1*056. 

18  ounces  of  floor,  mix,  boil  into  a  paste,  to  which,  when  cool,  add 
8  onnees  of  the  aoeto-nitrate  ofiron  of  the  preceding  foRnuk,  and 

1  quart  of  irpn  liquor  of  spec.  grav.  1*1 10. 

In  Lancashire  a  little  pmssiate  of  potash  is  sometimes  added  to  nitrate  of  iron  and 
decoction  of  logWbodj  and  the  goods  are  after  washing,  ^.  finished  by  passing  through 
a  weak  solution  of  bichromate  of  potash.  The  chromic  acid  gives  depth  and  permanence 
to  the  Uack  dye,  being  supposed  to  impart  oxygen  to  the  iron,  while  it  does  not  affect 
any  of  the  other  colors  that  may  happen  to  be  Impressed  upon  the  cloth,  as  solution  of 
chloride  of  lime  would  be  apt  to  do.  The  solution  of  the  bichromate  deepens  the  spirit 
parples  into  blacks,  and  therefore  with  such  delicate  dyes  becomes  a  very  valuable  appU- 
cation.  This  interesting  fact  was  communicated  to  me  by  an  eminent  calico-printer  in 
Lancashire. 

Having  premised  the  composition  of  the  topical  black  dye,  w^are  now  prepared  to 
apply  it  in  the  lazulite  style. 

1.  Blatkrtut. 

TUkc  1  gaUon  of  the  above  Uack  without  the  flour, 

2  ounces  of  sulphate  of  copper, 

1  ounce  of  muriate  of  ammonia,  dissolve  and  thicken  with 
4  pounds  of  pipe-day  and  2  pounds  of  gum. 

Another  good  formula  is  the  following  :-^ 
Ttkz  1  gallon  of  iron  liquor  of  1*056  spec.  grav. ;  dissolve  in  it, 

2  ounces  of  binacetate  of  copper, 

8  ounces  of  sulphate  of  copper ;  and  thicken  as  just  described.   ' 

2.  P»ee  ruerve  paste^  contains  acetate  of  alumina  mixed  with  the  iron  liquor. 

3.  FuU  red  ruerve. 

Take  1  gallon  of  acetate  of  alumina,  (made  with  50  gallons  water,  100  lbs.  alum,  10  lbs. 
soda  crystals,  and  100  lbs.  acetate  of  lead ;   the  supernatant  liquid  being  of  spee. 
grav.  1*085;)  dissolve  in  it 
4  ounces  of  corrosive  sublimate ;  thicken  with 

2  pounds  of  gum  Senegal, 

4  pounds  of  pipe-day,  and  mix  in  8  ounces  of  gallipoU  oiL 

4.  Ruerve  pasU/or  a  ligjU  red* 

Take  1  gallon  of  the  weaker  sulpho-acetate  of  alumina  formerly  prescribed ;  dissolve  in  it 
4  ounces  of  corrosive  sublimate ;  and  thicken  with 
4  pounds  of  pipe-day,  and  2  pounds  of  gum ;  adding  to  the  mixture 
8  ounces  of  oil. 

5.  Neutral  resist  paste. 

Take  1  gallon  of  water ;  in  which  dissolve, 
3}  lbs.  of  binarseniate  of  potash,  and 
12  ounces  of  corrosive  sublimate ;  thicken  with 

3  lbs.  of  gum,  and  6  lbs.  of  pipe-day,  adding  to  the  paste  16  ounces  of  oiL 

6.  Carmdite  reserve  paste. 

Take  1  half  gallon  of  acetate  of  alumina,  spee.  grav.  1*014;  (see  second  aluminous  mor* 
dant,  p.  230.) 

1  half  gallon  iron,  liquor  of  spec.  grav.  1-027;  dissolve  in  ihem 

4  onnees  of  sulphate  of  copper,  4  ounces  of  verdigris,  and  1  ounce  of  nitrate  of  cop- 
per; thicken  with 

2  lbs.  ofgom, 

4  lbs.  of  pipe-day. 

7.  IfesUral  reserve  paste* 

Take  1  gallon  of  water ;  dissolve  in  it, 

44  ounces  of  binarseniate  of  potash,  and 

12  ounces  of  corrosive  suUinmte ;  Uiicken  with 

3  lbs.  of  gum, 

6  lbs.  of  pipe-day, 
16  OS.  of  oil. 
To  explain  fully  the  manipulation  of  the  lazulite  style,  we  shall  suppose  that  the  ceM* 
are  printed  with  the  following  reserves,  taken  in  their  order : — 

1.  Black  reserve,         No.  1.  above. 

2.  Full  red  reserve.      No.  3. 

3.  Light  red  reserve.    No.  4. 

4.  Neutral  reserve.      No.  7. 
Few  days  after  printing-on  these  reserves,  the  goods  must  be  twiee  dipped  in  the  Htm 
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mi,  ten  minutes  in  and  ten  minntes  out  each  time;  bat  more  dips  may  be  gfren  aeerad- 
ing  to  the  desired  depth  of  the  shade.  The  doth  must  he  afterwards  rinseid  in  nmniag 
water  fbr  half  ao  hour.  The  next  process  is  to  remoTe  the  paste ;  which  is  done  by  wino- 
iog  the  goods  in  a  bran  bath,  lowered  to  150^,  daring  twenty  minntes.  They  are  then 
winced  for  five  minutes  in  a  bath  of  water  slightly  sharpened  with  rioegar.  When  well 
cleansed  they  are  ready  for  the  madder  bath.  The  lapia  goods  are  finally  cleared  in  a 
bran  bath,  by  exposure  on  the  grass,  and  a  soap  bofl. 
The  lazulite  style  is  susceptible  of  many  modifications. 

8.  Ikqf  Mac  gnmndf  with  light  blue,  carmelite,  and  white  figures. 

1.  Printon  the  whiU  reserve.  No.  1. 

2.  Dip  in  the  strongest  blue  vat;  rinse  and  dry. 

3.  Ground-in  with  the  block,  the  carmelite  reserve  (containing  the  mixed  acetates 
of  iron  and  alumina.) 

4.  GrTonod-in  the  nentral  reserve. 

5.  Dip  for  the  light  blue;  rinse. 

6.  Dung,  dye,  and  dear,  as  above. 

By  varying  the  proportions  of  the  reserve  mordaots,  and  the  dye-stnfib,  as  madder, 
querdtron,  &c.  a  great  variety  of  effects  may  be  produced. 

9.  Deep  green  ground,  with  buff  and  white  figures. 

1.  Print-on  the  white  reserve. 

2.  Dip  in  the  bine  vat ;  rinse  and  dry. 

3.  Pad  in  the  buff  liquor,  as  formerly  prescribed. 

4.  Ground  in  upon  {he  buff  spots,  the  discharge  No.  2,  presently  to  be  deaeribcd. 
6.  Wash  away  the  paste  in  chalky  water. 

6.  Wince  through  a  boiling  alkaline  ley,  to  raise  the  buff  iron  color. 
rV.  The  Discharge  tiyle ;  jirnty  of  simple  dischaiges. 

1.  Discharge  for  bhcK  printing. 

Take  1  gallon  of  lemon  or  Ume-juioe^  of  spec.  grav.  1*09,  in  which  dissolve 
1  pound  of  tartaric  acid, 

1  pound  of  oxalic  acid,  and  thicken  the  solution  with 

4  pounds  of  pipe  or  china  cloy,  and  2  pounds  of  pulverized  gum ;  as  soon  as  the 
gum  is  diosolved,  the  mixture  must  be  put  through  a  scarce. 

2.  Another  discharge  is  made  of  half  the  above  acid  strength. 

3.  A  third  with  one  hdf  of  the  solid  acids  of  the  second. 

4.  Take  1  gallon  of  water,  in  which  dissolve  with  heat 

1  ponnd  of  cream  of  tartar,  adding,  to  facilitate  the  solution, 

1  pound  of  waim  sulphuric  add  of  spec.  grav.  1*7674 ;  aAer  24  hours  mix 

4  lbs.  of  pipe  or  China  day,  and  three  lbs.  of  gum,  with  the  decanted  dear  liquor. 

In  some  cases  British  gum  is  used  alone,  us  a  thickener. 

5.  Discharge  for  the  cylinder  machine. 

Take  1  gallon  of  lime-juice,,  of  spec.  grav.  1*085;  dissolve  in  it 

3  pounds  of  tartaric  add,  and  one  ponnd  of  oxalic  acid ;  thicken  with 
6  pounds  of  gum  senega],  or  5  pounds  of  British  gum. 

6.  7.  A  stronger  and  weaker  disduurge  is  made  of  the  same  materials;  and  one  la  made 

without  the  tartaric  add. 

Second ;  combination  of  discharges  with  mordants. 

1.  Blacky  red,  lilach,  and  v^ite  figures  upon  an  olive  groumd. 

The  olive  being  civen  in  a  madder  bath,  and  the  ground  well  whitened  (see  Madder), 
the  doth  is  padded  in  a  weak  buff  mordant ;  and  upon  the  parts  that  are  to  remain  white, 
the  weakest  simple  discharge  No.  3  is  printed-on  by  the  cylinder ;  (in  some  wwks  the  dis- 
charge paste  is  applied  and  made  dry  before  padding  through  the  iron  liqnor;)  the  goods 
are  deared  of  the  paste  in  a  tepid  chalky  water,  then  dyed  in  a  querdtron  bath,  contain- 
ing a  little  glue,  and  deared  in  a  bran  bath. 

Discharge  mordants  upon  mordants  may  be  r^;arded  as  a  beautifbl  modification  of  the 
preceding  style.    Examjpk. 

A  violet  ground  or  impression^  with  red  and  tohite. 

1.  Pad  with  an  acetate  of  iron  of  1*004;  or  print-on  with  the  cylinder,  iron  hqoot  of 
1*027  thickened  with  British  gum. 

2.  Print-on  a  red  mordant,  strongly  acidulated  with  lime-juice  of  1*226. 

3.  Ground  in  the  discharge  No.  2 ;  dry. 

4.  Clear  off  the  paste  in  chalky  water. 
6.  Dung,  madder,  and  brighten. 

6.  Ground-in  the  topical  colors  at  pleasore. 

y.  China  blues. 

Take  16  pounds  of  coarsely  ground  indigo,  and 

4  pounds  of  sulphuret  of  arsenic ;  dissolve  22  pounds  of  sulphate  of  iron  in  6 
gnnons  of  water ;  introduce  these  three  matters  into  the  indigo  mill,  and  grind  them  for 
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IkfMi  days.  If  it  be  vished  to  haYe  a  thickened  blue,  this  nuxture  mast  have  pounded 
gum  added  to  it ;  bat  if  not,  5  gallons  of  water  are  added.  This  color  may  he  called 
bine  No.  I. 

The  following  table  exhibits  the  different  gradations  of  China  blue : — 


( 

COUM. 

QaBntity  hr  maaaiura  of 

Quantity  Uy  mmnnn  of 

Nu.  1. 

water  or  Mooilage. 

No.  1 

1 

0 

2 

11 

1 

3 

10 

2 

4 

8 

4 

5 

6 

6 

6 

4 

8 

7 

2  . 

10 

8 

2 

12 

9 

2 

14 

10 

2 

16 

11 

2 

18 

12 

2 

20 

I  shall  now  give  examples  of  working  this  style  by  the  block  and  cylinder :— • 

Impression  of  a  single  blue  with  small  dots. 

For  the  block,  blue  No.  6,  thickened  with  starch. 

For  the  cylinder,  No.  4,  thickened  with  gum. 

Impnstion  of  two  different  Mui3  mth  the  block. 

First  blue.  No.  4,  with  starch. 

Second  blue,  No.  9,  with  gum. 

ImprtuUm  of  three  Maet  with  the  Moefe. 

First  btne.  No*  6,  with  starch. 

Second  blue»  No.  7,  with  starch. 

Tblid  blney  No.  10,  with  gum. 

AAer  printing-on  the  bliie«,  the  pieces  are  hung  up  for  two  days,  in  a  dry  and  airy 
yaice,  but  not  too  dry ;  then  they  are  dipped  as  foUows :— Three  vats  are  mounted,  which 
tosy  be  distinguished  by  the  numbers  1,  2,  3. 

No.  1.  300  pounds  of  lime  to  1,800  gallons  of  water. 

No.  2.  Solution  of  sulphate  of  iron  of  spec.  gray.  1*048. 

3.  SolutioQ  of  caustic  soda  of  spec.  grav.  1*055;  made  from  soda  crystals,  quicklime, 
and  water,  as  usual. 

The  pieces  being  suspended  on  the  ihimes,  are  to  be  dipped  in  the  first  vat,  and  left 
b  it  ten  minutes;  then  withdrawn,  drained  for  five  minutes;  next  plunged  into  the 
second  vat  lor  ten  minutes,  and  drained  also  for  five,  Aic.  These  operations  will  be 
most  intelligible  when  pot  into  the  form  of  a  table  ^— 

Dip  in  the  1st  vat.  During  10  minutes.  Drain  during  5  minutes. 
2                            —  — 

1  —  — 

2  -  — 
8  —  — 
2                             —                                        — 

2  —  — 

2  —  ^ 

3  —  — 

In  the  dipping  of  China  blues,  care  should  be  taken  to  swing  the  frames  during  the 
operation ;  and  when  the  last  dip  is  given,  the  piece  is  to  be  plunged  upon  its  frame  into 
a  fourth  vat,  containing  dilute  sulphuric  acid  of  spec.  grav.  1*027.  This  immersion  is 
ibr  the  purpose  of  removing  the  oxyde  of  iron,  deposited  upon  the  calico  in  the  alternate 
passages  through  the  sulphate  of  iron  and  lime  vats.  They  are  then  rinsed  an  hour  in 
Tunning  water,  and  finally  brightened  in  the  above  dilute  sulphuric  acid,  slightly  tepid. 
Sometimes  they  are  sul^eeted  to  a  soap  bath,  at  the  temperature  of  12CP.  By  the 
tddition  of  nitntte  of  lead  to  the  indigo  vat,  the  blue  becootes  more  lively.  Some  use 
the  roller  dyeing  apparatoa  for  running  the  pieces  thrdugh  the  respective  baths  instead 
sf  the  square  frames.  (See  Wiitcing.)  But  the  frame^p  gives  &e  most  evenly  dye% 
Md  praserves  the  vats  in  good  eondition  for  a  much  longer  time. 
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The  Tmrions  phenomena  which  occur  in  the  dipping  of  China  bltfes  are  Hot  diffienlt  of 
explanation  with  the  lights  of  modern  chemistry.  We  have,  on  the  one  hand,  Indivo 
and  sulphate  of  iron  alternately  applied  to  the  cloth ;  by  dipping  it  into  the  lime,  the 
blue  is  deoxydized,  because  a  film  of  the  sulphate  of  iron  is  decomposed,  and  protoxyde 
of  iron  comes  forth  to  seixe  the  oxygen  of  the  indigo,  to  make  it  yellow-green,  and 
soluble,  at  the  same  time,  in  lime-water.  Then,  it  penetrates  into  the  heart  of  the 
fibres,  ai;d,  on  exposure  to  air,  absorbs  oxygen,  so  as  to  become  insoluble  and  fixed 
within  their  pores.  On  dipping  the  calico  into  the  second  vat  of  sulphate  of  iron,  a 
layer  of  oxyde  is  formed  upon  its  whole  surface,  which  oxyde  exercises  an  action  only 
upon  those  parts  that  are  covered  with  indigo,  and  deoxydizes  a  portion  of  it ;  thuc 
rendering  a  second  dose  soluble  by  the  intervention  of  the  second  dip  in  the  lime-bath. 
Hence  we  see  that  while  these  alternate  transitions  go  on,  the  same  series  of  deoxydixe- 
ment,  solution,  and  re-oxydizeroent  recurs ;  causing  a  progressively  increasing  fixation 
of  indigo  within  the  fibres  of  the  cotton.  A  deposite  of  sulphate  of  lime  and  atjde  of 
iron  necessarily  falls  upon  the  cloth,  for  which  reason  the  frame  should  be  shaken  in  the 
lime-water  vat,  to  detach  the  sulphate ;  but,  on  the  contrary,  it  should  be  held  motionless 
in  the  copperas  bath,  to  favor  the  deposition  of  as  much  protoxyde  upon  it  as  possible. 
These  circumstances  serve  to  account  for  the  various  accidents  which  sometimes  befaU 
the  China  blue  process.  Thus  the  blues  sometimes  scale  ofl*,  which  may  proceed  from  one 
of  two  causes : — 1.  If  the  goods  are  too  dry  before  being  dipped,  the  color  swells,  and 
comes  ofl*  in  the  vats,  carrying  along  with  it  more  or  less  of  indigo.  2.  If  the  quantity 
of  sulphate  of  lime  formed  upon  the  cloth  be  considerable,  the  crust  will  fall  off,  and 
take  with  it  more  or  less  of  the  blue ;  whence  arise  inequalities  in  the  impression.  The 
influence  of  temperature  is  important ;  when  it  falls  too  low,  the  eolors  take  a  gray  cast. 
In  this  case  it  should  be  raised  with  steam. 

YI.  The  decoloring  or  enlevage  style ;  not  by  the  removal  of  the  mordant,  bat  the 
destruction  of  the  dye.  The  acid,  which  is  here  mixed  with  the  discharge  paste,  it 
intended  to  combine  with  the  base  of  the  chloride,  and  set  the  chlorine  free  to  act  upon 
the  color.    Among  the  topical  colors  for  this  style  are  the  following  ^— 

1.  Black, — Take  one  gallon  of  iron  liquor  of  spec.  grav.  1*086. 

One  pound  of  starch ;  boil  together,  and  while  the  paste  is  hot,  dissolve  in  it 
One  pound  of  tartaric  acid  in  powder ;  and  when  cold,  add 
Two  pounds  of  Prussian  blue,  prepared  with  muriatic  acid,  see  p.  232. 
Two  ounces  of  lamp  black,  with  four  ounces  of  oil. 

2.  Wkitt  di§charge^ — ^Take  one  gallon  of  water,  in  which  dissoWe 

One  pound  and  a  half  of  oxalic  acid. 

Three  pounds  of  tartaric  acid ;  add 

One  gallon  of  lime*juice  of  spec.  grav.  1*22}  and  thicken  with 

Twelve  pounds  of  pipe  day,  and  six  pounds  of  gum. 

3.  Chrome-green  discharge, — 

Take  one  gallon  of  water,  thicken  with  18  onneea  of  starch ; 

boil  and  dissolve  in  the  hot  paste  i 
Two  pounds  and  a  half  of  powdered  nitrate  of  lead, 
One  pound  and  a  half  of  tartaric  acid. 
Two  pounds  of  Prussian  blue,  as  above. 

4.  Blue  discharge. — Take  one  gallon  of  water,  thidten  with 

18  ounces  of  gum ;  while  tlie  boiled  paste  is  hot,  dissolve  in  it 
Two  pounds  of  tartaric  acid,  and  mix  one  pound  of  Prusaian  blue. 
6.  Chrome-yellow  discharge, — ^This  is  the  same  as  the  chrome-green  given  above,  bat 
without  the  Prussian  blue. 

6.  jS  white  discharge  on  a  blue  ground  requires  the  above  white  discharge  to  be  strength 
ened  with  8  ounces  of  strong  Fulphuric  acid,  per  gallon. 

7.  White  discharge  for  Turkey  red  needs  to  be  very  strong. 
Take  one  gallon  of  lime-juice  of  sp.  grav.  1*086  $  dissolve  in  it 
Five  pounds  of  tartaric  acid ;  thicken  with 

Eight  pounds  of  pipe-clay,  four  pounds  of  gum ;  then  dissolve  in  the  mixture 
Three  pounds  of  muriate  of  tin  in  cr}'stals  i  and  add,  finally, 
Twenty-four  onnces  of  sulphuric  acid. 

8.  Yellow  discharge /br  Turkiy  red, — 

Take  one  gallon  of  lime-juice  of  spec.  grav.  1*086 ;  in  which  dissolve 

Four  pounds  of  tartaric  acid, 

Four  pounds  of  nitrate  of  lead ;  thicken  the  solution  with 

Six  pounds  of  pipe-day,  and  three  pounds  of  gtmi. 

9.  For  green  discharge,  add  to  the  preceding  24  onnces  of  Prossiap  Nne,  as  above. 
The  decnloriftg  or  rfalodnc  Nnth  is  usually  formed  of  wnod  lined  wifh  lead»  and 

has  an  area  of  about  5  feet  sqcnre,  with  a  d^^nh  cT  6  Ite*..    A  mzim  rnimc,  momteJ 
with  a  hcrizontal  scries  of  rollers  at  top  and  bottom,  may  be  let  down  by  eordiy  at 
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^tettk«-e)  into  the  cittern.    The  frieeto  «re  introdaeed  and  guided  in  a  serpentine  path^ 
RAnd  thie  upper  and  lower  rollers  attematelj,  by  a  cord. 

Tbts  bath  is  filled  with  a  solution  of  chloride  of  lime,  of  the  spec.  grav.  1*045,  whose 
dseoloring  strength  is  65*  by  Gay  Lnssac*s  indigo  ehlorometer.  It  ought  to  be  made 
tarbid  by  stirring  before  putting  in  the  goods,  which  should  occupy  three  minutes  in 
their  passage*  The  pieee  is  drawn  through  by  a  pair  of  squeezer  cylinders  at  the  end  of 
the  troogb,  opposite  to  that  at  Which  the  pieee  enters.  With  black,  white,  and  blue 
unpressions  of  all  shades,  the  goods  are  floated  in  a  stream  of  water  for  an  hour }  then 
rinsed  and  dried.  When  there  is  yellow  or  green,  the  pieces  must  be  steeped  in  water, 
thai  merdy  washed  by  the  wince,  and  passed  through  solution  of  bichromate  of  potash, 
tontaioing  from  3  to  5  ounces  of  the  salt  per  pieces  Here  the  pieces  are  winced  during 
15  or  30  minutes,  rinsed,  and  next  passed  through  dilute  muriatic  add  to  clear  the 
ground ;  then  rinsed  and  dried. 
ZKtc&orge  6y  tke  intirveniion  of  the  chromic  acid* 

After  having  dipped  the  pieces  to  the  desired  shade,  they  are  padded  in  a  solution  of 
bichromate  of  potash ;  dried  in  the  shade  without  heat  i  and  then  printed  with  the 
fbUowing  mordant  t— ^ 

Take  1  gallon  of  water;  dissolve  in  it 
2  pounds  of  oxalic  and  1  pound  of  tartaric  acid ;  thicken  with 
6  pounds  of  pipe-day,  and  3  pounds  of  gum  {  lastly,  add 
8  ounces  of  muriatic  add. 
After  the  impression,  the  pieces  are  winced  in  chalky  water,  at  120^  F*,  then  washed, 
and  passed  through  a  dilate  sulphuric  aCid. 

M.  Danid  KceChlin,  of  Mulhansen,  the  author  of  this  very  ix^nions  process,  con- 
siders the  action  of  the  bichromate  here  as  being  analogous  to  that  of  the  alkaline  chlo- 
rides. At  the  moment  that  the  block  applies  the  preceding  discharge  to  the  bichromate 
dye,  there  is  a  sodden  decoloration,  and  a  production  of  a  peculiar  odor. 

The  pieces  padded  with  the  bichromate  must  be  dried  at  a  moderate  temperature,  and 
in  the  shade.  Whenever  watery  soliuions  of  chromate  of  potash  and  tartaric  acid  are 
nixed,  an  effervescence  takes  place,  during  which  the  mixture  possesses  the  power  of 
destroying  vegetable  colors*    This  property  lasts  no  longer  than  the  efiervescence. 

Vn.  Sieam  colon. — ^Thls  style  combines  a  degree  of  brilliancy  with  solidity  of 
color,  which  can  hardly  be  obtained  in  any  other  way  except  by  the  chints  dyes. 
The  steam  apparatus  employed  for  fixing  colors  upon  goods,  may  be  distributed  under 
^n  heads: — 1.  the  column;  2.  the  lantorn}  3.  the  cask;  4«  the  steam-chest;  and, 
6.  the  chamber. 

The  column  is  what  is  most  generally  used  in  this  country.  It  is  a  hollow  cylin* 
der  of  eopper,  from  three  to  five  inches  in  diameter,  and  about  44  inches  long,  per* 
forsted  oirer  its  whole  surface  with  holes  of  about  one  sixteenth  of  an  inch,  placed 
about  a  quarter  of  an  inch  asunder.  A  circular  plate,  about  9  inches  diameter,  is 
•oldered  to  the  lower  end  of  the  column,  destined  to  prevent  the  coil  of  doth  from 
sliding  down  ofi*  the  cylinder.  The  lower  end  of  the  column  terminates  in  a  pipe, 
moonted  with  a  stop*cock  for  regulating  the  admission  of  steam  from  the  main  8team-» 
boOer  of  the  factory.  In  some  cases,  the  pipe  fixed  to  the  lower  surface  of  the  disc  is 
Bsde  tapering,  and  fits  into  a  conical  socket,  in  a  strong  iron  or  copper  box,  fixed  to  a 
solid  pedestal;  the  steam  pipe  enters  into  one  side  of  that  box,  and  is  provided,  of 
course,  with  a  stop-cock.  The  condensed  water  of  the  column  falls  down  into  that 
shert,  and  may  be  let  off  by  a  descending  tobe  and  a  stop-cock.  In  other  forms  of  the 
column,  the  conical  junction  pipe  is  at  its  top,  and  fits  there  into  an  inverted  socket 
coaaecied  with  a  steam  chest,  while  the  bottom  has  a  very  small  tubular  outlet,  so  that 
the  steam  may  be  exposed  to  a  certain  pressure  in  the  column,  when  it  is  incased 
with  doth. 

The  pieces,  aAer  being  printed  with  the  topical  colors  presently  to  be  described,  and 
dried,  are  lapped  round  this  colunm,  but  not  in  immediate  contact  with  it ;  for  the  copper 
cylinder  is  first  enveloped  in  a  few  coils  of  blanket  stuff;  then  with  several  coils  of 
white  calico ;  next  with  the  several  pieces  of  the  printed  goods,  stitched  endwise ;  and 
lastly,  with  an  outward  mantle  of  white  calico.  In  the  course  of  the  lapping  and 
ndapping  of  sueh  a  length  of  webs,  the  cylinder  is  laid  in  a  horizontal  frame,  in  which 
it  is  made  to  revdve.  In  the  act  of  steaming,  however,  it  is  fixed  upright,  by  one  of 
the  methods  above  described.  The  steaming  lasts  for  20  or  30  minutes,  according  to 
the  nature  of  the  dyes ;  those  which  contain  much  solution  of  tin  admit  of  less  steaming. 
Whenever  the  steam  is  shut  off,  the  goods  must  be  immediately  uncoiled,  to  prevent  the 
chance  of  any  aqueous  condensation.  I  was  much  surprised,  at  first^  on  finding  the 
wmlled  pieces  to  be  free  IVom  damp,  and  requiring  only  to  be  exposed  for  a  few  minotci 
la  the  air,  to  appear  perfectly  dry.  Wete  water  condensed  during  the  process,  it  would 
he  ape  Co  mnke  the  colors  run. 
flteam  cc!jrs  arc  ail  tomsal,  though,  for  many  of  thfm,  the  p'^ccs  ai^  prevousl^ 
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padded  with  mordants  of  yarious  kindn.  Some  imurafactareiB  run  ihe  goods  beAvt 
printing  them  through  a  weak  solution  of  the  perchkvide  of  tin,  with  the  i|(ew  of  brigbU 
ening  all  the  colors  subsequently  applied  or  raised  upon  them.  I  shall  now  illustrate 
steam  calico-printing  by  some  examples,  kindly  furnished  me  by  a  practical  printer  near 
Manchester,  who  conducts  a  great  business  with  remarkable  success. 

Steam  6/im. — ^Prufsiate  of  potash,  tartaric  acid,  and  a  little  sulphuric  acid,  are  die* 
soWed  in  water,  and  thickened  with  starch ;  then  applied  by  the  cylinder,  dried  at  a 
moderate  heat,  and  steamed  for  25  minutes.  They  are  rinsed  and  dried  after  the 
steaming.  The  tartaric  acid,  at  a  high  temperature,  decomposes  here  a  portion  of  the 
ferrocyanic  acid,  and  fixes  the  remaining  ferrocyanate  of  iron  (Prussian  blue)  ta  the  fibre 
d*  the  cloth.  The  ground  may  have  been  previously  padded  and  dyed ;  ther«cids  will 
remove  the  mordant  from  the  points  to  which  the  above  paste  has  been  apf  lied,  and 
bring  out  a  bright  blue  upon  them. 

Steam  purple, — This  topical  color  is  made  by  digesting  acetate  of  alumina  upon  ground 
logwood  with  heat ;  straining,  thickening  with  gum  Senegal,  and  applying  the  paste  by 
the  cylinder  machine. 

Steam  pink, — A  decoction  of  Brazil-wood  with  a  small  quantity  of  the  solution  of 
muriate  of  tin,  called,  at  Manchester,  new  tin  crystals,*  and  a  little  nitrate  of  copper  to 
assist  in  fixing  the  color;  properly  thickened,  dried,  and  steamed  for  not  more  than  20 
minutes,  on  account  of  the  corrosive  action  of  muriate  of  tin  when  the  heat  is  too  strong. 

Cochineal  piitk, — ^Acetate  of  alumina  is  mixed  with  deeoction  of  cochineal,  a  little  tar- 
taric acid  and  solution  of  tin ;  then  thickened  with  starch,  dried,  and  steamed. 

Steam  brovm, — ^A  mixed  infusion  of  logwood,  cochineal,  and  Persian  berries,  with 
cream  of  tartar,  alum  (or  acetate  of  alumina),  and  a  little  tartaric  acui,  thickened,  driod, 
and  steamed. 

Green,  blue,  chocolate,  with  vMe  ground,  6y  s(safit.-— Prussiate  of  potash  and'  tartaric 
acid,  thickened,  for  the  blue;  the  tame  mixture  with*  berry-liquor  and  acetate  of  alumina^ 
thickened,  for  the  green ;  extract  of  logwood  with  acetate  of  alumina  and  cream  of 
tartar,  thickened,  for  the  chocolate.  These  three  topical  colors  are  applied  at  once  by 
the  three-color  cylinder  machine ;  dried  and  steamed.  Though  greens  are  fixed  by  the 
steam,  their  color  is  much  improved  by  passing  the  cloth  through  solution  of  bichromate 
of  potash. 

In  France,  solution  of  tin  is  much  used  for  steam  colors. 

Till.  Spirit  or  Jhncy  colore, — ^These  all  owe  their  vivacity,  as  well  as  the  moderate 
degree  of  permanency  they  possess,  to  their  tin  mordant.  After  printing-on  the  topical 
color,  the  goods  must  be  dried  at  a  gentle  heat,  and  passed  merely  through  the  rinsing 
machine.  Purple,  brovna,  or  chocolate,  red,  green,  yellow,  blue,  and  white  discharge ; 
any  five  of  these  are  printed  on  at  once  by  the  five-color  cylinder  machine.  See  Rinsino 
Machine. 

Chocolate  is  given  by  extract  of  Brazil-wood,  extract  of  logwood,  nitro-muriate  of  tin, 
with  a  little  nitrate  of  copper :  all  mixed,  thickened,  and  merely  printed-on. 

Red,  by  extract  of  Brazil-wood  and  tin,  with  a  little  nitrate  of  copper. 

Green,  by  prussiate  of  potash,  with  muriate  of  tin  and  acetate  of  lead,  dissolved, 
thickened,  and  printed-on. 

The  goods  after  rinsing  must  be  passed  through  solution  of  bichromate  of  potash,  to 
convert  the  Prussian  blue  color  into  green,  by  the  formation  of  chrome  yellow  upon  it. 

Blue. — Prussian  blue  ground  up  with  solution  (nitromnriate)  of  tin;  thickened,  &e. 

Yellow, — Nitrate  of  lead  dissolved  in  solution  of  tartaric  acid,  thickened,  tenderly 
dried,  passed  through  the  bichromate  vat  or  padding  machine,  washed  and  dried. 

This  yellow  is  pretty  fast ;  though  topical,  it  can  hardly,  therefore,  be  called  a  fancy 
color. 

When  purple  is  to  be  inserted  instead  of  the  above  blue,  extract  of  logwood  with  tin 
is  used  in  the  place  of  the  Prussian  blue.  Tartaric  acid  ia  a  useftd  addition  to  tin  in 
brightening  fancy  colors. 

Chocolate, — ^A  good  topical  chocolate  is  made  by  digesting  logwood  with  liquid  acetate 
of  alumina,  adding  a  little  cream  of  tartar  to  the  infusion  ;  thickening,  applying  by  the 
cylinder,  drying,  washing,  then  passing  through  solution  of  bichromate  of  potash,  which 
serA'es  to  diuken  and  fix  the  color. 

I  shall  conclude  my  account  of  the  printing  of  cotton  goods  with  some  miscellaneont 
formulse,  which  were  given  me  by  skilful  calico-printers  in  Lancashire. 

Prussian  blue  is  prepared  for  topical  printing  by  grinding  it  in  a  handmill,  like  that  for 
grinding  pepper  or  coffee,  and  triturating  the  powder  with  solution  of  muriate  of  tin. 

Green. — ^The  deoxydized  indigo  vat  liquor  is  mixed  with  a  little  pearlash,  and 
thickened  with  gum.    This  is  applied  by  the  cylinder  or  hloek  to  goods  previously 

*  This  preparation  is  mada  by  addinf  3  Iba.  of  nX  ammoaiao  to  I  gallon  of  aolotioa  of  tim  (see  SoABLUV 
Dtb,  aatl  Tin),  irraporattnf ,  aod  cryatallianf.  Ilia  aal  amaoaiao  aaam*  to  conntaiact  tha  aaparaftioa  •: 
tha  tin  by  pvrozTdizemeul. 
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padded  wilh  nitrate  of  lead ;  the  goodfty  after  being  dried,  are  passed  tlirangh  mlllQr  lime- 
vater,  rinsed,  ar*^  then  winced  or  padded  through  the  bichromate  of  potash  bath. 

.Another  gr.m.— Nitrate  oT  lead,  prussiate  of  potash,  and  tartaric  aeid,  dissolved,  and 
mixed  with  a  little  sniphate,  nitrate,  and  muriate  of  iron ;  this  mixture  is  either  thickened 
for  cylinder  printing,  or  UMd  in  its  liquid  state  ia  the  padding  troagh.  The  goods  sub- 
jected to  one  of  these  two  processes  are  dried,  padded  in  weak  solution  of  carbonate  of 
potash,  which  serves  to  precipitate  the  oxyde  of  lead  from  the  nitrate;  they  are  finally 
padded  with  bichromate  of  potash,  which  induces  a  yellow  upon  the  blue,  constituting  a 
green  color  of  any  desired  tint)  according  to  the  proportion  of  the  materials. 

Chocolatt  and  black,  wUh  wkUe  duckarge ;  a  fast  co/or.— The  doth  is  padded  with  ace- 
tate of  alumina,  and  dried  in  the  hot-Aue ;  it  is  then  passed  through  a  two-color  machine, 
the  one  cylinder  of  which  prints-on  lime-juice  discharge,  thickened  with  gum  Senegal; 
the  other  i  black  topical  dye  (made  with  logwood  extract  and  iron  liquor).  The  doths 
are  now  hung  up  to  be  aired  during  a  week^  aAer  which  they  are  dunged,  and  dyed  up 
with  madder,  fustic,  and  quercitron  bark,  heated  with  steam  in  the  bath. 

Blue,  vshUtty  and  olive  or  cfiocolate,-^!.  Pad  with  the  aluminous  mordant;  2.  Apply 
thicScened  lemon-juice  for  discharge  by  the  cylinder;  3.  Dung  the  goods  after  they 
are  thoroughly  dried ;  4.  Pass  them  through  the  bath  of  madder,  fustic,  and  quercitron, 
which  dye  a  brown  ground,  and  leave  the  discharge  points  white ;  then  print-on  a  reserve 
paste  of  China  clay  and  gum  with  sulphate  of  copper ;  dry,  dip  in  the  blue  vat,  wbieh 
will  communicate  an  olive  tint  to  the  brown  ground;  or  a  chocolate,  if  madder  alone  had 
been  used. 

When  a  black  ground  is  desired,  with  white  figures,  the  acid  discharge  paste  should  be 
printed-on  by  the  cylinder,  and  dried  before  the  piece  is  padded  in  the  iron  liquor.  By 
ibilowing  this  plan  the  whites  are  much  purer  than  when  the  iron  is  first  applied. 

Greeny  blade,  white. — The  black  is  first  printed-on  by  a  mixture  of  iron  liquor,  and  in- 

fostoo  (not  decoction)  of  logwood ;  then  resist  or  reserve  paste  is  applied  by  the  block, 

%Bd  dried ;  after  which  the  goods  are  blued  in  the  indigo  vat,  rinsed,  dried,  passed  tlirough 

solution  of  acetate  of  lead;  next,  through  milky  lime-water;  lastly,  through  a  very  strong 

sointien  of  bichromate  of  potash. 

Turkey  red,  blacky  yellow, — ^Upon  Turkey  red  cloth,  print  with  a  strong  solution  of  tar- 
taric acid,  mixed  with  solution  c^  nitrate  of  lead,  thickened  with  gum ;  dry.  The  doth 
is  now  passed  through  the  chloride  of  lime  bath,  washed,  and  chromed.  Lastly,  the  black 
is  printed-on  by  the  block  as  above,  with  iron  liquor  and  logwood. 

Black  ground  dotted  tohitey  xdtk  red  or  pink  and  blade  flguree^ — 1.  Print-on  the 
lime-juice  discharge-paste  by  the  cylinder;  dry;  2.  Then  pad  with  iron  liquor,  ooa- 
taining  a  little  acetate  of  alumina,  and  hang  up  the  goods  for  a  few  days  to  fix 
the  iron;  3.  Bye  in  a  logwood  bath  to  which  a  little  madder  has  been  added;  dear 
with  bran.  The  red  or  pink  is  now  put  in  by  the  block,  with  a  mixture  of  extraet  of 
Brazil-wood,  nitromuriate  of  tin,  and  nitrate  of  copper,  as  prescribed  in  a  preceding 
formula. 

Orange  w  brown  ;  blade ;  VfhiU ;  pink. — ^The  black  is  topical,  as  above ;  it  is  printed- 
QB,  as  also  the  lemon-juice  discharge  and  red  mordant,  with  muriate  of  tin  (both 
thidkeaed),  by  the  three-color  machine.  Then,  after  drying  the  cloth,  a  single-cylinder 
machine  is  made  to  apply  in  diagonal  lines  to  it  a  mixture  of  acetate  of  iron  and  alumina. 
The  cloth,  being  dried  and  dunged,  is  next  dyed  in  a  bath  of  quereitron,  madder,  and 
fnttic  • 

Here  the  orange  is  the  result  of  the  mordant  of  tin  and  alumina ;  the  brown,  of  the 
alamina  and  iron ;  white,  of  the  citric  add  discharge.  The  tin  mordant,  wherever  it  has 
been  applied,  resists  the  weaker  mordant  impressed  in  the  diagonal  lines.  The  pink  Is 
bfed£ed-on  at  the  end. 

Onng€  browny  or  aveuturinej  black  and  tehUe. — The  topical  black  (as  above)  and 
diachaiige  lemon-juice,  are  printed-on  by  the  two-color  machine ;  then  the  doth  is  sub- 
jected to  the  diagonal  line  cylinder,  supplied  with  the  alumino-iron  mordant.  The  ctotk 
n  dried,  dunged,  and  dyed  in  a  bath  of  bark,  madder,  and  fustic. 

The  manganese  or  tolUaire  ground  admits  of  a  great  variety  of  figures  being  easily 
brought  upon  it,  because  almost  every  acidulous  mordant  will  dissolve  the  oxyde  dt. 
manganese  from  the  spot  to  which  it  is  applied,  and  insert  its  own  base  in  Its  plaee;  and 
of  course,  by  dyeing  such  mordanted  goods  in  various  baths,  any  variety  of  colored  de- 
ligBs  may  be  produced.  Thus,  if  the  paste  of  nitrate  of  lead  and  tartaric  aekl  solntioii 
be  applied,  and  the  goods  after  drying  be  passed  first  through  lime-water,  and  then 
throngh  a  chrome  bath,  bright  yellow  spots  will  be  made  to  appear  upon  the  brome 
grovnd. 

Kangaiane  bronxey  buff  and  green  i  aU  metallic  cDft»r«.— Pad-on  the  manganeae 
■datloii,  and  dry ;  apply  the  aceto-sulphate  of  iron,  of  spec*  grav.  1*02,  and  Sehede^ 
gnea  (both  properly  thickened),  by  the  two-color  machine.  The  goods  are  next  to 
be  dried,  and  padded  through  a  cold  caustic  ley  of  spec  gray.  1*086.    They  ave  Huft 

16 


2i2  CALICO-PRINTING. 

rimed,  and  peaied  fhron^h  a  weak  wdiition  of  chloride  of  limCi  to  ndte  the  hronsei  aglll 
rinsed,  and  paased  through  a  solution  of  arsenious  acid  to  raise  the  green. 

Sbheele's  green  for  the  calico-printer  is  made  as  follows  :— 

Take  1  gallon  of  water,  in  which  dissolve  with  heat, 

6  poaods  of  sulphate  of  copper,  aod  1  pound  of  yerdigris.  When  the  twa  salts  are  db- 
soIt^  remove  the  kettle  from  the  fire,  and  put  into  it  1  qnart  of  solution  of  nitrate  of 
eoppen  and  5  pounds  of  acetate  of  lead.  Slir  the  mixture  to  facilitate  the  decomposition, 
and  allow  the  pigment  to  subside* 

It  must  be  thickened  with  2|  lbs.  of  gum  per  galloa,  for  pencilling}  or  12  os.  of  starch 
for  tiie  block.  The  goods  printed  with  this  paste  are  to  be  winced  through  a  caustic  ley^ 
tiU  a  fine  sky-blue  be  produced ;  then  washed  well  and  rinsed.  They  are  now  to  be 
passed  through  water,  containing  from  half  an  ounce  to  an  ounce  of  white  arsenic  per 
piece ;  4  turns  are  sufficient ;  if  it  be  too  long  immersed  it  will  take  a  yellow  tint. 

Catechu  has  been  considerably  employed  by  calico-printers  of  late  years,  as  it  affords  a 
fine  permanent  substantive  brown,  of  the  shade  called  carmtlitt  by  the  French.  The  M- 
lowing  formula  will  exemplify  its  mode  of  application  :— 

Take  1  gallon  of  water ; 

1  pound  of  catechu  in  fine  ])owder ;  reduce  by  boiling  to  half  a  gallon,  pass  the  decoe* 
tion  through  a  fine  sieve,  and  dissolve  in  it  4  ounces  of  verdigris ;  allow  it  then  to  codl, 
and  thicken  the  solution  with  5  ounces  of  starch ;  while  the  paste  is  hot,  dissolve  in  It  5 
ounces  of  pulverized  muriate  of  ammonia. 

Print-on  this  paste,  dry,  and  wash.    It  is  a  fast  color. 

I  shall  subjoin  the  prescriptions  for  two  fancy  cochineal  printing  colors. 

Amaranth  by  eockineal, — ^Pad  the  pieces  in  the  aluminous  mordant  of  spec.  grav.  I'OST, 
page  230. 

Dry  in  the  hot  flue ;  and  aAer  hanging  up  the  goods  diu^ng  3  days,  wince  well  through 
chalky  water,  and  then  dye,  as  follows : — 

For  each  piece  of  28  or  30  yards,  8  ounces  of  cochineal  are  to  be  made  into  a  deeoe- 
tion  of  2  gallons  in  bulk,  which  Is  to  be  poured  into  a  kettle  with  a  decoction  of  3  ounces 
of  galls,  and  with  two  ounces  of  bran.  The  pieces  are  to  be  entered  and  winced  as  in 
the  madder  bath,  during  two  hours  and  a  half;  then  washed  in  the  dash  wheel.  On  mix-* 
ing  with  the  amaranth  bath  a  certain  quantity  of  logwood,  very  beautiful  lilachs  and  rio* 
lets  may  be  obtained. 

Mixture  of  quercitron  and  codtineal. — Pad  in  the  aluminous  mordant,  and  dye  with  2 
lbs.  of  quercitron,  and  4  ounces  of  cochineal,  when  a  capuchin  color  will  be  obtained.  If 
we  pad  with  the  following  mordant,  viz.,  1  gallon  of  acetate  of  alumina  of  1*056  spec 
grav.,  and  1  of  iron  liquor  of  1*02  spec,  grav.,  and  dye  wHh  1  pound  of  quercitron,  and 
1  ounce  of  cochineal,  we  shall  obtain  a  shade  like  boot-tops,  of  extreme  vivacity. 

Two  ounces  of  cochineal  will  print  a  long  piece  of  calico  with  rich  pink  figures,  having 
acetate  of  alumina  for  a  mordant.  As  the  ground  is  hardly  tinged  by  the  dye,  it  neither 
needs  nor  admits  of  much  clearing. 

I  have  already  mentioned  that  goods  are  sometimes  padded  with  solution  of  perchloride 
of  tin  before  printing-on  them  the  steam  colore,  w|ierel)y  they  acquire  Imth  permanence 
and  vivacity.  I  have  also  stated  that  the  salts  of  tm  at  a  high  temperature  are  apt  to 
corrode  the  fibre  of  the  stuff,  and  therefore  must  be  used  with  discretion.  This  danger 
is  greatly  lessened  by  adding  to  the  perchloride  of  tin  a  sufficient  quantity  of  caustic 
potash  ley  to  form  a  stannate  of  potash.  The  goods  are  padded  through  this  substancCi 
<fi]uted  with  water,  dried  with  a  moderate  heat,  and  then  immersed  in  Very  dilute  sul- 
phuric add,  which  saturates  the  potash,  and  precipitates  the  tin  oxyde  within  the  pores  of 
the  cloth.  Calico  thus  prepared  affords  brilliant  and  permanent  colore  by  the  steam  pro- 
eess,  above  described. 

Printing  of  riUcM  or  wooUen  ituffs,  tutk  (u  merinoet  and  moutseHn  de  latne,  as  aUo  of  mix-' 
«d  Mtuffs  of  silk  and  vjool,  suck  as  diahfs. — All  these  prints  are  applied,  not  by  the  cylin- 
der but  the  block,  and  are  fixed  by  the  application  of  steam  ia  one  of  four  ways ;  1«  By 
the  lantern ;  2.  By  the  cask ;  3.  By  the  chest ;  or,  4.  By  the  chamber, 

1.  By  the  lantern. — In  this  mode  of  exposure  to  steam,  the  goods  are  stretdied  upon 
a  flrame ;  and  therefore  the  apparatus  may  be  described  under  two  heads ;  the  lantern  and 
the  fhune.  The  former  is  mside  of  copper,  in  the  shape  of  a  box  a  b  c  D  ^fig*  288,  open 
below,  and  with  a  sloping  roof  above,  to  facilitate  the  triddhig  down  of  the  water  con- 
densed upon  the  walls.  The  sMes  b  c  d  k  are  4(  feet  high,  6  feet  long,  and  4  feet  wide* 
The  distance  of  the  point  a  from  the  line  £  B  is  2  feet.  At  r  is  a  brass  socket,  which 
Bsay  be  stopped  with  a  cork ;  and  there  is  a  similar  one  at  the  Other  side.  This  kind 
of  penthouse  may  be  raised  by  means  of  a  pulley  with  cords  fixed  to  the  four  angle* 
cf  the  roof  b  b  ;  and  it  rests  upon  the  table  o  h,  a  litde  larger  than  the  area  of  tlte  box, 
wbidi  stands  upon  the  four  feet  i  k.  Rouad  the  borders  of  the  table  there  is  ft 
triangular  groove  a  6,  for  receiving  the  lower  edges  of  the  box,  and  it  is  stuffed  iteam- 
tighi  with  lilts  of  ck>tb.    Thimigh  the  centre  of  the  table,  the  twcMnch  steam  pipe  m 
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k  tnrttMliltad  wbk  a  liemisplierical  rote  pierced  with  namerottt  holes  fot 
of  the  «tewn»  Right  aboTe  it,  a  disc  n  is  placed  upoa  four  feet. 
The  tube  l  eommttnicates  with  a  box  p,  which  has  a  syphon  q 
^  to  let  off  the  condensed  water.  At  the  upper  part  of  this  box 
the  tvbe  l  terminates  which  brings  the  steam.  The  little  table 
a  H  slopes  towards  the  part  c,  where  the  syphon  a  is  placed 
for  drawing  off  the  water. 

Thfi  frame  has  snch  dimensions,  that  it  may  stand  in  the  fovr 
comers  of  the  table  at  s  s,  as  pointed  out  by  the  dotted  lines. 
The  second  part  embraces  an  open  square  frame,  which  is 
formed  by  spars  of  wood  2  inches  square,  mortised  together ; 
and  is  3  feet  6  inches  wide,  5  feet  8  inches  long,  and  4  feet  3 
inches  high ;  it  is  strengthened  with  cross  bars.  Upon  the  two 
sides  of  its  breadth,  two  rows  of  round  brass  hooks  are  placed, 
about  half  ao  inch  apart ;  they  are  soldered  to  a  copper  plate 
fixed  to  uprights  by  means  of  screws* 

Before  hanging  up  the  goods,  a  piece  of  cloth  3  feet  8  inches 
long,  and  4  feet  wide,  is  placed  upon  the  row  of  hooks }  and  3 
(efi  of  it  are  left  hanging  out. 
On  fool  WithiB*  the  hooks  pass  through  the  cloth.  A  similar  one  is  iitted  to  the  other 
This  doth  is  intended  to  cover  the  goods  hung  upon  the  hooks ;  and  it  is  kept 
Btiaigkt  by  resting  upon  strings.  The  pieces  are  attached  zig-zag  from  one  hook  to 
iasther.  When  the  frame  is  filled,  th^  bag  is  ^ut  within  the  cloths ;  it  has  the  same  ree* 
taagalar  shape  as  the  6ame.  The  pieces  are  m  this  way  all  incased  in  the  cloth }  a  bit 
of  it  being  also  put  beneath  to  prerent  moisture  affecting  that  part 

When  shawls  are  framed,  they  are  attached  with  pins  f  and  if  they  be  too  large,  they 
ue  doubled  back  to  back,  with  the  fringes  at  top. 

These  arrangements  being  made,  the  frame  is  set  upon  the  table,  the  penthouse  is  pla- 
ced over  it,  and  the  steam  is  admitted  during  from  35  to  45  minutes,  according  to  eireumr 
staaees.  The  orifice  f  is  opened  at  first  to  let  the  air,  escape,  and  when  it  begins  to  dis- 
chaige  steam  it  is  stopped.  The  frame  is  taken  out  at  the  prober  time,  the  bag  is  re- 
Mifedy  the  doths  are  liued  ofi^  and  the  goods  are  spread  out  for  airing.  Three  Aames 
■ad  six  bags  are  required  for  a  constant  succession  of  work.  The  above  apparatus  is  par- 
ticokriy  suitable  for  eiiks. 

2.  Tk0  dram. — ^This  is  the  most  simple  mode  of  steaming.  The  apparatus  is  a  drum 
flf  white  wood,  2  iaehes  thick,  ySg»  239  $  the  bottom  is  pierced  with  a  hole  which  admits 
the  steam^pipe  r,  terminating  in  a  perforated  rose.  Four  inches  fropi  the  bottom  there 
is  a  Canvass  partition  c,  intended  to  stop  any  drops  of  water  projected  from  the  tube  r, 
aad  also  lo  separate  the  condensed  water  from  the  body  of  the  apparatus.  The  drum  is 
in  by  a  wooden  head  h,  under  which  the  goods  are  placed.  It  is  made  fast  either 
by  bolts,  or  by  hooks,  o  o,  thus  oo ,  to  which  weighted  cords  are 
I  hong.  The  frame  U  jig,  240,  rests  upon  a  hoop,  a  a,  a  few  inches 

19 V^    |1  ^        Ikom  the  edge.    The  goods  are  hang  upon  the  frame  in  the  or- 
^^l^r  dinary  way,  and  then  wrapped  round  with  flannel.    The  fVame  is 

—— i^C— i—     Studded  with  pin  "points,  like  that  of  the  indis^o  vat,  fixed  about 
vTj^^  5  inches  asunder.    From  20  to  30  minutes  suffice  for  one  steam- 

^   I    ^^         ing  operation.    The  upper  part  of  the  frame  must  be  .covered 
I  also  with  flannels  to  prevent  the  deposition  of  moisture  upon  it. 

At  the  bottom  of  the  drum  there  is  a  stopcock  to  let  off  the  con- 
,      densed  water.    According  lo  the  size  of  the  figure,  which  is  3  feet 
}^  2  inches,  50  yards  may  be  hung  up  single  $  but  they  may  be  doubled 
on  occasion. 

3.  Tht  box* — ^This  steaming 
apparatus  is  convenient  from  the 
large  quantity  of  goods  admis- 
sible at  a  time  t  it  answers  best 
for  woollen  stuflb.  From  12  to 
16  pieces,  of  36  yards  each,  may 
be  operated  upon  at  once  j  and 
from  240  to  260  shawls.  It  is 
formed  of  a  deal  box,  ▲  b  c  »,  fig, 
241,  4  feet  wide,  6  long,  and  3 
high  $  the  wood  being  4  iaehes  thick.  It  is  doted  by  a  cover  of  the  same  subsUnce,  i, 
which  it  made  steam-tight  at  the  edges  by  a  list  of  felt.  The  lid  is  fastened  down  by  5 
tnm  ban  of  iron,  aaa'a  ti,  which  are  secured  by  screws,  eccc  c^fig,  242.  The  ends  of 
these  eroee  bars  are  let  into  the  notches,  6  6  &  6  6,  on  the  edge  of  the  box.  The  safety 
nlveify^f^.  241,  is  placed  upon  Uie  lid.    For  taking  off  the  Ud,  there  are  rings  at  the  four 
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coi-neTS,  ddddy  bearing  cords,  r  r  r  r.    These  join  at  the  centre  into  one,  which  pMWl 
over  a  palley.  KigHt  inches  from  the  bottom  of  the  box  thare  is  a  horizontal  canraai  par« 
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tition,  beneath  which  the  steam  is  discharged  from  the  pipe  l.  Jig.  243.    There  are  two 
ledges,  B  p  6  H,  at  the  aides  for  receiving  the  bobbins.    The  tube  l  runs  round  the  box,  as 

shown  by  the  letters  da  eh:  the  end  d  is  shut } 
bnt  the  side  and  top  are  perforated  with  many 
holes  in  the  direction  towaids  the  centre  of  the  box. 
Fig.  244  shows  the  arrangement  of  the  lower  set 
of  bobbins :  that  of  the  upper  set  is  shown  by  the 
dotted  lines :  it  is  seen  to  be  in  an  alternate  posa» 
tion,  one  lying  between  two  otlmrs.  They  are 
formed  of  pieces  of  deal  4  inches  broad,  1  inch 
thick,  and  of  a  length  equal  to  the  width  of  the 
box.  They  are  first  wrapped  round  with  5  or  6 
turns  of  doubled  flannel  or  calico :  the  piece  of 
goods  is  laid  over  it  upon  a  table,  and  then 
wrapped  round.  At  the  end  of  the  piece,  several 
folds  of  the  covering  must  be  put,  as  also  a  roll 
of  flannel.  The  two  ends  must  be  slightly  tied 
with  packthread.  When  these  flat  bobbins  are 
arranged  in  a  box,  the  steam  is  let  on  them,  and 
continued  about  45  minutes ;  it  is  then  shut  off, 
the  lid  is  removed,  and  the  pieces  are  unrolled. 

4.  The  chamber.^'The  interior  height  of  the 
chamber,  a  b  c  D,fig.  245,  is  nine  feet,  the  length 
12  feet,  and  the  breadth  9  feet.  The  steam  is  in- 
trodaced  into  it  by  two  pipes,  ahc,def.  Their 
two  ends,  d  c,  are  shut ;  but  their  sides  are  aU 
along  perforated  with  small  holes.  The  frames 
EPOH,  xroH,  are  moveable,  and  run  upon 


rollers  :  they  are  taken  out  by  front  doors,  which 
are  made  of  strong  planks,  shut  by  sliding  in 
slots,  and  are  secured  by  strong  iron  bars  and 
pressure  screws.  The  cross  rods,  e  r  6  h,  are  provided  with  hooks  for  hanging  up  the 
pieces.  There  is  a  safety-valve  in  the  top  of  this  large  chamber.  The  dimensions  of  the 
frame  are  ten  feet  long,  3  feet  wide,  and  7  high.  Three  feet  and  a  half  from  the  upper 
part  of  the  frame,  a  row  of  hook?  is  fixed  for  hanging  on  a  double  row  of  pieces,  as  shown 
in  the  figurp.  Over  the  frame,  woollen  blankets  are  laid  to  protect  it  from  drops  of  wa- 
ter that  might  fall  from  the  roof  of  the  chamber.  When  the  hooks  are  two  thirds  of  as 
inch  apart,  24  pieces,  of  28  yards  each,  may  be  suspended  at  once.  The  period  of  steam- 
ing is  from  45  to  60  minutes. 

Muslins  and  silks  do  not  require  so  high  a  temperature  as  woollen  goods.  When  the 
stnflfs  are  padded  with  color,  like  merinoes  and  chalys,  they  must  not  be  folded  together,  for 
fear  of  stains,  which  are  sometimes  occasioned  by  the  column  in  steam  calico-printing, 
where  the  end  which  receives  the  first  impression  of  the  steam  is  seldom  of  the  same 
shade  as  the  rest  of  the  roll  of  goods.  The  duration  of  the  steaming  depends  upon  the 
quantity  of  acid  in  the  mordant,  and  of  saline  solution  in  the  topical  color ;  the  more  of 
which  are  present  the  shorter  should  be  the  steaming  period.  A  dry  vapor  is  requisite  in 
aQ  cases ;  for  when  it  becomes  moist,  from  a  feeble  supply  or  external  condensation,  the 
goods  become  streaky  or  stained  by  the  spreading  of  the  colors. 

1.  Black  figurtt  are  given  by  decoction  of  logwood  thickened  with  stardi,  to  which 
a  little  oxalic  acid  is  added  while  hot,  and,  aAer  it  is  cold,  neutralized  solution  of  nitrate 
oTiron. 

2.  Dark  Uue  for  a  ground.— -Decoction  of  logwood,  and  arehU  thickened  with  stardi ; 
to  which,  while  the  paste  is  hot,  a  little  soluble  Prussian  blue  h  added;  and,  when  it  ii 


eoM,  neutralized  nitrate  of  iron  s  see  wpra. 
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3.  Dttpfopp^or  jmcMK  co2or.»Coebmad  boiled  in  starch  water,  with  oxalic  acid 
(or  tartaric)}  and  perchloride  of  tin. 

4.  Rot€. — Cochineal  infusion ;  oxalic  acid ;  perchloride  of  tin ;  thickened  with  gum. 

5.  Dark  amaranth* — Decoctions  of  archU  and  cochineal,  thickened  with  starch :  to 
the  paste,  alum  and  perchloride  of  tin  are  added. 

6.  Capuchin  color. — Quercitron  and  cochineal  thickened  with  starch ;  to  the  paste  add 
oxalic  acid  and  perchloride  of  tin. 

7.  Annotto  orange. — Dissolve  the  annotto  in  soda  ley,  of  spec.  grav.  l-OT,  at  a  boiling 
heat ;  add  alnminate  of  soda,  and  thicken  with  gum. 

8.  Golden  yelUno. — Decoction  of  Persian  berries  thickened  with  starch ;  to  which  some 
•lam  and  muriate  of  tin  are  a^ded,  with  a  little  perchloride  of  tin  and  oxalic  acid. 

9.  Lemon  yellow, — ^Persian  berries ;  starch ;  alum. 

10.  An  ammoniacal  solution  of  cochineal  is  used  for  making  n)any  violet  and  mallow 
colori.  It  is  prepared  by  infusing  cochineal  in  water  of  ammonia  for  24  hours ;  then 
diluting  with  water,  heating  to  ebullition,  and  straining. 

11.  Fine  violet  is  given  by  ammoniacal  cochineal,  with  alum  and  oxalic  acid;  to  which 
a  liitie  aceto-sulphale  of  indigo  is  ad(^ed,  and  gum  for  thickening.  The  following  blue 
may  be  used  instead  of  the  solution  of  indigo.  The  mallow  tint  is  given  by  adding  a 
little  perchloride  of  tin  to  the  above  formula,  and  leaving  out  the  blue. 

12.  Z>ark  blue, — Soluble  Prussian  blue ;  tartaric  acid ;  alum ;  thicken  with  gum. 

13.  Emerald  green. — ^One  quart  of  decoction,  equivalent  to  I  pound  of  Persian  ber- 
ries; 1  quart  of  infusion  of  quercitron,  of  spec.  grav.  1*027 ;  in  which  dissolve  12  ounces 
of  alum  in  powder ;  and  add  6  ounces  of  the  fbllowing  blue  bath  for  greens ;  thicken 
with  20  ounces  of  gum. 

14.  Blue  bath  for  greens.  Half  a  gallon  of  water  at  140°  F.,  one  pound  of  soluble 
Prussian  blue,  3  ounces  of  tartaric  acid,  and  2  ounces  of  alum. 

1.  Priming  of  Silks. — 1.  0/  the  madder  style.  This  is  one  of  the  most  difficult  to  exe- 
cute, requiring  both  much  skill  and  experience.  The  first  step  is  the  removal  of  the  gum. 
A  copper  being  nearly  filled  with  water,  the  pieces,  tied  up  in  a  linen  bag,  are  put  into 
it,  with  a  quarter  of  a  pound  of  soap  for  every  pound  of  silk,  and  are  boiled  for  3  hours. 
If  the  silk  be  Indian,  half  an  ounce  of  soda  crystals  must  be  added.  When  the  goods 
are  taken  out,  they  are  rinsed  in  the  river,  then  passed  through  water  at  140^  F.,  holding 
8  ounces  of  crystallized  soda  in  solution,  as  a  scourer.  They  are  next  rinsed  in  cold 
waier,  and  steeped  in  water  very  faintly  acidulated  with  sulphuric  acid,  during  4  hours, 
then  rinsed,  and  dried. 

Preparation  of  Mordants. — 1  gallon  of  boiling  water ;  2  pounds  of  alum ;  dissolve : 
1  pound  of  acetate  of  lead;  4  ounces  of  sal-ammoniac;  1  of  chalk;  mix  well  together; 

ailer  decomposition  and  subsidence,  draw  off  clear.  ' 

i.  hed, — 1  gallon  of  the  above  mordant,  thickened  with   14  ounces  of  starch,  and 

tinged  with  decoction  of  Brazil-wood.    If  dark  red  be  wanted,  dissolve,  in  a  gallon  of 

the  above  red,  4  ounces  of  sulphate  of  copper. 

2.  Black. — 1  gallon  of  iron  liquor,  of  1*056  spec.  grav. ;  thicken  with  14  ounces  of 
starch ;  and  dissolve  in  the  hot  paste  2  ounces  of  sulphate  of  copper. 

3.  Violet, — ^Take  1  gallon  of  iron  liquor  of  1*04  spec.  grav. ; 

2  ounces  of  cream  of  tartar;  2  ounces  of  nitre ;  2  ounces  of  copperas ; 
1  ounce  of  alum :  dissolve^  and  mix  the  solution  with 
1  gallon  of  gum  water,  containing  6  lbs.  of  gum. 

4.  Pace. — Half  a  gallon  of  red  mordant ;  half  a  gallon  of  iron  liquor  of  1*07; 

7  ounces  of  starch  fbr  thickening ;  color  with  logwood. 

Manipulation  of  the  above  colors. — Print-on  the  black,  then  the  puce,  next  the  violet, 
and  JastJy  the  ^ed.  Dry  in  the  hot  flue,  and  48  hours  after  the  impression,  wash  away 
the  paste.  The  copper  employed  for  dyeing  is  of  a  square  form :  a  boil  is  given  with 
brauy  at  the  rate  of  4  lbs.  per  piece  of  the  foulards  :  cold  water  is  added  to  lower  the 
temperature  to  130°  F.  .  The  pieces  must  be  entered  with  the  printed  surface  under- 
most, and  winced  for  half  an  hour,  talung  care  to  keep  them  expanded  and  well  covered 
with  the  liquor :  they  are  then  taken  ont  and  rinsed.  When  grounds  are  to  be  made  on 
the  foulards,  2  ounces  of  sumach  must  be  added  per  piece. 

Maddering, — Suppose  48  pieces  are  to  be  grounded  with  madder.  12  pounds  of  mad- 
der must  be  put  into  the  copper,  1  pound  of  sumach,  and  6  pounds  of  bran ;  the  bath 
must  be  tepid  when  the  pieces  are  entered :  it  must  be  heated  to  104°  ¥^  in  20  minutes, 
and  to  the  boiling  point  in  an  hour  and  a  half.  The  goods  must  be  briskly  winced  all 
the  time,  and  finally  turned  out  into  cold  water. 

When  they  come  out  of  the  madder  bath  they  are  much  loaded  with  color.  They  are 
cleared  by  a  boil  of  half  an  hour  in  bran,  then  turned  out  into  cold  water,  and  rinsed.  A 
copper  mast  be  now  mounted  with  3  pounds  of  soap,  1  ounce  of  solution  of  tin,  and  2 
paikful  of  bran,  in  which  the  goods  are  to  be  boiled  for  half  an  hour,  then  rinsed,  and 
passed  through  a  very  dilute  sulphuric  acid  bath.  Then  rinse,  and  dry.  By  following 
this  process^  a  light  salmon  ground  is  obtained. 
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n.  Sitam  eohri  upon  «<0t.— The  sftme  plan  6T  operations  may  he  adopted  iMre  at  m 
described  for  calico-printing ;  the  main  diiference  being  in  the  method  of  mordanting  the 
stuffs.  AAer  boiling  in  soap  water,  in  the  proportion  of  4  ounces  per  potind  of  siik,  the 
goods  are  washed  in  cold  water,  and  then  in  hot  water  at  14€^ ;  they  are  next  rinsed^ 
passed  through  wnk  sulphuric  acid,  rinsed,  squeezed  between  rollers,  and  allerwarda 
steeped  in  a  bath  containing  8  ounces  of  alum  per  gallon,  where  they  remain  for  four 
hours,  with  occasionally  wincing.  They  are  now  rinsed  and  dried.  The  subeeqaent 
treatment  resembles  that  of  steam-color  printed  cottons. 

Wack. — Take  a  gallon  of  decoction,  made  with  4  lbs.  of  logwood,  with  which 
14  ounces  of  starch  are  to  be  combined  :  mix  in 
2  ounces  of  powdered  nut-galls :  boil,  and  pour  the  color  into  a.pipicin  eoo« 

taining 
2  ounces  of  tartaric  acid ;  2  ounces  of  oxalic,  both  in  powder,  and 
2  ounces  of  olive  oiL    Stir  the  color  till  it  is  cold,  and  add 
•  8  ounces  of  nitrate  of  iron,  and  4  ounces  of  nitrate  of  copper. 

The  red,  violet,  lilach,  yellow  colors,  &c.  are  the  same  as  for  steam  colors  apon  cotton. 
Topical  colors  are  also  applied  without  mordanting  the  silk  beforehand.  In  this  ease  a 
little  muriate  of  tm  is  introduced.    Thus,  for 

YtUow. — Take  1  gallon  of  a  decoction,  made  with  4  lbs.  of  Persian  berries :  dissolve 

in  it  8  ounces  of  salt  of  tin  (muriate),  and  4  ounces  of  the  nitro-muiiatie 

solution  of  tin.    Thidcen  with  2  pounds  of  gum. 

Printing  of  foulard  piecet.    The  tables  which  serve  for  the  impression  of  silk  goods  are 

so  constructed  as  to  receive  them  in  their  full  breadth.    Towards  the  part  between  the 

color  or  sieve  tub**  and  the  table,  the  roller  is  mounted  upon  which  the  piece  is  wound. 

2^  J^9    This  roller,  a  b,  fig.  246,  has  a  groove,  c,  cut  out  parallel 

to  its  axis.  Into  this  a  bar  is  pressed,  which  fixes  the  end 
of  the  piece.  The  head,  b,  of  the  roller  is  pierced  with 
several  holes,  in  which  an  iron  pin  passes  for  stopping  its 
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"Lq  rotation  at  any  point,  as  is  shown  at  b.    At  the  other  end 
JB  of 


the  table  there  is  placed  a  comb,  fig,  247,  which  is 
supported  by  pivots  a  a  at  its  ends.  The  teeth  of  the  comb  are  on  a  level  with  the 
cloth. 

The  piece  is  arranged  for  printing  as  follows : — ^It  is  unwound,  and  its  end  is  lirought 
npon  the  teeth  of  the  comb,  and  made  to  pass  into  them  by  slight  taps  with  a  brusli. 
It  is  now  stretched,  by  turning  round  the  roller,  and  fixing  it  by  the  pin-handle. 
AAer  tracing  the  outline,  the  printing  blocks  are  applied.  Care  should  be  taken,  in 
the  course  of  printing,  always  to  fix  the  teeth  of  the  comb  in  the  middle  line  between 
two  handkerchiefs.  The  operation  of  grounding-in  is  much  facilitated  by  this  plan  of 
extension. 

The  pieces  are  washed  in  running  water,  and  most  be  rapidly  dried.  The  subsequent 
dressing  is  given  by  gum  tragacanth :  they  are  dried  upon  a  stretching  frame,  and  then 
folded  up  for  the  market. 

III.  Mandarining  of  tilk  stuffs  and  chalys, — ^This  style  of  printing  depends  upon  the 
property  which  nitric  acid  possesses  of  giving  to  silk  and  woollen  stuffs  a  yellow  color. 
The  first  step  is  the  scouring  with  a  soap  boil,  as  already  described. 
The  desi^s  are  printed-on  as  also  above  described. 

The  swimming  or  color  tub  is  usuaUy  double,  and  serves  for  two  tables ;  instead  of 
being  placed,  therefore,  at  the  end  of  the  table,  it  is  put  between  two,  and,  conse- 
quently, behind  the  printer.  It  is  formed  of  a 
copper  chest,  fig.  248,  A  b  c  d,  in  which  steam 
may  circulate,  introduced  by  the  pipe  i ;  the  ex- 
cess being  allowed  to  escape  by  the  tube  J,  as  also 
the  water  of  condensation,  llie  frame  is  plaeed 
in  the  hollow  box  k  x.  Between  two  such  fVameB 
there  is  a  plate  of  copper,  l,  which  closes  the  box ; 
it  serves  for  laying  the  plates  in  order  to  keep  tiiem 
hot.  At  a  and  h  are  prolongations  of  the  box,  in  which  are  set  the  Tessels  F  o  for  hold- 
ing the  reserve  paste. 

Prtparation  mf  tbs  reserve  or  resist  paste Melt  in  a  kettle  21  lbs.  of  rosin  5    1 

lb.  of  suet;  mix  well,  and  put  it  into  the  basins  r'  g'.  By  means  of  steam  the 
reserve  is  kept  melted,  as  well  as  the  false  color  upon  which  the  sieve  floats.  The 
piece  of  silk  being  laid  upon  the  table,  and  the  reserve  spread  upon  the  frame,  the 
printer  heats  his  block,  which  should  be  mounted  with  lead,  if  the  pattern  will  per- 
mit,  upon  the  little  table  l.  He  takes  up  the  cok>r  from  the  fhime.  and  transfers 
It  instanUy  to  the  piece.  He  must  strike  the  block  lighUy,  and  then  lift  it,  lest,  by  its 
cooling,  it  might  stick  to  the  silk.  When  the  UUe  pattern  is  completed,  he  dosts  it 
over  with  sand,  and  proceeds  to  another  portion  of  the  silk.    The  piece  must  not  bt 
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taken  oat  of  the  ttxeteb  till  it  J8  quite  dry,  wbich  requires  usnally  B  hoon.  Let  ns  con- 
sider first  the  most  common  case,  that  of  a  white  upon  an  orange  ground.  We  shall 
afterwanis  describe  the  other  styles,  which  may  be  obtained  by  this  process.  The  piece, 
being  printed  and  drjj  must  next  be  subjected  to  the  mandarining  operation. 

249      ^  The  apparatus  here  employed  consists  of.  a  sandstone  trough 

A  B  c  J),  Jig.  249.  Upon  the  two  sides,  jt  c,  b  d,  of  this  trough 
are  fixed  two  wooden  planks,  pierced  with  a  hole  an  inch  from 
the  bottom  to  receive  the  roller  e,  under  which  the  piece  passes. 
In  this  trough  the  acid  mixture  is  put.  That  trough  is  put  in* 
to  a  wooden  or  copper  trough,  r  G  h  i.  Into  the  latter,  water 
ii  put,  which  is  heated  l>y  means  of  steam,  or  a  convenient  Our- 
nace.  Before  and  behind  are  placed  two  winces,  or  reels,  K  l; 
one  serves  to  guide  the  piece  in  entering  into  the  trough,  and 
the  other  in  its  leaving  it.  The  piece  .fiiills  immediately  into  a 
stream  of  cold  water,  or,  failing  that,  into  a  laiige  back,  eon- 

|v I  ^_jj  Si  ri:    taining  a  mixture  of  chalk  and  water.    The  two  winces  are 

i  *''    """       •■•'^  .••     moved  by  handles:  the  velocity  is  proportioned  to  the  action  of 
^H  I  1L»    the  acid.    The  wince  l  ought  to  be  higher  than  k,  to  allow  the 

acid  to  drain  ofif.    Jt'ig,  250  shows  a  section  of  the  apparatus. 
.<:r%  y       The  temperature  of  the  acid  mixture  ought  to  be  maintained 

_  ^      wf   1   between  95<»  and  100*  F.  j  for  if  it  be  mised  higher,  the  resist 

i    ^  f1^        ^n       ^  would  run  the  risk  of  melting,  and  the  impression  would  be* 
J        11  \    /  it        \    come  irregular  and  blotty. 

^^^^S^~^  I  The  proportions  of  the  acid  mixture  are  the  following  :— 

''  ^<:^^  U  1  gallon  of  water ;  and  1  gallon  of  nitric  acid,  of  spec.  grav. 
1*288,  which  may  be  increased  with  the  strength  of  the  silk.  It  shouU  be  a  little  weaker 
tot  ehalys.  For  the  strong  greens  it  may  be  2  measures  of  acid  of  1*288  to  1  measure  of 
water.    The  duration  of  the  passage  through  the  acid  should  be  1  minute  at  most. 

Mixture  of  orange  color,  amd  clearing  away  of  (he  reaitt — 'The  goods,  on  coming  out 
of  the  manoarining  apparatus,  are  rinsed  in  running  water;  then  boiled  in  soap  water, 
quickened  with  a  little  soda,  at  the  rale  of  2  lbs.  of  the  former  and  4  oz.  of  the  latter 
fiir  a  piece  of  30  yards.  They  must  be  worked  by  the  wince  for  half  an  hour.  They 
are  now  rinsed  in  cold  water,  then  passed  through  hot,  again  rinsed,  and  dried.  I  shall 
give  some  examples  of  the  mode  of  manufacture,  which  is  undoubtedly  one  of  the  most 
carious  applications  of  chemical  bgenuity. 

1.  Orange  ground  with  white  figuru,    . 

(1.)  Print-on  the  fat  reserve;  (2.)  mandarine;  (3.)  brighten  the  orange,  and  dear. 

2.  Orange  ground  with  blue  figures. 

(1.)  Dip  in  the  indigo  vat  as  for  calico ;  (2.)  print^on  the  fat  resist  to  preserve  the 
Uae ;  (3.)  mandarine ;  (4.)  clear,  and  brighten  the  orange  by  the  boiL 

3.  Oramge  ground^  with  blue  and  white  figures. 

(1.)  Prinlp«n  the  resist  to  preserve  the  white ;  (2.)  dip  in  the  vat,  rinse,  and  dry ;  (3.) 
groand-in  the  fat  resist  to  preserve  the  blue;  (4.)  mandarine;  (5.)  cleanse,  and  brighten. 

4.  Full  green  ground,  and  white  figures. 

(1.)  Print-on  the  resist;  (2.)  mandarine,  and  rinse  without  drying;  (3.)  dip  intheUue 
Vtt;  (4.)  cleanse,  and  brighten. 

6.  FmU  green  ground,  and  blue  figures. 

(1.)  Dip  a  pide  blue,  rinse,  and  dry ;  (2.)  print-on  the  fat  resist ;  (8.)  mandarine,  wash 
and  dry;  (4.)  dip  full  blue ; .  (5.)  clean,  and  brighten. 

6.  Full  green  ground,  with  white  and  blue  figures. 

(1.)  Print  on  the  resist ;  (2.)  dip  a  pale  bine,  and  dry;  (3.)  ground-in  the  fht  resist  f 
(4.)  mandarine  and  rinse ;  (5.)  dip  a  full  blue ;  (6.)  clean,  and  brighten. 

7.  FuU  green  ground,  with  whiie,  blue,  and  orange  figures. 

(].)  Print-on  the  fai reserve;  (2.)  dip  a  pale  Uue,  and  dry;  (3.)  gronnd4n  the  re> 
serves  (4.)  mandarine^  rinse,  and  dry;  (5.)  ground-in  the  reserve;  (6.)  dip  a  fUl 
Mae;  (7.)  clean,  and  brighten. 

If  blue  grounds  with  white  figures  be  wanted,  the  resist  must  be  api^ied,  and  then 
the  goods  must  be  dipped  in  the  blue' vat:  the  resist  is  afterwards  removed  by  a  boil  in 
soap-water. 

The  above  processes  are  applicable  to  chalys* 

The  property  which  nitric  acid  possesses  of  staining  animal  matters  yellow,  such  at 
the  sluD,  wool,  and  silk,  is  here  applied  to  a  ve^r  elegant  purpose. 

0/  the  bronze  or  solUaire  style  by  mandarining.— The  mandarining  mixture  is 

I  gaHoo  of  nitric  acid,  of  M7  spec.  grav. ;  mixed  with  3  pints  of  solution  of  nitrate 
sf  iron,  of  spec.  grav.  1-65.  If  the  quantity  of  nitrate  of  iron  be  increased,  a  darker 
tint  will  be  obtained.  The  temperature  of  the  mixture  should  be  94*  F.  The  pieces^ 
after  mandarining,  are  let  fall  into  water,  ami  steeped  for  an  hoar* 
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In  order  to  nise  the  bronse,  and  clear  atray  the  fat  resist,  the  goods  nnist  be^boUed  fa 
a  bath  of  soap  and  soda,  as  described  for  orange. 

1.  Bronze  ffrowndj  with  tchiiefigurts^ 

(1.)  Print-on  the  fat  resist;  (2.)  dip  in  the  blue  vat,  and  dry;  (3.)  pad  in  a  decoefion 
of  logwood,  of  4  lbs.  per  gallon  ;  dry,  taking  care  to  turn  over  the  selvages ;  (4.)  manda- 
rine, and  steep  in  water  for  an  hour ;  (5.)  cleanse,  and  pass  through  soap. 

2.  Bronze  ground,  with  blue  figures, 

(1.)  Dip  in  the  blue  vat,  and  dry;  (2.)  print-on  the  fat  resist;  (3.)  pad  in  i\.e  above 
decoction  of  logwood,  and  dry;  (4.)  mandarine,  and  steep  an  hour;  (5.)  ciranse,  and 
Inighten. 

3.  Bronze  ground,  vnth  wkiie  and  blue, 

(1.)  Print-on  the  fat  resist ;  <2.)  dip  in  the  bine  vat,  and  dry ;  (3.)  gronnd-in  the  fat  re- 
sist ;  (4.)  pad  in  the  logwood  liquor,  and  dry ;  (5,)  mandarine,  and  steep  for  an  hour ; 
(6.)  cleanse,  and  give  the  brightening  boil  with  soap. 

This  style  of  manufacture  may  be  executed  on  chalys ;  and  is  capable  of  producing 
beautiful  effects,  which  will  in  vain  be  soui^ht  for  by  other  means. 

With  silks,  advantage  may  be  derived  from  various  metallic  solutions  which  possess 
the  property  of  staining  animal  substances ;  among  which  are  nitrate  of  silver,  nitrate  of 
mercury,  and  muriate  of  iron.  The  solutions  of  these  salts  may  be  thickened  with  gum> 
and  printed<oD. 

•/In  orange  upon  an  indigo  vat  ground. — AAer  the  blue  ground  has  been  dyed,  orange 
figures  may  be  produced  by  printing-oa  th^  following  discharge  paste  :— 

1  gallon  of  water,  made  into  a  paste  with  1  pound  of  starch;  when  cold,  add  toitfirom 
16  to  24  ounces  of  nitric  acid,  of  spec.  grav.  1^288.  After  fixing  the  color  by  steam, 
the  orange  is  brightened  with  a  soap  boil. 

jSn  orange  upon  a  Prussian-blue  ground, — ^The  dye  is  first  given  by  Prussian  blue  in 
the  ordinary  way,  and  then  the  following  discharge  is  prin ted-on  : — 

A  caustic  ley  being  prepared,  of  1*086  specific  gravity,  dissolve  in  a  irallon  of  it  2 
pounds  of  annotlo,  and  thicken  with  3  pounds  and  a  quarter  of  gum.  Two  days  after 
the  impression  of  this  paste,  pass  the  gioods  through  steam,  and  wash  them  in  running 
water.  With  these  two  designs,  the  logwood  and  gall>black,  formerly  described,  may  be 
assoc^iated,  to  produce  a  rich  effect. 

To  the  preceding  practical  instructions  for  printing  calicoes,  silks,  woollens,  and  mixed 
fabrics,  made  of  the  two  latter,  a  few  annotations  may  be  added. 

When  a  uniform  color  is  to  be  applied  to  both  sides  of  the  cloth,  the  padding  process  ia 
employed ;  but,  when  only  one  side  is  to  be  thus  colored,  diagonal  lines  are  cut  very  close- 
ly to  each  other  upon  the  cylinder,  which  transfer  so  much  color  from  the  trough  to  the 
cloth  passed  under  it  as  to  make  the  surface  appear  uniformly  stained.  This  process  is 
called  maitagt  by  the  French.  Mordants  or  topical  dyes,  to  be  applied  in  this  way, 
should  not  be  much  thickened. 

The  doubler  is  the  piece  of  felt  or  blanket  stuff  placed  between  the  cloth  to  be  printed, 
and  the  blodc  printing-table,  or  the  cylinders.  It  should  be  kept  very  clean ;.  because, 
were  it  soiled  with  acetate  of  iron,  it  would  spoil  all  the  light  shades  made  with  acetate 
of  alumina. 

Filters  for  the  •  color  shop  of  a  print-house  are  best  made  of  wool,  formed  into  a  sub- 
stantial conical  cap  by  felting.    A  filter  ought  to  be  set  apart  for  each  different  dye-stuff. 

When  the  goods  alter  dyeing  are  washed,  by  being  held  by  the  selvage,  dipped,  and 
shaken  in  a  stream  of  water,  the  process  is  called  giving  a  list  by  the  French  {dtmner  u$te 
lisiere).    The  piece  is  transferred  alternately  from  one  hand  to  another. 

Stains.  When  we  observe  stains  produced  by  mordants  upon  spots  where  no  color  is 
to  come,  we  mttst,^before  dnnging  the  goods,  apply  a  little  of  the  lime-juice,  or  tartaro- 
oxalic  acid  discharge  paste,  to  the  place.  If,  on  the  contrary,  the  stains  are  not  perceived 
till  after  the  maddering,  we  must  then  apply  to  it  first  a  strong  solution  of  chloride  of  lime 
with  a  pencil,  next  a  solution  of  oxalic  acid  mixed  with  a  little  muriatic  with  another 
pencil,  and  immediately  aAerward  wash  with  water.  Every  madder  stain  will  be  effaced 
by  this  means. 

Rust  stains  are  removeable  by  a  mixture  of  oxalic  and  muriatic  acids. 

Indigo  stains  by  the  combined  action  of  chloride  of  lime  and  muriatic  acid. 

Topical  yellow  stains,  or  yellow  dyes,  by  the  same  combination. 

Metallic  greens  and  Scheele's  green  by  the  acid  alone. 

Chrome  green,  and  Prussian  blue.  The  blue  may  be  taken  ou^  by  a  caustic  alkali ; 
aAer  which  the  goods  must  be  washed  :  the  residuary  rust  stain  may  be  removed  by  the 
mixture  of  oxalic  and  muriatic  acids.  The  above  methods  refer  to  cotton  and  linen. 
The  stains  on  silk  and  woollen  stuffs  should  be  removed  before  fixing  the  colors  by  the 
soap  boil ;  which  may  generally  be  done  by  scratching  with  the  finger,  with  the  aid  of  a 
little  water. 

For  a  direct  calico  green,  see  oxyde  of  Chromx. 
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Hr.  HodioD,  of  Gttte,  near  Hodidftle,  obtained  n  peteni,  in  December,  1S34,  fot  ■  m^ 
ttaiitm  Tliich  furaishes  i  contiDual  and  regular  snpplf  nf  color  to  the  sieve  or  tear 
{tin,  Fr.),  into  which  the  priam  has  to  dip  hi*  blmk,  far  ibe  pnrpc^e  of  receiving  tha 
odor  about  to  be  Iransferreil  (o  ihe  fabric  in  the  operatiom  of  prinlinjt  calicoes  or  paper 
binginfs.  The  contrivance  consists  io  ■  travelling  endless  web,  moved  by  power,  which, 
bj  passing  proKrefsively  from  the  color  val  over  the  diaphrapn,  brings  forward  conlinu- 
■nsly  an  equable  supply  of  the  colored  paste  for  the  workniBa's  block. 

Ftg.   251  represents   thn 

conslraclion  of   this   inge- 

nions     apparatus,     jhows 

partly  in  section,     a  a  is  a 

vessel   of   iron,    supported 

*  upon  wooden  standards  b  b, 

over  the  upper  surface  of 

which    vessel    a    sheet    or 

diaphragm,  r    r,    of   oiled 

ololh,    or     other     suitaUa 

elastic     matetla],     is    dia- 

tended    and    made  fast  at 

its    edges    by    being    bent 

over  a  flange,  and  packed 

or  ennnited  to  render  the  joints  w«ter-tig:ht.    A  vertical  pipe  d  is  intended  to  conduct 

water  lo.the  interior  of  the  vessel  a,  and,  by  a  small  elevation  of  the  column,  to  create 

inch  ipward  prersore  as  slialBgive  to  the  diaphragm  a  slight  bulge  like  the  swimming 

tab. 

Aa  endless  web,  tet,  passing  over  the  surface  of  the  diaphragm,  is  disleaded  over  thre« 
"ll«r^/g  *,  ">e  lower  of  which,/,  is  in  conUct  with  the  color-roller  i  in  the  color- 
Iwragh  I.  On  the  nile  of  the  roller  i  a  poUey  wheel  is  fiscd,  which  allows  the  roller  to 
be  tamed  by  a  band  from  any  first  mover ;  or  the  roller  mny  receive  rotatory  motion  by  a 
winch  fixed  on  its  axle.  On  this  said  axle  there  is  also  a  toothed  wheel,  taking  into  « 
iDother  liwthcd  whcti  on  the  axle  of  the  roller/;  hence,  the  rotation  of  the  colnr-roller 
i  in  the  one  direction  will  cause  the  roller  /  lo  revolve  in  the  opposite,  and  to  carry  for- 
Vanl  the  endless  web  e  1 1,  over  Ihe  einstic  drnphragm,  the  web  taking  with  it  a  stratum 
of  eolor  rcceii-cd  from  the  roller  i,  evenly  dislributcd  over  its  surface,  and  ready  for  Ibe 
printer  lo  dip  his  block  into. 

The  axles  of  the  rollers/ and  glum  In  stationary  bearings  ;  but  the  axle  of  A  ismoantcd 
tl  ilidin;  nutr,  which  may  be  uioved  hy  turning  Ihe  screws  m,  for  the  purpose  of  light- 
en rn;  Ibe  endless  web.  The  axle  of  the  color-roller  »  tnrns  b  mortises,  and  may  be  rais- 
ed b]'  screws  n  in  order  to  bring  its  surface  into  contact  with  the  endless  web.  To  pre- 
vent loo  great  a  quantity  of  color  being  taken  up,  the  endlpss  web  passes  through  a  long 
slit,  or  parallel  aperture,  in  a  frame  o,  which  acis  as  a  scraper  or  doctor,  and  is  adjnsla- 
Ue  bia  screwy,  to  regulate  the  quantity  of  color  carried  up.  ThecoDlents  of  Ihe  vessel 
a,  and  oT  the  color -trough  k,  may  be  discharged  when  required  by  a  cock  in  the  bottom 
of  e»cJi.    See  Papek  Hancincs,  for  the  Ftmdii  stjle. 

CALOMEL.  (Chlomrt  lU  Mer/xTt,  Fr. ;  VtriiMila  Qutduilbir,  Germ.)  The 
mild  prolochlaride  of  mercury.  The  manuracture  of  this  substance  upon  Ihe  great  seals 
■nay  be  performed  in  two  ways.  The  cheapest  and  most  direct  consists  in  mixing 
I)  part  oT  pare  quicksilver  with  I  part  of  pure  nitric  add,  of  spec.  grav.  from 
I^  to  I-S5;  and  in  digesting  tlie  mixture  till  no  more  metal  can  be  dissolved,  or 
tin  the  liquid  has  assumed  a  yellow  color.  At  the  same  time,  a  solution  oif  1  pan 
tf  eoounon  salt  is  made  in  32  parts  of  distilled  water,  la  which  a  little  muriatic  acid  it 
uUed;  and,  when  healed  to  nearly  tlie  boiling  point,  it  is  mixed  with  the  mercurial  solu- 
tiiHi.  The  two  tolls  exchange  bases,  and  a  prolochloiide  of  mercury  precipitates  in  a 
white  powder,  which,  afler  being  digested  for  some  time  ia  the  acidulous  supernatant 
Bqnor,  is  to  be  washed  with  Ihe  grenlest  caie  in  boiling  water.  The  circnra stances  which 
may  injure  Ihe  process  are  the  following; — ].  When  less  mercory  is  employed  than  the 
sad  can  dissolve,  there  is  formed  a  deulo-nilrate  of  mercury,  vrhich  forms  some  corrosive 
nblimate  with  the  common  salt,  and  causes  ■  proportional  defalcation  of  calomel.  2.  If 
the  liquon  are  perfectly  neutral  at  (he  moment  of  mixing  them,  some  subnitrate  of  ner> 
cniy  is  ibrown  down,  which  cannot  be  removed  by  washing,  and  which  gives  a  noxiont 
mlaminalion  lo  the  bland  calomel.  The  acid  prescribed  in  the  above  formula  obviaiei 
Uii)  danger. 

The  second  manner  of  manufoctoring  calomel  is  to  grind  very  carefully  i  parts  of 
eomtsive  sublimate  (bi -chloride  of  mercury)  with  3  parts  of  quicksilver,  adding  a  little  water 
or  spirits  to  repress  the  noiioas  dust  during  Ihe  Iriluralion.  The  mass  is  then  introduced 
iaio  a  glass  globe,  and  sublimed  at  a  lempcialure  gradually  raised.  The  qnicluilver 
CDobine*  with  the  dentoehloride,  and  eonrerti  it  inio  Ihe  protochloride,  or  calomel.    Tbe 
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feOowing  fonuul*,  npta  ths  aame  priBclplo,  mi  necnuMiiiIad  to  Ue  dwadeal  iiwllrttf 
Idict  in  Brende'i  Journil  for  Jnlf,  ISIS  i — 

"Prepare an  oiyialphate oT mercuij, br  boiling  26  ponndt  of  iDercarT with  3b  pmadi 
of  talpburic  acid  la  drynan.  Triturate  31  pound*  of  tliit  dry  taJt  with  !tO  poQtxbl 
onnces  of  merbarj,  until  tbe  globule*  diaapp««r,  and  tben  add  17  pomda  of  coiddmm 
9alL  The  whole  is  to  be  ihoroaghl)r  mixed,  and  labliincd  in  earthen  Tnada.  Between 
46  and  iS  pounds  of  pure  calomel  ue  thai  produeed :  it  ii  to  he  waahed  aad  lerigaled 
in  the  ninal  way."  The  ahoTe  i>  the  praeets  used  at  Apotheeariea'  HaU,  Londoa.  The 
oxysulphate  is  made  in  an  iron  pot ;  and  the  gDbliiDalioa  il  peifonned  in  earthen  vea- 


BOblim 

An  inijenjoas  modification  of  the  latter  proeesi,  lor  whiiA  a  patent,  now  expired,  waa 
obtained  by  Mr.  Jewell,  eoniiui  in  cond acting  the  sablimedTaponoTcraD  eitenaiTC  nu- 
fiiee  of  wster  contained  in  a  eorerad  ciitem.  The  calomel  thus  obtained  it  a  anperiot 
article,  in  an  impalpable  powder,  propitioQi  to  Iti  medical  efficacy. 

The  preeenee  of  corroiiTe  luUimate  in  calomel  U  easily  detected  by  digeMing  aleoliol 
upon  it,  and  teaiing  the  decanted  alcohol  with  a  drop  of  eauitic  potaah,  when  the  eharae- 
teristic  brick -colored  precipitate  will  rail,  if  any  cj"  the  poiaononi  >alt  be  present.  To 
delect  Bubnitmte  of  meicnry  in  ealomel,  digest  dilute  nitric  acid  on  it,  and  test  the  aeid 
with  potash,  when  a  precipitate  will  fall  in  ease  of  that  contamioation.  As  it  is  a  medi- 
cine so  extennivel)'  administered  to  ehtldrea  at  a  very  tender  age,  its  purity  ooght  to  be 
•cmpnlonsly  watched. 

US  parts  of  calomel  contain  100  of  quidc^ver;  . 

Caloric.    The  chemical  name  of  the  power  or  mailer  of  heat. 
CALORIFERE   OF   WATER.    (Coton/»rt  d'wu,  Fr.j    JFauer-Hrirmag,  Gerni.) 
In  the  Diciioandirt  Tidmotaeiqut,  toI.  iv.,  published  in  1823,  we  find  the  foUowing  de- 
■eription  of  this  apparalup,  of  late  years  so  much  employed  in  Ureal  Britain  for  heating 
conSErvatories,  &.C.,  by  hot  water  circulating  in  lupei : — 

"This  mode  of  heatine  is  analogous  to  that  by  itove-pipe*  i  it  is  effected  by  the  circa- 

lalion  of  water,  which,  tike  air,  is  a  bad  eondnctor,  bat  may  serve  as  a  carrier  of  calorie 

by  its  mobility.    We  may  readily  foini  an  idea  of  the  apparatus  which  baa  been  employed 

hi  this  purpose.    We  adapt  la  the  upper  part  of  either  a  dose  kdtle,  or  of  an  ordinary 

cylindric  boiler  A,  fig.  902,  a  tube  a,  which  rises  to  a  cerlain 

height,  then  descends,  making  several  sinuosities  with  a  gentle 

slope  till  it  reaches  the  level  of  the  bollom  orihe  boiler,  to  whose 

lowest  part,  ai  that  which  is  least  heated,  it  is  filled  at  e. 

At  the  highest  point  of  the  tube  r  we  adapt  aTerlieal  pipe,  de*. 

tiaed  to  serve  as  an  outlet  to  the  steam  which  may  be  formed  if 

the  temperature  be  loo  much  lajsed  :  It  serves  also  for  the  «• 

eape  of  Ihe  air  expelled  from  the  water  by  the  heal :  and  it  prr- 

mils  the  boiler  to  be  replenished  from  time  to  time  as  the  water 

is  dissipated  by  evaporalion ;  lastly,  it  is  a  lube  of  safely. 

"The  apparatus  being  thus  arranged,  and  all  the  lubes  at 
well  as  the  boiler  fiUed  with  water,  if  we  kindle  fire  in  the  grate 
v,  the  first  portions  of  water  healed,  having  become  specificallj 
lighter,  win  tend  to  rise  :  Ihey  will  actually  moanl  into  the  up- 
per  part  of  the  boiler,  and,  of  course,  enler  the  tube  n  r:  at 
the  same  time  an  equivalent  quantity  of  water  will  re-enter  the 
boiler  by  the  other  eitremily  c  of  the  tube.    We  perceive  that 
these  simoltaneons  movements  will  determine  a  circulation  ia 
the  whole  mass  of  the  liquid,  which  will  eonliaue  as  long  as  heal  is  generated  in  the  fire- 
place ;  and  if  we  suppose  that  the  lubes,  thronghant  their  different  arindings,  are  applied 
againsl  the  walls  of  a  chamber,  or  a  stove-room,  the  air  will  get  warmed  by  coulact  with 
the  hot  surfaces  ;  and  we  may  aeeelente  the  warmiDg  by  malliplying  these  contacts  in 
the  mode  indicated. 

"This  aUori/in  canobl  be  employed  so  nsdblly  u  (hose  with  heated  air,  when 
tl  is  wiihed  to  heat  lar^e  apartments,  tn  fact,  the  passage  of  beat  through  metallic 
plates  is  in  Ihe  ratio  of  the  diJSerence  of  lemperattireandqaantity  of  the  heating  surface*. 
Id  Ihe  prvsent  ease,  the  temperatore  of  Ibe  water,  without  pressure,  in  the  tubes,  most  be 
always  under  100°  C.  (212°  F.),  even  in  those  points  where  it  is  most  healed,  and  less 
ttOl  in  all  theolherpiHnt8,vrtiile  the  temperature  of  the  flues  ioairilmu,  healeil  directly 
by  the  products  of  eomhuslion,  may  be  greatly  bigher.  In  these  stoves,  also,  ihe  pipe* 
■Day  wiihont  inconvenience  have  a  large  diameter,  and  present,  consequently,  a  large  heat- 
ing sarfaee;  whereat,  with  the  water  caUirym,  ihe  pressure  exercised  by  the  liquid  upon 
flte  side*  <rf'  the  tabes  being  in  Ihe  ratio  of  Ibe  soiAiees,  we  are  obliged,  in  order  to  vfmA 
too  great  pressure,  to  emgdoj  a  mnltitnde  of  small  lubes,  which  ia  eipentive.    Lattlr.  U* 
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flie  hoMvater  cnenhiUon  is  to  be  euried  high,  as  may  be  often  necessary  in  lofty  baiU- 
iogSy  the  pressure  resnlUn;  ih>m  the  great  elevation  would  caTl  for  projtortional  thickness 
IB  the  tabes  uid  the  boileir :  for  these  reasons,  and  others  which  we  shall  state  in  treating 
of  heatiiig  by  steam»  it  appears  that  water  cannot  be  advantageondy  substituted  for  air 
or  steam  in  tbe  applicatioBs  above  stated ;  yet  this  mode  of  heating  presents  very  decided 
advantages  where  it  is  nsefbl  to  raise  the  temperature  a  ^mall  nomber  of  degrees  in  a 
oaifbnn  manner.**    See  Ikcvbation,  ARTirrciAL. 

^  M.  BoDaeoudtt  applied,  with  much  success,  these  ingenious  processes  of  heating 
by  the  circulation  of  water,  to  maintain  a  very  equal  temperature  in  hot-houses  (jerre^- 
dkcadsf  >,  in  stoves  adapted  to  artificial  incubation,  and  in  preserving  or  quickening  vege- 
tatioa  within  hot-houses,  or  outside  of  their  walls,  during  seasons  unpropitious  to  horti- 
enltnre. 

"  Since  the  capacity  of  water  for  heat  is  very  great,  if  the  mass  of  it  in  a  circulation- 
apparatus  be  very  eonsidenible,  and  the  eirenlation  be  accelerated  by  proper  arrangements^ 
asbf  cooling  the  descending  tube  exterior  to  the  stove- room,  we  may  easily  obtain  by  sudi 
means  a  modeiately  high  and  uniform  temperature,  provided  the  heat  generated  in  the 
ivB-piaee  be  tolerably  regular.  We  may  easily  secure  this  essential  point  by  the  aid  of 
the  fin-rtgulator,  an  instrument  invented  by  M.  Bonnemain,  and  which  is  described  un- 
der the  article  Incubation,  because  there  its  use  seems  to  be  indispensable.'* 

Fram  the  above  quotation,  and,  mor^  especially,  from  the  evidence  adduced  in  the  ar- 
ticle Incubation,  we  see  how  litjle  claim  the  Marquis  de  Chabannes,  or  any  of  his  fol- 
lowers, ean  have  to  invention  in  their  arrangements  for  heating  apartments  by  the  calorific 
motions  of  the  portides  of  water,  enclosed  in  pipes  of  any  kind. 

CABfBRIG.  {BatuUy  Fr. ;  Kammertndif  Germ.)  A  sort  of  very  fine  and  rather  thin 
fiaen  fabric,  first  made  at  Cambray.  An  excellent  imitation  of  this  fabric  is  made  in 
Laaesshire,  woven  from  fine  cotton  yarn  hard  twisted.  Linen  cambric  of  a  good  quality 
is  iriso  now  maaufiictured  in  the  United  Kingdom  ftom  power-spun  flax. 

CAMLET,  oa  CAMBLET.  A  light  stuff,  much  used  for  female  apparel.  It  is  made 
of  \on%  wool  hard  spun,  sometimes  mixed  in  the  loSom  with  cotton  or  linen  yam. 

CAMPHOR,  oa  CAMPHIRE.  This  immediatie  product  of  vegetation  was  known  td 
the  Arabs  under  the  names  of  kamphut  and  kapkur,  whence  the  Greek  and  Latin  name 
€^mpkara*  It  is  found  in  a  great  many  plants,  and  is  secreted,  in  purity,  by  sevend  lau- 
ids ;  it  occurs  combined  with  the  essential  oils  of  many  of  the  labiaca ;  but  it  is  extract- 
ed, ibr  nanofaeturing  purposes  only,  (Irom  the  Lauru*  camphoray  which  abounds  in  China 
and  Japan,  as  well  as  from  a  tree  which  grows  in  Sumatra  and  Borneo,  called,  in  the 
eovntry,  K^paw  barro$,  from  the  name  of  the  place  where  it  is  most  common.  The  cam- 
phor existSy  ready  fonned,  in  these  vegetables,  between  the  wood  and  the  bark ;  but  it 
does  not  exude  spontaneously.  On  cleaving  the  tree  Laurus  aumatrensU,  masses  of  pure 
eamphor  are  found  in  the  pith. 

The  wood  of  the  laurus  is  cut  into  small  pieces,  and  pot,  with  plenty  of  water,  into 
large  iron  boilers,  which  are  covered  with  an  earthen  capital  or  dome,  lined  within  with 
rice  straw.  As  the  water  boils,  the  camphor  rises  with  the  steam,  and  attaches  itself  as 
a  sahtimate  to  the  stalks,  under  the  form  of  granulations  of  a  gray  color.  In  this  state^ 
il  is  picked  off  the  straw,  and  packed  up  for  exportation  to  Europe. 

Formerly  Venice  held  the  monopoly  of  refining  camphor,  but  now  France,  England^ 
HsOand,  and  Germany  refine  it  for  their  own  maricets.  All  the  purifying  processes  pro- 
ceed on  the  principle  that  camphor  is  volatile  at  the  temperature  of  400^  F.  The  sub- 
stance Is  mixed,  as  intimately  as  possible,  with  2  per  cent,  of  quicklime,  and  the  mixture 
is  introdaced  into  a  large  bottle  made  of  thin  uniform  glass,  sunk  in  a  sand  bath.  The 
lie  it  slowly  raised  till  the  whole  vessel  becomes  heated,  and  then  its  upper  part  is  gradu- 
ally laid  bare  in  proportion  as  the  sublimation  goes  on.  Much  attention  and  experience 
are  reqcfred  to  make  this  operation  succeed.  If  the  temperature  be  raised  too  slowly, 
tbe  Bfcek  of  the  bottle  miglrt  be  filled  with  camphor  before  the  heat  had  acquired  the 
praper  aobliming  pitch ;  and,  if  too  quickly,  the  whole  contents  might  be  exploded.  If 
the  operation  be  carried  on  languidly,  and  the  heat  of  the  upper  part  of  the  bottle  be 
sonewhat  under  the  melting  point  of  camphor^  that  is  to  say,  a  little  under  350°  F.,  the 
eoadenaed  camphor  would  be  snowy,  and  not  sufilcietatly  compact  and  transparent  to  be 
saleable.  OccasionaDy,  sudden  altemadions  of  temperature  cause  little  jets  to  be  thrown 
up  out  of  the  liquid  camphor  at  the  bottom  upon  the  cake  formed  above,  which  soil  it, 
awl  reader  its  re-sublimation  necessary. 

If,  to  the  mixture  of  100  parts  of  crude  camphor  and  2  of  quicklime,  2  parts  of  bone- 
bbcky  In  fine  powder,  be  added,  the  small  quanUty  of  coloring  matter  in  the  camphor 
win  Ke  retained  at  the  bottom,  and  ^whiter  cakes  wiU  be  produced.  A  spiral  slip  of  pla- 
tiaa  fini  immerwd  in  the  liquid  may  tehd  to  equalize  its  ebullition. 

By  exposing  some  volatile  oils  to  spontaneous  evaporation,  at  the  heat  of  about  70^  F., 
Pkoast  obtained  a  residaum  of  camphor ;  from  oil  of  lavender,  26  per  cent,  of  its  weight  f 
fiam  oH  af  sage,  I2| ;  fiom  oil  of  marjoram^  10. 
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Refined  camphor  is  a  white  tnntlncid  solid,  possessing  a  peeaHnr  taste  and  smdL  II 
may  be  obtained,  from  the  dow  cooling  of  its  alcoholic  solotion,  in  octahedral  erystsls.  li 
may  be  scratched  by  the  nail,  is  very  flexible,  and  can  be  reduced  into  powder  merely  bf 
mixing  it  with  a  few  drops  of  alcohpl.  lu  specific  gravity  varies  from  0*985  to  0'996. 
Mixed  and  distilled  with  six  times  its  we^ht  of  clay,  it  is  decomposed,  and  yields  a  golden 
yellow  aromatic  oil,  which  has  a  flavor  analogous  to  that  of  a  mixture  of  thyme  and  ras^ 
mary ;  along  with  a  small  quantity  of  acidulous  water  tinged  with  that  oil,  chareoal  r^ 
mains  in  the  retort.  In  the  air,  camphor  takes  fire  on  contact  of  an  ignited  body,  and 
burns  all  away  with  a  bright  fuliginous  flame. 

Camphor  is  little  soluble  in  water ;  one  part  being  capable  of  communicating  smell  and 
taste  to  1000  of  the  fluid.  100  parts  of  alcohol,  spec.  grav.  0*806,  dissolve  120  parU  of 
camphor,  at  ordinary  temperatures.  It  is  separated  in  a  pulverulent  state,  by  water.  Ether 
and  oils,  both  expressed  and  volatile,  also  dissolve  it. 

When  distilled  with  eight  parts  of  aquafortis,  camphor  is  converted  into  camphoric  add. 
Camphor  absorbs  144  times  its  volume  of  muriatic  acid  gafc,  and  is  transfiirmed  into  a  col- 
orless transparent  liquid,  which  becomes  solid  in  the  air,  because  the  acid  attracts  hn* 
midity,  which  precipitates  the  camphor.  One  part  of  strong  acetic  acid  dissolves  two 
parts  of  camphor.  By  my  analysis,  camphor  consists  of  77*3i8  carbon,  11*14  hydrogen, 
and  11*48  oxygen.    Berzelius's  numbers  are  certainly  erroneous. 

CAMWOOD.  An  article  imported  from  Sierra  Leone,  which  seems  to  possess  similar 
dyeing  powers  with  Brazil  or  Nicaragua  wood. 

CANDLE.  {ChandeUe,  Fr. ;  Kerze,  Licht,  Geim.)  I  shall  first  briefly  describe  th« 
ordinary  manufacture  of  candles.  They  are  either  dipped  or  moulded.  But  the  first 
part  of  the  process  is  the  sorting  of  the  tallow.  Mutton  suet  with  a  proportion  of  ox- 
tallow  is  selected  for  mould  candles,  because  it  gives  them  gloss  and  consistence.  Coarser 
tallow  is  reserved  for  the  dipped  candles.  AAer  being  sorted,  it  is  cut  into  small  pieces, 
preparatory  to  being  melted  or  rendered  •  and  the  sooner  this  is  done  after  the  lat  is 
taken  from  the  carcass  the  better,  because  the  fibrous  and  fleshy  matters  mixed  with  it 
promote  its  putrefaction.  Tallow  is  too  commonly  melted  by  a  naked  fire  applied  to 
the  bottom  of  the  vessel,  whereas  it  should  be  done  either  in  a  cold  set  pan,  where  the 
flame  plays  only  round  the  sides  a  little  way  above  the  bottom,  or  in  a  steam-cased  pan. 
After  being  fused  a  considerable  time,  the  membnuicous  matters  collect  at  the  surface, 
constituting  the  cracklings  used  sometimes  for  feeding  dogs,  after  the  fat  has  been 
squeezed  out  of  it  by  a  press.  The  liquid  taUow  is  strained  .through  a  sieve  into  another 
copper,  where  it  is  treated  with  water  at  a  boQing  temperature  in  order  to  wash  it.  A^ 
ter  a  while,  when  the  foul  water  has  settled  to  the  bottom,  the  purified  tallow  is  liAedont, 
by  means  of  tinned  iron  buckets,  into  tubs  of  a  moderate  size,  where  it  concretes,  and  is 
ready  for  use. 

It  is  a  remarkable  circumstance,  that  the  wicks  for  the  best  candles  are  still  cotton 
rovings  imported,  from  Turkey,  notwithstanding  the  vast  extension  and  perfection  of 
cotton-spinning  in  this  country.  Four  or  more  of  these  Turkey  skeins,  aomrding  to  the 
intended  thickness  of  the  wick,  are  wound  off  at  once  into  bottoms  or  clews,  and  after- 
ward cot  by  a  simple  machine  into  lengths  corresponding  to  those  of  the  candles  to  be 
made.  Mr.  Colebank  obtainH  a  patent,  in  June,  1822,  for  a  machine  for  cutting,  twisu 
ing,  and  spreading  wicks,  which,  though  convenient,  does  not  seem  to  have  come  into 
general  us6.  The  operations  are  performed  upon  a  series  of  threads  at  once.  The  ap- 
paratus is  placed  in  a  box,  in  front  of  which  the  operator  sits.  A  reel  extends  acrosa 
the  box,  at  the  hinder  part,  upon  which  the  cotton  threads  have  been  previously  wound : 
from  this  reel  they  are  drawn  off  in  proper  lengths,  doubled,  and  cut  by  an  ingenious  me* 
ehanism.  By  dipping  the  wicks  into  the  melted  tallow,  rubbing  them  between  the  palms 
of  the  hands,  and  allowing  the  tallow  which  adheres  to  harden,  they  may  be  airanged 
with  facility  upon  the  broaches  for  the  purpose  of  dipping.  The  dipping-room  is  fur- 
nished with  a  boiler  for  melting  the  tallow,  the  dipping-mould,  or  cistern,  and  a  large 
wheel  for  supporting  the  broaches.  From  the  ceiling  of  the  workshop  a  long  balance- 
shaped  bean)  is  suspended,  to  one  end  of  which  a  wooden  frame  i»  attached  for  holding 
the  broaches  with  the  wicks  arranged  at  proper  distances.  The  opposite  arm  is  loaded 
with  a  weight  to  counterbalance  the  wooden  frame,  and  to  enable  the  workman  to  aseer 
tain  the  proper  size  of  the  candles.  The  end  of  the  lever  which  supports  the  frame  ii 
placed  immediately  above  the  dipping-cistern ;  and  the  whole  machine  is  so  balanced  that 
by  a  gentle  pressure  of  the  hand,  the  wicks  are  let  down  into  the  melted  tallow  as  oftei 
as  may  be  reauired. 

The  following  convenient  apparatus  for  dipping  candles  has  been  long  in  use  at  Ed  in 
burgh.  In  the  centre  of  the  dipping-room  a  strong  upright  post  A  A,  fig,  253,  is  erected, 
with  turning  iron  pivots  at  its  two  ends.  Near  its  middle,  six  mortises  are  cut  at  small 
distances  from  one  another,  into  each  of  which  is  inserted  a  long  bar  of  wood  b  b,  which 
moves  vertically  upon  an  iron  pin,  also  passing  through  the  middle  of  the  shaft.  The 
whole  presents  the  appearance  of  a  large  horizontal  wheel  with  twelve  arms.  AeompleCe 
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«le«  1^  iwD  of  then  obIt  ii  gl*M  in  ihe  Bvrr.    From  lb*  eitranit]'  of  wdi  uid  ii 
Htpended  r  fraine,  or  port,  u  the  voriipiea  call  it,  conlainin;  6  rod*,  on  each  of  which 
tat  hnnf  18  -wicks,  making  the  whole 
number  ofwickg  apon  the  wheel  1296. 
The  macfaine,  Chouih  apparently  heoTj, 
InriK   round   by   the    smallest    efibrt 
of  the  workman )   and  each  port,  m 
it  comes  in  saccessUm  over  the  dip- 
pinfr-muuld,  is  gently   preHCil   down- 
wards, by  which  meaoa  the  wicks  are 
re^arly  imiaFrwd  in   loeUed  tallow. 
As  the  arms  of  [he  lever  are  all  of  Ihc 
Mme  len^h,  and  as  each  i*  loaded 
with  nearly   the   Fame  weig-bt,   it   it 
obvious  ihat  they  will   all   natnrally 
■ssnme  a  boriiontal  position.    In  or- 
der,  however,  lo   prerent  any  oscil- 
lation   of    the    maetiiBe    in    lumi^f 
round,  the  levera  are  kept  in  ■  hori- 
'     zontal    posilion    by    laeana    of   small 
chains  a  a,  one  end  of  which  is  filed 
lo  the  top  of  the  upright  shaft,   and 
(he  other  lenninate*  in  a  Email  square 
piece  of  wood,  h,  which  exactly  flUs 
the  notch  r  in  the  tever.    As  one  cod  of  (he  lerera  must  be  depressed  at  each  dip, 
the  Kioare  piece  c^  wood  is  thrown  out  of  Ihe  notch  by  the  worliman  pressing;  down 
the  handle  n,  which  communicates  with  the  small  lever  t,  inserted  into  a  groove  in 
Ihe  bar  ■.     In  order  that  the  gqaaie  piece  of  wood,  fixed  [n  one  eiiremily  of  Ihe  eham, 
may  recover  its  posilion  upon  the  workman's  raising  the  port,  a  small  cord  is  attached 
lo  it,  which  passes  over  a  pnUey  inserted  in  a  groove  near  e,  and  communicatel  with 
aamber  pulley  and  weight,  wbich  draw*  it  forwanl  to  the   notch.    In   this  way  (he 
operation  of  dipping  may  be   conducted  by  a   single  workman  with  perfect  ease  and 
ngahrity,  and  even  despatch.    No  lime  is  ioit,  and  no  unnece^saiy  labor  expended, 
li  reinovinK   the  ports  after  each  dip,'  and,  besides,  the  process  of  cooling  is  much  ac- 
eelented  by  the  candles  being  kept  in  constant  mo(ion  Ihraugh  (he  air.     The  number  of 
reicdnlions  which  the  wheel  must  make,  in  order  (o  complete  one  operation,  must  ob- 
vioDsly  depend  upon  Ihe  atate  of  the  weather  and  the  size  of  Ihe  candles  ;  but  it  is  said 
Ihat,  in  moderately  cold  weather,  no(  more  than  two  hours  are  necessary  for  a  single  per- 
»a  to  finish  one  wheel  of  candles  of  a  common  sixe.    Upon  the  supposition,  therefore, 
(hat  six  wheels  are  eompleled  in  one  day,  no  lets  a  nnmber  Ihan  7776  candles  will  be 
uanfactuml  in  Ihat  space  of  time  by  one  workman. 

[  shall  next  describe  (he  process  of  mouldini,  which,  if  possible,  ia  even  less  com- 
plicaled  in  its  details  than  tha[  of  dipping.  The  moulds  are  made  of  some  metallic 
labMaace,  nsnally  pewter,  and  consist  of  two  pans.  The  ptiafl  or  great  body  of  (he 
UnU  is  a  hollow  cylinder,  finely  polished  in  the  inside,  and  open  at  both  extremities. 
The  lop  of  the  mould  is  a  sniBll  metallic  Ctip,  having  a  moulding  within-side,  and  a  hole 
to  admit  the  wick.  The  two  parts  are  soldered  together,  and  when  unitH,  as  will  rea- 
dilf  be  ^naeined,  have  the  shape  of  a  moulded  candle.  A  third  piece,  called  the  foot,  i« 
sometimes  added :  it  is  a  kind  of  small  funnel,  Ihrongh  which  (he  liquid  taUoW  runs  Into 
Ihe  monld,  and,  being  screwed  lo  the  opposite  exlremily  of  (he  shaft,  is  removeable  at 
pleasnre.  This  additional  piece  may  certainly  be  useful  in  very  mild  weather,  since,  tj 
removing  it,  the  candles  may  be  drawn  more  easily  fnuik  the  moulds  \  but,  m  general,  i( 
Dny  be  dispensed  with. 

Eight  or  (welve  of  these  moulds,  according  to  their  sixe,  are  fixed  in  a  frame,  which 
hears  a  grvat  resembianee  (o  h  wooden  stool,  the  upper  surface  of  which  fnrms  a  kind  of 
tnngh.  The  top  of  (he  moulds  points  downwanls,  and  the  other  extremity,  which  ii 
opeo.  is  ioserted  into  the  bottom  trough  or  top  of  (he  stool,  and  made  quite  level  with  its 
ipper  surface.  In  order  to  introduce  the  wicbs  into  Ihe  mould,  the  worftman  lays  the 
frame  upon  its  side  on  an  adjoining  (able,  and  holding  in  bis  left  hand  aqnanlity  of  wiekt, 
ptevioosly  ent  (o  the  proper  length,  he  introduces  into  the  mould  a  long  wire  with  a 
hooked  point.  As  soon  as  (he  hook  of  the  wire  appears  tbrongh  (be  bole  in  the  top  i£ 
Ihe  moald,  he  attaches  to  it  (he  looped  end  of  the  wick,  and,  immedialely  drawing  back 
(he  wire,  carries  the  wick  along  with  it.  In  this  manner  each  mould  in  succession  \t 
Amithed  with  a  wick.  Another  workman  now  follows,  end  passes  a  small  wire  through 
the  loop  of  each  wiek.  Tbit  wire  Is  obviously  intended  to  keep  the  wick  stretched,  and 
to  prevent  It  froo  falling  back  into  the  tnould  upon  the  fVame  being  placed  in  (he  proper 
larilion  ffw  taing.    The  ftame  is  then  handed  to  the  person  that  fills  the  monlda,  who 
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previotisly  anangefe  the  small  wires  in  rach  a  maimer  tliM  etch  wick  ttay  be  exteHsr  li 
the  middle  of  the  mould. 

The  moulds  are  filled  by  running  tallow  into  each  of  than,  or  into  the  trough,  from  a 
cistern  furnished  with  a  cock,  and  which  is  r^ulnrly  supplied  with  tallow  of  the  proper 
temperature  from  an  adjoining  boiler.  When  the  woricman  observes  that  the  monidk  are 
nearly  half  filled  he  turns  the  cock,  and,  laying  hold  of  that  portion  of  the  wick  which  hangs 
out  of  the  mould,  pulls  it  tight,  and  thus  prevents  any  curling  of  the  Wick,  which  might 
injure  the  candles :  he  then  opens  the  cock,  and  completes  the  process  of  filling.  The 
frame  is  now  set  aside  to  cool ;  and  When  the  tallow  has  acquired  a  proper  consistence; 
which  the  workman  easily  discovers  by  a  snapping  noise  emitted  by  the  candles  upon 
pressing  his  thumb  against  the  bottom  of  the  moulds,  he  first  withdraws  the  small  wires 
npiiich  kept  the  wicks  tense,  and  then)  scraping  off  the  loose  tallow  from  the  top  of  the 
frame  with  a  small  wooden  spade,  he  introduces  a  bodkin  into  the  loop  of  the  wiek,  and 
thus  draws  each  candle  in  succession  (Vom  its  mould.  The  candles  are  now  laid  npon  A 
table  for  the  inspection  of  the  eldseman,  and  afterwards  removed  to  the  storehouse. 
Previous  to  storing  them  up,  some  candle^makers  bleach  their  candles,  by  exposing  them 
to  the  air  and  dews  for  several  days.  This  additional  labor  can  be  necessary  only  when 
the  dealer  is  obliged  to  have  early  sales ;  for  if  the  candles  are  kept  for  some  months^  as 
they  ought  to  be,  before  they  are  brought  to  market,  they  become  sufficiently  whitened 
by  age. 

Wax  candUs.'^Next  to  tallow,  the  substance  most  employed  in  the  manufacture 
of  candles  is  wax.  Wax  candles  aro  made  eiiher  by  the  hand  or  with  a  ladle.  In  the 
former  case>  the  wax,  being  kept  soft  in  hot  water,  is  applied  bit  by  bit  to  the  wick| 
which  is  hung  from  a  hook  in  the  wall  |  in  the  latter,  the  wicks  are  hung  round  an  iron 
circle,  placed  immediately  over  a  large  copper-tinned  basin  full  of  melted  wax,  which  is 
poured  upon  their  tops,  one  after  another,  by  means  of  a  large  ladle.  When  the  candles 
have  by  either  process  acquired  the  proper  size^  they  are  taken  from  the  hooks,  and 
rolled  npon  a  table,  usually  of  vralnut-tree,  with  a  long  square  instrtmient  of  box,  smooth 
at  the  bottom. 

A  few  years  ago  I  made  a  set  of  experiments  npon  the  relative  intensities  of  light,  and 
dnraUon  of  difierent  candles,  the  results  of  which  are  contained  in  the  flawing 
table. 


Number  ia  a  pound. 

Duration  of  a 
candle. 

Weight  m 
grains. 

682 

672 

856 

1160 

1707 

Contamption 

per  hour  in 

grain*. 

Proportion 
oriight. 

Eronotny 
of  light. 

Cendltft 
equal  one 
Argand. 

10  mould  ... 

10  dipped  -    .    .  • 
8  mould  -    -    - 
6  ditto    -    .    • 
4  ditto    ... 

Axgand  oil  flame 

5  9 
4    36 

6  31 

7  21 
9     3«6 

132 
160 
132 
163 
186 
512 

13 

lot 

69*4 

68 
65} 
59| 
66 
80 
100 

5-7 

5»26 

6*6 

5*0 

3-5 

A  Scotch  mutchkin,  or  i  of  a  gallon  of  good  seal  oil,  weighs  6010  gr.^  or  I3JL  os., 

avoirdupois,  and  lasts  in  a  bright  Aigand  lamp  11  hours  44  minutes.  The  weight  of 
oil  it  consumes  per  hour  is  equal  to  4  times  the  weight  of  tallow  in  candles  8  to  the 
pound,  and  X  the  weight  of  tallow  in  candles  6  to  the  pound.    But,  its  light  being  eqnal 

to  that  of  5  of  the  latter  candles,  it  appears  from  the  above  table  that  2  pounds  weight  of 
oil,  value  9d,  in  an  Argand,  are  equivalent  in  illuminating  power  to  3  pounds  of  tallov 
candles,  which  cost  about  two  shillings*  The  larger  the  flame  in  the  above  candles  the 
greater  the  economy  of  light. 

In  June,  1825,  M.  Gay  Lussac  obtained  a  patent  in  England  for  making  candles  from 
tnargaric  and  stearic  aeiit,  improperly  called  sUarine,  by  converting  tallow  into  the  aboTe 
fat  adds  hy  the  following  process :— ^Tallow  consists,  by  Chevreul's  researches^  of  steaiiney 
a  solid  fat,  and  elaine,  a  liquid  fat ;  the  former  being  in  much  the  hunger  proportion. 
When  tallow  is  treated  with  an  alkaline  body,  such  as  potash,  soda,  or  lime,  it  is  saponified  | 
that  is,  its  stearioe  and  elaine  become  respectively  stearic  and  elaic  acids,  and,  as  snch, 
form  compounds  with  these  bases.  When  by  the  action  of  an  acid,  such  as  the  sulphtiric 
or  muriatic,  these  combinations  are  decomposed,  the  ihts  reappear  in  the  altered  form  of 
stearic  and  elaic  acids }  the  former  body  being  harder  than  tallow,  and  of  a  textnxe 
somewhat  like  spermaceti,  the  latter  body  being  fluid,  like  oiL  **  The  decomposition  of  the 
soap  should  be  made,*'  says  the  patentee,  <'  in  a  large  quantity  of  water,  kept  well  stiired 
during  the  operation,  and  warmed  by  steam  introduced  in  any  convenient  way.  When 
the  mixture  has  been  allowed  to  stand,  the  acid  of  the  tallow  qr  fat  wUl  nse  to  the 
surface,  and  the  water  being  drawn  ofi"  will  carry  the  alkaline  or  saline  matters  with  it  i 
but  if  the  adds  of  the  tallow  should  retain  any  portion  of  the  8alts»  fresh  water  may  be 
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lkim»  ttpOA  it,  and  fhe  yrMe  well  sgHated,  until  the  aeidB  have  become  perfeetly  fne 
from  the  alkaline  matters ;  and,  when  allowed  to  cool,  the  acids  will  be  formed  into  a  solid 
■ass.  This  mass  is  now  to  be  submitted  to  considerable  pressure  in  snch  an  apparatus 
as  is  employed  in  expressinjc  oil  from  seeds ;  when  the  liqaid  add  will  ran  oif  in  the  form 
of  a  sobatance  resembling  oil,  leaving  a  solid  matter,  similar,  in  every  respect^  to  sperma- 
ceti, Which  is  lit  for  makmg  caudles« 

llie  wick  to  be  used  in  the  manufacture  of  these  improved  candles,  and  which  forms 
one  of  the  features  of  this  invention,  is  to  be  made  of  cotton  yam,  twisted  rather  hard, 
and  laid  in  the  same  manner  as  wire  is  sometimes  coiled  round  the  bass  strings  of  mnsi* 
cal  instruments.  For  this  purpose,  straight  rods  or  wires  are  to  be  procured,  of  suitable 
lengths  and  diameters,  according  to  the  intended  size  of  the  candles  about  to  be  made  j 
and  these  wires,  having  been  covered  with  cotton  colled  round  them  as  described,  are  to 
be  inserted  in  the  candle-moulds  as  the  common  wicks  are ;  and  when  the  candle  is  made, 
and  perfectly  hard,  the  wire  is  to  be  withdrawn,  leaving  a  hollow  cylindrical  aperture 
entirely  throaah  the  middle  of  the  candle.    See  Stkarike. 

CANE-MILL.    See  Mill  and  Svgar. 

CANNON.    For  the  composition  of  these  implements  of  destruction,  see  BaoKzc. 

CANVASS.  {Canewtsy  Fr. ;  Segeltnch,  Germ.)  It  has  been  found  that  sails  of  ships 
with  the  selvages  and  seams  of  the  canvass  running  down  parallel  to  their  edges, 
are  very  apt  to  bag,  and  become  torn  in  the  middle,  (torn  the  strain  to  which  they  are  sub- 
jected by  the  pressure  of  the  wind.  To  obviate  thii  inconvenience,  a  mode  of  making 
mils,  with  the  seams  and  selvages  running  diagonally,  was  proposed  by  Admiral  Brooking, 
aad  a  patent  granted  to  him  for  the  same  on  the  4lh  of  September,  1828.  The  invention 
of  Messrs.  Ramsay  and  Orr,  which  We  are  about  to  describe,  has  a  similar  object,  viz., 
that  of  giving  additional  strength  to  sails  by  a  peculiar  manner  of  weaving  the  canvass 
of  which  they  are  made. 

The  improvement  proposed  under  their  patent  of  March,  1830,  consists  in  weaving  the 
canvass  with  diagonal  threads;  that  is,  placing  the  weft  yam,  or  shoot,  in  weaving,  at  an 
oUique  angle  to  the  warp  yams,  instead  of  making  the  decussation  of  the  warp,  or  weft 
threads,  or  yams,  at  right  angles  to  each  other,  as  in  the  ordinary  mode  of  weaving. 

To  accomplish  this  object,  the  loom  must  be  peculiarly  constracted ;  that  is,  its  warp 
and  work  beams  must  stand  at  an  oblique  angle  with  the  sides  of  the  loom,  and  the  batten 
■ad  slay  mast  be  hung  in  a  peculiar  manner,  in  order  to  beat  up  the  weft,  or  shoot,  in 
lilies  ranging  diagonally  with  the  warp.  No  drawing  is  shown  of  the  method  by  which 
this  arrangement  of  the  loom  is  to  be  made,  but  it  is  presumed  that  any' weaver  would 
know  bow  to  accomplish  it :  the  invention  consisting  solely  in  producing  sail-cloth  with 
the  threads  or  yarns  of  the  Weft  ranging  diagonally  at  any  desired  angle  with  the  direc- 
tioB  oT  the  warp  thread. 

CAOtJTCHOUC,  GUM-ELAanC,  oh  INDIAN-RUBBER  (Federharz,  Germ.),  oc- 
ems  as  a  milky  juice  in  several  plants,  such  as  the  tiphonia  cahwMy  called  also  htvea  gai* 
ffwom,  ca«/jd^«c,  jatropka  dastica,  eattUUja  elasticaj  cectojria  pellaia,  fiats  rdigiosa 
mad  wtdica,  urceolaria  iLaaixca^  &c.  It  is,  however,  extracted  chiefly  from  the  first  plant, 
wrhich  grows  in  South  America  and  Java.  The  tree  has  incisions  made  into  it  through 
tiie  ban  in  many  places,  and  it  discharges  the  milky  juice,  which  is  spread  upon  day 
monlds,  and  dried  in  the  sun,  or  with  the  smol^  of  a  fire,  which  blackens  it. . 

The  juice  itself  has  been  of  late  years  imported.  It  is  of  a  pale  yellow  color,  and  has 
the  consistence  of  cream.  It  becomes  covered,  in  the  bottles  containing  it,  with  a  pellicle 
of  concrete  caoutchouc.  Its  spec.  grav.  is  1*012.  When  it  is  dried,  it  loses  55  per  cent, 
of  its  weight :  the  residuary  45  is  elastic  gum.  When  the  juice  is  heated,  it  immediately 
coagulates,  in  irirtue  of  its  albumen,  and  the  elastic  gum  rises  to  the  surface.  It  mixes 
with  water  in  any  proportion ;  and,  when  thus  diluted,  it  coagulates  with  heat  and  alco- 
hol as  before. 

The  specific  gravity  of  caoutchouc  is  0-925,  and  it  is  not  permanently  increased  by 
aay  degree  of  pressure.  By  cold  or  long  quiescence,  it  becomes  hard  and  stifi".  W^^^ 
the  miDcy  juice  has  become  once  coherent,  no  means  hitherto  known  can  restore  it  to 
the  emulsive  stale.  By  long  boiling  in  water  it  softens,  swells,  and  becomes  more 
readOy  soluble  in  its  peculiar  menstrua ;  but  when  exposed  to  the  air,  it  speedily  resumes 
its  pristine  consistence  and  volume.  It  is  quite  insoluble  in  alcohol ;  but  in  ether,  de« 
pnved  of  alcohol  by  washing  with  water,  it  readily  dissolves,  and  affords  a  colorless 
sdutioo.  When  the  ether  is  evaporated,  the  Caoutchouc  becomes  again  solid,  but  is 
somewhat  clammy  for  a  while.  When  treated  with  hot  naphtha,  distilled  from  native 
petralenii^  or  from  coal  tar,  it  sweUs  to  30  times  its  former  bulk ;  and  if  then  triturated 
with  a  pestle,  and  pressed  throuah  a  sieve,  it  affords  a  homogeneous  varnish,  which  behig 
tpplied  by  a  flat  edge  of  metal  or  wood  to  doth,  prepares  it  for  forming  the  patent 
water-proof  doth  of  Mackintosh.  Two  surfaces  of  doth,  to  which  several  coats  of  the 
ahotsvarakh  have  been  applied,  are,  when  partially  dried,  brought  evenly  in  contact,  and 
then  passed  between  xdlen,  in  order  to  eondense  and  smooth  them  together.    This  double 
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doth  n  Kfterwuds  MUpendcd  io  a  tttrre-nram  to  itj,  mud  to  dkdwrge  tbe  dfaagrenlite 
adoroT  the  naplha.- 

Cuiutcbouc  disscirei  in  the  fixed  mlt,  saeh  aa  linieed  oil,  but  the  varnixh  ho*  not  tin 
propeity  of  becoming  eonerete.upoa  eiposuceSo  air. 

Ii  has  been  btely  aMcrted  that  caoDtehoac  ia  toluble  ia  the  oili  of  laTcnder  and  n»- 
ftta». 

It  melt!  at  !48°  F.,  and  ilaadt  aftenrards  a  ranch  higher  heal  withont  nndergoEog 
■nj-  Airthrr  chanfie.  When  the  melted  caoutchonc  is  etpoaed  to  the  air,  it  bMOmes  hand 
on  the  surface  in  the  courw  of  a  year.  When  kindled  it  bunia  with  a  bright  fiaine  Bivi 
a  great  deal  of  imoke. 

Neither  chloriae,  sulphoroiu  acid  gat,  mniiatie  aeid  gai,  ammonia,  nor  flaoiilieic  acid 
gM  aSects  it,  whence  it  forml  very  raluable  flexible  tubea  tot  pnenmitlc  cbemiitryi  Cold 
sulpharic  acid  does  not  readily  decompose  it,  nor  doet  nitric  acid,  unless  it  be  lomewhat 
Hroas-    The  strongest  caustic  potash  ley  does  not  dissoira  it  even  at  a  bollin;  heat. 

Caoulcbouc,  according  to  mj  experiments,  vhich  have  been  conflnned  by  Ibote  of  Mr. 
FaradBy,  ranlnins  do  oxygen,  as  almost  all  other  Mlid  vcRetable  products  do,  bat  is  a 
mere  compound  of  carbon  and  hydrogen,  in  the  proportion,  by  my  results,  of  90  carbfin  to 
10  hydrogen,  being  three  atoms  of  the  Ibnner  to  two  of  the  latter.  Mr.  Faraday  ob- 
tained only  8T'2  carbon,  from  vliieh  I  would  infer  that  Some  of  the  carbon,  vhich  in  thj* 
snbstiiDce  is  di^cult  to  acidifj  by  peroiyde  of  copper,  hkd  escaped  ile  action.  It  is  ob- 
vious that  too  little  carbonic  acid  gas  may  be  obtained,  hut  certainly  not  more  than  cor- 
respondt  10  the  carbon  in  the  body.  No  carbon  can  be  created  in  the  proeeM  of  ultimate 
analysis  bf  pure  peroxyde  of  copper  such  as  I  employed;  and  I  repeated  the  ignition 
after  atlrilion  uf  the  mixture  used  in  the  eiperimenl.  Melted  eaoulchoue  forms  a 
rery  excellent  chemicai  lute,  as  it  adheres  very  readily  to  glass  veFseJs,  and  withstands 
the  corrosiie  action  of  acid  vnpois.  This  sabstance  is  much  used  for  eSacing  the  traces 
of  plumbago  pencils,  whence  it  deriTed  the  name  of  Indian-rubber,  It  has  been  lately 
employed  very  eitensively  for  makiag  elastic  bands  or  braces.  Tbe  caoutchouc  hottles 
•re  skilfully  cut  into  long  spiral  slips,  which  are  stretched,  and  kept  extended  till  neatly 
deprived  of  their  eloslicity,  and  till  they  form  a  thread  of  moderate  flneness.  This  tbreail 
is  put  into  a  braid  machine,  and  eoveivd  with  a  sheath  of  cotton,  silk,  linen,  or  worsted. 
The  clothed  caoutchouc  is  then  laid  as  warp  in  a  loom,  and  woven  into  an  elegant  riband. 
When  woven,  it  is  exposed  upon  a  table  to  the  action  of  a  hot  smoothing  iron,  which  re- 
storing to  the  caoulcbouc  all  its  primitive  elasticity,  the  riband  retracts  considerably  in 
length,  and  the  braiding  corrugales  equally  upon  the  caoutchouc  cores.  Such  bands  pos- 
sets a  remarkable  elaslicity,  combined  with  any  desired  degree  of  softness.  Sometime* 
doth  is  made  of  these  braided  strandsof  Caoutchouc  used  both  as  wnrp  and  as  weft,  which 
i*  therefore  elastic  in  all  dirwiions.  When  a  light  fabric  is  required,  the  strands  of  caout- 
chouc, either  naked  or  braided,  are  alternated  with  common  warp  yams.  For  this  mixed 
fabric  a  patent  has  been  obtained.  The  original  manufacturer  of  these  elastic  wehg  is  a 
major  in  the  Austrian  service,  who  has  erected  a  great  factory  for  them  at  Si.  Denys, 
Dear  Paris,    ^e  Ei.astic  Bands. 

Mr.  William  Henry  Barnard,  in  the  course  of  some  experiments  upon  the  impregnation 
«f  ropes  with  caoutchouc,  at  Ibefactoiy  of  Mesan.  Enderhy,  al  Greenwich,  discovered  that 
when  this  sabslanee  was  exp(»Ml  to 
•  beat  of  about  600°  F.  it  resolved 
itself  into  a  vapor,  which,  by 
proper  refrigeratory  methods,  was 
eondensable  into  a  liquid  possessing 
very  remarkable  properties,  to 
which  the  name  eaoulchoucioe  ha* 
been  given.  For  this  iuventioa 
"of  a  solvent  not  hitherto  used  ia 
tbe  arts"  Mr.  Barnard  obtained  a 
patent,    in    August,     1833.      HE* 

Srocest  for  preparing  it  is  described 
I  his  speciflcation  as  follows; — I 
take  a  mass  of  the  said  eaoatchoue, 
or  Indian  rubber,  as  imported,  and 
having  cut  it  into  small  Inmps, 
containing  about  (wo  enbic  inches 
each  (which  I  prefer),  I  throw  these 
lamps  into  a  east-iron  still  (which 
I  And  adapted  for  the  purpose,  and 
a  diagram  of  which  is  annexed  to, 
and  forms  part  of,  this  my  apedfl* 
cation),  with  a  worm  attached  i  ftg.  294,  a  i*  the  still,  a  Ihe  cover  grtmnd  to  a  netdlk 
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it,  to  admit  of  a  thennometer  to  take  the  temperature ;  c  the  fire-place,  d  the  ash-pit, 
K  the  worm-lob  and  worm,  f  the  brick-work  of  the  still,  g  a  roller  and  carriage,  in 
coDJanction  with  a  crane,  or  other  mean*,  to  raise  the  cover  to  take  out  the  residue,  and 
lo  charge  the  same ;  H  the  chain. 

I  then  apply  heat  to  the  still  in  the  usual  manner,  which  heat  is  increased  until  the 
thermometer  ranges  at  600  degrees  of  Fahrenheit,  or  thereabouts.  And  as  the  ther- 
mometer ranges  progressively  upwards  to  600  degrees  of  Fahrenheit,  a  d/irk-colored  oil 
or  liquid  is  distilled  over,  which  I  claim  as  my  said  invention,  such  liquid  being  a 
solvent  of  caoutchouc,  and  other  resinous  and  oleaginous  substances.  When  the  ther- 
mnmeter  reaches  600  degrees,  or  thereabouts,  nothing  is  left  in  the  still  but  dirt  and 
charcoal. 

I  have  found  the  operation  of  distillation  to  be  facilitated  by  the  addition  of  a  portion 
of  this  oil,  either  previous  or  subsequent  to  rectification,  as  hereinafter  mentioned,  in  the 
proportion  of  one  third  of  oU  to  two  thirds  of  caoutchouc. 

I  afterwards  subject  the  dark-colored  liquid  thus  distilled  to  the  ordinary  process  of 
rectification,  and  thereby  obtain  fluids  varying  in  specific  gravity,  of  which  the  lightest 
hitherto  has  not  been  under  670,  taking  distilled  water  at  1000,  which  fluids  I  also  daim 
as  my  said  invention. 

At  each  rectification  the  color  of  the  liquid  becomes  more  bright  and  transparent,  tmtily 
at  the  specific  gravity  of  680,  or  thereabout9,  it  is  colorless  and  highly  volatile. 

In  the  process  of  rectification  (for  the  png[)ose  of  obtaining  a  larger  product  of  the  oil 
colorless)  I  put  about  one  third  of  water  into  the  still.^  In  each  and  every  state  tho 
liquid  is  a  solvent  of  caoutchouc,  and  several  resinous  and  oleaginous  substances,  and 
also  of  other  substances  (such  as  copal),  in  combination  with  very  strong  alcohol. 

Having  experienced  much  difficulty  in  removing  the  dirt  which  adheres  to  the  bottom 
of  the  still,  I  throw  into  the  still  lead  and  tin  in  a  state  of  alloy  (commonly  called  solder), 
to  the  depth  of  about  half  an  mch,  and,  as  this  becomes  fused,  the  dirt  which  lies  on  the 
surface  of  it  is  more  easily  removed. 

Objections  have  been  made  to  the  smell  of  this  liquid  :  I  have  found  such  smell  re- 
moved by  mixing  and  shaking  up  the  liquid  with  nitro-muriatic  acid,  or  chlorine,  in  the 
proportion  of  a  quarter  of  a  pint  of  the  acid  (of  the  usual  commercial  strength)  to  a 
gallon  of  the  liquid. 

The  discovery  of  the  chemical  solvent,^whlch  fonns  the  subject  of  the  patent  above 
described,  has  excited  considerable  interest  in  the  philosophic  world,  not  only  from  its 
pinobable  usefulness  as  a  new  article  of  commerce,  but  also  from  two  very  extraordinary 
ebaracterislics  which  it  is  found  to  possess,  viz.,  that,  in  a  liquid  state,  it  has  less  spedfic 
gravity  than  any  other  liquid  known  to  chemists,  being  considerably  lighter  than  sul- 
phuric ether,  and«  in  a  state  of  vapor,  is  heavier  than  the  most  ponderous  of  the  gases. 

Its  elementary  constituents  are. 

Carbon   .....    6*812        -        .        .    8  proportions. 
Hydrogen        -        -        -        -    1-000        -        -        -    7  ditto. 

This  new  material  (when  mixed  with  alcohol)  is  a  solvent  of  all  the  resins,  and  particu- 
larly of  copal,  which  it  dissolves,  without  artificial  heat,  at  the  ordinary  temperature  of 
the  atmosphere ;  a  property  possessed  by  no  other  solvent  known ;  and  hence  it  is  pecu* 
liariy  useful  for  making  varnishes  in  general.  It  also  mixes  readUy  with  oDs,  and  Willi 
be  found  to  be  a  valuable  and  cheap  menstruum  for  liquefying  oil-paints ;  and,  without  in 
the  slightest  degree  aflTecling  tlie  most  delicate  colors,  will,  from  its  ready  evaporation,, 
eauae  the  paint  to  dry  almost  instantly. 

Cocoa-nut  oil,  at  the  common  temperature  of  the  atmosphere,  always  assumes  a  con- 
crete form ;  but  a  portion  of  this  caoutchoudne  mixed  with  it  wiU  cause  the  oil  to  become 
fluid,  and  to  retain  sufficient  fiuidity  to  bum  in  a  conunon  lamp  with  extraordinary 
brilliancy. 

Caoutchoudne  is  extremely  volatile ;  and  yet  its  vapor  is  so  exceedingly  heavy,  tliat 
it  may  be  poured,  without  the  liquor,  from  one  vessel  into  another  like  water. 

CAPERS.  The  caper  is  a  small  prickly  shrub,  cultivated  in  Spain,  Italy,  and  the 
southern  provinces  of  France.  The  fiowers  are  large  roses  of  a  pretty  appearance^  but 
t!ie  flower-buds  alone  are  the  objects  of  this  cultivation. 

They  are  plucked  before  they  open,  and  thrown  into  strong  vinegar  slightly  salted, 
where  they  are  pickled.  The  crop  of  each  day  is  added  to  the  same  vinegar  tub,  so  that, 
m  the  course  of  the  six  months  during  which  the  caper  shrub  flowers,  the  vessel  gets 
filled,  and  is  sold  to  persons  who  sort  the  capers  (the  smallest  being  most  valued)  by 
means  of  copper  sieves.  This  metal  is  attacked  by  the  acid,  wherefrom  the  fruit  acquirts 
a  green  color,  much  admired  by  ignorant  connoissenrs. 

The  capers,  as  found  in  the  French  market,  are  distinguished  into  five  sorts :  the  no»- 
fwmO^,  the  capuevney  the  capoU,  the  second,  and  the  third ;  this  being  the  decreasing: 
Older  of  their  quality,  which  depends  upon  the  strength  of  the  vinegar  usediapidding- 
ihcB,  as  also  the  sixe  and  color  of  the  buds. 
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The  caper  ■hmb  srowg  in  the  diitsl  utoatlodi,  ere 
%ny  soil;  bat  il  loves  a  hot  aod  shekered  eipotore,    it  > 
•nlamn,  at  bIso  by  eljps  of  the  roati  taken  off  in  ipriag. 

CAPSTAN.  (Catalan,  Fr, ;  Syillt,  Germ.)  A  maehiae  whereon  the  cable  ii  wonul 
HeceoiTclf  ia  weighing  the  anchor  oT  a  vessel.  It  is  a  speciea  at  wheel  and  axle ;  the 
axle  being  verlieal,  uul  pierced  with  holes  Bear  its  lop  Tor  the  intertioa  of  th<  eodi  of 
horizontal  lerers,  culled  handspikes,  which  represent  the  wheel.  These  are  tamed  bf 
the  force  of  men  moving  in  a  circle.  The  power  applied  to  the  lever  is  to  the  resiitanct 
to  be  orereome  (tiie  weight  of  the  anchor,  for  example),  when  the  forces  are  in  equilibria, 
at  (he  ndiua  of  the  cylinder  round  which  the  cable  is  coiled  is  to  tha  circomTerence  de- 
scribed b]r  the  power. 

Il  is  mmirett  that  the  radins  of  the  axle  mast  be  angmented  in  Ih'a  eompatation  hj 
half  the  diameter  of  the  cable,  which  is  supposed  to  lie  always  one  coil  thick  npon  it. 
The  force  of  b  man,  (has  applied,  has  been  commonly  estimated  as  eqaal  to  the  tractioa 
of  27  ponnds  hanging  over  a  pnlley. 

Friction  being  so  variable  a  quan(i[T  in  capstans,  readers  the  exact  calculation  of  itr 
mechanical  effect  somewhat  nn certain. 

A  stout  man,  stationed  near  the  bottom  of  the  aile,  holds  fast  the  Icmmc  part  of  Um 
cable,  which  has  alreadj  made  two  or  three  tnnis ;  and,  being  aided  by  its  friction  upon 
the  wood,  he  both  prevents  it  from  slipping  backwards,  and  ancoits  each  turn  as  it  is  pro- 
gressively made. 

Mr.  Hindmarah,  master  mariner  of  Newcastle,  obtained  a  patent,  in  February,  IB37, 
for  a  contrivance  to  enable  a  capstan  or  windlass  to  be  occasionally  worked  with  increaaed 
mechanical  advantage.  With  this  view,  he  placed  toothed  wheel-work,  portly  in  the 
drum-head  of  the  capstan,  and  partly  in  the  upper  part  of  the  barrel,  upon  which  OiC 
cable  is  coiled  and  nncoiled  in  successive  portions. 

The  dram-bead,  and  also  the  barrel,  turn  loosely  upon  a  eentrel  spindle,  independent 
of  each  other,  and  are  connected  together  either  by  the  toothed  gear,  or  by  bolts.  On 
raising  or  withdrawing  the  connecting  pinion  from  the  toothed  wheels,  and  then  locking 
the  drum-head  and  barrel  together,  the  capstan  works  with  a  power  equal  only  to  that 
exerted  by  the  men  at  the  capstan-bars,  as  an  ordinary  capstan {  baton  lowering  the 
pinion  into  gear  with  the  wheel-work,  and  withdrawing  the  holts  which  locked  the  dram, 
head  to  the  barrel,  the  power  exerted  by  the  men  becomes  Increased  in  proportion  to  the 
diameter  and  namben  of  tcelh  in  the  wheels  and  pinions. 

fig.  25S  is  the  external  Bppcarance  ofthis  capstan.  Fig.  256  a  horizontal  view  of  Iho 
toothed  gear  at  the  (op  of  the  barrel.  The  barrel,  with  the  wh^ps  a  a,  tarns  loosely 
upon  B  vertical  spindle  fixed 
into  the  deck  of  the  vessel. 
The  drum-head  b  also  Ions 
loosely  upon  the  same  spindle. 
ThecircuUrframecc,in;lg. 
25G,  in  which  the  axes  of  thtt 
toothed  wheels  d  d  d  are 
monnled,  is  fixed  to  the  eea- 
tral  spindle.  The  rim  sec, 
with  internal  teeth,  is  made 
fs'l  to  the  top  of  the  barrel ; 
-n — ~| — ■  and  the  pinion/,  which  slides 

Fl  nponihe  spindle, b Connected 

15S  to  the  drum-head. 

When  it  is  intended  to 
work  the  capstan  with  oidU 
nary  power,  the  pinion  /  ia 
raised  up  into  the  recess  of 
the  drum-head,  by  means  of 
a  screw  g,  fig.  253,  which 
throws  it  outof  gear  with  the 
toothed  wheelj,  and  il  is  then 
locked  op  by  n  pin  ■*  the 
Mts  h  h  are  now  introdaced,  for  the  purpose  oT  fastening  the  drum-head  and  bonel  to- 
gether, when  it  becomes  an  ordinary  capstan. 

Sat  when  it  is  required  (ha[  the  same  number  of  men  shall  eiert  a  greater  power,  the 
Mb  Ik  are  withdrawn,  and  the  pinion  /  lowered  into  gear  with  the  toothed  wheels. 
"Hk  rotation  of  the  drnm-head,  then  carrying  the  pinion  round,  caases  it  to  drive  the 
'laoiked  wheels  d  dd;  and  these  working  into  the  toothed  rim  (  e,  attached  to  the  barrel, 
aaiMi  the  barrel  to  revolve  with  an  increased  power. 
Tkns,  nnder  partieular  clrcamstancet,  a  smaller  number  of  men  at  tlte  capstan  or 
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9iiidlu8  (whieli  IS  to  be  eonstrneted  upon  the  same  principle)  will  be  enabled  to  baul 
ift  the  cable  and  anchor,  or  warp  off  the  vessel,  which  is  an  impoi-tant  object  to  be 

QRCted* 

In  1819,  Captain  PhiQipB  obtained  a  patent  for  certain  improYements  in  capstans,  a 
put  of  which  invention  is  precisely  the  same  as  this  in  principle,  though  slightly  varied 
m  its  adaptation. 

James  Brown,  ship-jigger,  in  his  capstan,  patented  in  1833,  instead  of  applying  the 
Boring  power  by  handspikes,  having  fixed  two  rims  of  teeth  roand  the  top  of  the  cap- 
itaa,  acts  upon  them  by  a  rotatory  worm,  or  pinions  tamed  by  a  winch. 

Fig.  257  is  an  elevation  of  this  capstan,  andySg.  258  is  a  horizontal  top  Tiew :  a  fs  an 
vpright  shaft,  ^xed  firmly  to  the  deck,  snrving  as  an  axle  round  which  (he  body  of  the 
capstan  revolves.  A  frame  c,  fixed  to  the  top  of  a  stationary  shaft  a,  above  the  body  of 
die  capstan,  carries  the  driving  apparatus. 

The  upper  part  of  the  body  of  the  capstan  has  a  ring  of  oblique  teeth  d  formed  round 
its  edge ;  and  above  this,  on  the  top  of  the  capstan,  is  a  ring  of  bevel  teeth  e.  A  hori- 
sontal  shaft/*,  mounted  in  the  top  frame  c,  has  a  worm  or  endless  screw,  which  takes  into 
the  teeth  of  the  ring  d ;  and  a  short  axle  g,  having  its  bearings  in  the  central  shaft  a, 
ind  in  the  frame  e,  carries  a  bevel  pinion,  which  takes  into  the  bevel  teeth  of  the  ring  e. 

The  bearings  of  the  shaft  /,  in  the  top  frame,  are  in  long  slots,  with  angular  returns, 
wmething  like  the  fastening  of  a  bayonet,  which  is  for  the  purpose  of  enabling  the  shaft 
to  be  readily  lifted  in  and  out  of  gear  with  the  teeth  of  the  ring  d :  the  outer  bearing  of 
the  axle  g  of  the  bevel  pinion  is  also  supported  in  the  frame  c,  in  a  similar  way,  in  order 
to  pat  it  in  and  out  of  gear  with  the  teeth  of  the  bevel  ring  e.  A  mode  of  shifting  these 
is  essential ;  because  the  two  toothed  rings,  and  their  driving  worm  and  pinion,  give 
different  speeds,  and,  of  course,  cannot  be  both  in  operation  at  the  same  time. 

The  worm  of  the  shaft  /,  being  placed  in  gear  with  the  teeth  of  the  ring  d,  on  apply- 
ing rotatory  power  thereto,  by  means  of  winches  attached  to  the  ends  of  the  shaA,  the 
bvrd  or  body  of  the  capstan  will  be  made  to  revolve  with  a  slow  motion,  but  with  great 
power;  and  thus  two  men  at  the  winches  will  do  the  same  work  as  many  men  with  cap- 
tfan  bars  in  the  ordinary  way. 

If  a  quicker  movement  than  that  of  the  endless  screw  is  desired,  then  the  driving  power 
Bay  be  applied  by  a  winch  to  the  axle  g  of  the  bevel  pinion,  that  pinion  being  put  into 
gear  with  the  bevel  ring  e,  and  the  endless  screw  withdrawn.  It  should,  however,  be 
here  remarked,  that  the  patentee  proposes  to  employ  two  short  axles  g,  placed  opposite 
to  each  other,  with  bevel  pinions  acting  in  the  bevel-toothed  ring,  though  only  one  is 
dwwn  in  the  figure,  to  avoid  confusion.  He  also  contemplates  a  modification  of  the 
iune  contrivance,  in  which  four  short  axles  g,  placed  at  right  angles,  with  pinions 
faking  into  a  bevel  ring,  may  be  employed,  and  made  effective  in  giving  rotatory  motion 
to  the  barrel  of  a  capstan  by  means  of  winches  applied  to  the  outer  ends  of  the  axle,  and 
tamed  by  the  labor  of  four  men. 

CARAT,  OR  CAR  ACT,  is  a  weight  used  by  goldsmiths  and  jewellers.  See  Assay 
and  Diamond. 

CARBON   (Carhone,  Fr. ;  KohUrutoff,  Germ.),  in  a  perfectly  pure  state,  constitutes 
diamond.     Carbonaceous  substances  are  usually  more  or  less  compound,  containing  hydro- 
gen, or  sometimes  oxygen,  and  azote,  along  with  earthy  and  metallic  matters.    Carbon^ 
tolerably  pare,  abounds  in  the  mineral  kingdom ;  and,  in  a  combined  state,  it  forms  a 
main  const itaent  of  vegetable  and  animal  bodies.    Anthn^cite  is  a  mineral  charcoal, 
differing  from  common  pit-coal  in  containing  no  bitumen,  and  therefore  burning  with- 
ont  flame  or  smoke.     Coke  is  the  carbonaceous  mass  which  remains  after  pit-coal  has 
been  exposed  to  ignition  for  some  time  out  of  contact  of  air;  its  volatile  parts  having 
been  dissipated  by  the  heat    It  is  a  spongy  substance,  of  an  iron-black  color,  a  some- 
wliat  metallic  lustre,  and  does  not  easily  burn  unless  several  pieces  are  kindled  together. 
With  a  good  draught,  however,  it  produces  a  most  intense  heat.     Wood  charcoal  is  ob- 
tained by  the  calcination  of  wood  in  close  vessels,  as  described  under  the  article  Acetic 
ActD,  or  in  piles  of  various  shapes,  covered  with  loam,  to  screen  it  from  the  free  action 
of  the  atmosphere,  which  would  otherwise  consume^  it  entirely.    See  Charcoal.    Such 
carbon  is  a  solid,  without  smell  or  taste,  and  bears  the  strongest  heats  of  our  furnaces 
without  snffering  any  change,  provided  air  be  excluded  :  it  is  a  bad  conductor  of  heat, 
bat  conducts  electricity  very  well.    When  burned,  it  unites  with  oxygen,  and  forms  car- 
bonic acid,  the  fixed  air  of  Dr.  Black,  the  choke-damp  of  the  miner.    When  this  car- 
bonic acid  is  made  to  traverse  red  hot  charcoal  it  dissolves  a  portion  of  it,  and  becomes 
carbonic  oxyde,  which  contains  only  one  half  of  its  volume  of  oxygen ;  whereas  car- 
bonic acid  consists  of  one  volume  of  oxygen  combined  with  one  volame  of  the  vapor 
of  carbon,  the  two  being  condensed  into  one  volume.    If  the  specific  gravity  of  oxygen, 
=  1 1025,  be  deducted  from  that  of  carbonic  acid,  =  1*5245,  the  difference,  =  0*422, 
win  be  the  specific  gravity  of  the  vapor  of  carbon ;  as  well  as  the  proportion  present  in 
Chat  weight  of  the  add. 
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Cbueoal  obtained  by  the  action  oT  ■  rapid  Sre  in  cIdk  TCUeli  ia  not  «o  solid  and  m 
good  a  fael  as  tbaC  which  Ii  made  in  Ihe  ancient  way  bjr  the  slow  ealclnalioa  of  pyiaioidal 
piles  coreied  with  eirlh.  One  of  the  most  ecanomiCBl  ovens  Tor  making  wood  charcoal 
»  Ihal  inrented  by  M.  Foncauld,  which  he  caUi  a  throad,  or  abri.  To  construct  one  oT 
Ibese,  30  re«l  in  diameter  at  the  base,  10  feet  at  its  suounil,  and  Cntia  8  to  9  Teet  high,  ha 
farms,  with  wood  2  inches  square,  a  frame  12  feet  long,  3  feet  broad  at  one  end,  and  one 
ftiol  at  the  ether.  The  Ggnre  will  explain  the  construction.  The  uprights,  A  B  and 
C  D,  of  this  frame  are  furnished  with  three  wooden  handles  a  a  a,  and  a'  a'  a\  by  meaoi 
of  which  Ihey  can  be  joined  together,  by  passing  through  two  conti^ous  handles  a 
wooden  fork,  the  frame  being  prcTiously  provided  with  props,  as  shown  in^i-.  259,  and 
eorered  with  loam  mixed  with  grass,  A  flat  cover  of  10  feel  diameter,  made  of  planka 
well  Joined,  aad  secured  by  four  cross  bars.  Is  mounted  -with  (wo  trap  doors,  M  ti,fig. 
iF.'.ffia  gicing  egress  to  the  smoke  at  Ihe  commencement  of  Ihe  operation;  a  triaDgolar 
C        B  Qm 
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into  the  casks  F  G  H.  La»(ly,  a  door  T,  which  may  be  opened  and  shut  at  pleunr<^ 
permits  (he  operator  lo  inspt^ct  the  sinte  of  Ihe  fire.  The  charcoal  calcined  by  (his  abri, 
has  been  found  lo  be  of  supeiior  qaalily. 

When  it  is  wished  lo  change  the  place  where  Ihe  abri  is  erected,  and  to  transport  it  to 
a  store  of  new-felled  (imber,  the  frame  is  taken  down,  afler  beating  off  (he  clay  which 
covets  it,  the  joints  are  then  cut  by  a  saw,  as  well  as  the  ends  of  the  forks  which  fixed 
the  frames  lo  one  aaolher.  This  process  is  economical  in  use,  simple  and  cheap  in 
construction ;  siDce  all  the  pieces  of  the  apparslus  are  easily  moved  about,  and  may  be 
readily  mounted  in  the  forests.  For  obtaining  a  compact  charcoal,  for  the  use  of  artisans, 
this  mixed  process  of  Foucauld  is  said  to  be  preferable  to  either  the  close  iron  cylindet 
or  the  pile. 

For  makinsE  gunpowder-charcoal  ihe  lighter  woods,  such  as  the  willow,  dogwood,  and 
alder  answer  best ;  and  in  their  carbonizalion  care  should  be  taken  (o  let  the  vapors  free- 
ly escape,  especially  towards  Ihe  end  of  the  operation,  for  when  they  are  re-absorbed, 
(hey  greatly  impair  the  combuslibitily  of  the  charcoal. 

By  the  common  process  of  ihe  forests,  about  18  per  cent,  of  the  weight  of  the  wood  is 
obtained;  by  the  process  of  Foncauld  about  24  per  cent,  are  obtained,  with  20  of  criMle 
pyroligneous  acid  of  10  degrees  Eaum^.  By  the  process  described  under  Acetic  Actd, 
27  of  charcoal,  and  18  of  acid  at  6  degrees,  are  procured  from  100  parts  of  wood,  besides 
the  tar.  These  quantities  were  the  results  of  careful  experimenting,  and  are  greater  than 
can  be  reckoned  upon  in  ordinary  hands. 

Charcoal  for  chemical  porposes  may  be  eilemporaneously  prepared  by  calcining  pieces 
of  wood  covered  with  sand  in  a  crucible,  till  no  more  Tolatile  matter  exhales. 

The  charcoal  of  some  woods  contains  silica,  and  is  therefore  useful  for  poliihii^  metals. 
Being  a  bad  conductor  of  heni,  charcoal  is  employed  sometimes  in  powder  to  incase 
small  furnaces  and  steam-pipes.  It  is  not  affected  by  water;  and  hence  the  extremitiet 
of  stakes  driven  into  moist  ground  are  not  liable  to  decomposition.  In  like  manner  eaaks 
when  charred  inside  preserve  water  lauch  better  than  common  casks,  because  they  furnislt 
no  soluble  matter  for  fermentation  or  for  food  (o  animalcules. 

Iiowitx  discovered  (hat  wood  charcoal  removes  oflenaivo  amells  Horn  •nima]  and  ngv- 
liUe  labstMices,  and  coanteraeti  their  pntrefitctkn.     He  foand  Ih*  odor  of  nsmk 


CARBON.  261 

and  benxoic  acids,  of  bugs,  of  empyreomatic  oils,  of  infosions  of  valerian,  essence  of 
wonnwood,  spirits  distilled  from  bad  grain,  and  snlphnreotis  substances  were  all  absorb- 
able by  freshly  calcined  charcoal  properly  applied.  A  very  ingenioos  filter  has  been  con- 
structed for  purifying  water,  by  passing  it  through  strata  of  charcoal  of  different  fineness. 

When  charcoal  is  burned,  one  third  of  the  heat  is  discharged  by  radiation,  and  two 
thirds  by  conduction. 

The  following  table  of  the  quantity  of  charcoal  yielded  by  difierent  woods  was  pub- 
U«hed  by  1^.  Mushet,  as  the  result  of  experiments  carefplly  made  upon  the  small  scale. 
He  says,  the  woods  before  being  charred  were  thoroughly  dried,  and  pieces  of  each  kind 
were  selected  as  nearly  alike  in  every  respect  as  possible.  One  hundred  parts  of  each 
sort  were  taken,  and  lliey  product  as  under : — 

Lignum  Vitae  afiforded  26*0  of  charcoal  of  a  grayish  color,  resembling  coke. 

Mahogany-        -        -  25*4  tinged  with  brown,  spongy  and  porous. 

Laburnum  -        •  24*5  velvet  black,  compact,  very  hard. 

Chestnut    •        -        •  23*2  glossy  black,  compact,  firm. 

Oak  ....  22-6  black,  close,  very  firm. 

Walnut      ...  20-6  dull  black,  dose,  firm. 

Holly         ...  19-9  dull  black,  loose  and  bulky. 

Beech         -        -        -  19*9  dull  black,  spongy,  firm. 

Sycamore   .        -        .  19*7  fine  black,  bulky,  moderately  firm. 

Elm  ....  19-5  fine  black,  moderately  firm. 

Norway  Pine     "       -  19*2  shimng  black,  bulky,  very  soft. 

Sallow        .        .        -  18*4  velvet  black,  bulky,  loose  and  soft. 

Ash  -  -        -  17-9  shining  black,  spongy,  firm. 

Birch  ...  17»4  velvet  black,  bulky,  form. 

Scottish  Pine      -        -  16*4  tiuged  with  brown,  moderately  firm. 

Messrs.  Allen  and  Pepys,  from  100  parts  of  the  following  woods,  obtained  the  quanti* 
lies  of  charcoal  as  under : — 


B«ech  ...  15-00 
Mahogany  .  -  15-75 
L»ignum  Vitae     -        •  17-25 


Oak  ...  17-40 

Fir  -        -        -        -  18-17 
Box  ...  20*25 


It  is  observable  that  the  quantities  obtained  by  Messrs.  Allen  and  Pepys  are  in  general 
less  than  those  given  by  Mr.  Mushet,  which  may  be  owing  to  Mr.  Mushet  not  having 
apfdied  sufficient  heat,  or  operated  long  enough,  to  dissipate  the  aqueous  matter  of  the 
gaseous  products. 

To  those  persons  who  buy  charcoal  by  weight,  it  is  important  to  purchase  it  as  soon 
after  it  is  made  as  possible,  as  it  quickly  absorbs  a  considerable  portion  of  water  from 
the  atmospberc.  Difierent  woods,  however,  differ  in  this  respect.  Messrs.  Allen  and 
Pepys  (bund,  that  by  a  week's  exposure  to  the  air,  the  charcoal  of 

Lignum  Yitse  gained    -  9*6  per  cent. 

Fir      .        -        -        -  13*0     ditto. 

Box     -        -        -        -  14*0     ditto. 

Beech-        ...  16*3     ditto. 

Oak    ....  16-5     ditto. 

Mahogany  -        -        -  18*0     ditto. 

The  folkiwing  is  a  tabular  view  of  the  volumes  of  the  different  gases  which  were 
absorbed  in  the  course  of  24  hours,  by  one  volume  of  charcoal,  in  the  experiments  of 
M.  Theodore  de  Saussure,  which  were  conducted  in  a  way  likely  to  produce  correct 
results.  Each  portion  of  charcoal  was  heated  afresh  to  a  red  heat,  and  allowed  to  cool 
under  mercury.  When  taken  from  the  mercury,  it  was  instantly  plunged  into  the  vessel 
of  gas: 

35*00 
9*42 
9*25 
7*50 
5*00 
1*75 

NewnaDn,  who  made  many  experiments  on  charcoal,  informs  us,  that  for  the  redvctioft 
of  the  metallic  oxydes,  the  charcoal  of  the  heavier  woods,  as  that  of  the  oak  and  the 
beech,  is  preferable,  and  that,  for  common  fbel,  such  charcoal  gives  the  greatest  heat,  and 
requires  the  most  plentlf\il  supply  of  air  to  keep  it  burning ;  while  those  of  the  lighter 
woods  preserve  a  glowing  heat  with  a  much  less  draught  cf  air ;  and  that  for  purposes 
~^      it  is  desirable  to  have  a  steady  and  a  still  fire,  charcoal  should  be  employed  which 


Ammoniacal  gas 
Muriatic  acid  gas    - 

-    90 
.    85 

focarbureted  hydrogen 
Carbonic  oxyde 

Sulphurous  acftd 
Sulphureted  hydrogen 
N'itrous  oxyde  - 
Carbonic  add  gas    - 

-  65 

-  55 

-  40 

-  35         1 

Oxygen  gas  - 
Nitrogen 

Carbureted  hydrogen 
Hydrogen  gas 
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has  been  made  from  wood  previously  divested  of  its  bark,  since  it  is  the  eartic«l  part 
which  crackles  and  4ies  off  in  sparks  during  combustion,  while  the  coal  of  the  wood 
itself  seldom  does. 

For  making  crayons  of  charcoal,  the  willow  is  the  best  wood  that  can  be.  employed,  as 
the  soAness  is  uniform  in  all  its  parts.  Its  durability  may  be  seen,  in  several  of  our  M 
churchyards,  where  the  letters  mside  With  lamp-black  are  still  perfect,  though  the  white 
lead  with  which  the  body  of  the  stones  was  painted  is  entirely  destroyed. 

This  property  of  carbon  is  shown,  however,  in  a  more  striking  manner  by  the  writings 
that  were  found  in  the  ruins  of  Herculaneum,  which  have  retained  their  original  Uadk- 
ness  for  two  thousand  years.    The  ancients  wrote  with  ink  made  from  ground  charcoaL 

If  it  be  required  to  purify  any  carbonaceous  matter,  to  render  it  fitter  for  delicate  pig* 
meats,  this  may  be  done  by  first  calcining  it  in  a  dose  vessel,  and  then  lixiviating  it  in 
water  slightly  acidulated  by  nitric  acid. 

Hie  incorruptibility  of  charcoal  was  well  known  to  the  ancients,  and  they  availed 
themselves  of  this  property  upon  all  important  occasions. 

About  sixty  years  ago  a  quantity  of  oak  stakes  were  found  in  the  bed  of  the  Thames, 
m  the  very  spot  where  Tacitus  says  that  the  Britons  fixed  a  vast  number  of  such  stakes 
to  prevent  the  passage  of  Julius  Csesar  and  his  army.  These  stakes  were  charred  to  a 
considerable  depth,  had  retained  their  form  completely,  and  Were  firm  at  the  heart. 

Most  of  the  houses  in  Venice  stand  upon  piles  of  wood,  which  have  all  been  previously 
charred  for  their  preservation.  In  this  country,  estates  were  formerly  marked  out  hj 
charred  stakes  driven  to  a  considerable  depth  into  the  ground.  See  Bone-black, 
Charcoal,  and  Graphite. 

CARBONATED  WATER  is  water  either  pure,  or  holding  various  saline  matten  in 
solution,  impregnated  with  carbonic  acid  gas.  For  general  sale  in  this  country,  the 
water  usually  contains  a  little  soda,  which  being  charged  with  the  gas,  is  called  Soda 
water ;  see  this  article  for  a  description  of  an  excellent  machine  for  the  manufacture  ol 
this  fashionable  beverage. 

CARBONATES.  Saline  compounds  in  definite  proportions  of  carbonic  acid,  with  alka- 
lis, earths,  and  the  ordinary  metallic  oxydes. 

The  carbonates  principally  used  in  the  arts  and  manufactures  are  those  of  ammonia, 
copper,  iron,  lead,  lime,  mag^nena,  potash,  toda.  Native  carbonate  of  copper  is  the  beau- 
tiful green  mineral  called  Malachite. 

Carbonates  are  easily  analyzed  by  estimating  either  by  weight  or  measure  the  quantity 
of  carbonic  acid  which  they  evolve  under  the  decomposing  action  of  somewhat  dOote 
sulphuric,  nitric,  or  muriatic  acid ;  for  as  they  are  all  compounds  of  acid^  and  base  in 
equivalent  proportions,  the  quantity  of  acid  will  indicate  the  quantity  of  base.  Thus, 
as  pure  limestone  consists  of  56  of  lime  and  44  of  .acid,  in  100  parts,  if  upon  examining 
a  sample  of  limestone  we  find  it  to  give  out  only  22  per  cent,  of  carbonic  acid  gas,  du- 
ring its  slow  solution  in  muriatic  add,  we  are  sure  that  there  are  only  28  parts  of  lime 
present.  I' have  described,  in  the  Annals  of  Philosophy  for  October,  1817,  a  simple  foim 
of  apparatus  for  analyzing  the  carbonates  with  equal  readiness  and  precision.  The  sim- 
ple rule  by  measure  16  which  I  was  led,  may  be  thus  stated :  From  the  hulk  of  tvohoed 

gas,  expressed  in  cubic  inches  and  tenths,  deduct-^,  the  remainder  vriU  express  the  propor- 
tion  of  real  limestone  present  in  the  grains  employed.  Pure  magnesian  limestone  yieMs 
Tory  nearly  a  cubic  inch  of  the  gas  for  every  grain  in  weight. 

CARBONATE  OF  AMMONIA.  A  salt  called  in  modem  chemistry  sesqui-car- 
honate,  to  denote  its  being  composed  of  one  and  a  half  equivalent  primes  of  carbonic 
acid,  and  one  of  ammonia.  It  consists  by  my  analysis  of  55*89  carbonic  acid,  28*86 
ammonia,  and  15*25  water,  in  100  parts.  It  is  generally  prepared  by  mixing  from  UXo 
1|  parts  of  well-washed  dry  chalk,  with  I  of  sal-ammoniac,  introducing  the  mixture  into 
an  earthen  or  east-iron  retort,  or  subliming  pot,  and  exposing  it  to  a  heat  gradually  raised 
to  redness.  By  double  decomposition,  the  ammonia  is  volatilized  in  combination  with  the 
carbonic  acid  of  the  chalk,  and  the  vapors  are  received  in  a  condensing  receiver  made 
either  of  glass,  stone  ware,  or  lead.  The  chlorine  of  the  sal-ammoniac  remains  in  the 
retort,  associated  with  the  basis  of  the  chalk  in  the  state  of  chloride  of  calcium.  Some 
ammonia  gas  escapes  during  the  process. 

The  saline  mass  thus  sublimed  is  purified  by  a  second  sublimation  in  glass  or  salt- 
glazed  earthen  vessels.  The  salt  may  be  obtained,  by  the  above  method  carefully  con- 
ducted, in  rhomboidal  octahedrons)  but  it  is  generally  made  for  the  market  in  a  compact 
semi-crystalline  white  cake.  It  has  a  pungent  ammoniacal  smell ;  a  hot,  pungent,  alka- 
Jine  taste ;  a  strong  alkaline  reaction,  and  dissolves  in  two  parts  of  cold  water.  It  must 
be  kept  in  well-dosed  vessels,  as  by  exposure  to  the  air  a  portion  of  its  ammonia  exhales, 
•and  it  passes  into  the  state  of  the  scentless  bi>carbonate.  It  is  employed  much  in  medi- 
dne,  ehemical  analysis,  and  by  the  pastry-cooks  to  give  sponginess  to  their  cakes^  in  coa- 
•equence  of  its  volatilization  from  their  dough  in  the  oven.    See  Sai^Ammonzac. 

For  the  other  carbonates  used  in  the  arts,  see  tkeir  res2)ective  bases ;  oopper,  le«i« 
lime,  Itc. 
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CARBONIC  ACID  (Jddt  earUmique,  Fr. ;  Kokleimkn,  Genn«)  coasists  of  1  prime 
equivalent  of  CBrbon  =6- 1254-2  of  oxygeii=:  16*026,  who^e  joint  mm=s:22-lbl,  represent! 
Ukie  alomic  weight  or  combiniag  ratio  of  this  acid,  in  the  neatral  or  protocarbcmate 
ialts.  Its  composition  by  volume  is  stated  under  Carbon.  Its  natural  form  is  a  gas, 
whose  specific  grayity  is  1-5245,  compared  to  atmospheric  air  1*000;  and  being  so 
dense,  it  may  be  poured  out  of  one  vessel  into  another.  Hence  it  was  called  at  first 
aerial  acid.  From  its  existing  copiously,  in  a  solid  state,  in  limestones  and  the  mild 
alkalia,  it  was  styled  fixed  air  by  its  proper  discoverer,  Dr.  Black.  About  one  volume 
of  it  exists  in  1000  volumes  of  common  atmospheric  air,  which  may  be  made  manifest 
yj  the  crust  of  carbonate  it  occasions  upon  the  surface  of  lime  Water.  Carbonic  acid 
gas  is  iband  accumulated  in  many  caverns  of  volcanic  districts,  and  particulaiiy  in 
the  groito  dei  cam  at  Pausilippo^  near  Puzsuoli ;  being  disengaged  in  such  circumstances 
by  the  action  of  subterranean  fire,  and,  possibly,  of  certain  acids,  upon  the  limestone 
strata.  It  oAen  issues  from  fountains  in  copious  currents,  as  at  Franzensbrunn, 
near  Eger,  in  Polterbrunnen ;  near  Trier;  and  Byrreshom.  This  acid  gas  occurs 
abo  frequently  in  mines  and  wells,  being  called  choke  damp,  from  its  suffocating 
quality.  Its  presence  may,  at  all  times,  be  detected,  by  letting  down  a  lighted  candle^ 
suspended  from  a  string,  into  the  places  suspected  of  containing  this  mephitic  air.  It 
exists,  in  considerable  quantities,  in  the  water  of  every  pump  well,  and  gives  it  a  fresh 
and  pleasant  taste.  Water,  exposed  some  time  to  the  air,  loses  these  aerial  particles,  and 
becomes  vapid.  Many  springs  are  highly  impregnated  with  carbonic  acid  gas,  and 
form  a  sparkling  beverage ;  such  as  the  S€h€r9vxu9er,  from  Selters  upon  the  Lahn,  in 
the  grand  dotchy  of  Nassau ;  of  which  no  less  than  two  millions  and  a  half  of  bottles 
are  sold  every  year.  A  prodigious  quantity  of  a  similar  water  is  also  artificially 
prepared  in  Great  Britain,  and  many  other  countries,  under  the  name  of  aerated  or 
soda  water. 

Carbonic  acid  occurs  in  nature,  combined  with  many  salifiable  bases;  as  in  the 
carbonates  of  soda,  baryta,  strontia,  magnesia;  the  oxydes  of  iron,  manganese,  zinc, 
copper,  lead,  &c.  From  these  substances  it  may  be  separated,  generally  speaking,  bf 
strong  ignition,  or,  more  readily,  by  the  superior  affinity  of  muriatic,  sulphuric,  or 
nitric  acid,  for  the  earth  or  metidlic  oxyde.  It  is  formed  whenever  vegetable  or  animal 
substances  are  burned  with  free  access  of  air,  from  the  union  of  their  carbonaceous 
principle  with  atmospheric  oxygen.  It  is  also  formed  in  all  cases  of  the  spontaneous 
decomposiiion  of  organic  substances,  particularly  in  the  process  Of  fermentation ;  and 
constitutes  the  pungent,  noxious,  heavy  gas  thrown  off,  in  vast  volumes,  from  beer  vats* 
See  Distillation  and  Fehmkntation.  Carbonic  acid  is  also  generated  in  the  breathing 
of  aninuUs;  from  4  to  5  per  cent.,  in  volume,  of  the  inhaled  oxygen  being  converted,  at 
each  expiration,  into  this  gas,  which  contaminates  the  air  of  crowded  apartments,  and 
lenders  ventilation  essential  to  health,  and  even  to  life ;  witness  the  horrible  catastrophe 
of  the  Black-bole  at  Calcutta. 

Carbonic  acid  gas  is  destitute  of  color,  has  a  sourish,  suffocating  smell,  an  acidulous 
pungent  taste,  imparts  to  moist,  but  not  dry,  litmus  paper,  a  transient  reddish  tint,  and 
wei^  per  100  cubic  inches,  46jf  grains;  and  per  cubic  foot,  803|  grains;  a  little  more 
than  3%  oz.  avoinlupoise.  A  cubic  foot  of  w  weighs  about  two  thirds  of  that  quantityi 
or  527  grains.  It  may  be  condensed  into  the  liquid  state  by  a  pressure  of  40  atmoe* 
pheresy  and  this  liquid  may  be  then  solidified  by  its  own  sudden  spontaneous  evapora* 
tioa.  If  air  contain  more  than  15  per  cent  in  bulk  of  this  gaff,  it  l^ecomes  unfit 
for  respiration  and  combustion,  animal  lif^  and  candles  being  speedily  extinguished 
byiL 

Before  a  person  ventures  into  a  deep  well,  or  vault  containing  fermenting  materials^ 
he  shooki  introduce  a  lighted  candle  into  the  space,  and  observe  how  it  burns.  Car- 
bonic acid,  being  so  much  denser  than  common  air,  may  be  drawn  out  of  cellars  01 
fermentiog  tubs,  by  a  pump  furnished  with  a  leather  hose,  which  reaches  10  the  bottom* 
Quicklime,  mixed  with  water,  may  be  used  also  to  purify  the  air  of  a  sunk  apartment,  by 
its  affinity  for,  or  power  of,  absorbing  this  aerial  acid.  See  Minebal  Watbrs  and  Soda 
Watdi 

CARBONIC  OXYDE.    See  the  article  Cabbon. 

CARBUNCLE.  A  gem  highly  prized  by  the  ancients }  most  probably  a  variety  of  the 
noble  camet  of  modern  mineralogists. 

CARBURET  OF  SULPHUR,  called  also  sulphnret  of  carbon,  and  alcohol  of 
sulphur,  is  a  limpid  volatile  Uquid  possessing  a  penetrating  fetid  smell,  and  an  acrid 
barning  taste.  Its  specific  gimvity  is  1*266 ;  and  its  boiling  point  is  about  113°  Fahr.  It 
evaporates  so  readily,  and  absorbs  so  much  heat  in  the  vaporous  state,  that  if  a  tube  eon* 
tainJng  quicksilver,  surrounded  with  lint  dipped  in  tUs  liquid,  be  suspended  in  the  re- 
ceiver of  an  aic^pomp  on  making  the  vacuum,  the  quicksilver  will  be  coiigealedi  It  coo* 
sists  of  25*8  carbon  and  S4*2  sulphur,  in  100  parts;  being  two  equivalent  primes  of  the 
latter  to  one  of  the  former. 
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CARBURETED  HYDROGEN.  A  compound  of  carbon  and  hydrogen,  of  whwii 
there  are  several  species — soch  as  oil-gas,  coal-gas,  olefiant  gas,  oil  of  lemons,  otto  of 
roses,  oil  of  tarpentine,  petroleum,  naptha,  napthaline,  oil  of  wine,  caoutchoucine,  and 
caoutchouc. 

CARDS,  PLAYING.  {Cartei  a  jouer,  Fr. ;  Karten,  Germ.)  Mr.  de  la  Rue  obtained, 
in  February,  1832,  a  patent  for  certain  improTements  in  the  manufacture  of  playing 
cards,  which  he  distributed  under  three  heads ;  first,  printing  the  pips,  and  also  the  picture 
or  court  cards,  in  oil  colors  by  means  of  types  or  blocks;  secondly,  effecting  the  same  in 
oil  colors  by  means  of  lithography ;  and  thirdly,  gilding  or  silvering  borders,  and  other 
parts  of  the  characters,  by  the  printing  process,  either  by  types,  blocks,  or  litho- 
graphy. 

In  the  ordinary  mode  of  manufacturing  playing  cards,  their  devices  are  partly  produced 
by  copperplate  printing,  and  they  are  filled  up  with  water  colors  by  the  means  called 
stencilling. 

The  patentee  does  not  propose  any  materia]  alteration  in  the  devices  or  forms  upon  the 
cards,  but  only  to  produce  them  with  oil  colors ;  and,  to  efifect  this,  he  fdlows  precisely 
the  same  mode  as  that  practised  by  calico  pt  inters. 

A  set  of  blocks  or  types  properly  devised,  are  produced  for  printing  the  different  pips 
of  hearts,  diamonds,  spades,  and  dabs,  or  they  are  drawn,  as  other  subjects,  in  the  usual 
way  upon  stone.  The  ink  or  color,  whether  black  or  red,  is  to  be  prepared  from  the 
best  French  lamp-black,  or  the  best  Chinese  vermilion  ground  in-  oil,  and  laid  on  the 
types  and  blocks,  or  on  the  stone,  in  the  same  way  as  printers'  ink,  and  the  impressions 
taken-on  to  thick  drawing  paper  by  means  of  a  suitable  press  in  the  ordinary  manner  of 
printing. 

The  picture  or  court-cards  are  to  be  produced  by  a  series  of  impressbns  in  dififerent 
colors,  fitting  into  each  other  exactly  in  the  same  way  as  in  printing  paper  hangings,  or 
silks  and  calicoes,  observing  that  all  the  colors  are  to  be  prepared  with  oil. 

For  this  purpose  a  series  of  blocks  or  types  are  to  be  provided  for  each  soh<ect,  and 
which,  when  put  together,  will  form  the  whole  device.  These  blocks  are  to  be  used  sepa- 
rately, that  is,  all  the  yellow  parts  of  the  picture,  for  instance,  are  to  be  printed  at  one 
impression,  then  all  the  red  parts,  next  all  the  flesh  color,  then  the  blue  portions,  and  so 
on,  finishing  with  the  black  outlines,  which  complete  the  picture. 

If  the  same  is  to  be  done  by  lithography,  there  must  be  as  many  stones  as  there  are 
to  be  colors,  each  to  print  its  portion  only ;  and  the  impression,  or  part  of  the  picture 
given  by  one  stone,  must  be  exactly  fitted  into  by  the  impression  given  from  the  next  stone, 
and  so  on  until  the  whole  subject  is  complete. 

A  superior  kind  of  card  is  proposed  to  be  made,  with  gold  or  silver  devices  in  parts 
of  the  pictures,  or  gold  or  silver  borders  round  the  pips.  This  is  to  be  effected  by 
printing  the  lines  which  are  to  appear  as  gold  or  silver,  with  gilders'  size,  in  place  of 
ink  or  color ;  and  immediately  afler  the  impression  has  been  given,  the  face  of  the  card 
is  to  be  powdered  over  with  gold  dust,  silver,  or  bronze,  by  means  of  a  soft  cotton  or 
wool  dabber,  by  which  the  gold,  silver,  or  bronze  will  be  made  to  adhere  to  the  picture, 
and  the  superfluons  portions  of  the  metal  will  wipe  off  by  a  very  slight  rubbing.  When 
the  prints  are  perfectly  dry,  the  face  ci  the  card  may  be  polished  by  means  of  a  soh 
brush. 

If  it  should  be  desirable  to  make  these  improved  cards  to  resemble  ivory,  that  may  be 
done  by  preparing  the  face  of  the  paper  in  the  first  instance  with  a  composition  of  sixe 
and  fine  French  white,  and  a  drying  oU,  mixed  together  to  about  the  consistency  of  cream ; 
this  is  to  be  washed  over  Ihe  paper,  and  dried  before  printing,  and  when  the  cards  are 
Wished  they  wilt  exactly  resemble  ivory. 

The  only  thing  remaining  to  be  described,  is  the  means  by  which  the  successive  impres- 
aions  of  the  types,  blocks,  or  stones,  forming  the  parts  of  the  pictures,  are  to  be  brought 
exactly  to  join  each  other,  so  as  to  form  a  perfect  whole  design  when  complete;  this  is  by 
printers  called  registerinsr,  and  is  to  be  eflfected  much  in  the  usual  way,  by  points  in  tlie 
tympan  of  the  press,  or  by  marks  upon  the  stones. 

The  parts  of  the  subject  having  been  all  accurately  cut  or  drawn  to  fit,  small  holes  are 
to  be  made  with  a  fine  awl  through  a  quire  or  more  of  the  paper  at  once,  by  placing 
vpon  the  paper  a  gauge-plate,  having  marks  or  guide-holes,  and  by  observing  these,  the 
same  sheet  laid  on  several  thnes,  and  always  made  to  correspond  with  the  points  or 
marks,  the  several  parts  of  the  picture  must  inevitably  register,  and  produce  a  i>erlbct 
flnhject.         

CARD  CUTTING.  Mr.  Dickinson's  patent  machine  for  cutting  cards,  consists  of 
a  pair  of  rollers  with  circular  revolving  cutters,  the  edges  of  which  are  intended  to  act 
against  each  other  as  circular  shears,  and  the  pasteboards  in  passing  between  theta 
rollers  are  cut  by  the  circular  shean  into  cards  of  the  desired  dimensiont.  These  roDera 
■re  monntad  in  suitable  ttaiidards,  with  proper  adjustments,  and  are  made  to  revolre  bj 
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i  bftnd  and  poDey  connected  to  the  axle  of  a  cnnk,  or  by  any  other  conyenient 

means. 

Fig.  263  is  a  front  view  ol 
this  machine ;  a  a  and  b  b 
are  the  two  rollers,  the 
Qpper  one  turning  npon 
an  extended  axle,  bearing 
in  the  standards,  the  lower 
one  upon  pivots.  These 
rollers  are  formed  by  a 
series  of  circular  blocks, 
between  a  series  of  cir- 
cular steel  cutters,  which 
are  slidden  on  to  iron 
shafts,  and  held  together 
upon  their  axle  by  nnts 
screwed  up  at  their  ends. 
The  accurate  adjustment 
of  the  cutters  is  of  the 
first  importance  to  their 
correct  performance;  it  is 
therefore  found  necessary 
to  introduce  spiral  springs 
within  the  blocks,  in  order 
to  press  the  cutters  up  to 
their  proper  bearings.  A  section  of  one  of  the  blocks  is  shown  at  fig.  265,  and  an  end 
view  of  the  same  at  fig.  266,  with  the  spiral  springs  inserted. 

At  the  outer  extremity  of  the  axle  of  the  roller  a,  a  rigger  c,  is  attached,  whence  a  band 
passes  to  a  pulley  d,  on  the  crank  shaf^  «,  to  which  a  fly-wheel/,  is  affixed,  for  the  purpose 
of  rendering  the  action  uniform.  Rotatory  motion  being  given  to  the  crank  shaft,  the 
■pper  roller  is  turned,  the  lower  roller  moving  at  the  same  time  by  the  friction  against  the 
edges  of  the  cutters. 

Fig.  264  is  an  end  view  of  the  rollers,  showing  the  manner  in  which  the  pasteboards 
are  guided  and  conducted  between  the  cutters.  In  the  front  of  the  machine  a  movable 
firame  g,  is  to  be  placed,  for  the  purpose  of  receiving  the  pasteboards,  preparatory  to  cut- 
ting them  into  cards,  and  a  stop  is  screwed  to  this  frame  for  the  edge  of  the  pasteboard  to 
bear  against,  which  stop  is  adjustable  to  suit  different  sizes.  From  the  back  part  of  this 
fiame  an  arm  A,  extends,  the  extremity  of  which  acts  against  the  periphery  of  a  -ratchet 
wheel  t,  fixed  at  the  end  of  the  roller  b,  and  hence,  as  the  roller  goes  round,  the  frame  is 
nade  to  rise  and  fall  upon  its  pivots,  for  the  purpose  of  guiding  the  pastebcArd  up  to  the 
CQiteri ;  at  the  same  time  a  rod  k,  hanging  in  arms  from  the  sides  of  the  standards  (shown 
by  dots  in  fig.  263),  falling  upon  the  pastebo«ud,  confines  it,  while  the  cutters  take  hold, 
and  radcs  corresponding  with  the  indentations  of  the  rollers  are  placed  as  at  U,  by  means 
of  which  the  cards,  when  cot,  are  pushed  out  of  the  grooves. 

Am  various  widths  of  cards  will  require  to  be  cut  by  this  machine,  the  patentee  pn^- 
poses  to  have  several  pairs  of  rollers  ready  adjusted  to  act  together,  when  mounted  in  the 
standards,  in  preference  to  shifting  the  circular  cutters,  and  introducing  blocks  of  greater 
or  less  width. 

The  second  part  of  the  invention  is  a  machine  for  pasting  the  papers,  and  pressing 
the  sheets  together  to  make  pasteboard.  This  machine  consists  of  several  reels  (we 
sappose  rollers  are  intended)  on  which  the  paper  is  to  be  wound,  along  with  a  paste 
tnwsh^  and  rotatory  brushes.  The  several  puts  of  this  machine,  and  their  operations  in 
making  pasteboard,  are  described  in  the  specification,  but  the  patentee  having  omitted 
the  letters  of  reference  in  the  drawing  which  ha  has  enrolled,  it  becomes  difiicnlt  to 
explain  it. 

As  far  as  we  are  enabled  to  understand  the  machine,  it  appears,  that  damped  paper  is 
to  be  wound  npon  two  rollers,  and  conducted  from  thence  over  two  other  rollers ;  that  two 
flated  rollers  revolving  in  the  paste  trough  are  to  supply  paste  to  two  circular  brushes^ 
and  that  by  those  brashes  the  papers  are  to  be  pasted  upon  one  side,  and  then  pressed  to* 
gether,  to  make  the  pasteboard ;  after  this,  the  pasteboard  is  to  be  drawn  on  to  a  tablet 
aad  to  remain  there  until  sufficiently  dry  to  be  wound  upon  other  rollers.  By  comparing 
this  description  with  the  fiirure,  perhaps  the  intended  operations  of  the  machine  may  be 
discovered:  it  is  the  best  explanation  we  are  enabled  to  give. 

CARDS  (Card€$,  Fr. ;  Karden,  Germ.)  are  instruments  which  serve  to  disentangle 
the  fibres  of  wool,  cotton,  or  other  analogous  bodies,  to  arrange  them  in  an  orderly  Up 
sr  ffeeee,  and  thereby  prepare  them  for  being  spun  into  uniform  threads.  The  fineness 
aad  the  levelness  of  the  yarn,  as  well  as  the  beauty  of  the  cloth  into  which  it  antersy 
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depend  as  maeh  upon  the  regulariiy  and  peifeetion  of  the  cniding,  as  upon  any  snbse^eat 

operations  of  the  factory.    The  quality  of  the  carding  depends  more  upon  that  oC  the 
euds  than  upon  any  attention  or  skill  in  the  operative ;  since  it  is  now  nearly  an  automa 
tic  process,  conducted  by  young  women  called  card-tenters. 

Cards  are  formed  of  a  sheet  or  fillet  of  leather  pierced  with  a  multitude  of  small  holesy 
in  which  are  implanted  small  staples  of  wire  with  bent  projecting  ends  called  Uith. 
Thus  every  piece  of  wire  is  double  toothed.  The  leather  is  ailerwuds  applied  to  a  flat 
or  cylindrical  surface  of  wood  or  melal,  and  the  co-operation  of  two  or  more  such  snr- 
faces  constitutes  a  card.  The  teeth  of  cards  are  made  thicker  or  slenderer,  acconling  as 
the  filaments  to  be  carded  are  coarser  or  finer,  stiffer  or  more  pliant,  more  valuable  or 
cheaper.  It  is  obviously  of  great  importance  that  the  teeth  should  be  all  alike,  equably 
distributed,  and  equally  inclined  over  the  surface  of  the  leather,  a  degree  of  precision 
which  is  scarcely  possible  with  handwork.  To  judge  of  the  difficulty  of  this  manipu- 
lation we  need  only  inspect  the  annexed  figures.  The  wire  must  first  be  bent  at  right 
angles  in  c  and  d,  fig,  268,  then  each  branch  most  receive  a  second  bend  in  a  and  i  at  a 
determinate  obtuse  angle,  invariable  for  each  system  of  caids.  It  is  indispensable  that 
the  two  angles  cae  and  d6/  be  mathematically  equal,  not  only  as  (o  the  twin  teeth  of  one 
staple,  but  through  the  whole  series ;  for  it  is  easy  to  see  that  H*one  of  the  teeth  be  more 
or  less  sloped  than  its  fellow,  it  will  lay  hold  of  more  or  less  wool  than  it,  uid  render  the 
carding  irregular.  But  though  the  perfect  regularity  of  the  teeth  be  imporunt,  it  is  not 
the  sole  condition  towards. making  a  good  card.  It  must  be  always  kept  in  view  that  these 
teeth  are  to  be  implanted  by  pairs  in  a  piece  of  leather,  and  kept  in  it  by  the  cross  part 
c  d,^  The  leather  roust  therefore  be  pierced  with  twin  holes  at  the  distance  cd;  and  piere- 
ed  in  such  a  manner,  that  the  slope  of  the  holes,  in  reference  to  the  plane  of  the  leather, 
be  invariably  the  same ;  for  otherwise  the  length  of  ihe  teeth  would  vary  with  this  angle 
of  inclination,  and  the  card  would  be  irregular. 

A  third  condition  essential  towards  producing  perfect  regularity,  is  that  the  leather 
ought  to  be  of  the  same  thickness  throughout  its  whole  siirfuce,  otherwise  the  teeth, 
though  of  the  same  length  and  fixed  at  the  same  anu'Ic,  would  be  rendered  unequal  by  the 
dififerent  thicknesses  of  the  leather,  and  the  opcrat  iun  of  carding  would  be  in  conaequenoe 
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extremely  defective.    JPtg.  267  shows  the  card  teeth  acting  against  each  other,  M  i 
ted  by  the  arrows  ia  two  opposite  directions ;  in  fig.  269  they  woric  one  way. 

Of  late  years  very  complex  but  complete  and  well-aeting  machines  have  been 
stmcted  for  splitting  the  leather  or  equalizing  it  by  shaving,  for  bending  and  cutting  the 
wires,  and  implanting  them  in  the  leather,  into  holes  pierced  with  perfect  regularity. 
Card  machines  which  fashion  the  teeth  with  great  precision  and  rapidity,  and  pieree  the 
leather,  have  been  for  a  considerable  time  in  use  at  Halifax,  in  Yorkshire,  a  town  famous 
lor  the  excellence  of  its  eard-doth,  as  ah^o  at  Leeds,  Glasgow,  and  several  other  plaees. 
The  wires  and  the  leather  thus  prepared  are  given  out  by  the  manufactorer  to  women  and 
children,  who  put  them  together. 

1.  The  simplest  machine  for  equalizing  the  leather  which  can  be  employed,  is  that 
wiiich  I  saw  operating  in  MM.  Scrive's  automatic  card  factory  at  Lille,  the  most  magaiH- 
eent  I  believe  in  the  world,  where  the  leather  was  drawn  forwards  bv  a  roller  over  a  solid 
horizontal  uble,  or  bed,  and  passed  under  a  nicely  adjusted  vertieal  blade,  whieh  shaved 
it  by  a  scraping  motion  to  a  perfectly  uniform  thidcness.  About  one  half  the  weight  of 
the  leather  is  lost  in  this  process,  and  in  the  subsequent  squaring  and  trimming. 

The  machine  for  making  cards,  invented  I  believe  by  a  Mr.  Ellis  of  the  United  Statet, 
for  which  a  first  patent  was  obtained  in  this  country  by  Joseph  Cheeseborough  Dyer,  Esq. 
f^  Manchester,  in  1811,  and  a  second  and  third  with  further  improvements  in  1814, 
and  1824,  is  one  of  the  most  elegant  antomatons  ever  applied  to  productive  industry. 
It  is,  however,  necessarily  so  complicated  with  dififerent  mechanisms  as  to  render  its 
representation  impracticable  in  such  engravings  as  are  compatible  with  the  scope  of  this 
dictionary.  I  must  therefore  content  myself  with  the  following  general  description  of  its 
eonstituent  parts. 

The  first  thing  to  be  done  after  having,  as  above,  prepared  the  long  sheets  or  fiOels  of 
leather  of  suitable  length,  breadth,  and  thickness,  for  making  the  cards,  is  to  stretch  the 
leather,  and  hold  it  firmly ;  which  is  accomplished  by  winding  the  fiUel  of  leather  upon 
the  roller  or  drum,  like  the  warp  roller  of  a  loom,  and  then  condacting  it  upwards  between 

Sde  roUers,  to  a  receiving  or  work  roller  at  top  of  the  machine,  where  the  fillet  is  held, 
t  by  a  cramp,  by  whieh  means  the  leather  is  kept  stretched. 
Saeondly,  the  holes  are  pierced  in  the  leather  to  receive  the  wire  itaplet  or  teeth  of  tin* 
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ctrdy  bj  meftnt  of  a  slidiag  fork,  the  poiots  of  which  are  jMretented  to  the  face  of  the 
leather ;  whUe  the  fork  is  zpade  to  advance  aad  recede  oontinuallf ,  by  the  agency  of 
levere  worked  by  rotatory  cams  upoa  a  revolving  main  shaft. 

The  points  of  the  fork  being  thus  made  to  penetrate  into  the  leather,  the  holes  for 
leceivinj!  the  staples  are  pierced  at  regular  distances,  and  in  correct  order,  by  shilling  the 
leather  fillet  so  as  to  bring  dlflferent  parts  of  its  surface  opposite  to  the  points  of  the 
sliding  fork.  This  is  done  by  cams,  or  indented  wheels  and  gear,  which  shift  the  guide 
roliers  aad  confining  drums  laterally,  as  they  revolve,  and  consequently  move  the  fillet  of 
leather  ai  intervals  a  short  distance,  so  as  to  present  to  the  points  of  the  fork  or  piercer, 
at  every  moTement,  a  different  part  of  the  surface  of  the  leather. 

Thirdly,  the  wire  of  which  the  teeth  or  points  of  the  card  are  to  be  made,  is  supplied 
Irom  a  coil  on  the  side  of  the  machine,  and  is  brought  forward  at  intervals  by  a  pair 
of  i»liding  pincers,  which  are  slidden  to  and  fro  through  the  agency  of  levers  actuated  by 
rotatory  cams  upon  the  main  shail.  The  pincers  having  advanced  a  distance  equal  to 
the  length  of  wire  intended  to  form  one  staple  or  two  points,  this  length  of  wire  is 
pressed  upon  exactly  in  the  middle  by  a  square  piece  of  steel,  and  being  there  eonfined, 
aeatter  is  brought  forward,  which  cuts  it  off  from  that  part  of  the  wire  held  in  the  pineers. 

The  length  of  wire  thus  separated  and  confined  is  now,  by  a  movement  of  the  machine^ 
bent  up  along  the  sides  of  the  square  steel  holder,  and  shaped  to  three  edges  of  the  square, 
that  is,  formed  as  a  staple;  and  in  the  same  way,  by  the  continued  movements  of  the 
Bachine,  a  succession  of  pieces  of  wire  are  cut  off,  and  bent  into  staples  for  making  the 
teeth  of  the  card  as  long  as  the  mechanism  is  kept  in  action. 

Fourthly,  the  wire  staple  thus  formed  is  held  with  its  points  or  ends  outwards,  .closely 
eoatiguous  to  the  fork^  piercer  described  above,  and  by  another  mavemeat  of  the  me> 
rfmnHtttn^  the  Staple  is  protruded  forward,  its  end  entering  into  the  two.  holes  made  pre- 
viofisly  in  the  leather  by  the  sliding  of  the  fork. 

While  the  wire  staple  is  being  thus  introduced  into  the  leather,  its  legs  or  points  are 
to  be  bent,  that  is,  formed  with  a  knee  or  angle,  which  is  the  fiAh  object  to  be  effected. 
This  is  done  by  means  of  a  small  apparatus  consisting  of  a  bar  or  bed,  which  bears  up 
agaiosi  the  under  side  of  the  wire  staple  when  it  has  been  passed  half  way  into  the 
holes  in  the  leather,  and  another  bar  above  it,  which,  being  brought  down  behind  the 
staple,  beads  it  over  the  resisting  bar  to  the  angle  required ;  that  is,  forms  the  knee  in 
each  leg.  A  pusher  now  acts  behind  the  staple  and  drives  it  home  into  the  leather, 
which  completes  the  operation. 

The  leather  being  thus  condneted,  and  its  position  shiAed  before  the  piercer  progres- 
Bvely,  a  sueeeasion  of  the  above  described  operations  of  cutting  the  wire,  forming  the 
staple^  passing  it  into  the  leather,  and  bending  its  legs  to  the  angular  form,  produces 
a  sheet  of  card  of  the  kind  usually  employed  for  carding  or  combing  wool,  cotton,  and 
other  iibivms  materials.  It  may  be  necessary  to  add,  that  as  these  wire  staples  are  re* 
quired  to  be  set  in  the  leathers  sometimes  in  lines  crossing  the  sheet,  whidi  is  called 
ribbed,  and  at  other  times  in  oblique  lines,  called  twilled,  these  variations  are  produced 
by  the  positions  of  the  notches  or  steps  upon  the  c^ge  or  periphery  of  the  earn  or  in- 
dented wheel,  which  shifts  the  guide  rollers  that  hold  the  fillet  or  sheet  of  leather  as 
already  described. 

CARMIN£  (£ng.  and  Fr. ;  Karminstoff,  Germ.)  is,  according  to  PeUetier  and  Caven- 
toa,  a  triple  compound  of  the  coloring  substance,  and  an  animal  matter  contained  in 
eoehineal,  combined  with  an  acid  added  (o  effect  the  precipitation.  The  preparation  of  this 
article  is  still  a  mystery,  because,  upon  the  one  hand,  its  consumption  being  very  limited, 
lew  persons  are  engaged  in  its  manufacture,  and  upon  the  other,  the  raw  material  being 
eostly,  extensive  experiments  on  it  cannot  be  eonveniently  made.  Success  in  this  busi- 
ness is  SBud  to  depend  not  a  little  upon  dexterity  of  manipulation,  and  upon  knowing  the 
instant  for  arresting  the  further  action  of  heat  upon  the  materials. 

There  is  sold  at  the  shops  different  kinds  of  carmine,  distinguished  by  numbers,  and 
poteeseed  of  a  corresponding  value.  This  difference  depends  upon  two  causes ;  either 
vpon  the  proportion  of  alumina  added  in  the  precipitation,  or  of  a  certain  quantity  of 
vomilion  pot  in  to  dilute  the  color.  In  the  first  case  the  shade  is  paler,  in  the  secoiul  it 
has  not  the  same  histre.  It  is.  always  easy  to  discover  the  proportion  of  the  adulteration. 
JSj  availing  ourselves  of  the  property  of  pure  carmine  to  dissolve  in  water  of  ammonia, 
Ifte  whole  ^tnign  matter  remains  untoudied,  and  we  may  estimate  its  amount  by  drying 
the  residuum. 

To  make  Ordinary  Carmine. 
Take  I  pound  of  cochineal  in  powder ; 

3  drachms  and  a  half  of  carbonate  of  ^  potash  j 
8  drachms  of  alum  in  powder ; 
3  drachms  and  a  half  of  fish-glue. 

The  eoehineal  must  be  boiled  along  inth  the  potash  in  a  eo|^r  eontaining  tLve  paUs* 
fill  of  water  (60  pinU);  the  ebullition  being  allayed  with  oold  water.    After  boiUng  ^ 
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few  minutes  the  eopp^  must  be  taken  from  the  fire,  and  placed  on  a  table  at  jnuh  an 
angle  as  that  the  Uqaar  may  be  conveniently  tranfivased.  The  pounded  alum  is  then 
thrown  Id,  and  the  decoction  is  stirred ;  it  changes  color  immediatdy,  and  inclines  to  a 
more  brilliant  tint.  At  the  end  of  fifteen  minutes  the  cochineal  is  deposited  at  the 
bottom,  and  the  bath  becomes  as  clear  as  if  it  had  been  filtered.  It  contains  the  color- 
ing matter,  and  probably  a  little  alum  in  suspension.  We  decant  it  then  into  a  copper  of 
equal  capacity,  and  place  it  over  the  fire,  adding  the  fish-glue  dissolved  in  a  great  deal  of 
water,  and  paned  through  a  scarce.  At  the  moment  of  ebullition,  the  carmine  is  per- 
ceived to  rise  up  to  the  surface  of  the  bath,  and  a  coagulum  is  formed,  Uke  what  takes 
place  in  clarifications  with  white  of  eg^.  The  copper  must  be  immediately  taken  from 
the  firo,  and  its  contents  be  stirred  With  a  spatula.  In  the  course  of  fifteen  or  twenty 
minutes  the  carmine  is  deposited.  The  supernatant  liquor  is  decanted,  an^  the  depoaite 
must  be  drained  upon  a  filter  of  fine  canvass  or  linen.  If  the  operation  has  been  weli 
conducted,  the  carmine,  when  dry,  crushes  readily  under  the  fingers.  What  remains  after 
the  precipitation  of  the  carmine  is  still  much  loaded  with  color,  and  may  be  employed 
very  advantageously  for  carminated  lakes.    See  Lajob. 

By  the  old  Cferman  procest,  carmine  is  prepared  by  means  of  alum  without  any  other 
addition.  As  soon  as  the  water  boils,  the  powdered  cochineal  is  thrown  into  it,  stirred 
well,  and  then  boUed  for  six  minutes;  a  little  ground  alum  is  added,  and  the  boiling  is 
continued  for  three  minutes  more;  the  vessel  is  removed  from  the  fire,  the  liquor  is  fil- 
tered and  left  for  three  days  in  porcelain  vessels,  in  the  course  of  which  time  a  red  mat- 
ter falls  down,  which  must  be  separated  and  dried  in  the  shade.  This  is  carmine,  which 
is  sometimes  previously  purified  by  washing.  The  liquor  after  three  days  more  lets  fall 
an  inferior  kind  of  carmine,  but  the  residuary  coloring  matter  may  also  be  separated  by 
the  muriate  of  tin. 

The  proportions  for  the  above  process  are  580  parts  of  dear  river  water,  16  parts  of 
cochineal,  and  1  part  of  alum ;  there  is  obtained  from  1}  to  2  parts  of  carmine. 

Another  carmine  with  tartar, — ^To  the  boiling  water  the  cochineal  is  added,  and  after 
some  time  a  little  cream  of  tartar;  in  eight  minutes  more  we  add  a  little  alum,  and  con- 
tinue the  boiling  for  a  minute  or  two  longer.  Then  take  it  from  the  fire  and  pour  it 
into  glass  or  porcelain  vessels,  filter,  and  let  it  repose  quietly  tiD  the  carmine  falb  down. 
We  then  decant  and  dry  in  the  shade.  The  proportions  are  8  pounds  of  water,  8  os. 
of  codiineal,  |  oz.  of  cream  of  tartar,  |  oz.  of  alum,  and  the  product  is  an  ounce  of 
carmine. 

The  process  of  Alxon  or  Lan^lois. — ^Boil  two  pails  and  a  half  of  river  water  (30  pints), 
throw  into  it,  a  little  afterwards,  a  pound  of  cochineal,  add  a  filtered  solution  of  six 
drachms  of  carbonate  of  soda  and  a  pound  of  water,  and  let  the  mixture  boil  for  half  an 
hour;  remove  the  copper  from  the  fire,  and  let  it  cool,  inclining  it  to  one  side.  Add 
six  drachms  of  pulverized  alum,  stir  with  a  brush  to  quicken  the  solution  of  the  salt,  and 
let  the  whole  rest  20  minutes.  The  liquor,  which  has  a  fine  scarlet  color,  is  to  be  care- 
fVilly  decanted  into  another  vessel,  and  there  is  to  be  put  into  it  the  whites  of  two  eggs 
well  DOit  up  with  half  a  pound  of  water.  Stir  again  with  a  brush.  The  copper  is  re- 
placed on  the  fire,  the  alumina  becomes  concrete,  and  carries  down  the  coloring  matter 
with  it  The  copper  is  to  be  taken  from  the  fire,  and  left  at  rest  for  25  or  30  minutes  to 
allow  the  carmine  to  fall  down.  When  the  supernatant  liquor  is  drawn  off,  the  de- 
posite  is  placed  upon  filter  cloth  stretched  upon  a  frame  to  drain.  When  the  carmine 
has  the  consistence  of  cream  cheese,  it  is  taken  from  the  filter  with  a  silver  or  ivory 
knife  and  set  to  dry  upon  plates  covered  with  paper,  to  screen  it  from  dust.  A  lK>und  o(f 
cochineal  gives  in  this  way  an  ounce  and  a  half  of  carmine. 

Process  of  Madame  Cenette,  of  Amsterdam^  with  salt  of  sorrel. — ^Into  six  pails  of  river 
water  boiling  hot  throw  two  pounds  of  the  finest  cochineal  in  powder,  continue  the 
ebullition  for  two  hours,  and  then  add  3  oz.  of  refined  saltpetre,  and  after  a  few  minuiea 
4  oz.  of  salt  of  sorrel.  In  ten  minutes  more  take  the  copper  from  the  fire  and  let  it 
settle  for  four  hours ;  then  draw  off  the  liquor  with  a  syphon  into  fiat  plates  and  leave  It 
there  for  three  weeks.  Afterwards  there  is  formed  upon  the  surface  a  pretty  thick  mouldi- 
ness,  which  is  to  be  removed  dexterously  in  one  pellide  by  a  slip  of  whalebone.  Should 
the  film  tear  and  fragments  of  it  fall  down,  they  must  be  removed  with  the  utmost  care. 
Decant  the  supernatant  water  with  n  syphon,  the  end  of  which  may  tonch  the  bottom  of 
the  vessel,  because  the  layer  of  carmine  is  very  firm.  Whatever  water  remains  must  be 
sucked  away  by  a  pipette.  The  carmine  is  dried  in  the  shade,  and  has  an  extraordinary 
lustre. 

Carmine  by  the  salt  oftin^or  the  Carmine  of  China, — ^Boil  the'cochineal  in  river  water, 
adding  some  Roman  alum,  then  pass  through  a  fine  cloth  to  remove  the  cochineal,  and 
set  the  liquor  aside.  It  becomes  brighter  on  keeping.  After  having  heated  this  liquor, 
pour  into  it,  drop  by  drop,  solution  of  tin  tiH  the  carmine  be  predpitated.  The  propor- 
tions are  one  pailful  of  water,  20  oz.  of  cochineal,  and  60  grains  of  alum,  with  a  iolu* 
tioB  of  tin  containing  4  oz.  of  the  metal. 
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To  rtvite  or  highUm  earmint, — ^We  may  lighten  ordinary  carmine,  and  obtain  a  very 
fine  and  eleaj*  pigment,  by  dissolving  it  in  water  of  anmionia.  For  this  purpose  we  leave 
ammonia  upon  carmine  in  the  heat  of  the  son,  till  all  its  color  be  extracted,  and  the  liqaor 
hts  got  a  fine  red  tinge.  It  must  be  then  drawn  off  and  precipitated,  by  acetic  acid  and 
alchohol,  next  washed  with  alcohol,  and  dried.  Carmine  dissolved  in  ammonia  has  been 
Ion«  employed  by  painters,  under  the  name  of  liquid  carmine. 

Carmine  is  the  finest  red  color  which  the  painter  possesses.  It  is  principally  employed 
in  miniature  painting,  water  colors,  and  to  tint  artificial  flowers,  because  it  is  more  trans- 
parent  than  the  other  colors.    For  Carminium,  see  Cochineal. 

CARPET.  (TapU,  Fr.  j  Teppich,  Germ.)  A  thick  woollen  fabric  of  variegated 
colors,  for  covering  ihe  floors  of  the  better  sort  of  apartments.  This  laxnrioos  manufae- 
tnre  took  its  origin  in  Persia  and  Turkey,  whence  the  most  beautiful  patterns  were  wont 
to  come  into  Europe ;  but  they  have  been  for  some  time  surpassed  by  the  workmanship  of 
France,  Great  Britain,  and  Belgium.  To  form  a  just  conception  of  the  elegant  and  in- 
genious processes  by  which  carpets  are  made,  we  should  visit  the  royal  establishment  of 
the  Gobelins  at  Paris,  where  we  would  see  the  celebrated  carpet  manufactory  of  the 
Savoonerie,  which  has  been  transported  thiiher. '  A  detailed  set  of  entrravings  of  this  art 
is  given  by  Holand  de  la  Platidre  in  the  first  and  second  volumes  of  the  £ncyclop€die 
Mkhodique,  to  which  I  must  refer  my  readers,  as  a  due  exposition  of  its  machines  and 
operations  would  far  exceed  the  scope  of  the  present  volume. 

The  warp,  says  M.  Roland,  being  the  foundation  of  the  fabrie,  ought  to  be  of  fine 
wool,  equally  but  firmly  spun,  and  consist  of  three  yarns  twisted  into  one  thread.  The 
yams  that  are  to  form  the  velvety  surface  of  the  carpet,  ought  also  to  be  of  the  best 
quality,  but  soft  and  downy  in  their  texture,  so  that  the  dye  may  penetrate  every  fila- 
ment. Hemp,  or  linen  yarns,  are  likewise  employed  in  this  manufacture,  as  a  woof,  to 
bind  the  warp  firmly  together  after  each  shoot  of  the  velvety  threads.  Thus  we  see 
that  eood  carpeting  consists  essentially  of  two  distinct  web^  woven  at  the  same  time, 
and  firmly  decussated  together  by  the  woof  thrends.  Hence  the  form  of  the  pattern  is 
the  same  opon  the  two  sides  of  the  cloth,  only  the  colors  are  reversed,  so  that  what  was 
green  opon  one  side  becomes  red  or  black  upon  the  other,  and  vice  verui.  The  smaller 
the  fitrures  the  more  frequent  the  decussations  of  the  two  planes,  and  the  firmer  and 
more  durable  the  fabric. 

The  carpet  manufacture,  as  now  generally  practised,  may  be  distributed  into  two  sys- 
tems— that  of  double  fabrics,  and  that  cut  in  imitation  of  velvet.  Of  late  years  the 
Jacquard  loom  has  been  much  used  in  weaving  carpets,  the  nature  of  whic^  will  be 
found  fully  explained  under  that  title. 

For  the  sake  of  illustration,  if  we  suppose  the  double  carpets  to  be  composed  of  only 
two  colors,  the  principle  of  weaving  will  be  easily  understood ;  for  it  is  only  necessary 
to  raise  the  warp  of  each  web  alternately  for  the  passage  of  the  shuttle,  the  upper  web 
being  entirely  above  when  the  under  web  is  being  woven,  or  decussated,  and  vice  versa* 
In  a  Brussels  carpet  the  worsted  yam  raised  to  form  the  pile,  and  make  the  figure,  is 
not  cut;  in  the  Wilton  the  pile  is  cut  to  give  it  a  velvety  aspect  and  softness.  In  the 
imperial  Brussels  carpet  the  figitre  is  raised  above  the  ground,  and  its  pile  is  cut, 
but  the  ground  is  uncut;  and  in  the  royal  Wilton,  the  pile  is  both  raised  higher 
than  in  the  common  Wilton,  and  it  is  cut,  whereby  it  has  a  rich  cushion-like  ap- 
pcarancp.  7*he  cloth  of  all  these  superior  carpets  consists  of  wooUen  and  linen,  or 
hemp ;  ^he  latter  being  put  upon  a  beam,  and  brought,  of  course,  through  heddles  and  a 
reed ;  but  as  its  only  purpose  is  to  bind  toi^ether  the  worsted  fabric,  it  should  not  be 
visible  opon  the  upper  face  of  the  carpet.  The  worsted  yam  is  wound  upon  small  bob- 
bins or  pirns,  with  a  weight  afiSxed  to  each,  for  giving  proper  tension  to  the  threads. 
Their  number  varies,  for  one  web,  fh)m  1300  to  1800,  according  as  the  carpet  is  to 
be  27  or  36  inches  wide;  and  they  are  placed,  in  frames,  behind  the  loom,  filled  with 
dtferently  colored  yam,  to  correspond  with  the  figure.  This  worsted  warp  is  then  drawn 
through  the  harness,  heddles,  and  reed,  to  be  associated  with  the  linen  yam  in  the  com- 
pound fabric. 

In  Kidderminster  carpeting,  both  warp  and  weA  appear  upon  the  face  of  the  cloth, 
whereas,  in  the  Bmssels  style,  only  the  warp  is  seen,  its  binding  wef\  being  fine  hempen 
or  linen  threads.  The  three-ply  imperial  carpet,  called  the  Scotch,  is  coming  very 
mnch  into  voioie,  and  is  reckoned  by  many  to  be  little  inferior  in  texture,  look,  and 
wear  to  the  Brussels.  Kilmarnock  has  acquired  merited  distinction  by  this  ingenious 
industry.  In  this  fabric,  as  well  as  in  the  two-ply  Kidderminster,  the  weA  predominates, 
and  displays  the  design ;  but  in  the  French  carpets,  the  worsted  warp  of  the  web  shows 
the  fignre.  Plain  Venetian  carpets,  as  used  for  stairs  and  passages,  are  woven  in  simple 
looms,  provided  merely  with  the  common  heddles  and  reed.  The  warp  should  be  a 
substance  of  worsted  yam,  so  heavy  as  to  cover  in  the  weA  completely  from  the  view. 
V^ored  Venetian  carpets  are  woven  in  the  two-ply  Kidderminster  looms^  and  are 
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TfoTidtd  with  ■  rarchaniim  to  raise  the  paKem  npaa  tbe  wontei]  wb:]>.    The  weft  u  an 
alternate  shoot  of  wonted  and  Itnea  yam,  and  mast  be  concealed. 

The  rallowing  Senre  aad  deseription  will  explain  Uie  conitraetioii  of  the  three-pl; 
imperial  Scotch  and  two-ply  Kiddeiminiter  ewpet-loom,  which  is  merely  a  modiGcalioii 
of  the  luqnard  mttkr.    The  Brasselt  eBrpeC-looin,  on  the  eantrair,  is  a  dnw-boy  loom 
>T0  on  the  damask  plan,  and  requires  the 

weaver  lo  bare  an  assUtant.  fig.  270, 
A  A  A,  is  the  rmme  of  the  loom,  con- 
sisting of  four  nprighl  posts,  with  cap* 
and  cross  nils  lo  bind  them  logelber. 
Tbe  posts  are  about  six  feet  high,  c  r. 
the  dolh-beam,  is  a  wooden  cylinder) 
■ix  inches  or  thereby  ia  diameter,  of 
EDfficienI  length  to  trarerse  the  loom, 
with  iron  gudgeons  In  the  two  ends, 
which  work  In  boshes  in  the  side  tnioe. 
On  one  end  of  this  beam  is  ft  rvlchet 
wheel,  with  ■  tooth  to  keep  it  from 
turning  round  backwards  by  the  tension 
of  the  web.  d,  tbe  lay,  wiih  its  reed, 
its  under  and  upper  shell,  its  two  lateral 
tulerror  swords,  and  rocking-tree  abore. 
There  are  grooves  in  the  upper  and 
under  shell,  into  which  the  reed  is  fitted. 
E,  the  heddles,  or  harness,  with  a  doable 
neck  attached  to  each  of  the  tower  or  caid 
mechanisms  r  r,  of  the  Jacquaid  lomn. 
The  heddles  are  conaected  and  work  willi 
the  treddles  s  b,  by  means  of  cords,  as  shown  ia  the  fignre,  a  a  are  wooden  boxes  for 
the  cards.     R,  the  yarn  or  warp-beam. 

In  draW'looms  of  every  kind,  there  is  no  sinking  of  any  portion  of  the  warp,  as  ia 
plain  cloih-wearing )  but  the  plane  of  the  warp  is  placed  low,  and  the  threads  under 
which  the  shullle  is  to  pass  are  raised,  while  all  the  rest  remains  stationary.  The 
harness  pari  of  this  carpei-Ioom  is  moved  by  an  assistant  boy  or  girl,  who  thus  aDowi 
the  weft  to  be  properly  decussated,  while  the  weaver  attends  (o  working  the  front 
mounting  or  heddles.    Fig.  271,  a  repre- 
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:  frame  of  a  carpel  draw-lo 
B  is  a  box  or  frame  of  pulleys,  over 
which  the  cords  of  the  harness  pass,  and 
are  then  made  fast  to  a  piece  of  wood, 
seen  at  e,  which  the  weavers  call  a  table. 
From  the  tail  of  the  hamsss  the  aimples 
descend,  and  to  the  end  of  each  is  at- 
tached a  small  handle  a,  called  a  bob. 
These  handles  being  disposed  in  pairs^ 
and  their  regularity  preserved  by  toeani 
of  a  perforated  board  c,  it  is  mertly  ne- 
cessary lo  puU   every  handle   in   succea- 


the   1 


.    at    the   I 


working  his  treddles  with  his  feet,  as   ia 

any  other   loom.    The   treddles   are  four 

or  alternate  cloth,  and   two  treddles  allot* 

of   the  carpet    draw-loom 


IB  ntlmber,  the    fabric  being    that  of  plaii 
led    for    each    web.     The    harness   pari    [ 

maUi,  or  metallic  eyes,  to  save  friction  i  two  threads  being  drawn  throngh  e 
The  design  or  pattern  of  a  carpet  is  drawn  upon  cross-rute  paper,  exactly  in  the 
tame  way  as  every  other  kind  of  foncy-toom  work,  and  is  transferred  from  the  paper 
to  the  mounting;  by  the  rales  for  damask  weaving.  Suppose  that  a  double  web  it  so 
mounted  that  every  alternate  thread  of  the  one  may  be  raised,  so  as  to  form  a  suffi- 
cient shed-way  for  the  shuttle,  without  depressing  ihn  other  in  the  least.  Then  snppose 
another  web  placed  above  the  former,  at  sach  a  distance  Ihat  it  will  exactly  touch  the 
convexity  of  those  threads  of  the  former  which  are  roited.  Then,  if  the  threads  of 
the  latter  web  are  sunk  white  the  others  ore  raised,  the  two  would  be  entirely  in. 
corporated.     But  if  this  be  only  partially  done,  that  is,  at  particular  places,  only  those 

r-[s  immediately  operated  upon  will  be  affected  by  the  action  of  the  apparatus, 
the  carpet  is  a  two-colored  pattern,  as  black  and  red,  and  if  upon  the  upper  sur- 
fhee,  as  extended  in  the  loom,  red  flowers  are  to  be  represented  upon  a  bladl  ground, 
tha  all  those  specie*  ef  design  paper  which  aie  colored  may  be  suppoeed  lo  iqircaent 
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tbered,  and  tliose  which  are  vacant  the  black.  Then  coniiting  the  spaces  upon  the 
pipeTy  omit  tbo^  which  are  vacant,  and  cord  those  which  are  colored,  and  the  efiect 
fill  be  produced.  But  as  the  two  webs  are  to  be  raised  alternately,  whatever  is  corded 
lor  the  first  handle  mast  be  passed  by  for  the  second,  and  vice  versa ;  so  that  the  one  will 
ftna  the  flower,  and  the  other  the  ground. 

Tile  board  by  which  the  simples  aie  regnlated  appears  at  r.    d  shows  the  weights. 

CARTHAMUS,  or  safflower  (carthamns  tinctorins),  {Carihafne,  Fr. ;  JP  rijtr  distel, 
Germ.),  the  flower  of  which  alone  is  used  in  dyeing,  is  an  annual  plant  cultivated  in 
Spun,  Egypt,  and  the  Levant.  There  are  two  varieties  of  it  —  one  which  has  large 
leaves,  and  the  other  smaller  ones.  It  is  the  last  which  is  cultivated  in  Eg}'pt,  where  it 
fffBks  a  considerable  article  of  commerce. 

Carthamns  contains  two  coloring  matters,  one  yellow  and  the  other  red.  The  first 
done  is  salable  in  water ;  its  solution  is  always  turbid :  with  re-agents  it  exhibits  the 
characters  nsoally  remarked  in  yellow  coloring  matters.  The  acMs  render  it  lighter, 
the  alkalis  deepen  it,  giving  it  more  of  an  orange  hue :  both  produce  a  small  dun  pre- 
cipitate, in  consequence  of  which  it  becomes  clearer.  Alum  forms  a  precipitate  of  a  deep 
yeOow,  in  small  quantity.  The  solution  of  tin  and  the  other  metallic  solutions  cause  pre- 
cipitates which  have  nothing  remarkable  in  them. 

The  yellow  matter  of  cartbamus  is  not  employed ;  but  in  order  to  extract  this  portion, 
Ike  carthamus  is  put  into  a  bag,  which  is  trodden  under  water,  till  no  more  color  can 
he  pressed  out.    The  fiowers,  which  were  yellow,  become  reddish,  and  lose  in  this  opera 
tion  nearly  one  half  of  theiv  weight.    In  this  state  they  are  used. 

For  extracting  the  red  part  of  carthamus,  and  thereafter  applying  it  to  stuff,  the  prop- 
ertj  which  alkalis  possess  of  dissolving  it  is  had  recourse  to,  and  it  is  afterwards  pre- 
dpiiated  by  an  add. 

The  process  of  dyeing  consists,  therefore,  in  extraeting  the  coloring  matter  by  means  of 
SB  alkali,  and  precipitating  it  on  the  stuff  by  means  of  an  acid.  It  is  this  fecula  which 
Krres  for  making  the  rouge  employed  by  ladies. 

As  to  this  rouge,  the  solution  of  carthunus  is  prepared  with  crystallized  carbonate  of 
soda,  and  it  is  precipitated  by  lemon  juice.  It  has  been  remarked  that  lemons,  begin- 
aiag  to  spoil,  were  fitter  for  this  operation  than  those  whieh  were  less  ripe,  whose  juice 
retained  much  mucilage.  AAer  squeezing  out  the  lemon  juice,  it  is  leA  to  settle  for  some 
days.  The  precipitate  of  carthamus  is  dried  at  a  gentle  heat  upon  plates  of  stone-ware ; 
fimn  whieh  it  is  detached  and  very  carefully  ground  with  talc,  which  has  been  reduced 
to  a  very  subtile  powder,  by  means  of  the  leaves  of  shave-grass  (pnak),  and  suecessivdy 
pasMd  through  sieves  of  increasing  fineness.  It  is  the  fineness  of  the  talc,  and  the  greater 
or  less  proportion  which  it  bears  to  the  carthamus  preeipitate,  whieh  constitute  the  dif- 
Icmce  between  the  high  and  low  priced  rouges. 

Carthamas  is  used  for  dyeing  silk,  poppy,  nacarat  (a  bright  orange-red),  cherry,  rose 
eoior,  and  flesh  color.  The  process  differs  according  to  the  intensity  of  the  color,  and 
the  greater  or  less  tendency  to  fiame  color  that  is  wanted.  But  the  carthamus  bath, 
vhcse  application  may  be  varied,  is  prepared  as  follows  t 

The  earthamus,  from  which  the  yellow  matter  has  been  extracted,  and  whose  lumps 
hmve  been  broken  down,  is  put  into  a  trough.  It  is  repeatedly  sprinkled  with  cendres 
fcnvdees  (crude  pearlashes),  or  soda  (barilla)  well  powdered  and  siAed  at  the  rate  of 
6  pounds  for  120  lbs.  of  carthamus;  but  soda  is  pieieiTed,  mixing  carefully  as  the  alkali 
is  introdoced.  This  operation  is  called  aimstrtr.  The  ameatnd  carthamus  is  put  into 
m.  small  trough  with  a  grated  bottom,  first  lining  this  trough  with  a  closely  woven  doth. 
When  it  is  about  half  filled,  it  is  placed  over  the  large  trough,  and  cold  water  is  poured 
into  the  upper  one,  till  the  lower  becomes  Aill.  The  carthamus  is  then  set  over  another 
trough,  till  the  water  comes  from  it  almost  colorless.  A  little  more  alkali  is  now  mixed 
with  it,  and  fresh  water  is  passed  through  it.  These  operations  are  repeated  till  the  car- 
thamus be  exhausted,  Vhen  it  turns  yellow. 

After  distributing  the  silk  in  hanks  upon  the  rods,  lemon  juice,  brought  in  casks  from 
Provence,  is  poured  into  the  bath  till  it  becomes  of  a  fine  cherry  color;  this  is  called 
toraing  the  bath  (rtrer  U  bain).  It  is  well  stirred,  and  the  silk  is  immersed  and  turned 
round  the  skein-sticks  in  the  bath,  as  long  as  it  is  perceived  to  take  up  the  color.  For 
ponceau  (poppy  color),  it  is  withdrawn,  the  liquor  is  run  out  of  it  upon  the  peg,  and  it 
is  toreed  through  a  new  bath,  where  it  is  treated  as  in  the  first.  After  this  it  is  dried 
and  passed  through  fresh  baths,  continuing  to  wash  and  dry  it  between  each  operation, 
tin  it  has  acquired  the  depth  of  color  that  is  desired.  When  it  has  reached  the  proper 
pomt,  a  brightening  is  given  it  by  turning  it  round  the  sticks  seven  or  eighrtimes  in  a  bath 
of  hot  water,  to  whidi  about  hidf  a  pint  of  lemon  juice  for  each  pailful  of  water  has  been 
added. 

When  silk  is  to  be  dyed  ponceau  or  flame  cdor,  it  must  be  previously  boiled  as  for 
wb^  i  it  most  then  reedve  a  slight  foundation  of  annotto,  aS  explained  in  treating  of 
Ais  suletanee.    The  aiflc  thoold  not  be  alumed. 
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The  nacaraisy  and  the  deep  cherry  colors,  are  given  precisely  like  the  jfonaaux^  only 
they  receive  no  annotto  ground ;  and  baths  may  be  employed  which  have  served  for  the 
ponceau,  so  as  to  complete  their  exhaustion.  Fresh  baths  are  not  made  for  the  latter 
colors,  unless  there  be  no  occasion  for  the  poppy. 

With  regard  to  the  lighter  cherry-reds,  rose  color  of  all  shades  and  flesh  colors,  they 
are  made  with  the  second  and  last  runnings  of  the  carthamns,  which  are  weaker.  The 
deepest  shades  are  passed  through  first. 

The  lightest  of  all  these  shades,  which  is  an  extremely  delicate  flesh  color,  requires  a 
little  soap  to  be  put  into  the  bath.  This  soap  lightens  the  color,  and  prevents  it  from 
taking  too  speedily,  and  becoming  uneven.  The  silk  is  then  washed,  and  a  little  bright- 
ening is  given  it,  in  a  bath  which  has  served  for  the  deeper  colors 

All  these  baths  are  employed  the  moment  they  are  made,  or  as  speedily  as  possible, 
because  they  lose  much  of  their  color  upon  keeping,  by  which  they  are  even  entirely 
destroyed  at  the  end  of  a  certain  time.  They  are,  moreover,  used  cold,  to  prevent  the 
color  from  being  injured.  It  must  have  been  remarked  in  the  experiments  just  described, 
that  the  caustic  alkalis  attack  the  extremely  delicate  color  of  carthamus,  making  it  pass 
to  yellow.  This  is  the  reason  why  crystals  of  soda  are  preferred  to  the  other  alka- 
line matter's. 

In  order  to  diminish  the  expense  of  the  carthamus,  it  is  the  practice  in  preparing  the 
deeper  shades  to  mingle  with  the  first  and  the  second  bath  about  one  fiflh  of  the  bath  of 
archil. 

Dobereiner  regards  the  red  coloring  matter  of  carthamus  as  an  acid,  and  the  yellow  as 
a  base.  His  carthamic  acid  forms,  with  the  alkalis,  colorless  salts,  decbmposed  by  the 
tartaric  and  acetic  acids,  which  precipitate  the  acid  of  a  bright  rose-red.  Heat  has  a  re- 
markable influence  upon  carthamus,  rendering  its  red  color  yellow  and  dull.  Hence,  the 
colder  the  water  is  by  which  it  is  extracted,  the  finer  is  the  ccdor.  Light  destro}'s  the 
color  very  rapidly,  and  hitherto  no  means  have  been  found  of  counteracting  this 
eflfect.  For  this  reason  this  brilliant  color  must  be  dried  in  the  shade,  its  dye  must  be 
given  in  a  shady  place,  and  the  silk  stuffs  dyed  with  it  must  be  preserved  as  much  as 
possible  from  the  light.  Age  is  nearly  as  injurious  as  light,  especially  upon  the  dye  in  a 
damp  state.  The  color  is  very  dear,  because  a  thousand  parts  of  carthamus  contain  only 
five  of  it. 

In  preparing  the  finest  rouge,  the  yellow  coloring  matter  being  separated  by  washing 
wiih  water,  the  red  is  then  dissolved  by  the  aid  of  alkidi,  and  is  thrown  down  on  linen 
or  cotton  rags  by  saturating  the  solution  with  vegetable  acid.  The  color  is  rinsed  out  of 
these  rags,  dissolved  anew  in  alkalis,  and  once  more  precipitated  by  lemon  juice.  The 
best  and  freshest  carthamus  must  be  selected.  It  is  put  into  linen  bags,  which  are  placed 
in  a  stream  of  water,  and  kneaded  till  the  water  runs  off  colorless.  The  bags  are  then 
put  into  water  soured  with  a  little  vinegar,  kneaded  till  the  color  is  all  expelled,  and 
finally  rinsed  in  running  water.  By  this  treatment  the  earthamus  loses  nearly  half  its 
weight.  6633  cwts.  of  safflower  were  imported  into  the  United  Kingdom  in  1835,  of 
which  2930  cwts.  were  retained  for  internal  consumption. 

CASE-HARDENING  is  the  name  of  the  process  by  which  iron  tools,  keys,  &c.,  have 
their  surfaces  converted  into  steel. 

Steel  when  very  hard  is  brittle,  and  iron  alone  is  for  many  purposes,  as  for  fine  keys, 
far  too  soft.  It  is  therefore  an  important  desideratum  to  combine  the  hardness  of  a 
steely  surface  with  the  toughness  of  an  iron  body.  These  requisites  are  united  by  the 
process  of  case-hardening,  which  does  not  differ  from  the  making  of  steel,  except  in  the 
shorter  duration  of  the  process.  Tools,  utensils,  or  ornaments,  intended  to  be  polished, 
are  first  manufactured  in  iron  and  nearly  finished,  after  which  they  are  put  into  an  iron 
box,  together  with  vegetable  or  animal  charcoal  in  powder,  and  cemented  for  a  certain 
time.  This  treatment  converts  the  external  part  into  a  coating  of  steel,  which  is  usually 
very  thin,  because  the  time  allowed  for  the  cementation  is  much  shorter  than  when  the 
whole  substance  is  intended  to  be  converted.  Inunersion  of  the  heated  pieces  into  water 
hardens  the  surface,  which  is  afterwards  polished  by  the  usual  methods.  Moxon,  in  hii 
Medianic  Exerdiea,  p.  56,  gives  the  following  receipt  for  case-hardening : — *'  Cow's  horn 
or  hoof  is  to  be  baked  or  thoroughly  dried  and  pulverized.  To  this  add  an  equal 
quantity  of  bay  salt ;  mix  them  with  stale  chamber-ley  or  white  wine  vinegar :  cover 
the  iron  with  this  mixture,  and  bed  it  with  the  same  in  loam,  or  enclose  it  in  an  iron  box ; 
lay  it  on  the  hearth  of  the  forge  to  dry  and  harden  :  then  put  it  into  the  fire,  and  Uovr 
tin  the  lump  have  a  blood-red  heat,  and  no  higher,  lest  the  mixture  be  burnt  too  much* 
Take  the  iron  out,  and  immerse  it  in  water  to  harden."  I  consider  the  vinegar  to  be 
quite  superfluous. 

I  shall  now  describe  the  recent  application  of  prussiate  (ferrocyanate)  of  potash  to  this 
pufpose.  The  piece  of  irbn,  after  being  polished,  is  to  be  made  brightly  red-hot,  and 
then  rubbed  or  sprinkled  over  with  the  above  salt  in  fine  powder,  upon  the  part  intended 
tn  be  hardened.    The  prussiate  being  decomposed,  and  apparently  dissipated,  the  inm  k 
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to  be  qaenched  in  eold  water.  If  the  process  has  been  wdl  managed,  the  surface  of  the 
metal  will  have  become  so  hard  as  to  resist  the  file.  Otheis  propose  to  smear  over 
tke  surface  of  the  iron  with  loam  made  into  a  thin  paste  with  a  strong  solution  of 
(he  prossiate,  to  dry  it  slowly,  then  expose  the  whole  to  a  nearly  white  heat,  and 
fioally  plunge  the  iron  into  cold  water,  when  the  heat  has  fallen  to  dull  redness.  See 
SrscL. 

CASHMERE  or  CACHEMERE,  a  peculiar  textile  fabric  first  imported  from  the 
kinsdom  of  Cashmere,  and  now  well  imitated  in  France  and  Great  Britain.  The 
natrrial  of  the  Cashmere  shawls  is  the  downy  wool  found  about  the  roots  of  the  hair  of 
the  Thibet  goat.  The  year  1819  is  remarkable  in  the  history  of  French  husbandry  for 
the  aoqnisitioa  of  this  breed  of  goats,  imported  from  the  East  under  the  auspices  of  their 
y  government,  by  the  indefatisable  courace  and  zeal  of  M.  Jaubert,  who  encountered  CTery 
fatieue  and  danger  to  enrich  his  country  with  these  valuable  animals,  aided  by  the 
patriotism  of  M.  Ternaux,  who  first  planned  this  importation,  and  furnished  funds  for 
executing  it  at  his  own  expense  and  responsibility.  He  placed  a  portion  of  the  flock 
brought  by  M.  Jaubert,  at  his  villa  of  Saint  Ouen,  near  Paris,  where  the  climate  seemed 
to  be  very  favorable  to  them,  since  for  several  successive  years  after  their  introduction 
H.  Temaux  was  enabled  to  sell  a  great  number  of  both  male  and  female  goats.  The 
^nantity  of  fine  fleece  or  down  afforded  by  each  animal  annually,  is  from  a  pound  and  a 
half  to  two  pounds. 

The  wool  imported  into  Europe  comes  by  the  way  of  Casan,  the  capital  of  a  govem- 
Bcnt  of  the  Russian  empire  upon  the  eastern  bank  of  the  Wolga ;  it  has  naturally  a 
grayish  color,  but  is  easily  bleached.  Its  price  a  few  years  back  at  Paris  was  17  francs 
per  kilc^ramme ;  that  is,  about  6  shillings  the  pound  avoirdupois.  The  waste  in  pickingy 
carding,  and  spinning,  amounts  to  about  one  third  of  its  weight. 

The  mills  for  Spinning  Cachemere  wool  have  multiplied  very  much  of  late  years  in 
France,  as  appears  from  the  premiums  distributed  at  the  exposition  of  1834,  and  the 
prices  of  the  yarn  have  fallen  from  25  to  30  per  cent,  notwithstanding  their  improved 
fioenesft  and  quality.  There  is  a  fabric  made  with  a  mixture  of  Cachemere  down  and 
span  silk,  which  is  becoming  very  general.  One  of  the  manufacturers,  M.  Hindenlang, 
exhibited  samples  of  Cachemere  cloth  woven  with  yarn  so  fine  as  No.  130  for  warp,  and 
No.  228  for  weft. 

Messrs.  PoUino,  brothers,  of  Paris,  produced  an  assortment  of  Cachemere  pieces  from 
22  to  100  francs  the  yard,  dyed  of  every  fancy  shade.  Their  establishment  at  Fert^-Ber* 
Bard  occupies  700  operatives,  with  an  hydiaulic  wheel  of  60  horse  power. 

The  oriental  Cashmere  shawls  are  woven  by  processes  extremely  slow  and  consequently 
costly ;  whence  their  prices  are  very  high.  They  are  still  sold  in  Paris  at  from  4,000  to 
10,000  francs  a  piece;  and  from  100  to  400  pounds  sterling  in  London.  It  became 
necessary,  therefore,  either  to  rest  satisfied  with  work  which  should  have  merely  a  surface 
appearance,  or  contrive  economical  methods  of  weaving,  to  produce  the  real  Cachemere 
style  with  much  less  labor.  By  the  aid  of  the  draw-loom,  and  still  better  of  the  Jacquard 
loom,  M.  Temaux  first  succeeded  in  weaving  Cachemere  shawls  perfectly  similar  to  the- 
orieotal  in  external  aspect,  which  became  fashionable  under  the  name  of  French  Cache- 
mere.  But  to  construct  shawls  altogether  identical  on  both  sides  with  the  eastern,  waa 
a  more  diflicult  task,  which  was  accomplished  only  at  a  later  period  by  M.  Bauson  of 
Paris. 

In  both  modes  of  manufacture,  the  piece  is  mounted  by  reeding-in  the  warp  for  the 
diflerent  leaves  of  the  heddles,  as  is  commonfy  practised  for  warps  in  the  Jacquard  looms. 
The  weaving  of  imitation  shawls  is  executed,  as  usual,  by  as  many  shuttles  as  there  are 
colors  in  the  design,  and  which  are  thrown  across  the  warp  in  the  order  established  by 
the  reeicr.  The  greater  number  of  these  weft  yams  being  introduced  only  at  iotervahi 
into  the  web,  when  the  composition  of  the  pattern  requires  it,  they  remain  floating  loose 
at  the  back  of  the  piece,  and  are  cut  afterwards,  without  afifecting  in  the  least  the  quality 
of  the  texture;  but  there  is  a  considerable  waste  of  stufi'in  the  weaving,  which  is  worked 
up  into  carpets. 

The  weaving  of  the  imitaiion  of  real  Cachemere  shawls  is  diflerent  from  the  above. 
The  yams  intended  to  form  the  weft  are  not  only  equal  in  number  to  that  of  the  colon 
of  the  pattern  to  be  imitated,  but  besides  this,  as  many  little  shuttles  or  pirns  (like  those 
used  by  embroiderers)  are  filled  with  these  yams,  as  there  are  to  be  colors  repeated  m 
the  broMlth  of  the  piece ;  which  renders  their  number  considerable  when  the  pattern  it 
somewhat  complicated  and  loaded  with  colors.  Each  of  these  small  bobbins  or.  shuttles 
passes  through  only  that  portion  of  the  flower  in  which  the  color  of  its  yam  is  to  appear, 
and  stops  at  the  one  side  and  the  other  of  the  cloth  exactly  at  its  limit ;  it  then  retEumi 
upon  itself  after  having  crossed  tiie  thread  of  the  adjoining  shuttle.  From  this  recipro* 
cal  intertexture  of  all  the  yams  of  the  shuttles,  it  results,  that  although  the  weft  l» 
eonposed  of  a  great  many  diflerent  threads,  they  no  less  constitute  a  continuous  line  in 
the  whole  breadth  of  the  web,  upon  which  the  lay  or  batten  acta  in  the  ordinai7.  way 
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We  see,  therefore,  that  the  whole  art  of  manufacturing  this  Caehemere  doth  eonsistt  ia 
avoiding  the  confusion  of  the  shuttles,  and  in  not  striking  up  the  lay  till  all  have  fulfilled 
their  function.  The  labor  does  not  exceed  the  strength  of  a  woman,  even  though  she  has 
to  direct  the  loom  and  work  the  treddles.  Seated  on  her  hench  at  the  end  opposite  to 
the  middle  of  the  beam,  she  has  for  aids  in  weaving  shawls  from  46  to  52  inches  wide^ 
two  girl  apprentices,  whom  she  directs  and  instructs  in  their  tasks.  About  four  hundred 
days  of  work  are  required  for  a  Caehemere  shawl  of  that  breadth.  For  the  constraetkm 
of  the  loom,  see  Jacquabd. 

In  the  oriental  process,  all  the  figures  in  relief  are  mad6  simply  with  a  slender  pirn 
without  the  shuttle  used  in  European  weaving.  By  the  Indians  the  flower  and  its 
ground  are  made  with  the  pirn,  by  means  of  an  intertwisting,  which  renders  them  in 
some  measure  independent  of  the  warp.  In  the  Lyons  imitation  of  this  style,  the  leaves 
of  the  heddles  lift  the  yams  of  the  warp,  the  >  needles  embroider  as  in  lappet  weaving, 
and  the  flower  is  united  to  the  warp  by  the  wefl  thrown  across  the  piece.  Thus  a  great 
deal  of  labor  is  saved,  the  eye  is  pleased  with  an  illusion  of  the  loom,  and  the  shawls  eost 
little  more  than  those  made  by  the  common  fly  shuttle. 

Considered  in  reference  to  their  materials,  the  French  shawls  present  three  distinct 
classes,  which  characterize  the  three  fabrics  of  Paris,  Lyons,  and  Nimes. 

Paris  manufactures  the  French  Caehemere,  properly  so  called,  of  which  both  the  waip 
and  the  weA  are  the  yam  of  pure  Caehemere  down.  This  web  represents  with  fidelity 
the  figures  and  the  shades  of  color  of  the  Indian  shawl,  which  it  copies ;  the  deception 
would  he  complete  if  the  reverse  of  the  piece  did  not  show  the  cut  ends.  The  Hindoo 
shawl,  also  woven  at  Paris,  has  its  warp  in  spun  silk,  which  reduces  its  price  without 
impairing  its  beauty  much. 

Lyons,  however,  has  made  the  greatest  progress  in  the  manufacture  of  shawls.  It  ez« 
eels  particularly  in  the  texture  of  its  Thibet  shawls,  the  weft  of  which  is  yam  spun  with 
a  mixture  of  wool  and  spun  silk. 

Nimes  is  remarkable  for  the  low  price  of  its  shawls,  in  which  spun  silk,  Thibet  dows^ 
and  cotton,  are  all  worked  up  together. 

The  value  of  shawls  exported  from  France  in  the  following  years  was— 


1831. 

1833. 

1833. 

Woollen 

Caehemere  down  -  - 
Spun  silk  ...... 

Francs. 
1,863,147 
433,410 
401,856 

Francs. 
2,070,926 
655,200 
351,152 

Francs. 
4,319,601 

609,900 
408,824 

It  appears  that  M.  J.  Girard  at  Sevres,  near  Paris,  has  succeeded  best  in  producing 
Cadiemcre  shawls  equal  in  stufi"  and  style  of  work  to  the  oriental,  and  at  a  lower  price. 
They  have  this  advantage  over  the  Indian  shawls,  that  they  are  woven  without  seams,  in 
a  single  piece,  and  exhibit  all  the  variety  and  the  raiswl  efiect  of  the  eastern  colara. 
Women  and  children  alone  are  employed  in  his  factory. 

CASK  (Tormeauy  Fr. ;  Fass,  Germ.),  manufacture  of  by  mechanical  power.  Mr. 
Samuel  Brown  obtained  a  patent  in  November,  1825,  for  certain  improvements  in 
machinery  for  making  casks,  which  seems  to  be  ingenious  and  worthy  of  record.  His 
mechanism  consists  in  the  first  place  of  a  circular  saw  attached  to  a  bench,  with  a  sliding 
rest,  upon  which  rest  each  piece  of  wood  intended  to  form  a  stave  of  a  cask  is  fixed ; 
and  the  rest  being  then  slidden  forward  in  a  curved  direction,  by  the  assistance  of  an 
a4justable  guide,  brings  the  piece  of  wood  against  the  edge  of  the  rotatory  saw,  and  causes 
it  to  be  cut  into  the  curved  shape  required  for  the  edge  of  the  stave.  The  second  feature 
is  an  apparatus  with  cutters  attached  to  a  standard,  and  traversing  round  with  their 
carrier  upon  a  centre,  by  means  of  which  the  upper  and  lower  edges  of  the  cask  are  cut 
round  and  grooved,  called  chining,  for  the  purpose  of  receiving  the  heads.  Thirdly,  an 
apparatus  not  very  dissimilar  to  the  last,  by  which  the  straight  pieces  of  wood  designed 
ibr  the  heads  of  the  cask  are  held  together,  and  cut  to  the  circular  figure  required,  and 
also  the  bevelled  edges  produced.  And  fourthly,  a  machine  in  which  the  cask  is  made 
to  revolve  upon  an  axis,  and  a  cutting  tool  to  traverse  for  the  piiri>ose  of  shaving  the 
external  part  of  the  cask,  and  bringing  it  to  a  smooth  surface. 

The  pieces  of  wood  intended  to  form  the  staves  of  the  cask,  having  been  cut  to  their 
required  length  and  breadth,  are  placed  upon  the  slide-rest  of  the  first  mentioned  machine^ 
and  confined  by  cramps ;  and  the  guide,  which  is  a  fiexible  bar,  having  been  previously 
bent  to  the  intended  carve  of  the  stave  and  fixed  in  that  form,  the  rest  is  then  slidden 
forward  upon  the  bench  by  the  hand  of  the  workman,  which  as  it  advances  (moving  in  a 
curved  directk>n)  brings  the  piece  of  wood  against  the  edge  of  the  revolving  circular 
saw,  by  which  it  is  cut  to  the  curved  shape  desired. 

The  guide  is  a  kmg  bar  held  by  a  series  of  moveaUe  blocks  fitted  to  the  bench  by 
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KKWS,  and  is  bent  to  nny  desbed  enrre  by  shiAing  the  screws :  the  edge  of  the  slide-reatt 
whkh  holds  the  piece  of  wood  aboat  to  be  cut,  mns  against  the  long  guide  bar,  and  of 
eoDseqaenee  is  eondncted  in  a  corresponding  carved  course.  The  circular  saw  receives 
a  rapid  rotaiory  motion  by  means  of  a  band  or  rigger  from  any  first  mover ;  and  the  piece 
of  wood  may  be  shiAed  laterally  by  means  of  racks  and  pinions  on  the  side-rest,  by  the 
workman  toming  a  handle,  which  is  occasionaUy  necessaiy  in  order  to  bring  the  piece 
of  wood  ap  to,  or  away  from,  the  saw. 

The  necessary  number  of  staves  being  provided,  they  are  then  set  round  within  a 
confining  hoop  at  bottom,  and  brought  into  the  form  of  a  cask  in  the  usual  way,  and 
braced  by  temporary  hoops.  The  bcmrel  part  of  the  cask  being  thus  prepared,  in  order 
to  effect  the  chining,  it  is  placed  in  a  frame  upon  a  platform,  which  is  raised  up  by  a 
treddle  lever,  that  the  end  ik  the  barrel  may  meet  the  cutters  in  a  sort  of  lathe  above :  the 
entters  are  then  made  to  traverse  round  within  the  head  of  the  barrel,  and,  as  they  pro- 
ceed, occasionally  to  expand,  by  which  means  the  bevels  and  grooves  are  cut  on  the 
upper  edge  of  the  barrel,  which  is  called  chining.  The  barrel  being  now  reversed,  the 
tame  apparatus  is  brought  to  act  against  the  other  end,  which  becomes  chined  in  like 


The  pieces  of  wood  intended  to  form  the  heads  of  the  cask  are  now  to  be  cut  straight 
by  a  circular  saw  in  a  machine,  similar  to  the  first  described ;  but  in  the  present  instance 
the  slide-rest  is  to  move  forward  in  a  straight  course.  AHer  their  straight  edges  are 
thos  pTodnced,  they  are  to  be  placed  side  by  side,  and  confined,  when  a  scribing  cutter 
is  made  to  traverse  round,  and  cut  the  pieces  collectively  into  the  circular  form  desired 
for  heading  the  cask. 

The  cade  having  now  been  made  up,  and  headed  by  hand  as  usual,  it  is  placed  between 
eentresy  or  upon  an  axle  in  a  machine,  and  turned  round  by  a  rigger  or  band  with  a 
shaving  cotter,  sliding  along  a  bar  above  it,  which  cutter,  being  made  to  advance  and 
recede  as  it  slides  along,  shaves  the  outer  part  of  the  cask  to  a  smooth  surface. 

CASSAVA.  Cas»ava  breddy  conaque,  ^c,  are  dififerent  names  given  to  the  starch 
of  the  root  of  the  Manioc  {Jatropka  Manihot,  Linn.),  prepared  in  the  following  manner 
in  the  West  Indies,  the  tropical  regions  of  America,  and  upon  the  African  coast.  The 
tree  belongs  to  the  natural  family  of  the  eupkorfnacea. 

The  roots  are  washed',  and  reduced  to  a  pulp  by  means  of  a  rasp  or  grater.  The  pulp 
ii  put  into  coarse  strong  canvass  bags,  and  thus  submitted  to  the  action  of  a  powerful 
pressy  by  which  it  parts  with  most  of  its  noxious  juice  (used  by  the  Indians  for  poisoning 
the  baxbs  of  their  arrows.)  As  the  active  principle  of  this  juice  is  volatile,  it  is  easily 
disBtpated  by  baking  the  squeezed  cakes  of  pulp  upon  a  plate  of  hot  iron.  Fifty  pounds 
of  the  fresh  juice,  when  distilled,  afibrd,  at  first,  three  ounces  of  a  poisonous  water,  pos- 
sessing an  intolerably  offensive  smell;  of  which,  35  drops  being  administered  to  a  slave 
eoBvicted  of  the  crime  of  poisoning,  caused  his  death  in  the  course  of  six  minutes,  amid 
horrible  convulsions.* 

The  pulp  dried  in  the  manner  above  described  concretes  into  lumps,  which  become 
hard  and  friable  as  they  cool.  They  are  then  broken  into  pieces,  and  laid  out  in  the  sun 
to  dry.  In  this  state  they  afford  a  wholesome  nutriment,  and  are  habitually  used  as  such 
by  the  negroes,  as  also  by  many  white  people.  These  cakes  constitute  the  only  pro- 
▼inons  laid  in  by  the  natives,  in  their  voyages  upon  the  Amazons.  Boiled  in  water  with 
a  little  beef  or  matton  they  form  a  kind  of  soup  similar  to  that  of  rice. 

The  cassava  cakes  sent  to  Europe  (which  I  have  eaten  with  pleasure)  are  composed 
almost  entirely  of  starch,  along  with  a  few  fibres  of  the  ligneous  matter.  It  may  be 
purified  by  diffusion  through  warm  water,  passing  the  miiky  mixture  through  a  linen 
cfeth^  evaporating  the  strained  liquid  over  the  fire,  with  constant  agitation.  The  starch 
dissolved  by  the  heat,  thickens  as  the  water  evaporates,  but  on  bein?  stirred,  it  becomes 
giannlated,  and  must  be  finally  dried  in  a  proper  stove.  Its  specific  gravity  is  1*530 — 
that  of  the  other  species  of  starch. 

The  product  obtained  by  this  treatment  is  known  in  commerce  under  the  name  of  to- 
pioca ;  and  being  starch  very  nearly  pure,  is  often  prescribed  by  physicians  as  an  aliment 
of  easy  digestion.  A  tolerably  good  imitation  of  it  is  made  by  heating,  stirring,  and 
drying  potato  starch  in  a  similar  way. 

The  expressed  jaice  of  the  root  of  manioc  contains  in  suspension  a  very  fine  fecula,  which 
itdeposites  skiwiy  upon  the  bottom  ofihe  vessels.  When  freed  by  decantation  from  the  si>* 
peniatant  liquor,  washed  several  times  and  dried,  it  forms  a  beautiful  starch,  which 
creaks  on  pressure  with  the  fingers.  It  is  called  cipipa,  in  French  Guyana;  it  is 
erapkqred  for  many  delinte  articles  of  cookery,  especially  pastry,  as  also  for  hair  powder, 
Mrehing  linen,  Slc 

Casnva  flour,  as  imported,  may  be  distinguished  from  arrow-root  and  other  kinds 

*  Mftaoir  «f  Dr.  Fcnun,  oommmdoatod  to  th«  Aadtmj  of  Borlin  conoenunf  •zporimmiti  bumI*  tt  Cay- 
wai^  vpmi  tha  joico  of  tho  BfaniM. 
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of  starch,  by  the  appetranee  of  its  particles  viewed  in  a  microseope.  They  we 
spherical,  all  about  1- 1000th  of  an  inch  in  diameter,  and  associated  in  groups ;  those  of 
potato  starch  are  irregular  ellipsoids,  van'ing  in  size  from  l-300th  to  1 -3000th  of  an 
inch ;  those  of  arrowroot  have  the  same  shape  nearly,  but  vary  in  size  from  l-500th  to 
l-800th  of  an  inch ;  those  of  wheat  are  separate  spheres  1- 1000th  of  an  inch. 

CASSIS,  the  black  eurrant  (tibes  nigra,  Linn.),  which  was  formerly  celebrated  for 
its  medicinal  properties,  with  very  little  reason. 

The  only  technical  use  to  which  it  is  now  applied  is  in  preparing  the  agreeable  liqueur 
called  ratafia,  by  the  following  French  recipe : — Stone,  and  crush  three  pounds  of  black 
currants,  adding  to  the  magma  one  drachm  of  cloves,  two  of  cinnamon,  four  quarts  of  spirit 
of  wine,  at  18°  Baume  (see  Aheometre  of  Baume),  and  2^  pounds  of  sugar.  Put  the 
mixture  into  a  bottle  which  is  to  be  well  corked  $  let  it  digest  for  a  fortnight,  shaking 
the  bottle  once  daily  during  the  first  eight  days;  then  strain  through  a  linen  doth,  and 
finally  pass  through  filtering  paper. 

CASTING  OF  METALS.  (See  Founding.)  Catta  from  elaaiie  mould*.  ~  Being 
much  engaged  in  taking  casts  from  anatomical  preparations,  Mr.  Douglas  Fox,  Surgeon, 
Derby,  found  great  difficulty,  principally  with  hard  bodies,  which,  when  undercut,  or 
having  considerable  overlaps,  did  not  admit  of  the  removal  of  moulds  of  the  ordinary 
kind,  except  with  injury.  These  difficulties  suggested  to  him  the  use  of  elastic  mouldSy 
which,  giving  way  as  they  were  withdrawn  from  complicated  parts,  would  return  to 
their  proper  shape ;  and  he  ultimately  succeeded  in  making  such  moulds  of  glue,  which 
not  only  relieved  him  from  all  his  difficulties,  but  were  attended  with  great  advantages, 
in  consequence  of  the  small  number  of  pieces  into  which  it  was  necessary  to  divide 
the  mould. 

The  body  to  be  moulded,  previously  oiled,  must  be  secured  one  inch  above  the  surface 
of  a  board,  and  then  surrounded  by  a  wall  of  clay,  about  an  inch  distant  from  its  sides. 
The  clay  must  also  extend  rather  higher  than  the  contained  body  :  into  this,  warm  melted 
glue,  as  thick  as  possible  so  that  it  will  run,  is  to  be  poured,  so  as  to  completely  cover 
the  body  to  be  moulded ;  the  glue  is  to  remain  till  cold,  when  it  will  have  set  into  an 
elastic  mass,  just  such  as  is  required. 

Having  removed  the  clay,  the  glue  is  to  be  cut  into  as  many  pieces  as  may  be  ne- 
cessary for  its  removal,  either  by  a  sharp-pointed  knife,  or  by  having  placed  threads  in 
the  requisite  situations  of  the  body  to  be  moulded,  which  may  be  drawn  away  when  the 
glue  is  set,  so  as  to  cut  it  out  in  any  direction. 

The  portions  of  the  glue  mould  having  been  removed  from  the  original^  are  to  be  placed 
together  and  bound  round  by  tape. 

In  some  instances  it  is  well  to  run  small  wooden  pegs  through  the  portions  of  glue,  so 
as  to  keep  them  exactly  in  their  proper  positions.  If  the  mould  be  of  considerable  size,  it  it 
better  to  let  it  be  bound  with  moderate  tightness  upon  a  board  to  prevent  it  bending 
whilst  in  use  ;  having  done  as  above  described,  the  plaster  of  Paris,  as  in  common  casting, 
is  to  be  poured  into  the  mould,  and  left  to  set. 

In  many  instances  wax  may  also  be  cast  in  glue,  if  it  is  not  poured  in  whilst  too  hot; 
as  the  wax  cools  so  rapidly  when  applied  to  the  cold  glue,  that  the  sharpness  of  the  im- 
pression  is  not  injured. 

Glue  has  been  described  as  succeeding  well  where  an  elastic  mould  is  alone  ap- 
plicable ;  but  many  modifications  are  admissible.  When  the  moulds  are  not  used  soon 
alter  being  made,  treacle  should  be  previously  mixed  with  the  glue  (as  employed  by 
printers)  to  prevent  it  becoming  bard. 

The  description  thus  given  is  with  reference  to  moulding  those  bodies  which  cannot 
be  so  done  by  any  other  than  an  elastic  mould ;  but  glue  moulds  will  be  found  greatly  to 
facilitate  casting  in  many  departments,  as  a  mould  may  be  frequently  taken  by  this 
method  in  two  or  three  pieces,  which  would  on  any  other  principle  require  many. 

CASTOR.  (Eng.  and  Fr. ;  Biber,  Germ.)  The  castor  is  an  amphibious  quad- 
ruped, inhabiting  North  America ;  also  found  in  small  numbers  in  the  islands  of  the 
Rhone.  In  the  arts,  the  skin  of  this  animal  is  employed  either  as  a  fur  or  as  afifording 
the  silky  hair  called  beaver,  with  which  the  best  hats  are  covered.  Beaver  skins,  which 
form  a  very  considerable  article  of  trade,  are  divided  into  3  sorts :  1.  The  fresh  beaver 
skins  from  castors,  killed  in  winter  before  shedding  their  hair ;  these  are  nM)8t  in  re* 
quest  among  the  furriers,  as  being  the  most  beautiful.  2.  The  dry  or  lean  beavers  are 
the  skins  of  the  animals  kiUed  dunng  the  moulting  season ;  they  are  not  much  esteemed, 
as  the  skin  is  rather  bare.  3.  The  fat  castors :  these  are  the  skins  of  the  first  sort,  whkli 
have  been  worn  for  some  time  upon  the  persons  of  the  savages,  and  have  got  imbued  with 
their  sweat.  The  last  are  principally  used  in  the  hat  manufacture.  In  France,  tlie 
marine  otter  has  been  for  many  years  substituted  in  the  place  of  the  castor  or 
beaver. 
CABTOR  or  CASTGREUM.     This  name  it  given  to  a  tecretion  of  the 
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contained  in  pear-shaped  ceUalar  organic  sacs,  placed  near  the  genital  organs  of  both  the 
male  and  female  animals.  It  is  a  substance  analogons  to  civet  and  mudc,  of  a  consist- 
ence similar  to  thick  honey.  It  has  a  bitter  acrid  taste;  a  powerful,  penetimtiiig,  fetid, 
and  Terj  volatile  smell ;  but,  when  dried,  it  becomes  inodorons.  Several  ehemists,  and 
in  particular  Bouillon  Xiagrange,  Langier,  and  Hildebrandt,  have  examined  castor,  and 
found  it  to  be  composed  of  a  resin,  a  fatty  substance,  a  volatile  oil,  an  extractive  matter, 
benzoic  acid,  and  some  salts. 

The  mode  of  preparing  it  is  very  simple.  The  sacs  are  cut  off  from  the  castors  when 
they  are  kiUed,  and  are  dried  to  prevent  the  skin  being  affected  by  the  weather.  In  this 
state,  the  interior  substance  is  solid,  of  a  dark  color,  and  a  faint  smell ;  it  softens  with 
heat,  and  becomes  brittle  by  cold.  Its  fracture  betrays  fragments  of  membranes,  indi- 
cating its  organic  structure.  When  chewed,  it  adheres  to  the  teeth  somewhat  like  wax; 
it  has  a  bitter,  slightly  act  id,  and  nauseous  taste. 

The  castor  bass,  as  imported,  are  often  joined  in  pairs  by  a  kind  of  ligature.  Some- 
times the  substance  which  constitutes  their  value  is  sophisticated ;  a  portion  of  the  cas- 
toreum  being  extracted,  and  replaced  by  lead,  clay,  gums,  or  some  other  foreign  matters. 
This  fraud  may  be  easily  detected,  even  when  it  exists  in  a  small  degree,  by  the  absence 
of  the  membranous  partitions  in  the  interior  of  the  bags,  as  well  as  by  the  altered  sihell 
and  taste. 

The  use  of  castoreum  in  medicine  is  considerable,  especially  in  nervous  and  spasmodic 
diseases,  and  it  is  often  advantageously  combined  with  opium. 

CASTORINE.  A  chemical  principle  lately  discovered  to  the  amount  of  a  few  parts 
per  cent,  in  Castoreum. 

CASTOR  OIL.  The  expressed  oil  of  the  seeds  of  the  Palma  Christt,  or  Ricinua 
communtMj  a  native  tree  of  the  West  Indies  and  South  America ;  but  which  has  been  cul- 
tivated in  France,  Italy,  and  Spain.  Bussy  and  Lecanu  discovered  in  it  3  species  of 
fiuty  matters,  obtained  partly  by  saponification,  and  partly  by  dry  distillation — the  mar- 
garitic,  ricinic,  and  elaiodic  acids.  None  of  these  has  been  separately  applied  to  any 
use  in  the  arts. 

The  quantity  of  castor  oil  imported  in  1835  into  the  United  Kingdom  was  1,109,307 
lbs. ;  retained  for  home  consumption,  670,205  lbs.    Se^  Oils. 

CATECHU,  absurdly  called  Terra  Japonica,  is  an  extract  made  from  the  wood  of 
the  tree  mimosa  cateeku,  which  grows  in  Bombay,  Bengal,  and  other  parts  of  India.  It 
is  prepared  by  boiling  the  chips  of  the  interior  oif  the  trunk  in  water,  evaporating  the 
solution  to  the  consistence  of  iJrup  over  the  fire,  and  then  exposing  it  in  the  sun  to 
harden.  It  occurs  in  fiat  rough  cakes,  and  under  two  forms.  The  first,  or  the  Bombay, 
is  of  nnifonn  texture,  of  a  dark  rod  color,  and  of  specific  gravity  1*39.  The  second 
n  more  friable  and  less  solid.  It  has  a  chocolate  color,  and  is  marked  inside  with  red 
streaks.     Its  specific  gravity  is  1*28. 

According  to  Sir  H.  Davy,  these  two  species  are  composed  as  follows; — 


Tannin  -        -        -        -        - 
Extractive     -        - 
Mucilaee       -       -       -       - 
Insoluble  matters,  sand  and  lime 


Bombay. 


54-5 
34*0 

6-5 

5 


Bengal. 


48-5 
36-5 

8 

7 


100-0 


100-0 


Areka  nuts  are  also  found  to  yield  catechu ;  for  which  purpose  they  are  cut  into 
pieces  watered  in  an  earthen  pot  with  solution  of  nitre,  and  have  a  little  of  the  bark  of 
a  species  of  mimosa  added  to  them.  The  liquor  is  then  boiled  with  the  nuts,  and  affords 
an  inspissated  decoction. 

Good  catechu  is  a  brittle,  compact  solid,  of  a  dull  fracture.  It  has  no  smell,  but  e 
very  astringent  taste.  Water  dissolves  the  whole  of  it,  except  the  earthy  matter,  which 
IS  probably  added  during  its  preparation.  Alcohol  dissolves  its  tannin  and  extractive. 
The  latter  may  be  oxydized,  and  thus  rendered  insoluble  in  alcohol,  by  dissolving  the 
eatechu  in  water,  exposing  it  for  some  time  to  a  boiling  heat,  and  evaporating  to 
dryness. 

The  tannin  of  catechu  differs  (Vom  that  of  galls,  in  being  soluble  in  alcohol,  and  more 
soloble  in  water.  It  precii^itates  iron  of  an  olive  color,  and  gelatin  in  a  mass  which 
gradually  becomes  brown. 

It  has  been  long  employed  in  India  for  tanning  skins,  where  it  is  said  to  effect  this  object 
in  five  days.  I  have  seen  a  piece  of  sole  leather  completely  tanned  by  it  in  this  country  in 
ten  davs,  the  ox-hide  having  been  made  into  a  bag,  with  the  hair  outside,  and  kept  fiUed 
with  the  solution  of  catechu.    In  India  it  has  also  been  used  to  give  a  brown  dye  to 
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cotton  goods,  and  of  late  years  it  has  been  extensively  introdaced  into  the  calico  pnnt 
works  of  Europe.  The  salts  of  copper  with  sal  ammoniac  cause  it  to  give  a  bronze 
color,  which  is  very  fast ;  the  proto-muriate  of  tin,  a  brownish  yellow ;  the  per-chloride 
of  tin,  with  the  addition  of  nitrate  of  copper,  a  deep  bronze  hue ;  acetate  of  alumina 
alone,  a  reddish  brown,  and,  with  nitrate  of  copper,  a  reddish  olive  gray ;  nitrate  of  iron, 
a  dark  prown  gray.  For  dyeing  a  golden  coffee  brown,  it  has  entirely  superseded  mad- 
der; one  pound  of  it  being  equivalent  to  six  pounds  of  this  root. 

A  solution  of  one  part  of  cateohu  in  ten  parts  of  water,  which  is  reddish  brown, 
exhibits  the  following  results :  with —  ^ 

Acids      -        -        -        -    A  brightened  shade. 

Alkalis   .        -        .        -    A  darkened  shade. 

Proto-sulphate  of  iron      -    Olive  brown  precipitate. 

Persulphate  of  iron         -    Olive  green        do. 

Sulphate  of  copper  -        -    Yellowish  brown. 

Alum      -        -        -        -    A  brightening  of  the  liquor. 

Per-nitrate  of  iron  -        -    Olive  green  precipitate. 

Nitrate  of  copper     -        -    Yellowbh  brown  do. 

Nitrate  of  lead        -        -    Salmon  do. 

Proto-nitrate  of  mercury  -    Milk-coffee  do. 

Muriate  of  alumina         •    Brown-yellow. 

Muriate  of  tin         -        -    Do.         do. 

Per-chloride  of  tin  -        -    Do.      darker. 

Corrosive  sublimate         -    Light  chocolate  do. 

Acetate  of  alumina  -        -    Brightening  of  the  liquor. 

Acetate  of  copper    -        -    Copious  brown  precipitate 

Acetate  of  lead       -        -    Salmon  colored        do. 

Bichromate  of  potash       -    Copious  brown        do. 
Pure  tannin  may  be  oblainexi  from  catechu,  by  treating  it  with  sulphuric  acid  and  car- 
bonate of  lead ;  but  this  process  has  no  manufacturing  application. 

CATGUT  (Corde  a  boyau,  Fr. ;  Darmsaite,  Germ.),  the  name  absurdly  enough  given 
to  cords  made  of  the  twisted  intestines  of  the  sheep.  The  guts  being  taken  whUe  warm 
out  of  the  body  of  the  animal,  are  to  be  cleared  of  feculent  matter,  freed  from  any  ad- 
hering fat,  and  washed  in  a  tub  of  water.  The  small  ends  of  all  the  intestines  ore 
next  to  be  tied  together,  and  laid  on  the  edge  of  the  tub,  while  the  body  of  them  is  left 
to  steep  in  some  water,  fVequently  change^  during  two  days,  in  order  to  loosen  the 
peritoneal  and  mucous  membranes.  The  bundle  of  intestines  is  then  laid  upon  a 
sloping  table  which  overhangs  the  tub,  and  their  surface  is  scraped  with  the  bock  of  a 
knife,  to  try  if  the  external  membrane  will  come  away  freely  in  breadths  of  about  half 
the  circumference.  This  substance  is  callqi  by  the  French  manufacturers  filandre,  and 
the  process  filer.  If  we  attempt  to  remove  it  by  beginning  at  the  large  end  of  the 
intestine,  we  shall  not  succeed.  This  fiJandre  is  employed  as  thread  to  sew  intestines, 
and  to  make  the  cords  of  rackets  and  battledoors.  The  flayed  guts  are  put  again  into 
fresh  water,  and,  ader  steeping  a  night,  are  taken  out  and  scraped  clean  next  day,  on  the 
wooden  bench  with  the  rounded  back  of  a  knife.  This  is  called  curing  the  gui.  The 
large  ends  are  now  cut  off,  and  sold  to  the  pork-butchers.  The  intestines  are  again 
steeped  for  a  night  in  fresh  water,  and  the  following  day  in  an  alkaline  lixivium  made 
by  adding  4  ounces  of  potash,  and  as  much  pearl-ash,  to  a  pail  of  water  containing  about 
3  or  4  imperial  gallons.  This  ley  is  poured  in  successive  quantities  upon  the  intestines, 
and  poured  off  again,  afler  2  or  3  hours,  till  they  be  purified.  They  are  now  drawn 
several  timos  through  an  open  brass  thimble,  and  pressed  against  it  with  the  nail,  in  or- 
der to  sniuuth  and  equalize  their  surface.  They  are  lastly  sorted,  according  to  their 
sizes,  to  suit  different  purposes. 

Whip-cord  is  made  from  the  above  intestines,  which  are  sewed  together  endwise  by  the 
filandre,  each  junction  being  cut  aslant,  so  as  to  make  it  strong  and  smooth.  The  cord 
is  put  into  the  frame,  and  each  end  is  twisted  separately ;  for  whip-cord  is  seldom  made 
out  of  two  guts  twisted  together.  When  twisted,  it  is  to  be  sulphured  (see  Sulphuhino) 
once  or  twice.  It  may  also  be  dyed  black  with  common  ink,  pink  with  red  ink,  which 
the  sulphurous  acid  changes  to  pink,  and  green  with  a  green  dye  which  the  color  dealers 
sell  for  the  purpose.  The  guts  take  the  dyes  readily.  Ailer  being  well  smoothed,  the 
cord  is  to  be  dried,  and  coiled  up  for  sale. 

Hatters*  cords  for  bowstrings, — ^The  longest  and  largest  intestines  of  sheep,  after  being 
properly  treated  with  the  potash,  are  to  be  twisted  4,  6,  8,  SO,  or  12  together,  according 
to  the  intended  size  of  the  cord,  which  is  usually  made  from  15  to  25  feet  long.  Hiis 
cord  must  be  free  from  seams  and  knots.  When  half  dry,  it  must  be  exposed  twice  to 
the  fumes  of  burning  sulphur ;  and,  after  each  operation,  it  is  to  be  well  Stretched  and 
smoothed :  it  should  be  finally  dried  in  a  state  of  tension. 
Clodemaker's  cord, — ^This  coid  shouki  be  extremely  thin,  and  be  therefore  made  fhnn 
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war  anall  intestines,  or  frmn  intestines  slit  up  in  their  length  by  a  knife  fitted  for  the 
parpose ;  being  a  kind  of  lancet  surmoaoted  with  a  ball  of  lead  or  wood.  The  wet  got 
is  strained  over  the  ball  which  guides  Ihe  ki^ife,  and  the  two  sections  fall  down  into  a 
Tcssel  placed  beneath.  Each  hand  pulls  a  section.  Clockmakers  also  make  use  of 
stronger  cords  made  of  2  or  more  guts  twisted  together. 

Fiddle  and  harp  strings,  -- These  require  the  greatest  care  and  dexterity  on  the  part 
of  the  workmen.  The  treble  strings  are  peculiarly  difficult  to  make,  and  are  best  made 
at  Naples,  probably  because  their  sheep,  from  their  small  size  and  leanness,  afford  the 
best  raw  material. 

The  first  scraping  of  the  guts  intended  for  fiddle-strings  must  be  very  carefully  performed ; 
and  the  alkaline  leys,  being  clarified  with  a  little  alum,  are  added,  in  a  progressively  stronger 
state  from  day  to  day,  during  4  or  5  days,  till  the  guts  be  well  bleached  and  swollen. 
They  must  then  be  passed  through  the  thimble,  and  again  cleansed  with  the  lixivinm; 
after  which  they  are  washed,  spun,  or  twisted  and  sulphured  during  two  hours.  They  are 
finally  polished  by  friction,  and  dried.  Sometimes  they  are  sulphored  twice  or  thrice 
before  being  dried,  and  are  polished  between  norseshair  cords. 

It  has  been  long  a  subject  of  complaint,  as  well  as  a  serious  inoonyenience  to  m»> 
sietans,  that  catgut  strings  cannot  be  made  in  England  of  the  same  goodness  and  strength 
as  those  imported  from  Italy.  These  are  made  of  the  peritoneal  covering  of  the  in- 
testines of  the  sheep;  and,  in  this  country,  they  are  manufactured  at  Whitechapel,  and 
probably  elsewhere  in  considerable  quantity ;  the  consumption  of  them  for  harps,  as 
well  OS  for  the  instruments  of  the  violin  family,  being  very  great.  Their  chief  fault  is 
weakness ;  whence  it  is  difficult  to  bring  the  snialler  ones,  required  for  the  higher  notes, 
to  ccmcert  pitch ;  maintaining  at  the  same  time,  in  their  form  and  construction,  that 
tenuity  or  smallness  of  diameter,  which  is  requircKl  to  produce  a  brilliant  and  clear  tone. 

The  inconvenience  arising  from  their  breaking  when  in  use,  and  the  expense  in  the 
ease  of  harps,  where  so  many  are  required,  are  such  as  to  render  it  highly  desirable  to 
improve  a  manufacture  which,  to  maqy  individuals  may,  however,  appear  sufficiently  con- 
ta&ptiUe. 

It  is  well  known  to  physiologists,  that  the  noembranes  of  lean  animals  are  far  more 
tough  than  of  those  animals  which  are  fat  or  in  high  condition  j  and  there  is  no  reason  to 
doubt  that  the  superiority  of  the  Italian  strings  arises  from  the  state  of  the  sheep  in  that 
coontry.  In  London,  where  no  lean  animals  are  slaughtered,  and  where,  indeed,  an 
extravagant  and  useless  degree  of  fattening,  at  least  for  the  purpose  of  food,  is  given  to 
sheep  in  particular,  it  is  easy  to  comprehend  why  their  membranes  can  never  afford  a 
naleriai  of  the  requisite  tenacity.  It  is  less  easy  to  suggest  an  adequate  remedy ;  but  a 
knowledge  of  the  general  principle,  should  this  notice  meet  the  eyes  of  those  interested  in 
the  subject,  may  at  least  serve  the  purpose  of  diminishing  the  evil  and  improving  the  ma- 
no&cture,  by  inducing  them  to  choose  in  the  market  the  offal  of  such  carcasses  as  appear 
least  overburdened  with  fat.  It  is  probable  that  such  a  manufacture  might  be  advan- 
tageously established  in  those  parts  of  the  country  where  the  fashion  has  not,  as  in 
London,  led  to  the  use  of  meat  so  much  overfed;  and  it  is  equaQy  likely,  that  in  the 
choice  of  sheep  for  this  purpose,  advantage  would  arise  from  using  the  Welch,  the  High- 
land, or  the  Southdown  breeds,  in  preference  to  those  which,  like  the  Lincoln,  are  prone 
to  excessive  accumulations  of  fat.  It  is  equally  probable,  that  sheep  dying  of  some 
ot  tSe  diseases   accompanied  by   emaciation,  would  be  peculiarly  adapted   to  this 


That  these  snggestions  are  not  merely  speculative  is  proved  by  comparing  the  strength 
of  the  membranes  in  question,  or  that  of  the  other  membranous  parts,  in  the  unfattened 
Highland  sheep,  with  that  of  those  found  in  the  London  markets. 

CATHARTINE.  The  name  proposed  by  MM.  Feneulle  and  Lassaigne  for  a  chemi- 
cal principle,  which  they  suppose  to  be  the  active  constituent  of  senna. 

CAUSTIC.  Any  chemical  substance  corrosive  of  the  skin  and  flesh ;  as  potash,  called 
eonmon  caustic,  and  nitrate  of  silver,  called  lunar  caustic,  by  surgeons. 

CAVIAR.  The  salted  roe  of  certain  species  of  fish,  especially  the  sturgeon.  This 
pradnct  forms  a  considerable  article  of  trade,  being  exported  annually  from  the  town  cf 
Astrachan  alone,  upon  the  shores  of  the  Caspian  sea,  to  the  amount  of  several  hundred 
tons.  The  Italians  first  introduced  it  into  Eastern  Europe  from  Constantinople,  under 
the  name  of  raria/e.  Russia  has  now  monopolized  this  branch  of  commerce.  It  is  pre- 
pared in  the  following  manner :  — 

The  female  sturgeon  is  gutted ;  the  roe  is  separated  from  the  other  parts,  and  cleaned 
by  passing  it  through  a  very  fine  scarce,  by  rubbing  it  into  a  pulp  between  the  hands  | 
this  is  afterwards  thrown  into  tubs,  with  the  addition  of  a  considerable  quantity  of  salt; 
the  whole  is  then  well  stirred,  and  set  aside  in  a  warm  apartment.  There  is  another 
•Qit  of  caviar,  the  compressed,  in  which  the  roe,  after  having  been  cored  in  strong  hTin% 
k  dried  in  the  son,  then  put  into  a  cask,  and  subjected  to  strong  pressure. 

CAWIL    The  English  miller's  name  lor  sulphate  of  bai^ta,  or  heavy  spar. 
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CEDRA  {Cedrat,  Ft.)  is  the  fraitof  a  species  of  orange,  citron,  or  lemon,  a  tree  which 
bears  the  same  name.  Its  peel  is  very  thick,  and  covered  with  an  epidermis  which  en- 
closes a  very  fragrant  and  highly  prized  essential  oil.  The  preserves  flavored  with  it 
■re  very  agreeahle.  The  citrons  are  cut  into  quarters  for  the  dry  comfits,  but  are  put  whole 
into  the  Jiquid  ones.  The  liquorlst-perfumer  ^akes  with  the  peel  of  the  cedra  an  ex- 
cellent liqueur ;  for  which  purpose,  1^  plucks  them  before  they  are  quite  ripe ;  grates 
down  the  peel  into  a  little  brandy,  or  cms  them  into  slices,  and  infuses  these  in  the 
spirits.  This  infusion  is  distilled  for  making  perfume;  but  the  flavor  is  better  whet: 
the  infusion  itself  is  used.    See  Essknces,  Liquqrist,  Perfumkry. 

CELESTINE.  Native  sulphate  of  strontia,  found  abundantly  near  Bristol,  in  the 
red  marl  formation.  It  is  decomposed,  by  ignition  with  charcoal,  into  sulphuret  of 
strontia,  which  is  converted  into  nitrate  by  saturation  with  nitric  acid,  evaporation,  and 
crystallization.  This  nitrate  is  employed  for  the  production  of  the  red  light  in  theatrical 
fire-works. 

CEMENTATION.  A  chemical  process,  which  consists  in  imbedding  a  solid 
body  in  a  pulverulent  matter,  and  exposing  both  to  ignition  in  an  earthen  or  metallic 
case.  In  this  way,  iron  is  cemented  with  charcoal  to  form  steel,  and  bottle  glass  with 
gypsum  powder,  or  sand,  to  form  Reaumur's  porcelain. 

CEMENTS.  (Ciments,  Fr. ;  Camente,  Kifie,  Germ.)  Substances  capable  of  taking  the 
liquid  form,  and  of  being  in  that  state  applied  between  the  surfaces  of  two  bodies,  so  as  to 
unite  them  by  solidifying.  They  may  be  divided  into  two  classes,  those  which  are  applied 
through  the  agency  of  a  liquid  menstruum,  such  as  water,  alcohol,  or  oil,  and  those  which 
are  applied  by  fusion  with  heat. 

The  diamond  cement  for  uniting  broken  pieces  of  china,  glass,  kc,  which  is  sold  as  a 
secret  at  an  absurdly  dear  price,  is  composed  of  isinglass  soaked  in  water  till  it  becomes 
8oA,  and  then  dissolved  in  proof  spirit,  to  which  a  little  gum  resin,  ammoniac,  or  galba- 
num,  and  resin  mastic  are  added,  each  previously  dissolved  in  a  minimum  of  alcohol. 
When  to  be  applied,  it  must  be  gently  heated  to  liquefy  it ;  and  it  should  be  kept  for 
use  in  a  well-corked  vial.  A  glass  stopper  would  be  apt  to  fix  so  as  not  to  be  remove- 
able.  This  is  the  cement  employed  by  the  Armenian  jewellers  in  Turkey  for  glue- 
ing the  ornamental  stones  to  trinkets  of  various  kinds.  When  well  made  it  resists 
moisture. 

Shellac  dissolved  in  alcohol,  or  in  a  solution  of  borax,  forms  a  pretty  good  cement. 
White  of  egg  alone,  or  mixed  with  finely  siAed  quicklime,  will  answer  for  uniting 
objects  which  are  not  exposed  to  moisture.  The  latter  combination  is  very  strong,  and 
is  much  employed  for  joining  pieces  of  spar  and  marble  ornaments.  A  similar  com- 
position is  used  by  copper-smiths  to  secure  the  edges  and  rivets  of  boilers;  only  bullock's 
blood  is  the  albuminous  matter  used  instead  of  white  of  egg.  Another  cement  in  which 
an  analogous  substance,  the  curd  or  caseum  of  milk  is  employed,  is  made  by  boiling 
slices  of  skim-milk  cheeses  into  a  gluey  consistence  in  a  great  quantity  of  water,  and 
then  incorporating  it  with  quicklime  on  a  slab  with  a  muller,  or  in  a  marble  mortar. 
When  this  compound  is  applied  warm  to  broken  edges  of  stoneware,  it  unites  them  very 
firmly  after  it  is  cold. 

A  cement  which  gradually  indurates  to  a  stony  consistence  may  be  made  by  mixing 
20  parts  of  clean  river  sand,  two  of  litharge,  and  one  of  quicklime,  into  a  thin  putty 
with  linseed  oil.  The  quicklime  may  be  replaced  with  litharge.  When  this  cement  is 
applied  to  mend  broken  pieces  of  stone,  as  steps  of  stairs,  it  acquires  after  some  time  a 
stony  hardness.  A  similar  compositk)n  has  been  applied  to  coat  over  brick  walls,  under 
the  name  of  mastic. 

The  iron-rust  cement  is  made  of  from  50  to  100  parts  of  iron  borings,  pounded  and 
siAed,  mixed  with  one  part  of  sal-ammoniac,  and  when  it  is  to  be  applied  moistened  with 
as  much  water  as  will  give  it  a  pasty  consistency.  Formerly  flowers  of  sulphur  were  used, 
and  much  more  sal-ammoniac  in  making  this  cement,  but  with  decided  disadvantaee,  as 
the  union  is  effected  by  the  oxydizement,  consequent  expansion  and  solidification  of  the 
Iron  powder,  and  any  heterogeneous  matter  obstructs  the  effect.  The  best  proportion  of 
sal-ammoniac  is,  I  believe,  one  percent,  of  the  iron  borines.  Another  composition  of  the 
same  kind  is  made  by  mixing  4  parts  of  fine  borings  or  filings  of  iron,  2  parts  of  potter's 
clay,  and  1  part  of  pounded  potsherds,  and  making  them  into  a  paste  with  salt  and 
water.  When  this  cement  is  allowed  to  concrete  slowly  on  iron  joints,  it  becomes  very 
naid. 

For  making  architectural  ornaments  in  relief,  a  moulding  composition  is  formed  of 
chalk,  glue,  and  paper  paste.  Even  statues  have  been  made  with  it,  the  paper  aiding  the 
cohesion  of  the  mass. 

Mastics  of  a  resinous  or  bituminous  nature  which  most  be  soAened  or  fused  by  heat 
ve  the  following :  — 

Yt,  S.  Varley's  consists  of  sixteen  parts  of  whiting  siAed  and  thoroughly  dried  by  a 
led  heat,  adding  when  cold  a  melted  mixture  of  16  purls  of  Mack  rosin  and  1  of  bees'-wax^ 
and  stirring  well  during  the  cooling. 
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Mr.  Anger's  deetrical  and  chemical  apparatus  cement  consists  of  5  lbs.  of  rosin,  1  of 
bees'-wax,  1  of  red  ochre,  and  two  table-spoonsful  of  Psuis  plaster,  all  melted  together. 
A  cheaper  one  for  cementing  voltaic  plates  into  wooden  troughs  is  made  with  6  pounds 
of  rosin,  1  pound  of  red  oehre,  )  of  a  pound  of  plaster  of  Paris,  and  |  of  a  pound  of  lin- 
seed oil.  The  ochre  and  the  plaster  of  Paris  should  be  calcined  beforehand,  and  added 
to  the  other  ingredients  in  their  melted  state.  The  thinner  the  stratum  of  cement  that 
is  interposed,  the  stronger,  generally  speaking,  is  the  junction. 

BoDed  Unseed  oil  and  red  lead  mixed  together  into  a  putty  are  of^en  used  by  copper- 
smiths and  engineers,  to  secure  joints.  The  washers  of  leather  or  cloth  are  smeared 
with  this  mixture  in  a  pasty  state. 

The  resin  mastic  alone  is  sometimes  used  by  jewellers  to  cement  by  heat  cameos  of 
white  enamel  or  colored  glass  to  a  real  stone,  as  a  ground  to  produce  the  appearance  of 
an  onyx.  Mastic  is  likewise  used  to  cement  false  bocks  or  doublets  to  stones,  to  alter 
their  hue. 

Melted  brimstone,  either  alone,  or  mixed  with  rosin  and  brick  dust,  forms  a  tolerably 
good  and  very  cheap  cement 

Plumber's  cement  consists  of  black  rosin  one  part,  brick  dust  two  parts,  well  incorpo- 
rated  by  a  melting  heat. 

The  cement  of  dihl  for  coating  the  fronts  of  buildings  consists  of  linseed  oil,  rendered 
dry  by  boiling  with  litharge,  and  mixed  with  porcelain  clay  in  i|ne  powder,  to  give  it  the 
consistence  of  stiff  mortar.  Pipe-clay  would  answer  equally  well  if  well  dried,  and  any 
cobr  might  be  given  with  ground  bricks,  or  pottery.  A  little  oil  of  turpentine  to  thin 
this  cement  aids  its  cohesion  upon  stone,  brick,  or  wood.  It  has  been  applied  to  sheets 
of  wire  doth,  and  in  this  state  laid  upon  terraces,  in  order  to  make  them  water  tight;  but 
it  is  little  less  expensive  than  lead. 

The  bituminous  or  black  cement  for  bottle-corks  consists  of  pitch  hardened  by  the  ad- 
dition of  rosin  and  brick-dust. 

In  certain  localities  where  a  limestone  impregnated  with  bitumen  occurs,  it  is  dried, 
ground,  siAed,  and  then  mixed  with  about  its  own  weight  of  melted  pitch,  either  mineral, 
vegetable,  or  that  of  coal  tar.  When  this  mixture  is  getting  semifluid,  it  may  be  moulded 
into  large  slabs  or  tiles  in  wooden  frames  lined  with  sheet  iron,  previously  smeared  over 
with  common  lime  mortar,  in  order  to  prevent  adhesion  to  the  moulds,  which,  being  in 
moveable  pieces,  are  easUy  dismounted  so  as  to  turn  out  the  cake  of  artificial  bituminous 
stone.  This  cement  is  manufactured  upon  a  great  scale  in  many  places,  and  used  for 
making  Italian  terraces,  covering  the  floors  of  bldconies,  fiat  roofs,  water  reservoirs,  water 
conduits,  &c  When  laid  down,  the  joints  must  be  well  run  together  with  hot  irons.  The 
floor  of  the  terrace  should  be  previously  covered  with  a  layer  of  Paris  plaster  or  common 
mortar,  nearly  an  inch  ihick,  with  a  regular  slope  of  one  inch  to  the  yard.  Such  bitumin- 
ous cement  weighs  144  pounds  the  cubic  foot;  or  a  foot  of  square  surface,  one  inch  thick, 
weighs  12  pounds.  Sometimes  a  second  layer  of  these  slabs  or  tiles  is  applied  over  the 
first,  with  the  precaution  of  making  the  seams  or  joints  of  the  upper  correspond  with  the 
middle  of  the  under  ones.  Occasionally  a  bottom  bed,  of  coarse  cloth  or  gray  paper,  is 
applied.  The  larger  the  slabs  are  made,  as  far  as  they  can  be  conveniently  transported 
and  laid  down,  so  much  the  better.    For  hydraulic  cements,  see  Mortar. 

CERASIN.  The  name  given  by  Dr.  John  to  those  gums  which  swell,  but  do  not 
dissolve  in  water;  such  as  gum  tragacanth.  It  is  synonymous  with,  Bassorxne» 
which  see. 

CERATE,  from  eera,  wajc.  An  unguent,  of  rather  a  stiflT' consistence,  made  of  oil,  or 
lard  and  wax,  thickened  occasionally  with  pulverulent  matters. 

CERINE.  A  substance  which  forms  from  70  to  80  per  cent,  of  bees'-wax.  It  may 
be  obtained  by  digesting  wax,  for  some  time,  in  spirit  of  wine,  at  a  boiling  temperature. 
The  myriciw  separates,  while  the  ceririB  remains  dissolved,  and  may  be  obtained  from 
the  decanted  liquor  by  evaporation.  Cerine  is  white,  analogous  to  wax,  fusible  at 
134*'  F.,  hardly  acted  upon  by  hot  nitric  add,  but  is  readily  carbonized  by  hot  sul- 
phuric acid.  When  treated  with  caustic  alkaline  ley,  it  is  converted  into  margaric  acid 
and  ctraine* 

CERIUM.  A  peculiar  metal  discovered  in  the  rare  mineral,  called  ceriiey  found 
only  in  the  copper  mine  of  Bastnaes,  near  Riddarhytta,  in  Sweden.  Cerium,  extracted 
from  its  chloride  by  potasshtm,  appears  as  a  dark  red  or  chocolate  powder,  which  as- 
sames  a  metallic  lustre  by  friction.  It  does  not  conduct  electricity  well,  like  other 
metals ;  it  is  infusible ;  its  specific  gravity  is  unknown.  It  has  been  applied  to  no  use 
in  the  arts. 

CERUSE.    A  name  of  white  lead.    See  Lead. 

CETINE.    The  name  given  by  Chevreul  to  spermaceti. 

CHAIN  WORK  is  a  peculiar  i^le  of  textile  fabric,  to  which  hosiery  and  tambouring 
heknf .    See  Hosiebt. 

CHALK.    {Craity  Fr. ;  KrHde,  Germ.)    A  friable  carbonate  of  lime^  white,  opaque. 
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loft,  doU,  or  withoat  anr  appearance  of  polish  in  it«  ft«ctare.  lU  (peeific  gnvitf  *kriei 
from  2'4  to  3'6,  It  ueually  contains  a  little  liliat,  alamina,  and  oijde  of  iron.  Il 
maf  be  purified  by  triluFptlaa  and  elutriatioa.  The  silidoui  and  femiginont 
matters  inbside  first,  and  the  £ner  chalky  parliele*  floatlog  in  the  auperaatant  liquid, 
may  be  decanted  with  it,  aod  obtained  by  mbsidence.  When  thus  pureed,  it  is  called 
uAJlcning  and  Spanish  niiite,  in  England  i  ichJtmrnknidt,  in  Oarmanyj  Uaae  dt 
Troya,  and  blatic  de  Meadon,  in  France.  Pure  chalit  should  diMolie  readily  in  dilult 
morialic    acid,  and    the  sidutian    should  afibid  no  precipitate   with    water  of  ma. 

CHALK-£lafk.    A  mineral,  called  also  dTavmg-$latt. 

CHALK-PrvncA.    Sltalilt,  or  soap-stone ;  a  soft  magneiian  mineraL 

CHAhK-Std.  A  day  colored  with  the  perozyde  of  Iron,  of  vhich  ii  contains  uiott 
17  per  cent, 

CHARCOAL.  The  fixed  residnum  of  Tegelables  exposed  to  ignition  out  of  contact  of 
■ir.  In  the  article  Carbon,  I  bave  describ^  the  general  properliet  of  charcoal  and  tb« 
■implest  mode  of  iDBhinji  it.  I  ibsU  here  detail  the  hett  systems  of  manofaeturtng  this 
product  upon  the  continent  of  Europe. 

To  cartwnize  iFood  under  a  moveable  coTeiing,  the  plaoof  T)uilcr,ot  heaps,  it  eicpkiyad 
very  much  in  Germany.  The  wood  is  arian(;ed  either  in  horiioDlal  layers,  or  in  neariy 
vertical  ones,  with  a  slight  slope,  so  as  to  form  conical  rounded  heap*  of  diSer*jit  sizet. 
liie  Ibrtoer  are  called  lying  nteilar,fig.ZJ2i  the  latter  standing  meU*r,figt.Ti!..iDAi!Jt, 
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Both  are  dislribnled  in  much  the  taine  way. 

In  dislricls  where  the  wood  can  be  traaaported  into  one  place  by  means  of  rirers,  oc 
moan  tain -slides,  a  dry  Qat  apace  must  be  pitched  upon,  Rcreened  from  slonns  and  floods, 
which  may  be  walled  round,  having  a  slight  deelivity  made  in  the  ground,  toward  the 
centre.  See  fig.  275.  Into  this  space  the  tarry  add  will  partially  fall,  and  may  be 
conducted  outward,  through  a  corcred  gutter  beneath,  into  a  covered  tank.  The 
mouth  of  the  tank  must  be  shut,  during  the  coakiog,  with  an  iron  or  stone  ^b,  laled 
with  day.  A  square  iron  plate  is  placed  over  the  inner  orifice  of  the  gntter,  to  prerenl 
275  j         i'    beiiuc   choked  with    coal    ashei. 

,^__^^__^^_^.^^^_^_^_^_^^__^^___     ^'S-  273  represents  a  walled  mnfcr 

dear  of  coals  The  cover  of  the  heaps  it  formed  of  earth,  sand,  ashes,  or  tneh  other 
matter  as  may  be  most  readily  found  in  the  woods.  They  should  be  kindled  in  the  cen- 
tre. From  6  days  to  4  weeks  may  be  required  for  charring  a  heap,  according  to  its  diet 
hard  wood  requiring  moit  lime  ;  and  the  ilower  the  process,  the  better  and  greater  is  tha 
product,  generally  speaking. 

276  Charring     of   wood    in   moanda 

(Hmfi  or  Iwgtndf  ucrte),  ftgt.  Tit 
and  277,  differs  from  that  in  the 
mtiier,  becanse  the  wood  in  the 
kiMji  is  snecessiiely  charred,  and 
the  charcoal  is  raked  odi  by  little 
and  little.  The  prodact  is  said 
to  be  greater  in  this  way,  and  alto 
better.  Unelefl  billets,  6  ot  8 
feet  long,  being  laid  over  each 
other,  are  eorered  with  ashes,  aiMl 
then  earboniied.  The  station  it 
tometimea  horisontal,  and  some- 
times made  to  stepe.  The  length 
may   be   24   feet,    the    breadth    8 


fcati  aod  the  wood  i 
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WBc  File*  tie  Ml  pnpesdiealailr  to  tupport  tbi  root,  made  of  ^nnglu  lad  Icm^ 
B)Tered  viih  ttbft.  Pipes  are  ocMiionatir  laid  within  the  npper  put  of  xbt  notuidi, 
wMch  Krve  to  ateh  and  carry  off  EOme  of  die  %iiid  product*  into  proper  tankt. 

Fig.  278  is  a  vertienl  BCCtion, 
tndjSj.  279,  ■  half  binl's-ejre  view, 
and  half  erou  seeiion,  at  the  heighl 
oT  the  pit-bolUuD,  of  Chabaau- 
(iere'i  kDn  for  makin;  wood  char- 
coal, a  ia  the  oven ;  6,  Tsnieal 
■ir-pipea ;  c  c,  horizoDtal  flaea  f«' 
admiltinp:  air  to  [he  kiln;  i  tt, 
■mall  pit*  which  commuuieatc  1^ 
ihort  horizontal  pipes  i  t,  with  tha 
Tcrtieal  ones;  /,  the  lole  aT  the 
kiln,  a  circle  of  brickwork,  apoa 
which  (he  cover  or  hood  k  repoaea) 
^  a  pipe  which  leads  to  the  ci*t«n 
il  I,  the  pipe  destined  for  eanTinf 
off  the  gaseons  msUerg  m  m,  holea 
in  the  iron  cover  or  lid. 

The  disbibation  of  the  wood  fa 
like  that  in  Ui«  horizontal  nuUert, 
or  heap*  [  it  ii  kindled  in  the  cen- 
tral vertical  canal  with  btiming 
fnel,  and  the  lid  is  cotered  with 
a  few  inches  of  earth.  At  the  ba- 
Kinning  of  the  operation  all  the 
oranghl  Sacs  are  left  open,  bnt 
the;  are  progressivelf  dosed,  as 
oecavion  require*.  In  eight  biliu 
of  this  kind,  nOO  decatltrt  of  oak 
wood  are  carbonized,  from  whidl 
16,000  heetoUtres  of  charcoal  ara 
obtained,  equal  to  64,000  pound* 
Flench,  being  about  25  per  cent.  | 
besidea  tar  and  3000  velu  of 
wood    vinegar,  of  from*  2^    to  S* 

At  CroDy  upon  the  Ourcq,  near  Meani,  there  i*  a  well-eonftmcted  kiln  for  making 
larf-charcoal.     It  resemble*  mott  neat-l}  a  tar-kiln.    In/lg.  2S0,  a  it  the  crlindiicu 
eoaking  place,  whose  sarriinndihg  walls  are  healed  b; 
the  flame  which  pastes  through  the  intermediate  ipaee 
b.    The  place  ilself  is  divided  b7  partitions  of  fire  Itle* 
W  into  three  stages,  through  the  sperlures  in  which  ihe 

flames  of  the  Ere  c  c,  rise,  and  heat  the  exterior  of  the 
eoaking  apartment.    In  order  to  confine  the  heat,  therr 
h  in  the  enclosini;  walls  of  Ihe  onter  kiln  a  cflindrica. 
hollnw  space  d,  where  the  air  is  kept  stagnant.  Throutch 
the  apertures  lefl  in  the  upper  end  at  i,  the  turf  is  in- 
troduced t    thej  are   then   Rhut  with  an  iioa  plate  /, 
which  1$  covered  with  ashes  or  sand.    The  Gre-plaes 
opens  above   this  aperture,  and  its  outlet  is  provided 
,    with  a  moveable  iron  cover  g,  in  which  there  is  a  small 
'     hole  for  the  issue  of  the  gases.    The  sole  of  the  kUn 
consists  of  a  cast  iron  slab  A,  which  may  be  raised  by 
means  of  a  hook  i  upon  it.    This  i*  drawn  back  after 
Ihe  catbomzstioa  is  completed,  whereby  the  charcoal 
falls  from  the  eoaking  space  into  a  subjacent  vault.  The 
volatile  products  are  carried  off  by  the  pipe  k,  and  led 
into  the  condensing  cistern  ;  the  gases  escaping  to  the 
ira-plaee  where  they  are  burned.    The  iron  slab  is  protected  from  the  corrosion  of  the 
acid  vapors  by  a  layer  of  coal  ashes. 

CHICA  is  a  red  coloring  principle  made  use  of  in  America  by  some  Indian  tribe* 
to  stain  their  skins.  It  is  enraeted  from  Ihe  htgaonia  chita  by  boiling  its  leave*  in 
*ater,  decanting  the  decoction,  and  allowing  it  to  settle  and  cool,  when  a  red  matter 
Ula  down,  wfaidi  i*  fonned  inlo  cakea  and  dried.    Thia  rabataBea  it  not  ibtiUe,  and 
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when  bnrned,  diffuses  the  same  odor  as  animal  bodies  do.  t  is  insoluble  in  eold  water, 
very  soluble  in  alcohol  and  ether,  but  after  the  evaporation  of  these  liquids,  it  is  recovered 
unchanged.  Fats  and  unctuous  oils  both  dissolve  it.  It  is  soluble  in  carbonated  and  caus- 
tic alkaline  leys,  from  which  it  is  precipitated  by  the  acids  without  alteration.  An  excess 
of  alkali,  however,  speedily  decomposes  it.  Nitric  acid  tran^orms  it  into  oxalic  acid,  and 
a  hitter  matter.    Chlorine  makes  it  white. 

The  savages  mix  this  pigment  with  the  fat  of  the  cayman  or  alligator,  and  rub  their 
skins  with  the  mixture.  It  may  probably  be  turned  to  account  in  the  arts  of  civilized 
nations.  .  ; 

CHIMNEY.  {Cheminkf  Fr. ;  5cftom4/etn,  Germ.)  Chimney  is  a  modem  invention 
for  promoting  Uje  draught  of  fires  and  carrying  off  the  smoke,  introduced  into  England 
so  late  as  the  age  of  Elizabeth,  though  it  seems  to  have  been  employed  in  Italy  100 
years  before.  The  Romans,  with  all  their  luxurious  refinements,  must  have  had  their 
Epicurean  cookery  placed  in  perpetual  jeopardy  from  their  kitchen  fires,  which,  having  no 
vent  by  a  vertical  tunnel  in  the  walls,  discharged  their  smoke  and  frequently  their  flames 
at  Uie  windows^  to  the  no  small  alarm  of  their  neighbors,  and  annoyance  of  even  the 
street  passengers. 

Chimneys  in  dwelling  houses  serve  also  the  valuable  purpose  of  promoting  salubrious 
circulation  of  aic  in  the  apartments,  when  not  foolishly  sealed  with  anti-ventilating  stove- 
chests. 

The  first  person  who  sought  to  investigate  the  general  principles  of  chimney  draughts, 
in  subserviency  to  manufacturing  establishments,  was  the  celebrated  Montgolfier.  As  the 
ascent  of  heated  air  in  a  conduit  depends  upon  the  diminution  of  its  specific  gravity,  or, 
in  other  words,  upon  the  increase  of  its  volume  by  the  heat,  the  ascensional  force  may 
be  deduced  from  the  difference  between  the  density  of  the  elastic  fluid  in  the  interior  of 
the  chimney,  and  of  the  external  air ;  that  is,  between  the  different  heights  of  the  internal 
and  external  columns  of  elastie  fluid  supposed  to  be  reduced  to  the  same  density.  In  the 
latter  case,  the  velocity  of  the  gaseous  products  of  combustion  in  the  interior  of  the  chim- 
ney is  equal  to  that  of  a  heavy  body  let  fall  from  a  height  equad  to  the  difference  in  height 
of  the  two  aerial  columns. 

To  illustrate  this  position  by  an  example,  let  us  conj^ider  the  simple  case  of  a  chimney 
of  ventilation  for  cairying  off  foul  air  from  a  factory  of  any  kind ;  and  suppose  that 
the  tunnel  of  iron  be  incased  throughout  with  steam  at  212  degrees  Fahr.  Suppose  this 
tunnel  to  be  100  yards  high,  then  the  weight  of  the  column  of  air  in  it  will  be  to  that  of 
a  column  of  external  air  100  yards  high,  assumed  at  32?  F.,  inversely  as  its  expansion  by 
180° ;  that  is,  as  lOOQ  is  to  1-375 ;  or  as  72-727  is  to  100.  The  column  of  external  air 
at  32P  beirf^  100  yards,  the  internal  column  will  be  represented  by  72*727  ;  and  the  dif- 
fer ence=  27*27,  will  be  the  amount  of  unbalanced  weight  or  pressure,  which  is  the  effec- 
tive cause  of  the  ventilation.  Calculating  the  velocity  of  current  due  to  this  difference  of 
weight  by  the  well-known  formula  for  the  fall  of  heavy  bodies,  that  is  to  say,  multiplying 
the  above  difference,  which  is  27*27,  by  the  constant  factor  19.62,  and  extracting  the 

square  root  of  the  product ;  thus  V  19-62  X  27*27  =  23*13  will  be  the  velocity  in  yards 
per  second,  which,  multiplied  by  3,  gives  60*30  feet.  The  quantity  of  air  which  passes 
in  a  second  is  obtnined  of  course  by  multiplying  the  area  or  cross  section  of  the  tunnel  by 
this  velocity.  If  that  section  is  half  a  yard,  that  is  =  a  quadrangle  2^  feet  by  2,  we  shall 
have  23*13  X  0*5=  11*566  cubic  yards,  =  312}  cubic  feet. 

The  problem  becomes  a  little  more  complicated  in  calculating  the  velocity  of  air  which 
has  served  for  combustion,  because  it  has  changed  its  nature,  a  variable  proponion  of  its 
oxygen  gas  of  specific  gravity  1-111,  being  converted  into  carbonic  acid  gas  of  specific 
gravity  1*524.  The  quantity  of  air  passed  through  well  constructed  furnaces  may,  in 
general,  be  regarded  as  double  of  what  is  rigorously  necessary  for  combustion,  and  the 
proportion  of  carbonic  acid  generated,  therefore,  not  one  half  of  what  it  would  be  were 
all  the  oxygen  so  combined;  The  increase  of  weight  in  such  burned  airof  the  temperature 
of  2I2P,  over  that  of  pure  air  equally  heated,  being  taken  into  account  in  the  preceding 
calculation,  will  give  us  about  19  yards  or  57  feet  per  second  for  the  velocity  in  a  chim- 
ney 100  yards  high  incased  in  steam. 

Such  are  the  deductions  of  theory ;  but  they  differ  considerably  from  practical  results, 
in  consequence  of  the  friction  of  the  air  Upon  the  sides  of  the  chimneys,  which  varies  like- 
wise with  its  form,  length,  and  quality.  Tht  direction  and  force  of  the  vriods  also  exercise 
a  variable  infiuence  upon  chimney  furnaces  differently  situated.  In  chimneys  made  of 
wrought  iron,  like  those  of  steamboats,  the  refrigeration  is  considerable,  and  causes  a 
diminution  of  velocity  far  greater  than  what  occurs  in  a  factory  stalk  of  well  built  brick 
work.  In  comparing  the  numbers  resulting  from  the  trials  made  on  chimneys  of  dif- 
ferent materials  and  of  different  forms,  it  has  been  concluded  that  the  obstruction  to  the 
draught  of  the  air,  or  the  deduction  to  be  made  fh)m  the  theoretioil  velocity  of  efflux. 
Is  directly  proportional  to  the  length  of  the  chimneys  and  to  the  square  of  the  velocity, 
and  inversdy  to  their  diameter.    With  an  ordinary  wrought-iron  pipe,  of  from  4  inches 
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to  b  iRcbes  diameter,  attached  to  an  ordinary  stove,  burning  good  charcoal,  the  difference 
is  prodigious  between  the  velocity  calculated  by  the  above  theoretical  rule,  and  that  ob- 
■erved  by  means  of  a  stop-watch,  and  the  ascent  of  a  puff  of  smoke  from  a  little  tow, 
dq»ped  in  oil  of  turpentine  thrust  quickly  into  the  fire.  The  chimney  being  45  feet 
high,  the  temperature  of  the  atmosphere  68°  Fahr.,  the  velocity  per  second  was,  — 

Mean  temperature 
Trials.  By  theory.  By  experiment.  of  chimney. 

1  26.4  feet  5       feet  190°  Fahr. 

2  29-4  5'76  214 

3  34-5  6-3  270 

To  obtain  congruify  between  calculation  and  experiment,  several  circumstances  must 
be  introduced  into  our  formulse.  In  the  first  place,  the  theoretical  velocity  must  be 
multiplied  by  a  factor,  which  is  different  according  as  the  chimney  is  made  of  bricks, 
potter}',  sheet  iron,  or  cast  iron.  This  factor  must  be  multiplied  by  the  square  root  of 
the  diameter  of  the  chimney  (supposed  to  be  round),  divided  by  its  length,  increased  by 

four  times  its  diameter.   Thus,  for  pottery,  its  expression  is  2*06  V     .      ;  d  being  the  di- 

ameter,  and  i.  the  length  of  the  chimney. 

A  pottery  chimney,  33  feet  high,  and?  inches  in  diameter,  when  the  excess  of  its  mean 
temperature  above  that  of  the  atmosphere  was  205°  Fahr.,  had  a  pressure  of  hot  air 
equal  to  11*7  feet,  and  a  velocity  of  7-2  feet  per  second.  By  calculating  from  the  last 
formula,  the  same  number  very  nearly  is  obtained.  In  none  of  the  experiments  did  the 
vektcity  exceed  12  feet  per  second,  when  the  difference  of  temperature  was  more  than 
410°  Fahr. 

Every  difTerent  form  of  chimney  would  require  a  special  set  of  experiments  to  be 
made  for  determining  the  proper  factor  to  be  used. 

This  trotiblesome  operation  may  be  saved  by  the  judicious  application  of  a  delicate 
differential  barometer,  such  as  that  invented  by  Dr.  Wollaston ;  though  this  instrument 
does  not  seem  to  have  been  applied  by  its  very  ingenious  author  in  measuring  the 
dian^hts  or  ventilating  powers  oC  furnaces. 

If  into  one  leg  of  this  differential  syphon  water  be  put,  and  fine  spermaceti  oil  into 
tLe  other,  we  shall  have  two  liquids,  which  are  to  each  other  in  density  aa  the  numbers 
S  an  7.  If  proof  spirit  be  employed  instead  of  water,  we  shall  then  have  the  relation 
of  very  neai  ly  20  to  19.  I  have  made  experiments  on  furnace  draughts  with  the  instrument 
ia  each  c>f  these  states,  and  find  the  water  and  oil  syphon  to  be  sufficiently  sensible ;  for 
the  weaker  draughts  of  common  fire-places  the  spirits  and  oil  will  be  preferable 
barometric  fluids. 

To  the  lateral  projecting  tube  of  the  instrument,  as  described  by  Br.  Wollaston,  I 
found  it  necessary  to  attach  a  stop-cock,  in  order  to  cut  off  the  action  of  the  chimney, 
while  placing  the  syphon,  to  allow  of  its  being  fixed  in  a  proper  state  of  adjustment, 
with  its  junction  line  of  the  oil  and  water  at  the  zero  of  the  scale.  Since  a  slight  de- 
viation of  the  legs  of  the  syphon  from  the  perpendicular  changes  very  considerably  the 
line  of  the  level,  this  adjustment  should  be  made  secure  by  fixing  the  horizontal  pipe 
tishtiy  into  a  round  hole,  bored  into  the  chimney  stalk,  or  drilled  through  the  furnace 
door.  On  gently  turning  the  stop-cock,  the  difference  of  atmospherical  pressure  cor- 
responding? to  the  chimney  draught,  will  be  immediately  indicated  by  the  ascent  of  the 
junction  line  of  the  liquids  in  the  syphon.  This  modification  of  apparatus  permits  the 
experiment  to  be  readily  rectified  by  again  shutting  off  the  draught,  when  the  air  will 
slowly  re-enter  the  syphon ;  because  the  projecting  tube  of  the  barometer  is  thrust  into 
the  stop-cf'Ck,  but  not  hermetically  joined ;  whereby  its  junction  line  is  allowed  to  return 
to  the  zero  of  (he  scale  in  the  course  of  a  few  seconds. 

Out  of  many  experiments  made  with  this  instrument,  I  shall  content  myself  with 
describing  a  few,  very  carefully  performed  at  the  breweries  of  Messrs.  Trueman,  Han- 
bury,  and  Buxton,  and  of  Sir  H.  Meux,  Bart.,  and  at  the  machine  factory  of  Messrs, 
Braithwaite ;  in  the  latter  of  which  I  was  assisted  by  Captain  Ericsson.  In  the  first 
trials  at  the  breweries,  the  end  of  the  stop-cock  attached  to  the  differential  barometer 
was  lapped  round  with  hemp,  and  made  fast  into  the  circular  peep-hole  of  the  furnace 
door  of  a  wort  copper,  communicating  with  two  upright  parallel  chimneys,  each  18  inches 
square  and  50  feet  high.  The  fire  was  burning  with  fully  its  average  intensity  at  the 
time.  The  adjustment  of  the  level  being  perfect,  the  stop-code  orifice  was  opened,  and 
the  Junction  level  of  the  oil  and  water  rose  steadily,  and  stood  at  1}  inches,  corresponding 
1o  h.^1  =  0*156  of  1  inch  of  water,  or  a  column  of  air  10*7  feet  high.     This  difference 

of  preasare  indicates  a  vdoeity  of  26  feet  per  seeond.  In  a  second  set  of  experiments, 
the  extremity  of  the  stop-cock  was  inserted  into  a  hole,  bored  through  the  chimney 
stalk  of  the  boiler  of  a  Bonlton  and  Watt  steam-engine  of  twenty-horse  power.  The 
of  Ibis  chimney  'Wbb  exactly  18  inches  square  at  the  level  of  the  bored  hole,  and  its 
lit  rose  50  feet  above  it.     The  fire-grate  was  abont  10  Ibet  below  that  level.     On 
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opening  the  sto|»-cock,  the  junction  line  rose  2}  inches.  This  experiment  was  verifiea 
hy  repetition  upon  diflerent  days,  with  fires  burning  at  iheir  average  intensity,  and  oon- 
saming  fully  12  lbs.  of  the  best  coals  hourly  for  each  horse's  power,  or  nearly  one  toa 
and  a  third  in  twelve  hours.  If  we  divide  the  number  2 J  by  8,  the  quotient  0*28  will 
represent  the  fractional  part  of  1  inch  of  water,  supported  in  the  syphon  by  the  un* 
balanced  pressure  of  the  atmosphere  in  the  said  chimney ;  which  corresponds  to  19}  feet 
of  air,  and  indicates  a  velocity  in  the  chimney  current  of  35  feet  per  second.  The 
consumption  of  fuel  was  much  more  considerable  in  the  immense  grate  under  the  wort 
copper,  than  it  was  under  the  steam-engine  boiler. 

In  my  experiments  at  Messrs.  Braithwalte's  factory,  the  maximum  displacement  of 
the  junction  line  was  1  inch,  when  the  differential  oil  and  water  harometer  was  placed 
in  direct  communication  with  a  chimney  15  inches  square,  belonging  to  a  steam  boiler, 
and  when  the  fire  was  made  to  burn  so  fiercely,  that  on  opening  the  safety-valve  of  the 
boiler,  the  excess  of  steam  beyond  the  consumption  of  the  enzine  rushed  out  with  such 
violence  as  to  fill  the  whole  premises.  The  pressure  of  one  eighth  of  an  inch  of  water 
denotes  a  velocity  of  draught  of  2d'4  feet  per  second. 

In  building  chimneys,  we  should  be  careful  to  make  their  area  rather  too  large  than 
too  small ;  because  we  can  readily  reduce  it  to  any  desired  size,  by  means  of  a  sliding 
register  plate  near  its  bottom,  or  a  damper  plate  applied  to  its  top,  adjustable  by  wires 
or  chains,  passing  over  pulleys.  Wide  chimneys  are  not  so  liable  as  narrow  ones  to 
have  their  draught  affected  by  strong  winds.  In  a  factory,  many  furnace  flues  are 
often  conducted  into  one  vertical  chimney  stalk,  with  great  economy  in  the  first 
erection,  and  increased  power  of  draught  in  the  several  fires. 

Vast  improvements  have  been  made  in  this  country,  of  late  years,  in  building  stalks 
for  steam  boilers  and  chemical  furnaces.  Instead  of  constmcting  an  expansive,  lofty 
scaflblding  of  timber  round  the  chimney,  for  the  bricklayers  to  stand  upon,  and  to 
place  their  materials,  pigeon-holes,  or  recesses,  are  left  at  regular  intervals,  a  few  feet 
apart,  within  the  chimney,  for  receiving  the  ends  of  stout  wooden  bars,  which  are 
laid  across,  so  as  to  form  a  species  of  temporary  ladder  in  the  interior  of  the  tunnel. 
By  means  of  these  bars,  with  the  aid  of  ropes  and  pulleys,  everything  may  be  pro- 
gressively hoisted,  for  the  building  of  the  highest  engine  or  other  stalks.  An  expert 
bricklayer,  with  a  handy  laborer,  can  in  this  way  raise,  in  a  few  weeks,  a  considerable 
chimney,  40  feet  h^h,  5  feet  8  inches  square  outside,  2  feet  8  inches  inside  at  the  base, 
28  inches  outside,  and  20  inches  inside  at  the  top.  To  facilitate  the  erection,  and  at 
the  same  time  increase  the  solidity  of  an  insulated  stalk  of  this  kind,  it  is  built 
with  three  or  more  successive  plinths,  or  recedures,  as  shown  in  fig,  281.  It  is  neces- 
sary to  make  such  chimneys  thick  and  substantial  near  the  base,  in  order  that  they 
may  sustain  the  first  violence  of  the  fire,  and  prevent  the  sudden  dissipation  of  the 
heat.  When  many  flues  are  conducted  into  one  chimney  stalk,  the  area  of  the  latter 
should  be  nearly  equal  to  the  sum  of  the  areas  of  the  former,  or  at  least  of  as  many  of 
them  as  shall  be  going  simultaneously.  When  the  products  of  combustion  from  any 
ftimace  must  be  conducted  downwards,  in  order  to  enter  near  the  bottom  of  the  main 
stalk,  they  will  not  flow  off  until  the  lowest  part  of  the  channel  be  heated  by  burning 
lome  wood  shavings  or  straw  in  it,  whereby  the  air  syphon  is  set  agoing.  Immedi- 
ately after  kindling  this  transient  fire  at  that  spot,  the  orifice  must  be  shut  by  which 
it  was  introduced ;  otherwise  the  draught  of  the  furnace  would  be  seriously  impeded. 
But  this  precaution  is  seldom  necessary  in  great  factories,  where  a  certain  degree  of  heat 
is  always  maintained  in  the  flues,  or,  at  least,  should  be  preserved,  by  shutting  the 
damper  plate  of  each  separate  flue,  whenever  its  own  furnace  ceases  to  act.  Snch  chim- 
neys are  finished  at  top  with  a  coping  of  stone-slabs,  to  secure  their  brickwork  against 
the  infiltration  of  rains,  and  they  should  be  furnished  with  metallic  conducting  rods,  to 
protect  them  from  explosions  of  lightning. 

When  small  domestic  stoves  are  used,  with  very  slow  combustion,  as  has  been 
recently  proposed,  upon  the  score  of  a  misjudged  economy,  there  is  great  danger  of  the 
inmates  being  suffocated  or  asphyxied,  by  the  regurgitation  of  the  noxious  burned  air. 
The  smoke  doctors  who  recommend  such  a  vicious  plan,  from  their  ignorance  of 
chemical  science,  are  not  aware  that  the  carbonic  acid  gas,  of  coke  or  coal,  must  be  heated 
250^  F.  above  the  atmospheric  air,  to  acquire  the  same  low  specific  gravity  with  it.  In 
other  words,  unless  so  rarefied  by  heat,  that  gaseous  poison  will  descend  throueh  the  orifice 
of  the  ash-pit,  and  be  replaced  by  the  lighter  air  of  the  apartment.  Drs.  Priestley  and 
Balton  have  long  ago  shown  the  co-existence  of  these  two-fold  crossing  currents  of  air, 
even  through  the  substance  of  stone-ware  tubes.  True  economy  of  heat,  and  salubrity, 
alike  require  vivid  combustion  of  the  fuel,  with  a  somewhat  brisk  draught  inside  of  the 
ehimney,  and  a  corresponding  abstraction  of  air  ftom  the  apartment.  Wholesome 
eontinuons  ventilation,  under  the  ordinary  circumstances  of  dwelling  houses,  cannot 
be  secured  in  any  other  way.  Were  these  mephitic  stoves,  which  have  been  of  late 
so  ridiculoosly  puffed  in  the  public  prints,  generally  introduced,  tht  faenlty  wonU 
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Ked  (0  be  inmoliatdT  qoadrDplcd  to  Bup]^  the  denumd  fbr  medical  idvice ;  for  head- 
tdKS,  uckoeo,  neiToat  aUioenl*,  and  apoplei)',  mmld  beoome  the  comttnt  inmatra  of 
tnrj  inhabited  nuuuion.  The  phcnoiDeu  of  the  grotto  of  Pansilippo  might  then  be 
duly  realiied  at  home,  among  Ihine  who  Teatured  to  recliae  npon  aofas  in  sach  carbo- 
■luid  apanmenii ;  onlr  instrad  oT  a  pappy  being  tnSbeated  pro  ttmpori,  human  beings 
— "■-         ■-  "■  to  MTE  two-penny  worth  of  tad  prrditm. 
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The  figures  upon  the  preceding  page  represent  one  of  the  two  chimneys  recently  ereet- 
ed  at  the  Camden  Town  station,  for  the  sleiUn  boilers  of  the  two  engines  of  60  horse- 
power each,  belonging  to  the  London  and  Birmingham  Railway  Company.  These  en 
gines  draw  their  train  of  carriages  up  the  inclined  plane  of  Hampstead  Hill.  The  chim- 
neys were  designed  by  Robert  Stephenson,  Esq.,  engineer  to  the  Company,  executed  by 
William  Cnbitt,  £^'q.,  of  Gray's  Inn  Road, — and  do  equal  honor  to  both  gentlemen, 
being  probably  the  roost  elegant  and  substantial  specimens  of  this  style  of  architecture  in 
the  world.    In  the  section,  j^g.  281, 

A  represents  a  bed  of  concrete,  6  feet  thick,  and  24  feet  square. 

B,  brick  footings  set  in  cement ;  the  lower  course  19  feet  square. 

c,  Bramley-fall  stone  base,  with  a  chain  of  wrought  iron  let  into  it. 

D,  a  portion,  15  feet  high,  curved  to  a  radius  of  113  feet,  built  entirely  of  Malm 
paviors,  (a  peculiarly  good  kind  of  bricks.) 

X,  shaA  built  of  Malm  paviors  in  mortar. 

p,  ditto,  built  from  the  inside,  without  exterior  scafifoldln?. 

6,  the  cap  ornamented  (as  Fhown  in  the  plan  alongside)  with  Portland  stone,  the 
dressings  being  tied  together  with  copper  cramps  and  an  iron  bond. 

Fig.  282  represents  the  mouldings  of  the  top,  upon  an  enlarged  scale. 

Fig.  283,  a  plan  of  the  foundation,  ditto. 

Fig.  284,  ditto,  at  the  level  of  the  entrance  of  the  flue,  as  seen  in 

Fig.  285,  the  elevation  of  the  chimney. 

Fig.  286,  plan  at  the  ground  level  i,  in  Jigi.  281  and  285. 

Ky  Jig.  281,  the  lightning  conducting  rod. 

CHINTS  is  a  peculiar  style  of  fast-printed  calico,  in  which  figures  of  at  least  five  dif- 
ferent colors  are  impressed  upon  a  white  or  light  colored  ground. 

CHLORATE  OF  POTASH,  commonly  called  oxymuriaie  of  potash.  This  interesting 
saline  compound  has  become  the  object  of  a  pretty  extensive  manui'acture,  in  consequence 
of  its  application  to  make  matches  for  procuring  instantaneous  light,  and  a  detonating 
powder  for  fire-arms.    It  may  be  prepared  both  in  the  humid  and  dry  \vay. 

Having  made  a  strong  solution  of  purified  potash,  or  carbonate  of  potash,  with  from 
two  to  three  parts  cf  water,  we  pass  through  it  in  a  Woulfe's  apparatus  a  current  of  chlo- 
rine gas,  till  it  ceases  to  absorb  any  more.  Chloride  of  potash  and  chloride  of  potassium 
alone  are  formed  as  long  as  there  is  an  excess  of  alkali  in  the  solution ;  but  afterwards, 
in  the  further  reaction  of  the  materials,  the  chloride  passes  into  the  state  of  a  chlorate, 
and,  as  such,  precipitates  from  the  solution.  During  the  first  half  of  the  operation,  that 
is,  till  the  potash  be  about  one  half  saturated  with  chforine,  as  indicated  by  litmus  pa{>er 
ceasing  to  be  darkened  and  beginning  to  be  blanched,  only  the  chloride  of  potassium  or 
muriate  of  potash  falls.  The  process  should  be  interrupted  at  this  point  in  order  to  re- 
move the  salt,  to  wash  it,  to  add  the  washings  to  the  liquor,  and  then  to  transmit  the  gas 
freely  through  the  solution.  As  the  operation  advances,  less  muriate  of  potash  is  formed, 
and  at  length  nothing  but  the  pure  chlorate  is  separated  in  crystals.  When  finally  the 
bubbles  of  gas  pass  through  without  bemg  sensibly  absorbed,  the  process  is  known  to  be 
completed ;  the  liquid  may  then  be  allowed  to  settle,  and  be  poured  ofif  from  the  crystals 
of  chlorate  of  potash,  which  are  purified  from  the  muriate  by  dissolving  them  in  three 
times  their  weight  of  boiling  water,  and  filtering  the  solution  while  hot.  On  its  cooling, 
the  chlorate  will  separate  in  pearly-looking  crystalline  plates.  It  may  be  rendered  quite 
pure  by  a  second  cr}'stallization,  in  which  state  it  does  not  affect  solution  of  nitrate  of  silver. 

The  above  potash  ley  usually  gets  a  reddish  tint  in  the  course  of  the  process  in  conse- 
quence of  a  little  manganesic  acid  coming  over  with  the  chlorine,  but  it  gradually  loses 
this  color  as  the  saturation  becomes  complete,  when  the  solution  turns  yellow.  The 
tubes  «for  conveying  the  gas  shoukl  be  of  large  diameter,  if  they  be  plunged  into  the 
saline  solution,  because  the  crystallization  which  takes  pkice  in  it  is  apt  to  choke  them 
up.  This  inconvenience  may  however  be  obviated  by  attaching  to  the  end  of  the  glass 
tube,  a  tube  of  caoutchouc  terminated  in  a  small  glass  funnel,  or  simply  the  neck  of  a 
caoutchouc  bottle  with  a  part  of  its  body,  whose  width  wiU  not  be  readily  closed  with  a 
saline  crust.  The  residuary  lixivium  may  be  used  against  another  operation,  or  it  may 
be  evaporated  down  to  half  its  bulk  and  set  aside  to  crystallize,  whereby  some  more 
chloiate  will  be  obtained,  mixed  indeed  with  muriate  and  carbonate,  from  which  however 
it  may  be  separated  by  a  second  crystallization.  In  general  the  pure  chlorate  obtained 
does  not  exceed  one  tenth  the  weight  of  the  potash  employed ;  because  in  thus  treating 
potash  with  chlorine,  five  sixths  of  it  are  converted  into  muriate  of  potash  and  only  one 
sixth  into  chlorate,  and  a  part  of  the  latter  adheres  to  the  mnriate,  or  is  lost  in  the  motber 
waters  of  the  cn'stallizations. 

The  chlorate  of  potash  may  be  more  conveniently  manufactured,  like  that  of  lime,  in 
the  dry  way.  St.  Romer  patented  at  Vienna  the  following  method  for  that  purpose  in 
1821 : — Ten  pounds  of  crj'stallized  peroxyde  of  manganese  are  to  be  finely  pulverized, 
mixed  with  ten  pounds  of  plumbago^  and  thirty  pounds  of  common  salt,  and  put  into  the 
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kideo  retort  represented  in  fig.  287,  p.  293.  From  the  middle  of  the  helmet-shaped 
lid  of  this  Tessel,  a  lead  tube,  two  feet  lone,  and  two  inches  wide,  conducts  to  the  receiver, 
whidi  Is  a  square  earthen  pan,  hard  glazed  both  within  and  without,  of  the  same  capacity 
with  the  retort.  The  end  of  the  tube  must  be  made  fast  to  a  frame  at  the  height  of  six 
inches  above  the  bottom  of  the  receiver.  Upon  its  inner  sides,  four  inches  apart,  brackets 
are  to  be  fixed  for  supporting  a  series  of  laths  or  shelves  of  white  wood,  on  which  a  num- 
ber of  little  paper  or  pasteboard  boxes  are  to  be  laid.  In  these  boxes  ten  pounds  of  the 
purest  carbonate  of  potash,  prepared  from  tartar,  are  to  be  spread.  The  receiver  must 
now  be  covered  with  a  lid  made  tight  by  a  water  lute.  Twenty  pounds  of  concentrated 
solpharic  acid  previously  diluted  with  sixteen  pounds  of  water,  and  then  cooled,  are  to 
be  poured  upon  the  mixed  materials  in  the  retort,  the  lid  immediately  secured^  with  the 
tube  adjusted  in  the  receiver.  The  whole  must  be  allowed  to  operate  spontaneously  with- 
out beat  lor  twelve  hours.  At  the  end  of  this  time  the  retort  is  to  be  surrounded  with  a 
water  bath  and  steadUy  heated  during  twelve  hours,  and  then  leA  to  cool  for  six  hours. 
The  apparatus  must  now  be  opened,  the  cakes  of  chlorate  of  potash  removed,  lud  freed 
from  muriate  by  solution  and  crystallization.  . 

M.  Liebig  proposes  the  following  process  for  obtaining  chlorate  of  potash  :■*— 
Heat  chloride  of  lime  in  water  till  it  ceases  to  destroy  vegetable  colors.  In  this  case  a 
mixture  of  chloride  of  calcium  and  chlorate  of  potash  is  obtained.  This  is  to  be  dissolved 
in  hot  water,  and  to  the  solution  concentrated  by  evaporation,  chloride  of  potassium  is  to 
he  added,  and  then  suffered  to  cool.  After  cooling,  a  quantity  of  crystals  of  chlorate  of 
potash  is  obtained,  which  are  to  be  redissolved  and  crj'stallized  again  to  purify  them.  Id. 
Liebig  considers  that  this  will  be  a  cheap  process  for  obtaining  chlorate  of  potash.  From 
12  ounees  of  chloride  of  lime,  of  so  bad  a  quality  that  it  lefl  65  per  cent,  of  insoluble 
matter,  he  obtained  an  ounce  of  chlorate  of  potash. 

The  only  difficulty  to  overcome  in  this  process  is,  from  the  chloride  of  lime  not  being 
so  easily  decomposed  by  heat  as  is  generally  supposed ;  a  solution  of  it  may  be  kept  bofl- 
ittg  for  an  hour  without  losing  its  bleaching  power.  The  best  method  is  to  form  a  thin 
paste  with  chloride  of  lime  and  water,  and  then  to  evaporate  it  to  dryness.  If  it  be  re- 
quired to  prepare  it  by  passing  chlorine  into  cream  of  lime,  it  is  advantageous  to  keep  it 
very  hot. 

The  chlorate  of  potash  which  separates  from  the  solution  by  crystallization,  has  not 
the  form  of  scales  which  it  usually  possesses,  but  is  prismatic :  whether  this  is  occasioned 
by  some  admixture  has  not  been  ascertained ;  but  on  re-crystallizing,  it  is  bbtaincMi  in  tha 
usual  form. 

The  solution  ought  not  merely  to  be  left  to  coot,  in  order  to  procure  crystals,  for  the 
crystsJlization  is  far  from  being  terminated  even  after  complete  cooling ;  crystals  continue 
to  be  deposited  for  3  or  4  days. 

The  following  modification  of  the  process  for  making  chlorate  of  potash  is  that  of  M* 
Y€e.  A  solution  of  chloride  of  lime,  marking  18°  or  20^  Baume,  is  to  be  set  upon  the  fire 
in  a  lead  or  cast  iron  pot,  and  when  it  begins  to  get  hot,  there  is  to  be  dissolved  in  it  a 
quantity  of  chloride  of  potassium  sufficient  to  raise  the  hydrometer  3  or  4  degrees.  It 
must  be  then  concentrated  as  quickly  as  possible  till  it  marks  30°  or  31°,  taking  care  that 
it  does  not  boil  over  by  the  sodden  extrication  of  oxygen.  The  concentrated  liquor  is  set 
aside  to  erystalUze  in  a  cool  place ;  where  a  deposite  of  chlorate  of  potash  forms,,  mixed 
with  chloride  of  potassium.  The  mother  waters  being  evaporated  to  the  density  of  3^, 
aibrd  another  crop  of  crystak,  after  which  they  may  be  thrown  away. 

The  salts  obtained  at  the  first  crystallization  are  to  he  re-dissolved,  and  the  solutioa 
being  brought  to  15°  or  16°  is  to  be  filtered,  when  it  will  afibrd  upon  cooling  pure  chlo- 
rate of  potash. 

Chlorate  or  oxymuriate  of  potash  has  a  cooling,  somewhat  unplleasant  and  nitroufc 
taste.  It  docs  not  bleach.  At  60°  F.  100  parts  of  water  dissolve  six  parts  of  it,  and  at 
its  boiling  point  or  220°,  sixty  parts.  Whei^  heated  to  dull  ^^nitran  in  a  glass  retort,  it 
gives  out  39-15  per  cent,  of  its  weight  of  oxygen,  and  becomes  thereby  chloride  of 
potassium.  When  strongly  triturated  in  a  mortar  it  crackles,  throws  out  sparks,  and  be- 
comes luminous.  It  deflagrates  upon  red-hot  cinders  like  nitre :  when  triturated  along  with 
sulphur,  or  phosphorus,  it  detonates  with  great  violence,  not  without  danger  to  the  hands 
of  the  operator,  if  they  be  not  protected  by  a  thick  glove.  Similar  detonations  may  be 
produced  with  cinnibar  or  vermilion,  sulphuret  of  potassium,  sugar,  volatile  oils,  &c«y 
but  they  can  be  effected  only  by  the  smart  blow  of  a  heated  hammer  and  anvil.  A 
mixture  of  sugar  or  starch  with  chlorate  of  potash  is  readily  inflamed  by  a  drop  of  sul> 
phurie  add,  and  this  experiment  is  the  basis  of  the  preparation  of  the  oxygenated  matches, 
as  they  have  been  commonly  called.  The  following  formula  forms  a  good  paste  for 
tipping  the  said  matches,  made  of  narrow  slips  of  either  wood  or  card.  Thirty  parts  of 
the  chlorate  in  fine  powder  are  to  be  mixed  gently  with  a  spatulli  upon  paper  with  ten 
parts  of  flowers  of  sulphur  well  levigated,  eight  of  sugar,  five  ofgum  arable,  and  enough, 
sf  vermilioB  to  give  the  whole  a  rose  tint.    We  begin  by  mizmg  tenderly  togetiiM 
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the  sugar,  the  gum,  and  the  salt  previously  pnlverused ;  we  then  add  as  much  water  $m 
shall  reduce  the  mixture  to  a  thin  paste,  and  lastly  introduce  the  sulphur;  aAer  whidiid] 
must  he  well  incorporated  The  points  of  the  matches,  either  previously  tipped  with  sul- 
phur or  not,  are  to  he  dipped  in  that  paste,  so  as  to  get  coated  with  a  little  o[  it,  and  are 
lastly  laid  in  a  warm  place  till  they  become  thoroughly  dry.  To  kindle  one  of  them,  it 
must  be  touched  with  strong  sulphuric  acid,  which  for  this  purpose  is  usually  kept  in  a 
small  well-stoppered  vial,  and  thickened  with  amianthus.  Aspen  is  reckoned  the  beat 
wood  for  matches. 

Of  late  years  a  detonating  priming  for  fire-anns  has  been  much  used  with  the  percnssioo 
locks.  The  simplest  formula  for  making  it  is  to  take  ten  parts  of  gimpowder,  to  lixiviate 
it  with  water,  and  to  mix  the  residuum,  while  moist,  with  five  parts  and  a  quarter  of 
dilorate  of  potash,  reduced  to  an  extremely  fine  powder.  The  paste  may  be  made  pretty 
thin,  for  the  salt  is  sparingly  soluble  in  the  cold  water,  and  it  mixes  best  when  tolerably 
fluid.  This  powder  when  dry  is  dangerous  to  handle,  being  very  apt  to  explode.  But 
this  danger  is  guarded  against  by  letting  fall  a  drop  of  the  paste  into  each  copper  per- 
cussion cap,  and  leaving  it  to  dry  there.  In  the  detonation  of  this  powder,  besides  mu- 
riate of  potash,  there  are  generated,  a  little  sulphate  of  potash  and  chlorine  gas,  which 
rust  the  metal  very  fast.  For  which  reason  fulminate  of  mercury  is  now  preferred  by  many 
sportsmen  as  a  detonating  powder.    See  Fulminate. 

CHLORATES,  compounds  of  chloric  acid  with  the  salifiable  bases.  The  only  add  be- 
longing to  this  class  of  any  manufacturing  importance  is  the  following : 

CHLORIC  ACID;  the  acid  constituent  of  the  preceding  salt;  it  consists  of  one 
equivalent  prime  of  chlorine  =  35*476,  -[-  5  of  oxygen,  =:  40'065 ;  of  which  the  sum  75*535 
is  the  prime  equivalent  of  the  acid. 

CHLORINE ;  the  most  energetic  of  the  nndecompounded  bodies,  or  chemical  ele- 
ments as  they  are  usually  called,  exists,  under  ordinary  circumstances,  as  a  gi'eeoish  y^ 
low  gas,  but,  when  exi)Osed  to  a  pressure  of  4  atmospheres,  it  becomes  a  yeUow  transpap 
rent  liquid.  In  the  first  state,  its  density  compared  to  air»  reckoned  1*000,  is  2*47; 
in  the  second,  its  density  compared  to  water,  1*000,  is  1*33.  No  degree  of  eold  hitherto 
tried,  has  liquefied  the  gas  when  dry.  It  is  obtained  by  putting  into  a  glass  re- 
tort a  mixture  of  3  parts  of  common  salt,  with  2  parts  of  peroxide  of  manganese^  and 
pouring  upon  it  2  parts  of  sulphuric  acid  diluted  with  its  own  weight  of  water ;  or,  more 
conveniently,  by  pouring  moderately  strong  muriatic  acid  upon  peroxyde  of  manganese  in 
a  retort ;  and  in  either  case  applying  the  gentle  heat  of  a  spirit  lamp  or  a  water  bath, 
while  the  beak  of  the  retort  is  plunged  under  brine  upon  the  shelf  of  the  pneumatic  trough. 
The  gas  issues,  and  may  be  received  in  the  usual  way  into  inverted  glass  jars,  or  vials ; 
but  the  first  which  comes  over,  being  mixed  with  the  air  of  the  retort,  must  be  rejected. 
It  has  a  peculiar  smell,  and  initates  the  nostrils  most  violently  when  inhaled,  as  also  the 
windpipe  and  lungs.  It  is  eminently  noxious  to  animal  life,  and,  if  breathed  in  its  un- 
dUnted  state,  would  prove  instantly  fatal.  It  supports  the  combustion  of  many  bodies, 
and  indeed  s{K)ntaneoQsIy  burns  several  without  their  being  previously  kindled.  The  re- 
sulting combinations  are  called  chlorides,  and  act  most  important  parts  in  many  manufac- 
turing processes. 

Water  absorbs,  at  the  ordinary  temperature  of  the  atmosphere,  about  double  its  volume 
of  chlorine,  and  acquires  the  color,  smell,  and  taste  of  the  gas,  as  well  as  its  power  of 
destroying  or  bleaching  vegetable  colors.  When  this  aqueous  chlorine  is  cooled  to  36°  F. 
dark  yellow  crystalline  plates  appear  in  it  of  the  hydrate  of  chlorine,  which  are  compos- 
ed in  100  parts  of  27*7  chlorine,  and  72*3  water.  If  these  cr)'8talB  be  heated  to  about 
45^  they  liquefy,  and  the  gas  flies  off. 

Chlorine  has  a  powerful  affinity  for  hydrogen,  not  only  combining  with  it  rapidly  in 
the  gaseous,  but  seizing  it  in  many  of  its  liquid  and  solid  combinations,  as  in  volatile 
eOs,  which  it  inflames,  and  in  yellow  wax,  cotton,  and  flax,  which  it  whitens.  The  com- 
pound of  chlorine  and  hydrogen  gases  is  muriatic  acid  gas.  Manganese,  when  mixed 
with  liquid  muriatic  acid,  as  in  the  above  process,  abstracts  the  hydrogen,  and  lets  the 
ehlorine  gas  go  free.  When  chlorine  is  passed  into  water,  it  decomposes  some  of  it,  seizes 
its  hydrogen  to  form  a  little  muriatic  acid,  and  enables  its  oxygen  to  unite  either  with  the 
^lorine,  into  chlorous  acid,  or  with  the  remaining  water,  and  to  constitute  oxygenated 
water.  Hence,  aqueous  chlorine,  exposed  to  the  sunbeam,  continually  evolves  oxygen,  and 
are  long  becomes  muriatic  acid. 

This  watery  compound  acts  in  a  powerful  way  upon  colored  vegetable  fibres,  extracting 
their  hydrogen  or  coloring  element  by  the  twofold  affinities  of  the  chlorine  and  oxygen 
Jbrit. 

IHenee  chlorine,  as  a  bleaching  agent,  requires  to  be  tempered  by  the  quiescent  affinity 
«r<eome  alkaline  base,  potash  or  lime.  Malaria,  or  morbific  and  putrescent  miasmata^ 
consist  chiefly  of  hydrogenous  matter  as  their  basis,  and  are  best,  counteracted  by  ehlo- 
ffae.  where  it  can  be  conveniently  applied. 

ChloridM  of  Potash,  Soda,  and  Linn, — These  are  the  most  important  preparatkaw 
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tkPOQfli  wliieh  chlorine  exercises  its  peculiftr  powers  upon  the  ohjects  of  manufacttires. 
When  a  weak  solation  of  caustic  potash  or  soda  is  saturated  with  chlorine,  it  affords  a 
bleacfaiag  liqnor  which  is  still  used  by  some  bleachers  and  calico-printers  for  their  mosT 
delicate  processes ;  bot  the  price  of  the  alkalis  has  led  to  the  disuse  of  these  chlorides  as 
a  general  means,  and  has  occasioned  an  extensive  employment  of  chloride  of  lime.  Upon 
the  manafactnre  of  this  interesting  compound  I  made  an  elaborate  series  of  experiments, 
several  years  ago,  and  publishea  Ae  results  in  the  13th  volame  of  Brande's  Journal  for 
April,  1822.  I  have  no  reason  to  suppose,  from  any  thing  that  has  been  published  since, 
that  the  processes  there  described  have  beta  essentially  improved,  or  that  any  errors, 
either  theoretical  or  practical,  of  any  moment,  exist  in  that  memoir.  I  shall  therefoi^e 
ifast  present  my  readers  with  a  brief  abstract  of  it,  and  then  make  such  observations  as 
sahseqnent  inquiries  suggest. 

In  the  researches  which  I  made,  at  many  different  times,  upon  the  nature  of  the  chlo* 
ride  of  lime,  I  generally  sought  to  combine  the  information  flowing  from  both  synthesis 
sod  analysis ;  that  is,  I  first  converted  a  known  portion  of  hydrate  of  lime  ittt6  bleach- 
ing-powder,  and  then  subjected  this  chloride  to  analysis. 

TNro  hundred  grains  of  the  atomic  proto-hydrate  of  pure  lime  were  put  into  a  glass 
globe,  whieh  was  kept  cold  by  immersion  in  a  body  of  water  at  50^.  A  stream  of 
cfalorine,  aAer  being  washed  in  water  of  the  same  temperature  in  another  glass  globe, 
connected  to  the  former  by  a  long  narrow  glass  tube,  was  passed  over  the  calcareous 
hydrate.  The  globe  with  the  lime  was  detached  from  the  rest  of  the  apparatus  from 
time  to  time,  that  the  process  might  be  suspended  as  soon  as  the  augmentation  of  weight 
ceased.  This  happened  when  the  200  grains  of  hydrate,  containing  151*9  of  lime,  had 
absorbed  130  grains  of  chlorine.  By  one  analytical  experiment,  it  was  found  that  dilute 
mniiatic  acid  expelled  fVom  50  grains  of  the  chloride,  20  grains  of  chlorine,  or  40  per 
cent. ;  and  by  another,  from  40  grains,  16*25  of  gas,  which  is  40-6  per  cent.  From  the 
residoom  of  the  first  39*7  grains  of  carbonate  of  lime  were  obtained  by  carbonate  of 
anmontft ;  from  that  of  the  second,  36*6  of  ignited  muriate  of  lime.  The  whole  results 
aie  therefore  as  follows : — 


Chlorine  -  * 
Tjime-  -  -  - 
Water  -  -  - 

i 

Synthefis. 

Itt  Analysis. 

9d  Anslyiia. 

Mtan. 

39-39 
4600 
14-60 

40*00 
44-74 
15-26 

40-62 
46-07 
13-31 

40-31 
45-40 
14-28 

100  00 

100-00 

100-00 

100-00 

IWugb  the  heat  generated  by  the  action  of  the  dilute  acid  had  carried  off  in  the  ana* 
lytieal  experiments  a  small  portion  of  moisture  with  the  chlorine,  yet  their  aceordanee 
with  the  synthetic  experiment  is  sufficiently  good  to  confirm  the  general'  results.  The 
ftho've  powder  appears,  to  have  been  a  pure  chloride,  without  any  mixture  of  muriate. 
Bat  it  exhibits  no  atomic  constitution  in  its  proportions. 

To  200  grains  of  that  hydrate  of  lime  30  grains  of  water  being  added,  the  powder  was 
svbjeeled  to  a  stream  of  chlorine  in  the  above  way,  till  saturation  took  place.  Its  in- 
crcaae  of  wetttht  was  150  grains. 

It  Qoght  to  be  remarked,  that  in  this  and  the  preceding  experiment  there  was  no  appre- 
ciable pneumatic  pressure  employed  to  aid  the  condensation  of  the  chlorine.  In  the  last 
we  see  that  the  addition  of  30  grains  of  water  has  enabled  the  lime  to  absorb  20 
more  of  chlorine,  being  altogether  a^quantity  of  gas  nearly  equal  to  thlit  of  theory 
Thus,  an  atom  of  lime  seems  associated  with  7  of  an  atom  of  chlorine.  Analysis 
by  mmriatie  add  confirmed  this  composition.    It  gave 

Chlorine    -    -    39*5=51*8  cubic  inches. 
Lime    ...    39-9 
Water  .    -    -    20-6 


100*0 


A  great  Tariety  of  apparatus  has  been  at  different  tmies  contrived  for  favoring  th« 
eombinntion  of  chlorine  with  the  slaked  lime  for  the  purposes  of  commerce.  One  of 
the  most  imrenioos  forms  is  that  of  a  cylinder,  or  barrel,  furnished  with  narrow  wooden 
shelves  within,  and  sospended  on  a  hollow  axis  by  which  the  chlorine  was  admitted,  and 
nmid  which  the  barrel  was  made  to  revolve.  By  this  mode  of  agiiaiion,  the  lime^ust, 
being  exposed  on  the  most  extensive  surface,  was  speedily  impregnated  with  the  gas  to 
the  reqoisite  degree.  Soeh  a  mechanism  I  saw  at  MM.  Oberkampf  and  Widmer's  cele. 
bnted  fabriqw  dt  toUes  pein/sr,  at  Jouy,  in  1816.  But  this  is  a  oostly  refinement,  in. 
admltaftile  on  the  larg^  scale  of  British  manufacture.'  The  simplest,  and,  in  my 
opinion,  tiie  best  eonstmction  for  subjecting  lime-powder  to  chlorine,  is  a  large  chambw 
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8  or  9  feet  high,  built  of  silicioitt  Mndstottey  having  the  joints  of  the  masonry  eeeoied 
with  a  cement  composed  of  pitch,  resin,  and  dry  gypsum  in  equal  parts.  A  door  is 
fitted  into  it  at  one  end,  which  can  be  made  ait-tight  by  strips  of  cloth  and  dayJute. 
A  window  on  each  side  enables  the  operator  to  judge  how  the  impregnation  goes  on  by 
the  color  of  the  air,  and  also  gives  light  for  making  the  arrangements  within  at  the 
commencement  of  the  process.  As  water  lutes  are  incomparably  superior  to  all  others, 
where  ihe  pneumatic  pressure  is  small,  I  would  recommend  a  large  valve  or  door  on  this 
principle  to  be  made  in  the  roof,  and  two  tunnels  of  considerable  width  at  the  bottom  of 
each  side  wall.  The  three  covers  could  be  simultaneously  lifted  off  by  cords  passing 
over  a  pulley,  without  the  necessity  of  the  workman  approaching  the  deleterious  gas, 
when  the  apartment  is  to  be  opened.  A  great  number  of  wooden  shelves,  or  raUier 
trays,  8  or  10  feet  long,  2  feet  broad,  and  1  inch  deep,  are  provided  to  receive  the  riddled 
slaked  lime,  containing  generally  about  2  atoms  of  lime  to  3  of  water.  These  shelves 
are  piled  one  over  another  in  the  chamber,  to  the  height  of  5  or  6  feet,  cross  bars  below 
each  keeping  them  about  an  inch  asunder,  that  the  gas  may  have  free  room  to  circulate 
over  the  surface  of  the  calcareous  hydrate. 

The  alembics  for  generating  the  chlorine,  which  are  usually  nearly  spherical,  are  in 
some  cases  made  eniirely  of  lead,  in  others  of  two  hemispheres,  joined  together  in  the 
middle,  the  upper  hemisphere  being  lead,  the  under  one  cast-iron.  The  first  kind  of 
alembic  is  enclosed,  for  two  thirds  from  its  bottom,  in  a  leaden  or  iron  case,  the  interval 
of  two  inches  between  the  two  being  destined  to  receive  steam  from  an  adjoining  boiler. 
Those  which  consist  below  of  cast-iron  have  their  bottom  directly  exposed  to  a  very 
gentle  fire ;  round  the  outer  edge  of  the  iron  hemisphere  a  groove  is  cast,  into  which  the 
under  edge  of  the  leaden  hemisphere  fits,  the  joint  being  rendered  air-tight  by  Roman 
or  patent  cement.  In  this  leaden  dome  there  are  four  apertures,  each  secured  by  a  water- 
lute.  The  first  opening  is  about  10  or  12  inches  square,  and  is  shut  with  a  leaden  valve, 
with  incurvated  edges,  that  fit  into  the  water  channel  at  the  margin  of  the  hole.  It  is 
destined  for  the  admission  of  a  workman  to  rectify  any  derangement  in  the  apparatus  of 
rotation,  or  to  detach  hard  concretions  of  salt  from  the  bottom. 

The  second  aperture  is  in  the  centre  of  the  top.  Here  a  tube  of  lead  is  fixed,  which 
descends  nearly  to  the  bottom,  and  down  through  which  the  vertical  axis  passes.  To 
its  lower  end  the  cross  bars  of  iron,  or  of  wood,  sheathed  with  lead,  are  attached,  by 
whose  revolution  the  materials  receive  the  proper  agitation  for  mixing  the  dense  manga- 
nese with  the  sulphuric  acid  and  salt.  The  motion  is  communicated  either  by  the  hand 
of  a  workman  applied  from  time  to  time  to  a  winch  at  top,  or  it  is  given  by  connecting 
the  axis  with  wheel  work,  impelled  by  a  stream  of  water  or  a  steam-engine.  The  third 
opening  admits  the  syphon- formed  funnel,  through  which  the  sulphuric  acid  is  introduced ; 
and  the  fourth  is  the  orifice  of  the  eduction-pipe. 

Manufacturers  differ  much  from  each  other  in  the  proportion  of  their  materials  for 
generating  chlorine.  In  general,  10  cwt.  of  salt  are  mixed  with  from  10  to  14  cwt.  of 
manganese,  to  which  mixture,  after  its  introduction  into  the  alembic,  from  12  to  14  cwt. 
of  sulphuric  acid  are  added  in  successive  portions.  That  quantity  of  oil  of  vitriol  must, 
however,  be  previously  diluted  with  water,  till  its  specific  gravity  becomes  about  1*6. 
But,  indeed,  tliis  dilution  is  seldom  actually  made,  for  the  manufacturer  of  bleaching- 
po\^er  almost  always  prepares  his  own  sulphuric  aeid  for  the  purpose,  and  therefore 
carries  its  concentration  no  hisrher  in  the  leaden  boilers  than  the  density  of  1*85,  which 
from  my  table  of  sulphuric  acid,  indicates  \  of  its  weight  of  water,  and  therefore  } 
more  of  such  acid  must  be  used. 

The  fourth  aperture,  I  have  said,  admits  the  eduction  pipe.  This  pipe  is  afterwards 
conveyed  into  a  leaden  chest  or  cylinder,  in  which  all  the  other  eduction  pipes  also 
terminate.  They  are  connected  with  it  simply  by  water-lutes,  having  a  hydrostatic 
pressure  of  2  or  3  inches.  In  this  general  diveraorium  the  chlorine  is  washed  from 
adhering  muriatic  acid,  by  passing  through  a  little  water,  in  which  each  tube  is  im- 
mersed, and  from  this  the  gas  is  let  off  by  a  pretty  large  leaden  tube,  into  the  combina- 
tion room.  It  usually  enters  in  the  top  of  the  ceiling,  whence  it  diffuses  its  heavy  gas 
equally  round. 

Four  days  are  required,  at  the  ordinary  rate  of  working,  (br  making  good  marketable 
bleach  ing-powder.  A  more  rapid  formation  would  merely  endanger  an  elevation  of 
temperature,  productive  of  muriate  of  lime,  at  the  expense  of  the  bleaching  quality.  But 
skilful  manufacturers  use  here  an  alternating  process.  They  pile  up,  first  of  all,  the 
wooden  trays  only  in  alternate  shelves  in  each  column*  At  the  end  of  two  days  the 
distillation  is  intermitted,  and  the  chamber  is  laid  open.  After  two  hours  the  wodcman 
enters,  to  introduce  the  alternate  trays  covered  with  fresh  hydrate  of  lime,  and  at  th« 
same  time  rakes  up  thoroughly  the  half-formed  chloride  in  the  others.  The  door  is  then 
secured,  and  the  diamber,  after  being  filled  for  two  days  more  with  chlorine,  is  again 
opened,  to  allow  the  first  set  of  trays  to  be  removed,  and  to  be  replaced  by  othersy  eoa 
taining  fresh  hydrate,  as  before.    Thus  the  process  is  oonducted  in  regular  aUemation  : 
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thus,  to  my  knowledge,  very  snperior  bleaching-powder  is  mannfactured,  and  thns  the 
cilorine  may  be  suifered  to  enter  in  a  pretty  uniform  stream.  Bat  for  this  judicious 
plan,  as  the  hydrate  advances  in  impregnation,  its  faculty  of  absorption  becoming 
dimittishedy  it  would  be  requisite  to  diminish  proportionately  the  evolution  of  chlorine, 
or  to  allow  the  excess  to  escape,  to  the  great  loss  of  the  proprietor,  and,  what  is  of  more 
eooseguencey  to  the  great  detriment  of  the  health  of  the  workmen. 

The  manufacturer  generally  reckons  on  obtaining  from  one  ton  of  rock-salt,  employed 
u  above,  a  ton  and  a  half  of  good  bleaching-powder.  Bat  the  following  analysis  of  the 
operation  will  show  that  he  ooght  to  obtain  two  tons. 

When  a  mixture  of  sulphuric  acid,  common  salt,  and  black  oxydc  of  manganese  are 
the  ingredients  used,  as  by  the  manufs^turer  of  bleaching-powder,  the  absolute  pro- 
portioDS  are,  upon  the  oxygen  scale  of  equivalents :  — 

1  atom  muriate  of  soda        -         -        7*5  29*70  100*0 

1  atom  peroxyde  of  manganese  -        5*5  21*78  73-3 

2  atoms  oil  of  vitriol  1-846       -         -      12-25  48*52  163*3 

And  the  products  ought  to  be ; 

Chlorine  disengaged     - 

Sulphate  of  soda 

Proto- sulphate  of  manganese 

Water 

25*25  100*00 

These  proportions  are,  however,  very  different  from  those  employed  by  many,  nay, 
I  believe  by  all  manufacturers ;  and  they  ooght  to  be  so,  on  account  of  the  impurity 
of  their  oxyde  of  manganese.  Yet  making  allowance  for  this,  I  am  afraid  that  many  of  them 
commit  great  errors  in  the  relative  quantities  of  their  materials. 

From  the  preceding  computation,  it  is  evident  that  1  ton  of  salt  with  ]  ton  of  the 
above  native  cxyde  of  manganese  properly  treated,  would  yield  0*69  of  a  ton  of  chlorine, 
vhicb  would  impregnate  1-41  tons  of  slaked  lime,  producing  2,tons  of  bleaching-powder, 
stronger  than  the  average  of  the  commercial  specimens ;  or  allowing  for  a  little  loss, 
vhich  is  unavoidable,  would  afford  2  tons  of  ordinary  powder,  with  a  little  more  slaked 
lime. 
Fig.  28hl  represents  a  retort  of  lead,  well  adapted  to  the  evolution  of  chlorine  frcm  the 


25.26 

100.00 

-  1  atom. 

4*5 

1782 

-  1    — 

9*0 

35-64 

-  1    — 

9*5 

37*62 

-  2    — 

2*25 

8*92 

Bixtiire  of  salt,  manganese,  and  sulphuric  acid,  or  from  manganese  and  muriatic  add* 
The  ioterior  vessel  is  cast  in  lead»  and  it  has  round  its  bottom  part  a  cast-iron  steam 
casL  The  salt  and  manganese  are  introduced  by  the  aperture  c,  and  the  sulphuric 
add  by  the  syphon  funnel  f.  The  coAtact  of  these  three  substances  is  continually 
leoewed  by  tbe  agitator  or  stirrer  b,  which  consists  of  wrought  or  cast  iron  sheathed 
with  lead,  e  is  the  gas  discharge  pipe.  The  residuums  are  drawn  off  by  the  bottom 
discharge  pipe  o.    The  heating  case  receives  its  steam  by  the  pipe  A. 

The  chlorine  gas,>ig.  288,  is  conveyed  firom  the  retort  b  into  the  chamber  i,  by  the  tabe 
B  s  z.  This  chamber  is  divided  into  four  compartments,  to  receive  the  gas  disengaged 
from  Anur  retorts,  like  the  above.  The  bottom  of  it  is  covered  with  a  stratum  £ef 
or  four  inches  thick  of  quicklime,  newly  slaked  and  sifted,  which  is  stirred  about  from 
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tiiLC  to  time,  by  the  rakes  l  l  l  l.  ,  When  the  saturation  is  sufficient,  the  chloride  of 
lime  is  Uken  out  by  the  doors  k  k  k  k.  The  size  of  this  apimratus  allows  2  cwt.  of 
manganese,  and  its  equivailent  quantity  of  salt  and  sulphuric  acid,  or  of  muriatic  acid,  to 
be  introduced  at  once  into  the  retort.  ,  d  is  the  handle  of  the  agitator. 

The  same  form  of  retort  will  suit  perfectly  well  to  prepare  chlorine  for  making 
liquid  chloride  of  lime,  which  is  preferred  by  many  bleachers  and  calico-printers  who 
have  conveniences  for  preparing  it  themselves.  The  most  concentrated  solutions  «f  the 
dry  chloride  of  lime  do  not  mark  more  than  6°  B.  (sp.  grav.  1*04),  and  discolor  only 
50  volumes  of  Gay  Lussac's  solution  of  indigo,  whilst  the  chloride  made  in  the  humid 
way  marks  from  8°  to  9°  B.  (about  1*060),  and  discolors  80  volumes  of  the  same 
solution. 

In  the  chloride  of  lime  apparatus,  most  generally  used  by  the  skilful  calico-printers  of 
Mulhausen,  the  mixture  of  muriatic  acid  and  manganese  is  put  into  glass  globes,  with 
long  necks,  heated  upon  a  sand-bath.  The  chlorine  is  conveyed  by  glass  tubes  into  a 
cylindrical  stone  cistern,  containing  milk  of  lime.  The  furnace  of  the  sand  baths  is  made 
of  cast  iron,  and  has  brick  partitions,  to  give  each  retort  its  own  fire.  The  smoke  of  all 
these  fires  goes  off  by  a  flue  into  sheet  iron  pipes.  The  cistern  is  made  of  siliceous  sand- 
stone. Its  cover  is  of  wood,  coated  with  a  resinous  cement ;  and  it  fits  at  its  edges  into 
grooves  cut  in  the  stone.-  A  wheel  serves  to  ag:itate  the  liquid  continually;  its  paddles 
being  kept  at  two  inches  distance  from  the  sides  of  the  cistern.  The  milk  of  lime  is  in- 
troduced by  a  funnel,  and  the  chloride  is  drawn  off  by  a  discharge  pipe.  I  think  the 
lead  retort  and  agitator  used  in  this  country  greatly  preferable  to  the  experimental  la- 
boratory plan  described  above.  In  all  such  apparatus  we  should  avoid  giving  any  pres- 
isure  to  the  tubes  or  vessels,  and  riiould  not  therefore  dip  the'  extremities  of  the  gas 
pipes  beneath  the  surface  of  the  liquid,  but  rather  facilitate  the  combination  of  the 
chlorine  and  the  lime,  by  enlarging  the  surfaces  of  contact  and  by  agitating.  Interme- 
diate vessels  containing  water,  or  the  chemical  cascade  of  M.  Clement,  are  very  useful 
for  absorbing  any  muriatic  acid  which  may  be  disengaged  along  with  the  chlorine,  and 
thereby  preventing  the  needless  formation  oif  muriate  of  lime  in  the  chambers  or  cisterns 
of  impregnation. 

When  the  solution  of  the  chloride  of  lime  \a  mixed  with  hydrate  of  lime,  it  bears,  with- 
out decomposing,  a  pretty  high  temperature,  provided  it  be  not  too  long  continued ;  it 
may  even,  in  certain  cases,  be  raised  to  near  the  boiling  point  without  suffering  a  marked 
loss  of  its  discoloring  power ;  but  when  the  chloride  is  deprived  of  that  excess  of  lime,  it 
is  decomposed  in  a  short  time,  even  at  a  heat  of  110°  F. 

When  chlorine  is  admitted  to  milk  of  lime,  it  infallibly  prodnees  some  muriate  of 
lime ;  but  the  quantity  is  kept  at  a  m^xmum  by  constantly  presenting  an  excess  of  lime 
to  the  gas  with  the  agitator,  and  by  keeping  the  temperature  as  low  as  possible.  Hence 
the  influx  of  gas  should  not  be  so  rapid  as  to  generate  much  heat.  An  automatic  agita- 
tor, moved  by  steam  or  water  power,  is  therefore  much  better  than  one  driven  by  the  hand 
of  the  operator,  who  is  apt  to  intermit  his  labors.  If  the  liquor  becomes  hot  at  the  end 
of  the  process,  it  should  be  immediately  drawn  off  into  large  stone  bottles,  and  cooled. 
The  rose-color,  which  sometimes  supervenes,  is  due  to  a  minute  quantity  of  manganese. 
The  strongest  liquid  chloride  of  lime  that  can  be  prepared  will  not  discolor  more  than  £0 
times  its  volume  of  Gay  Lussac's  indigo  test. 

On  actin?  upon  cotton  cloth  with  a  concentrated  solution  of  chloride  of  lime,  at  from 
110°  to  120°  F.,  pure  carbonic  acid  gas  is  disengaged,  and  the  texture  of  the  doth  is 
injured.  Here  the  hydrogen  of  the  water  and  the  cotton  being  seized  by  the  chlorine, 
the  liberated  oxycen  combines  with  the  carbon  to  form  carbonic  acid.  In  the  discharge 
troughs  where  printed  calicoes  are  passed  through  strong  solutions  of  chloride  of  lime, 
stalactitic  crusts  of  carbonate  of  lime  come  to  be  formed  in  this  way. 

The  dilorometre  of  Gay  Lussac  consists  of  a  test  sohition  of  indigo  and  a  graduated 
tube.  One  part  of  the  best  indigo,  passed  through  a  silk  sieve,  is  to  be  dissolved  in 
nine  parts  of  concentrated  sulphuric  acid,  by  the  aid  of  a  water-bath  heat  applied  for 
six  hours.  The  sulphate  of  indigo,  is  now  to  be  diffused  through  such  a  body  of  water 
that  one  volume  of  chlorine  gas  shall  discolor  exactly  ten  times  its  volume  of  this  dilute 
solution.    The  test  liquor  should  be  protected  from  the  agency  of  light. 

Mr.  Crum,  of  Thomiebank,  near  Glasgow,  has  lately  modified  Dr.  Didton^s  eopperas 
test  for  chloride  of  lime,  and  made  it  convenient  to  the  practical  man.  The  doctor  justly 
considered  that  the  more  chlorine  any  bleaching  powder  contains,  the  more  of  the  green 
sulphate  of  iron  will  it  convert  into  the  red  sulphate,  so  that  we  have  only  to  add  ane- 
eessive  portions  of  the  chloride  to  a  given  weight  of  the  dissolved  copperas^  and. note 
the  point  at  which  all  the  iron  gets  peroxydized.    See  Bleachiko. 

Besides  the  meUiod  of  analysis  already  quoted  IVom  my  memoir  on. the  manufaeture 
of  th<e  chloride  of  lime,  another  occurred  to  me  long  ago,  which  I  often  practised  as  an 
«asy  and  expeditious  test.  Chlorine  decomposes  ammonia.  If  therelore  water  of 
ammonia,  faintly  tinged  with  litmus,  be  added  slowly  to  a  solution  of  a  given  weight  of 
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of  lime,  the  color  will  eontinae  to  disappear  till  the  chlorine  be  all  neutralized 
bf  the  reaction  of  the  hydrogen  of  the  ammonia.  The  qaantity  of  liquid  ammonia  <^  a 
certain  strength  requisite  to  neutralize  in  this  way  a  certain  volume,  say  one  cubic  inch, 
ar  a  thousand  grain  measures  of  chlorine  gas,  may  be  assumed  as  the  standard  of  such 
a  chlorometer.  As  chlorine  or  Chloride  of  lime,  when  mixed  with  water  of  ammonia, 
causes  the  disengagement  of  azote,  the  quantity  of  this  gas  evolved  may  also  be  made 
the  foaadation  of  an  accurate  and  convenient  chlorometer.  The  two  substances  should  ^ 
be  mixed  over  mercury,  in  a  graduated  syphon  tube.  The  shut  end  a  and  the  open  end  b  ' 
are  both  graduated  to  one  scale ;  for  example,  to  hundredths  of  a  cubic  inch,  or  to  grain 
2S9  or  10  grain  measures.  The  tube  is  to  be  filled  with  mercury,  and  then  10 
ncasures  of  it  are  to  be  displaced  at  the  open  end,  by  inserting  a  wooden 
plug.  This  space  being  filled  with  the  solution  of  chloride  of  lime,  is  to  be 
torned  up  into  the  shut  end  by  covering  the  open  end  with  the  finger,  and  in- 
verting the  tube;  a  few  drops  of  water  may  he  sent  through  to  wash  the  mer- 
cury. The  ammonia  being  now  let  up,  will  cause  a  reaction,  and  evolve  a 
qaantity  of  azote,  equivalent  to  the  chlorine  present.  The  action  may  be 
qntckened  by  holding  the  sealed  end  of  the  tube  obliqnely  over  a  lamp  heat. 
The  mercary  is  protected  from  the  chlorine  by  the  ammonia ;  and  should  any 
I  ■  I  notion  be  entertained  of  such  an  action,  the  ammonia  may  be  let  up  first.  I 
I  V^  /      have  made  innnmerable  researches  over  mercury  with  a  detached  apparatus 

V ^      of  that  kind,  which  combines  precision  with  rapidity  of  result.    It  was  by  a 

similar  mercurial  syphon  that  I  analyzed  the  carbonates,  as  described  in  the  first  edition 
of  my  Dictionary  of  Chemistry,  twenty-one  years  ago. 

M.  Gay  Lussac  takes,  as  the  basis  of  his  indigo  chlorometer,  the  fact,  that  one  pound 
of  pore  erfstallized  peroxyde  of  manganese  is  capable  of  affording,  with  muriAtic  acid, 
0-7964  parts  of  a  pound  of  chlorine;  or  one  kilogramme  yields  251}  litres;  that  is,  one 
pound  yields  251}  ponnd  measures.  Hence  3*98  grammes  of  that  manganese  are  capa- 
ble of  aflTording  1000  gramme  measures,  or  I  litre  of  chlorine  ^  or,  in  round  numbers,  4 
grains  will  yield  1000  grain  measures.  This  quantity  of  gas,  being  received  into  that 
volume  of  milk  of  lime,  constitutes  therefore  Gay  Lussac's  primary  standard.  The  small 
retort  in  which  the  manganese  and  muriatic  acid  are  put,  ought  to  be  heated  to  ebullition, 
to  disehanre  every  particle  of  chlorine.  To  prevent  the  manganese,  in  this  experiment, 
from  stickiif^  to  the  bottom  in  a  cake,  it  has  been  proposed  to  mix  it  previously  with  a 
littie  plumbago.    See  CHLoaoMBTBT. 

For  preparing  the  chlorides  of  potash  and  soda,  the  same  apparatus  may  be  employed 
as  for  the  liquid  chloride  of  lime.    The  alkaline  solutions  should  be  weak,  containing 
act  more  than  a  pound  to  the  gallon  of  water.    Potash  liquor  saturated  with  chlorine,  is 
much  employed'at  Paris  fbr  whitening  linen,  under  the  name  of  the  water  of  Javelle,  the 
place  where  it  was  first  made  as  a  manufacture.    One  hundred  parts  of  chlorine  are 
mid  to  saturate  133  parts  of  pure  potash,  and  195  of  the  carbonate ;  but  the  latter  should 
not  be  used  for  preparing  the  bleaching  fluid,  as  the  carbonic  acid  resists  the  combina* 
tun  of  the  chlorine.    A  chkiride  of  carbonate  of  soda  has  been  lately  recommended  as 
a  dbiafecting  substance  against  contagious  miasmata  or  fomptet.    One  hundred  parts 
of  chlorine  will  saturate  150  of  the  dry  carbonate,  and  405  of  the  crystallized.    M. 
Payen  prepares  this  medicinal  chloride  by  adding  138  parts  of  carbonate  of  soda  to  a 
liquid,  consisting  of  water  1800,  chloride  of  lime  100,  at  98°  of  strength,  by  Gay 
Lossac's  standard.    The  chloride  of  lime  is  to  be  dissolved,  and  the  sediment  well  wash- 
ed ;  the  carbonate  of  soda,  dissolved  by  heat,  is  to  be  poured  into  the  solution,  the  preci- 
pitate allowed  to  subside,  the  clear  fluid  decanted,  and  the  solid  matter  washed  upon  a 
filler.    ThM  collected  solutions  are  neutral  chloride  of  soda.    Sixty-two  parts  of  the  car- 
bonate of  soda  are  then  to  be  dissolved  in  the  remainder  of  the  water,  and  added  to  the 
preparation ;  the  whole  being  thus  filtered,  a  limpid  lu^uor  is  obtained,  indicating  5®  by 
the  hydrometer  of  Baum^. 

The  chloride  of  magnesia  was  long  ago  proposed  by  Sir  H.  Davy  for  bleaching 
linen,  as  being  preferable  to  chloride  of  lime,  because  the  resulting  muriate  of 
magnesia  was  not  injurious  to  the  fibre  of  cloth,  as  muriate  of  lime  may  be,  under 
certain  circumstances.  I  prepared  a  quantity  of  chloride  of  magnesia,  by  exposing  a 
hydrate  of  that  earth  in  the  chlorine  chamber  of  a  large  manufactory  of  chloride  of 
lime  at  Glasgow,  and  obtained  a  compound  possessed  of  considerable  discoloring 
powers;  but  I  found  that  the  chlorine  was  so  feebly  saturated  by  the  base,  that  it 
destroyed  the  colors  of  fast-dyed  calicoes  as  readily  as  chlorine  gas  or  chlorine  water  did, 
and  was  therefore  dangerous  for  common  bleaching,  and  destructive  in  clearing  the 
grounds  of  printed  goods,  which  is  one  of  the  most  valuable  applications  of  the 
calcareous  and  alkaline  chlorides.  The  occasion  of  my  making  these  experimentg 
was  the  importation  of  a  considerable  quantity  of  magnesite,  or  native  atomic  carbonata 
of  magnesia,  from  the  district  of  Madras,  by  an  enterprising  friend  of  mine.  Encouraged 
by  the  encomiums  bestowed  on  the  chloride  of  magnesia  by  many  chemical  writers,  h« 
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expected  to  have  benefitecbboth  the  country  and  himself,  by  bringing  home  the  earthy  bast 
of  that  compound^  at  a,  moderate  price ;  but  was  disappointed,  to  his  cost. 

Dr.  Thomson  is  of  opiilion  that  the  bleachiqg  compound  of  liste  and  chlorine  i»  not  a 
chloride  of  lime,  but  a  combination  of  chlorous  acid  with  lime  and  of  chlorine  with  cal- 
cium ;  consisting  in  its  most  concentrated  state  of 

3  atoms  of  chloride  of  calcium  =  '21 

1  atom  of  chlorite  of  lime    -    =11 

i? 

bo  that  about  one  third  of  the  weight  is  chlorite  of  lime,  to  which  alone  the  bleaching 
powers  of  the  substance  are  owing.  He  admits  a  fact,  rather  inconsistent  with  this  opin- 
ion, that  bleaching  powder  does  not  attract  moisture  from  the  atmosphere  with  nearly  so 
much  rapidity  as  might  be  expected  from  a  mixture  containing  two  thirds  of  its  weight 
of  so  deliquescent  a  salt  as  muriate  of  lime ;  unless  this  indeed  be  prevented  by  the  chlo- 
ride and  chlorite  being  united  into  a  double  salt,  which  is  a  mere  conjecture  without 
either  proof  or  analogy.  And  further,  when  dilute  sulphuric  or  muriatic  acid  is  poured 
upon  bleaching  powder,  a  profusion  of  chlorine  is  given  out  immediately,  which  he  also 
admits  to  be  inconsistent-  with  the  notion  of  its  beiag  a  mixture  of  chloride  of  calcium  and 
chlorite  of  lime,  for  no  such  evolution  takes  place  when  the  above  acids  are  mixed  with 
solutions  of-  chloride  of  calcium  and  chlorate  of  potash.  Though  I  am  of  opinion  that 
bleaching  powder  is  simply  a  chloride  of  lime,  in  which  the  lime  corresponds  to  the  water 
in  the  aqueous  chlorine,  yet  I  cannot  see  the  truth  or  appositeness  of  his  last  reason,  be- 
cause chlorine  is  certainly  given  out  when  chlorate  of  potash  is  acted  upon  by  dilute  mu- 
riatic acid,  as  any  man  may  prove  by  adding  to  a  mixture  of  these  two  substances  a  ve- 
getable color ;  for  it  will  be  speedily  blanched.  Dr.  Thomson  considers  the  chloride  which 
is  at  present  made  in  Mr.  Tennant's  great  factory,  as  containing  one  atom  of  chlorine  aa* 
sociated  with  one  atom  of  lime,  or,  taking  his  numbers,  as  consisting  of 

Hjdrate  of  lime  4*625 

Chlorine  -  4*5 
Or  nearly  equal  weights  of  the  chlorine  and  the  base ;  indicating  a  surprising  degree  of 
excellence  in  the  preparation.  The  average  commercial  samples  of  bleaching  powder 
from  diflerent  factories  which  I  examined  some  years  ago,  did  not  possess  nearly  that 
strength ;  but  varied  in  their  quantity  of  chlorine  from  20  to  28  per  cent.  In  my  synthe- 
tic experiments  related  above,  the  greatest  quantity  of  chlorine  that  would  combine  with 
the  atomic  hydrate  of  lime,  was  in  the  proportion  of  130  to  200 ;  but  there  is  no  doubt 
that  if  the  lime  contains  additional  water,  it  will  condense  more  gas.  I  have  never  seen 
a  chloride  of  lime  of  the  strength  mentioned  by  Dr.  Thomson,  and  I  should  think  there 
must  be  some  fallacy  in  his  statements.  I  have- recorded  in  the  paper  above  quoted  an 
experiment  which  proves  that  with  additional  moisture,  a  chloride  of  lime  may  be  obtain- 
ed of  the  following  composition :  — 

Chlorine  39*5 
Lime  -  39*9 
Water  -  20-6 

1000 

In  the  article  Bleaching,  of  the  Encyclopoedia  Britannica,  Dr.  Thomson  deduces  from 
a  test  trial  of  Mr.  Crum,  that  the  best  bleaching  powder  is  a  compound  of  1  atom  chlo- 
rite of  lime  =  11)  3  atoms  chloride  of  calcium  =  21,  and  8  atoms  of  water  =  9.  "  But,*' 
adds  he,  *'  in  general  the  whole  lime  is  not  accurately  saturated  with  chlorine.  Accord- 
ingly, when  the  bleaching  powder  is  dissolved  in  water  a  small  residue  almost  always  re- 
mains undissolved.  Unless  the  powder  be  fresh  made,  a  portion  of  chlorite  is  always 
converted  into  cliloride  of  calcium.  It  is  probable  therefore  that  the  best  bleaching  pow- 
der, as  it  comes  into  the  hands  of  the  bleachers,  consists  of 

1  atom  chlorite  of  lime     -    11 

3  atoms  chloride  of  calcium  21 

6  atoms  water      -        -  6*75 

Impurity  -        -  2'25 

41-00 

**lf  we  consider  the  bleaching  powder  as  a  compound  of  chlorine  and  lime,  our  mode  of 
calculating  will  not  be  altered.  Instead  of  1  atom  chlorite  of  lime,  and  3  atoms  chloride 
of  calcium,  we  shall  have  4  atoms  chloride  of  lime,  6  atoms  water,  and  2*25  of  impurity 
as  before."  In  such  ambiguity  does  this  able  chemist  place  this  interesting  compound, 
for  theoretical  reasons,  of  which  I  cannot  see  the  value.  Surely  there  is  no  difficulty  in 
conceiving  chlorine  to  exercise  a  direct  attractive  force  towards  the  hydrate  of  lime,  as  it 
is  known  to  do  towards  each  of  its  elementary  constituents,  the  oxygen  and  the  calcium. 
Such  refinements  as  the  preceding  tend  merely  to  mystify  a  plain  matter.    Even  the 
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cUoioiu  acid  here  brought  into  play  to  form  the  ideal  chlorite,  is  by  his  own  admission 
a  hjrpoihetical  being.  "  When  chlorate  of  potash,"  says  Dr.  Thomson,  "  is  mixed  with 
snlpburic  acid,  and  made  into  small  bolls  the  size  of  a  pea,  if  we  expose  these  balls  to  a 
heat  somewhat  lower  than  that  of  boUiog  water,  a  bright  yellowish  green  gas  separates, 
which  may  be  received  over  merenry.  Its  smell  is  pecnliar  and  aromatic.  Water  absorbs 
at  least  seven  times  its  volume  of  it.    It  destroys  vegetable  blttes.    Its  constituents  are — 

1  volume  chlorine  2*5     or  4*5. 

2  volumes  oxygen  2*222  utr  4. 

Thos  this  compound  consists  in  weight  of  chlorine  4*5,  oxygen  4=3*5.  It  has  been  called 
qitarterojeyde  of  chioHMj  but  it  is  more  probably  a  teroxyde.  It  has  been  supposed  by 
some  to  possess  acid  properties,  and  has  therefore  been  called  dUorout  acid.  But  this  is 
only  as  yet  a  hypothesis." 

Sorely  this,  by  the  doctor*s  own  showing,  is  very  slender  authority  lor  renouncing  our 
long-received  doctrines  concerning  the  constitution  of  bleaching  powder.  I  shall  con- 
dode  by  remarking  that  the  ultra-atomists  are  now  in  &  dilemma  about  this  substance ; 
M.  Welter,  and  many  French  chemists  calling  it  a  sub-chloride,  of  1  atom  of  chlorine  to 
2  atoms  of  lime,  and  Dr.  Thomson  showing  that  Mr.  Tennant^  the  greatest  and  best  manr 
ufaetnrer  of  it,  has  produced  it  in  the  state  of  a  chloride,  or  1  atom  of  each.  The  fact  is, 
in  chloride  of  lime,  as  in  water  of  ammonia,  alei^ol,  and  muriatic  acid,  there  is  po  tuffl- 
dtmi  reoMOn  for  definite  proportion  in  any  term  short  of  saturation,  and  therefore  we  shall 
find  that  chloride  in  every  gradation  of  strength  from  one  per  cent,  of  chlorine  up  to  40 
per  cent, — the  strongest  which  I  succeeded  in  preparing,  though  I  passed  a  constant 
stream  of  chlorine  in  great  excess  over  a  pure  hydrate  of  lime  for  upwards  of  24  houra^ 
with  freqaeat  renewal  of  the  surface ;  indeed,  till  it  refused  to  absorb  any  more  gas,  ai 
UMiicated  by  its  remaining  stationary  in  weight. 

CHLOROMETRY ;  Chhrometriiy  is  the  name  given  by  the  French  to  the  proeess  for 
testing  the  decoloring  power  of  any  combination  of  chlorine,  but  especially  of  the  oomp 
mercial  articles,  the  chlorides  of  lime,  potash,  and  soda.  M.  Gay  Lossac  proposed  many 
years  ago  the  following  graduated  method  of  applying  indigo  to  th^  purpose.  As  indigo 
varies  mnch  in  its  dyeing  quality,  and  of  consequence  in  the  proportion  of  chlorine  re- 
quired for  its  decoloration,  he  assumes  as  the  unity  of  blanching  power,  one  litre  of  chlo* 
Tine  gas,  measured  at  the  mean  pressure  of  29*6  inches,  and  at  the  temperature  of  melting 
iee.  This  volume  of  gas,  when  combined  with  a  determinate  quantity  of  water,  is  em* 
ployed  to  test  the  standard  solution  of  indigo.  For  this  purpose  a  solution  in  sulphurie 
add  of  any  sample  of  indigo  is  taken,  and  diluted  with  water  to  such  a  degree  that  10 
Beasnres  of  it,  in  a  graduated  tube,  are  decolored  by  that  one  measure  of  combined  chlo- 
rine gas.  Each  measure  of  indigo  solution  so  destroyed  is  called  a  degree,  and  this  meas- 
ure being  divided  into  five  parts,  the  real  test  of  chlorine  is  given  to  fiAieths,  which  it 
snfficiently  nice.  For  the  standard  of  the  assays,  a  chloride  of  lime  as  pure  and  fully 
aataiated  as  possible  is  taken,  and  dissolved  in  such  a  quantity  of  water,  that  the  solution 
slttU  eontain,  or  be  equivalent  to,  one  volume  of  chlorine  gas.  Calculation  proves  that 
tills  eonditiun  is  exactly  fulfilled  by  dissolving  4938  grammes  of  the  said  chloride  in  half  a 
litre  of  water ;  or  in  English  measures,  5  gr.  very  nearly  in  500  grain  measures  of  vrater. 
Thtt  solution,  which  serves  for  a  type,  indicates  10^  in  the  assay,  or  proof;  that  is  to  say, 
each  single  volume  destroys  the  color  of  10  volumes  of  the  dilute  indigo  solution.  It  may 
be  remarked  that  a  greater  degree  of  precision  is  in  general  attainable  with  a  weak  so- 
IvtioQ  of  chlorine  or  a  chloride,  for  example  at  4^  or  5*^,  than  with  one  much  stronger; 
eonsequently  if,  aAer  a  preliminar)*  trial,  the  standard  considerably  exceeds  10^,  a  given 
volmne  of  water  nrast  be  added  to  the  solution,  and  then  the  above  proof  must  be  taken. 
If  the  volume  of  water  added  was  double,  the  number  of  degrees  afterward  found  must 
be  tripled,  to  obtain  the  true  title  of  the  chloride.  It  is,  however,  to  be  pbserved  that 
the  degree  of  decoloration  varies  with  the  time  taken  in  making  the  mixture ;  the  more 
•lowly  the  chlorine  is  added  to  the  indigo,  the  less  of  it  escapes  into  the  atmosphere, 
and  the  more  effective  it  becomes  in  destroying  the  color.  The  best  mode  of  ob- 
taining comparable  results,  is  to  pour  suddenly  into  the  test  quantity  of  chlorine  the 
vriiole  volume  of  the  indigo  solution  likely  to  be  decolored ;  but  it  is  requisite  to  find  ap« 
proximately  beforehand,  what  quantity  of  indigo-blue  will  probably  be  destroyed. 
When  it  comes  to  the  verge  of  destruction,  it  is  green  j  but  yellowish-brown  when  ea« 
tiiely  decomposed. 

I  have  tried  the  indigo  test  in  many  ways,  but  never  could  confide  in  it.  The  sulphn- 
nr  solution  of  indigo  is  very  liable  to  change  by  keeping,  and  thus  to  lead  to  erroneous 
ictolts.  The  method  of  testing  the  chlorides  by  green  sulphate  of  iron,  described  under 
bleaching,  is  in  my  opinion  preferable  to  the  above. 

M.  Gay  Lussac  has  recently  prop<»ed  another  proof  of  chlorine,  fonnded  on  the  same 
ariadple  as  that  by  green  vitriol,  namdy,  the  quantity  of  it  I'equisite.to  raise  a  metallic 
tibstuiee  from  a  lower  to  a  higher  stage  of  oxydizement.  He  now  prescribes  as  the 
pRftnUe  plan  of  chlorometry,  to  pour  very  slowly  from  a  graduated  glass  tube,  a 
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standard  solatlon  of  the  chloride,  to  be  tested  upon  a  determinate  quantity  of  arsenioat  acid 
diBsolved  in  muriatic  acid,  till  the  whole  arsenioos  be  converted  into  the  arsenie  acid.  The 
value  of  the  chloride  is  greater  the  less  of  it  is  required  to  produce  this  effect.  It  is  easy 
to  recognise,  by  a  few  drops  of  solution  of  indigo,  the  instant  when  all  the  arsenionsadd 
has  disappeared ;  for  then  the  blue  tint  is  immediately  efiaeed,  and  cannot  be  restored  by 
the  addition  of  a  fresh  drop  of  the  indigo  solution. 

In  graduating  the  arsenictd  chlorometer,  M.  Gay  Lussac  takes  for  his  unity  the  decol- 
oring power  of  one  volume  of  chlorine  at  32P  Fahr.,  and  divides  it  into  100  parts.  Sap- 
pose  that  we  prepare  a  solution  of  chlorine  containing  its  own  volume  of  the  gas,  and  an 
arson  ions  solution,  »uch,  that  under  a  like  volume,  the  two  solutions  shall  reciprocally  de- 
stroy each  other.  Let  us  caU  the  first,  the  normal  solution  of  chlorine,  and  the  second, 
the  normal  arsenioos  solution.  We  shall  fix  at  10  grammes  the  weight  of  chloride  of  Umc 
subjected  to  trial ;  and  dissolve  it  in  water,  so  that  the  total  volume  of  the  solution  shall 
be  a  litre  (1000  grammes  measure),  including  the  sediment.  If  we  take  a  constant  vol- 
ume of  this  solution,  10  centimetres  cnbe  (10  gramme  measures),  for  example,  dii^ed  in- 
to 100  equal  parts,  and  pour  into  it  gradually  the  arsenious  solution  (measured  by  like 
portions),  till  the  chk>rine  be  destroyed,  the  Ueaching  power  will  be  proportional  to  the 
number  of  portions  of  the  arsenious  solution,  which  the  chloride  shall  have  required. 
If  tne  chloride  has  destroyed  100  portions  of  the  arsenious  solution,  its  title  will  be  100; 
if  it  has  destroyed  80  portions,  its  title  will  be  80,  &c.,  and  so  forth.  ^ 

On  pouring  the  addulons  arsenious  solution  into  the  chloride  of  lime,  this  will  become 
very  acid  ;  the  chlorine  will  be  emitted  abundantly,  and  the  proof  will  be  quite  incorrect. 
If,  on  the  contrary,  we  pour  the  solution  of  the  ehloride  of  lime  into  the  arsenious  solu- 
tion, this  evil  will  not  occur,  since  the  chlorine  will  always  find  plenty  of  arsenious  acid 
to  act  upon,  whatever  be  the  dilution  of  the  one  or  the  other ;  but  in  this  case,  the  stand- 
ard of  the  chlorine  is  not  given  directly,  as  it  is  in  the  inverse  ratio  of  the  number  of 
portions  which  are  required  to  destroy  the  measures  of  the  arsenious  solution.  If  50 
portions  of  the  chloride  have  been  required,  the  proof  will  be  100X^^=200";  if  200 

have  been  required,  the  proof  will  be  100X4^^=50^>  ^*  This  evil  is  not,  however, 
Very  serious,  since  we  have  merely  to  consult  a  table,  in  which  we  can  find  the  proof 
corresponding  to  each  volume  of  the  chloride  employed  for  destroying  the  constant 
measure  of  the  arsenious  solution.  The  arsenious  solution  should  be  slightly  tinged  with 
sulphate  of  indigo,  so  as  to  show,  by  the  disappearance  of  the  color,  the  precise  point  or 
instant  of  its  saturation  with  chlorine,  that  is,  its  conversion  into  arsenie  acid.  If  the 
arsenious  acid  be  pure,  the  normal  solution  may  be  made  directly  by  dissolving  4*439 
grammes  of  it  in  muriatic  acid  (free  firom  sulphurous  acid),  and  diluting  the  solution 
tin  it  occupies  one  litre,  or  1000  grammes  measure.  Jinnaks  de  ChimU  et  Phytiqut^ 
LX.  225. 

CHOCOLATE  is  an  alimentary  preparation  of  very  ancient  use  in  Mexico,  from 
which  country  it  was  introduced  into  Europe  by  the  Spaniards  in  the  year  1520,  and  by 
them  long  kept  a  secret  from  the  rest  of  the  world.  Linnsus  was  so  fond  of  it,  that  he 
gave  the  specific  name,  theobroma,  food  of  the  gods,  to  the  cacao-tree  which  produeed 
it.  The  cacao-beans  lie  in  a  fruit  somewhat  like  a  cucumber,  about  5  inches  long  and 
S^l  thick,  which  contains  from  20  to  30  beans,  arranged  in  5  regular  rows  with  parti- 
tions between,  and  which  are  surrounded  with  a  rose-colored  spongy  substance,  like 
that  of  water-melons.  There  arc  fruits,  however,  so  large  as  to  contain  from  40  to  50 
beans.  Those  grown  in  the  West  India  islands,  Berbice  and  Demarara,  are  much 
smaller,  and  have  only  Ax)m  6  to  15;  their  development  being  less  perfect  than  in 
South  America.  Afler  the  maturation  of  the  fruit,  when  their  green  color  has  changed 
to  a  dark  yellow,  they  are  plucked,  opened,  their  beans  clear^  of  the  marrowy  sub- 
stance, and  spread  out  to  dry  in  the  air.  Like  almonds,  they  are  covered  with  a  thin 
skin  or  husk.  In  the  West  Indies  they  are  immediately  packed  up  for  the  market 
when  they  are  dried ;  but  in  the  Caraccas  they  are  subjected  to  a  species  of  slight  fer- 
mentation, by  putting  them  into  tubs  or  chests,  covering  them  with  boards  or  stones, 
and  turning  them  over  every  morning,  to  equalize  the  operation.  They  emit  a  good 
deal  of  moisture,  lose  the  natural  bitterness  and  acrimony  of  their  taste  by  this  proceas* 
as  well  as  some  of  their  weight.  Instead  of  wooden  tubs,  pits  or  trenches  dug  in  the 
ground  are  sometimes  had  recourse  to  for  curing  the  beans ;  an  operation  called  earlhing 
(terrer).  They  are  lastly  exposed  to  the  sun,  and  dried.  The  latter  kind  are  reckoned 
the  best ;  being  larger,  rougher,  of  a  darker  brown  color,  and,  when  roasted,  throw  off 
their  husk  readily,  and  split  into  several  irregular  firagments ;  they  have  an  agreeable 
mild  bitterish  taste,  without  acrimony.  The  Guiana  and  West  India  sorts  are  smaller, 
flatter,  smoother-skinned,  lighter-colored,  more  sharp  and  bitter  to  the  taste.  They 
answer  best  for  the  extraction  of  the  butter  of  cacao,  but  afford  a  less  aromatic  and 
agreeable  chocolate.  According  to  Lampadius,  the  kernels  of  the  West  India  cacao 
beans  contain,  in  100  parts,  besides  water,  53*1  of  fat  or  oil,  16*7  of  an  albuminous 
bfown  matter,  which  contains  all  the  aioma  of  the  bean,  10*91  of  starch,  7{  of  gua  or 
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BieLlage,  O-S  trf"  lignine,  tnd  3-Dl  of  ■  reddish  dje-atoff  aomewhtt  tliin  to  llie  pigment  qt 

(oehmnl.  The  hnskg  form  12  per  cent,  of  the  weight  of  the  heinij  the;  eonlaia  do  fat, 
but,  beside*  lignine,  or  woodjr  fibre,  which  eoDslitutes  half  their  weight,  Ihef  yield  k 
light  brown  veilopiiaiig  eitraet  bf  builing  in  water.  The  fait}  matter  is  of  the  eoo- 
Bttcnce  of  IbUdw,  white,  of  a  miid  agreeable  taste,  called  batter  o(  cacao,  aod  not  apt  to 
tani  rvneid  bf  kpepins.  It  melts  only  at  12S^  Fohi.,  and  shoilU,  the refoie,  make  tolera- 
ble candirs.  It  is  loluble  in  boiling  alcohol,  bat  precipitates  in  the  cold.  It  ii  obtained 
br  eipotins;  the  brans  to  strong  pressnre  in  canvass  ba^  aS\er  (he)'  have  been  sleamed 
or  soaked  in  boiling  water  for  some  time.  From  5  to  6  ounces  of  butter  may  be  thns  ob- 
tained rmm  a  pound  of  cacao.  Il  has  a  reddbh  tinge  when  first  expressed,  but  it  becomea 
white  bf  boiling  with  water. 

The  beana,  being  freed  from  all  spoiled  and  mouldy  portions,  are  to  be  gently  loaaled 
ma  a  Sre  in  an  irim  cylinder,  with  holes  in  its  ends  for  allowing  the  vapoii  to  escape; 
the  apparatus  being  Eimilar  to  ft  coffee-roati«r.  When  the  arana  b^ini  lo  be  well  de- 
reloped,  the  roasting  is  known  lo  be  finished ;  and  the  beans  must  be  turned  opt,  cooled, 
aad  freed  bj  fanning  and  siAing  from  Ibeir  bnsks.  The  kernels  are  then  lo  be  con- 
verted into  a  paste,  either  by  trituration  in  a  HKirlar  heated  to  130°  F.,  or  by  (he  follow- 
ing ingrnioua  alkd  powerful  machine.  The  chocolate  paste  has  ntnally  in  France  a  liltls 
Taailla  incorporated  with  il,  and  a  considerable  quantity  of  sugar,  which  varies  fVon 
ODe  third  of  its  weight  to  equal  parts.  For  a  pound  and  a  balf  of  cacao,  one  pod  of  va- 
ntDa  it  nAcienl.  Chocolate  paste  improvei  in  its  flavor  by  keeping,  and  should  there* 
fa«  be  made  in  large  qnanlities  at  a  time.  BiU  the  roasted  beans  soon  lose  their  atoma, 
if  exposed  to  the  air. 


Fig.  290  represents  the  chocolate  mill.  Upon  the  sole  a,  made  of  marble,  ail  conical 
raDeis  B  B,  are  made  to  ran  by  Ihe  revolution  of  the  uprighl  axis  or  sbafl  q,  driven  bf 
Qie  sgeucy  of  the  fly  wheel  s  and  bevel  wheels  i  a.  The  sole  a  rests  upon  a  strong 
mm  plstf,  which  is  healed  by  a  small  stove,  introduced  at  the  door  h.  Tlie  woodea 
ftame  work  r,  fonni  a  ledge,  a  few  inches  high,  round  the  marble  slab,  lo  confine 
the  cocoa  in  the  act  of  trituration,  c  is  the  hopper  of  Ihe  mill  throngh  which  Ihe 
toasted  beans  are  introduced  to  the  action  of  the  rollerp,  pMsing  first  into  the  Oat 
vesiel  i>,  to  be  thence  evenly  distributed.  Afler  the  cacao  has  received  the  GiM  Iritaia- 
tion,  tbe  pa>le  is  returned  upon  the  slab,  in  order  to  be  mixed  with  Ihe  proper  quantity 
oTsnear,  and  vanilla,  previously  sliced  and  ground  up  with  a  little  hard  sugar.  When 
tke  ehocolale  is  sufficienily  worked,  and  while  il  is  thin  with  Ihe  beat  and  liitsralion, 
it  mast  be  pnl  carefully  into  the  proper  moulds.  If  introduced  too  warm,  it  will  b« 
apt  lo  become  damp  and  dull  on  the  surface ;  and,  if  too  cold,  il  will  not  take  Ihe  proper 
litnn.  Ilmost  be  previonily  well  kaeaded  with  Ihe  hands,  to  ensure  the  expulsion  oT 
every  air  bubble. 

In  Barcelona,  chocolate  mills  on  this  construction  are  very  eonunan,  but  Ihey  n« 
laned  by  a  borse-gin  set  to  work  in  Ihe  under  story^  corresponding  to  h  in  the  above 
■sure.    Tbe  sbail  a  is,  in  this  easc^  extended  down  throngh  the  marttle  slab,  mwI  ii 
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surrounded  at  its  centre  with  a  hoop,  to  prevent  the  paste  coming  into  contact  with  it. 
Each  of  these  horse-mills  turns  out  about  ten  pounds  of  fine  chocolate  in  the  hour^  from 
a  slab  two  feet  seven  inches  in  diameter. 

Chocolate  is  flavored  with  cinnamon  and  cloves,  in  several  countries,  instead  of  the 
more  eipensive  vanilla.  In  roasting  the  beans,  the  heat  should  be  at  first  very  slow,  to 
give  time  to  the  humidity  to  escape ;  a  quick^  fire  hardens  the  surface,  and  injures  the 
process.  In  putting  the  paste  into  tbe  tin  plate^  or  other  moulds,  it  must  be  well 
shaken  down,  to  ensure  its  filling  up  all  the  cavities,  and  giving  the  sharp  and  polished 
impression  so  much  admired  by  connoisseurs.  Chocolate  is  sometimes  adulterated  with 
starch  $  in  .which  case  it  will  form  a  pasty  consistenced  mass  when  treated  with  boiling 
water.  The  harder  the  slab  upon  which  the  beans  are  triturated,  the  better ;  and  henoe 
porphyry  is  far  preferable  to  marble.  The  grinding  rollers  of  the  mill  should  be  made  of 
iron,  and  kept  very  clean. 

CHROMATES^  saline  compounds  of  chromic  acid  with  the  bases.  See  Chmo* 
muM. 

CHROMIC  ACID ;  see  Cbromiuh. 

CHROMIUM.  The  only  ore  of  thi^  metal,  which  occurs  in  sufficient  abundanee 
for  the  purposes  of  art,  is  the  octohedral  chrome-ore,  commonly  called  chromate  of  iron, 
though  it  is  rather  a  compound  of  the  oxydes  of  chromium  and  iron.  The  fracture  of 
this  mineral  is  uneven ;  its  lustre  imperfect  metallic ;  its  color  between  iron-hlack  and 
brownish-black,  and  its  streak  brown.  Its  specific  gravity,  in  the  purest  state,  rises 
to  4*5 ;  but  the  usual  chrome-ore  found  in  the  market  varies  from  3  to  4.  According 
to  Klaproth,  this  ore  consists  of  oxyde  of  chromium,  43 ;  protoxyde  of  iron,  34-7 ; 
alumina,  20*3;  and  silica,  2;  but  Yauquelin's  analysis  of  another  specimen  gave  as 
above,  respectively,  55*5,  33,  6,  and  2.  It  is  infusible  before  the  blowpipe ;  but  it  acts 
upon  the  magnetic  needle,  after  having  been  exposed  to  the  reducing  smoky  flame.  It 
is  entirely  soluble  in  borax,  at  a  high  blowpipe  heat,  and  imparts  to  it  a  beautiful  green 
color. 

Chrome-ore  is  found  at  the  Bare  Hills,  near  Baltimore,  in  Maryland ;  in  the  Shetland 
Isles,  Unst  and  Fetlar;  the  department  of  Var,  in  France,  in  small  quantity;  and  near 
Portsoy,  in  Banfisbire ;  as  also  in  Silesia  and  Bohemia. 

The  chief  application  of  this  ore  is  to  \he  production  of  chromate  of  potash,  ftom 
which  salt  the  various  other  preparations  of  this  metal  used  in  the  arts  are  obtained. 
The  ore,  freed,  as  well  as  possible,  from  its  gangue,  is  reduced  to  a  fine  powder,  by 
being  ground  in  a  mill  under  ponderous  edge-wheels,  and  sifted.  It  is  then  mixed 
with  one  third  or  one  half  its  weight  of  coarsely  b^ised  nitre,  and  exposed  to  a 
powerful  heat,  for  several  hours,  on  a  reverberatory  hearth,  where  it  is  stirred  about 
occasionally.  In  the  large  manufactories  of  this  country,  the  ignition  of  the  above 
mixture  in  pots  is  laid  aside,  as  too  operose  and  expensive.  The  calcined  matter  is  raked 
out,  and  lixiviated  with  water.  The  bright  yellow  solution  is  then  evaporated  briskly, 
and  the  chromate  of  potash  falls  down  in  the  form  of  a  granular  salt,  which  is  lifted 
out  from  time  to  time  from  the  bottom  with  a  large  ladle,  perforated  with  small  hides, 
and  thrown  into  a  drain ing-box.  This  saline  powder  may  be  formed  into  regular  crystals 
of  neutral  chromate  of  potash,  by  solution  in  water  and  slow  evaporation ;  or  it  may  be 
converted  into  a  more  beautiful  crystalline  body,  the  bichronuite  of  potash,  by  treating 
its  concentrated  solution  with  nitric,  muriatic,  sulphuric,  or  acetic  acid,  or,  indeed,  any 
acid  exercising  a  stronger  afiniiy  for  the  second  atom  of  the  potash  than  the  chromic 
acid  does. 

Bichromate  of  potash,  by  evaporation  of  the  above  solution,  and  slow  cooling,  may  be 
obtained  in  the  form  of  square  tables,  with  bevelled  edges^  or  flat  four-sided  prisms. 
They  are  permanent  in  the  air,  have  a  metallic  and  bitter  taste,  and  dissolve  in  about  one 
tenth  of  their  weight  of  water,  at  60^  F. ;  but  in  one  half  of  their  weight  of  boiling  water. 
They  consist  of  chromic  acid  13,  poUsh  6;  or,  in  100  parts,  68-4  -f- 31*6.  This  salt  is 
much  employed  in  calico-printinsr  and  in  dyeing ;  which  see. 

Chromate  of  lead,  the  chrome-yellow  of  the  painter,  is  a  rich  pigment  of  various 
shades,  from  deep  orange  to  the  palest  canary  yellow.  It  is  made  by  adding  a  limpid 
solution  of  the  neutral  chromate  (the  above  granular  salt)  to  a  solution,  equally  limpid, 
of  acetate  or  nitrate  of  lead.  A  precipitate  falls,  which  must  be  well  washed,  and  caii&- 
ftilly  dried  out  of  tbe  reach  of  any  sulphnreted  vapors.  A  lighter  shade  of  yellow  is 
obtained  by  mixing  some  solution  of  alum,  or  sulphuric  acid,  with  the  chromate,  before 
pouring  it  into  the  solution  of  lead ;  and  an  orange  tint  is  to  be  procured  by  the  addition 
of  subacetate  of  lead,  in  any  desired  proportion. 

For  the  production  of  chromate  of  potash  from  chrome  ore,  various  other  processes 
have  been  recommended.  The  following  formulse,  which  have  been  verified  in  praetie^ 
win  prove  useful  to  the  manufacturers  of  this  important  article : — 

I.  Two  parts  of  chrome  ore,  containing  about  SO  per  cent,  of  protoxyde  of  chroniiamt 
One  part  of  saltpetre. 
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n.  Foar  parts  of  ehrome  ore,  containing  34  per  cent,  of  protozyde  of  chromium. 
Two  parts  of  potashes. 
One  part  of  saltpetre, 
in.  Four  parts  of  chrome  ore.    '    —        34  — 

Two  of  potashes. 

Foar  tenths  of  a  part  of  perozyde  of  manganese. 
IT.  Three  parts  of  chrome  ore. 
Four  parts  of  saltpetre. 
Two  parts  of  argal. 
Some  mannfacturers  baTe  contrived  to  effect  the  conversion  of  the  oxyde  into  an  acid, 
'  and  of  course  to  form  the  chromate  of  potash,  by  the  agency  of  potash  alone,  in  a  calcining 
furnace,  or  in  earthen  pots  fired  in  a  pottery  kiln. 

AAer  lixiviating  the  calcined  mixtures  with  water,  if  the  solution  be  a  tolerably  pure 
chromate  of  potash,  its  value  may  be  inferred,  from  its  specific  gravity,  by  the  following 
table :  — 

At  specific  gravity  1-28  it  contains  about  50  per  cent,  of  the  salt. 

1-21  33 

M8  25 

4-15  20 

M2  16 

Ml  14 

MO  12 

In  making  the  red  bichromate  of  potash  from  these  solutions  of  the  yellow  salt,  nitric 
acid  was  at  first  chiefly  used ;  but  in  consequence  of  its  relatively  high  price,  sulphuric, 
mnriatic,  or  acetic  acid  has  been  frequently  substituted  upon  the  great  scale. 

There  is  another  application  of  chrome  which  merits  some  notice  here;  that  of  its  green 
oxyde  to  dyeing  and  painting  on  porcelain.  This  oxyde  may  be  prepared  by  decomposing, 
with  heat,  the  chromate  of  mercury,  a  salt  made  by  adding  to  nitrate  of  protoxyde  of  mer- 
cury, chromate  of  potash,  in  equivalent  proportions.  This  chromate  has  a  fine  cinnabar 
red,  when  pure;  and,  at  a  dull  red  heat,  parts  with  a  portion  of  its  oxygen  and  its 
mercurial  oxyde.  From  M.  Dulong's  experiments  it  jFould  appear,  that  the  purest 
chromate  of  mercury  is  not  the  best  adapted  for  preparing  the  oxyde  of  chrome  to  be 
Qsed  in  porcelain  painting.  He  thinks  it  ous:ht  to  contain  a  little  oxyde  of  manganese 
and  chromate  of  potash,  to  afford  a  green  color  of  a  fine  tint,  especially  for  pieces  that 
are  to  receive  a  powerful  heat.  Pure  oxyde  cf  chrome  preserves  its  color  well  enough 
in  a  mufile  furnace ;  but,  ujider  a  stronger  fire,  it  takes  a  dead-leaf  color. 

The  green  oxyde  of  chrome  has  eume  so  extensively  into  use  as  an  enamel  color  for 
porcelain,  that  a  fuller  account  of  the  best  modes  of  manufacturing  It  must  prove  accept- 
able to  many  of  my  readers. 

That  oxyde,  in  combination  with  water,  called  the  hydrate,  may  be  economically 
prepared  by  boiling  chromate  of  potash,  dissolved  in  water,  with  half  its  weight  <^ 
flowers  of  sulphur,  till  the  resulting  green  precipitate  ceases  to  increase,  which  may  be 
easily  ascertained  by  filterin?  a  little  of  the  mixture.  The  addition  of  some  potash 
accelerates  the  operation.  This  consists  in  combining  the  sulphur  with  the  oxygen  of 
the  chromic  acid,  so  as  to  form  sulphuric  acid,  which  unites  with  the  potash  of  the 
cfaromate  into  sulphate  of  potash,  while  the  chrome  oxyde  becomes  a  hydrate.  An 
extra  quantity  of  potash  facilitates  the  deoxydizement  of  the  chromic  acid  by  the  forma- 
tion of  hyposulphite  and  sulphuret  of  potash,  both  of  which  have  a  strong  attraction 
for  oxygen.  For  this  purpose  the  clear  lixivium  of  the  chromate  of  potash  is  suflleiently 
pore,  though  it  should  hold  some  alumina  and  silica  in  solution,  as  it  generally  does. 
The  hydrate  may  be  freed  from  particles  of  sulphur  by  heating  dilute  sulphuric  acid 
opon  it,  which  dissolves  it;  afler  which  it  may  be  precipitated,  in  the  state  of  a 
carbonate,  by  carbonate  of  potash,  not  added  in  excess. 

By  calcining  a  mixture  of  bichromate  of  potash  and  sulphur  in  a  crucible,  chromic 
acid  is  also  decomposed,  and  a  hydrated  oxyde  may  be  obtained;  the  sulphur  being 
partly  converted  into  sulphuret  of  potassium,  and  partly  into  sulphuric  acid  (at  the 
expense  of  the  chromic  acid),  which  combines  with  the  rest  of  the  potash  into  a 
snlphate.  By  careful  lixiviation,  these  two  new  compounds  may  be  washed  away,  and 
the  chrome  green  may  be  freed  from  the  remaining  sulphur,  by  a  slight  heat. 

Liebig  and  W5hler  have  lately  contrived  a  process  for  producing  a  subchromate  of 
lead  of  a  beautiful  vermilion  hue.  Into  saltpetre,  brought  to  fbsion  in  a  crucible  at 
a  gentle  heat,  pure  ehrome  yellow  is  to  be  thrown  by  small  portions  at  a  time.  A 
strong  ebullition  takes  place  at  each  addition,  and  the  mass  becomes  black,  and  con- 
tinues so  while  it  is  hot.  The  chrome  yellow  is  to  be  added  till  little  of  the  saltpetre 
remains  undecomposed,  care  being  taken  not  to  overheat  the  crucible,  lest  the  color 
of  the  mixture  should  become  brown.  Having  allowed  it  to  settle  for  a  few  minutes, 
dnriag  whieh  thi  dense  basic  salt  falls  to  the  bottom,  the  fluid  pc^rt,  consisting  of 
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chromate  of  potash  and  saltpetre,'  is  to  be  p6ared  off,  and  it  can  be  employed  again  ii 
preparing  chrome  yellow.  The  mass  remaining  in  the  crucible  is  to  be  washed  with 
water,  and  the  chrome  r^  being  separated  from  the  othei'  matters,  is  to  be  dried  af\et 
proper  edulcoration.  It  is  essential  for  the  beauty  of  the  color,  that  the  saline  solution 
should  not  stand  long  over  the  red  powder,  because  the  color  is  thus  apt  to  become  of  a 
dull  orange  hue.  The  line  crystalline  powder  subsides  so  quickly  to  the  bottom  after 
every  ablution,  that  the  above  precaution  may  be  easily  observed. 

As  Chrotnic  Acid  will  probably  ere  long  become  an  object  of  interest  to  the  calico 
printer,  I  shall  describe  here  the  best  method  of  preparing  it.  To  100  parts  of  yellow 
ehromate  of  potash,  add  136  of  nitrate  of  barytes,  each  in  solution.  A  precipitate  of  the 
yellow  chromate  of  barytes  falls,  which  being  washed  and  dried  would  amount  to  130 
parts.  But  while  still  moist  it  is  to  be  dissolved  in  water  by  the  intervention  of  a  little 
nitric  acid,  and  then  decomposed  by  the  addition  of  the  requisite  quantity  of  sulphuric 
acid,  whereby  the  barytes  is  separated,  and  the  chromic  acid  remains  associated  with  the 
nitric  acid,  from  which  it  can  be  freed  by  evaporation  to  dryness*  On  re-dissolving  the 
chromic  acid  residuum  in  water,  filtering  and  evaporating  to  a  proper  degree,  50  parts 
of  chromic  acid  may  be  obtained  in  crystals. 

This  acid  may  also  be  obtained  from  chromate  of  lime,  formed  by  mixing  chromate  of 
potash  and  muriate  of  lime ;  washing  the  insoluble  chromate  of  lime  which  precipitates, 
and  decomposing  it  by  the  equivalent  quantity  of  oxalic  acid,  or  for  ordinary  purposes  even 
sulphuric  acid  may  be  employed. 

Chromic  acid  is  obtained  in  quadrangular  crystals,  of  a  deep  red  color ;  it  has  a  very 
acrid  and  styptic  taste.  It  reddens  powerfully  litmus  paper.  It  is  deliquescent  in  the  air. 
When  heated  to  redness  it  emits  oxygen,  and  passes  into  the  deutoxyde.  When  a  little  of 
it  is  fused  along  with  vitreous  borax,  the  compound  assumes  an  emerald  green  color. 

As  chromic  acid  parts  with  its  last  dose  of  oxygen  very  easily,  it  is  capable  in  certain 
styles  of  calico  printing  of  becoming  a  valuable  substitute  for  chlorine,  where  this  more 
powerful  substance  would  not  from  peculiar  circumstances  be  admissible.  For  this  in- 
genious application,  the  arts  are  indebted  to  that  truly  scientific  manufacturer,  M.  Daniel 
Koechlin,  of  M&lhouse.  He  discovered  that  whenever  chromate  of  potash  has  its  acid 
set  free  by  its  being  mixed  with  tartaric  or  oxalic  acid,  or  a  neutral  vegetable  substance, 
(starch  or  sugar  for  example,)  and  a  mineral  acid,  a  very  lively  action  is  produced,  with 
disengagement  of  heat,  and  of  several  gases.  The  result  of  this  decomposition  is  the  active 
reagent,  chromic  acid,  possessing  valuable  properties  to  the  printer.  Watery  solutions 
of  chromate  of  potash  and  tartaiic  acid  being  mixed,  an  eflfervescence  is  produced  which 
has  the  power  of  destroying  vegetable  colors.  But  this  power  lasts  no  longer  than  the 
efifervescence.  The  mineral  acids  react  upon  the  chromate  of  potash  only  when  vegetable 
coloring  matter,  gum,  starch,  or  a  vegetable  acid  are  present,  to  determine  the  disengage- 
ment of  gas.  During  this  curious  change  carbonic  acid  is  evolved ;  and  when  it  takes 
place  in  a  retort,  there  is  condensed  in  the  receiver  a  colorless  liquid,  slightly  acid, 
exhaling  somewhat  of  the  smell  of  vinegar,  and  containing  a  little  empyreumatic  oil. 
This  liquid  heated  with  the  nitrates  of  mercury  or  silver  reduces  these  metals.  On 
these  principles  M.  Kcechlin  discharged  indigo  blue  by  passing  the  cloth  through  a  solution, 
of  chromate  of  potash,  and  printing  nitric  acid  thickened  with  gum  upon  certain  spots.  It 
is  probable  that  the  employment  of  chromic  acid  would  supercede  the  necessity  of  having 
recourse  in  many  cases  to  the  more  corrosive  chlorine. 

The  following  directions  have  been  given  for  the  preparation  of  a  blue  oxyde  of  chrome. 
The  concentrated  alkaline  solution  of  chromate  of  potash  is  to  be  saturated  vrith  weak 
sulphuric  acid,  and  then  to  every  8  lbs.  is  to  be  added  1  lb.  of  common  salt,  and  half  a 
pound  of  concentrated  sulphuric  acid;  the  liquid  will  now  acquire  a  green  color.  To  be 
eertain  that  the  yellow  color  is  totally  destroyed,  a  small  quantity  of  the  liquor  is  to  have 
potash  added  to  it,  and  filtered ;  if  the  fluid  is  still  yellow,  a  fresh  portion  of  salt  and  of 
sulphuric  acid  is  to  be  added ;  the  fluid  is  then  to  be  evaporated  to  dryness,  redissolved, 
and  flltered ;  the  oxyde  of  chrome  is  finally  to  be  precipitated  by  caustic  potash.  It  will 
be  of  a  greenish-blue  color,  and  being  washed,  must  be  collected  upon  a  filter. 

Chromate  of  Pota^hy  adulteration  of,  to  detect.  The  chromate  of  potash  has  the 
power  of  combining  with  other  salts  up  to  a  certain  extent  without  any  very  sensible 
change  in  its  form  and  appearance ;  and  hence  it  has  been  sent  into  the  market  falsified 
by  very  considerable  quantities  of  sulphate  and  muriate  of  potash,  the  presence  of 
which  has  often  escaped  observation,  to  the  great  loss  of  the  dyers  who  use  it  so  ex- 
tensively. The  following  test  process  has  been  devised  by  M.  Zuber,  of  Mulhonse. 
Add  a  large  excess  of  tartaric  acid  to  the  chromate  in  question,  which  will  decompose 
it,  and  produce  in  a  few  minutes  a  deep  amethyst  color.  The  supernatant  liquor 
will,  if  the  chromate  be  pure,  aflford  now  no  precipitate  with  the  nitrates  of  barytes  or 
silver ;  whence  the  absence  of  the  sulphates  and  muriates  may  be  inferred.  We  most^ 
however,  use  dilute  solutions  of  the  chromate  nnd  acid,  lest  bitartrate  of  potash  be  pre- 
cipitated, which  will  take  place  if  less  than  60  parts  of  water  be  employed.     Nor  most 
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we  test  the  lirpiid  till  the  decomposition  be  complete,  and  till  the  color  verge  rather  toward 
the  ^een  than  the  yellow.  Eight  parts  of  tartaric  acid  should  be  added  to  one  of  chro- 
mate  to  obtain  a  snre  and  rapid  result.  If  nitrate  of  potash  (saltpetre)  is  the  adulterating 
ingredient,  it  may  be  detected  by  throwing  it  on  bunding  coals,  when  deflagration  will  en- 
sne.  The  green  color  is  a  certain  mark  of  the  transformation  of  the  chromie  acid  par- 
tially into  the  chrome  oxyde ;  which  is  effected  equally  by  the  sulphurous  acid  and  sulpha- 
reted  hydrt^en.  Here  this  metallic  acid  is  disoxygenated  by  the  tartaric,  as  has  been  long 
known.  The  tests  which  I  should  prefer,  are  the  nitrates  of  silver  and  baryta,  having 
prerionsly  added  so  much  nitric  acid  to  the  solution  of  the  suspected  chromate,  as  to  pre- 
vent the  precipitation  of  the  chromate  of  silver  or  baryta.  The  smallest  adulteration  by 
sulphates  or  muriates  will  thus  be  detected. 

CINNABAR;  the  native  red  sulphuret  of  mercury.  It  occurs  sometimes  crystallized 
in  rhomboids;  has  a  specific  gravity  varying  from  6*7  to  8*2;  a  flat  conchoidal  fracture ; 
B  fine  grained ;  opaque ;  has  an  adamantin^  lustre,  and  a  color  passing  from  cochineal  to 
raby  red.  The  fibrous  and  earthy  cinnabar  has  a  scarlet  hue.  It  is  met  with  disseminat- 
ed in  smaller  or  larger  lumps  in  veins,  which  are  surrounded  by  a  black  clay,  and  is  asso- 
ciated with  native  quicksflver,  amalgam,  with  iron-ore,  lead-glance,  blende,  copper-ore^ 
gold,  &e.  Its  principal  localities  are  Almaden  in  Spain,  Idria  in  the  SchiefergebirgCi 
Kiemnitz  and  schemnitz  in  Hungary ;  in  Saxony,  Bavaria,  Bohemia,  Nassau,  China,  Ja- 
pan, Mexico,  Colombia,  Peru.  It  consists  of  two  primes  of  sulphur,  =  32*240,  com- 
bined with  one  of  mercury,  =:  202,863  ;  or  in  100  parts  of  12*7  sulphur  -|-  87*3  mercury. 
h  is  the  most  prolific  ore  of  this  metal ;  and  is  easily  smelted  by  exposing  a  mixture  of  it 
with  iron  or  lime  to  a  red  heat  in  retorts.  Factitious  cinnabar  is  called  in  commerce 
Vekmilion,  which  see,  as  also  Mercury. 

CINNAMON.  (Cawnelle,  Fr. ;  Zimmty  Germ.)  Is  the  inner  bark  of  the  laurus  dnna* 
momsm,  a  handsome-looking  tree  which  grows  naturally  to  the  height  of  18  or  20  feet,  in 
Java,  Sumatra,  Ceylon,  and  other  islands  in  the  East  Ipdian  seas.  It  has  been  transplant- 
ed to  the  Antilles,  particularly  Guadaloupe  and  Martinique,  as  well  as  Cayenne,  but  there 
it  prodnces  a  bark  of  very  inferior  value  to  the  Oriehtal. 

Cinnamon  is  gathered  twice  a  year,  but  not  till  after  the  tree  has  attained  to  a  certain 
■ge  and  maturity.  The  young  twigs  yield  a  bark  of  better  quality  than  the  larger  branch^ 
es.  The  first  and  chief  harvest  takes  place  from  AprU  to  August ;  the  second,  from  No- 
vember to  January.  After  having  selected  the  proper  trees,  all  the  branches  more  than 
three  years  old  are  cut  ofiT;  the  epidermis  is  first  removed  with  a  two-edged  pruning  knife, 
then  a  longitudinal  incision  is  made  through  the  whole  extent  of  the  bark,  and  lastly,  with 
the  bluntest  part  of  the  knife,  the  true  bark  is  carefully  stripped  off  in  one  piece.  AB 
these  pieces  of  bark  are  collected,  the  smaller  ones  are  laid  within  the  larger,  and  in  this 
state  they  are  exposed  to  the  sun,  whereby  in  the  progress  of  drying,  they  become  rolled 
iaio  the  shape  of  a  quill.  These  convoluted  pieces  are  formed  into  oblong  bundles  of 
10  or  30  lbs.  weight,  which  are  placed  in  warehouseis,  sorted  and  covered  with  mats. 
Good  cinnamon  should  be  as  thin  as  paper,  have  its  peculiar  aromatic  taste,  without 
homing  the  tongue,  and  leave  a  sweetish  flavor  in  the  mouth  Tlie  broken  bits  of 
cinnamon  are  used  in  Ceylon  for  procuring  the  essential  oil  by  distillation.  445,367  lbs. 
of  cinnamon  were  imported  into  this  kingdom  in  1835,  of  which  16,604  only  were  re- 
laincd  for  internal  consumption. 

CITRIC  ACID.  (Jcide  citriqttef  Fr. ;  Citrontnsaure,  Germ.)  Soheele  first  procured 
this  acid  in  its  pure  state  from  lemon  juice,  by  the  following  process.  The  juice  putinto  a 
large  tub,  is  to  be  saturated  with  dry  chalk  in  fine  powder,  noting  carefully  the  quantity 
onployed.  The  citrate  of  lime  which  precipitates,  being  freed  from  the  supernatant  fovl 
tiqjoor,  is  to  be  well  washed  with  repeated  affusion  and  decantation  of  water.  For  every  10 
pounds  of  chalk  employed,  nine  an(|  a  half  pounds  of  sulphuric  acid,  diluted  with  six 
times  its  weight  of  water,  are  to  be  poured  while  warm  upon  the  citrate  of  lime,  and  well 
mixed  with  it.  At  the  end  of  twelve  hours,  or  even  sooner,  the  citrate  will  be  idl  decom- 
posed, dilute  citric  acid  will  float  above,  and  sulphate  of  lime  will  be  found  at  the  bottom. 
The  acid  being  drawn  off,  the  calcareous  sulphate  must  be  thrown  on  a  canvass  filter, 
drained,  and  then  washed  with  water  to  abstract  the  whole  acid. 

The  citric  acid  thus  obtained  may  be  evaporated  in  leaden  pans,  over  a  naked  fire,  till 
it  acquires  the  specific  gravity  1*13;  after  which  it  must  be  transferred  into  another  ves- 
sel, evaporated  by  a  steam  or  water  bath  till  it  assumes  a  sirupy  aspect,  when  a  pellicle 
appears  first  in  patches  and  then  over  the  whole  surface.  This  point  must  be  watched 
with  great  circumspection,  for  if  it  be  passed,  the  whole  acid  runs  a  risk  of  being  spoiled 
by  carbonization.  The  steam  or  hot  water  must  be  instantly  withdrawn,  and  the  concen- 
trated acid  put  into  a  crystallizing  vessel  in  a  dry,  but  not  very  cold  apartment.  ^  At  the 
end  of  four  days,  the  crystallization  will  be  complete.  The  crystals  must  be  drained,  ro* 
dinolved  in  a  small  portion  of  water,  the  solution  set  aside  to  settle  its  impurities,  then 
decanted^  re-evaporated,  and  re-crystaUized.  A  thiid  or  fourth  crystallization  may  be 
to  obtain  m  colorless  add* 
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If  any  citrate  of  lime  be  left  undeeomposed  by  the  sulplmrie  acid,  it  will  dissolTe  ia  tha 
citric  acid,  and  obstruct  its  crystallization,  and  hence  it  will  be  safer  to  use  the  slightest 
excess  of  sulphuric  acid,  than  to  leave  unj  citrate  undecomposed.  There  should  not  bow- 
ever  be  any  great  excess  of  sulphuric  acid.  If  there  be,  it  is  easily  detected  by  nitrate 
of  barj'tes,  but  not  by  the  acetate  of  lead  as  prescribed  by  some  chemical  authors ;  b^ 
cause  the  citrate  of  lead  is  not  very  soluble  in  the  nitric  acid,  and  mi^ht  thus  be  confound- 
ed with  the  sulphate,  whereas  citrate  of  barytes  is  perfectly  soluble  in  that  test  acid. 
Sometimes  a  little  nitric  acid  is  added  with  adrantage  to  the  solution  of  the  colored  crys* 
tals,  with  the  effect  of  whitening  them. 

Twenty  gallons  of  good  lemon  juice  will  afford  fully  ten  pounds  of  white  crirstala  of 
citric  acid. 

Attempts  were  made,  both  in  the  West  Indies  and  Sicily,  to  convert  the  lime  and  lemon 
juice  into  citrate  of  lime^  but  they  seem  to  have  failed  through  the  difficulty  of  drying  the 
citrate  for  shipment. 

The  crystals  of  citric  acid  are  oblique  prisms  with  four  faces,  terminated  by  dihedral 
summits,  inclined  at  acute  angles.  Their  specific  gravity  is  1*617.  They  are  unalter- 
able in  the  air.  When  heated,  they  melt  in  their  water  of  crystallization;  and  at  a 
higher  heat,  th^  are  decomposed.  They  contain  18  per  cent,  of  water,  of  which  one 
half  may  be  separated  in  a  diy  atmosphere,  at  about  100°  F.,  when  the  crystals  fall  into 
a  white  powder. 

Citric  acid  in  crystals  is  composed  by  my  analysis  of  carbon  35-8,  oxygen  $9*7,  and 
.lydrogen  45 ;  results  which  differ  very  little  from  those  of  Dr.  Prout,  subsequently  ob» 
<ained.  I  found  its  atomic  weight  to  be  8*375,  compared  to  oxygen  1,000.  I  cannot  ac- 
count for  Berzelius's  statements  relative  to  the  composition  of  this  acid. 

Citric  acid  in  somewhat  crude  crystals  is  employed  with  much  advantage  in  calico- 
printing.  If  adulterated  with  tartaric  acid,  the  fraud  may  be  detected  by  adding  potash 
to  the  solution  of  the  acid,  which  wUl  occasion  a  precipitate  of  cream  of  tartar. 

CIVET.  {Civettty  Fr. ;  Zibeihy  Germ.)  This  substance  approaches  in  smell  to 
musk  and  ambergris ;  it  has  a  pale  yellow  color,  a  somewhat  acrid  taste,  a  consistence 
like  that  of  honey,  and  a  very  strong  aromatic  odor.  It  is  the  product  of  two  small 
quadrupeds  of  the  genus  viverra  (v.  zibetha  and  v.  civ^ta),  of  which  the  one  inhabits 
Africa,  the  other  Asia.  They  are  reared  with  tenderness^  especially  in  Abyssinia. 
The  civet  is  contained  in  a  sac,  situated  between  the  anns  and  the  parts  of  generation 
in  either  sex.  The  animal  frees  itself  from  an  excess  of  this  secretion  by  a  contractile 
movement  which  it  exercises  upon  the  sac,  when  the  civet  issues  in  a  vermicular  form, 
and  is  carefully  collected.  The  negroes  are  accustomed  to  increase  the  secretion  by  irri- 
tating the  animal ;  and  likewise  introduce  a  little  butter,  or  other  grease,  by  the  natural 
slit  in  the  bag,  which  mixes  with  the  odoriferous  substance,  and  increases  its  weight.  It 
is  employed  only  in  perfamery. 

According  to  M.  Boutron-Chalard,  it  contains  a  volatile  oil,  to  which  it  owes  its 
smell,  some  free  ammonia,  resin,  fat,  an  extractiform  matter,  and  mucus.  It  affords,  bj 
calcination,  an  ash,  in  which  there  are  some  carbonate  and  sulphate  of  potash,  phosphate 
of  lime,  and  oxyde  of  iron. 

CLAY  (jSrgile,  Fr. ;  Than,  Grerm.)  is  a  mixture  of  the  two  simple  earths,  alumina  and 
silica,  generally  tinged  with  iron.  Lime,  magnesia,  with  some  other  coloring  metallie 
ozydes,  are  occasionally  present  in  small  quantities  in  certain  natural  clays. 

The  different  varieties  of  clay  possess  the  following  common  characters : — 

1.  They  are  readily  diffusible  through  water,  and  are  capable  of  forming  with  it  a  plas* 
tic  ductile  mass,  which  may  be  kneaded  by  hand  into  any  shape.  This  plasticity  exists^ 
however,  in  very  different  degrees  in  the  different  days. 

2.  They  concrete  into  a  hard  mass  upon  being  dried,  and  assume,  upon  exposure  to  tha 
heat  of  ignition,  a  degree  of  hardness  sometimes  so  great  as  to  give  sparks  by  collision 
with  hardened  steel.  In  this  state  they  are  no  longer  plastic  with  water,  even  when  pul- 
verized. Tolerably  pure  clays,  though  infusible  in  the  furnace,  become  readily  so  by  the 
admixture  of  lime,  iron,  manganese,  &c. 

3.  All  clays,  even  when  previously  freed  from  moisture,  shrink  in  the  fire  in  virtue  of 
the  reciprocal  affinity  of  their  particles ;  they  are  very  absorbent  of  water  in  their  dry 
state,  and  adhere  strongly  to  the  tongue. 

4.  Ochrey,  impure  clays,  emit  a  disagreeable  earthy  smell  when  breathed  npon. 
Brongniart  distributes  the  clays  into : — 

1.  Fire-clays,  (argiUs  apyres,  Fr, ;  feuerfiste^  Germ.) 

2.  Fusible,  (schmelzbare.  Germ.) 

3.  Effervescing  {hrausencUy  Germ.)i  (torn  the  presence  of  chalk. 

4.  Ochrey  (pcreuses,  Fr. ;  ockrigf.  Germ.) 

Fire-clay  is  found  in  the  greatest  abundance  and  perfection  for  manoiactiiring  |miw 
poses  in^ 
\.  SlaU'day,    (7!toii-«dite/ffr,  Germ.)    Its  oolor  is  gray  or  grayish-yeUow.    MmI^ 


CLAY.  305 

iaD,  or  giiiniDerhig  from  adiniztiire^of  partides  of  mica.  Fracture  daty,  approaching 
•ometimeit  to  earthy.  Fragments  tabular.  Soft,  sectUe,and  easily  brok^.  Sp..gr.=2*6. 
Adheres  to  the  tongne,  and  breaks  down  in  water.  It  oecors  along  with  pU  coal ;  which 
see.  Slate-clay  is  ground,  and  reduced  into  a  paste  with  water,  for  making  fire-bricks ; 
ibr  which  purpose  it  should  be  as  free  as  possible  from  lime  and  inm. 

2.  CommoH  clay  or  loam, — ^This  is  an  impure  coarse  pottery  clay,  mixed  with  iron  ochre, 
and  occasionally  with  mica;  It  has  many  of  the  external  characters  of  plastic  clay.  It 
is  soft  to  the  touch,  and  forms,  with  water,  a  somewhat  tenacious  paste ;  but  is  in  gen- 
eral less  compact,  more  friable,  than  the  plastic  days,  which  are  more  readily  diffusible 
in  water.  It  does  not  possess  the  property  of  acquiring  in  water  that  commencement  of 
transluceney  which  the  purer  clays  exhibit.  Although  soft  to  the  touch,  the  common 
day  wants  unctuosity,  properly  so  called.  The  best  example  of  this  argillaceous  sub* 
stance  is  afforded  in  tiiC  London  clay  formation,  which  condsts  chiefly  of  bluish  or  black- 
ish day,  mostly  very  tough.  Those  of  its  strata  which  effervesce  with  acids  partake 
of  the  nature  of  marl.  This  day  is  fusible  at  a  strong  heat,  in  consequence  of  the  iron 
and  lime  which  it  contains.  It  is  employed  in  the  manuAiotttre  of  bricks,  tiles,  and  coane 
pottery  ware. 

3.  Poiter**  day,  or  Plattie  clay. — ^This  spedes  is  compact,  soft,  or  even  unctuous  to 
the  touch,  and  polishes  with  the  pressure  of  the  finger;  it  forms,  with  water,  a  tenacious, 
Tery  ductile,  and  somewhat  tranducent  paste.  It  is  infusible  in  a  porcelain  kiln,  but  as- 
somes  in  it  a  great  degree  of  haidness.  Werner  calls  it  jnpe<lay.  Good  plastic  day 
lemains  white,  or  if  gray  before,  becomes  while  in  the  porcelain  kiln. 

The  ecological  position  of  the  plastic  day  is  beneath  the  London  day,  and  above  t|ie 
sand  which  covers  the  chalk  formation.  The  plastic  day  of  the  Paris  basin  is  described 
as  eoosistini^  of  two  beds  separated  by  a  bed  of  sand.  The  lower  bed  is  the  proper  plas* 
tie  day.  The  plastic  day  oif  «tftomlaa/,  near  the  forest  of  Drenx,  analysed  by  Yanquelin, 
gave— 

Slica,  43*5;  alumina,  33*2;  lime,  0*35;  iron,  1 ;  water,  18. 

This  day  is  employed  as  a  fire  day  for  making  the  bungs  or  aeggartf  or  coarse  earthen- 
ware cases,  in  which  china  ware  is  fired. 

The  plastic  day  of  Dorsetshire  and  Devonshire  supplies  the  great  Staffordshtre  potte* 
lies.  It  is  gray  colored,  less  unctuous  than  that  of  Drenx,and  consequently  more  friable. 
It  becomes  white  in  the  pottery  kiln,  and  is  infusible  at  that  heat.  It  causes  no  efferves* 
eence  with  nitric  add,  but  falls  down  quickly  in  it,  and  becomes  higher  colored.  Its  re- 
fiactoriness  allows  of  a  harder  glaze  bdng  applied  to  the  ware  fonned  from  it  without 
ride  of  the  heat  requisite  for  making  the  glaze  flow,  affecting  the  biscuit  either  in  shape 
or  color.  ^'Most  of  the  plastic  days  of  France,''  says  M.  Brongniart,  <<  employed  for 
the  same  ware,  have  the  disadvantage  of  reddening  a  little  in  a  somewhat  strong  heat ; 
and  hence  it  becomes  necessary  to  coat  them  with  a  soft  glaze,  fndble  by  means  of  excess 
of  lead  at  a  low  heat,  in  order  to  preserve  the  white  appearance  of  the  biscuiL  Sa6tk  a^ 
^ase  has  a  dull  aspect,  and  cradu  readily  into  innumerable  fissures  by  alternations  of 
hoc  and  cold  water."  Hence  one  rea|on  of  the  vast  inferiority  of  the  French  stone-ware 
to  the  English.  ' 

4.  Porcelain  day,  or  Kaolin  iorth. — ^The  Kaolins  possess  very  characteristic  properties. 
They  are  friaUe  in  the  hand,  meager  to  the  touch,  and  difiicultly  form  a  paste  with  water. 
When  freed  from  the  coarse  and  evidently  foreign  partides  interspersed  through  them, 
they  are  abeolutdy  infunUe  in  the  porcelain  kUn,  and  retain  their  white  color  unaltered. 
They  harden  with  heat  like  other  days,  and  perhaps  in  a  greater  degree ;  but  they  do  not* 
acquire  an  equal  condensation  or  solidity,  at  least  when  they  are  perfectly  pure.  The- 
Xsolitts  in  general  appear  to  consist  of  idumina  and  silica  in  nearly  equal  proportions. 
Most  of  the  Kaolin  days  contain  some  spangles  of  mica,  which  betray  their  origin  from 
disiategrated  granite. 

This  origin  may  be  regarded  as  one  of  their  most  distinctive  features.  Almost  alV 
the  poredain  days  are  evidently  derived  from  the  deeompontion  of  the  feldspars,  gran« 
ites,  and  prindpally  those  rocks  of  feldspar  and  quartz,  called  graphic  granite.  Hence, 
they  are  to  be  fonod  only  in  primitive  mountain  districts,  among  banks  or  blocks  of  gran- 
ite, forming  thin  seams  or  partings  between  them.  In  the  same  partings,  quartz  and 
mica  occur,  being  relics  of  the  granite ;  while  some  seams  of  Kaolin  retain  the  eztttaal 
tan  of  feldspar. 
The  most  valuable  Kaolins  have  been  found- 
In  Ghana  and  Japan.  The  specimens  imported  from  these  countries  appear  pretty 
white;  bnt  are  more  unctuous  to  the  touch,  and  more  micaceous  than  the  porcelain  dnfi 
«f  France. 

In  Saxony.    The  Kaolin  employed  in  the  porcelain  manufactories  of  that  country  hat  a 
sU^t  ydlow  or  lledi  cdor,  which  disappears  in  the  kiln,  proving,  as  Wallerius  obssrvadi 
dial  this  tint  is  not  owing  to  any  metallic  mattet. 
la  FttmoB,  at  Suiit-Yriex-UipPerehe,  about  10  lengvet  from  Limoges.    The  Xaoyii' 
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oceim  there  in  n  bed,  or  perhaps  a  vein  of  beds  of  gnmite,  or  rather  of  that  Mlspar  todc 
caUed  Pe-tun^fle,  which  exists  here  U>  every  sta^e  of  decompositioR.  This  Kaolin  is  goa- 
endlj  white,  but  sometimes  a  little  yellowish,  with  hardly  any  miea.  It  is  meacer  to  the 
touchy  aod  some  beds  include  large  grains  af  qaarta,  called  pebbly  by  the  China  manolae- 
turers.  This  variety,  when-  ground,  afibrds,  wiihovt  the  addition  of  any  fusible  ingre- 
dient, a  very  transparent  porcelain. 

Near  Bayonne.  A  Kaolin  possessing  the  kmellated  structure  of  feldspar,  in  aiaiy 
places.    The  rock  containing  it  is  a  graphic  sraaite  in  every  stage  of  decompositwa. 

In  England,  in  the  county  of  Cornwall.  This  Kaolin  or  China  clay  is  very  white,  and 
more  unctuous  to  the  touch  than  those  upon  the  continent  of  Europe  mentioned  above. 
Like  them  it  results  from  the  decomposition  of  the  feldspars  and  granites,  occurring  in  the 
middle  of  these  rocks.  Mr.  Wedgewood  found  it  to  contain  60  of  alumina  or  pure  elay, 
and  40  of  silica,  in  100  parts. 

Pare  cloy,  the  alumina  of  the  chemist,  is  absolutely  infusible ;  but  when  subjected  to 
the  Are  of  a  porcelain  kiln,  it  conttacts  into  about  one  half  of  its  total  bulk.  It  most, 
however,  be  heated  very  cautiously,  otherwise  it  will  decrepitate  and  fly  in  jvieces,  owing 
to  the  sudden  expansion  into  steam  of  the  water  combined  with  its  particles,  which  is 
retained  with  a  considerable  attractive  force.  It  possesses  little  plasticity,  and 
consequently  aflbrds  a  very  short  paste,  which  is  apt  to  crack  when  kaeaded  into  a 
ealce. 

It  is  not  only  infusible  by  itself,  but  it  will  not  dissolve  in  the  fusible  glasses ;  making 
them  merely  opaque.  If  either  lime  or  silica  be  added  separately  to  pure  clay,  in  any 
proportion,  the  mixture  will  not  melt  in  the  most  violent  iiiniace ;  but  if  alumina,  lime^ 
and  silica  be  mixed  together,  the  whole  melts,  and  the  more  readily,  the  nearer  the  mix- 
tare  approaches  to  the  following  proportions  :~*1  of  alumina,  1  of  lime,  and  3  of  sand.  If 
the  sand  be  increased  to  five  parts,  the  compound  becomes  infusible.  These  interesting 
facts  show  the  reciprocal  action  of  those  earths  which  are  mixed  most  commonly  in  nature 
with  alumina. 

Iron  in  small  quantity,  but  in  a  state  not  precisely  determined,  though  probably  of  pro- 
toxyde,  does  not  color  the  clays  till  they  are  subjected  to  a  powerfi^  heat.  There  are 
very  t^ite  clays,  such  as  those  of  Montereau,  which  do  not  become  red  till  caleioed  in 
•  the  porcelain  kiln ;  the  oxyde  of  iron  contsined  in  them,  which  colors  them  in  that  ease, 
was  previously  imperceptible.  It  appears  from  this  circumstance,  that  the  days  fit  for 
•making  fine  white  stone  ware,  as  also  the  Kaolins  adapted  to  the  manufacture  of  poree- 
Jain,  are  very  rare. 

Iron,  in  latter  proportion,  usually  colon  the  clays  green  or  slate^blue,  before  they  ha^-e 
been  heated.  Such  clays,  exposed  to  the  action  of  fire,  become  yellow  or  red  according 
lo  the  quantity  of  iron  which  they  contain.  When  the  iron  is  very  abundant,  it  renders 
the  clays  fusible ;  but  a  little  lime  and  silica  must  also  be  present  for  this  effect.  The 
earthenware  mttde  with  these  ferruginous  clays  can  bear  but  a  moderate  baking  heat;  it 
is  thick,  poroQs,  and  possesses  the  advantage  merely  of  cheapness,  and  of  bearing  oonaid- 
arable  alternations  of  temperature  without  breaking. 

Alumina  and  the  very  aluminous  natural  clays  which  possess  most  plasticity,  are  apt 
to  crack  in  dn'in?,or  to  lose  their  shape.  This  very  serious  defect  for  the  purposes  of  pot- 
tery is  rectified,  in  some  measure,  by  adding  to  that  earth  a  certain  quantity  of  sand  or 
silica.  Thus,'  a  compound  is  formed  which  possesses  less  attraction  for  water,  and  dries 
more  equably  from  the  openness  of  its  body.  The  principal  causes  of  the  distortion  of 
earthenware  vessels,  are  the  unequal  thicknefis  of  their  parts,  and  quicker  desiccatioa 
upon  one  side  than  another.  Hard  burnt  stene-ware  ground  to  powder,  and  incorporated 
with  clay,  answers  still  better  than  sand  for  counteracting  the  great  and  irregular  con* 
traction  which  natural  pottery  paste  is  apt  to  experience.  Sueh  ground  biscuit  is  ealled 
'Cemeni ;  and  its  grains  interspersed  through  the  ware,  may  be  regaided  as  so  many  s<da- 
linns  of  continuity,  which  arrest  the  fissures. 

The  preceding  observations  point  out  the  principles  of  those  arts  which  eraptoy  day 
^r  moulding  by  the  wheel,  and  baking  in  a  kiln.    See  Pobcxlain  and  PoTTcav. 

CLOTH,  MANUFACTURE  OF.    See  Teitilb  Fabrics,  Weavikg,  Wool. 

CLOTH»BIND!N6.  Nothing  places  in  so  striking  a  point  of  view  the  superior 
mste,  judgment,  and  resources  of  London  tradesmen  over  those  of  the  rest  of  the  worid, 
■  as  the  extensive  substitution  which  they  have  recently  made  of  embossed  sHks  atid 
^-calicoes  for  leather  in  the  binding  of  books.  In  old  b'braries,  cloth-covered  boards 
sindeed  may  occasionally  be  seen,  but  they  have  the  meanest  aspect,  and  are  no  mora 
<to  be  compared  with  our  modem  doth-bindiag,  than  the  jajvoa  of  a  truli,  with  the  ballette 
(Idress  of  Taglioni.  The  silk  or  calico  may  be  dyed  of  any  shade  which  use  or  ftncy  aaiy 
'  require,  impressed  with  gold  or  silver  foil  in  every  form,  and  variegated  by  ornamenta 
<  in  relief,  copied  from  the  most  beautiful  productions  in  nature.  This  new  style  of 
binding  is  distinguished  not  more  for  its  durability,  elegance,  and  variety,  than  for  the 
laadnomy  and  dmpfleh  with  whioh  it  ushers  the  oOspring  of  intaUect  int^tht  woilil. 
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For  esiunple}  should  a  lioiue  eminent  in  this  line^  snch  as  that  of  Westle^s,  Friar- 
ttreet,  Boctors^^commons,  receive  6000  volumes  from  Messrs.  Longman  &  Co.  upon 
AfoDday  morning,  they  can  have  them  all  ready  for  publication,  within  the  incredibly 
short  period  of  two  days ;  being  far  sooner  than  they  could  have  rudely  boarded  them 
apoQ  the  former  plan.  The  reduction  of  price  is  not  the  least  advantage  incident  to  the 
aew  method,  amounting  to  fully  50  per  cent.- upon  that  with  leather. 

The  dypd  cloth,  being  cut  by  a  pattern  to  the  si2e  suited  to  the  volume,  is  passed 
rapidly  through  a  roller  press,  between  engraved  cylinders  of  hard  steel,  whereby  it  re- 
ceives at  once  the  impress  characteristic  of  the  back  and  the  sides,  along  with  embossed 
designs  oTer  the  surface  in  sharp  relief.  The  cover,  thus  rapidly  fashioned,  is  as  rapidly 
appUed  by  paste  to  the  stitched  and  pressed  volume ;  no  lime  being  lost  in  mutual  ad- 

i'ostments ,-  since  the  steel  rollers  turn  ofi'  the  former,  of  a  shape  precisely  adapted  to  the 
fttter.      Hard  glazed  and  varnished  calico  is  moreover  much  less  an  object  of  depreda- 
tion to  moths,  and  other  insects,  than  ordinary  leather  has  been  found  to  be. 

COBALT.  This  metal,  being  difficult  to  reduce  from  its  ores,  is  therefore  very  little 
known,  and  has  not  hitherto  been  employed  in  its  simple  state  in  any  of  the  arts ;  but  its 
oxyde  has  been  extensively  used  on  account  of  the  rich  blue  color  which  it  imparts  to 
glasSy  and  the  glaze  of  porcelain  and  stone-ware.  The  principal  ores  of  cobalt  are 
those  designated  by  mineralogists  under  the  names  of  arsenical  cobalt  and  gray  cobalt. 
The  first  contains,  in  addition  to  cobalt,  some  Arsenic,  iron,  nickel,  and  occasionally  sil* 
ver,  &c.  The  other  is  a  compound  of  cobalt  with  iron,  arsenic,  sulphur,  and  nickel. 
Among  the  gray  cobalts,  the  ore  most  esteemed  for  its  purity  is  that  of  Tunaberg  in 
Sweden.  It  is  oAen  in  regular  crystals,  which  possess  the  lustre  and  color  of  polished 
steel.  The  specific  gravity  of  cobalt  pyrites  is  6-36  to  4*66.  The  Tunaberg  variety 
afforded  to  Klaproth,  cobalt,  44 ;  arsenic,  55*5 ;  sulphur,  0*5 ;  so  that  it  is  an  arseni- 
aret.  Others^  however,  contain  much  sulphur  as  well  as  iron.  It  imparts  at  the  blowpipe 
a  blue  color  to  borax  and  other  fluxes,  and  gives  out  arsenical  fumes. 

The  ore  being  picked,  to  separate  its   concomitant  stony  matter,  is  pounded  fine 
and  passed   through  a  sieve ;  and  is  also  occasionally  washed.    The  powder  is  then 
spread  on  the  sole  of  a  reverberatory  ibmace,  the  flue  of  which  leads  into  a  long  hori- 
zontal chimney.      Here  it  is  exposed  to  calcination  for  several  hours,  to  expel  the  sul- 
phur and  arsenic  that  may  be  present ;  the  former  burning  away  in  sulphurous  acid  gas, 
the  latter  being  condensed  into  the  white  oxyde  or  arsenious  acid,  whence  chiefly  the 
market  is  supplied  with  this  article.     This  calcining  process  can  never  disengage  the 
whole  of  these  volatile  ingredients,  and  there  is  therefore  a  point  beyond  which  it  is 
useless  to  posh  it ;  bat  the  small  quantities  that  remain  are  not  injurious  to  the  subse- 
quent oi>erations.     The  roasted  ore  is  sifled  anew ;  reduced  to«a  very  fine  powder,  and 
then  mixed  with  2  or  3  parts  of  very  pure  silicious  sand,  to  be  converted  into  what  is 
called  zaffre.      With  this  product  glasses  are  generally  colored  blue,  as  well  as  enam- 
els and  pottery  glaze.      In  the  works  where  cobalt  ores  are  treated,  a  blue  glass  is  pre- 
pared with  the  zaffre,  which  is  well  known  under  the  nnme  of  smalt  or  azure  blae. 
This  azure  is  made  by  adding  to  the  zaffre  2  or  3  parts  of  potash,  according  to  its  rich- 
ness in  cobalt,   and  melting  the  mixture  in   earthen   crucibles.    The  fused  mass  is 
thro^'n  out  while  hot  into  water;  and  is  afterwards  triturated  and  levigated  in  mtlls 
mounted  for  the  purpose.      There  Remains  at  the  bottom  of  the  earthen  pot  a  metallie 
lump^  which  contains  a  little  cobalt,  much  nickel,  arsenic,  iron,  &c.      This  is  called 
9peUi. 

As  h  is  the  oxyde  of  cobalt  which  has  the  coloring  quality,  the  calcination  serves  the 
purpose  of  oxydizement,  as  well  as  of  expelling  the  foreign  matters. 

A  finer  cobalt  oxyde  is  procured  for  painting  upon  hard  porcelain,  by  boiling  the  cobalt 
ore  in  nitric  acid,  which  converts  the  arsenic  into  an  acid,  and  combines  it  with  the  dif- 
ferent metals  present  in  the  mineral.  These  arseniates,  being  unequally  soluble  in  nitric 
acid,  may  be  separated  in  succession  by  a  cautious  addition  of  carbonate  of  soda  or  pot- 
ash ;  and  the  arseniate  of  cobalt  as  the  most  soluble  remains  unafiected.  It  has  a  rose 
oolor,  aad  is  easily  distinguishable,  whenee  the  precipitation  may  be  stopped  at  the  proper 
point.  The  above  solution  should  be  much  diluted,  and  the  alkali  should  be  cautiously 
added,  with  frequent  agitation. 

The  cobalt  ores,  rich  in  nickel,  are  exposed  to  slow  oxydizement  in  the  air,  whereby 
the  iron,  cobalt,  arsenic,  and  sulphur  get  oxygenated  by  the  atmospheric  moisture,  but 
the  nickel  continues  in  the  metallic  state.  This  action  of  the  weather  most  not  be 
extended  beyond  a  year,  otherwise  the  nickel  becomes  afiected,  and  injures  the  cobalt 
hlue.  The  ore  hereby  increases  in  weight,  from  8  to  10  per  cent.  Fig.  291  is  a 
loQgitudmal  section  of  the  furnace :  Jig,  ^2,  a  horizontal  section  upon  a  level  with  the 
sole  of  the  hearth.  ,It  is  constructed  for  wood  fuel,  and  the  hearth  is  composed  of 
ire-bricks  or  tile^ .  The  vapors  and  gases  disengaged  in  the  roasting  pass  off 
through  the  flne^  a  a,  into  the  channels  b  6,  and  thence  by  c  into  the  common  vent,  or 
poison  chamber.     See  the  tepresentation  of  the  poison  ^ower  of  Altenberg,  iinder  the 


aitiela  Aasrinc.    The  flnct  are  clesred  out  b;  iseuM  oT,  opealiigt  left  at  lolUUe  llta^ 

tiou  ID  the  brick-work  of  the  cfuinaeyt. 

The  BEore  nannrneiure  U  carried 
on  chleRj  in  winter,  in  onlcr  thit 
Ibe  cilernol  cold  maj  favor  llu? 
more  complete  condengation  ol*  tFiF 
KCida  of  anenic.  From  3  lo  5  cvt. 
;  of   Sehlicb  (pasty  ate)  are  roeited 

at  one  operalioo,  and  iU  bed  ii  laid 
from  5  to  6  inches  thick.  AAet  two 
hoiin,  it  mast  be  turned  orer;  and 
the  ilirring  must  be  repeated  eiety 
hair  hour,  till  no  more  anenie  it 
observed  lo  eibale.  The  procot 
being  then  Gniihed,  the  ore  must  be 
laked  out  of  the  furnace,  and  an- 
other charge  introduced. 

The  duration  of  the  loaiting  ii 
Ngulaled  parti;  by  the  proportion 
of  sulphur  and  arvenic  preaeat,  and 
parti;  b;  the  amount  of  niekel; 
which  must  not  be  tuBered  to  be- 
a  come  ox;dized,  leit  it  ihoutd  spoil 

the  color  of  ibe  smalt.  The  latter 
ore«  should  be  but  Bli^htljr  roasted, 
so  as  toconTeit  the  nlcbelinto  iptitt. 
The  roasted  ore  must  be  sifted  in  a 
tafcly  apparatus.  The  loss  of  weicbt 
fa  the  roasting  amounts,  upon  the 
2S3  average,  to  36  pn-  cent.  The  roasted 

ore  has  a  brownish  gray  hue,  and  is 
called  lafflOT  in  Gennsn,  and  is  dil- 
Iributed  into  difleifnt  sorts.  F  F  S 
is  the  finest  jo/n ;  F  8,  Gne ;  OS, 
ordiuary;  and  M  3,  middling.  Theae 
Tatieties  proceed  from  Tarioni  mix- 
tures of  the  calcined  ores.  Tie 
roasted  ore  is  gronod  up  along  with 
Rand,  ejalrinted,  and,  when  dir,  it 
called  20^.  II  it  then  imxed  with 
a  sufficient  qaantil;  of  poiaah  (oi 
eonverling  the  mixture  into  a  glua- 
Ft'gi.  293  and  294,  reprcKnt  a 
round  smalt  furnBce,  in  two  vertical 
■eetions,  at  right  angles  to  each 
other.  The  fire-place  is  vaulted  a 
arched  ;  the  flame  orifice  u,  is  in  the 
294  middle  of  the  rnmaee;  b  is  the  feed 

hole  ;  c,  a  tunnel  which  serTH  aa  •■ 
ash-pil,  and  lo  supply  air ;  d,  open- 
ings through  which  the  air  airivea 
at  the  fuel,  the  wood  being  placed 
npon  the  tsuU;  (,  knee  holes  for 
taking  out  Ibe  scorim  from  the  pot 
bollomt  i  /,  working  orifice*,  with 
east-iron  plates  g,  in  front  of  them. 
[Tnder  these  are  the  additional  out- 
lets A.  The  smoke  and  flame  pnaa 
off  throngh  the  orifices  i,  wbicb  ter- 
minate in  expanded  flae^  where  Um 
sand  may  be  calcined  or  the  wood 
ma;  be  baked.  Eight  hours  are 
tnffieient  for  one  Titrityiog  opeiaticnk. 
during   which  (he  glaw  Is    atirred 

tibtmX  teveral  timet  in  (he  earthen  mehing  pott. 
The  preparation  of  tbe  diflereni  shades  of  blue  glass 

smelting  works ;  and  marked  with  the  following  letters :- 
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§mBi  MC,  nSMmg}  O  C,  ordinary.  A  melting  Amince,  containing  8  pots  of  glast, 
mhieey  in  24  lioan,  firom  24  cwts.  of  the  mixture,  19  cwts.  of  blae  glass ;  and  flrom 
)  to  I  cwt.  of  scoris  or  speiss  (tpoH).  The  composition  ^wifs,  according  to  Berthier, 
if— nickel,  49-0;  arsenic,  37*8;  salphnr,  7-8;  copper,  1*6;  cobalt,  3*2  in  100.  Nickel, 
aiaenie,  and  solphnr,  are  its  essential  constitnents ;  the  rest  are  accidental,  and  often 
absent.  The  freer  the  cobalt  ore  is  from  foreign  metals,  the  finer  is  the  color,  and  the 
deeper  is  the  shade ;  paler  tints  are  easily  obtained  by  dilution  with  more  glass.  The 
presence  of  nickel  gives  a  violet  tone. 

The  prodoction  of  smalt  in  the  Prussian  states  amounted,  in  1830,  to  7452)  cwts. ; 
and  in  Saxony  to  9697  cwts. ;  in  1825,  to  12,310  cwu. 

One  process  for  making  fine  smalt  haa  been  given  under  the  title  Azuas  j  I  shall  in- 
trodnce  another  somewhat  different  here. 

The  ore  of  cobalt  is  to  be  reduced  to  very  fine  powder,  and  then  roasted  with  much 
care.  One  part,  by  weight,  is.  next  to  be  introduced,  in  successive  small  portions,  into 
an  iron  Tessel,  in  which  three  parts  of  acid  sulphate  of  potassa  have  been  prevk>usly 
fnsed,  at  n  moderate  temperature*  The  mixture,  at  first  fluid,  soon  becomes  thick  and 
firm,  when  the  fire  is  to  be  increased,  until  the  mass  is  in  perfect  fusion,  and  all 
white  TapofB  have  ceased.^  It  is  then  to  be  taken  out  of  the  crucible  with  an  iron 
hdl^  the  crocible  is  to  be  recharged  with  acid  sulphate  of  potash,  and  the  operation 
eontinaed  as  before,  until  the  vessel  is  useless.  The  fused  mass  contains  sulphate  of 
eofaolt,  neutral  sulphate  of  potsssa,  and  arseniale  of  iron,  with  a  little  cobalt.  It  is  to 
be  pulverised,  and  boiled  in  an  iron  vessel,  with  water,  as  long  as  the  powder  continues 
itmgh  to  the  touch.  The  white,  or  yellowish  white  residue,  may  be  allowed  to  separate 
from  the  solution,  either  by  deposition  or  filtration.  Carbonate  of  potassa,  free  from 
siliea,  is  then  to  be  added  to  the  solution,  and  the  carbonate  of  cobali  thrown  down  is 
to  be  separated  and  well  washed,  if  possible,  with  warm  water ;  the  same  water  may  be 
used  to  wash  other  portions  of  the  fused  mass.  The  filtered  liquid  which  first  passes 
is  a  saturated  solution  of  sulphate  of  potassa :  being  evaporated  to  dryness  in  an  iron  vet- 
sd,  it  may  be  reconverted  into  acid  sulphate  by  fusing  it  with  one  half  its, weight  of 
SDlphnric  acid :  this  salt  is  then  as  useful  as  at  first. 

Tlie  oxyde  of  cobalt  thus  obtained  contains  no  nickel ;  so  little  oxyde  of  iron  is  pre- 
sent, that  infusion  of  galls  does  not  show  its  presence ;  it  may  contain  a  little  copper,  if 
that  metal  exists  in  the  ore,  bnt  it  is  easily  separated  by  the  known  methods.  Sometimes 
salphureted  hydrogen  will  produce  a  yellow -brown  precipitate  in  the  solution  of  the 
fined  mass ;  this,  however,  contains  no  arsenic,  but  is  either  sulphuret  of  antimony  or 
bismuth,  or  a  mixture  of  tx)th. 

It  has  been  found  advantageous  to  add  to  the  fused  ma^  sulphate  of  iron,  calcined  to 
rednen,  and  one  tenth  of  nitre  when  the  residue  is  arseniate  of  iron,  and  contains  no 
arseniate  of  cobalt.  There  is  then  no  occasion  to  act  upon  the  residue  a  second  time  for 
the  cobalt  in  it. 

This  process  is  founded  on  the  circumstances  that  the  sulphate  of  cobalt  is  not  de- 
composed by  a  red  heat,  and  that  the  arseniates  of  iroa  and  cobalt  are  insoluble  in 
all  neotral  liquids.  It  is  quite  evident,  that,  to  obtain  a  perfect  result,  the  excess 
of  acid  ia  the  bisulphate  of  potassa  must  be  completely  driven  off  by  the  red  heat 
applied. 

110,646  lbs.  of  smalU  were  imported  into  the  United  Kingdom  in  1835,  and  96,949 
were  retained  for  home  consumption.    In  1834,  only  16,223  lbs.  were  retained. 

In  1835,  322,562  lbs.  of  zaffres  were  imported,  and  336,824  are  stated  to  have  been 
retaiaed,  which  is  obviously  an  error.    284,000  lbs.  were  retained  in  1834. 

COCCULUS  INDICUS,  or  Indian  berry,  is  the  fruit  of  the  Menispermum  Cocctdua, 
a  huge  tree,  which  grows  upon  the  coasts  of  Malabar,  Ceylon,  9lc,  The  fruit  is 
blackish,  and  of  the  size  of  a  large  pea.  It  owes  its  narcotic  and  poisonous  qualities  to 
the  ve^eto-alkaline  chemical  principle  called  jnerotoxia,  of  which  it  contains  about  one 
fiftieth  part  of  its  weight  It  is  sometimes  thrown  into  waters  to  intoxicate  or  kill  fishes; 
and  it  is  said  to  hare  been  employed  to  increase  the  inebriating  qualities  of  ale  or  beer. 
Ite  ate  for  this  purpose  is  prohibited  by  act  of  iwrliament,  under  a  penalty  of  200/.  upon 
the  brewer,  and  50<U.  upon  the  seller  of  the  drug. 

COCHINKAL  was  taken  in  Europe  at  first  for  a  seed,  but  Was  proved  by  the  obser* 
valions  of  Lewenhoeck  to  be  an  insect,  being  the  female  of  that  species  of  shield-louse^ 
or  eoeaUf  discovered  in  Mexico,  so  long  ago  as  1518.  It  is  brought  to  us  fipom  MexTcc^ 
when  the  animal  lives  upon  the  caciua  opuntia  or  nopal.  Two  sorts  of  coduneu 
are  gathered — the  wild,  from  the  woods,  called  by  the  Spanish  name  grarui  tUveitra ; 
and  tiie  cultivated, >or  the  granafina,  termed  also  muttqut^  from  the  name  of  a  Mexican 
province.  The  first  is  smaller,  and  covered  with  a  cottony  down,  which  increases  its 
balk  with  a  matter  useless  in  dyeing ;  it  yields,  therefore,  in  equal  weight,  much  less 
eoioi^  and  is  of  inferior  price  to  that  of  the  fine  cochineal.  But  these  disadvantages 
are  compensated  in  some  measure  to  the  growers  by  its  being  reared  more  easily,  and 
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luss  expensively ;  purtly  bj  the  elflect  of  its  down,  w&jdi  enables  it  better  to  renal  rshis 
and  storms. 

The  wild  cochineal,  when  it  is  bred  npoti  the  field  nopal,  loses  in  part  the  tenacity  and 
qtiantity  of  its  cotton,  and  acquires  a  size  double  of  what  it  has  on  the  wild  opantias. 
It  may,  therefore,  be  hoped  that  it  will  be  improTed  by  persevering  care  in  the  rearing  of 
itj  when  it  will  approach  more  and  more  to  fine  cochineal. 

The  fine  cochineal,  when  well  dried  and  Weil  preserved,  should  have  a  gray  ooHar, 
bordering  on  pnrple.  The  gray  is  owing  to  the  powder,  which  natnrally  covers  it,  and 
of  which  a  little  adheres ;  as  also  to  a  waxy  fat.  The  pnrple  shade  arises  from  the 
color  extracted  by  the  water  in  which  they  were  killed.  It  is  wrinkled  with  parallel  fnr- 
rows  across  its  bade,  which  are  intersected  in  the  middle  by  a  longitudinal  one ;  hence, 
when  viewed  by  a  magnifier,  or  even  a  sharp  naked  eye,  especially  afler  being  swnlien 
by  soaking  for  a  little  in  Water,  it  is  easily  distinguished  from  the  factitious,  smooth, 
glistening,  black  grains,  of  no  value,  called  East  liidia  cochineal,  with  which  it  is  often 
shamcfuliy  adulterated  by  certain  London  merchants.  The  gennine  cochineal'  has  the 
shape  of  an  egg,  bisected  through  its  long  axis,  or  of  a  tortoise^  being  rounded  like  a 
shield  upon  the  back,  flat  upon  the  belly,  and  without  wings. 

These  female  insects  are  gnthered  off  the  leaves  of  the  nopal  plant,  after  it  has  ripened 
its  fruit,  a  few  only  being  left  for  brood,  and  are  kUled,  either  by  a  momentary  immer- 
sion in  boiling  water,  by  drying  upon  heated  plates,  or  in  ovens :  the  last  become  of  an 
ash-gray  color,  constituting  the  silver  cochineal,  or  jaspeada  ;  the  second  are  bladdsh, 
called  mgray  and  are  roost  esteemed,  being  probably,  driest ;  the  first  are  reddish  brown, 
and  reckoned  inferior  to  the  other  two.  The  dry  cochineal  being  sifted,  the  dnst,  with 
the  imperfect  insects  and  fragments  which  pass  through,  are  sold  under  the  name  of 
granUlo, 

Cochineal  keeps  for  a  long  time  in  a  dry  place.  Helk>t  says  that  he  has  tried  some 
130  years  old,  which  produced  the  same  effect  as  new  cochineal. 

We  are  indebted  to  MM.  Pelletier  and  Caventou  for  a  chemical  investigation  of  cochi- 
neal, in  which  its  coloring  matter  was  skilfully  eliminated. 

Purified  sulphuric  ether  acquired  by  digestion  with  it  a  golden  yellow  color,  amomting 
by  Dr.  John  to  one  tenth  of  the  weight  of  the  insect.  This  infusion  left,  on  evaporation, 
a  fatty  wax  of  the  same  color. 

Cochineal,  exhausted  by  ether,  was'  treated  with  alcohol  at  4(f  B.  After  30  inftisions 
in  the  digester  of  M.  Chevreul,  the  cochineal  continued  to  retain  color,  although  the 
alcohol  had  ceased  to  have  any  effect  on  it.  The  first  alcoholic  liquors  were  of  a  red 
verging  on  yellow.  On  cooling,  they  let  fall  a  granular  matter.  By  spontaneous  evapo- 
ration, this  matter,  of  a  fine  red  color,  separated,  assuming  more  of  the  crystalline  ap- 
pearance. These  species  of  crystals  dissolved  entirely  in  water,  which  they  tinged  of  a 
yellowish-red. 

This  matter  has  a  very  brilliant  purple-red  color ;  it  adheres  strongly  to  the  sides  of 
the  vessels ;  it  has  a  granular  and  somewhat  crystalline  a^ct,  very  different,  however, 
from  those  compound  crystals  alluded  to  above ;  it  is  not  altered  by  the  air,  nor  does  it 
sensibly  attract  moisture.  Exposed  to  the  action  of  heat,  it'  melts  at  about  the  fiftieth 
degree  centigrade  (122<*  Fahr.).  At  a  higher  temperature  it  swells  np,  and  is  decom- 
posed with  the  production  of  carbureted  hydrogen,  much  oil,  and  a  soiall  quantity  of 
water,  very  slightly  acidulous.    No  trace  of  ammonia  was  found  in  these  products. 

The  coloring  principle  of  cochineal  is  very  soluble  in  water.  By  evaporation,  the 
liquid  assumes  the  appearance  of  sirup,  but  never  yields  crystals.  It  requires  of  this 
matter  a  portion  almost  imponderable  to  give  a  perceptible  tinge  Of  bright  purplish  red  to 
a  large  body  of  water.  Alcohol  dissolves  this  coloring  substance,  but,  as  we  have  al- 
ready stated,  the  more  highly  it  is  rectified  the  less  of  it  does  it  dissolve.  Sulphuric  ether 
does  not  dissolve  the  coloring  principle  of  cochineal ;  but  weak  acids  do,  possibly  owing 
to  their  water  of  dilution.  No  acid  precipitates  it  in  its  pure  state.  This  coloring  prin- 
ciple, however,  appears  to  be  precipitable  by  all  the  acids,  when  it  is  accompanied  by  the 
animal  matter  Of  the  cochineal. 

The  affinity  of  alumina  for  the  coloring  matter  is  very  remarkable.  When  that  earth, 
newly  precipitated,  is  put  into  a  watery  solution  of  the  coloring  principle,  this  is  unme- 
diately  seized  by  the  alumina.  The  water  becomes  colorless,  and  a  fine  red  lake  is  ob- 
tained, if  we  operate  at  the  temperature  of  the  atmosphere ;  but  if  the  liquor  has  been 
hot,  the  color  passes  to  crimson,  and  the  shade  becomes  more  and  more  violet,  aeeord- 
ing  to  the  elevation  of  the  temperature,  and  the  continuance  of  the  ebullition. 

The  salts  of  tin  exercise  upon  the  coloring  matter  of  cochineal  a  remarkable  aetioo. 
The  muriatic  protoxyde  of  tin  forms  a  very  abundant  violet  precipitate  in  the  liquid. 
This  precipitate  verges  on  crimson,  if  the  salt  contains  an  excess  of  add.  The  mniiatic 
deutoxyde  of  tin  produces  no  precipitate,  but  changes  the  color  to  scarlet-red.  If  gdatl- 
nous  alumina  be  now  added,  we  obtain  a  fine  red  precipitate,  which  does  not  pass  to 
crimson  by  boiling. 
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To  this  coloring  principle  the  name  earmmium  has  heen  given,  bcctrase  it  fiwaii  the 
ImfU  of  the  pigment  called  carmine. 

The  process  fullowed  in  Germany  for  making  cannine,  which  consists  in  pouring  a 
certain  quantity  of  solution  of  alnm  into  a  decoction  of  cochineal,  is  the  most  simple  of 
ally  and  affords  an  explanation  of  the  formation  of  carmine,  which  is  merely  the  carmi- 
ninni  and  the  animal-  matter  precipitated  hy  the  excess  of  acid  in  the  salt,  which  has  taken 
down  with  it  a  small  quantity  of  alumina;  thoagh  it  appears  that  alumina  ou^ht  not  to 
be  regarded  as  essential  to  the  formation  of  carmine.  In  fact,  hy  another  process,  called 
by  the  name  of  Madame  Cenette  of  Amsterdam,  the  carmine  is  thrown  down,  by  pouring 
into  the  decoction  of  cochineal  a  certain  quantity  of  the  binoxalate  of  potash.  When  car- 
booate  of  soda  is  added,  then  carminated  hike  also  falls  down.  That  carmine  is  a  triple 
compoond  of  animal  matter,  carminium,  and  an  acid,  appears  from  the  circun^tance  that 
Uqooiv  which  have  afforded  their  carmine,  when  a  somewhat  strong  acid  is  poured  into 
them,  yield  a  new  formation  of  carmine  by  the  precipitation  of  the  last  portions  of  the 
animal  matter.  But  whenever  the  whole  animal  matter  is  thrown  down,  the  decoctions, 
althoimrh  still  much  charged  with  the  coloring  principle,  can  afford  no  more  carmine. 
Soch  decoctions  may  be  usefully  employed  to  make  caiminated  lakes,  saturating  the 
acid  with  a  slight  excess  of  alkali,  and  adding  gelatinous  alumina.  The  precipitates 
obtained  on  adding  aeids  to  the  alkaline  decoctions  of  cochineal,  are  therefore  true 
carmines,  since  they  do  not  contain  alumina ;  but  the  small  quantity  of  alumina  which 
is  thrown  down  by  alum  in  the  manufacture  of  carmine,  augments  its  bulk  and  wdght. 
It  gives,  besides,  a  greater  lustre  to  the  color,  even  though  diluting  and  weakening  it  a 
little. 

The  carmines  found  in  the  shops  of  Paris  were  analyzed,  and  yielded  the  same  pro- 
ducts. They  are  decomposed  by  the  action  of  heat,  with  the  diffusion  at  first  of  a  very 
itiong  smell  of  burning  animal  matter,  and  then  of  sulphur.  A  white  powder  remained* 
amounting  to  about  one  tenth  of  the  matter  employed,  and  which  was  fonnd  to  be  ala- 
mina.  Other  quantities  of  carmine  were  treated  with  a  solution  of  caustic  potash,  which 
completely  dissolved  them,  with  the  exception  of  a  beautiful  red  powder,  not  acted  ^n  by 
potash  and  concentrated  acids,  and  which  was  recognised  to  be  red  sulphuret  of  mercury 
or  Termllion.  This  matter,  evidently  forugn  to  the  carmine,  appears  to  have  been  ad* 
ded  in  order  to  increase  its  weight. 

The  preceding  observations  and  experiments  seem  calculated  to  throw  some  light  on 
the  art  of  dyeing  scarlet  and  crimson..  The  ibrm^  is  effected  by  employing  a  cochineal 
bath,  to  which  there  have  been  added)  in  determinate  proportion^,  acidulous  tartrate  of 
potash,  and  nitro-muriatic  deutoxydti  of  tin.  The  effect  of  these  two  salts  is  now  well 
known.  The  former,  in  consequence  of  its  excess  of  acid,  tends  to  redden  the  color, 
and  to  precipitate  it  along  with  the  animal  matter ;  the  latter  acts  in  the  same  manner, 
at  first  by  its  excess  of  acid,  then  by  the  ox}'de  of  tin  which  falls  down  also  with  the 
carmine  and  nnimal  matter,  and  is  fixed  on  the  wool,  with  which  it  has  of  itself  a  strong 
tendency  to  combine.  MM.  Pelletier  a^d  Cavenlou  remark,  that  ^'  to  abtain  fi,  beautiful 
•hade,  the  muriate  of  tin  ought  to  be  entirely  at  the  maximum  of  oxydizement ;  and  il 
is  ia  reality  in  this  state  that  it  must  exist  in  the  solution  of  tin  prepared  according  to 
ihc  proportions  prescribed  iu  M.  Berthollet's  treatise  on  dyeing." 

We  hence  see  why,  in  dyeing  scarlet,  the  employment  of  alum  is  carefully  avoided,  as 
this  salt  tends  to  convert  the  shade  to  a  crimson.  The  presence  of  an  alkali  would  seem 
le»  to  be  feared.  The  alkali  would  occasion,  no  doubt,  a  crimson-colored  bath ;  but  it 
wonld  be  easy  in  this  case  to  restore  the  color,  by  using  a  large  quantity  of  tartar.  We 
shoulJ,  therefore,  procure  the  advantage  of  having  a  bath  belter  charged  with  coloring 
matter  and  animal  substance.  It  is  for  experience  on  the  large  scale  to  determine  this 
point.  As  to  the  earthy  salts,  they  must  be  carefully  avoided;  and  if  the  waters  be  se« 
lenitish,  it  would  be  a  reason  for  adding  a  little  alkali. 

To  obtain  crimson,  it  is  sufficient,  as  we  know,  to  add  alum  to  the  cochineal  bath,  or 
to  boil  the  scarlet  cloth  in  alum  water.  It  is  also  proper  to  diminish  the  dose  of  the  salt 
of  tin,  since  it  is  fonnd  to  counteract  the  action  of  the  alum. 

The  alkalis  ought  to  be  rejected  as  a  means  of  changing  scarlet  to  crimson.  In  fact, 
crimsons  hy  this  process  cannot  be  permanent  colors,  as  they  pass  into  reds  by  the  action 
of  acids. 

According  to  M.  Von  Grotthuss,  carmine  may  he  deprived  of  Its  golden  s^ade  hy 
ammonia,  and  subsequent  treatment  with  acetic  acid  and  alcohol.  Since  this  fact  was 
made  known,  M.  Hersehel,  color  maker  at  Halle,  has  prepared  k  most  beautiful 
cannine. 

The  ofiicers  of  Her  Majesty's  Customs  have  lately  detected  a  system  of  adulterating 
eochineal,  which  has  been  practised  for  many  years  upon  a  prodigious  scale  hy  a  mercan* 
tile  house  in  London.  I  have  analyzed  about  100  samples  of  such  cochineal,  from  which 
it  tppean  that  the  genuine  article  is  moistened  with  gum-water,  agitated  in  a  box  oi 
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•cftther  bag,  first,  with  tnlphate  of  baryta  in  fine  powder,  afterwards  with  bone  or  ivory 
black,  to  give  it  the  appearance  of  negra  cochineal>  and  then  dried.  By  this  means  about 
13  per  cent,  of  the  worthless  heavy  spar  is  sold  at  the  price  of  cochineal,  to  the  enrich- 
ment  of  the  sophistieators^  and  the  disgrace  and  injury  of  British  trade  and  manufac- 
tures. 

The  specific  gravity  of  genuine  cochineal  is  1*25 ;  that  of  the  cochineal  loaded  with 
the  barytic  sulphate  1*3^.  It  was  taken  in  oil  of  turpentine  and  reduced  to  water  aa 
unity,  because  the  waxy  fat  of  the  insects  prevents  the  intimate  contact  of  the  Utter 
liquid  with  them,  and  the  ready  expulsion  of  air  from  their  wrinkled  surface.  They  are 
not  at  all  acted  upon  by  the  oil,  but  are  rapidly  altered  by  water,  especially  when  they 
have  been  gummed  and  baryiified. 

The  quantities  of  cochineal  imported  into  the  United  Kingdom  in  the  following  yean 
were;  — 

1827.       1828.      1829.       1830.       1831.       1832^       1833.       1834.      1835. 
Lbs.    320,722  258,032  288,456  316,589  244,371   388^478  359,381  410,387  418,320 

The  quantities  re-exported  were :  — 

145,756   158,109   153,738   100,059    168,329    138,270   130,732  265,490   352,023 

Humboldt  states  that  so  long  ago  as  the  year  1736,  there  was  imported  into  Europe 
from  South  America  cochineal  lo  the  value  of  15  millions  of  francs.  Its  high  price  had 
for  a  long  time  induced  dyers  to  ]o6k  out  for  cheaper  substitutes  in  dyeing  red,  and  since 
seience  has  introduced  so  many  improvements  in  tinctorial  processes,  both  madder  and 
lac  have  been  made  to  supersede  cochineal  to  a  very  great  extent.  Its  price  has,  in  con- 
seqnenee  of  this  substituiion,  as  well  as  from  more  successful  modes  of  cultivation,  fallen 
very  greatly  of  late  years.  At  present  it  is  only  Is.  per  lb.  m  London.  See  ScAai.sT 
Dyeing. 

COCOA,  STEARINE,  and  ELAINE.  Mr.  Soames  obtained  a  patent  in  September, 
1829,  for  making  these  useful  articles,  by  the  following  process :  — 

He  takes  the  substance  called  cocoa-nut  oil,  in  the  state  of  lard,'in  which  it  b  imported 
into  this  country,  aAd  submits  it  to  a  strong  hydraulic  pressure,  having  made  it  up  in  small 
packages,  S  or  4  inches  wide,  2 'feet  long,  and  1  or  1|  inches  thick.  These  packages  are 
formed  by  first  wrapping  up  the  said  substance  in  a  strong  linen  cloth,  of  close  texture, 
and  then  in  an  outward  wrapper  of  strong  sail  cloth.  The  packages  are  to  be  placed  side 
by  side,  in  single  rows,  between  the  plates  of  the  pivss,  allowing  a  small  space  between 
the  packages  for  the  escape  of  the  elaine. 

The  temperature  at  which  the  pressure  is  begun,  should  be  from  about  50  to  55  degrees, 
or  in  summer  as  nearly  at  this  pitch  ais  can  be  obtained,  and  the  packages  of  the  said 
substance  intended  for  pressure,  should  be  exposed  for  several  hours  previously  to  about 
the  same  temperature.  When  the  packages  will  no  longer  yield  their  oil  or  elaine  freely 
at  this  temperature,  it  is  to  be  gradually  raised ;  but  it  must  at  no  tunc  exceed  65  de^ees, 
and  the  lower  the  temperature  at  which  the  separation  can  be  effected,  the  better  will  be 
the  quality  of  the  oil  expressed. 

I^en  the  packages  are  sufficiently  pressed,  that  is,  when  they  will  give  out  no  more 
oil,  or  yield  it  only  in  drops  at  long  intervals,  the  residuum  in  them  is  to  be  taken  out  and 
clCTtnsed  and  purified,  which  is  done  by  melting  it  in  a  well-tinned  copper  vessel,  which 
is  fixed  in  an  outer  vessel,  having  a  vacant  space  between,  closed  at  the  top,  into  which 
steam  is  admitted,  and  the  heat  is  ke))t  up  moderately  for  a  sufficient  time  to  allow  the 
impurities  to  subside ;  but  if  a  still  higher  decree  of  purity  is  required,  it  is  necessary  to 
pass  it  through  filters  of  thick  flannel  lined  with  blotting  paper. 

Having  been  thus  cleansed  or  purified,  it  is  fit  for  the  manufacture  of  candles,  which 
are  made  by  the  ordinary  process  used  in  making  mould  tallow  candles.  Having  thus 
disposed  of  the  stearine,  or  what  is  called  the  first  product,  he  proceeds  with  the  elaine 
or  oil  expressed  from  it,  and  which  he  calls  the  second  product,  as  follows :  that  is  to 
say,  he  purifies  it  by  an  admixture,  according  to  the  degree  of  its  apparent  foulness,  of 
from  1  to  2  per  cent,  by  weight  of  the  sulphuric  acid  of  commerce,  of  about  1*80  specific 
gravity,  diluted  with  six  times  its  weight  of  water.  The  whole  is  then  to  be  violently 
agitated  by  mechanical  means,  and  he  prefers  for  this  purpose  the  use  of  a  vessel  con- 
structed on  the  principle  of  a  common  barrel  chum.  When  sufficiently  agitated,  it  will 
have  a  dirty  whitish  appearance,  and  is  then  to  be  d  awn  ofi*  into  another  vessel,  in  which 
it  is  to  be  allowed  to  settle,  and  any  scum  that  rises  is  to  be  carefully  taken  off.  In  a 
day  or  two  the  impurities  will  be  deposited  at  the  bottom  of  the  oil,  which  will  then  be- 
come clear,  or  nearly  so,  and  it  is  to  be  filtered  through  a  thick  woollen  cloth,  after  which 
h  will  be  fit  for  homing  in  ordinary  lamps  and  for  other  uses. 

The  process  of  separating  the  elaine  from  the  stearine,  by  pressure,  in  manner  afore- 
said, had  never  before  been  applied  to  the  substance  called  cocoa-nut  ofi,  and  consequently 
no  product  had  heretofore  been  obtained  thereby  ftom  that  substance,  fit  for  being  ma^ 
nnfaetored  into  candles  in  the  ordinary  way,  or  for  being  refined  by  any  of  the  neiial 
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90  is  to  Vani  in  ordinary  lamp»,  both  which  ohjeets  are  obtained  by  this  method 
of  preparing  or  manafactaring  the  said  sabetance. 

Candles  well  made  from  the  above  material  are  a  very  superior  article.  The  light 
prodoeed  is  more  brflliant  than  from  the  same  sized  candle  made  of  tallow ;  the  flame  is 
pecfeetly  colorless,  and  the  wick  remains  free  from  cinder,  or  any  degree  of  foulness  dn- 
ring  eombastion. 

COFFEE.  The  coffee  is  the  seed  of  a  tree  of  (he  family  nitiaeea,  and  belongs  to  the 
Pestandria  monogynia  of  Xinnteas.  There  are  several  species  of  the  genus,  but  the  only 
one  caltrvated  is  the  Coffiea  jirabieay  a  native  of  Upper  Ethiopia  and  Arabia  Felix.  It 
rises  to  the  height  of  15  or  20  feet ;  its  trunk  sends  forth  opposite  branches  in  pairs  above 
and  at  right  angles  to  each  other ;  the  leaves  resemble  those  of  the  conrnion  laurel,  al- 
thoogh  not  so  dry  and  thick.  From  the  angle  of  the  leaf-stalks  small  groups  of  white 
flowers  issae,  which  are  like  those  of  the  Spanish  jasmine.  These  flowers  fade  very  soon, 
aad  are  reidaeed  by  a  kind  of  fruit  not  unlike  a  cherry,  which  contains  a  yellow  glairy 
fluid,  enveloping  two  smaD  seeds  or  berries  convex  upon  one  side,  flat  and  furh)wed  upon 
the  other  in  the  directioa  of  the  long  axis.  These  seeds  are  of  a  homy  or  cartilaginous 
natore;  they  are  glued  together,  each  being  surrounded  with  a  peculiar  coriaceous  mem- 
brane.   They  constitute  the  coflfee  of  commerce. 

It  was  not  Un  towards  the  end  of  the  15th  century  that  the  ooffee-tree  began  to  be  cul- 
tirated  in  Arabia.  Historians  usually  ascribe  the  discovery  of  the  use  of  coffee  as  a  be- 
verage to  the  superior  of  a  monastry  there,  who,  desirous  of  preventhig  the  monks  from 
•feeping  at  their  nocturnal  services,  made  them  drink  the  infusion  of  coffee  upon  the  re- 
port of  shepherds,  who  pretended  that  their  flocks  were  more  lively  after  browsing  on  the 
fruit  o€  that  plant.  The  use  of  coffee  was  soOn  rapidly  spread,  but  it  encountered  much 
oppositkMt  on  the  part  of  the  Turkish  government,  and  became' the  occasion  of  public  as- 
semblies. Under  the  reign  of  Amurath  HI.  the  muf\i  procured  a  law  to  shut  all  the  oof^ 
fee-booses,  and  this  act  of  suppression  was  renewed  under  the  minority  of  Mahomet  IT, 
It  was  not  till  1554,  nnder  Solyman  the  Great,  that  the  drinking  of  coffee  was  accredited  in 
Coastaatioople ;  and  a  century  elapsed  before  it  was  known  in  London  and  Paris.  Soly- 
man Aea  introduced  its  use  into  the  latter  city  in  1669,  and  in  1672  an  Armenian  estab- 
lished the  first  cafe  at  the  fair  of  Saint  Germain. 

When  cofiee  became  somewhat  of  a  necessary  of  life,  fVom  the  influence  of  habit 
amott^  the  people,  all  the  European  powers  who  had  colonies  between  the  tropics,  pro- 
jected to  form  plantations  of  coffee-trees  in  them.  The  Dutch  were  the  first  who  trans- 
ported the  coffee  plant  from  Moka  to  Batavia,  and  flrom  Batavia  to  Amsterdam.  In 
1714  the  magistnrtes  of  that  city  sent  a  root  to  Louis  XIV.,  which  he  caused  to  be 
planted  in  the  Jardin  du  Roi.  This  became  the  parent  stock  of  all  the  French  coffee  plan- 
tations in  Martinique. 

The  most  extensive  enlture  of  coffee  is  still  in  Arabia  Felix,  and  principally  in  the 
kingdom  of  Yemen,  towards  the  cantons  of  Aden  and  Moka.  Although  these  countries 
are  very  hot  in  the  plains,  they  possess  mountains  where  the  air  is  mild.  The  coffee  is 
generally  grown  half  way  np  on  their  slopes.  When  cultivated  on  the  lower  grounds  it 
is  always  surrounded  by  large  trees  which  shelter  it  fh>m  the  torrid  sun,  and  prevent  its 
firait  from  witherinc  before  their  maturity.  The  harvest  is  gathered  at  three  periods ;  the 
ooft  eoosiderable  occurs  in  May,  when  the  reapers  begin  by  spreading  cloths  under  the 
trees,  then  shaking  the  branches  strongly,  so  as  to  makethe  fruit  drop,  which  they  collect, 
and  expose  upon  mats  to  dry.  They  then  pass  over  the  dried  berries  a  very  heavy  roller, 
to  break  the  envelops,  whieh  are  afterwards  winnowed  away  with  a  fan.  The  interior 
bean  is  again  dried  before  being  laid  up  in  store. 

In  Demarara,  Berbice,  and  some  of  our  West  India  islands,  where  much  good  coffee 
is  now  taised,  a  different  mode  of  treating  the  pulpy  fruit  and  curing  the  beans  is 
adopted.  When  the  cherry-looking  berry  has  assumed  a  deep-red  color  it  is  gathered, 
aad  immediately  subjected  to  the  operations  of  a  mill  composed  of  two  wooden  rollers, 
famished  with  iron  plates,  whieh  revolve  near  a  third  fixed  roller  called  the  chops. 
The  berries  are  fed  into  a  hopper  above  the  rollers,'  and  falling  down  between  them  and 
the  chops,  they  are  stripped  of  their  outer  skin  and  pulp,  while  the  twin  beans  are  se- 
parated from  eaeh  other.  These  beans  then  fall  upon  a  sieve,  which  allows  the  skin  and 
the  palp  to  pass  through,  while  the  hard  beans  accumulate  and  are  progressively  slid 
over  the  edge  into  baskets.  They  are  next  steeped  for  a  night  in  water,  thoroughly 
washed  in  the  morning,  and  afterwards  dried  in  the  sun.  They  are  now  ready  for  the 
peciiav  mill,  a  wooden  edge  wheel  turned  vertically  by  a  horse  yoked  to  the  extremity  of 
its  horisontal  axis.  In  travelling  over  the  coffee,  it  bursts  and  detaches  the  coriaceous 
or  parehment-like  skin  which  surrounds  each  hemispherical  bean.  It  is  then  fteed  from 
the  membranes  by  a  winnowing  machine,  inTwhich  four  pieces  of  tin  made  fast  to  an  axle 
are  eaused  to  revolve  with  great  velocity.  Com  fanners  would  answer  better  than  this 
nde  lastmment  of  negro  invention.  The  coffee  is  finally  spread  upon  mats  or  tables 
picked  dean,  aad  paeked  up  for  shipment. 
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The  most  higkly  esteemed  eoffee  ii  thftt  of  Moluu  It  hu-a  smaller  aad  a  rontim 
bean;  a  more  agreeable  taste  and  smell  than  aay  other*  Its  cdor  is  yellow.  Nest 
to  it  in  European  reputation  are  the  Martinique  and  Bourbon  coffees  {  the  former  is 
larger  than  the  Arabian,  and  more  oblong ;  it  is  rounded  at  the  ends;  its  color  is  green* 
ish,  and  it  preserves  almost  always  a  silver  gray  pellicle,  which  eoaies  off  in  the  roaaCing. 
The  Bourbon  coffee  approaches  nearest  to  the  Moka,  from  which  it  originally  sprung* 
The  Saint  Domingo  coffee  has  its  two  extremities  pointed,  and  is  maeh  less  esteemed 
than  the  preceding. 

The  coffee-tree  donrishcs  in  hilly  districts,  where  its  root  can  be  kept  dry,  while  itp 
leaves  are  refreshed  with  frequent  showers.  Kocky  ground,  with  rich  decomposed 
mould  in  the  fissures,  agrees  best  with  it.  Though  it  woukl  grow,  as  we  have  said,  to 
the  height  of  15  or  20  feet,  yet  it  is  usually  kept  down  by  pruning  to  that  of  five  feet, 
for  increasing  the  production  of  the  fruit,  as  well  as  for  the  oonvenience  of  crop* 
ping.  It  begins  to  yield  fruit  the  Uiird  year,  but  is  not  ia  full  bearing  tUl  the  fifthy 
does  not  thrive  beyond  the  twenty^fifth,  and  is  useless  in  general  at  the  thirtieth* 
In  the  coffee  husbandry,  the  plants  should  be  placed  eight  feet  apart,  as  the  trees  throw 
out  extensive  horizontal  branches,  and  in  holes  ten  or  twelve  feet  deep,  to  secnre  a  coup 
stant  supply  of  moisture. 

Coffee  has  been  analyzed  by  a  great  many  chemists,  with  considerable  diversity  of 
results.  The  best  analysis  perhaps  is  that  of  Schrader.  He  found  that  the  raw  beans 
distilled  with  water  in  a  retort  communicated  to  it  their  flavor  and  rendered  it  turbid, 
whence  they  seem  to  pontain  some  volatile  oU.  -On  reboiliqg  the  beans,  filtering,  and 
evaporating  the  liquor  to  a  sirup,  adding  a  little  alcohol  till  no  more  matter  was  pred- 
pitated,  and  then  evaporating  to  dryness,  he  obtained  17*58  per  cent,  of  a  yellowish- 
brown  transparent  extract,  which  constitutes  the  eharacteristie  part  of  coffee,  though  it 
is  not  in  (hat  state  the  pure  proximate  principle  called  ce^eine.  Its  most  remarkabte 
reacUon  is  its  producing,  with  both  the  protoxyde  and  the  peroxyde  salfs  of  iron,  a  fine 
grass  green  color,  while  a  dark  green  precipitate  falls,  which  re*dissolves  when  an  acid 
is  poured  into  the  liquor.  It  produces  on  the  solution  of  the  salts  of  cof^r  scarcely 
any  effect,  till  an  alkali  be  added,  when  a  very  beautiful  green  color  is  produced,  which 
may  be  employed  in  pain  tin?.  Coffee  beans  contain  also  a  resin,  and  a  fatty  substance 
somewhat  like  suet.  According  to  Robiquet,  ether  extracts  firom  eoffee  beans  nearly  10 
per  cent,  of  resin  and  fat,  but  he  probably  exaggerates  the  amount.  The  peculiar  sub- 
stance cafeine  contained  in  the  above  extract  is  crystallizable.  It  is  remarkable  in 
regard  to  composition,  that  after  urea  and  the  uric  acid,  it  is  among  organic  prodneto 
the  richest  in  azote.  .  It  was  discovered  and  described  in  1820  by  Range.  It  does  not 
possess  alkaline  properties.  Pfaff  obtained  only  90  grains  of  cafeine  from  six  pounds 
of  coffee  beans.  There  Is  also  an  acid  in  raw  coffee,  to  which  the  name  of  eafeic  acid 
has  been  given.  AVlien  distilled  to  dryness  and  decomposed,  it  has  the  smell  of  roasted 
coffee. 

Coffee  undergoes  important  changes  in  the  process  of  roasting.  When  it  is  roasted 
to  a  yellowish  brown  it  loses,  according  to  Cadet,  12j^  per  cent,  of  its  weight,  and  is  in 
this  state  difficult  to  grind.  When  roasted  to  a  chestnut  brown  it  loses  18  per  cent., 
and  when  it  becomes  entirely  black,  though  not  at  all  carbonized,  it  has  lost  23  per  cent. 
Schrader  has  analyzed  roasted  coffee  comparatively  with  raw  coffee,  and  he  found  in 
the  first  12|  per  cent,  of  an  extract  of  coffee,  soluble  ia  water  and  alcohol,  which  pos- 
sesses nearly  the  properties  of  the  extract  of  ihe.raW  coffee,  although  it  has  a  deeper 
brown  color,  and  softens  more  readily  in  the  air.  He  found  also  10-4  of  a  blaekisk 
brown  gum ;  5*7  of  an  oxygenated  extract,  or  rather  apothime,  soluble  in  alcohol,  inso- 
luble in  water ;  2  of  a  fatty  substance  and  resin;  69  of  burnt  vegetable  fibre,  insoluble. 
On  distilUn?  roasted  coffee  with  water,  Schrader  obtained  a  product  which  contained  the 
aromatic  principle  of  coffee ;  it  reddened  litmus  paper,  and  exhaled  a  strong  and  agree-- 
able  odor  of  roasted  coffee.  If  we  roast  coffee  in  a  retort,  the  first  portions  of  the  nro- 
lUatie  principle  of  coffee  condense  into  a  yellow  liquid  in  the  receiver  ;  and  these  may  be 
added  to  the  coffee  roasted  in  the  common  way,  from  which  this  matter  has  been  expel- 
led and  dissipated  in  the  air. 

Chenevix  affirmed  that  by  the  roasting  of  coffee  a  certain  quantity  of  tannin  possessing^ 
the  property  of  precipitating  gelatin  is  generated.  Cadet  made  the  same  observation^ 
ahd  found,  moreover,  that  the  tannia  was  most  abundant  in  the  lightly  roasted  coffee^  and 
that  there  was  nearly  none  of  it  in  coffee  highly  roasted.  Payss^  and  Schrader,  on  the 
contrary,  state  that  ^hition  of  gelatin  does  not  precipitate  either  the  decoction  of  roast* 
ed  coffee  or  the  alcoholic  extract  of  this  coffee.  Range  likewise  asserts  that  he  could 
obtain  no  precipitate  with  gelatin ;  but  he  says  that  albumen  precipitates  from  the  de- 
coction of  roasted  coffee  the  same  kind  of  tannin  as  is  precipitated  ftem  raw  coffee  by  the 
acetate  of  lead,  and  set  free  from  the  lead  by  sulphurated  hydrogen.  With  these  resnHn 
my  own  experiments  agree.  Gelatin  certainly  does  not  disturb  clear  infusion  of  roasted 
cdobe,  bat  the  salts  of  iron  blacken  it. 
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fidwader  cn^MftoiM  ttf  Ntsl  syiiWely  tike  dlfl^al  pnneipIeB  of  eMI^,  but  mme  of 
them  exliftldl  Uw  iioaiailiQ  odor  or  roaitei  ec4ke  except- tli«>  homy  fibronu  matter.  He 
Uierefore  condudes  that  this  substance  contributes  mainly-  to  the  characteristic  taste  of 
iMsted  cdflee,  whkli  caanot  be  imttstai  by  any  otbe^TCfetable  matter,  and  which,  as  we 
hare  went^  should  be  aierfbsd  diiefly  to  the  altered  eafblc  aeid.  Acccmling  to  Garot,  we 
BMy  extitict  the  eafeine  witiHmt  alteratidn  frotd  nMsted  coffee  by  precipitating  its  decoe- 
tion  bf  snbacetate  of  lead,  treating  the  washed  precipitate  with  solphtireted  hydrogen^ 
and  emporating  thfe  liqaid  pitdact  to  dryness. 

Of  late  years,  maob  ingemiity  has  been  expended  in  eerttriving  vsrions  forms  of  appa- 
ntoa  for  making  infusions  of  eolfee  for  the  table.  I  have  tried  BHMt  of  them,  and  find, 
after  aU,  none  so  good  as  a  eafiH&n  d  la  BeUoy^  the  coflee  biggin,  with  the  perfonnted  tm' 
plate  strasBer,  espeeiatty  when  the  filtertd  liqiior  is  kept  simtnering  in  a  close  Tessel,  set 
e<ver  m  lamp  or  steam  pan.  The  usefbl  aAd  agreeable  matter  in  ooffee  is  very  solnUe :  it 
eooies  off  with  the  first  watexv  of  infaskm,  anid  needs  no  boiling. 

Ta  rtest  coffee  rightly  we  shoold  keep  in  view  the  proper  objects  of  this  process,  which' 
are  to  dtfvelbp  its  atfoma,  and  destroy  its  toughness,  so  that  it  may  be  readily  ground  ttf 
powder.  Too  muefa  heat  dtfstmkys  those  principles  which  we  should  wish  to  preserve,  and 
snfaeiitatea  new  ones  whkh  have  nothing  in  common  with  the  first,  but  add  a  disagreea^ 
hie  etopyreomadie  taste  and  smelk  If,  on  the  other  hand,  the  rawness  or  greenness  U 
not  reoiOTed  by  an  adequate  heat,  it  masks  the  flavor  of  the  bean,  and'  injures  the  bev« 
enge  made  with  it.  When  well  toasted  in  the  sheet*iron  cylinders  set  to  revolve  over  a 
itCi  it  should  have  a  unifbm  ehoeolate  color,  a  point  readily  hit  by  experienced  roasters, 
who  Boiw  manage  the  business  veiy  well  for  the  prindpal  coflise^ealers  both  of  London 
and  Paris,  so  far  ng  my  judgment  can  determine.  The  derdopmefit  of  the  proper  aroma 
is  a  cffiterioii  by  which  eoflfbe-roasters  flrequently  regidate  their  operations.  When  it  losec 
more  llM«  20  per  cent,  of  its  weight,  eoiee  is  trkve-  to  be  injured.  It  should  never  be 
poiaad  till  iimaediately  before  inAision. 

COKE  is  carbonized  pitcoal.    See  Charcoal  ;  and  Pitcoal  at  the  end. 

COLCOTHAR  OF  yiTRIOL  (Rtrngt  d*j9Hfflet4rrt,  Fr. ;  Rotk^  Eiaenoxyd,  Germ.) 
» the  heown-red  peroxyde  of  inm,  produced  by  calcining  sulphate  of  iron  with  a  strong 
heat,  levisating  the  resulting  mass,  and  elutriating  it  into  an  impalpable  powder.  A  bet- 
ter way  of  making  it  so  as  to  complete  the  separation  of  the  add,  is  to  mil  100  >arts  of 
the  green  sulphate  of  iron  with  42  of  eoromon  salt,  to  ealdne  the  mixture,  wash  away 
the  resulting  sulphate  of  soda,  ajid  levigate  the  residuum.  The  sulphuric  add  in  this 
ease  expels  the  chlorine  of  the  salt  in  the  form  of  muriatic  acid  gas,  and  saturates  its 
aflcdUne  base  produced  by  the  chemical  reaction ;  whence  an  oxyde  will  be  obtained  free 
from  acid,  much  superior  to  wliat  is  commonly  found  in  the  shops.  The  best  sort  of  poK 
isfaiag  powder,  catted  jtwtUer^  rtd  rougs  or  plate  powder,  is  the  precipitated  oxyde  of  iron 
prepared  by  adding  solutioR  oT  soda  to  solution  of  copperas,  washing,  drying,  and  cal- 
cmiag  the  itowder  in  shallow  vessels  with  a  genUe  hea^  till  it  assumes  a  deep  brown  red 
color.    See  biow . 

COLOPHANY,  black  rosin,  the  solkl  residuum  of  the  distillation  of  turpentine,  when 
aO  the  oil  has  been  worked  off. 

COIJORING  MATTBR.  {Matiire  coUmmte,  Fr.;  Fartatoff,  Germ.)  See  DvBiiro, 
the  aeveiul  dye-stufi)  and  pigments. 

COLUMBIUM,  a  peculiar  metal  extracted  from  a  rare  mineral  brought  from  Kaddtan, 
ia  Conueeticnti  It  is  idso  called  TantaHum)  from  the  mineral  tanialite  and  ffttro-tantaliU, 
found  in  Sweden.  It  has  hitherto  no  application  to  the  arts.  It  combines  with  two  suo- 
eessive  doses  of  oxygen ;  by  the  second  it  becomes  an  acid. 

COLZA  is  a  vaticty* of  cabbage,  the  bratBica  ckncea,  whose  seeds  afibrd,  by  pVessure, 
an  oil  maeb  emph>yed  in  France  and  Belgium  for  boning  in  lamps,  and  for  many  other 
purposes.  This  plant  requires  a  rich  but  light  soil ;  it  does  not  succeed  upon  either  sandy 
or  clayey  lands.  The  ground  for  it  must  be  deeply  ploughed  and  well  dunged.  It  should 
be  sown  in  July,  and  be  aAerward  replanted  in  a  richly-manured  field.  In  October  it  is 
to  be  planted  out  iu  beds,  15  or  18  inches  apart.  Goba  may  also  be  sowed  in  AirrowB  8 
or  10  indies  asunder. 

Land  whieh  has  been  jusi  cropped  for  wheut  Is  that  ustially  destined  to  coha ;  it  mtiy 
be  fresh  dunged  with  advantage.  The  harvest  takes  place  in  July,  with  the  sickle,  n 
litHe  before  the  seeds  are  cohipletelyTfpe,  lest  they  ^ould  drop  off.  As  the  seed  is  pro- 
ductive of  oU,  however,  only  in  proportion  to  its  ripeness,  the  cut  plants  are  allowed  to 
complete  thev  maturation,  by  laying  theitf  in  heaps  under  airy  sheds,  or  placing  them  in 
a  suek,  and  thntebing  it  with  straw. 

Tb«  cabbage-sialhs  are  thiUshed  with  flails,  the  seeds  are  wfainowed,  mlled,  spread  out 
in  the  air  to  dry ;  then  peeked  away  in  sacks,  iii  older  to  be  subjeeted  to  the  oil- mill  at 
thebsgidtting  of  winter.  The  oiMke  is  a  very  agreeable  food  to  cattle,  aiid  serves  tb 
Ihitcathem.    Itisredtsfled  to^deftay  theeostof  thettHL 

C<riza  impoverishes  the  soil  very  much,  as  do^  indeed,  all  the  plants  cultivated  for  the 
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nke  of  their  deaginmis  seeds.  It  must  not,  tlieiefote»  be  eome  liedc  open  agmiii  lor  six 
jeers,  if  fine  erops  be  desired.  The  doable  ploughing  vnieh  it  reqoiiet  effeetmlly 
deens  the  ground.    See  Oils,  Uhctuoub. 

COMB,  the  name  of  an  instrument  made  of  a  thin  plate  either  plane  or  carred  of  wood, 
horn,  tortoise-shell,  ivory.  Bone,  or  metal,  eat  out  upon  one  or  both  ik  its  sides  or  edges» 
into  a  scries  of  somewhat  long  teeth,  not  far  apart;  whieh  is  employed  for  disentangUngi 
laying  parallel  and  smooth  the  hairs  of  man,  horses,  or  other  animals. 

A  thin  steel  saw  bow,  mounted  in  an  iron  or  wOoden  bnndle,  is  the  implement  nsed 
by  the  oomb-maker  to  eat  the  bone,  ivory,  nnd  wood  into  slices  of  from  a  twelfth  to  a 
quarter  of  an  inch  thick,  and  of  a  sixe  suitable  to  that  of  the  eomb.  The  pieces  of 
tortoise-shell  as  found  in  commerce  are  never  flat,  or,  indeed,  of  any  regular  curvature, 
such  as  the  comb  must  have.  They  are  therefore  steeped  in  boiling  water  sufficiently 
long  to  soften  them,  and  set  to  cool  in  a  press  between  iron  or  bius  moulds,  whieh  im- 
part to  them  the  desired  form  which  they  preserve  nfter  cooling.  After  receiving  their 
outline  shape  and  curvature,  by  proper  flat  files  or  fine  rasps,  the  place  of  the  teeth  is 
marked  with  a  triangular  file,  and  then  the  teeth  themselves  are  cut  out  with  a  double 
saw,  composed  of  two  thin  slips  of  tempered  steel,  such  as  the  main-spring  of  a  watch, 
notdied  with  very  fine  sharp  teeth.  These  slips  are  mounted  in  a  wooden  or  iron  stock 
or  handle,  in  which  they  may  be  placed  at  different  distances,  to  suit  the  width  of  the 
comb-teeth.  A  comb-maker,  however,  well  provided  in  tools,  has  an  assortment  of 
double  saws  set  at  every  ordinary  with.  The  two  slips  of  this  saw  have  their  teeth  in 
different  planes,  so  that  when  it  begins  to  cut,  the  most  prominent  slip  alone  acts,  and 
when  the  teeth, of  this  one  have  fairly  entered  into  the  comb,  the  other  parallel  Uade 
begins  to  saw.  The  workman,  meanwhile,  has  fixed  the  plate  of  tortoise-shell  or  ivray 
between  the  fiat  jaws  of  two  pieces  of  wood,  like  a  vice  made  fast  to  a  bench,  so  that 
the  comb  intended  to  be  cnt  is  placed  at  an  angle  of  46^  with  the  horizon.  He  now  saws 
perpendicularly,  forming  two  teeth  at  a  time,  proceeding  truly  in  the  direction  of  the  first 
tracing. 

A  much  better  mode  of  mokini;  combs  is  to  fix  upon  a  shaft  w  arbor  in  a  lathe  a  se- 
ries of  circular  saws,  with  intervening  brass  washers  or  discs  to  keep  them  at  suitable  dis- 
tances ;  to  set  in  a  frame  lilce  a  vice,  in  front  of  these  saws,  the  piece  of  ivory  or  horn  to 
be  cut ;  and  to  press  it  forward  upon  the  saws  at  an  angle  of  46  degrees,  by  means  of  a 
regulated  screw  motion.  When  the  teeth  are  thus  cut,  they  are  smoothed  and  polished 
with  files,  and  by  rubbing  with  pumice-stone  and  tripoli. 

Mr.  Bundy,  of  Camden  Tovm,  obtained  a  patent  so  long  ago  as  1796,  for  an  apparatus 
of  that  kind,  which  had  an  additional  arbor  fitted  with  a  seriesofcireukr  saws,  or  rather 
files,  for  sharpening  the  points  of  the  comb-teeth. 

More  recently,  Mr.  L3rne  has  invented  a  machine  in  which,  by  means  of  pressure^  two 
comU  are  cut  out  at  once  with  chisels  from  any  tough  material,  such  as  horn  or  tortoise^ 
shell,  somewhat  softened  at  the  moment  by  the  application  of  n  heated  iron  to  it.  Hie 
piece  of  horn  is  made  fast  to  a  carriage,  whieh  is  pioved  forward  by  means  of  a  screw 
until  it  oomes  under  the  action  of  a  ratchet-wheel,  toothed  upon  a  part  of  lis  circum- 
ference. The  teeth  of  this  wheel  bring  a  lever  into  action,  furnished  with  n  chisd  or 
knife,  which  cuts  out  a  double  comb  from  the  fiat  piece,  the  teeth  of  which  combs  are 
opposite  to  each  other.  By  this  means,  no  part  of  the  substanee  is  lost,  as  in  sawing 
out  oqmbs.  The  same  carriage  may  be  used,  also,  to  bear  a  piece  of  ivory  in  the  hard 
state  toward  a  circular  saw,  on  the  principles  above  explained,  with  such  precision,  that 
from  80  to  100  teeth  can  be  formed  in  the  space  of  one  inch  by  n  proper  disposition  of 
the  tool. 

Bullocks'  horns,  after  the  tips  are  sawed  off,  are  roasted  in  the  flame  of  a  wood  fire^ 
till  they  are  sufiiciently  softened ;  when  they  are  slit  «p,  pressed  in  a  machine  between 
two  iron  plates,  and  then  plunged  into  a  trough  of  eold  water,  whereby  Uiey  are  hard- 
ened. A  paste  of  quicklime,  litharge,  and  water  is  used  to  stain  the  horn  to  resemble 
tortoise-shell.    See  Horn. 

COMBINATION  (Cofii6tiiaif(m,Fr.;  VerffUidumg,  Germ.);  a  ehemical  term  whiek 
denotes  the  intimate  union  of  dissimilar  particles  of  matter,  into  a  homogeneous-look- 
ing compound,  possessed  of  properties  generally  different  ftram  those  of  the  separate 
constituents.  ^ 

COMBUSTIBLE  (Eng.  and  Fr. ;  Bremstoffj  Germ.)  $  any  substance  which,  exposed  in 
the  air  to  a  certain  temperature,  consumes  spontaneously  with  the  emission  of  heal 
nnd  light.  All  such  combustibles  as  are  cheap  enough  for  common  use  go  under  the 
name  of  Fuel ;  which  see.  Every  oombustible  requires  a  peculiar  pitch  of  temperature 
to  be  kindled,  called  its  aeceiidibk  point.  Thus  phosphorus,  sulphur,  hydrogen,  cnrbn* 
reted  hydrogen,  carbon,  each  takes  Are  at  snoeessively  higher  heats. 

COMBUSTION  (Eng.  and  Fr.;  Verbretmung^  Germ.)  results  in  eomnKm  etset 
from  the  matual  chemical  reaction  of  the  combustible^  nnd  the  oxygen  of  the  ntrngephete^ 
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wfterelisp  a  new  eompoond  4*  foniied ;  the  Iraat  and  light  evoWed  being  moit  probaUy 
prodvcei  by  ihe  rapid  motions  of  (he  particles  daring  the  progress  of  &i»  combination. 
COMPOUND  COLOR&  If  the  effects  of  the  coloring  particles  did  not  vary 
accordiDg  to  the  combinations  which  they  form,  and  the  actions  exercised  npon  them  by 
(he  different  substances  present  in  a  dyeing  bath,  we  might  determine  with  precision 
the  shade  which  ought  to  result  from  the  mixture  of  any  t^ro  colors,  or  of  the  ingredients 
affording  these  colors  separately.  Though  the  chemical  action  of  the  mordants,  and  of 
the  liquor  in  the  dye-bath  often  changes  the  results,  yet  theory  may  always  predict  them 
within  a  certain  degree.  It  is  not  the  cdor  appropriate  to  the  dye-stuffs  which  is  to  be 
considered  as  the  eonstituent  part  of  compound  colors,  but  that  which  they  must  assume 
with  a  certain  mordant  and  dye-bath.  Our  attention  ought  therefore  to  be  directed 
principally  to  the  operation  of  the  chemical  agents  employed. 

1.  The  mixture  of  blue  and  yellow  dyes  produces  green.  '  D'Amboorney,  indeed, 
says  that  he  has  extracted  a  fast  green  from  the  fermented  juice  of  the  berries  of  the 
bockthom  {rhannmB  fragula),  but  no  dyer  would  trast  to  such  a  color. 

2.  The  mixture  of  led  and  blue  produces  violet,  purple,  columbine  (dove-color), 
pansy,  amaranth,  Hlach,  mallaw,  and  a  great  many  odier  shades,  determined  by  the  nature 
and  tone  of  the  red  and  blue  dye-stuffs,  as  well  as  their  relative  proportions  in  the 
hath. 

3.  The  mixture  of  red  and  yellow  produces  orange,  mordorf,  cinnamon,  coqudicotf 
brick,  capuchin  ;  with  the  addition  of  blue,  olives  of  various  shades )  and  with  duns  in- 
stead of  yellows,  chestnut,  snuff,  musk,  and  other  tints. 

4.  Blacks  of  the  lighter  kinds  constitute  grays ;  and,  mixed  with  other  colors,  pro- 
dnee  marrone  (marroons),  coffees,  damascenes.  For  further  details  upon  this  8ub> 
^ect,  see  Calico  Pbxntino,  Dtxing,  as  also  the  mdividnal  colors  in  their  alphabetical 
ptaeea. 

CONCRETE.    The  name  given  by  architects  to  a  compact  mass  of  pebbles,  sand, 

and  lime  cemented  together,  in  order  to  form  the  foundations  of  buildings.     Semple 

says  that  the  best  proportions  are  80  parts  of  pebbles,  each  about  7  or  8  ounces  in 

weight,  40  parts  sharp  river  sand,  and  10  of  good  lime ;  the  last  is  to  be  mixed  with 

water  to  a  thinnish  consistence,  and  grouted  in.    It  has  been  found  that  Thames  ballast, 

as  taken  from  the  bed  of  the  river,  consists  nearly  of  2  parts  of  pebbles  to  ]  of  sand,  and 

therefore  answers  exceedingly  well  for  making  concrete ;  with  from  one  seventh  to  one 

eighth  part  of  lime.     The  best  piode  of  making  concrete,  according  to  Mr.  Godwin, 

is  to  mix  the  lime,  previously  ground,  with  the  ballast  in  a  dry  state;  sufficient  water 

is  now  thrown  over  it  to  effect  a  perfect  mi](ture,  after  which  it  should  be  turned  over  at 

least  twice  with  shovels,  or  oftener;  then  put  into  barrows,  and  wheeled  away  for  use 

instantly.      It  is  generally  found  advisable  to  employ  two  sets  of  men  to  perform  this 

operation,  with  three  in  each  set ;  one  man  to  feteh  the  water,  &c.,  while  the  other  two 

tarn  over  the  mixture  to  the  second  set,  and  they,  repeating  the  jnrocess,  turn  over  the 

concrete  to  the  barrow-men.     After  being  put  into  the  barrows,  it  should  at  once  be 

wheeled  up  planks,  so  raised  as  to  give  it  a  fhll  of  some  yards,  and  thrown  into  the 

foundation^  by  which  means  the  partides  are  driven  closer  together,  and  greater  solidity 

is  given  to  the  whole  mass.    Soon  after  being  thrown  in,  the  mixture  is  oWrved  usually 

to  be  in  commotbn,  and  much  heat  is  evolved  with  a  copious  emission  of  vapor. 

The  barrow-load  of  concrete  in  the  fall,  spreading  over  the  ground,  will  form  generally 

a  stratum  of  from  7  to  9  inches  thidf,  which  should  be  allowed  to  set  before  throwii^  in 

a  second. 

Another  method  of  making  concrete,  is^ifrst  to  cover  the  foundation  with  a  certain 
quantity  of  water,  and  then  to  throw  in  the  dry  mixture  of  ballast  and  lime.  '  It  is  next 
turned  and  levelled  with  shovels;  after  which  more  water  is  pumped  in>  and  the  operation 
is  repeated.    The  former  method  is  undoubtedly  preferable. 

In  some  cases  it  has  been  found  necessary  to  mix  the  ingredients  in  a  pug^mill,  as  in 
mixing  clay,  &c.  fbf  bricks.  For  the  preparation  of  a  concrete  foundation,  as  the  harden- 
ing should  be  rapid,  no  more  water  should  be  used  than  is  absolutely  necessary  to  effect 
a  perfect  mixture  of  the  ingredients.  Hot  water. accelerates  the  induration.  There  is 
about  one  fiAh  of  contraction  in  volume  in  the  concrete,  in  reference  to  the  bulk  of  its 
ingredients.  To  form  a  cubical  yard  of  concrete,  about  30  feet  cube  of  ballast  and  3) 
feet  cube  of  ground  lime  must  be  employed,  with  a  sufficient  quantity  of  water. 

CONGELATION  (Eng.  and  Fr. ;  Gefiierung,  Germ.) ;  the  act  of  freezing  liquids. 
Many  means  are  supplied  by  chemistry  of  effecting  or  promoting  this  process,  but  Uiey 
do  not  constitute  any  peculiar  art  or  manufacture.    See  IcE>Hot78E. 

COOLING  OF  FLUIDS.     In  Mr.  Derosnes's  method,  the  eoolmg  agents  employed 
are  a  current  of  atmospheric  air,  and  warm  water  of  the  same  or  nearly  the  same 
lonperatuie  as  that  of  the  vapors  which  are  to  be  operated  upon. 
Fig.  295  represents  merely  a  diagram  of  the  general  features  of  an  apparatus 
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0lnic(ed  upon  the  principles  proposed  to  be  ei&pkiyedf  wUeh  will  teive  to  explaJii  dtf 
natnre  o^  this  improvement* 

30A  Let  A  be  the  sonree  of 

i£         II  the  vapors,  or  the  vesself 

boiler,  slembic,  or  dosed 
pan  that  oontaias  the 
liquid  or  sirup  to  be  era* 
porated  or  eoncentrated. 
The  pipe  b,  through  which 
the  vapor  passes  as  it 
rises  in  the  boiler,  is  sur- 
rounded by  another  tube 
Cyoflarger  diameter,  closed 
at  both  ends.  A  pomp  d, 
draws  from  thereserroir  x, 
warm  water,  which  water 
has  been  heated  by  its  pre- 
vious and  continual  pas* 
sage  through  the  appa* 
xattts  m  contact  with  the 
soifaee  of  the  vapor  pipes. 
This  pump  forces  the  water  by  the  pipe  f,  into  the  amiular  space  or  chamber  between  the 
pipes  B  and  c,  in  which  chamber,  by  its  mimediate  oontael  with  the  pipe  b,  it  acquires  the 
temperature  of  the  vapors  intended  to  be  refrigerated.  The  pipe  g  conveys  the  water  from 
the  pipe  c,  into  the  annular  colander  or  sieve  n,  which  has  a  multitude  of  small  holes 
pierced  through  its  under  part,  and  whence  the  warm  water  descends  in  the  form  of 
a  continued  shower  of  rain.  To  the  end  of  the  pipe  b»  a  distiller's  worm  ii,  is  connected, 
which  is  placed  beneath  the  colander  h.  The  entire  length  of  the  worm-pipe  should 
be  bound  round  with  linen  or  cotton  cloth,  as  a  coodoctor  of  the  heat,  which  cloth  will 
be  contmually  moistened  by  the  rain  in  its  descent  from  the  colaaderw  As  this  water 
has  been  heated  in  pacsing  along  the  tube  c,  the  shower  of  rain  descending  from  the 
colander  wiU  be  at  a  higher  temperature  than  that  of  the  atmosphere,  and,  consequently, 
by  heating  the  surrounding  air  as  it  descends,  a  considerable  upward  draft  will  be 
produced  through  the  coils  of  the  worm- pipe. 

Jf  the  colander  and  the  worm-pipe  are  enclosed  within  a  chimney  or  upright  tube,  as 
K  X,  open  at  top  aad  bottom,  a-  current  of  ascending  air  will  be  produced  within  it  by 
the  descending  shower  of  hot  water,  similar  in  effect  to  that  which  would  be  produced 
|n  a  chimney  communicating  with  a  furnace,  or  to  that  of  the  burner  of  an  argana 
lamp.  Consequently,  it  will  be  perceived  that  in  oppositioh  to  the  descending  rain,  a 
strong  upward  current  of  air  will  blow  through  that  part  of  the  cylinder  k  x,  which  is 
beneath  the  colander.  When  the  air  first  enters  the  lower  aperture  of  the  chimney  or 
tube  K,  it  is  of  the  same  temperature  and  moisture  as  the  external  atmosphere;  but  in 
its  passage  up  the  tube  it  meets  with  a  warmer  and  damper  atmosphere,  caused  by  the 
heat  given  out  from  the  hot  fluid  continually  passing  through  the  pipes,  aad  by  the  hot 
shower  of  rain,  and  txko  by  the  steam  evolved  from  the  surfaces  of  the  coils  of  the  worm, 
.which  are  continually  wetted  by  the  descending  rain,  the  evaporation  being  considerably 
augmented  by  the  doih  bound  round  the  worm-pipe,  retaining  the.  water  as  it  descends  in 
drops  from  coil  to  coil. 

The  atmosphere  within  the  tube  beinf  of  a  higher  temperature  than  without,  a 
current  of  air  constantly  ascends  and  escapes  at  the  upper  aperture  x,  and  its  place  is 
supplied  by  fresh  air  from  the  surroundins  atmosphere,  entering  the  tube  below.  The 
fresh  air  thus  admitted  at  the  bottom  of  the  tube,  being  cold  ami  dry,  will  be  suited  to 
take  up  the  heat  and  moisture  within,  because  the  water  within  the  tube,  being  in  a 
state  of  dispersion  as  rain,  presents  to  the  air  many  points,  or  a  very  extended  surface, 
and  al^o  because  it  is  of  a  higher  temperature  than  the  air;  and,  besides,  cold  dry  aic  is 
con  inunlly  renewed,  and  a  source  of  warmth  is  furnished  by  the  latent  caloric  to  the 
steam  as  fa$t  as  it  is  evolved.  Thus  a  portion  of  the  descending  rain,  or  water,  is 
evaporated,  and  the  effect  of  this  evaporation  is  to  subtract  caloric  not  only  from  the 
water  held  in  contact  with  the  coils  of  the  worm-pipe  by  the  cloth  enveloping  it,  but  also 
from  the  hot  vapors  which  pass  through  the  worm.  This  process  of  evaporation  has, 
therefore,  a  cooling  power,  which  is  but  slight  in  the  lower  part  of  the  chimney  or  tube 
X )  because  the  temperature  of  the  water,  or  rain,  and  of  the  worm,  at  this  part,  is  of 
a  lower  temperature;  but  its  refrigerating  power  increases  as  it  rises  towanla  the 
colander,  and  there  it  acquires  its  maximum  of  intensity,  so  that  at  any  point  between 
ihe  lower  aperture  of  the  cylinder  and  the  coUnder,  the  current  of  air  is  always  a  Uitle 
copier  than  the  atmosphere  of  the  region  through  which  it  passes  (that  is,  at  its  maxi- 
mum) ;  and  in  passing  this  region  of  higher  temperature,  it  is  not  only  put  in  eqoili- 
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inom  of  tanperfttmre,  bat  abo  made  to  take  ap  aa  additiooal  quaatity  of  aqueous  vapoia, 
which  equalizes  the  aew  temperature  it  acquires  with  its  capacity  of  saturation.  The 
eooliiig  caused  by  the  eTaporation  acts  in  an  incessant  and  progressiye  manner  from  the 
lower  aperture  of  the  cylinder  to  the  under  side  of  the  colander ;  and  this  cooling  not 
only  acts  as  an  agent  of  the  evaporation  which  the  current  of  air  cools,  but  it  refrige^ 
fates  also,  because  it  becncnes  warmed  in  abstracting  caloric  from  the  vapors  or  liquids 
pasing  through  the  worm ;  -and  this  roTrigaration  acts  also  incessantly  and  progressively 
from  the  lower  part  of  the  tube  or  chimney  to  the  colander. 

The  patentee  states,  ia  conclusion,  that  **  the  velocity  or  foroe  of  the  current  of  air 
that  passes  through  the  chimney  or  tube  k,  can  be  accelerated  by  artificial  means,  either 
by  conducting  the  air  and  vapor  passing  from  the  upper  aperture  of  the  cylinder  into  the 
chimney  or  flues  of  a  furnace,  or  by  means  of  a  revolving,  forcing,  or  exhausting  fan,  or 
ventilator,  or  any  other  contrivance  which  will  produce  an  increased  current  of  air,  but 
which  is  not  necessary  to  be  particularly  described,  as  I  only  wish  to  explain  the  prin- 
ciples of  a  simple  apparatus^  constructed  in  any  convenient  form ;  and  I  would  remark, 
thai  the  area  of  the  lower  aperture  through  which  the  air  is  introduced  into  the  chimney 
or  tube  k,  and  also  the  area  of  the  upper  aperture,  or  that  through  which  it  passes  to 
the  atmosphere,  should  be  in  accordance  with  the  effect  intended  to  be  obtained. 

**  It  is  further  to  be  remarked,  that  in  order  to  obtain  from  this  apparatus  the  best 
cfiect,  the  velocity  of  the  current  of  air  must  be  itself  a  maximum ;  and  as  the  speed  or 
velocity  of  the  current  of  air  is  owing  to  and, determined  by  the  excess  of  the  tempo- 
lature  of  the  descending  water,  or  rain,  and  of  the  coils  of  the  worm  to  that  of  the 
exterior  atmosphere,  it  ensues  that  the  temperature  of  the  water,  <ir  rain,  most  be  a 
naximam.  But  this  excess  of  temperature  is  a  maximum  Only  when  the  source  of  the 
lain  is  at  the  same  temperature  as  tiie  vapors  to  be  condensed:  if  less  warm,  it  would 
attract  less  air;  or^  if  warmer,  it  would  augment  the  temperature  of  the  vapors  intended 
to  be  condensed.  Consequently,  the  shower  of  water  emjrfoyed  in  the  tube  jc,  as  the 
agent  for  cooling^,  bestows  its  maximum  of  effect  when  it  is  as  warm  as  the  vapors  to  be 
condensed ;  therefore,  I  may  expieas  this  proposition,  viz.,  <  That  in  refrigerating  Willi 
water,  less  of  it  may  be  expended  when  it  is  warm  Uian  when  it  is  cold,  and  that  the 
least  quantity  ot  water  wiU  be  evaporated  When  it  is  as  warm  as  the  aqueous  or 
spiritnoBS  vapors  upon  which  it  is  to  operate*' 

"  This  proposition  may  appear  strange,  nevertheless  it  is  conformable  to  the  laws  of 
■atare ;  and  appears  only  strange,  because  until  now  warm  water  has  not  been  employad 
with  currents  of  air  for  refrigerating. 

"  Hence  it  is  necessary  to  raise  the  4emper8ture  of  the  water  in  the  colemder  to  the 
temperature  of  the  vapors  to  be  condensed :  therefore,  I  cause  the  lukewarm  water, 
puaiped  firom  the  reservoir  e,  to  circulate  in  the  chamber  c.  In  this  circulation  it  also 
begins  to  act  as  a  refrigerating  medium,  taking  up  a  portioa  of  heat  from  the  vapors  that 
pass  through  the  pipe  b,  and  afterwaids  it  acts  as  a  further  condenser  in  the  cylinder,  in 
the  way  described.  Finally,  the  portion  of  this  water  that  is  still  in  the  fluid  state,  alter 
having  (alien  down  frooi  coil  to  coil,  airives  lukewarm  to  the  inclined  surface  l,  wfaidi 
eoBdacts  it  into  the  reservoir  x,  fiom  whence  it  is  pumped  up  into  the  chamber  c^  as 
befinre  described. 

"  The  tube  or  chimney  k  may  have  more  or  less  altitude ;  the  higher  it  is  the  greater 
IS  the  current  produced.  The  foree  or  velocity  of  th(t  current  of  air  caU  be  governed  bgr 
the  areas  of  the  introduction  and  exit  apertures.  If  the  cylinder  rises  only  to  the.bdght 
of  the  siere,  the  effect  is  much  less  than  when  it  is  prcdonged  beyond  this  height.  I 
woold  further  remark,  that  if  the  cylinder  was  removed,  a  dight  effect  might  be  pco- 
dneed,  provided  that  a  eocrent  of  air  be  preserved  in  the  cylindrical  space  limited  byrthe 
eoib  of  the  worm,  and  also  if  the  corrent  urns  produced  between  the  coils ;  or  a  central 
passage  might  be  formed  in  an  apparatus  of  another  shape  than  that  above  described. 

**  I  have  only  shown  the  application  of  the  worm,  because  intending  only  to  explain 
the  principles  d  this  method  of  condensing  and  refrigerating. 

*■  The  small  quantity  of  water  wasted  in  this  manner  of  condensation^  (that  b,  that 
portaoo  passed  off  to  the  atmosphere  in  the  form  of  vapory  at  the  upper  aperture  of  the 
cylinder  k,>  may  be  replaced  by  a  small  stream  of  cold  water,  which  may  be  brought  to 
the  apparatus,  and  perhaps  most  conveniently  introduced  into  the  reservoir  e,  or  into 
•the  chamber  tietween  the  pipes  b  and  c.  Wkem  operating  upon  aqueous  vapors,  the 
waste  of  water  is  always  less  in  weight  than  that  of  the  vapors  liquefied.  When  this 
apparatus  is  applied  to  the  purposes  of  distillation,  the  end  of  the  worm  shoi^d  termi- 
nate in  a  vessel  k,  which  is  to  receive  the  produce  of  the  condensation.  It  will  be  seen 
ttat  this  improved  process  is  applicable  to  various  purposes,  where  condensation  or 
Rsfiiceiation  is  required;  for  instance,*  in  the  boiling  or  ooncentzation  of  sugar  j  to  con- 
densing and  refrigerating  distilled  vapors,  or  steam,  or  saline  liquids,  either  in  vacuum 
or  not;  to  coi^ng  brewers'  worts;  and  to  tiie  rdrigeration  of  other  liquors,  or  any  other 
IgQffisefl,  when  it  may  be  required.'' 

I  hira  iaaortad  the  specifieatmn  of  this  patent  verMtin.    M.  J>arosne  has  butiad 
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himtelf  during  a  long  life  with  a  prodigions  number  of  ingcblons  Ihde  ooDtrivmneei  fli 
clarifying  and  boiling  sirnpa,  distillation,  &c.>  but  he  hat  in  this  invention  taken  a  bolder 
flight,  having  secnred  the  exclusive  privilege  of  condensing  vapors,  and  cooling  liqoon^ 
with  hot  water,- in  preference  to  cold.  No  man  at  all  versant  in  the  scientific  doctrines, 
or  the  practical  applications  of  caloric,  will  ever  seek  to  meddle  with  his  monopoly  of 
Such  a  scheme.  He  may  find,  perhaps,  some  needy  coppersmith  ready  to  espouse  that  «r 
any  other  equally  foolish  project,  provided  a  productive  job  can  be  made  of  it,  against 
credulous  customers. 

For  some  rational  methods  of  cooling  liquors,  and  condensing  vapors,  see  REmrGcxA- 
TiON,  Still,  and  Sugar. 

COPAL,  a  resin  which  exodes  spontaneously  from  two  trees,  the  Rhfu  eopaUinmm, 
and  the  Elceocarpus  eopaliftry  the  first  of  which  grows  in  America,  and  the  second  in 
the  East  Indies.  A  third  species  of  copal  tree  grows  on  the  coasts  of  Guinea,  espe- 
cially on  the  banks  of  some  rivers,  among  whose  sands  the  resin  is  found.  It  occurs  in 
lumps  of  various  sizes  and  of  various  shades  of  color,  ihmi  the  palest  greenish  yellow  to 
darkish  brown.  I  found  its  specific  gravity  to  vary  in.  different  specimens  from  1*059  to 
1*071,  being  intermediate  in  density  between  its  two  kindred  resins,  anim^  and  amber. 
Some  rate  its  specific  gravity  so  high  as  1*139,  which  I  should  think  one  of  the  errors 
with  which  chemical  compilations  teem.  Copal  is  too  hard  to  be  scratched  by  the  nail, 
whence  the  excellence  of  its  varnish.  It  has  a  conchoidal  fracture,  and  is  without  smell 
or  taste.  When  exposed  to  heat  in  a  glass  retort  over  a  spirit  lamp,  it  readily  melts  into 
a  liquid,  which  being  further  heated  boils  with  explosive  jets.  A  viscid  oily-looking 
matter  then  distils  over.  Ai^er  continuing  the  process  for  some  time,  no  succinic  add 
is  found  in  the  Receiver,  but  the  copnl  blackens  in  the  retort.  Anhydrous  alcohol  boiled 
npon  it,  causes  it  to  swell,  and  transforms  it  by  degrees  into  an  elastic  viscid  sub- 
stance. It  is  not  soluble  in  alcohol  of  0*825  at  the  boiling  point,  as  I  have  ascertained. 
Copal  dissolves  in  ether,  and  this  ethereous  solution  may  be  mixed  with,  alcohol  without 
decomposition.  Caoutchoucine  acts  very  slightly  upon  it  by  my  experiments,  even  at  the 
boiling  temperature  of  this  very  volatile  fluki ;  but  a  mixture  of  it  with  alcohol  of  0-^S5 
in  equal  parts  dissolves  it  very  rapidJy  in  the  cold  into  a  perfectly  liquid  varnish.  Alcohol 
holding  camphor  in  solution  also  dissolves  it,  bnt  not  nearly  so  well  as  the  last  solvent. 
According  to  Unverdorben,  copal  may  be  completely  dissolved  by  digesting  one  part  of  it 
for  24  hours  with  one  part  and  a  half  of  alcohol  (probably  anhydrous),  b^ose  that  por- 
tion of  copal  which  is  insoluble  in  alcohol  dissolves  in  a  very  concentrated  solution  of 
the  soluble  portion.  Oil  of  petroleum  and  turpentine  dissolve  only  1  or  2  per  cent,  of 
raw  copal.  By  particular  management,  indeed,  oil  of  turpentine  may  be  combined  with 
copal,  as  we  shall  describe  under  the  'article  Vaknish. 

Fused  copal  possesses  different  properties  from  the  substance  in  its  solid  state ;  for  it 
then  may  be  made  to  combine  both  with  alcohol  and  oil  of  turpentine. 

Unvei^orben  has  extracted  from  the  copal  of  Africa  five  difierent  kinds  of  resin,  none 
of  which  has  however  been  applied  to  any  use  in  the  arts. 

The  ultimate  constituents  of  copal  by  my  analysis  are,  carbon  79*87,  hydrogen  9-00, 
oxygen  11*1 ;  being  of  hydrogen'  7*6  in  "excess  above  the  quantity  necessary  to  fonn 
water  with  the  oxygen.    Of  copal  and  animd,  551,166  lbs.  were  imported  in  1835. 

COPPER  is  one  of  the  metads  moat  anciently  known.  It  was  named  from  the  island 
of  Cyprus,  where  it  was  extensively  mined  andismelted  by  the  Greeks.  It  has  a.  reddish 
brown  color  inclining  to  yellow ;  a  faint  but  nauseous  and  rather  disagreeable  taste ;  and 
when  rubbed  between  the  fingers  it  imparts  a  smell  somewhat  analogous  to  its  taste. 
Its  specific  gravity  is  from  8*8  to  8*9.  It  is -much  more  malleablf  than  it  is  ductile;  so 
that  far  finer  leaves  may  be  obtained  from  i%  than  wire.  It  melts  at  the  27th  degree  of 
Wedgewood's  pyrometer,  and  at  a  higher  temperature  it  evaporates  -in  fumes  which  tinge 
the  fire  of  a  bluish  green.  By  exposure  to  heat  with  access  of  air, it  is  rapidly  convoted 
into  black  scales  of  peroxyde.  In  tenacity  it  yields  to  iron ;  but  surpasses  gold,  silver, 
and  platinum,  considerably  in  this  respect. 

In  mineralogy,  the  genus  copper  includes  about  ^13  difierent  species,  and  each  of 
these  contains  a  great  many  varieties.  These  ores  do  not  possess  any  one  general  exte- 
rior character  by  which  they  can  be  recognised ;  but  they  are  readily  distinguished  1^ 
chemical  re-agents.  Water  of  ammonia  digested  upon  any  of  the  cupreous  ores  in  a 
pulverized  state,  after  they  have  been  calcined  either  alone  or  with  nitre,  assumes  an  in- 
tense blue  color,  indicative  of  copper.  The  richest  of  the  ordinary  wes  appear  under 
two  aspects ;  the  first  class  has  a  metallic  lustre,  a  copper  red,  brass  yellow,  iron  gray» 
or  blackish  gray  color,  sometimes  inclining  to  blue;  the  second  is  without  metallic  ap- 
pearance, has  a  red  color,  verging  upon  purple,  blue,  or  green,  the  last  tint  being  the 
most  usual.  Few  copper  ores  are  to  be  met  with,  indeed,  which  do  not  betray  the  pre- 
sence of  this  metal  by  more  or  less  of  a  greenish  film.. 

1.  Native  copper  occurs  in  crystals,  branches,  and  filaments,  its  most  common  1d- 
caHty  being  in  primitive  rocks.  It  is  found  abundantly  in  Siberia,  at  the  mines  of 
Tonrinald.  in  those  of  Hungary,  of  Fundo-Moldavi  in  Gallida,  of  FaUna  in  Swedsst 
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€f  Cornwal],  &c.  The  gan§[ue$  of  native  copper  are  granite,  .gneiss,  mica-slate,  clay- 
date,  qaartz,  carbonate  or  fluate  of  lime,  sulphate  of  barytes,  &c.  The  most  remarka- 
ble masses  of  native  copper  hitherto  observed  were — ^first,  one  in  Brazil,  14  leasrues  from 
Bksa,  which  weighed  2616  pounds;  and  secondly,  another  which  Dr.  Francia-le-Baxon 
discovered  in  America  lo  the  south  of  Lake  Superior.  It  was  nearly  1$  feet  in  circnm- 
fti^nce. 

2.  Sulphuret  of  Copper,  the  vitteous  ore  0/  Brochant,  The  texture  of  this  ore  is  com- 
pict ;  its  fracture,  conchoidal,  surface  sometimes  dull ;  color,  iron  black  or  lead  gray,  often 
bluish,  iridiscent,  or  reddish  from  a  mixture  of  protoxyde.  It  is  easily  melt^  even  bf 
the  heat  of  a  candle ;  but  more  difficult  of  reduction  than  protoxyde.  This  ore  yields  to 
the  knife,  assuming  a  metallic  lustre  when  cut.  Its  density  varies  from  4*8  to  5*34.  Its 
composition,  according  to  Klaproth,  is  78*5  copper,  18*5  sulphur,  with  a  little  iron  and 
silica.  Its  equivalent  constitution  by  theory  is  80  copper 4-20  sulphurs  100$  whence 
78*5  of  metal  should  be  associated  with  19*6  of  sulphur.  This  ore  is  therefore  one  of 
the  richest  ores,  and  forms  very  powerful  veins,  which  likewise  contain  some  orange  pro- 
toxyde. It  is  to  be  found  in  aU  considerable  coppet  districts ;  in  Siberia,  Saxony,  Sweden, 
and  especially  Cornwall,  where  the  finest  crystals  occur. 

3.  Copper  Pyrites  resembles  in  its  metallic  yellow  hue,  sulphuret  of  iron ;  but  the  latter 
is  less  pale,  harder,  and  strikes  fire  more  easily  with  steel.  It  presents  the  most  lively 
rainbow  colors.  Its  specific  gravity  is  4*3.  It  contains  generally  a  good  deal  of  iron, 
as  the  following  analysis  will  show :  copper  30,  sulphur  37,  iron  33,  in  100  parts.  Ac- 
cording to  Hisinger,  the  Swedish  pyrites  contains  63  of  copper,  12  of  iron,  and  25  of  sul- 
phur. These  ores  occur  in  primitive  and  transition  districts  in  vast  .masses  and  powerful 
veins ;  and  are  commonly  accompanied  with  gray  copper,  sulphuret  of  iron-,  sparry  iron, 
solphnrets  of  lead,  and  zinc. 

4.  Gray  Copper  has  a  steel  gray  color,  more  or  less  deep,  either  shining  or  dull ;  frae- 
tnre  uneven ;  a  distinct  metallic  lustre ;  difiieult  of  fusion  at  the  blowpipe ;  it  communi- 
eatcs  to  glass  of  borax  a  yellowish-red  color.  Its  density  in  crystals  is  4*86.  Its  compo- 
sition is  very  variable ;  consisting  essentially  of  copper,  iron,  antimony,  and  sulphur.  7?he 
exploration  of  this  ore  is  profitable,  in  consequence  of  the  silver  which  it  frequently  con- 
tarns.  It  occurs  in  primitive  mountains ;  and  is  often  accompanied  with  red  silver  ore, 
copper  pyrites,  and  crystallized  quartz. 

5.  Protoxyde  of  Copper,  or  red  oxyde  of  Copper :  its  color  is  a  deep  red,  sometimes 
v«ry  lively,  especially  when  bruised.  It  is  friable,  difficult  of  fusion  at  the  blowpipe,  re- 
ducible on  burning  charcoal,  soluble  with,  efiiervescence  in  nitric  acid,  forming  a  green 
liquid.     Its  constitution,  when  pure,,  is  88*9  copper -4-- 11*1  oxygen  =  100. 

6.  Black  oxyde  qf  Copper  is  of  a  velvet  black,  inclining  sometimes  to  brown  or  blue ; 
and  it  acquires  the  mftallic  lustre  on  being  rubbed.  It  is  infusible  at  the  blowpipe.  Its 
composition  is,  copper  80-}- oxygen  20;  being  a  true  peroxyde. 

7.  HydrosUicate  of  Copper  consists  essentlalljt  of  oxyde  of  copper,  silica,  and  water. 
Its  color  is  green  i  and  its  fracture  is  conchoidal  with  a  resinous  lustre,  like  most  minerals 
which  contain  water.  Its  specific  gravity  is  2*73.  It  is  infusible  at  the  blowpipe  alone, 
bat  it  melts  easily  with  borax. 

8.  Dioptase  Copper,  or  EmeraJd  Malachite ;  a  beautiful  but  rare  cupreous  mineral,  eon- 
sntiajT  of  oxyde  of  copper,  carbonate  of  lime,'silica,  and  water  in  varying  proportions. 

9.  Carbonate  of  Copper,  Maladiite,  is  of  a  blue  or  green  color.  It  occurs  often  in 
beautiful  crystals. 

10.  Sulphate  of  Copper,  Blue  Viiriol,  similar  to  the  artificial  salt  of  the  laboratorj 
The  blue  water  which  flows  from  certain  copper  mines  is  a  solution  of  this  salt.     The^ 
copper  is  easily  procured  in  the  metallic  state  by  plunging  pieces  of  iron  into  it. 

U.  Phosphate  of  Copper  is  of  an  emerald  green,  or  verdigris  color,  vrith  some  spots  ef 
black.    It  presents  fibrous  or  tuberculous  masses  with  a  silky  lustre  in  the  fracture.    Iti 
dindves  in  nitric  acid  without  efiervescence,  forming  a  blue  liquid ;  melts  at  the  blow^- 
pipe,  and  is  reducible  upon  charcoal,  with  the  aid  of  a  little  grease,  into  a  metallic  globvle. 
Its  powder  does  not  color  flame  green,  like  the  powder  of  muriate  of  copper. 

12.  Muriate  of  Copper  is  green  of  various  shades ;  its  powder  imparts  to  fiame  »  re- 
maikable  bine  and  green  color.  It  dissolves  in  nitric  acid  without  efiiervescence ;  and  is 
easily  reduced  before  the  blowpipe.    Its  density  is  3*6.    By  Klaproth's  analysis,  it  eOB-< 

of  oxyde  of  copper  73,  muriatic  acid  10,  water  17. 

13.  Jrseniate  of  Copper.    It  occurs  in  beautiful  blue  crystals.    Before  the  blowpipe  it 
elts,  exhaling  fumes  of  a  garlic  odor,  and  it  afibrds  metallic  globules  when  in  eontnctt 

with  chnreosL    See  more  upon  the  ores  at  the  end  of  this  article. 

In  the  article  MsTAixurnGT,  I  have  described  the  mode  of  working  certaia<  eoppea 
wiacs;  and  shall  content  myself  here  with  giving  a  brief  account  of  two  cupreeus/onna* 
6nm,  interesting  in  a  geological  point  of  view ;  that  of  the  copper  slate  of  ManaAikll,  and  < 
«f  the  copper  veins  of  Cornwall. 

The  enrions  strata  of  bituminous  schist  in  the  first  of  these  localities,  an  among,  tltt  • 
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most  ancient  of  any  which  contain  the  exuviae  of  organized-bodies  not  testaeeovi.  Tram 
among  their  tabular  slabs  the  vast  multitudes  of  fossil  fish  were  extract^,  which  have 
rendered  the  cantons  of  Mansfeldt,  Eisleben,  Ilmenau,.and  other  places  in  Tburingia  and 
Voif^and  so  celebrated.  Many  of  the  fish  are  transformed  into  copper  pyrites.  Here^ 
«Jao,  have  been  found  the  fossil  remains  of  the  lizard  family,  called  JHfoniion, 

Such  is  the  influence  of  a  wise  administration  upon  the  prosperity  of  mines,  that  the 
thin  layer  of  slate  m  this  formation,  of  which  100  pounds  commonly  contain  but  one 
pound  and  a  half  of  copper,  occasionally  argentiferous,  has  been  for  several  centuries  the 
object  of  smelting  works  of  the  greatest  importance  to  the  territory  of  Mansfeldt  and  the 
adjoining  country. 

The  frequent  derangements  which  this  metallic  deposite  experiences,  led  skilful  directors 
of  the  under-ground  operations  at  an  early  period  to  study  the  order  of  superposition  oi 
the  accompanying  rocks.  From  their  observations,  there  resulted  a  system  of  facta  whicH 
have  served  to  guide  miners,  not  only  in  the  country  of  Mansfeldt,  but  over  a  great  poi 
tion  of  Germany,  and  in  several  other  countries  where  the  same  series  of  rocks,  forming 
the  immediate  envelope  of  the  cupreous  schists,  were  found  to  occur  in  the  same  ordn 
of  superposition. 

Of  the  English  copper  icorks, — ^The  deposites  of  copper  in  Cornwall  occur  always  aj 
veins  in  granite,  or  in  the  schistose  rojks  which  surround  and  cover  it ;  and  hence,  (he 
Cornish  miners  work  mostly  in  the  granite  or  greenish  clay  slate;  the  former  of  which 
they  call  growan,  the  latter  killas.  But  tin  is  sometimes  disseminated  in  small  veins  in 
porphyry  or  elvan,  which  itself  forms  great  veins  in  the  above  rocks.  No  stratification 
has  been  observed  in  Cornwall. 

The  copper  veins  are  abundant  in  the  killas  and  rare  in  the  granite ;  but  most  numer- 
ous near  the  line  of  junction  of  the  two  roisks.  The  difierent  kinds  of  mineral  veins  in 
Cornwall  may  be  classed  as  follows : — 

1.  Veins  of  elvan  ^  elvan  courses,. or  elvan 'channels. 

2.  Tin  veins,  or  tin  lodes ;  the  latter  word  being  used  by  the  Cornish  miners  to  signify 
a  vein  rich  in  ore,  and  the  word  course,  to  signify  a  barren  vein. 

3.  Copper  veins  running  east  and  west ;  east  and  west  copper  lodes. 

4.  Second  system  of  copper  veins,  or  contra  copper  lodes. 
6.  Crossing  Veins ;  cross  courses. 

6.  Modem  copper  veins ;  more  recent  copper  lodes. 

7.  Clay  veins ;  of  which  there  are  two  sets,  the  more  ancient,  called  Cross-FlHckaiu  ; 
and  the  more  modern,  called  Slides, 

There  are  therefore  three  systems  of  copper  veins  in  Cornwall ;  of  which  the  first  is 
considered  to  be  the  most  ancient,  because  it  is  always  traversed  by  the  two  others,  and 
because,  on  the  contrary,  it  never  cuts  them  off.  The  width  of  these  veins  does  not  ex- 
ceed 6  feet,  though  occasional  enlargements  to  the  extent  of  12  feet  sometimes  take  place. 
Their  length  is  unknown,  but  the  one  explored  in  the  United  Mines  has  been  traced  over 
ail  extent  of  seven  miles.  The  gangue  of  these  veins  is  generally  quartz,  either  pure,  or 
mixed  with  green  particles  analogous  to  chlorite.  They  contain  iron  pyrites,  blende,  sul- 
phuret,  and  several  other  compounds  of  copper,  such  as  the  carbonate,  phosphate,  arse- 
niate,  muriate,  &c.  The  most  part  of  the  copper  veins  are  accompanied  with  small  ar- 
gillaceous veins,  called  by  the  miners  Jludean  of  the  lode.  These  are  often  found  upon 
both' sides  of  the  vein,  so  as  to  form  cheeks  or  salebandes. 

When  two  veins  intersect  each  other,  the  direction  of  the  one  thrown  out  becomes  an 
object  of  interest  to  the  miner  and  geologist.  In  Saxony  it  is  regarded  as  a  general  fact 
that  the  rejected  portion  is  always  to  the  side  of  the  obtuse  angle ;  this  also  holds  gener- 
ally in  Cornwall,  and  the  more  obtuse  the  angle  of  incidence,  the  more  considerable  the 
out-throw. 

The  great  copper  vein  of  Carharaeky  in  the  parish  of  Gwenap,  is  a  most  instructive 
example  of  intersection.  The  power  of  this  vein  is  8  feet ;  it  runs  nearly  from  east  to 
west,  and  dips  toward  the  north  at  an  inclination  of  2  feet  in  a  fathom.  Its  upper  part 
IS  in  the  killas,  its  lower  part  in  the  granite.  The  vein  has  snfiered  two  intersections  ; 
tl\e  first  results  from  encountering  the  vein  called  Steven^ sfluckan,  which  runs  fr()m  north- 
east to  south-west,  throwing  it  out  several  fathoms.  The  second  has  been  caused  by 
another  vein,  almost  at  rieht  angles  to  the  first,  and  which  has  driven  it  20  fathoms  out 
to  the  right  side.  The  fall  of  the  vein  occurs,  therefore,  in  one  case  to  the  right,  and  in 
the  other  to  the  leA ;  but  in  both  instances,  it  is  to  the  sid^  of  the  obtuse  angle.  This 
disposition  is  very  singular;  for  one  portion  of  the  vein  appears  to  have  ascended,  while 
another  lias  sunk. 

The  mining  works  in  the  copper  veins  are  carried  on  by  reverse  steps ;  see  Mnrss 
Hie  grand  shafts  for  drainage  and  extraction  are  verticAl,  and  open  upon  the  roof  side 
of  the  vein,  traversing  It  to  a  certain  depth.    These  pits  are  sunk  to  the  lowest  point  of 
the  «TpIoration ;  and,  in  proportion  as  the  woriiings  descend,  by  means  of  exeavatfonn 
in  the  vein,  the  pits  are  deepened  and  put  into  communication  toward  their  bottom  widi 
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Mch  new  gallerf  of  elongation,  by  means  of  transverse  galleries.  At  present,  the  main 
AaAs  are  Tally  160  fathoms  deep.  «  Their  horizontal  'section  is  oblong,  and  is  divided  into 
two  oompartments;  the  one  destined  for  extraction,  the  other  for  the  pumps.  Their  tim- 
bering has  nothing  remarkable,  bat  is  exeeated  with  every  attention  to  economy,  the 
whole  wood  employed  in  these  mines  being  brought  from  Norway. 

The  descent  of  the  workmen  is  effected  by  inclined  shafis  scooped  out  of  the  vein ;  the 
ladders  are  slightly  inclined ;  they  are  intermpted  every  10  fathoms  by  floors ;  the  stepa 
are  made  of  iron,  and,  to  prevent  them  from  turning  under  the  foot,  the  form  of  a  miner's 
punch  'or  jumper  has  been  given  them,- the  one  end  being  round,  and  the  other  being 
wedge-shnped. 

The  ore  is  raised  either  by  means  of  horse-gins,  or  by  steam-engine  power,  most  fre- 
quently of  high  pressure.    I  shall  take  the  Consolidated  Mines  as  an  example. 

The  draining,  which  is  one  of  the  most  considerable  sources  of  expense,  both  from  the 
quantity  of  water,  and  from  the  depth  of  the  mine,  is  executed  by  means  of  sucking  and 
foreing  pumps,  the  whole  piston-rods  of  which,  120  feet  long,  are  attached  to  a  main-rod 
suspended  at  Uie  extremity  of  the  working  beam  of  a  steam-engine. 

On  this  mine  three  steam-engines  are  erected  of  very  great  power,  for  the  purpose  of 
iraiaage ;  the  one  called  the  Maria  engine  is  of  the  first-rate  force,  and  most  improved 
eoDstrnction.  The  cylinder  is  90  inches  in  internal  diameter,  anid  the  length  of  the 
sboke  is  9  feet  11  inches.  It  works  single  stroke,  and  is  incased  in  a  coating  of  bricks 
to  prevent  dissipation  of  the  heat.  The  vapor  is  admitted  at  the  upper  end  of  the 
cylinder  during  the  commencement  of  the  fall  of  the  piston,  at  a  pressure  capable-  of 
forming  an  equilibrium  with  a  column  of  60  inches  of  mercury.  The  introduction  of 
the  steam  ceases  whenever  the  piston  has  descended  through  a  certain  space,  which  may 
be  increased  or  diminished  at  pleasure.  During  the  remainder  of  the  descent  the  piston 
is  pressed  merely  by  this  vapor  in  its  progressive  expansion,  while  the  under  side  of 
the  piston  communicates  with  the  condenser.  It  ascends  by  the  counterweight  at  the 
pump  end  of  the  working  beam.  Hence,  it  is  only  during  the  descent  of  the  piston  that 
the  effectiTe  stroke  is  exerted.  Frequently  the  steam  is  admitted  only  during  the  sixth 
part  of  the  course  of  the  piston,  or  18  inches.  In  this, way.  the  power  of  the  engine  is 
proportioned  to  the  work  to  be  done ;  that  is,  to  the  body  of  water  to  be  raised.  The 
wtaximum  force  of  the  above  engine  is  about  310  horses ;  though  it  is  of\en  made  to  act 
with  only  one  third  of  this  power. 

The  copper  mines  of  the  Isle  of  Anglesey,  those  of  North  Wales,  of  Westmoreland, 
the  adjacent  parts  of  Lancashire  and  Cumberland,  of  the  south  west  of  Scotland,  of  the 
Isle  of  Man,  and  of  the  south  east  of  Irelandy  occur  also  in  primitive  or  transition  rocks. 
The  ores  lie  sometimes  in  masses,  but  more  frequently  in  veins.  The  mine  of  Ecton  in 
SufiEordshire,  and  that  of  Cross-gill  burn,  near  Alston-moor  in  Cumberland,  occur  in 
transition  or  metalliferous  limestone. 

The  copper  ores  extracted  both  from  the  granitic  and  schistose  localities,  as  well  as 
from  the  calcareous,  are  uniformly  copper  pyrites  more  or  less  mixed  with  iron  pyrites ; 
the  red  oxyde,  carbonate,  arseniate,  phosphate,  and  muriate  of  copper,  are  very  rare  in 
these  districts. 

The  working  c^  copper  in  the  Isle  of  Anglesey  may  be  traced  to  a  very  remote  era.  It 
appears  that  the  Romans  were  acquainted  with  the  Hamlet  mine  near  Holyhead ;  but  it 
was  worked  with  little  activity  till  about  70  years  ago.  This  metalliferous  deposite  lies 
in  a  greenish  clay  slate,  x>assing  into  talc  slate ;  a  rock  associated  with  serpentine  and 
euphotide  (gabbro  of  Von  Buch).  The  veins  of  copper  are  from  one  to  two  yards  thick, 
and  they  converge  towards  a  point  where  their  union  forms  a  considerable  mass  of 
ore.  On  this  mass  the  mine  was  first  pierced  by  an  open  excavation,  which  is  now 
upwards  of  300  feet  deep,  and  appears  from  above  like  a  vast  funnel.  Galleries  are 
ibrmed  at  different  levels  upon  the  flank  of  the  excavation  to  follow  the  several  small 
veins,  which  run  in  all  directions,  and  diverge  from  a  common  centre  like  so  many  radii. 
The  ore  receives  in  these  galleries  a  kind  of  sorting,  and  is  raised  by  means  of  hand 
windlasses  to  the  summit  of  a  hill,  where  it  is  cleaned  by  breaking  and  riddling. 

The  water  is  so  scanty  in  this  mine  that  it  is  pumped  up  by  a  six-horse,  steam-engine. 
A  great  proportion  of  it  is  charged  with  sulphate  of  copper.  It  is  conveyed  into  reser- 
vmrs  containing  pieces  of  old  iron ;  the  sulphate  is  thus  decomposed  into  copper  of  ce- 
mentation. The  Anglesea  ore  is  poor,  yielding  only  from  2  to  3  per  cent,  of  copper :  a 
portion  of  its  sulphur  is  collected  in  roasting  the  ore. 

Mechamcal  preparation  of  the  copper  ores  in  Cornwall, — The  ore  receives  a  first  sort- 
ing, either  within  the  mine  itself,  or  at  its  mouth,  the  object  of  which  is  to  separate  all 
the  pieces  larger  than  a  walnut.  These  are  then  reduced  by  the  hammer  to  a  smaller 
sixe ;  after  which  the  whole  are  sorted  into  four  lots,  according  to  iheir  relative  richnen. 
The  fragmentr  tf  poor  ore  are  pounded  in  the  stamps  so  that  the  metallic  portion  may  be 
separated  by  washing. 

The  rich  ore  is  broken  into  small  bits,  of  the  size  of  a  nut,  with  a  flat  beater,  formed 
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eT  a  piece  of  iron  6  JDche*  aqnare  utd  I  iodi  thick,  Bd«pl«il  to  a  vooden  handle.  The 
arc  to  be  brokea  is  placed  upon  ptalci  of  cut-iron ;  ^eb  about  16  inches  tqnare  and  ]) 
ioeb  thick.  ThcBC  iron  plates  are  »et  towaida  the  edge  of  a  small  monad  aboQl  a  ;aid 
high,  MBStructed  with  dry  stonel  rammed  wilh  earth.  The  upper  saifaee  of  lUi 
mound  is  •  little  inclined  from  behind  forwards.  The  vork  is  pnlbimed  b;  women, 
each  famished  with  a  bealcr;  the  ere  is  placed  in  front  of  them  bcfond  the  plates;  Iher 
Weak  it,  and  strew  it  at  their  feel,  whence  it  ii  lifted  and  disposed  of  to  the  tmelting- 

Inftrior  ores,  containing  a  notable  proportion  of  slonj  matters,  are  also  brokea  with 
the  beater,  and  (he  rich  parti  are  separated  b;  riddling  and  waahing  Erom  the  oselcM 

The  BDialler  ore  is  washed  on  a  siete  b;  ahak  ing  it  In  a  stream  of  water,  which  carriet 
■war  the  lighter  stonj  pieces,  and  leaves  the  denier  metaUifenran.  Ttier  ore  then 
sorted  by  hand.  Thus  by  beating,  stamping,  and  riddling  in  water,  the  itony  snbstancea 
are  in  s  great  measure  separated.  The  finer  fnvund  matter  U  washed  on  s  plane  table, 
over  which  a  current  of  water  is  made  to  flow.  Finally,  the  ore  nearly  fine  is  pot  into 
a  lai^e  tub  with  water,  and  brisklj  Btirred  aboal  with  a  shovel,  after  which  it  settle*  in 
the  order  of  richness,  the  pure  metallic  ore  being  nearest  the  bottom.  The  stamps  used 
for  copjier  ore  in  Cornwall  are  the  same  as  those  used  for  tin  ores,  of  which  we  shall 
speak  in  treating  of  the  latter  metal,  as  well  as  of  the  boxes  for  washing  the  flne  powds 
or  ilimt.  These,  in  fact,  do  not  differ  essentially  from  the  stamping  mills  and  wullin; 
apparatus  described  in  the  article  MsrjjxnBGy.  Crushing  rails  are  of  late  fears  nnch 
employed.     See  Lead  and  Tin. 

Cornwall  being  desiitnte  of  eoal,  the  whole  copper  ore  wbidi  this  connty  prodoce* 
is  sent  for  smelling  to  South  Wales.  Here  are  15  copper  works  upon  the  Swansea  and 
Neilh,  which  pursue  a  nearly  uniform  and  much  improved  process,  consisting  in  a  series 
of  calcination B,  fusions,  and  roaslings,  executed  upon  the  ores  and  the  matters  resnlting 
(torn  them. 

The  furnaces  are  of  the  reverberatory  construction ;  they  vary  in  their  dirmnsions  aad 
in  the  number  of  ibeir  openimrr,  aeconling  to  the  operalioiu  for  which  they  Were  in- 
tended. There  nre  5  of  Ihem  :— 1.  The  calcining  furnace  r.r  cajciner;  2.  The  rtelliag 
fhmace  \  3.  I'he  roasting  furnace  or  roaster ;  4,  'I'he  refining  furnace ;  0.  The  healing 
or  igniting  furnace. 

I.  The  calcining  fumnce  resit  npon  a  vault,  c,  into  which  the  ore  is  raked  down  atler 
being  calcined ;  it  is  bnilt  of  bricks,  and  bound  with  iron  bar?,  as  shown  in  the  elevatitm, 
fig.  296.  The  hearth,  s  a,figi.  296  and  298,  is  placed  npon  a  level  with  the  lower  horiioD- 
lal  binding  bar,  and  has  nearly  the  form  of  an  ellipse,  truncated  at  the  (wo  eilremities  of 
ill  great  axis.  -  It  is  horiionlaJ,  bedded  with  fire-bricks  set  on  edge,  so  Ihal  it  may  be  re- 
moved and  repaired  without  disturbing  the  arch  upon  which  it  reposes.    H<des,  not  viiUik 


in  Ihe  Rgure,  are  led  in  the  shelves  before  each  door,  e  e,  through  which  (he  rousted  ore 
is  let  fall  into  Ihe  subjacent  vault.  The  dimensions  ortbehearlh  n  b  are  immense,  beiBf 
from  IT  la  1 9  feel  in  length,  and  from  14  to  IB  in  breadth.  The  lire-place.  A, ^f. 298,  if 
from  4^  Id  5  feel  lone,  and  3  feet  wide.  The  bridge  or  low  wall,  b.fig.  302,  which  aepa- 
mtes  (he  fire-place  from  the  hearth,  is  2  feet  thick  ;  and  in  Mr.  Vivian's  smelting-woiks 
Lb  hollow,  as  shown  in  Ihe  figure,  nnd  communicates  al  its  Iwo  ends  with  the  atmosphere, 
iu  order  to  conduct  a  supply  of  fresh  air  to  the  hearth  of  the  Airnace.  This  jndiciont 
contrivnnce  will  be  dacribed  in  explaining  the  roiHiiag  operation.     The  arched  roof  of 

the  fbrn '- —  -■-—  "  -  -  ■'--  '--J—  —  -i-- <--->---■ <■.«--  -•--■ '  -•-     ~— 

298,  its  l-.„_. . 
at  Ibe  second. 

Snch  great  calcining  rumnce*  have  4  or  S  doors,  c  c  c  c,  ftg.  2! 
«s  skn'n  at  the  right  hand  in  fig.  397,  and  3  or  4  other*  fbr  wi 
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icvetbeiatory  heuHi.  If  there  be  3,  2  of  them  are  placed  between  the  vertical  binding 
bus  upon  one  side,  and  a  third  upon  the  opposite  side  of  the  furnace ;  if  theie  be  4,  2 
are  plaeed  upon  each  side,  facing  one  another.  These  openings  are  12  inches  square, 
and  arc  bound  with  iron  frames.  The  chimney  is  about  22  feet  high,  and  is  placed  at 
one  angle  of  the  hearth,  as  at/,yig.  298,  being  joined  by  an  inclined  flue  to  the  furnace. 
For  charging  it  with  ore  there  are  usually  placed  above  the  upper  part  of  the  vault  2 
hoppers,  E  E,  in  a  line  with  the  doors ;  they  are  formed  of  4  plates  of  iron,  supported  in 
an  iron  frame.  Beneath  each  of  them  there  is  an  orifice  for  letting  the  ore  down  into  the 
Ittarth. 

These  furnaces  serve  for  calcining  the  ore,  and  the  mattt  or  crude  coppers :  for  the  latter 
parpoee,  indeed,  furnaces  of  two  stories  are  sometimes  employed,  as  represented  in  fig,  301. 
The  dimensioos  of  each  floor  in  this  case  are  a  little  less  than  the  preceding.  Two  doors, 
c  €y  eorrespond  to  each  hearth,  and  the  workmen,  while  employed  at  the  upper  story,  stand 
upon  a  raised  moveable  platform. 

2.  Melting fumacey  figs,  299  and  300.  The  form  of  the 
'  hearth  is  also  elliptical,  but  the  dimensions  are  smaller  thaa 
in  the  calcining  furnace.  The  length  does  not  exceed  1 1  or  1 1 1 
feet,  and  the  breadth  varies  from  7  to  8.  The  fire-place  is 
however  larger  in  proportion,  its  length  being  from  3}  feet 
to  4,  and  its  breadth  from  3  to  3) ;  this  size  being  requisite 
to  produce  the  higher  temperature  of  this  furnace.  It  has 
fewer  openings,  there  being  commonly  three;  one  to  the 
fire-i^ace  at  p,  a  second  one,  o,  in  the  side,  kept  generally 
shut,  and  used  only  when  incrustations  need  to  be  scraped 
oflf  the  hearth,  or  when  the  fumaee  is  to  be  entered  for 
repairs;  and  the  third  or  working-door,  g,  placed  on  the 
front  of  the  furnace  beneath  the  chimney.  Through  it  the 
scorise  are  raked  out,  and  the  melted  matters  are  stirred  and 
puddled,  &.C. 

The  hearth  is  bedded  with  infusible  sand,  and  slopes 
slightly  towards  the  side  door,  to  facilitate  the  discharge  of 
the  metal.  Above  this  door  there  is  a  hole  in  the  wall  of  the 
chimney  (fig.  300)  for  letting  the  metal  escape.  An  iron  gutter,  o,  leads  it  into  a  pit,  k, 
bottomed  with  an  iron  receiving-pot,  which  may  be  liAed  out  by  a  crane.  The  pit  m  is 
filled  wKh  water,  and  the  metal  becomes  granulated  as  it  falls  into  the  receiver.  The 
mejting  furnaces  are  surmounted  by  a  hopper,  l,  as  shown  in  fig,  299. 

Melting  furnaces  are  sometimes  used  also  for  calcination. 
There  are  some  such  near  Swansea,  which  serve  this  double 
purpose ;  they  are 'composed  of  3  floors  (fig,  301.)  The  floor 
A  is  destined  for  melting  the  calcined  ore;  the  other  two, 
B  c,  serve  for  calcination.  The  heat  being  less  powerful, 
upon  the  upper  sole  c,  the  ore  gets  dried  upon  it,  and  begins 
to  be  calcined  —  a  process  completed  on  the  next  floor. 
Square  holes,  d,  left  in  the  hearths  b  and  c,  put  them  in 
communication  with  each  other,  and  with  the  lower  one  A ; 
these  perforations  are  shnt  during  the  operation  by  a  sheet 
of  iron,  removeable  at  pleasure. 

The  hearths  b  and  c  are  made  of  bricks ;  they  nre  horizonal  at  top  and  slightly  vaulted 
beneath ;  they  are  2  bricks  thick,  and  their  dimensions  are  larger  than  those  of  the  infe- 
rior hearths,  as  they  extend  above  the  fire-place.  On  the  fioors  destined  for  calcination 
the  furnace  has  two  doors  on  one  of  its  sides :  on  the  lower  story  there  are  also  two ;  but 
they  are  differently  collocated.  The  first,  being  in  the  front  of  the  furnace,  serves  for 
drawing  off  the  scorise,  for  workini;  the  metal,  &c. ;  and  the  second,  upon  the  side,  admits 
workmen  to  make  necessary  repairs.  Below  this  door  the  discharge  or  tap-hole  a  is 
placed,  which  communicates  by  a  cast-iron  gutter  with  a  pit  filled  with  water.  The 
dimensioos  of  this  furnace  in  length  and  breadth  are  nearly  the  same  as  those  of  the 
melting  furnace  above  described ;  the  total  height  is  nearly  12  feet.  It  is  charged  by 
means  of  one  or  two  hoppers. 

3.  Koawting  furnace.  —  The  fnmaces  employed  for  this  purpose  are  in  general  analo- 
goBs  to  the  calcining  ones ;  but  in  the  smelting  works  of  Hafod,  the  property  of  Messrs. 
"Vivian,  these  furnaces,  alluded  to  above,  present  a  peculiar  construction,  fbr  the  purpose 
of  introducing  a  continuous  current  of  air  upon  the  metal,  in  order  to  facilitate  its  oxy- 
dizement.  This  process  was  originally  invented  by  Mr.  Sheflield,  who  disposed  of  his 
patent  right  to  Messrs.  YiTian. 

The  air  is  admitted  by  a  channel,  c  e,  through  the-  middle  of  the  fire-brklge,  fig.  302,  and 
extending  all  its  length ;  it  comniuriicates  with  the-  atmosphere  at  its  twb  ends  e  c; 
holesy  h  b,  left  at  right  angles  to  this  channel,  conduei  the  air  into  tbe  fbr- 
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nacu  This  very  simple  eonsUruction  produces  a  powerful  efiect  in  the  masting  opem- 
Uon.  It  not  only  promotes  the  ojiydizement  of  the  metals,  but  burns  the  smoke,  and  as- 
sists in  the  vaporization  of  the  sulphur  ;  while  by  keeping  the  bridge  cool  it  preserves  it 
from  wasting,  and  secures  uniformity  of  temperature  to  the  hearth. 

4.  Refining  /umcux., —  In  this,  as  in  the  melting  furnace,  the  sole  slopes  towards 
the  door  in  front,  instead  of  towuils  the  side  doors,  because  in  the  refining  furnace  the 
copper  collects  into  a  cavity  formed  in  the  hearth  towards  the  front  door,  from  which  it 
is  lifted  out  by  ladles ;  whereas,  in  the  melting  furnaces,  the  metal  is  run  out  by  a  tap- 
hole  in  the  side.  The  hearth  sole  is  ]aid  with  sand ;  but  the  roof  is  higher  than  in  the 
melting  furnace,  being  from  32  to  36  inches.  If  the  top  arch,  were  too  much  depressed, 
there  might  be  produced  upon  the  surface  of  the  metal  a  layer  of  ozyde  very  prejudicial 
to  the  quality  ot  the  copper.  When  the  metal  in  that  case  is  mn  out,  its  surface  so- 
lidifies and  cracks,  while  the  melted  copper  beneath  breaks  through  and  spreads  irregu- 
larly over  the  cake.  This  accident,  called  the  rising  of  the  cqiq)er,  hinders  it  from  being 
laminated,  and  requires  it  to  be  exposed  to  a  fresh  refining  process,  when  lead  must  be 
added  to  dissolve  the  oxyde  of  copper.  This  is  the  only  occasion  upon  which  the  addi- 
tion of  lead  is  proper  in  refining  copper.  When  the  metal  to  be  refined  is  mixed  with 
others,  particularly  with  tin,  as  in  extracting  copper  from  old  bells,  then  very  wide  fur- 
naces must  be  employed,  to  expose  the  metallic  bath  upon  a  great  surface,  and  in  a  thin 
stratum,  to  the  oxydizing  action  of  the  air. 

The  door  o,  fig.  300,  upon  the  side  of  the  refining  furnace^  is* very  large,  and  is  shut 
with  a  framed  brick  door,  balanced  by  a  counter-weighL  This  door  being  open  during 
the  refining  process,  the  heat  is  stronger  at  a  than  at  a,  (fige*  299, 300.) 

5.  Heating  fumacesi  being  destined  to  heat  the  pigs  or  bars  of  copper  to  be  laminated, 
as  well  as  the  copper  sheets  themselves,  are  made  much  longer  in  proportion  to  their 
breadth.  Their  hearth  is  horizon tal,  the  vault  not  much  depressed ;  they  have  only  one 
door,  placed  upon  the  side,  but  which  extends  nearly  the  whole  length  of  the  furnace ; 
this  door  may  be  raised  by  means  of  a  counter-weight,  in  the  same  way  as  in  the  furnaces 
for  the  fabrication  of  sheet-iron  and  brass. 

Series  of  operationa  to  tohich  the  ore  is  subjected,  —  The  ores  which  are  smelted  in  the 
Swansea  works  are  cupreous  pyrites,  more  or  less  mingled  with  gangue  (vein-stone).  The 
pyrites  is  composed  of  nearly  equal  proportions  of  sulpburet  of  copper  and  sulphuret  of 
iron. 

The  earthy  matters  which  accompany  the  pyrites  are  usually  silicious,  though  in  some 
mines  the  metalliferous  deposiie  is  mixed  with  day  or  fluate  of  lime.  Along  with  these 
substances,  pretty  uniformly  distributed,  tin  and  arsenical  pyrites  occur  occasionally 
with  the  copper ;  and  though  these  two  metals  are  not  chemically  combined,  yet  they 
cannot  be  separated  entirely  in  the  mechanical  preparations.  The  constituent  parts  of 
the  ore  prepared  for  smelting  are,  therefore,  copper,  iron,  sulphur,  with  tin,  arsenic, 
and  earthy  matters  in  some  cases.  The  difi'erent  ores  are  mixed  in  such  proportions 
that  the  average  metallic  contents  may  amount  to  8^  per  cent.  The  smelting  process 
consists  in  alternate  roastings  and  fusions.  The  following  description  of  it  Is  chiefly 
taken  from  an  excellent  paper,  published  by  John  Vivian,  Esq.,  in  the  Annals  of  Philo- 
sophy for  1823. 

In  the  roasting  operation  the  volatile  substances  are  disengaged  mostly  in  the  gaseous 
state,  while  the  metals  that  possess  a  strong  affinity  for  oxygen  become  ozydized.  In 
the  fusion  the  earthy  substances  combine  with  these  oxydes,  and  form  glassy  scorise  or 
slags  which  float  upon  the  surface  of  the  melted  metal. 

These  calcinations  and  fusions  take  place  in  the  following  order :  — 

1.  Calcination  of  the  ore.  2.  Melting  of  the  calcined  ore.  3.  Calcination  of  the 
coarse  metal.  4.  Melting  of  the  calcined  coarse  metal.  5.  Calcination  of  the  fine 
metal  (second  matt).  6.  Melting  of  the  calcined  fine  metal.  7.  Roasting  of  the 
coarse  copper.  In  some  smelting  works,  this  roasting  is  repeated  four  times;  in 
which  case  a  calcination  and  a  melting  are  omitted.  In  the  Havod  works,  however, 
the  same  saving  is  made  without  increasing  the  number  of  roastings.  8.  Refining  or 
toughening  the  copper. 

Besides  these  operations,  which  constitute  the  treatment  of  copper  properly  speaking, 
two  others  are  sometimes  performed,  in  which  only  the  scorise  are  melted.  These  may 
be  designated  by  the  letters  a  and  6.  a  is  the  re-melting  of  the  portion  of  the  scoriss 
of  the  second  process,  which  contain  some  metallic  granulations,  ft  is  a  particular  melt- 
ing of  the  scoriae  of  the  fourth  operation.  This  fusion  is  intended  to  concentrate  the 
particles  of  copper  in  the  scoriee,  and  is  not  practised  in  all  smelting  works. 

First  operation.  Calcination  of  the  ore.  —  The  diflerent  aes,  on  arriving  from  Cora- 
wall  and  other  districts  where  they  are  mined,,  are  discharged  in  continuous  cargoes  at 
the  smelting  works,  in  such  a  way,  that  by  taking  out  a  portion  from  severtd  heaps  at 
a  time,  a  tolerably  uniform  mixture  of  ores  is  obtained ;  which  is  very  essential  in 
a  foundry,  because,  the  ores  being  different  in  qualities  and  contoitti  they  act  as 
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iaxes  opofi  ««eh  other.  The  ore  thns  mixed  is  tranjeported  to  the  worlis  in  wooden 
nen^arfs  that  hold  a  hundred- weight.  The  workmen  intrusted  with  the  calcination 
coovey  the  ore  into  ihe  hoppers  of  the  calcining  farnaee,  whence  it  falls  into  the  hearth; 
other  wckricmen  spread  it  onifonDly  on  the  surface  by  iron  rakes.  The  charge  of  a  fur- 
nace is  from  three  tons  to  three  tons  and  a  half.  Fire  is  applied  and  gradually  increased, 
Ifll,  towards  the  end  of  the  operation,  the  temperature  be  as  high  as  the  ore  can  support 
without  melting  or  agglutinating.  To  prevent  this  running  together,  and  to  aid  the  ex- 
trieaiion  of  the  sulphur,  the  surfaces  are  renewed,  by  stirring  up  the  ore  at  the  end  of 
ctery  boor.  The  calcination  is  usually  completed  at  the  end  of  12  hours,  when  the  ore 
it  tumbled  into  the  arch  under  the  sole  of  the  furnace.  Whenever  the  ore  is  cold  enough 
to  he  nooved,  it  is  taken  out  of 'the  arch,  and  conveyed  to  the  calcined  heap. 

The  ore  in  this  process  hardly  changes  weight,  having  gained  in  oxydizement  nearly 
as  much  as  it  has  lost  in  sulphur  and  arsenic;  and  if  the  roasting  has  been  rightly  man- 
aged, the  ore  is  in  a  black  powder,  owing  to  the  oxyde  of  iron  present. 

Second  operation,  Futiou  of  the  calcined  ore. — The  calcined  ore  is  likewise  given  to 
the  melters  in  measures  containing  a  hundred  weight.  They  toss  it  into  hoppers,  and 
afler  it  has  fallen  on  the  heanh,  they  spread  it  uniformly.  They  then  let  down  the 
door,  and  lute  it  lightly.  In  this  fusion  there  are  added  about  2  cwt.  of  scoriae  pro- 
ceeding from  the  melting  of  the  calcined  matt,  to  be  aAerwards  described.  The  object 
of  this  addition  is  not  only  to  extract  the  copper  that  these  scorie  may  contain,  but 
especially  to  increase  the  fusibility  of  the  mixture.  Sometimes  also,  when  the  composi- 
tion of  the  ore  requires  it,  lime,  sand,  or  flnor  tpar-  is  added ;  and  particularly  the  last 
fluxing  article. 

The  furnace  being  charged,  fire  is  applied,  and  the  sole  care  of  the  founder  is  to  keep 
■p  the  heat  so  as  to  have  a  perfect  fusion;  the  workman  then  opens  the  door,  and 
idrs  about  the  liquid  mass  to  complete  the  separation  of  the  metal  (or  rather  of  the 
matt)  from  the  scoiise,  as  well  as  to  hinder  the  melted  matter  from  sticking  to  the  sole. 
The  foinace  being  ready, -that  is,  the  fusion  being  perfect,  the  founder  takes  out  the 
teoris  by  the  front  door,  by  means  of  a  rake.  When  the  matt  is  thus- freed  from  the 
scoriee,  a  second  charge  of  calcined  ore  is  then  introduced  to  increase  the  metallic  bath ; 
which  second  fusion  is  executed  Uke  the  first.  In  this  way,  new  charges  of  roasted  ore 
are  put  in  till  the  matt  collected  on  the  hearth  rises  to  a  level  with  the  door-way,  which 
happens  commonly  after  the  third  charge.  The  tap  hoie  is  now  opened;  the  matt 
flows  out  into  the  pit  filled  with  water,  where  it  is  granulated  during  its  immersion  | 
and  it  collects  in  the  pan  placed  at  the  bottom.  The  granulated  matt  is  next  eon- 
vrycd  into  the  matt  warehouse.  The  oxydalion  with  which  the  grains  get  covered  by 
the  action  of  the  water  does  not  allow  the  proper  color  of  -the  matt  or  coarse  metal  to 
he  distin^ished ;  but  in  the  bits  which  stick  in  the  gutter,  it  is  seen  to  be  of  a  steel 
gray.  Its  fiaciuie  is  compact,  and  its  lustre  metallic.  The  scoriae  oflen  contain 
nketalUc  erains;  they  are  broken  aad  picked  with  care.  All  the  portions  which  include 
soiM  metallic  particles  are  re-melted  in  an  accessory  piocess.  The  rejected  scorin 
have  been  found  lo  be  composed  of  silicious  matter  d9,  oxyde  of  copper  1,  oxyde  ot 
tin  0*7. 

In  this  operation,  the  copper  is  concentrated  by  the  separation  of  a  great  part  of  the 
mattfrs  with  which  it  was  niixcd  or  combined.  The  granulated  matt  producoi,  contains 
in  general  33  per  cent,  of  copper;,  it  is  therefore  four  times  richer  than  the  ore;  And  ils 
man  is  consequently  diminished  in  that  proportion*  The  constituent  parts  are  princi- 
pally copper,  iron,  and  sulphur. 

The  most  important  point  to  hit  in  the  fusion  just  described,  is  to  make  a  fusible  mix- 
ture of  the  earths  and  the  oxydes,  so  that  the  matt  of  copper  may,  in  virtue  of  its  greater 
specific  siaviiy,  fall  to  the  nnder-part,  and  separate  exactly  from  the  slag.  This  point  is 
ailaioed  by  means  of  the  metallic  oxydes  contained  in  the  scorice  of  the  fourth  operation, 
of  which  2  cwt.  were  added  to  the  .charge.  These  consist  almost  entirely  of  black  oxyde 
of  iron.  When  the  ores  are  very  difificult  to  melt,  a  measure  of  about  half  a  hundred* 
weight  of  floor  sfiar  is  added ;  but  this  must  be  done  with  precaution,  for  fear  of  in- 
creasing the  scoriae  too  much. 

The  business  goes  on  day  and  night.  Five  charges  are  commonly  put  through  hands  in 
the  course  of  24  hours ;  but  when  all  circumstances  are  favorable — that  is  to  say,  when 
the  ore  is  fusible,  when  the  fuel  is  of  the  first  quality,  and  when  the  fhmace  is  in  good 
condition,  even  six  charges  a  day  have  been  despatched. 

The  charge  is  a  ton  and  a  half  of  calclhed  ore,  so  that  a  melting  furnace  corresponds 
nearly  to  a  calcining  furnace ;  the  latter  turning  out  nearly  7  tons  of  calcined  ore  in  24 


The  workmen  are  paid  by  the  ton. 

Tkird  operation.    Cakuuuion  of  ihe  coartt  metal^  or  the  matt^ — ^The  object  of  this 
eiwraiMn  is  principally  to  oxydize  the  iroi^  an  oaiydation  easier  to  execute  than  in  the  first 
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Cttlcinisiir,  because  the  znetal  is  now  disengaged  from  the  earthy  gnbatancetfy  which 
acreened  it  frum  the  action  of  the  air. 

This  calcination  is  executed  in  the  furnace  ahneady  represented,  >lg«.  29€>  297,  298, 
page  324,  exactly  in  the  sane  way  as  the  ore  was  calcined.  The  metal  must  be  perpetu- 
ally stirred  about,  to  expose  all  its  surfaces  to  the  action  of  the  hot  air,  and  to  hinder  the 
clotting  together.  The  operation  lasts  24  hours;  during  the  first  six,  the  fire  should  be 
very  moderate,  and  IhereaQer  gradually  increased  to  the  end  of  the  calcination.  The 
charge  is,  like  that  of  the  first,  3  tons  and  a  half. 

Fourth  operation.  Melting  of  iht  caldned  coarn  tnetal,  or  calcified  matt. — In  the 
fusion  of  this  first  calcined  matt,  some  scoriae  of  the  latter  operations  must  be  added,  which 
are  very  rich  in  oxyde  of  copper,  and  some  crusts  from  the  hearth,  which  are  likewise 
impregnated  with  it.  The  proportion  of  these  substances  varies  according  to  the  quality 
of  the  calcined  matt. 

In  this  second  fusion,  the  oxyde  of  copper  contained  in  the  scoriae  is  reduced  by  the 
affinity  of  the  sulphur,  one  portion  of  which  passes  to  the  state  of  acid,  while  the  other 
forms  a  subsulphuret  with  the  copper  become  free.  The  matt  commonly  contains  a  suf* 
fident  quantity  of  sulphur  to  reduce  the  oxyde  of  copper  completely;  but  if  not,  which 
may  happen  if  the  calcination  of  the  matt  has  been  pushed  too  far,  a  small  quantity  of 
VDcalcined  matt  must  be  introduced,  which,  by  furnishing  sulphur,  diminishes  the  rich* 
Bess  of  the  scoriae,  and  facilitates  the  fusion. 

The  scorise  are  taken  out  by  the  front  door,  by  drawing  them  forward  with  a  rake. 
They  have  a  great  specific  gravity ;  are  brilliant  with  metallic  lustre,  very  crystalline, 
and  present,  in  the  cavities,  crystals  like  those  of  pyroxene;  they  break  easily. into  very 
aharp-edged  fragments.    They  contain  no  granulated  metal  in  the  interior;  but  it  some 
times  occurs,  on  account  of  the  small  thicknesses  of  the  stratum  of  scoriae,  that  these  car 
ry  ofifwiih  them,  when  they  are  withdrawn,  some  metallic  particles. 

These  scori«,.as  we  have  already  stated,  under  the  fusion  of  the  roasted  ore,  are  is 
general  melted  with  it.    In  some  cases,  however,  a  special  melting  is  assigned  to  them. 

The  matt  obtained  in  this  second  fusion  is  either  run  out  into  water  like  the  first,  or 
moulded  into  pigs  (ingots),  according  to  the  mode  of  treatment  which  it  is  to  undergo. 
This  matt,  called  by  the  smelters  ^nc  metal  when  it  is  granulated,  and  bhe  metal  when  it 
is  in  pigs,  is  of  a  light  gray  color,  compact,  and  bluish  at  the  surface.  It  is  collected 
in  the  first  form  when  it  is  to  be  calcined  anew ;  and  in  the  second,  when  it  must 
immediately  undergo  the  operation  of  roasting*  Its  contents  in  copper  are  60  per  cent. 
This  operation,  which  is  sometimes  had  recourse  to,-  lasts  6  or  6  hours.  The  charge  is  1 
ton. 

(6)  Particular  fusion  of  the  scoriaof  the  fourth  opera/ion.— In  re^mehing  these  scorisB^ 
the  object  is  to  procure  the  copper  which  they  contain.  To  efifect  this  fusion,  the  soorias 
are  mixed  with  pulverized  coal,  or  other  carbonaceous  matters.  The  copper  and  several 
other  metals  are  deoxydized,  and  fornifih  a  white  and  brittle  alloy.  The  scoriie  resulting 
from  this  melting  are  in  part  employed  in  the  first  melting,  and  in  part  thrown  away. 
They  are  .crystalline,  and  present  crystals  often  in  the  cavities,  which  appear  to  belong 
to  bisilicate  of  iron  They  have  a  metallic  lustre,  and  break  into  very  sharp-edged 
fragments.  The  white  metal  is  melted  again,  and  then  united  to  the  product  of  the 
second  fusion. 

Fifth  operation.  Calcination  of  the  second  matt,  or  fine  metal  of  the  emeUer. ^^Thm  » 
executed  in  precisely  the  same  way  as  that  of  the  first  matt.  It  lasts  24  hours;  and  the 
charge  is  usually  3  tons. 

Sixth  operation.  Melting  of  the  calcined  fme  -nK/a/.^Thi8  fusion  is  conducted  like 
that  of  the  first  matt.  The  black  copper,  or  coarse  eopper,  which  it  produces,  contains 
from  70  to  80  per  cent,  of  pure  metal;  it  is  run  into  ingots,  in  order  to  undergo  the 
operation  of  roasting. 

The  scorie  are  rich  in  copper;  they  are  added  to  the  fusion  of  the  calcined  coarse  metal 
of  the  fourth  operation. 

In  the  smelting  houses  of  Messrs.  Vivian,  at  Hafod,  near  Swansea,  the  fifth  and  sixth 
operations  have  been  omitted  of  late  years.  The  second  matt  is  run  into  pigs,  under  the 
name  of  hhu.  metal,  to  be  immediately  exposed  to'  the  roasting. 

The  disposition  of  the  canal  a  a',  Jig.  302,  which  introduces  a  continuous  current  of  ahr 
to  the  hearth  of  the  furnace,  accelerates  and  faeilitates  the  calcination  of  the  matt ;  an 
advantage  which  has  simplified  the  treatment,  by  diminishing  the  number  of  calculations. 

Seventh  operation.  Boasting  of  the  coarse  copper,  the  product  of  the  sixth  operaiion.^^ 
The  chief  object  of  this  operation  is  oxydizement ;  it  is  performed  either  in  an  ordinary 
roasting  furnace,  or  in  the  one  belonging  to  fig.  302,  which  admits  a  constant  current  of 
air*  The  pigs  of  metal  derived  from  the  preceding  melting  are  exposed,  on  the  hearth 
of  the  furnace,  to  the  action  of  the  air,  which  oxydizes  the  iron  and  other  Ibreign  metalt 
with  which  the  eopper  is  still  eontaminated.    The  duration  of  the  roaeting  varies  from 
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J2  to  24  haaiBy  aeoordiiif  to  the  degree  of  pnritf  of  the  emde  eopper.  The  temperatun 
should  be  graduated,  in  order  that  the  oxydizeineikt''iiia7  have  time  to  complete,  and  that 
the  volatile  substances  which  the  copper  snill  retains  may  escape  in  the  gaseous  form. 
The  fusion  must  lake  place  only  towards  the  end  of  the  operation.  ' 

The  charge  varies  from  a  ton  and  a  quarter  to  a  ton  and  a  half.  The  metal  obtained 
is  run  out  into  moulds  of  sand.  It  is  covered  with  black  blisters,  like  steel  of  cementation ; 
whence  it  has  got  the  name  of  blistered  copper.  In  the  interior  of  these  pigs,  the  copper 
presents  a  porous  texture,  occasioned  by  the  ebullition  produced  by  the  escape  of  the 
gases  during  the  moalding.  The  copper  being  now  almost  entirely  purged  from  the 
sulphur,  iron,  and  the  other  sobstanees  with  wlueh  it  was  combined,  is  in  a  fit  state  to  be 
refined.  This  operation  affords  some  soorisB ;  they  are  very  heayy,  and  contain  a  great 
deal  of  Qzyde  of  eopper,  scmetimes  even  metallic  copper. 

These  scoris,  as  well  as  those  of  the  third  meltiag  and  of  the  refining,  are  added  to  the 
second  fusioo,  as  we  have  already  slated,  in  describing  the  fourth  operation. 

In  some  works,  the  roasting  is  repeated  several  times  upon  the  blue  metal,  in  order  to 
bring  it  to  a  state  fit  for  refining.  We  shall  afterwards  notice  this  modification  of  the 
treatanent. 

Eighth  opiraiion.  Rgftnmg  or  iottghming,  — The  pigs  of  copper  intended  for  refining 
are  put  upon  the  sole  of  the  ^fining  furhaoe  through  the  door  in  the  side.  A  slight  heat' 
is  first  given,  to  finish  the  roasting  or  oxydation,  in  case  this  operation  has  not  already 
been  pushed  far  enough.  The  fire  is  to  be  increased  bf  slow  degrees,  so  that,  by  the  end 
of  6  hours,  the  copper  may  begin  to  flow.  When  all  the  metal  is  melted,  and  when  the 
heat  is  oonsiderabie,  the  workman  lifts  np  the  door  in  the  front,  and  withdraws  with  a 
lake  the  few  scoriae  which  may  cover  the  copper  bath.  They  are  red,  lamellated,  very 
heavy,  and  closely  resemble  proioxyde  of  copper. 

The  refiner  lakes  then  an  assay  with  a  small  ladle,  and  when  it  eools,  breaks  it  in  a 
vice,  to  see  the  state  of  the  copper.  From  the  appearance  of  the  assay,  the  aspect  of  the 
bath,  the  state  of  the  fire,  &.c.,  he  judges  if  he  may  proceed  to  the  toughening,  and  what 
quantity  of  wooden  spars  and  wood*  charcoal  he -must  add  to  render  the  metal  malleable, 
or,  in  the  language  of  the  smelters,  bring  it  to  the  proper  pitch.  When  the  operation  of 
refining  begins,  the  copper  is  brittle  or  dry,  and  of  a  deep  red  color  approaching  to  purple. 
Its  grain  is  coarse,  open,  and  somewhat  crystalline. 

To  execute  the  refining,  the  surface  of  the  metal  is  covered  over  with  wood  charcoal, 
and  stirred  about  with  a  spar  or  rod  of  birch  wood.  The  gases  which  escape  from  the 
wood  occasion  a  brisk  efifervescence.  More  wood  charcoal  is  added  from  time  to  time, 
so  that  the  surface  of  the  metal  may  be  always  covered  with  it,  and  the  stirring  is  con- 
tinued with  the  rods,  till  the  operation  of  refining  be  fiaished,  a  circumstance  indicated 
by  the  assays  taken  in  succession.  The  grain  of  the  copper  becomes  finer  and  'finer, 
and  its  color  gradually  brightens.  When  the  grain  is  extremely  fine,  or  closed,  when 
the  trial  pieces,  half  cut  through  and  then  broken,  present  a  silky  fracture,  and  when  the 
eopper  is  of  a  fine  light  red,  the  refiner  considers  the  operation  to  be  completed  ;  but  he 
Tcnfies  still  further  the  purity  of  the  copper,  by  trying  its  malleability.  For  this  pur- 
pose, he  lakes  out  a  sample  in  his  small  }adle,  and  pours  it 'into  a  mould.  When  the 
copper  is  solidified,  but  still  red-hot,  he  Gorges  it.  If  it  is  soft  ^  under  the  hanuner,  if  it 
does  not  crack  on  the  edges,  the  refiner  is  satisfied  with  its  ductility,  and  he  pronounces 
il  to  be  in  its  proper  staU.  He  orders  the  workmen  to  mould  it  $  who  then  lift  the 
eopper  out  of  the  furnace  in  large  iron  ladles  lined  with  day,  and  pour  it  into  moulds 
of  the  size  suitable  to  the  demands  of  commerce.  The  ordinary  dimensions  of  the  ingots 
or  pigs  are  12  inches  broad,  18  long,  and  from  2  to  2)  thick. 

The  period  of  the  refining  process  is  20  hoars.  In  the  first  six,  the  metal  heats,  and 
soifers  a  kinckof  roasting ;  at  the  end  of  this  time  it  melts.  It  takes  four  honrs  to  reach 
the  point  at  which  the  refining,  properly  speaking,  begins ;  and  this  last  part  of  the 
process  lasts  about  4  hours.  Finally,  6  hours  are  required  to  arrange  the  moulds,  cast 
the  ingots,  and  let  the  furnace  cool. 

The  charge  of  copper  in  the  refining  process  depends  upon  the  dimensions  of  the  fur- 
nace. In  the  Hafod  works,  one  of  the  most  important  in  England,  the  charge  varies  from 
3  to  5  tons  i  and  the  quantity  of  pure  copper  manufactured  in  a  week  is  from  40  to  50  tons. 

The  consumption  (JT  fuel  is  from  15  to  18  parts  of  eoal,  for  one  part  of  refined  copper 
ia  pigs. 

When  the  copper  offisrs  difficulties  in  the  refining,  a  few  pounds  of  lead  are  added  to 
it  This  metal,  by  the.  facility  with  which  it  scorifies,  acts  as  a  purifier,  aiding  the 
oxydation  of  the  iron  and  other  metals  that  may  be  present  in  the  eopper.  The  lead 
ought  to  be  added  immediately  after  removing  the  door  to  skim  the  surface.  The  copper 
•hoidd  be  const^tly  stirred  upy  to  expose  the  greatest  possible  surface  to  the  action  of  the 
air,  and  to  produce  the  complete  oxydation  of  the  lead ;  for  the  smallest  quantity  of  this 
■Ml  alloyed  in  copper,  is.  difilcuJt  to  clear  up  in  the  lamination  i  that  is  to  say,  the 
scale  of  Qxyde  does  not  eome  cleanly  from  the  surface  of  the  sheets. 
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The  operation  of  refining  copper  is  delicate,  and  requires,  upon  the  part -of  the  irort- 
men,  great  skill  and  attention  to  give  the  metal  its  due  ductility.  Its  surface  ought  U> 
be  entirely  covered  with  wood  charcoal ;  without  this  precautiot.,  the  refiniiig  of  the 
vietal  would  go  back,  as  the  workmen  say,  during  the  long  interval  which  elapses  in  the 
moulding ;  whenever  this  accident  happens,  the  metal  must  be  stirred  up  anew  with  the 
wooden  pole. 

Too  long  employment  of  the  wooden  rod  gives  birth  to  another  remaricaUe  accident, 
for  the  copper  becomes  more  brittle  than  it  was  prior  to  the  commencemeUt  of  the  re- 
fining; that  is,  when  it  was  dry.  Its  color  is  now  of  a  very  brilliant  yellowish  red, 
and  its  fracture  is  fibrous.  When  this  circumstance  occurs,  when  the  refining,  as  the 
workmen  say,  has  gone  too  far,  the  refiner  removes  the  charcoal  from  the  top  of  the 
melted  metal ;  he  opens  the  side  door,  to  expose  the  copper  to  the  action  of  the  air,  and 
it  then  resumes  its  malleable  condition* 

Mr.  Vivian,  to  whom  we  owe  the  above  very  graphic  account  of  the  processes,  has 
explained,  in  a  very  happy  manner,  the  theory  of  refining.  He  conceives,  we  may  con- 
clude, that  the  copper  in  the  dry  ttaity  before  the  refining,  is  combined  with  a  small  por- 
tion of  oxygen,  or,  in  other  words,  that  a  small  portion  of  oxyde  of  copper  is  difiTused 
through  the  mass,  or  combined  with  it ;  and  that  this  proportion  of  oxygen  is  expelled 
by  the  deoxydizing  action  of  the  wood  and  charcoal,  whereby  the  metal  becomes  malle- 
able. 2.  That  when  the  refining  process  is  carried  too  far,  the  copper  gets  combined  with 
a  little  charcoal.  Thus  copper,  like  iron,  is  brittle  when  combined  with  oxygen  and 
charcoal ;  and  becomes  malleable  only  when  freed  entirely  from  these  two  substances. 

It  is  remarkable,  that  copper,  in  the  dry  atcUe,  has  a  very  strong  action  upon  iron  ;  and 
that  the  tools  employed  in  stirring  the  liquid  metal  become  very  glistening,  like  those 
used  in  a  farrier's  forge.  The  iron  of  the  tools  consumes  more  rapidly  at  that  time,  than 
when  the  copper  has  acquired  its  malleable  state.  The  metal  requires,  also,  when  dry, 
more  time  to  become  solid,  or  to  cool,  than  when  it  is  refined ;  a  circumstance  depending^ 
probably,  upon  the  difference  in  fusibility  of  the  copper  in  the  two  states,  and  which  seems 
to  indicate,  as  in  the  case  of  iron,  the  presence  of  oxygen. 

When  the  proper  refining  point  has  been  passed,  another  very  remarkable  circum- 
stance has  been  observed ;  namely,  that  the  surface  of  the  copper  oxydizes  more  difficultly, 
and  that  it  is  uncommonly  brilliant ;  reflecting  clearly  the  bricks  of  the  fdmace  vault. 
This  fact  is  favorable  to  the  idea  suggested  above,  that  the  metal  is  in  that  case  combined 
with  a  small  quantity  of  carbon  ;  which  absorbs  the  oxygen  of  the  air,  and  thus  protects 
the  metal  from  its  action. 

Copper  is  brousrht  into  the  market  in  different  forms,  according  to  the  purposes  which 
it  is  to  serve.  What  is  to  be  employed  in  the  manufacture  of  brass  is  granulated.  In 
this  condition  it  presents  more  surface  to  the  action  of  zinc  or  calamine,  and  combines 
with  it  more  readily.  To  produce  this  granulation,  the  metal  is  poured  into  a  large 
ladle  pierced  with  holes,  and  placed  above  a  cistern  filled  with  water,  which  must  be 
hot  or  cold,  according  to  the  form  wished  in  the  grains.  When  it  is  hot,  round  grains 
are  obtained  analogous  to  lead  shot ;  and  the  copper  in  this  state  is  called  htan  ihot. 
When  the  melted  copper  falls  into  cold  water  perpetually  renewed,  the  granulations  are 
irregular,  thin,  and  ramified ;  constituting /eaM4!m<  shot  The  bean  shot  is  the  form  em- 
ployed in  brass  making. 

Copper  is  also  made  into  small  ingots,  about  6  ounces  in  weight.  These  are  intended 
for  exportation  to  the  East  Indies,  and  are  known  in  commerce  by  the  name  of  Japan 
copper.  .Whenever  these  little  pieces  are  solidified,  they  are  thrown,  while  hot,  into  cold 
water.  This  immersion  slightly  oxydizes  the  surface  of  the  copper,  and  gives  it  a  fine  red 
cokir. 

Lastly,  the  copper  is  often  reduced  into  sheets,  for  the  sheathing  of  ships,  and  many 
other  purposes.  The  Hafad  works  possess  a  powerful  roUing  mill,  composed  cf  four 
pairt  of  cylinders.  It  is  moved  by  a  steam  engine,  whose  cylinder  has  40  inches 
diameter.  See  the  representation  of  the  rolling  mill  of  the  Royal  Mint»  under 
Gold. 

The  cylinders  for  rolling  copper  into  sheets  are  usually  3  feet  long,  and  15  inches  in 
diameter.  They  are  uniform.  The  upper  roller  may  be  approached  to  the  under  one, 
by  a  screw,  so  that  the  cylinders  are  brought  closer,  as  the  sheet  is  to  be  made  thinner. 

The  ingots  of  copper  are  laid  upon  the  sole  of  a  reverberatory  furnace  to  be  heated ; 
they  are  placed  alongside  each  other,  and  they  are  formed  into  piles  in  a  cross-like  ar- 
rangement, so  that  the  hot  air  may  pass  freely  round  them  all.  The  door  of  the  furnace 
is  shut,  and  the  workman  looks  in  through  a  peep-hole  from  time  to  time,  to  see  if  they 
have  taken  the  requisite  temperature ;  namely,  a  dull  red.  The  copper  is  now  passed 
between  the  cylinders ;  but  although  this  metal  be  very  malleable,  the  ingots  cannot  be 
reduced  to  sheets  without  being  several  times  heated ;  because  the  copper  cools,  and  ae 
^tnires,  by  compression,  a  texture  which  stops  the  progress  of  the  lamination. 

These  successive  heatings  are  given  in  the  ftvnaee  indicated  above ;  though,  when  the 
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ihced  are  to  bav«  k  nxf  gnu  liie,  runaees  Howwhal  diffennt  ue  had  reeouM  to. 
The;  are  rram  12  u>  15  fret  long,  and  fi  wide.    Sea  Ba^u. 

The  copper,  bf  sneeetsive  bealing  and  lamiaatioa,  get*  eorered  irilb  a  coki  ofoxyde, 
wtach  is  mmned  by  iteepiog  the  »heeU  fbr  a  few  dafs  in  a  pil  filled  with  urine  t  Ibej 
*re  [ben  pul  upon  the  Kile  of  Uie  hemtint;  Aimace.  Anunonia  ii  formed,  which  acU  on 
■be  copper  oxjde,  and  Uys  bare  the  metallic  surface.  The  iheeU  are  neit  mblied  with 
a  piece  of  wood,  (hen  plunged,  while  aljll  hot,  into  water,  to  malti;  the  oxyde  acale  off; 
and  laslJ;,  ihcy  are  passed  cold  through  (he  rolling  prcM  to  nnODth  them.  The}  are  now 
•U  *i)ture,  and  packed  up  for  home  u]e  or  exportation. 

Tie  rallawing  estimate  ha«  been  given  b;  MM.  Dnfrenor  and  Elie  de  BeaumoDt  of 
AanpniM  of  manafacturinga  ton  (d' copper  in  Santh  Wales. 

£  ,.  d. 
131  lo™  of  orCi  rieldiag  S^  per  ml.  of  copper  fi5  0  0 
20loniofeoali  -  ■  ■  -800 

Worknten's  wages,  rent,  repairi,  &c.  -  -  13    0    0 

76    0    0 

Tlie  dhalatioM  from  (he  copppi  Bmelting  works  are  very  delrimental  to  both  vegetabla 
aad  aninal  life.  Tbey  eonsitt  of  snlphuroni  acid,  inlphnric  acid,  artenie,  and  aneniooa 
acids,  tarioDs  gaiies  and  Snaric  Tapors,  with  solid  particles  mechanicBllf  swept  away  into 
Ibe  air,  besides  the  coal  smoke.  Mr.  Vivian  has  invented  a  very  ingenious  method  oT 
lnwiiijt  the  elbalations  from  the  calcining  ore«  and  malli  alon);  horiziintBl  Sues,  or  ralhar 
gaUeriea  of  great  dimensions,  with  many  enissingB  and  windings  of  the  current,  and  ei- 
ponoe  daring  the  greater  part  of  the  circnil  to  copious  showers  of  cold  water.  By  thit 
liafle  and  pewErfol  system  of  condensation,  the  arsenic  is  deposited  in  (he  bottom*  oC 
the  floes,  the  enlphnnnia  acid  is  in  a  great  measure  atisorbed,  and  the  nuisance  i)  re- 
uarkably  ■  baled. 

The  following  figarea  represent  certain  modificationt  of  the  copper  calcining  ud 
taieltin^  copper  rnmacet  of  Swansea. 

Fig.  301,  is  the  section  oTihe  roasting  furaace  lengthwise;  fig.  303,  the  ground  plan) 
ia  wbieb  a  is  ibe  fire-door:  b  the  iiate;  c  the  fore-bridge;  d  the  cbimnev  i  «t  woritinc 
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apertnret  on  each  of  the 
long  sides, of  the  Aimaee, 

I  throngh  wKich  the  ore  is  in- 

trodoced, spread, and  turned 
over;  //cast-iron  hoppers g 
gf  openings  in  the  vaulted 

I  roof;  A  the  hearth-iole;  ii 

bolea  in  this;  k»  vaalted 
space  under  the  hearth.  The 
hearth  has  a  sniiaUe  oT«I 
shape,  and  is  covered  with 
a  Sal  arch.  Its  length  it 
16  feet,  breadth  13},  mean 

j^'f.  306, is  a  longitudiBal  section  of  the  melting  furnace;  Jig.  306,  the  ground  plaa, 
ia  wbtdi  a  is  the  file  door ;  b  the  gnte  ;  c  the  fire  bridge  ;  d  the  chimney  ;  <  the  aids 
openiags;/  the  working  doors;  g  the  rakiag-oal  hole;  h  iron  sponts,  which  conduct 
the  melted  metal  into  pits  filled  with  water. 

The  meltiBg  Ainuwe  is  altogether  smaller  g  but  it*  ftring  hearth  it  consideiably  larger 


I      The  principal  ore  Melted  at  Chcs^  b 

I  the  aiun   copper,  which  wu  diMovend 

I   by  B<^ent  in  1812.    Red  copper  ore,  alM) 

I  hai  eome  into  operation  Ihare  niiee  I8!d. 

I  Hie  afenge  metallic  oontcnli  of  UteTicbeat 

amre  ore  are  fram  33  M  36  per  cent  i  of 

the  poorer,  from  SO  to  24.    Tbe  red  ore 

coDlaiu  from  40  to  67  imrti  ia  100.    The 

ore  it  sorted,  k>  that  the  roean  content!  of 

metat  DUtT  be  27  per  cent.,  Id  vhich  SO 

per  cent,  of  limeslooe  are  added ;  vhence 

the  cinder  will  amouat  lo  90  per  cent,  of 

the  ore.    A  few  per  cents,  of  red  copper 

slag,  with  lome  quicklime  and  gahnlag,  %rw 

added  lo  each  charge,  which  coniisia  of 

200  poundi   of  the  abore    mixlnre,   and 

ISO  poaads  of  coke.    When  tbe  fnmace 

(Jbumait  a  mancht.  Bee  tbe  Scotch  unelling  hearth,  under  Lead)  ib  in  ^ood  aeiioa, 

Com  10  to  14  lacb  chargei  arc  worked  in  IS  hoars.    When  the  crucible  it  full  of  metal 

at  the  end  of  this  period,  during  which  the  cinder  baa  been  frequenllf  raked  dS",  the  Uaat 

Is  Etopped,  Bad  the  malU  floating  over  the  metal  beiug  sprinkled  with  water  and  taken 

off,  leavee  the  black  copper  lo  be  treated  in  a  similar  way,  and  eonverled  iaio  toiIIu. 

The  refioiog  of  this  black  copper  is  peifarmed  in  a  kind  of  reverberator;  furaaer. 

The  cinders  produced  in  tJii«  reduction  process  are  either  vilreone  and  light  bine, 
which  are  most  abundant:  cellalar,  black,  imperrecQy  fused  from  excess  of  Ume;  or, 
lastly,  led,  dense,  blister;,  from  defect  of  lime,  from  bxi  much  heat,  and  tbe  passage  of 
protoiyde  into  the  cindera.  They  consist  of  tilicatc  of  alumina,  of  lime,  prolaiyde  of 
iron ;  the  red  contain  some  f  ilicate  of  copper. 
m 

Tbe  copper-refining  far> 
nace  at  Chetsy,  near  Ly- 
on*, if  of  the  bind  called 
apUia-^at  (split  hearths) 
by  the  Germans.  Fig.  307 
is  a  section  lengthwise  in 
the  doited  line  a  B  of  fig. 
308,  which  ia  the  ground 
plan. 

Tbe  foundation-walls  are 
made  of  gneiss ;  the  arch, 
the    fire-bridge,    and     the 
chimney,  of  fire-bricks.  The 
hearth,   a,  is  foimed  of  a 
dense  mixture  of  coal-dnst, 
opon  a  bottom  of  well-baat 
clay,  bf  which  reposes  npoa 
a  bed  of  brickwork  c.    Be- 
neath this  there  is  a  slag 
bottom  dj   e  is  the  upper, 
and  /  the  under  discharge 
hole.    The  hearth  is  egg- 
shaped  ;  the  longer  axis  be. 
ing  8  feet,  ibc  shorter  6^ 
feet;  in  tbe  middle  it  is  10 
inches  deep,  and  furnished  with  the  onlleta  g  g,  which  lead  to  each  of  the  SplrUi-luarlha 
k  h,fig.  308.    These  outlets  are  contracted  with  fire-bricks  1 1,  till  the  proper  period  of 
the  discharge.    Tbe  two  hearths  are  placed  in  eommunieation  by  a  canal  k :  they  arc  S| 
feet  in  diameter,  16  inebei  deep  j  are  floored  with  well-beat  coal  ashes,  and  receive  aboM 
27  cwt.  for  a  charge. 

li*  the  grate  j  m,  the  fire-bridge  j  n,  the  boshes  in  which  the  Myfru  liei  o,  tht 
chimney )  p,  the  working  door  through  which  the  slags  may  be  drawn  off,  Abor* 
(bis  is  a  aiDall  chimney,  to  carry  off  the  flame  and  uoidte  whenever   the  door  i* 

The  naelting  patl  or  charge,  lo  be  purified  at  once,  emuist*  of  SO  cwt.  of  Uaek 
■opper,  to  which  a  Utile  granular  copper  and  copper  of  cementation  is  added]  lb« 


iDDdcnIelf  tbiek  layer  of  cinder,  which  is  drau-n  off.  This  is  the  first  ikimmiiis  at' 
Jieraiagi,  By  anil  by,  «  Eeeorid  layer  of  cinder  Coirn*,  which  ig  in  like  maanet 
icswvcd ;  and  Ulis  ikitDmiiig  ii  repealed,  to  allow,  the  blest  to  act  upon  freih  melallie 
tarfaces.  Attn  4  or  6  hoort,  no  mare  sia^  appein,  and  then  the  Gre  u  inereaaeil. 
Tlie  melted  mas*  now  begins  lo  boil  or  work  (_travaiiUr),  and  continues  so  to  do,  for 
•kou  {  of  an  bonr,  or  an  boor,  afler  which  the  motion  ceases,  Uiougli  Ilie  fire  be  kept 
ap.  The  gahrjiroof  a  now  tojien  \  but  the  metal  is  seldom  fine  in  less  than  (  of  an' 
boor  afler  the  boil  is  Over,  Wbenerer  (he  metal  is  run  off  b;  (he  Mp-hole  into  UiB 
two  bum*  i  i,  called  )pi,it-hgahtiis,  a  reddish  vapor  or  mist  rises  fiom  il«  surfhee, 
"—■r™^  of  an  infinite  number  of  minute  globules,  which  revolve  with  astonishinK 
velncily  upon  Ifaeir  axes,  constiluting  what  the  Gormans  called  tpratten  (crackling)  of 
the  copper.  The;  are  composed  ofa  nucleus  of  metal,  covered  with  a  film  of  pmloxydB, 
and  are  nsed  as  sand  for  strewing  upon  manoieript,  Tbe  copper  is  separated,  as  usual,  bf 
(phnblisg  water  upon  the  surface  of  the  melted  metal,  ia  tha  state  of  Toutta,  which  ara 
tSKDediately  immersed  in  a  stream  of  water.  This  refiain;  process  lasts  about  16  or  17 
howsi  the  skimmiDgs  weigli  about  50  ewt.  ;  the  refase  is  from  16  to  17  per  cent. ;  tba 
!0K  fram  2  to  3  per  cent.     The  gohrilag  amounts  to  II  cwt. 

Tie  rcfinini;  of  the  eliquated  copper  (called  darrtingt)  from  which  the  silver  baa  been 
nreatcd  out  by  the  intervention  of  lead,  can  be  performed  only  in  small  hearthe.  1^ 
fiilkniiiiig  is  the  representation  of  sueh  a  furnace,  called,  in  Germai,  ilii^irgaJiriaerd. 
Fig,  309  ia  the  lection  lengthwise;  fig.  310  is  tbe  section  across;   and^g.  311  ii  |h« 


584  COPPER. 

ronnmg  dlt  the  liquid  slag;  /^  a  small  wall;    g,  iron  earb  for  keeping  the  coals 
tiM^ether. 

The  hearth  being  heated  with  a  bed  of  charcoal,  f  c^>  o^  darrlinge  are  laid  over  it, 
and  covered  with  more  fuel  -.  whenever  this  charge  is  melted,  another  layer  of  the  coal 
and  darrlinge  is  introdaced,  and  thns  in  succession  till  (he  hearth  become  full,  or 
contain  from  2}  to  2|  cwt.  In  Neustadt  7)  cwt.  of  darrlinge  have  been  refined  in  one 
furnace,  from  which  5  cwt.  of  gahrcopper  has  been  obtainol.  The  blast  oxidizes  the 
foreign  metals,  namely,  the  lead,  nickel,  cobalt,  and  iron,  with  a  little  copper,  forming 
the  gahrslagi  which  is,  at  first,  rich  in  lead  ozyde,  and  poor  in  copper  oxyde ;  but,  at  the 
end,  this  order  is  reversed.  The  slag,  at  first  blackish,  assumes  progressively  a  copper 
red  tint.  The  slag  flows  off  spontaneously  along  the  channel  e,  from  the  surface  of  the 
hearth.  The  goAre  is  tested  by  means  of  a  proof-rod  of  iron,  called  gahr-€Ueny  thrust 
though  the  iuycre  into  the  melted  copper,  then  drawn  out  and  plung«i  in  cold  water. 
As  soon  as  the  gahrspan  (scale  of  copper)  appears  brownish  red  on  the  outside,  and 
copper  red  within,  so  thin  that  it  seems  like  a  net-work,  and  so  deficient  in  tenacity 
that  it  cannot  be  bent  without  breaking,  the  refining  is  finished.  The  blast  is  then 
stopped ;  the  coals  covering  the  surface,  as  also  the  cinders,  must  be  raked  off  the  copper, 
after  being  leA  to  cool  a  Uttle ;  the  surface  is  now  cooled  by  sprinkling  water  upon  it, 
and  the  thick  cake  of  congealed  metal  (rondelle)  is  lifted  off  with  tongs,  a  process  called 
aehUissen  (slicing),  or  sheibenreissen  (shaving),  which  is  continued  till  the  last  convex  cake 
at  the  bottom  of  the  furnace,  styled  the  kingspiece,  is  withdrawn.  These  rondellea  are 
immediately  immersed  in  cold  water,  to  prevent  the  oxydation  of  the  copper ;  whereupon 
the  metal  becomes  t>f  a  cochineal  red  color,  and  gets  covered  with  a  thin  film  of 
protoxyde.  Its  under  surface  is  studded  over  with  points  and  books,  the  result  of 
tearing  the  congealed  disc  from  the  liquid  metal.  Such  cakes  are  called  rotetle  copper. 
When  the  metal  is  very  pure  and  free  from  protoxyde,  these  cakes  may  be  obtained  very 
thin,  one  24th  of  an  inch  for  example. 

The  refining  of  two  cwts.  and  a  half  of  darrliTigt  takes  three  quarters  of  an  hour,  and 
yields  one  cwt.  and  a  half  of  gahrcopper  in  36  rosettes,  as  also  some  gahrdag,  Gahr- 
copper generally  contains  from  1^  to  2)  per  cent,  of  lead,  along  with  a  little  nickel, 
silver,  iron,  and  aluminum. 

Smelling  of  the  Manns/eld  copper  echUtf  or  biiuminotu  MergeUchUfen — ^The  cupreous 
ore  is  first  roasted  in  large  heaps,  of  2000  cwts.,  interstretified  with  brush-wood,  and 
with  some  slates  rich  in  bituminous  matter,  mixed  with  the  others.  These  heaps  are 
3  ells  high,  and  go  on  burning  15  weeks  in  fair  and  20  in  rainy  weather.  The  bitumen 
is  decomposed ;  the  sulphur  is  dissipated  chiefly  in  the  form  of  sulphurous  acid ;  the  metal 
gets  partially  oxydized,  particularly  the  iron,  which  is  a  very  desirable  circumstance 
towarils  the  production  of  a  (rood  smelting  slag.  The  calcined  ore  is  diminished  one 
tenth  in  bulk,  and  one  eighth  in  weight ;  becoming  of  a  friable  texture  and  a  dirty  yellow 
grey  color.  The  smelting  furnaces  are  cupolas  X$chachto/hi),  14  to  18  feet  high ;  the 
fuel  is  partly  wood  charcoal,  partly  coke  from  the  Berlin  gas-works,  and  Silesia.  The 
blast  is  given  by  cylinder  bellows,  recently  substituted  for  the  old  barbarous  Blaubalgen, 
or  wooden  bellows  of  the  household  form. 

The  cupreous  slate  is  sorted,  according  to  its  composition,  into  slate  of  lime,  dsy,  iron, 
A«.,  by  a  mixture  of  which  the  smelting  is  facilitated.  For  example,  1  post  or  charge  may 
consist  of  20  cwt.  of  the  ferruginous  slate,  14  of  the  calcareous,  6  of  the  argillaceous,  with 
3  of  fluor  spar,  3  of  rich  copper  slags,  and  other  refuse  matters.  The  nozzle  at  the 
iuyire  is  lengthened  6  or  8  inches,  to  place  the  melting  heat  near  the  centre  of  the 
furnace.  In  15  hours  1  fodder  of  48  cwts.  of  the  above  mixture  may  be  smelted, 
whereby  4  to  5  cwts.  of  matte  (crude  copper,  called  Kupferstein  in  Germany)  and  a 
large  body  of  slags  are  obtained.  The  matte  contains  from  30  to  40  per  cent,  of  copper, 
and  from  2  to  4  loth*  (1  to  2  oz.  )  of  silver.  The  slags  contain  at  times  one  tenth  their 
weight  of  copper. 

The  matte  is  composed  of  the  sulphurets  of  copper,  iron,  silver,  zinc,  along  with  some 
arsenical  cobalt  and  nickel.  The  slaty  slag  is  raked  off  the  surface  of  the  melted  matte 
from  time  to  time.  The  former  is  either  aAer  being  roasted  six  successive  timea, 
smelted  into  black  coppel: ;  or  it  is  subjected  to  the  following  concentration  process.  It 
is  broken  to  pieces,  roasted  by  brushwood  and  coals  three  several  times  in  brick-walled 
kilns,  containing  60  cwts.,  and  turned  over  ailer  every  calcination ;  a  process  of  four 
weeks'  duration.  The  thrice  roasted  mass,  called  spurrosty  being  melted  in  the  cupola 
fig.  313,  with  ore-cinder,  yields  the  tpurstein,  or  concentrated  matte.  From  30  to  40  cwts. 
of  spurrost  are  smelted  in  24  hours ;  and  from  48  to  60  per  cent,  of  spurttein  are  obtained, 
the  slag  from  the  slate  smelting  being  employed  as  a  flux.  The  spurstein  contains  from 
60  to  60  per  cent,  of  copper,  combined  with  the  sulphurets  of  copper,  of  iron,  and 
rilver. 

The  spurstein  is  now  mixed  with  dunnttein  (a  sulphuret  of  copper  and  iron  prodneed 
in  the  original  smeltinss)  roasted  six  successive  times,  in  the  quantity  of  60  ewta.,  witli 
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hvihwood  am]  clnrcoili  «  procen  which  requires  teom  T  lo  8  weeks.  The  prodael  of 
Ikis  nx-fold  uleinatiun  is  the  Gahrrotl  of  the  Germane  (done  and  purified) ;  it  hu  ■ 
•Dlgr  like  red  copper  ore,  varjiog  rroia  Une  ftra)  into  eochineal  led  i  a  grannlar  Trac- 
tue;  it  conlaint  ■  little  of  the  mel>],  and  may  be  inuDedialelf  reduced  into  metallic 
copper,  calletl  frH^trmacAen.  Bat  before  smeltiog  the  mass,  it  is  liiiiiated  wilh  iraler, 
10  extract  from  it  ihe  soluble  sulpbale,  which  is  coneenlnled  in  lead  pans,  and  erji- 
talUzed. 

The  liiiTiatedgoArSiftniijed  with  from  i  to  J  rfihe  liiimteddiiiint(ei'irD»;,Bnd^  lo^ 
cf  the  copper  llale  ilag,  are  emelled  with  chaAoal  or  coke  fuel  in  the  eonrse  of  24  hours, 
in  a  mass  of  60  or  80  ewls.  The  product  is  black  copper,  la  Ihe  amount  of  aboat  i  the 
weisht,  and  J  of  rfuaaifn'n  or  Ihm  math.  This  black  copper  conlains  in  the  cwt.  from 
li  lo  20  loths  (B  to  10  ox.)  of  silver.  The  dilnnstfin  copsists  of  from  60  lu  TO  per  cent. 
of  copper  combined  wiih  sulphur,  sulphurel  of  iron,  and  arsenic;  and  when  Ihricc 
loasteii,  yields  a  portion  of  metal.  The  black  copper  lies  nndennost  in  the  crucible  of 
the  furnace;  above  il  is  the  demufetn,  covered  with  the  stone  slag,  or  opper  cinder, 
reaolting  frtMn  the  slale-snielrintr.  The  ilatts  being  raked  off,  and  the  crucible  suHicienlly 
fgll,  the  eye  or  notzle  hole  is  shut,  Ihe  diimufefn  removed  bf  cooling  the  suiface  and 
htealiini;  Ihe  crusi,  wbich  is  about  j  lo  |  inch  thick.  The  same  method  is  adopted  for 
tikiDg  out  the  black  copper  in  saecewtTe  layers.  For  Ihe  de-sitvering  of  this  and  limilat 
Hack  coppen,  see  Silver. 

313  312  Fig.  312  is  a  vertical  section 

through  the  form  or  luyirt  in 
the  doited  line  a  b  of  fig.  314. 
Fig.  313  is  a  vertical  seclian  in 
the  dolled  line  c  n  of  fig.  316.  a 
it  the  shaft  of  Ihe  furnnce,  b  the 
rest,  e  c  tbe  forms ;  d  the  sole  or 
hearth-stone,  which  has  a  slope 
of  3  inches  loivards  (he  IVont 
walli  ee,  JLG.  casing  walls  of  fire 
briclu  i  //,  Sic.  filling  up  walla 
bailt  of  nibbi«h  stones ;  g  f  ■ 
mass  through  which  Ihe  heat  i* 
slowly  conducted )  A  A  Ihe  two 
holes  through  one  or  other  of 
which  allernalely  the  prodael  of 
the  smelting  process  is  run  off 
inio  the  fore-hearth.  Beneath 
the  hearlh-Bole  there  is  a  solid 
body  of  loam;  and  the  fore- 
hearth  is  formed  with  a  miiiure. 
of  eoal-dnst  and  da;;  A:  is  the 
dischat^e  outlet.  Fig.  314  is  a 
horizontal  section  of  Ihe  furnace 
through  the  hole  or  eye  in  the 
dotted  line  e  roCfig.  312;  fig, 
3IS,  a  horizontal  aeclion  of  the 
shall  of  the  furnace  through  the 
foni  in  the  doited  line  a  h  of  j?gi.  312  and  313.  The  height  of  Ihe  shaO,  from  Ihe  line 
I  r  to  the  top,  is  14  feet ;  from  e  lo  a,  29  inches ;  from  c  lo  the  line  below  6,  S  feet ; 
fim  that  line  to  the  line  opposite  g  f,  2  feel.  The  widih  at  the  line  g  g  is  3  f^l  3  inohet, 
and  at  e  26  inches.    The  basins  i  i,fig.  314,  are  3  feet  diameter,  and  20  inches  deep. 

The  reflning  of  copper  is  aaid  lo  be  well  eiecnted  at  Seville,  in  Spain  ;  and,  therefore, 
nme  aecoaot  of  the  tnode  of  operating  there  may  be  acceplable  to  the  reader. 
'  Tie  first  object  is  lo  e»apprate  in  a  reverberatory  furnace  all  ihe  volalile  snbslances, 
neih  aa  snlphnr,  arsenic,  aMIimony,  &c.,  which  may  be  associated  with  Ihe  salphur;  and 
Ibe  aenxMl,  to  oiydize  and  to  convert  jnlo  scoriiB  Ihe  fixed  snbslances,  such  as  iron,  lead, 
kc,  wilh  tbe  least  possible  expense  and  waste.  The  minute  quantities  of  gold  and  sil- 
TB  which  resist  oijdalion  cannot  be  in  any  way  injurioas  to  Ihe  copper.  The  hearth 
b  nSBBlly  made  of  a  refractory  sand  and  clay  with  ground  charconl,  each  mixed  in  equal 
*ilBiiie«,  and  worled  up  into  a  doughy  consistence  with  waler.  This  composition  in 
bat  firmly  into  Ihe  furnace  boltom.  Bui  a  quarlzose  hearlh  is  found  lo  answer  better, 
•ad  U>  be  &r  more  durable ;  such  as  n  bed  of  fire-sandstone. 

Befbre  kindling  the  furnace,  lis  inner  surface  is  smeared  over  with  a  cream-con- 
liar  ■fill  miilore  of  fire-clay  ai^  water. 

TW  out  pip,  or  Mods  of  black  or  emde  copper,  are  piled  upon  the  hearth,  each  sue- 
«CMm  bjn  entua^  at  richl  aaglet  the  layer  beneath  it,  in  gider  Uai  th«  Bama  hmt 
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hftTe  access  to  play  upon  the  surikoe  of  the  beartli,  and  to  heat  it  to  a  proper  pitch  for 
nudcini?  the  metal  flow. 

The  weight  of  the  charge  should  be  proportional  to  the  capacity  of  the  farnace,  and 
such  that  the  level  of  the  metallic  bath  may  be  aboat  an  inch  above  the  nozzle  of  the 
bellows ;  for,  were  it  higher,  it  would  obstruct  its  operation,  and  were  it  too  low,  the 
stream  of  air  would  strike  but  imperfectly  the  surface  of  the  metal,  and  would  fail  to 
effect,  or  would  retard  at  least,  the  refining  process,  by  leaving  the  oxydation  and  vola- 
tilization of  the  foreign  metals  incomplete. 

As  <  the  scoriae  form  upon  the  surface,  they  are  drawn  off  with  an  iron  rabble  fixed  to 
the  end  of  a  wooden  rod. 

Soon  after  the  copper  is  melted,  charcoal  is  to  be  kindled  in  three  iron  basins  lined 
with  loam,  placed  alongside  the  furnace,  to  prepare  them  for  receiving  their  charge  of 
copper,  which  is  to  be  converted  in  them,  into  rottUes, 

The  bellows  are  not  long  in  action  before  the  evaporation  of  the  mineral  substances 
is  so  copious,  as  to  give  the  bath  a  boiling  appearance ;  some  drops  rise  up  to  the  roof 
of  the  reverberatory,  others  escape  by  the  door,  and  fall  in  a  shower  of  minnte  spherical 
globules.  This  phenomenon  proves  that  the  process  is  goii|g  on  well ;  and,  when  it 
ceases,  the  operation  is  nearly  completed.  A  small  proof  of  copper,  of  the  form  of  a 
watch-case,  and  therefore  called  montre,  is  taken  out  from  time  to  time^  upon  the  round 
end  of  a  polished  iron  rod,  previously  heated.  This  rod  is  dipped  two  or  three  inches 
into  the  bath,  then  withdrawn  and  immersed  in  cold  water.  The  copper  cap  is  detached 
from  the  iron  rod,  by  a  few  blows  of  a  hammer ;  and  a  judgment  is  formed  from  its  thick- 
ness, color,  and  polish,  as  to  the  degree  of  purity  which  the  copper  has  acquired.  But 
these  watches  need  hot  be  drawn  till  the  small  rain,  above  spoken  of,  has  ceased  to  fall 
At  the  end  of  about  11  hours  of  firing,  the  numerous  small  holes  observable  in  the  first 
watch  samples  begin  to  disappear ;  the  outer  surface  passes  from  a  bright  red  to  a  darker 
hue,  the  inner  one  becomes  of  a  more  uniform  color,  and  always  less  and  less  mariced 
with  yellowish  spots.  It  will  have  acquired  the  greatest  pitch  of  purity  that  the  process 
can  bestow,  when  the  watches  become  of  a  dark  crimson  color. 

Care  must  be  taken  to  stop  this  refining  process  at  the  proper  time ;  for,  by  prolong- 
ing it  unduly,  a  small  quantity  of  cupreous  oxyde  would  be  formed,  which,  finding  no 
oxygen  to  reduce  it,  would  render  the  whole  body  of  copper  hard,  brittle,  and  incapable 
of  lamination. 

The  basins  must  now  be  emptied  of  their  burning  charcoal,  the  opening  of  the  tuyin 
must  be  closed,  and  the  melted  copper  allowed  to  flow  into  them  through  the  tap-hole, 
which  is  then  closed  with  loam.  Whenever  the  surface  is  covered  with  a  solid  crust,  it 
is  bedewed  with  water;  and  as  soon  as  the  crust  is  about  1^  inch  thick  it  is  raised  upon 
hooks  above  the  basin,  to  drain  off  any  drops,  and  then  carried  away  from  the  furnace. 
If  these  cakes,  or  rosettes,  be  suddenly  cooled  by  plunging  them  immediately  in  water, 
they  will  assume  a  fine  red  color,  from  the  formation  of  a  film  of  oxyde. 

Each  refining  operation  produces,  in  about  12  hours,  1 JL.  tons  of  cop^r,  with  the  eon- 
sumption  of  about  i  of  a  ton  of  dry  wood. 

Care  should  be  taken  that  the  copper  cake  or  rosette  be  all  solidified  before  plunging 
it  into  water,  otherwise  a  very  dangerous  explosion  might  ensue,  in  consequence  of  the 
sndden  extrication  of  oxygen  from  the  liquid  metal,  in  the  act  of  condensation.  On  the 
other  hand,  the  cake  should  not  be  allowed  to  cool  too  long  in  the  air,  lest  it  get  peroxy- 
dized  upon  the  surface,  and  lose  those  fine  red,  purple,  and  yellow  shades,  due  to  a  film 
of  the  protoxyde,  which  many  dealers  admire. 

When  a  Uttle  oxyde  of  antimony  and  oxyde  of  copper  are  combined  with  copper^ 
they  occasion  the  appearance  of  micaceous  scales  in  the  fractured  faces.  Such  metal 
it  hard,  brittle,  yellowish  within,  and  can  be  neither  laminated  nor  wiredrawn.  These 
defects  are  not  owing  to  arsenic,  as  was  formerly  imagined)  but,  most  probably,  to 
antimony  in  the  lead,  which  is  sometimes  used  in  refining  copper.  They  are  more 
easily  prevented  than  remedied. 

According  to  M.  Frerejean,  proprietor  of  the  great  copper  works  of  Vienne,  in 
Bauphiny,  too  Iqw  a  temperature,  or  too  much  charcoal,  gives  to  the  jnetal  a  cnbicd 
structure,  or  that  of  divergent  rays ;  in  either  of  which  states  it  wants  tenacity.  Too 
high  a  temperature,  or  too  rapid  a  supply  of  oxygen,  gives  it  a  brick  red  color,  n 
radiated  crystallization  without  lustre,  or  a  very  fine  grain  of  indeterminate  form;  the 
last  structure  being  unsuitable  for  copper  that  is  to  be  worked  under  the  hammer  or  in 
the  rolling-press.  The  form  which  indicates  most  tenacity  is  radiated  with  minnte 
fibres  glistening  in  mass.  Melted  copper  will  sometimes  -pass  successively  through 
these  three  states  in  the  space  of  ten  minutes. 

Fig.  3 16  represents  a  roasting  mound  of  copper  pyrites  in  the  Lower  Hartz,  near  Goslar, 
where  a  portion  of  the  sulphur  is  collected.  It  is  a  vertical  section  of  a  trnneated 
quadrangular  pyramid.  A  layer  of  wooden  billets  is  arranged  at  the  base  of  the  pyninii 
in  the  line  a  a. 
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c^  a  wooden  cbimBer  «Iiieli  itandi  to  ilie  centre  of  llie  mound  willi  a  email  p3e  of 

ifc«iwl  ■!  iu  bottom,  c;  d  if  arc  Urge  lamps  of  ore  inrroundMi  by  tmaller  piecnj  ff 

are  lubbilh  and  eatth  to  rorm  ■  coverug. 

A  current  of  air  is  admiltrd  onder  the 

billeU  by  kd   opening   in  tbe  middle  of 

each  of  the  four  sidei  of  the  baae  a  a, 

so   that    tvo    principal    eiuTEDti   of   >ur 

^  cross  under  the   TCTlical   axis  c  of  the 

^  troneated  pyramid,  as  iadiealed  in  tbe 

Tbe  fire  it  applied  throuih  Ihe  chimney  c ;  tJie  eiiarcoal  at  its  bottom  c,  and  tbe  pile* 
■  a  are  kindled.  The  rnlphnreoas  ores,  J  /,  ue  raised  to  inch  a  higb  temperature  ■* 
to  expel  Ibe  salphur  in  ibe  eiale  of  vapor. 

In  the  Lower  Harti  a  roaiiisg  mound  contlnnes  burning  daring:  fbiir  monlbs.  Some 
days  aArr  ii  is  kindled  the  aulphnr  begins  to  exhale,  and  is  condensed  by  Ibe  air  at  Ihe 
upper  surface  of  the  pyrunid.  When  this  seemg  impregnated  with  il,  small  basins  I  1 
an  excsTaled,  in  which  some  liqnid  solphnr  eollfeli;  it  is  removed  from  time  lo  time 
with  iron  ladle*,  atid  thrown  into  water,  wher«  it  solidiSes.  It  is  then  tefiaed  and  cait 
■MS  roll  brimttone. 

A  similar  roaaling  monnd  ronlains,  in  the  Z.Dwer  Hartz,  from  100  to  110  tons  of  ore 
agd  730  enbic  irtX  of  wood.  IE  yield«  in  four  months  Bbout  one  ton  and  a  half  oT 
tnlpbnr  from  copper  pyritet.    Lead  ote  is  treated  in  Ibe  same  way,  but  it  Airoithes  lew 

There  are  osnallr  fttsa  12  to  IS  roasting  heaps  in  action  a<  once  for  three  smelting 
wdtIh  of  the  Lower  Hsrtz.  After  tbe  first  roasting  two  heaps  are  united  to  form  a  thir^ 
whieh  is  calcined  anew,  but  under  a  shedj  the  ores  are  then  stirred  up  and  roasted  for 
tbe  tbtrd  time,  whence  a  erode  mixture  is  procnred  for  the  smelling-house. 

Tbe  DKiM  faTorable  FceEons  for  roasling  in  the  open  air  are  spring  and  aotomn  \  Ihs 
beU  weather  is  a  light  wind  accompanied  with  gentle  tain.  When  the  wind  or  rain 
obMrneta  the  opcratioD,  this  inconTcnicnce  is  remedied  by  plaubs  distribaled  round  Ihe 
npper  mrfaee  of  the  truncated  pyramid  over  the  sulphur  basins. 

Jfon/acturiag  auwjt  of  copper.— -The  first  ihing  is  to  make  such  a  sample  ai  will 
rei^eseal  (he  whole  moss  lo  be  valued  ;  with  which  view,  fragmenls  must  be  lakeD  from 
diSnmt  spots,  mixed,  weiRfaed,  and  ground  logelber.  A  portion  of  Ibis  mixture  being 
Ined  by  Ibe  blowpipe,  will  show,  by  the  garlic  or  sulpboroas  smell  of  its  fumes,  whether 
arsaiie,  sniphnr,  or  both,  be  the  mineralizers.  In  the  latter  case,  which  oHen  occnr^ 
100  gr.  er  1000  gr.  of  the  ore  are  lo  be  mixed  with  one  half  its  weight  of  saw-dusl, 
IheB  imboed  with  oil,.and  heated  moderately  in  a  cmeible  till  all  the  arsenical  fumes  be 
dissipaLed.  The  rendaum,  being  cooled  and  triturated,  is  to  be  exposed  in  a  shallow 
earthen  eop  to  a  slow  roasting  heat,  till  (he  sulphur  and  cbareoal  be  humed  away.  What 
reaiaw,  being  groond  and  mixed  with  half  its  weight  of  mlcined  borax,  one  twelfth  iti 
weight  of  lamp  blaek,  next  made  into  a  dough  with  a  few  drops  of  oil,  is  to  be  pressed 
dowa  into  a  eradble,  wbieh  is  (o  be  eorered  with  a  luled  lid,  nnd  to  be  sabjec{«l,  in  ■ 
yowerfiil  air  furnace,  firrt  to  a  dull  red  beat,  and  then  to  ririd  ignition  for  20  minulea. 
On  cooling  and  breaking  the  eraeiblc,  a  button  of  metallic  copper  will  be  oblikined.  lU- 
adoc  and  malleability  indicate  prelty  well  the  qmlily,  as  does  its  weight  Ihe  relative 
valae  of  Ihe  ore.  It  sbmild  be  cupelled  with  lead,  lo  ascertain  if  it  contains  silver  on 
gcM.    See  AauT,  aad  SiLvza. 

If  Ibe  blow-pipe  trial  ^owed  bo  arsenic,  the  flm  calcination  may  be  omitted  ;  ntA  if. 
aeilher  inlphor  nor  arsenic,  a  portion  of  the  ground  ore  sbonM  be  dried,  and  trealed* 
direetly  with  borax,  lamp-bUd,  and  oil.  It  is  very  common  lo  nake  n  ilrv  assay  of, 
eofFper  otrt,  by  one  roosting  and  one  Anion  along  with  3  parts  of  black  fli\  :  Irom  iDl 
weifcbl  of  the  DietaUic  buKou  the  richness  of  (be  ore  is  inferred. 

The  humid  assay  is  more  exact,  bQI  il  require*  more  skill  and  time. 

The  sulphur  aut  the  silica  are  eeaHy  got  rid  ofby  tbe  nctds,  tchich  do  not  dissolve 
them,  bat  only  the  metallic  oiydes  and  the  otber  earths.  These  oxydes  may  then  be 
thrown  down  by  their  appropriale  reagenls,  the  copper  being  precipitated  in  the  state  of 
cilher  the  bladL  oiyde  or  pure  melal.  106  parts  ofblaek  oiyde  represeni  100  of  eopper. 
Be£>re  entering  upon  the  complete  analysis  of  an  ore,  prelimmary  trials  should  be  made, 
to  aae^laia  what  are  its  chief,  eonitilnentt.  If  it  be  sulphnret  of  copper,  or  copper 
pyrites,  without  tiher  or  lead,  lOO  grains  exactly  of  its  aversfie  powder  may  he  weighed 
oat,  trealed  ia  a  matrass  with  boiling  mnrialie  acid  fbr  some  lime,  gradually  adding  a  (Vw 
dropa  of  nitric  add,  liU  all  action  ceases,  or  til]  the  oie  be  all  dissolved.  The  iwolflblt 
malter  finind  floating  in  Ibe  ^aid  tontaiiu  most  of  the  sulphur ;  it  may  be  separated 
■poo  a  filter,  waahet^  dried,  and  weighed  )  then  verified  by  burning  away.  He  iheoi» 
baitible  rendaam,  treated  by  mtuiatic  ae>],  may  leave  Mi  insolable  depofite,  which  it 
U  he  added  to  the  focmer.    To  Ihe  whole  of  the  filtered  solutions  carbonate  oC  |Kita«h  b 
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to  be  added ;  and  the  resulting  precipitate,  being  washed,  and  digested  repeatedly  in  wa- 
ter of  ammonia,  all  its  cnpric  oxyde  will  haYe  been  dissolve^,  whenever  the  amniMiia  ii 
no  longer  rendered  blue.  ^ 

Caustic  potash^  boiled  with  the  ammoniacal  solution,  will  separate  the  copper  in  the 
state  of  black  oxyde ;  which  is  to  be  thrown  upon  a  filter,  washed,  dried,  and  weighed. 
The  matter  lefl  undissolved  by  the  ammonia,  consists  of  oxyde  of  iron,  with  probably  a 
little  alumina.  The  latter  being  separated  by  caastie  potash,  the  iron  oxyde  may  be  idso 
washed,  dried^  and  weighed.  The  powder  which  originally  resisted  the  muriatic  acid,  is 
silica. 

Assay  of  copper  ores,  which  contain  iron,  sulphur,  silver,  lead,  and  antimony, 

100  grains  of  these  ores,  previously  samplcKl,  aad  pulverized,  are  to  be  boUed  With 
nitric  acid,  adding  fresh  portions  of  it  from  time  to  time,  till  no  more  of  the  matter  be 
dissolved.  The  whole  liquors  which  have  been  successively  digested  and  decanted  off, 
are  to  be  filtered  jind  treated  with  oonmion  salt,  to  precipitate  the  silver  in  the  state  of  a 
chloride. 

.  The  nitric  acid,  by  its  reaction  upon  the  sulphur,  having  generated  sulphuric  acid,  this 
will  combine  with  the  lead  ozydized  at  the  same  timCj  constituting  insoluble  sulphate  of 
lead,  which  will  remain  mixed  with  the  gangue.  Should  a  little  nitrate  of  lead  remain 
in  the  liquid,  it  may  be  thrown  down  by  sulphate  of  soda,  after  the  silver  has  been  separ 
rated.  The  dilute  liquid,  being  concentrated  by  evaporation,  is  to  be  mixed  with  ammo- 
nia in  such  excess  as  to  dissolve  all  the  cupric  oxyde,  while  it  throws  down  all  the  oxyde 
of  iron  and  alumina ;  which  two  may  be  separated,  as  usual,  by  a  little  caustic  pot- 
ash. The  portion  of  ore  insoluble  in  the  nitric  acid  being  digested  in  muriatic  acid, 
everything  will  be  dissolved  except  the  sulphur  and  silica.  These  being  collected  upon 
a  filter,  and  dried,  the  sulphur  may  be  burned  away,  whereby  the  proportion  of  each  ii 
determined. 

Ores  of  the  oxyde  of  copper  are  easily  analyzed  by  solution  in  nitric  acid,  the  addition 
of  ammonia,  to  separate  the  other  metals,  and  precipitation  by  pqtash*  The  native  cat' 
bonate  a  analyzed  by  calcining  100  grains ;  when  the  loss  of  weight  will  show  the 
amount  of  water  and  carbonic  acid ;  then  that  of  the  latter  may  be  found,  by  expelling  it 
iVom  another  100  grains,  by  digestion  in  a  given  weight  of  sulphuric  acid.  The  copper 
is  finally  obtained  in  a  metallic  state  by  plunging  bars  of  zinc  into  the  solution  of  the 
sulphate. 

The  native  arseniates  of  copper  are  analyzed  by  drying  them  first  at  a  moderate  heat| 
after  which  they  are  to  be  dissolved  in  nitric  acid.  To  this  solution,  one  of  nitrate  of 
lead  is  to  be  added,  as  long  as  it  occasions  a  precipitate ;  the  deposite  is  to  be  drained  np* 
on  a  filter,  and  the  clear  liquid  which  passes  through,  being  evaporated  nearly  to  dryness 
is  to  be  digested  in  hot  alcohol,  which  will  dissolve  eve r)'thing  except  a  little  arseniateof 
lead.  This  being  added  to  the  arseniate  first  obtained,  from  the  weight  of  the  whole,  the 
arsenic  acid,  constituting  35  per  cent.,  is  directly  inferred.  The  alcoholic  solution  being 
now  evaporated  to  dryness,  the  residue  is  to  be  digested  in  water  of  ammonia,  when  the 
cupric  oxyde  will  be  dissolved,  and  the  oxyde  of  iron  will  remain.  The  copper  is  proeared, 
in  the  state  of  black  oxyde,  by  boiling  the  filtered  ammoniacal  solution  with  the  proper 
quantity  of  potash. 

The  analysis  of  muriate  of  copper — atacamite — is  an  easy  process.  The  ore  being 
dissolved  in  nitric  acid,  a  solution  of  nitrate  silYer  is  added,  and  from  the  weight  of  the 
chloride  precipitated,  the  equivalent  amount  of  muriate  or  chloride  of  copper  is  given ;  fbr 
100  of  chloride  of  silver  represent  93  of  chloride  of  copper,  and  43*8  of  its  metallic  basis. 
This  calculation  may  be  verified  by  precipitating  the  copper  of  the  muriate  from  its  solu- 
tion in  dilute  sulphuric  acid,  by  plates  of  zinc. 

The  phosphate  of  copper  may  be  analyzed  either  by  solution  in  nitric  acid,  and  preeipi* 
tation  by  potash ;  or  by  precipitating  the  phosphoric  acid  present,  by  means  of  acetate  of 
lead.  The  phosphate  of  lead  thus  obtained,  after  being  washed,  is  to  be  decomposed  by 
dilute  sulphuric  acid.  The  insoluble  sulphate  of  lead,  being  washed,  dried,  and  weighed, 
indicates  by  its  equivalent  the  proportion  of  phosphate  of  lead,  as  also  of  phosphate  of 
copper;  for  100  of  sulphate  of  lead  correspond  to  92*25  phosphate  of  lead,  and  89*5  pho** 
phate  of  copper;  and  this  again  to  52*7  of  the  black  oxyde. 

Copper  forms  the  basis  of  a  greater  number  of  important  allots  than  any  other  metal. 
With  zinc,  it  forms  Brass  in  all  its  varieties;  which  see. 

Bronze  and  Bell  Mbtal  are  alloys  of  copper  and  tin.  This  compound  is  prepared  in 
erucibles  when  only  small  quantities  are  required ;  but  in  rcTerberatory  hearths,  when 
statues,  bells,  or  cannons  are  to  be  cast.  The  metals  must  be  protected  as  much  as  pos- 
sible during  their  combination  from  contact  of  air  by  a  layer  of  ponnded  charcoal,  others 
wise  two  evils  would  result,  waste  of  the  copper  by  combustion,  and  a  rapid  oxydizement 
ef  the  tin,  so  as  to  change  the  proportions  and  alter  the  properties  of  the  alloy.  The  fused 
materials  ought  to  be  well  mixed  by  stirring,  to  give  unifermity  to  the  eompound.  See 
BnoNZE. 
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An  aHoj  of  100  of  copper  and  4*17  of  tin  haf  been  propowd  Iqr  M.  Cliandei  for  t!i? 
ready  manufacture  of  medaU,  Alter  melting  thut  alloy,  he  casts  it  in  moulds  made  of 
such  bone-ash  as  is  used  for  cupels.  The  medals  are  afterwaid  sabjeeted  to  the  action 
of  the  eoinin^  press,  not  for  strikins:  them,  for  the  moald  famishes  perfect  impressions, 
bat  for  finishing  and  polishing  them. 

By  a  recent  analysis  of  M.  Berthier,  the  bells  of  the  penduU$f  or  ornamental  clocks, 
made  in  Paris,  are  found  to  be  composed— of  copper  72*00,  tin  26*56,  iron  1*44,  in  100 
parts. 

An  alloy  of  100  of  copper  and  14  of  tin  is  said  by  M.  Dnssaasey  to  famish  tools,  which, 
hardened  and  sharpened  in  the  manner  of  the  ancieats,  afford  an  edge  nearly  eqnal  to 
that  of  steel. 

Cymbals,  gongs,  and  the  tamtam  of  the  Chinese  are  made  of  an  alloy  of  100  of  copper 
with  about  25  of  tin.  To  give  this  compound  the  sonorois  property  in  the  highest  de- 
gree, it  mast  be  subjected  to  sudden  refrigeration.  M.  D'Arcet,  to  whom  this  discovery 
is  dne,  recommends  to  ignite  the  piece  after  it  is  cast,  and  to  plunge  it  immediately  into 
cold  water.  The  sudden  cooling  gives  the  particles  of  the  alloy  such  a  disposition, 
that,  with  a  regulated  pressure  by  skilful,  hammering,  they  may  be  made  to  slide  over  each 
other,  and  remain  permanently  in  their  new  position.  'When  by  this  means  the  instm* 
ment  has  received  its  intended  form,  it  is  to  be  heated  and  allowed  to  cool  dowly  in  the 
air.  The  particles  now  take  a  different  arrangement  from  what  they  would  have  done 
by  sadden  refrigeration ;  for  instead  of  being  ductUe,  they  possess  such  an  elasticity, 
that  on  being  displaced  by  a  slight  compression,  they  return  to  their  primary  position 
aAer  a  series  of  extremely  rapid  vibrations ;  whence  a  very  powerful  sound  is  emitted. 
Bronze,  bell-metal,  and  probably  all  the  other  alloys  of  tin  with  copper,  present  the  same 
pecoliarities.  » 

The  alloy  of  100  of  copper  with  from  60  to  33  of  tin  forms  common  beU^fmial,  It  is 
yellowish  or  whitish  gray,  brittle,  and  sonorous,  but  not  so  much  so  as  the  preceding. 
The  metal  of  house-clock  bells  contains  a  little  more  tin  than  that  of  ehurch-bells,  and  the 
bell  of  a  repeater  contains  a  little  zinc  in  addition  to  the  other  ingredients. 

The  bronze-founder  should  study  to  obtain  a  rapid  fusion,  in  order  to  avoid  the  causes 
of  waste  indicated  above.  Reverberetory  furnaces  have  been  long  adopted  for  this  opera- 
tioc ;  and  among  these,  the  elliptical  are  the  best.  The  furnaces  with  spheroidal  domes 
are  osed  by  the  bell-founders,  because  their  alloy  being  more  fusible,  a  more  moderate 
melting  heat  is  required  j  however,  as  the  rapidity  of  the  process  is  always  a  matter  of 
consequence,  they  also  would  find  advantage  in  employing  the  elliptical  hearths,  (see  iht 
form,  of  the  melting  /amace,  as  figured  under  Smelting  of  copper-  ores,)  Coal  is  now 
naiversally  preferr^  for  fuel. 

The  alloy  of  100  of  copper  with  50  of  tin>  or  more  exactly  of  32  of  the  former  with 
I4|  of  the  latter,  constitutes  speculum  metal,  for  making  mirrore  of  reflecting  telescopes. 
This  compound  is  nearly  white,  very  brittle,  and  susceptible  of  a  fine  polish  with  a  brU- 
Haat  surface.  The  following  compound  is  much  esteemed  in  France  for  making  specula. 
Mdt  2  parts  of  pure  copper  and  1  of  grain-tin  in  separate  crucibles,  incorporate  thor- 
oughly with  a  wooden  spatula,  and  then  run  the  metal  into  moulds.  The  lower  surface 
is  the  one  that  should  be  worked  into  a  mirror. 

Mr.  Edwards,  in  the  Nautical  Almanack  for  1787,  gave  the  following  instractions  for 
making  speculum  metal. 

The  quality  of  the  copper  is  to  be  tried  by  making  a  series  of  alloys  with  tin,  in  the  pro- 
portion  of  100  of  the  former  to  47,  to  48,  to  49,  and  to  50  of  the  latter  metal ;  whence 
the  proportions  of  the  whitest  compound  may  be  ascertained.  Beyond  the  last  proportion, 
the  alloy  begins  to  lose  in  brilliancy  of  fracture,  and  to  take  a  bluish  tint.  Having  deter- 
mined this  point,  take  32  parts  of  the  copper,  melt,  and  add  one  part  of  brass  and  as  much 
silTer,  coverins;  the  surface  of  the  mixture  with  a  little  black  flux ;  when  the  whole  is 
melted,  stir  with  a  wooden  rod,  and  pour  in  from  15  to  16  parts  of  melted  tin  (as  indica- 
ted by  the  preparatory  trials),  stir  the  mixture  again,  and  immediately  pour  it  out  into 
cdld  water.  Then  melt  again  at  the  lowest  hea^  adding  for  every  16  parts  of  the  com- 
pound 1  part  of  white  arsenic,  wrapped  in  paper,  so  that  it  may  be  thmst  down  to  the 
bottom  of  the  cmcible.  Stir  with  a  wooden  rcxl  as  long  as  arsenical  fumes  rise,  and  then 
pour  it  into  a  sand  mould.  While  still  red  hot,  lay  the  metal  in  a  pot-full  of  very  hot  em- 
ben,  that  it  may  cool  very  slowly,  whereby  the  danger  of  its  cracking  or  flying  into 
spUntera  is  prevented. 

Having  described  the  different  alloys  of  copper  and  tin,  I  shall  now  treat  of  the  method 
of  separating  these  metals  from  each  other  as  they  exist  in  old  cannons,  damaged  bdls, 
kc  The  process  employed  on  a  very  great  scale  in  France,  during  the  Revolution,  for 
obtaining  copper  from  bells,  was  contrived  by  Fourcroy ;  founded  upon  the  chemical  fact 
that  tin  is  more  fusible  and  oxydizable  than  copper. 

1.  A  certain  qaantity  of  bell-metal  was  campletely  ozydizcd  by  calcination  'n  a  rrver- 
bcntory  furnace ;  the  oxyde  was  raked  out,  and  reduced  to  a  fine  powder. 

IL  Into  the  same  foniace  a  freih  qiiaiOity  of  the-'saoie  meial  wts  introduced ;  i(  was 
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melted,  and  there  way  added  to  it  one  half  of  its  weight  of  the  oxyde  formed  in  the  And 
operation.  The  temperature  was  increased,  and  the  mixture  well  incorporated ;  at  the 
tfOMl  of  a  few  hours,  there  was  obtained  on  the  one  hand  copper  almost  pure,  which  sub- 
sided in  a  liquid  state,  and  spread  itself  upon  the  sole  of  the  hearth,  while  a  compound 
of  oxyde  of  tin,  oxyde  of  copper,  with  some  of  the  earthy  matters  of  the  furnace,  collected 
on  the  surface  of  the  metallic  bath  in  a  pasty  form.  These  scoriae  were  removed  with  a 
tike,  and  as  soon  as  the  surface  of  the  melted  copper  was  laid  bare,  it  was  run  out.  The 
Bcoris  were  levigated,  and  the  particles  of  metallic  copper  were  obtained  after  elutriation. 
By  this  process,  from  100  poands  of  bell-metal,  about  50  pounds  of  copper  were  extracted| 
containing  only  one  per  cent,  of  foreign  matters. 

3.  The  washed  scoris  were  mixed  with  |  their  weight  of  pulverized  charcoal;  the  mix- 
tare  was  triturated  to  effect  a  more  intimate  distribution  of  the  charcoal ;  and  it  was  them 
pat  into  a  reverberatory  hearth,  in  which,  by  aid  of  a  high  heat,  a  second  reduction  was 
effected,  3  ielding  a  fluid  alloy  consisting  of  about  60  parts  of  copper  and  20  of  tin ;  while 
the  surface  of  the  bath  got  covered  with  new  scorise,  containing  a  larger  proportion  of 
tin  than  the  first. 

4.  The  alloy  of  60  of  copper  with  40  of  tin  was  next  calcined  in  the  same  reverbera- 
tory furnace,  but  with  stirring  of  the  mass.  The  air,  in  sweeping  across  the  surface  of  the 
bath,  Qxydized  the  tin  more  rapidly  than  the  copper ;  whence  proceeded  crusts  of  oxyde 
that  were  skimmed  off  from  time  to  time.  This  process  was  continued  till  the  metallic 
alloy  was  brought  to  the  same  standard  as  bell-metal,  when  it  was  run  out  to  be  subjected 
to  the  same  operations  as  the  metal  of  No.  1. 

The  layers  of  oxyde  successively  removed  in  this  way  were  mixed  with  charcoal,  and 
reduced  in  a  foumeau  a  manche,  or  Scotch  lead  smelting  furnace. 

I  shall  not  prosecute  any  further  the  details  of  this  complicated  process  of  Foureroy; 
because  it  has  been  superseded  by  a  much  better  one  contrived  by  M.  Breant.  He  em- 
ployed a  much  larger  quantity  of  charcoal  to  reduce  the  scoriie  rich  in  tin ;  and  increased 
the  fusibility  by  adding  crushed  oyster-shells,  bottle  glass,  or  even  vitrified  scorise,  ac- 
cording to  the  nature  of  the  substance  to  be  reduced ;  and  he  treated  them  directly  in  a 
reverberatory  fiirnace. 

The  metal,  thus  procured,  was  very  rich  in  tin.  He  exposed  it  in  masses  on  a  sloping 
hearth  of  a  reverberatory  Himace,  where,  by  a  heat  regulated  according  to  the  proportions 
of  the  two  metals  in  the  alloy,  he  occasioned  an  eliquation  or  sweating  out  of  the  tin.  Me- 
tallic drops  were  seen  to  transpire  round  the  alloyed  blocks  or  pigs,  and,  falling  like  rain, 
flowed  down  the  sloping  floor  of  the  furnace;  on  whose  concave  bottom  the  metal  collect- 
ed, and  was  ladled  out  into  moulds.  When  the  alloy,  thus  treated,  contained  lead,  this 
metal  was  found  in  the  first  portions  that  sweated  out.  The  purest  tin  next  came  forth, 
while  the  last  portions. held  more  or  less  copper  in  solution.  By  fractioning  the  produeta« 
therefore,  there  was  procured — 

1.  Tin  with  lead. 

2.  Tin  nearly  pure. 

3.  Tin  alloyed  with  a  little  copper. 

A  spongy  mass  remained,  exhibiting  sometimes  beautiful  crystallizations ;  this  mast, 
commonly  too  rich  in  copper  to  afford  tin  by  liquation,  was  treated  by  oxydizement.  In 
this  manner,  M.  Bryant  diminished  greatly  the  reductions  and  oxydations ;  and  therefore 
incurred  in  a  far  less  degree  the  enormous  waste  of  tin,  which  flies  off  with  the  draught 
of  air  in  high  and  long-continued  heats.  He  also  consumed  less  fuel  as  well  as  lat)or, 
and  obtained  purer  products  of  known  composition,  ready  to  be  applied  directly  in 
many  arts. 

He  treated  advantageously  in  this  manner  more  than  a  million  of  kilogrammes  (1000 
tans)  of  soorie,  for  every  2  cwu.  of  which  he  paid  40  centimes  (four-pence),  while  sev- 
eral million  kilogrammes  of  much  richer  scorise  had  been  previoudy  sold  to  other  refiners 
at  5  centimei  or  one  sou*. 

I  have  said  that  the  ancients  made  their  tools  and  n^ilitary  weapons  of  Bronze.  8eT- 
-  eral  of  these  have  been  analyzed,  and  the  results  are  interesting. 

An  antique  sword,  found  in  1799,  in  the  peat  moss  of  the  Somme,  consisted  of  copper 
87*47 ;  tin  12-53,  in  100  parts. 

The  bronze  springs  for  the  balistse,  according  to  Philo  of  Byzantium,  were  made  of 
copper  97,  tin  3. 

Hard  and  brittle  nails  afforded  by  analysis,  92  of  copper,  and  8  of  tin. 

Of  three  antique  swords  found  in  the  environs  of  Abbe^HUle,  one  was  foand  to  oonsist 
of  85  of  copper  to  15  of  tin.  The  nails  of  the  handle  of  this  sword  were  flexible ;  they 
were  oompcwed  of  copper  95,  tin  5. 

Another  of  the  swords  consisted  of  90  of  eopper  and  10  of  tin  $  and  the  third,  of  9C 
copper,  with  4  tin. 

A  fragment  of  an  ancient  scythe  aflforded  to  analysis  92*6  eopper,  and  7*4  tin. 

The  process  of  coating  eopper  with  tin,  exemplifies  the  strong  affinity  between  th« 
two  mctels.     The  copper  snrfiiee  to  be  tinned  is  llxst  cleared  np  with  a  smooth 
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gtcme ;  then  it  is  heated  and  nibbed  over  with  a  little  sal  ammoaiae,  till  it  be  perfectly 
clean  and  bright :  the  tin,  along  with  some  pounded  roain,  is  now  placed  on  the  copper, 
which  is  made  so  hot  as  to  melt  the  tin,  and  allow  of  its  being  spread  over  the  suriace  with 
«  dossil  or  pad  of  tow.  The  layer  thos  fixed  on  the  copper  is  exceedinglj  thin ;  Bayen 
fbond  that  a  copper  pan,  9  inches  in  diameter  and  3}  inches  deep,  being  weighed  imme- 
diately before  and  after  tinning,  became  only  21  grains  heavier.  Now  as  the  area  tinned, 
inclodin]?  the  bottom,  amount^  to  155  square  inches,  1  grain  of  tin  had  been  spread  over 
neariy  7}  sqnare  inches ;  or  only  20  grains  over  every  square  foot. 

Copper  and  Jhstnic  form  a  white-colored  alloy,  sometimes  used  for  the  scales  of 
thermometers  and  barometers;  for  dials,  candlesticks,  &c.  To  form  this  compound,  suc- 
cessive layers  of  copper  clippings  and  white  arsenic  are  put  into  an  earthen  crucible; 
which  is  then  covered  with  sea  ndt,  closed  with  a  lid,  and  gradually  heated  to  redness. 
If  2  parts  of  arsenic  have  been  used  with  5  of  copper,  the  resulting  compound  com- 
monly contains  one  tenth  of  its  weight  of  metallic  arsenic.  It  is  white,  slightly 
ductile,  denser,  and  more  fusible  than  copper,  and  without  action  on  oxygen  at  ordinary 
temperatures ;  but,  at  higher  heats,  it  is  decomposed  with  the  exhalation  of  arsenious 
add.  The  white  copper  of  the  Chinese  consists  of  40*4  copper;  31*6  nickel;  25*4 
zinc;  and  2*6  iron.  This  alloy  is  nearly  silver  white:  it  is  very  sonorous,  well 
polisbed,  malleable  at  common  temperatures,  and  even  at  a  cherry  red,  but  very  brittle 
at  a  red-white  heat.  When  heated  with  contact  of  air,  it  oxydixes,  burning  with  a 
white  flame.  lis  specific  gravity  was  8*432.  When  worked  with  great  care,  it  may 
be  reduced  to  thin  leaves,  and  to  wires  as  small  as  a  needle.  See  Gebuak  Silver, 
mfra. 

Tntenae,  formerly  confounded  with  white  copper,  is  a  different  composition  from  the 
above.  Keir  says  it  is  composed  of  copper,  zinc,  and  iron;  and  Dick  describes  it  as  a 
short  metal,  of  a  grayish  color,  and  scarcely  sonorous.  The  Chinese  export  it,  in  large 
qaantities,  to  India.  j 

Coppn,  WnrrK,  or  German  silver,  M.  Gersdorf,  of  Vienna,  states,  that  the  propor- 
tions o(  the  metals  in  this  alloy  should  vary  according  to  the  uses  for  which  it  is  destined. 
When  intended  as  a  substitute  for  silver,  it  should  be  composed  of  25  parts  of  nickel,  25 
of  zinc,  and  50  of  copper.  An  alloy  better  adapted  for  rolling,  consists  of  25  of  nidcel, 
90  of  zinc,  and  60  of  copper.  Castings,  stkch  as  candlesticks)  bells,  &c.,  may  be  made 
of  an  alloy,  consisting  of  20  of  nickel,  ^  of  zinc,  and  60  of  copper ;  to  which  3  of  lead 
are  added.  The  addition  of  2  or  2}  of  iron  (in  the  shape  of  tin  pUte  7)  renders  the  pack- 
long  much  whiter,  but,  at  the  same  time,  harder  and  more  brittle. 

Krferstetn  has  given  the  following  analysis  of  the  genuine  German  silver,  as  made  from 
the  original  ore  found  in  Hildburghausen,  near  Suhl,  in  Henneberg : — 

Copper       -       -  -        40-4 

Nickel 31-6 

Zinc            ....        25-4 
Iron 2*6 


100*0 

Chinese  paekfong,  according  to  the  same  authority,  consists  of  5  parts  of  copper,  alloy* 
cd  with  7  parts  of  nickel,  and  7  parts  of  zinc 

The  best  alloy  for  making  plummer  blocks,  boshes,  and  steps  for  the  steel  or  iron  gud- 
geons and  pivots  of  machinery  to  ran  in,  is  said  to  consist  of  90  parts  of  copper,  5  of 
sine,  and  5  of  antimony. 

A  factitious  prototxyde  of  copper,  of  a  fine  red  color,  may  be  made  by  melting  together, 
with  a  gentle  heat,  100  parts  of  sulphate  of  copper,  and  59  of  carbonate  of  soda  in  crys- 
tak,  and  eontinuing  the  heat  ttU  the  mass  become  solid.  This  being  pulverized  and 
mixed  exactly  with  15  parts  of  coppegr  filings,  the  mixture  is  to  be  heated  to  whiteness,  in 
a  cmcible,  during  the  space  of  20  minutes.  The  mass,  when  cold,  is  to  be  reducea  to 
powder,  and  washed.  A  beaatifnl  metallic  pigment  may  be  Uius  prepared,  at  the  eost 
or2«.  a  pound. 

All  the  ozydes  and  salts  ef  copper  are  poisonous;  they  are  best  counteracted  by  ad- 
minbterine  a  large  quantity  of  sugar,  and  sulphureted  hydrogen  water. 

The  IbUowing  scientific  summary  of  copper  ores  in  alphabetical  order  may  prove  ac- 
ceptable to  many  readers,  amid  the  present  perplexing  distribution  of  the  native  metallic 
eomponnds  in  minerabgical  systems. 

!•    jSrwuiAeite  cf  Copper, 

A.  ErimiUj  rhomboidal  arseeiate  of  copper,  micaceous  copper,  kitpfer%limmer. 
Emerald  green:  specific  gravity  4*043;  scratches  calc-spar;  yields  water  by  heat; 
ftmible  at  the  blowpipe,  and  reducible  into  a  white  metallic  globule.  Soluble  in  nitric 
acid;  the  solntion  throws  down  copper  by  iron.  It  consists  of  arsenic  acid  33*78; 
oxyde  of  copper  59-24;   water  5;   alumina  1*77.     It  is  found  in  Cornwall^  Ireland, 


Ji.    LbraeomUi  octahednl  aiiaeniale  of  eopf>er;  knt  or««  to  called  from  the  flatneii 
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ofihe  ciystal.  B]u«^  specific  gravity  2*88;  seratcbes  calc-ipar.  It  eoiisists  of  ais^nie 
acid  14;  oxyde  of  copper  49;  water  35.  It  is  foand  in  Hucl*Mutrel,  Hael-Gorlandy 
llnel-Unity,  mines  in  Cornwall. 

C.  OHveniU ;  right  prismatic  arseniate  of  copper ;  oli?e-ote.  Dull  green ;  specifii^ 
gravity  4*28;  scratches  finer;  yields  no  water  by  heltt;  fusible  at  the  Uowpipe  into  a 
glassy  bead,  enclosing  a  white  metallic  grain.  It  consists  of  arsenic  acid  45,  oxyde  of 
copper  50*62.  It  afifords  indications  of  phosphoric  acid,  which  the  analysts  seem  to  have 
overlooked.    It  occnrs  in  the  above  and  many  other  mines  in  Cornwall. 

D.  JiphantBi.  Trihedral  arseniate  of  copper.  Blnish  green,  becoming  gray  upon  the 
surface;  specific  gravity  4*28;  scarcely  scratches  calc-spar;  yields  water  with  heat;  and 
traces  of  phosphoric  acid. 

The  fibrous  varieties  called  wood  copper,  contain  water,  and  resemble  the  last  specieB 
in  composition. 

2.  Carbonate  of  Copper, 

A.  JtzHriU ;  kupferlazur.  Blue.  Crystallizes  in  oblique  rhomboidal  prisms ;  specihc 
gravity  3  to  3*83;  scratches  calc-spar,  is  scratched  by  fluor;  yields  water  with  heat, 
and  blackens.  Its  constituents  are,  carbonic  acid  25*5 ;  oxyde  of  copper  69*1 ;  vrater 
5*4.  The  Chessy  and  Banat  azurite  is  most  profitably  employed  to  make  sulphate  of 
copper. 

B.  Malachite ;  green  carbonate  or  mountain  green.  Crystallizes  in  right  rhomboidal 
prisms ;  specific  gravity  3*5 ;  aflbrds  water  with  heat,  and  blackens.  It  consists  of  car* 
bonic  acid  18*5;  oxyde  of  copper  72-2;  water  9*3. 

C.  Mysorine ;  anhydrous  carbonate  of  copper.  Dark  brown  generally  stained  green 
or  red ;  conchoidal  fracture ;  soA,  sectile ;  specific  gravity  2*62.  It  consists  of  carbonic 
acid  16*7;  oxyde  of  copper  60*75 ;  peroxyde  of  iron  19*5;  silica  2*10.  This  is  a  rare 
mineral  found  in  the  Mysore. 

3.  CkromaJe  of  Copper  and  Lead ;  vauquelinite.  Green  of  various, shades;  speciiie 
gravity  6*8  to  7*2 ;  brittle ;  scratched  by  fluor ;  fusible  at  the  blowpipe  with  froth  and 
the  production  of  a  leaden  bead.  It  consists  of  chromic  acid  28*33  ;  oxyde  of  lead  60*87 1 
oxyde  of  copper  10*8.    It  occurs  at  Berezof  in  Siberia  along  with  chromate  of  lead. 

4.  DioptaH ;  silicate  of  copper ;  emerald  copper.  Specific  gravity  3*3 ;  scratehet 
glass  with  difficulty ;  afifords  w^ter  with  heat,  and  blackens ;  infusible  at  the  blowpipe. 
It  consists  of  silica  43*18;  oxyde  of  copper  45*46;  water  11*36.  This  rare  substance 
comes  from  the  govt'mment  of  Kiigis. 

The  silicate  of  Dillenberg  is  similar  in  composition. 

5.  Gray  copper  ore  called  Panabase,  from  the  number  of  metallic  bases  which  n 
contains;  and  Fahlerz.  Steel  f?ray ;  specific  gravity  4*79  to  5*10;  crystallises  in  regular 
tetrahedrons ;  fusible  at  the  blowpipe,  with  disengagement  of  fumes  of  antimony  and 
occasionally  of  arsenic ;  swells  up  and  scorifies,  affording  copper  with  soda  flux.  Is  acted 
upon  by  nitric  acid  with  precipitation  of  antimony ;  becomes  blue  with  ammonia ;  yields 
a  blue  precipitate  with  ferrocyanide  of  potassum ;  as  also  indications  frequently  of  sine, 
mercury,  silver,  &,c.  Its  composition  which  is  very  complex  is  as  follows :  sulphur  26*83 ; 
antimony  12*46;  arsenic  10*19;  copper  40*60;  iron  4*66;  zinc  3*69;  silver  0*60. 
Some  specimens  contain  from  5  to  31  per  cent,  of  silver.  The  gray  copper  ores  are  very 
common;  in  Saxony;  theHartz;  Cornwall;  atDillenbei^;  in  Mexico  f  Peru,  t&c.  The> 
are  important  on  account  both  of  their  copper  and  silver.  Temutnlt/e  is  a  variety  oi 
Fahlerz.  It  occurs  in  Cornwall.  Its  constituents  are,  sulphur  28*74 ;  arsenic  11*84 1 
copper  45*32 ;  iron  9-26. 

6.  Hydrated  nlicaie  of  Copper ;  or  Chrysocolla.  Green  or  bluish  green ;  specific 
gravity  2*03  to  2-16;  scratched  by  steel;  very  brittle;  afifords  water  with  heat,  and 
blackens;  is  acted  upon  by  acids,  and  leaves  a  silicious  residuum.  Solution  becomes 
blue  with  ammonia.  Its  constituents  are  silica  26;  oxyde  of  copper  50;  vratcr  17$ 
carbonic  acid  7. 

7.  Muriate  of  Copper.  Otakamite;  green;  crystallises  in  prisms;  specific  gravity 
4*43.  Its  constituents  arc,  chlorine  15*90;  copper  14*22;  oxyde  of  copper  54*22;  water 
14*16;  oxyde  of  iroA  1*50.  The  green  sand  of  Peru,  coilectod  by  the  inhabitants  of 
Atokama,  is  this  substance  in  a  decomposed  state. 

8.  Oxyde  of  Copper, 

A.  Black,  or  Melaconise ;  a  black  earthy  looking  substance  found  at  Chessy  and 
other  places.    It  is  deutoxydc  of  copper. 

B.  Protoxyde  or  red  oxyde  of  copper ;  ziegelew.  Crystallizes  in  the  regular  octahe 
dron ;  specific  gravity  6*69 ;  scratches  calc-spar;  fusible  at  the  btowpipe  into  the  black 
oxyde ;  and  reducible  in  the  smoke  of  the  flame  to  copper ;  acted  upon  by  nitric  add 
tirith  disengagement  of  nitrous  gas ;  solution  is  rendered  blue  by  ammonia.  Its  constitu- 
ents are  oxygen  11*22 ;  copper  88*78.  It  occurs  near  Chessy,  and  upon  the  eastern  sk>pe 
of  the  Altai  mountains. 

9.  Phosphaie  of  Copper,  Dark  green ;  crystallizes  in  octahedrons ;  specific  gravity 
S*6  to  3*8;  scratches  cate-spary  yidds  water  witk  heat;  and  afibrdt  BebiUic  cop^ 
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flodbt  flax ;  acted  oa  by  nkcie  acid.    lu  eonstitaents  are,  phoapkorie  acid  28*7  $ 
oxjde  of  copper  63*9;  water  7*4.    It  ocears  at  4he  mines  of  Libethen  m  Hungary. 

10.  P^friiouM  Copper;  Kupferkies;  a  metallic  looking  substance,  of  a  bronze-yeDow 
eolcr,  crystallizing  in  octahedrons  which  pass  in^  tetrahedrons;  speci&tS  gravity  4*16} 
fuaibie  at  the  blowpipe  into  beads  attractable  by  the  magnet,  and  whjk£  afterwards 
■fiord  copper  with  a  soda  flux ;  solahie  in  nitric  acid ;  solution  is  rendered  bine  by  am* 
monia,  aad  affords  an  abundant  precipitate  of  iron.  Its  composition  is^snlphur  36} 
eopper  34-6$  iron  30*5;  being  a  oombined  sulphnret  of  these  two  metals.  This  is  the 
most  important  metallurgie  species  of  copper  ores.  It  occurs  chiefly  in  primitive  fonna- 
iioBM,  as  amoag  gneiss  and  mica  slate,  in  veins;  or  more  frequently  masses,  in  very 
Bwny  parts  of  the  world — Cornwall,  Anglesea,  Wicklow,  &c.  it  b  found  among  the 
early  secondary  rocks,  in  Shetland,  Yorkshire,  Mannsfeldt,  &e.  The  finest  crystallised 
specimens  come  from  Cornwall,  Derbyshire,  Freyberg,  and  Saint  Marie-aux-Mlnes  in 


11.  SeUniat^  of  Copper !  Berzeline.  Is  of  metallic  aspect;  silver  white;  ductile  j  fttsi- 
ble  at  the  blowpipe  into  a  gray  bead,  somewhat  malleable;  is  acted  upon  by  nitric  acid; 
eonsists  of  selenium  40 ;  copper  64. 

12.  SulpkaU  of  Copper;  Cyanose.  Blue;  soluble,  Sec  like  the  artificial  sulphates^ 
which  see. 

Brochanitie  b  a  snbsulpbate  of  copper,  observed  in  small  crystals  at  Ekaterinenbonrg 
ia  Siberia. 

13.  Sulphuret  of  Copper ;  Eupferglanz.  Of  a  steel  gray  metallic  aspect ;  erystallizef 
in  rhomkioids ;  specific  gravity  5-69 ;  somewhat  sectUe,  yet  brittle ;  fusible  with  intu* 
mescenee  at  the  blowpipe,  and  yields  a  copper  bead  with  soda ;  soluble  in  nitric  acid ; 
becomes  blue  with  ammonia,  but  lets  fall  scarcely  any  oxyde  of  iron.  Its  constituents 
are  sulphur  19.;  copper  79*5;  iron  075;  silica  1*00.  It  occurs  in  small  quantities  in 
Corawidt,  &c.  • 

The  chemical  preparations  of  copper  which  constitute  distinct  manufactures  are.  Blue 
or  Roman  vitriol ;  for  which  see  Sulphate  of  Copper ;  Scheele's  green  and  Schweinurth 
greeUy  Verdiler,  and  Verdigris.    See  these  articles  in  their  alphabetical  places. 

COPPER,  Slatisiia  of, — Copper  ores  may  be  imported  into  Great  Britain  for  smelt- 
Dg,  from  any  country,  and  under  any  flag.  On  arrival  of  the  cargo  at  Swansea  or 
elsewhere,  a  bond  is  given  at  the  Custom-house,  which  binds  the  party  to  return  the 
quantity  of  copper  which  the  lot  of  ores  shall  be  ascertained  to  contain,  into  bond  within 
a  limited  period,  or  pay  thereon  the  duty  as  foreign  copper,  which  is  27/.  per  ton.  The 
cargo  of  ore  is  then  weighed  out  by  the  custom-house  oflScer,  and  samples  are  taken, 
which  are  sent  to  two  assay-masters  in  Cornwall,  the  highest  produce  of  the  two  being 
entered  as  that  of  the  cargo.  This  fixes  the  quantity  of  copper  that  must  be  exported 
nnder  the  bond. 

The  copper  produced  from  foreign  ores  must  then  find  a  market,  as  cake  or  pig  copper, 
in  France,  Holland,  Oermany,  Italy,  the  United  States  of  America,  &c.    At  Calcutta,  it 
is  subject  to  a  duty  of  6  per  cent. ;  and  at  Bombay,  to  a  duty  of  10  per  cent,  ad  wUorem. 
The  export  of  British  un wrought  copper  to  the  continent  of  Europe,  and  to  the  United 
Slates  of  America,  was  formerly  inconsiderable*    These  countries  drew  the  bulk  of 
their  supplies  either  from  the  north  of  Europe,  or  direct  from  South  America  in  pig  cop- 
per.   In  point  of  fact,  the  copper  derived  from  the  import  of  foreign  ores  for  smelting 
has  produced  for  itself  a  new  market,  as  the  following'  table^  taken  from  the  official 
returns,  will  show. 
Export  of  unwrought  copper  from  Great  Britain  to  all  pi^rts,  except  Asia : — 
Years  ending  January  5,      1830  881  tons. 

—  1831       867  — 

—  1832       1326  — 

—  1833      2471  — 

—  1834     .  2523  — 

—  1835      3267  — 

—  1836      4083  — 

—  1837      2546  — 

In  the  last  year,  thai  ended  with  5th  January,  1838,  the  export  of  unwrought  copper 
waa  about  5000  tons. 

Let  any  candid  and  practical  man  consider  attentively  this  table,  and  compare  it  with 
the  impcnrt  of  foreign  ores  for  the  same  period,  and  with  the  gradual  advance  in  the 
value  of  copper;  and  then  let  him,  if  he  ean,  avoid  the  conclusion  that  the  admission  of 
foreign  ores  for  smelting  was  a  great  boon  conferred  upon  the  British  copper  mines,  for 
it  made  this  country  what  it  now  is,  the  regulator  and  distributor  of  the  copper  produce 
of  the  world — the  country  to  which  all  others  consuming  and  not  producing  copper, 
moat  look  for  a  regular,  eeitain,  and  economical  supply.  We  want  the  admission  merely 
proper  and  safe  regulatnis,  of  foreign  copper  for  refiaiag,  to  draw  to  this  country 
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'«he  whole  supply  of  copper  for  the  worid,  hy  wUeh  priett  would  be  regidftted  end 
tained,  and  our  eopper-mining  interests  put  beyond  the  reach  of  suceessfol  rivalry. 

This  country  did  not  furnish  any  supply  of  uuwrought  copper  to  the  continent  ol 
Enropey  or  to  the  United  States  of  Am^ca,  which  was  worthy  of  notice,  before  the  yeai 
1830 ;  in  fact,  previous  to  that  time,  we  imported  considerable  qvantities  of  foreign 
copper  for  re-exportation  to  India.  It  is  easy  to  explain  how  the  produce  of  foreign 
ores,  bein^  prohibited  from  export  in  any  other  shape,  has,  in  fact,  opened  for  itself  • 
new  deboudte,  and  this  is  illustrated  by  the  table,  showing  the  growth  of  the  export  ot 
imwTOttght  copper  from  1830.  To  prove  that  this  is  not  merely  a  simultaneous  advance 
in  the  export  of  all  sorts  of  copper,  a  corrected  table  is  subjoined  from  the  official  returns* 
comprising  the  whole  export  and  divided  so  as  to  illustrate  the  operation  of  the  ooppei 
pro&ce  of  foreign  ores  upon  our  foreign  copper  trade. 


Copper  exported :-« 


Y—n  •ttding 

Wrovfbt. 

tJnwroQfht. 

Tolal. 

To  all  parti. 

Til  India. 

To  all  parta. 

To  all  pacta. 

Tons. 

Tom. 

Ton*. 

Tom. 

6th  January,  1825  •    -    - 

— 

- 

960 

1826  -    -    - 

~ 

— 

i 

1827  -    .    , 

— 

«. 

130 

1828  -    -    - 

~ 

— 

1329 

1829  -    -    - 

— 

~ 

1079 

,              1830  -    .    - 

6327 

1801 

2682 

8,009 

1831  -    -    - 

6172 

2317 

3150 

9,322 

1832  .    -    - 

6171 

2423 

3714 

8,885 

1833  -    -    - 

5855 

2312 

4569 

10,424 

1834  -    t    - 

5417 

1769 

4019 

9,436 

1835  -    -    - 

4787 

2104 

5283 

10,072 

1836  -    .    - 

5948 

1993 

5935 

11,883 

1837  -    -    - 

6105 

1588                3909        1 

10,014» 

ProdoetioQ  of  Copper  in  Great  Britain : 


Yaara. 

Or«f. 

Matal. 

Toiu. 

Tons. 

1771—1781 

28,185 

3380 

1781—1791 

32,854 

4123 

1791—1801 

48,034 

4083 

1801—1811 

67,533 

6060 

1811—1816 

78,237 

7181 

1816 

83,058 

7045 

1817 

75,016 

6608 

1818 

80,525 

6714 

1819 

92,234 

7214 

1820 

92,672 

7364 

1821 

98,803 

8163 

1822 

106,723 

9331 

1826 

128,459 

— 

1827 

— 

12,381 

1828 

153,600 

12,169 

1829 

— 

11,994 

1830 

— 

13,097 

1831 

— 

14,480 

1832 

— 

14,463t 

*  Sttpplanant  to  tba  Miauif  JooraaL  ViaV.  M,  16ML 
t  Xqr Wk  BMOtda of  Miaiar,  Putt., p.  171. 
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of  Conner  pfodoeed  ia  the  levenl  districts  of  6re«t  Britain  and  Ireland :— 


With  Ores  from— 

1828. 

I8S9. 

1830. 

1831. 

183S. 

7(MU. 

Tmu. 

Toiw. 

■      Toms, 

Tons. 

Carnwall   -        -       «        . 

1966 

9763 

10,890 

12,218 

12,099 

Deronshire     ... 

434 

318 

368 

312 

249 

Other  parts  of  England 

71 

36 

10 

31 

42 

Island  of  Anglesea  - 

738 

901 

815 

809 

852 

Other  parts  of  Wales  • 

259 

172 

237 

123 

237 

Ireland  .... 

706 

790 

768 

972 

974 

Isle  of  Man       ... 

— 

4 

9 

15 

12 

1  Total  copper  from  the  ores 

•. 

. 

1     of  the  United  Kingdom  - 

12,169 

11,994 

13,097 

14,480 

14,465 

Gon>cr  smelted  from  foreign 

• 

ores    -       -        .       - 
1  General  total      ... 

•^ 

30 

124 
13,221 

100 

56 

12,169 

12,024 

14,580 

14,521 

StatUHes  of  Copper  for  ComwaU  in  1837.— The  total  quantity  of  ore  sold  was  142,089 
«ns  (of  21  cwts.)>  yielding  an  ayerage  prodace  of  eight  per  cent. ;  the  qnantity  of  fine 
copper  being  11,209  tons  1  cwu;  and  the  average  price  of  the  ore  52.  15t.  6<f.;  the 
total  amount  of  the  sales  for  the  twelve  months  heing  822,516/.  The  standard  npoa 
the  5th  of  January  was  127/.  16«. ;  this  was  the  highest  for  the  year.  Upon  the  22d  of 
Jnne  it  was  at  the  lowest,  being  only  93/.  I8f.  It  went  up  again  to  120/.  lOf.  upon  the 
5th  of  October ;  bat  declined  with  some  slight  floctnatkm  to  107/.  18«.  upon  the  28th 
of  December.  The  laigest  quantity  sold  at  any  one  ticketing  was  4670  tons,  upon  the 
4th  of  May :  and  the  smallest  1088,  upon  the  17tb  of  August.  The  highest  produce 
was  nine  and  five  eighths  per  cent,  upon  the  13th  of  July;  and  the  lowest,  seven,  upon 
the  26th  of  January.  The  greatest  weekly  total  was  25,887/^  upon  the  2d  of  Novem- 
ber; and  the  least  5694/.«  npon  the  17th  of  August.  The  average  sum  per  week  was 
15,817/.^ 


Table  of  the  produce  of  Copper  Ores  and  fine  Metal  in  Cornwall,  from  1800  to  1830. 


Tmch 

Ores. 

MeuL 

Valufl  of  On 

u 

Metal. 

Average  Standard. 

Tom  ^  21  CmU. 

Tons,     Cwi. 

£          *. 

d. 

Ptr  Cent,  of  Ort. 

Price  ptr  Ton. 
£         9,      d. 

1800 

55,981 

5187    0 

550,925    0 

0 

9 

133    3    6 

1801 

56,611 

5268    0 

476,331     0 

0 

117    8    0 

1802 

53,937 

5228  15 

445,094    0 

0 

d| 

110  18    0 

1804 

64,637 

5374  18 

507,840  11 

0 

8| 

136    5    0 

1806 

79,269 

6863  10 

730,845    6 

0 

H 

138    5    0 

1808 

67,867 

6795  13 

495,303  10 

0 

10 

100    7    0 

1810 

66,048 

5682  19 

570,035    8 

0 

8i 

132    5    0 

1812 

71,547 

6720    7 

549,665    6 

0 

91 

111'  0    0 

1814 

74,322 

6369  13 

627,501  10 

0 

H 

130  12    0 

1S16 

77,334 

6697    4 

447,959  17 

0 

H 

98  13    0 

1818 

86,174 

6849    7 

686,005    4 

0 

71 

134  15    0 

1820 

91,473 

7508    0 

602,441  12 

0 

8| 

113  15    0 

1822 

104,523 

9140    8 

663,085  13 

0 

H 

104    0    0 

1824 

99,700 

7823  15 

587,178    0 

0 

n 

110    0    0 

1826 

117,308 

9026  12 

788,971  15 

0 

7f 

123    3    0 

1828 

130,366 

9921     1 

756,174  16 

0 

?! 

112    7    0 

1829 

124,502 

9656  10 

717,334    0 

0 

109  14    0 

1830 

143,296 

11,224  19 

887,900    0 

0 

7i 

114    4    0 

1834 
1835 

1 150,617 

12,271  14 

893,402  15 

0 

8i 

'  106  11    0 

*  Mmiiff  Reriew,  Feb.  98, 183& 
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Prodiice  of  Coiiper  Miaes  in  ConiwftUy  (mi  the  mihority  of  JoIib  Ttylor,  BBq.yFJEL&) 


Yean. 

On. 

M«tal. 

Valm. 

PoMlvea. 

StiBdaid. 

Ton*. 

T&ns. 

£         s,      d. 

PerCvt. 

1831 

144,402 

12,044 

806,090  15    6 

H 

100 

1832 

137,357 

11,948 

825,612    6    0 

8f 

'100 

1833 

138,300 

11,191 

858,708  10    0 

8| 

"1 

1834 

143,296 

11,226 

887,902    0    0 

71 

114 

1835 

150,617 

12,270 

893,402  14    0 

8) 

106 

1836 

140,981 

11,647 

957,752    8    6 

8| 

115 

1837 

140,753 

10,832 

908,613  15    0 

7| 

120 

An  account  of  the  quantities  of  Foreign  wrought  and  uBirrought  Copper,  and  Copper 
Ore  imported  and  exported,  and  of  British  wrought  and  un  wrought  Copper  exported  froD 
the  United  Kingdom ;  together  with  the  quantities  and  value  of  Copper  Ore  smelted  in 
Cornwall  and  Swansea,  and  the  quantity  of  Copper  produced  in  those  places ;  and  in  the 
county  of  Devon  j  together  with  the  market  prices  of  sheet  and  eakt  Copper,  in  the 
year  ending  5th  January,  1835. 


r 
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Foreign  Copper  imported : 
Unwrought  in  bricks  or  pigs,  rose  and  east  copper,  Cwts, 
Part  wrought,  viz.,  bars,  rods,  or  ingots,  hammered 
or  raised  -.------ 

Wrought  plates  and  coin      .        .        .        .        • 

—  old  for  re>manufactnre  -  .  -  • 
Copper  ore  Foreign  ---.-- 
Manufactures  of  copper,  entered  by  -weight  - 

—  entered  at  value-    - 
Foreign  copper  exported,  viz : — 

Unwrought,  in  bricks  and  pigs,  rose  and  cast  cop- 
per ---------  Cvfti, 

Part  wrought,  viz.,  bars,  rods,  or  ingots,  hammered 
or  raised  -------- 

Old,  fit  only  for  re-manofaeture  .  .  .  - 
Smelted  in  the  United  Kingdom  from  foreign  ore  - 
Manufactures  of  copper,  entered  by  weight  - 

—  entered  at  value 


Qaaatity. 


-  CtotM. 


[ 


BRITISH  COFP£R. 

Exported,  unwrought,  in  bricks  and  pigs  - 
•"-       wrought  sheets,  nails,  &C. 

—  wire  -        -        -        •        - 

—  of  other  sorts     .       -        - 
Total  of  British  copper  exported   -        .        - 

Ores  sold  in  Cornwall  :-^ 
Quantity  of  ore  ------ 

Value  of  ditto 

Quantity  of  metal        -..--- 
Standard      ------- 

Produce  per  cent. 

Ores  sold,  &c.  in  Swansea: — 
Quantity  of  ore  - 

Value  of  ditto 

Quantity  of  metal  .  -  .  -  • 
Standard  .---.-- 
Produce  per  cent.       -        -        -        -       - 

Copper  sold  in  Devonshire   <  —pj-i  (     - 

Total  quantity  of  copper  raised  in  the  United  Kingdom,^ 
exclusive  of  Anglesea  and  Staffordshire,  and  deducting 
1083  tons  of  metal,  valae  88,2072.,  the  produce  of  4985 
tons  of  foreign  ore  sold  at  Swansea,  included  above. 


Tont 
Tom 


Tout 
T<m 


-  Tons 


5,389 

1,968 

2 

493 

278,900 

650 


6,898 

2,013 

265 

55,456 

650 


63,252 

103,433 

56 

15,197 
182,225 

150,617 

12,270 

28,746 
2,832 


\ 


H 

5,114 
455 


14,474 


£      #.    d. 


5,363    0    0 


112    0    0 


883,403    0  0 

106  11  0 

223,958    0  0 

101  18  0 
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COPPERAS.    {Cimptrm  ttrt$y  Fr. ;  BittwUrvAj  Gem*)  fiidpliate  of  iron. 
CORAL  {CoraU,  Fr. ;    Koralk^  (verm.)  is  a  calcareous  substance,  fonned  by  a 
species  of  sea  |^y|N]%  which  eonstniets  in  concert  immense  Famified  habitations,  consist- 
ing of  an  assemblage  of  sipal)  ceUs»  each  the  abode  of  an  animal.    The  coral  is  therefore 
a  real  polypary,  which  resembles  a  tree  stripped  of  its  leaves.  It  has  no  roots,  but  a  foot ' 
not  unlike  a  hemispherical  seall-cap>  which  applies  closely  to  every  point  of  the  surface  • 
upon  which  it  sta&ds,  and  is  therefore  difficult  to  detach.    It  merely  serves  as  a  basis  or 
support  to  the  coral,  but  contributes  in  no  manner  to  its  growth,  like  the  root  of  an  ordi- 
nary tree ;  for  detached  pieces  have  been  often  found  at  the  bottom  of  the  sea  in  a  state 
of  increase  and  reproduction.  From  the  above  base  a  stem  usually  single  proceeds,  which 
seldom  surpasses  an  inch  in  diameter,  and  ftom  it  a  small  number  of  branches  ramify  in 
very  irregular  directions,  which  are  studded  over  with  cdls,  each  containing  an  insect. 
The  polypi,  when  they  extend  their  arms,  feelers,  or  Uniaculay  resemble  flowers,  whence, 
as  well  as  from  the  form  of  the  coral,  they  were  classed  among  vegetable  productions. 
They  are  now  styled  zoophites  by  the  writers  upon  Natural  History. 

The  finest  coral  is  found  in  the  Mediterranean.  It  is  fished  for  upon  the  coasts  of 
Provence,  and  constitutes  a  considerable  branch  of  trade  at  Marseilles.  The  coral  is  at- 
tached to  the  submarine  rocks,  as  a  tree  is  by  its  roots,  but  the  branches,  instead  of 
growing  upwards,  shoot  downwaids  towards  the  bottom  of  the  sea ;  a  conformation 
&voraUe  to  breaking  them  ofl'  and  bringing  them  up.  For  this  kind  of  fishing,  eight 
men,  who  are  excellent  divers,  equip  a  felucca  or  small  boat,  called  commonly  a  coral- 
line. They  carry  with  theiQ  a  large  wooden  cross,  with  strong,  equal,  and  long  arms, 
each  bearing  a  stout  bag-net.  They  attach  a  strong  rope  to  the  middle  of  the  cross, 
and  let  it  down  horizontally  into  the  sea,  having  loaded  its  centre  with  a  weight  sufficient 
to  sink  it.  The  diver  follows  the  cross,  pushes  one  arm  of  it  alter  another  into  the  hol- 
kiws  of  the  rocks,  so  as  to  entangle  the  coral  in  the  nets.  Then  his  comrades  in  the  boat 
pull  up  the  cross  and  its  accompaniments. 

Coral  fishing  is  nearly  as  dangerous  as  pearl  fishing,  on  account  of  the  number  of  sharks 
which  lireqoent  the  seas  where  it  is  carried  on.  One  would  think  the  diving-bell  in  its 
now  very  practicable  state  might  be  employed  with  great  advantage  for  both  purposes. 

Coral  is  mostly  of  a  fine  red  color,  but  occasionally  it  is  flesh-colored,  yellow,  or  white. 
The  red  is  preferred  for  making  necklaces,  crosses,  and  other  female  ornaments.  It  is 
worked  up  like  precktus  stones.    See  LAnnARv. 

CORK  (Liege,  Fr. ;  Kork,  Germ.)  is  the  bark  of  the  quercfu  fjiber,  Linn.,  a  species  of 
oak-tree,  which  grows  abundantly  in  the  southern  provinces  of  France,  Italy,  and  Spain. 
The  bark  is  taken  oflf  by  makii^  oorooal  incisions  above  and  below  the  portions  to  be 
removed ;  vertical  incisions  are  then  made  from  one  of  these  circles  to  another,  whereby 
the  hark  may  be  easily  detached.  It  is  steeped  in  water  to  soften  it,  in  order  to  be  flat- 
tened by  pressure  under  heavy  stones,  and  next  dried  at  afire  which  blackens  its  surface. 
The  cakes  are  bound  up  in  bales  and  sent  into  the  market. 

There  are  two  sorts  of  coric,  the  white  and  the  black ;  the  former  grows  in  France  and 
the  latter  in  Spain.  The  calces  of  the  white  are  usually  more  beautiful,  more  smooth, 
%hier,  freer  from  knots  and  cracks,  of  a  finer  grain,  of  a  yellowish  gray  color  on  both 
sides,  and  cut  more  smoothly  than  the  black.  When  this  cork  is  burned  in  close  vessels 
it  forms  the  pigment  called  Spanish  ItUuk, 

This  substance  is  employed  to  fabricate  not  only  bottle  corks,  but  small  architectural 
and  geoguostic  models,  which  are  very  convenient  from  their  lightness  and  solidity. 

The  eork-cutters  divide  the  boards  of  cork  first  into  narrow  fillets,  which  they  after 
wards  subdivide  into  short  parallelopipeds,  and  then  round  these  into  the  proper  conical 
or  cylindrical  shape.  The  bench  before  which  they  work  is  a  square  table,  where  4 
workmen  are  seated,  one  at  every  side,  the  table  being  furnished  with  a  ledge  to  prevent 
the  corks  from  falling  over.  The  cork-cutter's  knife  is  a  broad  blade,  very  thin,  and  fine 
edged.  It  is  whetted  firom  time  to  time  upon  a  fine-grained  dry  whetstone.  The  work- 
man ought  not  to  draw  his  knife  edge  over  the  cork,  fbr  he  would  thus  make  misses,  and 
might  cut  himself,  but  rather  the  cork  over  the  knife  edge.  He  should  seize  the  knife 
with  his  left  hand,  rest  the  back  of  it  upon  the  edge  of  the  table,  into  one  of  the  notches 
made  to  prevent  it  from  slipping,  and  merely  turns  its  edge  sometimes  upright  and  some- 
times to  one  side.  Then  holding  the  squared  piece  of  cork  by  its  two  ends,  between  hii 
finger  and  his  thumb,  he  presents  it  in  the  direction  of  its  length  to  the  edge  ;  the  cork  is 
now  smoothly  cot  into  a  rounded  form  by  being  dexterously  turned  in  the  hand.  He  next 
cuts  off  the  two  ends,  when  the  cork  is  finish«l  and  thrown  into  the  proper  basket  along- 
side, to  be  afterwards  sorted  by  women  or  boys. 

Of  late  vears  a  much  thicker  kind  of  eoik  boards  have  been  imported  from  Catalonia, 

from  which  longer  and  better  corks  may  be  made.    In  the  art  of  cork-cutting  the  French 

surpass  the  Fnglish,  as  any  one  may  convince  himself  by  comparing  the  corks  of  their 

diampagoe  bottles  with  those  made  in  this  country. 

Cork,  on  account  of  its  buiDyancy  in  water,  ia  extensively  employed  for  making  fioatt 
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to  ftsheroran's  nets,  and  in  the  eonstruction  of  life-boats.    Its  impermeability  to  water  Has 
led  to  its  employment  for  inner  soles  to  shoes. 

When  cork  is  rasped  into  powder,  and  subjected  to  chemical  solvents,  such  as  alcohol, 
&c.,  it  leaves  70  per  cent,  of  an  insoluble  substance,  called  tubtrine.  When  it  is  treated 
with  nitric  acid,  it  yields  the  following  remarkable  products: —  White  fibrous  matter 
0-18,  resin  14-72,  oxalic  add  16*00,  suberic  acid  (peculiar  acid  ofp)rk)  14-4  in  100 
parts. 

Machine  cark-^utting,  —  A  patent  was  obtained  some  years  ago  by  Sarah  Thomson  for 
this  purpose.  The  cutting  of  the  cork  into  slips  is  effected  by  fixing  it  upon  the  sliding 
bed  of  an  engine,  and  bringing  it,  by  a  progressive  motion,  under  the  action  of  a  circular 
knife,  by  which  it  is  cut  into  slips  of  equal  widths.  The  nature  or  construction  of  a 
machine  to  be  used  for  this  purpose  may  be  easily  conceived,  as  it  possesses  no  new  me- 
chanical feature,  except  in  its  application  to  cutting  cork.  The  motion  communicated 
to  the  knife  by  hand,  steam,  horse,  or  other  power,  moves  at  the  same  time  the  bed  also, 
which  carries  the  cork  to  be  cut. 

The  second  part  of  the  invention,  viz.,  that  for  separating  the  cork  into  square  pieces, 
after  it  has  been  cut  into  slips  as  above,  is  effected  by  a  moving  bed  as  before,  upon  which 
the  slips  are  to  be  placed  and  submitted  to  the  action  of  a  cutting  lever,  which  may  be 
regulated  to  chop  the  cork  into  pieces  of  any  given  length. 

The  third  part  of  the  invention,  viz.,  that  for  rounding  or  finishing  the  corks,  consists 
of  an  engine  to  which  is  attached  a  circular  knife  that  turns  vertically,  and  a  carriage  or 
frame  upon  its  side  that  revolves  upon  an  axle  horizontally. 

This  carriage  or  frame  contains  several  pairs  of  clamps,  intended  respectively  to  hold 
a  piece  of  the  square  cut  cork  by  pressing  it  at  the  ends,  and  carrying  it  lengthways  per- 
pendicularly ;  which  clamps  are  contrived  to  have  a  spindle  motion,  by  means  of  a  pinion 
at  the  lower  end  of  their  axles,  working  into  a  spur-wheel. 

The  machinery,  thus  arranged,  is  put  in  motion  by  means  of  bands  and  drom-wheela» 
or  any  other  contrivance  which  may  be  found  most  eligible ;  and  at  the  same  time  that 
the  circular  knife  revolves  vertically,  the  frame  containing  the  clamps  with  the  pieces  of 
cork,  turns  horizontally,  bringing  the  corks,  one  by  one,  up  to  the  edge  of  the  knife,  when, 
to  render  each  piece  of  cork  cylindrical,  the  damps,  as  above  described,  revolve  upon  their 
axes,  independently  of  their  carriage,  by  which  means  the  whole  circumference  of  the 
cork  is  brought  under  the  action  of  the  knife,  the  superfluous  parts  are  uniformly  pared 
off,  and  the  cork  is  finished  smooth  and  cylindrical. 

CORROSIVE  SUBLIMATE ;  bichloride  of  mercury. 

CORUNDUM  ;  or  TeU$ie ;  a  very  hard  genus  of  aluminous  minerals,  to  which  the 
gems,  sapphire,  ruby,  salamstein,  and  adamantine  spar  belong. 

COTTON  DYEING.  (Teiniure  di  Coton,  Fr.;  BaumwoilenfSrherei,  Germ.) 
Cotton  and  linen  yarns  and  cloths  ,  have  nearly  the  same  afllnity  for  dyes,  and 
may  therefore  with  propriety  be  treated,  in  this  respect,  together.  Afler  they  have 
acquired  the  proper  degree  of  whiteness  (see  Bleaching),  they  are  still  unfit  to 
receive  and  retain  the  dyes  in  a  permanent  manner.  It  is  necessary,  before  dipping 
them  into  the  dye-bath,  to  give  them  a  tendency  to  eondense  the  coloring  particles 
within  their  cavities  or  pores,  and  to  communicate  such  chemical  properties  as  will 
fix  these  particles  so  that  they  will  not  separate,  to  whatever  ordinary  trial  they  may 
be  subjected.  All  the  colors  which  it  would  be  desirable  to  transfer  to  these  stuffs  unfor- 
tunately do  not  possess  this  permanence.  Men  of  science  engaged  in  this  important  art  have 
constantly  aimed  at  the  discovery  of  some  new  processes  which  may  transfer  into  the  class 
of  fast  colors  those  dyes  which  are  at  present  more  or  less  fugitive.  Almost  all  the 
goods  manufactured  of  cotton,  flax,  or  Ikemp,  are  intended  to  be  washed,  and  ought, 
tiierefore,  to  be  so  dyed  as  to  resist  the  alkaline  and  soapy  solutions  commonly  used  in 
the  laundry.  Vitalis  distinguished  dyed  cottons  into  three  classes;  1.  ihe  fugitive,  or 
fancy-colored  (petit  teint),  which  change  their  hue  or  are  destroyed  by  one  or  two 
boils  with  soap ;  2.  those  which  resist  five  or  six  careful  washings  with  soap,  are  good  dyes, 
(bon  teint) ;  and  those  which  were  still  more  durable,  such  asTurkieyreds,  may  be  called 
fast  colors  (grand  teint).  The  colors  of  Brazil-wood,  logwood,  annotto,  safflower,  Ac., 
9ie  fugitive ;  those  made  with  madder  without  an  oily  base,  are  good ;  and  those  of  mad- 
der with  an  oily  mordant,  sre/ast.  It  is,  however,  possible  to  point  out  certain  processes 
for  giving  these  different  orders  of  dyes  a  greater  degree  of  fixity. 

r shall  describe,  in  the  five  following  paragraphs,  the  operations  conducive  to  the  fix- 
ation of  colors  upon  cotton  and  linen. 

1.  Oalling.  Either  gall-nuts  alone,  or  sumach  alone,  or  these  two  substances  united, 
are  employed  to  give  to  cotton  the  fast  dye  preparation.  2  or  3  ounces  of  galls  for  every 
pound  of  cotton,  being  coarsely  pounded,  are  to  be  put  into  a  copper  containing  about 
30  gallons  of  water  for  every  100  pounds  of  cotton,  and  the  bath  is  to  be  boiled  till  the  bits 
of  galls  feel  pasty  between  the  fingers.  The  fire  being  withdrawn,  when  the  bath  becomes 
moderately  eool,  it  is  passed  through  a  hair-cloth  sieve.     If  during  this  operation  tlM 
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fiquor  should  beemne  eold»  it  nrast  be  made  once  more  as  hot  as  the  hand  can  hear.  A 
portion  of  it  is  now  transferred  into  another  ressel,  called  a  back,  in  which  the  cotton  is 
worked  till  it  he  well  penetrated  with  the  decoction.  It  is  then  taken  out,  wrung  at  the 
peir  or  squeezed  in  a  press,  and  straightway  hung  up  in  the  drying-house.  Some  more 
of  the  fresh  decoction  being  added  to  the  partially  exhausted  liquor  in  the  back,  the  pro 
eefs  is  resnmed  upon  fresh  goods. 

The  manipulation  is  the  same  with  sumach,  but  the  bath  is  somewhat  differently  made ; 
because  the  quantity  of  somach  must  be  douUe  that  of  galls,  and  must  be  merely  infused 
in  Tery  hot  water,  without  boiling.  When  galls  and  sumach  are  both  prescribed,  their 
baths  shonhi  be  separately  made  and  mixed  together. 

2.  Jlittmiug.  Alum  is  a  salt  which  serves  to  prepare  cotton  for  receiving  an  indefinite 
variety  of  dyes.  Its  bath  is  made  as  follows :  For  100  pounds  of  scoured  cotton,  about 
30  gadoos  of  water,  being  put  into  the  copper,  are  heated  to  about  122P  F.,  when  4  ounces 
of  alum,  coarsely  pounded,  are  thrown  in  for  every  pound  of  cotton,  and  instantly  dis- 
solved. Whenever  the  heat  of  the  bath  has  fallen  to  about  98°  F.,  the  cotton  is  wdl 
worked  in  it,  in  order  that  the  solution  may  thoroughly  penetrate  all  its  pores.  It  is  then 
taken  oat,  wrung  at  the  peg  or  squeezed  in  the  press,  and  dried  in  the  shade.  The  solu- 
tion of  alum  is  of  such  eonstant  employment  in  this  kind  of  dyeing,  that  it  should  be 
made  in  large  quantities  at  a  time,  kept  in  the  alum  tun,  where  it  can  suffer  nodeteriora- 
tioo,  and  drawn  off  by  a  spigot  or  stop-eock  as  wanted. 

Tliere  are  certain  colors  which  require  alum  to  be  deprived  of  a  portion  of  its  acid  ex* 
cess,  as  a  snpersalt;  which  may  be  done  by  putting  1  ounce  of  crystals  of  sdds  into  Uie 
tm  ibr  every  pound  of  alum.  But  so  mueh  soda  should  never  he  used  as  to  cause  any 
permanent  precipitation  of  alumina.  When  thus  prepared,  it  is  called  aaimrated  aZam, 
Ihongh  it  is  by  no  means  neutral  to  litmus  paper ;  but  it  crystallizes  differently  from  ordi- 
nary alam. 

Cotton  does  not  take  up  at  the  first  aluming  a  sufficient  quantity  of  alum ;  but  it  must 
receive  a  second,  or  even  a  third  immersion.  In  every  case  the  stuff  should  be  thoroughly 
dried,  with  an  interval  of  one  or  two  days  between  each  application ;  and  it  may  even  be 
left  Ibr  10  or  12  hours  moist  with  the  alum  bath  before  being  hung  in  the  air.  When 
the  cotton  is  finally  dry,  it  must  be  washed  before  being  plunged  into  the  dye  bath ;  other- 
wise, the  portion  of  alum  not  intimately  combined  with  the  cotton,  but  inhering  extet* 
nally  to  its  filaments,  would  come  off  by  the  heat,  mix  with  the  bath,  alter  the  color 
by  dissolving  in  it,  and  throw  it  down  to  the  bottom  of  the  copper,  in  the  form  of  a  lidce, 
to  the  great  loss  of  the  dyer.  Madder  reds,  i^ekl  yellows,  and  some  other  colors  are 
more  brilliant  and  faster  when  acetate  of  alumina,  prepared  with  acetate  of  leid,  alum, 
and  a  little  potash,  is  used,  than  even  saturated  alum.  This  mordant  is  employed  cold, 
and  at  4°  Banm^. 

3.  Mordants,    See  this  article  in  its  alphabetical  place. 

4.  Dye  batht  are  distinguished  into  two  classes;  the  coloring  bath,  and  the  dyeing  bath. 
The  former  serves  to  extract  the  coloring  matters  of  the  dinerent  substances  with  the 
exception  of  madder,  which  is  always  used  in  substance,  and  never  as  v)  extract,  infu- 
sion, or  decoction.  In  all  these  caseSy  when  the  color  is  extracted,  thai  is  wnen  the  dye 
bath  is  completed  by  the  degree  of  heat  suited  to  each  substance,  it  it  tnen  allowed  to 
cool  down  a  certain  way,  and  the  cotton  is  worked  or  winced  through  it,  to  ij^nt  the  wished- 
Ibr  tint.  This  is  what  is  called  the  dye  bath.  Several  coloring  batns  are  made  in  the 
cold ;  and  they  serve  to  dye  also  in  the  cold ;  but  the  greater  part  require  a  heat  of  90°  or 
100^  to  facilitate  the  penetration  of  the  stu&  by  the  coloring  particles.  The  description 
of  the  several  dye  baths  is  given  under  the  individual  dyes. 

5.  0/  the  washing  after  the  dyeing, — The  washing  of  the  cottons  aAer  they  have  re- 
ceived the  dyes,  is  one  of  the  most  important  operations  in  the  business.  If  it  is  not  care- 
fully performed,  the  excess  of  color  not  combined  with  the  fibres  is  apt  to  stain  whatever 
it  toudies.  This  inconvenience  would  be  of  little  consequence,  if  the  friction  carried 
off  the  color  equally  from  all  the  points ;  but  it  does  not  do  so,  and  hence  the  surface  ap- 
pears mottled.  A  well-planned  dye  house  should  be  an  oblong  gallery,  with  a  stream  of 
water  flowing  along  u  an  open  conduit  in  the  middle  line,  a  series  of  dash-wheels  ar- 
ranged against  the  wall,  at  one  side,  and  of  dyeing  coppers,  furnished  with  self-acting 
winces  or  reels  against  the  other.  In  such  a  gsillery,  the  washing  may  be  done  either  by 
hand,  by  the  rinsins:  machine,  or  by  the  dash-wheel,  according  to  the  quality  of  the  dye, 
and  the  texture  of  the  stufis.  A^d  they  may  be  stripped  of  the  water  either  by  the  jack 
and  pin,  by  the  squeezing  roller,  or  by  the  press.  Wooden  pins  are  placed  in  some  dye 
houses  on  each  side  of  the  wash  cistern  or  pool.  They  are  somewhat  conical,  1|  foot 
high,  3}  inches  in  diameter  at  the  base,  1)  at  the  top,  are  fixed  firmly  upright,  and  at  a 
level  of  about  3  feet  above  the  bottom  of  the  eistern,  so  as  to  be  handy  for  the  workmen. 
See  BsAziL-wooD,  Fusnc,  Madder,  Black  Dte,  Browk  Dte,  Slc,,  as  also  Blkachin o, 
BsAif ,  Cauco  PRnmifo,  DuiroiirG,  Dtxiito,  tic, 
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Ocxm.)  Cotton  is  a  filamentous  down,  vbich  invests  the  seetds  of  the  plant  caUed  fos- 
sypium  by  Linnsus,  and  placed  by  him  in  the  class  monade!phiaf  and  order  monandria, 
but  beloogini;  to  the  natural  family  of  malvaeea.  It  has  a  cup-shaped  calyx,  obtusely 
five-toothed,  enclosed  in  a  three-cleft  exterior  calyx ;  the  leaflets  are  united  at  their  base, 
of  a  heart  shape,  and  toothed ;  stigmas  three  to  five ;  capsule  three  to  five  celled  and 
many  seeded ;  seeds  bearing  a  downy  wool.  Thirteen  species  are  described  by  Decan- 
dolle,  but  their  characters  are  very  uncertain,  and  no  botanist  can  assign  to  a  definite 
species  of  the  plant,  the  very  dissimilar  staples  of  the  cotton  filaments  found  in  commerce. 
The  leaves  are  generally  palmate  and  hairy ;  and  the  blossoms  are  large,  and  of  a  beau- 
tiful yellow.  The  gossypium  religiosum  of  Tranqnebar  has  white  blossoms  In  some  of 
its  varieties,  to  which  probably  the  white  cotton  of  Rome,  cultivated  in  the  Jardin  des 
Plantes  at  Paris,  belongs.  The  filaments  differ  in  length,  flexibility,  tenacity,  and  thick 
ness,  in  different  cottons,  whence  the  great  differences  of  their  value  to  the  cotton-spin- 
ner, as  the  prices  current  in  the  market  show.  Thus,  at  Liverpool,  on  the  Ist  of  Decem- 
ber,  1835,  the  following  values  were  assigned  to  the  following  cottons : — 

Sea-island  .... 

Demarara  and  Berbiee  ... 

Pernambueo 

Egyptian         -  -  .  .  - 

New  Orleans  «  -  .  - 

Bahia  ...  -  .  -    - 

Upland  Georgia  «  .  .  • 

West  Indian  .... 

Surat  -  -  -  - 

Madras  ..... 

Bengal  -  -  .  .  - 

But  it  is  to  be  observed,  that  there  are  varieties  of  the  Sea-island  Oeorgian  cotton,  ao 
highly  prized  by  the  spinner  of  fine  yam,  as  to  fetch  3«.,  4«.,  or  even  5«.  per  pound. 

The  filaments  of  cotton,  when  examined  with  a  good  microscope,  are  seen  to  be  more 
or  leas  riband-Jike,  and  twisted ;  having  a  breadth  varying  from  -gX^^  of  an  inch  in  the 

strongest  Smyrna  or  candle-wick  cotton  of  the  Levant,  to  ^^^  of  an  inch  in  the  finest 
Sea-island. 

The  main  distinction  between  cottons  in  the  pod,  is  that  of  the  black  seeded  and  the 
green  seeded ;  for  the  former  part  with  their  downy  wool  very  readily  to  a  pair  of  simple 
rollers,  made  to  revolve  nearly  in  contact,  by  the  power  of  the  human  arm ;  while  Uie 
latter  retain  the  wool  with  much  force,  and  require  to  be  ginned,  as  the  operation  is 
called,  by  a  powerful  revolving  circular  saw-mechanism,  usually  driven  by  horse  or  water 
power.  AAer  the  cotton  wool  is  thus  separated  from  th^  seeds,  it  is  packed  in  large 
canvass  bags,  commonly  with  the  aid  of  a  screw  or  hydraulic  press,  into  a  very  dense 
bale,  for  the  convenience  of  transport.  Each  of  the  American  bags  contains  about  340 
lbs.  of  cotton  wool.  When  this  cotton  is  delivered  to  the  manufacturer,  it  is  so  foul  and 
flocky,  that  he  must  clean  and  disentangle  it  with  the  utmost  care  before  he  can  subject 
it  to  the  carding  operation. 

Fig.  317,  A  B,  is  a  roller,  about  9  inches  in  diameter, 
which  revolves  in  the  direction  of  the  arrow.  This 
cylinder  consists  of  a  parallel  series  of  oblique  pointed 
circular  saws  made  fast  to  one  axis,  and  parted  from 
1  each  other  by  wooden  rings  nearly  one  inch  and  a  half 
in  thickness.  Above  the  cylinder,  is  a  kind  of  hopper 
IK  £  ^»  into  which  the  ginner  throws  the  seed  cotton,  which 
falls  upon  a  grating,  up  through  ;vhich  small  segments 
of  the  saw-teeth  project,  so  as  to  lay  hold^of  the  fibres  in  their  revolution,  and  pull  them 
through,  while  the  seeds,  being  thus  separated,  roll  down  the  slope  of  the  grid,  to  be 
discharged  from  the  spout  i  k.  m  is  a  cylindrical  brush  placed  below  the  grating, 
which  revolves  against  the  saw-teeth,  so  as  to  clear  them  of  the  adhering  cotton 
filaments. 

The  willow,  which  was  originally  a  cylindrical  willow  basket,  whence  its  name,  but  is 
now  a  box  made  of  wood,  with  ^evolving  iron  spikes,  is  the  first  apparatus  to  which 
cotton  wool  is  exposed,  afler  it  has  been  opened  up,  picked,  and  sorted  by  hand  or  a 
rake,  in  what  is  called  a  bing.  The  willow  exercises  a  winnowing  action,  loosens  the 
large  flocks,  and  shakes  out  much  of  the  dirt  contained  in  them.  The  frame  of  the 
willow  is  about  2  feet  wide,  and  turns  with  its  spikes  at  the  rapid  rate  of  600  revolutions 
per  minute,  whereby  it  tosses  the  cotton  about  with  great  violence.  The  heavy  im- 
purities fall  down  through  the  grid  bottom.  It  is  exposed,  however,  for  pnly  a  few 
minutes  to  the  action  of  this  machine.  For  factories,  which  work  up  chiefly  the  eoaner 
and  fouler  cottons  of  India,  and  Upland  Georgia,  the  conical  sc^-acting  willow,  m 
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MMtrneted  b;  Mr.  LiUie  al  M<nche«t«r,  ii  much  emplpyed.  In  it,  the  eoUon  ii  |iul  ia  al 
the  DUTov  cad  of  the  tmacaCal  eoae,  which,  being  spilcnl,  and  rcTolviog  rapidly  within 
■  bouIt  eoaeentriG  cue  upon  a  horiuntal  aii*,  walls  It  on  lowanb  the  wide  cod,  while 
iU  imparities  are  paitlf  shakea  out  through  Ihe  grid  or  perfoTated  bottom,  and  parllf 
ncked  up  through  reTolTiDg  iqnirrel  wire  c*get,bj  lie  centrirugal  aclion  of  a  fan.  Thii 
IS  a  powerfal  automatic  curiae,  deaening  Ihr'ttud]'  of  the  earioui,  and  i»  as  «afe  as  it  is 
powerful.  The  cone  of  ibis  huge  machine  makes  from  400  to  600  tunw  per  minate,  and 
will  dean  7200  pounds,  or  24  bags,  in  a  day. 

Afler  sbakiaK  out  the  grossei'  impurities  bj  the  willow,  the  cotton  ipinner  proceedi 
to  leparale  each  indiTidual  filament  of  cotton  wool  frqm  its  fellow,  so  a*  to  prepare  it 
fbr  carding,  and  to  free  it  liom  every  particle  of  foreign  matter,  whether  lighter  or 
beaiier  than  itself.  This  second  operation  is  performed  by  what  are  called  halting 
lUaiing),  scutching,  and  blowing  machines,  which  are  all  now  much  the  same,  what- 
erer  difference  of  signification  the  name  may  have.  Indeed,  EBeh  machine  not  only 
„.„  tieats,  scutches,  but  bk>WK.    Fig.  31S  ei- 

hibils  a  longilndioal  section  of  a  good 
blowing  engine  of  modem  conslmction. 
The  machine  is  about  18  or  19  feet  long, 
and  three  feet  across  within  the  case.  The 
whole  frame  is  made  of  cast-iron,  lined 
with  boards,  fonntng  a  close  box,  which  ha* 
Dcrely  openings  for  introducing  the  raw 
cotton  wool,  lor  talcing  out  the  cleansed 
wool,  and  renioving  the  dust  as  it  collects 
at  the  bottom.  These  doors  are  ehat  du- 
ring the  operation  ofthe  machine,  but  may 
be  opened  at  pleasure,  to  allow  the  interior 
to  be  iogpeelal  and  repaired. 

The  introdaction  of  the  cotton  is  effested 
by  means  of  an  endless  cloth  or  double 
I  apron,  which  siavas  in  the  direction  id* 

'  the  arrow  a  a,  at  the  left  end  of  the  figure, 

by  passing  round  Uie  continnally  revolving 
rollers  at  b  and  c.  The  two  rollers  el  e, 
being  the  ones  which  immediately  intro- 
dute  the  cotton  into  the  jaws,  as  it  were, 
of  the  machine,  are  called  the  feed  rollers. 
The  batting  arm,  or  revolving  diameter, 
/s,  turns  in  the  direction  of  the  arrow,  and 
rtrikes  the  flocks  violently  as  Ihey  enter,  w 
as  to  throw  down  any  heavy  particles  upon 
the  iron  gtating  or  grid  at  n,  while  the 
light  cotton  Elaments  are  wolled  onwards 
will  the  wind,  from  the  rotation  of  the 
scutcher  in  the  direction  of  arrow  a',  along 
the  second  travelling  aj<ron,  upon  which  tha 
■quirrel  cage  cylinder  presses,  and  applies 
the  cotton  in  the  form  of  a  lap.  Above  the 
cylindric  cage  k,  which  tarns  in  the  di- 
rection of  its  arrow,  there  is  B  pipe  k,  the 
eonttnuation  of  the  case  i.  This  pipe, 
though  broken  off  in  the  figure,  com. 
muDieates  by  a  branch  pipe  with  an  air- 
tacking  fan  ventilator,  not  seen  in  this 
Sfiire,bnt  explained  under  FouNTBT.  The 
cage  h,  by  its  rotation,  presses  down,  as  we 
have  said,  the  half-cleaned  cotton  upon  the 
elolh  a',  which  carries  it  forward  to  tbe 
second  scutcher  /',  by  the  second  set  of 
i^Mi  rollers  t".  Tbe  second  scutcher  throws 
down  the  heavy  dnsl  upon  the  second 
grid  n',  through  which  it  falls  upon  the 
bottom  of  the  case.  Hie  first  scutcher 
makes  about  12S0  strokes  of  each  of  its 
two  aims  in  a  minute;  the  second  ISM. 
Th*  feed  nUn*  fbr  eMh  tat  flated.  Hie  feed  cloth  is  ciUier  sustained  by  a  board,  or 
h  Made  of  puoUet  *p«it  of  wix)d,  to  •ccnre  it  against  bagging,  which  wonld  render  the 
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delhrery  of  the  cotton  irregular.  The  feed  rollers  make  8  turns  in  the  minate;  mnd  as 
their  diameter  is  !(  inches,  they  will  introduce  8  times  their  circumrerence,  or  37*7  inches 
of  the  cotton  spfead  upon  the  apron  in  that  time.  Upon  eyery  ]2(h  |yirt  of  an  inch  of 
the  cotton,  therefore,  nearly  3  blows  of  the  scutcher  arm  will  be  applied.  The  second 
feed  rollers  move  relatively  with  more  slowness,  so  (hat  for  every  2*4  blows  of  the 
scutcher,  only  one  twelAh  of  an  inch  of  cotton  wool  is  presented. 

The  fan  is  enclosed  in  a  cylindrical  case.  The  wings  or  vanes  revolve  from  120  to 
150  times  in  the  minute ;  and  while  they  throw  the  air  out  with  nearly  this  velocity 
at  their  jccentric  outlet  in  the  circumference,  they  cause  it  to  enter,  with  equal  Te- 
locity, at  the  centre.  With  this  centre  thfe  squirrel  cage  is  connected  by  a  pipe,  as  above 
o^g  ff -^^  stated.    The  sound  filaments  of 

'  ^\  the  cotton  are  arrested   by   the 

sieve  surface  of  the  cylindric  cage, 
and  nothing  but  the  broken  frag- 
ments and  the  light  dust  can  pass 
through. 

The  cotton  wool  in  the  blowing 
machine  is  waAed  by  the  second 
scutcher  into  the  space  x,  w,  ip, 
provided  with  a  fine  grid  bottom ; 
or  it  is  sometimes  wound  up  there 
by  rollers  into  a  lap. 

In  fig,  318  an  additional  venti- 
lator is  introduced  beneath  at  m, 
0,  Of  to  aid  the  action  of  the 
scutchers  in  blowing  the  cotton 
onwards  into  the  obtong  trough 
a.  The  outlet  of  that  fan  is  at 
t ;  and  it  draws  in  the  air  at  its 
axis  g.  «  and  v  are  two  doors 
or  lids  for  removing  the  cleaned 
cotton  wool.  This  last  fan  is 
suppressed  in  many  blowing  ma^ 
Chines,  as  the  scotching  arms 
supply  a  sufficient  stream  of  air. 
The  dotted  lines  show  how  the 
motion  is  transmitted  from  the 
first  mover  at  «,  to  the  various 
parts  of  the  machine.  6'  6'  rep- 
resent the  bands  leading  to  the 
main  shaAing  of  the  mill.  A 
machine  of  this  kind  can  clean 
fully  600  pounds  of  short-stapled 
ootton  wool  in  a  day,  with  the 
superintendence  of  one  operative, 
usually  a  young  woman,  to  dis- 
tribute the  cotton  upon  the  first 
feed  cloth. 

The  second  Blowing  machine 
is  usually  called  a  lap  machine, 
because,  aAer  blowing  and  scutch- 
ing the  cotton,  as  above  described, 
it  eventually  coils  the  fleece  upon 
a  wooden  roller  at  the  delivering 
end  of  the  apparatus.  It  is  some- 
times, also,  called  a  xprtading 
machim.  A  section  of  it  is 
shown  in  fig,  319.  The  breadth 
of  this  machine  is  about  3  feet,  as 
the  lap  formed  is  prepared  for 
the  usual  breadth  of  the  breaker 
cards,  namdy,  3  feet.  Where  the 
cards  are  only  18  inches  broad, 
the  lap  machine  is  also  made  of 
the  same  breadth.  In  the  figure  we  see  the  feed-doth,  the  scutching  barrel,  the 
squirrel  suction,  and  spreading  cage,  and  the  roUers  for  coiTmg  up  the  lap.  The 
lever  shown  bek>w  is  for   removing  the  pressure  weight  finom  the  axis  of  ths  lap 
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raUen,  when  a  full  one  is  to  be  removed,  tad  repltced  by  ma  empty  one.  m,  at  the  lop, 
k  the  coDnnencnneiil  or  Ihe  pipe  vhich  leads  lo  the  saelian.  ran,  or  leutilBtor.  The 
thidtDFM  of  Ihe^kap  in  this  machine  must  be  nicely  regulated,  ■»  it  delermiDei,  in  • 
freat  measnre,  the  grist  nf  the  card-cads,  aad  even  the  nnin^  la  It  honrs  such. a  lap 
machiae  witl  prepare  650  poands  of  eoiton. 

Fig.  330  is  the  first  scutching  maehine,  now  never  «een  except  in  the  oldesE  faclorjet. 
*  •  it  Ihe  Teed  chKh  j  e  h  and  m  k  aie  the  tvo  acutcher  riunes. 


Canting  is  the  aeit  operation  in  a  cotton  Tnctory.  Cards  are  dntined  to  diienlangle 
the  iodiTidnal  filaments  trtno  each  olber,  and  to  lay  them  len^hnise,  instead  of  being 
doubled  Dp  and  eonvoluted,  u  they  usually  are  in  leaving  tbe  blDwing  and  lap 
machiae*.  Carding  consists  in  the  mutual  action  of  two  opposite  lorfaces,  vhich  are 
•ladded  Ibiek  vitb  oblique  angled  hooks.  The  wires  oT  which  these  books  are  made  mtitt 
be  very  hard  drawn  in  order  to  render  them  stiff  and  elastic  The  middle  part  of  Ibe 
fiforet  aham  one  i£  the  staples  or  double  teeth,  the  structure  of  which  bas  beea  partlr 


etptaiDni  under  CAaD.  Sappose  a,  fit'  321,  to  be  a  piece  of  a  card  fillet,  and  ( to  be 
aBOther  piece,  each  beinit  made  fast  with  pins  to  a  board  ;  (he  teelb  of  these  two  cards 
aie  act  in  opposite  directicw^,  but  are  very  near  togelber,  and  parallel.  Now  snppoie 
a  toek  or  tuft  of  cotton  placed  between  two  sncb  brislling  surfaces.  Let  a  be  moTed 
M  the  direction  of  its  arrow,  and  let  b  be  mored  in  the  opjiMite  direction,  or  even  let  it 
renaia  at  real.  Every  filament  of  the  cotton  will  be  laid  bold  of  by  each  set  of  teeth, 
when  their  snrfaces  are  thus  drawn  over  each  other ;  Ihe  teeth  of  a  will  puU  them  in  • 
Ibrwud  direction,  while  those  of  b  will  tend  to  retain  them,  or  lo  pull  Ihem  backward). 
Tht  kmpa  or  doublings  will,  by  both  tnoveme nti,  be  opened  or  drawn  out,  so  that  the 
•ocka  will  be  conTerted  into  rows  of  parallel  filaments,  lying  slongiide  or  belbre  each 
Mber.  Each  tooth  will  secure  lo  itself  one  or  more  of  them,  and  by  the  friction  of  its 
■dea,  aa  well  ■■  the  books  of  its  points,  will  draw  them  lo  their  utmost  donKation. 
Though  oae  stroke  of  the  opposite  cards  be  inadequate  to  produce  this  equable  amnge- 
BMM,  yet  many  repealed  strokes  must  infallibly  accomplish  the  end  in  view,  of  laying 
the  fities  paiallel. 

Let  as  suppose  this  end  effected,  and  that  all  the  fibres  hare  been  (nineferred  to  Ihe- 
caid  a,  a  trsnsvetae  stroke  of  b  will  draw  over  to  it  a  certain  nomber  of  them,  and  in- 
deed ai  each  stroke  there  will  be  a  new  partition  between  the  two  cards,  with  increased' 
parallelisn,  but  still  each  card  will  retain  a  great  deal  of  the  cotton.  To  make  one 
enrd  atrip  anolber,  the  teeth  of  one  of  them  must  be  placed  in  a  reverie  position,  aa- 
thown  in  Jig.  322. 

if  o  be  mnv  drawn  in  the  dircOion  oT  iU  arrow  along  the  face  of  b,  it  will  ineritaUf 
conb  onl  all,  or  almost  aH,  the  filaments  from  it,  since  the  books  of  b  have,  in  this  po> 
•Won,  no  power  of  retaining  Ihem.  Eren  Ihe  doubled  fibres  or  loops  will  slip  ovei  Uie 
sloping  point  of  b,  in  obedience  to  the  traction  of  a.  By  considering  these  two  relMivA 
poailions  oT  the  cards,  which  take  place  in  band  cards,  simply  by  reverting  one  of  tbem 
^17  peraaa  will  be  able  to  understand  the  play  of  a  cylinder  card  against  its  flat  top,  01 
afaiaal  another  cylinder  i*rd,  the  respective  teeth  being  in  what  we  may  call  the  laaiing 
position  of  jtg.  331;  and  also  the  play  of  a  cylinder  card  against  Ihe  doffer  eyladW,. 
ia  what  may  be  called  the  stripping  position  of  J)g.  322. 

Cylinder  cards,  so  essential  lo  The  continuity  and  despatch  of  cotton  factory  kbw. . 

^tn  the  ingenioas  inmtion  of  'Levis  Paul  of  Northampton,  btlt  were  greatly  itapcOTed' 

wd  bro^bt  into  neariy  their  present  operaliTe  state  by  Bir  iUdiard  Attovrigkt.    A> 
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wrding  CDgiae  coniials  of  one  or  more  cfltnden,  csTered  with  eud-Inther  (soiDetimei 
called  caid  elolh),  and  a  tel  of  plane  mrfiees  timilarlr  covered,  made  to  work  agatiuC 
each  otber,  tml  so  thai  their  pointe  do  not  come  inlo  abaolDle  conlacl.  Some  cards 
Mnsiit  entirely  of  cylindera,  the  eentral  main  cylioder  being  sarcounded  by  a  Kiiei  of 
smaller  one*  called  urchins  or  sqnirrels.  These  are  ased  soldy  for  pieparing  the  coaner 
slaplnl  cottOD,  ind  aheep's  wool  for  the  wool  tpianer. 

Fig.  323  represeatBO  cardof  eicellent  conSlrnctbn,  which  maybe  called  a  frrtoto 
and  finuhtr,  na  it  is  capable  of  working  up  the  fleece  roll  of  Ihe  lapping  machiae  di 
rcclly  into  a  card-end  or  riband  Bt  for  the  drawing  machine.  In  Gne  spinning  mill* 
Ihere  are  alway^i,  however,  two  cards',  one  coarser,  called  a  breaker,  which  tiint  of 


..  ...  e  of  the  two  oprii^ht  dots,  which  are  filed  at  each  aide  of  Ihe  engine  for  re- 
ceiving the  iron  gudgeons  of  the  wooden  cylinders  round  which  the  fleece  of  the  lapping 
machine  is  rolled.  The  circiimferenee  of  thin  coil  rests  upon  a  roller  b,  which  is  made  lo 
tarn  slowly  in  such  a  direciiim  u  to  aid  l^e  onfulding  of  the  lap  by  Ihe  flnled  cylinders 
t.  The  lap  proceeds  along  the  table  Keen  -beneath  the  letter  c,  in  its  progress  lo  Ihe  Itated 
rollers,  which  are  an  inch  and  one  ^iith  in  diameter,  and  have  Sfi  fluiings  in  their  cir- 
eumlerence.  s  is  a  veigtil  which  hangs  upon  the  aiis  of  (be  upper  roller,  and  canses 
it  to  press  upon  the  under  one  %  f  is  Ibe  main  card  drum  \  E  S  Si  'l>*  >rcb  formed  by 
the  flat  top  cards;  h,  Ibe  small  card  cylinder  for  stripping  oif  Ihe  cotton,  and  iheiefore 
called  thi>  dofler,  aawe  have  said;  i,  the  doffer-knife  or  comb  for  stripping  the  fleecy 
web  from  the  doll'erj  kli{m,  the  lever  mechanism  for  maring  these  parts.  At  i  there  is 
a  door  for  permLlting  the  tenter  to  have  access  to  the  interior  of  the  engine,  and  lo  re- 
move whnlcvcr  dirt,  &c.  may  happen  lo  fall  inlo  it.  In  fi^.  324  we  see  Ihe  manner  of  fix- 
ing the  Bal  lopsg  g  over  Ihe  drum  ;  and  fur  making  the  mailer  dearer,  three  of  Ihe  topt 
are  removed.  Upon  the  arched  cast-iron  side  of  the  frame,  a  row  of  strong  iron  pins  It 
are  made  fast  in  Ihe  middle  line )  and  each  lop  piece  has,  at  each  of  its  ends,  a  hole, 
which  fits  dowD  upon  two  such  opposite  pins,  i  I  are  screws  whose  heads  serve  b« 
supports  to  the  tops,  by  coming  inlo  eoolaci  with  the  bottom  of  the  holes,  which  are  not 
of  oaurse  bored  Ihrouiih  the  wood  of  the  lops.  By  turning  Ihe  heads  of  Iheae  screws  a 
lillle  the  one  way  or  the  other,  the  pins  may  be  lengthened  or  ahorleaed  in  any  degree, 
■0  BB  lo  set  Ihe  to|is  very  truly  in  adjnstment  with  Ihe  drum  teeth  revolving  beneath 
Uiem.  K  is  the  small  mnner  or  urchin,  and  i'  the  laiye  runner  j  both  of  which  are 
spirally  covered  from  end  to  end  with  narrow  card  fillets  in  the  same  manner  as  Ibe 
dofler.  The  main  drum  is  on  the  contrary  covered  with  card  clalb,  in  strips  laid  on 
parallel  to  its  axis,  wilh  interjacent  parallel  imoolh  leather  binders.  The  leeth  of  these 
several  cards  are  set  as  represented  in  the  figure,  and  their  cyliodeTS  revolve  aa  Ihe  arrows 
-iodicale.  The  runners  as  well  as  Ihe  doffer  cylinder  may  be  set  nearer  to  or  farther 
from  the  drum  /;  but  Ihe  scretn  intended  for  IhU  adjuslment  are  omitled  in  Ihe  draw- 
jngs,  Id  avoid  confusion  of  the  lines. 

The  card-end  or  fleece  taken  off  Ihe  doffer  h  by  Ibe  crank  and  comb  mechanism  ikin, 
^wsacs  through  Ihe  lia  pisle  or  braw  funael  s,jig.  333,  whereby  il  is  betmned  ia  and 
conlracled  into  a  riband,  which  is  then  passed  throDgh  between  a  pair  of  dmwing  roll- 
ers 0.  Il  is  neil  received  by  the  rollers  ■  v,  which  cany  i(  olf  wilh  eqaable  velocity, 
and  let  it  fall  iota  the  tin  cans  placed  behiir,  or  conduct  il  over  a  friction  pulley,  lo  be 
wound  along  with  many  other  card-ends  upon  a  lap  roller  or  large  bobbin.  The  latlai 
)l  shova  in  thisfigure.    A  sloping  curved  Un  or  brass plale,  ohaiuelled  or 
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eonduetB  [he  ord  libBnds  EepantelT ;  there  are  tifo  unooth 
everal  ribaada,  and  ■  wooden  pin  round  vhieh  Ihe  riband* 
to  Imtheri^oveTed  rollers,  one  of  which  receives  motion 


from  mill  zmrinj,  and  imparls  it  by  friction  to  the  Up  roller  otct  it.    The  iron  endl  of 
ihr  lap  roller  lie  in  upright  )loM,  which  allow  Ihem  freedom  to  rise  as  ihe  roller  gets 

fiUrtl  with  fleece. 

The  two  pnirs  of  rollers  at  o  elfeet  Ihe  extension  of  ihe  card-end,  and  reduce  ils  liie. 
The  onJer  rollen  are  made  of  iron  and  Anted ;  Ihe  upper  ones  are  alto  mule  of  iron, 
bnl  they  are  covered  with  a  coal  of  leather,  nicely  glued  on  over  a  coat  of  flannel,  which 
two  eoats  reader  Ibem  bath  imooih  and  elastic.  Two  weights,  ic,-  press  the  upper  cylin- 
ders steadily  down  npon  the  under  ones.  Between  the  first  and  second  pair  there  it  a 
certain  interval,  which  should  be  proportioned  to  ihe  lens^th  of  the  cotton  staple.  Thl! 
second,  or  that  furlliest  from  the  funnel,  revolves  with  gii^alRr  velocity  than  the  first,  aod 
iberefare  turns  out  a  grealer  length  of  riband  than  it  receiree  from  its  fellow ;  ibe  con> 
•Binenee  is  a  eorrespondiog  extension  of  the  riband  in  the  ioterval  between  the  iwo  padit 
«f  rollera. 

The  motions  of  the  sevetal  parts  of  Ibe  engine  are  (iiected  in  tbe  following  way.  The 
hand,  p  p,  yi;.  324,  which  cumet  down  from  Ihe  pulley  npon  the  main  shan  near  the  Ceiling 
of  Ihe  work-room,  drives,  by  means  of  the  pulley  q,  [be  irum/,fig.  323,  with  a  relodly 
et  from  190  to  140  levoluiions  in  n  minute.  From  another  pulley  r,  on  the  ixts  of  the 
dram,  ihe  siis  of  1  it  driven  by  the  band  i  working  round  the  pulley  '  on  its  end.  This 
shafl  drives  tbe  crank  and  lever  mechanism  of  the  stripper  knife  i.  A  third  pulley  of  the 
lame  (lie  as  r  is  fixed  just  within  the  frame  to  the  other  end  of  the  drum,  and  from  it  a 
eroBed  or  eloae  band  r'  goes  to  a  policy  upon  tbe  small  runner  A',  lo  ^ive  Ibis  its  rapid 
rolBlka.  Upon  ihe  oppOFite  end  of  Ihe  engine  in  Jig.  323,  these  wheelt  and  puUcys 
are  mariieil  with  dolled  lines.  Here  we  may  observe,  tirat,  a  pulley  y  upon  the  cbuin,  and 
a  palley  a',  which  receives  motion  from  it  by  means  of  (he  band  z.  The  ajis  of  o' 
carries  in  front  a  pinion  m',  which  tels  in  molion  Ihe  wheel  n'.  The  latter  imparls  mo- 
tion, by  means  of  ■  pinion  and  inlennediale  wheel  o',  lo  Ihe  wheel  h  on  Ihc  dotfer 
eylinda,  niul  consequently  lo  that  cylinder  on  tbe  one  hand  ;  and  it  turns,  by  the  carrier 
wheel  />',  a  wheel  x,  whose  axis  is  marked  also  wilb  x  in  ftg.  323,  upon  the  other 
Aaod.  Tbe  axis  of  x',fig.  323,  Carries,  towards  the  middle  of  the  engine,  a  very  brood 
wheel,  which  is  represented  by  a  snail  dotted  circle.  The  toothed  whfcl  o  of  Ihe  smoolb 
iJler  t'tfig-  323,  and  the  Iwo  toothed  wheels  O  o,  fig.  334,  of  the  under  rollers  o  o,  Jig. 
JS3,  work  into  ihat  broad  wheel.  The  wheel  of  the  second  or  delivery  fluied  roller  is 
seea  to  be  smaller  than  that  of  the  first,  by  which  meant  the  diSerence  of  Iheir  velocitiet 
k  obtained.  The  larie  runner  t  is  driven  from  the  main,  dram  pulley,  by  means  of  tbe 
(and  <',  and  the  pulley  %',  Jig.  323.  The  said  band  is  crossed  twice,  and  is  kepi  in  len- 
lion  by  the  pulley  t',  raund  which  it  passes.  The  motion  of  the  iluled  rollers  t,  which 
feed  in  the  colton  fleece,  is  effecled  by  means  of  n  bevel  wheel  6' on  the  end  of  Ihe  doffer, 
which  works  into  a  similar  wheel  t'  on  the  oblique  axis  i'  (dotted  lines  across  the  dram), 
of  the  pinion  t'  npon  the  lower  end  of  the  same  axis  which  tarns  the  wheel  f,  upon  the 
onder  feed  roller. 

Each  of  the  feed  roller*,  ^j-.  324,  heart  a  pinion  e  c  at  one  end,  so  thai  the  upper  roller 
tom*  round  with  the  under  one.    The  roller  b,Jvg.  323,  it  set  in  motion  by  meant  of 
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its  wheel  x" ;  which  is  driven  by  a  wheel  %f  on  the  other  end  of  the  under  feed  roUen 
through  the  inten'ention  of  the  large  carrier  wheel  tc'.  The  original  or  fir«-t  motion  of 
b  mast  be  as  quick  as  that  of  the  fluted  feed  rollers  e^  in  order  that  the  former  may  uncoil 
as  much  lap  as  the  latter  can  pass  on. 

The  annexed  table  exhibits  the  proper  Telocities  of  the  different  cylinders  and  roUers 
of  the  carding  engine,  which,  however,  are  not  invariable,  but  may  be  modified  according 
to  circumstances,  by  changing  the  pinions  t\fi%,  323,  and  10',  according  to  the  quality  or 
length  of  the  cotton  staple.  The  velocities  stated  in  the  table  will  be  obtained  when  the 
pulley  a',  fi%,  323,  is  made  greater  than  y  in  the  proportion  of  3  to  2,  and  the  wheels 
und  pinions  have  the  following  number  of  teeth  :  m\  18;  n',  50;  its  pinion,  18;  &,  128; 
T,  24 ;  the  broad  wheel  upon  the  shaft  of  7,  37  teeth  ;  the  wheel  0  of  the  fii^t  fluted 
roller,  35;  that  of  the  second,  21 ;  v,  44  ;  6'  and  t\  54  ;  t\  10;  /,  63. 


I 


NamM  of  UiA  paru. 


Drum/  -        -        - 

DoflerA 

Runner  or  urchin  i'  - 

Ditto  V 

Fluted  feed  roller  e  - 

First  drawing  roller  0    - 

Second  ditto 

Smooth  delivery  roller  v 


Diameter  in 

Circamfereoce 

R«volationa  in 

ioche*. 

iu  ioohas. 

on*  minnt*. 

Velocity. 

35 

109-9 

130 

142-87 

14 

43-96 

4-38 

192-5 

6-25 

19-62 

5- 

98-1 

3-5 

11- 

470- 

5170- 

1-167 

3-664 

0-696 

2-55 

1- 

3-14 

68-71 

215-75 

M67 

3-664 

114-52 

419-6 

2-5 

7-85 

54-66 

429-08 

The  operation 4)f  Xhe  runners,  h!  and  t",  becomes  very  plain  on  comparing  their  speed 
with  one  another  and  with  that  of  the  main-drum,  and  taking  into  account  the  direction 
of  the  card  teeth.  The  cotton  wool,  taken  off  from  the  feed-rollers  by  the  drum,  is 
caught  by  the  opposite  teeth  of  the  large  runner  t",  which,  on  a(cconnt  of  its  slower  sur- 
face rotation  (98  inches  per  minute),  may  be  considered  to  be  at  rest  with  reference  to  the 
drum,  and  therefore,  by  holding  the  cotton  in  its  teeth,  will  commence  its  carding.  The 
small  runner  h,\  in  consequence  of  its  greater  surface  velocity  (5170  inches  per  minute \ 
will  comb  the  cotton-wool  back  out  of  the  teeih  of  the  large  runner,  but  it  will  give  it 
up  in  its  turn  to  the  swifter  teeth  of  the  drum,  which,  in  carrying  it  forwards,  encoun- 
ters the  teeth  of  the  top  cards,  and  delivers  up  the  filaments  to  their  keeping  for  some 
time.  We  thus  see  how  essentia)  the  runners  are  to  the  perfection  as  well  as  to  the  ac- 
celeration of  the  carding  process  for  ordinary  cotton  wool,  though  for  the  slenderer  and 
longer  filaments  of  the  sea-island  kind  they  are  not  so  well  adapted.  In  cleaning  the 
carding-engines  the  little  runner  must  be  looked  to  every  time  that  the  drum  is  examined. 
The  large  runner  and  the  doffer  require  to  be  cleaned  together.  I'he  quantity  of  cotton 
spread  upon  the  feed-doth,  the  velocity  of  it,  and  of  the  drawing-rollers,  must  all  be 
carefully  adjusted  to  the  griit  of  the  yam  intended  to  be  spun. 

Suppose  the  sizes  and  vekicities  to  be  as  represented  in  the  preceding  table,  that  the 
engine  is  a  double  card  36  inches  broad,  and  that  it  is  furnished  with  a  lap  from  the  lap- 
machine  of  which  30  feet  in  length  weigh  5  lbs.  In  one  minute  the  surface  of  the  feed- 
rollers,  f,  passes  2*55  inches  of  that  lap  onwards;  in  the  same  time  the  main-drum  will 
work  it  off.  To  card  the  whole  30  feet,  therefore,  141  minutes,  or  2  hours  and  21  minutes 
will  be  required.  In  this  time  the  circumference  of  the  rollers,  «  v,  moves  through  a 
space  of  141  X  42,908  in.  =  5042  ft.,  and  delivers  a  card-end  of  that  length,  weighing 
5  lbs.,  wifiiiA  6  per  cent,  for  waste,  that  is,  4  lbs.  1 1^  oz.  One  pound  will  form  a  riband 
1072  feet  long,  being,  according  to  the  English  mode  of  counting,  about  number  },  or 
0-357.  The  extension  of  the  cotton-fleece  to  this  degree  proceeds  as  follows  : — In  the 
141  mmuies  which  the  feed-rollers  take  to  introduce  the  30  feet  of  lap,  the  doffer,  A, 
makes  617-58  revolutions,  and  the  comb,  or  doffer  knife,  t,  detaches  from  the  doffer  teeth 
n   thin  fleecy  web  of  2262  feet  in  length.    The  first  drawing  pair  of  fluted  rollers, 

by  its  quick  motion,  with  the  aid  of  the  funnel, 
ni,  converts  this  fleece  into  a  riband  2535  feet 
long.  The  seeond  pair  of  the  fluted  rollers  ex- 
tends this  riband  to  4390  feet,  since  their  sur- 
face velocity  is  greater  than  the  first  pair  in  that 
proportion.  The  slight  elongation  (of  only  1 12 
feet,  or  about  ^ )  which  takes  place  between 
the  delivery  fluted  rollers  and  the  smooth  cylin- 
ders, r, «,  serves  merely  to  keep  the  card-end 
steadily  upon  the  stretch  without  folding.  Fi^. 
325  is  a  plan  of  the  card  and  the  fleece,  where  A 
is  the  cylinder,  n  is  the  funnel,  «  the  pressing 
Ulj  -^    »  rollers,  and  \'  the  card-ends  in  the  can. 
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.  326,  327,  represent  skeletons  of  the  old  cards  to  facilitate  the  coroprehenKon  of 
complex  machiaes.    Fig.  326  is  a  plan ;  f  is  the  main  drum ;  m  m  is  the  doffet 


knife  or  comb ;  g  the  carded  fleece  hemmed  in  by  the  fonnel  a,  pressed  between  the  roll- 
ers b,  and  then  fallinsr  in  narrow  fillets  into  its  can.  Fig,  327,  k  l  are  the  feed  rollers ; 
A  B  the  card  drum ;  c  d  the  tops;  b  f  the  doffer  card ;  m^  the  doffer  knife ;  d,  b,  c,  the 
eard-end  passing  between  compressing  rollers  into  the  can  a. 

7*he  drawing  and  donblmg  are  the  next  operation.  The  ends,  as  they  come  from  the 
cards,  are  exceedingly  tender  and  loose,  but  the  filaments  of  the  cotton  are  not  as  yet  laid 
so  parallel  with  each  other  as  they  need  to  be  for  machine  spinning.  Before  any  degree 
oftorsioD  therefore  be  communicated,  a  previous  process  is  required  to  give  the  filaments 
a  level  arrangement  in  the  ribands.  The  drawing  out  and  doubling  accomplish  this  pur- 
pose, and  in  a  manner  equally  simple  and  certain.  The  means  employed  are  drawing- 
rallersy  whose  construction  must  here  be  fully  explained,  a^  it  .is  employed  in  all  the  fol- 
lowing machines ;  one  example  of  their  use  occurred,  indeed,  in  treating  of  the  cards. 

Let  a  and  b,  fig.  328,  represent  the  section  of  two  rollers  lying 
over  each  other,  which  touch  with  a  regulated  pressure,  and  turn  in 
contact  upon  their  axes,  in  the  direction  shown  by  the  arrows. 
These  rollers  will  lay  hold  of  the  fleecy  riband  presented  to  them  at 
a,  draw  it  through  between  them,  and  deliver  it  quite  unchanged. 
The  length  of  the  piece  passed  through  in  a  given  time  will  be 
equal  to  the  space  which  a  point  upon  the  circumference  of  the 
roller  would  have  percured  in  the  same  time ;  that  is,  equal  to  the 
periphery  of  one  of  the  rollers  multiplied  by  the  number  of  its  en- 
tire revolutions.    The  same  thing  holds  with  regard  to  the  trans- 
mission of  the  riband  through  between  a  second  pair  of  rollers, 
Cy  dj  and  a  third,  e,/*.    Thus  the  said  riband  issues  from  the  third  pair  exactly  the  same 
as  it  entered  at  a,  provided  the  surface  speed  of  all  the  rollers  be  the  same.    But  if  the 
tarface  speed  of  c  and  d  be  greater  than  that  of  a  and  b,  then  the  first-named  pair  will 
deliver  a  greater  length  of  riband  than  the  last  receives  and  transmits  to  it.    The  conse- 
quence can  be  nothing  else  in  these  circumstances  than  a  regulated  drawing  or  elonga- 
tion of  the  riband  in  the  interval  betwixt  a,  b,  and  <r,  d,  and  a  condensation  of  the  fila- 
ments as  they  ^lide  over  each  other,  to  assume  a  straight  parallel  direction.    In  like 
manner  the  drawing  may  be  repeated  by  giving  the  rollers,  e,f,  a  greater  surface  speed 
than  that  of  the  rollers,  c  and  d.    This  increase  of  velocity  may  be  produced,  either  by 
enlarging  the  diameter,  or  by  increasing  the  number  of  turns  in  the  same  time,  or 
iaally  by  both  methods  conjoined.    In  general  the  drawing-machine  is  so  adjusted,  that 
die  chief  elon station  takes  place  between  the  second  and  third  pair  of  rollers,  while  that 
between  the  first  and  second  is  but  slight  and  preparatory.    It  is  obvious,  besides,  that 
the  speed  of  the  middle  pair  of  rollers  can  have.no  influence  upon  the  amount  of  the 
extension,  provided  the  speed  of  the  first  and  third  pair  remains  unchanged'.    The  roll- 
ers, a,  hy  and  c,  d,  maintain  towards  each  other  continually  the  same  position,  but  they 
any  be  removed  with  their  frame-work,  more  or  less,  from  the  third  pair^  e,/,  according 
at  the  length  of  the  cotton  staple  may  require.    The  distance  of  the  middle  point  from 
6  and  d,  or  its  line  of  eontact  with  the  upper  roller,  is,  once  for  all,  so  calculated,  that  it 
shall  exceed  the  length  of  the  cotton  filaments,  and  thereby  that  these  filaments  are  nevet 
in  danfrer  of  being  torn  asunder  by  the  second  pair  pulling  them  while  the  first  holds 
them  Ihst.     Between  d  and/,  where  the  greatest  extension  takes  place,  the  distance  must 
be  m»  small  as  it  can  be  wi^ont  risk  of  tearing  them  in  that  way ;  for  thus  will  the  uni^ 
fttmity  of  the  drawing  be  pronkMed.    If  the  distance  between  d  and  /  be  very  great,  a 
lilM&d  passing  throngh  will  beeome  thinner,  or  perhaps  break  in  the  middle ;  wheiKe  w^ 
see  that  the  dmwinf  is  more  equable,  the  shorter  is  the  portion  submitted  to  extension  at 
a  time,  and  the  nearer  the  rollers  are  to  each  other,  supposing  Jiem  always  distant 
cwmgli  not  to  tear  the  staple. 
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The  ^aitr  rollers,  b  d/,an  mide  oriraa,  and,  to  eaabU  them  lo  la;  fiimer  hold  oftke 
tlaoienu,  th-ir  surfKces  are  Buled  wilh  irjangaliir  channels  parallel  lo  ihrir  axM.  The 
Dpper  rollers,  a  c.t,  are  also  made  or  iron,  but  they  are  smoolh,  and  corered  wmi  a  dou- 
ble coatin);,  which  pives  them  a  certiin  degree  of  connest  and  elaslicily.  A  coat  of 
flannel  is  firsl  applied  by  &ewing  or  glueinfi  the  ends,  and  Oien  a  coal  of' leather  in  the 
came  waj.  The  junction  edees  of  the  leather  arc  cut  slanting,  so  that  when  joined  bj 
the  glue,  (made  of  isinglass  dissolved  in  ale)  the  surface  of  the  roller  may  be  smoothly 
cflindrieal.  The  top  rollers  are  sometimes  called  (he  pmirri,  beciuie  the;  press  b; 
means  of  weights  apon  (he  under  oae*.  These  weights  ue  suspended  lo  the  Flight  rods 
k  k"  I  of  which  the  former  operates  on  the  roller  i  alone,  the  latter  on  the  tvo  roUeit 
a  and  i  ic^ether.  For  this  purpoce  the  former  is  hung  to  a  c  shaped  cnrve  t,  whoK 
tipper  hook  embraces  the  roller  t ;  the  latter  to  a  brasi  saddle  k,  which  rests  upon  a  and 
e.  A  trar  of  bard  wood,  g,  whose  under  sorfaee  it  caver«d  wilh  flannel,  rests,  with 
merely  its  own  weight,  apon  the  top  roUen>,  and  strips  off  all  the  loose  haneing  filament*. 
Similar  bars  with  the  same  view  are  made  to  bear  up  under  the  fluted  rollers  bd  /,  and 
press  against  Ihem  by  a  weight  aclins  through  a  cord  passing  over  a  pulley.  Inate*d 
of  the  upper  duat-covera,  light  wooden  rollers  covered  with  flannel  are  occaswnalljr 

Were  the  drawing  of  a  riband  continued  till  all  its  fibres  acquired  the  desired  degree 
of  parallelism,  it  would  be  apt,  from  eicessire  attenuation,  to  tear  across,  and  therelq 
to  defeat  the  purpose  of  the  spinner.  This  dilemma  ii  got  rid  of  in  a  very  simple  way, 
namely,  by  laying  several  ribands  together  at  every  repetition  of  the  process,  and  incor- 
pOfBling  them  by  the  pressure  of  the  rollers.  This  practice  is  called  dMiWtng.  It  is  an 
exact  Imitation  of  what  takes  place  when  we  draw  a  tud  of  cotton  wool  between  our 
fingers  and  thumb  in  order  to  ascertain  the  leuKth  of  the  staple,  and  replace  the  drawn 
filaments  over  each  other,  and  Ihna  draw  them  forth  aiain  and  again,  till  they  are  all 
parallel  andof  nearly  equal  length.  The  doubling  has  another  advant^ige,  that  of  causing 
the  iiiequalilics  of  thickness  in  the  ribands  to  disappear,  by  applying  their  Ibickerlo  their 
thinner  porlioos,  and  thereby  producing  uniformity  of  substance. 
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The  drawing  frame,  as  shown  in  section  in  figi.  328,  330,  and  in  a  back  view  in  j!f. 
329,  will  require,  after  ihe  above  details,  little  fnrther  explanation.  I  i  are  the  weigbU 
which  press  down  the  top  rollers  upon  the  under  onet,  by  means  of  the  rods  kk'  and  hook 
i.  Each  fluted  roller  is,  as  shown  at/,;ig.  329,  provided  in  the  middle  of  ils  length  wilh 
a  thinner  smooth  part  called  the  neck,  whereby  il  ii  really  divided  into  tws  fluted  portions, 
'represented  by  e  i  in  the  figure.  Upon  this  middle  neck  in  the  pressure  rollers,  the  hook 
i  and  the  saddle  A  immediately  bear,  as  shown  in  the  former /ig.  328.  The  canl-ends,  to 
the  number  probably  of  six,  are  introduced  to  the  drawing  frame  either  from  tin  cans, 
placed  at  t  i,fig.  330,  and  at  *,fig-  329,  or  from  Is  p.  bobbins;  and,  afler  passing  through  it, 
the  ribands  or  slivers  sre  received  either  into  similar  tin  cans,  as  g,  or  upon  other  lap- 
bobbins  upon  the  other  side.  These  appendages  may  be  readily  conceived,  and  are  theretbre 
not  exhibited  in  all  the  drawings.  Three  of  the  slivers  being  laid  together  are  again  intio- 
dueed  to  the  one  fluted  portion  a  b,  fig.  328,  and  three  other  slivers  to  the  other  portioiL 
The  sloping  curved  tin  or  brass  piste  i,  yig.  329,  wilh  its  guide  pins  I,  serves  lo  eondael 
the  slivers  lo  Ihe  rollers.  When  the  two  threefold  slivers  have  paused  through  between  the 
three  pairs  of  rollers,  and  been  thereby  properly  drawn,  they  tun  towards  each  other  in  u 
oblique  direction,  behind  the  lost  roller  pair  e  f,fig.  328,  and  onile,  on  iMoing  thnwgh  tk 
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etmieal  fhnnel  fn^fig*  329,  into  a  single  rilMind  or  spongy  sliver ;  which  is  immeiliatel} 
carried  olT  with  equaUe  velocity  hy  two  fmootb  cast-iron  rollers,  n  Oyfign.  329  and  330, 
and  either  dropped  into  a  can,  or  wound  upon  a  large  bobbin.  The  snrface  speed  of 
these  roUers  is  made  a  trifle  greater  than  that  of  the  delivery  drawhig  rollers,  in  order  to 
keep  the  portion  of  sliver  between  them  always  in  an  extended  state.  Four  fluted  draw- 
ing portions  are  usually  mounted  in  one  drawing  frame,  which  are  set  a-going  or  at  rest 
together.  To  save  all  unnecessary  carrying  of  the  cans  from  the  back  to  the  front  of 
the  frame,  the  drawing  heads  are  so  placed,  that  the  first  and  third  discharge  their  slivers 
at  the  one  side,  and  Ijie  second  and  fourth  at  the  other.  By  this  arrangement,  the  cans 
filled  behind  one  head,  are  directly  pushed  aside  in  front  of  the  next  drawing  head ;  by 
which  alternate  distribution  the  work  goes  on  without  interruption. 

The  fast  pulley  u^fig,  330,  by  which  the  whole  machine  is  driven,  derives  its  motion 
flrotn  the  main  shaft  of  the  mill  by  means  of  the  band  «*.  The  similar  pulley  s,  which 
sits  loose  upon  the  axis,  and  turns  independently  of  it,  is  called  the  loose  poUey;  both 
tc^rether  being  technically  styled  riggers.  When  the  operative  desires  to  stop  the  ma^ 
dune,  he  transfers  the  band  from  the  fast  to  the  loose  pulley  by  means  of  a  lever,  bearing 
a  fork  at  its  end,  which  embraces  the  band.  Upon  y,  four  pulleys  such  as  x  are  fixed, 
each  of  which  sets  in  motion  a  drawing  head,  by  means  of  a  band  like  vf  going  ronnd 
the  polleys  x  and  «.  On  account  of  the  inverted  position  of  the  heads,  which  requires 
the  motion  of  u  to  be  inverted,  the  bands  of  the  first  and  third  heads  are  open,  but  thoae 
of  the  second  and  fourth  are  crossed.  Every  head  is  provided  with  a  loose  pulley  v,  as  well 
as  the  fast  pulley  «,  in  order  to  make  the  one  stop  or  move  without  afliecting  the  others. 
The  shaft  of  the  pulley  u  is  the  prolonged  shalt  of  the  backmost  fluted  roller  /.  It  car- 
Ties  besides  a  small  pulley  q,  which,  by  means  of  the  band  r,  and  the  pulley  p,fig'  329, 
sets  in  motion  the  undermost  condensing  roller  o.  The  upper  roller  n  presses  with  its 
whole  weight  upon  it,  and  therefore  turns  by  friction.  The  toothed  wheel-work,  by 
which  the  motions  are  communicated  from  the  backmost  fluted  roller  to  the  middle  and 
front  ones,  is  seen  in^^.  330. 

The  wheel  /,fig.  323,  of  20  teeth,  works  in  a  44-toothed  carrier-wheel,  on  whose 
axis  there  are  two  smaller  wheels ;  2  with  26  teeth,  and  1  with  22  teeth.  The  wheel  d, 
fig.  330  of  the  middle  roller,  and  the  wheel  b  of  the  front  roller,  aie  set  in  motion  by  other 
carrier  wheels;  the  first  has  27  teeth,  and  the  last  40.  For  every  revolution  of  6,  the 
roller  d  makes  nearly  If  turns,  and  the  roller  /  4  revolutions.  The  top  rollers  revolve, 
as  we  have  stated,  simply  by  the  friction  of  contact  with  the  lower  ones.  Now  suppose 
the  diameter  of  the  rollers  6  and  d  to  be  1  inch  or  12  lines,  that  of/  1}  inches  or  16 
lines,  the  snrface  velocities  of  the  three  pairs  of  rollers  in  the  series  will  be  as  1,  If,  and 
5.  Every  inch  of  the  cotton  sliver  will  be  therefore  extended  between  the  first  and  second 
pairs  of  rollers  into  If  inches,  and  between  the  second  and  third  or  delivery  pair  into  5 
inches ;  and  after  the  sliver  has  passed  through  all  the  four  drawing  heads,  its  length 
win  be  increased  625  times  =  5X5X6X5. 

The  further  the  drawing  process  is  pushed,  the  more  perfectly  will  its  object  be  ac- 
complished, namely,  the  parallelism  of  the  filaments.  The  fineness  of  the  appearance 
of  the  sliver  aAer  the  last  draught  depends  upon  the  number  of  doublings  conjointly 
with  the  original  fineness  and  number  of  drawings.  The  degree  of  extension  may  be 
increased  or  diminished,  by  changing  the  wheels  in  fig,  330,  for  others  with  a  diflferent 
nomber  of  teeth.  Thus  the  grist  or  fineness  of  the  sliver  may  be  modified  in  any  desired 
degree ;  for,  when  the  subsequent  processes  of  the  mill  remain  the  same,  the  finer  the 
drawings  the  finer  will  be  the  yarn.  For  spinning  coarse  numbers  or  low  counts,  for 
example,  six  card-ends  are  usually  transmitted  through  the  first  drawing  head,  and  con- 
verted into  one  riband.  Six  such  ribands  again  form  one  in  the  second  draught ;  six  of 
these  again  go  together  into  the  third  sliver ;  and  this  sliver  passes  five-fold  through  the 
last  draught.  By  this  combination  1080  of  the  original  card-ends  are  united  in  the 
finished  drawn  sliver  =6  X  6  X  6  X  5.  The  fineness  of  the  sliver  is,  however,  in  conse- 
quence of  these  doublings,  not  increased,  but  rather  diminished.  For,  by  the  drawing, 
the  card-end  has  been  made  625  times  loneer,  and  so  much  smaller ;  by  the  doubling 
alone  it  would  have  become  1080  times  thicker ;  therefore,  the  original  grist  is  to  the 
present  as  1  to  the  fraction  -^A  ;  that  is,  supposing  1072  feet  of  th^  riband  delivered 

hy  the  card  to  weigh  one  pound,  625  feet,  the  diver  of  the  last  drawing,  will  also  weigh 
a  pound,  which  corresponds  in  fineness  to  number  0*24,  or  nearly  f . 

The  rearmost  or  last  drawing  roller  has  a  circumference  of  nearly  4  inches,  and  makes 
about  250  revolutions  per  minute ;  hence,  each  of  these  drawing  heads  may  turn  off 
35^000  feet  of  sliver  in  12  hours. 

Some  manufacturers  have  lately  introduced  a  double  roller  beam,  and  a  double  draught 
at  the  same  doubling,  into  their  drawing  frames.  I  have  seen  this  contrivance  working 
satisfactorily  in  mills  where  low  counts  were  spun,  and  where  the  tube  roving  frame  was 
employed ;  but  I  was  informed  by  competent  judges,  that  it  was  not  advisable  where  s 
lev«l  yam  was  required  for  good  printing  calicoes. 
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The  low  which  the  cotton  suffers  in  th'e  drawing  frame  is  quite  inoonsidenbble.  It 
consists  of  those  filaments  which  remain  upon  the  drawing  rollers^  and  collect,  in  a 
great  measure,  upon  the  flannel  facins;  of  the  top  and  bottom  cleaner  hars.  It  is  thrown 
among  the  top  cleanings  of  the  carding  engine.  When  from  some  defect  in  ihe  roUerst 
or  negligence  in  piecing  the  running  slivers,  remarkably  irregular  portions  occur 
in  the  ribands,  these  must  be  torn  off,  and  returned  to  the  lap  machine  to  be  carded 
anew. 

The  fifth  operation  may  be  called  the  fir$i  spinning  procesty  as  in  it  the  cotton  sliver 
receives  a  twist ;  whether  the  twist  be  permanent,  as  in  the  bobbin  and  Ay  frame,  or  be 
undone  immediately,  as  in  the  tube>roving  machine.  In  fact,  the  elongated  slivers  of 
parallel  filaments  could  bear  little  further  extension  without  breaking  asunder,  unless  the 
precaution  were  taken  to  condense  ,the  filaroents  by  a  slight  convolution,  and  at  the  same 
time  to  entwine  them  together.  The  twisting  should  positively  go  no  ifurther  than  to 
Ailfil  the  purpose  of  giving  cohesion,  otherwise  it  would  place  an  obstacle  in  the  way  of 
the  future  attenuation  into  level  thread.  The  combination  of  drawing  and  twisting  is 
what  mainly  characterizes  the  spinning  processes,  and  with  this  fiAh  operation,  therefore, 
commences  tbe  formation  of  yarn.  As,  however,  a  sudden  extension  to  the  wished-for 
fineness  is  not  practicable,  the  draught  is  thrice  repeated  in  machine  spinning,  and  after 
each  draught  a  new  portion  of  torsion  is  given  to  the  yarn,  till  at  last  it  possesses  the 
degree  of  fineness  and  twist  proportioned  to  its  use. 

The  preliminary  spionmg  pn>cess  is  called  roving.  At  first  the  torsion  is  slight  in 
proportion  to  the  extension,  since  the  solidity  of  the  still  coarse  sliver  needs  that  cohesiye 

aid  only  in  a  small  degree,  and  looseness 
of  texture  must  be  maintained  to  facilitate 
to  the  utmost  the  further  elongation. 

Fig.  331  is  a  section  of  the  can  rovinf 
frame,  the  ingenious  invention  of  Ark 
Wright,  which,  till  within  these  14  year^ 
was  the  principal  machine  for  conimoni 
eating  the  incipient  torsion  to  the  spongy 
cord  furnished  by  the  drawing  heads.  If 
differs  from  that  frame  in  nothing  bv 
the  twisting  mechanism ;  and  consists  ot 
two  pairs  of  drawing  rollers,  a  and  6,  be 
tweeii  which  the  sliver  is  extended  in  the 
usual  way ;  c  are  brushes  for  cleaning  th# 
rollers ;  and  d  is  the  weight  which  presses 
the  Upper  set  upon  the  lower.  The  wiping 
covers  (not  shown  here)  rest  upon  a  b. 
The  surface  speed  of  the  posterior  or  second 
pair  of  rollers  is  3,  4,  or  5  times  greatet 
than  that  of  the  front  or  receiving  pair, 
according  to  the  desired  degree  of  attenua- 
tion. Two  drawn  slivers  were  generally  united  into  one  by  this  machine,  as  is  shown  la 
the  figure,  where  they  are  seen  coming  from  the  two  cans  s  s,  to  be  brought  together  by 
the  pressure  rollers,  before  they  reaeh  the  drawing  rollers  a  b.  The  sliver,  as  it  escapes 
from  these  rollers,  is  condocted  into  the  revolving  conical  lantern  g,  through  the  funnel 
/  at  its  top.  This  lantern-can  receives  its  motion  by  means  of  a  cord  passing  over  a 
pulley  ky  placed  a  little  way  above  the  step  on  which  it  turns.  The  motion  is  steadied 
by  the  collet  of  the  funnel  /,  being  embraced  by  a  brass  busk.  Such  a  machine  gene- 
rally contained  four  drawinar  heads,  each  mounted  with  two  lanterns;  in  whose  side  there 
was  a  door  for  takine  out  the  conical  coil  of  ravine. 

The  motion  imparted  to  the  back  roller  by  the  band  pulley  or  rigger  m,  was  conveyed 
to  the  front  one  by  toothed  wheel  work. 

The  vertical  guide  pulley  at  bottom,  n,  served  to  lead  the  driving  band  descending 
from  the  top  of  the  frame  round  the  horizontal  whorl  or  pulley  upon  the  under  end  of 
the  lantern.  The. operation  of  this  can>frame  was  pleasing  to  behold;  as  the  centrifugal 
force  served  both  to  distribute  the  soft  cord  in  a  regular  coil,  and  also  to  condense  a  great 
deal  of  it  most  eently  within  a  moderate  space.  Whenever  the  lantern  was  filled,  the 
tenter  carried  the  roving  to  a  simple  machiney  where  it  was  wound  upon  bobbins  by 
hand.  Notwithstanding  every  cai'e  in  this  transfer,  the  delicate  texture  was  very  apt  to 
be  seriously  injured,  so  as  to  cause  corresponding  injuries  in  every  subsequent  opemlion, 
and  in  the  finished  yarn.  Messrs.  Cocker  and  Higgins,  of  Salford,  had  the  singular 
merit,  as  I  have  said,  of  superseding  that  beautiful  but  defective  mechanism,  which  had 
held  a  prominent  place  in  all  cotton  mills  from  almost  the  infancy  of  the  factory  systtfn^ 
by  the  following  apparatus. 
Tht  Bobbin  and  Fly  frame  is  now  the  great  roving  machine  of  the  cotton  manufae- 
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nu«  i  10  which  intT  b«  added,  for  «oar»s  •piouagi  tte  Mm  Toring  tttme.    OC  mdl  k 
CdcnpJieatfd  m.i-himi  «t  Uie  bobbin  ud  At  fnuiK^  it  is  not  poMibla  to  give  >n  ade- 
m  qsmCelr  deluled  dncriptlaa  in  tlir 

ipsce  due  to  tbe  sal^rct  ia  Ihh 
Didioinuy.  lu  DMchanicBl  eoCD- 
biniliotia  >re,  however,  so  ndmira- 
Ui  u  to  raqnire  such  an  nceonllt 
u  will  B*ke  it*  l^incttons  intelli- 
gible bj  tbe  genenl  reader. 


Fig.  332  exhibili  a  buck  view  n 
lUl  madiiae  |  and  Jig.  333  a  kd- 
tion  of  Bome  of  Ihe  parls  not  rery 
visible  in  tbe  formrr  figare.  The 
b«di  of  Ibe  muebine  is  Ibe  side  at 
wbicb  tbe  cotton  it  introduced  be- 
tween the  drawing  rollers. 
.  The  eans,  or  lajvbobbins  filled 
with  (liven  at  the  drawing  frame, 
ajre  placed  in  the  situation  mafked 
B,  fig.  333,  in  rows  parallel  with 
tbe  length  of  the  machine.  The 
tlircr  of  each  can,  or  the  united 
tliven  of  two  contiguons  cans,  ■>« 
CDOdBCled  upwards  along  the  ailT- 
faee  of  »  sloping  boanl  /,  and 
tbtoogh  an  iron  itapie  or  f  oide  (, 
betwixt  the  imal  triple  pair  of 
drawing  roller*,  the  fint  of  which 
is  indicated  br  a,  i.  In  fig.  332, 
for  Ihe  purpose  of  aimpli^ing  the 
figure,  the  greater  pari  of  Ihcia 
roUeri  and  their  iDbardiaate  parti 
are  omilled.  AAec  the  aliTera 
have  been  ■nfficieeil)'  aitended 
and  attenuated  betneen  the  roUen, 
thej  proceed  forwards,  (owaids  the 
spindles  Hi,  where  the)>  receive 
the  twist,  aad  are  woond  upon  the 
b«bbini  h.  Tbe  machina  deline 
aled  eoniaiai  thirtr  spindles,  but 
many  bobbin  and  fly  fmnei  ean> 
tain  dooUe  orcT«n  four  tine*  thai. 
nnmber.  Only  a.  few  of  the  tpiu 
dies  are  shown  in  Jig.  332,  Sat  fear 
of  coafoang  the  lirawing. 
k  regard  to  the  drawing  functions  of  this  iMehine,  I  hat«  aliMdr  firai  ahmtaM ' 
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cxpUn«tioa,  to  br  ••  the  ptnpertMs  and  operatioD  Ot  tife  rollen  are  mncenied.  Tb* 
frame-vork  of  Ibis  part  of  the  uiachine,  called  the  roUtr-Uam,  it  a  caM-irat  bench,  npoa 
which  nine  bearen,  c,  are  monDled  forcatryiog  ihe  rDtlen.  The  fluted  m\\eaaaa,fig. 
334,  are  coDslraeted  in  fbnr  piece*  Toi  the  whole  teagth,  which  are  parted  Trom  radi 
other  b;  thinner  smooth  c;luidric  porttoni,  *,  called  necks.  Seven  such  pailinss  fol 
four  rollers,  and  one  parting  for  two  rollers,  eonslitule  together  the  30  flnted  rollers  of 
which  tite  whole  series  eoniisls.  The  coupling  oT  these  roller  snbdiviaioos  into  o»e 
crliitder,  is  secured  b;  the  square  holes  z,  and  square  pins  y,M-  334,  which  fit  into  the 
>H  holei  of  the  adjoining  subdivision.    Tin 

top  or  prwsnre  roUere  b,  are  two-fold  ovei 
the  whole  setj   and  the  weighted  saddle 
presMS  upon  the  Deck  v,  which  eonaectt 
every  pair,  as  was  already  eipUined  under 
Jig,  329.    These  weights  gg',/g,  333,  are  applied  in  this  ai  in  the  drawng/ramt;  <(  are 
the  ban  faced  with  Qannel  Tor  cleaning  the  top  rollers.    A  similar  bar  is  applied  beneath 
the  rollers,  to  keep  the  fluliogg  clean. 
The  atmetare  and  operation  of  the  spindles  >  may  be  best  underetood  by  eianining 
>U  the  Ecclioa  fig.  335.    They  are  Diade  of  iron,  are  eyliodrieal  froai 

the  top  down  to  «,  but  from  this  pMl  down  to  the  steel  lipped  rounded 
points  they  are  conical.  Upon  Ibis  conical  portion  there  is  a  policy 
k,  furnished  with  two  grooves  in  its  circamference,  in  which  the  cord 
runs  that  causes  the  spindle  to  revolve.  The  wooden  bobbin  A  is 
slid  upon  the  cylindrical  part,  which  must  move  freely  upon  it,  as 
will  be  presently  explained.  To  the  bobbin  another  two-grooved 
,  pulley  or  u4iorl  g  is  made  fast  by  means  of  a  pin  r,  which  passes 
throngh  it;  by  removing  this  pin,  the  bobbin  can  be  instantly  taken 
off  the  spindle.  The  upper  end  of  the  spindle  bears  a  fork  1 1, 
which  may  be  taken  off  at  pleasure  by  meant  of  its  leA-haoded 
screw  t  this  foik,  or  fliei,  bas  a  fUnnel-foimed  hole  at  s.  One  aim 
of  the  fork  is  a  tube,  >,  u,  open  at  top  and  bottom;  the  1^,  (,  is 
added  merely  as  a  counlerpoise  to  the  other.  In  jig.  333,  ibr  the 
sake  of  eleamesa,  the  forks  or  fliers  of  the  two  spindles  here  repre- 
sented are  left  out ;  and  in  fig.  33!,  only  one  is  portrayed  for  the 
same  reason.  It  is  likewise  manifest  from  a  comparison  of  these 
tvro  fignres  that  the  spindles  are  alternately  placed  in  two  rows«  to 
that  each  spindle  oT  the  back  range  stands  opposite  the  interval 
between  two  in  the  fiont  range.  The  object  of  this  diatrihotion 
is  economy  of  space,  as  the  machine  wonid  need  to  be  greatly  lon^ 
if  the  spindles  stood  all  in  one  line.  If  we  suppose  the  spindles  aid 
I  the  bobbins  (both  of  which  have  independent  motions)  to  revolve 

simultaneously  and  in  the  same  direction,  their  operation  will  be 
as  follows ;  llie  sliver,  properly  drawn  by  the  flnted  rollers,  entera 
the  opening  of  the  funnel  v,  proceeds  thence  downwards  Ibroi^ 
the  hole  in  the  arm  of  the  fork,  runs  along  its  tube  a,  i,  and  then 
winds  ronnd  the  bobbin.    This  path  is  marked,  in  jlg.  335,  by  a  dot- 
ted line. 
The  revolatioo  of  the  spindles  in  the  above  circumstances  effects  the  twieting  oT  the 
slWer  into  a  Kofl  cordj  and  the  flier  i,  (,  or  particularly  its  tubular  arm  i,  lays  this  cord 
upon  the  bobbin.    Were  the  speed  i^  the  bobbins  equal  to  that  of  the  spindles,  that  i^ 
did  the  bobbin  and  spindle  make  the  same  number  of  turns  in  the  same  time,  the  pro- 
cess would  be  limited  to  mere  twisting.     But  the  bobbin  anticipates  the  fliers  a  little, 
that  is,  it  makes  in  a  given  time  a  somewhat  greater  number  of  revolutions  than  the 
spindle,  and  thereby  effeeu  the  continuous  winding  of  the  cord  upon  itself.    Suppose 
the  bobbin  to  make  40  revolutions,  while  the  spindle  completes  only  30 ;  30  of  these  revo- 
lutions of  the  bobbin  will  be  inoperative  towards  the  winding-on,  because  the  fliers  Ibl- 
low  at  that  rate,  so  that  the  cord  or  twisted  sliver  will  only  be  coiled  10  limes  ronnd  the 
bobbin,  and  the  result  as  to  the  winding-on  will  be  the  same  as  if  the  spindle  had  stood 
still,  and  the  bobbin  had  made  40  —  30  ::=  10  turns.    The  30  tarns  of  the  spindle*  serve, 
therefore,  merely  the  porpose  of  eommuniealing  twist. 

The  moanling  and  opemtion  of  the  spindles  are  obviously  the  same  as  they  are  apoa 
the  household  flax  wheel.  In  the  bobbin  and  fly  frame  there  are  same  circumstaneca 
which  render  the  esnslruclion  and  the  winding-on  somewhat  difficult,  and  the  mechaniMn 
not  a  little  eomplicated.  It  may  be  remarked,  in  the  6nt  place,  that  at  the  cord  is  wound 
on,  the  diameter  of  the  bobbin  increases  very  rapidly,  and  therefore  every  turn  made 
round  it  causes  a  greater  length  of  roving  to  be  taken  up  in  luccession.  Were  the 
noUons  of  the  bobbins  to  continue  unchanged  in  this  predicament,  the  ipcraated 
Telocity  of  the  winding-on  woukl  require  an  increased  d^ree  of  e) 
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•eesBion  the  mptore  of  the  cord,  because  the  flront  fluted  rollers  move  with  aaiTorm 
speed,  and  therefore  deliver  always  the  same  length  of  sliver  in  the  same  time.  It 
is  therefore  necessary  to  diminish  the  velocity  of  the  bobbins,  or  the  number  of  their 
tamsy  in  the  same  proportion  as  their  diameter  increases,  in  order  that  the  primary 
Tdoetty  may  remain  unchanged.  Moreover,  it  is  requisite  for  the  proper  distribution 
of  the  eord  upon  the  bobbin,  and  the  regular  increase  of  its  diameter,  that  two  of  its 
toeeessiTe  aonvolotions  should  not  be  applied  over  each  other,  but  that  they  should  be 
had  doee  side  by  side.  This  object  is  attained  by  the  up  and  down  sliding  motion  of  the 
bobbin  upon  the  spindle,  to  the  same  extent  as  the  length  of  the  bobbin  barrel.  This 
vp  and  down  motion  must  become  progressively  slower,  since  it  increases  the  diameter 
of  the  bobbin  at  each  range,  by  a  quantity  equal  to  the  diameter  of  the  sliver.  What 
has  now  been  stated  generally,  will  become  more  intelligible  by  an  example. 

Let  it  be  assumed  that  the  drawing  rollers  deliver,  in  10  seconds,  45  inches  of 
lovinc,  and  that  this  length  receives  30  twists.  The  spindles  must,  in  consequence^ 
Biake  30  revolutions  in  10  seconds,  and  the  bobbins  must  turn  with  such  speed,  that 
they  wind  up  the  43  inches  in  10  seconds.  The  diameter  of  the  bob))in  barrels  being 
]|  inches,  their  circumference  of  course  4^  inches,  they  must  make  10  revolutiona  more 
in  the  same  time  than  the  spindles.  The  effective  speed  of  the  bobbins  will  be  thus 
304-10=40  turns  in  10  seconds.  Should  the  bobbins  increase  to  3  inches  diameteri 
by  the  winding-^n  of  the  sliver,  they  will  take  up  9  inches  at  each  turn,  and  con- 
sequently 45  inches  -in  5  turns.  Their  speed  should  therefore  be  reduced  to  30-|-6=35 
turns  in  10  seconds.  la  general,  the  excess  in  number  of  revolutions;  which  the 
bobbins  must  make  over  the  spindles,  is  inversely  as  the  diameter  of  the  bobbins. 
The  speed  of  the  bobbins  must  remain  uniform  during  the  period  of  one  ascent  or 
descent  upon  the  spindle,  and  must  diminish  at  the  instant  of  changing  the  direction 
of  their  op  and  down  motion ;  because  a  fresh  range  of  convolutions  then  begins  with 
a  greater  diameter.  When,  for  example,  30  coils  of  the  sliver  or  roove  are  laid  in  one 
length  of  the  bobbin  barrel,  the  bobbin  must  complete  its  vertical  movement  up  or 
down,  within  30  seconds  in  the  first  case  above  mentioned,  and  within  60  seconds  in 
the  seeood  case. 

The  motions  of  the  drawing  rollers,  the  spindles,  and  bobbins,  are  produced  in  the 
following  manner : — ^A  shaft  ?,  figt^  332  and  333,  extending  the  whole  length  of  the 
machine,  and  mounted  with  a  fly  wheel  d\  i»  set  in  motion  by  a  band  from  the  running 
pulley  upon  the  shaft  of  the  mill,- which  actuates  the  pulley  a\  b'  is  the  loose  pulley 
apon  which  the  band  is  shifted  when  the  machine  is  set  at  rest.  Within  the  pulley  a', 
hot  on  the  outside  of  the  frame,  the  shaft  c'  carries  a  toothed  wheel  bn  with  50  teeth, 
which  by  means  of  the  intermediate  wheel  es  turns  the  wheel  da  upon  the  prolonged 
shaft  of  the  backmost  fluted  roller  (ms,  fig.  333.)  This  wheel  di  has  usually  54  te^th ; 
bat  it  may  be  changed  when  the  roove  is  to  receive  more  or  less  twist ;  for  as  the 
spindles  revolve  with  uniform  velocity,  they  communicate  the  more  torsion  the  less 
lengfth  of  sUveris  delivered  by  the  rollers  in  a  given  time.  Upon  the  same  diaft  with 
d»f  a  pinion  €S  of  32  teeth  is  fixed,  which  works  in  a  wheel  /s  of  72  teeth.  Within 
the  frame  a  change  pinion  gi  is  made-  fast  to  the  shaft  of  fi.  This  pinion,  which  has 
osoally  from  24  to  28  teeth,  regulates  the  drawing,  and  thereby  the  fineness  or  number 
Ot  the  roving.  It  works  in  a  48'toothed  wheel  A^  upon  the  end  of  the  backmost  fluted 
roUer  a,  fig.  333.  The  other  extremity  of  the  same  roller,  or,  properly  speaking,  line  of 
vollers,  carries  a  pinion  ^,  furnished  with  26  teeth,  which,  by  means  of  the  broad 
intermediate  wheel  Ic3,  sets  in  motion  the  pinion  t's  of  22  teeth  upon  the  middle  roller. 
When  the  diameter  of  all  the  drawing  rollers  is  the  same,  suppose  1  inch,  their  propor- 
tional velocities  will  be,  with  the  above  number  of  teeth  in  the  wheel  work,  if  gi  have 
24  teeth,  as  1  :  1*18  :4<5;  and  the  drawn  sliver  will  have  4^  times  its  original  length. 
The  front  or  delivery  roller  of  the  drawing  frame  is  of  late  years  usually  made  IJ  or 
If  inches  in  diameter.  If  625  feet  of  the  sliver  from  the  drawing  frame  weighed  one 
pound,  2790  feet  of  the  rovins;  will  now  go  to  this  weight,  and  the  number  will  be 
1-12;  that  is,  1  hank  and  12  hundredths  to  the  pound.  The  front  pair  of  fluted 
rollers  makes  about  90  revolutions,  and  deliver)  282*6  inches  of  roving  in  the  minute, 
when  of  one  inch  diameter. 

The  spindles  i  (figt-  332  and  333),  rest,  with  their  lower  ends,  in  steps  /,  which  are 
fixed  in  an  immoveable  beam  or  bar  m.  To  protect  it  from  dust  and  cotton  filaments, 
this  beam  is  furnished  with  a  wooden  cover  n,  in  which  there  are  small  holes  for  the 
passage  of  the  spindles  right  over  the  steps.  In  fig.  332,  two  of  the  eight  covers  n,  which 
compose  the  whole  range  m,  are  removed  to  let  the  steps  be  seen.  The  cylindrical  part 
of  each  spindle  passes  through  a  brass  ring  o ;  and  all  these  30  rings,  whose  centres 
Bast  be  vertically  over  the  steps  /,  are  made  fast  to  the  copping  beam  p.  This  beam 
is  so  called,  because  it  is  destined  not  merely  to  keep  the  spindles  upright  by  the  rings 
■itichcd  to  ity  but,  at  the  same  time,  to  rabe  and  lower  along  the  spindles  the  bobbins 
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which  rest  on  these  rings;  for  which  purpose  the  two  racks,  or  toothed  ban  ms  ni>; 
made  fast  to  it,  are  designed,  as  will  be  presently  explained.  To  effect  the  revolatioD 
of  the  spindles,  there  are  attached  to  the  main  shaA  a'  two  whorls  or  pulleys  e'/,e^ 
bearing  fonr  grooves  of  equal  diameter.  Each  of  these  pulleys  puts  one  half  of  the 
spindtcs  in  motion,  by  means  of  a  cord,  which,  aller  going  round  the  whorls  "ky  tmfk 
fou^  times  about  the  pulleys  of  the  shaft  c".  Two  guide  pulleys  \\  each  four-groov«49 
and  two  others  i'y  with  a  single  groove,  which  turn  independently  of  the  others^  apiopi 
the  above  shaft,  serve  to  give  the  whorl  cords  the  proper  direction,  as  well  as  to  kefp 
them  tight.  The  spindles  revolve  200  times  or  thereby  in  the  minute ;  and  tberefi»e 
impart  two  turns  or  twists  to  every  three  inches  of  the  roving. 

The  revolution  of  the  bobbins  is  independent  of  that  of  the  spindles,  although  it  lik^ 
wise  proceeds  from  the  shafl  c',  and  differs  from  it  in  being  a  continually  retarded 
motion.  The  simplest  method  of  effecting  this  motion,  is  by  means  of  the  wooden  or 
tin  plate  cone  }s.'\  which  revolves  equally  with  the  shall  c',  and  at  the  same  time  slides 
•long  it.  ' 

The  manner  in  which  this  operates  is  shown  in  section  in  Jif^,  336.  Here  we  per- 
^ive  the  rod  ^,  which  extends  from  the  base  toward  the  narrow  ^d  of  the  truncated 
cone,  and  p^  a  forked  bearer  or  carrier  made  fast  to  the  shaA  c'  by  a  screw,  which 
compels  the  cone,  by  means  of  that  rod,  to  obey  the  movements  of  c\    tn  the  large  end 


ot  the  cone  there  is  an  aperture,  through  which  the  bearer  can  be  got  at.  The  smaOer 
end  carries  outside  a  projection  os,  provided  with  a  groove,  which  is  embraced  by  the 
forked  end  of  a  rod  9',yig.  337,  that  serves  to  shove  the  cone  along  upon  the  shaft  ff^ 
Directly  under  the  cone,  there  is  an  upright  round  pillar  p',  upon  which  the  hohler  v 
of  the  two  guide  pulleys  V  is  adjustable.  A  bar  r  s  placed  along-side  of  the  holder, 
prevents  its  turning  round,  but  allows  it  to  slide  along  f>  by  friction.  The  weight  of  the 
holder  and  the  pulley  is  sufficient  to  distend  the  endless  band  n',  which  runs  fram  the 
cone  ^,  through  under  the  pulley  T,  and  round  the  small  drum  m'  on  the  shaft  «>.  A 
pulley  or  whorl  i  9,  with  four  grooves,  is  made  fast  by  means  of  a  tube  to  this  8haft,-«nd 
slides  along  it  backwards  and  forwards,  without  ever  ceasing  to  follow  its  revolutioDS* 
The  shaft  possesses  for  this  purpose  a  long  fork,  and  the  interior  of  the  tube  a  corre- 
sponding tongue  or  catch.  There  is  besides  upon  the  tube  beneath  the  pulley,  at  es,  a 
groove  that  goes  round  it,  in  which  the  staple  or  forked  end  of  an  arm  like  vs,  ytg.  333, 
made  fast  to  the  copping  beam  p,  catches.  By  the  up  and  down  mbvement  of  that 
beam,  the  pulley  1 9  takes  along  with  it  the  arm  that  embraces  the  tube,  which  therefore 
rises  and  falls  eqaally  with  the  bobbins  h.\  and  their  pulleys  or  whorls  q.  This  is 
requisite,  since  the  bobbins  are  made  to  revolve  by  the  pulleys  M,  by  means  of  two  endlrss 
cords  or  bands. 

The  most  intricate  part  of  the  mechanism  is  the  adjustment,  by  which  the  revolation 
of  the  bobbins  is  continually  retarded,  and  their  up  and  down,  or  copping  motion,  along 
the  spindles,  is  also  retarded  in  like  proportion.  The  vertical  pulley /'  (towards  the 
left  end  of  the  shaft  c)  has  at  its  right  side  a  somewhat  larger  due  or  sheave  g^, 
with  a  perfectly  uniform,  but  not  a  very  smooth  suriace.  Upon  this  sheave,  a  smaller 
horizontal  pulley  r'  rubs,  whose  upper  face  is  covered  with  leather  to  increase  the  frietion. 
The  under  end  of  the  shaft  ^  of  the  pulley  x'  turns  in  a  step,  which  is  so  connected  wMi 
the  arm  i/  of  the  large  bent  lever  /'  v\  that  it  always  stands  horizontally,  whatever 
direction  the  arms  of  that  lever  may  assume.    The  shaft  ys  is  steadied  at  top  by  an 
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aanvkr  hrideror  tauh^  wiuch  embTafle9  the  fast  ucm  jbs  with  its  forked  ead^  Upon  4U 
o|iponte  tide^  this  tfm  carries  a  poiley  ys,  upon  which  a  cord  goes,  that  is  made  iast  to 
the  holdtf  of  the  shaA  ys,  and  loadea  wi^  the  weight  2^  The  weight  presses  the 
pulley  sf  against  the  surface  of  g',  in  such  wise  as  to  effect  the  degree  of  friction  necessary 
ia  Older  thai  the  revolution  of  ff  may  produce  an  uninterrupted  reyolution  in  x'»  A 
piAkm  v')  whose  length  must  be  equal  at  least  to  the  semi-diamqter  of  the  sheave  g',  is 
placed  upon  the  laoder  end  of  the  shaA  ys.  It  has  22  teeth,  and  takes  into  a  62-toothed 
horixootal  wheel  2t.  Upon  the  upper  end  of  this  wheel  the  conical  pinion  a3  is  made 
fadrt,  whieh  may  be  changed  for  changing  the  speed,  but  usually  has  from  28  to  30  teeth, 
Qy  this  pinion  the  conical  wheel  68  is  turned,  which  has  30  teeth,  and  whose  shaft  is  cs. 
Xiiis  diaA  carries  upon  its  opposite  end  a  six-leaved  pinion,  (23,  which  takes  into  the 
calender  wheel  A,  formed  with  cogs  like  a  trundle,  upon  the  long  shaft  es.  In  fig,  338 
the  wheel  fi  is  exhibited  with  its  pinion  ds.  Here  we  may  remark,  that  in  the  circum- 
lerenee  of  the  wheel  there  is  a  vacant  place,  gs,  void  of  teeth.  When,  by  the  motion  of 
the  wheel,  the  pinion  comes  opposite  to  this  opening,  it  turns  round  about  the  hist  tooth 
of  the  wheel,  falls  into  the  inside  of  the  toothed  circle  marked  by  the  doited  lines,  and 
thus  gives  now  an  inverse  movement  to  the  wheel  /^  while  itself  revolves  always  in  the 
wme  dircelioa.    This  reversed  mot;^  continues  till  the  opening  gs  comes  once  more 
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to  the  pinion,  when  this  tuns  round  abovt  the  last  tooth  of  that  side,  and  begins 
to  work  in  the  exterior  teeth.  Thus,  by  the  uniform  motion  of  <i3  and  its 
dependant  parts,  the  wheel  fi^  with  its  shaft  4S,  revolves  alternately  to  the  right  hand 
waA  Che  left.  That  this  resuH  may  ensue,  the  shaft  cs  of  the  pinion  must  be  able  to 
dide  endwise,  without  kning  its  hold  of  ns  and  6s.  This  adjustment  is  efiected  by 
placaag  the  end  of  the  said  shaft,  nearest  63,  in  a  box  or  holder  is^  in  which  it  can  tunu 
aad  which  fonns  a  vertical  .tube  to  this  box,  as  a  downward  prolongation  which  is  fixed 
to  the  tail  of  the  oonical  pinion  os.  J^ig.  339  shows  this  construction  in  section  upoft 
aa  flBlan^ed  scale.  The  second  bearer  of  the  shaft  nearest  ^,  must  possess  likewise  the 
msaas  of  lateral  motion.  When  therefore  the  pinion  d^  shifts  through  the  opening 
«f  the  wheel  /a  outwards  or  inwards,  its  shaft  cs,  makes  a  corresponding  small  angular 
■otion  upon  the  pivot  of  oS,  by  means  of  the  tube  iS;  4is  and  63- remain  thereby  eon- 
pleleiy  in  gear  with  one  another. 

The  aliove-deacribed  ahemate  revolutions  of  the  wheel  /s.  serve  to  produce  the  op 
and  4bwa  motioBs  of  the  bobbins.  The  shaft  <3  has  for  this  purpose  two  pinions  nS  aS 
wfasih  work  in  the  raek  teeth  ni9  ms  of  the  eopping  rail  p,  and  thus  alternately  raise  and 
Mk  it  with  the  bobbins  which  rest  upon  it.  The  weight  of  the  copping  beam  and  all 
ils  dcpcadaat  parts,  is  poised  by  two  counterweights  m  4,  whose  coinls  run  over  the 
paBeys  04  04  o«,  fig,  332,  and  have  their  ends  made  fast  to  the  frame,  so  as  to  make  tho 
oMtioii  as  easy  as  the  downward.  The  two  upper  pulleys  oat  of  the  thcee  of 
weight  are  fixed  to  the  frame;  the  under  one>  round  which  the  oord  first  runs,  is 
Co  the  eopping  beun^  rising  and  falling  along  with  it. 
As  loog  as  the  friction  disc  o^-  remains  at  the  same  height,  the  pulley  ft  derives  its 
IWmd  the  same  eirde  of  the  said  disc,  and  the  np  and  down  motion  of  the  eopping 
is  also  nnifinm.  But  wben  that  disc  ascends  so  as  to  describe  with  its  edge  a  small 
upon  the  faee  of  g',  its  motion  most  become  proportionally  more  slow.  This  is  the 
tbod,  or  iMEiBciple  of  retardiiig  the  eopping  motioos  of  the  bobbins.  It  has  been  shown, 
r,  that  the  rotatioaof  the  bobbins  shonM  be  also  retarded  in  a  progressive  mannes. 
objeet  is  ^eeted  by  means  of  the  eoae  -fc',  which,  as  the  band  «  progressively 
apfMeoehes  towards  its  smaller  diameter,  drives  the  pulleys  or  whorls  f  of  the  bobbins 
«flh  decrensing  speedy  thon^b  itself  moves  uniformly  quick  with  the  shaft  c.  To  effeel 
Hni  vttialioik^  the'esna  is  shifted  lengthwise  along  its  shaft,  while  th»  baud  running 
apon  It  raMBins  tontinnaUy  in  the  same  vertical  plane^  and  is  kept  disteaded  by  the 
wvirittef'tlw  ptdley  of«'  TbelbUoiring  ineehaBisin  serves  to  shift  the  cone,  whieh  may 
htSit  Mtsmood  ty  tiia  a^t)f  thielignfes  340, 341»nnd  337.    A kng  east  iron bnr oiS 
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wliieh  bean  two  horizontal  prqjeetitig  puppets,  o^os,  is  made  fast  to  the  front  mi^ 
face  of  the  copping  beam  a.    Through  the  above  puppeto  a  eylindrical  rod  ni  passes  tteAj 
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which  is  left  out  in  Jig.  337,  that  the  parts  lying  behind  it  may  be  better  seen.  Upon 
this  rod  there  is  a  kind  of  fork,  p»  ps,  to  which  the  alternating  rack  bars  ^  are  made 
fast.  The  teeth  of  these  racks  are  at  unequal  distances  from  each  other,  and  are  so 
arranged,  that  each  tooth  of  the  under  side  corresponds  to  the  space  between  two  teeth 
in  the  upper  side.  Their  number  depends  upon  the  number  of  coils  of  roving  that  may 
be  required  to  iill  a  bobbin ;  aud  consists  in  the  usual  machines  of  from  20  to  22.  The 
rod  nS  may  be  shifted  in  the  puppet  os,  like  the  fork  j98  of  the  rack-rod,  upon  the  rod 
ns,  and  along  the  surface  of  rns,  where  two  wings  uS  «s  are  placed,  to  keep  the  fork  in 
a  straight  direction.  Upon  the  bar  ms,  there  are  the  pivots  or  fulcra  of  two  stop  catches 
109  xs,  of  which  the  uppermost  presses  merely  by  its  own  weight,  but  the  undermost  by 
means  of  a  counterweight  ys,  against  the  rack,  and  causes  them  thus  to  fall  in  between 
the  teeth.  In  Jig,  341,  vs  shows  the  pivot  of  the  catch  or  detent  un  by  itself,  the 
detent  itself  being  omitted,  to  render  the  construction  plainer.  A  pushing  rod  ^,  upon 
which  there  is  a  pin  above  at  «',  that  passes  behind  the  rack  rod,  between  this  and 
the  bar  mS,  has  for  its  object  to  remove  at  pleasure  the  one  or  the  other  of  the  two 
eatehes ;  the  upper,  when  (he  upper  end  of  the  rod  pushes  against  it ;  the  under,  by 
means  of  the  above  mentioned  pin  at.  Both  the  catches  are  never  raised  at  once,  bat 
either  the  under  or  the  upper  holds  the  rack  bar  fast,  by  pressing  against  one  of  the 
teeth.  The  vertical  motion  up  or  down,  which  the  rod  i  must  take  to  effect  the* lifting 
of  the  catches,  is  given  to  it  from  the  eopping  beam  p ;  since  upon  it  a  horizontal  ann 
VI,  Jig.  341,  is  filed,  that  lays  hold  of  that  rod.  Upon  the  pushing  rod  are  two  ringSy 
M  and  fcs,  each  made  fast  by  a  screw.  When  the  copping  beam  is  in  the  act  of  going 
up,  the  arm  oS  at  the  end  of  this  movement,  pushes  against  the  ring  hn,  raises  up  the 
rod  !»,  and  thus  removes  the  catch  ws,  Jig.  337,  from  the  teeth  of  the  rod  fS,  befbre 
which  it  lies  flat.  At  the  descent  of  the  copping  rait,  vs  meets  the  ring  fes,  when  the 
motion  in  this  direction  is  nearly  completed,  draws  down  the  rod  Is  a  little,  by  means  of 
the  same,  and  thereby  effects  the  removal  of  the  catch  x8,  Jig,  337,  from  the  rod  ^ 
Every  time  that  one  of  the  catches  is  liAed,  the  rack  recovers  its  freedom  to  advance  a 
little  bit  in  the  direction  of  the  arrow ;  so  far,  namely,  till  the  other  catch  lays  hold  npon 
the  tooth  that  next  meets  it.  The  reason  is  thus  manifest  why  the  > teeth  of  the  upper 
and  under  sides  of  the  bar  js  are  not  right  opposite  to  each  other,  but  in  an  alternate 
position. 

From  the  rack-bar,  the  sliding  of  the  cone  k'y  and  the  raising  of  the  shaft  ys^  etidi  by 
minute  steps  at  a.  time,  is  produced  as  follows :  —- 

A  large  rectangular  lever  /i,  v^,  whose  centre  of  motion  is  at  pi,  has  at  the  upper  end 
of  its  long  arm  />,  a  long  slot  through  which  a  stnd  r*  upon  the  rack  9s  goes,  (yigt.  340, 
341,  337,)  so  that  the  lever  must  follow  the  motions  of  the  raek  bar.  The  end  of  the 
short  arm  of  the  lever  bears,  as  already  mentioned,  the  step  of  the  shaft  ys ;  hence  the 
friction  disc  x^  will  be  raised  in  proportion  as  the  rack  bar  advances,  and  will  oaose 
nearer  to  the  middle  point  of  gi ;  consequently,  its  revolution  and  the  shifting  of  the 
bobbins  will  become  slower.  Upon  the  cylindriml  rod  ns,  the  piece  t*  s^  fbrnishcd 
with  a  long  slot  is  made  fast,  by  means  of  a  tube  ss,  (fig,  337,)  and  a  screw.  A  ibck 
e  «,  which  by  means  of  the  screw  nut  a*  a  made  fast  in  the  slot,  embnoes  the  arm  n  of 
the  bent  lever ;  and  a  tube  ri  riveted  to  the  surface  of  ti,  is  destined  to  take  up  the  draw 
rod  91  of  the  cone  ki,fig,  337.  A  weight  /4,  whose  cord  b*  is  made  fhst  to  the  eylindri- 
eal  rod  ns,  endeavors  to  draw  this  rod  continually  in  the  direction  of  the  arrow.  la 
consequence  of  this  arrangement,  every  time  that  the  pushing  bar  ^  lifts  np  one  of  the 
catches,  the  oone  hi,  the  lever  <i  v^,  and  by  it  the  radc  bar  ^  are  set  in  moCioa.    It  b 
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ohinoasy  that  the  motion  of  the  cone  may  be  made  greater  or  less,  according  as  the  fork 
m  m  is  ^ed  further  np  or  down  in  the  slot  of  tK 

The  nomber  of  the  teeth  upon  the  bar  ^  is  so  ordered,  that  the  bobbins  are  quite  fall 
when  the  last  tooth  has  reached  the  catch  and  is  released  by  it.  The  rack  bar,  being 
restrained  by  nothing,  immediately  slides  onwards,  in  consequence  of  the  traction  of  the 
weight  /^  and  brings  the  machine  to  repose  by  this  very  movement,  for  which  purpose 
the  following  construction  is  employed.  A  rectangular  lever  which  has  its  centre  of 
motion  in  g*  is  attached  to  the  side  face  of  the  beam  a,  and  has  at  the  end  of  its  hori- 
xontal  arm  a  pulley  c{4,  over  which  the  cord  b*  of  the  counterweight  f*  is  passed.  The 
end  of  the  perpendicular  arm  is  forked  and  embraces  the  long  and  thin  rod  fci,  to  whose 
opposite  end  the  fork  I*  is  made  fast.  Through  this  fork  the  band  which  puts  the  ma- 
chine in  motion  passes  down  to  the  pulley  aK  With  the  bent  lever  another  rod  c*  u 
eonneeted  at  A4,  which  lies  upon  the  puppet  e»  with  a  slot  at  e4,  and  hereby  keeps  the 
lever  g*  in  its  upright  position  notwithstanding  the  weight  /*,  In  the  moment  when,  as 
above  stated,  the  rack  bar  93  becomes  free,  the  arm  p9  of  its  fork  pushes  in  its  rapid 
advance  against  the  under  oblique  side  of  e*,  raises  this  rod,  and  thereby  sets  the  lever  gi 
free,  whose  upright  arm  bends  down  by  the  traction  of  the  weight,  drives  the  rod  k* 
before  it  into  the  rin?  U  fastened  to  it,  and  thus,  by  means  of  the  fork  {4,  shiAs  the  band 
npoii  the  loose  pulley  b^.  But  the  machine  may  be  brought  to  repose  or  put  out  of  gear 
at  any  time  merely  by  shiAing  the  rod  k*  with  the  hand. 

The  operation  of  the  bobbin  and  fly  frame  may  be  fully  understood  from  the  preceding 
description.  A  few  observations  remain  to  be  made  upon  the  cone  fci,  the  rack-bar  qi, 
and  the  speed  of  the  work. 

When  we  know  the  diameter  of  the  empty  bobbins,  and  how  many  turns  they  should 
make  in  a  given  time  in  order  to  wind-on  the  sliver  delivered  by  the  fluted  rollers  and  the 
spindles ;  when  we  consider  the  diameters  of  the  spindle  pulleys  q,  and  /a,  as  also  the 
(from  m},fig.  332,  we  may  easily  find  the  diameter  which  the  cone  must  have  for  pro* 
doeing  that  number  of  turns.  This  is  the  diameter  for  the  greatest  periphery  of  the 
base.  The  diameter  of  the  smaller  is  obtained  in  the  same  way,  when  the  diameter  of 
Ihe  bobbins  before  the  last  winding-on,  as  well  as  the  number  of  turns  necessary  in  a 
giveo  time,  are  known. 

A  bobbin  and  fly  frame  of  the  eonstruction  just  described  delivers  from  each  spindle 
in  a  day  of  twelve  hours,  from  6  to  8  lbs.  of  roving  of  the  Oneness  of  ]|  English  counts. 
One  person  can  superintend  two  frames,  piece  the  broken  slivers,  and  replace  the  full 
bobbins  by  empty  ones.  The  loss  of  cotton  wool  in  this  machine  consists  in  the  portions 
carried  off  from  the  torn  slivers,  and  must  be  returned  to  the  lapping  machine. 

The  fine  boUnn  and  fiy  frame  does  not  differ  essentially  from  the  preceding  machine. 
The  rovin^s  from  the  coarse  bobbin  and  fly  frame  are  placed  in  their  bobbins  in  a  frame 
ealled  the  creel,  behind  and  above  the  roller  beam,  two  bobbins  being  allowed  for  one 
fluted  portion  of  the  rollers.  These  rovings  are  united  into  one,  so  as  to  increase  the 
anifbnnity  of  the  slivers. 

The  invention  of  the  beautiful  machine  above  deseribed  is  due  to  Messrs.  Cocker  and 
Hig^ns,  of  Manchester,  and  as  lately  improved  by  Henry  Houtdsworth,  jun.,  Esq.,  it 
may  be  considered  the  most  ingeniously  combined  apparatus  in  the  whole  range  of  pro- 
doctlre  industry. 

Id  the  fine  roving  frame  the  sliver  is  twisted  in  the  contrary  direction  to  that  of  the 
coarse  rovin?  frame.  For  this  reason  the  position  of  the  cone  is  reversed,  so  as  to  pre- 
sent in  succession  to  the  band,  or  strap,  diameters  continually  greater,  in  order  that  the 
rotation  of  the  bobbins  may  be  accelerated  in  proportion  as  their  size  is 'increased, 
becaitse  here  the  flier  and  the  bobbin  turn  in  the  same  direction,  and  the  winding-on 
is  eflected  by  the  precession  of  the  bobbin ;  but  if  the  winding-on  took  place  by  its  fhlling 
behind,  as  in  the  coarse  bobbin  and  fly  frame,  that  is,  if  the  flier  turned  less  quickly  than 
the  bobbin,  the  rotatory  speed  of  the  bobbin  would  be  uniformly  retarded ;  in  which  case 
the  cone  would  be  disposed  as  in  the  coarse  firame. 

When,  by  any  means  whatever,  a  uniform  length  of  thread  is  delivered  by  the  rollers 
in  a  given  time,  the  bobbin  must  wind  it  up  as  it  is  given  out,  and  must  therefore  turn 
with  a  speed  decreasing  with  the  increase  of  its  diameter  by  successive  layers  of  thread. 
Hence  proceeds  the  proposition,  that  the  velocit}'  of  the  bobbin  must  be  in  the  inverse 
ratio  of  its  diameter,  as  already  explained. 

With  respect  to  the  bobbin  and  fly  frame,  the  twist  is  given  to  the  sliver  by 
Beans  of  a  spindle,  or  flier,  which  turns  in  the  same  direction  with  the  bobbin,  but 
quicker  or  slower  than  it,  which  establishes  two  predicaments.  The  first  case  is  where 
the  flier  tarns  faster  than  the  bobbin.  Here  the  winding-on  goes  in  advance,  as  in 
the  coarse  roving  frame,  or  as  in  throstle  spinning,  where  the  yarn  is  wound  on  merely 
in  consequence  of  the  friction  of  the  lower  disc  or  washer  of  the  bobbin  upon  the 
copping  rail,  and  of  the  drag  of  the  yam.  The  second  case  is  where  the  flier  revolves 
tMMe  slowly  than  the  bobbin.    Here  the  winding  goes  on  in  arrear,  and  as  the  bobbin 
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turns  faster,  it  must  receive  a  peculiar  motioB,  wluch  is  uniformly  retarded  in  tbe  ntio 
of  its  increase  of  diameter.  This  is  the  case  with  the  fine  bobbin  and  fly  frame.  When 
the  cone  is  placed  as  in  ylg.  332,  the  wlnding-on^  in  either  the  coarse  or  fine  frame,  re- 
sults from  the  difference,  whether  greater  or  less,  between  the  rotatory  speed  of  the  flier 
and  bobbin. 

Tlie  motion  of  the  bobbid  and  spindle  is  simultaneous,  and  takes  place  in  the  same 
direction,  with  a  difference  varyine  more  or  less  with  the  varying  diameters  of  the 
bobbins.  To  render  tbe  matter  still  clearer^  suppose  for  a  moment  the  spindle  to  be 
motionless,  then  the  bobbin  must  revolve  with  such  a  speed  as  to  lap-on  the  roving  as 
fast  as  the  rollers  deliver.it.  The  sliver  comes  forwand  uniformly  ;  but  the  bobbin,  by 
its  increase  of  diameter,  must  revolye  with  a  speed  progressively  slower.  Now,  snp- 
pose  tbe  spindle  set  a-whirlins,  it  is  obvious  that  the  bobbin  must  add  to  the  movement 
requisite  for  winding-on  the  sliver,  that  of  the  spindle  in  the  case  of  wiading<«n  in 
arrear,  or  when  it  follows  the  fliers,  and  subtract  its  own  motion  from  the  twisting 
motion  of  the  spindles,  in  the  case  of  winding-on  in  advance,  that  is,  when  the  bobbin 
precedes  or  turns  faster  than  the  fliers;  for  the  diameter  of  the  bobbin  being  1| 
inches,  10  turns  will  lake  up  45  inches.  Deducting  these  10  turns  from  the  30  made 
by  the  spindle  in  the  same  lime,  there  will  remain  for  the  effective  movement  of  the 
bobbin  only  20  turns  *,  or  when  the  diameter  of  the  bobbin  becomes  3  inches,  5  tuma 
will  take  up  the  45  inches,  if  the  spindle  be  at  rest ;  but  if  it  makes  30  turns  in  the 
time,  the  effective  velocity  of  the  bobbin  will  be  25  turns,  =  30  —  6.  Hence  in  the 
fine  bobbin  and  fly  frame,  the  number  of  turns  of  the  spindle,  mivut  the  nnmber  of 
turns  made  by  the  bobbin  in  equal  times,  is  in  the  inverse  ratio  of  the  diameter  of  the 
bobbin.  We  thus  perceive,  that  in  the  coarse  frame  the  bobbin  should  move  faster 
than  the  spindle,  and  that  its  speed  should  always  diminish ;  whilst  in  the  fine  frame 
the  bobbin  should  move  slower  than  the  spindle,  but  its  speed  should  always  increase* 
It  is  easy  to  conceive,  therefore,  why  the  cones  are  placed  in  reverse  directions  in  the 
two  machines.  Not  that  this  inversion  is  indispensably  necessary ;  the  cone  of  the  fine 
roving  frame  mii^ht,  in  fact,  be  placed  like  that  of  the  coarse  roving  frame ;  but  as  the 
torsion  of  the  ruving  becomes  now  considerable,  and  as  on  that  account  the  bobbin  would 
need  to  move  still  faster,  which  would  consume  a  greater  quantity  of  the  moving  powery 
it  has  been  deemed  more  economical  to  give  its  movement  jsn  opposite  direction. 

We  mentioned  that  the  twist  of  the  sliver  in  the  fine  roving  frame  was  the  reverse  of 
that  in  the  coarse ;  this  is  a  habit  of  the  spinners,  for  which  no  good  reason  has  been 
given. 

The  divisions  of  the  rack-bar,  and  the  successive  diameters  of  the  cone,  must  be 
nicely  adjusted  to  each  other.  The  first  thing  to  determine  is,  how  much  the  rack 
should  advance  for  every  layer  or  range  of  roving  applied  to  tbe  bobbin,  in  order  that 
the  cone  may  occupy  such  a  place  that  the  strap  which  regulates  the  pulley  barrel  may 
be  at  tbe  proper  diameter,  and  thus  fulfil  every  condition.  The  extent  of  this  pro* 
gressive  movement  of  the  rack  depends  upon  the  greater  or  less  taper  of  the  cone,  and 
Uie  increase  which  the  diameter  of  the  bobbin  receives  with  every  traverse,  that  is,  every 
layer  of  rovins;  laid  on.  But  care  should  be  taken  not  to  taper  the  cone  too  rapidly,  espe^ 
cially  in  the  fine  roving  frame,  because  m  its  progress  towards  the  smaller  end  the  strap 
would  not  slide  with  certainty  and  ease.  We  have  already  shown  that  the  number  of 
^ective  turns  of  the  bobbin  is  inversely,  as  the  diameter  of  the  bobbin ;  or  directly,  as 
the  successive  diameters  of  the  different  points  of  the  cone. 

H.  Houldsworth,  jun.  Esq.  has  introduced  a  capital  improvement  into  the  bobbin  and 
fly  frame,  by  his  difierential  or  equation-box  mechanism,  and  by  his  spring  fingers,  which, 
by  pressing  the  soft  sliver  upon  the  bobbin,  cause  at  least  a  double  quantity  to  be  wound 
npon  its  barrel.  With  the  description  of  his  patent  equation-box,  I  shall  conclude  the 
description  of  the  bobbin  and  fly  frame. 

Fig,  342  represents  a  portion  of  a  fly  frame  with  Mr.  Houldsworth's  invention, 
a  a  a  are  the  front  drawing  rollers,  turning  upon  bearings  in  the  top  of  the  machine^ 
and  worked  by  a  train  of  toothed  wheels,  in  the  way  that  drawing  rollers  are  usnally 
actuated. 

From  the  drawinsr  rollers,  the  filaments  of  cotton  or  other  material,  b  6,  are  brought 
down  to,  and  parsed  through  the  arms  of  the  fliers  c  c,  mounted  on  the  tiips  of  the 
spindles  d  d,  which  spindles  also  carry  the  loose  bobbins  «  e.  In  the  ordinary  mode  of 
constructing  such  machines,  tbe  spindles  are  turned  by  cords  or  bands  passing  from  a 
rotatory  drum  round  their  respective  pulleys  or  whu-ls/,  and  the  looee  bobbins  e,  turn 
wiih  them  by  the  friction  of  their  slight  contact  to  the  spindle,  as  before  said ;  in  the 
improved  machine,  however,  the  movements  of  the  spindles  and  the  bobbins  are  inde- 
pendent and  distinct  from  each  other,  being  actuated  from  different  sources. 

The  main  shaft  of  the  engine  g,  turned  by  a  band  and  rigger  a  as  usual,  communicates 
motion  by  a  train  of  wheels  A,  through  the  shaA  t,  to  the  drawing  rollers  at  th« 
reverse  end  of  the  machine,  and  causes  them  to  deliver  the  filaoaents  to  be  twisUd* 
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Upon  Ilie  main  ihkll  g,  a  UKaDted  ■  cfliadrKal  hollo*  box  or  drun-pnller,  whence 
(me  cord  jiatse*  U>  drive  Ute  wMrk  and  spiadtes  /  and  d,  ajid  aaolhci  to  drive  the 


Thb  c}Iiadric«l  box  policy  it  made  in  (wo  parts,  ft  and  ^and  slipped  upon  Iheaile  with 
■  toothol  wheel  m,  inlrrTcainK  beiweea  [hem.  Tbe  boi  and  wheel  are  shown  detached 
in  fig.  343,  and  paitlf  in  aectioa  at^g.  344.  That  porlion  of  the  boi  vith  iU  pulle; 
narked  I,  is  Sied  to  the  shnfl  g ;  but  the  other  part  oT  Ihe  box  and  iu  pulley  k,  and  (he 
tootbcd  wheel  in,  slide  loosely  ronnd  npon  the  tbatt  g,  and  when  bronghl  in  contact  andi 
ennfined  by  a  fixed  collar  tt,  as  in  the  machine  ihown  a(  Jig.  342,  ihcy  consUtutc  tw* 
diatiaci  pulley;,  one  being  in(ended  In  acluale  (he  spindlei,  and  the  o(her  the  bobbins. 

In  the  web  of  (he  wheel  m,  a  small  bevci  pinion  o,  ii  mounted  upon  an  ailc  standing 
al  rigiit  ani(les  (o  the  shaft  g,  which  pinion  it  in(ended  to  take  into  (he  two  bevel  piniooi- 
f  nad  q,  respectively  fixed  npon  bosses,  embracing  (he  shaA  in  the  ialerior  or  the  boxes  fc 
a>d  L  Now  it  being  remembered  (hat  Ihe  pinion  f,  and  its  box  /,  are  fixed  to  (he  shaft 
g,  and  mm  wi(h  ii,  &  the  loo»e  wheel  m  be  independently  turned  upon  the  shali,  with  a. 
diSereDl  velocity,  its  pinion  D,  taking  into  q,  will  be  made  to  revolve  upon  its  aije,  and 
to  drive  the  pinion-p,  and  pulley  boi  It,  in  (he  same  direction  as  Ihe  wheel  m  ;  and  (hit 
RHatory  moTCDicnt  of  the  box  ft  and  wheel  m,  m».j  be  ^ler  or  slower  than  (he  shaft  g, 
and  box  I,  aeeording  to  (he  velocily  with  which  (he  wheel  rn  is  tamed. 

HaviDj  eiplniaed  (he  construction  <rf'  (he  box  pulleys  k  and  I,  which  are  the  pecoUar 
fealnres  of  novelty  claimed  under  this  patent,  (heii  office  and  advantaije  will  be  «een  br 
deacribing  the  general  movemenu  of  (be  machine. 

The  main  shad  f,  being  turned  by  the  band  and  rigger  k,  as  above  said,  the  (rain  of 
wbeeb  A,  connected  with  i(,  drives  (he  ehaft  i,  which  b(  its  reverse  end  has  a  pinion  (not 
KCR  in  Ihe  fifco'^)  that  BctaB(es  the  whole  series  of  drawing  rollers  a.  Upon  the  shaft 
i  there  is  a  sliding  puUey  r,  carrying  a  band  t.  which  passes  down  to  a  tension  pulley  t, 
Md  is  kept  distended  by  a  weight.  This  band  i,  in  i(s  descent,  comes  in  eDn(ac(  with 
Iba  inrface  of  (he  cone  u,  and  causes  the  cone  to  revolve  by  (he  friclion  of  the  band 
Tanning  aarainsl  i(.  The  pnlley  r  is  progressively  slidden  along  the  shaft  i,  by  means  of 
■  nek  and  weight  not  shown,  but  well  understood  as  common  in  (hese  kind  o{  machine*. 
and  which  B]aveineii(  oT  the  pulley  is  lor  the  purpose  of  progressively  shifting  (he  band 
(  rram  (he  sniBller  to  the  larger  diameter  of  (he  cone,  in  order  lhB(  the  speed  oT  itt- 
iMation  may  gradually  diminish  as  the  bobbins  £11  by  the  winding-on  of  the  yams. 

At  the  end  of  the  axle  of  tbe  cone  u  a  smalt  pinion  d  ii  fixed,  which  lake«  into  Ihs 
teeth  of  the  loose  wheel  m,  and,  as  the  cone  turns,  drivet  the  wheel  m  round  ngwD  Ute 
ihall  g,  with  a  speed  dependant  always  npon  the  rapidity  of  the  rotation  or  the  eaa«> 
Ifow  the  box  pnlley  I,  being  fixed  io  the  main  shad  g,  turns  with  one  oniroim  apeed. 
aid  br  cord*  passing  fran  it  over  guides  [o  tbe  whorls  /,  drives  all  the  spindles  and 
tioi,  which  iwist  the  yams  «rith  one  contioned  nnifotm  velocity  ;  but  the  box  pulley  h,. 
S4 
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bein^  loose  upon  the  shafts  and  actaated  by  the  bevel  pinions  within,  as  described,  ia 
made  to  revolve  by  the  rotation  of  the  wheel  m,  independent  of  the  shaA,  and  with  a 
different  speed  from  the  pulley  box  / ;  cords  passing  from  this  pulley  box  k,  over  guides 
to  small  pulleys  under  the  bobbins,  communicate  the  motion,  whatever  it  may  be,  of  the 
pulley  box  fe,  to  the  bobbins,  and  cause  them  to  turn,  and  to  take  up  or  wind  tiie  yam 
with  a  speed  derived  from  this  source,  independent  of,  and  different  from,  the  speed  of 
the  spindle  and  flier  which  twist  the  yarn. 

It  will  now  be  perceived,  that  these  parts  being  all  adjusted  to  accommodate  the 
taking  up  movements  to  the  twisting  or  spinning  of  any  particular  quality  of  yam 
intended  to  be  produced,  any  variations  between  the  velocities  of  the  spinning  and 
taking  up,  which  another  quality  of  yarn  may  require,  can  easily  be  effected,  by  merely 
changing  the  pinion  v,  for  one  with  a  different  number  of  teeth,  which  will  cause  the 
wheel  m,  and  the  pulley  box  ky  to  drive  the  bobbins  faster  or  slower,  as  would  be  required 
in  winding-on  fine  or  coarse  yarn,  the  speed  of  the  twisting  or  apinning  being  the 
same. 

The  rovings  or  spongy  cords,  of  greater  or  less  tenuity,  made  on  the  bobbin  and  fly, 
or  tube  roving  frame,  are  either  spun  immediately  into  firm  cohesive  yam,  or  receive  a 
further  preparation  process  in  the  stretching  frame,  which  is,  in  fact,  merely  a  mule- 
jenny,  without  the  second  draught  and  second  speed,  and  therefore  need  not  be  described 
at  present,  as  it  will  be  in  its  place  afterwards. 

The  finishing  machines  of  a  cotton  mill,  which  spin  the  cohesive  yarn,  are  of  two 
classes;  1.  the  water-twist  or  throstle,  in  which  the  twisting  and  winding  are  performed 
simultaneously  upon  progressive  portions  of  the  roving;  and,  2.  the  mule,  in  which  the 
thread  is  drawn  out  and  stretched,  with  little  twist,  till  a  certain  length  of  about  5  feet 
is  extended,  then  the  torsion  is  completed,  and  the  finished  thread  is  immediately  wound 
upon  the  spindles  into  double  conical  coils  called  cops. 

The  water-twist  frame,  so  called  by  its  inventor,  Sir  R.  Arkwright,  because  it  was  first 
driven  by  water,  is  now  generally  superseded  by  the  throstle  frame,  in  which  the  me- 
chanical spinning  fincers,  so  to  speak,  are  essentially  the  same,  but  the  mode  of  commu- 
nicating the  motion  of  the  mill-gearing  to  them  is  somewhat  different.  Fig.  345  exhibita 
a  vertical  section  of  the  throstle.  This  machine  is  double,  possessing  upon  each  side  of 
its  frame  a  row  of  spindles  with  all  their  subsidiary  parts.  The  bobbins,  filled  with 
rovings  from  the  bobbin  and  fly,  or  the  tube  frame,  are  set  up  in  the  creel  a  a,  in  two 
ranges.  6,  c,  d,  are  the  three  usual  pairs  of  drawing  rollers,  through  which  the  yam 
is  attenuated  to  the  proper  degree  of  fineness,  upon  the  principles  already  explained. 
At  its  escape  from  the  front  rollers,  every  thread  runs  through  a  guide  eyelet  e  of  wire, 
which  gives  it  the  vertical  direction  down  towards  the  spindles/,  g.  The  spindles  which 
perform  at  once  and  uninterruptedly  ihe  twisting  and  winding-on  of  the  thread  delivered 
by  the  rollers,  are  usually  made  of  steel,  and  tempered  at  their  lower  ends.  They  stand 
at  g  in  steps,  pass  at  v  through  a  brass  bush  or  collet  which  keeps  them  upright,  and 
revolve  with  remarkable  speed  upon  their  axes.  The  bobbins  h,  destined  to  take  up  the 
yarn  as  it  is  spun,  are  stuck  loosely  upon  the  spindles,  and  rest  independently  of  the 
rotation  of  the  spindles  upon  the  copping  b^am  /,  with  a  leather  washer  between.  Upon 
Ihe  top  of  the  spindles  an  iron-wire  fork,  called  a  fly  or  flier,  t,  fc,  is  made  fast  by  a 
left-hand  screw,  and  has  one  of  its  forks  turned  round  at  the  end  •  into  a  little  ring. 
The  branch  of  the  flier  at  /  is  tubular,  to  allow  the  thread  to  pass  through,  and  to 
escape  by  a  little  hole  at  its  side,  in  order  to  reach  the  eyelet  at  the  end  of  that  fork. 
From  this  eyelet  t,  it  proceeds  directly  to  the  bobbin.  By  the  twirling  of  the  spindle, 
the  twisting  of  the  portion  of  thread  between  the  front  roller  d  and  the  nezzle  /  is 
effected.  The  winding-on  takes  place  in  the  foIlDwin?  way: — Since  the  bobbin  has  no 
other  connexion  with  the  spindle  than  that  of  the  thread,  it  would,  but  for  it,  remain 
entirely  motionless,  relatively  to  the  spindle.  But  the  bobbin  is  pulled  aAer  it  by  the 
thread,  so  that  it  must  follow  the  rotation  of  the  spindle  and  fly.  When  we  consider 
that  the  thread  is  pinched  by  the  front  roller  dy  and  is  thereby  kept  fully  upon  the 
stretch,  we  perceive  that  the  rotation  of  the  bobbin  must  be  the  resnlt.  Suppose  now 
the  tension  to  be  suspended  for  an  instant,  while  the  rollers  d  deliver,  for  example,  one 
inch  of  yarn.  The  inertia  or  weight  of  the  bobbin,  and  its  friction  upon  the  opppinir 
beam  2,  by  means  of  the  leather  washer,  will,  under  this  circumstance,  cause  the  bobbiii 
to  hang  back  in  a  state  of  rest,  till  the  said  inch  of  yarn  be  wound  on  by  the  whirling 
of  the  fly  t,  and  the  former  tension  be  restored.  The  delivery  of  the  yam  by  the  drawing 
rollers,  however,  does  not  take  place  inch  aAer  inch,  by  starts,  but  at  a  certain  continu- 
ous rate ;  from  whence  results  a  continuous  retardation  or  loitering,  so  to  speak,  of  the 
bobbins  behind  the  spindles,  just  to  such  an  amount  that  the  delivered  yam  is  wound  up 
at  the  same  time  during  the  rotation. 

This  process  in  spinning  is  essentially  the  same  as  what  occurs  in  the  fine  bobbiM 
and  fly  frame,  but  is  here  simplified,  as  the  retardation  regulates  itself  aceordisg  to 
the  diameter  of  the  bobbin  by  the  drag  of  the  thread.    In  the  fly  frame  the  employment 
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V Uiii  tendon  u  kopouible,  beeaow  tbe  roring  hM  Kq  liUl«  coheiion  to  b«ar  the  ttniin ; 
■ad  hence  il  is  Hceu-ur  to  give  the  bobbJDs  that  iadepeadent  moreineiit  of  rotattoa 
vhieh  HI  complicates  Ihit  maeliiae. 

The  np  and  down  mutian  of  the  bobbini  along  the  ipindles,  which  ii  reqaired  for 
the  equal  distribulion  of  Ibe  y&ra,  and  mu^t  have  the  same  range  ai  the  length  of  the 
bobbin  harteU,  is  perfonDcd  hj  Ihe  following  roechaniaai.  Every  coppina  rail,  (,  i» 
ande  fast  to  a  bar  m,  and  this,  which  slides  in  a  vertical  groove  or  shit  at  the  end  of 
(lie  liame,  is  conneeled  by  a  rod  h,  with  bd  eqnal-umed,  moveable  level  o.  The  rod  p 
earriea  a  weight  r,  aospended  from  thii  level  i  anolher  rod,  q,  eanoeets  the  great  lever  o 
with  a  imaller  oae  f,  I,  apon  which  a  heart-ahaprd  disc  or  pulley,  «,  works  from  below 
at  I.  By  tbe  totatkra  of  IhediM  »,  the  arm  (,  being  pressed  constanily  down  upon  it  by 
the  reaction,  Ihe  weight  r  most  alternately  rise  and  fall ;  and  thus  the  c<q>ptDg  raQ  J  mnn 
obrioiuly  move  with  thebobbioi  h  up  and  down;  the  bobbins  opon  one  side  of  the  frame 
imat,  as  those  npon  the  other  siak.  Strictly  considered,  this  copping  tnolioa  should 
became  slower  as  the  winding-on  proceeds,  as  in  Ihe  By  roving  frame ;  but,  on  account 
of  the  smallness  of  the  finished  thread,  this  construction,  which  would  render  the 
■Mchine  eomplieated,  is  without  ineoDVeuieace  aegleeted,  with  the  result  merely  thai  the 
eoik  of  the  yam  are  suceessively  more  sparsely  laid  on,  as  Ihe  diameter  of  the  bobbin 

The  movement  of  the  whole  machine  proceeds  flom  the  shaft  of  a  borLZontol  dmm, 
wlikli  drives  the  spindles  by  mesns  or  the  endless  bands  x  x.  Ksch  spindle  is  mannlea 
with  a  small  pulley  or  wharf,  is,  at  its  lower  part,  and  b  parlicular  band,  which  goes 
ronDd  tbat  nharf  or  whorl,  and  the.  drum  y.  The  hands  are  not  drawn  Cense,  but  bang 
down  in  ■  somewhat  slanling  direction,  being  kept  distended  only  by  their  own  weight. 
Thos  every  spindle,  when  its  thread  breaks,  can  readily  be  slopped  alnne,  by  applying  a 
slight  pressure  with  Ihe  hand  or  knee,  Ihe  band  meanwhile  gliding  loosely  round  the  whorl. 
The  velocities  of  nitalioa  of  Ihe  three  drawing  rollers  are,  according  to  this  arrenge- 
nrat,  in  the  proportion  of  1  ;  .1|  i  8 ;  and  as  tbeir  diameters  are  the  same,  namely,  one 
inch,  the  elootalion  of  the  yam  in  spinning  is  eighl-fold.  If,  for  example,  Ihe  roving 
was  of  the  number  4^,  the  yam  would  become  No.  36.  The  eitension  of  the  Ihread 
EMIT  be  changed  by  changing  ihe  wheels  of  the  drawing  rollers.  To  perceive  the  power 
of  this  change,  let  us  pnl,  for  example,  in  Ihe  place  of  the  IS-loolhed  wheel  of  the  bade 
rollers,  a  wheel  with  16  teeth ;  we  shall  find  that  Ihe  elonsaiion  will  amount,  in  that 
ease,  only  lo  7^  limes,  whence  the  number  of  Ihe  yam  would  Come  ool  32  =  TJ  X  H. 
The  eilmsion  by  Ihe  throstle  is  eiiremely  various :  il  amounls,  in  some  cases,  to  only  4 
limes;  at  others  to  10,  12,  or  even  15. 

TTie  copping  motion  of  the  bobbins  is  produced  in  consequence  ofa  berel  pinion  work- 
ing in  a  small  bevel  wheel  upon  an  nprighl  shaft;  while  this  wheel  gives  a  slow  moliOD 
bf  means  oT  a  worm  screw  to  Ihe  wheel  of  the  hfarl-shaped  pnlley  u,/tg.  349. 

MS  The  driving  pulley   makes  abont  600 

turns  in  a  minute ;  and  as  the  diameter  of 
the  drum  y.  Jig.  343,  is  six  timet  ihe  di- 
ameter of  Ihe  spindle  wharves  u,  it  will 
giveSWO  lurns  toihe  spi  ndle  in  that  time. 
If  Ibe  pnlley  be  driven  faster,  for  eianqile, 
700  limes  in  a  minute,  it  will  increase  the 
revolniions  of  the  spindles  to  A300.  The 
d^ree  of  twist  which  will  be  thereby  im- 
parled to  the  yarn,  depends,  with  like  speed 
of  spindles,  upon  tbe  rnle  al  which  the  soft 
yarn  is  delivered  by  the  d rawing- roller* ; 
for  the  qnicker  Ibis  delivery  Ihe  quicker  is 
the  winding-on,  and  the  less  Iwiit  goes  into 
a  given  length  of  yam.  If,  for  example, 
the  front  lolleri  d  turn  24  limes  in  a 
minute,  giving  out  of  course  T2  inches  of 
yam  in  ibis  lime,  upon  wliich  the  3600 
revolutions  of  the  spindle  are  eipended, 
there  will  be  50  twisH  lo  every  inch  oi 
yarn.  By  changing  the  wheel-work  of 
Jig.  345,  or  by  sticking' greater  or  smaller  wharves  upon  Ihe  spindles,  the  proporlion  be- 
tween their  velocity  and  that  of  lh«  drawing  rollers,  and  thence  tbe  degree  of  twist,  can 
he  modified  at  pleasare. 

The  namber  of  spindles  in  a  throttle  frame  12  feet  long  is  about  60  on  each  side. 
The  drawing  ndlefs  are  coupled  logelhet  as  in  the  bobbin  and  By  frame,  so  that  each 
ivw  forms  one  tontinnona  cylinder.  There  ii  a  complete  roller  beam  on  each  side) 
each  of  the  rollers  of  the  front  row  is  pcesaad  bv  its  top  ririlaa  with  a  weight  of  lea  m 
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twelve  pounds ;  but  those  of  the  middle  and  back  rows  bear  weights  of  only  one  povwL 
In  the  throstles,  there  is  a  guide  bar  which  traverses  a  small  way  horizontally  to  the  left 
and  right,  in  front  of  the  roller  beam,  to  lead  the  thread  along  different  points  of  the 
rollers,  and  thus  prevent  the  leather  dT  (he  top  ones  from  being  grooved  by  its  eonstant 
pressure  in  one  line. 

For  the  service  of  240  spindles,  in  two  double  frames,  one  young  woman  and  an  assist- 
ant piecer  are  sufficient.  They  mend  the  broken  ends,  and  replace  the  empty  bobbins 
in  the  creel  with  Aill  ones,  and  the  full  bobbins  of  the  throstle  by  empty  ones.  The 
average  quantity  of  yam  turned  off  in  a  week  of  69  hours  is  about  24  hanks  per  spindle 
of  30's  twist.  Throstle  yam  is  of  a  firm  wiry  quality,  adapted  to  the  warps  of  fustians 
and  other  strong  stuffs,  as  well  as  to  the  manufacture  of  stockings  and  sewing  thread. 

There  are  many  modifications  of  the  throstle  system  besides  the  one  above  described; 
the  most  celebrated  of  which  are  Danforth's,  called  the  American  throstle,  Montgomery's^ 
and  Grore's.  I  must  refer  for  an  account  of  them  to  my  work  entitled  ''  The  Cotton  Ma- 
nufacture of  Great  Britain,''  where  they  are  minutely  described  and  illustrated  with 
accurate  figures. 

Mule-spinning. — The  general  principles  of  the  mule  have  been  already  stated.    This 

machine  is  so  named  because  it  is  the  offspring,  so  to  speak,  of  two  older  machines,  the 

jenny  and  the  water-frame.    A  mule  is  mounted  with  from  240  to  1000  spindles,  and 

spins,  of  course,  as  many  threads.  _.    „^^ 

Ftg,  346  represents  the 

original  jenny  of  Har- 
greaves,  by  which  one 
person  was  enabled  to 
spin  from  16  to  40  threads 
at  once.  The  soA  cords 
of  rovings  wound  in  dou- 
ble conical  cops  upon 
skewers  were  placed  in 
the  inclined  frame  at  c; 
the  spindles  for  first 
twisting  and  then  wind- 
ing-on  the  spun  yarn 
were  set  upright  in  steps 
and  bushes  at  a,  being 
furnished  near  their  lower 
ends  with  whorls,  and  endless  cords,  which  were  driven  by  passing  round  the  long- 
revolving  drum  of  tin  plate  e.  d  is  the  clasp  or  clove,  having  a  handle  for  lifting 
its  upper  jaw  a  little  way,  in  order  to  allow  a  few  inches  of  the  soft  roving  to  be 

introduced.  The  com- 
pound clove  D  being  now 
pushed  forward  upon  its 
friction  wheels  to  a,  was 
next  gradually  drawn 
backward,  while  the  spin- 
dles were  made  to  revolve 
with  proper  speed  by  the 
right  hand  of  the  opera- 
tive turning  the  fly-wheel 
B.  Whenever  one  ttrttch 
was  thereby  spun,  the 
clove  frame  was  slid 
home  towards  a;  the 
spindles  being  simulta- 
neously whirled  slowly 
to  take  up  the  yam, 
which  was  laid  on  in  a 
conical  cop  by  the  due 
depression  of  the  fuller 
wire  at  a  with  the  spin- 
ner's left  hand. 

Fig.  347  is  a  diagram 
of  Arkwright*s  original 
waUr  -  frame  spinning 
machine,  called  after- 
wards the  water  -  tvnet 
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fraim.  The  roringa  monnted  upon  bob- 
biai  in  Ihe  creel  A  A,  bave  Ibeir  ends  led 
Uxrougb  between  (he  Ibree  leli  or  twin 
lollera  belmr  b  b,  tlience  down  ihroagb 
the  eyelet  hooks  apon  the  end  of  the  Sien 
of  Ihe  spindle!!  c,  and  finally  attached  to 
Ihejr  bobbin).  The  spindles  being  driven 
bf  Ibe  band  D  D  upon  Iheir  lower  part,  con- 
tinuously twist  and  wind  the  finished  yarn 
upnn  the  bobbins;  constitutin;  the  first 
nnremttting  antomatie  machine  far  spinning 
which  the  world  erer  saw. 

Conlraid  with  the  above  admirable  lyi- 
tern,  the  priniliTe  eotlao  wheel  of  India,  as 
represented  in  the  annexed  figure  348.  By 
the  aid  of  meehaniral  finiters,  one  English- 
niBa  at  his  male  can  lum  olf  daily  more 
yarn  and  of  fkr  finer  qnality  than  S<X)  of 


Tbe  madiine  consists  of  two  main  puts ;  a  fixed  one  eorreaponding  in  lome  nw*- 
Mre  fo  the  vaterfreme  or  throstle,  and  a  mOTeaUe  one  corresponding  to  the  jenny. 
The  first  contains  in  a  saitable  frame  tbe  drawing  roller-beam  and  tbe  chief  moring 
machinery:  the  second  is  called  the  carriage,  in  which  the  remainder  of  Ihe  moving 
mecbaoinn  and  Ihe  spindles  are  mounted. 

The  frame  of  the  fixed  pari  consists  of  two  aprigbt  sides,  and  two  or  more  intermediate 
parallel  bearing,  npon  which  the  horizontal  roller  beam  a,  the  basis  of  the  drawing:  roUei^ 
ksnpporled.  b,  c,  d,  are  the  three  ranges  of  fiuted  iron  rollers  ;  i,f,g,  are  Ihe  upper  iron 
rollers  covered  with  leather;  A,  the  wooden  wiper-rollers  corered  with  flannel,  which 
being  oeeasionally  rnbhed  with  chalk,  imparls  some  of  it  to  Ibe  pressnrt!  rollers  beneath, 
M  aa  to  pTCTcnt  Ibe  cotton  filament*  adbenog  to  them.    The  rollers  are  made  through- 
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oQt  the  whole  length  of  the  mule  in  portions  containing  six  flutings,  which  are  oonpled 
together  by  squared  ends  fitted  into  square  holes. 

The  skewers  upon  which  the  bobbins  containing  the  rovings  from  the  bobbin  and  fly 
or  stretching  frame  are  set  up,  are  seen  at  a^,  ai,  a^,  arranged  in  three  rows  in  the 
creel  z.  The  soil  threads  unwound  from  these  bobbins,  in  their  way  to  the  drawing 
rollers,  pass  first  through  eyelets  in  the  ends  of  the  wire  arms  6^,  then  through  the 
rings  or  eyes  of  the  guide  bar  10,  and  enter  between  the  back  pair  of  rollers.  Tha 
number  of  these  bobbins  is  equal  to  the  number  of  spindles  in  the  mule,  and  twice  as 
great  as  the  number  of  fluted  portions  of  the  rollers ;  for  two  threads  are  ass^ed  to 
each  portion. 

The  carriage  consists  of  two  cast-iron  side  pieces,  and  several  cast-iron  intermediate 
similar  pieces,  such  as  fi,  which  all  toeether  are  made  fast  to  the  planks  62,  c9,  d%.  The 
top  is  covered  in  with  (he  plank  fcs.  The  carriage  runs  by  means  of  its  cast-iron  grooved 
wheels,  upon  the  cast-iron  railway  ^,  which  is  fixed  level  on  the  floor. 

The  spindles  stand  upon  the  carriage  in  a  frame,  which  consists  of  two  slant  rails  29, 
zs,  connected  by  two  slender  rods  ya,  and  which  frame  may  be  set  more  or  less  obliquely. 
The  lower  rail  carries  the  brass  steps  for  the  points  of  the  spindles  ^8 ;  upon  the  upper 
rail  brass  slips  are  fixed  pierced  with  holes  through  which  the  tops  of  the  spindles  play. 
The  spindles  are  as  usual  made  of  steel,  perfectly  stra^ht,  turned  truly  round,  and  are 
all  arranged  in  one  plane.  To  each  of  them  a  small  wooden  or  cast-iron  whorl  gt  is 
made  fast.  They  are  distributed  into  groups  of  24,  and  the  whork  are  arranged  at 
such  difierent  heights,  that  only  two  of  them  in  each  group  are  upon  a  level  with  each 
other.  A  small  brass  head  As,  which  every  spindle  has  beneath  the  upper  slant  rail  of 
the  frame  2^,  prevents  their  sitting  down  into  the  step,  during  their  rotation,  or 
sliding  ofi*  their  cop  of  yam. 

c3  are  drums,  mounted  in  the  carriage  in  a  plane  at  right  angles  to  the  plane  in 
which  the  spindles  are  placed.  At  top  they  have  a  double  groove  for  a  cord  to  run 
in,  and  the  motion  which  they  receive  from  the  great  fly  wheel,  or  rim  of  the  mole  (not 
visible  in  this  view)  they  impart  to  the  spindles.  Such  a  drum  is  assigned  to  every  24 
spindles ;  and  therefore  a  mule  of  480  spindles  contains  20  drums.  In  the  middle  of 
the  carriage  is  seen  the  horizontal  pulley  Ics,  furnished  with  three  grooves,  which  stands 
in  a  line  with  the  drums  cs. 

The  motion  is  given  to  the  drums  cs,  upon  the  right  hand  half  of  the  carriage,  by  a 
single  endless  band  or  cord  which  proceeds  from  the  middle  groove  of  the  pulley  Ies. 
The  rotation  of  the  spindles  is  produced  by  a  slender  cord,  of  which  there  are  12  upon 
each  drum  c3 ;  because  every  such  cord  goes  round  the  drum,  and  also  every  two  wharves 
which  stand  at  the  same  level  upon  the  spindles.  It  is  obvious  that  the  drums,  and 
consequently  the  spindles,  must  continue  to  revolve  as  long  as  the  main  rim  of  the  mule 
is  turned,  whether  the  carriage  be  at  rest  or  in  motion  upon  its  raUway. 

If  we  suppose  the  carriage  to  be  run  in  to  its  standing  point,  or  to  be  pushed  home 
to  the  spot  from  which  it  starts  in  spinning,  its  back  plank  d^  will  strike  the  post  ^ 
upon  the  fixed  frame,  and  the  points  of  the  spindles  will  be  close  in  front  of  the  roller 
beam.  The  rollers  now  begin  to  turn  and  to  deliver  threads,  which  receive  immediately 
a  portion  of  their  twist  from  the  spindles ;  the  carriage  retires  from  the  roller  beam 
with  Somewhat  greater  speed  than  the  surface  speed  of  the  front  rollers,  whereby  the 
threads  receive  a  certain  degree  of  stretching,  which  aflfects  most  their  thicker  and  less 
twisted  portions,  and  thereby  contributes  greatly  to  the  levelness  of  the  yarn.  When 
the  carriage  has  mn  out  to  the  end  of  its  course,  or  has  completed  a  stretch,  the  fluted 
rollers  suddenly  cease  to  revolve  (and  sometimes  even  beforehand,  when  a  second 
stretch  is  to  be  made),  but  the  spindles  coniinue  to  whirl  till  the  fully  extended  threads 
have  received  the  proper  second  or  aAer-twist.  Then  the  carriage  must  be  put  up»or  run 
back  towards  the  rollers,  and  the  threads  must  be  wound  upon  the  spindles. 

This  is  the  order  of  movements  which  belong  to  the  mule.  It  has  been  shown  how 
the  rotation  of  the  spindles  is  produced. 

For  winding-on  the  yarn  the  carriage  has  a  peculiar  apparatus,  which  we  shall  now 
describe.  Tn  front  of  it,  through  the  whole  extent  to  the  right  hand  as  well  as  the  lef^ 
a  slender  iron  rod,  dfi,  runs  horizontally  along,  in  a  line  somewhat  higher  than  the  mid- 
dle of  the  copping  portion  of  the  spindles,  and  is  supported  by  several  props,  such  as 
es.  Upon  each  end  of  the  two  rods,  c^,  there  is  an  arm,  gs ;  and  betwixt  these  arms  an 
iron  wire,  called  the  copping  wire,  j^,  is  stretched,  parallel  with  the  rod  (is.  For  the 
support  of  this  wire,  there  arc  several  slender  bent  arms  hn  extended  from  the  rod  <2s 
at  several  points  betwixt  the  straight  arms  gs.  The  rod  ds  has,  besides,  a  wooden 
handle  at  the  place  opposite  to  where  the  spinner  stands,  by  which  it  can  be  readily 
grasped.  This  movement  is  applied  at  the  left  division  of  the  machine,  and  it  is  com- 
municated to  the  rieht  by  an  apparatus  which  resembles  a  crane's  bill.  The  two  arms, 
gs,  in  the  middle  of  the  machine,  project  over  the  rods  (is,  and  are  connected  by  hinges 
with  two  vertical  rods  fi,  which  hang  together  downwards  in  like  manner  with  two  anns 
|B,  proceeding  from  a  horizontal  axis  kn. 


COTTON  MANUFACTURE*  375 

By  maau  of  that  atipazatus  the  yarn  is  woimd  upon  the  spindles  in  the  followinf 
BHurner.  As  long  as  the  stretehinf;  and  twisting  go  on,  the  threads  form  an  ohtuse  angle 
wiih  the  spindles,  and  thereby  slide  continually  over  their  smooth  rounded  tips  daring 
their  revolution,  without  the  possibility  of  coiling  «pon  them.  When,  however,  the  spin- 
niiig  process  is  completed,  the  spinner  seizes  the  carriage  with  his  Idl  hand  and  pushes 
it  batch  towards  the  roUer  beam,  while  with  his  right  hand  he  turns  round  the  handle  of 
the  rim  or  fly  wheel,  and  consequently  the  spindles.  At  the  same  time,  by  means  of 
the  handle  upon  the  rod  ds,  he  moves  the  copping-wire/s,  so  that  it  presses  down  all  the 
threads  at  once,  and  places  them  in  a  direction  nearly  perpendicular  to  the  spindles ; 
as  shown  by  the  dotted  line  y  s.  That  this  movement  of  the  copping  wire,  however,  may 
take  place  without  injury  to  the  yarn,  it  is  necessary  to  turn  the  rim  beforehand  a  little 
in  the  opposite  direction,  so  that  the  threads  may  get  uncoiled  from  the  upper  part  of  the 
spindlesy  and  become  slack ;  an  operation  called  in  technical  language  the  backing  ^ 
The  range  npon  which  the  threads  should  be  wound,  in  order  to  form  a  conical  cop  upon 
the  spindle,  is  hit  by  depressing  the  copping  wire  to  various  angles,  nicely  graduated  by 
an  experienced^  eye.  This  falter  wire  sJone  is  not,  however,  sufficient  for  the  purpose  of 
winding-on  a  seemly  cop,  as  there  are  always  some  loose  threads  which  it  6ianot  reach 
without  breaking  others. 

Another  wire  called  the  amnUr-falhry  Is,  must  be  applied  under  the  threads.  It  may 
be  raised  to  an  elevation  limited  by  the  angular  piece  ps ;  and  is  counterpoised  by  a  very 
light  weight  vfi,  applied  through  the  bent  lever  ns,  which  turns  upon  the  fulcrum  os. 
Thin  wire,  which  applies  but  a  gentle  pressure,  gives  tension  to  all  the  threads,  and 
brines  them  regularly  into  the  height  and  range  of  the  faller  /s.  This  wire  must  be 
raised  once  more,  whenever  the  carriage  approaches  the  roller  beam.  At  this  instant  a 
new  stretch  commences ;  the  rollers  beein  again  to  revolve,  and  the  carriage  resumes  its 
ffanner  coarse.    These  motions  are  performed  by  the  automatic  machinery. 

There  is  a  little  eccentric  pulley  mechanism  for  moving  the  guide  beam  to  and  frc 
with  the  soft  yams,  as  they  enter  between  the  back  rollers.  On  the  right  hand  end  of 
the  baek  roller  shaA,  a  worm  screw  is  formed  which  works  into  the  oblique  teeth  of  a 
pinion  attached  to  the  end  of  the  guide  beam,  in  which  there  is  a  series  of  holes  for  the 
passage  of  the  threads,  two  threads  being  assigned  to  each  fluted  roller.  In  the  flat  disc 
of  the  ptnion,  an  eccentric  pin  stands  up  which  takes  into  the  jointed  lever  upon  the  end 
of  the  guide  beam,  and,  as  it  revolves,  pushes  that  beam  alternately  to  the  leA  and  the 
right  by  a  space  equal  to  its  eccentricity.  This  motion  is  exceedingly  slow,  since  for 
each  rifvolation  of  the  baek  roller,  the  pinion  advances  only  by  one  tooth  out  of  the  33 
which  are  cat  in  its  circomferenee. 

AAer  counting  the  nurob^  of  teeth  in  the  different  wheels  and  pinions  of  the  mule,  or 
measuring  their  relative  diameters,  it  is  easy  to  compute  the  extension  and  twist  of  the 
yams;  and  when  the  last  fineness  is  given  to  ascertain  their  marketable  value.  Let  the 
latio  of  speed  between  the  three  drawing  rollers  be  1 :  IJ^ :  7^ ;  and  the  diameter  of  the 
baek  and  middle  roller  three  quarters  of  an  inch :  that  of  the  front  roller  one  inch ;  in 
which  case  the  drawing  is  thereby  increased  1|  times,  and  7i  X  1|  =  10.  If  the  rovings 
in  the  creel  bobbins  have  been  No.  4,  the  yarn,  after  passing  through  the  rollers,  will  b^ 
No.  40.  By  altering  the  change  pinion  (not  visible  in  this  view)  the  fineness  may  be 
changed  within  certain  limits,  by  altering  the  relative  speed  of  the  rollers.  For  one  revo- 
lution of  the  great  rim  or  fly  wheel  of  the  mule,  the  front  roller  makes  about  6  tenths  of 
a  torn,  and  delivers  therefore  22*6  lines  or  12ths  of  an  inch  of  yarn,  which,  in  conse- 
quence of  the  tenfold  draught  through  the  rollers,  corresponds  to  2*26  Unes  of  roving  fed 
in  at  the  back  rollers.  The  spindles  or  their  whorls  make  about  66  revolutions  for  one 
turn  of  the  rim.  The  pulleys  or  grooved  wheels  on  which  the  carriage  runs,  perform 
(hlO?  part  of  a  turn  while  the  rim  makes  one  revolution,  and  move  the  carriage  24*1 
lines  upon  its  rails,  the  wheels  being  6  inches  in  diameter. 

The  22'6  lines  of  soft  yam  delivered  by  the  front  rollers  will  be  stretched  1|  lines 
by  the  carriage  advancing  24*1  lines  in  the  same  time.  Let  the  length  of  the  railway, 
or  of  each  stretch,  be  5  feet,  the  carriage  will  complete  its  coarse  after  30  revolutions  of 
the  rim  wheel,  and  the  5  feet  length  of  yam  (of  which  56|  inches  issue  from  the  drawing 
rollers,  and  3|  inches  proceed  from  the  stretching)  is,  by  the  simultaneous  whirling  of 
the  spindles,  twisted  1980  times,  being  at  the  rate  of  33  twists  for  every  inch.  The 
second  twist,  which  the  threads  receive  after  the  carriage  has  come  to  repose,  is  regu- 
lated aceording  to  the  quality  of  the  cotton  wool,  and  the  purpose  for  which  the  yarn  is 
spun.  For  warp  yarn  of  No.  40  or  50,  for  example,  6  or  8  turns  of  the  rim  wheel,  that 
is,  from  396  to  528  whirls  of  the  spindles  for  the  whole  stretch,  therefore  from  7  to  9 
twists  per  inch  will  be  sufficient.  The  finished  yam  thus  receives  from  40  to  42  twisU 
per  inch. 

One  tpinner  attends  to  two  mules,  which  face  each  other,  so  that  he  needs  merely 
turn  round  in  the  spot  where  he  stands,  to  find  himself  in  the  proper  position  for  the 
otter  Bule*    For  this  reason  the  rim  wheel  and  handle,  by  which  he  operates,  are  not 
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placed  in  the  middle  of  the  length  of  the  nuichine,  but  about  two  fifths  of  tlite  spindles 
are'to  the  rich  I  hand  and  three  fifths  to  the  left;  the  rim  wheel  being  towards  his  right 
hand.  The  carriage  of  the  one  male  is  in  the  act  of  going  out  and  spinning,  while  that 
of  the  other  is  finishing  its  twist,  and  being  put  np  by  the  spinner. 

The  quantity  of  yarn  manufactured  by  a  mule  in  a  given  time,  depends  directly 
upon  the  number  of  the  spindles,  and  upon  the  time  taken  to  complete  every  stretch  of 
the  carriage.  Many  circumstances  have  an  indirect  influence  upon  that  quantity,  and 
particularly  the  degree  of  skill  possessed  by  the  spinner.  The  better  the  machine,  the 
steadier  and  softer  all  its  parts  revolve,  the  better  and  more  abundant  is  its  production. 
When  the  toothed  wheels  do  not  work  truly  into  their  pinions,  when  the  spindles  shake 
in  their  bushes,  or  are  not  accurately  made,  many  threads  break,  and  the  woik  is 
much  injured  and  retarded.  The  better  the  staple  of  the  cotton  wool,  and  the  more 
careful  has  been  its  preparation  in  the  carding,  drawing,  and  roving  processes,  the  more 
easy  and  excellent  the  spinning  wUl  become :  warmth,  dryness,  cold,  and  moisture 
have  great  influence  on  the  ductility,  so  to  speak,  of  eotton.  A  temperature  of  65®  F., 
with  an  atmosphere  not  too  arid,  is  found  most  suitable  to  the  operations  of  a  spinning 
mill.  The  finer  the  yam,  the  slower  is  the  spinning.  For  numbers  from  20  to  36, 
from  2  to  3  stretches  of  warp  may  be  made  In  a  minute,  and  nearly  3  stretches  of  weft ; 
for  numbers  above  50  up  to  100,  about  2  stretches ;  and  for  numbers  ftom  100  to  150, 
one  stretch  in  the  minute.  Still  finer  yarns  are  spun  more  slowly,  which  is  not 
wonderful,  since,  in  the  fine  spinning  mills  of  England,  the  mules  usually  contain 
upwards  of  500  spindles  each,  in  order  that  one  operative  may  manage  a  great  number 
of  them,  and  thereby  earn  such  high  wages  as  shall  fully  remunerate  his  assiduity 
and  skill. 

In  spinning  fine  numbers,  the  second  speed  is  given  before  the  carriage  is  run  out  to 
the  end  of  iis  railway ;  during  which  course  of  abont  six  inches,  it  is  made  to  move  very 
slowly.  This  is  called  the  second  stretch,  and  is  of  use  in  making  the  yarn  level  by 
drawing  down  the  thicker  ^arts  of  it,  which  take  on  the  twist  less  reaidily  than  the 
thinner,  and  therefore  remain  softer  and  more  extensible.  The  stretch  may  therefine 
be  divided  into  three  stages.  The  carriage  first  moves  steadily  out  for  about  4  feet, 
while  the  drawing  rollers  and  spindles  are  in  full  play;  now  the  rollers  stop,  but  the 
spindles  go  on  whirling  with  accelerated  speed,  and  the  carriage  advances  slowly  about 
6  inches  more ;  then  it  also  comes  to  rest,  while  the  spindles  continue  to  revolve  for  a 
little  longer,  to  give  the  final  degree  of  twist.  The  acceleration  of  the  spindles  in  the 
second  and  third  stages,  which  has  no  other  object  but  to  save  time,  is  efi*ected  by  a 
mechanism  called  the  couniery  which  shifts  the  driving  band,  at  the  proper  time,  upon  the 
loose  pulley,  and,  moreover,  a  second  band,  which  had,  till  npw,  lain  upon  its  loose  pul- 
ley, upon  a  small  driving  pulley  of  the  rim-shaft.  At  length,  both  bands  are  shifted  apon 
their  loose  pulleys,  and  the  mule  comes  to  a  state  of  quiescence. 

The  SELF-ACTOR  MULE,  or  the  iron  man,  as  it  has  been  called  in  Lancashire,  is  an 
invention  to  which  the  combinations  among  the  operative  spinners  obliged  the  masters 
to  have  recourse.  It  now  spins  good  yarn  up  to  40s  with  great  uniformity  and 
promptitude,  and  requires  only  juvenile  hands  to  conduct  it,  to  piece  the  broken  yaniSy 
to  replace  the  bobbins  of  rovings  in  the  creel,  and  to  remove  the  finished  cops  from  the 
spindles. 

The  self-acting  mules  were  first  constructed,  I  believe,  by  Messrs.  Eaton,  formerly  of 
Manchester,  who  mounted  ten  or  twelve  of  them  in  that  town,  four  at  Wiln,  in  Derby- 
shire, and  a  few  in  France.  From  their  great  complexity  and  small  productiveness,  the 
whole  were  soon  relinquished,  except  those  at  Wiln.  M.  de  Jong  obtained  two  patents 
for  self-acting  mules,  and  put  twelve  of  them  in  operation  in  a  mill  at  Warrington,  of 
which  he  was  part  proprietor ;  but  with  an  unsuccessful  result.  I  saw  the  debru  of  one 
of  M.  de  Jong's  self-actors  in  the  factory  of  M.  Nicholas  Schlumberger,  at  Guebwiller, 
in  Alsace,  where  the  machine  had  been  worked  for  three  months,  without  advantage^ 
under  the  care  of  the  inventor,  who  is  a  native  of  that  valley. 

The  first  approximation  to  a  successful  accomplishment  of  the  objects  in  view,  was  aa 
invention  of  a  self-actin|r  mule,  by  Mr.  Roberts,  of  Manchester ;  one  of  the  principal 
points  of  which  was  the  mode  of  governing  the  wiiiding-on  of  the  yam  into  the  form  of 
a  cop ;  the  entire  novelty  and  great  ingenuity  of  which  invention  was  universally  admit- 
ted, and  proved  the  main  step  to  the  final  accomplishment  of  what  had  so  long  been  a 
desideratum.  For  that  invention  a  patent  was  obtained  in  1825,  and  several  h^uistocks 
upon  the  principle  were  made,  which  are  still  working  successfully. 

In  1830,  Mr.  Roberts  obtained  a  patent  for  the  invention  of  certain  improvements; 
and  by  a  combination  of  both  his  inventions,  he  produced  a  self-acting  mule,  which  is 
generally  admitted  to  have  exceeded  the  most  sanguine  expectations,  and  which  has  been 
extensively  adopted.  There  are  probably,  at  present,  upwards  of  half  a  million  of  spin- 
dles of  Messrs.  Sharp,  Roberts,  and  Co.'s  construction,  at  work  in  the  United  Kingdon, 
and  giving  great  satisfaction  to  their  possessors.  The  advantages  of  these  self-aelors 
are  the  following  ^— 
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The  saring  of  a  spinner's  wages  to  each  pair  of  mules,  piecers  only  being  required, 
as  one  orerlooker  is  sufficient  to  manage  six  or  eight  pairs  of  mules.  The  production 
of  a  greater  qaantity  of  yarn,  in  the  ratio  of  from  15  to  20  per  cent.  The  yarn  pos- 
sesses a  more  uniform  degree  of  twist,  and  is  not  liable  to  be  strained  during  the  spin- 
ning, or  in  winding-on,  to  form  the  cop;  consequently,  fewer  threads  are  broken  in  these 
processes,  and  the  yam,  from  having  fewer  piecings,  is  more  regular. 

The  eops  are  made  firmer,  of  better  shape,  and  with  undeviating  uniformity ;  and,  from 
being  more  regularly  and  firmly  wound,  contain  from  one  third  to  one  half  more  yarn 
than  cops  of  equal  bulk  wound  by  hand ;  they  are  consequently  less  liable  to  injury  in 
packing  or  in  carriage,  and  the  expense  of  packages  and  freight  (when  charged  by 
measurement)  is  considerably  reduced; 

From  the  cops  being  more  regularly  and  firmly  wound,  combined  with  their  superior 
formation,  the  yam  intended  for  warps  less  frequently  breaks  in  winding  or  reeling,  con- 
sequently there  is  a  considerable  saving  of  waste  in  those  processes. 

Secondly,  the  advantages  connected  with  weaving. 

The  eops  being  more  r^iularly  and  firmly  wound,  the  yarn,  when  nsed  as  wefl,  sel- 
dom breaks  in  weaving ;  and  as  the  cops  also  contain  a  greater  quantity  of  well,  there 
are  fewer  bottoms,  consequently  there  is  a  very  material  saving  of  waste  in  the  process 
of  weaving. 

From  those  combined  circumstances,  the  quality  of  the  cloth  is  improved,  by  being 
more  free  from  defects  caused  by  the  breakage  of  the  warp  or  wefl,  as  well  as  the  sel- 
vages being  more  regular. 

The  looms  can  also  be  worked  at  greater  speed ;  and,  firom  there  being  fewer  stop- 
pages, a  greater  quantity  of  cloth  may  be  produced. 

That  the  advantages  thus  enumerated,  as  derivable  flrom  the  use  of  self-acting  mules, 
have  not  been  overrated,  but,  in  many  instances,  have  been  considerably  exceeded,  I 
have,  by  extensive  personal  inquiry  and  observation,  had  ample  opportunity  of  ascer- 
taining. 

Statement  of  the  quantity  of  yarn  produced  on  Messrs.  Sharp,  Roberts,  and  Co.'8  self- 
acting  mules,  in  twelve  working  hours,  including  the  usual  stoppages  connected  with 
spinning,  estimated  on  the  average  of  upwards  of  twenty  mills  : — 


No. 


of  Yam. 

le 

24 
32 

40 


No.  of  Weft. 

4|  hanks  per  spindle. 

4f  - 


No.  of  Twi*t. 

4|  hanks 
-        41    -  -        - 

4      —  -        - 

.        3J    -  -        -        4i  - 

Of  the  intermediate  numbers  the  quantities  are  proportionate. 

Results  of  trials  made  by  Messrs.  Sharp,  Roberts,  and  Co.,  at  various  mills,  to  ascer- 
tain the  comparative  power  required  to  work  self-acting  mules,  in  reference  to  hand- 
mnles,  during  the  spinning,  up  to  the  period  of  backing  ofi*. 

Particulars  of  tlie  trials  referred  to,  and  their  results : — 


AX  wkU  Mill,  «Bd  tbo  DMonption  of 
Male. 

No.  •nd  kind 
of  Yarn. 

0* 

'SB 

^1 

Reqaimd  Foruo 
for  Motion. 

Toul  Force 

Employed  in 

Spinning. 

Mestri.  Birley  and  Kirk. 
Self-acting  mule,  360  sps.  i    - 

*  Hand-mnle,  180  sps.  -    -    • 

Mistrt.  Leech  and  Vandrey. 
t  Self-acting  mule,  324  sps.    - 
Hand-mules,  324  sps.   •    -    - 

Messre,  Jhukworth  ^  Co, 
Self-acting  mule,  324  sps.  -    - 
Hand-mule,  324  sps.    -    -    - 

Weft. 
30  to  34 

ditto 

Tvyiat, 
36 
36 

TwiiL 
40 
40 

• 

12 
15 

12 
29 

12 
47 

58 
36 

70 
68 

62 
36 

Jbs, 
30 

26 

36 
16* 

33 
]5i 

5463 
3669) 
X2=7338  5 

7912 
7273 

6421 
6646 

The  mode  adopted  to  make  the  trials  was  as  follows,  viz. : 

A  force,  indicated  by  weight  in  pounds,  was  applied  to  the  strap  working  upon  the 


•Tho  trial 
tThotnal 


disBdvaataffVoni  for  tho  Iwnd-nralM,  beinf  two  for  360  spindlea. 
M  dindrnntaMoos  for  the  lelf-aettnf  mulee,  beinr  drivea  bv  s  Ttir  short  ud  lirbt  vtrtloSl 
"HaL*  hnriBf  n  louf  horianntal  etrap. 
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driving-pulley  of  the  respective  mules,  sufficient  to  maintain  the  motion  of  the  mcle 
whilst  spinning,  which  weight,  being  multiplied  by  the  length  of  strap  delivered  by  each 
revolution  of  Uie  pulley,  and  again  by  the  number  of  revolutions  made  by  the  pulJpy 
whilst  spinning,  gave  the  total  force  in  pounds,  applied  to  the  respective  mules  whilst 
spinning ;  for  instance,  suppose  a  mule  to  be  driven  by  a  pulley  12  inches  diameter  (3*14 
feet  in  circumference),  such  pulley  making  58  revolutions  during  the  spinning  as  above, 
and  that  it  required  a  force  equal  to  30  lbs.  weight  to  maintain  the  motion  of  the  mnle^ 
then  30  lbs.  X  3*14  feet  circumference  of  pulley  X  58  revolutions  in  spinning  =  5,463  Ibe^ 
of  force  employed  during  the  spinning,  to  the  period  of  backing  off. 

Mr.  James  Smith,  of  Deanstone  cotton  works  in  Scotland,  obtained  a  patent  for  the 
invention  of  a  self-acior,  in  February,  1834.  He  does  not  perform  the  backing-off  by 
reversing  the  rotation  of  the  spindle,  as  in  common  mules,  or  as  in  Mr.  Roberts',  but  by 
elevating  the  counierfaller  wire,  which,  being  below  the  ends  of  the  yam  or  thread, 
along  the  whole  extent  of  the  carriage,  thereby  pulls  off  or  strips  the  spiral  coils  at  the 
point  of  the  spindle,  instead  of  unwinding  them,  as  of  old.  This  movement  he  con- 
siders to  be  of  great  importance  towards  simplifying  the  machinery  for  rendering  the 
mule  self-actini; ;  and  the  particular  way  in  which  he  brings  the  stripper  into  action  is 
no  doubt  ingenious,  but  it  has  been  supposed  by  many  to  strain  the  yam.  He  claims  as 
his  invention  the  application  and  adaptation  of  a  mangle  wheel  or  mangle  rack  to  the 
mule,  for  effecting  certain  successive  movements,  either  separately  or  in  conjunction ;  he 
claims  that  arrangement  of  the  carriages  of  a  pair  of  mules,  by  which  the  stretch  is 
caused  to  take  place  over  part  of  the  same  ground  by  both  carriages,  and  thereby  the 
space  required  for  the  working  of  the  pair  of  mules  is  greatly  diminished;  and  he  claims 
the  application  of  a  weight,  spring,  or  friction,  for  balancing  the  tension  of  the  ends  of 
the  threads. 

A  patent  was  granted,  in  April,  1835,  to  Mr.  Joseph  Whitworth,  engineer  in  Man- 
chester, for  some  ingenious  modifications  of  the  mechanism  of  the  mule,  subservient  to 
automatic  purposes.  His  machinery  is  designed,  first,  to  traverse  the  carriage  in  and 
out,  by  means  of  screws  or  worm-shaAs,  which  are  placed  so  as  to  keep  the  carriage 
parallel  to  the  drawing  rollers,  and  prevent  the  necessity  of  squaring  bands,  hitherto 
universally  employed  :  secondly,  his  invention  consists  in  an  Improved  manner  of  work- 
ing  the  drums  of  a  self-acting  mule  by  gear ;  thirdly,  in  the  means  of  effecting  the 
backing  off;  fourthly,  in  the  mechanism  for  working  the  faller-wire  in  building 
the  cops;  and  fifthly,  in  the  apparatus  for  effecting  the  winding  of  the  yams  upon 
the  spindles.  As  regards  the  throstles  and  doubling  frames,  his  improvements  apply, 
first,  to  the  peculiar  method  of  constructing  and  adapting  the  flyers  and  spindles,  and 
producing  the  drag ;  and,  secondly,  to  the  arrangement  of  the  other  parts  of  the  doubling 
machinery. 

See  Lace-Ma£ing,  Sinoeino,  Textile  Fabric,  Theead  MANurACTxraE,  and 
Weaving. 

The  Imports  of  Cotton  Wool  for  home  consumption  into  the  United  Kingdom  were,  in 
the  year  ending  5th  January — 


From  the  British  possessions  in  America    .    .    -    -    . 

do.         do.  East  Indies  -    .    -    - 

United  States  of  America  .-..--. 

Brazil-    ------------ 

Egypt 

Otherwise  imported  ------------ 

Total 

The  Exports  of  Cotton  Manufactures 

—  Yam    -------- 


1680. 


1,346,220 

43,404,058 

287,346,721 

26,879,779 

5,184,743 

6,789,603 


370,951,124 


1B37. 


Iha. 

1,041,434 

34,060,055 

309,027,306 

20,822,509 

7,465,774 

5,602,602 


378,019,680 


£ 
18,511,692 
6,120,366 


13,625,464 
6,953,467 


COURT  PLASTER  is  a  eonsiderable  object  of  manufacture.  It  is  made  as  follows : 
Black  silk  is  strained  and  brushed  over  ten  or  twelve  times  with  the  following  prepara- 
tion:— Dissolve  I  an  ounce  of  balsam  of  benzoin  in  6  ounces  of  rectified  spirits  of 
wine ;  and  in  a  separate  vessel  dissolve  1  Ofonce  of  isinglass  in  as  little  water  as  may  be. 
Strain  each  solution,  mix  them,  and  let  the  mixture  rest,  so  that  any  undissolved  parts 
may  subside ;  when  the  clear  liquid  is  cold  it  will  form  a  jelly,  which  must  be  warmed 
before  it  is  applied  to  the  silk.    When  the  tilk  coated  with  it  is  quite  dry,  it  must  be 


CBAYONE. 


an 


iaiibad  oS  vith  ■  CMt  of  •  wdntioa  of  4  oaucet  uf  CMu  tnipeatinc  in  6  Cioneei  of 
liMlure  of  bcDxoin,  lo  prevent  iU  cneldDg.* 

CRAP£.  (Cript,  Fr. ;  Kj^^,  Oerm.)  A  tnoipuent  teiiile  hbHc,  loiiiewlut 
like  Kama,  nude  of  i«w  silk,  goBuued  tad  twitted  at  the  mill.  Il  is  voTen  with  any 
crouine  or  tweel.  When  dyed  bUdt,  il  it  mneh  worn  b;  Imdiea  ra  ■  moorning  dree*. 
Crape*  ftie  eriipcd  {ertpli)  or  unoolfa ;  the  (armtr  bein^  doable,  are  used  in  close 
Ujuraing,  lh«  latler  in  iat  deep.  WtiJte  enpe  it  ■ppropriate  to  yotin^  namerTied 
fiuMles,  a^  to  Ti^iiu  oa  taking  the  veil  in  DOOneriet.  The  lilk  dutined  for  the 
£rst  il  spnn  harder  than  for  tlie  Kcond  i  tince  the  degree  c£  twist,  parlicaliu'lr  of  the 
warp,  deteminet  the  d^ee  of  eritpiDg  which  it  urainet  after  being  taken  fron  the 
loom.  Il  i*  for  thit  porpoae  tteeped  ia  clear  water,  and  rabbed  with  prepared  wax. 
Crapea  are  all  woven  and  dred  with  the  lilk  in  the  raw  stale.  Ther  are  flnighed  with 
atUffeain^  of  giui  water. 

Crape  il  s  Bobgnese  inrention,  but  has  been  loai;  piBiiiiractiired  with  inperior 
eicellenee  at  Ltdiu  in  France,  and  Norwich  in  England.  There  ii  now  a  masniiQceat 
fabric  of  it  at  Yarmouth,  b;  power-lootn  machiner]'. 

Th«re  ii  another  kind  of  ituff,  called  cnpon,  nwle  either  of  Ane  wool,  or  of  wool  and 
■ilk,  at  which  the  warp  is  twitted  mach  bardei  than  the  weA.  The  atpoia  of  Napha 
eooiiit  alti^eiher  of  tilk. 

CRAYONS.  (Eng.  and  Fr.;  PatUUiifU,  Germ.)  Slender,  soft,  and  tomewhat 
fmble  crlind^n,  varioaslf  colored  for  deCneating  figurei  npon  paper,  ninally  called 
clnlk  drawiagt.  Red,  green,  brown,  and  other  colored  crayons,  are  made  with  Ane 
fipe  or  china  cLa;  paile,  intimately  mixed  with  earthy  or  metallic  pigments,  or  in 
genenl  with  hody  or  luifaee  colors,  then  moulded  and  dried.  Ttie  brothen  Joel,  in 
Farii,  emplor  at  crayon  cement  ihf  following  compoEition:  6  parti  of  shellac,  4  parli 
at  tfaril  oif  wine,  2  parM  of  tarpenliue,  12  parti  of  a  csloring  powder,  snch  as  Prassian- 
Une,  orpiment,  white  lead,  vermilion,  &e.,  and  12  partt  of  blue  day.  The  day  being 
churialed,  pawed  throngh  a  hail  sieve,  and  dried,  is  to  be  well  incorporated  by  triln- 
nlim  with  the  sQlaliaD  of  the  shellac  in  the  tpirit  of  wine,  the  turpentine,  and  the 
pigment  (  and  the  dougby  msi*  is  to  be  pressed  in  proper  moalds,  so  as  to  acquire  the 
deiired  shape.    They  arc  then  dried  by  a  stove  heat. 

Ib  ofder  to  make  cylindrical  crayoos,  ■  csipper  cylinder  ia  employed,  aboat  2  inches 
ia  diameter,  and  1|  inches  long,  open  at  one  end,  and  closed  at  Ibe  other  with  a  per- 
fonted  plate,  conlainiog  holes  carreiponding  to  the  sizes  of  the  crayoni.  The  paste  is 
iaunduced  into  the  open  end,  and  forced  through  Ihe  boles  of  the  bottom  by  a  piiton 
nuved  by  a  strDDg  press.  The  vermicular  piecei  that  pas;  through  are  cut  to  the 
nper  lengths,  sod  dried.  At  the  quality  of  the  crayons  depends  entirely  upon  Ihe 
Ineaen  of  the  paste,  mechanical  means  mnit  be  resorted  to  fur  effecting  thit  object  in 
Ihe  best  maBno-.  The  ToUowiDg  machine  hat  been  found  to  answer  the  purpose  exceed 
inglj  wdL 


380  CREOSOTE. 

Fig,  350  is  ft  vertical  section  throngli  the  centre  of  the  cnyon  min.  Fig,  351  is  • 
view  of  the  mill  from  above,  a,  the  mill  tub,  whose  bottom  b  must  be  a  hanl  flat  plate 
of  east-iron ;  the  sides  a  being  of  wood  or  iron  at  pleasure.  In  the  centre  of  the  bottom 
there  is  a  pivot  c,  screwed  into  a  socket  cast  upon  the  bottom,  and  which  may  be 
strengthened  by  two  cross  bars  d,  made  fast  to  the  frame  ■.  r,  the  millstone  of  cast- 
iron,  concave,  whose  diameter  is  considerably  smaller  than  that  of  the  vessel  a  ;  it  is 
furnished  within  with  a  circular  basin  of  wood  g,  which  receives  the  materials  to  be 
ground,  and  directs  ihem  to  the  holes  h,  which  allow  them  to  pass  down  between  the 
under  part  of  the  muUer,  and  the  bottom  of  the  tub,  to  undergo  trituration. 

By  the  centrifugal  motion,  the  paste  is  driven  towards  the  sides  of  the  vessel,  rises 
over  the  sides  of  the  muller,  and  comes  again  through  the  holes  h,  so  as  to  be  repeatedly 
subjected  to  the  grinding  operation.  This  millstone  is  mounted  upon  an  upright  shaft 
I,  which  receives  rotatory  motion  from  the  bevel  wheel  work  k,  driven  by  the  winch  l. 

The  furnace  in  which  some  kinds  of  crayons,  and  especially  the  factitious  blacklead 
pencils  are  baked,  is  represented  in^tg.  352  in  a  front  elevation ;  and  in  fig.  353,  which 
is  a  vertical  section  through  the  middle  of  the  chimney. 

A  A,  six  tubes  of  greater  or  less  size,  according  as  the  substance  of  the  crayons  is  a 
better  or  worse  conductor  of  heat.  These  tubes,  into  which  the  crayons  intended  for 
baking  are  to  be  put,  traverse  horizontally  the  laboratory  b  of  the  furnace,  and  are  sup- 
ported by  two  plates  c,  pierced  with  six  square  holes  for  cotering  the  axes  of  the  tubes 
A.  These  two  plates  are  hung  upon  a  common  axis  d  ;  one  of  them,  with  a  ledge,  shuts 
the  cylindrical  part  of  the  furnace,  as  is  shown  in  the  figure.  At  the  extremity  of  the 
bottom,  the  axis  d  is  supported  by  an  iron  fork  fixed  in  the  brickwork ;  at  the  front  it 
crosses  the  plate  c,  and  lets  through  an  end  about  four  inches  square  to  receive  a  key,  by 
means  of  which  the  axis  d  may  be  turned  round  at  pleasure,  and  thereby  the  two  plates 
c,  and  the  six  tubes  a,  are  thus  exposed  in  succession  to  the  action  of  the  fire  in 
an  equal  manner  upon  each  of  their  sides.  At  the  two  extremities  of  the  furnace  are 
two  chimneys  e,  for  the  purpose  of  diffusing  the  heat  more  equably  over  the  body  of  the 
crayons,  f,  fig,  352,  is  the  door  of  the  fire-place,  by  which  the  fuel  is  introduced ;  o, 
fig,  353,  the  ash-pit ;  h,  the  fire-place ;  i,  holes  of  the  grate  which  separate  the  fire- 
place from  the  ash-pit ;  k,  brickwork  exterior  to  the  furnace. 

General  Lomet  proposes  the  following  composition  for  red  crayons.  He  takes 
the  softest  hematite,  grinds  it  upon  a  porphyry  slab ;  and  then  carefully  elutriates  it 
He  makes  it  into  a  plastic  paste  with  gum  arabic  and  a  little  white  soap,  which  he  forms 
by  moulding,  as  above,  through  a  syringe,  and  drying,  into  crayons.  The  proportions 
of  the  ingredients  require  to  be  carefully  studied. 

CRAYONS,  lithographic.  Various  formnle  have  been  given  for  the  formation  of 
these  crayons.  One  of  these  prescribes,  white  wax,  4  parts ;  hard  tallow-soap,  shellac, 
of  each  2  parts ;  lamp  black,  1  part.  Another  is,  dried  tallow  soap  and  white  wax,  each 
6  parts ;  lamp  black,  1  part.  This  mixture,  being  fused  with  a  gentle  heat,  is  to  be  cast 
into  moulds  for  forming  crayons  of  a  proper  size. 

CREOSOTE,  or  the  fiesh-preaerver,  from  Kpeaf  and  (ra>^u,  is  the  most  important  of  the 
ti'^e  new  chemical  products  obtained  from  wood  tar  by  Dr.  Reichenbach.  The  other  four, 
paraffine,  eupiorte,  picamar,  and  pittacal,  have  hitherto  been  applied  to  no  use  in  the  arts, 
and  may  be  regarded  at  present  as  mere  analytical  curiosities. 

Creosote  may  be  prepared  either  from  tar  or  from  crude  pyroligneous  acid.  The  tar 
must  be  distilled  till  it  acquires  the  consistence  of  pitch,  and  at  the  utmost  till  it  begins 
to  exhale  the  white  vapors  of  paraffine.  The  liquor  which  passes  into  the  receiver 
divides  itself  into  3  strata,  a  watery  one  in  the  middle,  placed  between  a  heavy  and  a  light 
oil.    The  lower  stratum  alone  is  adapted  to  the  preparation  of  creosote. 

1.  The  liquor,  being  saturated  with  carbonate  of  potash,  is  to  be  allowed  to  settle,  and 
the  oily  matter  which  floats  at  top  is  to  be  decanted  off.  When  this  oil  is  distilled,  it 
affords,  at  first,  products  lighter  than  water,  which  are  to  be  rejected,  but  the  heavier  oil 
which  follows  is  to  be  separated,  washed  repeatedly  by  agitation,  with  fresh  portions  of 
dilute  phosphoric  acid,  to  free  it  from  ammonia,  then  left  some  time  at  rest,  after  which 
it  must  be  washed  by  water  from  all  traces  of  acidity,  and  finally  distilled  along  with 
a  new  portion  of  dilute  phosphoric  acid,  taking  care  to  cokobaU,  or  pour  back  the  dis- 
tilled product  repeatedly  into  the  retort. 

2.  The  oily  liquid  thus  rectified  is  colorless ;  it  contains  much  crtototty  but  at  the 
same  time  some  eupione^  &c.  It  must  therefore  be  mixed  with  potash  ley  at  1*12  sp. 
grav.,  which  dissolves  the  creosote.  The  upione  floats  upon  the  surface  of  that  solution, 
and  may  be  decanted  off.  The  alkaline  solution  is  to  be  exposed  to  the  air,  till  it 
Blackens  by  decomposition  of  some  foreign  matter.  The  potash  being  then  saturated 
with  dilute  sulphuric  acid,  the  creosote  becomes  free,  when  it  may  be  decanted  or 
syphoned  off  and  disUUed. 

3.  The  treatment  by  potash,  sulphuric  acid,  &c.,  is  to  be  repeated  upon  the  brownish 
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creosote  tfll  it  remains  eoloiless,  or  nearly  so,  even  npon  exposure  to  air.  It  nrast  be 
Dov  dissolved  in  the  strongest  potash  ley,  snbjected  to  distillation  anew,  and,  lastly,  re- 
distilled with  the  rejection  of  the  first  prodncts  which  contain  much  water,  retaining  only 
the  following,  but  taking  care  not  to  push  the  process  too  far. 

In  operating  npon  pyroligneons  acid,  if  we  dissolve  effloresced  sulphate  of  soda  in  it  to 
saturation,  at  the  temperature  of  167^  F.,  the  creosote  oil  will  separate,  and  float  upon 
the  surface.  It  is  to  be  decanted,  left  in  repose  for  some  days,  during  which  it  will  part 
with  a  fresh  portion  of  the  vinegar  and  salt.  Being  now  saturated  while  hot,  with  car- 
bonate of  potash,  and  distilled  with  water,  an  oily  liquor  is  obtained,  of  a  pale  yellow 
eolAr.  This  is  to  be  rectified  by  phosphoric  acid,  &c.,  like  the  crude  product  of  creosote 
from  tar. 

Creosote  is  apparently  composed  of  76*2  carbon,  7*8  hydrogen,  and  16-0  oxjrgen,  in  100 
parts.  It  is  an  oily  looking  liquid,  slightly  greasy  to  the  touch,  void  of  color,  having  an 
acrid  burning  taste,  and  capable  of  corroding  the  epidermis  in  a  short  time.  It  possesses 
a  penetrating  disagreeable  smell,  like  that  of  highly  smoked  hams,  and,  when  inhaled  up 
the  nostrils,  causes  a  flow  of  tears.  Its  specific  gravity  is  1*037,  at  58°  F.  Its  consist- 
ence is  similar  to  that  of  oil  of  almonds.  It  has  no  action  upon  the  colors  of  litmus  or 
tnrmeric,  but  communicates  to  white  paper  a  stain  which  disappears  spontaneously  in  a 
lew  hoorsy  and  rapidly  by  the  application  of  heat. 

It  boils  without  decomposition  at  398°  F.,  under  the  average  barometric  pressure, 
remains  fluid  at  16°  F.,  is  a  non-conductor  of  electricity,  refVacts  light  powerfully,  ana 
boms  in  a  lamp  with  a  ruddy  smoky  flame. 

When  mixed  with  water  at  58°  F.  it  forms  two  different  oombinations,  the  first  being  a 
solution  of  1  part  of  creosote  in  400  of  water ;  the  second,  a  combination  of  1  part  of 
water  with  10  parts  of  creosote.  It  unites  in  all  proportions  with  alcohol,  hydric  ether, 
acetic  ether,  naptha,  eupione,  carburet  of  sulphur,  &.c. 

Creosote  dissolves  a  lai^e  quantity  of  iodine  and  phosphorus,  as  also  of  sulphur  with 
the  aid  of  heat,  but  it  deposites  the  greater  part  of  them  in  crystals,  on  cooling.  It  com- 
bines with  potash,  soda,  ammonia,  lime,  baryta,  and  oxyde  of  copper.  Oxyde  of  mercury 
converts  creosote  into  a  resinous  matter,  while  itself  is  reduced  to  the  metallic  state* 
Strong  sulphuric  and  nitric  acids  decompose  it. 

Creosote  dissolves  several  salts,  particularly  the  acetates,  and  the  chlorides  of  calcium 
and  tm;  it  reduces  the  nitrate  and  acetate  of  silver.  It  also  dissolves  indigo  blue;  a 
remarkable  circumstance.  Its  action  upon  animal  matters  is  very  interesting.  It  coagu- 
lates albumen,  and  prevents  the  putrefaction  of  butchers'  meat  and  fish.  For  this  pur* 
pose  these  substances  must  be  steeped  a  quarter  of  an  hour  in  a  weak  watery  solution  of 
creosote,  then  drained  and  hung  up  in  the  air  to  dry. ,  Hence  Reichenbach  has  inferred 
that  it  is  owinsT  to  the  presence  of  creosote  that  meat  is  cured  by  smoking ;  but  he  is  not 
correct  in  ascribing  the  effect  to  the  mere  coagulation  of  the  albumen,  Bmce  fibrine  alone, 
without  creosote,  will  putrefy  in  the  course  of  24  hours,  during  the  heats  of  summer*  It 
kflls  plants  and  smaU  animals.    It  preserves  flour  paste  unchanged  for  a  long  time. 

Creosote  exists  in  the  tar  of  beech-wood,  to  the  amount  of  from  20  to  25  per  cent.,  and 
in  erude  pyroligneous  acid,  to  that  of  1|. 

It  ought  to  be  kept  in  well-stopperd  bottles,  because  when  left  open  it  becomes  pro- 
gressively yellow,  brown,  and  thidt. 

Creosote  has  considerable  power  upon  the  nervous  system,  and  has  been  applied  to  the 
teeth  with  advantage  in  odontalgia,  as  well  as  to  the  skin  in  recent  scalds.  But  its  me- 
dicinal and  surgical  virtues  have  been  much  exaggerated.  Its  flesh-preserving  quality 
is  rendered  of  little  use,  from  the  difficulty  of  removing  the  rank  flavor  which  it 
imparts. 

CRUCIBLES  (firtuutSy  Fr. ;  Sehmehticgdy  Germ.)  are  small  conical  vessels,  nar- 
rower at  the  bottom  than  the  mouth,  for  reducing  ores  in  docimasy  by  the  dry  analy- 
sis, for  fusins  mixtures  of  earthy  and  other  substances,  for  melting  metals,  and  com- 
pounding metallic  alloys.  They  ought  to  be  refractory  in  the  strongest  heaU,  not  readily 
acted  upon  by  the  substances  ignited  in  them,  not  porous  to  liquids,  and  capable  of 
bearing  considerable  alternations  of  temperature  without  cracking ;  on  which  account 
they  should  not  be  made  loo  thick.  The  best  crucibles  are  formed  from  a  pure  fire  clay, 
mixed  with  finely  ground  cement  of  old  crucibles,  and  a  portion  of  black-leeud  or  graphite. 
Some  pounded  coke  may  be  mixed  with  the  plumbago.  The  day  should  be  prepared 
in  a  similar  way  as  for  making  pottery  ware ;  the  vessels  after  being  formed  must  be 
ibwly  dried,  and  then  properly  baked  in  the  kiln.  Crucibles  formed  of  a  mixture 
of  8  parts  in  bulk  of  Stourbridge  clay  and  cement,  5  of  coke,  and  4  of  graphite,  have 
been  found  to  stand  23  meltings  of  76  pounds  of  iron  each,  in  the  Royal  Berlin 
Ibnndry.  Saeh  emcibles  resisted  the  greatest  possible  heat  that  eould  be  produced,  in 
whidi  even  wrought  iron  was  melted,  equal  to  150^  or  155°  Wedgewood ;  and  bore  sud- 
den cooling  without  eracking.  Another  composition  for  brass-founding  crucibles  is 
the  following: — |  Stourbridge  day;   i  burned  clay  cement;  )  coke  powder;  )  pipe 
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clay.  The  pasty  mass  must  be  compressed  in  moalds.  The  Hessian  crucibles  from 
Great  Almerode  and  Epterode  are  made  from  a  fire  clay  which  contains  a  little  iron,  but 
no  lime ;  it  is  incorporated  with  silieions  sdnd.  The  dongh  is  compressed  in  a  mould, 
dried,  and  strongly  kilned.  They  stand  saline  and  leaden  flaxes  in  docimastic  operations 
rery  well ;  are  rather  porons  on  accoont  of  the  coarseness  of  the  sand,  but  are  thereby 
less  apt  to  crack  from  sudden  heating  or  cooling.  They  melt  under  the  Fusing  point  of 
bar  iron.  Beaufay  in  Paris  has  lately  succeeded  in  making  a  tolerable  imitation  of  the 
Hessian  crucibles  with  a  fire  clay  found  near  Namnr  in  the  Ardennes. 

Berthier  has  published  the  following  elaborate  analyses  of  sereral  kinds  of  |ni- 
cibles : — 


Henian. 
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Wurzer  states  the  composition  of  the  sand  and  clay  in  the  Hessian  crucibles  as  fol- 
lows : — 

Clay;  silica  10*1 ;  alumina  65*4;  oxydes  of  iron  and  manganese  1*2 ;  lime  0*3 ;  water  23 
Sand;  96*6  2*1  1*5  0*8 

Blade  lead  crucibles  are  made  of  two  parts  of  graphite  and  one  of  fire  clay  ;  mixed 
with  water  into  a  paste,  pressed  in  moulds,  and  well  dried ;  but  not  baked  hard  in  the 
kiln.  They  bear  a  higher  heat  than  the  Hessian  crucibles,  as  well  as  sndden  changes  of 
temperature ;  have  a  smooth  surface,  and  are  therefore  preferred  by  the  melters  of  gold 
and  silver.    This  compound  forms  excellent  small  or  portable  furnaces. 

Mr.  Anstey  describes  his  patent  process  for  making  crucibles,  as  follows  :  Take  two 
parts  of  fine  ground  raw  Stourbridge  clay,  and  one  part  of  the  hardest  gas  coke,  pre- 
viously pulverized,  and  siAed  through  a  sieve  of  one  eighth  of  an  inch  mesh  (if  the 
coke  is  ground  too  fine  the  pots  are  very  apt  to  crack).  Mix  the  ingredients  together  with 
the  proper  quantity  of  water,  and  tread  the  mass  well,  llie  pot  is  moulded  by  hand  upon 
a  wooden  block,  supported  on  a  spindle  which  turns  in  a  hole  in  the  bench ;  there  is  a 
gauge  to  regulate  the  thickness  of  the  melting  pot,  and  a  cap  of  linen  or  cotton  placed 
wet  upon  the  core  before  the  clay  is  applied,  to  prevent  the  clay  from  sticking  partially 
to  the  core,  in  the  taking  off;  the  cap  adheres  to  the  pot  only  while  wet,  and  may  be 
removed  without  trouble  or  hazard  when  dry.  He  employs  a  wooden  bat  to  assist  in 
moulding  the  pot ;  when  moulded,  it  is  carefully  dried  at  a  gentle  heat.  A  pot  dried  as 
above,  when  wanted  for  use,  is  first  warmed  by  the  fire-side,  and  is  then  laid  in  the  fur- 
nace with  the  mouth  downwards  (the  red  cokes  being  previously  damped  with  cold 
ones  in  order  to  lessen  the  heat) ;  more  coke  is  then  thrown  in  till  the  pot  is  covered, 
and  it  is  now  brought  up  gradually  to  a  red  heat.  The  pot  is  next  turned  and  fixed  in  a 
proper  position  in  the  furnace,  without  being  allowed  to  cool,  and  is  then  charged  with 
cold  iron,  so  that  the  metal,  when  melted,  shall  have  its  surface  a  little  below  the  mouth 
of  the  pot.  The  iron  is  melted  in  about  an  hour  and  a  half,  and  no  flux  or  addition  of 
any  kind  is  made  use  of.  A  pot  wUl  last  for  fourteen  or  even  eighteen  successive  melt- 
ings, provided  it  is  not  allowed  to  cool  in  the  intervals ;  but  if  it  cool,  it  will  probably 
crack.  These  pots,  it  is  said,  can  bear  a  greater  heat  than  others  without  soAening,  and 
will,  consequently,  deliver  the  metal  in  a  more  fluid  state  than  the  best  Birmingham  pots 
will.    See  a  figure  of  the  crucible  mould  under  Steel. 

CRYSTAL  is  the  geometrical  form  possessed  by  a  vast  number  of  mineral  and  saline 
substances;  as  also  by  many  vegetable  and  animal  products.  The  integrant  particles  of 
matter  have  undoubtedly  determinate  forms,  and  combine  with  one  another,  by  the 
attraction  of  cohesion,  according  to  certain  laws,  and  points  of  polarity,  whereby  they 
assume  a  vast  variety  of  secondary  crystalline  forms.  The  investigation  of  these  laws 
belongs  to  crystallography,  and  is  foreign  to  the  practical  purpose  of  this  volume.  In- 
structions are  given  under  each  object  of  manufacture  which  requires  crystallization,  how 
to  conduct  this  process ;  see  Bobax,  Salt,  &c. 

CUDBEAR  was  first  made  an  article  of  trade  in  this  country,  by  Br,  Cnthbert 
Gordon,  from  whom  it  derived  its  name,  and  was  originally  manufactured  on  a  great 

scale  by  Mr.  6.  Mackintosh  at  Glasgow,  nearly  60  years  ago.    Cudbear  or  persio  is  a 

♦ 
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powder  of  a  violet  red  eolor,  difficult  to  moisten  witfti  water,  and  of  a  peculiar  bot  not 
disagreeable  odor.  It  is  partially  soluble  in  boiling  water,  becomes  red  with  acids,  and 
▼iolet  blue  with  alkalis.  It  is  prepared  in  the  same  way  as  archil,  only  towards  the 
end  the  substance  is  dried  in  the  air,  and  is  then  ground  to  a  fine  powder,  taking  care  to 
avoid  decomposition,  which  renders  it  glutinous.  In  Scotland  they  use  the  lichen  tar- 
tareos,  more  rarely  the  lichen  caleareus,  and  omphalodes  i  most  of  which  lichens  are 
imported  from  Sweden  and  Norway,  under  the  name  of  rock  moss.  The  lichen  is  suffered 
to  ferment  for  a  month,  and  is  then  stirred  about  to  allow  any  stones  which  may  be  pre- 
sent to  fall  to  the  bottom.  The  red  mass  is  next  poured  into  a  flat  vessel,  and  left  to 
eraporate  till  its  urinous  smell  has  disappeared,  and  till  it  has  assumed  an  agreeable 
eolox  verging  upon  violet.  It  is  then  ground  to  fine  powder.  During  the  fermentation 
of  the  lichen,  it  is  watered  with  stale  urine,  o?  with  an  equivalent  ammoniacal  liquor  of 
any  kind,  as  in  making  archil. 

CUPELLATION  is  a  mode  of  analyzing  gold,  silver,  palladium,  and  platinum,  by 
adding  to  small  portions  of  alloys,  containing  these  metals,  a  bit  of  lead,  fusing  the 
mixture  in  a  litUe  cup  of  bone  earth  called  a  cupdy  then  by  the  joint  action  of  heat  and 
air,  oxydizing  the  copper,  tin,  &e.,  present  in  the  precious  metals.  The  oxydes  thus  pro- 
duced are  dissolved  and  carried  down  into  the  porous  cupel  in  a  liquid  state,  by  the 
vitrified  oxyde  of  lead.    See  Assay,  Gou),  and  Sklvzk. 

CURRYING  OF  LEATHER  (Corro^,  Fr.j  Zurichien,  Germ.)  is  the  art  of 
dreasing  skins  after  they  are  tanned,  for  the  purpose  of  the  shoe>maker,  coach  and  harness 
maker,  &c.,  or  of  giving  them  the  necessary  smoothness,  lustre,  color,  and  suppleness. 
The  carrier's  shop  has  no  resemblance  to  the  tanner's  premises,  having  a  quite  different 
set  of  tools  and  manipulations. 

The  currier  employs  a  strong  hurdle  about  a  yard  square,  made  either  of  basket  twigs, 
or  of  wooden  spars,  fixed  rectangularly  like  trellis  work,  with  holes  3  inches  square, 
upon  which  he  treads  the  leather,  or  beats  it  with  a  mallet  or  hammer, in  order  to  soften 
it,  a.id  render  it  flexible. 

The  head  knife,  called  in  French  couteau  d  ftven,  on  account  of  the  fonn  of  its  edge, 
which  is  much  turned  over,  is  a  tool  5  or  6  inches  broad,  and  15  or  16  long ;  with 
tiro  handles,  one  in  the  direction  of  the  blade,  and  the  other  perpendicular  to  it,  for  the 

purpose  of  guiding  the 
edge  more  truly  upon 
the  skin.  The  pommel 
(paumelie)  is  so  called 
because  it  clothes  the 
palm  of  the  hand,  and 
-performs  its  functions* 
It  is  made  of  hard  wood, 
and  is  of  a  rectangular 
shape,  1  foot  long,  5 
inches  broad,  flat  above 
and  rounded  below.  It  is 
furrowed  over  the  round- 
ed surface  with  transverse 
parallel  straight  grooves. 
These  grooves  are  in 
section  sharp-edged  iso»« 
celes  triangles.  Figs, 
354  and  355,  repre- 
sent the  pommel  in  an 
•ippt '  and  under  view.  The  flat  surface  is  provided  with  a  leather  strep  for  secur- 
ing A  to  the  hand  of  the  workman.  Pommels  are  made  of  different  sizes,  and 
witL  grooves  of  various  degrees  of  fineness.  Cork  pommels  are  also  nsed,  but  they 
are  r  ot  grooved.    Pommels  serve  to  give  grain  and  pliancy  to  the  skins. 

The  Mireicking  irQn,  fig,  356,  is  a  flat  plate  of  iron  or  copper,  fully  a  fourth  of  an 
inch  thick  at  top,  and  thinning  off  at  bottom  in  a  blunt  edge,  shaped  like  the  arc  of  a 
circle  of  large  diiameter,  having  the  angles  a  and  b  rounded,  lest  in  working  they  should 
penetrate  the  leather.  The  top  cis  mounted  with  leather  to  prevent  it  from  hurting  the 
hands.  A  copper  stretching  knife  is  used  for  delicate  skins.  The  workman  holds  this 
tool  nearly  perpendicular,  and  scrapes  the  thick  places  powerfully  with  his  two  hands, 
espedaily  those  where  some  tan  or  flesh  remains.  He  thus  equalizes  the  thickness  of 
the  skin,  and  renders  it  at  the  same  time  more  dense  and  uniform  in  texture.  This  tool 
is  of  Tery  general  use  in  currying. 

The  roand  knife,  fig».  357  and  358  (lunette  in  French),  is  a  circular  knife  from  10  to 
12  inches  in  diameter,  with  a  round  4  or  5  inch  hole  in  its  centre,  for  introducing  the 
haadi  and  working  it.     It  is  concave,  as  shown  in  the  section  fig,  358,  presenting  the 
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form  of  a  spherical  zone.  The  eoncave  pert  is  that  applied  to  the  skin.  Its  edge  is  not 
perfectly  straight ;  bat  is  a  little  turned  oyer  on  the  side  opposite  to  the  skin,  to  prevent 
357  ^^^^— -^^         j^  358  it  from  entering  too  far  into  the  lea- 

ther. The  currier  first  slopes  off  with 
the  head  knife  from  the  edges,  a  por- 
tion equal  to  what  he  aAerwards  re- 
moves  with  the  round  '  one.  By  this 
division  the  work  is  done  sooner  and 
more  exactly.  All  the  oiled  or  greased 
skins  are  dressed  with  the  round  knife. 
The  cleaner  is  a  straight  two-han- 
dled knife  two  inches  broad,  of  which 
there  are  two  kinds,  a  sharp-edged  and  a  blunt  one.    Fig.  359. 

The  mace  is  made  of  wood,  having  a  handle  30  inches  long,  with  a  cubical  head  or 
mallet ;  upon  the  two  faces  of  which,  parallel  to  the  line  of  the  handle,  there  are  4  pegs 
of  hard  wood  turned  of  an  egg-shape,  and  well  polished,  so  as  not  to  tear  the  moistened 
leather  when  it  is  stronsrly  beat  and  softened  with  the  mace. 

The  horse  or  trestle,  jig,  360,  consists  of  a  strong  wooden  frame,  A  b  c  d,  which  serves  as 
a  leg  or  Toot.  Upon  the  middle  of  this  frame  there  are  two  uprights,  e  f,  and  a  strong 
cross  beam,  g,  for  supporting  the  thick  plank  H,  upon  which  the  skins  are  worked.  This 
plank  may  be  set  at  a  greater  or  less  slope,  according  as  its  lower  end  is  engaged  in  one 
or  other  of  the  cross  bars,  1 1 1 1,  of  the  frame.  In  the  figure,  a  skin  k  is  represented  upon 
the  plank  with  the  head  knife  upon  it,  in  the  act  of  being  pared. 

A  cylindrical  bar  fixed  horizontally  at  its  ends  to  two  buttresses  projecting  frdm  the 
wall,  serves  by  means  of  a  parallel  stretched  cord,  to  fix  a  skin  by  a  coil  or  two  in  order 
to  dress  it.  This  is  accordingly  called  the  drester.  The  tallow  cloth  is  merely  a  mop 
made  of  stout  rags,  without  the  long  handle  j  of  which  there  are  several,  one  for  wax, 
another  for  oil,  &.c.  Strong-toothed  pincers  with  hook-end  handles,  drawn  together 
by  an  endless  cord,  are  employed  to  stretch  the  leather  in  any  direction,  while  it  is  being 
dressed.  The  currier  uses  clamps  like  the  letter  U,  to  fix  the  edges  of  the  leather  to  his 
table.  His  polisher  is  a  round  piece  of  hard  wood,  slightly  convex  below,  with  a  handle 
standing  upright  in  its  upper  surface,  for  seizing  it  firmly.  He  first  rubs  with  sour  beer, 
and  finishes  with  barberry  juice. 

Every  kind  of  tanned  leather  not  intended  for  soles  or  such  coarse  purposes,  is 
generally  curried  before  being  delivered  to  the  workmen  jwho  fashion  it,  such  as  shoe- 
makers, coachmakers,  saddlers,  &.C.    The  chief  operations  of  the  currier  are  four : — 

1.  Dipping  the  leather,  which  consists  in  moistening  it  with  water,  and  beating  it 
with  the  mace  or  a  mallet  upon  the  hurdle.  He  next  applies  the  ckanertf  both  blunt 
and  sharp,  as  well  as  the  head  knife,  to  remove  or  thin  down  all  inequalities.  AAer  the 
leather  is  shaved,  it  is  thrown  once  more  into  water,  and  well  scoured  by  rubbing  the 
grain  side  with  pumice  stone,  or  a  piece  of  slaty  grit,  whereby  it  parts  with  the  bloom,  a 
whitish  matter,  derived  from  the  oak  bark  in  the  tan  pit. 

2.  Applying  the  pommel  to  give  the  leather  a  granular  appearance,  and  correspondent 
flexibility.  The  leather  is  first  folded  with  its  grain  side  in  contact,  and  rubbed  strongly 
with  the  ponunel,  then  rubbed  simply  upon  its  grain  side ;  whereby  it  becomes  extremely 
flexible. 

3.  Scraping  the  leather.  This  makes  it  of  uniform  thickness.  The  workman  hokls 
the  tool  nearly  perpendicular  upon  the  leather,  and  forcibly  scrapca  the  thick  places  with 
both  his  hands. 

4.  Dressing  it  by  the  round  knife.  For  this  purpose  he  stretches  the  leather  upon 
the  wooden  cylinder,  lays  hoM  of  the  pendent  under  edge  with  the  pincers  attached  to 
his  girdle,  and  then  with  both  hands  applies  the  edge  of  the  knife  to  the  surface  of  the 
leather,  slantingly  from  above  downwanls,  and  thus  pares  off  the  coarser  fleshy  parts  of 
the  skin.  This  operation  requires  great  experience  and  dexterity;  and  when  well  per- 
formed improves  greatly  the  look  of  the  leather. 

The  hide  or  skin,  being  rendered  flexible  and  uniform,  is  conveyed  to  the  shed  or  drying 
house,  where  the  greasy  substances  are  applied,  which  is  called  dubbing  (daubing)  or 
stufifing.  The  oil  used  for  this  purpose  is  prepared  by  boiling  sheep-skins  or  doe-skins, 
in  cod  oil.  This  application  of  grease  is  oAen  made  before  the  graining  board  or  pommel 
is  employed. 

Before  waxing,  the  leather  is  commonly  colored  by  rubbing  it  with  a  brush  dipped 
into  a  composition  of  oil  and  lamp  black  on  the  flesh  side,  till  it  be  thoroughly  black ;  it  is 
then  black-sized  with  a  brush  or  sponge,  dried,  tallowed  with  the  proper  doth,  and 
slicked  upon  the  flesh  with  a  broad  smooth  lump  of  glass;  sized  again  with  a  sponge; 
and  when  dry,  again  curried  as  above  described. 

Currying  leather  on  the  hair  or  grain  side,  termed  black  on  the  grain,  is  the  same  in 
the  first  operation  with  that  dressed  on  ihe  flesh,  till  it  is  tcoored.    Then  the  lint  blade 
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is  applied  to  it  vrhWe  wet,  by  a  solntion  of  copperas  put  upon  the  grain,  afler  this  has 
been  rubbed  with  a  stone ;  a  brush  dipped  in  stale  urine  is  next  rubbed  on,  then  an  Iron 
slicker  is  used  to  make  the  grain  come  out  as  fine  as  possible.  It  is  now  stuffed  with 
oil.  When  dry,  it  is  seasoned ;  that  is,  rubbed  over  with  a  bnish  dipped  in  copperas 
water,  on  the  grain,  till  it  be  perfectly  black.  It  is  next  slicked  with  a  good  grit-stone, 
to  take  out  the  wrinkles,  and  smooth  the  coarse  grain.  The  grain  is  finally  raised  with 
the  pommel  or  graining  board,  by  applying  it  to  the  leather,  in  different  directions. 
When  thorous^hly  dry,  it  is  grained  again  in  two  or  three  ways. 

Hides  intendcMl  for  covering  coaches  are  shaved  nearly  as  thin  as  shoe  hides,  and 
blacked  upon  the  grain. 

CUTLERY.  {CoutelUrie,  Fr. ;  Messerschnddwaare,  Germ.)  Three  kinds  of  steel 
are  made  use  of  in  the  manufacture  of  different  articles  of  cntlery,  viz.,  common  steel, 
shear  steel,  and  cast  steel.  Shear  steel  is  exceedingly  plastic  and  tough.  AH  the  edge 
tools  which  require  great,  tenacity  without  great  hardness  are  made  of  it,  such  as  table 
knives,  scythes,  plane-irons,  &c. 

Cast  steel  is  formed  by  melting  blistered  steel  in  covered  crucibles,  with  bottle  glass, 
and  pouring  it  into  cast-iron  moulds,  so  as  to  form  it  into  ingots ;  these  ingots  are  then 
taken  to  the  tilt,  and  drawn  info  rods  of  suitable  dimensions.  No  other  than  east  steel 
can  assume  a  very  fine  polish,  and  hence  all  the  finer  articles  of  cutlery  are  made  of  it, 
sBch  as  the  best  scissors,  penknives,  razors,  &c. 

Formerly  cast  steel  could  be  worked  only  at  a  very  low  heat ;  It  can  now  be  made  so 
as  to  be  welded  to  iron  with  the  greatest  ease.  Its  use  is  consequently  extended  to 
making  very  superior  kinds  of  chisels,  plane-irons,  &c. 

Forging  of  table  knives,  —  Two  men  are  generally  employed  in  the  forging  of  table 
knives ;  one  called  the  foreman  or  maker,  and  the  other  the  striker. 

The  steel  called  common  steel  is  employed  in  making  the  very  common  articles;  but 
for  the  greatest  part  of  table  knives  which  require  a  surface  free  from  flaws,  shear  steel 
is  generally  preferred.  That  part  of  the  knife  termed  the  blade,  is  first  rudely  formed 
and  cut  off.  It  is  next  welded  to  a  rod  of  iron  about  §  inch  square,  in  such  a  manner 
as  to  leave  as  little  of  the  iron  part  of  the  blade  exposed  as  possible.  A  sufficient  quantity 
of  the  iron  now  attached  to  the  blade,  is  taken  off  from  the  rod  to  form  the  bolster  or 
shoulder,  and  the  tang. 

In  order  to  make  the  bolstelr  of  a  given  size,  and  to  give  it  at  the  same  time  shape 
and  neatness,  it  is  introduced  into  a  die,  and  a  swage  placed  upon  it ;  the  swage'  has  a 
few  smart  blows  given  it  by  the  striker.  This  die  and  swa^e  are,  by  the  workman, 
called  prints. 

AAer  the  tangs  and  bolster  are  finished,  the  blade  is  heated  a  second  time,  and  the 
foreman  gives  it  its  proper  anvil  finish  ;  this  operation  is  termed  smithing.  The  blade 
is  now  heated  red-hot,  and  plunged  perpendicularly  into  cold  water.  By  this  means  it 
becomes  hardened.  It  requires  to  be  tempered  regularly  down  to  a  blue  color :  in  which 
state  it  is  ready  for  the  grinder. 

Mr.  Brownill's  method  of  securing  the  handles  upon  table-knives  and  forks,  is,  by ' 
lengthening  the  tangs,  so  as  to  pass  them  completely  through  the  handle,  the  ends  of 
which  are  to  be  tinned  afler  the  ordinary  mode  of  tinning  iron;  and,  when  passed 
through  the  handle,  the  end  of  the  tang  is  to  be  spread  by  beating,  or  a  small  hole 
drilled  through  it,  and  a  pin  passed  to  hold  it  upon  the  handle.  Afler  this,  caps  of 
metal,  either  copper  plated  or  silver,  are  to  be  soldered  on  to  the  projecting  end  of  the 
tang,  and  while  the  solder  is  in  a  fiuid  state;  the  cap  is  to  be  pressed  upon  the  end  of 
the  handle  and  held  there  until  the  solder  is  fixed,  when  the  whole  is  to  be  cooled  by 
being  immersed  in  cold  water. 

Mr.  Thomason's  patent  improvements  consist  in  the  adaptation  of  steel  edges  to  the 
blades  of  gold,  and  silver  knives.  These  steel  edges  are  to  be  attached  to  the  other 
metal,  of  whatever  quality  it  may  be,  of  which  the  knife,  &c.  is  made,  by  means  of 
solder,  in  the  ordinary  mode  of  effecting  that  process.  AAer  the  edge  of  steel  is  thus 
attached  to  the  gold,  silver,  &c.,  it  is  to  be  ground,  polished,  and  tempered  by  immersion 
in  cold  water  or  oil  after  being  heated.  This  process  being  finished,  the  other  parts  of 
the  knife  are  then  wrought  and  ornamented  by  the  engraver  or  chaser,  as  usual. 

A  patent  was  obtained  in  1827,  by  Mr.  Smith  of  Sheffield,  for  roUing  out  knives  at  one 
operation. 

In  the  ordinary  mode  of  makim?  knives,  a  sheet  of  steel  being  provided,  the  blades  are 
ent  out  of  the  sheet,  and  the  backs,  shoulders,  and  tangs,  of  wrought  iron,  are  attached  to 
the  steel  blades  by  welding  at  the  forge.  The  knife  is  then  ground  to  the  proper  shape, 
and  the  blade  polished  and  hardened. 

Instead  of  this  welding  process,  the  patentee  proposes  to  make  the  knives  entirely  of 
steel,  and  to  form  them  by  rolling  in  a  heated  state  between  massive  rollers ;  the  shoul- 
ders or  bolsters,  and  the  tangs  for  the  handles,  being  produced  by  suitable  recesses  in 
the  peripheries  of  the  rollers ;  just  as  rail-way  rails  are  formed.     When  the  knife  is  to 
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be  made  with  what  is  called  a  scale  tang^  that  is,  a  broad  fiat  tang,  to  which  the  handle 
is  to  be  attached  in  two  pieces,  riveted  on  the  sides  of  the  tang,  the  rollers  are  then  only 
10  have  recesses  cut  in  them,  in  a  direction  parallel  to  the  axis  for  forming  the  bolster. 

The  plate  of  steel,  having  been  heated,  is  to  be  pressed  betwpen  the  two  rollers,  by 
which  the  blades  and  the  parts  for  the  scale  tangs  will  be  pressed  out  flat  and  thin,  and 
those  parts  which  pass  between  the  grooves  or  recess  will  be  leA  thick  or  protuberant, 
forming  the  bolster  for  the  shoulder  of  the  blade.  But  if  the  tangs  are  to  be  round  in 
order  to  be  fixed  into  single  handles,  then  it  will  be  necessary  also  to  form  transverse 
grooves  in  the  rollers,  that  is,  at  right  angles  to  those  which  give  shape  to  the  bolsters, 
the  transverse  grooves  corresponding  in  length  to  the  length  of  the  intended  tang. 
When  the  plates  of  steel  have  been  thus  rolled,  forming  three  or  more  knives  in  a 
breadth,  the  several  knives  are  to  be  cut  out  by  the  ordinary  mode  of  what  is  called  slit- 
ting, and  the  blades  and  shoulders  ground,  hardened,  and  polished  in  the  usual  way. 

Forks  are  generally  a  distinct  branch  of  manufacture  from  that  of  knives,  and  are 
purchased  of  the  fork  makers  by  the  manufacturers  of  table  knives,  in  a  state  fit  for  re- 
ceiving  the  handles. 

The  rods  of  steel  from  which  the  forks  are  made,  are  about  |ths  of  an  inch  aqnare. 
The  lang  and  shank  of  the  ibrk  are^  first  roughly  formed.  The  fork  is  then  cut  off, 
leaving  at  one  end  about  1  inch  of  the  square  part  of  the  steel.  This  part  is  afterwards 
drawn  out  flat  to  about  the  length  of  the  prongs.  The  shank  and  tang  are  now 
heated,  and  a  proper  form  given  to  them  by  means  of  a  die  and  swage.  The  prongs  are 
afterwards  formed  at  one  blow  by  means  of  the  stamp ;  this  machine  is  very  similar  to 
that  used  in  driving  piles,  but  it  is  worked  by  one  man.  It  consists  of  a  large  anvil 
fixed  in  a  block  of  stone  nearly  on  a  level  with  the  ground.  To  this  anvil  are  attached 
two  rods  of  iron  of  considerable  thickness,  fixed  twelve  inches  asunder,  perpendicularly  to 
the  anvil,  and  diagonally  to  each  other.  These  are  fastened  to  the  ceiling.  The  ham- 
mer or  stamp,  about  100  lbs.  in  weight,  having  a  groove  upon  either  side  corresponding  to 
the  angles  of  the  upright  rods,  is  made  to  slide  freely  through  its  limited  range,  being 
conducted  by  its  two  iron  supporters.  A  rope  is  attached  to  the  hanjmer,  which  goes 
over  a  pulley  on  the  floor  of  the  room  above,  and  comes  down  to  the  person  who  works 
the  stamp :  two  corresponding  dies  are  attached,  one  to  the  Kammer,  and  the  other  to 
the  anvil.  That  part  of  the  fork  intended  to  form  the  prongs,  is  heated  to  a  pretty  white 
heat  and  placed  in  the  lower  die,  and  the  hammer  containing  the  other  die  is  made  to 
fall  upon  it  from  a  height  of  about  7  or  8  feet.  This  forms  the  prongs  and  the  middle 
part  of  the  fork,  leaving  a  very  thin  substance  of  steel  between  each  prong,  which  is 
aAerwards  cut  out  with  an  appropriate  instrument  called  a  fly-press.  The  forks  are  now 
annealed  by  surrounding  a  large  mass  of  them  with  hot  coals,  so  that  the  whole  shall 
become  red-hot.  The  fire  is  suffered  gradually  to  die  out,  and  the  forks  to  cool  withont 
beins  disturbed.  This  process  is  intended  to  soAen,  and  by  that  means  to  prepare  them 
for  filing.  The  inside  of  the  prongs  is  then  filed,  after  which  they  are  bent  into  their 
proper  form  and  hardened.  When  hardened,  which  is  effected  by  heating  them  red-hot 
and  plunging  them  into  cold  water,  they  are  tempered  by  exposing  them  to  the  degree  of 
heat  at  which  grease  inflames.    See  Stamps. 

Penknives  are  generally  forged  by  a  single  hand,  with  the  hammer  and  the  anvil  sim- 
ply. The  hammer  in  this  trade  is  generally  light,  not  exceeding  3|  lbs.  The  breadth 
of  the  face,  or  the  striking  part,  is  about  one  inch ;  if  broader,  it  would  not  be  conven- 
ient for  striking  so  small  an  object.  The  principal  anvil  is  about  5  inches,  and  10  upon 
the  face,  and  is  provided  with  a  groove  into  which  a  smaller  anvil  is  wedged.  The 
smaller  anvil  is  about  2  inches  square  upon  the  face.  The  blade  of  the  knife  is  first 
drawn  out  at  the  end  of  the  rod  of  steel,  and  as  much  more  is  cut  off  along  with  it  as 
is  thought  necessary  to  form  the  joint.  The  blade  is  then  taken  in  a  pair  of  tongs,  and 
heated  a  second  time  to  finish  the  joint  part;  and  at  the  same  time  to  form  a  temporary 
tang  for  the  purpose  of  driving  into  a  small  haft  used  by  the  grinder.  Another ,heat  is 
taken  to  give  the  blade  a  proper  finish.  The  small  recess  called  the  nail-hole,  used  in 
opening  the  knife,  is  made  while  it  is  still  hot  by  means  of  a  chisel,  which  is  round  oa 
one  side,  and  flat  upon  the  other. 

Penknives  are  hardened  by  heating  the  blade  red-hot,  and  dipping  them  into  water  up 
tathe  shoulder.  They  are  tempered  by  setting  them  side  by  side,  with  the  back  down- 
wards upon  a  flat  iron  plate  laid  upon  the  fire,  where  they  are  allowed  to  remain  till  they 
are  of  a  brown  or  purple  color. 

The  blades  of  pocket  knives,  and  all  that  come  under  the  denomination  of  spring 
knives,  are  made  in  the  same  way. 

The  forging  of  razors  is  performed  by  a  foreman  and  striker,  as. in  making  table 
tiives. 

They  are  generally  made  of  cast  steel.  The  rods,  as  they  come  from  the  tilt,  are  aboat 
i  inch  broad,  and  of  a  thickness  suflicient  for  the  back  of  the  razor. 

There  is  nothing  peculiar  in  the  tools  made  use  of  in  forging  razors :  the  anvil  is  a 
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ijttle  roimded  at  the  sides,  whkh  affords  the  opportunity  of  naking  the  edge  thinner^  and 
saves  an  immense  labor  to  the  grinder. 

BasBors  are  hardened  and  tempered  in  a  similar  manner  to  penknives.  They  are, 
however,  left  harder,  being  only  let  down  to  yellow  or  brown  eolor. 

The  forging  of  seissors  is  wholly  performed  by  the  hammer,  and  all  the  sizes  are  made 
by  a  single  laod.  The  anvil  of  the  scissor-maker  weighs  about  1|  cwC;  it  measures, 
on  the  face,  abont  4  by  11  inches.  It  is  provided  with  two  grates  or  grooves  for  the  re* 
eeption  of  various  little  indented  tools  termed,  by  the  workman  bosses ;  one  of  these 
bcffises  is  employed  to  give  proper  figure  to  the  shank  of  the  scissors ;  another  far  form- 
ing that  part  which  has  to  make  the  joint ;  and  a  third  is  made  use  oC  for  giving  a  proper 
figure  to  the  upper  side  of  the  blade.  There  is  also  another  anvil  plac^  on  the  same 
bkick,  containing  two  or  three  tools  called  beak-irons,  each  consistiDg  of  an  opright  stem 
aboat  6  inches  high,  at  the  top  of  which  a  horizontal  beak  projects ;  one  of  these  beaks 
is  conical,  and  is  used  for  extending  the  bow  of  the  scissors ;  the  other  is  a  segment  of  a 
cylinder  with  the  round  side  upwards,  containing  a  recess  for  giving  a  proper  shape  and 
smoothness  to  the  inside  of  the  bow. 

The  shank  of  the  scissors  is  first  formed  by  means  of  one  of  the  bosses,  above  de» 
scribed,  leaving  as  much  steel  at  the  end  as  will  form  the  blade.  A  hole  is  then  punched 
abont  i  inch  in  width,  a  little  above  the  shank.  The  bl^e  is  drawn  out  and  finished, 
and  the  scissors  separated  from  the  rod  a  little  above  the  hole.  It  is  heated  a  third  time, 
and  the  small  hole  above  mentioned  is  extended  upon  the  beak-irons  so  as  to  form  the 
bow.  This  finishes  the  forging  of  scissors.  They  are  promiscuously  made  in  this  way, 
without  any  other  guide  than  the  eye,  having  no  regard  to  their  being  in  pairs.  They 
are  next  annealed  for  the  purpose  of  filing  such  parts  of  them  as  cannot  be  ground,  and 
afterwards  paired. 
The  very  large  scissors  are  made  partly  of  iron^  the  blades  being  of  steel. 
After  the  forging,  the  bow  and  joints,  and  such  shanks  as  cannot  be  ground,  are 
filed.  The  rivet  hole  is  then  bored,  through  which  they  are  to  be  screwed  or  riveted 
together.  This  common  kind  of  scissors  is  only  hardened  up  to  the  joint.  They 
are  tempered  down  to  a  purple  or  blue  color.  In  this  state  they  are  taken  to -the 
grinder. 

Grinding  and  polishing  of  enikry. — ^The  various  processes  which  eotne  under  this 
denomination  are  performed  by  machinery,  moving  in  general  by  the  power  of  the  steam- 
engine  or  water-wheel. 

Grinding  wheels  or  grinding  mills  are  divided  into  a  number  of  separate  rooms ;  every 
room  contains  six  places,  called  troughs ;  each  trough  consists  of  a  convenience  for  run- 
ning a  grindstone  and  a  polisher  at  the  same  time,  which  is  generally  occupied  by  a  roan 
and  a  boy. 

The  business  of  the  grinder  is  generally  divided  into  three  stages,  viz.,  grinding, 
glazing,  and  polishing. 

The  grinding  is  performed  upon  stones  of  various  qualities  and  sizes,  depending  on  the 
articles  to  be  ground.  Those  exposing  much  fiat  surface,  such  as  saws,  fenders,  &c., 
require  stones  of  great  diameter,  while  razors,  whose  surface  is  concave,  require  to  be 
ground  upon  stones  of  very  small  dimensions.  Those  articles  which  require  a  certain 
temper,  which  is  the  case  with  most  cutting  instruments,  are  mostly  ground  on  a  wet 
stone;  for  which  purpose  the  stone  hangs  within  the  iron  trough,  filled  with  water  to 
snch  a  height  that  its  surface  may  just  touch  the  face  of  the  stone. 

Glazing  is  a  process  following  that  of  grinding :  it  consists  in  giving  that  degree  of 
lustre  and  smoothness  to  an  article  which  can  be  effected  by  means  of  emery  of  the 
various  degrees  of  fineness.  The  tool  on  which  the  glazing  is  performed,  is  termed  a 
glazer.  It  consists  of  a  circular  piece  of  wood,  forpied  of  a  number  of  pieces  in  such  a 
manner  that  its  edge  or.  face  may  always  present  the  endway  of  the  wood.  Were  it 
made  otherwise,  the  contraction  of  the  parts  would  destroy  its  circular  figure.  It  is 
fixed  upon  an  iron  axis  similar  to  that  of  the  stone.  jSome  glazers  are  covered  on  the 
fiue  with  leather,  others  with  metal,  consisting  of  an  alloy  of  lead  and  tin ;  the  latter 
are  termed  caps.  In  others,  the  wooden  surface  above  is  made  use  of.  Some  of  the 
leather-faced  glazers,  such  as  are  used  for  forks,  table  knives,  edge  tools,  and  all  the 
coarser  polished  articles,  are  first  coated  with  a  solution  of  glue,  and  then  covered  with 
emery.  The  surfaces  of  the  others  are  prepared  for  use  by  first  turning  the  face  very 
tme^  then  filling  it  with  small  notches  by  means  of  a  sharp-ended  hammer,  and  lastly 
filling  up  the  interstices  with  a  compound  of  tallow  and  emery. 

The  pulley  of  the  glazer  is  so  much  less  than  that  of  the  stone,  that  its  velocity  is 
mote  than  double,  having  in  general  a  surface  speed  of  1500  feet  in  a  second. 

The  process  of  polishing  consists  in  giving  the  most  perfect  polish  to  the  different 
aitieles.    Nothing  is  sntjected  to  this  operation  but  what  is  made  of  cast  steel,  and  has 
been  prevknisly  hardened  and  tempered. 
The  polisher  consists  of  a  circnlav  piece  of  wood  covered  with  buff  leather,  the  snrfaoe 
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of  which  is  corered  from  time  to  time,  while  in  use,  with  the  crocns  of  iron,  called  also 
colcothar  of  vitriol. 

The  polisher  requires  to  run  at  a  speed  much  short  of  that  of  the  stone,  or  the  glazer. 
Whatever  may  he  its  diameter,  the  surface  must  not  move  at  a  rate  exceeding  70  or  80 
feet  in  a  second. 

CYANATKS;  saline  compounds  of  cyanic  acid  with  the  hases  potash,  soda,  ammonia, 
baryta,  &c.  The  first  is  prepared  by  calcining,  at  a  dnll  red  heat,  a  mixture  of  ferro- 
cyanide  of  potassium  (prussiate  of  potash)  and  black  oxyde  of  manganese.  The  cyanales 
have  not  hitherto  been  applied  to  any  use  in  the  arts. 

CYANHYDRIC  Acid  ;  another  name  for  the  hydrocyanic  or  prussic  acid.  See  Phus- 
STAN  Blub  and  Prussic  Acid. 

CYANIDES;  compounds  of  cyanogen  with  the  metals;  as  cyanide  of  potassium,  so- 
dium,- barium,  calcium,  iron,  mercury.  The  last  is  tlie  only  one  of  importance  in  p. 
manufacturing  point  of  view,  since  from  it  prussic  acid  is  made. 

CYANIDES,  FERRO.  Double  compounds  of  cyanogen  with  iron,  and  of  cyanogen 
i^th  another  metal,  such  as  potassium,  sodium,  barium,  &c.  The  ordinary  yellow  prus- 
siate of  potash  has  this  constitution,  and  is  called  the  ferro-cyanide. 

CYANOGEN.  A  gaseous  compound  of  two  prime  equivalents  of  charcoal  =  12,  and 
one  of  azote  =  14  =  26 ;  hydrogen  being  the  radix,  or  1.  It  consists  of  two  volumes 
of  vapor  of  carbon,  and  one  volume  of  azote,  condensed  into  one  volume;  and  has  there- 
fore a  density  eqxial  to  the  sum  of  the  weights  of  these  three  gaseous  volumes  =  1*815. 
Cyanogen  is  readily  procured  by  exposing  the  cyanide  of  mercur)*  to  a  dull  red  heat  in 
a  retort ;  the  gas  is  evolved  and  may  be  collected  over  mercury.  Its  smell  is  very  sharp 
and  penetrating ;  it  perceptibly  reddens  tincture  of  litmus ;  it  is  condensable  by  pressure 
at  a  low  temperature  into  a  liquid  ;  and  by  a  still  greater  degree  of  cold,  it  is  solidified. 
When  a  lighted  taper  is  applied  to  a  mixture  of  cyanogen  and  oxygen,  an  explosion  takes 
place ;  carbonic  acid  is  formed,  and  the  azote  is  set  at  liberty. 

For  a  connected  view  of  the  various  compounds  of  cyanogen  employed  in  the  arts,  see 
Prussian  Blue. 

CIDER  {Cidn,  Fr. ;  jSpfelwein,  Germ.) ;  the  vinous  fermented  juice  of  the  apple. 
The  ancients  were  acquainted  with  cider  and  perry,  as  we  learn  from  the  following  pas- 
sage of  Pliny  the  naturalist :  <<  Wine  is  made  from  the  Syrian  pod,  from  pears  and  apples 
of  every  kind.''  Book  xiv.  chap.  19.  The  term  cider  or  cidre  in  French,  at  first  written 
sidref  is  derived  from  the  Latin  word  sicera,  which  denoted  all  other  fermented  liquors 
except  grape  wine.  Cider  seems  to  have  been  bronght  into  Normandy  by  the  Moors  of 
Biscay,  who  had  preserved  the  use  of  it  after  coming  into  that  country  from  Africa.  It 
was  aAerwards  spread  through  some  other  provinces  of  France,  whence  it  was  intro- 
duced into  England,  Germany,  and  Russia.  It  is  supposed  that  the  first  growths  of  Nor- 
mandy afford  SI  ill  the  best  specimens  of  cider.  Devonshire  and  Herefordshire  are  the 
counties  of  England  most  famous  for  this  beverage. 

Strong  and  somewhat  elevated  ground,  rather  dry,  and  not  exposed  to  the  air  of  the 
sea,  or  to  high  winds,  are  the  best  situations  for  the  growth  of  the  cider  apple.  7*he 
fruit  should  be  gathered  in  dry  weather.  The  juice  of  apples  is  composed  of  a  great 
deal  of  water;  a  little  sugar  analogous  to  that  of  the  grape ;  a  matter  capable  of  causing 
fermentation  with  cqntact  of  air ;  a  pretty  large  proportion  of  mucilage,  with  malic  acid, 
acetic  acid,  and  an  azotized  matter  in  a  very  small  quantity.  The  seeds  contain  a  bitter 
substance  and  a  little  essential  oil ;  the  pure  parenchyma  6r  cellular  membrane  constitutes 
not  more  than  two  per  cent,  of  the  whole.  After  the  apples  are  gathered,  they  are  left 
in  the  barn-loft  for  fifteen  days  or  upwards  to  mellow ;  some  of  them  in  this  case,  how. 
ever,  become  soft  and  browu.  This  degree  of  maturation  diminishes  their  mucilage, 
and  develops  alcohol  and  carbonic  acid ;  in  consequence  of  which  the  cider  suffers  no 
injury.  There  is  always,  however,  a  little  loss ;  and  if  this  ripening  goes  a  little  further 
it  is  very  apt  to  do  harm,  notwithstanding  the  vulgar  prejudice  of  the  country  people  to 
the  contrary.  Too  much  care,  indeed,  cannot  be  taken  to  separate  the  sound  from  the 
spoiled  apples ;  for  the  latter  merely  furnish  an  acid  leaven,  give  a  disagreeable  taste  to 
the  juice,  and  hinder  the  cider  from  fining,  by  leaving  in  it  a  certain  portion  of  the 
parenchyma,  which  the  gelatinous  matter  or  the  fermentation  has  diffused  through  it. 
Unripe  apples  should  be  separated  from  the  ripe  also,  for  they  possess  too  little  saccha- 
rum  to  be  properly  susceptible  of  the  vinous  fermentation. 

In  France,  where  cider  making  is  most  scientifically  practised,  it  is  prepared  by 
crushing  the  apples  in  a  mill  with  revolving  edge-«tones,  turned  in  a  circular  stone  cis- 
tern by  one  or  two  horses.  When  the  fruit  is  half  mashed,  about  one  fifth  of  its  weight 
of  river  water  is  added,  or  the  water  of  lakes.  The  latter  have  been  found  by  expe- 
rience to  be  preferable  to  other  water. 

In  some  places  a  mill  composed  of  two  cast-iron  fluted  cylinders  placed  parallel  to 
each  other  under  the  bottom  of  a  hopper,  is  employed  for  crushing  the  apples.  One  of 
the  cylinders  is  turned  by  a  winch,  and  communicates  its  motion  in  the  opposite  dhrc^ 
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tion  by  means  of  the  flutings  working  into  each  other.  Each  portion  of  the  fralt  must 
be  passed  thrice  through  this  rude  mill  in  order  to  be  sufficiently  mashed ;  and  the  same 
qnantity  of  water  must  be  added  as  in  the  edge  stone  mill. 

After  the  apples  are  crushed  they  are  usually  put  into  a  large  tub  or  tun  for  12  or  24 
hoars.  This  steeping  aids  the  separation  of  the  juice,  because  the  fermentative  motion 
which  takes  place  in  the  mass  breaks  down  the  cellular  membranes ;  but  there  is  always 
a  loss  of  alcohol  carried  off  by  the  carbonic  acid  disengaged,  while  the  skins  and  seeds 
develop  a  disagreeable  taste  in  the  liquid.  The  vatting  might  be  suppressed  if.  the  apples 
were  so  eomminuted  as  to  give  out  their  juice  more  readily.  With  slight  modifications, 
the  process  employed  in  rasping  and  squeezing  the  beet-roots  might  in  my  opinion  be 
applied  with  great  advantage  to  the  cider  manufacture.    See  Sugar. 

AAer  the  vatting,  the  mashed  fruit  is  carried  to  the  press  and  put  upon  a, square  widccr 
frame  or  into  a  hair  bag,  sometimes  between  layers  of  straw,  and  exposed  stratum  super 
stratum  to  strong  pressure  tUl  what  is  called  a  cheese  or  cake  is  formed.  The  mass 
is  to  be  allowed  to  drain  for  some  time  before  applying  pressure,  which  ought  to 
be  very  gradually  increased.  The  juice  which  exudes  with  the  least  pressure 
afTords  the  best  cider  j  that  which  flows  towards  the  end  acquires  a  disagreeable  taste 
from  the  seeds  and  the  skins.  The  must  is  put  into  casks  with  large  bungholes,  where 
it  soon  begins  to  exhibit  a  tumultuous  fermentation.  The  cask  must  be  completely 
filled,  in  orider  that  all  the  light  bodies  suspended  in  the  liquid  when  floated  to  the  top 
by  the  carbonic  acid  may  flow  over  with  the  froth;  this  means  of  clearing  cider  is 
particularly  necessary  with  the  weak,  kinds,  because  it  cannot  be  expected  that  these 
matters  in  suspension  will  fall  to  the  bottom  of  the  casks  afler  the  motion  has  ceased. 
In  almost  every  circumstance  besides,  when  no  saccharine  matter  has  been  added  to  the 
.  must,  that  kind  of  yeast  which  rbes  to  the  top  must  be  separated,  lest  by  precipitation 
it  may  excite  an  acid  fermentation  ii^  the  cider.  The  casks  are  raised  upon  gawntrees 
or  stillions,  in  order  to  place  flat  tubs  below  them  to  receive  the  liquor  which  flows  over 
with  the  froth.  At  the  end  of  two  or  three  days,  for  weak  ciders  which  are  to  be 
drunk  somewhat  sweet,  of  6  or  10  days  or  more  for  stronger  ciders,  with  variations  for 
the  state  of  the  weather,  the  fermentation  will  be  sufficiently  advanced,  and  the  cider  may 
be  racked  off  into  other  casks.  Spirit  puncheons  preserve  cider  better  than  any  other, 
bat  in  all  cases  the  casks  should  be  well  seasoned  and  washed.  Sometimes  a  sulphur 
match  is  burned  in  them  before  introducing  the  cider,  a  precaution  to  be  generally 
recommended,  as  it  suspends  the  activity  of  the  fermentation,  and  prevents  the  formation 
of  vinegar. 

The  cider  procured  by  the  first  expression  is  called  cider  without  water.  The  cake 
remaining  in  the  press  is  taken  out,  divided  into  small  pieces,  and  mashed  anew,  adding 
abont  half  the  weight  of  water,  when  the  whole  is  carried  back  to  the  press  and  treated 
a5  above  described.  The  liquor  thus  obtained  furnishes  a  weaker  cider  which  will  not 
keep,  and  therefore  must  be  drunk  soon. 

The  cake  is  once  more  mashed ^up  with  water,  and  squeezed,  when  it  yields  a  liquor 
which  may  be  used  instead  of  water  for  moistening  fresh  ground  apples. 

The  processes  above  described,  although  they  have  been  long  practised,  and  have 
therefore  the  stamp  of  ancestral  wisdom,  are  extremely  defective.  Were  the  apples  ground- 
with  a  proper  rotatory  rasp  which  would  tear  all  their  cells  asunder,  and  the  mash  put 
through  the  hydraulic  press  in  bags  between  hurdles  of  wicker-work,  the  juice  would 
be  obtained  in  a  state  of  perfection  fit  to  make  a  cider  superior  to  many  wines. 
An  experimental  process  of  this  kind  has  been  actually  executed  in  France  upon  a  con- 
siderable scale,  with  the  best  results.  The  juice  had  the  fine  flavor  of  the  apple,  was 
fermented  by  itself  without  any  previous  fermentation  in  the  mash,  and  afforded  an  excel- 
Itnt  strong  cider  which  kept  well. 

When  the  must  of  the  apples  is  weak  or  sour,  good  cider  cannot  be  made  from  it 
without  the  addition  of  some  saccharine  matter.  The  sirup  into  which  potato  farina 
is  convertible  by  diastoie  (saccharine  ferment),- see  Stabch  and  Sugab,  would  answer 
wen  for  enriching  poor  apple  juice. 


D. 

DAHLINE,  the  same  as  Inuline,  the  fecula  obtained  from  elecampane,  analogous  in 
many  respects  to  starch.    It  is  not  employed  in  the  arts. 

DAMASCUS  BLADES,  are  swords  or  cimeters,  presenting  upon  their  surface 
a  variegated  appearance  of  watering,  as  white,  silvery,  or  black  veins,  in  fine  lines, 
or  fillets ;  fibrous,  crossed,  interlaced,  or  parallel,  &.c.  They  are  brought  from  the  East, 
being  fabricated  chiefly  at  Damascus,  whence  their  name.  Their  excellent  quality  has 
beeome  proverbial ;  for  which  reason  these  blades  are  much  sought  afler  by  military 
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men,  and  are  high  priced.  The  oripntal  proce5«s  hire  nerer  been  Mlisfttctorilr  it- 
Kcribed ;  but  of  Ute  jtint  aelhod;  hare  been  deviced  in  Europe  to  imilate  ilie  fabric  Terr 
well. 

CloDet  and  Hachette  pointed  oot  the  three  following  procecses  for  producing  Da- 
mascus blades  :  1,  Ifaal  of  farallilfiUui;  S,  that  by  taraion  ;  3,  [he  motaic.  The  finl, 
which  is  Flill  jiursucd  by  some  French  cutlEiB,  consistB  in  seoopin);  ont  wilh  a  graTinif 
tool  the  faces  of  a  piece  of  staff  romposed  of  Ihin  plates  of  different  kinds  of  steel, 
Th«se  hollows  are  by  b  subsequent  operation  filled  up,  and  brought  lo  a  level  with  the 
external  faces,  upon  which  thej  Eubsequenlly  Ibrni  Iress-like  fignres.  3.  The  meltaud  of 
torskm  which  is  more  generally  employed  at  present,  consists  in  formiag  a  bundle  of 
rods  or  slips  of  sleel,  which  are  welded  ti^elher  into  a  weD-wroughl  bar,  twisled 
teveral  times  ronnd  its  axis.  It  is  repeatedly  forged,  and  Iwleted  allernately ;  after 
which  it  i%  slit  in  the  line  oT  its  axjj,  and  the  two  halves  are  welded  with  their  onisiiles 
in  eonlacl ;  by  which  means  their  faces  will  exhihii  very  rarions  confignra lions.  3.  The 
mosaic  method  consists  in  preparing  a  bar,  as  by  Ihe  torsion  plan,  and  cutting  this  bar 
inlo  short  pieces  of  nearly  equal  length,  with  which  a  fagot  is  formed  nnd  welded 
together;  taking  care  lo  preserve  the  sections  of  each  piece  at  the  surface  of  the  blade. 
In  this  way,  all  the  variety  of  the  design  is  displayed,  corresponding  to  eith  fra^eit  of 
the  eut  bar. 

The  blades  of  CIoueI,  independently  of  their  eicellenl  quality,  their  flexibility,  and 
extreme  elasticity,  have  this  advanlage  over  the  oriental  blades,  that  they  exhibit  in  the 
very  substance  of  the  melnl,  desicnf,  letters,  inscriptions,  and,  generally  speaking,  all 
kinds  of  ligtires  which  had  been  delineated  beforehand. 

Not  withstanding  these  successful  results  of  Clonel,  it  was  prellf  clear  that  the  watered 
designs  of  the  triie  Damascus  eimeter  were  essentially  dilTcrent.  M.  Breant  has  at' 
lost  completely  solved  this  problem.  He  has  demonslraled  that  the  sabstaaee  of  Ihe 
oriental  blades  is  a  casl'Sieel  more  highly  charged  with  carbon  than  our  European  steels, 
and  in  which,  by  means  of  a  cooling  suitably  eondacled,  a  crjelalliiation  lakes  place 
of  two  distinct  combinations  of  carbon  and  iron.  This  separalion  U  the  essential  condi- 
tion ;  for  if  the  melted  steel  be  suddenly  cooled  in  a  siDall  crucible  or  ingot,  Ibere  is  no 
damascene  appearance. 

If  an  eieess  of  carbon  be  tniied  wilh  iron,  the  whole  of  the  melal  will  be  conrerted 
into  steel;  and  the  residuary  carbon  will  combine  in  a  new  proportion  with  a  portion  of 
the  steel  so  formed.  There  will  be  two  distinct  compounds ;  aamelv,  pare  steel,  and 
carbureted  sleel  or  cast-iron.  These  at  first  being  imperfeclly  mixed  will  tend  ta 
■eparalr,  if  nhile  slill  Iluid  they  be  led  in  a  slate  of  repose ;  and  form  a  cryslalliiatioB 
in  which  the  particles  of  the  two  compounds  wilt  place  themselves  in  the  cmcible  in  an 
order  determined  by  Iheir  aHiaily  and  density  conjoined.  If  a  blade  forged  ont  of  sleel 
to  prepared  be  immersed  in  acidulous  water,  it  will  display  a  very  distinct  Damascus 
appearance;  the  porlions  of  pure  steel  becoming  black,  and  Ihose  of  carbureted  alee) 
remaining  while,  because  the  acids  with  difficulty  disengage  iis  carbon.  The  stowrr 
such  a  compound  is  cooled,  the  larger  the  Damascns  veins  will  be.  Travernier  relalet 
thai  Ihe  tieel  crucible  ingots,  like  those  of  wootz,  for  making  Ihe  trae  oriental  Dam  tscns, 
come  from  Golconda,  that  Ihe;  are  of  ihe  size  of  a  halfpenny  roll,  and  when  cut  in  I  wo, 
form  Iwo  swords. 

Sleel  combined  wilh  manganese  forges  easily,  but  it  is  brittle  when  cold  ;  il  display* 
however  the  Damsfcus  appearance  very  strongly. 

A  mixture  of  lOO  parts  of  soft  iron,  and  S  of  lamp  black,  metis  as  readily  as  ordinary 
tieel.  Several  of  Ihe  best  blades  which  M.  Br^anl  presented  lo  the  Soeiel^  d'Enconrege- 
nent  are  Ihe  prodnet  of  this  combination.  This  is  an  easy  way  of  making  casl-tteel 
wilboul  previous  eemenlalion  of  the  iron.  100  parts  of  filings  of  very  gray  east- iron,  bim) 
100  parts  of  like  filings  previously  oxydized,  ptodueed,  by  their  fusion  together,  a  beauliltil 
damascene  sleel,  fit  for  forging  into  while  arms,  sabres,  swords,  &c.  This  compound  i» 
remarkaUe  for  its  elasticity,  an  essenial  quality,  not  possessed  by  the  old  Indian  steeL 
The  greater  the  proportion  of  Ihe  oiydized  cast-iron,  the  longher  is  the  steel.  Care  should 
be  taken  to  sllr  the  materials  during  Iheir  fusion,  before  it  is  allowed  lo  cool ;  otherwise 
Ihey  will  not  afford  a  homogeneous  damasc.  If  the  steel  contains  much  carbon  il 
is  diflicnlt  to  forge,  and  eannot  be  drawn  onl  except  within  a  narrow  range  of  lemperatnre. 
When  healed  lo  s  red-white  il  crumbles  under  the  hammer ;  at  a  cherry-red  it  becomes 
hard  and  brilUe ;  and  as  il  progressively  cools  it  becomes  still  more  unmalleable.  It  re- 
acmbles  completely  Indian  steel,  which  European  blacksmilhs  cannot  forge,  because  Ihejr 
■re  ignorant  of  the  suitable  temperature  for  working  it.  M.  Bryant,  by  studying  this 
point,  succeeded  in  forging  fine  blades. 

Experience  has  proved  thai  Ihe  orbieulat  veins,  called  by  ihe  workmen  frnDft  or 
iiuina  (roncta),  which  are  seen  npon  the  finest  Eastern  cimeters,  are  the  result  of  the 
manner  of  forging  them,  as  well  as  Ihe  method  of  twisting  ihe  Damasms  bats.  If 
Ibese  be  drawn  in  length,  Ihe  veins  wilt  be  longttndinol ;  if  they  be  spread  equally  in  all 
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directions,  the  stuff  will  have  a  crystalline  aspect ;  if  they  be  made  wavy  in  the  two 
directfions,  undolaied  veins  will  be  produced  like  those  in  the  oriental  Damascus. 

DAMASK  is  a  variegated  textile  fabric,  richly  ornamented  with  figures  of  flowers, 
fruits,  landscapes,  animals,  &c.,  woven  in  the  loom,  and  is  by  far  the  most  rich,  elegant, 
and  expensive  species  of  ornamental  weaving,  tapestry  alone  excepted.  The  name  is 
said  to  be  derived  from  Damascus,  where  it  was  anciently  made. 

Damadc  belongs  to  that  species  of  texture  which  is  distinguished  by  practical  men  by 
the  name  of  tweelin?,  of  which  it  is  the  richest  pattern.  The  tweel  of  damask  is  usually 
half  that  of  full  satin,  and  consequently  consists  of  eight  leaves  moved  either  in  regular 
snecesston  or  by  regular  intervals,  eight  leaves  being  the  smallest  number  which  wiU  ad- 
mit of  alternate  tweeling  at  equal  intervals. 

In  the  article  Carpet,  two  representations  have  been  given  of  the  damask  draw- 
loom.  ^  ' 

The  generic  difference  of  tweeling,  when  compared  with  common  doth,  consists  in  the 
intersections,  although  uniform  and  equidistant,  being  at  determinate  intervals,  and  not  be- 
tween the  alternate  threads.  Hence  we  hi^ve  specimens  of  tweeled  cloth,  where  the  in- 
tersections take  place  at  the  third,  fourth,  fiflh,  sixth,  seventh,  eighth,  or  sixteenth  interval 
only.  The  threads  thus  deflecting  only  from  a  straight  line  at  intervals,  preserve  more 
of  their  original  direction,  and  a  much  greater  quantity  of  materials  can  be  combined  in 
an  eqnal  space,  than  in  the  alternate  intersection,  wh^re  the  tortuous  deflection,  at  every 
interval,  keeps  them  more  asunder.  On  this  principle  tweeled  cloths  of  three  and  four 
leaves  are  woven  for  facility  of  combination  alone.  The  coarser  species  of  ornamented 
doths,  known  by  the  names  of  dornock  and  diaper,  usually  intersect  at  the  fifth,  or  half 
satin  interval.  The  sixth  and  seventh  are  rarely  used,  and  the  intersection  at  the 
eighth  is  distinguished  by  the  name  of  satin  in  common,  and  of  damask  in  ornamental 
tweeling.  It  will  further  be  very  obvious,  that  where  the  warp  and  woof  cross  only  at 
every  eighth  interval,  the  two  sides  of  the  doth  will  present  a  diversity  of  appearance ; 
for  on  one  side  the  longitudinal  or  warp  threads  will  run  parallel  from  one  end  of  a  web 
to  the  other,  and,  on  the  other,  the  threads  of  woof  will  run  also  parallel,  but  in  a  trans- 
verse direction  across  the  cloth,  or  at  right  angles  to  the  former.  The  points  of  intersec- 
tion being  only  at  every  eighth  interval,  appear  only  like  points ;  and  in  regular  tweeling 
these  form  the  appearance  of  diagonal  lines,  indined  at  an  angle  of  45°  (or  nearly  so)  to 
each  of  the  former. 

The  appearance,  therefore,  of  a  piece  of  common  tweeled  cloth  is  very  similar  to  that 
of  two  thin  boards  glued  together,  with  the  grain  of  the  upper  piece  at  right  angles  to 
that  of  the  under  one.  That  of  an  ornamental  piece  of  damask  may,  in  the  same  man- 
ner, be  very  properly  assimilated  to  a  piece  of  veneering,  where  all  the  wood  is  of  the 
same  substance  and  color,  and  where  the  figures  assume  a  diversity  of  appearance  from 
the  ground,  merely  by  the  grain  of  the  one  being  disposed  perpendicularly  to  that  of  the 
other.    See  Tkxtile  Fabric. 

From  this  statement  of  the  principle,  it  results  that  the  most  unlimited  variety  of  figures 
will  be  produced,  by  constructing  a  loom  by  which  every  individual  thread  of  warp  may 
be  placed  either  above  or  below  the  woof  at  every  intersection ;  and  to  effect  this,  in 
bonodless  variety,  is  the  object  of  the  Jacquard  mounting ;  which  see. 

The  chief  seat  of  this  manufacture  is  probably  the  town  and  neighborhood  of  Dun- 
fermline, in  Fifeshire,  and  Lisburn  and  Ardoyne,  near  Belfast,  where  it  is  considered  as 
the  staple,  having  proved  a  very  profitable  branch  of  traffic  to  the  manufacturer,  and 
given  employment  io  many  industrious  people. 

The  material  used  there  is  chiefly  linen ;  but  many  have  been  recently  Woven  of  cotton, 
since  the  introdQction  of  that  artide  into  the  manufacture  of  cloth  has  become  so  prev- 
alent. The  cotton  damasks  are  considerably  cheaper  than  those  of  linen ;  but  are  not 
eonsidered  either  so  elegant  or  durable.  The  cotton,  also,  unless  frequently  bleached,  does 
not  preserve  the  purity  of  the  white  color  nearly  so  well  as  the  linen. 

DAMASKEENING ;  the  art  of  ornamenting  iron,  steel,  &c.,  by  making  indsions  upon 
its  surface,  and  filling  them  up  with  gold  or  silver  wire ;  chiefly  used  in  enriching  sword 
blades,  guards,  and  gripes,  locks  of  pistols,  &c. 

Its  name  shows  the  place  of  its  origin,  or,  at  least,  the  place  where  it  has  been  prac- 
tised in  the  greatest  perfection ;  viz.,  the  city  of  Damascus,  in  Syria;  though  M.  FeUbien 
attributes  the  perfection  of  the  art  to  his  countryman,  Cursine^  who  wrought  under  the 
leiin  of  Henry  IV. 

Damaskeening  is  partly  mosaic  work,  partly  engraving,  and  partly  carving.  As  mosaic 
work  it  consists  of  pieces  inlaid ;  as  engraving,  the  metal  is  indented,  or  cut  in  intaglio ; 
and  as  carving,  gold  and  silver  are  Wrought  into  it  in  reHevo, 

There  are  two  ways  of  damaskeening ;  in  the  first,  which  is  the  most  beantiful,  the 
artists  cut  into  the  metal  with  a  graver,  and  other  tools  proper  for  engraving  upon* 
steel,  and  afterwards  fill  up  the  incisions,  or  notches,  with  a  pretty  thick  silver  or  gold 
wire.    In  the  other,  which  is  only  superficial,  they  con^nt  themsdves  to  make  batches. 
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or  stiokes  across  the  iron,  &c.  with  a  cutting  knife,  sach  as  is  used  in  making  of  smaD 
files.  As  to  the  first,  it  is  necessary  for  the  gravings  or  incisions  to  be  made  in  the  dove- 
tail form ;  that  the  gold  or  silver  wire,  which  is  thrust  forcibly  into  them,  may  adhere  the 
more  strongly.  As  to  the  second,  which  is  the  more  usual,  the  method  is  this : — Having 
heated  the  steel  till  it  changes  to  a  violet,  or  blue  color,  they  hatch  it  over  and  across 
with  the  knife;  then  draw  the  ensign  or  ornament  intended,  upon  this  hatching,  with  a 
fine  brass  poii^t  or  bodkin.  This  done,  they  take  fine  gold  wire,  and  conducting  or  chasing 
it  according  to  the  figures  already  designed,  they  sink  it  carefully  into  the  hatches  of  the 
metal  with  a  copper  tool. 

DAMASSIN  is  a  kind  of  damask,  with  gold  and  silver  flowers,  woven  in  the  warp  and 
woof;  or  occasionally  with  silk  organzine. 

DAMPS,  in  mining,  are  noxious  exhalations,  or  rather  gases,  so  called  from  the  Geimao 
damp/,  vapor.  There  are  two  principal  kinds  of  mine  gases,  ihe  Jire-damp,  or  carbureted 
hydrogen,  and  the  choke-dampy  or  carbonic  acid  gas.    See  Mines. 

DAPHNINE ;  the  bitter  principle  of  the  Daphne  Mpina, 

DATOLITE.    A  mineral  composed  of  silica,  lime,  and  boracic  acid. 

DECANTATION  (Eng.  and  Fr. ;  jlbgiesien.  Germ.)  is  the  act  of  pouring  off  the  dear 
supernatant  fluid  from  any  sediment  or  deposite.  It  is  much  employed  in  the  chemical 
arts;  and  is  most  conveniently  effected  by  a  syphon. 

DECOCTION  (Eng.  and  Fr. ;  Jtbkochung,  Germ.)  means  either  the  act  of  boiling 
a  liquid  along  with  some  organic  substance,  or  the  liquid  compound  resulting  from  that 
act. 

DECOMPOSITION  (Eng.  and  Fr. ;  Zersetzung,  Germ.)  is  the  separation  of  the  con- 
stituent principles  of  any  compound  body.  The  following  table,  the  result  of  important 
researches  recently  made  by  M.  Persoz,  Professor  of  Chemistry  at  Strasburgh,  shows  the 
order  in  which  decompositions  take  place  among  the  successive  substances. 


Nitric  Acid. 

Oxyde  of  Magnesium 

—  Silver 

—  Cobalt 

—  Nickel 
Protox.  of  Cerium 
Oxyde  of  Zinc 
Protox.  of  Manganese 
Oxyde  of  Lead 

—  Cadmium 

—  Copper 

—  Glucinum 

—  Alumium 

—  Uranium 

—  Chromium 
Protox.  of  Mercury 
Oxyde  of  Mercury 

—  Iron 
—        Bismuth 


,,  Mnriatic  Acid. 

Oxyde  of  Magnesium 

—  Cobalt 

—  Nickel 
Protox.  of  Mercury 

—  Cerium 
Oxyde  of  Zinc 
Protox.  of  Manganese 

—  Iron 

—  Uranium 

—  Copper 

—  Tin 
Oxyde  of  Glucinum 

—  Alumium 

—  Uranium 

—  Chromium 
^-  Iron 

—  Tin 

—  Bismuth 


—        Antimony 

By  means  of  the  cupric  oxyde  we  may  separate,  1,  the  ferric  oxyde  from  the  manganons 
oxyde ;  2,  the  cobaltic,  nickelic,  zincic  and  cerous  oxydes  from  the  uranic,  ferric,  chromic, 
and  aluminlc  oxydes ;  3,  the  ferrous  oxyde  from  the  chromic  oxyde,  when  dissolved  in  the 
muriatic  acid. 

In  boiling  a  muriatic  solution  of  the  cobaltic,  nickelic,  and  manganous  oxydes,  with  the 
mercuric  oxyde,  the  first  two  oxydes  alone  are  precipitated.  Alumina  separates  the  cad- 
mic  oxyde  from  the  bismuthic  oxyde,  the  stannous  pxyde  from  the  stannic  oxyde,  and  the 
stannous  oxyde  from  the  antimonic  acid.  The  cupric  oxyde  separates  also  by  precipita- 
tion, the  aluminic,  uranic,  chromic,  titanic,  and  vanadic  oxydes  from  all  the  oxydes  which 
are  prccipitable  in  the  state  of  sulphuret,  by  hydrosulphuret  of  ammonia. 

As  an  example  of  this  mode  of  analysis — 

Dissolve  pech-blende  in  aqua  regia,  precipitate  its  copper  by  sulphureted  hydrogen, 
boil  the  liquid  along  with  nitric  acid,  in  order  to  transform  all  the  uranium  into  uranic 
acid.  Next  boil  it  along  with  cupric  oxyde,  which  precipitates  only  the  uranic  and  ferric 
oxydes.  Redissolve  the  precipitate  in  nitric  acid,  and  boil  the  solution  with  mercuric 
oxyde,  which  does  not  precipitate  the  ferric  oxyde.  Finally,  separate  the  copper  and  the 
mercury  from  the  uranium,  by  means  of  sulphureted  hydrogen.  In  this  process  we  may 
substitute  plumbic  oxyde  for  the  cupric  oxyde,  and  succeed  equally  well. 

Knowledge,  like  the  above,  of  the  elective  affinities  and  habitudes  of  chemical  bodies, 
simple  and  compound,  imparts  to  its  possessor  an  irresistible  power  over  the  unions  and 
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oTthe  elemente,  which  he  can  exercise  with  certainty  in  effecting  innumerable 
trmnsformations  in  the  arts. 

DECREPITATION  (£ag.  and  Fr. ;  Verk«iatem,  Germ.)  is  the  crackling  noise, 
attended  with  the  flying  asunder  of  their  parts,  made  by  several  salts  and  minerals, 
when  heated.  It  is  caused  by  the  unequal  sudden  expansion  of  their  substance  by  the 
heat.  Sulphate  of  baryta,  chloride  of  sodium,  calcareous  spar,  nitrate  of  baryta,  and  many 
more  bodies  which  contain  no  water,  decrepitate  most  violently,  separating  at  the  natural 
joints  of  their  crystalline  structure.  Some  chemists  have  preposterously  enough  ascribed 
the  phenomenon  to  the  expansion  of  the  combined  water  into  steam.  What  a  specimen 
of  inductive  philosophy ! 

DEFtCCATION  <En7.  and  Fr. ;  Klaren,  Germ.),  the  freeing  from  dregs  or  impurities. 

DEFLAGRATION  (Ens.  and  Fr. ;  Verpuffimg,  Germ.),  the  sudden  blazing  up  of  a 
combustible ;  as  of  a  charcoal  or  sulphur  when  thrown  into  melted  nitre. 

DELPHIXIA.  The  vegeto^alkaline  principle  of  the  Delphinium  itaphysagria,  or 
stavesacre.     It  is  poisonous. 

DELIQUESCENT  {ZerfliesMn^  Germ.)  is  said  of  a  solid  which  attracts  so  much 
moisture  from  the  air  as  to  become  spontaneously  soft  or  liquid ;  such  as  potash  and 
mariate  of  lime. 

DEPHLEGMATIONis  the  process  by  which  liquids  are  deprived  of  their  watery  par* 
tides.  It  is  applied  chiefly  to  spirituous  liquors,  and  is  now  nearly  obsolete,  as  involving 
the  alchemisticai  notion  of  a  peculiar  principle  called  phlegm. 

DEPHLOGISTICATED ;  deprived  of  phlogiston,  —  formerly  supposed  to  be  the 
common  combustible  principle.  It  is  nearly  synonymous  with  oxygenated.  The  idea 
originally  attached  to  the  word  having  proceeded  from  false  logic,  the  word  itself  should 
never  be  used  either  in  seience  or  manufactures. 

DEPILATORY  {Depilatoire,  Fr. ;  Enihaarensmilicl,  Germ.)  is  the  name  of  any 
substance  capable  of  removing  hairs  from  the  human  skin  without  injuring  its  texture. 
They  act  either  mechanically  or  chemically.  Tne  first  are  commonly  glutinous 
plasters  formeti  of  pitch  and  rosin,  which  stick  so  closely  to  the  part  of  the  skin  where 
they  are  applied,  that  when  removed,  they  tear  away  the  hairs  with  them.  This  method 
is  more  painful,  but  less  dangerous  than  the  other,  which  consists  in  the  solvent 
action  of  a  menstruum,  so  energetic  as  to  penetrate  the  pores  of  the  skin,  and  destroy 
the  bulbous  roots  of  the  hairs.  This  is  composed  either  of  caustic  alkalis,  sulphuret  of 
baryta,  or  arsenical  preparations.  Certain  vegetable  juices  have  also  been  recommended 
for  the  same  purpose;  as  spurge  and  acacia.  The  bmised  eggs  of  ants  have  likewise 
been  prescribed.  But  the  oriental  rusma  yields  to  nothing  in  depilatory  power. 
Gadet  de  Gassincourt  has  published  in  the  DUiionnaire  du  Sciencet  Medicates,  the  follow- 
ing recipe  for  preparing  it. 

Mix  two  ounces  of  quicklime  with  half  an  ounce  of  orpim^nt  or  realgar,  (sulphuret 
of  arsenic ;)  boil  that  mixture  in  one  pound  of  stront?  alkaline  ley,  then  try  its  strength 
by  dipping  a  feather  into  it,  and  when  the  flue  falls  off,  the  rusma  is  quite  strong  enough. 
It  is  applied  to  the  human  skin  by  a  momentary  friction,  followed  by  washing  with 
warm  water.  Such  a  caustic  liquid  should  be  used  with  the  greatest  circumspection, 
beginning  with  it  somewhat  diluted.  A  soap  is  sometimes  made  with  lard  and  the 
above  ingredients ;  or  soft  soap  is  combined  with  them ;  in  either  case  to  form  a  depila- 
tory pommade.  Occasionally  one  ounce  of  orpiment  is  taken  to  eight  ounces  of  quicklime, 
or  two  to  twelve,  or  three  to  fifteen ;  the  last  mixture  .being  of  course  the  most  active. 
Its  causticity  may  be  tempered  by  the  addition  of  one  eighth  of  starch  or  rye  flour,  so  as 
to  fonn  a  soft  paste,  which  being  laid  upon  the  iiairy  spot  for  a  few  minutes,  usually  car- 
ries  away  the  hairs  with  it. 

The  rusma  should  never  be  applied  but  to  a  small  surface  at  a  time,  for  independently 
of  the  risk  of  corroding  the  skin,  dangerous  consequences  might  ensue  from  absorption 
of  the  arsenic. 

DETONATION.  See  Fulminating,  for  the  mode  of  preparing  detonating  powder  for 
the  percussion  caps  of  fire-arms. 

DEUTOXYbE  literally  means  the  second  oxyde,  but  is  usually  employed  to  denote 
a  compound  containing  two  atoms  or  two  prime  equivalents  of  oxygen  to  one  or  more  of 
a  metal.  Thus  we  say  deutoxyde  of  copper,  and  deutoxyde  of  mercury.  Berzelins  has 
abbreviated  this  expression  by  adopting  the  principles  of  the  French  nomenclature  of 
1787;  a:cording  to  which  the  higher  stase  of  oxydizement  is  characterized  by  the  termina- 
tion tc,  and  the  lower  by  oaj!,  and  he  writes  accordingly  cupric  and  mercuric,  to  designate 
the  detitoxydes  of  these  two  metals ;  cuprous  and  mercurous  to  designate  their  protoxydes. 
I  have  adopted  this  nomenclature  in  the  article  Decomposition,  and  in  some  other  parts 
of  this  Dictionary,  as  being  short  and  sufficiently  precise. 

DEXTRINE  is  a  matter  of  a  gummy  appearance  into  which  the  interior  substance 
of  the  molecules  of  starch  is  converted,  through  the  influence  of  diastase  or  acids.  It 
derives  its  name  from  the  circumstance  that  it  turns,  more  than  any  other  body,  the 
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plane  of  poHrintion  (o  the  ri;Tit  hand.  It  is  white,  insipid,  wilhont  sindl,  iransiwmt 
in  thin  plaleK,  ft'iablr,  wilb  a  glass]'  fracture  vhen  ^ell  dried.  It  is  nut  ■llered  by  the 
heat  of  boiling  wsler,  but  at  iStf  F.  it  becomes  brovn,  and  acqnireB  the  Savor  of  toasted 
bread.  It  is  not  colorrd  by  iodine,  Illie  slarch,  it  does  not  fonnmuric  ucid  vith  the  nitric, 
M  common  gnm  does,  and  it  is  transformed  into  grape  Bogar,  when  heated  along  with 
dilute  sulphuric  acid  or  diastase. 

Deitrine  is  much  employed  by  the  French  pa  sir  y- cooks  and  eonfeelioners  ;  it  is  a  pni 
substitute  for  gum  srabie  in  medicine.  For  the  cooversion  of  potato  or  other  slarcb  into 
dextrine  by  the  aclion  of  diaslBse,  see  this  article. 

DIAMOND.  Since  tliis  body  is  merely  a  condensed  form  of  carbon,  it  cannot  in  a 
chemical  classification  be  ranked  amon;  stones ;  but  as  it  forms  In  commerce  the  most 
precious  of  the  ^ems,  il  claims  our  first  attention  in  a  practical  treatise  on  the  arts. 
Diamonds  are  dislingiiishablc  by  a  great  many  peculiar  propeniei,  Tcry  remarkable  and 
easily  recognised,  both  in  their  rough  stale,  and  when  cut  and  polifhed.  Their  most 
absolute  and  constant  character  is  a  degree  of  haidnesi'  superior  to  that  of  ever;  minerml, 
whence  diamonds  scratch  all  other  bodies,  and  are  scratched  by  none.  Their  pernliar 
adamantine  lustre,  not  easy  to  define,  hat  readily  dislingnishahle  by  the  eye  from  that  of 
every  other  gem,  is  their  most  obvious  feature.  Their  specific  gravity  is  3-55.  Whether 
rough  or  polished,  diamonds  acquire  by  friction  positive  electricity,  but  do  not  retain  il 
for  more  than  half  an  hour.  The  natural  form  of  diamonds  is  derivable  from  an  octahe- 
dron, and  they  never  present  crystals  having  one  ajtis  longer  than  the  other.  Theirslmc- 
tnre  is  very  perceptibly  lemellar,  and  therefore,  notivithslanding  their  great  hardness, 
they  are  brittle  and  give  way  in  the  line  of  their  cleavage,  affording  a  direct  means  of 
arriving  at  iheir  primitive-  form,  the  regular  octahedron. 

The  diamond  possesses  ei(  her  single  or  double;  refraction,  according  to  ila  different  erys- 
lalline  Ibrms ;  its  refractive  povrer  on  light  is  far  greater  than  il  ougbl  to  be  in  the  ratio 
of  its  density  ;  the  index  of  refraction  being  S'44,  whence  Neivton  long  ago  supposed  it  If 
consist  of  inflammable  matter.  Its  various  forms  in  nature  present  a  circumstance  peculiar 
to  this  body ;  its  faces  are  rarely  terminated  by  planes,  like  most  other  native  crystals, 
but  they  are  often  rounded  off,  and  the  edges  between  them  are  curved.  When  these 
■ecandsry  faces  are  attentively  eiamined  with  a  lens,  we  remark  that  they  are  narked 
with  striie,  sometimes  very  fine  and  almost  impereeplible,  but  at  others  well  defined  ;  and 
that  these  striic  ore  parallel  to  the  edges  of  the  octahedron,  and  consequcnlly  to  those  of 
the  plates  thai  are  applied  on  the  primitive  faces  of  Ibis  figure. 

Diamonds  are  usually  colorless  and  transparent  ;  when  colored,  their  ordinary  tint 
verges  upon  yellow,  or  smoke-yellow,approRching  sometimes  lo  iilackish -brown.  Green 
diamonds  are  next  to  yellow  the  most  comihon ;  the  blue  possess  rarely  a  lively  hue,  bnl 
Ihey  are  much  esteemed  in  Scotland.  The  rose  or  pink  diamonds  are  the  most  valued  of 
the  colored  kind,  and  eiceed  sometimes  in  price  the  most  limpid ;  though  generally 
speaking  the  latter  are  the  most  highly  prized. 

The  geological  locality  of  the  diamond  seems  to  be  in  dilnvial  ginvel,  and  among  con- 
glomerate rocks;  consisting  principally  of  fragmeiits  of  quartz,  or  rolled  pebbles  of  qnani 
mixed  with  ferruginous  sand,  which  compose  sometimes  hard  aggregated  masses.  This 
kind  of  formation  is  calied  caicalho  in  Brazil.  Its  acciHnpanying  minerals  are  few  in 
number,  being  merely  black  oijde  of  iron,  micaceous  iron  ore,  pisiform  iron  ore,  fregmenlp 
of  slaty  jasper,  several  varieties  of  quartz,  principally  emelhysC.  In  Mr.  Meuland's 
splendid  collection  there  was  a  BrSEilian  diamond  imbedded  in  brawn  iron  ore;  another 
in  the  same,  beloniine  lo  M.  Schijch,  Ithiarian  lo  the  Crown  Princess  of  Portugal  j  am) 
in  the  cabinet  of  M.  Eschwege  there  is  a  mass  of  brown  iron  ore,  containing  a  diamimd 
in  ihedrusy  cavity  of  o  green  mineral,  conjectured  to  be  arseniate  of  iron.  From  Ihesr 
(acts  it  may  be  inferred  with  much  probability  thai  the  matrix  or  original  repository  of  Ihi 
diamond  of  Brazil  is  browtt  iron  ore,  which  occurs  in  beds  of  slaty  qnartzose  micaceoni 
iron  ore,  or  in  beds  composed  pf  iron-glance  and  magnetic  iron  ore,  both  of  which  art 
apparently  subordinate  in  that  country  to  primitive  clay  slale. 

The  lofise  earth  containing  diamonds  lies  always  a  litUe  way  beneath  the  surface  of 
the  soil,  towards  the  lower  outlet  of  broad  valleys,  rather  than  upon  the  ridges  of  the 
adjoining  hills. 

Only  two  plant  on  the  earth  can  be  addnced  with  certainly  as  diamond  mines,  oi 
rather  districts  ;  a  portion  of  ihe  Indian  peninsula,  and  of  Brazil. 

India  has  been  celebrated  from  the  most  remote  antiquity  as  the  country  of  dtamands. 
Its  principal  mines  are  in  the  kingdoms  of  Golconda  and  Viseponr,  exlentling  fmn 
Cape  Comorin  to  Bengal,  at  the  foot  of  a  chain  of  mountains  called  the  Onra,  which 
appear  to  belong  to  the  trap  rock  formstion.  In  alt  the  Indian  diamand  loiU,  these 
gems  are  so  dispersed,  thnt  they  are  rarely  found  directly,  even  in  searching  the  richest 
apots,  beeanse  they  are  enveloped  in  an  earthy  cmal,  which  must  be  rcmosed  before  they 
can  be  seen.  The  stony  matter  is  therefore  broken  into  pieces,  and  is  Ihen,  as  well  ai 
the  looser  earth,  washed  In  baiins  acooped  out  on  purpose.    The  gravel  thus  washed  M 
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coOeeted,  sinread  out  on  a  smooth  pieee  of  ground,  tind  left  to  dry.    The  diamonds  are 
DOW  recognised  by  their  sparkling  in  t^e  snn,  and  are  picked  out  from,  the  stones. 

The  diamond  mines  of  Brazil  were  discovered  in  1728,  in  the  district  of  Scrro-do- 
Frio.  The  ground  in  which  they  are  imbedded  has  the  most  perfect  resemblance  to  Ihat 
oT  the  East  Indies,  where  the  diamonds  occur.  It  is  a  solid  or  friable  conglomerate, 
coBsistiiig  chiefly  of  a  fertnginous  sand,  which  encloses  fragments  of  various  magnitude 
of  ydlow  and  bloish  quartz,  of  schistose  jasper,  and  grains  of  gold  disseminated  with 
ollgist  iron  ore ;  all  mineral  matters  different  from  those  that  constitute  the  neighboring 
iBoantains ;  this  conglomerate,  or  species  of  pudding-stone,  almost  always  superficial, 
occurs  sometimes  at  a  considerable  height  on  the  mountainous  table-land.  The  most 
celebrated  diamond  mine  is  that  of  Mandarga,  on  the  Jisritonhonha,  in  the  district  of 
Serro-do-Frio  to  the  north  of  Rio  Janeiro.  The  river  Jigitonlionha,  three  times  broader 
than  the  Seine  at  Paris,  and  from  3  to  9  fe^t  deep,  is  made  nearly  dry,  by  drawing  the 
waters  off  with  sluices  at  a  certain  season ;  and  the  ctucalko  or  diamond-gravel  is  removed 
from  the  channel  by  various  mechanical  means,  to  be  washed  elsewhere  at  leisure.  This 
cascalhoi,  the  same  as  the  matrix  of  the  gold  mines,  is  collected  in  the  dry  season,  to  be 
searched  into  during  the  rainy ;  for  which  purpose  it  is  formed  into  little  mounds  of  15 
or  16  tons  weight  each«  The  washing  is  carried  on  beneath  an  oblong  shed,  by  means 
of  a  streain  of  water  admitted  in  determinate  quantities  into  boxes  containing  the  cas- 
calho.  A  negro  washer  is  attached  to  each  box;  inspectors  are  placed  at  regular  dis- 
laaces  oa  elevated  stools,  and  whenever  a'  negro  has  found  a  diamond,  he  rises  up  and 
exhibits  it.  If  it  weighs  17(  carats^  he  receives  his  liberty.  Many  precautions  are 
taken  to  prevent  the  negroes  from  secreting  the  diamonds.  Each  squad  of  workmen 
consists  of  200  negroes,  with  a  surgeon  and  an  almoner  or  priest. 

The  flat  lands  on  either  side  of  the  river  are  equally  rich  in  diamonds  over  their  whole 
surface,  so  that  it  becomes  very  easy  to  estimate  what  a  piece  of  ground  not  yet  washed 
nay  prodace. 

It  is  said  that  the  diamonds  surrounded  with  a  greenish  crust  are  of  the  first  water, 
or  are  the  most  limpid  when  cut.  The  diamonds  received  in  the  different  mines  of  the 
district  are  deposited  once  a  month  in  the  treasury  of  Tejnco ;  and  the  amount  of  what 
was  thus  delivered  from  1801  to  1806,  may  be  estimated  at  about  18  or  19  thousand  ca- 
rats per  amwrn. 

Ob  the  banks  of  the  torrent  called  Rio  Pardo,  there  is  another  mine  of  diamonds. 
The  ground  presents  a  great  many  friable  rocks  of  pudding-stone,  distributed  in  irregu- 
lar strata.  It  is  chiefly  in  the  bed  of  this  stream  that  masses  of  cascalho  occur,  pecu- 
liariy  rich  in  diamonds.  They  are  much  esteemed,  particularly  those  of  a  greenish-blue 
color.  The  ores  that  accompany  the  diamond  at  Rio  Pardo  differ  somewhat  from  those 
of  the  washing  grounds  of  Mandanga,  for  they  contain  no  pisiform  iron  ore ;  but  a  great 
many  pebbles  of  slaty  jasper.  This  table  land  seems  to  be  very  high,  probably  not  less 
thaa  5500  feet  above  the  level  of  the  sea. 

Tocaya,  a  principal  village  of  Minas  Novas,  is  34  leagues  to  the  northeast  of  Tejnco, 
in  an  acute  angle  of  the  confluence  of  the  Jigitonhonha  and  the  Rio  Grande.  In  the 
bed  of  the  streamlets  which  fall  westward  into  the  Jigitonhonha,  thosff  rolled  wMte 
topazes  are  found  which  are  known  under  the  name  of  minas  novas  with  blue  topazes,  and 
aquamarine  beryls.  In  the  same  country  are  found  the  beautiful  cymophanes  or  cryso- 
beryls  so  much  prized  in  Brazil.  And  it  is  from  the  <iantons  of  Indaia  and  Abaite  that 
the  largest  diamonds  of  Brazil  come ;  yet  they  have  not  so  pure  a  water  as  those  of  the 
district  of  Serro-do-Frio,  but  incline  a  little  to  the  lemon  yellow. 

Diamonds  are  said  to  come  also  from  the  interior  of  the  island  of  Borneo,  on  the  banks 
of  the  river  Snccadan,  and  from  the  peninsula  of  Malacca. 

It  is  known  that  many  minerals  become  phosphorescent  by  heat,  or  exposure  to  the 
sun's  light.  Diamonds  possess  this  property,  but  all  not  in  equal  degree,  and  certain 
precautions  must  be  observed  to  make  it  manifest.  Diamonds  need  to  be  exposed  to  the 
sonbeam  for  a  certain  time,  in  order  to  become  self-ldininous;  or  to  the  blue  rays  of  the 
prismatic  spectrum,  which  augment  still  more  the  faculty  of  shining  in  the  dark.  Dia- 
nonds  susceptible  of  phosphorescence  exhibit  it  either  after  a  heat  not  raised  to  redness, 
or  the  electric  discharge.  They  possess  not  only  a  great  refractive  power  in  the  mean 
ray  of  light,  but  a  high  dispersive  agency,  which  enables  them  to  throw  out  the  most 
varied  and  vivid  colors  in  multiplied  directions. 

Louis  de  Berquem  discovert,  in  1476,  the  art  of  cutting  diamonds  by  rubbing  them 
against  one  another,  and  of  polishing  them  with  their  own  powder.  These  operations 
may  be  abridged  by  two  methods:  1.  By  availing  ourselves  of  the  direction  of  the  lami- 
MB  of  the  diamond  to  split  them  in  that  direction,  and  thus  to  produce  several  facets. 
This  proeesa  is  called  cleaving  the  diamond.  Some,  which  appear  to  be  mack  crystals, 
resist  this  mechanteal  division,  and  are  called  diamonds  of  natnrt,  2.  By  sawing  the 
diamonds  by  means  of  a  very  delicate  wire,  coated  with  diamond  powder, 
Dimmande  take  precedence  of  every  gem  for  the  purposes  of  dress  and  decoration;  and 
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hence  the  price  attached  to  those  of  a  pure  water  increases  in  so  rapid  a  proportion,  that 
beyond  a  certain  term  there  is  no  rule  of  commercial  %'aluation.  The  largest  diamond 
that  is  known  seems  to  be  that  of  the  Kajah  of  Mattan,  in  the  East  Indies.  It  is  of  the 
purest  water,  and  weighs  367  carats,  or  at  the  rate  of  4  grains  to  a  carat,  upwards  of  3 
ounces  troy.  It  is  shaped  like  an  egg,  with  an  indented  hollow  near  the  smaller  .end ; 
it  was  discovered  at  Landak  about  100  years  ago;  and  though  the  possession  of  it  has 
cost  several  wars,  it  has  remained  in  the  Mattan  family  for  90  years.  A  governor  of 
Batavia,  after  ascertaining  the  qualities  of  the  gem,  wished  to  be  the  purchaser,  and 
offered  150,000  dollars  for  it,  besides  two  war  birigs  with  their  guns  and  ammunition, 
together  with  a  certain  number  of  great  guns,  and  a  quantity  of  powder  and  shot.  But 
this  diamond  possessed  such  celebrity  in  India,  and  was  regarded  as  a  talisman  involving 
the  fortunes  of  the  Rajah  and  his  family,  that  he  reAised  to  part  with  it  at  any  price. 

The  diamond  possessed,  in  the  time  of  the  traveller  Tavernier,  by  the  emperor  of 
Mogul,  a  kingdom  now  no  more,  weighed  279  carats,  and  was  reckoned  worth  upwards 
of  400,000/.  sterling.  It  was  said  to  have  lost  the  half  of  its  original  weight  in 
the  cutting.  After  these  prodigious  gems,  the  next  are: — 1.  That  of  the  emperor  of 
Russia,  bought  by  the  late  empress  Catharine,  which  weighs  193  carats.  It  is  said  to 
be  of  the  size  of  a  pigeon's  egg,  and  to  have  been  bought  for  90,000/.,  besides 
an  annuity  to  the  Greek  merchant  of  4000/.  It  is  reported  that  the  above  diamond 
formed  one  of  the  eyes  of  the  famous  statue  of  Sheringan,  in  the  temple  of  Brama,  and 
that  a  French  grenadier,  who  had  deserted  into  the  Malabar  service,  found  the  means  of 
robbing  the  pagoda  of  this  precious  gem ;  and  escaped  with  it  to  Madras,  where  he 
dispos^  of  it  to  a  ship  captain  for  2,000/.,  who  resold  it  to  a  Jew  for  12,000/.  From 
him  it  was  transferred  for  a  large  sum  to  the  Greek  merchant.  2.  That  of  the  emperor 
of  Austria,  which  weighs  139  carats,  and  has  a  slightly  yellowish  hue.  It  has,  however, 
been  valued  at  100,000/.  3.  That  of  the  king  of  France,  called  the  Regent  or  Pitt 
diamond,  remarkable  for  its  form  and  its  perfect  limpidity.  Although  it  weighs  only  136 
carats,  its  fine  qualities  have  caused  it  to  be  valued  at  160,000/.,  though  it  cost  only 
100,000/. 

The  largest  diamond  furnished  by  B/azil,  now  in  possession  of  the  crown  of  Portugal, 
weighs,  according  to  the  highest  estimates,  120  carats.  It  was  found  in  the  streamlet 
of  Abaite,  in  a  clay-slate  district. 

The  diamonds  possessed  of  no  extraordinary  magnitude,  but  of  a  good  form  and  a 
pure  water,  may  be  valued  by  a  certain  standard  rule.  In  a  brilliant,  or  rose-diamond 
of  regular  proportions,  so  much  is  cut  away  that  the  weight  of  the  polished  gem  does 
not  exceed  one  half  the  weight  of  the  diamond  in  the  rough  state ;  whence  the  value  of 
a  cut  diamond  is  esteemed  equal  to  that  of  a  similar  rough  diamond  of  double  weight, 
exclusive  of  the  cost  of  workmanship.  The  weight  and  value  of  diamonds  are  reckoned 
by  carats  of  4  grains  each;  and  the  comparative  value  of  two  diamonds  of  equal  quality 
but  different  weights,  is  as  the  squares  of  these  weights  respectively.  The  average  price 
of  rough  diamonds  that  are  worth  working  is  about  2/.  for  one  of  a  single  carat ;  but  as 
a  polished  diamond  of  one  carat  must  have  taken  one  of  2  carats,  its  price  in  the  rough 
state  is  double  the  square  of  2/.,  or  8/.  Therefore,  to  estimate  the  value  of  a  wrought 
diamond,  ascertain  its  weight  in  carats,  double  that  weight,  and  multiply  the  square  of 
this  product  by  2/. 
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—  3200,  beyond  which  weight  the  prieet 

can  no  longer  rise  in  this  geometrical  progression,  from  the  small  number  of  purchasers 
of  such  expensive  toys.  A  very  trifling  spot  or  flaw  of  any  kind  lowers  exceedingly  the 
commercial  value  of  a  diamond. 

Diamonds  are  used  not  only  as  decorative  gems,  but  for  more  useful  purposes,  as  for 
cutting  glass  by  the  glazier,  and  all  kinds  of  hard  stones  by  the  lapidary. 

On  the  structure  of  the  glaziei;*s  diamond,  we  possess  some  very  interesting  observa- 
tions and  reflections  by  Dr.  WoIIaston.  He  remarks,  that  the  hardest  substances 
brought  to  a  sharp  point  scratch  glass,  indeed,  but  do  not  cut  it,  and  that  diamond  alone 
possessed  that  property ^  which  he  ascribes  to  the  peculiarity  of  its  crystallisation  in 
rounded  faces,  and  curvilinear  edges.  For  glass-cutting,  those  rough  diamonds  are 
always  selected  which  are  sharply  crystallized,  hence  called  diamond  sparks ;  but  eat 
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diamonds  are  never  osed.  The  inclination  to  be  given  to  a  set  diamond  in  cutting  glass 
B  comprised  within  very  narrow  limits ;  and  it  ought,  moreover,  to  be  moved  in  the 
direction  of  one  of  its  angles.  The  curvilinear  edge  adjoining  the  carved  faces,  entering 
as  a  wedge  into  the  farrow  opened  up  by  itself,  thus  tends  to  separate  the  parts  of  the 
glass ;  and  in  order  that  the  crack  which  causes  the  separation  of  the  vitreous  particles 
may  take  place,  the  diamond  must  be  held  almost  perpendicular  to  the  surface  of  the 
^ass.  The  Doctor  proved  this  theory  by  an  experiment.  If,  by  suitable  cutting  with  the 
wheel,  we  make  the  edges  of  a  spinel  ruby,  or  corundum- telesie  (sapphire)  cnrvilineary 
and  the  adjacent  faces  curved,  these  stones  will  cut  glass  as  well  as  a  glazier's  diamond,  but 
being  less  hard  than  it,  they  will  not  preserve  this  property  so  long.  He  found  that  upon 
giving  the  surface  of  even  a  fragment  of  flint  the  same  shape  as  that  of  the  cutting 
diamond,  it  acquired  the  same  property ;  but,  from  its  relative  softness,  was  of  little  dura- 
tioa.  The  depth  to  which  the  fissure  caused  by  the  glazier's  diamond  penetrates,  does 
not  seem  to  exceed  the  two-hundredth  of  an  inch. 

I  shall  here  introduce  Mr.  Milburn'is  valuable  observations  on  the  choice  of  rough 
diamonds,  as  published  in  his  work  on  Oriental  Commerce, 

The  color  should  be  perfectly  crystalline,  resembling  a  drop  of  clear  spring  water,  in  the 
middle  of  which  you  will  perceive  a  strong  light,  playing  with  a  great  deal  of  spirit.  If 
the  coat  be  smooth  and  bright,  with  a  little  tincture  of  green  in  it,  it  is  not  the  worse, 
and  seldom  proves  bad,  but  if  there  is  a  mixture  of  yellow  with  green,  then  beware  of  it; 
it  is  a  soft  greasy  stone,  and  will  prove  bad. 

If  the  stone  has  a  rous^h  coat,  so  that  you  can  hardly  see  through  it,  and  the  coat  be 
white  and  look  as  if  it  were  rough  by  art,  and  clear  of  flaws  or  veins,  and  no  blemish  cast 
in  the  body  of  the  stone  (which  may  be  discovered  by  holding  it  against  the  light),  the 
stone  wfll  prove  good. 

It  ollen  happens  that  a  stone  will  appear  of  a  reddish  hue  on  the  outward  coat,  not 
onlike  the  color  of  rusty  iron,  yet  by  looking  through  it  against  the  light,  you  may  observe 
the  heart  of  the  stone  to  be  white  (and  if  there  be  any  black  spots,  or  flaws,  or  veins  in 
it,  they  may  be  discovered  by  a  true  eye,  although  the  coat  of  the  stone  be  the  same),  and 
snch  stones  are  generally  good  and  clear. 

If  a  diamond  appears  of  a  greenish  bright  coat,  resembling  a  piece  of  green  glass, 
inclining  to  black,  it  generally  proves  hard,  and  seldom  bad ;  such  stones  have  been 
known  to  have  been  of  the  flrst  water,  and  seldom  worse  than  the  second ;  but  if  any 
tincture  of  yellow  seems  to  be  mixed  with  it,  you  may  depend  on  its  being  a  very  bad 
stone. 

All  stones  of  a  milky  cast,  whether  the  coat  be  bright  or  dull,  if  ever  so  little  inclining 
to  a  bluish  cast,  are  naturally  sofl,  and  in  danger  of  being  flawed  in  the  cutting ;  and 
tbongh  they  should  have  the  good  fortune  to  escape,  yet  they  will  prove  dead  and  milky, 
and  turn  to  no  account. 

All  diamonds  of  cinnamon  color  are  dubious ;  but  if  of  a  bright  coat  mixed  with 
a  tittle  green,  then  they  are  certainly  bad,  and  are  accounted  among  the  worst  of  colors. 
Yon  will  meet  with  a  great  many  diamonds  of  a  rough  cinnamon-colored  coat,  opaque ; 
this  sort  is  generally  very  hard,  and,  when  cut,  contain  a  great  deal  of  life  and  spirit ; 
bot  the  color  is  very  uncertain ;  it  is  sometimes  white,  sometimes  brown,  and  sometimes 
of  a  fine  yellow.  Rough  diamonds  are  frequently  beamy,  that  is,  look  fair  to  the  eye, 
yet  are  so  full  of  veins  to  the  centre,  that  no  art  or  labor  can  polish  them.  A  good 
diamond  should  never  contain  small  spots  of  a  white  or  gray  color  of  a  nebulous  form ; 
it  should  be  free  from  small  reddish  and  brownish  grains,  that  sometimes  occur  on  their 
sarface,  or  in  their  interior.  A  good  diamond  should  split  readily  in  the  direction  of  the 
cleavage ;  it  sometimes  happens,  however,  that  the  folia  are  curvei,  as  is  the  case  in  twin 
crystals.  When  this  happens,  the  stone  does  not  readily  cut  and  polish,  and  is  therefore 
of  inferior  value. 

In  the  cut  and  polished  gem,  the  thickness  must  always  bear  a  certain  proportion  to 
the  breadth.  It  must  not  be  too  thin  nor  thick ;  for,  when  too  thin,  it  loses  much  of  its 
fire,  and  appears  not  unlike  glass. 

The  term  carat  is  said  to  be  derived  from  the  name  of  a  bean,  the  produce  of  a  species 
dftryihinay  a  native  of  the  district  of  Shangallas,  in  Africa;  a  famous  mart  of  gold-dust. 
The  tree  is  called  fciMira,  a  word  signifying  sun  in  the  language  of  the  country ;  because 
it  bears  flowers  and  fmit  of  a  flame  color.  As  the  dry  seeds  of  this  pod  are  always  of 
nearly  uniform  weight,  the  savages  have  used  them  from  time  immemorial  to  weigh  gold. 
The  beans  were  transported  into  India,  at  an  ancient  period,  and  have  been  long  employ- 
ed there  for  weighing  diamonds.  The  carat  of  the  civilized  world  is,  in  fact,  an  imagi- 
aary  weight,  consisting  of  4  nominal  grains,  a  little  lighter  than  4  grains  troy  {poitU  de 
marc)  ;  it  requires  74  carat  grains  and  JL  to  eqnipose  72  of  the  other. 

In  valuing  a  cut  diamond,  we  must  reckon  that  one  half  of  its  weight  has  been  lost  in 
the  lapidary's  hands;  whence  its  weight  in  this  state  should  be  doubled  before  we 
calculate  its  price  by  the  general  rule  for  estimating  diamonds.    The  French  multiply 
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by  48  the  square  of  this  weight,  and  they  call  the  prodoct  in  francs  the  value  of  the 
diamond.  Thus,  for  example,  a  cut  diamond  of  10  carats  would  be  worth  (10  X  2)^ 
X  48=19,200  francs,  or  7682.,  allowing  only  25  francs  to  the  pound  sterling. 

The  diamond  mines  of  Brazil  have  brought .  to  its  government,  from  the  year  1730 
till  1814,  3,023,000  carate;.  being  at  the  average  rate  annually  of  36,000  carats,  or  t 
little  more  than  16  lb&  weight.  They  have  not  been  so  productive  in  the  later 
years  of  that  period;  for,  according  to  Mr.  Mawe,  between  1801  and  1806,  on)> 
115,675  carats  were  obtained,  being  19,279  a  year.  The  actual  expenses  incurred  by 
the  eovernment,  during  this  interval,  was  4,419,700  francs;  and,  deductinsr  the  pro- 
duction in  gold  from  the  washings  of  the  diamon^  gravel,  or  cascalhOf  it  is  found  that 
the  rough  diamonds  cost  in  exploration,  per  carat,  38  francs  20  c,  or  nearly  3l«. 
British  nloney.  The  contraband  is  supposed  to  amount  to  one  third  of  the  above 
legitimate  trade.  Brazil  is  almost  the  only  country  where  dianK>nds  are  mined  at  the 
present  day ;  it  sends  annually  to  Europe  from  25  to  30  thousand  carats,  or  from  10  to 
16i  lbs. 

DIAMONDS,  cutting  of.  Although  the  diamond  is  the  hardest  of  all  known  sub- 
stances, yet  it  may  be  split  by  a  steel  tool,  provided  a  blow  be  applied ;  but  this  requires 
a  perfect  knowledge  of  the  structure,  because  it  will  only  yield  to  such  means  in  certain 
directions.  This  circumstance,  prevents  the  workman  from  forming  facettes  or  planes 
generally,  by  the  process  of  splitting;  he  is  therefore  obliged  to  resort  to  the  process 
of  abrasion,  which  is  technically  called  cutting..  The  process  of  cutting  is  effected  by 
fixing  the  diamond  to  be  cut  on  the  end  of  a  stick,  or  handle,  in  a  small  ball  of 
cement,  that  part  which  is  to  be  reduced  being  leA  to  project.  Another  diamond  is 
also  fixed  in  a  similar  manner ;  and  the  two  stones  being  rubbed  against  each  other 
with  considerable  force,  they  are  mutually  abraded,  flat  surfaces,  or  facettes,  being 
thereby  produced.  Other  facettes  are  formed  by  shifting  the  diamonds  into  fresh 
positions  in  the  cement,  and  when  a  sufficient  number  are  produced,  they  are  fit  for 
polishing.  The  stones,  when  cut,  are  fixed  for  this  purpose,  by  imbedding  them  in  soft 
solder,  contained  in  a  small  copper  cup,  the  part,  or  facette,  to  be  polished,  being  leA  to 
protrude. 

A  flat  circular  plate  of  cast-iron  is  then  charged  with  the  powder  produced  during 
the  abrasion  of  the  diamonds ;  and  by  this  means  a  tool  is  formed  which  is  capable  of 
producing  the  exquisite  lusti-e  so  much  admired  on  a  finely-polished  gem.  Those 
diamonds  that  are  unfit  for  working,  on  account  of  the  imperfection  of  their  lustre  or 
color,  are  sold,  for  various  purposes,  under  the  technical  name  of  Bort.  Stones  of  this 
kind  are  frequently  broken  in  a  steel  mortar,  by  repeated  blows,  until  they  are  reduced 
to  a  fine  powder,  which  is  used  to  charge  metal  plates,  of  various  kinds,  for  the  use  of 
jewellers,  lapidaries,  and  others.  Bort,  in  this  state  of  preparation,  is  incapable  of 
polishing  any  gems ;  bnt  it  is  used  to  produce  flat  surfaces  on  rubies  and  other  precious 
stones. 

Fine  drills  are  made  of  small  splinters  of  bort,  which  are  used  for  drilling  small  holes 
in  rubies,  and  other  hard  stones,  for  the  use  of  watch-jewellers,  gold  and  silver  wir&- 
drawers,  and  others,  who  require  very  fine  holes  drilled  in  such  substances.  These  drills 
are  also  used  to  pierce  holes  in  china,  where  rivets  are  to  be  inserted ;  also  ibr  piercing 
holes  in  artificial  enamel  teeth,  or  any  vitreous  substances,  however  hard. 

DIAMOND  MICROSCOPES  were  first  suggested  by  Dr.  Goring,  and  have  been 
well  executed  by  Mr.  Pritchard.  Previous  to  grinding  a  diamond  into  a  spherical 
figure,  it  should  be  ground  flat  and  parallel  upon  both  sides,  that  by  looking  through  it, 
as  opticians  try  flint  glass,  we  may  see  whether  it  has  a  double  or  triple  refractive 
power,  as  many  have,  which  would  render  it  useless  as  a  lens.  Among  the  14  different 
crystalline  forms  of  the  diamond,  probably  the  octahedron  and  the  cube  are  the  only  ones 
that  wiU  give  single  vision.  It  wOl,  in  many  cases,  be  advisable  to  grind  diamond 
lenses,  plano-convex,  both  because  this  figure  gives  a  low  spherical  aberration,  and 
because  it  saves  the  trouble  of  grinding  one  side  of  the  gem.  A  concave  tool  of  cast 
iron,  paved  with  diamond  powder,  hammered  into  it  by  a  hardened  steel  punch,  was 
employed  by  Mr.  Pritchard.  This  ingenious  artist  succeeded  in  completing  a  double 
convex  of  equal  radii,  of  about  JL  of  an  inch  focus,  bearing  an  aperture  of  JL  of  aa 

inch  with  distinctness  upon  opaque  objects,  and  its  entire  diameter  upon  transparent  ones* 
This  lens  gives  vision  with  a  trifling  chromatic  aberration;  in  other  respects,  like  Dr. 
Gortng*s  Amician  reflector,  but  without  its  darkness,  its  light  is  said  to  be  superior  to 
that  of  any  compound  microscope  whatever,  acting  with  the.  same  power,  and  tiie  same 
angle  of  aperture.  The  advantage  of  seeing  an  object  without  aberraiiim  by  the  iater- 
position  of  only  a  single  magni^er,  instead  of  looking  at  a  picture  of  it  with  an  eye- 
glass, is  evident  We  thus  have  a  simple  direct  view,  whereby  we  shall  see  more 
accurately  and  minutely  the  real  texture  of  objects. 

DIAPER  is  the  name  of  a  kind  of  cloth,  used  chiefly  for  table  linen.    It  is  known 
among  the  French  by  the  name  of  toiU/ourri,  and  is  ornamented  with  the  most  extensive 
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iigBies  of  any  kind  of  tweeled  cloth,  exeepUog  dipnask.  The  mounting  of  a  loom  for 
working  diaper  is,  in  principle,  much  the  same  as  a^  draw>loom,  but  the  figures  being 
less  eztensiTe,  tlie  mounting  is  more  simple,  and  is  wrought  entirely  by  the  weaver, 
withoat  the  aid  of  any  other  person.  As  tweeled  cloths,  of  any  number  of  leaves,  are 
only  interwoven  at  those  intervals  when  one  of  the  leaves  is  raised,  the  woof  above,  and 
the  wacp  below,  is  kept  floating  or  flushed,  until  the  intersection  takes  place.  Of  con- 
seqaenee.  the  floating  yarn  above  appears  across  the  fabric,  and  that  below  longitudi- 
nally. This  property  of  tweeled  cloths  is  applied  to  form  the  omamenlal  figures  of  all 
lands  of  tweeled  goods,  merely  by  Reversing  the  floating  yarn  when  necessary.  In  the 
simpler  patterns,  this  is  efiected  by  a  few  additional  leaves  of  treddles ;  but  when  the 
range  of  pattern  becomes  too  great  to  render  this  convenient,  an  apparatus  called  a  back 
karmBu  is  employed,  and  the  cloth  woven  with  this  mounting  is  called  diaper.  Diapers 
are  geoeraily  five-leaf  tweels;  that  is  to  say,  every  warp  floats  under  four  threads  of 
woof,  and  is  raised,  and  of  course  interwoven  with  the  fi/lh.  This  is  done  either  suc- 
eeanTely,  ibrming  diagonals  at  45*^  upon  the  cloth,  or  by  intervals  of  two  threads,  which 
is  called  the  broken  tweel.  Tiic  latter  is  generally,  if  not  universally,  adopted  in  the 
manufactnre  of  diaper.  The  reason  of  preferring  the  broken  to  the  regular  tweel, 
where  ornaments  are  to  be  formed,  is  very  obvious.  The  whole  depending  upon  reversed 
flushing  to  give  the  appearance  of  oblique  or  diagonal  lines,  through  either,  would 
destroy  maeh  of  the  effect,  and  materially  injure  the  beauty  of  the  fabric.  THe  broken 
tweel,  on  the  contrary,  restores  to  the  tweeled  cloth  a  ereat  similarity  of  appearance  to 
plain,  or  alternately  interwoven  fabrics,  and  at  the  same  time  preserves  the  facility  of 
producing  ornaments  by  reversing  the  flushing.  The  simplest  kinds  of  reversed  tweels 
win  be  found  described  under  Tsxtiu  Fabrics. 

DIASTASE.  This  curious  substance,  extracted  by  water  from  crushed  malt,  and  pre- 
cipitated from  that  infusion  by  alcohol,  as  is  described  under  Fermentation,  has  been 
made  the  subject  of  new  researches  by  M.  Gueria  Varry.  The  conclusions  deducible 
from  his  interesting  experiments  are  the  following : — 

1.  One  part  of  diastase,  dissolved  in  30  parts  of  cold  water,  put  with  408  parts  of  po- 
tato starch  out  of  contact  of  air,  did  not  exercise  the  slightest  action  upon  this  substance 
ia  the  coarse  of  63  days,  under  a  temperature  varyJng  from  68°  to  79°  Fahr. 

2.  Two  parts  of  diastase  do  not  in  the  course  of  an  hour  cause  the  globules  of  three 
part9  of  starch  to  burst,  at  a  temperature  approaching  very  nearly  to  that  of  the  hot  water 
which  hursts  them  into  a  paste.  It  follows  that  diastase  acts  no  part  in  the  process  of 
germination,  towards  eliminating  the  teguments  of  the  starch,  or  transforming  its  inte- 
rior poition  into  sugar,  and  a  gummy  matter  assimilated  by  plants. 

3.  Diastase  liquefies  and  saccharifies  the  paste  of  starch  without  absorption  or  disen- 
gagement of  gas;  a  reaction  which  takes  place  equally  in  vacuo  as  in  the  open  air. 

4.  100  parts  of  starch  made  into  a  paste  with  39  times  their  weight  of  water,  mixed 
with  6-13  parts  of  diastase  dissolved  in  40  parts  of  water,  and  kept  fur  an  hour  between 
149*  and  149°  Fahr.,  afibrded  86-91  parU  of  sugar. 

5.  A  paste  containing  lOO  parts  of  starch,  and  1393  parts  of  water,  put  in  contact  with 
12*25  parts  of  diastase  dissolved  in  367  parts  of  cold  water,  having  been  maintained  at 
BtP  Fahr.  during  24  hours,  produced  77*64  parts  of  sugar. 

6.  The  preceding  experiment,  repeated  at  the  temperature  of  melting  ice,  aflforded  at 
the  end  of  2  hours,  11*82  parts  of  sugar. 

7.  The  most  favorable  proportions  and  circumstances  for  the  prodnction  of  a  great 
quantity  of  sugar,  are  a  slight  excess  of  diastase  or  barley  malt  (at  least  25  per 
oent.  if  the  latter),  about  50  parts  of  water  to  one  of  starch,  and  a  tempera^ 
tore  between  140°  and  149°  Fahr.  It  is  of  the  greatest  consequence  for  the  saccharifi- 
cation  to  take  place  as  speedily  as  possible,  so  that  the  sugar  produced  may  not  be  left  in 
eootact  with  much  gummy  matter  (ctex^nne),  in  which  case  the  diastase  will  not  convert 
the  latter  into  sugar.  In  fact,  Uie  liqueikction  and  saccharification  should  proceed 
simnltaneoasly. 

8.  The  sugar  of  starch,  prepared  either  with  diastase  or  sulphuric  acid,  crystallizes  in 
canliflowers,  or  in  prisms  with  rhomboidal  facets.  It  has  the  same  composition  as  sugar 
of  grapes. 

9.  Diastase  even  in  excess  does  not  saccharify  the  gummy  matter  dissolved  in  the 
water  along  with  the  starch  sugar,  but  when  the  gum  is  insulated,  it  is  convertible  almost 
entirely  into  sugar. 

10.  Gum  arable,  cane  sugar,  and  beer  yeast,  suflTer  no  change  from  diastase. 

11.  A  watery  solution  of  diastase  readily  decomposes  on  keeping,  either  in  contact  or 
oat  of  contact  of  air. 

12.  When  starch-sugar,  whether  obtained  by  means  of  diastase  or  sulphuric  acid* 
is  sabmitted  to  the  spirituous  fermentation,  the  sum  of  the  weights  of  the  alcohol,  car- 
MNue  add,  and  water  of  crystallization  of  the  sugar,  is  less  than  the  weight  of  the 
sugar  by  about  3|  per  cent.    This  diflerence  proceeds  in  a  great  measure  from  the  form* 


400  DUnTY. 

•tion  of  some  SMtie  and,  Inetic  idd,  volalile  oil,  Bud  probablT'  aome  other  unbaown  prv> 
cluclB  in  Ihe  act  of  fennenlalioTi. 

DIMITY  is  B  kind  of  cotton  cloth  originalljr  imported  TrDBi  India,  and  now  niannfat 
tored  in  great  quantities  in  vajioo!  parts  of  Britain,  e«pecially  in  Lancashire.  Dr. 
Johnson  calls  it  dimmity,  and  describea  it  as  a  kind  of  fuEtian.  The  distinction  between 
fustian  and  dimity  seems  to  he,  that  the  former  desisRaces  a  common  tweelcd  cotton  cloth 
of  a  stout  fahric,  which  receives  no  ornament  in  the  loom,  bnl  is  most  Treqaentlj'  djed 
ader  being  woven.  Dimity  is  also  a  ttout  cotton  clolji,  bnt  not  usually  of  so  thick  a  lei- 
tnre;  and  i«  omDmenlcd  in  the  loom,  either  nith  raised  stripes  or  fancy  figures  ;  is  sel- 
dom dyed,  bnt  usaally  worn  white,  as  for  hed  and  bed-room  furnilare.  The  striped 
dimities  are  Ihe  most  common ;  they  reqoire  less  labor  in  wearing  than  the  others ;  and 
the  moanting  of  Ihe  loom  being  more  aimpip,  and  consequemly  less  expensive,  they  can 
be  sold  at  much  lower  rales.  See  Textile  Fabbici,  for  particular  details  of  the  plan  of 
mounting  them. 

DIES  FOR  STAMPING.  (Cotai,  Fr.  j  Bfi;ii;i'nm;w;n,  Germ.)  The  firtt  eirenm- 
stance  thai  claims  particular  attention  in  the  manufacture  of  dies,  is  (he  selection  of  the 
best  kind  of  steel  for  the  purpose,  and  this  must  in  some  measure  be  left  to  the  expe- 
rience of  the  die-former,  who,  if  welt  skilled  in  bis  art,  will  be  able  to  form  a  tolerably 
correct  judgment  of  the  Giness  of  the  metal  for  Ihe  purpose,  by  the  manner  in  whieh  it 
works  upon  the  anvil.  It  should  be  ralhcr  fine-grained  than  otherwise,  and  above  all 
things  perfectly  even  and  uniform  in  its  texture,  and  free  from  spots  and  patches  finer  or 
coarser  Ihan  the  general  mass.  But  the  very  fine  and  nnifonn  sleel  with  ■  silky  frac- 
tare,  which  is  so  much  esteemed  for  some  of  the  purposes  of  cutlery,  ii  unfit  for  onr 
present  purpose,  from  the  extreme  facility  with  which  it  acquires  greal'  hardness  by  pren- 
Bure,  and  its  liibiliiy  to  cracks  and  Saws.  The  very  coarse-grained  or  highly  crysl^ine 
Eleel  is  also  equally  objectionable;  it  acquires  Assures  under  the  die-press,  and  seUmn 
admits  of  being  equally  and  properly  hardened.  The  object,  therefore,  ts  to  select  a  steel 
of  a  medium  quality  as  to  fineness  of  texture,  not  easily  acted  upon  by  dilute  sulphuric 
•cid,  and  exhibiting  a  uniform  Icxtnre  whcti  its  surface  is  washed  over  with  a  little 
aquafortis,  by  which  its  freedom  from  pini  of  iron,  and  Other  irregularities  of  compow- 
tion,  is  sufficiently  indicated. 

The  best  hind  of  steel  being  thus  selected,  and  properly  forged  at  a  high  heat  into 
the  rouih  die,  it  is  sof\ened  by  very  careful  annealing,  and  in  that  stale,  having  been 
smoothed  externally,  and  bronght  to  a  table  In  the  turning  lathe,  it  is  delivered  to  Ihe 

The  process  of  annealing  the  die  consists  in  heating  it  te  «  bright  cherir  red,  and  suf- 
fering il  to  cool  gradually,  which  is  best  effected  by  bedding  il  in  a  crucible  or  iron  pot 
of  coarsely -powdered  charcoal,  that  of  animal  substances  bemg  generally  preferred.  In 
this  operation  it  is  sometimes  supposed  that  the  die,  or  at  least  its  superficial  parts,  be- 
comes super-carbonized,  or  highly- eon  verted  steel,  as  it  is  sometimes  called  ;  bul  expe- 
rience does  not  justify  such  an  opinion,  and  I  believe  Ihe  composition  of  the  die  is 
scarcely,  certainly  not  materially,  aflecled  by  Ihe  process,  for  it  does  not  remain  long 
enough  in  the  £re  for  the  purpose. 

The  engraver  usually  commences  his  labors  by  working  out  the  device  with  small 
fteel  tools,  in  intaglio  ;  he  rarely  b^ins  in  relief  (though  this  is  sometimes  done}  ;  and 
having  ultimately  completed  his  design,  and  satisfied  himself  of  its  general  effect  and 
correctness,  by  impressions  in  day,  and  dabs,  or  casts  in  type  metal,  the  die  ts  ready  for 
Ihe  important  operation  of  hardening,  which,  from  various  causes,  a  few  of  which  I 
ahall  enumerate,  is  a  process  of  mnch  risk  and  difficulty  ;  for  should  any  accident  noar 
oecnr,  the  labor  of  many  months  may  be  seriously  injured,  or  even  rendered  quite 

The  process  of  haidening  soft  steel  is  in  itself  very  simple,  though  n«  very  easily 
explained  upon  mechanical  or  chemical  principles.  We  know  by  experience  that  it 
is  a  ptopeny  of  this  highly  valuable  substance  to  become  excessively  hard,  if  heated 
and  suddenly  cooled ;  if,  therefore,  we  heat  a  bar  of  sof^  malleable  and  dnciile  steel  red 
hot,  and  then  suddenly  quench  it  in  a  large  qnanlity  of  cold  water,  it  not  only  become* 
ban],  bul  fragile  and  brittle.  Bul  as  a  die  is  a  mass  of  steel  of  considemble  dimen- 
sions, this  hardening  is  an  operation  Hllended  by  many  and  pecnliar  difficnilies.  more 
especially  as  we  have  at  the  same  time  to  attend  to  the  careful  preservation  of  the 
engraving.  This  is  efiFCled  by  covering  the  engraved  face  of  the  die  with  a  protecting 
face,  composed  of  fixed  oil  of  any  kind,  thickened  with  poirdered  charcoal :  mhds 
peraons  add  pipe-clay,  others  use  a  pulp  of  garlic,  bat  pure  lamp-black  and  linaeed  oil 
answer  the  purpose  perfectly.  This  is  thinly  spread  npon  the  work  of  the  die,  which, 
if  requisite,  may  be  further  defended  by  an  iron  ring ;  the  die  is  then  placed  with  ita 
fkee  downwards  in  a  crucible,  and  completely  snrrounded  by  powdered  charcoal.  Il  ti 
heated  lo  a  suitable  temper«ture,  that  is,  about  cherry  red,  and  in  that  state  is  taken  out 
with  proper  tongs,  and  iJunged  into  a  body  of  cold  water,  of  such  magiiilnde  u  not 
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to  become  materiaOy  increued  in  temperature ;  here  it  is  rapidly  moved  about,  until  all 
Boise  ceases,  and  then  left  in  the  water  tQl  quite  cool.  In  this  process  it  should  produce 
a  babbling  and  hissing  noise ;  if  it  pipes  and  sings,  we  may  generally  apprehend  a  crack 
or  fissure. 

No  process  has  been  found  to  answer  better  than  the  aboye  simple  and  common  mode 
oThaideniog  dies,  though  others  have  had  repeated  and  fair  trials.  It  has  been  proposed 
to  keep  up  currents  and  eddies  of  cold  water  in  the  hardening  cistern,  by  means  of 
ddivery-pipes,  coming  from  a  height ;  and  to  subject  the  hot  die,  with  its  face  upper- 
most, to  a  sudden  and  copious  eurrent  of  water,  let  upon  it  from  a  large  pipe,  supplied 
from  a  high  resenroir ;  but  these  means  have  not  in  any  way  proved  more  successful, 
either  in  saving  the  die  or  in  giving  it  any  good  qualities.'  It  will  be  recollected,  from 
the  form  of  the  die,  that  it  is  necessarily  only,  as  it  were,  case-hardened ;  the  hardest 
strata  being  outside,  and  the  soAer  ones  within,  which  envelop  a  core,  something  in 
the  manner  of  the  successive  coats  of  an  onion ;  an  arrangement  which  we  sometimes 
have  an  opportunity  of  seeing  displayed  in  dies  which  have  been  smashed  by  a  violent 
blow. 

The  hardening  having  been  effected,  and  the  die  being  for  the  time  safe,  some  fur- 
tlier  steps  may  be  taken  for  its  protection ;  one  of  these  consists  in  a  very  mild  kind  of 
tempering,  produced  by  putting  it  into  water,  gradually  raised  to  the  boiling  point, 
tin  heated  throughout,  and  thei  suffering  it  gradually  to  cool.  This  operation  renders 
the  die  less  apt  to  crack  in  very  cold  weather.  A  great  safeguard  is  also  obtained  by 
thrusting  the  cold  die  into  a  red-hot  iron  ring,  which  just  fits  it  in  that  state,  and  whicl^ 
by  oontracting  as  it  cools,  keeps  its  parts  together  under  considerable  pressure,  pre- 
venting the  spreading  of  external  cracks  and  fissures,  and  often  enabling  us  to  employ  a 
split  or  die  for  obtaining  punches,  which  would  break  to  pieces  without  the  protecting 
ring. 

If  the  die  has  been  successfully  hardened,  and  the  protecting  paste  has  done  its  duty, 
by  preserving  the  face  from  all  injury  and  oxydizement,  or  burning,  as  it  is  usually 
called,  it  is  now  to  be  cleaned  and  polished,  and  in  this  state  oonstitutes  what  is 
technically  called  a  matbix  ;  it  may,  of  course,  be  used  as  a  multiplier  of  medals,  coins, 
or  impressions,  but  it  is  not  generally  thus  employed,  for  fear  of  accidents  happening 
to  it  in  the  coining  press,  and  because  the  artist  has  sddom  perfected  his  work  upon 
il  in  this  state.  It  is,  therefore,  resorted  to  for  the  purpose  of  finishing  a  punch,  or 
steel  impression  for  relief.  For  this  purpose  a  proper  block  of  steel  is  selected,  of 
the  same  quality,  and  with  the  same  precautions  as  before,  and  being  carefully  annealed, 
or  softened,  is  turned  like  the  matrix,  perfectly  true^and  flat  at  the  bottom,  and  obtusely 
eonieal  at  top.  In  this  state,  its  conical  surface  is  carefully  compressed  by  pow- 
erful and  proper  machinery  upon  the  matrix,  which,  being  very  hard,  soon  allows  it  to 
receive  the  commencement  of  an  impression ;  but  in  thus  receiving  the  impression,  it 
becomes  itself  so  hard  by  condensation  of  texture  as  to  require,  during  the  operation,  to 
be  repeatedly  annealed,  or  softened ;  otherwise  it  would  split  into  small  superficial  ^ 
tartSj  or  would  injure  the  matrix;  much  practical  skill  is  therefore  required  in  taking 
this  impression,  and  the  punch,  at  each  annealing,  must  be  carefully  protected,  so  that 
the  work  may  not  be  injured. 

Thus,'kfter  repeated  blows  in  the  die-press,  and  frequent  annealing,  the  impression 
firom  the  matrix  is  at  length  perfected,  or  brought  completely  up,  and  liaving  been  re* 
touched  by  the  engraver,  is  turned,  hardened,  and  collared,  like  the  matrix,  of  which  it 
is  now  a  complete  impression  in  relief,  and,  as  we  have  before  said,  is  called  a  punch. 

This  punch  becomes  an  inexhaustible  parent  of  dies,  without  further  reference  to  the 
original  matrix ;  for  now  by  impressing  upon  it  plugs  of  soft  steel,  and  bv  pursuing  with 
them  an  exactly  simUar  operation  to  that  by  which  the  punch  itself  waa  obtained,  we 
pioenre  impressions  from  it  to  any  amount,  which  of  course  are  fac-similes  of  the  matrix, 
and  these  dies  being  turned,  hardened,  polished,  and,  if  necessary,  tempered,  are  employed 
lor  the  purposes  of  coinage. 

The  distinction  between  striking  medals  and  common  coin  is  very  essential,  and  the 
work  upon  the  dies  is  accordingly  adjusted  to  each.  Medals  are  usu^ly  ih  very  high 
relief^  and  the  effect  is  produced  by  a  succession  of  blows ;  and  as  the  metal  in  which 
fhey  are  struck,  be  it  gold,  silver,  or  copper,  acquires  considerable  hardness  at  each 
stroke  of  the  press,  they  are  repeatedly  annealed  during  the  process  of  bringing  them  up. 
In  a  beautiful  medal,  which  Mr.  Wyon  some  time  since  completed  for  the  Ilayal  Navy 
CoDege,  the  obverse  represents  a  head  of  the  King,  in  very  bold  relief;  it  required 
thirty  blows  of  a  very  powerful  press  to  complete  the  impression,  and  it  was  necessary 
to  anneal  each  medal  after  every  third  blow,  so  that  they  went  ten  times  into  the  fire 
for  that  purpose.  In  striking  a  coin  or  medal,  the  lateral  spread  of  the  metal,  which 
etherwise  would  ooze  out  as  it  were  from  between  tiie  dies,  is  prevented  by  the  applica- 
tion of  a  steel  collar,  accurately  tuned  to  Uie  dimensions  of  the  dies,  and  which^ 
when  left  plain,  gives  to  the  edge  of  the  piece  a  finished  and  polished  appearance;  it  i» 
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•ometimet  graored,  cr  milled,  or  othcnriie  ornamcDted,  and  c 

which  case  it  ia  mwle  in  three  erpaiate  uid  motnhle  pitcrs,  copGacd  br  >  "d^i  into 

which  ibej  are  iiiosi  uconielj  filled,  and  >o  idjaGtcd  that  (be  inMal  nmy  be  foicttl  istc 

the  lelleis  by  its  lateral  spread,  Ht  the  Mine  lime  lllal  tbe  coin  receiTcs  the  blow  of  the 

fcrew-pren. 

Coins  ate  genrratlT  completed  by  ooe  blow  of  the  coining-press.  These  presM*  are 
worked  in  the  Bojsl  Mint  b;  machinery,  so  contiiied  that  Ihey  iball  strike,  upon  ui 
average,  iixly  blows  in  a  minale;  the  blank  piece,  prtTiously  properly  prepared  and  an- 
nealed, being  placed  between  the  dies  by  pan  of  Ihe  same  mechaiiiBni. 

Tbe  namber  of  piecea  which  may  be  struck  by  a  aingle  die  of  good  tteel,  propoly 
hardened  and  duly  tempered,  not  uoTrequently  amountt  at  the  Mint  to  between  three  and 
four  hundred  thousand,  bnt  the  average  consumption  of  dies  is  of  course  much  greater, 
owing  to  the  variable  qualities  of  >leel,  and  to  the  caiualties  to  which  the  dies  are 
liable ;  thus,  the  npper  and  lower  die  are  oCten  vicdently  stmck  l<^elher,  owing  to  an 
error  in  Ihe  layer-on,  or  in  that  part  of  Ihe  machinery  whieh  ought  lo  put  the  blank  into 
iU  place,  hnl  which  now  and  then  fails  bo  to  do.  This  accident  rery  conunooly  arises 
from  the  boy  who  saperintends  the  press  neglecting  lo  feed  the  hopper  of  the  layer-on 
with  blank  pieces.  If  a  die  ii  too  hard,  it  is  apt  lo  break  or  iplit,  and  is  especially  idIi- 
jecl  to  fisanrea,  which  run  frnm  letter  lo  letter  upon  Ihe  edge.  If  too  soA,  il  awella,  and 
the  collar  will  not  riseand  fall  upon  il,  or  il  sinks  in  the  centre,  and  the  work  become* 
distorted  and  faulty.  He,  thererore,  who  supplies  the  dies  for  an  extensiTe  coinage  hat 
many  accidents  nod  difficulties  lo  encounter.  There  are  eight  prcstes  at  the  Mint,  fre- 
queolly  at  work  for  ten  hours  each  day,  and  the  destruction  of  eight  pail  of  dies  per  day 
(one  pair  for  each  press)  may  be  considered  a  fair  average  result,  though  they  much  more 
frequently  Tall  short  of,  than  eiceed  this  proportion.  Il  most  be  remembered  that  each 
press  produces  3600  pieces  per  hour,  but,  making  allowance  for  occasional  stoppages,  we 
may  reckon  the  daily  produce  of  each  press  at  30,000  pieces;  the  eight  {ircHes,  there- 
fore, win  furnish  a  diurnal  average  of  !UO,000  pieces. 

QIGE^ER  is  the  name  of  a  strong  kettle  or  pot  of  small  dimensions,  made  very 
strong,  and  mounted  with  a  safety  valve  in  its  lop.  Papin,  the  contriver  of  this  appa- 
ratus, used  it  for  subjecting  bonet,  cartilages,  &c.  to  the  solvent  action  of  high-preamre 
steam,  or  highly  healed  water,  whereby  he  proposed  to  faeililate  their  digestion  in 
the  stomach.  This  eontrivance  is  the  origin  of  the  French  cooker;  pans,  called 
mtoclava,  because  the  lid  Is  self-keyed,  n'  becomes  steam-light  by  turning  it  roond 
under  clamps  or  eajs  at  the  sidee,  having  been  previously  ground  with  emery  to  fit  the 
edge  of  the  pot  eiactly.  In  some  autoclaves  the  lid  is  merely  laid  on  with  a  fillet  of 
linen  as  a  lute,  and  then  secured  in  its  place  by  means  of  a  screw  bearing  down  upon  its 
centre  from  an  arched  bar  above.  The  safety  valve  is  loaded  either  by  a  weight  placed 
vertically  npon  il,  or  by  n  lever  of  the  second  kind  pressing  near  its  rulcrum,  and 
acted  upon  by  a  weight  which  may  be  made  to  bear  upon  any  point  of  its  graduated 

Chevreul  has  made  a  niefnl  application  of  the  digester  lo  vegetable  analysis.  Bi* 
instrument  consists  of  astrong  copper  cylinder,  into  which  enters  a  tight  cylinder  of  sil- 
Tcr,  having  its  edge  turned  over  at  right  angles  lo  ihe  aiis  of  the  cylinder,  so  as  to  form 
Uie  rim  of  ihe  digester.  A  segment  of  a  copper  sphere,  also  lined  with  aUver,  ilopi  the 
aperture  of  the  silver  cylinder,  being  applied  closely  lo  ils  rim.  It  has  a  conical  valve 
pressed  with  a  spiral  spring,  of  any  desired  force,  estimated  by  a  tteelyaid.  This  spnng 
is  enclosed  wilhin  a  bt'ass  box  perforated  with  four  holes ;  which  may  be  screwed  into  a 
tajped  orifice  in  the  top  of  Ihe  digester.  A  tube  screwed  inio  another  hole  sentt  to 
eoaducl  awny  (he  condensable  vapors  at  pleasure  into  a  Wonlfe's  apparatus. 

DISTILLATION  (Eng.  and  Fr. ;  Braanitctnil/rtmitTti,  Germ.)  means,  in  Ihe  commer^ 
eial  language  of  this  country,  the  manufacture  of  intoxicating  spirits  j  under  which  are 
eomptiehended  the  four  processes,  of  maiAing  Ihe  vegetable  materials,  cooluig  the  won^ 
excitiag  Ihe  vinous  /irmndaHon,  and  separating  by  a  peculiar  vetsel,  called  a  ilill,  Ihe 
alcohol  combined  with  more  or  less  water.  This  art  of  evoking  Ihe  fiery  demoa  of 
drunkenness  from  his  attempered  stale  in  wine  and  beer,  was  unknown  lo  the  ancient 
Greeks  and  Romans.  Il  seems  to  have  been  invented  by  the  barbarians  of  the  north  of 
Europe,  as  a  solace  to  their  eohl  and  humid  dime  ;  and  was  first  made  known  to  the 
Muthem  nations  in  the  writings  of  Amoldui  de  Tilla  Nova,  and  hii  pupil,  Raymond 
Lolly -of  Majorca,  who  declares  this  admirable  essence  of  wine  to  be  an  emanation  of 
Ihe  Dtviaity,  an  element  newly  revealed  Ip  man,  bul  bid  from  antiquity,  because  the  hn-- 
BMB  race  irere  then  too  young  lo  need  Ibis  beverage,  destined  to  revive  the  enerjiies  vT 
modem  deerepilude.  He  further  imagined  that  Ibe  discovery  of  this  aqua  nla.aa  it  wat 
called,  indicated  the  approaching  consummation  of  all  things — Ihe  end  of  this  world. 
However  inach  he  erred  as  to  Ihe  value  of  this  remarkable  essence,  he  truly  predicted  ita 
TasI  iaflncnee  upon  hnmanity,  since  lo  both  civilized  and  savage  Dtlkmi  it  hat  nalini 
peater  ills  ttan  were  threatened  in  the  labled  box  of  Pandora. 
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I  shall  eonader  in  tliis  place  the  fint  Uuree  of  these  sabjeets,  icsemng  for  the  article 
drux  an  aocount  of  the  constmctioA  and  use  of  that  apparatus. 

Whiskey,  from  the  Irish  word  Usqoebaugh,  is  the  British  name  of  the  spiritoous 
liqnor  manofactared  by  oar  distillers,  and  corresponds  to  the  Eau  de  vie  of  the  French, 
and  the  Brauntioein  of  the  Germans.  It  is  generated  by  that  intestine  change  which 
grape  jnice  and  other  glutino-saccharine  liquids  spontaneously  undergo  when  exposed  to 
the  atmosphere  at  common  temperatures ;  the  theory  of  which  will  bie  expounded  under 
the  article  Fermentation.  The  production  of  whiskey  depends  upon  the  simple  fact, 
that  when  any  vinous  fluid  b  boiled,  the  alcohol,  being  yery  volatile,  evaporates  first,  and 
may  thereby  be  separated  from  the  aqueous  vegetaUe  infusion  in  which  it  took  its  birth. 
Sagmr  is  the  only  substance  which  can  be  transformed  into  alcohol.  Whatsoever  fhiits, 
seeds,  or  roots  afford  juices  or  extracts  capable  of  conversion  into  vinous  liquor,  either 
eoniain  sugar  ready  formed,  or  starch  susceptible  of  acquiring  the  saccharine  state  by 
proper  treatment.  In  common  language,'  the  intoxicating  liquor  obtained  from  the- sweet 
jniees  of  fruits  is  called  wine ;  and  that  from  the  infusions  of  farinaceous  seeds,  beer ; 
though  there  is  no  real  difference  between  them  in  chemical  constitution.  A  similar 
beverage,  though  probably  less  palatable,  is  procurable  from  the  juices  and  infusions  of 
many  roots,  by  the  process  of  fermentation.  Wine,  cider,  beer,  and  fermented  wash  of 
every  kind,  when  distilled,  yields  an  identical  intoxicating  spirit,  which  differs  in  these 
different  cases  merely  in  flavor,  in  consequence  of  the  presence  df  a  minute  quantity  of 
volatile  oils  of  different  odors. 

h  The  juices  of  sweet  fruits  contain  a  glutinous  ingredient  which  acts  as  a  ferment  in 
causing  their  spontaneous  change  into  a  vinous  condition ;  but  the  infusions  of  seeds, 
even  in  their  germinated  or  malted  state,  require  the  addition  of  a  glutinous  substance 
called  yeasty  to  excite  the  best  fermentation.  In  the  fabrication  of  wine  or  beer  for  drink- 
ing, the  fermentative  action  should  be  arrested  before  all  the  fruity  sacchjirnm  is 
decomposed ;  nor  should  it  on  any  account  be  suffered  to  pass  into  the  acetous  stage ; 
whereas  for  making  distillery  wash,  that  action  should  be  promoted  as  long  as  the 
proportion  of  alcohol  is  increased,  because  the  formation  of  a  little  acetic  acid  is  not 
injoiioiis  to  the  quality  of  the  distilled  spirit,  but  rather  improves  its  flavor  by  the 
additioii  of  acetic  ether,  while  all  the  undecomposed  sugar  is  lost.  Distillers  operate 
npoQ  the  saccharine  matter  from  com  of  various  kinds  in  two  methods ;  in  the  first  they 
draw  off  a  pnre  watery  extract  from  the  grain,  and  subject  this  species  of  wort  to  fer- 
mentation; in  the  second  they  ferment  and  distil  the  infkised  mass  of  grains.  The 
former  is  the  practice  of  the  distillers  in  the  United  Kingdom,  and  is  preferable  on 
many  accounts;  the  latter,  which  is  adopted  in  Germany,  Holland,  and  the  north 
of  Europe,  is  less  economical,  more  uncertain  in  the  product,  and  affords  a  cruder 
qnrit,  in  eonsequence  of  the  fetid  volatile  oil  evolved  from  the  husks  in  the 
gblL     The  substances  employed  by  the  distillers  may  be  distributed  into  the  following 


1.  Saccharine  juices.  At  the  head  of  these  stands  cane-juice,  which  fresh  from  the 
mill  contains  from  12  to  16  per  cent,  of  raw  sugar,  and  like  the  must  of  the  grape 
enters  into  the  vinous  fermentation  without  the  iddition  of  yeast,  affording  the  species 
of  spirit  called  Rum,  which  is  possessed  of  a  peculiar  aroma  derived  from  an  essential 
oil  in  the  cane.  An  inferior  sort  of  rum  is  fabricated  from  molasses,  mixed  with  the 
skimmings  and  washings  of  the  sugar  pans.  When  molasses  or  treacle  is  diluted  with 
twenty  times  its  weight  of  warm  water,  and  when  the  mixture  has  cooled  to  78°  F.,  if 
one  twelfth  of  its  weight  of  yeast  be  added,  fermentation  will  speedily  ensue,  and  an 
ardent  spirit  will  be  generated,  which  when  distilled  has  none  of  the  aroma  of  rum; 
provii^  this  to  reside  in  the  inmiediate  jnice  or  substance  of  the  cane,  and  to  be  dissi- 
pated at  the  high  temperature  employ^  in  the  production  of  molasses.  Though  the 
cane  jnice  will  spontaneously  undergo  the  vinous  fermentation,  it  does  so  more  slowly 
and  irregolarly  than  the  routine  of  business  requires,  and  therefore  is  quickened  by  the 
addition  of  the  lees  of  a  preceding  distillation.  So  sensible  are  the  rum  distUIers  of 
the  advantage  of  such  a  plan,  that  they  soak  woollen  cloths  in  the  yeast  of  the  ferment- 
ing vats,  in  order  to  preserve  a  ferment  iVom  one  sugar  season  to  another,  tn  Jamaica 
and  some  other  of  onr  colonies,  50  gallons  of  spent  wash  or  lees  are  mixed  with  6  gali 
Ions  of  molasses,  36  gallons  of  .sugar-pan  skimmings  (a  substance  rich  in  aroma),  and 
8  gallons  of  water ;  in  which  mixture  there  is  about  one  twelfth  part  of  solid  saccha- 
mm.  Those  who  attend  more  to  the  quality  than  the  quantity  of  their  rum,  will  use 
a  smaller  proportion  of  the  spent  wash,  which  is  always  empyreumatic,  and  imparts  more 
or  less  of  its  odor  to  the  spirit  distilled  from  it.  The  fermentation  is  seldom  complete 
m  less  than  9  days,  and  most  commonly  it  requires  from  12  to  15 ;  the  period  being 
dependant  upon  the  capacity  of  the  fermenting  tun,  and  the  quality  of  its  contents. 
The  liquid  now  becomes  clear,  the  froth  havit^  fallen  to  the  bottom,  and  few  bubbles 
of  gas  are  extricated  from  it,  while  its  specific  gravity  is  reduced  from  1*050  down  to 
0*992.    The  sooner  it  is  subjected  to  distillation  aAer  this  period,  the  better,  to  prevent 


«H  DISTILLATION. 

the  Ion  of  alcohol  b;  Ihe  inpeiTralion  of  the  Hcetoas  lUge  of  fenDCntilion,  an  secidnit 
Ter7  liable  Co  btppeo  in  Ihc  sugar  colonies.  The  cnide  spirit  obtained  from  the  ]arge 
lin^e  slill  at  the  fint  operatioB,  is  rectified  in  a  smaller  itilL  About  114  gallon)  of 
mm,  proof  elrenjilh,  specifie  gravity  0'920,  are  oblaioeJ  from  1200  galloni  of  wash. 
NoTV  these  ISOO  iialtons  weigh  12,600  Ibg.,  and  contain  nearly  one  eighth  of  their  weight 
of  sugur=I575  ibs.i  which  should  yield  nearly  its  own  weight  of  proof  spirit,  whose 
bulk  is^jj^,'  — 1712  pound  measures- 171-2  gallons ;  whereas  only  tl4  aieobuined) 
proving  the  processes  to  be  conducted  in  a  manner  far  from  economical,  eien  with  erery 
reasonable  allowance. 

Mr.  Edwards  gives  the  following  eslimale:  "The  total  amount  of  aweeta  from  ao 
esUle  in  Jamaica  which  makes  200  hogsheads  of  sucar,  is  16,666  callous.  The  vrash  set 
at  Ihe  rate  of  12  per  cent,  sweets  ahould  return  34,720  gallons  oflpw  wines,  which  should 
give  14,412  gallons  of  rum,  or  131  puncheons  of  1 10  gallons  each." 

By  my  own  experiments  on  the  quantity  of  proof  spirit  obtainable  from  molasses  by  fer- 
menlalioa  (Bl\erwards  to  be  detailed),  one  gallon  of  sweets  should  yield  one  gallon  of 
spirit )  and  henee  the  above  16,666  gallons  should  have  afforded  Ihe  same  bulk  of  rum. 
But  here  we  ore  left  somewhat  in  the  dark,  by  not  knowing  the  sped Gc  gravity  of  the  rum 
spoken  of  by  Mr.  Edwards.  The  only  tight  let  in  upon  us  is  when  he  menlioos  ram  oil- 
proof,  that  is,  a  spirit  in  which  olive  oil  will  sink  ;  indicating  a  density  nearly  the  some 
with  our  actual  e»cise  proof,  for  olive  oil  at  60°  F.  has  the  specific  gravity  0'919.  When 
a  solution  of  sugar  of  the  proper  strength  is  miied  with  wine  lees,  and  fermented,  it 
aflords  a  spirit  by  distillation  aot  of  (he  rum,  but  of  the  brandy  flavor. 

The  sweet  juices  of  palm  trees  and  cocoa  cats,  as  also  of  the  maple,  and  ash,  birch, 
kc.,  when  treated  like  cane  juice  afford  vinonl  liquors  from  which  ardent  spirits,  under 
various  names,  are  obtained  j  as  arraek,  A-c, ;  the  quantity  being  about  bO  pounds  of 
alcohol  of  0-825  for  every  100  pounds  of  solid  saccharine  eilraet  present.  Honey  sim- 
ilarly treated  affords  Ihe  metheclin  so  much  prized  by  oui  ancestors.  Good  whey,  freed 
from  curd  by  boiling,  will  yield  4  per  cent,  of  spirit  of  wine,  when  fermented  with  the 
addition  of  a  titUe  yeast. 

2.  The  joiccB  of  apples,  pears,  currants,  and  such  fruit«,  afford  by  fermentation  qoaa- 
tities  of  alcohol  proportioiial  to  Uie  sngar  they  contain.  But  the  quality  of  the  spirit  is 
much  better  when  it  is  distilled  from  vinous  liquids  of  a  certain  age,  than  from  recently 
fermented  must.  Cheriies  are  employed  in  Germany,  and  other  ports  of  the  Continent, 
lor  making  a  hiEh-flavored  spirit  called  Kiricli-tDauer,  or  cherry  water.  The  fully  ripe 
fruit  is  crushed  by  a  roller  press,  or  an  edge-stone  mill,  along  with  the  kernels ;  the  pulp 
is  fermented  in  a  mass,  Ihe  liquid  part  is  then  drawn  off,  and  distilled.  More  or  less 
prussic  acid  enters  from  the  kernels  into  this  spirit,  which  renders  it  very  injurious,  as  b 
liquor,  to  many  const itntions.  I  was  once  nearly  poisoned  by  swallowing  a  wine  glass  t£ 
it  in  the  valley  of  Chamooni.  The  ripened  red  frail  of  the  mountain  ash  constilales  a 
good  material  lor  vinous  fermentation.  The  juice  being  miied  with  some  water  and  a 
little  yeast,  affords  when  well  fermented,  according  to  Hermslaedt,  12  pounds,  or  H 
gallons,  of  alcohol  from  2  bushels  of  the  ripe  berries. 

3.  Many  roots  contain  sugar,  particularly  beet,  from  which  no  less  than  7  per  cent,  of 
it  may  be  eitracled  by  judicious  means.  Heimstaedt  recommends  to  mash  the  steam 
boiled  dean  roots,  and  add  to  the  paste  two  thirds  of  its  weight  of  boiling  water,  and  a 
thirtieth  of  its  weight  of  ground  malt,  mixing  the  materials  well,  and  then  leaving  them 
three  hours  in  a  covered  vessel.  The  mixture  must  now  be  passed  through  a  wire  sieve, 
with  meshes  of  one  third  of  an  inch  square  each  ;  Ihe  residuum  is  washed  with  a  little 
cold  water,  and,  when  the  tempemtore  has  fallen  to  77°  F.,  the  proper  quantity  of  yeast 
must  be  added,  and  the  fertnentation  suffered  to  proceed  in  a  covered  tun.  la  5  or  6 
days  it  will  be  complete,  and  will  ofibrd  by  distillation,  from  100  pounds  of  beet  root, 
about  10  or  12  pounds  of  proof  spirits.  Carrota  and  parsnips,  when  aimilarly  treated, 
yield  a  considerable  quantity  of  alcohol. 

IL  uJrdnU  apirili  or  whi^cey  ^jam  /tenia  Or  itarchi/  maltriali. 

I  have  already  pointed  out,  in  Ihe  article  Bua,  how  the  starch  is  transformed  into  a 
saccharine  condition,  by  malting  and  mashing  i  and  how  a  fermentable  wort  may  be  ob- 
tained from  starchy  meal.  By  like  operations  may  all  vegetable  subelancesj  which  con- 
sist chiefly  of  starch,  become  maleriats  for  •  wUidtey  distillery.  To  this  class  belong 
all  the  farinaceous  grains,  potatoes,  and  Uie  pods  of  ahetl  fruits,  as  beans,  vetchei,  hone- 
ehestnnts,  acorns,  &c. 

1.  Whiikiy  from  corn.  All  Ihote  species  of  com  which  are  employed  in  breweriea 
answer  for  distilleries;  aswheat,rye,  barley,  and  oats  ;  as  welt  as  buckwheat,  and  maiieoi 
Indian  corn.  The  product  of  spirits  which  these  diiferent  grains  afford,  depends  upon 
the  proportion  of  starch  they  contain,  including  the  small  quantity  of  nncrystalliiabic 
sngar  present  in  them.  Hermslaedt,  who  has  made  exact  experiments  upon  the  subject, 
leckona  a  quail  (Prussian  or  Biilibh)  of  spirits,  containing  30  per  cent,  of  the  abaolDte 
•Icohol  of  Richlei,  for  2  poondi  of  starch.    Hence  100  pounds  of  starch  should  yield 
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35  poimds  of  «le5hol ;  or  4*375  gallons  iioperia],  equal  to  7*8  gallons  of  spirits,  excise 
proof. 

iOO  pounds  of  the  following  grains  afford  in  spirits  of  specific  gruvity  0.9427,  con- 
taining 45  per  ccnL  of  absolute  alcohol,  (=  ^^  of  British  proof,)  the  following  quan- 
tities:— 

Wheat,  40  to  45  pounds  of  spirits ;  rye,  36  to  42;  barley,  40 ;  oats,  36 ;  buckwheat, 
40 ;  maize,  40.  The  mean  of  the  whole  may  be  taken  at  40  pounds,  equal  to  4^  gallons 
Imperial,  of  0-9427  specific  gravity  =  3*47  gallons,  at  excise  proof.  The  chief  difference 
in  these  several  kinds  of  com  eoosists  in  their  different  bollu  under  the  same  weight ;  a 
matter  of  ooasiderable  importance ;  for  since  a  bushel  of  oats  weighs  little  more  than  the 
half  of  a  bushel  of  wheat,  the  former  becomes  for  some  purposes  less  convenient  in  use 
than  the  latter,  though  it  aflbrds  a  good  spirit. 

Barley  and  rye  are  the  species  of  grain  most  commonly  employed  in  the  IBuropean 
distilleries  for  making  whiskey.  Barley  is  mostly  taken  either  partly  or  altogether  in 
the  malted  state ;  while  the  other  corns  are  not  nudted,  but  merely  mixed  with  a  certain 
proportion  of  barley  malt  to  favor  the  saccharine  fermentation  in  the  mashing.  It  is 
deemed  preferable  to  use  a  mixture  of  several  sorts  of  grain,  instead  of  a  single  one ;  for 
example,  wheat  with  barley  and  6ats ;  or  barley  with  rye  and  wheat ;  for  the  husks  of 
the  oats  diffused  through  the  wheat  flour  and  rye  meal  keep  it  open  or  porous  when 
mashed,  and  thus  fator  the  abstraction  of  the  wort ;  while  the  gluten  of  the  wheat  tends 
to  convert  the  starch  of  the  barley  and  oats  into  sugar.  When  the  whole  of  the  grain, 
however,  is  mailed,  a  much  more  limpid  wort  is  obtained  than  from  a  mixture  of  malt 
with  raw  grain ;  hence  the  pure  malt  is  preferable  for  the  ale  and  porter  brewer,  while 
the  mixture  affords  a  larger  product,  at  the  same  cost  of  materials,  to  the  distiller.  When 
barley  is  the  only  grain  employed,  from  one  third  to  one  sixth  of  malt  is  usually  mixed 
with  it ;  but  when  wheat  and  rye'  are  also  taken,  the  addition  of  from  one  eighth  to  one 
sixtecBth  of  barley  malt  is  sufficient.  Oats  are  peculiarly  proper  to  be  mixed  with  wheat, 
to  keep  the  meal  open  in  the  mashing. 

The  following  are  the  proportions  used  by  some  experienced  Scotch  distillers. 

250  bolls,  containing  6  bushels  each,  being  used  for  a  mashing,  consist  of, 

25  bolls  of  oats,  weighing  284  lbs.  per  boll,  or  47}  lbs.  per  bushel  j 
42  malt  240  40 

25  rye  320  53} 

158  barley  320  53$ 

250  inean48i 

From  each  boO,  weighing  291  lbs.,  14  imperial  gallons  of  proof  whiskey  are  obtained 
«■  an  average;  equivalent  to  11*2  gallons  at  25  over  proof. 

The  malting  for  the  distilleries  is  to  4>e  conducted  on  the  same  principles  as  for  the 
breweries,  but  the  malt  ought  to  be  lightly  kiln-dried,  and  that  preferably  at  a  steam  heat, 
instead  of  a  fire,  which  is  apt  to  give  an  empyreumatic  smell  to  the  grain  that  passes  into 
the  spirits.  For  such  persons,  indeed,  as  relish  the  smell  of  burned  turf,  called  peat^reek 
in  Seodaad,  the  malt  should  be  dried  by  a  turf  fire,  whereby  the  whiskey  will  acquire 
that  peniltar  odor. 

Bat  this  smell,  which  was  originally  prized  as  a  criterion  of  whiskey  made  from  pure 
malt,  BBoderately  fermented  and  distilled  with  peculiar  care,  has  of  late  years  lost  its 
▼ahw,  sioee  the  artifice  of  impregnating  bad  raw  grain  whiskey  with  peat-smoke  has  been 
extensively  practised. 

Dr.  KoUe,  in  his  treatise  on  making  spirits,  describes  a  malting  kUn  with  a  copper 
plate  heated  with  steam,  18  feet  long,  and  12  feet  broad,  on  whid^  a  quantity  of  inah 
beinir  spread  thin,  is  changed  every  3  or  4  hours,  so  that  in  24  hours  he  turns  out  upwards 
of  28  cwt.  of  an  excellent  and  well  kilned  article.  The  malt  of  the  distiller  should  be  as 
pale  as  possible,  because  with  the  deepening  of  the  cobr  an  empyreumatic  principle  is 
generated. 

When  Indian  eom  is  the  subject  of  distillation,  it  must  be  malted  in  the  same  way  as 
described  in  the  aitiele  Bssa.  According  to  Hermstaedt,  its  flour  may  be  advan- 
tageously mixed  with  the  crushed  malt  in  the  mash  tun.  But  its  more  complete  dissolu- 
tion flMy  be  accomplished  by  Siemen's  mode  of  operating  upon  potatoes,  presently  to  be 
described. 

I.  Mashing,  Barley  and  raw  grain  are  ground  to  meal  by  miOstones,  but  malt  is  merely 
crushed  between  rollers.  If  only  one  tenth  or  one  eighth  of  malt  be  used  with  nine 
tentha  or  seven  eighths  of  barley,  some  husks  of  oats  are  added,  to  render  the  mash 
raztnre  more  drainable. 

When  40  bushels  of  barley  and  20  of  malt  form  one  mashing,^  from  600  to  700 
gilk»s  of  water,  heated  to  150^  F.,  are  mixed  with  these  60  bushels  in  the  mash  tun, 
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and  earefhOT'  incorporated  b;  nnch  nanntl  UbOT  viih  troodcn  oan,  or  In  great  eoBcenu 
bf  the  mecluiDica]  appaialni  lurd  in  (be  brewenei.  Thu  agiuiion  most  be  eoolinued 
for  2  or  3  houra,  irith  Ihc  admiaiion  Trom  lime  to  lime  ot  about  400  addilional  ^IIodh  of 
WBlCT,  at  B  lemperalure  of  19ff>,  to  coualeracl  the  eoolingof  Ibe  materials.  Bat  tinee 
the  diicovery  ot  diattaa,  ai  ibe  best  bent  Tor  laeehariiying  atarth  ii  shown  to  be  aM 
bigher  than  160°  F.,  it  woald  be  far  belter  to  nmh  in  a  Inn,  paitiallf,  al  leoil,  tieam 
incased,  whereby  we  cenld  preaerre  the  tempeiatuic  al  the  appropriate  defree  for  geic- 
talin;  the  greatest  quantity  of  angar. 

If  the  wort  be  examined  every  half-hoor  trf*  the  nathing  period,  k  will  be  foand 
to  become  progreaaively  iweetei  lo'the  tatte,  thinner  in  appearance,  bat  dennr  in 
reality. 

The  worl  mast  be  drawn  off  flrom  the  grain*  whenerer  it  has  attained  it*  maxannu 
density,  which  seldom  exceed*  ISO  lbs.  per  barrel ;  that  is,  360  +  IM  ^  j.^  ^  42 

As  tlie  corn  of  the  diililter  of  raw  grain  bss  not  the  same  porosity  as  the 
the  wort  cannot  be  drawn  off  from  the  boltoio  of  the  Inn,  but  through  n  series 
01  Hoies  at  the  level  of  the  liquor,  bared  in  a  pipe  Bludi  in  at  the  corner  of  the  vesael. 
About  one  third  only  of  tbe  water  of  infusion  can  Ihos  be  drswn  off  frotn  the  paaiy 
mass.  More  water  is  Iherelbre  ponred  on  at  the  temperature  of  190°,  well  miird  l^ 
agitation  for  half  an  hour,  then  quirlly  infused  for  nn  hour  and  a  half,  and  finally  drawa 
off  as  before.  Fully  400  gallons  of  water  are  aaed  upon  this  occaskiD,  and  nearly  aa 
niDch  liquor  may  be  drawn  off.  Lastly,  to  extract  from  the  graiat  everythiag  soluUe, 
about  TOO  gallODl  of  boiling  hot  water  ore  turned  in  upon  Itaem,  thoroughly  incorpo- 
rated, then  len  quietly  to  infuse,  and  drawn  off  as  above.  This  weak  wort  is  commonly 
reserved  for  tbe  first  liquor  of  the  next  mashii^  operalioa  npon  a  fresh  qsanlky  of  meal 
and  malt. 

The  English  distiller  is  bound  by  law  to  make  his  mixed  worts  to  be  )et  down  into  the 
fermenting  tun  of  a  specific  gravity  not  less  than  1-050,  nor  mure  than  ]'090;  the  Seoteb 
and  Irish  distillers  not  less  than  1-030,  nor  more  than  I-O8O1  wbich  nombert  are  called, 
gravity  50,  90,  SO,  and  80,  respectively. 

With  the  proportion  of  malt,  raw  gnin,  and  water,  above  prescribed,  the  inrnsion  first 
drawn  off  may  have  a  strength  ^  £0  per  cent.  =  spec.  grav.  l-OSS,  or  73  lb«.  per  barrel ; 
the  second  of  60  lbs.  per  barret,  or  14  per  eent. )  and  the  two  together  would  have  a 
strength  of  61-2  lbs.  per  barrel  ^  17  per  cent.,  or  spec.  grav.  I'V70.  From  experimcDta 
carefully  made  upon  a  considerable  scale,  it  appears  thai  no  more  than  fonr  fifUs  of  the 
soluble  aaccharo-slarehy  matter  of  the  worts  is  decomposed  in  the  be^l  regnlated  fermen- 
tations of  the  distiller  from  raw  grain.  For  every  2  lbs.  ao  decomposed,  I  lb.  of  alcohol, 
spec.  grav.  0-S25,  is  generated ;  and  as  every  gallon  of  spirits  of  the  spec.  grav.  0-909 
coDlains  4-6  lbs.  of  such  alcohol,  it  will  take  twice  4-6  or  9-S  Iba.  of  saechariac  nalter  to 
produce  the  said  gallon.  To  these  9-2  Ib«.,  imly  transmuted  in  tbe  process,  we  mast  add 
one  fifth,  or  1-84  lbs.,  wbich  will  raise  to  1104  the  anount  of  tolid  matter  employed  in 
producing  a  lallOD  of  the  above  spirits. 

Some  diet ijlers  mash  a  foorth  lime;  and  always  nae  tbe  feeble  wort  soobtaiaed  ia 
mashing  fresh  grain. 

2.  As  the  imperfect  saccharine  infusion  obtained  frMn  raw  grain  it  macb  atore  aeea- 
eent  than  the  rich  sugary  solDtion  got  from  malt  in  the  breweries,  tbe  distiller  mnsl 
uie  every  precaution  to  cool  his  worts  ns  quickly  as  possible,  and  to  keep  them  clear  from 
any  acelous  taint.  The  different  sebemes  of  cooling  worts  are  considered  under  Bkkb 
and  Refmoeratioh.  As  the  worts  cool,  a  quantity  of  starchy  mailer  is  precipitated,  bat 
it  is  all  carefully  swept  along  into  the  fenoenting  tun,  and  undoubtedly  eonlribnles  to  ii- 
crease  the  production  of  alcohol.  Curing  the  winter  and  temperate  months,  when  the 
distilleries  are  most  actively  at  work,  the  temperature  at  which  the  worts  are  set  is 
usually  about  70°  F.  When  much  farinaceous  depoeite  is  present,  the  heal  inay  be  only 
65°,  because,  in  this  case,  a  slow  fennentation  seems  to  favor  the  conversion  of  that 
March  into  sugar.  In  some  German  distilleries  a  little  chalk  is-miied  with  the  worts,  10 
cheek  acidity. 

3.  Tht  ftrmnlation. 

The  yeast  added  10  the  worts  as  a  fennent,  ought  to  be  the  best  top  baim  of  tb« 
London  porter  breweries.  About  1  gallon  of  it  is  requisite  for  every  3  hnsbels  oT  meal 
and  malt  worked  op  in  the  mashing  process ;  and  of  this  quantity  only  a  certain  propor- 
tion is  introduced  at  the  beginning  j  the  remainder  being  added  by  degrees,  oa  the  seoood 
and  third  days. 

Should  the  fennentation  flag,  a  little  more  may  be  added  on  the  fonrlh  or  fiAh  day, 
and  the  contents  of  the  tun  may  be  roused  by  an  agitator.  About  S  ot  9  galtons  nay  be 
iatroduced  fonr  days  in  succession  to  the  qaanlity  of  worts  otracted  ftom  60  bnahda  oT 
the  farinaceous  malerials ;  or  the  third  dny's  dose  may  be  intermitted,  and  joined  to  Iha 
TuDrth  on  the  sobseqaent  day. 
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Great  dirersity  ftnd  no  liitie  caprice  prevail  among  distillers  in  respect  of  the  periods  of 
administering  the  yeast;  but  they  should  be  goTemed  Tery  much  by  the  appearance  of 
the  fermentation.  This  process  contihnes  from  nine  to  twehre  or  even  fourteen  days* 
aecording  to  drcnmstances ;  the  tnns  being  left  quite  open  during  the  first  five  days,  but 
being  eoyered  moderately  dose  afterwards  to  favour  the  full  impregnation  of  the  liquor 
with  earbonic  acid,  as  a  fermenting  agent.  In  consequence  of  the  great  attenuation  of 
the  wort  by  the  generation  of  so  much  alcohol,  no  good  body  of  yeast  continues  to  float 
on  the  surface,  and  what  is  formed  is  beat  down  into  the'  liquor  on  purpose  to  promote 
the  fennentation.  The  temperature  of  the  wayh  gradually  increases  till  towards  the  end 
of  the  fourth  day,  when  it  attains  its  maximum  height  of  about  25**  above  the  pitch  of 
65^  or  60^  at  which  it  may  have  been  set.  The  time  of  the  greatest  elevation  of  tem- 
peratnre,  as  wdl  as  its  amount,  depends  conjointly  upon  the  quality  of.  the  yeast,  the 
nature  of  the  saccharo-starchy  matter,  and  the  state  of  the  weather.  It  is  highly  pro- 
bable that  the  electrical  condition  of  the  atmosphere  exercises  a  considerahle  influence 
upon  fennentation.  We  know  the  power  of  a  thunder-storm  to  sour  vinous  fluids.  An 
experimental  inquirv  into  the  relation  between  electricity  and  fermentation,  could  not  fail 
to  prove  both  curious  and  profitable. 

The  dimanitibn  of  the  density  of  the  wort  is  carefhlly  watched  hy  the  distiller,  as  the 
tme  criterion  of  the  success  of  his  process'.  This  attenuation,  as  he  calls  it,  is  owing 
partly  to  the  decomposition  of  the  sugar,  which  communicated  its  gravity  to  the  solution, 
and  partly  to  the  introduction  of  the  lighter  alcoholic  particles.  Were  all  the  saccharo- 
stardiy  matter  resolved  into  gaseous  compounds,  the  wort  would  become  water ;  bat  since 
a  part  of  it  remains  undecomposed,  and  a  portion  of  alcohol  is  produced  at  the  expense 
of  the  decomposed  part,  the  degree  of  attenuation  becomes  a  somewhat  complicated  pro- 
blem in  a  theoretical  point  of  view ;  the  density  due  to  the  residuary  sugar  being  masked 
and  counteracted  by  the  spirit  evolved.  Could  the  alcohol  be  drawn  oflf  as  it  is  formed, 
the  attenuation  would  probably  become  greater,  because  the  alcohol  checks  the  fermenta- 
tive action,  and  eventually  stops  it,  before  all  the  saccharum  is  decomposed.  After  the 
wash  has  taken  its  highest  degree  of  temperature,  not  much  more  spirit  is  found  to  be 
generated ;  were  this  therefore  removed  by  proper  means,  the  remaining  vegetable  mat- 
ter woald  nndonbtedly  yield  a  further  product  of  alcohol. 

In  the  attenuation  of  raw-grain  wa^,  the  specific  gravity  seldom  arrives  at  1*000 ;  but 
most  eommonly  stops  short  at  1*002  or  1*004.  '  When  the  vinous  fermentation  comes  to 
aa  end,  the  acetous  is  apt  to  commence,  and  to  convert  a  portion  of  the  alcohol  into  vin- 
egar; a  result  which  is  easily  ascertained  by  the  increasing  specific  gravity,  sour  smell, 
and  aeidulons  reaction  of  the  wash  upon  litmus  paper,  which  remains  after  the  paper  is 
heated,  showing  that  the  red  color  is  not  caused  by  carbonic  acid. 

Fermentation  proceeds  with  more  uniformity  and  success  in  the  large  tuns  of  the  dis- 
tiller, than  in  the  experimental  apparatus  of  the  chemist ;  because  the  body  of  heat 
generated  in  the  former  case  maintains  the  action.  But  I  have  succeeded  in  obviating 
this  inconvenience  in  operating  upon  80  or  90  gallons,  by  keeping  up  the  temperature, 
when  it  begins  to  flag,  by  transmitting  hot  water  through  a  recurved  pipe  plunged  into 
thetnn. 

We  have  already  mentioned  that  one  gallon  of  spirits,  one  in  ten  over-proof,  is  upon 
the  arerage  generated  from  11-04  Ihs.  of  starch  sugar;  hence  we  conclude  that  one 
pound  water-measure  of  spirits  at  proof  (=  J-  imperial  gallon)  is  produced  from  one  pound 
of  the  sacchamm. 

Mali  whidcey» — The  treatment  and  produce  of  malt  distilleries  are  in  some  respects 
different  from  those  of  raw  grain.  Having  been  professionally  employed  by  the 
proprietors  of  both,  I  am  prepared  to  state  the  peculiarities  of  the  latter,  by  an 
example.  .900  boshds  of  ground  malt  are  first  mashed  with  9000  gallons  of  water, 
heated  to  the  temperature  of  160^  F. :  6000  gallons  of  worts  are  drawn  off  into  the 
eoolers,  and  let  down  into  the  fermenting  tun  at  68^.  Fiom  3  to  4  per  cent. -of  a 
mixture  of  London  porter  yeast  with  quick  Scotch  harm  are  added,  and  well  stirred 
through  the  mass.  At  the  end  of  two  or  three  days,  in  general,  the  fermentation  is 
finished.  On  the  residuary  grains  of  the  malt,  from  4500  to  5000  gallons  of  water  at 
180^  are  ran,  which  after  proper  mashing  as  before,  are  drawn  off;  then  4500  niore  are 
ponred  on,  the  drainage  of  which  is  added  to  the  second.  Both  of  these  together,  con- 
siitating  9000  gallons,  are  heated  next  day,  and  employed  for  the  mashing  of  500  bushels 
of  fresh  malt.  During  the  fermentation,  the  wash  which  was  set  at  the  spec.  grav.  1*065, 
comes  down  to  water  =  1-000. 

The  wash  is  distilled  in  two  stills,  appropriated  to  it,  of  abottt  800  gallons  capacity 
each,  provided  with  a  rotatory  chain  apparatus  for  preventing  the  lees  from  adhering  to 
the  bottom  of  the  still.  Into  about  800  gallons  of  wash  8  lbs.  of  soap  are  put.  The 
Hqaor  obtained  at  this  first  distiOation  is  called  low  wines.  These  low  wines  are  redis- 
tilled in  the  spirit  stiOs ;  the  first  and  last  portions  of  liquid  being  more  or  less  blue  or 
■iQcy  in  ecAor,  and  rank  in  flavor,  are  run  into  a  separate  receiver  called  thtfaintt-backi 
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while  lh«  middle  portioa,  eorulitatio;  in  a  well-ouuiMfed  dittilleiy,  Irsm  lliree  Toiulhi  te 
Ibui  fifths  of  Lhe  whole,  »re  received  into  the  apiril-bHcIc,  The  rBiatsvemiied  with  a'tr^ 
guantitT  of  ivater,  and  redialilled,  in  order  to  free  Ihem  rrom  (he  feliJ  oil  derived  from 
the  husks  of  the  ^rain.  The  interception  of  this  noiioua  oil  may  be  best  eSecled  bj'  ■ 
■elf-regulating  bath,  between  the  capital  of  the  slill  and  the  refrigeralorr,  as  will  be 
explained  In  (rcBting  of  Stills.  The  capitals  of  (he  commoa  Scotch  alills  are  made  frmn 
16  to  20  feet  high,  in  order  (o  preient  ibe  chance  of  the  wash  boiling  over  into  the 
wormi  and  they  ire,  towards  the  beianninj  of  the  prOceU,  strack  from  time  to  time 
with  a  rod,  and  by  the  sound  emitted  it  is  known  whether  ihey  be  empty,  partially 
filled,  or  ia  danger  of  an  overflow ;  in  which  case  the  fire  is  damped,  by  a  ipont 
near  the  furnace  door,  connected  by  a  leather  pipe  with  an  elevated  reservoir  of  water. 
When  very  pare  spirits  are  wished  for,  a  third  or  even  a  funrth  distillation  is  had  recoane 
to ;  there  being  a  quantity  of  water  mixed  each  time  with  the  spirit  ia  the  slill,  to  pre- 
vent its  BCiiuiring  a  harsh  alcoholic  flavor. 

Aceorfing  to  some  experienced  distillers  from  raw  grain,  the  mishiog  temperalore  of 
the  first  liquor  should  tiot  exceed  140°  F.;  wherens  wilh  malt  il  may  be  safely  and 
beneficially  165°  or  170°.  When  rye  is  used  ifisie»d  of  malt,  90  bushels  of  it  are  mixed 
With  190  bushels  of  raw  grain,  constituting  280  bushels  in  whole,  lor  the  mashing  of 
vhieh  5200  gallons  of  water  are  required.  An  hour  and  a  half  more  time  is  necessary 
for  settling  the  mashing  of  the  above  mixture,  than  of  grain  alone.  Gin  is  made  in  this 
way. 

The  distiller  of  malt  whiskey  calculates  on  obtaining  two  gallons  of  proof  spirits  fma 
one  bushel  of  malt,  in  average  yenrs.  The  highest  yield  is  20  gallons  per  quarter  of  8 
bushels;  and  the  lowest  is  16,  when  the  malt  and  fermentation  are  iudilTi^rent.  The  besi 
temperature  to  set  the  fermeuling  tun  with  malt  wash  is  about  70°  or  7Sf  F. 

When  malt  is  5).  the  bashel,  6  bushels  at  SOi.  will  yield  12  gallons  of  pmof  spirila. 
These  cost  therefore  2t.  6rj,  per  gallon  for  the  mall ;  to  which  must  be  added  3d.  per 
bushel  for  Ibe  amount  of  malt  duty  not  returned,  or  lid.  on  the  gallon  ;  this  added  to  the 
Scotch  duty  of  3t.  4d.  the  tiallon,  makes  the  price  allogelher  Si.  11^. ;  besides  the  ex- 
penses in  fuel,  yeast,  labor, and  rent,' which  may  be  eslimaled  at  S)ii.  per  gallon.  But  3d. 
may  be  dedneled  for  what  is  paid  by  the  dairymen  for  the  spent  wash  and  grains.  The 
total  eosl,  therefore,  exclusive  of  use  of  capital,  is  6i.  5d,  per  gallon  In  Scotland. 

The  following  is   the  work  of  a  Scotch  distillery,  where  good  malt  (shitkey  waa 

One  bushel  of  (he  malt  weighed  35  lbs.,  or  the  boll,  ^  E  bushels,  210  lbs.  In  mashing 
each  boll  of  malt,  1 10  gallons  of  water  were  run  on  i(  at  160°  F.  As  soon  as  the  fer- 
menting tun  of  3000  gallons  cipacitf  was  charged  with  the  Wash  at  from  d4°  to  74°  P.,  ! 
gallons  per  cent,  of  barm  were  added.  When  the  wash  had  become  attenuated  from 
1-060  to  1'040,  another  gallon  of  barm  was  introduced. 

The  temperature  of  the  fermenting  wash  sometimes  rises  to  96°,  which  is,  howerer, 
an  extreme  case,  and  not  desirable.  When  the  bubbles  of  carbonic  acid  mount  in  rapid 
succession,  il  is  reckoned  an  excellent  sign.  If  the  tun  be  small,  and  stand  in  a  cool 
apartment,  it  shonld  be  started  at  a  higher  temperature  than  in  the  reverse  predicament. 
Shoold  the  fermentation  be  suffered  to  dag,  it  is  in  general  a  hopeless  task  to  restore 
Tigorous  action.  Some  try  the  addition  of  bub$,  that  ist  of  some  wort  brought  into  ■  state 
of  rapid  fermentation  in  a  tub,  by  a  large  proportion  of  yeast,  but  seldom  wilb  moch 
success.  Indeed,  the  law  prohibits  the  addition  of  any  wort  lo  the  (un  at  a  later  period 
than  24  hours  afler  it  is  (ct )  so  that  if  butu  are  nsed  afterwards,  the  distiller  is  apt  to 

The  maximum  quantity  of  proof  spirits  obtained  on  the  great  scale  at  any  lime  from 
raw  grain  mixed  with  from  one  fourth  to  one  eighth  of  malt,  seems  to  be  22  gallons  per 

By  the  British  laws  a  distiller  is  not  allowed  to  brew  and  distil  at  the  sane  tlnMt 
but  he  must  work  alternately,  one  week,  for  instance,  at  fermentation,  and  next  week  at 


In  fermenting  solutions  of  sugar  mixed  wilh  good  yeast,  the  attenuation  has  been 
carried  down  to  0-964,  and  even  0-9BZ,  that  is,  in  the  language  of  Ibe  excise,  16  and  IS  de- 
grees below  water,  from  1-060,  the  density  at  which  il  was  oriifinatly  set  in  the  tun.  This 
was  excellent  work  done  on  the  scale  of  a  great  distiQery  nearly  30  years  ago,  when  dis- 
tillalion  from  sugar  was  encourvged,  in  eoasequence  of  l»d  corn  harvests. 

In  an  experiment  which  I  mode  in  1331,  for  the  informalion  of  a  committee  of  the 
House  of  Commons,  on  the  tuk  of  molasses  in  the  breweries  and  distilleries,  1  dissolved 
1  ewt.  of  raw  sugar  in  water,  so  as  to  form  7-11  gallons,  inclusive  of  2  gallons  of  yeast. 
The  specific  gravity  of  the  mixture  was  1-0593  on  the  31  st  of  March.  By  the  6th  oT 
April,  that  is,  in  6  days,  the  gravity  had  sunk  lo  0-992,  or  8  degrees  under  water,  which 
was  reckoned  a  good  attenuation,  considerii^  the  circumstances  and  tbe  small  qaantirf 
operated  upon.  By  distillation  It  afforded  at  the  rale  of  14-679  gallon*  of  proof  spirib 
for  100  gaUoas  of  the  wash. 
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When  the  disUUere  first  worked  firom  sngar^  fhey  only  obtained  upon  aa  ayerage  from 
1  cwu  10*(]K9  gallons  imp.  of  proof  spirit;  Vut  they  afterwards  got  no  less  than/ 11*92 
imp.  gallons. 

The  foUawiog  experiment,  which  I  made  npon  the  fermentation  of  West  India  ^olassas 
into  spirits,  for  the  information  of  the  said  committee,  may  prove  not  uninler^ting  to 
my  raiders.  150  IVs.  were  dbsolved  in  water  and  mixed  with  2  gallons  ^of  yeasty 
weighing  exactly  20  lbs.  The  wash  measured  70  gallons,  and  had  a  spec,  gravity  of 
1*0647  at  60^  F.  la  two  days  the  gravity  had  fallen  to  1*0055;  in  three  days  to 
1-0022 ;  aad  in  fire  days  to  1*001.  The  temperature  Was  kept  up  at  from  80^  to  90°  F., 
daring  the  last  two  days,  jby  means  of  a  steam  pipe,  to  favor  the  fermentation.  The 
prodoet  of  spirits  was  11  gallons,  and  ^^  of  a  gallon.      Now  150  lbs.  of  the  above 

oalasses  were  found  to  contain  of  solid  matter,  chiefly  oncrystallizable,  1 12  lbs.  And  as 
112  lbs.  of  sugar  are  estimated  by  the  revenue  laws  to  afford  by  fermentation  11)  gallons 
impw  of  proof  spirit,  the  result  of  that  experiment  upon  molasses  must  be  considered 
satisfactory,  bearing  in  mind  that  the  saccharine  substance  in  molasses  has  been  not  only 
partially  decomposed  by  heat,  but  is  mixed  with  some  of  the  glutfnous  or  extractive  jnattei 
of  the  eaae. 

Since  the  alteration  of  the  excise  laws  relative  to  distillation  in  1825  and  1826,  when 
permission  was  given  to  set  the  wort  at  lower  gravities,  the  quantity  of  spiriu  produced 
from  1  quarter  of  corn  has  been  much  increased,  even  up  to  fully  20  gallons ;  and  the 
proporiion  of  malt  has  been  much  diminished.  The  latter  was  soon  reduced  from  three 
sevenths  malt,  and  four  sevenths  barlef,  or  two  fifths  malt  and  three  fiAhs  barley,  to  one 
Adh  of  malt  and  now  to  one  tenth  or  even  one  sixteenth. 

A  discussion  having  lately  taken  place  in  Ireland  between  certain  persons  connected 
with  the  distilleries  and  the  officers  of  the  excise*  wjiether,  and  to  what  extent,  raw 
grain  worts  would  pass  spontaneously  into  the  vinous  fermentation,  the  Board  in  London 
requested  me  to  superintend  a  series  of  researches  in' a  laboratory  fitted  up  at  their  office, 
lo  settle  this  important  point.  I  shall  content  myself  here  with  giving  the  result  of  one 
experiment,  out  of  several,  which  seems  to  me  quite  decisive.  Three  bushels  of  mixed 
grains  were  taken,  consisting  of  two  of  barley,  one  half  of  oats,  and  one  half  of  malt, 
which,  being  coarsely  ground  by  a  hand-mill,  were  mashed  in  a  new  tun  with  24  gallons 
of  water  at  155^.  The  mash  liquor  drawn  off  amounted  to  18  gallons,  at  the  density  of 
1-0463 ;  and  temperature  of  82°  F.  Being  set  in  a  new  tun,  it  began  to  ferment  in  the 
course  of  12  hours,  and  in  4  days  it  was  attenuated  down  to  gravity  1*012.  This  yielded, 
npon  distillation  in  low  wines,  3*22  gallons,  and  by  rectification,  in  spirits,  3*05 ;  while 
the  quantity  equivalent  to  the  attenuation  by  the  tables  was  3*31,  being  an  excellent 
accordance  in  such  circumstances. 

The  inquisitorial  rSgime  imposed  by  law  upon  onr  distilleries,  might  lead  a  stranger 
to  imagine  that  our  legislators  were  desirous  of.  repressing;  by  every  species  of  annoyanee 
the  fabrication  of  the  fiery  liquid  which  infuriates  and  demoralizes  the  lower  population 
of  these  islands.  But  alas !  credit  can  be  given  them  for  no  snch  moral  or  philanthropic 
motive.  The  necessity  of  the  exchequer  to  raise  a  great  revenue,  created  by  the  wasteful 
expenditure  of  the  state,  on  the  one  hand,  and  the  efibrts  of  fraudulent  ingenuity  on  the 
other,  to  evade  the  payment  of  the  high  duties  imposed,  are  the  true  origin  of  that  regime* 
Examinations  in  distilleries  are  constantly  making  by  the  officers  of  excise.  There  is  a 
survey  at  6  o^ctock  in  the  morning,  when  the  oflicers  take  their  accounts  and  gauges, 
and  make  calculations  which  occupy  several  hours.  At  10  o'clock  they  again  survey, 
gotag  over  the  whole  premises,  where  they  continue  a  oonsiderable  time,  frequently  tUl 
the  succeeding  officer  comes  on  duty ;  at  2  in  the  afternoon  another  survey  takes  place, 
bat  not  by  the  same  people ;  at  6  in  the  evening  the  survey  is  repeated ;  at  10  there 
eomes  another  survey  by  an  officer  who  had  not  been  engaged  in  any  of  the  previous 
surveys  of  that  day.  He  is  not  relieved  till  6  o'clock  next  morning.  In  addition  to  these 
regolar  inspections,  the  distilleries  are  subject  to  frequent  and  uncertain  visits  of  the 
surveyor  and  general  surveyor.  <<  We  are  never,''  says  Mr.  Smith,  the  eminent  distiller 
of  Whitecbapel,.<<out  of  their  hands."* 

Before  the  fermented  wort  goes  into  the  stilly  a  calculation  i»  made  of  the  quantity 
of  wash  drawn  from  the  wash  back,  and  which  is  first  pumped  into  what  is  called  the 
wash  charger.  If  the  quantity  in  the  wash  charger  exceeds  the  quantity  in  the  wash 
back,  the  distiller  is  charged  upon  the  higher  quantitj;  if  it  contains  less,  he  must  pay 
according  to  the  wash  back,  as  being  the  larger  quantity.  When  the  quantity  of  wash  is 
aU  transferred  to  the  charger,  the  discharge  cock  of  the  wash  charger  is  unlocked,  and 
the  wash  is  allowed  to  be  drawn  off  from  the  charger  into  the  still,  the  charging  and 
discharging  cock  of  the  still  being  locked  by  the  officer.  There  can  be  no  transfer  of 
wash  but  through  the  pumps,  which  are  locked  also.  The  first  distillation  from  the 
wash  is  worked  into  the  low-wine  receiver,  which  is  also  a  locked  up  vessel ;  then  of 

*  Report  of  Cominittee  on  Molanea,  9198. 
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those  low  wines,  Mie  streigtH  and  ^tianti^T  anr  ateertained  hj  the  excise.  The  accoant 
of  them  affords  a  comparison  with  the  quairtity  which  the  contents  of  the  wash-hack  had 
been  estimated  to  produce ;  they  are  then  pumped  from  the  low  wine  receirer,  through 
pumps  previously  locked  into  the  low  wine  ciiarger,  which  is  also  a  locked  up  vessel; 
from  the  locked  up  charger,  afler  the  officer  has  done  his  duty  regarding  it,  they  are  allow- 
ed to  be  drawn  off  into  the  low  wine  still,  which  is  a  distillation  of  the  second  extraction; 
then  that  low  wine  still  works  into  another  locked  np  cask,  called  the  spirit  receirer,  for 
the  recciying  of  raw  spirits ;  when  that  distillation  is  finished,  the  officer,  attending  agaia 
on  regular  notice  for  that  purpose,  takes  the  quantity  and  strength  of  the  spirits  therein, 
and  upon  the  quantity  so  ascertained  he  charges  the  duly*  la  distilling  low  wines,  one 
portion  of  them  goes  into  the  spirit  receiver,  and  a  portion  into  what  is  calM  the  faint 
receiver,  which  is  another  locked  np  vessel.  These  faints  are  ia  the  next  distillation 
united  with  the  low  wines,  from  the  succeeding  wash-bacat  on  their  second  distillation, 
and  are  worked  together ;  the  united  produce  of  these  goes  partiy  into  the  spirit  cask, 
and  partly  back  again  into  the  faint  cask.  The  operation  is  thus  OMtiniicd  till  al)  ihe 
backs  in  the  house  are  emptied.* 

There  is  a  kind  of  ardent  spirits  manufactured  in  Holland,  vulgarly  called  Dutch  gin, 
Hollands,  and  sometimes  gfmva,  from  genievn,  the  French  for  juniper,  a  plant  with  the 
essential  oil  of  whose  berries  it  is  flavored.  One  cwt.  of  ground  maJt  mixed  with  two 
cwts.  of  rye  meal  are  mashed  for  two  hours,  with  about  450  gallons  of  water  at  the  tem- 
perature of  160^  F.  The  mash  drawn  off  is  reduced  with  cold  water  till  the  Kqnid  part 
has  the  density  of  45  lbs.  per  barrel,  =  specific  gravity  1*047 ;  and  is  then  put  idl  together 
into  the  fermenting  back  at  the  temperature  of  80^  F.  One  or  two  gallons  of  yeast  are 
added.  The  fermentation  soon  becomes  so  vigorous  as  to  raise  the  heat  to  90^  and  up- 
wards, but  it  is  not  pushed  far,  being  generally  over  in  two  days,  when  the  gravity  of  the 
wash  still  indicates  12  pounds  of  saccharum  per  barrel.  By  this  moderate  attenuation, 
like  that  practised  by  the  contraband  distillers  of  the  Highlands  of  Scotland,  it  is  supposed 
that  the  fetid  oil  of  the  husks  is  not  evolved,  or  at  least  in  very  small  quantity.  The 
grains  are  put  into  the  alembic  along  with  the  liquid  wash,  and  distilled  into  low  wines, 
which  are  rectified  twice  over,  some  juniper  berries  and  hops  being  added  at  the  last  dis- 
tillation. But  the  junipers  are  sometimes  bruised  and  put  into  t^  mash.  The  produce 
of  worts  so  imperfectly  fermented,  is  probably  little  more  than  one  half  of^  what  the 
British  distiller  draws  fVom  the  same  quantity  of  grain.  But  the  cheapness  of  labor  and 
of  grain,  as  well  as  the  superior  flavor  of  the  Skiedam  spirits,  enables  the  Dutch  distiller 
to  carry  on  his  business  with  a  respectable  profit.  In  opposition  to  the  above  facts,  Du- 
brunfaut  says  that  aboot  one  third  more  spirite  is  obtained  in  Holland  from  grain  than  ia 
France,  because  a  very  calcareous  spring  water  is  employed  in  the  mashing  operation. 
Were  this  account  well  founded,  all  that  the  distillers  of  other  countries  would  have  to  do 
would  be  merely  to  introduce  a  portion  of  chalk  into  their  mash  tuns,  in  order  to  be  on  a 
par  with  tlie  Dutch.    But  the  statement  is  altogether  a  mistake. 

In  the  vine  countries,  the  inferior  wines  or  those  damaged  by  keeping,  as  also  a  fer- 
mented mash  of  the  prened  grapes,  mixed  with  water,  are  distilled  to  form  the  eau  de  vie 
de  Cognac  of  the  French,  called  Brandy  in  this  country.  It  contains  less  essential  oil, 
and  that  of  a  more  agreeable  flavor,  than  ^m  spirits.    See  BaANov. 

Berzelius  says  that  there  are  distillers  who  are  guilty  of  putting  a  little  arsenious  acid 
into  the  still ;  that  the  spirits  contain  pretty  frequently  traces  of  arsenic,  which  may  be 
detected  by  adding  to  them  a  little  muriatic  acid,  then  evaporating  oflf  the  alcohol,  and 
passing  a  current  of  sulphoreted  hydrogen  gas  through  the  residuary  liquid,  which  will 
give  it  the  characteristic  orpiment  yellow  tinge,  arbtnic  being  present.  Copper,  which  is 
•ometimes  introduced  into  distilled  grain,  or  even  malt  spirits,  in  consequence  of  the  soap 
employed  in  the  process  of  distilUtion,  may  be  detected  best  by  the  brown  precipitate  which 
it  occasions  with  ferroprussiate  of  potash.    No  arK4  c  is  ever  used  in  this  country. 

When  damaged  grain  has  been  mashed  in  making  whiskey,  a  peculiar  oily  substance 
makes  its  appearance  in  it.  On  ^ppro&ching  the  nostrils  to  such  whiskey  slightly  heated, 
this  volatile  matter  irritates  the  pituitary  membrane  and  the  eyes  very  powerfully.  These 
«piritB  have  exactly  the  smell  of  an  alcoholic  solution  of  cyanogene ;  they  intoxicate  more 
powerfully  than  pure  alcohol  of  equal  strength,  and  produce  even  temporary  phrensy, 
with  subsequent  sickness  and  disordered  functions.  This  volatile  body  is  not  cyanogene, 
though  it  be  so  like  it,  for  it  forms  no  such  combinations  as  cyanogene  does.  It  may  be 
extracted  from  diluted  alcohol  by  agitating  it  with  an  unctuous  oil,  and  then  distilling  the 
oil  along  with  water.  At  the  end  of  3  or  4  months,  this  volatile  matter  disappears  in  a 
great  measure,  even  when  the  spirits  impregnated  with  it  are  enclosed  in  well-coiiked 
bottles;  obviously  from  its  undergoing  a  spontaneous  decomposition.  It  may  be  preserv- 
ed jnnch  longer  in  the  state  of  a  watery  solution. 

When  acetic  ether  is  added  to  well  purified  or  clean  spirits,  such  as  the  distilleia  call 

*  ThoBU  Smithy  Btq.,  of  Whitechapel  Road,  in  Report  of  MoImms  ConunittM,  Put  II.  p.  14ft. 
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iOenl  whiskey,  it  girn  it  (omewbal  of  the  fliTor  or  brandy.  For  this  purpose,  also,  tbe 
■pints  are  TMtifled  from  lnuiwd  pranra,  or  the  leet  of  the  cognac  disiillcrira,  whereby 
lb«T  aeqaire  addilional  flaTor.  The  astringent  ta«te  of  old  biandy  is  Imitated  by  Ihc  in- 
tradoctioD  oT  a  little  eaieeha  into  the  BKtirit  ipidti.  Bnrned  wgai  is  employed  at  a 
etdwin^  in  Ibeae  imitations. 

IV.  0/  ffiofeiaf  iMikry  from  pofaioei— This  root,  in  eertain  loiMlities  where  it 
abonndt  at  a  moderate  price,  is  an  excellent  material  for  ffermeDtin;;  into  alcobol.  When 
tonnd,  it  pooesses  from  20  to  SS  per  cent,  of  solid  mbsCanee,  of  which  starch  eonsti- 
tates  at  leaM  Ibree  fourths ;  hence  100  poands  conlain  from  16  [o  23  ponnds  erf'  slardi 
■Dsceptible  of  being  saccbuifled.  In  the  expressed  juice  there  ii  a  SDudl  qusBtilj  of 
tartaric  acid. 

PretioiKly  to  mastaing,  potatoes  mnsl  be  first  well  washed  in  a  horiiontsl  cylindrioal 
cage  rcTohring  partially  in  a  trough  at  water,  as  will  be  described  in  tmting  of  tba 
nanafactDre  A  sugar  Irom  beet  root.    They  must  be  then  boiled  in  a  dose  vessel  with 
iieam,  provided  with  a  perforated  bottom  a  few  inches  above  the  real  one.    The  top  hat 
aa  opening  with  a  ^ver  fitted  tightly  to  it ;  through  that  (h«  potatoes  are  inlrodnced  | 
and  immedialety  abore  the  firisc  bottom  there  is  a  similar  aperture  through  which  the 
boiled   potatoes  are  taken  out.    The  ateani-pipe   enters  at  the  top,  runs   down  the 
nde  a  Uttle  way,  and  tenninates  in  a  widened  mouth.    The  large  lids  are  secured  by 
crow  bar^  the  small  bole  by  folds  of  linen,    tn  the  lower  valve  there  are  two  small  hole* 
doaed  with  pins,  for  inserting  a  wire  to  feel  whether  the  potatoes  be  sufficiently  boiled. 
If  W^  the  tlesLiD  u  immediately  tl<^>ped  o^  the  lower  lid  is  removed,  and  the  potatoes 
pulled  out  with  a  hook  into  a 
tub.     They  must  be  iinme> 
diately  mule  into  a  honioge> 
neou«  patte  before  they  get 
cold.    Pig.  361  represents,  in 
plan,  or  horizontal  section,  tbe 
apparaios  used  in  France  for 
this  purpose,     a  b  are  two 
cylinders  covered   with  wire 
cloth,  but  open  at  the  ends; 
c  c  and  T>  D  are  two  pieces  of 
wood  filed  on  the  two  axes, 
in  the  farm  of  two  cones,  with 
the  adjoining  surfaces  trun- 
cated j   upon  which,  as  alsa 
npon  iron  rings  e  r,  of  tbe 
same  diameter,  made  fast  to 
Ibe  axes,  the  wire  cylindcf  tetls.    Of  the  two  wheeli  a  h,  tbe  smaller  hat  18,  the 
fRaler  has  II  teeth.    The  diameter  of  each  cylinder  is   14  inches,  the  length  18. 
Above  and  between  the  two  cylinders,  tbere  is  a  hopper  (or  the  reception  of  the  boiled 
potatoes.    This  machine  triturates  1200  pounds  of  potatoes  per  boor.    Their  paste  mutt 
be  forthwith  nushtd  with  some  ground  wheat  or  barley,  and  a  proportion  of  malt ;  then 
be  set  a  fermenting. 

Ai  in  the  abore  mode  of  trituration,  the  potatoes  arc  apt  lo  eool  to  such  a  degree  as  to 
obsmct  their  ready  admiitnre  with  water,  it  is  belter  to  make  them  into  a  paste  in  the 
vessel  in  which  they  are  steained.  The  apparatus  contrived  by  Siemens  fully  answen 
this  end.  It  consists  estenliBlly  of  a  tub  a,  represenled  in  fig.  362,  in  section.  It  it 
cylindrical,  and  made  of  planks  from  3  lo  4  inches  thick,  joined  firmly  and  sleam-tight; 
the  apper  and  miderends  being  well  secured  with  iron  hoops.  The  lower  part  is  about  2 
inches  more  in  diameter  than  the  upper.  About  a  fool  from  the  bottom,  in  a  cirenlar 
gmore,  a  cast  iron  partition  w,  or  disc  foil  of  boles,  is  made  fast,  which  servea  the  pur- 
pote  of  a  scarce,  the  apertures  being  an  inch  asunder ;  above,  fhom  }  to  Jj.  of  an  iaeb 
in  diameter,  and  below,  scooped  out  to  half  an  inch.  This  disc  is  half  an  inch  thick  in 
tbe  edges,  and  five  fourths  of  an  inch  in  the  middle. 

Through  the  female  screw  a  in  the  top  of  the  cylinder,  Ihere  passes  the  screwed 
rod  b,  one  and  u  half  inches  thick,  provided  at  top  with  a  strong  cross  bar  c  c,  for 
turning  it  round.  The  under  end  of  this  rod  has  a  square  piece  terminating  in  a  short 
terew,  upon  which  a  wrought  iron  crost  is  secured  by  means  of  a  screw  put, 
10  as  lo  stand  at  right  angles  to  the  rod.  This  cross  is  composed  of  two  distinct 
aiDti ;  of  which  one  of  them  is  mcnnted  on  the  upper  side  with  little  knives  an  inch 
and  a  half  long ;  the  other,  upon  the  under  side,  with  a  wire  brush,  that  may  be  made 
to  inb  against  Ihc  perforated  cast  iron  disc.  On  the  side  of  tbe  cylinder  at  i,  fig.  36i^ 
there  is  a  parrow  aperture  provided  with  a  bung  secured  by  a  cross  bar,  and  near  lbs 
houoa  at  H  there  is  another  like  it  Both  openings  serve  for  takins  out  tb« 
retidQary  matter.  Through  the  opening  e,  tbe  ahove  two  armt  are  introduecd ;  aad 
tecond  lo  the  i<)nai«  of  the  nd  ij  the  terew  not    In  the  top  then  it  an  npenini^^ 
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Tor  patting  m  the  potatota  which  may  be  shut  in  the  Mine  wtjr.  From  the  lid  thm 
likewise  iisael  ■  laierBl  tube  f,  vhich  lerminBles  in  k  tubful  of  water,  for  coDdensing 
Ihe  waste  Eteam.  a  is  the  lube  connected  with  the  ileam  boilei^  for  condncting  thetteam 
inio  Ihe  fpace  under  the  icon  disc  w. 

With  this  appaiBtut  the  potatoes  are  prepared  aa  foUowi:  when  the  screw  rod  is  eo 
fixed  thai  the  c/oes  touchea  Ihe  disc,  the  cylinder  ia  to  be  filled  with  washed  potaloes  to 
wilhin  one  fool  or  the  lap,  leaving  them  some  space  to  expand.  The  oiifiee  n  is  to  be 
then  closed,  and  the  steam  admitted.  When  the  potatoes  are  bailed  enough,  (wo  laboreia 
lay  hold  of  Ihe  lever  handles  c  c,  of  the  screw  rod  6,  and  tnm  il  round  with  the  effect  of 
tcrewing  up  ihe  spiked  cross,  and  of  tritonling  the  pouioes ;  an  operation  vhicb  may 
be  Blill  more  effectually  done  by  screwing  il  down  again.  The  polalo  paste  is  now  let 
off  by  the  plug  hole  H,  into  the  tub  i.,  where  it  is  miied  with  abonl  30  per  cent,  of  boil- 
ing water,  nnd  one  thousandth  part  of  potash,  made  caustic  with  quicklime,  in  order  to 
dissolve  the  albuminout  matter  coagulated  by  the  heat,  and  give  complete  fluidity  to  the 
DBBS.  The  alkali  also  neutralizes  the  larlaric  acid  present.  The  mashed  mailer  must 
now  be  mixed  with  the  crushed  malt  diffused  through  40  or  50  pounds  of  cold  water  for 
every  100  pounds  of  potaloes,  which  lowers  the  temperature  to  IGT,  The  wort  mnst 
be  then  diligently  stirred  duriug  two  hours;  miied  with  40  or  50  pounds  of  cold  water 
for  100  pounds  of  potaloes,  and,  when  reduced  to  the  tempcratnre  of  77°,  put 
into  Ihe  fermenting  lun  along  with  the  proper  quantity  (3  or  4  per  cent.)  of  yeast. 
As  potaloes  readily  pass  into  Ihe  acetous  fermeslation,  the  admixture  of  the  mall,  the 
mashing,  and  the  cooling  should  be  rapidly  performed,  while  the  utmost  cleanliness  mmt 
be  observed. 

The  fennentntion  ia  brisk,  probably  from  Ihe  agency  of  the  albumen,  and  fumishea  a 
good  head  of  barm,  which  answera  well  for  the  bakers  i  100  pounds  of  potaloes  yield 
fiODi  18  lo  20  pounds  meagnre  of  spirits,  nine  elcTenlbs  of  our  excise  proof  j  or  about  16 
pounds  measure  of  proof,  —  about  If  gallons. 

It  has  been  observed  that  aner  the  monlh  of  December  potatoes  begin  to  yield  a 
(mailer  produci  of  rennented  spirits  i  and  when  Ihey  have  once  sprouted  or  jertninated, 
they  afford  very  lillle  indeed.  From  Ihe  difficulty  of  keeping  and  transporting  potatoes, 
distillation  from  (hem,  even  thouab  our  laws  now  permit  il,  can  never  become  aeneral  till 
some  plan  be  adopted  for  overcoming  these  disadvantages.  A  scheme  of  this  kind,  how- 
ever, has  been  successfully  practised  in  Vienna,  which  consists  in  subjecting  the  washed 
potatoes  10  strong  pressure  rn  a  perforated  cliesl  by  a  hydraulic  or  screw  press,  whereby 
tfaey  lose  about  three  fourths  of  their  weighl,  add  may  then  be  readily  dried  into  a  white 
flour,  that  may  be  kept  Ibr  several  ycart  without  injury,  and  transported  lo  considerable 
distances  with  comparative  ease.  This  flour,  mixed  with  a  moderale  quantity  of  gioand 
mall,  and  saccharified  by  mashing  with  water,  at  Ihe  temperature  of  167"  F.,  becomes 
capable  of  affording  a  sweet  wort  convertible  by  fermentalion   either  into   beer  or 

Horse-chestnuts,  according  lo  Hermslaedt,  are  an  eligible  material  for  pjodncing  alco- 
hol, as  12tj  pounds  of  [hem  afford  lOO  pounds  ofmeal;  wbich  100  pounds  yield,  by 
proper  trealnient,  34  pounds  of  spirits,  containing  36  per  cent,  of  absolute  alcohol  by 
Eichter's  tables.  Barlej'  to  Ihe  eilenl  of  10  pounds  per  100  should  be  ground  up  with 
them,  after  Ihey  have  been  boiled  ia  a  steam  apparatus,  not  only  for  the  purpose  of 
softening  them,  bat  freeing  them  from  their  bitler  aslringent  malter.  Acorns  are  pro 
ductive  of  alcohol  by  similar  treatment. 

The  best  means  hitherto  discovered  lor  depriving  bad  whiske;  of  its  nauseous  smell 
and  iBsle  is  lo  pass  it  (hrouch  wcH  burned  and  coarsely  pulverized  eharcoal,  dislribuled 
a«  follows  in  a  series  of  cjlindrical  casks.  Each  vessel  must  have  a  double  bottom,  the 
false  one  being  perforated  with  conical  holea,  and  plnced  a  few  inches  above  the  true. 
Upon  this  perfornled  boanl  a  layer  of  chopped  dean  straw,  one  inch  ihick,  is  laid ;  and 
over  Ihe  straw,  a  stratum  of  small  river  gravel,  the  size  of  large  peas.  This  is  to  be 
covered  with  a  pretty  Ihick  stratum  of  the  charcoal,  previously  freni  from  dirt  and  dust 
by  washing;  upon  which  a  piece  of  close  canvass  is  to  be  spread,  and  pressed  down  by 
a  thin  bed  of  river  sand.  The  cylinder  or  cask  should  be  filled  with  these  successive 
layers  lo  within  iwo  inches  of  its  lop,  and  it  is  then  to  be  closed  air-tighl.  Immediately 
below  the  head,  a  round  orifice  is  pierced  in  tlte  side,  for  receiving  an  overflow  tube, 
which  is  either  screwed  rectangularly  (o  another  elbow  pipe,  or  is  benl  (when  of  block 
tin)  so  as  to  enter  light  into  an  orifice  beneath  the  false  bottom  of  the  second  ejlinder  or 
tmik.  In  this  way,  the  series  may  be  continued  (o  any  desired  nnmber  of  vessels;  the 
last  discharging  (he  purified  spirit  into  the  slore-back.  The  foul  spirit  musi  be  made  to 
flow  into  the  bottom  space  of  the  first  cylinder  down  through  a  pipe  in  communication 
with  a  eharging-back  placed  upon  such  an  elevated  level  as  to  give  sufficient  pressure  to 
force  the  apirila  up  Ihrough  the  Kriea  of  filiertt  ihe  supply-pipe  being  provided  with  ■ 
r^nltUng  stap-«ack.    The  ipirit  may  be  filtered  dmeinimrdt  Ihningh  aand  and  cloUi  in 
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its  final  passage  to  the  receiver.    It  has  been  found,  with  very  crnde  spirits,  that  eight 
soceessiTe  cylinders  were  required  to  deprive  them  entirely  of  the  rank  flavor. 

In  the  year  1831,  23,000,000  gallons  of  spirits  were  made  in  the  United  Kingdom, 
cqoivmlent  to  the  consumption  of  15500,000  quarters  of  grain,  and  for  that  year  and  the 
fcmr  preceding  years,  there  were  imp<>rted  annually  2,000,000  of  quarters  of  foreign 
barley. 

In  1832, 20,778,521  gallons  paid  excise  duty. 
1834, 23,397,806. 

1836,  27,137,000;  of  which  14,000,000  were  Irish. 
We  may  add  to  the  last  quantity,  3  millions  of  gallons  at  least  on  the  score  of  smug- 
gfing,  in.  licensed  and  illicit  distilleries ;  mak^g  30  millions  to  be  the  frigbtAil  amount 
of  whiskey  consumed  by  the  British  people,  independent  of  other  intoxicating  liquors. 

DOCIMACY,  from  the  Greek  Ao/iri/ia^ft),  I  prove  (Docimasie,  Fr. ;  Probierkunst, 
Germ.) ;  is  the  art  by  which  the  nature  and  proportions  of  an  ore  are  determined. 
This  analytical  examination  was  originally  conducted  in  the  dry  way,  the  metal  being 
extracted  from  its  mineralizers,  by  means  of  heat  and  certain  fluxes.  ^  But  this  method 
was  eventoally  found  to  be  insufficient  and  even  fallacious,  especially  when  volatile 
metals  were  in  question,  or  when  the  fluxes  could  absorb  them.  The  latter  circum- 
stance became  a  very  serious  evD,  whenever  the  object  was  to  appreciate  an  ore  that  was 
to  be  worked  at  great  expense.  Bergmann  ^rst  demonstrated,  in  an  elaborate  disser- 
tation, that  the  humid  analysis  was  much  to  be  preferred ;  and  since  his  time  the  dry 
way  has  been  consecrated  chiefly  to  the  direction  of  metallutgic  operations,  or,  at 
least,  it  has  been  employed  merely  in  concert  with  the  humid,  in  trials  upon  the 
small  scale. 

AHer  discovering  an  ore  of  some  valuable  metal,  it  is  essential  to  ascertain  if  its 
qnantity  and  state  of  combination  will  justify  an  adventurer  in  working  the  mine,  and 
smelting  its  products.  The  metal  is  rarely  found  in  a  condition  approaching  to  purity ; 
U  is  oAen  disseminated  in  a  mineralizing  gangue  far  more  bulky  than  itself;  and  more 
fieqoently  still  it  is  combined  with  simple  non-metallic  substances,  such  as  sulphur, 
carbon,  chlorine,  oxygen,  and  acids,  more  or  less  difficult  to  get  rid  of.  In  these 
compound  states  its  distinctive  characters  are  so  altered,  that  it  is  not  an  easy  task 
either  to  recognise  its  nature,  or  to  decide  if  it  can  be  smelted  with  advantage.  The 
assayer,  without  neglecting  any  of  the  external  characters  of  the  ore,  seeks  to  penetrate, 
so  to  speak,  into  its  interior ;  he  triturates  it  to  an  impalpable  powder,  and  then  subjects 
it  to  the  decomposing  action  of  powerful  chemical  reagents ;  sometimes  with  the  aid  of 
alkalis  or  salts  appropriate  to  its  nature,  he  employs  the  dry  way  by  fire  alone;  at 
others,  he  calls  in  the  solvent  power  of  acids  with  a  digesting  heat ;  happy,  if  after  a 
series  of  labors,  long,  varied,  and  intricate,  he  shall  finally  succeed  in  separating  a 
notable  proportion  of  one  or  more  metals  either  in  a  pure  state,  or  in  a  form  of  com- 
bination such,  that  from  the  amount  of  this  known  compound,  he  can  infer,  with 
precision,  the  quantity  of  fine  metal,  and  thereby  the  probable  value  of  the  mine.  The 
Uow-pipe,  skiUully  applied,  aflfords  ready  indications  of  the  nature  of  the  metallic 
eonstituents,  and  is  therefore  usually  the  preliminary  test.  The  separation  of  the 
several  constituents  of  the  ore  can  be  efifected,  however^  only  by  a  chemist,  who  joins 
to  the  most  extensive  knowledge  of  the  habitudes  of  mineral  substances,  much  expe- 
rience, sagacity,  and  precision,  in  the  conduct  of  analytical  operations.  Under  Uie 
individnal  metals,  as  also  in  the  articles  Metallurot,  Mines,  and  Ores,  I  have  endea- 
vored to  present  such  a  copious  and  correct  detail  of  docimastic  processes,  as  will 
serve  to  guide  the  intelligent  student  through  this  most  mysterious  labyrinth  of  nature 
and  art. 

DORNOCK  is  a  species  of  figured  linen  of  stout  fabric,  which  derives  its  name 
from  a  town  in  Scotland,  where  it  was  first  manufactured  for  table-cloths.  It  is  the 
most  simple  in  pattern  of  all  the  varieties  of  the  diaper  or  damask  style,  and  therefore 
the  goods  are  usually  of  coarse  quality  for  common  household  wear.  It  receives  the 
figure  by  reversing  the  flushing  of  the  warp  and  woof  at  certain  intervals,  so  as  to  form 
squares,  dr  oblong  rectangles  upon  the  cloth.  The  most  simple  'of  these  is  a  succession 
of  alternate  squares,  forming  an  imitation  of  a  checker  board  or  mosaic  work.  The 
coarsest  kinds  are  generally  woven  as  tweels  of  three  leaves,  where  every  thread  floats 
over  two,  and  is  intersected  by  the  third  in  succession.  Some  of  the  finer  are  tweels 
of  four  or  five  leaves,  but  few  of  more ;  for  the  six  and  seven  leaf  tweels  are  seldom  or 
never  nsed,  and  the  eight  leaf  tweel  is  confined  almost  exfdusively  to  damask.  See 
TEzni.E  Fabric. 

DRAGOrrS  BLOOD  (Sang  dracfmy  Fr. ;  Drachenblutj  Germ.)  is  a  resinous 
substance,  which  comes  to  us  sometimes  in  small  balls  of  the  size  of  a  pigeon's  egg, 
sometimes  in  rods,  like  the  finger,  and  sometimes  in  irregular  cakes.  Its  color,  in 
hmp,  is  dark  brown  red;  in  powder,  bright  red;  friable;  of  a  shining  firacture, 
•p.  grav.   1*196.     It  contains  a  little  benzoic  acid,  is  insoluble  in  water,  but  dissolves 
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readily  in  alcohol,  ether,  and  oilt.  It  is  bzought;  from  the  £«st  Indies,. Afiie«,  S^mOl 
America,  as  the  produce  of  several  trees,  the  Draconia  Draco,  the  Pieroearpua  Betj^UUnmi^ 
the  Pterocarput  DraeOy  and  the  Calannu  Rotang, 

Dragon's  bipod  is  used  chiefly  for  tingeing  spirit  and  turpentine  Tarnishes,  for 
preparing  gold  iwker,  for  tooth  tinctures  and  powders,  for  staining  marble,  ttc*  Accord- 
ing to  Herbenger,  it  consists  of  9*07  parts  of  red  resin,  2  of  fat  oil,  3  of  benzoic  add, 
1*6  of  oxalate,  and  3*7  of  phosphate  of  lime. 

DRUGGET  is  a  coarse,  but  rather  slight,  woollen  fabric,  used  for  corering  earpets, 
and  as  an  article  of  clothing  by  females  of  the  poorer  classes.  It  is  now-a-days  nearly 
superseded  by  coarse  cotton  goods. 

DRYING  HOUSE.  An  apartment  fitted  up  in  a  peculiar  inanner  for  drying  ealieoes, 
and  other  textile  fabrics.  Mr.  Southworth,  of  Sharpies,  a  Lancashire  bleacher,  .ob- 
tained a  patent,  in  1823,  for  the  following  ingenious  arrangement,  which  has  been 
since  generally  adopted,  with  eertaia  modifications,  in  most  of  our  extensive  bleaching 
and  printing  works.    Fig,  363  is  a  section  of  the  drying-^use,  where  a  is  a  furnace  and 
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boiler  for  the  purpose  of  generating  steam ;  it  is  furnished  with  a  safety  valve  in  the 
tube  b,  at  top,  and  from  this  tube  the  steam  main  c  passes  down  to  the  fioor  of  the  base- 
ment story.  From  this  main,  a  series  of  steam-pipes,  as  d  d,  extend  over  the  surface 
of  the  floor,  and  from  them  heat  is  intended  to  be  difl'used  for  the  purpose  of  warming  the 
drying-house. 

Along  the  middle  of  the  building  a  strong  beam  of  timber  e  e,  extends,  and  is  sup^ 
ported  by  cast-iron  pillars;  from  this  beam,  to  bearings  on  the  side  walls,  a  series  of  raib 
are  carried  in  a  cross  direction,  over  which  rails  the  wet  cloth  is  to  be  hung  in  folds,  and 
the  steam  or  evaporation  emitted  in  drying  is  allowed  to  escape  through  apertures  oi*  ven- 
tilators in  the  roof. 

The  mode  in  which  the  cloth  is  delivered  on  to  the  rails,  on  either  side  of  the  beam, 
will  be  best  understood  by  reference  to  the  delivering  carriage,  which  is  shown,  with  its 
rollers  partly  in  section. 

The  wet  cloth  is  first  to  be  coiled  upon  a  roller,  and  then  plaeed  in  the  carriage,  as 
at  /,  with  its  pivots  bearing  upon  inclined  planes.  The  carriage  is  to  be  plaeed  at  the 
commencement  of  the  rails,  running  upon  the  middle  beam,  and  also  upon  the  side- 
bearings  or  railways  extending  along  the  side  walls  of  the  building,  paralld  to  and 
upon  a  level  with  the  same  beam.  It  is  made  to  travel  by  means  of  an  endless  band 
passing  over  two  riggers,  g  and  A,  in  fig,  363,  and  over  pulleys  and  a  band-wheel 
attached  to  the  carriage,  as  will  be  explained,  llie  rigger  g,  whieh  moves  this  endless 
band,  is  actuated  by  bevel  gear,  seen  at  i,  which  is  put  in  motion  by  a  pinion  at  the  end 
of  a  revolving  shaft  leading  from  a  steam  engine. 

In  the  same  fig.,  kk  is  the  endless  band  passing  over  a  pulley  under  the  band-wheel, 
and  over  the  pulley  n,  by  which  it  will  be  perceived  that  the  traversing  of  the  band,  at 
described,  would  cause  these  pulleys  and  wheels  to  revolve.  On  the  ule  of  the  bimd- 
wheel  m,  there  is  a  drum  against  which  the  roll  of  wet  cloth  /  presses,  and  at  this 
drum  revolves,  the  roll  of  wet  cloth  is,  by  its  friction,  made  to  turn  in  a  contrary  di- 
rection, and  to  deliver  off  the  cloth  on  to  the  periphery  of  the  drum,  whence  it 
passes  over  a  roller  and  descends  to  the  rails.     Upon  the  end  of  the  axl^  of  the 
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biad-wheel  m,  there  is  a  pioioo  which  takes  into  the  teeth  of  the  large  wheel,  and  upon 
the  axle  of  this  large  wheel  there  is  a  pinion  that  actuates  the  iDtermediate  wheel,  which 
turns  another  toothed  wheel.  This  ]ast*mentioned  toothed  wheel  takes  into  cogs  upon 
the  side  railway,  and  hence,  as  the  train  of  wheels  moves  round,  the  carriage  to  which 
the  wheels  are  attached  is  slowly  impelled  forward. 

As.  soon  as  the  wheels  begin  to  nwve,  and  the  carriage  to  advance,  the  wet  cloth 
begins  to  ancoil,  and  to  pass  down  over  the  first  roller  j  a  small  roller  attaehed  to  the 
earrnge,  as  it  passes  over  the  rails  in  succession,  holds  the  cloth  against  each  rail  for  a 
short  spsce  of  time,  and  prevents  it  from  slipping,  by  which  means  the  cloth  descends 
in  folds  or  loops  between  the  rails,  and  is  thereby  made  to  hang  in  a  series  of  folds  or 
loops,  as  showa  in  the  figure. 

It  will  he  perceived  that  as  the  pivots  of  the  doth  roller  /  bear  upon  inclined  planes, 
the  roller  will  continuaHy  slide  dowIT  as  the  cloth  diminishes  in  bulk,  keeping  in  con- 
tact with  the  drum,  and  delivering  the  cloth  from  the  roller  on  to  the  several  rails,  as 
deseribed. 

In  order  to  stop  the  carriage  in  any  part  of  its  course,  or  to  adjust  any  of  the  folds  of 
the  doth,  a  man  is  usually  placed  upon  the  platform  travelling  with  the  carriage,  over 
which  he  has  perfect  command.  This  apparatus  may  be  also  employed  for  taking  the 
doth  when  dried  off  the  rails;  in  which  case  the  carriage  must  be  made  to  travd  back- 
wards, and  by  first  guiding  the  end  of  the  cloth  on  to  the  roller  /,  and  then  putting  the 
wheels  in  a  retrograde  motion,  the  cloth  will  be  progressivdy  coiled  upon  the  roller  /,  in 
a  similar  way  to  that  by  which  it  was  uncoiled. 

BUCTUJTT  (Stndsbarkeity  Germ.)  is  the  property  of  being  drawn  out  in  length 
without  breaking,  possessed  in  a  pre-eminent  d^ree  by  gold  and  silver,  as  also  by  many 
other  metals,  by  glass  in  the  liquid  state,  and  by  many  semifluid  resinous  and  gummy 
substances.  The  spider  and  the  silk- worm  exhibit  the  finest  natural  exercise  of  ductility 
upoB  the  i>eculiar  viscid  secretions  from  which  they  spin  their  threads.  When  a  body 
can  be  readily  extended  in  all  directions  under  the  hammer,  it  is  said  to  be  malleable,  and 
when  into  fillets  under  the  polling  press,  it  £5  said  to  be  laminable* 

TabU  of  the  ductility  and  malkalrilUy  ofMUaU. 


Metals  dvctil*  Bud 

Brittle  netda 

Metala  in  the  order    • 

Bfetala  in  the  order  of 

nlhabU  in  «lphBbttical 

ia 

of  their  wire-drawing 

their  lamtnable 

Older. 

alphabetical  order. 

dactility. 

daotility. 

Cadmium. 

Antimony. 

Gold. 

Gold. 

Copper. 

Arsenic. 

Silver. 

Silver. 

Gold. 

Bismuth. 

Platinum. 

Copper. 

Iron. 

Cerium.  7 

Iron. 

Tin. 

Iridium. 

Chromium. 

Copper. 

Platinum. 

Lead. 

Cobalt. 

Zinc. 

T^ead. 

Magnesiom. 

Columbium. 

Tin. 

Zine. 

Mercury. 

'     Iridium. 

Lead. 

Iron. 

NkkH. 

Manganese. 

Nickd. 

Niekd. 

Osmium. 

Molybdenum. 

PaHadium.  f 

Palladium.  9 

Palladium. 

Osmium. 

Cadmnun.  f 

Cadmium,  f 

natinnm. 

Rhodium. 

■ 

Potassium. 

Tellariom. 

SOver. 

Titanium. 

• 

Sodium. 

Tungsten. 

• 

Tin. 

Uranium. 

Zine. 

• 

There  appears  to  be,  therefore,  a  real  difference  between  ductility  and  malleability ) 
for  the  metals  which  draw  into  the  finest  wire  are  not  those  which  cifford  the  thinnest 
leaves  ando'  the  hammer  or  in  the  rolling  press.  Of  this  fact  iron  aifords  a  good  illus- 
tntion.  Among  the  metals  permanent  in  Uie  air,  17  are  ductile  and  1 6  are  brittle.  But 
the  most  ductile  cannot  be  wire-drawn  or  laminated  to  any  considerable  extent  without 
being  aaneded  from  tune  to  tine  during  the  progress  of  the  extenjaion,  or  rather  the 
ilidiBg  of  the  partides  alongside  of  each  other,  so  as  to  loosen  their  l0.teral  cohesion. 

DUNGING,  in  calico-printing,  is  the  application  of  a  bath  of  cowdung,  difi\ised 
fhroogh  hot  water,  to  cotton  goods  in  a  particular  stage  of  the  manufacture.  Bunging 
aad  seonriag  are  cemmo«ily  alternated,  and  are  two  of  the  most  im)portant  steps  in  the 
pioeesB.    The  operation ofdnnging  has  for  its  objects: —      * 

1.  To  determine  the  entire  combination  of  the  aluminous  sulMalts  with  the  stuffs,  by 
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leparaling  almost  all  the  acetic  acid  wUeb  mx  not  volatilited  in  the  Morc-dnrE^  et  lb* 

2.  To  dissslve  and  carry  off  from  the  clolb  a  portion  of  Ibe  thidiening  matters. 

3.  To  separate  from  (he  dolh  the  pait  of  the  monlant  that  ii  noeombined,  and  mS-etir 
mued  mecbanically  with  the  gum  or  starch. 

4.  To  preveni,  bj  the  peculiar  action  of  the  dun^,  the  nncombined  mordant,  as  veil  at 
the  acetic  acid  with  vbich  the  bath  is  apt  to  get  loaded,  from  affecting  tbe  blank  pul* 
of  the  elolh,  or  being  injarious  to  tbe  mordant. 

Tbe  aluminous  base  or  mordant  on  the  clotb,  more  or  less  nenttaliied  by  the  dunging, 
is  next  subjected  to  the  daab-whee!  or  fntliug  mill,  wbere  by  the  stream  of  water  the 
remainder  of  Ihe  tbiekeninf  and  other  imparities  are  waifa^  aiTaf. 

No  Tery  eiaci  analisis  haa  been  mode  of  cowdnng.  Morins,  which  U  the  most  receM 
and  clabOTste,  is  as  foJloivs : — 

Walee 70  00 

Vegetable  fibre 24'08 

Green  resin  and  fat  acids  -        .        -        -       1-52 
Undecomposed  biliary  matter         -        -  0-60 

Peculiar  eitiacliTC  matter  {biJmlim)  -        -      1-60 
Albumen       -        -  .      -        ■        ■        -  0-40 

Biliarj  resin 1-80 

According  to  M.  Ko>cb1in's  practical  knonledge  on  the  great  scale,  it  consists  of  a 
moist  fibrous  vegelaUe  snbstaoce,  which  is  animalixed,  and  forms  about  one  tenth  of  its 
weight  i  2.  of  l^bomn) ;  3.  of  animal  mucas ;  4.  of  a  substance  similar  to  bile ;  5.  of 
muriate  of  sod^  mDiiale  and  acetate  of  ammonia,  phosphate  of  lime  and  other  sails ;  6. 
of  benzoin  or  niosk. 

Probably  the  hot  water  in  which  the  calico-printer  diffuses  the  dang  exerts  a  pawerffal 
Bolvent  action,  and  in  proportion  as  the  uncombined  mordant  floats  in  the  bath  it  i»  pre- 
cipitated by  the  albumen,  Ihe  animal  mucus,  and  the  ammoniacal  salts;  but  there  is  rea- 
son to  think  thai  the  fibrous  matter  in  part  animalizcd  or  covered  with  animal  matter, 
plays  here  the  principal  part ;  for  the  great  affinity  of  this  substance  for  tbe  alnmiiioas 
•alts  is  well  known. 

All  practical  men  are  aware  that  the  affinity  of  cotton  for  alumina  is  increaied  by 
its  combination  with  oil  or  animal  substances,  to  soch  a  degree  as  to  lake  it  from  the 
dang  bathj  which  would  not  be  possible  without  this  combination.  It  would  iherefon 
appear  that  the  principal  funclion  of  dunging  is  to  hinder  the  uncombined  mordanl, 
diffused  in  the  dung  bath,  from  attaching  itself  to  the  nomordanled  portion  t^  tha 
ckith,  as  already  observed  ;  for  if  we  merely  wished  to  abstract  the  thickening  stuffs,  or 
lo  complete  by  (he  removal  of  acetic  acid  the  combination  of  the  aluminous  base  with 
the  goods,  dung  would  not  be  required,  for  hot  water  would  laffice.  In  fact,  we  may 
otnerve,  that  in  such  cases  the  Gist  pieces  passed  tbroigh  the  boiler  are  fit  for  dyeing ; 
bot  when  a  certain  number  have  been  passed  thjough,  the  mordant  now  dissolved  in  (he 
water  is  attracted  to  the  white  portions  of  the  doib,  while  the  free  acid  imparerishes 
the  mordanted  parts,  no  that  they  cannot  afford  good  dyes,  and  tbe  blank  spaces  vt 
tarnished. 

The  cowdung  may  be  in  some  meainre  replaced  by  bran,  but  not  with  perfect  snccess. 
The  former  bolh  answers  the  purpoae  belter  and  is  cheaper.  The  bran  is  only  preferred 
for  Ihe  most  delicate  yellows,  for  cochineal  pinks  and  lilachs,  to  which  the  dung  may 
•ometimes  impart  a  greenish  cast.  It  is  to  be  presumed  that  the  action  of  the  bran  in 
this  process  has  mach  analogy  with  that  of  the  dung,  and  that  the  ligneous  fibre  is  the 
most  active  constituent;  with  which  the  glnten  and  mucilage  co-operate,  no  donbl,  in 
•eiiing  the  alamiuoua  salts. 

It  seems  to  be  ascertained  that  tbe  mordant  applied  to  the  cloth  does  not  combbe  eo- 
tlrely  with  it  during  the  drying ;  that  this  combination  is  more  or  less  perfect  acconlinji 
to  the  slrenglh  of  the  mordants,  and  (he  circumstances  of  the  drying  ;  that  the  operation 
of  dungini;,  or  passing  through  hot  water,  completes  the  combination  of  the  doth  with 
the  alnminous  bane  now  insoluble  in  water;  that  this  base  may  still  contain  a  very  mi- 
nute quantity  of  acetic  acid  or  sulphate  of  alumina ;  thai  a  long  ebullilion  in  water 
impoverishes  (he  mordant  but  a  little ;  and  (ha(  even  then  the  liquid  does  not  eonlaia  any 
perceptible  quantity  of  acetate  or  inbsnlphate  of  alamina. 

The  manner  of  immersing  the  goods,  or  passing  them  Ihrongh  the  dung  bath,  is  an 
Important  circumstance.  They  should  be  properly  extended  and  free  Irom  folds,  whieh 
is  secured  by  a  series  of  cylinders. 

The  cistern  is  from  JO  lo  12  feet  long,  4}  feet  wide,  and  6  or  e  feet  deep.  The 
piece  passes  allemately  oyer  the  upper  rollers  and  onder  roUen  neai  the  bottom. 
There  are  two  main  squeenng  rollerB  at  one  eod,  whieh  draw  the  cloth  through  between 
them.    Whenever  the  goods  come  oat  of  tho  bath  they  are  pat  into  the  uish-whecl. 
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He  immenion  riiouM  take  place  as  fast  as  possible,  for  the  moment  the  hot  water  pene- 
tiMca  the  nmrdanted  cloth,  the  acetic  acid  quits  it ;  and,  therefore,  if  the  iminersion  was 
made  slowly  or  one  pljr  after  another,  the  acid  as  well  as  the  nncombined  mordant  become 
free,  would  spread  their  inflaence,  and  would  hare  time  to  dissolve  the  aluminous  sub- 
salts  now  combined  with  the  doth;  whence  inequalities  and  imporerishment  of  the  colors 
woald  ensue. 

It  is  difficult  to  determine  the  number  of  pieces  which  may  be  passed  through  a  given 
quantity  of  dung  and  water.  This  depends  upon  the  state  of  the  mordants,  whether 
they  are  strong  or  acid,  and  on  the  quantity  of  the  surface  covered  with  the  figures* 
The  number  varies  usually  from  20  to  60  pieces,  for  from  240  to  300  gallons  of  water 
and  6  gallons  of  dung.  The  time  of  the  immersion  varies  with  the  concentration  of  the 
mordants,  and  the  nature  of  their  thickening.  The  temperature  must  be  regulated  by 
the  same  circumstances;  for  starch  or  flour  paste  a  much  warmer  bath  is  needed  than 
for  gam.  The  heat  varies  usually  from  130®  to  212°  F.  When  the  printing  is  heavy 
and  the  thickening  is  starch  or  flour,  the  goods  are  usually  twice  dunged,  with  two  wash* 
lags  between  the  two  dungs.  A  strong  acid  mordant  is  more  difficult  to  dung  and  to 
wash  Chan  a  neutral  mordant,  especially  when  it  is  to  receive  the  madder  dye.  Some- 
liflMS  a  little  chalk  is  added  to  the  bath,  when  the  goods  have  been  padded  in  an  acid 
mocdant.  Too  much  dung  is  injurious  to  weak  mordants,  as  well  as  to  pinks.  It  has 
abo  been  remarked  that  a  mordant  when  neutralized  does  not  produce  as  brilliant  tints, 
especially  yellows.  The  latter  are  obtained  of  a  finer  shade  when,  instead  of  dunging, 
they  are  exposed  for  an  hour  in  a  stream  of  water,  provided  its  temperature  is  not  too 
kiw.  In  winter  they  are  passed  through  a  slightly  chalky  water,  then  washed  at  the 
wheel,  amd  dyed  in  quercitron  or  weld.    * 

A  very  able  and  learned  memoir  upon  this  subject,  by  M.  Penot,  Professor  of  Chemr 
istry,  appeared  in  the  Bulletin  of  the  Society  of  Mulhausen,  in  October,  1834,  with  an 
iagenioits  commentary  upon  it,  under  the  title  of  a  Report  by  M.  Camille  iLoechlin,  in 
March,  1835. 

Experience  hat  proved  that  dunging  is  one  of  the  most  important  steps  in  the  process 
of  calico  i^nting,  and  that  if  it  be  not  well  performed  the  dyeing  is  good  for  nothing. 
Before  we  can  ageism  its  peculiar  function  to  the  dung  in  this  case,  we  must  know  its 
composition.  Fresh  cow's  dung  is  commonly  neutral  when  tested  by  litmus  paper;  but 
sometimes  it  is  slightly  alkaline,  owing,  probably,  to  some  peculiarity  in  the  food  of  the 
animal. 

The  total  constituents  of  100  parts  of  cow  dunir  are  as  follows :  Water,  69-58;  bitter 
natter,  0-74 ;  sweet  substance,  0-93;  chlorophylle,  0-28 ;  albumine,  0-63 ;  muriate  of 
soda,  0-06;  sulphate  of  potash,  0-05;  sulphate  of  lime,  0*25 ;  carbonate  o^  lime,  0-24; 
phosphate  of  lime,  0*46 ;  carbonate  of  iron,  0*09;  woody  fibre,  26*39 ;  silica,  0*14; 
kMS,0-14. 

la  dunging  calicoes  the  excess  of  uncombined  mordant  is  in  part  attracted  by  the 
folaUe  matters  of  the  cow's  dung,  and  forms  an  insoluble  precipitate,  which  has  no 
affinity  for  the  cloth,  especially  in  presence  of  the  insoluble  part  of  the  dung,  which 
ftroagly  attracts  alumina.  The  most  important  part  which  that  insoluble  matter  plays, 
is  to  seize  the  excess  of  the  mordants,  in  proportion  as  they  are  dissolved  by  the  water 
of  the  bath,  and  thus  to  render  their  reaction  upon  the  cloth  impossible.  Jt  is  only  in 
the  deposite,  therefore,  that  the  matters  carried  off  from  the  cloth  by  the  dung  are  to 
be  found. 

M.  Camille  KGechlin  ascribes  the  action  of  cow  dung  chiefly  to  its  albuminous  con- 
stitneat,  combining  with  the  alumina  and  iron,  of  the  acetates  of  these  bases  dissolved 
by  the  hot  water  of  the  bath.  The  acids  consequently  Set  free,  soon  become  evident  by 
the  test  of  litmus  paper,  after  a  fexv  pieces  are  passed  through,  and  require  to  be  got  rid 
of  either  by  a  fresh  bath  or  by  adding  chalk  to  the  old  one.  The  dung  thus  serves  also 
to  flx  the- bases  on  the  cloth,  when  used  in  moderation.  It  exercises  likewise  a  disoxyda- 
tiag  power  oa  the  iron  mordant,  and  restores  it  to  a  state  more  fit  to  combine  with  color- 
ing matter. 

DYEING,  (Teinture,  Fr. ;  FMeniy  Germ.)  is  the  art  of  impregnating  wool,  silk, 
cotton,  linen,  hair,  and  skins,  with  colors  not  removable  by  washing,  or  the  ordinary 
usage  to  which  these  fibrous  bodies  are  exposed  when  worked  up  into  articles  of  furniture 
or  raiment.  I  shall  here  consider  the  general  principles  of  the  art,  referring  for  the 
partieoJar  dyes,  and  peculiar  treatment  of  the  stufls  to  be  dyed,  to  the  different  tinctorial 
sabstaiMses  in  their  alphabetical  places ;  such  as  cochineal,  indigo,  madder,  ate. 

Dyeing  is  altogethei*  a  chemical  process,  and  requires  for  its  due  explanation  and 
practice  an  acquaintance  with  the  properties  of  the  elementaty  bodies,  and  the  laws 
which  regulate  their  combinations.  It  is  true  that  many  optrations  of  this,  as  of  other 
chemical  arts,  have  been  practised  from  the  most  ancient  tunes,  long  before  any  just 
views  were  entertained  of  the  nature  of  the  changes  that  took  place.  'Mankind,  equally 
ia  the  rodest  and  most  refined  state,  have  alw:ay8  sought  to  gratify  the  love  of  distinction 
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bjr  ■lainins  tbeirdrew,  lometiiiiH  eren  their  Kkin,  with  gaady  eelon.    Mote*  (pealuof 

raiment  djrd  blue,  <u^  purple,  and  sorlet,  and  or  sheep  skint  dyed  red ;  ciicunuloDcei 
which  indicale  no  unal]  degree  of  linctorial  skill.  He  enjofo)  purple  sluffs  for  the  work* 
of  the  laberBkcle  and  the  veslments  of  ibe  hi^h  priest. 

In  the  arlicle  Calico  Phintimg,  I  have  tbonn  rrom  Plinf  (bat  the  ancient  Egyptiau 
cullivBled  that  art  wiih  some  decree  of  scientific  precision,  sinee  ihejr  knew  tlie  use  of 
monlanla,  or  those  sabsUnces  which,  Ihoasih  they  may  impart  nn  color  tkemselTn,  yet 
enable  while  robes  {camiuia  Ttla),lo  absnrb  coloring  drugs  (roJoreni  torUudUnu  tmiU- 
camtalU).  Tyre,  however,  was  Uie  nation  of  antiquity  which  made  dying  [ts  chief 
occupation  and  the  etaple  of  its  commerce.  There  is  lilUe  donbt  that  purple,  the  Mcied 
symbol  or  royal  and  sieerdolal  dignilr,  wae  a  color  discovered  in  [hat  city,  and  that  it 
contributed  to  it>  opulence  and  gEaniteur.  Homer  marks  no  less  ihe  value  thao  the 
Bnlkjuity  of  this  dye,  by  describing  his  heroes  as  arrayed  in  purple  robes.  Purple  habiU 
■re  mentioned  among  the  prtsenli  made  to  Gideon  by  the  laiaelitH  from  the  ipoils  of  lbs 
kin^i  of  Midian. 

The  juice  employed  Tor  commanicaling  this  dye  was  obtained  fiom  two  different 
kinds  nf  shell-Sih,  described  by  Flisy  under  the  names  of  jwrpiira  and  buecixumi  tmd 
was  eltiacted  from  a  Email  vessel,  or  sac  in  their  throats,  to  the  amount  of  only  mm 
drop  from  each  animal.  A  darker  and  inferior  color  was  also  procured  by  crushing  the 
whole  subslaace  of  the  buccinnm,  A  certain  quantity  of  the  juice  eollecMd  from  a  rast 
number  of  shells  being  treated  with  sen-salt  was  allowed  to  ripen  for  three  day*  ;  after 
which  it  was  diluted  with  live  tintes  its  bulk  of  water,  kept  at  a  moderate  heat  tor  lix 
days  more,  occuioniUy  ikimmtd  to  separate  the  aniinal  membranes,  and  when  thn* 
clarified  was  applied  directly  as  a  dye  to  white  wool,  previously  prepared  for  this  parpaic 
by  the  action  of  lime-water,  or  of  a  species  of  lichen  called  fucus.  Two  opeiations  were 
requisite  to  communieale  the  finest  Tyrian  purple  ;  the  first  consisted  in  plunging  Ihe 
wool  into  the  juiee  of  the  purpura  t  the  second,  into  thai  of  the  bucciaum.  Filtydrachmt 
of  wool  required  one  hunJred  of  the  former  liquor,  and  two  hundred  of  the  latter.  SomB- 
times  a  preliminary  tint  was  given  with  coccus,  the  kennes  of  Ibe  preseat  day,  and  the 
cloth  received  merely  a  finish  from  the  precious  animal  juice.  The  colors,  though  ptob> 
ably  not  nearly  so  brilliant  as  ihoae  producible  by  our  cochineal,  seem  to  have  been  ver; 
durable,  for  Plutkrch  says,  in  his  Lift  of  Mtrander,  (chap.  36,)  that  Ihe  Greeks  foDBd 
in  the  Irensuiy  of  the  King  uf  Persia  a  large  quantity  of  porple  doth,  which  iras  ■• 
beautiful  as  at  first,  though  it  was  190  years  old.' 

The  difficulty  of  collecting  the  purple  juice,  and  ibe  tedious  eomplication  of  the  dyeiog 
process,  madd  the  purple  wool  of  Tyre  so  expeneire  at  Rome,  thai  in  Ihe  time  of  Anga»> 
tus  a  pound  of  it  cost  oeerly  307.  of  out  money.f  Not wilb standing  this  enormous  price, 
such  was  the  wealth  accumulated  in  that  capital,  that  many  of  the  leading  eiliiens  deco- 
rated thpmselvea  in  purple  attire,  tilt  the  emperors  arrognled  to  themBelves  the  privile^ 
of  wearing  purple,  and  prohibited  its  use  to  every  other  person.  Thi!  prohibition  opera- 
ted so  much  1o  discourage  this  curious  art  as  eventually  to  oecasion  its  eilinclion,  first  in 
the  western  and  then  in  the  eactern  empire,  where,  however,  il  existed  in  certain  imperial 
man u facta ries  till  the  eleventh  century. 

Dyeing  was  little  cultivated  in  ancient  Greece ;  the  people  of  Athens  ware  gincrillr 
wodlpndresses  of  the  natural  color.  But  the  Jtomans  inuit  have  bestowed  some  paiaa- 
upon  this  ail.  In  the  games  of  Ihe  circus  parties  were  distinguished  by  colors.  Poor  of 
these  are  described  by  Pliny,  the  green,  the  orange,  the  gray,  and  the  while.  The  follow- 
ing ingredients  were  used  by  their  dyers.  A  crude  native  oUim  mixed  wilb  copperas, 
copperas  ilself,  blue  vitriol,  alkanet,  lichen  rocellus,  or  archil,  broom,  madder,  woad,  aat- 
galle,  the  seed  of  pomegranate,  and  of  an  Egyptian  acacia. 

Gage,  Cole,  Plumier,  Reaumur,  and  Duhamel  have  severally  made  researches  cozkcem- 
in;  the  eolorini  juices  of  shell-fi^h  caught  on  various  shores  of  the  ocean,  and  have  sue- 
eeeded  in  forming  a  purple  dye,  but  they  found  it  much  inferior  to  that  furnisbed  by  other 
means.  The  juice  of  the  buccinum  is  at  first  white;  it  becomes  by  eiposuit  to  air  of  • 
yellowish  green  bordering  on  blue;  it  al^eiwards  reddens,  and  finally  changes  to  a  deefi 
purple  of  considerable  vivacity.  These  circumstances  coincide  with  the  minute  deserip. 
tinn  of  the  manner  of  catching  the  purple-dye  shell-fish  which  we  possets  in  the  work  of 
an  eye-witness,  Eudocia  Mactembolilissa,  laughter  of  the  Emperor  Conslamina  VIll., 
who  lived  in  the  eleventh  century. 

The  moderns  have  obtained  from  the  New  World  several  dye-dmgt  unknown  to  the 
ancients ;  soch  as  cochineal,  quercitron,  Brazil  wood,  li^fwood,  annalto  g  and  they  have 
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JiwoTered  the  art  of  ntiim  indigo  as  a  dye,  whieli  the  Romans  knew  only  as  a  pigoMC 
Bat  the  Tast  saperioritjr  of  oar  dyes  over  those  of  former  times  rnoft  be  ascribed  -princi- 
pally to  the  emptoyment  of  pure  alam  and  sdntion  of  tin  as  mordants,  either  alone  or 
miied  with  other  bases ;  eabstanees  which  give  to  oar  common  dye-stuffs  remarkable 
depth,  darability^  and  lustre.  Another  improvement  in  dyeing  of  more  reeenC  date  is  the 
application  to  textile  substances  of  metallic  compounds,  such  as  Prussian  blue,  chrome 
yellow,  manganese  brown,  kt. 

Indigo,  the  innoxious  and  beautiful  product  of  an  interesting  tribe  of  tropical  plants, 
v'hich  IS  adapted  to  form  the  most  useful  and  substantial  of  all  dyes,  was  actually  denoon-* 
eed  as  a  dangerous  drug,  and  forbidden  to  be  used,  by  our  parliament  in  the  reign  of 
Queen  EUzaMh.  An  act  was  passed  authorizing  searchers  to  burn  both  it  and  log- wood 
in  every  dye-house  where  they  eould  be  found.  This  act  ramained  in  full  force  till  the 
lime  of  Charles  11. ;  that  is,  for  a  great  part  of  a  century.  A  foret«rner  might  have  sup- 
posed that  the  legislators  of  England  entertttined  such  an  atfection  for  their  native  woad, 
with  which  their  aaked  sires  used  to  dye  their  skins  in  the  old  times,  that  they  would 
aOow  no  ondandtsh  drug  to  come  in  competition  with  it.  A  most  instructive  book  might 
he  written  illustrative  <^  the  evils  inflicted  upon  arts,  manufkctures,  and  commerce,  in 
eoQseqaenee  of  the  ignorance  of  the  legislature.* 

Colors  are  not,  properly  speaking,  material ;  they  are  impressions  which  we  receive 
from  the  rays  of  light  reflected,  in  a  decomposed  state,  by  the  surfaces  of  bodies.  -  It  is 
vdl  known  that  a  white  sunbeam  consists  of  an  indeterminate  number  of  differently  col- 
ored rays,  which  being  separated  by  the  refractive  force  of  a  glass  prism,  form  the  solar 
spectrum,  an  image  distiagotshable  into  seven,  sorts  of  rays ;  the  red,  orange,  yellow, 
greea,  blue,  indigo,  and  violet.  Hence,  when  an  opaque  body  appears  colored,  for  ex- 
ample, red,  we  say  that  it  reflects  the  red  rays  only,  or  in  greatest  abundance,  mixed  with 
Bore  or  less  of  Che  white  beamj  which  has  escape  decomposition.  According  to  this 
manner  of  viewing  the  coloring  principle,  the  art  of  dyeing  consists  in  fixing  upon  stuffs, 
hy  means  of  corpuscular  attracttoa,  substances  which  act  ap6n  light  in  a  different  manner 
kotn  the  surfaces  of  the  staffs  themselves.  'The  dyer  ought j  therefore,  to  be  familiar  with 
two  principles  (Mf  optics ;  the  first  relative  to  the  mixture  of  colors,  and  the  second  to  their 
simultaneous  contrast. 

Whenever  the  differeat  colored  rays,  which  have  been  separated  by  the  prism,  are 
totally  reunited,  they  reprodaee  white  light,  it  is  evident,  that  in  this  composition 
of  light,  if  some  rays  were  led  out,  or  if  the  colored  rays  be  not  in  a  certain  proportbn, 
we  should  not  have  white  light,  but  light  of  a  certaia  color.  For  example;  if  we 
separate  the  red  rays  from  the  light  decomposed  by  a  prism,  the  remaining  colored 
rays  will  form  by  their  combiaation  a  peculiar  bluish  green.  If  we  separate  in  like 
naaner  the  orange  rays,  the  remaining  colored  rays  will  form  by  their  combination 
a  Uae  color.  If  we  separate  from  the  decomposed  prismatic  light  the  rays  of  greenish 
yellow,  the  remaining  colored  rays  will  form  a  violet.  And  if  we  separate  the  rays  of 
yeHow  hocdering  on  orange,  the  remaining  ccdored  rays  will  form  by  their  union  an  indigo 
color. 

Thns  we  see  that  every  eolored  light  has  such  a  relation  with  another  colored  light 
that,  by  uniting  the  first  with  the  second,  we  reproduce  white  light ;  a  relation  which  we 
expreu  by  saying  that  the  one  is  the  complement  of  the  other.  •  In  this  sense,  red  is  the 
complementary  color  of  bluish  green ;  orange,  of  blue ;  greenish  yellow,  of  violet ;  and 
orange  yellow,  of  indigo.  If  we  mix  the  yellow  ray  with  the  red,  we  produce  orange ; 
the  Uae  ray  with  the  yellow,  we  produce  green;  and  the  blue  with,  the  red, < we  produce 
violet  or  iadlgo,  according  as  there  is  more  or  less  red  relatively  to  the  blue.  But  these 
tiats  are  distinguishable  from  the  orange,  green,  indigo,  and  violet  of  the  solar  spectrum, 
becaise  when  viewed  through  the  prism  they  are  reduced  to  their  elementary  eompound 
colors. 

If  the  dyer  tries  to  realize  the  preceding  results  by  the  mixture  of  dyes,  he  will  succeed 
only  with  a.  certain  number  of  them.  Thus,  with  red  and  yellow  be  can  make  orange; 
with  blue  and  yellow,  green ;  with  blue  and  red,  indigo  or  violet.  These  fhcts,  the 
results  of  practice,  have  led  him  to  conclnde  that  there  are  only  three  primitive  colors ; 
the  red,  yellow,  and  blue.  If  he  attempts  to  make  a  white,  by  applying  red,  yeUo% 
aad  blue  dyes  in  certain  quantities  to  a  white  stuff,  in  imitation  of  the  philosopher's  ex- 
periment on  the  synthesis  of  the  sunbeam,  far  from  succeeding,  he  wild  deviate  stitt: further 
fitMn  his  purpose,  since  the  stuff  will  by  these  dyes  become  so  dark  colored  ^  to  appear 
Mack. 
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The  fact  must  not,  however,  lead  us  to  suppose  that  in  every  cs  ^  where  red,  yello 
and  blue  are  applied  to  white  cloth,  black  is  prodnoed.  In  rea*'^^^.  when  a  little  nltra- 
■arine,  cobalt  bfoe,  Prussian  blue,  or  indigo,  is  applied  to  goor*  ^\yfth  the  view  of  giving 
them  the  best  possible  white,  if  only  a  certain  proportion  be  -^j  '  ^^  ebods  wiU^  appear 
whiter  after  this  addition  than  before  it.    What  happens  ir    t^we  r     The  violet  bta^ 
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Sttmit,  with  Ibe  brown  rellow  of  tbe  geodi,  ■  mUtwe  tendiag  to  while,  ar  Ie«  coloMd 
than  Itie  tcIIdw  of  the  ftoodi  &nd  the  blue  uigether  were.  For  [lie  lamc  i-Mtoo,  ft  Biii 
tore  of  FnuHiiin  blue  ud  cochineal  pink  hu  be«B  of  law  year*  uxed  in  tlui  whileaiag  oc 
the  aiuring  or  <ilk«,  in  prererenu  lo  a  pare  bia«  t  (of  oa  euminioti  closely  the  color  ol 
the  silii  lo  be  Dentraliied,  it  wa«  fDUDil  b]  the  rdAliMs  o(  the  caaiplcmcalai?  eqlon,  lh«I 
the  violel  was  more  roitable  Ihaii  the  indigo  blue  ronncrl)'  uied.  The  d;er  ahoold  know, 
thai  when  he  applies  several  dlSennt  coloring  matters  lo  atalfs,  ■■  yellow  end  blae,  for 
example,  if  Ihey  appear  green,  it  is  because  the  eje  caanal  diatinguish  Ibe  points  which 
reflect  the  yellow  rrom  those  which  reBed  the  blae  i  and  tliat,  eoueqaenlly,  it  is  only 
where  the  diilinction  is  not  possible,  thai  a  mjiture  or  eombioalion  appnis.  Wbem  we 
eiamine  certain  gny  aabstances,  saeh  as  hairs,  fealhen,  &«.,  wiih  the  microacopB,  <*« 
■ee  that  Ihe  gny  color  results  from  black  point*  dissemiDaled  over  a  colorless  or  slijihtly 
colored  surface.  In  reference  to  eompoand  colon,  this  inslrianeni  mighl  be  used  with 
adTanlage  by  the  dyer. 

The  dyer  should  be  acquainted  also  with  the  law  of  the  simullaneouB  coDlrait  of 
eoloTS^  Wh«a  the  eye  views  two  colors  doae  alongside  of  each  other,  it  see*  ihent 
differing  tnoM  in  Iheir  optical  eomposilion,  and  in  the  height  of  iheii  tone,  when  Ihe  two 
are  not  equally  pale  or  full-bodied.  They  appear  mote  difiemit  ■*  (o  their  optical  cccn- 
positkni,  when  the  complementary  of  [he  one  of  them  is  added  to  the  color  of  ihe  other. 
Thus,  put  a  green  lone  alongside  of  an  oranlte  zone  g  the  red  color  complemealary  of 
green,  being  added  lo  the  orange,  will  make  it  appear  redder;  and  \a  like  manner  the 
blae,  complementary  of  orange,  being  ailded  to  Ihe  green,  will  make  it  appear  more  in- 
tensely bine.  In  order  lo  appreciate  these  differences,  let  us  take  two  green  stripes  and 
two  orange  stripes,  placing  one  of  the  green  itripes  near  one  of  the  orange :  then  plae« 
the  iwo  iHhers  w  that  the  green  stripe  may  l>e  si  a  di«lanee  from  the  olhet  green  uripe, 
but  on  the  same  side,  and  the  orange  at  ■  distance  fnitR  Ihe  other  ontage,  also  on  Ike 

A*  to  the  contrast  in  the  height  of  the  tone,  we  may  satisfy  oiuselves  by  taking  Ihe 
tones  No.  1,  No.  2,  No.  15,  and  No.  IB,  Irom  a  gradiuUed  pallet  of  reds:  for  example 
by  placing  No.  2  and  No.  15  close  alongside,  pulling  No.  1  at  a  distance  from  No.  2 
OR  the  same  side,  and  No.  16  at  a  distance  from  No.  15  on  the  same  side,^ — we  shall 
see  (if  the  pallel  is  sufficiently  Uiwered  in  tone)  No.  2  equal  lo  No.  1,  and  No,  15 
equal  to  No.  16 1  whence  it  follows  that  No.  8,  by  Ibe  >ieiiiit;  of  No.  IG,  will  appear 
to  have  lost  tome  of  its  color;  while  No.  15  will  appear  lo  have  acquired  color.  When 
Utck  or  gray  fignres  are  printed  upon  colored  gnninds,  these  figures  are  of  the  color 
complementary  of  Ihe  ground.  Consequently,  in  order  to  judge  tri'  their  cok>r,  we  mnst 
cut  ont  spaces  in  a  piece  of  gray  or  while  paper,  so  as  to  allow  the  eye  lo  see  nolhiag 
bat  the  figures;  and  if  we  wish  lo  compare  figures  of  the  same  color,  applied  upon 
grounds  of  diSerent  cohm,  we  can  judge  rightly  of  the  figures  only  by  insulating  them 
from  Ihe  gron[ida. 

The  relations  of  dyeing  with  Ihe  prindides  of  ehemtUry,  eonstituie  the  theory  of  the 
art,  properly  speaking  ;  Ihis  theory  has  for  its  basis,  Ihe  knowledge — 1.  of  the  Species  of 
bodies  which  dyeing  processes  bring  into,  contact;  S.  of  Ibe  cireumstanees  in  which  these 
BpecKS  act ;  3.  of  the  phenomena  which  appear  during  their  acliim  t  and  4.  of  ibe  prop- 
erties of  the  colored  combinations  which  are  produced.  These  generalities  may  be  speci- 
fled  under  Ihe  ten  following  henda  : — 

1.  The  preparation  of  the  siuffs  to  be  dyed,  whelher  fibres,  yam,  or  cloth ;  under 
the  heads  of  ligneom  mailer,  cotton,  hemp,  flax ;  and  of  the  animal  matter*,  silk  and 

2.  The  mntnal  action  of  these  iloSi,  and  simple  bodies. 
2,  The  mutual  action  <rf'  these  stuffs,  and  neida. 

4.  The  mutual  action  of  these  stuffs,  and  salifiable  bases,  as  alumina,  ftc. 

5.  The  mntaal  action  of  these  staffs,  and  salts. 

S.  The  mutual  aclioa  of  th^se  stuffs,  and  neutral  componnds  nol  saline. 

7.  The  mutual  action  of  theae  stnfi*,  and  of  one  or  more  definite  compounds. 

8.  Of  dyed  stufb  considered  in  reference  to  the  fastneta  of  their  color,  under  the  in> 
floenee  of  heat,  light,  water,  oxygen,  air,  boilingi  with  aoap,  aqd  reagents. 

9.  Of  dyeing,  considered  in  its  connexions  with  chemislir. 

10.  Of  dyeing,  considered   in  itt  relations  with  calorie,  mechanics,  hydranlica,  and 

1.  The  preparation  of  stuffs. 

The  operations  to  which  iiufb  are  subjected  before  dyeing,  are  intended — I.  to  sepa- 
rata from  them  any  Ibreign  maiien)  2.  to  render  them  mor«  apt  lo  unite  with  the 
coloring  tinctures  which  the  dyer  proposes  to  fix  upon  them,  in  order  to  give  Ihtas  • 
more  agreeable,  or  more .  brilliant  aspect,  or  lo  lessen  their  lendcDcy  lo  assnine  a  aoiled 
appearance  by  ase,  which  while  surfaces  to  readily  do.  The  fore^  matters  are  eithei 
naturally  inherent  in  the  stuffs,  or  added  lo  them  in  the  spinning,  weavii^;,  or  othei 
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The  properties  of  hematine  eiplain  the  mode  of  asing  logwood.  When  gtiii&  are 
dyed  ia  the  infusion  or  decoction  of  this  wood,  under  the  influence  of  a  base  which  acta 
upon  the  hematine  in  the  manner  of  an  alkali,  a  blue  dye,  bordering  upon  violet,  it 
obtained.  Soch  is  the  process  for  dyeing  cotton  and  wool  a  logwood  blue  by  means  of 
▼erdigris,  crystallized  acetate  of  copper,  and  acetate  of  alumina* 

When  we  dye  a  stuflf  yellow,  red,  or  orange,  we  have,  always  bright  tints;  with  blue, 
we  may  have  a  very  dark  shade,  but  somewhat  violet ;  the  proper  black  can  be  obtained 
only  by  using  the  three  colors,  blue,  red,  and  yellow,  in  proper  proportions.  Hence  we 
can  explain  bow  the  tints  of  yellow,  red,  orange,  blue^  green,  and  violet,  may  be  browned, 
by  applymg  to  them  one  or  two  colors  which  along  with  themselves  would  produce 
black ;  and  also  we  may  explain  the  nature  of  that  variety  of  blacks  and  grays  which 
seems  to  be  indefinite.  Nutgalis  and  sulphate  of  iron,  so  frequently  employed  for  the 
black  dye,  give  only  a  violet  or  bluish  gray.  The  pyrolignite  of  iron,  which  contains 
a  brown  empyrenmatic  matter,  gives  to  stuffs  a  brown  tint,  bordering  upon  greenish 
yellow  in  the  pale  hues,  and  to  chestnut  brown  in  the  dark  ones.  By  galling  cotton 
and  silk,  and  giving  them  a  bath  of  pyrolignite  of  iron,  we  may,  afler  some  altema- 
tioos,  dye  them  black.  Galls,  logwood,  and  a  salt  of  iron,  produce  merely  a  very  deep 
violet  blue;  but  by  boiling  and  exposure  to  air,  the  hematate  of  iron  is  changed,  becom- 
ing red-brown,  and  favors  the  production  of  black.  Galls  and  salts  of  copper  dye  stuffs 
an  olive  drab,  logwood  and  salts  of  copper,  a  violet  blue";  hence  their  combination  should 
produce  a  black.  In  usibg  sumach  as  a  substitute  for  galls,  we  should  take  into  account 
the  proportion  of  yellow  matter  it  contains.  When  the  best  possible  black  is  wanted 
upon  wool,  we  must  give  the  stuff  a  foundation  of  indigo,  then  pass  it  into  a  bath  of  log- 
wood, sumach,  ami  proto-sulphate  of  iron.  The  sumach  may^be  replaced  by  one  third  of 
its  weight  of  nutgalis. 

8.  Of  dyed  stuffs  considered  in  reference  to  the  fastness  of  their  colors,  when  exposed 
to  water,  light,  heat,  air,  oxygen,  boiling,  and  reagents. 

Pure  water  without  air  has  no  action  upon  any  properly  dyed  stuff. 

Heat  favors  the  action  of  certain  oxygenized  bodies  upon  the  carbonaceous  and  hydro- 
genous constituents  of  .the  stuff;  as  is  seen  with  regard  to  ehromic  acid,  and  peroxyde  of 
manganese  upon  cotton  goods.  It  promotes  the  solvent  action  of  water,  and  it  even  affects 
some  colors.  Thus  Prussian  blue  applied  to  silk,  is  reduced  to  peroxyde  of  iron  by  long 
boiling. 

Light  without  contact  of  air  affects  very  few  dyes. 

Oxygen,  especially  in  the  nascent  state,  is  very  powerful  upon  dyes.    See  BLiACHiifn. 

The  atmosphere  in  a  somewhat  moist  state  affects  many  dyes,  at  an  elevated  tem- 
perature. Silk  dyed  pink,  with  safflower,  when  heated  to  400^  F.,  becomes  of  a  dirty 
white  hue  in  the  course  of  an  hour.  The  violet  of  logwood  opon  alumed  wool  becomes 
of  a  dull  brown  at  the  same  temperature  in  the  same  time.  But  both  stand  a  heat  of 
300"  F.  Brazil  red  dye,  turmeric,  and  weld  yellow  dyes,  display  the  same  phenomena. 
These  facts  show  the  great  fixity  of  colors  commonly  deemed  tender.  The  stuffs 
become  affected  to  a  certain  degree,  under  the  same  circumstances  as  the  dyes.  The 
alterability  even  of  indigo  in  the  air  is  shown  in  the  wearing  of  pale  blue  clothes ;  in 
the  dark  blue  cloth  there  is  such  a  body  of  color,  that  it  resists  proportionally  longer ; 
bnt  the  seams  of  eoats  exhibit  the  effect  very  distinctly.  In  silk  window  curtains,  which 
have  been  long  exposed  to  the  air  and  light,  the  stuff  is  found  to  be  decomposed,  as  well 
as  the  color. 

Boiling  was  formerly  prescribed  in  France  as  a  test  of  fast  dyes.  It  consisted  is 
putting  a  sample  of  the  dyed  goods  in  boiling  water,  holding  in  solution  a  determinate 
quantity  of  alum,  tartar,  soap,. and  vinegar,  &c.  Dufay  improved  that  barbarous  test. 
He  considered  that  fast-dyed  cloth  could  be  recognised  by  resisting  an  exposure  of  twelve 
hours  to  the  sunshine  of  summer,  and  to  the  midnight  dews ;  or  of  sixteen  days  in 
winter. 

In  trying  the  stability  of  dyes,  we  may  offer  the  following  rules : — 

That  every  stuff  should  be  exposed  to  the  light  and  air ;  if  it  be  intended  to  be  worn 
abroad,  it  should  be  exposed  also  to  the  wind  and  rain ;  that  carpets^  moreover,  should  be 
subjected  to  friction  and  pulling,  to  prove  their  tenacity ;  and  that  cloths  to  be  washed 
should  be  exposed  to  the  action  of  hot  water  and  soap. 

In  examining  a  piece  of  dyed  cotton  goods,  we  may  proceed  as  follows : — 

Suppose  its  color  to  be  orange-brown.  We  find  fii*st  that  it  imparls  no  color  to  boil* 
ing  water ;  that  protochloride  of  tin  takes  out  its  color ;  that  plunged  into  a  solution 
of  ferroprussiate  of  potash  it  becomes  blue ;  and  that  a  piece  of  it  being  burned,  Reaves 
a  residuum  of  peroxyde  of  iron;  we  may  thence  conclude  that  the  dyeing  matter  is 
peroxyde  of  iron. 

Suppose  we  have  a  blue  stuff  which  may  have  been  dyed  either  with  indigo  or  with 
Prussiaa  Une,  and  we  wish  to  know  what  it  will  become  in  use.  We  inquire  first  into 
the  nature  of  the  blue.    Hot  water  slightly  alkaline  will  be  colored  blue  by  it,  if 


hava  bma  already  taoMtni.    In  tk«  m<im:1  oT  thii  triide  an  anUMitie  ijtif  vat  vS 


The  extracta  oT  »lutiui»  of  native  df  fr-HuBs  mar  be  diTJded  into  iwo  elann,  ia  reTcr- 
eoce  to  theii  habitodei  Kith  tbe  oxygen  of  the  ataoaphere  i  nch  as  cralinne  eiaentially 
nnaltered  in  the  air,  and  ndi  a<  suffer  oiydalioa,  and-  thereby  preeipilate  a  determinate 
coIoriDg  matter.  The  dyes  contained  ia  the  italcry  hiruuoai  of  the  dJOereitt  vegetaUe 
and  animal  sabsCaaees  which  do  aoi  belong  to  the  eeeond  clan,  are  linbly  allaebed  to 
iheir  solvenli,  aad  quit  tbem  readily  for  any  otber  bodie*  that  poetcsa  an  altraction  fui 
then.  On  this  piiDEiple,  a  decoction  i^  eochineal,  lofwood,  bntil  wood,  or  a  aolalica 
of  snlphate  of  indigo,  by  digestioa  viih  powdered  bone  black,  lose  their  eolor,  ia  coaie- 
qoence  of  the  ooloring  particles  combining  by  a  kind  of  capillary  attraetinn  with  the 
porODi  carbon,  wilhonl  indcrgolng  any  change.  The  mme  thiag  happen*  whea  well- 
scoured  wool  it  steeped  in  such  colored  liquids ;  and  tbe  color  which  the  wool  atsamet 
by  ita  attraction  for  ibe  dye,  is,  wjtb  reganl  to  ami  of  the  above  ec^red  sotntiona,  bal 
feeble  and  fu^itire,  since  the  dye  may  be  again  abstracted  by  copions  washing  with  simple 
water,  whose  atliaetire  force  therefore  OTercaaies  that  of  Ihe  wool.  Tbe  ud  of  a  high 
temperatare,  indeed,  is  leqaisile  for  tbe  abilraetion  of  the  color  from  the  wool  and  the 
bone-black,  probably  by  eniai^ing  the  liie  of  the  pores,  and  incicaaing  the  solvent  power 
of  the  wat^. 

Those  dye-baths,  on  the  eoulrary,  whose  coloring  nalter  is  of  the  nainre  of  eitreetire 
or  apothdme,  form  a  faster  combination  with  staffs.  Thus  tbe  yellow,  fawn,  and  brown 
dyes,  which  eonlain  tannin  and  eitnustJTe,  become  oxygenated  by  contact  of  air,  aad  ia- 
Boluble  in  water ;  by  whichmcnns  they  can  impart  adarabledye.  Wben  wool  is  imprrf* 
nated  with  decoctions  of  that  kind,  its  pores  get  charged  by  capillarity,  and  when  tbe  liqaU 
becomes  oiygentled,  they  remain  filled  with  a  color  now  become  insolnble  in  water.  A 
similar  change  to  inMilnbilily  ensues  wben  tbe  yellow liqoMof  the  indifovat  gelsoxydiied 
in  the  porca  of  cotton  and  wool,  into  which  it  had  been  uilnidnced  In  a  fluid  slate.  The 
same  change  occurs  when  protosulpbatc  of  iron  is  eoavertcd  into  peraDlphate,  wilb  the 
deposition  of  an  iosoluble  pcroxyde  in  the  aubalaace  of  the  atnff.  The  change  here 
effected  by  oiydalioa  can,  in  oiher  circumstance*,  be  produced  by  acids  which  have  tbe 
power  of  precipitating  the  dye-stnff  in  an  jutoluUe  lUte,  as  happens  with  dccoctioa  of 
fat lie. 

Hence  wc  perceive  that  the  dyeing  of  fast  colors  rests  upon  the  princlide,  that  the 
colors  dissolved  in  the  vat,  during  their  union  with  the  stuff,  iboald  suffer  snch  a  efaaafe 
as  to  become  insoluble  in  their  fonner  menelruam.  The  more  this  dye,  as  altered  in  iu 
anion  with  the  stuff,  can  resist  other  menstrua  or  agents,  the  faster  it  will  be.  1  hit  is 
Ihs  essential  difference  between  dyeing  and  painting)  or  applying  a  coat  of  pigment  de- 
void of  any  true  affinity  for  the  snifaee. 

If  we  mix  a  clear  infusion  of  a  dye  with  a  small  qnantily  of  a  sololion  at  an  earthy 
or  metallic  salt,  both  in  water,  the  limpid  liquids  soon  beoora'e  inrbid,  and  there  grad- 
ually snbeides  sooner  or  later,  according  to  the  nature  of  the  mixture,  a  etdored 
precipitate,  consisting  of  the  altered  dye  united  with  a  basic  or  subsalt.  In  this  codi- 
ponnd  the  coloring  matter  seems  to  act  the  part  of  an  acid,  which  is  saturated  by  a 
tnall  quantity  of  the  basis,  or  in  its  acid  lelationthip  is  feeble,  so  that  it  can  also 
combine  with  acids,  being  in  reference  to  them  n  base.  The  decomposition  of  a  salt,  as 
alum,  by  dyes,  is  effected  principally  ihrough  the  formation  of  an  iasolahle  sul»alt, 
with  which  the  color  combiaes,  while  ■  pnpersak  remains  in  the  bath,  and  modifies,  by 
its  solvent  rAction,  the  shade  of  the  dyed  ataff.  Dyed  nnSti  may  be  considered  aa 
eompoaed  of  the  Gbross  body  intimately  asaodated  with  Ibe  coloring  mailer,  the  oiyde, 
and  acid,  all  three  conslitnting  a  componnd  salt.  Many  persons  have  erroneoufly 
imagined,  that  dyed  goods  contained  none  of  Ibe  acid  employed  in  the  dye  bath  i  bat 
they  li>rgel  that  even  potash  added  to  alum  does  not  Ihroir  down  tbe  pure  earthy  basis, 
bat  a  suhull ;  and  they  should  not  ascribe  to  cokuing  matter  a  power  of  deeotnpiwiiioQ 
at  all  approaching  to  that  of  an  alkali.  Salt*,  containing  slioag  acids,  satoiate  a  very 
Ur^c  quantity  of  coloring  matter,  in  proportion  lo  their  place  in  the  scale  of  chcmie^ 
equivalents.  Mere  bases,  such  as  pure  alumina,  and  pure  oxyde  of  tin,  have  no  power 
of  precipitating  coloring  matter ;  when  they  »eem  to  do  so,  they  always  eonlain  some 

Such  salts,  lherefore,ai  have  a  tendency  to  pMt  readily  into  tbe  basic  lUte,  are  pecn- 
liarly  adapted  to  act  as  mordants  in  dyeing,  and  to  form  oolored  lakes.  NagDrtia  aiforda 
a*  one  a  white  powder  as  alumina,  and  answers  equally  well  U  dilute  lakes,  but  ita 
solnUe  salts  cauooi  be  employed  to  form  lakes,  becauie  ibey  do  not  pass  inlo  the  basie 
Slate.      This  illnslration  is  eakulaled  to  throw  nneh  light  npon  dyei^  proecases  ia 

Tbe  color  of  the  lake  depends  very  much  upon  the  aalure  <^  the  acid,  and  th« 
basis  uf  the  precipitating  salt.  If  it  be  white,  like  alumina  and  oiyde  of  tin,  the  hke 
will  have,  more  oi  less,  the  ecdor  of  the  dye,  bat  brightened  by  the  refleetioa  of  white 


li^t  fntm  Ihe  bun ;  wbil«  tbe  difftranee  of  the  add  tneMkai  a  diSertiiee  in  tbe  fane. 
T^  eoloTMl  b»M  impart  more  or  le*>  of  iheir  color  lo  Ibe  lakei,  not  netelf  in  vime  of 
Ui«r  own  tioU,  bol  of  tkeir  ebemical  BCIioa  apoa  tbc  djr*. 

DpoB  tkese  printiplei  a  crimion  prediHlate  is  obtainal  ftom  inroiioiw  of  codriaeal  b; 
alum  Bad  lalt  of  tin,  wbigh  bacomEi  Kartet  by  Ibe  addition  of  larlar;  bj  aoetaU  of 
leiil,  a  riolet  blue  pncipilate  i>  obtained,  wbich  it  duiaMe  in  the  air;  bjr  muriate  of 
lime,  a  pink  brown  prccipilale  fall*,  whiih  ««oa  becomes  black,  and  at  lait  dirt}  greea  i 
by  the  Kilalioii  of  a  fenvginoo*  adl,  tbe  precipitMei  lie  dark  Txilel  and'  blaek ;  and, 
ia  like  manner,  all  olbet  lalla  with  eartbT  or  melalHe  bate*,  afford  diTHnilies  of  sbade 
with  eoekiaeal.  IT  tbi*  dye  iluff  be  diuolrcd  in  weak  water  of  unrnonia,  and  ba  pre- 
dpttalod  with  acetate  of  lead,  a  green  lake  i>  obtained,  which,  aAer.  soine  time,  will 
heeome  Rreen  «b  the  aarfaee  bf  eostaet  of  air,  bat  violet  and  blue  beneath.  Hesee  it 
appeara,  that  ike  ihade  of  color  of  a  lake  depends  npou  the  degree  of  oxjdiiioa  or 
ebange  of  the  eolar  caused  by  the  acid  of  the  predpilaling  nil,  npon  the  degree  of  oi)'- 
iation  or  color  of  the  eifde  which  enter*  into  nnios'ttilh  the  dye,  and  npon  its  qnantit; 
■  referroee  lo  (hat  of  the  colorinci  principle. 

Such  lake*  are  the  difficulll;  soluble  aalta  wtaieh  coatcitntc  the  dTciaf  material*  of' 
Uafb.  Their  particles,  taowerer,  for  the  purposes  of  dyeing,  most  exist  in  a  stale  of 
eilrnneljr  fine  divisku  in  the  balh  liquar,  in  order  that  ther  ""J  penetrate  aioog  with  it 
intu  the  Bjnate  p«es  of  textile  IJtim,  and  Gil  the  cavities  observed  b;  menns  of  the 
■ueroMope  in  Ihe  GlameaM  of  wool,  ailk,  cottoa,  and  Sax.  I  have  examined  these  staffs 
wiih  an  achrauiBtic  rDicroBca]>e,  and  find  thai  when  tbcf  are  properly  dyed  with  fait  col- 
on, the  iatenor  of  ibeir  tabular  lexlure  is  filled,  or  bned  at  least,  with  coloring  matter. 
When  the  bath  coataios  the  eokiring  pnrtides,  so  finely  divided  that  Ibey  can  paa* 
Ihroagh  filtering  paper,  it  is  capable  of  dyeing  i  but  if  Ihe  infusioB  mixed  with  its  nMr> 
•lint  be  flaccnlent  aad  ready  to  snbiidB,  it  ii  unfit  ibr  the  purpose.  In  the  latter  oate, 
the  ingndienli  of  the  dye  have  already  beaome  aggregated  into  eooipoBniJi  uo  eofaeient 
and  too  grow  for  entering  into  combiBatiDa  with  fibrons  itiiff*.  Xitracicve  matter  aud 
tsnain  are  parlicalarly  liable  lo  a  eheage  of  Ibis  kind,  by  tbe  prolong  actJMi  of  heat  in 
ike  bath.  Henee,  aba,  an  alkaline  lolulion  id'  a  eoloriag  matter  affmids  no  nseful  dye 
balh,  when  mixed  with  the  sedation  of  a  salt  having  an  oiirthy  or  melallie  basil. 

These  drenauunces,  whieh  arc  aC  freqacnl  occDirenee  in  the  dye-house,  render  it 
AKemry  olway*  to  have  the  laky  mailer  ia  a  somewhat  solubir  condition,  and  to  efiecl 
us  preeipitatioD  within  Ibe  pores  of  tbe  slnfis,  by  prcvioudy  inpngnaliag  thea  with  thr 
•sline  totutiont  by  the  aiJ  of  heal,  whieh  facilitates  their  iniroduclion. 

When  a  mordaBl  is  applied  to  any  stuff,  the  portion  of  it  remaining  upon  the  Urloce 
cf  ihe  Gbrea  should  be  rcmovod ;  since,  by  its  eombiaation  with  the  coloring  nutter,  it 
would  be  apt  to  furm  an  exienial  crutl  of  mere  pignenl,  which  woold  block  ap  the 
pares,  obstruct  the  entnnce  nf  tha  dye  into  the  interior;  and  slao  exhaust  to  no  purpose 
ibcdyeiag  power  of  the  balh.  For  this  reason  the  staffs,  after  the  applicalloa  of  the 
auntant,  an^  drained,  sqaeeaed,  wtibcd,  and  lometimes  (particularly  with  cotloa  and. 
liars,  in  calico  priatinz)  eren  hard  dried  in  a  hot  stove. 

The  saliae  mordants^  inoreover,  should  not  in  general  'poasesa  tbe  eryatalliiing  inopeity 
ia  any  considerable  decree,  as  thi*  oppose*  Iheir  affinity  of  carDpoailion  for  the  cknh.  0* 
iMt  seeonnl  the  deliquescent  acetate*  of  iraa  and  lamina  arc  more  read;  to  aid  the 
'yeisg  of  cottoa  thaa  copperas  and  alum. 

Alnm  is  ihe  great  mordant  empLo^  in  wool  dyeing.  It  is  frequently  diaioi*ed  in 
water,  holdlo|t  tartar  equal  to  one  fiurth  the  weight  of  the  alum  in  solution ;  by  whidt 
idditiiia  ita  leadency  to  cryitalliie  ia  diminiihed,  and  Ihe  nnnliiag  color  is  brightened. 
Tie  alnm  and  tartar  combine  with  tbe  stuff  vilhoul  *nS(-ria^  any  change,  and  are 
deeoaipoeed  only  by  the  action  of  the  colnriog  maltm  in  the  dye  balh,  Tbe  alum  ofc- 
nies  nldy  in  virtueoT  it*  lulphnric  acid  and  earthy  basist  the  sal phate  of  potash  pres- 
CDt  ii  that  salt  being  rather  injurious.  Hence,  if  a  sulphate  of  alumuu  free  trom  iron 
CDuld  be  readily  oblained,  it  would  prove  a  preferable  mordant  to  alma.  It  is  also  prob- 
able, for  the  reasons  above  assigned,  Ihat  soda  alum,  a  salt  much  les*  apt  to  cryslallixe 
thaa  potash  or  amoMvaia  olam,  woald  suit  the  dyer  verr  well.  In  order  to  eounleract  Ihe 
leirieney  or  common  ulum  lo  ery*lallise,  and  lo  promote  it*  tendency  lo  pass  into  a  basic 
•all,  one  eighth  part  of  its  weight  of  potash  is  added  to  its  adnlioo,  or  the  equlvaleal  in 
ehalkorsoda. 

Wethall  eondnde  thi*  aeoNiBt  of  the  geaeral  principles  of  dfeiog,  with  Mr.  DeVaval's 
ebsenmtioBsoB  the  nature  of  dyes,  and  a  lt*r  of  the  different  si^Ndutce*  used  indyeiagr 
■a  rrfrrEnee  to  the  colors  prtidneed  by  them. 

Sir  Isaac  Newton  supplied  colored  mutters  lo  refiect  the  rays  of  light ;  aome  bodiea 
refleetiai  the  more,  otheis  Ihe  less,  rdrangible  rays  most  copiously ;  and  thi*  he  eon«ei»ed 
to  be  the  true,  and  Ihe  only  reason  of  Iheir  colors.  Mr.  Delaval,  however,  proved,  u 
■he  Id  vol.  of  the  ••  Memoir*  of  the  Philosophical  and  Literary  Soeicly  of  Manchester," 
Ihat,  "  in  transparent  cidored  labstaace*,  the  coloring  *ubslaace  doe*  not  refied  anj 


as  DYEING. 

light;  and  Ihit  whea,  ttj  ulereeptng  tbe  light  whkfa  wu  mnaniilcd,  it  ti  hiaJaci 
tiom  passing  Ibrongh  subslmneea,  Ibej  do  DM  lary  from  their  former  color  to  ao}  alka 
color,  but  braoDie  entirely  black ;"  and  lie  initancin  a  eonsiduable  nniaber  of  eolvrad 
liquor*,  none  of  them  endued  with  reflective  powera,  which,  irhtn  seen  b;  Iranfiiiided 
light,  appeared  MVerally  in  their  me  color* ;  but  all  of  Ifaem,  wbeD  seen  bj  iocidenl 
light,  appeared  blatk ;  irhieh  ij  'vlio  the  ea>e  of  black  cherrie*,  black  currant*,  bladt 
berrie!,  kc.,  Ihe  juices  of  which  appeared  red  when  ipcead  on  a  while  ground,  or  other- 
wise viewed  by  tranamilled  instead  of  Incident  liflht;  and  he  ooaelides,  that  bleached 
linen,  &,c..  "  when  dyed  or  painted  with  vegetable  colors,  do  imt  differ  in  ikeir  mannei 
of  acting  on  the  rays  of  light,  from  nalnral  vegetable  bodies ;  both  yielding  their  color* 
by  tianfmiuing  ihraugh  the  transparent  colored  mailer  the  light  which  is  leflected  fioin 
tlie  while  ground  :"  it  beiiut  apparent,  fnim  difierent  experiiDentf,  "  that  no  reflecting 
power  resides  in  any  uf  their  eompauent*,  eicept  in  Iheir  while  matter  only,"  and  thai 
"  iraosparent  colwed  sabstaneea,  placed  in  situations  by  which  tran*inis*ioD  of  light 
Ihrongh  them  is  intercepted,  eihtbiC  no  color,  but  become  entirely  black." 

The  art  of  dyeing,  therefore,  (according  to  Mr.  Delaval,}  "consist*  principally  in  eorer- 
ing  while  substances,  from  which  light  is  atrongly  reflected,  tvilh  tiaasparent  colored 
media,  which,  according  to  Iheir  several  colore,  transmit  mure  or  less  copiously  the  layi 
reflected  froin  the  while,"  since  "  tbe  iraniparent  media  Ihemgelres  reflect  no  light;  and 
it  is  evideni  ibat  if  they  yielded  their  colors  by  reflecting,  instead  of  tranimiliing  the 
rays,  the  whileneas  or  color  of  the  ground  on  which  they  are  applied,  wonid  not  in  any- 
wiie  alter  or  affect  the  colors  which  Ihey  exhibit." 

Bat  when  any  opaque  basis  is  interposed,  the  reflection  is  doublles*  made  by  it,  raiher 
than  by  Ihe  subsunce  of  the  dyed  wool,  silk,  &c.,  and  more  especially  when  such  basis 
consists  of  the  while  earth  of  alum,  or  the  while  oiyde  of  tin  ;  which,  by  their  strong 
reflective  powers,  greatly  augment  the  lustre  of  colors.  There  are,  D>oreover,  some 
opaque  eidaring  mailers,  particularly  tbe  acetous,  and  other  solutions  of  iron,  used  to 
Main  linen,  cotton,  &c..  Which  must  necessarily  themaelve*  reflect]  instead  of  tranimit- 
tins  tbe  light  by  which  their  colors  are  made  perceptible. 

The  eompoand  or  mixed  colors,  are  Bueh  as  rerult  from  Ihe  combination  of  two  differ- 
ently colored  ilye  stufis,  or  fraoi  dyeing  stub  with  me  color,  and  then  with  another. 
The  simple  colors  of  the  dyer  are  ird,  yellow,  blue,  and  black,  with  which,  whcD  skik 
fhlly  blended,  be  can  produce  every  variety  oC  lint.  Perhaps  Ihe  dun  or  fawn  erdot 
might  be  added  lo  the  above,  a*  it  is  directly  obtained  from  a  great  maay  vegetable  tub- 

I.  Red  wilh  yellow,  produces  orange ;  a  color  which,  upon  wool,  is  given  nsually  with 
Ihe  spent  scarlet  bath.  To  this  shade  may  be  referred  flame  color,  pomegranate,  capu- 
chin, prawn,  jonquil,  cojttf,  chamois,  ca/i  a%  laii,  aurora,  marigcjd,  orange  peel,  mor- 
doTii,  cinnamon,  gold,  &c.  Snufl",  chestnat,  musk,  and  olher  shades  are  produced  bj 
substituting  walnut  peels  Or  snmaeh  for  bright  yellow.  If  a  little  blue  be  added  to  orange, 
an  olive  is  obtained.  The  only  direct  orange  dyes  are  annolto,  aul  subchromate  of  lead ; 
see  Silk  and  Wool  Dyeing. 

3.  Red  wilh  blue  prodnees  pniple,  violet,  lilaeh,  pigeon's  neck,  mallow,  peaeh-Uoatotn. 
Urn  d*  rot,  lial-blD«*om,  amaranth. 

3.  Red  wilh  black;  biown,  cboeolale,  marone,  tuc 

4.  Yellow  wilh  blue ;  green  of  a  great  variety  of  shades,  such  as  BMeeni  green,  gay 
green,  grass  green,  spring  firern,  laurel  green,  H*  green,  celadoti  green,  parrot  gre«n, 
eabbaiic  green,  apple  green,  dock  green. 

5.  Miilures  of  colors,  Ihrte  and  three,  and  four  and  four,  produce  an  indefinite  diver- 
sily  of  tints;  thus  red,  yellow,  and  blue,  Ibrm  brown  olives,  and  greenish  grays;  in 
which  the  blue  dye  ought  always  to  be  first  given,  lest  Ihe  indigo  val  should  be  wiled  by 
other  colors.  Red,  yellow,  and  gray,  (whieh  is  a  gradation  of  blaek,)  give  the  dead-leaf 
tint,  at  well  at  dark  orange,  tnntt'  color,  aic.  K«l,  blue,  and  gray,  give  a  vail  variety 
of  thadea ;  as  lead  gray,  slate  gray,  wood-pigeon  gray,  and  other  radon,  too  numeroni  to 
tpeciiy.    See  Bbdwh  Dye. 

The  tbllowing  list  of  dyes,  and  the  coloring  mbttaacet  which  produce  Ihnn,  may  pnive 

Std.  Cochineal,  kerme*,  lae,  madder,  archil,  carthamus  or  saSower,  braiil  wood 
logvood,  periodide  of  mercury,  alkanel. 

YtUevi.  (Jucrcitran,  weld,  niMic,  (yellow  wood,]  annotto,  sawwort,  dyer'*  brootn,  tur- 
meric, fuslet,  (rAaj  roltaiu,)  Persian  Bnil  Avignon  berries,  (rhiminu  infirliiTita,'^  willow, 
peroxyde  of  iron ;  chromaie  of  lead,  (chrome  yellow,)  tolphnret  of  arsenic,  h^rcanU 
phurel  of  antiinony ;  nitric  acid  on  silk. 

Btiu.  Indigo,  woad  or  paitd,  Fnuiian  blue,  inmsole  or  litmus,  li^wood  wiln  a  tall 
of  copper. 
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BUdi.    Galh,  tWDMb,  logwood,  wtlnat  peela,  ud  other  regettblei  which  codUId 
Uuio  sad  filie  add,  along  witb  fermginoiu  mordanli.    The  anaeaidiam  of  India. 

Grtn.    Tbeac  are  produced  bf  the  btae  and  jeUow  dyeg  ikiirullr  eombiaed  ;  with  the 
oeeplion  at  th«  chrome  green,  and  pertiapa  the  copper  green  of  Schweinrmi. 
Orangt,     Annotto,  and  miitaret  of  red  and  yellow  dyei ;  anbchrramne  of  lead. 
BraunL    See  tfae  remukt  at  the  beginning  oC  this  article  ;  Bedwh  in  iu  alpbabetical 
fiitt;  Cauco  Pbihtino,  Catecho,  and  Mahcahese. 

i'am,  Dhb,  or  Sool,    Walnat  peeli,  anmacb,  bireh-ti'«e,  henna,  nndal  wood.      See 
Cauco  PaiNTiHG,  for  a  great  Tarietj  of  Iheie  dyra. 

Figt.  364  and  36d  repreaent  in  a  eroas  and  longilndinal  Keclion  the  aatamatic  dyeing 
Meam  copper,  to  generally  employed  in  tbe  well-appointed  raclorjes  or  Laneaahire. 

A  ii  the  long  reel,  composed  at  each  end  oT  ajx 
radial  iron  arma  or  apolim,  bound  at  theij  oaler  ei- 
tremilies  wilh  a  six  sided  wooden  fraine ;  these  two 
tenninal  heia^ong  are  eonnfcted  by  long  wooden 
laths,  seen  above  end  below  a  in  fig.  365.  r  shows 
the  sloping  border  or  ledie  or  tbe  copper,  b  and  c 
nre  rollers  laid  horiEon tally,  foe  facililaiing  tbe  con- 
tinaout  motion  of  tbe  aeries  of  pieces  of  goods 
stitched  toiielher  into  an  endleiis  web,  whicb  are 
made  to  travel  by  (be  incessant  rotations  of  Ibe  reel- 
Immediately  above  the  roller  b  in  Jig.  364,  sjl  the 
spare  foldings  of  Ibe  web  are  seen  resting  upon  tbe 
sloping  wooden  grmtint;,  which  guides  them  onwards 
in  the  direction  indicated  by  the  arrow.  The  dye 
stufls  are  put  within  tbe  middle  graling,  like  a  hen- 
coop, mHrbcd  c.  Each  copper  is  6  feet  long,  3^  feel 
wide,  3|  feel  deep,  exclusive  of  the  top  ledge,  9 
inches  high.  Such  steam  coppers  are  usually  erected 
in  pairs,  and  moved  by  a  common  horizontal  bevel 
wheel  ceen  ate  ia  fig.  365,  fixed  upon  a  vertical  shan, 


shirtedinlogear  by  a  wheel  at  its  (op,  wilb  one  of  (he  driving  abads  of  the  rectory.  Upon 
[Sell  sideof  D,  the  two  aleam  pipes  for  supplying  the  right  and  left  hand  coppeis  are 
seen  ;  each  provided  with  a  stop  cock  for  admitliog,  reguUling,  or  cutting  off  (he  steam. 
These  steam  pipes  descend  at  t  s,  the  horizontal  branch  having  several  oriRcea  in  its 
upper  surface.  The  horizontal  shall  in  a  line  with  Ihe  aies  of  (he  reels,  and  which 
Wins  them,  is  furnished  apon  each  side  with  a  clnlch  for  putting  either  of  Ihe  reels  into 
or  out  of  gesr,  that  is  (o  say,  setting  it  a  going,  or  at  rest,  in  a  moment  by  the  touch  of  a 
forked  lever. 

The  steam  pipe  of  dislribntion  b  lies  horitontally  tiear  the  bottom  of  the  loiddle  MOp, 
II  thown  tinder  c  in  fig.  364,  and  sends  up  tbe  steam  throagh  it«  nnmeroui  oriBcea, 
«"wng  the  dye-iluffs  and  water  by  which  it  ie  covered.    Thus  the  infaiion  or  decoc- 
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tioii  is  contmiialty  advaiieins;  in  tbe  copper,  darinf  the  iiicei8aat"loeo»iQolioa  of  Uteend* 
less  web*  The  hortsontai  pipe  traverses  the  copper  from  end  to  end,  and  is  not  slopped 
short  ia  the  middle.  Eaeh  of  these  ooppecs.  can  receive  two,  three,  or  more  parallel  pieces 
of  goods  at  a  time,  the  reel  and  copper  being  divided  into  so  many  oomp«rtawnta  bf  tmnn- 
verse  wooden  span. 
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EARTHS.  (Terret,  Fr. ;  Erden^  Genii.)  Modern  science  has  demonstrated  that  the 
substances  called  primitive  earths,  and  which  prior  to  the  great  electro-chemical  career 
of  Sir  H.  Davy,  were  deemed  to  be  elementary  matter,  are  all  compounds  of  certain 
metallic  bascj^  and  oxygen,  with  the  exceptioo  of  silica,  whose  base,  silicon,  being  analo- 
gous to  boron,  has  led  that  compound  to  be  regarded  as  an  acid ;  a  title  characteristic 
of  the  part  it  extensively  performs  in  neutralizing  alkaline  bodies,  in  mineral  nature, 
and  in  the  processes  of  art.  Four  of  the  earths,  when  pure,  possess  decided  alkaline 
properties,  being  more  or  less  soluble  in  water,  having  (at  least  three  of  them)  an  acrid 
alkaline  taste,  changing  the  purple  infusion  of  red  cabbage  to  green,  most  readily  sato- 
rating  the  acids,  and  affording  thereby  neutro-salin6  crystals.  These  four  are  baryta, 
slrontia,  litne  (ealcia),  and  magnesia.  The  earths  proper  are  five  in  number ;  a/umtna, 
glucina,  yttria,  zirconia,  and  thorina.  These  do  not  change  the  color  of  infusion  of  cab- 
bage or  tincture  of  litmus,  do  not  readily  neutralize  acidity,  and  are  ^uite  insolnble  in 
Water.  The  alkalis  are  soluble  in  water,  even  when  carbonated ;  a  property  which  dis- 
tinguishes them  from  the  alkaline  earths.  LUhia  must  for  this  reason  be  considered  to 
be  an  alkali.    See  the  above  substances  in  their  alphabetical  places. 

ZAXJ  DE  COLOGNE.  This  preparation  has  long  possessed  great  celebrity,  in  con- 
sequence chiefly  of  the  numerous  virtues  ascribed  to  it  by  its  venders ;  and  is  resorted  to 
by  many  votaries  of  fashion  as  a  panacea  against  ailments  of  every  kind.  It  is  however 
nothing  more  than  aromatized  alcohol,  and  as  such,  an  agreeable  companion  of  the  toilet. 
Numerous  fictitious  recipes  have  been  ofi^ered  fur  preparing  eau  de  Cologne;  the  A>1- 
lowing  may  be  reckoned  authentic,  having  been  imparted  by  Farina  himself  to  n 
friend. 

Take  60  gallons  of  silent  brandy ;  sage,  and  thyme,  each  6  drachms ;  balm-mint  and 
spearmint,  each  12  ounces ;  calamus  aromaticus,  4  drachms ;  root  of  angelica,  2  drachms ; 
camphor,  1  drachm ;  petals  of  roses  and  violets,  each  4  ounces ;  flowers  of  lavender,  2 
ounces;  flowers  of  orange,  4  drachms;  wormwood,  1  ounce;  nutmegs,  cloves,  cassia 
lignea,  mace,  each  4  drachms.  Two  oranges  and  two  lemons,  cut  in  pieces.  Allow 
the  whole  to  macerate  in  the  spirit  during  24  hours,  then  distil  off  40  gallons  by  the  heat 
of  a  water  bath.    Add  to  the  product : 

Essence  of  lemons,  of  cedrat,  of  balm-mint,  of  lavender,  each  1  ounce  4  drachms ; 
neroli  and  essence  of  the  seed  of  anthos,  each  4  drachms ;  essence  of  jasmin,  1  ounce ; 
of  beriramot,  12  ounces.    Filter  and  preserve  for  use. 

Cadet  Gassincourt  has  proposed  to  prepare  eau  de  Cologne  by  the  following  recipe : 
Take  alcohol  at  32^  B.,  2  quarts ;  neroli,  essence  of  cedrat,  of  orange,  of  lemon,  of  ber- 
gamot,  of  rosemary,  each  24  drops ;  ad  J  2  drachms  of  the  seeds  of  lesser  cardamoms, 
distil  by  the  heat  of  a  water  bath  a  pint  and  a  half.  When  prepared  as  thus  by  simple 
mixture  of  essences  without  distillation,  it  is  never  so  good. 

EAU  BE  LUCE  is  a  compound  formed  of  the  distilled  oil  of  amber  and  water  of  am- 
monia. 

ELEIVII  is  a  resin  which  exudes  from  incisions  made  during  dry  weather  through 
the  bark  of  the  amyrU  elemi/erat  a  tree  which  grows  in  South  America  and  Brazil.  It 
comes  to  us  in  yellow,  tender,  transparent  lumps,  which  readily  soften  by  the  heat  of  the 
hand.  They  have  a  strong  aromatic  odor,  a  hot  spicy  taste,  and  contain  12^  per  cent,  of 
ethereous  oiL  The  crystalline  resin  of  elemi  has  been  called  EUmine,  It  is  used  in  ma- 
king lacker,  to  eive  toughness  to  the  varnish. 

EBULLITION.  (Eng.  and  Fr.;  Kochen,  Germ.)  AVhen  the  bottom  of  an  ap^A 
vessel  containing  water  is  exposed  to  heat,  the  lowest  stratum  of  fluid  immediately 
expands,  becomes  therefore  specifically  lighter,  and  is  forced  upwards  by  the  superior  grav- 
ity of  the  superincumbent  colder  and  heavier  particles.  The  heat  is  in  this  way  diffused 
through  the  whole  liquid  mass,  not  by  simple  communication  of  that  power  from  par- 
ticle to  particle  as  in  solids,  called  the  conduction  of  caloric,  but  by  a  translation  of  the 
several  particles  from  the  bottom  to  the  top,  and  the  top  to  the  bottom,  in  alternate 
succession.  .  This  is  denominated  the  carrying  power  of  fluids,  being*  common  to  both 
liquid  and  gaseous  bodies.  These  internal  movements  may  be  rendered  very  conspi- 
cuous and  instructive,  by  mingling  a  little  powdered  amber  with  water,  contained  in  • 
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nn  glut  cyliadcr,  HUding  upon  a  tud-lMlh.  A  eolainn  of  tbe  healed  Md  li^tar 
pulklca  will  be  Kcn  McndiiiB  uemr  the  uii  at  the  ejliHder,  BarTonndeil  by  i  *--" — 
'    ~  "  M  Mar  the  (ide*.    Tbil  tbit  noleentsr  tni 


n  oT  the  cooler  <mn  dMceadimir  aear  the  (ide*.  Tbil  tbit  noleentsr  tnnilatum 
or  locomotioD  ii  almoit  the  tole  toode  in  wbich  HvaiM  get  keeled,  Dtay  be  domoniinted 
br  placing  tbe  middle  oT  a  pretty  loag  Klaas  Inbe,  neariy  filled  «iib  waler,  ubJiquely 
ornan  arsand  Bam.  The  npper  half  or  tbe  li<)u[d  will  soon  boil,  but  tbe  porliivi  nnder 
the  middle  will  eoDtiaae  cool,  to  that  a  lamp  of  iee  tnay  remain  for  a  eoatideiahle  time  at 
the  bottom.  When  tbe  heM  it  npidly  applied,  the  Jiqnid  it  thrown  into  agUnlion,  in 
ODMeqncnce  of  ekttie  vapor  being  wddeDlT  ;enealed  at  (he  bottom  or  the  vewel,  and 
being  aa  anddetily  eondeoied  at  a  little  dirianee  abore  it  by  the  nuToundinR  eold 
eolnmnt.  Tht!«  alternate  eipantioDt  and  contractiont  o[  volume  become  mora  maniretl 
u  tbe  liquid  becomes  houer,  and  eoaititnle  the  timmtring  vibratory  aoand  wbjcb 
ii  the  prelude  of  ebaUitiDD.  The  whole  man  being  now  heated  to  a  pilch  compatible 
with  its  permanent  elailicity,  becascs  turbulent  and  ciploiive  ander  tbe  continued 
iaflnence  of  fire,  And  emilling  more  or  len  cofaonii  volomet  of  vapor,  it  taid  lo 
bwL  The  Turther  elevation  oC  temperature,  by  (he  influence  oT  caloric,  becomes 
impoBiUe  in  these  circumstancea  with  almost  all  liqaids,  because  the  vapor  car- 
lia  off  fmn  ibem  aa  mach  heal  in  a  latent  alale  at  they  an  eqiable  of  receiving  from 
the  fire. 

Tbe  lempentane  at  which  liquids  boil  in  the  open  air  variet  with  the  degree  oT  atmo- 
ipheric  [reatsre,  beiug  higher  at  that  is  increaaed,  and  lower  ai  it  is  diminished.  Henee 
bailing  water  it  colder  by  some  degrees  in  bad  weather,  or  in  an  elevated  lilaalion,  with 
a  depreaaed  bannseler,  than  in  fine  weather,  or  at  the  bottom  of  a  coaUpit,  wheo  the 
barooeier  is  elevaied.  A  high  edamo  aC  liquid,  abo,  by  retitlii^  the  ditebarge 
of  the  tteain,  laiaei  Ibe  boiling  peiat  I«  vocm,  all  liquidt  boil  at  a  tenperatnrc  about 
K/e  F.  lower  than  ntdcr  tbe  avetmite  atmoapberic  presure.  For  a  tabic  of  elaiticiliet, 
Kc  VjuvB.  Gay  Lonae  hat  ihown  thai  liquidt  are  converted  into  vapon  mora  readily, 
or  with  lest  turbulence,  vbeu  ibey  are  in  contact  with  angulir  or  irregular,  than 
vilh  smooth  torfaeo )  DM  they  tbereline  boil  at  a  heal  V  T.  knver  in  metallic  Ifaan  in 
ttua  veoeli,  probaUy  owing  to  the  greater  polish  of  the  latter.  For  eiample,  it  iaUt 
water  aboot  la  boil  ia  a  glass  matian,  iron  filingi,  gronud  glass,  or  any  other  intolnble 
powder  be  thrown,  such  ■  briab  ebullition  wilt  be  instantly  detennined  at  will  tonellmet 
Ibnnr  the  water  out  of  the  vessel  i  the  temperature  at  the  tame  lime  sinking  two  direct 
F.  It  would  thence  appear  that  the  power  of  caloric,  like  that  of  cleetricity,  beeoiBM 
concent  rated  by  poinlt. 

The  rollowing  Ubie  eihibits  tbe  boUiag  beats,  by  Fahrenbdl**  scale,  of  tha  most  im- 
portant liquids  i — 

Elber,  specific  gravity  0-7369  at  48* I00> 

Csrbaret  of  awtphnr         -            -  -            -            •            -            -            -  118 

Alcohol,  *p.  gnv.  0-813  •           -  -          •        lira        •          •           -  ]7>4 

Kitrictcid,              I-SOO  -            -  -            -       Daltoa       -            •            >  SIO 

WMer 812 

EsuHBlcd  •olntiou  of  Gtanber  salt  -            -         Bio(         ...  2131 

■              -  ■     •  do.          .            .            -  S15| 


AcctaU  c^  lead 
Sea  tail      . 
Horiatc  of  lime. 


Sea  tail      .  -do.  -  .  -      £244 


I  +  water  «,  do. 

do.        do.                     do.  39-6  +  do.  64-5,  do.  -  •  .  93S 

do.        do.                     do.  40-0  4*   ^-  II^^  ^  -  -  -140 

Hnrislie  acid,  tp.  gr.  1-094                     •  -       Daltoa  .  .  .  «W 

do.                do.      1-IS7  ■            -  -  do.  •  -  -  SS2 

Khricacid,         do.      I-4ao  .            .  .  dfc  .  -  -  S4$ 

de.           do.      1-30  -         -  -  do.  -  -  -  aae 

Reetiled  petroleum  -            -  -  U»  ...  806 

Oil  af  turpentine  -            -  .*>.  -  -  '  f}~ 

Salphuric  »eid.  tp.  gr.  1-848  -            -  -       Dahoa  •  -  '  22 

do.                do.      I'SIO  .            .  .  do.  .  -  -  «3 


I     • 


•J>. 


-i  V5' 


'  j«  AJ 
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i^ 


k  I 


a1 


M' 


Ami: 


.^v 


p. 


1 


,u 


1^ 


tf  '«•• 
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ELASTIC  BANDS. 


Melieaiy  -  -  -  -  - 

do.       -  •  -  -  - 

Satonted  Bolation  of  acetate  of  soda,  eoataining 


do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 


Nitrate  of  soda, 

Rochelle  salt, 

Nitre, 

Mariate  of  ammonia, 

Tartrate  of  potash. 

Muriate  of  soda, 

Sufphate  of  magnesia, 

Bona, 

Phosphate  of  soda, 

Carbonate  of  soda. 

Alum, 

Chlorate  of  potash. 

Sulphate  of  copper. 


m                              m 

Dolong 

^ 

6e2»           ! 

- 

Orighton 

- 

656 

g[  60  per  cent. 

Griffiths 

. 

256 

60 

do. 

•  • 

246 

90 

do. 

• 

240 

74 

do. 

)  • 

238 

50 

do. 

• 

236                 i; 

68 

do. 

• 

234                 ] 

30 

do. 

• 

224 

57«5 

do. 

. 

222 

52-5 

do. 

• 

222 

? 

do. 

• 

222 

? 

do. 

« 

220 

52 

do. 

• 

220 

40 

do. 

• 

218 

45 

do. 

m 

216 

EDULCORATE  (Edulcorer,  Fr.;  JuttfOtm,  Germ.)  is  a  word  introduced  by  the 
alchemists  to  signify  the  sweetening,  or  rather  rendering  insipid,  of  acrimonious  pal?eni* 
lent  substances,  by  copious  ablutions  with  water.  It  means,  in  modem  language,  the 
washing  away  of  all  particles  soluble  in  water,  by  agitation  or  trituration  with  this  fluid, 
and  subsequent  decantation  or  filtration. 

EFFERVESCENCE.  (Eng.  and  Fr. ;  JufkrauMny  Germ.)  When  gaseous  matter  is 
suddenly  extricated  with  a  his»ing  sound  during  a  chemical  mixture,  or  by  the  application 
of  a  chemical  solvent  to  a  solid,  the  phenomenon,  from  its  resemblance  to  that  of  sim- 
mering or  boilins;  water,  is  called  effervescence.  The  most  familiar  example  is  afforded 
in  the  solution  of  sodaic  powders ;  in  which  the  carbonic  acid  gaa  of  sesqni-carbonate  of 
soda  is  extricated  by  the  action  of  citric  or  tartaric  acid. 

EFFLORESCENCE  (Eng.  and  Fr. ;  Verwitiem,  Germ.)  is  the  spontaneous  eonver- 
sion  of  a  solid,  usually  crystalline,  into  a  powder,  in  consequence  either  of  the  abstrac- 
tion of  the  combined  water  by  the  air,  as  happens  to  the  crystals  of  sulphate  and  car- 
bonate of  soda ;  or  by  the  absorption  of  oxygen  and  the  formation  of  a  saline  compound, 
as  in  the  case  of  alum  schist,  and  iron  pyrites.  Saltpetre  appears  as  an  efflorescence 
upon  the  ground  and  walls  in  many  situations. 

EDGE-TOOLS.    See  Cutlkry  and  Steel. 

EGGS,  HATCHING.    See  iNccnATioir,  AaTiFiciAL. 

EIDER-DOWN  is  a  kind  of  precious  down,  so  called  because  it  is  obtained  from  the 
Eider-dnck,  These  birds  build  their  nests  among  precipitous  rocks,  and  the  female  lines 
them  with  fine  feathers  plucked  from  her  breast,  among  which  she  lays  her  five  eggs. 
The  natives /)f  the  districts  frequented  by  the  eider-ducks  let  themselves  down  by  conis 
among  the  dangerous  cliffs,  to  collect  the  down  from  the  nests.  It  is  used  to  fill  cover- 
lets, pillows,  cushions,  &c. 

ELAINE  is  the  name  given  by  Chevreul  to  the  thin  oil  which  may  be  expelled 
from  tallow,  and  other  fats,  solid  or  fluid,  by  pressure  either  in  their  natural  state,  or 
after  being  saponified,  so  as  to  harden  the  sUarine,  It  may  be  extracted  also  by  digesting 
the  fat  in  7  or  8  timea  its  weight  of  boiling  alcohol,  spec.  grav.  0*798,  till  it  dissolves 
the  whole.  Upon  cooling  the  solution,  the  siearine  falls  to  the  bottom,  while  the  elaioe 
eollects  in  a  layer  like  olive  oi],  upon  the  surface  of  the  supernatant  solution,  reduced  by 
evaporation  to  one  eighth  of  its  bulk.  If  this  elaine  be  now  exposed  to  a  cold  tempera- 
tare,  it  will  deposite  its  remaining  stearine,  and  become  pure.  See  Fat,  Oils,  and 
SrsAaiNE. 

ELASTIC  BANDS.  (Tistua  Elastiquet,  Fr,  i  Federharz-zeige,  Germ.)  The  mano- 
facture  of  braces  and  garters,  with  threads  of  caoutchouc,  either  naked  or  covered, 
seems  to  have  originated,  some  time  ago,  in  Vienna,  whence  it  was  a  few  years  since 
imported  into  Paris,  and  thence  into  this  country.  At  first  the  pear-shaped  bottle  of 
Indian  rubber  was  cut  into  long  narrow  strips  by  the  scissors;  a  single  operative 
turning  off  only  about  100  yards  in  a  day,  by  cutting  the  pear  in  a  spiral  direction.  Hm 
succeeded  next  in  separating  with  a  pair  of  pincers  the  several  layers  of  which  the  bottle 
was  composed.  Another  mode  of  obtaining  fine  threads  was  to  cut  them  out  of  a  bottle 
which  had  been  rendered  thin  by  inflation  with  a  forcing  pnmp.  All  these  operations 
are  facilitated  by  previously  steeping  the  caoutchouc  in  boiling  water,  in  its  moderately 
mflated  state.  More  recently,  machines  have  been  successfully  employed  for  catting 
out  these  filaments,  but  for  this  purpose  the  bottle  of  caoutchouc  is  transformed  into 
a  disc  of  equal  thicknef^s  in  all  its  parts,  and  perfectly  circular.  This  preliminary  opera- 
tion is  executed  as  follows:  1.  the  bottle,  sodened  in  hot  water,  is  squeezed  between 
the  two  plates  of  a  press,  the  neck  having  been  removed  beforehand,  as  useless  in  this 
point  of  view ;  2.  the  bottle  is  then  cut  into  two  equal  parts,  and  is  allowed  to  con* 
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nlidue  bf  cooling  bcAn  «i]bjeetinK  it  lo  the  cDliing  inilniineRt.  Whm  the  bottle  il 
>(nm^  enongh,  (dcI  of  variable  IhickaeM  in  ill  differeol  points,  each  batr  i>  sabmitted  to 
ftmtrfat  pmsure  in  a  >er|r  ttnni;  cfKnilrieal  moold  of  metal,  into  wbieb  a  melallie 
finger  deacendfi,  wbicfa  Torees  (he  eaonleluiiie  lo  take  the  Ibnn  oT  ■  flat  cylinder  with  a 
cirtBUr  baie.  The  raoold  is  [dni^nl  into  bot  water  daring  the  eooipTession.  A  stem  OT 
ml  oC  iron,  which  ^att  acrow  (be  hollow  mould  and  piston,  retains  the  latter  in  its  place, 
[Mail)) (landing  the  restlienee  or  the  eaoalcbouc,  when  the  mould  is  taken  from  Ihe  press. 
The  ntould  being  then  cooled  in  water,  Ihe  caoutebonc  ia  withdrawn. 

The  Iransibnnalion  of  tbe  disc  uf  caouichonc  into  fine  threads  ia  performed  by  two 
QtehiDes;  the  fitil  of  whicb  cats  it  into  a  riband  of  equal  thickness  in  its  whole  extent, 
ransing  in  a  spiral  dtreclinn  from  Ibe  circumference  to  the  cenlioi  Ihe  second  snbdi- 
TJdn  this  riband  lengthwise  into  several  paratlel  Glameals  much  nairover  but  equally 


thick. 


G6,  367,  368,  repiesent  tbe  machine  for  cutting  Ihe  spiral  nband. 


I>eriphery  lo  tbe  edge  of  a  knife  c,  formed  like  a  circular  blade,  whose  plane  is  perpen> 
diculir  10  itiat  of  the  bases  of  the  disc.  This  knife  lams  round  its  centre,  which  it 
fiiaJ.  The  rotatory  motion  of  the  diEC  forces  tbe  knife  to  penetrate  further  and  fuitbet 
into  ill  mass,  and  the  motion  of  the  knife  itself  makes  il  cut  ibe  riband  more  eaaily.  It 
il  obriDOf,  thai  if  tbe  disc  abne  reiotve,  tbe  motionless  knife  could  act  only  by  pressure, 
luj  voald  meet  with  an  enormous  resistance.  A  third  mi>vement  becomes  necessary. 
In  proportion  as  Ihe  disc  il  dimlnisbed  by  the  removal  of  tbe  spiral  band,  Lbe  centre  of 
ibis  disc  mast  advance  upon  the  knife,  in  order  that  Ihe  liband  may  have  always  the 
same  breadlb.  Tbe  inspection  of  Ji^.  368  will  make  the  accordance  of  the  lliree  motiont 
inlellijilile. 

The  knife  c  is  placed  upon  a  shad  or  axis  A,  which  carries  a  pulley,  round  which  a 
bell  or  cord  mns  whicb  drives  the  whole  mnchine.  This  knife  is  six  inches  in  diameter. 
Is  ardeitbat  by  being  kfpt  cool  it  may  cm  the  eaoatcbouc  better,  il  is  plunged  at  iU 
lowrr  pan  into  a  trough  a,  full  of  water  ;  a  stopcock  a,  serves  to  empty  this  trough. 

The  tbafl  A  bean  a  pinion  p,  which  lakes  into  a  wheel  s,  F^hI  ^P""  ^^^  ^*^  ^'  i 
Dpon  which  thei-e  is  cut  a  tvorm  or  endless  screw,  v,  v.  This  worm  bears  a  nut  i, 
which  idvancea  aB  the  screw  turns,  and  carries  with  it  a  tie  i^  whicb  in  its  turn  pusbea 
tbf  iliie  D,  canied  upon  ■  shoulder  constantly  towards  the  knife.  This  ihoulder  it 
fraidcil  by  two  ears  which  slide  in  two  grooves  cut  in  the  thickness  of  tbe  table.  The 
divneier  of  the  pinion  p  is  about  one  fifth  of  that  of  the  wheel  ■  i  so  that  Ihe  arbor 
1  tnrns  Gie  times  less  quickly  than  the  arbor  a'i  and  tbe  finenesa  of  Ihe  screw  v  eontrt- 
bnln  fitrtherto  slacken  tbe  movement  of  translation  of  tbe  disc. 

When  the  disc  is  all  cut  down,  the  shoulder,  the  tie,  and  the  nut,  are  brought  back 
la  their  original  position  by  lifting  the  nut,  which  is  hinged  on.  Tbe  dire  is  Biai 
upon  Ihe  shoulder  by  means  of  sharp  points,  and  an  upper  washer.  Tbe  shoulder  and 
Ibe  washer  have  a  very  small  diameter,  in  order  thai  the  knife  may.  In  cutting  down  the 
disc,  advance  ai  near  as  possible  to  the  centre. 

The  rotatory  movement  of  the  disc  and  its  shoulder,  is  given  by  an  endless  screw 
w,  w,  which  governs  a  pinion  jt",  provided  with  10  teelh,  and  carried  by  the  shaft  a, 
Dpon  whicb  the  eboulder  is  mounted.  The  arbor  a'  of  this  endless  screw  receivea 
ill  motion  from  the  first  shaft  a,  by  meana  of  the  wheels  a  and  a'  mounted  apon  these 
■hafts,  and  of  an  intermediale  wheel  s".  This  wheel,  of  a  diameter  eqnai  to  tlial  of 
the  shaft  a",  is  intended  merely  to  allow  Ibis  shaft  to  recede  ftxiin  the  shaft  a.  The 
diameter  of  Ihe  wheel  et  Ihis  kist  shaft  is  to  that  of  the  two  others  in  the  ratio  of  10 
loS. 
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Stetmd  maekiiu  /or  awbdunding  tht  ribands.  Fig,  309.^11ie  riband  b  eoftged 
between  Ibe  eireolar  kniTes,  c,  c,  which  are  mounted  upon  the  rollers  a,  a  ;  tkin  braw 
washers  keep  these  knives  apart  at  a  distance  which  may  be  varied,  and  two  extreme 
washers  moanted  with  screws  on  each  roller  maintain  the  whole  system.  The  axes  of 
these  rollers  traverse  two  uprights  i^  m,  famished  with  brasses,  and  with  adjusting 
Krews  to  approximate  them  at  pleasure.    The  axis  of  the  lower  roller  carries  a  wheel 
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Y,  which  takes  into  another  smaller  wheel  r',  placed  upon  the  same  shaft  as  the  pnlley  p, 
which  is  driven  by  a  cord.  The  diameter  of  the  wheel  r  is  three  times  greater  than  the 
wheel  r'.  The  pnlley  p  is  twice  the  size  of  the  wheel  r' ;  and  its  cord  passes  round  a 
drum  B,  which  drives  the  rest  of  the  machine. 

The  threads,  when  brought  to  this  state  of  slenderness,  are  pnt  successively  into  tubs 
filled  with  cold  water ;  they  are  next  soAened  in  hot  water,  and  elongated  as  much  as 
possible  in  the  following  manner :  — They  are  wound  upon  a  reel  turned  quickly,  while 
the  operative  stretches  the  caoutchouc  thread  with  his  hand.  In  this  way  it  is  rendered 
8  or  10  times  longer.  The  reels  when  thus  filled  are  placed  during  some  da]rs  in  a  cold 
apartment,  where  the  threads  become  firm,  and  seem  to  change  their  nature. 

This  state  of  stifiViess  is  essentfal  for  the  success  of  the  subsequent  operations.  The 
threads  are  commonly  covered  with  a  sheath  of  silk,  cotton,  or  linen,  by  a  braiding  ma- 
chine, and  are  then  placed  as  warp  in  a  loom,  in  order  to  form  a  narrow  web  for  liMraces, 
garters,  Ate.  If  the  gum  were  to  exercise  its  elasticity  during  this  operation,  the  dif- 
ferent threads  would  be  lengthened  and  shortened  in  an  irregular  manner,  so  as  to  [orm 
a  pudcered  tissue.  It  is  requisite  therefore  to  weave  the  threads  in  their  rigid  and  In- 
extensible,  or  at  least  inoontractile  condition,  and  aAer  the  fabric  is  woven  to  restore 
to  the  threads  of  caoutchouc  their  appropriate  elasticity.  This  restoration  is  easily 
effected  by  passing  a  hot  smoothing  iron  over  the  tissue  laid  smoothly  upon  a  table  covered 
with  blanket  stnff.    See  Ba aiding  Machine. 

ELECTIVE  AFFINITY  (WahlverwandtMchaft,  Oerm.)  denotes  the  order  of  pre- 
ference, so  to  speak,  in  which  the  several  chemi<»l  substances  chooM  to  combine ;  or 
really,  the  gradation  of  attractive  force  infused  by  Almighty  Wisdom  among  the  different 
olqeets  of  nature,  which  determines  perfect  uniformity  and  identity  in  their  compounds 
amidst  indefinite  variety  of  combination.  The  discussion  of  this  interesting  subject  belongs 
to  pure  chemistry.    See  DxcoHPosmoN. 

ELEMENTS,  (Eng.  -and  Fr. ;  Grundstofi,  Germ.)  The  ancients  considered  ^re^ 
air,  water,  and  earth,  as  simple  substances,  essential  to  the  constitution  of  all  terrestrial 
beings.  This  hypothesis,  evidently  incompatible  with  modern  chemical  discovery,  may 
be  supposed  to  correspond,  however,  to  the  four  states  in  which  matter  seems  to  exist ; 
namely,  1.  the  unconfinable  powers  of  fluids — caloric,  light,  electricity ;  2.  ponderable 
gases,  or  elastic  fluids ;  3.  liquids ;  4.  solids.  The  three  elements  of  the  alchemists, 
salt,  earth,  mereary,  were,  in  their  sense  of  the  word,  mere  phantasms. 

In  modem  science,  the  term  Element  signifies  merely  a  substance  which  has  not  yet 
been  resolved  by  analysis  into  any  simple  form  of  matter]  and  it  is  therefore  synonymons 
with  undeeompounded.  This  class  comprehends  54  different  bodies,  of  which  no  less 
than  41  are  metallic.  Five  may  be  styled  Jtrdueal,  from  the  intensity  and  universality 
of  their  affinities  for  the  other  bodies,  which  they  penetrate,  corrode,  and  apparently 
consume,  with  the  phenomena  of  light  and  heat.  These  5  are  dUorine,  oxygen,  iodme, 
hronvhe,  fluorint.  Eight  elements  are  eminently  inflammable  when  acted  upon  by  any 
of  the  preceding  five,  and  are  thereby  converted  into  incombustible  compounds.  The 
simple  non-metallic  inflammables  are  hydrogen,  azote,  eulphkr,  photphortu,  edenium,  carton, 
boron,  eilicon. 

The  following  table  exhibits  all  the  nndecompounded  bodies  in  alphabetical  order, 
wiUi  their  prime  equivalent  numbers,  atomic  weights,  or  reciprocal  combinmg  and 
saturating  proportions,  as  given  by  Berxelins,  in  reference  to  oxygen,  reckoned 
100,000:— 
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4H  EMB0S8INQ  CLOTH. 

for  both  cmboMtDS  Kod  panling  lilk,  coIIod,  mdlai  doth,  p>pw,  ud  oik*  Ikbne*,  in 

one  or  more  colon,  ■!  one  operaUon. 
Figi,  370,  370'  represent  Ihree  distinct  printing  cylinders  of  copper,  or  other  laitBlde 
tnalerid.  A,  a,  c,  witb 
their  nrceswrf  appen- 
danees  for  printing  three 
different  colon  upon 
the  Hibrie  ■»  it  pWM* 
through  the  nmehioe : 
either  of  thew  cylinden 

irfofed  u  nn  emboning 
CTlinder,  withoM  per- 
fenning  the  printing  pro- 
e«M,  or  majr  be  made  to 
effect  both  operations  it 
the  rame  lime. 

The  fabric  or  goods 
lo  be  operated  upon  be- 
ing firal  wonnd  tiefallf 
Qpon  ■  roller,  that  roller 
i*  to  be  moanted  d^ 

the  back  of  the  maehine, 
W  nhoim  at  D.  Fima 
Ibis  roller  the  fabric 
■  a  a  a  a  is  coadocted  be- 
Iveen  lensian  rvih,  and 
paved  nnder  ttie  bed 
ejlinder  or  paper  bowl 
I,  sad  from  Ihenee  pro- 
eetds  over  a  carrier  roller 
r,  and  over  steam  bozei 
not  shown  :n  the  draw- 
ing, or  it  maj  be  eon- 
daded  into  a  hoi  room, 
for  the  purpose  of  drring 
the  colors. 

The   cylinders    a,   i, 
and  c,  haTJni:  neither  en- 
graved or  raised  sarfiiees, 
are  connected  to  feedint; 
roller?   b  b  b,    revotvint; 
in    the    ink    or    colored 
tranehs  c  c  {  ;  or  endless  fell*,  called  sieves,  may  be  employed,  as  in  ordinary   printinE 
EMChines,  for  jnpplyinic  the  color,  vben  the  device  on  the  anrfhee  of  the  cylinders  is 
raised  :  these  cylinders  may  be  rnmished  with  doctors  or  scrapers  when  reqaired,  or  the 
■anie  may  be  applied  lo  the  endless  felts. 
The  blocks  have  adjustabie  screws  g  g,  for  the  pnrpose  of  bringing  the  cylinders  np 

Tinst  the  paper  bowl,  with  any  required  degree  of  pressure :  the  cylinder  a  is  snppon- 
by  its  gudgeons  running  in  blocks,  which  blocks  slide  in  the  lower  parts  of  the 
side  Oames,   and  are   connected    lo  p«rpe»dienlar  rods  i,  having  ndjaslable  •crew 

The  tower  parts  of  these  rods  bear  npon  weighted  levers  k  k,  extending  in  (hmt  of  the 
machine  <  and  by  increasing  the  weights  1 1,  any  degree  of  npwnrd  pressnre  -nay  be  gtren 
to  the  cylmder  i. 

Tbe  cokn  boxes  or  tronghs  e  c  e,  carrying  the  feeding  rollers  btb,  are  fixed  on  boerde 
which  slide  in  gioores  in  the  side  frames,  and  the  rollers  are  adjaaled  and  brooght  into 
contact  irilh  the  surface  of  the  printing  cylinders  by  screws. 

If  a  back  cloth  should  be  required  to  be  inlrodnced  between  the  eylindrical  bed  or 
paper  bowl  b,  and  the  fabric  a  n  a,  as  the  ordinary  felt  or  Uanhet,  it  may,  for  printinf 
and  embossing  eolton,  silk,  or  paper,  be  of  linen  or  eolton ;  but  if  woollen  good*  are  to 
be  operated  apon,  a  cap  of  Ml,  or  some  such  material,  must  be  bound  ronad  tbe  paper 
bowl,  and  the  fell  or  blanket  must  be  used  for  the  back  cloth,  which  is  lo  be  condneted 
art*  Ike  rtdlers  h  and  i. 

For  Ike  punnsa  of  embosdag  tbe  labric,  either  of  tbe  n4)m  it,  b,  or  c,  nay  W 
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cajilaTkl,  obsmiag  ikat  the  laHkce  of*  the  Toiler  mast  be  cut,  so  as  lo  leave  the  pallern 
arderiee  elerkted  for  emboasing  velfeti,  plain  clolhs,  and  papen;  but  Tor  wmlleas  the 
jrrice  nut  be  exeaialed,  (bat  is,  cut  in  recess. 

The  pattern  of  the  CBboninE;  cflinder  will,  bj  the  operation,  be  partially  marked 
through  the  Tabrie  on  to  the  surface  of  the  paper  bowl  e;  to  obliterale  which  marks 
Ihxn  tile  soifaee  of  the  bowl,  as  it  rerolves,  the  iron  cylinder  roller  o  is  employed  ;  but 
u  in  the  embossiDg  of  the  same  patterns  on  paper,  a  counter  roller  is  required  to 
poduec  the  pttttern  perfecUy,  the  iron  roller  la  ia  that  cue  dispensed  with,  the  impres- 
sioB  giren  to  the  paper  bawl  being  reqtiiretl  to  be  retained  on  its  tnrface  nntil  the  opera- 
lion  11  finished. 

Ifl  'JitM  ease  the  rda^Te  drenrnfereneea  of  the  embossing  cylinder,  and  of  the  paper 
howl,  mast  be  eiaetly  proportioned  to  each  other ;  that  is,  the  circumference  of  the  bowl 
mnM  be  equal,  eiaclly,  to  a  given  namber  of  circa Diferences  of  ihe  embossing  cylinder, 
ler;  acenrately  measared,  in  order  to  pieeerve  a  perTpcl  register  or  coincidence,  as  they 
continue  reTQiriiig  belwt-en  Ihe  pattern  on  the  surface  of  Ihe  embossing  cylinder,  and 
that  indeoted  into  the  surface  of  the  paper  bowl. 

The  axle  of  the  paper  bowl  k,  turns  in  brasses  fitted  into  slots  in  the  side  IVaines,  and 
■I  may  be  raised  by  hand  from  ill  bearings  when  requited,  by  siever  k,  eilending:  in 
(mat.  This  IcTci  is  affixed  to  the  end  of  a  horizontal  shal^  l,  l,  crossing  Ihe  machine 
•NO  in  the  fignres,  at  the  bac'i  of  which  shaft  Iheie  are  two  segment  levers  p,  f,  to  which 
beil  cods  Q,  <t,  are  attached,  having  hooks  at  their  lower  ends,  passed  under  the  nile  of 
the  bowl.  At  Ihe  re*ene  end  of  ihe  shsH  L,  a  ratchet-wheel  r,  is  atBied,  and  a  pall  OT 
dick  mounted  on  the  side  of  Ihe  frame  takes  into  Ihe  teeth  of  Ihe  wheel  r,  iind  Ihere)^ 
h>U$  up  the  paper  bowl  when  required. 

When  Ihe  iron  roller  c,  is  lo  be  broaghl  Into  operation,  the  rerticol  screws  (,  I,  mount- 
ed in  tbe  npper  parts  of  the  aide  frames,  are  turned,  in  order  to  bring  down  the  brasses  x, 
vhich  carry  the  aile  of  that  roller  and  slide  in  slots  in  the  si'Je  frames. 

The  cylinders  a,  b,  and  c,  are  represented  hollow,  nod  may  be  kept  at  my  desir«d  len>- 
jcnture  duriag  the  operation  of  printing,  by  introducing  sleam  ioln  them ;  and  onder  the 
cnloc  boiea  e,  c,  c,  hollow  chambers  arc  also  made  for  the  same  purpose.  The  degree  of 
tcmperalare  required  lo  be  fiTcn  lo  the«c  must  depend  upon  the  natarc  of  the  coloring 
Mterial,  and  of  the  goods  operated  upon.  For  the  purpose  of  conducting  sLeam  to  these 
hollow  cylinders  and  color  boxes,  pipes,  ns  shown  at  p,  v,  v,  are  attnched,  which  lead  from 
s  (team  boiler.  Bnt  when  either  of  these  cylinders  is  employed  for  embossing  alone,  or 
fur  embossing  and  printing  al  the  same  time,  and  particularly  fur  some  kinds  of  goods 
■here  a  higher  temperature  may  be  required,  a  red-hot  healer  is  then  introduced  into  the 
haUow  cylinder  in  |dace  of  steam. 

if  the  cylinder  a  is  employed  as  the  emboasing  cylinder,  and  it  is  not  intended  t6 
pnnt  the  fabric  by  thai  cylinder  simullaneously  wilh  the  operation  of  embossing,  tbt 
ftcdiag  nUer  b,  must  be  removed,  and  also  the  color  boi  c,  belonging  lo  that  cylin- 
der; and  the  eylindera  A  and  c,  are  to  t>e  employed  for  printing  the  fabric,  the  one 
npHring  the  color  before  the  embossing  is  effected,  the  other  after  it,  II  is  however 
W  be  mnarhed,  that  if  a,  and  c,  are  to  print  colors  on  the  fabric,  and  b  to  emboss  it, 
in  Ihu  ease  it  ia  preferred,  where  Ihe  pattern  would  allow  it.  A  and  c,  arc  wooden  roll- 
en  hifiag  the  pattern  upon  their  surfaces,  and  not  metal>  as  the  embossing  cylinders  must 
of  necesiUy  be. 

It  will  be  perceived  that  this  machine  will  print  one,  l»o,  or  three  colors  at  the  same 
lime,  agd  that  the  operation  of  embossing  may  be  performed  simullnneously  with  the 
priming,  by  eitheir  of  the  cylinders  «,  B,  ore,  or  the  operation  may  be  performed  consecu- 
linly  by  ihe  cylinders,  either  preceding  or  succeeding  each  other. 

The  litnaiioDS  of  the  doctors,  when  required  lo  be  used  for  removing  any  super6oona 
color  from  the  surface  of  the  printing  cylinder,  are  shown  ul  d,  d,  d  ;  those  for  removing 
sny  lini  which  may  attach  itself,  at  t,  i,  t.  They  are  kept  in  their  bearings  by  weighted 
levers  lEid  screws,  and  receive  a  slight  lateral  movement  to  and  fro,  by  means  of  the  ver- 
ticil lod  m,  which  is  connected  at  top  to  an  eccentric,  on  the  end  of  the  axle  of  the  roller 
K,  andst  ila  tower  end  to  a  horiiontal  rod  mrjuntcd  al  the  side  of  ihe  frame;  lo  this  hori- 
nalal  rod,  arms  are  attached,  which  are  connected  to  the  respective  doctors ;  and  Ihas, 
by  the  rotalioa  of  the  eccentric,  the  doctors  are  made  to  slide  lalerally. 

When  the  cylinders  a,  b,  or  c,  are  employed  for  embossing  only,  those  doctors  will  not 
be  required.  The  driving  power  is  communicated  lo  the  machine  from  any  first  mover 
ihnmiih  the  aaency  of  the  toothed  ^ear,  which  gives  rotatory  motion  to  Ihe  cylinder  b, 
tadlnim  thence  tti  the  other  cylinders  a,  and  c,  by  toothed  gear  shown  in^g.  370. 

EMBROIDERING  MACHINE.  {Machine  d  brodtr,  Fr.;  SUrkmaichint,  Germ.) 
His  art  has  been  till  of  late  merely  a  handicraft  employment,  cultivated  on  acconnl  of  it* 
*gaaee  by  ladies  of  rank.  But  afew  years  ago  M.  Heilmann  of  Mulhaaae  invented  a  ma- 
ciiae  of  a  roost  iogeniona  kind,  which  enables  a  female  r "— =•* ■'-'■'"  """"  ™ 
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account  ot  this  remarkable  inventioa  will  therefore  be  acceptable  to  maay  readers,  h 
was  displayed  at  the  national  exposition  of  the  products  of  industry  in  Paris  for  1834,  and 
was  unquestionably  the  object  which  stood  highest  in  public  esteem ;  for  whether  at  rest 
or  in  motion,  it  was  always  surrounded  with  a  crowd  of  curious  visiters,  admiring  the 
figures  which  it  had  formed,  or  inspecting  its  movements  and  investigating  its  mechanism. 
130  needles  were  occupied  in  copying  the  same  pattern  with  perfect  regularity,  all  set  ia 
motion  by  one  person. 

Several  of  these  machines  are  now  mounted  in  France,  Germany,  and  Switzerland. 
I  have  seen  one  factory  in  Manchester,  where  a  great  many  of  them  are  doing  beautifui 
work. 

The  price  of  a  machine  having  ISO  needles,  and  of  consequence  266  pincers  or  fingers 
and  thumbs  to  lay  hold  of  them,  is  5000  francs,  or  200/.  sterling ;  and  it  is  estimated  to 
do  daily  the  work  of  15  expert  hand  embroiderers,  employed  upon  the  ordinary  frame.  It 
requires  merely  the  labor  oC  one  grown-up  person,  and  two  assistant  children.  The 
operative  must  be  well  taught  to  use  the  machine,  for  he  has  many  things  to  attend  to; 
with  the  one  hand  he  traces  out,  or  rather  follows  the  design  with  the  point  of  the  pan- 
tograph ;  with  the  other  he  turns  a  handle  to  plant  and  pull  all  the  needles,  which  are 
seized  by  pincers  and  moved  along  by  carriages,  approaching  to  and  receding  from  the 
web,  rolling  all  the  time  along  an  iron  railway ;  lastly,  by  means  of  two  pedals,  upon 
which  he  presses  allernalely  with  the  one  foot  and  the  other,  he  opens  the  130  pincers 
of  the  first  carriage,  which  ought  to  give  up  the  needles  aAer  planting  them  in  the  stuff, 
and  he  shuts  with  the  same  pressure  the  130  pincers  of  the  second  carriage,  which  is  to 
receive  the  needles,  to  draw  them  from  the  other  side,  and  to  bring  them  back  again. 
The  children  have  nothing  else  to  do  than  to  change  the  needles  when  all  their  threads 
are  used,  and  to  see  Ihat  no  needle  misses  its  pincers. 

This  machine  deserves  particular  attention,  because  it  is  no  less  remarkable  for  the 
happy  arrangement  of  its  parts,  than  for  the  effects  which  it  produces.  It  may  be  descri- 
bed under  four  heads :  1.  the  structure  of  the  frame ;  2.  the  disposition  of  the  web ;  3.  the 
arrangement  of  the  carriages;  and  4.  the  construction  of  the  pincers. 

1.  The  structure  of  the  frame.  It  is  composed  of  cast-iron,  and  is  very  massive. 
Fig.  371  exhibits  a  front  elevation  of  it.  The  length  of  the  machine  depends 
upon  the  number  of  pincers  to  be  worked.      The  model  at  the  exposition  had  260 

{)incers,  and  was  2  metres  and  a  half  (about  100  inches  or  8  feet  4  inches  English) 
ong.  The  figure  here  given  has  been  shortened  considerably,  but  the  other  propor- 
tions are  not  disturbed.  The  breadth  of  the  frame  ought  to  be  the  same  for  every  ma- 
chine, whether  it  be  long  or  short,  for  it  is  the  breadth  which  determines  the  length  of 
the  thread  to  be  put  into  the  needles,  and  there  is  an  advantage  in  giving  it  the  full 
breadth  of  the  model  machine,  fully  100  inches,  so  that  the  needles  may  carry  a  thread  at 
least  40  inches  long. 

Disposition  of  the  piece  to  be  embroidered. — ^We  have  already  stated  that  the  pincers 
which  hold  the  needles  always  present  themselves  opposite  to  the  same  point,  and  that  in 
consequence  they  would  continually  pass  oackwards  and  forwards  through  the  same  hole, 
but  the  piece  is  displaced  with  sufficient  precision  to  bring  opposite  the  tips  progressiTcly 
of  the  needles,  every  point  upon  which  they  are  to  work  a  design,  such  as  a  flower. 

The  piece  is  strained  perpendicularly  upon  a  large  rectangular  Cnmey  whose  four 
sides  are  visible  in^g.  371 ;  namely,  the  two  vertical  sides  at  f  f,  and  the  two  horizontal 
sides,  the  upper  and  lower  at  f'  t".  We  see  also  in  the  figure  two  long  wooden  rollers 
G  and  G,  whose  ends,  mounted  with  iron  studs,  are  supported  upon  the  sides  f  of  the 
frame,  so  as  to  turn  freely.  These  form  a  system  of  beams  upon  which  the  piece  des- 
tined to  receive  the  embroidery,  is  wound  and  kept  vertically  stretched  to  a  proper  degree, 
for  each  of  these  beams  bears  upon  its  end  a  small  ratchet  wheel  g,  g ;  the  teeth  of  one 
of  them  being  inclined  in  the  opposite  direction  to  those  of  the  other.  Besides  this  system 
of  lower  beams,  there  is  another  of  two  upper  beams,  which  is  however  but  impeiiectly 
seen  in  the  figure,  on  account  of  the  interference  of  other  parts  in  this  view  of  the  ma- 
chine. One  of  these  systems  presents  the  web  to  the  inferior  needles,  and  the  other  to 
the  upper  needles.  As  the  two  beams  are  not  in  the  same  vertical  plane,  the  plane  ol* 
the  web  would  be  presented  obliquely  to  the  needles  were  it  not  for  a  straight  bar  of  iron^ 
round  whose  edge  the  doth  passes,  and  which  renders  it  vertical.  The  piece  is  kept  in 
tension  crosswise  by  small  brass  templets,  to  which  the  strings  g''  are  attached,  and  bj 
which  it  is  pulled  towards  the  sides  of  the  frame  f.  It  renmins  to  show  by  what  ingeni- 
ous means  this  frame  may  be  shifted  in  every  possible  direction.  M.  Heilmann  has  em- 
ployed for  this  purpose  the  pantograph  which  draughtsmen  use  for  reducing  or  enlttqgiiis 
their  plans  in  determinate  proportions. 

b  b'fb"  (fig.  371)  represents  a  parallelogram  of  which  the  four  angles  b  }/yf}/\  are 
jointed  in  such  a  way  that  they  may  become  very  acute  or  very  obtuse  at  pleasure^ 
while  the  sides  of  course  continue  of  Uie  same  length ;  the  sides  6,  V  and  6,  h^*  are  pro- 
Wnged,  the  one  to  the  point  d^  and  the  other  to  the  point  c,  and  these  points  c  and  d^ 


*n  itiGnile  number  of  nwnners,  since  the  petition  of  the  p>r>lleli^rim  remBining  t\.p 
HUM,  we  tet  Ihnl  it  we  wished  (a  ghil\  the  point  d  further  TroiD  the  point  b',  it  would 
be  mfficieut  to  brlag  Ihc  point  c  near  enough  to  b",  ot  vice  en-ia  j  but  when  we 
hare  once  Sied  upon  the  distance  6*  if,  it  is  etident  that  the  diilanee  b"  t  is  its  necessary 
nnseqaence.  Now  the  principle  upon  which  (he  eonstmelioii  of  the  pantofraph  rests 
ii  'hit;  it  is  snHicient  (hat  the  three  points  d,  f,  and  c  be  in  a  straifiht  line,  in  one  onlr 
tfihe  positions  of  the  parallelogram,  in  order  that  [hey  shall  remain  always  in  ■  Straight 
line  in  eiery  position  which  can  possibly  be  given  to  it. 

We  see  in  the  figure  (hat  the  side  b  c,  has  a  handle  s"  with  which  the  wottcman 
pits  the  tnachine  in  action.  To  obtain  more  precision  and  tolidily  in  worli,  the  sides 
of  the  pantograph  are  joined,  so  that  (he  middle  of  their  thickneu  lies  exactly  in  the 
Tuiicil  plane  of  (he  piece  of  good>,  and  (bat  the  axes  of  the  joiDts  are  trnly  perpeadie- 
nlu  to  this  plane,  in  which  consequently  all  the  displacements  are  eAeded.  We  arriva 
« this  result  bf  malting  fast  to  the  snperioi  (treat  crow  bar  d"  an  elbow  piece  d",  having 
■  soiiable  projection,  and  to  which  i*  adapted  in  ili  lont  the  piece  d',  whieb  receives  iu  a 
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socket  the  extremity  of  the  side  6,  d ;  this  piece  d'  is  mjide  fast  to  d"  by  a  bolt,  but  it 
carries  an  oblong  hole,  and  before  screwing  up  the  nut,  we  make  the  piece  advance  or 
recede,  till  the  fulcrum  point  comes  exactly  into  the  plane  of  the  web.  This  condition  being 
fulfilled,  we  have  merely  to  attach  the  frame  to  the  angle  /of  the  parallelogram,  which  is 
done  by  means  of  the  piece  f". 

It  is  now  obvious  that  if  the  embroiderer  takes  the  handle  b"  in  his  hand  and  makes 
the  pantograph  move  in  any  direction  whatever,  the  point  /  will  describe  a  figure  simi- 
lar to  the  figure  described  by  the  point  c,  and  six  times  smaller,  but  the  point  /  cannot 
move  without  the  frame,  and  whatever  is  upon  it  moving  also.  Thus,  in  the  movement 
of  the  pantograph,  every  point  of  the  web  describes  a  figure  equal  to  that  described  by 
the  point  /,  and  consequently  similar  to  that  described  by  the  point  c,  but  six  times 
smaller;  the  embroidered  object  being  produced  upon  the  cloth  in  the  position  of  that 
of  the  pattern.  It  is  sufiicient  therefore  to  give  the  embroidering  operative  who  holds 
the  handle  ^",  a  design  six  times  greater  than  that  to  be  executed  by  the  machine,  and  to 
afford  him  at  the  same  time  a  sure  and  easy  means  of  tracing  over  with  the  point  c,  all  the 
outlines  of  the  pattern.  For  this  purpose  he  adapts  to  c,  perpendicularly  to  the  plane 
of  the  parallelogram,  a  small  style  terminated  by  a  point  c",  and  he  fixes  the  pattern 
N  upon  a  vertical  tablet  E,  parallel  to  the  plane  of  the  stuff  and  the  parallelogram,  and 
distant  from  it  only  by  the  length  of  the  style  cc"\  this  tablet  is  carried  by  the  iron 
rod  e'y  which  is  secured  to  a  cast  iron  foot  e',  serving  also  for  other  purposes,  as  we  shall 
presently  see.  The  frame  loaded  with  its  beams  and  its  cloth  forms  a  pretty  heavy 
mass,  and  as  it  must  not  swerve  from  its  plane,  it  needs  to  be  lightened  in  order  that  the 
operative  may  cause  Qhe  point  of  the  pantograph  to  pass  along  the  tablet  without  strain- 
ing or  iincertainty  in  its  movements.  M.  Heilmann  has  accomplished  these  objects  in  the 
following  way.  A  cord  e  attached  to  the  side  6  c  of  the  pantograph  passes  over  a  return 
pulley,  and  carries  at  its  extremity,  a  weight  which  may  be  graduated  at  pleasure ;  this 
weight  equipoises  the  pantograph,  and  tends  slightly  to  raise  the  frame.  The  lower 
side  of  the  frame  carries  two  rods  h  and  h,  each  attached  by  two  arms  ft  A,  a  little  bent 
to  the  left ;  both  of  these  are  engaged  in  the  grooves  of  a  pulley.  Through  this  mecha- 
nism a  pressure  can  be  exercised  upon  the  frame  from  below  upwards,  which  may  be 
regulated  at  pleasure,  and  without  preventing  the  frame  from  moving  in  all  directions, 
it  hinders  it  from  deviating  from  the  primitive  plane  to  which  the  pantograph  was  adjust- 
ed. The  length  of  the  rods  h  ought  to  be  equal  to  the  amount  of  the  lateral  movement 
of  the  frame.  Two  guides  i  i  carried  by  two  legs  of  cast  iron,  present  vertical  slits  in 
which  the  lower  part  of  the  frame  r'  is  engaged. 

Diapoiition  of  the  carriages, — The  two  carriages,  which  are  similar,  are  placed  the  one 
to  the  right,  and  the  other  to  the  left  of  the  frame.  The  carriage  itself  is  composed 
merely  of  a  long  hollow  cylinder  of  cast  iron  l,  carrying  at  either  end  a  system  of  two 
grooved  castors  or  pulleys  l',  which  roll  upon  the  horizontal  rails  K ;  the  pulleys  are  mount- 
ed upon  a  forked  piece  l\  with  two  ends  to  receive  the  axes  of  the  pulleys,  and  the  piece 
/'  is  itself  bolted  to  a  projecting  ear  /  cast  upon  the  cylinder. 

This  assemblage  constitutes  properly  speaking  the  carriage,  resting  in  a  perfectly 
stable  equilibrium  upon  the  rails  k,  upon  which  it  may  be  most  easily  moved  backwards 
and  forwards,  carrying  its  train  of  needles  to  be  passed  or  drawn  through  the  doth. 

M.  Heilmann  has  contrived  a  mechanism  by  which  the  operative  without  budging 
from  his  place  may  conduct  the  carriages,  and  regulate  as  he  pleases  the  extent  of  their 
course,  as  well  as  the  rapidity  of  their  movements.  By  turning  the  axes  b("  in  the  one 
direction  or  the  other,  the  carriage  may  be  made  to  approach  to,  or  recede  from  the 
web. 

When  one  of  the  carriages  has  advanced  to  prick  the  needles  into  the  stuff,  the  other 
is  there  to  receive  them;  it  lays  hold  of  them  with  its  pincers,  pulls  them  through, 
performs  its  course  by  withdrawing  to  stretch  the  thread,  and  dose  the  stitch,  then  it 
goes  back  with  the  needles  to  make  its  pricks  in  return.  During  these  movements  the 
first  carriage  remains  at  its  |)ost  waiting  the  return  of  the  second.  Thus  the  two  chariots 
make  in  succession  an  advan^ce  and  a  return,  but  they  never  move  together. 

To  effect  these  movements  M.  Heilmann  has  attached  to  the  piece  o'  made  fhst  to 
the  two  uprights  a  c  and  a  d  of  the  frame,  a  bent  lever  n  o  n'  n''  moveable  round  the 
point  0 ;  the  bend  n'  carries  a  toothed  wheel  o',  and  the  extremity  n"  a  toothed  wheel 
o" ;  the  four  wheels  m  m'  o'  and  o"  have  the  same  number  of  teeth  and  the  same 
diameter ;  the  two  wheels  o'  and  o''  are  fixed  in  reference  to  each  other,  so  that  it  is 
tufllcient  to  turn  the  handle  v  to  make  the  wheel  o"  revolve,  and  consequently  the 
wheel  o' ;  when  the  lever  n  o  is  vertical,  the  whed  o'  touches  neither  the  wheel  at  nor  the 
wheel  m'  ;  but  if  it  be  inclined  to  the  one  side  or  the  other,  it  brings  the  wheel  o'  alter- 
nately into  gear  with  the  wheel  m  or  the  wheel  m'.  As  the  operative  has  his  two  hands 
occupied,  the  one  with  the  pantograph  and  the  other  with  the  handle  of  impulsion,  he 
has  merely  his  feet  for  acting  upon  the  lever  n  o,  and  as  he  has  many  other  things  to 
doy  M.  Heilmann  has  adapted  before  him  a  system  of  two  pedals,  by  which  he  executes 
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with  his  fwl  ■  lerie*  of  opentiau  no  l«u  delicate  Uian  those  which  ha  eiecDle*  with  hit 

Thr  pFdatK  r  are  moveable  rouud  the  axi«  p,  and  carry  cords  p'  wound  in  an  oppoaite 
diTHiioD  Dpan  the  pulleys  r' ;  Iheie  puUeys  are  fixed  upon  a  moveable  shnft  p",  *np> 
porlnl  upon  one  side  by  the  prop  e',  and  on  the  other  in  a  piece  k'  allsched  to  the  Iwa 
grni  uprights  of  the  rrame.  In  depreatins  the  pedal  r  (now  raised  in  the  fi^re),  the 
upper  part  of  the  shall  p"  will  turn  rrom  Ihe  left  lo  the  right,  and  the  lerer  n  o  will  be- 
come  iocliaed  so  as  to  carry  the  wheel  o'  upon  the  wheel  m',  but  at  the  same  lime  the 
peilil  which  is  now  depressed  will  be  laised,  because  ils  cord  will  be  forced  Id  wind  ilaelf 
Dpon  its  pulley,  as  much  as  the  other  cord  has  unwound  itself}  and  thus  the  appualm 
vill  be  ready  lo  act  in  the  opposite  direction,  when  wanted. 

BisponlioH  of  Iht  yiiutra. — The  shaft  l'  carrier,  al  legnlar  intervals  of  a  ■emi'^iaiM- 
ler,  the  apjiendajes  q  q  cast  upon  it,  upun  which  are  fixed,  by  two  bolls,  Ihe  curved 
branchei  q  destined  to  bear  the  whole  mechanism  of  the  pincers.  When  Ihe  pincer*  an 
Dprard  by  their  apprupriate  leieraie,  anil  the  half  of  the  needle,  which  ii'  pointed  at 
each  end,  wiih  the  eje  in  the  middle,  enters  Ihe  openins  of  ill  plale,  il  geli  lodged  in  aB 
•D^Dlar  croove,  which  is  less  deep  Ihan  Ihe  needle  is  thick,  so  dial  when  the  piaaera  mrc 
cl<»ed,  Ihe  upprr  jaw  presses  il  into  Ihe  Groove,  [n  Ibis  way  the  needle  is  fin)dy  held, 
«lihoii;h  tooched  in  only  three  poinls  of  its  eireumfermce. 

Supiwse,  now,  Ihal  all  (he  pincers  are  uiounled  and  adjusted  «l  Iheir  proper  distancaa 
upon  their  priamalic  bar,  formini!  the  Dpper  range  of  the  richl  carriage.  For  opening  all 
the  pincers  Iherc  is  i  long  plate  of  iron,  u,  caimble  of  turning  apon  its  axis,  and  which 
filends  from  Ihe  one  end  of  the  carriage  to  (he  other.  This  aiis  is  carried  by  a  kind  of 
fod(  which  are  boiled  to  the  extremity  of  (he  branches  0,  By  turning  thai  axis  the 
Toriiman  can  open  the  pincers  at  pleasure,  and  Ihey  are  again  closed  by  springs.  This 
miiTcmenl  is  performed  by  his  feel  acting  upon  Ihe  pedab. 

The  threads  gel  sirelched  in  proportion  as  the  carriage  is  run  out,  bnl  as  this  lenaion 
lus  ao  elastic  play,  inconveniences  mizht  ensue  which  are  prevented  by  adapting  to  the 
carriaee  a  mechnnism  by  means  of  which  all  the  threads  are  pressed  al  ihe  same  time  bf 
a  T(i3h(  susceptible  at  gradualion.  A  little  beneath  ihe  prismatic  bar,  which  carriet 
the  pincers,  we  see  in  the  figure  a  shaft,  v,  going  from  one  end  of  the  carriage  lo  the 
other,  and  even  a  Utile  beyond  it;  tliis  shaft  is  carried  by  pieces  jr  which  are  fixed  lo  Ihe 
anns  n,  and  in  which  it  Can  turn.  Al  its  left  end  il  carries  two  amall  bars  y'  and  is',  aii4 
al  lis  rinht  K  single  bar  y,  and  a  counter  weiiibl  (not  visible  in  this  view)  |  the  ends  of 
the  tna  bars  y'  are  joined  by  an  iron  wire  somewhat  stoul  and  perfectly  straight.  When 
lh(  eiFriage  approaches  the  web,  and  before  the  iron  wire  con  touch  il,  the  little  bar  i> 
pm<es  aguD>t  a  pin,  lo',  which  rests  upon  il,  and  lends  lo  raise  it  more  and  more.  In 
vtiii  lias  precedes!  we  have  kepi  in  view  only  Ihe  upper  range  of  pincers  and  needle*, 
hut  there  Li  an  inferior  range  quite  similar,  as  the  figure  shows,  al  the  lower  ends  of  Ihe 
srint  q.  In  cunclnsion,  il  should  be  staled,  thai  the  operative  does  noL  follow  stidingt; 
■itii  the  panmcraph  the  trace  of  the  design  which  is  upon  the  tablet  or  the  picture,  but 
he  ni'ist  slop  the  point  of  the  style  upon  the  point  of  (he  pattern  into  which  the  needle 
ihoulil  eDl.er,  then  remove  il,  and  put  it  down  again  upon  the  point  by  which  the  needle 
ou^lu  to  re-enter  in  coming  from  the  other  side  of  the  piece,  and  so  on  in  succession.  T» 
lacil^lile  Ihis  bind  of  reading  olT,  the  pallern  npon  Ihe  tAblel  is  composed  of  right  line* 
temiiniird  hy  ihe  poinls  for  Ihe  entrance  and  relarn  of  the  needle,  so  that  the  operative 
(niuiill)'  a  child)  has  continually  under  her  eyes  the  seiies  of  broken  lines  which  must 
be  fulloccl  by  Ihe  pantograph  ;  if  she  happens  lo  quit  this  path  nn  instant,  without  hav- 
ing If  Pi  a  mark  of  the  point  at  which  she  bud  arrived,  she  is  under  the  necessity  of  look- 
in;  at  the  piece  lo  see  what  has  been  already  embroidered,  end  to  find  by  this  comparison 
llie  puiai  al  which  she  must  resume  her  work,  so  as  not  lo  leave  a  blank,  or  lo  repeat 

EipUauttin  of  fifart.   , 
1,  lower  cross  bars,  which  unite  the  legs  of  the  two  ends  of  Ihe  frame. 
B,  ihe  six  feet  of  the  front  end  of  (he  frame, 
o',  Ihe  f\s  feet  of  the  posterior  end  of  the  frame. 
a",  curved  pieces  which  anile  the  cross  ban  A"  lo  Ihe  uprights. 
I",  handle  of  the  pantograph. 
hh'  b",  three  uf  the  angles  of  the  panlogiapb. 
(,  point  of  the  slie  b  b"  on  which  the  point  is  fixed. 
i',  point  of  the  panti^aph, 

n",  cross  bar  in  form  of  a  gutter,  which  unites  the  upper  parts  of  the  fiUM. 
i,  fixed  point,  ronnd  which  the  pantograph  turns. 
X,  tablet  upon  which  the  pattern  to  he  embroidered  i*  puU 
X,  support  of  that  latdel. 

t,  cord  attached  at  one  end  to  the  side  &  c  of  the  pantograph  pauiog  orer  a  guide  p«l- 
■cT,  and  cairjiog  a  weight  at  the  oUier  end. 
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e',  iron  rod  by  which  the  table  e  is  joined  to  its  support  s'. 

F  F,  uprights  of  the  cloth-carr}'ing  frame. 

f'  f',  horizontal  sides  of  the  same  frame. 

G,  four  roll  beams. 

g",  the  piece  of  cloth. 

^\  the  strin}re,  which  serve  to  stretch  the  doth  laterally. 

EMERALD"  (Emeraude^  Fr. ;  Smaragd,  Germ.),  is  a  precious  stone  of  a  beautiful 
green  color;  valued  next  to  diamond,  and  in  the  same  rank  as  oriental  ruby  and  sapphire. 
It  occurs  in  prisms  with  a  regular  hexagonal  base;  sp.  grav.  2-7 j  scratches  quarti 
wit|i  difficulty ;  is  scratched  by  topaz ;  fusible  at  the  blowpipe  into  a  frothy  bead ;  the 
precipitate  aflorded  by  ammonia,  from  its  solution,  is  soluble,  in  a  great  measure,  in  car- 
bonate of  ammonia.  Its  analysis  is  given  very  variously  by  different  chemists.  It  con- 
tains about  14  per  cent,  of  glucina,  which  is  its  characteristic  constituent;  along  with 
68  of  silica,  16  of  alumina,  a  very  little  lime  and  iron.  The  beautiful  emerald  of  Pern 
Is  found  in  a  clay  schist  mixed  with  some  calcareous  matter.  A  stone  of  4  grains  weight 
is  said  to  be  worth  from  41.  to  5/. ;  one  of  8  grains,  101. ;  one  of  15  grains,  being  fine,  is 
worth  60/. ;  one  of  24  grains  fetched,  at  the  sale  of  M.  de  Dree's  cabinet,  2400  francs, 
or  nearly  100/. 

The  beryl  is  analogous  in  composition  to  the  emerald,  and  is  employed  (when  of  the 
common  opaque  kind,  found  near  Limoges)  by  chemists  for  ^procuring  the  earth 
glucina. 

EMERY.  This  mineral  was  long  regarded  as  an  ore  of  iron ;  and  was  called  by 
Haiiy  fer  oxide  quartz  if  ire.  It  is  very  abundant  in  the  island  of  Naxos,  at  cape  Emtri^ 
whence  it  is  imported  in  large  quantities.  It  occurs  also  in  the  islands  of  Jersey  and 
Guernsey,  at  Almaden,  in  Poland,  Saxony,  Sweden,  Persia,  &c  Its  color  varies  from 
red  brown  to  dark  brown ;  its  specific  gravity  is  about  4-000 ;  it  is  so  hard  as  to  scratch 
quartz  and  many  precious  stones.  By  Mr.  Tenant's  analysis  it  consists  of  alumina, 
80;  silica,  3;  iron,  4.  Another  inferior  kind  yielded  32  of  iron,  and  only  50  of 
alumina. 

The  alumina  of  emery  is  believed  to  be  aggregated  to  the  same  degree  of  hardness  as 
in  corundum  or  adamantine  spar ;  which  is  one  of  the  hardest  minerals  known.  Emery 
is  extensively  emrployed  for  grinding  metals,  glass,  &c. ;  for  which  purpose  it  is  reduced 
to  powders  of  different  degrees  of  fineness,  by  grinding  and  elutriation.  When  so 
treated,  it  is  sold  under  the  name  of  flour  of  emery,  or  washed  emery. 

EMPYREUMA,  means  the  offensive  smell  produced  by  fire  applied  to  oi^nie 
matters,  chiefly  vegetable,  in  close  vessels.  Thus,  empyreumatic  vinegar  is  obtained 
by  distilling  wood  at  a  red  heat,  and  empyreumatic  oil  from  many  animai  substances  in 
the  same  way. 

ENAMELS  {Emauxy  Fr. ;  SckmelzglaSf  Germ.)  are  varieties  of  glass,  generally  opaque 
and  colored,  always  formed  by  the  combination  of  different  metallic  oxydes,  to  which 
certain  fixed  fusible  salts  are  added,  such  as  the  borates,  fluates,  and  phosphates. 

The  simplest  enamel,  and  the  one  which  serves  as  a  basis  to  most  of  the  others,  is 
obtained  by  calcining  first  of  all  a  mixture  of  lead  and  tin,  in  proportions  varying  from 
15  to  50  parts  of  tin  for  100  of  lead.  The  middle  term  appears  to  be  the  most  suitable 
for  the  greater  number  of  enamels ;  and  this  alloy  has  such  an  afllnity  for  oxygen,  that 
it  may  be  calcined  with  the  greatest  ease  in  a  flat  cast-iron  pot,  and  at  a  temperature  not 
above  a  cherry  red,  provided  the  dose  of  tin  is  not  too  great.  The  oxyde  is  drawn  off  to 
the  sides  of  the  melted  metal  according  as  it  is  generated,  new  pieces  of  the  alloy  being 
thrown  in  from  time  tp  time,  till  enough  of  the  powder  be  obtained.  Great  care  ought 
to  be  taken  that  no  metallic  particles  be  left  in  the  oxyde,  and  that  the  calcining  heat  be 
as  low  as  is  barely  suflicient ;  for  a  strong  fire  frits  the  powder,  and  obstructs  its  subse- 
quent comminution.  The  powder  when  cold  is  ground  in  a  proper  mill,  levigated  with 
water,  and  elutriated,  as  will  be  described  under  Red  lead.  In  this  state  of  fineness  and 
purity,  it  is  called  calcine,  or  flux,  and  it  is  mixed  with  silicious  sand  and  some  alkaline 
matter  or  sea-salt.  The  most  ordinary  proportions  are,  4  of  sand,  1  of  sea-salt,  and  4  of 
calcine.  Chaptal  states  that  he  has  obtained  a  very  fine  product  froih  100  parts  of  cal- 
cine, made  by  calcining  equal  parts  of  lead  and  tin,  100  parts  of  ground  flint,  and  200 
parts  of  pure  subcarbonate  of  potash.  In  either  case,  the  mixture  is  put  into  a  crucible, 
or  laid  simply  on  a  stratum  of  sand,  quicklime  spontaneously  slaked,  or  wood-ashes, 
placed  under  a  pottery  or  porcelain  kiln.  This  mass  undergoes  a  semi-vitrification ;  or 
even  a  complete  fusion  on  its  surface.  It  is  this  kind  of  frit  which  serves  as  a  radical 
to  almost  every  enamel ;  and  by  varying  the  proportions  of  the  ingredient,  more  fusible, 
more  opaque,  or  whiter  enamels  are  obtained.  The  first  of  these  qualities  depends  oa 
the  quantity  of  sand  or  flux,  and  the  other  two  on  that  of  the  tin. 

The  sea-salt  employed  as  a  flux  may  be  replaced  either  by  salt  of  tartar,  by  pare 
potash,  or  by  soda ;  but  each  of  these  fluxes  gives  peculiar  qualities  to  the  enamel. 

Most  authors  who  have  written  on  the  preparation  of  enamels,  insist  a  great  deal  on 
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When  the  fasion  is  complete,  the  vitreous  matter  is  to  be  pouMd  into  dear  wtter^uid  the 
frit  is  then  dried,  «nd  melted  anew.  The  pouring  into  water  and  fusion  are  sonwtimes 
repeated  four  times,  in  order  to  secure  a  very  uniform  combination.  The  crueible  mnstbe 
carefully  screened  from  smoke  and  flame.  The  smallest  portions  of  oxyde  of  iron  or  oop- 
per  admitted  in^to  this  enamel  will  destroy  its  value. 

Some  practitioners  recommend  the  use  of  washed  diaphoretic  antimony  (antimoniale 
of  potash,  from  metallic  antimiony  and  nitre  deflagrated  tc^ther)  for  white  enamel ;  bttt 
this  product  cannot  be  added  to  any  preparation  of  lead  or  other  metallic  oxydes ;  for  it 
would  tend  rather  to  tarnish  the  color  than  to  clear  it  up ;  and  it  can  be  used  therefore 
only  with  ordinary  glass,  or  with  saline  fluxes.  For  thi%e  parts  of  white  glass  (without 
lead)  one  part  of  washed  diaphoretic  antimony  is  to  be  taken ;  the  substances  are  wdl 
ground  together,  and  fused  in  the  common  way. 

Blue  enamel. — This  fine  color  is  almost  always  obtained  from  the  oxyde  of  cobalt  or 
some  of  its  combinations,  and  it  produces  it  with  such  intensity  that  only  a  very  little  ean 
be  used,  lest  the  shade  should  pass  into  black.  The  cobalt  blue  is  so  rich  and  livdy 
that  it  predominates  in  ^  some  measure  over  every  other  color,  and  masks  many  so  that 
they  can  hardly  be  perceived ;  it  is  also  most  easily  obtained.  To  bring  it  out,  however, 
in  all  its  beauty,  the  other  colors  mnst  be  removed  as  much  as  possible,  and  the  cobalt 
itself  should  be  tolerably  pure.  This  metal  is  associated  in  the  best  known  ores  with  a 
considerable  number  of  foreign  substances,  as  iron,  arsenic,  copper,  nickel,  and  solphur, 
and  it  is  difficult  to  separate  them  completely ;  but  for  enamel  blues,  the  oxyde  of  cobalt 
does  not  require  to  be  perfectly  (lee  from  all  foreign  metals;  the  iron, nickel,  and  copper, 
being  most  prejudicial,  should  be  carefully  eliminated.  This  object  may  be  moat  easily 
attained  by  dissolving  live  ore  in  nitric  acid,  evaporating  the  solution  to  a  sirupy  consis- 
tence, to  expel  the  excess  of  acid,  and  separate  a  portion  of  arsenic.  It  is  now  dilated 
with  water,  and  solution  of  carbonate  of  soda  is  dropped  slowJy  into  it  with  brisk  agita* 
tion,  till  the  precipitate,  which  is  at  first  of  a  whitish  gray,  begins  to  turn  of  a  rose>red. 
Whenever  this  color  appears,  the  whole  must  be  thrown  on  a  filler,  and  the  liquid  which 
passes  through  must  be  treated  with  more  of  the  carbonate  of  soda,  in  order  to  obtain 
the  arseniate  of  cobalt,  which  is  nearly  pure.  Since  arsenic  acid  and  its  derivatives  are 
not  capable  of  communicating  color  themselves,  and  as  they  moreover  are  volatile,  they 
cannot  impair  the  beauty  of  the  blue,  and  hence  this  preparation  aflfords  it  in  great  per- 
fection. 

Metallic  fluxes  are  not  the  most  suitable  for  this  color ;  because  they  always  commu- 
nicate a  tint  of  greater  or  less  force,  which  never  fails  to  injure  the  purity  of  the  blue. 
Nitre  is  a  useful  addition,  as  it  keeps  the  oxyde  at  the  maximum  of  oxydation,  in  which 
state  it  produces  the  richest  color. 

Yellow  Enamel. — There  are  many  processes  for  making  this  color  in  enitmel ;  bat  it 
is  somewhat  difficult  to  fix,  and  it  is  rarely  obtained  of  a  uniform  and  fine  tint  It 
may  be  produced  directly  with  some  preparations  of  silver,  as  the  phosphate  or  sulphate; 
but  this  method  does  not  always  succeed,  for  too  strong  a  heat  or  powerful  fluxes  readily 
destroy  it,  and  nitre  is  particularly  prejudicial.  This  uncertainty  of  success  with  the 
salts  of  silver  causes  them  to  be  seldom  employed ;  and  oxydes  of  lead  and  antimony  are 
therefore  preferred,  which  afibrd  a  fine  yellow  when  combined  with  some  oxydes  that  are 
refractory  enough  to  prevent  their  complete  vitrification.  One  part  of  white  oxyde  of 
antimony  may  be  taken  with  from  one  to  three  parts  of  white  lead,  one  of  alum,  and 
one  of  sal-ammoniac.  Each  of  these  substances  is  to  be  pulverized,  and  then  all  are  to 
be  exactly  mixed,  and  exposed  to  a  heat  adequate  to  decompose  the  sal-ammoniac.  This 
operation  is  judged  to  be  finished  when  the  yellow  color  is  well  brought  out.  There  is 
produced  here  a  combination  quite  analogous  to  that  known  under  the  name  of  Naples 
yellow. 

Other  shades  of  yellow  may  be  procured  either  with  the  oxyde  of  lead  alone,  or  hj 
adding  to  it  a  little  red  oxyde  of  iron ;  the  tints  varying  with  the  proportion  of  the 
latter. 

Clouet  says,  in  his  memoir  on  enamels,  that  a  fine  yellow  is  obtained  with  pure  oxyde 
of  silver,  and  that  it  is  merely  necessary  to  spread  a  thin  coat  of  it  on  the  spot  to  be  col- 
ored. The  piece  is  then  exposed  to  a  moderate  heat,  and  withdrawn  as  soon  as  this  has 
reached  the  proper  point.  The  thin  film  of  metallic  silver  revived  on  the  surface  being 
removed,  the  place  under  it  will  be  found  tinged  of  a  fine  yellow,  of  hardly  any  ttrickiiess. 
As  the  pellicle  of  silver  has  to  be  removed  which  covers  the  color,  it  is  requisite  Co  avoid 
fixing  this  film  with  fluxes;  and  it  ought  therefore  to  be  applied  after  the  fusion  of  the 
rest.  The  yellows  require  in  general  little  flux,  and  they  answer  better  with  one  of  a 
metallic  nature. 

-  Green  Enamel, — It  is  known  that  a  green  color  may  be  produced  by  a  miltureof  yelkm* 
and  blue ;  but  recourse  is  seldom  had  to  this  practice  for  enamels,  as  they  can  be  obtain- 
ed almost  always  directly  with  the  oxyde  of  copper;  or  still  better  with  the  oxyde  of 
chrome,  which  has  the  advantage  of  resisting  a  strong  heat. 


_i* 


4M  ENAHEI^ 

deplli  eqnBl  to  tlie  height  oT  thr  fillet,  bad  Ibe  pUle  been  enlirelf  enamelled.  TUi 
linkEng  or  Ibe  tnrraee  must  be  done  with  a  Sal  ^ver  as  equally  a«  pouible ;  for  if 
there  be  an  eminence,  Ibe  enamel  would  be  weaker  at  that  point,  and  tbe  greeu  would 
appeal.  Some  artists  baLch  the  bottom  of  (he  hollow  with  close  lines,  which  cross  each 
Other  ID  all  direclions;  and  Others  make  lines  or  scralchet  with  tbe  end  of  a  file  broken 
off  square.  The  balehings  or  scralcbei  lay  hold  oT  the  enamel,  which  mighl  olbeiwtse 
•eparate  from  tbe  ptale.  After  tbit  operalJon,  tbe  plate  is  cleansed  by  boiling  it  in 
an  alkaline  ley,  and  it  is  waihtd  first  with  a  Ittlte  weak  vinegar,  and  then  with  clear 

The  plate  thus  prepared  is  to  be  covered  with  a  coal  of  while  enamel,  which  i«  done 
by  bruising  a  piece  of  enamel  in  an  agate  or  porcelain  morlar  lo  a  coarse  powder  like 
huhI,  washing  it  wcL  with  water,  and  applying  it  in  tbe  boUtfw  part  in  ila  moist  stale. 
Tbe  plate  may  meanwhUe  be  held  in  an  ordinary  TorcqM.  Tbe  enamet  powder  is  spread 
with  a  spatula.  For  condensing  the  enamel  powder,  the  edges  of  the  plale  are  ilmdc 
with  this  spatula. 


Whenever  the  piece  is  dry,  it  it  placed  on  a  slip  of  sheet  iron  perforated  with  several 
■mall  holes,  see  fig.  375,  which  is  liid  on  hot  cinders ;  and  it  is  left  there  until  it  ceasea 
lo  steam.  It  must  be  kept  hot  till  it  goes  to  the  Ere  {  far  were  it  allowed  to  cool  it  would 
become  necessary  to  beat  it  again  very  gradually  at  the  mouth  of  Ibe  furnace  of  fusion. 
to  prevent  the  enamel  from  decrepitating  and  Hying  off. 


Before  describing  the  manner  of  exposing  the  piece  lo  the  fire,  we  must  ez|dain  Ue 
conatrDction  of  the  furnace.  Il  is  square,  and  is  shown  in  front  elevation  in  fig.  37U, 
it  consisM  of  two  pieces,  the  lower  part  A,  or  the  body  of  the  furnace,  and  the  upper  part 
B,  or  the  eapiul,  whieb  is  laid  on  the  lower  part  as  is  shown  in  ^g.  37T,  where  these 
two  parts  are  separately  represented.  The  farnace  is  made  of  good  fire-clay,  moderately 
bak«],  and  resembles  very  closely  Ihe  assay  or  cupellation  furnace.  Ils  inside  dimeosiona 
are  9  inches  in  width  ;  13  inches  m  height  in  the  body,  and  9  in  the  capital.  Ill  general 
Ihieknesa  is  2  inches. 

The  capital  has  an  aperture  or  door  c,fig.  376,  which  is  dosed  by  a  fire-bciek  itsppar 
m,  when  ibe  fire  is  to  be  made  Mlive.    By  tbit  door  fuel  ii  supplied. 


ENAMELS.  US 

The  hodr  of  tbe  nirntee  hu  likcwiK  ■  door  d,  which  rcaehei  down  to  the  projeetiiiiE 

ihtlT  I,  oUled  the  bib  (mmJimnUre),  whose  promiDenoe  ia  seen  si  e,  Jig.  376.  Thit 
ibclT  k  supported  tod  »eeured  bj'  the  two  brsckeli  r,  r;  [he  whole  bein;  eacthcnware. 
Tbr  height  or  the  dooc  n  ig  abridged  by  a  pecaliar  fiie-hiiek  G,  which  not  onlf  coven  Ihe 
whole  projeclioa  of  the  shelf  e,  but  emera  wilhia  the  opening  oT  the  door  □,  SUiog  iU 
breadth,  uiJ  adraaeing  into  the  same  plane  with  the  inner  luiface  of  the  furnace.  Thil 
plate  is  called  Ihe  hearth;  its  pnrpoie  will  appear  pteienllf  j  it  ma;  be  laJcen  out  and 
replaced  at  pleasure,  by  lajrin;  hold  of  the  handle  in  iu  front. 

Below  the  ihelf  e,  a  square  hole,  H,  is  seen,  which  serves  for  admittiDg  air,  and  for 
exlracling  the  ashes.  Similar  holes  are  leR  upon  each  side  of  the  furnace,  as  is  shonn 
in  the  grannd  plan  of  the  base,  fif.  3TT,  at  k  h  h. 

Ob  a  lerel  with  the  shelf,  in  the  interior  of  the  fornace,  a  thin  lire-tile  I  rests,  perfo- 
nled  with  Dumerous  small  holes.  This  is  the  grate  represented  in  a  ground  view  in  fig. 
ITS.  Figf .  3TB,  379,  380,  represent,  under  different  aspects,  the  muffle.  Fig.  377  shows 
the  eleratiOB  of  its  further  end  j  jSg.  379  its  sides;  and  jig.  380  iia  front  part.  At  j,;Sg. 
3TT,  the  maffle  is  seen  in  its  place  in  the  furnace,  resting  on  two  bars  of  iron,  or,  sldl 
better,  on  ledges  of  Gre^daj,  supported  on  brackets  attached  to  the  lateral  sides  of  Ihe 
fnmace.  The  muffle  is  made  of  earthenware,  and  as  thin  as  possible.  The  fuel  consists 
of  drr  beech-wood,  or  oaken  branches,  about  an  inch  in  diameter,  cut  1o  the  length  of  9 
inches,  in  aider  to  be  laid  in  horizontal  strata  within  the  fumace,  one  row  only  being 
placed  above  the  muffle.  When  Ihe  mu^e  has  attained  to  a  while-red  heal,  the  aheet 
iroD  iraT,  bearing  its  enamel  plate,  is  lo  he  introduced  with  a  pair  of  pincers  into  Ihe 
front  of  the  muffle,  and  gradually  advanced  (owanli  its  further  end.  The  mouth  of  tha 
mnffle  is  to  be  then  closed  with  two  pieces  of  charcoal  only,  between  which  the  aitjlt 
ma;  lee  the  progress  of  the  operation.  Whenever  the  enamel  begins  Lo  fiuw,  the  trar 
most  be  turned  round  on  its  base  to  ensure  equality  of  temperature  ;  and  as  soon  a*  the 
whole  surface  is  melted,  the  In;  must  be  withdrawn  with  its  plate,  but  ilow^,  last  the 
Titreous  matter  be  cracked  by  sudden  refrigeration. 

The  enamel  plate,  when  cold,  is  to  be  washed  in  very  dilute  nitric  acid,  and  aller- 
wuds  in  cold  water,  and  a  second  coat  of  granular  enamel  paste  is  to  be  applied,  wiUt 
Ifie  requisite  precautions.  This,  being  passed  through  the  Gre,  is  to  be  treated  in  the 
lame  way  a  third  time,  when  the  process  will  be  found  complete.  Should  any  chink* 
happen  to  Ihe  enamel  coal,  Ihey  must  be  widened  with  a  graver,  and  the  ipaee 
belli;  filled  with  ground  enamel,  is  to  be  repaired  in  the  muffle.  The  plate,  cOTcred 
■ilh  a  pure  white  enamel,  requires  always  to  be  polished  and  smoothed  with  aandatoos 
iih!  water,  parlicuUrly  if  the  article  have  a  plane  lurfacej  and  it  is  then  finally  glaied 
at  the  fire. 

The  painting  operation  now  Ibllows.  The  artist  prepares  his  enamel  cotora  by  pound- 
ioR  them  in  an  agate  mortar,  with  a  pestle  of  agale,  and  grinding  them  on  an  agate  slab, 
witb  oil  of  lavender,  rendered  viscid  by  eiposure  to  Ihe  sun  in  a  shallow  vessel,  loosely 
coverd  with  gauxe  or  glass.  The  grinding  of  Iwo  drachms  of  enamel  pigment  into  Ml 
imptlpable  powder,  will  occnpy  a  liborer  a  whole  day.  The  painter  should  have  along^ 
tide  of  him  a  store  in  which  a  moderate  fire  is  kept  up,  for  drying  hit  work  whcncvit 
the  Gi^ures  are  finished.     It  is  then  passed  through  the  muffle. 

EaamiUing  at  the  Lamp.—Tbe  art  of  the  lamp  euameller  is  one  <d' the  most  agreeable 
tnd  amusing  that  we  know.  There  is  hardly  a  subject  in  enamel  which  may  not  be 
iiecnled  by  the  lamp-flame  in  very  little  lime,  and  more  or  less  perfectly,  according  to 
Ihe  deiteiity  of  the  artist,  and  his  acquaintance  with  Ihe  principles  of  modelling. 

In  working  at  Ihe  lamp,  lubes  and  rods  of  glass  and  enamel  must  be  provided,  of  all 
■ties  and  co1or«. 

The  enamelling  table  is  represented  in  fig.  373,  round  which  several  workmen,  with 
their  lamps,  may  be  placed,  while  the  large  double  bellows  o  below  is  set  a-bh>wing  by  a 
treadle  moved  with  the  foot.  The  flame  of  the  lamp,  when  thus  impelled  by  a  powerful 
jel  of  air,  acquires  surpriBing  intensity.  The  beni  noules  or  lubM,  i  A  a  A,  are  made 
oTgliis,  and  are  dr«wn  to  poinls  modified  to  the  purpose  of  the  enameller.  . 

Fif.  374  shows,  in  perspective,  the  lamp  A  of  Ihe  enameller  standing  in  its  cistern  ■  [ 
the  blowpipe  c  is  seen  projeeling  its  flame  obliquely  upwards.  The  blowpipe  is  adiual- 
ible  ia  an  elastic  cork  d,  which  fills  up  exactly  the  hole  of  the  table  into  which  it  enlera. 
When  only  one  person  is  to  work  at  a  table  provided  with  several  lamps,  he  sits  down  at 
the  same  side  with  the  pedal  of  the  bellows ;  he  takes  out  the  other  blowpipes,  and  plugs 
the  hole*  in  tbe  table  with  solid  corks. 

The  lamp  is  nnde  of  copper  or  tin-plate,  the  wick  of  colton  threads,  and  either  tallow 
ot  oil  may  be  used.  Between  the  lamp  and  the  workman  a  amall  board  or  sheet^of 
white  iron  n,  called  the  screen,  is  interposed  to  protect  his  eyes  from  the  gloreof  light. 
The  screen  is  fasteited  to  the  table  by  a  wooden  stem,  and  it  lUcowa  iU  shadow  on  his 
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EQUIVALEMTS,  CHEMICAL. 


The  enamellfng  workshop  oucrht  to  admit  lUtie  or  no  daylight,  othemnse  the  ailiity  not 
perceiving  his  fleme  distinctly,  wonki  be  apt  to  commit  misstakes. 

It  is  impossible  to  describe  all  the  manipulations  of  this  ingenious  art,  OTer  which 
taste  and  dexterity  so  entirely  preside.  But  we  may  give  an  example.  Suppose  the 
enamell^  wishes  to  make  a  swan.  He  takes  a  tube  of  white  enamel,  seals  one  of 
its  ends  hermetically  at  his  lamp,  and  while  the  matter  is  sufficiently  hot,  he  blows  on 
it  a  minikin  flask,  resembling  the  body  of  the  bird;  he  draws  out,  and  gracefully  bends 
the  neck ;  he  shapes  the  head,  the  beak,  and  the  tail ;  then,  with  slender  enamel  rods 
of  a  proper  color,  he  makes  the  eyes;  he  next  opens  up  the  beak  with  pointed 
scissors ;  he  forms  the  wings  and  the  legs ;  finally  attaching  the  toes,  the  bml  stands 
complete. 

The  enameller  also  makes  artificial  eyes  for  human  beings,  imitating  so  perfectly  the 
coTors  of  the  sound  eye  of  any  individual,  as  to  render  it  difficult  to  discover  that  he  has 
a  blind  and  a  seeing  one. 

It  is  difficult  to  make  large  articles  at  the  blowpipe ;  those  which  surpass  5  or  6  inches 
become  nearly  unmanageable  by  the  most  expert  workman. 

EPSOM  SALTS.    Sulphate  of  Magnesia. 

EQUIVALENTS,  CHEMICAL.  {Stdchiometrie,  Germ.)  This  expression  was  first 
employed  by  Dr.  Wollaston,  to  denote  the  primary  proportions  in  which  the  various 
chemical  bodies  reciprocally  combine;  the  numbers  representing  the^e  proportions 
being  referred  to  one  standard  substance  of  general  interest,  such  as  oxygen  or  hydrogen 
reckoned  unity,  or  1,000.  Dr.  Dalton,  who  is  the  true  author  of  the  grand  discovery 
of  definite  and  multiple  chemical  ratios,  calls  these  equivalent  numbers  atomic  wMhis, 
when  reduced  to  their  lowest  terms,  either  hydrogen  or  oxygen  being  the  radix  of  the 
scale.  Though  it  belongs  to  a  chemical  work  to  discuss  the  principles  and  develop  the 
applications  of  the  Atomic  Theory,  I  shall  be  careful,  upon  all  proper  occasions,  to 
point  out  the  vast  advantages  which  the  chemical  manufacturer  may  derive  from  it,  and 
to  show  how  much  he  may  economize  and  improve  his  actual  processes  by  its  meims. 
See  Element. 

ESSENCES  arc  either  ethereous  oils,  in  which  all  the  fragrance  of  vegetable  products 
reside ;  or  the  same  combined  and  diluted  with  alcohol.    See  Oils,  Ethereous. 

ESSENCE  D'ORIENT,  the  name  of  a  pearly  looking  matter  procured  from  the 
bitty  or  bleak,  a  fish  of  the  genus  cyprinus.  This  substance,  which  is  found  principally 
at  the  base  of  the  scales,  is  used  in  the  manufacture  of  artificial  pearls.  A  large  quan- 
tity of  the  scales  being  scraped  into  water  in  a  tub,  are  there  rubbed  between  the  hands 
to  separate  the  shining  stuff,  which  subsides  on  repose.  The  first  water  being  decanted, 
more  is  added  with  agitation  till  the  essence  is  thoroughly  washed  from  all  impurities ; 
when  the  whole  is  thrown  upon  a  sieve ;  the  substance  passes  through,  but  the  scales 
are  retained.  The  water  being  decanted  off,  the  essence  is  procured  in  a  viscid  state,  <^ 
a  bluish  white  color,  and  a  pearly  aspect.  The  intestines  of  the  same  fish  are  also 
covered  with  this  beautiful  glistening  matter.  Several  other  fish  yield  it,  but  in  smaller 
proportion.  When  well  prepared,  it  presents  exactly  the  appearance  and  reflections  of 
the  real  pearls,  or  the  finest  mother  of  pearl ;  properties  which  are  probably  owing  to  the 
interposition  of  some  portions  of  this  same  substance,  between  the  laminae  of  these 
shelly  concretions.  Its  chemical  nature  has  not  been  investigated ;  it  putrefies  readily 
When  kept  moist,  an  accident  which  may,  however^  Im*  counteracted  by  water  of  ammo- 
nia.   See  Pearls. 

ETCHING  Varnuh,  (jSefzgrund-DeckfirnUs,  Germ.)  Though  the  practice  of  this 
elrgant  art  does  not  come  within  the  scope  of  our  Dictionary,  the  preparation  of  the  var- 
nishes, and  of  the  bitine  menstrua  which  it  employs,  legitimately  does. 

The  varnish  of  Mr.  Lawrence,  an  English  artist  resident  in  Paris,  is  madti  as  follows: 
Take  of  virgin  wax  and  asphaltum,  each  two  ounces,  of  black  pitch  and  burgundy-pitch 
each  half  an  ounce.  Melt  the  wax  and  pitch  in  a  new  earthenware  glazed  pot,  and  add 
to  them,  by  degrees,  the  asphaltum,  finely  powdered.  Let  the  whole  boil  till  such  time 
as  that,  taking  a  drop  upon  a  plate,  it  will  break  when  it  is  cold,  on  bending  it  double 
two  or  three  times  betwixt  the  fingers.  The  varnish,  being  then  enough  boiled,  must  be 
taken  off  the  fire,  and  after  it  cools  a  little,  must  be  poured  into  warm  water  that  it  may 
work  the  more  easily  with  the  hands,  so  as  to  be  formed  into  balls,  which  must  be 
kneaded,  and  put  into  a  piece  of  taffety  for  use. 

Care  must  be  taken,  first,  that  the  fire  be  not  too  violent,  for  fear  of  burning  the 
ingredients,  a  slight  simmering  being  sufficient ;  secondly,  that  whilst  the  asphaltum  is 
putting  in,  and  even  after  it  is  mixed  with  the  mgredients,  they  should  be  stirred  con- 
tinually  with  the  spatula ;  and  thirdly,  that  the  water  into  which  this  composition  is 
thrown  should  be  nearly  of  the  same  degree  of  warmth  with  it,  in  order  to  pretent  a 
kind  of  cracking  that  happens  when  the  water  is  too  cold. 

The  varnish  ought  always  to  be  made  harder  in  summer  than  in  winter,  and  it  will 
become  so  if  it  be  suffered  to  boil  longer,  or  if  a  greater  proportion  of  the  aspludtun  or 
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bfOWB  min  te  used.  The  experioient  aboye  mentioned,  of  the  drop  suffered  to  eool, 
will  detemuBe  the  degree  of  hnrdnesA  or  softness  that  may  be  suitable  to  the  season 
when  it  is  ased. 

Preparation  of  the  hard  Tarnish  used  by  Callot,  commonly  called  the  Florence  Var- 
nish i—Take  four  oonees  of  fat  oil  very  elear,  and  made  of.  good  linseed  oil,  like  that 
Bsed  by  painters;  heat  it  in  a  clean  pot  of  glazed  earthenware,  and  afterwards  pnt  to  it 
four  oDoces  of  mastick  well  powdered,  and  stir  the  mixture  bfiskly  till  the  whole  be  well 
Belled,  then  pass  the  mass  through  a  piece  of  fine  linen  into  a  glass  bottle  with  a  long 
neck,  that  can  be  stopped  very  securely ;  and  keep  it  for  the  use  that  will  be  explained 
below. 

Method  of  applying  the  soft  varnish  to  the  plate,  and  of  blaekening  it : — ^The  t>late 
being  well  polished  and  burnished,  as  also  cleansed  from  all  greasiness  by  chtflk  or  Span- 
ish white,  fix  a  hand-vice  on  the  edge  of  the  plate  where  no  work  is  intended  to  be,  to 
serve  as  a  handle  for  managing  it  when  waim«;  then  pnt  it  upon  a  chafing  dish,  in  which 
there  is  a  moderate  fire,  and  cover  the  whole  plate  equally  with  a  thin  coat  of  the  var- 
nish ;  and  whilst  the  plate  is  warm,  and  the  varnish  upon  it  in  a  fluid  state,  beat  every 
part  of  the  varnish  gently  with  a  small  ball  or  daaber  made  of  cotton  tied  up  in  tafiety, 
which  operation  smooths  and  distributes  the  varnish  equally  over  the  plate. 

When  the  plate  is  thus  uniformly  and  thinly  covered  with  the  vamisli,  it  must  be 
blackened  t>y  a  piece  of  fi^mbeau,  or  of  a  large  candle  which  affords  a  copious  smoke ; 
Kwetimes  two  or  even  four  such  candles  are  used  together  for  the  sake  of  despatch,  that 
the  varnish  jlaj  not  grow  cold,  which  if  it  does  during  the  operation,  the  plate  must  be 
heated  again,  that  it  may  be  in  a  melted  state  when  that  operation  is  performed ;  but 
great  care  must  be  taken  not  to  bum  it,  which,  when  it  happens,  may  be  easily  p^ceived 
by  the  varnish  «ppearlng  burnt,  and  losing  its  gloss. 

The  menstrnnm  used  and  reeoomiended  by  Turreli,  an  eminent  London  artist,  for 
etching  upon  steel,  was  prepared  as  foUows:-— 

Take  Pyroligneous  acid  4  parts  by  measure. 
Alcohol  1  party  mix,  and  add 

Nitric  acid  ]  part* 

This  mixed  liquor  is  to  be  applied  from  1|  to  15  minutes,  according  to  the  depth 
desired.  The  nitric  acid  was  employed  of  the  strength  of  l*28^the  double  aquafortis  of 
the  shops. 

The  eau  forU  or  menstruam  for  copper,  used  by  Callot,  as  also  by  Piranesi,  with  a  slight 
iDodification,  is  prepared  with  8  parts  of  strong  French  vinegar, 

4  parts  of  verdigris, 
4  ditto  sea  salt, 
4  ditto  sal  aomioniac, 
1  ditto  alum, 
16  ditto  water. 

Tie  solid  substances  are  to  be  well  ground,  dissolved  in  the  vinegar,  and  diluted  with 
the  water ;  the  mixture  is  now  to  be  boiled  for  a  moment,  and  then  set  aside  to  cod. 
This  menstruum  is  applied  to  the  washed,  dried,  and  varnished  plate,  after  it  has  suf^ 
fered  the  ordinary  action  of  aquafortis,  in  order  to  deepen  and  finish  the  delicate  touches^ 
It  is  at  present  called  the  9a%  fortt  a  patatr, 

£TH£R  is  the  name  of  a  class  of  very  light,  volatile,  inflammable,  and  fragrant 
spiritooos  liquids,  obtained  by  distilling,  in  a  glass  retort,  a  mixture  of  alcohol  with 
almost  any  strong  acid.  Every  add  modifies  the  result,  in  a  certain  degree,  whence 
several  varieties  of  ether  are  produced.  The  only  one  of  commercial  importance  is 
solphnric  ether,  which  was  first  made  known  under  the  name  of  9totet  oil  of  vitriolj 
m  1540,  by  the  receipt  of  Waltenis  Cordus.  Froberus,  190  years  after  that  date, 
directed  the  attention  of  chemists  afresh  to  this  substance,  under  the  new  denomination 
of  e/4er. 

There  are  two  methods  of  preparing  it ;  by  the  first,  the  whole  quantity  of  acid  and 
aleohol  are  mixed  at  once,  and  directly  subjected  to  distillation ;  by  the  second,  the  alco- 
hol is  admitted,  in  a  slender  streamlet,  into  a  body  of  acid  previously  mixed  with  a  little 
aleohol,  and  heated  to  220°  Fahr. 

1.  Mix  equal  weights  of  alcohol  at  spec.  grav.  0*830,  and  sulphuric  acid  at  1*842,  by 
introducing  the  former  into  a  large  tubulated  retort,  giving  it  a  whirling  motion,  so 
that  the  alcohol  may  revolve  round  a  central  conical  cavity.  Into  this  species  of  whirl- 
pool the  acid  is  to  be  slowly  poured.  The  mixture,  which  becomes  warm,  is  to  be 
forthwith  distilled  by  attaching  a  spacious  receiver  to  the  retort,  and  applying  the  heat 
of  a  sand-bath.  The  formation  of  ether  takes  place  only  at  a  certain  temperature.  If 
the  contents  of  the  retort  be  allowed  to  eooi,  and  be  then  slowly  heated  in  a  water-bath, 
aleohol  alone  will  come  over  f6t  some  time  without  ether,  till  the  mixture  acquires  the 
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proper  decree  of  heat.  The  first  receiyer  should  be  a  globe,  with  a  tube  proceodint 
from  its  bottom,  into  a  second  receiver,  of  a  cylindric  shape,  surrounded  with  iee-cou 
water.  The  joints  must  be  well  secured  by  lutes,  aAer  the  expanded  air  has  been 
allowed  to  escape.  The  liquid  im  the  retort  should  be  kept  in  a  steady  state  of  ebnlli- 
tion.  The  ether,  as  long  as  it  is  produced,  condenses  in  the  balloon  and  neck  of  the 
receiver  in  strife ;  when  these  disappear  the  process  is  completed.  The  retort  must  now 
be  removed  from  the  sand ;  otherwise  it  would  become  filled  with  white  fumes  contain- 
ing sulphurous  acid,  and  denser  strifE  would  flow  over,  which  would  contaminate  the 
light  product  with  a  liquid  called  sweet  oil  of  wine. 

The  theory  of  etherification  demonstrates  that  when  strong  sulphuric  acid  is  mixed 
with  alcohol,  there  is  formed,  on  the  oae  hand,  a  more  aqueous  sulphuric  acid,  and,  on 
the  other,  sulphovinic  acid.  When  this  mixture  is  made  to  boil,  the  snlphovinic  acid  it 
decomposed,  its  dihydrate  of  carbon  combines  with  the  alcohol,  and  constitutes  ether; 
while  the  proportion  of  sulphovinic  acid  progressively  diminishes.  Mr.  Hennell,  of  the 
Apothecaries'  Hall,  first  explained  these  phenomena,  and  he  was  confirmed  in  his  views 
by  the  interesting  researches  of  Serullas.  The  acid  left  in'  the  retort  is  usually  of  a 
black' color,  and  may  be  employed  to  convert  into  ether  half  as  much  alcohol  again ;  an 
experiment  which  n^ay  be  repeated,  several  times  in  succession. 

The  most  profitable  way  of  manufacturing  ether  has  been  pointed  out  by  Boullay. 
It  consists  in  letting  the  alcohol  drop  in  a  slender  stream  into  the  acid,  previously  heated 
to  the  etherifying  temperature.  If  the  acid  in  this  case  were  concentrated  to  1*846,  the 
reaction  would  be  too  violent,  and  the  ether  would  be  transformed  into  bicarbnreted 
hydrogen  (dihydrate  of  carbon).  It  is  therefore  necessary  to  dilute  the  acid  down  to 
the  density  of  1*780 ;  but  this  dilution  may  be  preferably  effected  with  alcohol,  instead  of 
water,  by  mixing  three  parts  of  the  strongest  acid  with  2  of  alcohol,  specific  gravity 
0'830,  and  distilling  ofii*  a  portion  of  the  ether  thereby  generated ;  after  which  the  stream 
of  alcohol  is  to  be  introduced  into  the  tnbuliire  of  the  retort  through  a  small  glass  tube 
plunged  into  the  mixture ;  this  tube  being  the  prolongation  of  a  metallic  syphon,  whose 
shorter  leg  dips  into  a  bottle  filled  with  the  alcohol.  The  longer  leg  is  furnished  with  a 
stop-cock,  for  regulating  at  pleasure  the  alcoholic  streamlet.  The  distilled  vapors  should 
be  transmitted  through  a  worm  of  pure  tin,  surrounded  by  cold  water,  and  the  condensed 
fluid  received  in  a  glass  bottle.  The  quantity  of  alcohol  which  can  be  thus  converted 
into  ether  by  a  given  weight  of  sulphuric  acid,  has  not  hitherto  been  accurately  deter- 
mined ;  but  it  is  at  least  double.  In  operating  in  this  way,  neither  sulphurous  acid  nor 
sweet  oil  of  wine  is  generated,  while  the  residuary  liquid  in  the  retort  continues  limpid 
and  of  a  merely  brownish  yellow  color.  No  sulphovinic  acid  is  formM,  and  according  to 
the  experiments  of  Gciger,  the  proportion  of  ether  approaches  to  what  theory  shows  to 
be  the  maximum  amount.  In  fact,  57  parts  of  alcohol  of  0*83  sp.  grav.  being  equiva- 
lent to  46*8  parts  of  anhydrous  alcohol,  yield,  according  to  Geiger,  33)  parts  of  ether; 
and  by  calculation  they  should  yield  37}. 

The  ether  of  the  first  distillation  is  never  pure,  but  always  contains  a  certain  quantity 
of  alcohol.  The  density  of  that  product  is  usually  0*78,  and  if  prepared  by  the  first  of 
tiie  above  methods,  contains,  besides  alcohol,  pretty  frequently  sulphurous  acid,  and 
sweet  oil  of  wine ;  impurities  from  which  it  must  be  freed.  Being  agitated  with  its 
bulk  of  milk  of  lime,  both  the  acid  and  the  alcohol  are  removed  at  the  same  time ;  and 
if  it  be  then  decanted  and  agitated,  first  with  its  bulk  of  water,  next  decanted  into  a 
retort  containing  chloride  of  calcium  in  coarse  powder,  and  distilled,  one  third  of  per- 
fectly pure  ether  may  be  drawn  over.  Gay  Lussac  recommends  to  agitate  the  ether, 
fifst  with  twice  its  volume  of  water,  to  mix  it,  and  leave  it  in  contact  with  powdered 
unslaked  lime  for  12  or  14  hours,  and  then  to  distil  ofif  one  third  of  pure  ether.  The 
remaining  two  thirds  consist  of  ether  containing  a  little  alcohol.  If  in  preparing  ether 
by  Boullay's  method,  the  alcohol  be  too  rapidly  introduced,  much  of  this  liquid  will 
come  over  unchanged.  If  in  this  state  the  ether  be  shaken  with  water,  a  notable  quan- 
tity of  it  will  be  absorbed,  because  weak  alcohol  dissolves  it  very  copiously.  The  above 
product  should  therefore  be  re-distilled,  and  the  first  half  that  comes  over  may  be  con- 
sidered as  ether,  and  treated  with  water  and  lime.  The  other  half  must  be  exposed 
afresh  to  the  action  of  sulphuric  add. 

Pure  ether  possesses  the  following  properties.  It  is  limpid,  of  spec.  grav.  0*713,  or 
0*715  at  60^;  has  a  peculiar  penetrating  strong  smell;  a  taste  at  first  acrid,  burning, 
sweetish,  and  finally  cooling.  It  has  neither  an  acid  nor  alkaline  reaction ;  is  a  non- 
conductor of  electricity,  and  refracts  light  strongly.  It  is  very  volatile,  boiling  at 
96°  or  97°  F.,  and  produces  \ff  its  evaporation  a  great  degree  of  cold.  At  the  tem- 
perature of  62*4,  the  vapor  of  ether  balances  a  column  of  mercury  15  inches  high, 
or  half  the  weight  of  the  atmosphere.  When  ether  is  cooled  to  — ^24°  F.  it  begins  to 
crystallize  in  brilliant  white  plates,  and  at  -^7°  it  becomes  a  white  crystalline  solid. 
When  vapor  of  ether  is  made  to  traverse  a  red  hot  porcelain  tube,  it  deposites  within  it 
one  half  per  cent,  of  charcoal,  and  there  are  condensed  in  the  receiver  one  and  two  thirds 
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pa  cent  of  a  brown  oil,  partly  in  crystalline  scales,  and  partly  viscid.  The  crystalline 
portioQ  is  soluble  in  alcohol,  but  the  Tiscid  only  in  ether.  The  remainder  of  the  decpm- 
posed  ether  consists  of  bi-carbateted  hydrogen  gas,  tetrahydric  carburet,  carbonic  oxyde 
gas,  and  one  per  cent,  at  most  of  gaseons  carbonic  acid. 

Ether  takes  fire  readily,  even  at  some  distance  from  a  flame,  and  it  should  not  there- 
fore be  poured  from  one  vessel  to  another  in  the  neighborhood  of  a  lighted  candle.  It 
msy  be  likewise  set  on  fire  by  the  electric  spark.  It  burns  all  away  with  a  bright  fuligi- 
nous flame.  When  the  vapor  of  ether  is  mixed  with  10  times  its  volume  of  oxygen,  it 
l-oras  with  a  violent  explosion,  absorbs  6  times  its  bulk  of  oxygen,  and  produces  4  times 
i{s  Tolnme  of  carbonic  acid  gas. 

Ether  alters  gradually  with  contact  of  air ;  absorbing  oxygen,  and  progressively  chang- 
ing into  acetic  acid  and  water.  This  conversion  takes  place  very  rapidly  when  the  ether 
is  boiled  in  an  open  vessel,  while  the  acid  enters  into  a  new  combination  forming  acetic 
ether.  Ether  should  be  preserved  in  bottles  perfectly  full  and  well  corked,  and  kept  in 
t  eool  place,  other^rise  it  becomes  sonr,  and  is  destroyed.  In  contains  in  this  state  15  per 
cent,  of  its  bulk  of  azote,  but  no  oxygen  gas,  as  this  has  combined  with  its  elements. 
Ether  is  composed  of  oxygen  21*24;  hydrogen  13*85;  carbon  65*05.  This  composi- 
tion may  be  represented  by  1  prime  equivalent  of  water,  and  4  primes  of  bi-carbiiretted 
kydrogen  gas ;  in  other  words,  ether  contains  for  1  prime  of  water,  once  as  much  olefiant 
gas  as  alcohol,  and  its  prime  equivalent  is  therefore  468*15  to  oxygen  100.  By  my  ana- 
lysis, as  published  in  the  Phil.  Trans,  for  1822,  ether  is  composed  of  oxygen  27*10 ;  hy- 
drogen 13-3;  and  carbon  59*6  in  100  parts.  The  density  of  my  ether  was  0*700. 
Oae  volume  of  vapor  of  ether  consists  of  one  volume  of  aqueous  vapor  and  two 
volumes  of  olefiant  gas  (bi-carbureted  hydrogen),  while  alcohol  consists  of  two  volumes 
of  each. 

ETHER,  ACETIC,  is  used  to  flavor  silent  corn  spirits  in  making  imitation  brandy.  It 
may  be  prepared  by  mixing  20  parts  of  acetate  of  lead,  10  parts  of  alcohol,  and  11|  of 
eonceairated  sulphuric  acid ;  or  16  of  the  anhydrous  acetate,  5  of  the  acid,  and  4i  of  ab- 
solute alcohol ;  distilling  the  mixture  in  a  glass  retort  into  a  very  cold  receiver,  agitating 
along  with  weak  potash  ley  the  liquor  which  comes  over,  decanting  the  supernatant  ether, 
and  rectifying  it  by  re-distUlalion  over  magnesia  and  ground  charcoal. 

Acetic  ether  is  a  colorless  liquid  of  a  fragrant  smell  and  pungent  taste,  of  spec*  grav. 
0-866  at  45**  F.,  boiling  at  166^  F.,  burning  with  a  yelkiwish  flame,  and  disengaging  fumes 
of  acetic  acid.    It  is  soluble  in  8  parts  of  water. 

Acetic  ether  may  be  economically  made  with  3  parts  of  acetate  oC  potash,  3  of  very 
strong  alcohol,  and  2  of  the  strongest  sulphuric  acid,  distilled  together.  The  first  product 
most  be  re-distilled  along  with  one  fiflh  of  its  weight  of  sulphuric  acid ;  as  much  ether 
will  be  obtained  as  there  was  alcohol  employed. 

ETHIOPS  is  the  absurd  name  given  by  the  alchemists  to  certain  black  metallic  prepar- 
ations. Martial  ethiops  was  the  black  oxyde  of  iron ;  mineral  ethiops,  the  black  snlphuret 
of  mercury ;  and  ethiops  per  m,  the  black  oxyde  of  mercury. 

£VAP0RATIOX  (£ng.  andFr.;  Jbdampfin;  MdunsieHy  Germ.)  is  the  process  by 
which  any  substance  is  converted  into,  and  carried  off  in,  vapor.  Though  ice,  camphor, 
and  many  other  solids  evaporate  readily  in  dry  air,  I  shall  consider,  at  present,  merely  the 
vaporization  of  water  by  heat  artificially  applied. 

The  vapor  of  water  is  an  elastic  fluid,  whose  tension  and  density  depend  upon  the 
temperature  of  the  water  with  which  it  is  in  contact.  Thns  the  vapor  rising  from, 
water  healed  to  165°  F.  possesses  an  elastic  force  capable  of  supporting  a  column  of  mer- 
eury  10-8  high ;  and  its  density  is  soch  that  80  enbie  feet  of  such  vapor  contain  one  pound, 
weight  of  water ;  whereas  32j^  cubic  feet  of  steam  of  the  density  corresponding  to  a  tem- 
perature of  212^  and  a  pressure  of  30  inches  of  mercury,  weigh  one  pound.  When  the 
temperature  of  the  water  is  given,  the  elasticity  and  specific  gravity  of  the  vapor  emitted, 
by  it  may  be  found* 

Since  the  vapor  rises  from  the  water  only  in  virtue  of  the  elasticity  due  to  its  gaseoti^. 
nature,  it  is  obvious  that  no  more  can  be  produced,  unless  what  is  already  incumbent  ap-- 
Ott  the  liquid  have  its  tension  abated,  or  be  withdrawn  by  some  means.    Suppose  the 
temperature  of  the  water  Co  be  midway  between  freezing  and  boiling,  viz.,  122P  Fahr.,  as 
tlso  that  of  the  air  in  contact  with  it,  to  be  the  same  but  replete  with  moisture,  so  that 
its  interstitial  spaces  are  filled  with  vapor  of  corresponding  elasticity  and  spedfie  gni» 
vity  with  that  given  off  by  the  water,  it  is  certain  that  no  fresh  formation  of  vapor  caoa 
take  place  in  these  circumstances.    But  the  moment  a  portion  of  vapor  is  allowed  to  es-- 
etpe,  or  is  drawn  off  by  condensation  to  another  vessel,  an  equivalent  portion  of  vapw 
wfl]  be  immediately  exhaled  from  the  water. 

The  pressure  of  the  air  and  df  other  vapors  upon  the  surface  of  water  in  an  open  vetsd, 
does  not  prevent  evaporation  of  the  liquid;  it  merely  retards  its  progress.    Experienoe 
•hows  that  the  space  filled  with  an  elastic  fluid,  as  air  or  other  gaseous  body,  is  capaUe- 
of  RtciTing  as  maeh  aqaeoos  vapor  as  if  it  were  vacuous,  only  the  repletion  oC  ikmXi 
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t(«M  with  ihe  vapor  proceeds  morr  ilowly  in  the  fanner  prtdimnenl  than  in  the  Wt- 
ter,  bill  in  bolh  casea  it  arrives  eveoluall)*  >l  the  rame  pitch.  Dr.  Stiton  his  Tcrj  'n- 
geniously  proved,  that  [he  particles  of  aerifbrm  bodie*  preieni  no  pennaDeDl  ob»lKde  to 
the  inlroduclion  of  ■  ^afeous  almo«pbere  of  another  kind  among  them,  but  mereir  ohstrael 
it*  diH'iisiuu  iDODientarily,  as  if  by  a  Bprcies  of  friction.  Hence,  eihalalian  at  atmospheric 
temperatures  ia  protnoted  by  the  mechanical  dilfusion  of  the  vapors  Ihroueh  the  air  with 
venlilatinit  fans  or  chimney  draughts;  Ihoneh  under  brisk  ebullition,  the  force  of  the 
Steam  readily  oveicomes  tha^mechanical  obMruclian. 

The  quanlilies  of  water  evaporated  under  difl'erent  temperatures  in  lik*  timet,  arc 
proportional  to  tlie  elasiiciiies  of  the  jteam  corresponding  to  these  lemperatures.  A 
vessel  of  boiling  water  rxpoiing  a  square  fool  of  surface  to  the  'Ere,  evaporates  729 
tirains  in  the  minute )  the  elasticity  of  the  vapor  is  equivalent  to  30  inchei  of  mercury. 
To  find  the  quantity  thai  would  he  evaporated  from  the  same  surface  per  minute  at  a 
heat  of  88°  F.  At  this  lemperalure  the  steam  incumbent  upon  water  is  capttble  of  sup- 
porting i-28  inch  of  mercury;  whence  the  rule  of  proportion  is  30  :  1-S8  :  ;  725  :  30-93 1 
showing  that  about  31  grains  of  water  would  be  evaporated  in  the  minute.  If  the  air 
coDtains  already  some  aqueous  vapor,  as  it  commonly  does,  then  the  qaaniily  ofevapat*- 
lion  will  be  proportional  to  the  difference  hFlween  the  elastic  roree  of  that  vapor,  and 

Suppose  tl^e  sir  to  be  in  llie  hTgromelrie  state  denoted  by  0-3S  of  an  inch  of  mercury, 
then  the  above  formula  will  become  :  30  :  1'28  —  0-38  !  i  725  ;  21-41 ;  showing  that  not 
more  than  21i  grains  would  be  evaporated  per  minute  under  these  circumstances. 

The  elastic  tension  of  Ihe  atmo>pherle  vapor  is  readily  ascertained  by  the  old  ei- 
perioient  of  I^  Koi,  which  consists  in  filling  a  glass  cylinder  (a  narrow  tumbler  for 
example)  with  cool  spring  water,  and  noting  its  temperature  at  the  instant  it  become* 
so  warm  that  dew  ceases  to  be  deposited  upon  it.  This  temperature  is  that  which  Corre- 
sponds 10  the  elastic  tension  of  the  atmospheric  vapor.     See  Vapor,  Table  of. 

Whenever  the  elasticity  of  the  vapor,  correspond  I  ne  to  the  temperature  of  the  water, 
is  greater  than  the  atmospheric  pressure,  the  evaporation  will  take  place  not  only  from 
its  surface,  but  from  every  point  in  ita  interior;  the  liquid  particles  throughout  the 
mass  essumlni:  the  gaseous  form,  as  rapidly  as  they  are  actuated  by  the  caloric,  which 
•ubverti  the  hydrostalic  equilibrium  among  them,  to  constitute  the  phenomena  of  ebul- 
lition. This  turbulent  vaporization  takes  place  at  any  temperature,  even  down  to  the 
freezing  point,  provided  the  pneumatic  pressure  he  removed  from  the  liquid  by  (he 
air  pump,  or  any  other  means.  Ebullition  always  eceelerttes  evaporation,  as  it  serves 
to  carry  off  the  aqueous  particles  not  simply  from  the  surface,  but  from  the  whole  body 

The  vapors  e^^haled  from  a  liquid  at  any  tempcratare,  eontain  more  heat  than  the 
fluid  from  which  they  spring;  and  they  cease  to  form  whenever  the  supply  of  heat  into 
the  liquid  is  stopped.  Any  volume  of  waler  requires  for  its  conversion  into  vaiwr  jlrr 
and  a  half  /iniM  as  much  heat  as  is  sufficient  lo  heal  it  from  the  freeiinn  to  the  boiling 
temperature.  The  heat,  in  the  former  case,  seems  to  be  absorbed,  being  inappreciable  by 
the  thermometer  ;  for  steam  is  no  hotter  than  the  boiling  water  from  which  it  rises.  It 
has  been  therefore  called  laltnl  htal ;  in  contradistinction  lo  that  perceived  by  the  touch 
and  measured  by  the  thermometer,  which  is  called  ttruQile  htal.  The  quantity  of  heal 
absorbed  by  one  volume  of  water  in  its  conversion  into  steam,  ia  aboat  1000°  Fahr.; 
it  would  be  adequate  to  heat  1000  volumes  of  water,  one  degree  of  the  same  scale ;  or 
to  raise  one  volume  of  boiling  water,  confined  in  a  non.  con  ducting  vessel,  to  ItSO", 
AVere  the  vessel  ebarited  with  wnler  so  healed,  opened,  it  would  be  instantaneously  emp- 
tied by  vaporization,  since  the  whole  caloric  equivalent  lo  its  constitution  as  steam,  is 
present.  When,  upon  he  other  hand,  steam  is  condensed  by  contact  with  cold  sub- 
stances, so  much  heat  is  sel  free  aa  is  capable  of  beating  live  and  a  half  limes  its  weight 
of  water,  from  32°  lo  212°  F.  If  the  supply  of  heat  to  a  copper  be  uniform,  five  hours 
and  a  half  will  be  required  lo  drive  off  its  water  in  steam,  provided  one  hour  was  token 
in  heating  Ihe  water,  from  the  freezing  lo  the  bailing  pitch,  under  the  atmospherical 

Equal  weights  of  vapor  of  any  temperature  contain  equal  quantities  of  heal ;  for 
eiample,  the  vapor  exhaled  from  one  pound  of  water,  at  77°  F.,  absorbs  during  its 
formBtioa,  and  will  give  oat  in  its  condensation,  u  m»ch  heat  as  tbe  steam  prodnced  by 
one  ]>ouDd  of  water,  at  212°  F.  The  first  portion  of  vapor  with  a  tension=30  inches, 
occupies  a  space  of  2731  cubic  feel;  the  second,  with  a  tension  of  0'93  inch,  occupies  a 
space  of  890  cubic  feel.*  Suppose  that  these  8!K)  volumes  were  lo  be  compressed  into 
27'31  in  a  cylinder  capable  of  confining  the  heat,  the  temperature  of  the  vapor  would 
liie  from  77°  lo  212^,  in  virtoe  of  the  condensation,  as  tiir  becomet  so  hot  bj  con- 
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pression  in  a  syringe,  as  to  ignite  amadou.  The  latent  heat  of  steam  at  212?  F.  is 
1180^—180=1000;  that  of  vapor,  at  77°,  is  1180— 45=1 135*»;  so  that,  in  fact,  the 
lower  the  temperature  at  which  the  vapor  is  exhaled,  the  greater  is  its  latent  heat,  as 
Joseph  Black  and  James  Watt  long  ago  proved  by  experiments  upon  distillation  and  the 
steam  engine. 

From  the  preceding  researches  it  follows,  that  evaporation  may  be  effected  upon  two 
different  plans : — 

1.  Under  the  ordinary  pressure  of  the  atmosphere ;  and  that  either, 

A,  by  external  application  of  heat  to  boilers,  with  a,  an  open  fire ;  6,  steam ;  c,  hot 
liqDid  media, 

B,  by  evaporation  with  air;  a,  at  the  ordinary  temperatare  of  the  atmosphere;  b,  by 
currents  of  warm  air. 

2.  Under  progressively  lower  degrees  of  pressure  than  the  atmospheric,  down  to 
evaporation  in  as  perfect  a  vacuum  as  can  be  made. 

It  is  generally  affirmed,  that  a  thick  metallic  boiler  obstructs  the  passage  of  the  heat 
tbroogh  it  so  much  more  than  a  thin  one,  as  to  make  a  considerable  difference  in  their 
relative  powers  of  evaporating  liquids.  Many  years  ago,  I  made  a  series  of  experiments 
upon  this  subject.  Two  cylindrical  copper  pans,  of  equal  dimensions,  were  provided  ; 
but  the  metal  of  the  one  was  twelve  times  thicker  than  that  of  the  other.  Each  being 
charged  with  an  equal  volume  of  water,  and  placed  either  upon  the  same  hot  plate  of 
iron,  or  immersed,  to  a  certain  depth,  ih  a  hot  solution  of  muriate  of  lime,  I  found  that 
the  ebullition  was  greatly  more  vigorous  in  the  thick  than  in  the  thin  vessel,  which  I 
ascribed  to  the  conducting  substance  up  the  sides,  above  the  contact  of  the  source  of 
heat,  being  12  times  greater  in  the  former  case  than  in  the  latter. 

If  the  bottom  of  a  pan,  and  the  portions  of  the  sides,  immersed  in  a  hot  fluid  medium, 
solution  of  caustic  potash  or  muriate  of  Ume,  for  example,  be  corrugated,  so  as  to  contain 
a  double  expanse  of  metallic  surface,  that  pan  will  evaporate  exactly  double  the  quantity 
of  water,  in  a  given  time,  which  a  like  pan,  with  smooth  bottom  and  sides,  will  do 
ioimersed  equally  deep  in  the  same  bath.  If  the  corrugations  contain  three  times  the 
quantity  of  metallic  surface,  the  evaporation  will  be  threefold  in  the  above  circum- 
stances. Bat  if  the  pan,  with  the  same  corrugated  bottom  and  sides,  be  set  over  a  fire, 
or  in  an  oblong  flue,  so  that  the  current  of  flame  may  sweep  along  the  corrnerations,  it 
will  evaporate  no  more  water  from  its  interior  than  a  smooth  pan  of  like  shape  and 
dimensions  placed  alongside  in  the  same  flue,  or  over  the  same  fire.  This  curious  fact 
I  hare  verified  upon  models  constructed  with  many  modifications.  *  Among  others,  I 
caosed  a  cylindrical  pan,  10  inches  diameter,  and  6  inches  deep,  to  be  made  of  tin- 
plate,  with  a  vertical  plate  soldered  across  its  diameter;  dividing  it  into  two  equal 
semi-cyliodrical  compartments.  One  of  these  was  smooth  at  the  bottom,  the  other 
corrugated;  the  former  afforded  as  rapid  an  evaporation  over  the  naked  fire  as  the 
latter,  but  it  was  far  outstripped  by  its  neighbor  when  plunged  into  the  heated  liquid 
JBedJozn. 

If  a  shallow  pan  of  extensive  surface  be  heated  by  a  subjacent  fire,  by  a  liquid  medium 
or  a  series  of  steam  pipes  upon  its  bottom ;  it  will  give  oflf  less  vapor  in  the  same  time 
when  it  is  left  open,  than  when  partially  covered.  In  the  former  case,  the  cool  in- 
combent  air  precipitates  by  condensation  a  portion  of  the  steam,  and  also  opposes 
considerable  mechanical  resistance  to  the  diffusion  of  the  vaporous  particles.  In  the 
latter  case,  as  the  steam  issues  with  concentrated  force  and  velocity  from  the  contracted 
orifice,  the  air  must  offer  less  proportional  resistance,  upon  the  known  hydrostatic 
principle  of  the  pressure  being  as  the  areas  of  the  respective  bases,  in  communicating 
vessels. 

In  evaporating  by  surfaces  heated  with  ordinary  steam,  it  must  be  borne  in  mind 
that  a  surface  of  10  square  feet  will  evaporate  fully  one  pound  of  water  per  minute,  or 
725x  10  =  7250  gr.,  the  same  as  over  a  naked  fire;  consequently  the  condensing  sur- 
face must  be  equally  extensive.  Suppose  that  the  vessel  is  to  receive  of  water  .2500 
lbs,,  which  corresponds  to  a  boiler  5  feet  long,  4  broad,  and  2  deep,  being  40  cubic 
ket  by  measure,  and  let  there  be  laid  over  the  bottom  of  this  vessel  8  connected  tubes 
each  5  inches  in  diameter  and  5  feet  long,  possessing  therefore  a  surface  of  5  feet  square. 
If  charged  with  steam,  they  will  cause  the  evaporation  of  half  a  pound  of  water  per 
i&inote.  The  boiler  to  supply  the  steam  for  this  purpose  must  expose  a  surface  of  5 
square  feet  to  the  fire.  It  has  been  proved  experimentally  that  10  square  feet  surfkce 
of  thin  copper  can  condense  3  lbs.  of  steam  per  minute,  with  a  diflference  of  temperature 
of  90  degrees  Fahr.  In  the  above  example,  10  square  feet  evaporate  1  lb.  of  water 
per  minute;  the  temperature  of  the  evaporating  fluid  being  212°  F.,  consequently 
3:1  : :  90  :  ^.  During  this  evaporation  the  difference  of  the  temperature  is  there- 
fore =  30^.  Consequently  the  heat  of  the  steam  placed  in  connexion  with  the  inte- 
rior of  the  boiler,  to  produce  the  calculated  evaporation,  should  be,  2124-30  =  242*, 
eorresponding  to  an  elastic  force  of  53-6  inches  of  mercury.    Were  the  temperature  of 
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the  Bleun  odI;  224,  [be  tame  boiler  in  the  same  time  iraiiM  prodnce  a  diminished  qnwi- 
titjorsleKm,  ia  the  pntportioo  of  12  to  30;  or  lo  produce  (he  tame  qutnlilf  the  boiler  ol 
tabalir  turface  shoald  be  enlarged  in  the  proportion  or  30  to  12.  In  general,  howeTer, 
■team  boilers  employed  Cat  this  mode  of  evaporalioa  are  of  soch  capacity  as  to  gire  an 
nnfailin;  supply  of  steam. 

I  shall  now  Qlaslrale  by  some  peculiar  forms  of  apparatus,  different  systems  of  ctb- 
ponttoD.    Fig.  3B1  explains  the  principles  of  evaporating  in  Tacao.    a  b  represenli 


a  pan  or  kettle  charged  irith  Ibe  tiqnor  to  be  enporaled.  The  somewhat  wide  onfice 
r,  Kcnred  with  a  sCrew-plag,  serves  to  admit  the  hand  IW  the  purpose  of  cleaning  it 
thoroughly  out  when  the  opemlian  is  finished  ;  A  is  the  pipe  of  coiDinnaicatinn  with  the 
Iteam  boilerj  6  is  a  tube  prolonged  and  then  bent  down  with  its  end  plunged  into  the 
liquor  to  be  evaporated,  contained  in  the  chirking  back,  (not  shown  in  the  figure),     h  is 

■  glass  tube  commnnieating  with  the  Tacuum  pan  at  the  top  and  bottom,  to  show  by  the 
height  of  the  colamD  the  quantity  of  liquid  within.  The  ednction  evaporating  pipe 
c  is  provided  with  a  stop-cock  to  cut  off  the  communication  when  required,  i  is  a  lobe 
for  the  dischai^e  of  the  air  and  the  water  from  the  steam-case  or  Jacket;  the  refrigerator 

■  is  best  Ibrmed  of  thin  copper  tubes  aboul  1  inch  in  diameter,  arranged  zig-zag  or  (piraOy 
like  the  worm  of  a  still  in  a  cylinder.  The  small  sir -tight  condenser  f,  connected  with 
the  efflux  pipe  /of  the  refrigerator,  is  furnished  below  with  n  discharge  cock  g,  and 
inmonded  by  a  cooling  case,  for  the  collection  of  the  water  co.idenged  by  the  refriger- 
ator. In  its  upper  part  there  is  a  tube  fc,  also  furnished  with  a  cock,  which  communicates 
with  the  steam  boiler,  and  through  which  the  pan  a  n  is  heated. 

The  operation  of  thii  apparatus  is  as  follows :  after  opening  the  cocks  c,  ^  g, 
and  before  admitting  the  cold  wnler  into  Ihe  condenser  t,  the  cock  of  (he  pipe  k  a 
opened,  in  order  that  by  injecting  steam  it  may  eipe]  Ibe  included  air;  alter  which  Ihe 
cocks  fc  and  g  are  to  be  shut.  The  wster  must  now  be  introduced  into  the  condenser, 
and  the  cock  b  opened,  whereon  the  llijuid  lo  be  evaporated  rises  from  the  charging  back, 
through  the  lube  6,  and  replenishes  Ihe  vacuum  pan  to  Ihe  proper  height,  as  shown  by 
the  register  glass  tube  H.  Whenever  the  desired  evaporation  or  concentration  is  effect- 
ed, the  eock  c  must  be  closed,  the  pipe  k  opened,  so  as  to  Git  the  pan  with  steam,  and 
then  the  efflox  cock  a  is  opened  lo  discharge  the  residniiry  liquor.  By  shutting  the 
cocks  a  and  k,  and  opening  the  cock  b,  ihe  pan  will  charge  itself  afiesh  with  liqnor,  and 
Ihe  operation  will  be  begun  anew,  after  b  has  been  shut  and  c  opened. 

The  contents  of  the  close  water  cistern  f,  may  be  drawn  off  during  each  operation. 
For  this  purpose,  the  cock  /must  first  be  shut,  the  cold  water  is  to  be  then  run  out  oT 
the  condenser  o,  and  k  and  g  are  to  be  opened.  The  steam  entering  by  k  make*  the 
water  flow,  but  whenever  the  steam  itself  issues  from  the  cock  g,  this  orifice  most  be 
immediately  shut,  Ihe  cock  /  opened,  and  the  cold  water  again  introduced,  whercnpcn 
the  condensed  water  that  had  meanwhile  eollected  In  the  under  pan  of  the  refiignator, 
ftowt  off  into  the  condenser  vessel  f.     Biuce  some  air  always  enten  witb  Ihe  liquor 
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(ockcd  into  the  pan,  it  mast  be  removed  >I  the  time  of  drawing  off  tbe  water  (Vom  the 
iwo  eondensers,  by  driving  sleam  through  the"  appaiBlns.  This  necessity  will  be  lew 
ugeat  if  the  liqaor  be  oiade  to  boil  before  bdng  Inlrodnced  into  the  TBCuum  pan. 

Sach  aa  apparatos  ma;  be  modified  in  size  and  amngemeat  (o  luil  Ihe  peculiar  object 
in  view,  when  it  will  be  perfectly  adapted  fur  the  concenlralion  of  eilraels  of  every  kind, 
■)  well  u  seliae  lolatioas  containing  veEctable  acids  or  alkalis.  Tbe  interior  vessel  of 
A  a  should  be  made  of  tinned  or  plated  copper.  For  an  account  of  Howard's  vacuum 
pu,  nwde  opon  the  same  principle,  see  Suoab. 

When  a  boiler  is  set  over  a  £re,  its  bottom  should  not  be  placed  too  near  the  grate,  lest 
ii  rrfrigermte  the  flime,  and  prevent  Ihat  vivid  eombnstion  of  the  fuel  essential  ID  the 
Duimum  prodnetion  of  heal  by  its  cieios.  The  evil  influence  ofleaving  loo  little  room 
between  the  grate  and  the  copper  may  be  illoitrated  by  a  very  simple  experiment.  If  a 
mill  copper  or  porcelain  capsule  containing  water  be  held  over  the  Same  of  a,  oandle  a 
little  way  above  its  apex,  the  fiame  will  sufler  no  abatement  of  brightness  or  site,  but 
will  continae  to  keep  the  water  briskly  boiling.  If  the  capsule  be  now  lowered  inlo  the 
middle  of  the  flame,  this  will  immediately  lose  its  brightnen,  becoming  dull  and  smoky, 
coreriag  the  bottom  of  the  capsule  with  soot;  and  owing  to  the  imperfect  combustion, 
though  ih«  water  it  now  surrounded  by  the  flame,  il«  ebolUlion  will  cease- 
Fig.  382  it  a  tection  of  two  erapariitiog  eoppert  m  milt,  so  nwunied  as  to  lavor  the 


(all  eonbtitttoa  of  the  Ibel.    a  is  the  hearth,  in  whieh  wood  or  coal  may  be  burned.    For 

coal,  (he  grwle  should  he  set  higher  and  be  somewhat  smaller,     a  is  the  door  fur  feeding 
Ibefire;  d,  an  arch  of  fire-bricks  over  the  hearth;  c,  a  grale  through  which  the  ashes 
fall  into  the  pit  beneath,  capable  of  being  closed  in  front  to  any  extent  by  a  sliding  door 
*.    a  sad  c  are  two  coppers  incased  in  brickwork  ;  /  the  flue.    At  the  end  of  ihe  hearth 
near  n,  where  the  fire  pisys  first  upon  ihe  copper,  the  sole  is  made  somewhat  lower  and 
wilier,  (o  promote  the  spreading  of  the  flame  under  the  vessel.    The  second  copper,  c, 
meires  Ihe  t>enefil  of  the  wssle  heat;  it  may  be  placed  upon  a  higher  level,  so  at  to 
discharge  ils  concentrated  liquor  by  a  siop-cock  or  syphon  into  the  first.    When  coals 
are  bnmed  for  heating  such  boilers,  the  grste  should  be  constructed  ai  shows  in  the 
fgnre  of  the  brewing  copper,  page  122. 
fig.  383  represents  a  pan  for  evaporating  liqnidj,  which  are  apt,  daring  concentra- 
tion,   to   let  fnll   crystals  or  other  sediment. 
These  would  be  iryured  either  by  the  fire  play 
ing  upon  the  bottom  of  the  pan,  or,  by  adhesion 
to  it,  they  would  allow  the  meUl  to  gel  red  hot, 
and  in  that  state  run  every  risk  of  being  burnt 
or  rent  on  the  sudden  intrusion  of  a  liltle  liquor 
through  Ihe  inctustalion.    When  large  coppers 
have  their  bottoms  planted  in  loam,  so  that  the 
flame  circulates  in  flues  round  their  sides,  they 
are  said  lo  be  aild-ttl. 

A  is  a  pear-shaped  pan,  charged  with  ihe 
liquid  to  be  evaporaled ;  it  is  fnmished  with  a 
dome  cover,  in  which  there  ia  an  opening  with 
a  flange  /,  for  attaching  a  tube,  to  eouduct  Ihe 
Keam  wherever  il  may  be  required,  o  il  Ihe 
flre-plaee ;  blbe  ash-pit,  Tbe  coninl  part  ter- 
minatei  below  in  Ihe  tnbe  g,  furnished  with  a 
MOp-cock  at  its  nozzle  A.  Through  the  tnbe 
cd  f,  furnished  above  and  below  vith  the  stop- 
cocks e  and  e',  the  liquid  is  run   from  the 
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chaigiog  back  or  reaerroir.  During  the  operation,  the  apper  cock  c  a  kept  parliall; 
open,  lu  replace  the  fluid  us  it  evaporates!  but  the  under  cock  c'  is  shut.  The  flame 
from  the  fire-place  plajs  round  the  kettle  in  the  apuce  ',  and  the  smoke  escapes  down- 
wards through  the  flue  i  into  the  ehimnej.  The  lower  cylindrical  part  g  remains  thus 
comparatively  coul,  and  collects  the  crystalline  or  other  solid  mailer.  After  soioe  lime, 
the  under  slop-cock  c',  upon  the  stipply-pipe,  is  to  be  opened  to  admit  some  of  the  cold 
liquor  into  the  crlindtical  neck.  Thai  cock  being  again  shut,  the  sediment  settled,  and 
the  lai^e  slop  cock  (a  horizontal  ilide-valve  would  be  prererabic)  A  opened,  the  crystals 
■re  snflered  to  descend  into  the  subjacent  receiver;  nfler  which  the  stopcock  A  is  shut, 
and  the  operaliun  ij  continued.  A  construction  upon  this  principle  is  welt  adapted  for 
heating  dyeing  coppers  in  which  the  sediment  blioutd  not  be  disturbed,  or  exposed  to  the 
a  tioa  of  the  S  e     The  fire  place  should  be  bu  It  as  for  the  b  cw  ni;  copper. 

F  g.  384  represents  U 

oblong   evaporating  pan, 

n  which  Ihe  Same,  afler 

beat  ng  along  its  bottom, 

turns    up   at   its   fuilhet 

end  playa  back  along  its 

sit  face,  and  passes  off  in* 

t     the  chimney.     A  is  ■ 

ngiilar   reisel,  from 

I  15  reel  long,  -1  to  fi 

feet   broad,  and   1    or   1} 

a  e  BO  a  ranged  is  to  distribute 

e  V  enl  to  he  chemical  examina- 
,  i  (y  b  t  t  IS  employed  merelj  lo 
n  of  oijFEen  wh  ch  t  ma]  eon  nin  The  explosive  eudiometer,  in 
which  about  two  measures  of  hydrogen  are  introduced  into  a  graduated  glass  tube,  con- 
taining live  measures  of  atmospheric  air,  and  an  electric  spark  b  passed  across  the  mix- 
ture, is  Ihe  best  of  all  eudiomelerai  and  of  lhe«e  the  syphon  form,  proposed  by  me  in  ■ 
paper  published  by  Ihe  Royal  Society  nt  Edinburgh  in  1819,  is  probably  the  surest  and 
most  convenient.  Volla's  eiplosivc  eudiomeler,  as  made  in  Paris,  costs  3  guineas;  mine 
may  be  had  nicely  Kradualed  for  6  or  8  shillings. 

EXPANSIO.V  (Eng,  and  Fr. ;  JuttUhnuaK,  Orm.)  is  Ihe  increase  of  bulk  experienced 
by  all  bodies  when  heated,  unless  a  change  of  chemical  (eiture  lakes  place,  as  in  Ihe 
case  of  clays  in  the  poller's  kiln.  Table  i.  eihibils  the  linear  expansion  of  several  solid! 
by  an  increase  of  temperature  from  32°  to  212^  Fahr.;  Table  II.  exhibits  the  eipaaiioo 
in  bulk  of  ceiUin  liquids. 

Table  I.—Xiwar  DUalatUm  o/  Sojidi  iy  Htat. 
Dimensions  which  a  bar  takes  at  212',  whose  length  at  32?  is  lOOOOOO. 


..„..., 

DkILi.. 

Glass  lube 

do. 

do. 

do. 

da 

Pkle  glass       .... 

do.  crown  glow       -         -         . 

do.         do.         -        - 

do.           do.              .         .         - 

do.  rod        .         -         .         . 

Deri 

PUtina 

do. 

do. 

do.andg]*Ba-        .        .        . 
Palladium        -        -        .        . 

AntimooT 

CBM-inin  prism 

Cast-iron 

Sieel       

SmealoD         -        - 
Roy    -        -        - 
Seine's  mean  -        ■ 
Dulong  and  Petit 
Lavoisier  and  Iiaplace 

do.                do. 

do.               do. 

do.               do. 

do.                do. 
Hoy       -        -        - 
Roy,  a.  glai.       . 
Boida    - 
Dulong  and  Petit 
Trougblon      - 
Berthoud     ■ 
WolluloD       - 
SmealoD      ■ 
Roy        -        -        - 
Lavoisier,  by  Dr  Young 
Trodghton       -         - 

I-OO0S3333 
1-00077615, 
1-O008-28O0 
100086130 
1-00081168 
I-000890S90 
1-00087572 
1-00089760 
1-00091751 
1-00080787 

1-000856S5 

1-00088420 
1-00099180 
1-00110000 
1-00100000 
1-00108300 
100110940 
1-00111111 
1-00118990 
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Steel  rod      -        -        -        .        - 

Blistered  Steel     .... 

do.  .... 

Steel  not  tempered       ... 

do,     do.  ... 

do.  tempered  yellow   ... 

do.      do.  do.      . 

do.     do.  do.  at  a  higher  heat 

Steel 

Hard  Steel 

Annealed  steel  ..... 
Tempered  steel  .... 
Iron    ...... 

do. 

Sofl  iron,  forged   .... 

Ronnd  iron,  vrire  drawn 

Iron  wire    ..... 

Iron    ...... 

Bisoioth  ..*... 
Annealed  i^old     .... 

GolJ 

do.  procured  hj  parting     . 
do.  Paris  standard,  unannealed  . 
do.         do.  annealed 

Copper        ..... 

do.  ..... 

do.  ..... 

do.  ..... 

do.  ..... 

Brass  ..... 

do.  ..... 

do.  ..... 

Brass  scale,  supposed  from  Hamburg 
Cast  brass  ..... 

Enj^lish  plate-brass,  in  rod    - 
do.  do.      in  a  trough  form 

BfMS 

Brass  wire  -        -        -        -        . 

Braw 

Copper  8,  tin  1    - 

Silver 

do.  ...... 

do.  .....        . 

do. 

do. 

Silver  ..... 

Brass  16,  tin  1     - 
Specalnm  metal   -  -        . 

Spelter  solder;  brass  2,  zinc  1 
Malacca  tin         .... 
Tin  from  Falmouth      ... 
Fine  pewter         .... 
Grain  tin    -        -        -        -        . 

Tin 

Soft  solder ;  lead  2,  tin  1       . 
Zinc  8,  tin  1,  a  little  hammered   - 
Lead 

do.    .....        . 

Zinc  ...... 

Zinc,  hammered  out  }  inch  per  foot 
Glass,  from  32®  to  212° 

tlo.     from  212^  to  392»      . 

do.     from  392°  to  572®      . 


ofcopel 

Paris  standard  • 


Authority. 


Roy  _         -.        - 

Phil.  Trans.  1795,  428 
Smeaton  ... 
Lavoisier  and  Laplace 

do.  do. 

do.  do. 

do.  do. 

do.  do. 

Troughton 

Smeaton  ... 
Muschenbroek 

do. 
Borda      ... 
Smeaton  ... 
Lavoisier  and  Laplace 

do.  do. 

Troughton 
Dulong  and  Petit 
Smeaton  ... 
Muschenbroek 
Ellicot,  by  comparison 
Lavoisier  and  Laplace 

do.  do, 

do.  do. 

Muschenbroek 
Lavoisier  and  Laplace 

do.  do. 

Troughton 

Dulong  and  Petit  - 
Borda  ... 
Lavoisier  and  Laplace 

do.  do. 

Roy  .  -  . 
Smeaton  ... 
Roy  .  .  - 
do.  ... 
Troughton 

Smeaton  ... 
Muschenbroek 
Smeaton  ... 
Herbert   ... 
Ellicot,  by  comparison 
Muschenbroek 
Lavoisier  and  Laplace 

do.  do. 

Troughton 
Smeaton  -        -        - 

do.      -        .        - 

do.      ... 
Lavoisier  and  Laplace 

do.  do. 

Smeaton  ... 

do.      - 
Muschenbroek 
Smeaton  ... 

do.      - 
Lavoisier  and  Laplace 
Smeaton- 

do.      - 

do.      - 
Dulong  and  Petit     - 
do.  do. 

do.  do. 


Uiiiii.tlinii 

III 
DeCiiiisill. 


1-00114470 

10011-2500 

1-00115000 

1-00107875 

1-00107956 

1-00136900 

1-00138600 

1-00123956 

1-00118980 

1-00122500 

1-00122000 

1-00137000 

1-00115600 

1-00125800 

1-00122045 

1-00123504 

1-00144010 

1-00118203 

l-0ai39200 

1-00146000 

1-00150000 

100146606 

1-00155155 

1-00151361 

1-0019100 

100172244 

1-00171222 

100191880 

1-00171821 

1-00178300 

1-00186671 

1-00188971 

1-00185540 

1-00187600 

1-00189280 

1-00189490 

1-00191880 

1-00193000 

1-00216000 

100181700 

1-00189000 

1-0021000 

1-00212000 

1-00190974 

1-00190868 

1-0020826 

1-00190800 

1-00193300 

100205800 

1-00193765 

1-00217298 

1-00228300 

1-00248300 

1-00284000 

1-00250800 

1-00269200 

1-00284836 

1-00286700 

100294200 

1-00301100 

1-00086130 

1-00091827 

1-000101114 
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The  kst  two  measurements  by  an  air  thermometer. 


TABLE  0. 
fain  ZifKvb  fty  being  HiaiidfrDm  32"  (o  212". 


AoUmitT. 

d«;l... 

FiVtHU. 

Mercury    -            ,            .            . 

do.      iaglau   ■ 
Wat«r,  from  iU  muimum  denaity 
Muriatic  acid  (sp.  jr.  M37) 
Nitric  acid  (sp.  p.  1-40)   - 
Sulphuric  acid  (sp-  gr.  1-85) 
Alcohol  (10  iu  Iwiliug  point)  ?      - 
WWCT        .... 
Water,  niurated  wilh  common  salt 
Sulphuric  elh«r  (to  iU  boiling  point)  I 
Filed  oilE 
Oil  of  turpentine   - 

Dalong  and  PeUt     . 
do.             do.       . 
Kirwan 
DaltoD 

do. 
do. 
do. 
do. 
do. 
do. 

do. 

do. 

0-01801800 
0-0IM32O0 
0-04332 

0-0600 
0-1 100 
0-0600 
0-1100 
00460 
0  0500 
0-0700 
0-0800 
0-0700 

lii 

If  the  dentil)'  of  water  at  39°  be  called   .  .  .        1-00000, 

al  212°  il  becomes  -  .  .        0-954S, 

and  its  volame  hat  increased  to      .  •         104734; 

at  77°  il  becomes   -  -  ■  .        0-9973687, 

and  its  volume  has  inn-eased  to  only  -        1-00265, 

whieb,  though  one  fourth  of  ihe  whole  ranB;e  of  temperature,  is  only    '   of  (be  to- 
tal expansion.    Waler  al  60°  F.  has  a  specific  gravity  of  .        0-9991953,    ^ 

and  has  increased  in  Tolume  ft<om  39°  to    .        1-00008, 
which  is  only  about  ^  of  the  total  expansion  lo  212?,  wilh  J    of  (he  total  range  of 
tempera  lure.  "  * 

All  gases  expand  the  rame  (jnantity  by  the  Same  increase  of  lemperatare,  which  from 
32°to212'Ftthr.  =  J»-0°  =  1,  or  100  volumea  become  1-375.  For  each  degree  of  Fahr. 
the  expansion  is  j^. 

When  dry  sir  is  saturated  wilh  moisture,  ils  bulk  increases,  and  its  specific  gravity 
diminishes,  because   aqueous  vapor  is  less  dense  than  air,  at  like  tempeiatures. 

The  following  table  gives  the  multipliers  to  be  employed  for  converting  one  volume  of 
■Mist  gas  at  the  several  temperatures  into  a  volume  of  dry  %aa. 


«,U,p.... 

Mul.ipL,«. 

53"F 

0-9870 

64" 

0-9799 

H 

0-9864 

65 

0-9793 

55 

0-9858 

66 

0-9786 

ee 

0-98'i2 

67 

0-9779 

67 

0-9846 

0-9772 

58 

0-9839 

69 

0-9765 

59 

0-9833 

70 

0-9758 

60 

0-9827 

71 

0-9751 

61 

0-9S20 

72 

0-9743 

62 

0-9813 

73 

0-9735 

63 

0-9806 

EXTRACTS.  (ExtTaiii,  Ft.  ;  Exiracltn,  Germ.)  The  older  apothecaries  used  Ihia 
term  to  designate  the  product  of  the  evaporation  of  any  Tegelable  juice,  infusion,  or 
decoclioDi  whether  the  latter  two  were  made  with  water,  alcohol,  or  ether  j  whence 
arose  the  dislinelion  of  aqueous,  alcoholic,  and  ethereous  extracts. 

Fotueroy  made  many  researches  upon  these  preparations,  and  supposed  thai  they  had 
■II  a  common  basis,  which  he  called  the  ixlracliee  principle.  But  Cherreul  and  other 
chemists  have  since  proved  that  this  pretended  principle  is  a  heteroseneous  and  very 
Tiriable  compound.  By  the  tern  txiratl,  thererore,  is  now  meant  merely  the  whole  (rf* 
the  soluble  mailers  obtained  from  vegetables,  reduced  by  careful  evaporation  to  either  a 
paaty  or  solid  consistence.  The  watery  ellracls,  which  are  those  most  commonly  made, 
are  as  various  as  the  vegetables  which  yield  thenl;  tmnt  containing  chiefly  sugar  or 
gum  in  great  abundance,  and  are  therefore  innocent  or  iocrtj  while  others  con. 
tain  very  energelic  impregnations.  The  conduct  o(  the  evaporating  heal  is  the 
capital  point  in  Ihe  preparation  of  extracts.  They  should  be  always  prepared,  if 
poniUe,  frtmi  the  juice  of  the  freah  plant,  bj  sabjecting  iu  leaves  or  other  inctAleml 
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part,  to  the  action  of  a  powerfal  acrexr  or  hydraulic  press ;  and  the  evaporation  should 
be  effected  by  the  warmth  of  a  water-bath,  heated  not  beyond  100°  or  120"*  F.  Steam 
heat  may  perhaps  be  applied  advantageously  in  some  cases,  where  it  is  not  likely  to 
decompose  any  of  the  principles  of  the  plant.  Bat  by  far  the  best  process  for  making 
extracts  is  in  vacuo,  upon  the  principles  explained  in  the  article  Evaporation.  It  is 
maeh  easier  to  fit  up  a  proper  apparatus  of  this  kind,  than  most  practical  men  imagine. 
The  vacuum  may  either  be  made  through  the  agency  of  steam,  as  there  pqinted  out,  or 
by  means  of  an  air-pump.  One  powerful  air-pump  may  form  and  maintain  a  good 
vaeaum  under  several  receivers,  placed  upon  the  flat-ground  flanges  of  so  many  basins^ 
each  provided  with  a  stop-cock  at  its  side  for  exhaustion.  The  airless  basin  containing 
the  juice  being  set  on  the  shelf  of  a  water-bath,  and  exposed  to  a  proper  temperature, 
will  rumish,  in  a  short  time,  a  large  quantity  of  medicinal  extract,  possessing  the  prop- 
erties of  the  plant  unimpaired. 

For  exceedingly  delicate  purposes,  the  concentration  may  be  performed  in  the  cold,  by 
placing  saucers  filled  with  the  expressed  juice  over  a  basin  containing  sulphuric  add, 
putting  a  glass  receiver  over  them  and  exhausting  Its  air. 

F. 

FAHLERZ.  Gray  copper-ore,  called  also  Panabase,  from  the  many  oxydes  it  contains. 

FAINTS  is  the  name  of  the  impure  spirit,  which  comes  over  first  and  last  in  the  distil- 
lation of  whiskey ;  the  former  being  called  the  9trong,  and  the  latter,  which  is  much 
more  abundant,  the  weak  faints.  This  crude  spirit  is  much  impregnated  with  fetid 
essential  oil,  is  therefore  very  unwholesome,  and  must  be  purified  by  rectification. 

FAN  (^Eventailj  Fr. ;  FSeher,  Germ.)  is  usually  a  semi-circular  piece  of  silk  or  paper, 
pasted  double,  enclosing  slender  slips  of  wood,  ivory,  tortoise-shell,  whale-bone,  ^., 
arranged  like  the  tail  of  a  peacock,  in  a  radiating  form,  and  susceptible  of  being  folded 
together,  and  expanded  at  pleasure.  This  well-known  hand  ornament  is  used  by  ladies 
to  cool  their  faces  by  agitating  the  air.  Fans  made  of  feathers,  like  the  wing  of  a  bird, 
have  been  employed  from  time  immemorial  by  the  natives  of  tropical  countries. 

Fan  is  also  the  name  of  the  apparatus  for  winnowing  com.  For  an  account  of  the 
powerful  blowing  and  ventilating  fan  machine,  see  Fodndrt  and  VENTfLATOR. 

FARINA  {Farine,  Fr. ;  MdU,  Germ.)  is  the  flour  of  any  species  of  corn,  or  starchy 
root,  sach  as  potato,  arrow  root,  Slc,    See  Bread  and  Starch. 

FATS  {(rraisaes,  Fr. ;  Feitty  Germ.)  occur  in  a  great  number  of  the  animal 
tissaei,  being  abundant  under  the  skin  in  what  is  called  the  cellular  membrane,  round 
the  kidneys,  in  the  folds  of  the  amentum,  at  the  base  of  the  heart,  in  the  mediastinum, 
the  mesenteric  webb,  as  well  as  upon  the  surface  of  the  intestines,  and  among  many  of 
the  rooscles.  They  vary  in  consistence,  color,  and  smell,  according  to  the  animals 
from  which  they  are  obtained ;  thus,  they  are  generally  fluid  in  the  cetaceous  tribes, 
soft  and  rank-flavored  in  the  carnivorous,  solid  and  nearly  scentless  in  the  ruminants^ 
usually  white  and  copious  in  well-fed  young  animals ;  yellowish  and  more  scanty  in  the 
oU.  Their  consistence  varies  also  according  to  the  organ  of  their  production ;  being 
firmer  under  the  skin,  and  in  the  neighborhood  of  the  kidneys,  than  among  the  moveable 
viaeera.  Fat  forms  about  one  twentieth  of  the  weight  of  a  healthy  animal.  But  as 
taken  oat  by  the  buteher  it  is  not  pure,  for  being  of  a  vesicular  structure,  it  is  always 
enclosed  in  membranes,  mixed  with  blood,  blood-vessels,  lymphatics,  &c.  These  foreign 
matters  most  first  be  separated  in-some  measure  mechanically,  af\er  the  fat  is  minced 
small,  and  then  more  completely  by  melting  it  along  with  hot  water,  passing  it  through 
a  sieve,  and  letting  the  whole  cool  very  slowly.  By  this  means  a  cake  of  cleansed  fat 
will  be  obtained.  Many  plans  of  purifying  fats  have  been  proposed ;  one  of  the  best  is 
to  mix  two  per  cent,  of  strong  sulphuric  acid  with  a  quantity  of  water,  in  which  the 
tallow  is  heated  for  some  time  with  much  stirring ;  to  allow  the  materials  to  cool,  to 
take  off  the  supernatant  fat,  and  re-melt  it  with  abundance  of  hot  water.  More  tallow 
will  thus  be  obtained,  and  that  considerably  whiter  and  harder  than  is  usually  procured 
by  the  melters. 

I  have  found  that  chlorine  and  chloride  of  lime  do  not  improve,  but  rather  deterio- 
late,  the  appearance  of  oils  and  other  fatty  bodies.  According  to  Appert,  minced  suet 
sabjeeted  to  the  actioa  of  high-pressure  steam  in  a  digester,  at  250^  or  260°  F.,  becomes 
so  hard  as  to  be  sonorous  when  struck,  whiter,  and  capable,  when  made  into  candles,  of 
giving  a  superior  light.  A  convenient  mode  o£  rendering  minced  tallow,  or  melting  it,  is 
to  pat  it  in  a  tub,  and  drive  steam  through  it  from  numerous  orifices  in  ramifying  pipes 
phuBsd  near  the  bottom.  Mr.  Watt  assures  me  that  his  plan  of  purifying  fats,  patented 
ia  Afarch,  1836,  has  been  quite  successful.  He  employs  dilute  sulphuric  acid,  to  which 
be  adds  a  liule  nitrie  acid,  with  a  very  small  quantity  of  bichromate  of  potash,  <'  to  sop- 
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pir  wxy^cn,"  MiJ  tome  oxalic  acid.  These  are  miied  with  Ihe  fat  in  the  ilemming  tno. 
Whrn  the  lumps  of  il  are  nearly  dissolved,  be  takes  for  ecery  ton  of  fai,  one  pound  of 
strong  nitric  acid,  diluted  with  one  quart  of  water;  to  which  he  adds  tno  ouDca  of 
alcohol,  naptha,  sulphuric  ether,  or  spirits  o[  turpentine ;  and  afler  introducing  Ibis  mix- 
ture, he  continues  Ihe  boiling  for  half  nn  hour.  The  fat  Is  finally  washed.— As  I  do  doI 
comprehend  the  modus  operandi  of  these  ingredients,  I  shall  abstain  from  any  eomment 

Others  haie  proposed  to  use  vegetable  or  animal  charcoal  first,  especially  for  raada 
ot\r,  then  to  heat  them  with  a  aolulion  of  sulphate  of  copper  and  cuiDinDn  salt,  which  is 
supposed  to  precipitate  the  fetid  athuminaus  matter.  Milk  of  lime  has  been  also  pre- 
scribed ;  but  it  is,  I  believe,  always  detrimental. 

Davidson  treats  whale  oil  with  infusion  of  Ian,  in  order  to  separate  the  gelatine  and 
albumine  in  flocks;  next  with  water  and  chloride  of  lime,  to  destroy  the  smell  j  and 
lastly,  with  dilute  sulphuric  acid,  to  precipitate  all  the  lime  in  the  state  of  a  sulphate.  This 
if  certainly  one  of  the  cheapest  and  most  eflectire  methods  of  purifying  thai  substance. 

Braconnot  and  Raspail  have  shown  thai  solid  animai  fats  are  composed  of  very  small, 
mieroseopie,  partly  polygonal,  partly  reniform  particles,  which  are  connected  together 
by  very  thin  membranes.  These  may  he  ruptured  by  mechanical  means,  then  separated 
by  triturating  the  fresh  fats  with  cold  water,  and  passing  the  uncLuous  matter  through 
a  sieve.  The  particles  float  in  the  water,  but  eventually  collect  in  a  white  granular 
crystalline  appearance,  like  starch.  Each  of  them  consists  of  a  vesicular  integument,  of 
the  nature  of  slearine,  and  an  interior  fluid  like  elaine,  which  aflerwards  exudes.  The 
granuirs  float  in  the  water,  but  subside  in  spirits  of  wine.  When  digested  in  strong 
alcohol,  ihe  liquid  part  dissolves,  but  the  solid  remains.  These  particles  di/Ter  in  shape 
and  size,  as  obtained  from  difierenl  animals)  those  of  the  calf,  oi,  sheep,  are  polygonal, 
from  J~  to  -l^  of  an  inch  in  diameter;  those  of  the  sow  are  kidney-shaped,  and  from  J, 
to  .^  ;  those  uf  man  are  polygonal,  and  from  ^  to  -gXgi  'l>ose  of  insects  are  spherical, 
and  at  mobt  ^1^.  of  an  inch. 

Fats  all  melt  at  a  temperature  much  under  212°  F.  When  strongly  heated  with  coa- 
tact  of  air,  they  diB'use  white  pungent  fumes,  then  blaclten,  and  lake  lire.  When  sub- 
jected to  distillation,  they  alTurd  a  changed  fluid  oil,  carbureted  hydroEcn,  and  the  other 
products  of  oily  boJies.  Exposed  for  a  certain  time  to  the  atmosphere,  they  become 
rancid,  and  generate  the  same  fat  acids  as  they  do  by  saponi&cation.  In  their  fresh 
state  they  are  all  composed  principally  of  steatine,  margarine,  and  oleine,  with  a  little 
coloring  and  udoruus  matter ;  and.  in  some  species,  hircine,  from  the  goal;  phocenine, 
from  Ihe  dolphin ;  and  butyrlne,  from  butter.  By  subjecting  ihem  to  a  great  degree  of 
cold,  and  compressing  Ihem  between  folds  of  bloiling  paper,  a  resuluum  is  obtained,  eoa- 
sisting  chiefly  of  stearine  and  margarine ;  the  latter  of  which  may  be  di^olved  out  by 
oil  of  turpentine. 

Bft/oiid  JlfulfoN  Surl. — When  fresh,  this  is  an  insipid,  nearly  inodorous  fat,  of  >  firm 
consistence,  almost  insoluble  in  alcohol,  entirely  so  if  taken  from  the  kidneis  and  mesen- 
teric web  of  the  ox,  the  sheep,  Ihe  goat,  and  the  stag.  It  varies  in  its  whilenns,  oon. 
sistence,  and  eumbuslibility,  with  Ihe  species  and  health  of  Ihe  animals.  That  of  the 
theep  is  very  white  and  verj'  solid.  They  may  all  be  purified  in  the  manner  above  de- 
scribed. Strong  sulphuric  acid  developes  leadily  the  acid  fats  by  stirring  it  through 
melted  suet.  Alkalis,  by  saponification,  give  rise  at  once  to  the  three  acids,— the  stearic, 
margnric,  and  oleic.  Beef  suet  consists  of  stearine,  margarine,  and  oleine  ;  mutton  and 
goat  suL-t  contain  a  little  hircine.  The  specific  gravity  of  the  tallow  of  which  common 
candles  are  made  is,  by  my  experiments,  0-936.  The  melting  point  of  suet  is  from  98* 
10  104°  F.  The  proportion  of  solid  and  fluid  fal  in  it  is  somewhat  variable,  but  the  for- 
mer is  in  much  larger  propoilion.  Mutton  suet  is  soluble  in  44  parts  of  boiling  alcohol, 
of  0-830;  beef  suet  in  44  parts.  Marrowfat  Consists  of  76  of  stearine,  and  24ofateine; 
itmells  at  115°  F. 

Hog't-lard  is  suh,  fusible  at  81°  F.,  convertible,  by  an  alkaline  solution,  into  a  atearate, 
narearate,  oleate,  and  glycerine.  Its  sp.  gniv.  is  0-938,  at  50°  F.  It  consists  of  63  of 
oleine,  and  3S  of  stearine,  in  100  ports. 

GaoK-fol  consists  of  68  oleine  and  32  stearine. 

Bulttr,  in  summer,  consists  of  60  of  oleine  and  40  of  slearine  t  in  wialer,  of  35  of 
oleine,  and  65  of  slearine;  the  former  subtlance  being  yellow,  and  the  laller  white. 
It  diflers,  however,  as  produced  from  the  milk  of  different  cows,  and  also  according  to 
Iheir  pasture. 

The  ultimate  constituents  of  slearine,  according  lo  CbevTeul,  are  79  carbon,  11-7 
hydrogen,  and  93 oxygen,  in  100  parts. 

1,294,009  cwis.  of  the  tallow  imported  b  1837  were  retained  for  internal  consiunption. 
See  MARataiNE,  Olbihe,  Soaf,  Stbuiini. 

FAULTS  {FaiBu,  Fr.),  in  mining,  are  distnrbaucea  ot  the  ttraU  which  inlecmpt 
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the  miner's  operations,  and  put  him  at  /a«2/,  to  discover  where  the  vein  of  ore  or  bed  of 
coal  has  been  thrown  by  the  convulsions  of  nature.  Many  examples  of  faults  are  exhib- 
ited under  Pitcoal. 

FEATHERS  (Plumes,  Fr. ;  Fedem,  Germ.)  constitute  the  snbject  of  the  manuAicture 
of  the  Pluma aster,  a  name  given  by  the  French  (and  also  the  English)  to  the  artisan  who 
prepares  the  feathers  of  certain  birds  fororaaments  to  the  toilet  of  ladies  and  for  military 
men,  and  to  trim  also  who  combines  the  feathers  in  various  forms.  We  shall  content  our- 
selves with  describing  the  method  of  preparing  ostrich  feathers,  as  most  others  are  pre- 
pared in  the  same  way. 

Several  qualities  are  distinguished  in  the  feathers  of  the  ostrich ;  those  of  the  male,  in 
particular,  are  whiter  and  more  beautiful.  Those  upon  the  back  and  above  the  winfn 
are  preferred ;  next,  those  of  the  wings,  and  lastly,  of  the  tail.  The  down  is  merely  the 
feathers  of  the  other  parts  of  the  body,  which  vary  in  length  from  4  to  14  inches.  This 
down  is  black  in  the  males,  and  gray  in  the  females.  The  finest  white  feathers  of  the 
female  have  always  their  ends  a  little  grayish,  which  lessens  their  lustre,  and  lowers  their 
price.  These  feathers  are  imported  from  Algiers,  Tunis,  Alexandria,  Madagascar,  and 
Senegal;  this  being  the  order  of' their  value. 

The  acouriiig  process  is  thus  performed : — 4  ounces  of  white  soap,  cut  small,  are  dis- 
solved in  4  pounds  of  water,  moderately  hot,  in  a  large  basin ;  and  the  solution  is  made 
into  a  lather  by  beating  with  rods.  Two  bundles  of  the  feathers,  tied  with  packthread, 
are  then  introduced,  and  are  rubbed  well  with  the  hands  for  five  or  six  mmutes.  After 
this  soaping  they  are  washed  in  clear  water,  as  hot  as  the  h^nd  can  bear. 

The  whitening  or  bleaching  is  performed  by  three  successive  operations. 

1.  They  are  immersed  in  hot  water  mixed  with  Spanish  white,  and  well  agitated  in  it; 
after  which  they  are  washed  in  three  waters  in  succession. 

2.  The  feathers  are  azured  in  cold  water  containing  a  little  indigo  tied  np  in  a  fine  doth. 
They  should  be  passed  quickly  through  this  bath. 

3.  They  are  sulphured  in  the  same  way  as  straw  hats  are  (See  Soi^phukino)  ;  they  are 
then  dried  by  hanging  upon  cords,  when  they  must  be  well  shaken  frcMn  time  to  time  to 
open  the  fibres. 

The  ribs  are  scraped  with  a  bit  of  glass  cut  circularly,  in  order  to  render  them  very 
pliant.  By  drawing  the  edge  of  a  blunt  knife  over  the  filaments  they  assume  the  curly 
form  so  much  admired.  The  hairs  of  a  dingy  color  are  dyed  black.  For  20  pounds 
of  feathers,  a  strong  decoction  is  made  of  25  pounds  of  logwood  in  a  proper  quantity  of 
water.  After  boiling  it  for  6  hours,  the  wood  is  taken  out,  3  pounds  of  copperas  are 
thrown  in ;  and,  after  continuing  the  ebullition  for  15  or  20  minutes,  the  copper  is  taken 
from  the  fire.  The  feathers  are  then  immersed  by  handfnls,  thoroughly  soaked,  and  worked 
about;  and  left  in  for  two  or  three  days.  They  are  next  cleansed  in  a  very  weak  alkaline 
ley,  and  soaped  three  several  times.  When  they  feel  very  soft  to  the  touch,  they  must 
t>e  rinsed  in  cold  water,  and  afterwards  dried.  White  feathers  are  very  difficult  to  dye 
a  beautiful  black.  The  acetate  of  iron  is  said  to  answer  better  than  the  sulphate,  as  a 
mordant. 

For  dying  other  colors,  the  feathers  should  be  previously  well  bleached  by  the  action 
of  the  sun  and  the  dew ;  the  end  of  the  tube  being  cut  sharp  like  a  toothpick,  and  the 
feathers  being  planted  singly  in  the  grass.  After  fifteen  days'  exposure,  they  are  cleared 
with  soap  as  above  described. 

Hose  color  or  pink,  is  given  with  safflower  and  lemon  juice. 

Deep  red,  by  a  boiling  hot  bath  of  Brazil  wood,  after  aluming. 

Crimson.    The  atx)ve  deep  red  feathers  are  passed  through  a  bath  of  cudbear. 

Prune  de  Monsieur.    The  deep  red  is  passed  through  an  alkaline  bath. 

Bines  of  every  shade,  are  dyed  with  the  indigo  vat. 

Yellow ;  after  aluming,  with  a  bath  of  turmeric  or  weld. 

Other  tints  may  be  obtained  by  a  mixture  of  the  above  dyes. 

Feathers  have  some  more  useful  employments  than  the  decoration  of  the  heads  of 
iromen  and  soldiers.     In  one  case,  they  supply  us  with  a  soft  elastic  down  on  which  we 
can  repose  our  wearied  frames,  and  enjoy  sweet  slumbers.    Such  are  called  bed  feathers. 
Others  are  employed  for  writing,  and  these  are  called  quills. 

Goose  feathers  are  most  esteemed  for  beds,  and  they  are  best  when  plucked  from  the 
living  bird,  which  is  done  thrice  a  year,  in  spring,  midsummer,  and  the  beginning  of 
harvest.  The  qualities  sought  for  in  bed  feathers,  are  softness,  elasticity,  lightness,  and 
warmth.  Their  only  preparation  when  cleanly  gathered  is  a  cQight  beating  to  clear 
•wax  the  loose  matter,  but  for  this  purpose  they  must  be  first  well  dried  either  by  the  sun 
or  a  stove.  Bleaching  with  lime  water  is  a  bad  thing,  as  they  never  can  be  freed  from 
white  dost  afterwards. 

The  feathers  of  the  eider  duck,  anas  moUissima,  called  eider  doMm,  possess  in  a  snpe- 
rior  degree  all  the  good  qualities  of  goose  down.  It  ia  used  only  as  a  covering  to  .bed% 
mnd  never  should  be  slept  upon,  as  it  thereby  loses  its  elasticity. 
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QuilU  for  writing.  These  consist  nsnally  of  the  feathers  plucked  ont  of  the  wings  of 
geese.  Butch  quills  have  heen  highly  esteemed,  as  the  Dutch  were  the  first  who  hit  upon 
the  art  of  preparing  them  well,  by  clearing  them  both  inside  and  outside  from  a  fatty 
humor  with  which  they  are  naturally  impregnated,  and  which  prevents  the  ink  from  flow- 
ing freely. along  the  pens  made  with  them.  The  Dutch  for  a  long  time  employed  hot 
cinders  or  ashes  to  attain  this  end  j  and  their  secret  was  preserved  very  carefully,  but  it 
at  length  transpired,  and  the  process  was  then  improved.  A  bath  of  very  fine  sand  most 
be  kept  constantly  at  a  suitable  temperature,  which  is  about  140°  F. ;  into  this,  the  quill 
end  of  the  feather  must  be  plunged,  and  left  in  it  a  few  instants.  On  taking  them  out 
they  must  be  strongly  rubbed  with  a  piece  of  flannel,  after  which  they  are  found  to  be 
white  and  transparent.  Both  carbonate  of  potash  in  solution  and  dilute  sulphuric  acid 
have  been  tried  to  effect  the  same  end,  but  without  success.  The  yellow  tint  which  gives 
quills  the  air  of  age,  is  produced  by  dipping  them  for  a  little  in  dilute  muriatic  acid,  and 
then  making  them  perfectly  dry.  But  this  process  must  be  preceded  by  the  sand-bath 
operation.    The  above  is  the  French  process. 

Quills  are  dressed  by  the  London  dealers  in  two  wa3rs ;  by  the  one,  they  remain  of  their 
natural  color ;  by  the  other,  they  acquire  a  yellow  tint.  The  former  is  called  the  Dutch 
method,  and  the  principal  workman  is  called  a  Dutcher.  He  sits  before  a  small  stove  firci 
into  which  he  thrusts  the  barrel  of  the  quill  for  about  a  second,  then  lays  its  root  quickly 
below  his  blnnt>edged  knife  called  a  hook,  and,  pressing  this  firmly  with  the  left  hand^ 
draws  the  quill  briskly  through  with  his  right.  The  bed  on  which  the  quill  is  laid  to  re- 
ceive this  pressure  is  called  Uie  plate.  It  is  a  rectangular  smooth  lump  of  iron,  about  3 
inches  long,  l\  broad,  and  2)  thick,  which  is  heated  on  his  stove  to  about  the  350th  de- 
gree Fahr.  The  hook  is  a  ruler  of  about  15  inches  in  length,  somewhat  like  the  patten- 
maker's  knife,  its  fulcrum  being  formed  at  the  one  end  by  a  hook  and  staple,  and  the 
power  of  pressure  being  applied  by  the  hand  at  the  other  end.  The  quill,  rendered  soft 
and  elastic  by  the  heat,  endures  the  strong  scraping  action  of  the  tool,  and  ihus  gets 
■tripped  of  its  opaque  outer  membrane,  without  hazani  of  being  split.  A  skilful  work- 
man can  pass  2000  qnills  through  his  hands  in  a  day  of  10  hours. 

They  are  next  cleaned  by  being  scrubbed  by  a  woman  with  a  piece  of  roui;h  dog-fish 
skin,  and  finally  tied  op  by  a  man  in  one  quarter  of  a  hundred  bundles. 

In  another  mode  of  dressing  quills,  they  arc  steeped  a  night  in  decoction  of  turmeric,  to 
stain  them  yellow;  taken  out  and  dried  in  warm  sand  contained  in  a  pot, then  scraped  by 
tiie  Dutcher  as  above  described.  The  first  are  reckoned  to  make  the  best  pens,  though 
the  second  may  appear  more  beautiful. 

Crow  quills  for  draughtsmen,  as  well  as  swan  quills,  are  prepared  in  the  same  way. 
The  quills  plucked  from  well-fed  living  birds  have  most  elasticity,  and  are  least  subject  to 
be  moth-eaten.  The  best  are  those  plucked,  or  which  are  spontaneously  cast  in  the 
month  of  May  or  June,  because  they  are  then  fully  ripe.  In  the  goose's  wing  the  five 
exterior  feathers  only  are  valuable  for  writing.  The  first  is  the  haidest  and  roundest  of 
all,  but  the  shortest  The  next  two  are  the  best  of  the  five.  They  are  sorted  into  those 
of  the  right  and  the  left  wing,  which  are  difl'erently  bent.  The  heaviest  quills  are,  gen- 
erally speaking,  the  best.  Lately,  steaming  for  four  hours  has  been  proposed  as  a  good 
preparation. 

FECULA  (Fectt/e,  Fr. ;  StUrkemehl,  Germ.)  sometimes  signifies  com  floor,  sometimes 
starch  from  whatever  source  obtained. 

FELDSPAR  {Orihou,  Ft,  ;  Feldspathy  Germ.)  is  a  mineral  crystallizing  in  oblique 
rhomboidal  prisms,  susceptible  of  two  clivages;  lustre  more  pearly  than  vitreous; 
spec.  grav.  2*39  to  2*58 ;  scratches  glass ;  yields  no  water  when  calcined }  fusible  at 
the  blowpipe  into  a  white  enamel;  not  affected  by  acids.  The  liquid  left  from  its 
analytical  treatment  with  nitrate  of  baryta,  nitric  acid,  and  carbonate  of  ammonia, 
affonls  on  evaporation  an  alkaline  residuum  which  precipitates  platina  from  its  chloride, 
and  appears  from  this,  as  well  as  other  tests,  to  be  potash.  Feldspar  consists  of— silica, 
66*75;  alumina,  17*50;  potash,  12;  lime,  1*25;  oxyde  of  iron,  0*75.  Ron.  This 
mineral  is  a  leading  constituent  of  granite ;  and,  in  its  decomposed  state  furnishes  the 
petuntse  or  Comi^  stone,  so  much  used  in  the  porcelain  and  best  pottery  mann- 
Ihctures. 

FELTING  (Fevtrage,  Fr.;  Fihen,  Germ.)  is  the  process  by  which  loose  flocks 
of  wool,  and  hairs  of  various  animals,  as  the  beaver,  rabbit,  hare,  &c.,  are  mutually  in- 
terlaced into  a  compact  textile  fabric.  The  first  step  towards  making  felt  is  to  mix,  in 
the  proper  proportions,  the  different  kinds  of  flbres  intended  to  form  the  stuff;  and  then, 
by  the  vibratory  strokes  of  the  bowstring,  to  toss  them  up  in  the  air,  and  to  cause  them 
to  fall  as  irregularly  as  possible,  upon  the  table,  opened,  spread,  and  scattered.  The 
workman  covers  this  layer  of  loose  flocks  with  a  piece  of  thick  blanket  stuff  slightly 
Bioistencd ;  he  presses  it  with  his  hands,  moving  the  hairs  backwards  and  forwaids  in 
•11  directions.  Thus  the  different  fibres  get  interlaced,  by  their  ends  pursuing  ever  tor- 
tnoos  paths ;  their  vermicular  motion  being  always,  however,  root  foremost.     As  the 
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juattiiig  gets  deoser,  the  hand  pressure  should  be  increased  in  order  to  overcome  the  in- 
creasing  resistance  to  the  decassation. 

A  first  thin  sheet  of  soft  spongy  felt  being  now  formed,  a  second  is  condensed  upon  it 
in  like  manner,  and  then  a  third,  till  the  requisite  strength  and  thickness  be  obtained. 
These  different  pieces  are  successively  brought  together  disposed  in  a  way  suitable  to  the 
wbhed-for  article,  and  united  by  continued  dexterous  pressure.  The  stuff  must  be  next 
Bobjected  to  the  fulling-mill.    See  Hat  Manufacture. 

FERMENT  (Eng.  and  Fr. ;  Htft,  Germ.)  is  the  substance  which,  when  added  in  a 
small  quantity  to  vegetable  or  animal  fluids,  tends  to  excite  those  intestine  motions  and 
changes  which  accompany  fermentation.  It  seems  to  be  the  result  of  an  alteration  which 
Tcgetable  albumen  and  gluten  undergo  with  contact  of  air  amidst  a  fermenting  mass. 
The  precipitate  or  lees  which  fall  down  when  fermentation  is  finished  consist  of  a  mix- 
ture of  the  fermenting  piinciple  with  the  insoluble  matters  contained  in  the  fermented 
liquor,  some  of  which,  like  hordeine,  existed  in  the  worts,  and  others  are  probably  genera- 
ted at  the  lime. 

To  prepare  a  pure  ferment,  or  at  least  a  compound  rich  in  that  principle,  the  precipi- 
tate separated  during  the  fermentation  of  a  clear  infusion  of  malt,  commonly  called 
yeast  or  barm,  is  made  use  of.  This  pasty  matter  must  be  washed  in  cold  distilled  water, 
drained  and  squeezed  between  the  folds  of  blotting  paper.  By  this  treatment  it  becomes 
a  pnlvenileot  mass,  composed  of  small  transparent  grains,  yellowish  gray  when  viewed 
in  the  compound  microscope.  It  contains  much  water,  and  is  therefore  soft,  like  moist 
gluten  and  albumen.  When  dried,  it  becomes  like  these  bodies,  translucid,  yellowish 
brown,  homy,  hard,  and  brittle.  In  the  soft  humid  state  it  is  insipid,  inodorous,  in- 
soluble in  water  and  alcohol.  If,  in  this  state,  the  ferment  be  left  to  itself  at  a  tempera- 
tore  of  from  GXP  to  70^  F.,  but  not  in  too  dry  a  situation,  it  putrefies  with  the  same  phe- 
nomena as  vegetable  gluten  and  albumen,  and  leaves,  like  them,  a  residuum  resembling 
old  cheese. 

At  the  beginning  of  this  change,  particularly  if  the  ferment  be  enclosed  in  a  limited 
portion  of  air,  there  is  an  absorption  of  oxygen  gas  with  a  fivefold  disengagement  of  car- 
bonic acid  gas;  while  acetic  acid  makes  its  appearance  in  the  substance.  When  distilled 
by  itself  it  affords  the  same  products  as  gluten.  Dilute  acids  dissolve  it  very  readily ; 
niid  so  does  potash  with  the  production  of  ammonia,  a  peculiar  circumstance,  for  in  djjs- 
•oiving  gluten  the  alkali  causes  no  such  evolution. 

The  property  possessed  by  yeast  of  determining  the  fermentation  of  a  properly  diluted 
solution  of  sugar  is  very  fleeting,  and  is  lost  by  very  trifling  alterations.  It  is  destroyed 
by  complete  desiccation,  and  cannot  be  restored  by  moistening  it  again.  The  attempts 
inade  in  London  to  squeeze  out  the  liquid  part  of  yeast  in  bags  placed  in  a  powerful  press^ 
and  to  obtain  a  solid  cake,  in  order  to  transport  ferment  to  India,  have  had  but  a  very 
partial  success ;  for  its  virtue  is  so  impaired  that  it  will  rarely  excite  a  perfect  fermenta- 
tion ia  the  best  prepared  worts.  The  same  method  is  adopted  in  Germany,  to  send  yeast 
to  only  moderate  distances ;  and  therefore  with  more  advantage. 

If  yeast  be  boiled  for  ten  minutes,  it  loses  the  greater  part  of  its  fermenting  power» 
and  by  longer  boiling  it  becomes  ^ert. 

When  alcohol  is  poured  upon  yeast,  it  immediately  destroys  its  fermenting  facultiesy 
though,  on  filtering  it  off,  it  seems  to  carry  no  remarkable  principle  with  it.  One  thou- 
sandth part  of  sulphuric  acid  equally  deprives  yeast  of  its  peculiar  property,  and  so  does 
a  little  strong  acetic  acid.  All  the  acids  and  the  salts,  especially  those  which  part  readily 
with  their  oxygen,  produce  the  same  effect.  A  very  small  quantity  of  sulphurous  acid, 
or  solphites,  mustard  powder,  particularly  the  volatile  oil  of  musiani,  and  in  general  the 
Tolatile  oils  that  contain  sulphur,  as  well  as  the  vegetables  which  yield  them,  such  as 
horse-radish  and  garlic,  all  kiU  the  fermenting  agent.  Lastly,  fermentation  is  completely 
stopped  by  a  moderate  depression  of  temperature. 

Bnring  fermentation  the  yeast  undergoes  a  change ;  it  loses  the  property  of  causing 
another  wort  to  ferment.  This  change  probably  depends  upon  the  chemical  reaction 
between  the  ferment  and  the  sugar  that  is  decomposed ;  for  a  certain  quantity  of  yeast 
can  effect  the  fermentation  of  only  a  certain  quantity  of  sugar,  and  all  the  sugar  exceed- 
ing this  quantity  remains  unaltered  in  the  liquor.  It  has  been  concluded  from  some  rath- 
er loose  experiments,  that  one  part  and  a  half  of  yeast  (supposed  to  be  in  the  dry  state) 
is  adequate  to  the  fermentation  of  a  solution  of  100  parts  of  pure  sugar.  When  such 
a  solution  is  fermented  by  the  precise  proportion  of  yeast,  the  fermenting  principle  is  ex- 
hansted,  for  no  new  yeast  is  formed  in  it.  There  is  a  deposite  indeed  to  about  half  the 
weight  of  the  yeast  employed,  of  a  white  matter  insoluble  in  water,  which  affords  no  am- 
monia by  dry  distillation,  and  is  incapable  of  acting  as  a  ferment  upon  a  fresh  saccharine 
flohitioii. 

Of  all  the  bodies  convertible  into  yeast  during  fermentation^  vegetable  gluten 
and  albumen  poness  the  most  rapid  and  energetic  powers.  But  ordinary  glue»  ising- 
fibrine,  cord  or  caMVfn,  albumine,  nrine,  and  other  azotized  substances,  all 
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enjoy  the  property  of  causing  a  solation  of  sugar  to  ferment ;  with  this  difference,  that 
whilst  yeast  can  establish  a  complete  fermentation  in  less  than  an  hour,  at  a  temperature 
^f  about  68°,  the  above  substances  require  several  days,  with  a  heat  of  from  77*  to  87* 
P.,  for  becoming  ferments,  and  for  occasioning  fermentation.  Substances  devoid  of  nitro- 
gen do  not  produce  a  ferment. 

FERMENTATION.  (Eng.  and  Fr. ;  Gahrung,  Germ.)  When  organic  substances, 
under  the  influence  of  water,  air,  and  warmth,  are  abandoned  to  the  reciprocal  operation 
of  their  proximate  principles  (sugar,  starch,  gluten,  &c.),  they  are  entirely  changed  and 
decomposed,  so  that  their  ultimate  principles  (oxygen,  hydrogen,  carbon,  and  in  some  cases 
azote)  combine  in  new  proportions,  and  thus  give  birth  to  various  new  compounds.  To 
this  process,  the  ijcneral  name  of  fermentation  has  been  given.  These  operations  and 
their  products  differ  according  to  the  differences  of  the  substance?,  and  of  the  circumstan- 
ces in  which  they  are  placed.  The  following  may  be  enumerated  as  sufficiently  distinct 
species  of  fermentation.  1.  The  saccharine  fermentation,  in  which  starch  and  gum  are 
changed  into  sugar.  2.  The  vinous  fermentation,  in  which  sugar  is  converted  into  alco- 
hol. 3.  The  mucilaginous  fermentation,  in  which  sugar  is  converted  into  slime,  instead 
of  alcohol.  4.  The  acetous  fermentation,  in  which  alcohol  and  other  substances  are  con- 
verted into  v^egar.  5.  The  putrid  fermentation  or  putrefaction,  which  characterizes 
particularly  the  decomposition  of  azotized  organic  substances. 

1.  The  saccharine  fermentation.  When  a  paste  made  by  boiling  one  part  of  starch 
with  twelve  parts  of  water  is  lefl  entirely  to  itself,  water  merely  being  stirred  in  as  it 
evaporates,  at  the  end  of  a  month  or  two  in  summer  weather  it  is  changed  into  sugar, 
equal  in  weight  to  from  one  third  to  one  half  of  the  starch,  and  into  gum,  equal  to  from 
one  fifth  to  one  tenth,  with  a  residuum  of  starch  paste  somewhat  altered.  This  sac- 
charifying process  advances  much  quicker  through  the  co-operation  of  vegetable  alba- 
mine  or  gluten,  acting  as  a  ferment.  If  we  boil  two  parts  of  potato  starch  into  a 
paste  with  twenty  parts  of  water,  mix  this  paste  with  one  part  of  the  gluten  of  wheat 
flour,  and  set  the  mixture  for  8  hours  in  a  temperature  of  from  122**  to  167°  F.,  the 
mixture  soon  loses  its  pasty  character,  and  becomes  by  degrees  limpid,  tran^arent,  and 
sweet,  passing  at  the  same  time  first  into  gum,  and  then  into  sugar.  The  remainder 
consists  of  the  unchanged  starch  with  the  altered  gluten,  which  has  become  sour,  and 
has  lost  the  faculty  of  acting  upon  fresh  portions  of  starch.  It  is  probable,  however, 
that  the  sugar  formation  in  the  first  case,  when  the  starch  undergoes  a  spontaneous 
change,  may  be  due  to  the  action  of  a  small  portion  of  gluten  and  albumine  iefl  in 
the  starch,  since  a  putrefactive  smell  is  eventually  evolved  indicative  of  that  azotized 
matter.  The  gum  into  which  during  this  process  the  starch  is  first  converted,  and  which 
becomes  afterwards  sugar,  is  of  the  same  nature  as  British  gum,  formed  by  Uie  roasting 
of  starch. 

This  production  of  sugar  takes  place  in  the  germination  and  kiln-dr}'ing  of  malt ;  and 
the  mashing  of  the  brewer  as  well  as  the  sweetening  of  bread  in  baking,  rests  upon  the 
same  principles.  In  many  cases  the  vinous  fermentation  precedes  the  saccharification, 
or  accompanies  it;  the  starchy  parts  of  the  fermenting  mass  changing  into  sugar, 
while  the  previously  formed  sugar  becomes  wine  or  beer.  In  the  sweetening  of  fruits 
by  keeping,  a  similar  process  occurs ;  the  gummy  and  starchy  fibres  become  sugar  from 
the  action  of  the  glutinous  ferment  which  they  contain ;  as  happens  also  to  the  juices  of 
many  fruits  which  sweeten  for  a  little  while  after  they  have  been  expressed. 

The  nature  of  this  sugar  formation  through  the  influence  of  gluten  upon  starch,  is  un- 
doubtedly the  same  as  the  conversion  of  starch  into  sugar,  by  boiling  it  with  sulphuric 
acid ;  though  the  whole  theory  of  this  change  is  not  entirely  developed. 
■  The  most  energetic  substance  for  the  conversion  of  starch  into  sugar,  is  the  malt  of 
barley.  According  to  the  researches  of  Payen  and  Persoz,  the  gum  which  by  this 
process  is  first  formed,  may  be  prevented  from  going  into  sugar,  by  merely  exposing  it 
to  a  boiling  heat,  and  hence  we  have  it  in  our  power  either  to  make  sugar  or  gum  at 
pleasure.  Of  finely  ground  malt  from  10  to  25  parts  must  be  taken  for  100  parts  of  starch. 
Into  a  pan  placed  in  a  water  bath,  400  parts  of  water  being  warmed  to  from  77®  to  86®  F., 
the  ground  malt  must  be  stirred  in,  and  the  temperature  must  be  raised  to  140^.  The  100 
parts  of  starch  must  now  be  added,  and  well  mixed.  The  heat  is  then  jto  be  increased 
to  158°  F. ;  and  be  so  regulated  that  it  shall  not  fall  belo%^  149®,  nor  rise  above  167®. 
In  the  course  of  20  or  30  minutes  the  originally  milky  and  pasty  liquid  will  become 
gradually  more  attenuated,  and  eventually  it  will  turn  as  fluid  nearly  as  water.  This 
is  the  point  of  time  in  which  the  starch  has  passed  into  gum,  or  into  the  substance 
lately  denominated  dextrine  by  the  chemists.  Should  this  mucilaginous  matter,  which 
appears  to  be  a  mixture  of  gum  and  a  little  starchy  sugar,  be  wished  for  in  that  state;, 
the  temperature  of  ihe  liquid  must  be  suddenly  raised  to  the  boiling  point,  whereby  the 
further  action  of  the  malt  upon  it  is  stopped.  But  on  the  other  hand  if  sugar  be 
desired,  then  the  temperature  must  be  steadily  maintained  at  from  158®  to  167®  for 
three  quarters  of  an  hour,  in  which  time  the  greater  part  of  the  starch  will  have  become 
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Mg«r,  and  from  the  evaporation  of  the  ftaid  a  starchy  sirup  will  be  obtained,  entirely 
similar  to  that  procurable  by  the  action  of  very  dilute  sulphuric  acid  upon  starch. 

The  substance  which  operates  this  saccharine  change,  or  the  appropriate  yeast  of  the 
sugar  fermentation,  which  had  been  previously  imagined  to  be  a  residuum  of  gluien  or 
vegetable  albumen  in  the  germinated  grain,  has  been  traced  by  Payen  and  Persoz  to  a 
peculiar  pmximate  vegetable  principle  called  by  them  diastase.  This  substance  is  gen- 
erated during  the  germination  of  barley,  oats,  and  wheat,  and  may  be  obtained  separately 
by  infnsin?  the  ground  mall  in  a  small  quantity  of  cold  water,  straining  off  the  liquor, 
then  filtering  it,  and  heating*  the  clear  solution  in  a  water-bath  to  the  temperature  of 
158^  F.  The  greater  part  of  the  vegetable  albumen  is  thus  coagulated,  and  must  be 
separated  by  a  fresh  filtration ;  the  liquid  is  afterwards  treated  with  alcohol  as  long  as 
the  floeculent  precipitate  of  diastase  falls.  In  order  to  purify  it  still  more  completely 
fnHn  the  azotized  matter,  it  may  be  once  more  dissolved  in  water,  and  again  precipitated 
bjr  alcohol.  When  dried  at  a  low  temperature,  it  appears  as  a  white  solid,  which  con- 
tains no  azote,  is  insoluble  in  strong  alcohol,  but  dissolves  in  weak  alcohol  and  water. 
Its  solution  is  neutral  and  tasteless ;  and  if  left  to  itself,  it  changes  spontaneously,  sooner 
or  later,  according  to  the  degree  of  warmth,  and  becomes  sour.  At  the  temperature  of 
from  14JJ**  to  168°,  it  has  the  property  of  converting  starch  into  gum  or  dextrine,  and 
sagar ;  and,  when  sufficiently  pure,  it  does  this  with  such  'energy,  that  one  part  of  it  is 
capable  of  saccharifying  2000  parts  of  dry  starch.  It  acts  the  more  rapidly  the  larger 
its  proportion.  Whenever  the  solution  of  diastase  with  starch  or  dextrine  has  been 
heated  to  the  boiling  point,  it  loses  the  property  of  transforming  these  substances.  One 
hondred  p^rts  of  well  malted  barley  appear  to  contain  about  one  part  of  this  new  body. 

2.  The  Vittom  Fermentation, — ^In  this  fermentation  the  sugar  existing  in  watery  solu- 
tion is,  by  the  operation  of  the  ferment  or  yeast,  converted  into  alcohol,  with  disengage- 
ment of  carbonic  acid  gas.  If  we  dissolve  one  part  of  pure  sugar  in  ten  parts  of  water, 
and  leave  the  solution  in  a  temperature  of  from  68°  to  TP  F.,  which  is  that  most  favor- 
able to  fermentation,  it  will  remain  unaltered.  But  if  we  stir  into  that  solution  some  beer 
yea«t,  the  phenomena  of  fermentation  soon  appear  in  the  above  circumstances ;  for  car- 
bonic acid  ga.^  is  evolved,  with  intestine  movements  of  the  liquid,  and  an  increase  of  its 
temperature.  A  body  of  yeast  rises  to  the  surface,  and  exhibits  a  continual  formation  and 
rupture  of  air  bubbles.  At  length  the  sugar  being  in  a  great  measure  decom|)osed,  the 
motions  cease,  the  liquor  becomes  clear,  and  instead  of  being  a  sirup,  it  is  now  a  dilute 
alcohol.  The  yeast  has  by  this  time  fallen  to  the  bottom  in  a  somewhat  compact  form, 
and  of  a  whitish  color,  deprived  of  the  property  of  excitirtg  fermentation  in  fresh  sirup, 
provided  no  undue  excess  of  it  was  added  at  first,  for  that  alone  would  remain  effective. 
Experience  shows  that  for  the  conversion  of  a  determinate  quantity  of  sugar  by  fermen- 
tation, a  determinate  quantity  of  yeast  is  necessary,  which  has  been  estimated  at  aboui 
li  per  cent,  in  the  dry  state.  When  the  yeast  has  been  decomposed  by  fermenting  its 
definite  proportion  of  sugar,  it  loses  its  fermentable  property,  and  leaves  the  excess  of 
sngar  unaffected,  forming  a  sweet  vinous  solution.  The  same  thing  happens  if  the  yeast 
be  separated  from  the  wort  by  a  filter  in  the  progress  of  the  fermentation,  for  then  all 
intestine  motion  speedily  stops,  although  much  saccharine  matter  remains. 

In  the  juices  of  sweet  fruits,  of  grapes,  for  example,  the  ferment  is  intimately  asso- 
ciated with  the  sugar.  It  is  at  first  soluble  and  inactive,  till  it  absorbs  oxygen  from  the 
atmosphere,  whereby  it  becomes  an  operative  ferment,  but,  at  the  same  time,  insoluble, 
so  as  to  precipitate  at  the  end  of  the  process.  When  the  expressed  juice  of  the  grape, 
or  m»f/,  is  enclosed  in  a  vessel  out  of  contact  of  air,  and  there  subjected  to  the  heat  of 
boiltne  water,  the  small  portion  of  oxygen  present  is  rendered  inactive,  and  the  liquor 
experiences  no  fermentative  change.  If  the  grapes  be  squeezed  in  an  atmosphere  deprived 
of  oxygen,  and  confined  in  the  same,  the  juice  will  also  remain  unahered.  Recently  ex- 
pressed grape  juice  is  limpid,  and  manifests  the  commencement  of  fermentation  by  the 
separation  of  the  yeasty  substance,  which  can  take  place  only  with  access  of  air.  The 
solntion  becomes  turbid  aAer  a  certain  time,  gas  begins  to  be  evolved,  and  the  separated 
ferment  decomposes  the  sugar.  At  the  end  of  the  process  the  yeast  collects  at  the  bot- 
tom of  the  vessel,  usually  in  larger  quantity  than  was  sufficient  to  complete  the  fermen- 
tation ;  and  hence  a  considerable  portion  of  it  possesses  still  the  fermentative  faculty. 
The  fermentation  itself,  when  onde  begun,  that  is,  whenever  the  yeasty  particles  are 
eiolvedand  float  in  the  liquid,  for  which  evolution  a  very  minute  quantity  of  oxygen  is 
sufficient,  is  thenceforth  independent  of  the  contact  of  air,  and  goes  on  as  well  in  close 
as  in  open  vessels ;  so  that  the  production  of  alcohol  and  carbonic  acid  depends  solely 
upon  the  mutual  reaction  of  the  ferment  and  the  sugar.  • 

The  yeast,  which  may  be  obtained  tolerably  pure  from  a  fine  infusion-  of  malt  in  a 
state  of  fermentation,  after  being  washed  with  cold  water  to  separate  the  soluble,  gummy, 
and  saccharine  matter,  and  after  being  pressed  between  folds  of  blotting  paper,  consti- 
totei  a  pnlvemlent,  grayish  yellow,  granular  substance,  destitute  of  both  taste  and  smell, 
insolnble  both  in  water  and  alcohol.  Cold  water  dissolves,  indeed,  only  .^1^,  and  boiling 
water  very  little  more. 
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The  essentiaUy  operative  constitaeiit  of  yeast  is  a  peculiar  asotised  matter,  which  la 
the  wine  vat  is  mixed  with  some  tartar  and  other  salts,  and  in  the  heer  tnn  with  gnmy 
starcb,  &>€.  This  animalized  sabstance  may  be  obtained  in  a  separate  state,  according 
to  Braconnot,  by  acting  upon  the  washed  yeast  powder  with  a  weak  ley  of  carbonate  ol 
potash,  and  by  decomposing  the  solution  with  vinegar,  whereby  the  matter  is  thrown 
down  in  a  gelatinous  form.  The  substance  thus  obtained  is  insoluble  in  cold  water 
and  alcohol,  but  dissolves  readily  in  very  dilute  alkaline  leys,  and  even  in  lime  water 
When  diffused  through  water,  it  assumes  a  hoiuogeneous  aspect,  as  if  it  were  really 
dissolved ;  but  when  tliis  mixture  is  heated,  the  animalized  matter  coagulates,  and 
separates  in  thick  flocks.  In  this  state  it  has  lost  its  former  properties,  being  no  longct 
soluble  in  alkaline  leys,  even  when  concentrated.  Acids  exercise  no  solvent  power  over 
this  peculiar  matter ;  they  precipitate  it  from  its  solutions,  as  do  also  the  earthy  and 
metallic  salts,  which,  moreover,  combine  with  it.  This  is  also  the  case  with  tannin. 
The  combination  of  the  ferment  stuff  with  acids  increases  the  stability  of  its  constitution^ 
and  counteracts  its  tendency  to  influence  solutions  of  sugar.  These  properties  of  the 
operative  principle  of  yeast  explfiin  many  of  the  phenomena  of  fermentation,  as  we  shall 
pi'esently  see. 

The  animalized  matter  of  yeast  resembles  gluten,  albumen,  caseum,  and  other  azotized 
substances ;  if  any  one  of  these  be  put  into  a  saccharine  solution  ready  for  fermentation, 
it  will  begin  to  operate  a  change,  when  aided  by  warmth  and  time,  if  it  be  previously 
decomposed  in  some  measure  to  facilitate  its  influence ;  or  if  these  substances  be  brought 
into  a  slightly  putrescent  state  beforehand,  they  wiU  cause  more  speedy  fermentation. 
Thus  while  of  egg,  when  added  to  saccharine  liquors,  requires  a  period  of  three  weeks, 
with  a  temperature  of  96°  F.,  before  it  will  excite  fermentation ;  afterwards  the  excess 
of  the  albumen  forms  a  precipitate  which  may  be  used  instead  of  yeast  upon  other  sweet 
worts.  The  rapidity  with  which  such  azotized  substances  are  capable  of  being  converted 
into  ferments  of  more  or  less  purity  and  power  is  very  variable ;  vegetable  gluten  and 
albumen  being  best  fitted  for  this  purpose.  This  conversion  is  accelerated  when  the 
aweei  liquor  in  which  the  substance  is  diffused  or  dissolved  has  already  begun  to  ferment; 
whence  it  appears  that  the  presence  of  carbonic  acid  gas,  combined  with  the  liquor,  is 
here  of  singular  influence.  Upon  it,  in  fact,  the  formation  and  elimination  of  the  yeast 
in  fermenting  liquors  depend. 

A  solution  of  pure  sugar,  which  has  been  made  to  ferment  by  the  addition  of  yeast, 
Airnishes  no  new  yeast;  but  there  remains  afler  the  process  a  portion  of  the  yeast  origi- 
nally mixed,  in  an  altered  inoperative  condition,  should  its  quantity  have  been  exactly 
adequate  to  the  decomposition  of  the  sugar,  or  in  an  operative  state,  should  the  quantity 
have  been  originally  excessive. 

But  if  the  fermentable  liquor  contains  vegetable  albumen  and  gluten,  as  is  commonly 
the  case  with  the  sweet  juices  of  fruits  and  beer  worts,  these  substances  become  changed 
into  ferments  in  the  course  of  the  fermentation  induced  by  the  yeast,  and,  being  super- 
fluous, so  to  speak,  for  that  particular  process,  they  remain  entire  at  the  end,  and  may  be 
collected  for  use  in  other  operations. 

Upon  this  principle  is  founded  the  increased  production  of  yeast,  and  the  manufacture 
of  what  has  been  called  artificial  barm,  in  which  the  fermentation  is  conducted  chiefly 
with  a  view  to  the  formation  of  yeast.  To  the  fermenting  mass,  those  kinds  of  meal  are 
added,  which  abound  in  albumen  and  gluten,  as  barley,  beans,  or  wheat,  for  instanee ; 
and  the  process  is  similar  to  the  production  of  a  great  lump  of  leaven,  from  the  action 
of  a  small  piece  of  it  upon  dough.  The  following  prescription  will  illustrate  this  subject. 
Take  three  ounces  of  bean  flour,  add  to  it  five  quarts  of  boiling  water,  and  boil  the 
mixture  for  half  an  hour.  Pour  the  decoction  into  a  vessel,  and  stir  into  it,  while  hot, 
66  ounces  of  wheaten  flour.  AAer  the  mixture  cools  to  the  temperature  of  54°  F.,  add 
to  it  about  two  quarts  of  beer  barm,  stirring  the  whole  well  together.  About  24  hoon 
after  the  commencement  of  the  fermentation,  incorporate  with  the  mixture  1 12  ounees  of 
barley  or  bean  flour,  till  it  becomes  a  uniform  dough,  which  must  be  thoroughly  kneaded, 
rolled  out  into  cakes  about  an  inch  thick,  and  cut  into  pieces  of  the  size  of  a  dollar. 
These  cakelets  must  be  dried  upon  laths  in  the  sun  in  favorable  weather,  and  then  pnt 
up  in  a  dry  situation.  For  use,  one  of  these  discs  is  to  be  broken  into  pieces,  laid  in 
warm  water,  and  set  in  a  warm  place  during  12  hours.  The  soft  mass  wiU  then  serve 
the  purpose  of  beer  yeast. 

Or  we  may  mix  equal  parts  of  barley  malt,  wheat  malt,  and  crushed  rye,  pour  water 
at  the  temperature  of  122^  F.  over  them  into  a  tub  till  it  stand  a  span  above  their  sur- 
face ;  then  stir  well  together,  and  allow  the  whole  to  remain  at  rest  for  a  few  houn, 
till  it  cools  to  about  65°  F.  We  must  now  add  for  each  pound  of  the  mingled  menla, 
a  quarter  nf  an  ounce  of  beer  barm.  The  tub  must  be  then  covered,  and  preserved  al 
a  temperature  of  63°  F.  The.husks,  as  they  begin  to  rise  to  the  surface,  in  consequence 
of  the  fermentation,  must  be  taken  off  and  squeezed  through  a  cloth  over  the  TcnecL 
When  the  meal  comes  afterwards  to  subside  to  the  bottooi,  the  whole  must  be  stnoiiod 
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diroogh  a  eanviasft  bag,' and  freed  from  tke  snperfluoas  moisture  by  squeezing.  The  bag 
wilh  its  doushy  maas  must  next  be  sarrtMinded  'with  dry  ashes,  to  remove  the  remaining 
^■midity,  and  to  arrest  any  further  fermentation.  This  consistent  ferment  may  be  nsed 
iastead  of  beer  yeasL 

It  IS  difficult  to  prppare  an  artificial  yeast  without  barm.  The  best  process  for  this 
parpose  is  the  foUowia?.  Take  five  parts  of  honey,  one  part  of  powdered  tartar,  and 
sixteen  parts  of  wheat  or  barley  malt,  stir  the  whole  in  water  of  the  temperature  of  122P 
F.,  and  place  in  a  fermenting  heat;  when  the  yeast  will,  as  usual,  be  eliminated. 

The  change  which  gluten  or  vegetable  albumen  undergoes  in  the  difierent  kinds  of 
meal,  when  ii  becomes  a  ferment,  consists  apparently  in  an  ozydation,  since  analysis 
shows  that  this  ferment  contains  more  oxygen  than  glnten  does.         ^ 

It  has  been  already  stated  that  yeast  in  its  liquid  condition  readil]P  putrefies,  and 
becomes  altogether  useless  for  the  process  of  fermentation.  In  order  to  preserve  it  for 
some  time,  it  must  be  dried  lo  such  a  degree  as  to  resist  spontaneous  decomposition 
without  losing  its  fermentative  faculty ;  but  completely  dried  yeast  loses  that  property, 
and  does  not  recover  it  by  being  again  moistened.  Beer  barm  may  be  dried  after  being 
washed  several  times  with  eold  water,  till  the  last  quantity  comes  off  clear ;  but  the  in- 
soluble portion  must  be  allowed  to  settle  fully  beAire  the  water  is  poured  away  from  it. 
The  residuum  being  freed  as  much  as  possible  from  water,  by  drainage  and  pressure 
between  flannel  cloths,  is  to  be  dried  in  the  shade  by  a  current  of  warm  air  as  quickly 
as  possible,  with  the  aid  of  frequent  turning  over.  It  must  be  afterwards  kept  in  dry 
eaithen  vessels.  Yeast  may  also  be  preserved  a  short  time  in  activity  by  being  kneaded 
with  as  much  barley  or  wheat  flour  as  it  can  take  up  without  losing  the  doughy  con- 
sistence. Dried  yeast  has,  however,  always  an  impaired  activity.  The  easiest  and  most 
certain  method  of  preserving  yeast  in  its  primitive  power,  is  by  mixing  it,  aAer  pressure 
m  flannel,  wilh  as  much  pulverized  sugar  as  will  render  it  dry,  and  putting  up  the  mix- 
tare  in  air-tight  vessels.  The  fermentative  power  of  yeast  is  destroyed  by  the  following 
means  :  1.  as  already  stated,  by  making  it  completely  dry  either  by  the  evaporation  of 
the  water,  or  its  abstraction  by  alcohol ;  2.  by  boiling,  which  if  continued  for  ten  minutes 
renders  yeast  quite  inoperative ;  3.  by  the  action  of  sach  substances  as  dissolve  out  its 
essential  constituents;  by  alkalis,  for  instance,  since  the  particles  of  yeast  seem  to  be 
operative  only  in  their  insoluble  granular  state ;  4.  by  such  substances  as  form  combina- 
tions wilh  it,  and  thereby  either  alter  its  nature,  or  at  least  increase  the  cohesion  of  its 
constituent  parts,  so  that  they  can  no  longer  operate  upon  sweet  liquors  by  the  decompo- 
sing affinity  of  its  ultimate  particles.  Such  bodies  are  the  acids,  especially  the  mineral 
ones,  tannin  and  most  salts,  particularly  the  metallic,  which  unite  with  the  yeast  into  new 
compounds.  The  volatile  oils  which  contain  sulphur  exercise  the  same  paralyzing  influ- 
ence upon  yeast. 

The  circumstances  which  promote,  and  are  necessary  to,  the  vinous  fennentation  are, 
conformably  to  the  above  views,  the  following: — 1.  The  presence  of  the  proper  quantity 
of  active  yeast,  and  its  proper  distribution  through  the  worts.  If  in  the  course  of  a  slack 
fermentation  the  yeast  subsides  lo  the  bottom,  the  intestine  motions  cease  entirely,  but 
they  may  be  excited  anew  by  stirring  up  the  ingredients,  or  rousing  the  ton,  as  the  brew- 
ers say.  2.  A  certain  degree  of  warmth,  which  should  never  be  less  than  5P  F.,  nor 
more  than  86° ;  the  temperature  of  from  68°  to  77^  being  the  most  propitious  for  the 
commencement  and  progress  of  fermentation.  When  other  circumstances  are  the  same, 
the  rapidity  oC  the  fermentation  is  proportional  to  the  temperature  within  certain  limits, 
to  that  by  lowering  it,  the  action  may  be  moderated  at  pleasure.  3.  The  fermentation 
proeeeds  the  better  and  more  equably  the  greater  the  mass  of  fermenting  liquor,  probably 
oa  account  of  the  uniformly  high  temperature,  as  well  as  the  uniform  distribution  of  the 
active  particles  of  the  yeast  by  the  greater  energy  of  the  intestine  movements.  4.  The 
saccharine  solution  must  be  sufficiently  diluted  with  water ;  when  too  much  concentrated' 
it  will  not  ferment.  Hence  very  sweet  musts  furnish  wines  containing  much  undecons 
posed  sugar.  For  a  complete  fermentative  action,  one  pcut  of  sugar  should  be  dissolved* 
im.  tea  parts  of  water. 

Fermentation  may  be  tempered  or  stopped :  1.  by  those  means  which  render  the  yeast 
inoperative,  particularly  by  the  oils  that  eoatain  sulphur,  as  oil  of  mustard }  as  also  by 
the  snlphnrous  and  sulphuric  acids.    The  operation  of  the  sulphurous  acid  in  obstructMig' 
the  fermeatation  of  must  consists  partly,  no  doubt,  in  its  absorbing  oxygen,  whereby  tlM- 
dinuaation  of  the  yeasty  particles  is  prevented.     The  snlphnrous  acid,  moreover,  acts 
more  powerfully  upon  fermenting  liquors  that  contain  tartar,  as  grape  juice,  than  snl 
phuric  acid.     This  acid  decomposes  the  tartaric  salts,  and,  combining  wiih  their  bases, 
sets  the  vegetable  acid  free,  which  docs  not  interfere  with  the  fermentation ;  but  the- 
solphurous  acid  operates  directly  upon  the  yeast :  2.  by  the  separation  of  the  yeast,  either- 
with  the  filter  or  by  subsidence :  3.  by  lowering  the  temperature  to  46^  F.     If  the  ftr- 
acBitug  mass  become  clear  at  this  temperature,  and  be  drawn  off  from  the  subsided  yeasV 
it  will  not  fermcBt  again,  thoogh  it  should  be  heated  to  the  proper  pitch* 
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The  prcHJlacts  of  vinous  fennentation  mre  carbonic  acid  fas,  and  akdiol ;  of  trhidi  tlM 
former  escapes  during  the  process,  except  in  the  case  of  the  sparkling  vrines,  like  cbani- 
jMiign,  that  are  partially  fermented  in  close  vessels.  The  alcohol  remains  in  the  ferment- 
ed liquor.  100  parts  of  sugar  afford  by  complete  decomposition  nearly  50  parts  of  alco- 
hol. According  to  Thenard,  100  parts  of  sugar  are  converted  into  46*8  parts  of  carbonie 
acid,  and  49*38  of  alcohol;  besides  3*82  parts  of  carbon  otherwise  employed,  which  the 
sugar  contained,  above  what  is  present  in  the  former  two  products.  This  chemist  found 
in  the  fermented  liquor  4  per  cent,  of  an  extractive  matter,  soluble  in  water,  and  having 
an  acidulous  reaction,  to  whose  formation,  probably,  that  excess  of  carbon  may  be  neces- 
sary, la  what  way  the  action  of  the  jeasty  particles  upon  the  saccharine  substance  it 
carried  on  in  the  vinous  fermentation,  or  what  may  be  the  interior  working  of  this  pro- 
cess, is  not  accurately  understood.  The  quantitative  relation  of  the  carbonic  acid  and 
alcohol  to  the  sugar  is  pretty  well  made  out ;  but  the  determination  of  the  ultimate  prin- 
ciples of  the  ferment  itself,  before  lind  aAer  the  vinous  change,  and  of  the  residuum  dis- 
solved in  the  fermented  liquor,  has  not  been  well  ascertained.  It  is  probable  that  the 
yeast  undergoes  in  the  process  a  similar  decomposition  to  that  of  the  putrefactive,  and 
that  its  elementary  constituents  enter  into  new  combinations,  and  abstract  so  much  carbon 
and  hydrogen  from  the  suga?,  that  the  remainder,  amounting  to  96  per  cent,  of  the  whole, 
may  constitute  one  atom  of  alcohol  and  one  of  carboaic  acid. 

3.  The  slimy  or  glutinous  fermentatitm. — This  process  takes  place  in  weak  solutiont 
of  sugar,  at  ordinary  fermenting  temperatures,  where,  from  defect  of  good  yeast,  the 
vinous  fermentation  cannot  proceed.  In  such  circumstances,  from  one  part  of  sugar,  one 
third  part  of  gum  is  formed.  According  to  Desfosses,  however,  100  parts  of  sugar  adSbrd 
109*48  of  glim  or  slime.  This  is  formed  when  one  part  of  sugar  is  dissolved  in  twenty 
parts  of  water,  which  had  been  previously  boiled  with  washed  barm  or  gluten,  and  then 
filtered.  The  process  proceeds  slowly  and  quietly,  equally  well  in  close  vessels,  as  with 
contact  of  air,  and  continues  at  ordinary  temperatures  about  12  days ;  but  it  goes  on  more 
rapidly  and.  completely  at  the  heat  of  from  77®  to  86*^  F.  A  small  quantity  of  hydrogen 
and  carbonic  acid  gas  is  disengaged,  in  the  proportion  of  two  to  one  by  volume.  The 
fermented  liquor  becomes  turbid,  and  assumes  a  tough  thready  appearance,  like  a  decoc- 
tion of  linseed.  A  small  addition  of  sulphuric  or  sulphurous  acid,  of  muriatic  acid  and 
alum,  or  of  tannin,  impedes  this  species  of  fermentation ;  because  these  substances  com- 
bine, as  in  the  vinous  fermentation,  with  the  ferment  into  an  insoluble  precipitate,  unsus- 
ceptible of  further  change.  In  many  wines>  especially  when  bottled,  this  slimy  fermenta- 
tion occurs,  and  occasions  their  ropiness,  whieh  may  be  best  remedied  or  prevented  by 
the  addition  of  as  much  tannin  as  will  precipitate  the  dissolved  mucous  matter.  This 
species  of  fermentation  attacks  very  rapidly  the  rinsing  waters  of  the  sugar  refiner, 
which  always  contain  some  fermentative  gluten.  A  litUe  alum  is  the  best  preventitv 
in  this  case,  because  it  precipitates  the  dissolved  ferment. 

4.  The  acetous  or  sour  fermentation, — In  this  process,  alcohol,  more  or  less  dilute,  is 
resolved  into  water  and  vinegar,  in  consequence  of  the  operation  of  the  ferment;  oxy- 
dizement  of  the  alcohol  being  effected  by  the  oxygen  of  the  atmospherical  air.  The 
requisites  of  this  process  have  been  already  detailed  under  the  article  Acetic  Acid. 
They  ar6  the  presence  of  atmospherical  air;  alcohol  diluted  to  a  certain  degree  with 
water  ferment  or  yeast,  and  a  temperature  above  66®  F.  The  most  active  ferments  are 
such  substances  as  have  already  passed  into  the  acetous  state ;  hence  vinegar,  especially 
when  it  contains  some  yeasty  particles,  or  is  combined  with  porous  and  spongy  bodies, 
so  as  to  multiply  its  points  of  contact  with  the  vinous  liquor,  is  particularly  powerful. 
Common  yeast  may  also  be  employed  for  vinegar  ferments,  if  it  be  imbued  with  a  little 
vinegar,  with  leaven,  crusts  of  bread  soaked  in  vinegar,  the  stalks  and  hnsks  of  grapes, 
sawdust  and  shavings  of  beech  or  oak  impregnated  with  vinegar,  or  the  slimy  s<3iment 
of  vin^ar  casks  called  mother ;  all  of  whieh  operate  as  ferments  chiefly  in  consequence 
of  the  vinegar  which  they  contain.  The  inside  shavings  of  the  staves  of  vinegar  tuns 
act  on  the  same  principle. 

The  acetous  fermentation  may,  moreover,  go  on  along  with  the  vinous  in  the  same 
liquor,  when  this  contains  sugar  as  well  as  alcohol.  Whilst  the  acidification  of  the  alcohol 
is  effected  by  the  absorption  of  oxygen  from  the  atmosphere,  the  sugar  becomes  alcohol 
with  disengagement  of  carbonic  acid,  and  then  passes  into  vinegar.  Since  most  liqnora 
intended  for  making  vinegar,  such  as  wine,  juices  of  fruits,  ales,  &c.,  contain  still  a  little 
vagax,  they  disengage  always  a  little  carbonic  acid.  Besides  spirits,  some  other  substan- 
ces, such  as  gum,  the  mucilage  of  plants,  and  starch  paste,  directly  ferment  into  vinegar. 
Sugar  also  seems  to  be  convertible  into  vinegar  without  any  vinons  change.  The  alba- 
minous  matter  of  potato  juice,  precipitated  by  vinegar,  serves  as  a  proper  fVrment  for 
that  purpose,  when  added  in  its  moist  state  to  weak  sirup.    6.  See  PunErAcnoK. 

Mr.  William  Black,  in  his  treatise  on  Brewing,  hai,  with  much  ingennity  and  apparent 
truth,  endeavored  to  show  that  the  process  of  fennentation  is  strongly  influenced  \ff 
electricity,  not  only  that  of  the  atmosphere,  as  has  been  long  known  from  the  dre«ttMaaieo 


FIBRE,  VEGETABLE.  4«7 

tf  beer  and  wine  becoming  speedily  sonr  after  thunderstorms,  bat  the  voltaic,  produced 
hf  electric  combinations  of  metals  in  the  fermenting  tuns.  He  therefore  recom- 
mends  these  tuns  to  be  made  with  as  little  metallic  work  as  possible,  and  to  be  insulated 
from  the  floor  of  the  brewhouse.  For  the  propriety  of  this  advice  he  adduces  some 
Striking  examples.  Wort  which  had  become  stationary  in  its  fermentation,  on  being 
pumped  out  of  square  gyles  imbedded  in  the  floor,  into  casks  placed  upon  wooden 
stillioosy  began  immediately  to  work  very  well,  and  gained  about  6  degrees  of  attenuation 
while  throwing  off  its  yeast.  From  the  stagnation  of  the  process  in  the  gyles,  he  had 
in  the  morning  predicted  an  approaching  thunderstorm,  which  accordingly  supervened 
m  the  course  of  the  evening.  In  further  support  of  his  views  he  instances  the  fact,  that, 
in  dairies  where  the  milk  is  put  into  porcelain  vessels,  and  placed  upon  wooden  shelves^ 
it  is,  seldom  injured  by  lightning;  but  when  contained  in  wooden  or  leaden  vessels,  and 
placed  upon  the  ground,  it  almost  invariably  turns  sour  in  thundery  weather.  His 
general  conclusion  is,  "  that  the  preservation  or  destruction  of  beer  depends  upon  elec- 
tricity ;  and  the  most  certain  mode  of  preservation  is  to  insulate  as  much  as  possible, 
both  the  squares  and  all  other  utensils  or  vessels  connected  with  the  brewing  or  storing 
of  beer.^ 

Mr.  Black  further  considers  that  unsoundness  of  worts  is  oAen  the  result  of  electricity 
excited  between  the  mash  tun  and  the  copper. 

Why  is  beer  liable  to  get  spoiled  in  thunder-storms,  though  a^arently  well  insulated 
in  glass  bottles  7 

I  shall  conclude  this  article  with  Mr.  Black's  description  of  the  phenomena  of  beer 
fermentation.  In  every  regular  process  there  are  five  distinct  stages.  In  the  first 
we  see  a  substance  like  cream  forming  all  round  the  edges  of  the  gyle  tun ;  which  ex- 
tends towards  the  centre  until  the  whole  is  creamed  over,  constituting  the  first  change^ 
N^ext  a  fine  curl  appears  like  cauliflower,  which  also  spreads  over  the  square  surface, 
and  according  to  the  strength  and  appearance  of  this  curl,  the  quality  of  the  fermenta- 
twn  may  be  predicated.  This  he  calls  the  second  stage.  What  is  technically  called 
the  ttomach  or  vinous  vapor  now  begins  to  be  smelt,  and  continues  to  gain  strength 
till  the  process  is  concluded.  From  the  vinous  energy  of  this  odor,  and  the  progressive 
attenuation  of  the  wort,  the  vigor  of  the  fermentation  may  be  inferred.  The  experienced 
brewer  is  much  guided  in  his  operations  by  the  peculiarity  of  this  effluvium.  The  third 
change  is  when  the  cauliflower  or  curling  top  rises  to  a  fine  rocky  or  light  yeasty  head; 
and  when  this  falls  down,  the  fourth  stage  has  arrived.  Finally  the  head  should  rise  to 
what  is  called  close  yeasty,  having  the  appearance  of  yeast  all  over.  About  this  period 
the  gas  becomes  so  powerful  as  to  puff  up  occasionally  in  little  bells  or  bladders  about  the 
size  of  a  walnut,  which  immediately  break.  The  bells  should  appear  bright  and  clear. 
If  they  be  opaque  or  whey  colored,  there  is  some  unsoundness  in  the  wort.  The  great 
point  is  to  add  just  so  much  yeast  as  to  carry  the  fermentation  completely  through  niese 
five  changes  at  the  regular  periods. 

FERROCYANATE,  or,  more  correcUy,  FERROCYANIDE.  (Ferrocyanure,  Fr. ; 
Eiseneyanidy  Germ.)  Several  compounds  of  cyanogen  and  metals  possess  ihe  property 
of  uniting  together  into  double  cyanides ;  of  which  there  are  none  so  remarkable  in  this 
respect,  as  the  protocyanide  of  iron.  This  appears  to  be  capable  of  combining  with 
several  simple  cyanides,  such  as  that  of  potassium,  sodium,  barium,  strontium,  calcium, 
and  ammonium.  The  only  one  of  these  double  cyanides  of  any  importance  in  man- 
ufactures is  the  first,  wbidi  is  described  under  its  commercial  name,  Pbussiat£  of 
Potash. 

FERROPRUSSIATES ;  another  name  for  Ferrocyanides. 

FIBRE,  VEGETABLE,  called  also  Lignine  {Ligneux,  Fr.j  PJlanzen-fasersioffy 
Germ.),  is  the  most  abundant  and  general  ingredient  of  plants,  existing  in  all  their  parts, 
the  root,  the  leaves,  the  stem,  the  flowers,  and  the  fruit ;  amounting  in  the  compact  wood 
to  97  or  98  percent.  It  is  obtained  in  a  pure  state  by  treating  saw-dust  successively  with 
boC  alcohol,  water,  dilute  muriAtic  acid,  and  weak  potash  ley,  which  dissolve,  first,  the 
resinous ;  second,  the  extractive  and  saline  matters ;  third,  the  carbonate  and  phosphate 
of  lime;  and,  lastly,  any  residuary  substances.  Ligneous  fibres,  such  as  saw-dust,  pow- 
dered barks,  straw,  hemp,  flax,  linen,  and  cotton  cloth,  are  convertible  by  the  action  of 
strong  sulphuric  acid  into  a  gummy  substance  analogous  to  dextrine,  and  a  sugar  resem- 
bling that  of  the  grape. 

If  we  put  into  a  glass  mortar  24  parts,  by  weight,  of  dry  old  cordage,  chopped  small, 
and  sprinkle  over  it  34  parts  of  sulphuric  acid,  by  degrees,  so  as  to  avoid  heating  the 
mixture*  while  we  constantly  stir  it ;  and  if,  in  a  quarter  of  an  hour,  we  triturate  the 
mass  with  a  glass  pestle,  the  fibres  will  disappear  without  the  disengagement  of  gas. 
A  teaacions  mucilage  will  be  produced,  almost  entirely  soluble  in  water.  The  gum 
being  thus  formed,  may  be  separated  from  the  acid  by  dilution  with  water,  and  addition 
of  Ste  requisite  quantity  of  chalk;  then  straining  the  saturated  liquid  through  linen 
doth,  eoncentrating  it  by  evaporation,  throwing  down  any  remaining  b'me  by  oxalic 
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acidy  filtering  anew,  and  mixing  the  mucilage  with  alcohol  in  great  excess,  which  win 
cake  up  the  free  acid,  and  throw  down  the  gum.  From  24  parts  of  hemp  fibres  thns 
treated,  fully  24  parts  of  a  gummy  mass  may  he  obtained,  containing,  however^  probably 
some  water. 

When,  instead  of  saturating  the  diluted  acid  paste  with  chalk,  we  boil  it  for  10  hours, 
the  gummy  matter  disappears,  and  is  replaced  by  sugar,  which  may  be  purified  without 
any  difiiculty,  by  saturation  with  chalk,  filtration,  and  evaporation  to  the  consistence  of 
sirup.  In  24  hours  crystallization  begins,  and,  in  2  or  3  days,  a  concrete  mass  of  grape 
sugar  is  formed ;  which  needs  merely  to  be  pressed  strongly  between  old  linen  cloths 
doubled,  and  then  crystallized  a  second  time.  If  this  sirup  be  treated  with  bone  black, 
a  brilliant  while  sugar  will  be  procuied.  20  parts  of  linen  rags  yield  23  of  good  sugar. 
Braconnoi,  Guerin  got  87^  of  dry  sugar  from  100  parts  of  rags,  treated  with  250  of  sul- 
phuric acid.     See  Wood. 

FIBRINE  (£ng.  and  Fr. ;  Thierhcher  Fasersfoff,  Germ.)  constitutes  the  principal  part 
of  animal  muscle  \  it  exists  in  the  chyle,  the  blood,  and  may  be  regarded  as  the  moat 
abundant  constituent  of  animal  bodies.  It  may  be  obtained  in  a  pure  state  by  agitating 
or  beating  new  drawn  blood  with  a  bundle  of  twigs,  when  it  will  attach  itself  to  them  in 
long  reddish  filaments,  which  may  be  deprived  of  color  by  working  them  with  the  hands 
under  a  streamlet  of  cold  water,  and  afterwards  freed  from  any  adhering  grease  by  diges-. 
tion  in  alcohol  or  ether. 

Fibrine,  thus  obtained,  is  solid,  white,  flexible,  slightly  elastic,  insipid,  inodorous,  denser 
than  water,  but  containing  fuur  fiAhs  of  its  weight  of  it,  and  without  action  on  litmus. 
When  dried,  it  becomes  semi-transparent,  yellowish,  stiff,  and  brittle :  water  restores  its 
soAness  and  flexibility.  100  parts  of  fibrine  consist  of  53*36  carbon,  19-68  oxygen,  7*02 
hydrogen,  and  19*31  azote.  As  the  basis  of  flesh,  it  is  a  very  nutritious  substance,  and  is 
essential  to  the  sustenance  of  carnivorous  animals. 

FILE  {Limey  Fr. ;  FeiUj  Germ.)  is  a  well  known  steel  instrument,  having  teeth  upon 
the  surface  for  cuttint;  and  abrading  melal,  ivory,  wood,  &c. 

When  the  teeth  of  these  instruments  are  formed  by  a  straight  sharp-edged  chisel,  extend- 
ing across  the  surface,  they  are  properly  called  files ;  but  when  by  a  sharp-pointed  tool,  in 
the  form  of  a  triangular  pyramid,  they  are  termed  rasps.  The  former  are  used  for  all  the 
metals,  as  well  as  ivory,  bone,  horn,  and  wood ;  the  latter  for  wood  and  horn. 

Files  arc  divided  into  two  varieties,  from  the  form  of  their  teeth.  When  the  teeth  are 
a  series  of  sharp  edges,  raised  by  the  flat  chisel,  appearing  like  parallel  furrows,  either 
at  right  angles  to  the  length  of  the  file,  or  in  an  oblique  direction,  they  are  termed  single 
cut.  But  when  these  teeth  are  crossed  by  a  second  series  of  similar  teeth,  they  are  said 
to  be  double  cut.  The  first  are  fitted  for  brass  and  copper,  and  are  found  to  answer  bet- 
ter when  the  teeth  run  in  an  oblique  direction.  The  latter  are  suited  for  the  harder  met- 
als, stach  as  cast  and  wrought  iron  and  steel.  Such  teeth  present  sharp  angles  to  the  sub- 
stance, which  penetrate  it,  while  single  cut  files  would  slip  over  the  surface  of  these  met- 
als. The  double  cut  file  is  less  fit  for  filing  brass  and  copper,  because  its  teeth  would  be 
very  liable  to  become  clogged  with  the  filings. 

Files  are  also  called  by  different  names  according  to  their  various  degrees  of  fineness. 
Those  of  extreme  roughness  are  called  rough ;  the  next  to  this  is  the  bastard  cut ;  the 
third  is  the  second  cut ;  the  fourth,  the  smoQih  ;  and  the  finest  of  all,  the  dead  smooth. 
The  very  heavy  square  files  used  for  heavy  smith- work,  are  sometimes  a  little  coarser  than 
the  rough  ;  they  are  known  by  the  name  of  rubbers. 

Files  are  also  distinguished  from  their  shape,  as  fiat,  half-round,  three-square,  four- 
square, and  round.  The  first  are  sometimes  of  uniform  breadth  and  thickness  throughout, 
and  sometimes  taperins:.  I'he  cross  section  is  a  parallelogram.  The  half-round  is  gen- 
erally tapering,  one  siJe  being  flat,  and  the  other  rounded.  The  cross  section  is  a  seg- 
ment of  a  circle,  va^'ing  a  little  for  different  purposes,  but  seldom  equal  to  a  semi-circle. 
The  three-square  generally  consists  of  three  equal  sides,  being  equilateral  prisms,  mostly 
tapering ;  those  which  are  not  tapering  are  used  for  sharpening  the  teeth  of  saws.  The 
four-square  has  four  equal  sides,  the  section  being  a  square.  These  files  are  generally 
thickest  in  the  middle,  as  is  the  case  with  the  smith's  rubber.  In  the  round  Sle,  the  sec- 
tion is  a  circle,  and  the  file  generally  conical. 

The  heavier  and  coarser  kinds  of  files  are  made  from  the  inferior  marks  of  blistered 
steel.  Those  made  from  the  Russian  iron,  known  by  the  name  of  old  sable,  called  from 
its  mark  CCND,  are  excellent.  The  steel  made  from  the  best  Swedish  iron,  called  hoop 
L  or  Dannemora,  makes  the  finest  Lancashire  files,  for  watch  and  clock  makers ;  a  man- 
ufacture for  which  the  house  of  Stubbs  in  Warrington  is  celebrat»l. 

The  steel  intended  for  files  is  more  highly  converted  than  for  oUier  purposes,  to  give 
them  proper  hardness.  It  should  however  be  recollected,  that  if  the  hardness  be  not 
accompanied  with  a  certain  degree  of  tenacity,  the  teeth  of  the  ^c  break,  and  do  bat  little 
service. 

Small  files  are  mostly  made  of  cast  steel,  which  would  be  the  best  for  all  otherSy  if 
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h  were  not  for  its  higher  price.  It  is  much  harder  than  the  blistered  steel,  and  fh>m 
^ving  been  in  the  fluid  state,  is  entirely  free  from  those  seams  and  loose  parts  so  common 
to  blistered  steel,  which  is  no  sounder  than  as  it  comes  from  the  iron  forge  before  con- 
Tersion. 

The  smith's  rubbers  are  generally  forged  in  the  common  smith's  forge,  from  the  con- 
verted bars,  which  are,  for  convenience,  made  square  in  the  iron  beibre  they  come  into 
this  country.  The  files  of  lesser  size  are  made  from  bars  or  rods»  drawn  down  from  the 
blistered  bars,  and  the  cast  ingots,  and  known  by  the  name  of  tilted  steel. 

The  file-makefs  forge  consists  of  large  bellows,  with  coke  as  fuel.  The  anvil-block, 
particularly  at  Sheffield,  is  one  large  mass  of  mill  stone  girt.  The  anvil  is  of  consider- 
able size,  set  into  and  wedged  fast  into  the  stone;  and  has  a  projection  at  one  end,  with 
a  hole  10  contain  a  sharp-edged  tool  for  cutting  the  files  from  the  rods.  It  alsc 
contains  a  deep  groove  for  containing  dies  or  bosses,  for  giving  particular  forms  to  the 
files. 

The  flat  and  square  files  are  formed  entirely  by  the  hammer.  One  man  holds  the  hot 
bar,  and  strikes  with  a  small  hammer.  Another  stands  before  the  anvil  with  a  two-hand- 
ed hammer.  The  latter  is  generally  very  heavy,  with  a  broad  face  for  the  large  files. 
They  both  strike  with  such  truth  as  to  make  the  surface  smooth  and  flat,  without  what  is 
call^  hand-hammering.  This  arises  from  their  great  experience  in  the  same  kind  of 
work.     The  expedition  arising  from  the  same  cause  is  not  less  remarkable. 

The  half-round  files  are  made  in  a  boss  fastened  into  the  groove  above  mentioned. 
The  steel  being  drawn  out,  is  laid  upon  the  rounded  recess,  and  hammered  till  it  fills 
the  die. 

The  three-sided  files  are  formed  similarly  in  a  boss,  the  recess  of  which  consists  of  two 
sides,  with  the  angle  downwards.  The  steel  is  first  drawn  out  square,  and  then  placed 
in  a  boss  with  an  angle  downwards,  so  that  the  hammer  forms  one  side,  and  ihe  boss  two. 
The  round  files  are  formed  by  a  swage  similar  to  those  used  by  common  smiths,  but  a 
little  conical. 

The  file-cutler  requires  an  anvil  of  a  size  greater  or  less,  proportioned  to  the  size  of  his 
files,  with  a  face  as  even  and  flat  as  possible.  The  hnmmers  weigh  from  one  to  five  or  six 
pounds.  The  chisels  are  a  little  broader  than  the  file,  sharpened  to  an  angle  of  about  20 
degrees.  The  length  is  just  sufficient  for  them  to  be  held  fast  between  the  finger  and 
thamb^  and  so  strong  as  not  to  bend  with  the  strokes  of  the  hammer,  the  intensity  of 
which  may  be  best  conceived  by  the  depth  of  the  impression.  The  anvil  is  placed  in  the 
face  of  a  strong  wooden  post,  to  which  a  wooden  seat  is  attached,  at  a  small  distance  be- 
low the  level  of  the  anvil's  face.  The  file  is  first  laid  upon  the  bare  anvil,  one  end  pro* 
jectiag  over  the  front,  and  the  other  over  the  back  edge  of  the  same.  A  leather  strap 
now  goes  over  each  end  of  the  file,  and  passes  down  upon  each  side  of  the  block  to  the 
wofkjotan's  feet,  which,  being  put  into  the  strap  on  each  side,  like  a  stirrup,  holds  the  file 
firmly  upon  the  anvil  as  it  is  cut.  While  the  point  of  the  file  is  cutting,  the  strap  passes 
over  one  part  of  the  file  only,  the  point  resting  upon  the  anvil,  and  the  tang  upon  a  prop 
on  the  other  side  of  the  strap.  When  one  side  of  the  file  is  single  cut,  a  fine  file  is  run 
slightly  over  the  teeth,  to  take  away  the  roughness ;  when  they  are  to  be  double  cut, 
another  set  oC  teeth  is  cut,  crossing  the  former  nearly  at  right  angles.  The  file  is  now 
finished  upon  one  side,  and  it  is  evident  that  the  cut  side  cannot  be  laid  upon  the  bare 
anvil  to  cut  the  other.  A  flat  piece  of  an  alloy  of  lead  and  tin  is  interposed  between  the 
toothed  surface  and  the  anvil,  while  the  other  side  is  cut,  which  completely  preserves  the 
aide  already  formed.  Similar  pieces  of  lead  and  tin,  with  angular  and  rounded  grooves, 
are  used  for  cutting  triangular  and  half-round  files. 

Hasps  are  cut  precisely  in  the  same  way,  by  using  a  triangular  punch  instead  of  a  flat 
chisel.  The  great  art  in  cutting  a  rasp  is  to*  place  every  new  tooth  as  much  as  possible 
opposite  to  a  vacancy. 

Many  abortive  attempts  have  been  made  to  cut  the  teeth  of  files  by  machinery.  The 
Ibiluwing  plan,  for  which  a  patent  was  obtained  by  Mr.  William  Shilton,  of  Birming- 
ham, in  April,  1833,  is  replete  with  ingenious  mechanical  resources,  and  deserves  to 
«iieeeed. 

Th«  blanks  of  steel  for  making  the  files  and  rasps,  are  held  in  a  pair  of  clamps  in 
eonnexion  with  a  slide,  and  are  moved  forward  at  intervals  under  the  head  of  the  tilt 
hammer  which  carries  the  tool ;  the  distance  which  the  blank  is  to  be  advanced  at 
every  movement  being  dependant  upon  the  required  fineness  or  coarseness  of  the  cut  of 
the  file,  which  movement  is  effected  and  regulated  by  a  rack  and  pinion,  actuated  by  a 
pall  axid  ratchet  wheel,  or  the  movement  may  be  produced   by  any  other  convenient 


When  the  machine  is  employed  for  cutting  or  indenting  the  teeth  of  rasps,  the  euttiag 
Cool  being  pointed  and  only  producing  one  tooth  at  a  blow,  the  tilt  hammer  carrying  the 
tool  mast  be  made  to  traverse  at  intervals  across  the  width  of  the  blank  piece  of  steel 
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lion  oaa  cdga  to  the  other  and  back  aguo ;  ihe  blank  beins  idTuiced  in  lesgtli  MI7 
when  ibe  bammer  hm  producfd  tbe  last  cut  or  lootb  toward  either  edge  of  the  rasp. 

In  order  10  render  this  invention  bcllei  anderslood,  Iwo  viewi  or  the  apparalni  for  pro- 
ducing (he  cross-cut  or  leelh  or  the  files  aie  given. 

fig.  3S4  ii  an  eleiatiim  of  Ibe 
opperpartoTlhe  file-culling  niBchiae, 
as  seen  on  one  side;  fig.  385  is  • 
plan  or  horizontal  Tie\r,  as  the  ma- 
ehine  appears  on  the  top. 

a,  is  the  head  of  the  tilt  hanunei 

plaeed   in   the  end   of  the   lever  h, 

which    is   monntfd    on   an    axle  c, 

turning   in   proper  bearings    in   the 

frame  work  of  the  machine  {  i,  a  the 

till  wheel  mounted  on  another  axle  t, 

alio  turning  in  benrings  on  the  frame 

work  of  Ihe  machine,  and  having  anj 

required    number  of  projections  or 

lappets  npon  it  for  depressing  Ibe  tail 

or  shorter  end  of  Ihe  hammei  or  lih 

lever  6. 

The  Ull  wheel  d,  receives  its  rota- 

"*"  tory  motion  from  Ihe  toothed  wheel 

/,  mounled  upon  (he  same  axle,  and 

it  lakes  into  gear  with  a  pinion  g, 

upon  the  main  shan  k,  which  is  ae- 

liiBled   by  a  band   passed  froDi  an; 

first  mover  to  the  rigger  on  its  end, 

or  in  sny  other  convenient  manner. 

The  bed  upon  which  the  blank  piece 

of  steel  bears  is  marked  i.     This  bed 

is   firmly   supported    upon    maioarj 

placed   npon   proper   sleepers;   j,  te 

one  of  the  blank  pieces  of  steel  under 

operBtion,   and  is  shown  secured  in 

Ihe  pair  of  jaws  or  holding  clamps  k, 

mounted  on  centre  pins  in  the  slide 

I,  fig.  3S5 ;  whicb  slide  is  held  dowa 

by  s  spring  and  slide  beneath,  and  it 

moved  backwards  and  forwards  in  Ibe  machine  upon  the  (v)  edges  m,  m,  of  (he  frame, 

by  means  of  the  rack  n,  and   its  pinion  ;  Ihe  latter  being  mounted   upon  Ihe  axle  of  ibe 

ratchet  wheel  p,  and  which  ratchet  wheel  is  made  to  (urn  at  interTals  by  means  of  tbe 

pall  q,  upon   the  end  of  the  lever  r,  fig.  385.       This  lever  is  depressed,  alter  every  cut 

has  been  effected  upon  the  blank  by  means  of  the  leelh  or  lappets  of  tbe  wheel  i,  coming 

in  contact  with  Ihe  inclined  plane  t,  upon  tbe  lever  r.     Tbe  tappet  wheel  i,  is  mounted 

upon  Ihe  end  of  Ihe  »xle  e,  of  the  lilt  wheel,  and  consequently  revolves  with  it,  and  by 

depressint  the  lever  r,  ever;  time  thai  a  loolh  paises  the  inclined  plane  (,  the  click  0, 

is  made  to  drive  Ihe  ratchet  wheel  p,  and  thereby  the  advancing  movement  of  the  blank 

is  effected  al^er  each  blow  of  Ihe  tilt  hammer. 

There  is  a  strung  spring  v,  attached  (o  the  upper  side  of  the  tilt  hammer,  its  end  being 
confined  under  an  aiijustable  inclined  plane  r,  mounled  in  the  frame  w,  which  iaclined 

Elane  can  be  raised  or  lowered  by  its  adjusting  screws  as  required,  to  produce  more  or 
9a  tension  of  the  spriag. 

A  similar  spring  is  placed  on  the  under  side  of  the  tilt  hammer,  to  raise  and  snstaia 
the  cutter  or  tool  clear  of  the  bed  af^er  every  blow,  and  in  conjunclion  with  safety  hold- 
ers or  calchera,  10  counteract  any  vibration  or  tendency  the  spring  u  may  have  10  cause 
tbe  hammer  10  reiterate  tbe  blow. 

The  end  of  the  lower  spring  acts  on  an  inclined  plane,  mounled  in  the  ttuat  u,  wbieh 
bai  an  adjusting  screw  similar  to  t,  10  regulate  the  tension  of  Ihe  npring. 

In  case  ihe  under  spring  should  rai^e,  that  is,  return  the  hnnuner,  with  sufficient  force 
or  velocity  to  cause  the  top  spring  u,  to  reiierale  the  blow,  the  ends  of  ihe  safety  holder* 
or  ealcbers  are  made  to  move  under  and  catch  the  tail  of  the  lever  b,  immediately  on  its 
being  raised  by  the  under  springs,  which  is  effected  by  the  following  means  :— The  hold- 
ers arc  mounted  upon  a  plate  or  carriage  ],  fig,  334,  which  turns  npon  a  small  pin  or 
aile  mouDLcd  in  tbe  cars  of  a  cross  bar ;  the  upper  ends  of  the  holders  are  kept  inclined 
towards  the  toil  of  the  tilt  hammer  by  means  of  a  spring  fixed  to  tbe  crcas  bBr,aiidwhkk 
•cts  npon  one  end  of  the  pla(e  or  carriage  I. 
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In  order  that  tlie  bolders  may  be  removed  out  cf  the  way  of  the  tail  of  the  hammer  6, 
when  the  tHt  wheel  is  about  to  effect  a  blow,  the  tooth  of  the  tilt  wheel  whieh  last  acted 
upon  the  hammer  comes  in  contact  with  an  incliaed  plaoe  fixed  on  the  plate  or  carriage 
1,  and  by  deprasMni;  that  end  of  the  plate,  causes  the  upper  ends  of  the  holders  to  be 
withdrawn  from  under  the  tail  of  the  hammed  ft.  The  tilt  wheel  continuinf^  to  revolve, 
the  next  UKith  advances,  and  depresses  the  tail  of  the  hammer,  but  before  it  leaves  "the 
tail  of  the  hammer,  the  tooth  last  in  operation  will  have  quitted  the  inclined  plane  and 
allowed  the  spring  to  return  the  holders  into  their  former  position.  AAer  the  tooth  has 
escaped  from  the  tail  of  b,  the  hammer  will  immediately  descend  and  effect  the  blow  or 
ent  on  the  blank,  and  as  the  tail  of  the  hammer  rises,  it  will  come  in  contact  with  the 
inclined  planes  at  the  upper  ends  of  the  holders,  and  force  them  backwards ;  and  as  soon 
as  the  tail  of  the  hanmier  has  passed  the  top  of  the  holders,  the  spring  will  immediately 
force  the  holders  forward  under  the  tail  of  the  hammer,  and  prevent  the  hammer  rising 
again  until  the  next  tooth  of  the  tilt  wheel  is  about  to  depress  the  end  of  the  hammei;, 
when  the  same  movements  of  the  parts  will  be  repeated,  and  the  machine  will  continue 
in  operation  until  a  sufficient  length  of  the  blank  of  steel  (progressively  advanced  under 
the  hammer)  has  been  operated  upon,  when  it  will  be  thrown  out  of  gear  by  the 
foUowiag  means : — 

Upon  the  sliding  bar  6  there  is  placed  an  a4)ustable  stop,  against  which  the  foremost 
end  of  the  slide  /  Iffig,  385,  comes  in  contact  as  it  is  moved  forward  by  the  rack  n,  and 
its  pinion.  The  sliding  bar  6  is  connected  at  its  left  end  to  the  bsnt  lever  8,  the  other 
end  of  this  lever  being  formed  into  a  forked  arm,  which  embraces  a  clutch  upon  the  maia 
shaft,  and  as  the  slide  I  continues  to  advance,  it  will  come  in  contact  with  a  slop ;  and 
when  it  has  brought  a  sufficient  length  of  the  blank  pieces  of  steel  under  the  operation 
of  the  cutting  tool,  the  slide  ^  in  its  progress,  will  have  moved  that  stop  and  the  bar  6 
forward,  and  that  bar,  by  means  of  the  bent  lever  8,  will  withdraw  the  dutch  on  the 
main  shaA,  from  locking  into  the  boss  of  the  fly-wheel,  and  consequently  slop  the  further 
progress  of  the  machine ;  the  rigger  and  fly-wheel  turning  loosely  upon  the  main  shaft. 

The  cut  file  can  now  be  removed  from  out  of  the  damps,  and  reversed  to  cut  the  other 
side,  or  another  blank  piece  put  in  its  place ;  and  after  throwing  back  the  pall  q  of  the 
ratchet  wheel  p,  the  slide  /,  and  with  it  the  fresh  blank  may  be  moved  back  into  the 
machine  by  taming  the  winch  handle,  on  the  axle  of  the  ratchet  wheel  Pt  the  reverse 
way,  which  will  turn  the  pinion  backwards,  and  draw  back  the  rack  a,  without  affecting 
any  other  parts  of  the  machine ;  and  on  moving  back  the  bar  6,  by  the  handle  1 1,  plaeed 
on  the  stop,  the  clutches  will  be  thrown  into  gear  again,  and  the  machine  proceed  to  cut 
the  next  blank. 

When  the  blanks  have  been  thus  cut  on  one  side^  and  are  reversed  in  the  machine  to 
form  the  teeth  upon  the  other  side,  there  should  be  a  piece  of  lead  placed  between  the 
blank  and  the  bed  to  protect  the  fresh  cut  teeth. 

It  will  be  seen  that  the  position  of  the  stop  upon  the  bar  6  will  determine  the  length 
or  extent  of  the  blank  piece  of  steel  which  shall  be  cat  or  operated  upon ;  and  in  order 
that  the  progressive  movement  of  the  blanks  under  the  cutting  tool  may  be  made  to  suit 
different  degrees  of  fineness  or  coarseness  of  the  teeth  (that  is,  the  distance  between  the 
cuts),  there  is  an  adjusting  screw  upon  the  lever  r,  the  head  of  which  screw  stops  against 
the  under  side  of  an  ear  projecting  from  the  frame-work,  and  •  thereby  determines  the 
extent  of  the  motion  of  the  lever  r,  when  depressed  by  the  tappets  of  the  whed  «,  acting 
apnn  the  indined  plane  /,  consequently  determining  the  number  of  teeth  the  ratchet 
wheel  p  shall  be  moved  round  by  the  pall  q;  and  hence  the  extent  of  motion  communis 
cated  by  the  rack  and  pinion  to  the  slide  ^,.and  the  blank  y,  which  regulates  the  distance 
that  the  teeth  of  the  file  are  apart,  and  the  lever  r  is  forced  upwards  by  a  spring  pressing 
against  its  under  side. 

It  will  be  percdved  that  the  velocity  of  the  descent  of  the  hammer,  and  consequently 
the  force  of  the  blow,  may  be  regulated  by  raidng  or  lowering  the  inclined  plane  v  of  the 
spring  u ;  and  in  order  to  accommodate  the  bed  upon  whieh  &e  blanks  rest  to  the  differ^ 
e»t  inclinations  they  may  be  placed  at,  that  part  of  the  bed  is  formed  of  a  semi-globular 
piece  of  hardened  steel,  which  fits  loosely  into  a  similar  concavity  in  the  bed  r,  and  is 
therefore  capable  of  adjusting  itself  so  that  the  blanks  shall  be  properly  presented  to  the 
catting  tool,  and  receive  the  blow  or  cut  in  an  equal  and  even  manaer ;  or  the  piece  of 
steel  may  be  of  a  conical  shape^  and  fit  loosely  in  a  similar  shaped  concavity. 

There  are  goidei>,  16,  plaeed  on  the  top  of  the  bed  t,  for  the  purpose  of  keeping  the 
blanks  in  their  proper  position  towards  the  cutting  tool,  and  these  can  be  regulated  to 
sait  blanks  of  any  width,  by  turning  the  right  and  left  handed  screw  17.  There  is  also 
amither  adjostablc  stop  on  the  jaws  or  damps  fc,  which  serves  as  a  guide  when  pladng 
the  blanks  within  the  jaws ;  and  19  is  a  handle  or  lever  for  raising  the  damps  when 
required,  which  has  a  weight  suspended  from  it  fi>r  the  purpose  of  keeping  down  the 
blanks  with  sufficient  pressure  upon  the  bed. 

The  cutting  tool  in  the  face  of  the  hammer,  can  be  placed  at  any  required  angle  oc 
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incUnation  with  the  blank,  it  being  secured  in  the  head  of  the  hammer  bf  clamps  and 
screws.  In  cutting  fine  files  a  screw  is  employed  in  preference  to  the  rack  and  pinion^ 
for  advancing  the  slide  I,  and  the  blank  piece  of  steel  in  the  machine. 

Hardening  of  files, — This  is  the  last  and  most  important  part  of  file  making.  What- 
eyer  may  be  the  quality  of  the  steely  or  however  excellent  the  workmanship,  if  it  is  not 
well  hanlened  all  the  labor  is  lost. 

Three  things  are  strictly  to  be  observed  in  hardening ;  first,  to  prepare  the  file  on  the 
surface,  so  as  to  prevent  it  from  being  oxydated  by  the  atmosphere  when  the  file  is  red 
hot,  which  eflfect  would  not  only  take  off  the  sharpness  of  the  tooth,  but  render  the 
whole  surface  so  rough  that  the  file  would,  in  a  little  time,  become  clogged  with  the 
substance  it  had  to  work.  Secondly,  the  heat  ought  to  be  ver}*  uniformly  red  throughout, 
and  the  water  in  which  it  is  quenched,  fresh  and  cold,  for  the  purpose  of  giving  it  the 
proper  des^ree  of  hardness.  Lastly,  the  manner  of  immersion  is  of  great  importance,  to 
prevent  the  files  from  warping,  which  in  long  thin  files  is  very  difficult. 

The  first  object  is  accomplished  by  laying  a  substance  upon  the  file,  which,  when  it 
fuses,  forms,  as  it  were,  a  varnish  upon  the  surface,  defendini?  the  metal  from  the  action 
of  the  oxygen  of  the  air.  Formerly  the  process  consisted  in  first  coaling  the  surface  of 
the  file  with  ale  grounds,  and  then  covering  it  over  with  pulverized  common  (alt  (mnri- 
ate  of  soda).  A(\er  this  coaling  became  dry,  the  files  were  heated  red  hot,  and  hardened ; 
after  this,  the  surface  was  lightly  brushed  over  with  the  dust  of  cokes,  when  it  appeared 
white  and  metallic,  as  if  it  had  not  been  heated.  This  process  has  lately  been  improved, 
at  least  so  far  as  relates  to  the  economy  of  the  salt,  which,  from  the  quantity  used,  amf 
the  increased  thickness,  had  become  a  serious  object.  Those  who  use  the  improved 
method  are  now  consuming  about  one  fourth  the  quantity  of  salt  used  in  the  old  method. 
The  process  consists  in  dissolving  the  salt  in  water  to  snturation,  which  is  about  three 
pounds  to  the  gallon,  and  stiffening  it  wilh  ale  grounds,  or  with  the  cheapest  kind  of 
flour,  such  as  that  of  beans,  to  about  the  consistence  of  thick  cream.  The  files  require 
to  be  dipped  only  into  this  substance,  and  immediately  heated  and  hardened.  The 
grounds  or  the  flour  are  of  no  other  use  than  to  give  the  mass  consistence,  and  by  that 
means  to  allow  a  larger  quantity  of  salt  to  be  laid  upon  the  surface.  In  this  method 
the  salt  forms  immediately  a  firm  coating.  As  soon  as  the  water  is  evaporated,  the 
whole  of  it  becomes  fused  upon  the  file.  In  the  old  method  the  dry  salt  was  so  loosely 
attached  to  the  file,  that  the  greatest  part  of  it  was  rubbed  off  into  the  fire,  and  was 
sublimed  up  the  chimney,  without  producing  any  effect. 

The  carbonaceous  matter  of  the  ale  grounds  is  supposed  to  have  some  effect  in  giving 
hardness  to  the  file,  by  combining  with  the  steel,  and  rendering  it  more  highly  carbon- 
ated. It  will  be  found,  however,  upon  experiment,  that  vegetable  carbon  does  not  com- 
bine with  iron,  with  sulficient  facility  to  produce  any  effect,  in  the  short  space  of  time 
a  file  is  heating  for  the  purpose  of  hardening.  Some  file  makers  are  in  the  habit  of 
using  the  coal  of  burnt  leather,  which  doubtless  produces  some  effect ;  but  the  carbon 
is  generally  so  ill  prepared  for  the  purpose,  and  the  time  of  its  operation  so  short,  as  to 
render  the  result  inconsiderable.  Animal  carbon,  when  properly  prepared  and  mixed 
with  the  above  hardening  composition,  is  capable  of  giving  hardness  to  the  surface  even 
of  an  iron  file. 

This  carbonaceous  matter  may  be  readily  obtained  from  any  of  the  soA  parts  of  ani- 
mals, or  from  blood.  For  this  purpose,  however,  the  refuse  of  shoemakers  and  curriers 
is  the  most  convenient.  AAer  the  volatile  parts  have  been  distilled  over,  from  an  iron 
still,  a  bright  shining  coal  is  left  behind,  which,  when  reduced  to  powder,  is  fit  to  mix 
with  the  salt.  Let  about  equal  parts,  by  bulk,  of  this  powder,  and  muriate  of  soda  be 
ground  together,  Tuid  brought  to  the  consistence  of  cream,  by  the  addition  of  water. 
Or  mix  the  powdered  carbon  with  a  saturated  solution  of  the  salt,  till  it  become  of 
the  above  consistence.  Files  which  are  intended  to  be  very  hard  should  be  covered 
with  this  composition  previous  to  hardening.  All  flies  intended  to  file  iron  or  steely 
particularly  saw  files,  should  be  hardened  with  the  aid  of  this  mixture,  in  preference  to 
that  with  the  flour  or  grounds.  Indeed,  it  is  probable  that  the  carbonaceous  powder 
might  be  used  by  itself,  in  point  of  economy,  since  the  ammonia  or  hartshorn,  obtained 
by  distillation,  would  be  of  such  value  as  to  render  the  coal  of  no  expense.  By  means 
of  this  method  the  files  made  of  iron,  which,  in  itself,  is  unsusceptible  of  harden ing, 
acquire  a  superflcial  hardness  sufilcient  for  any  file  whatever.  Such  files  may,  at  the 
same  time,  be  bent  into  any  form ;  and,  in  consequence,  are  particularly  useful  for  sculp- 
tors and  die>sinkcrs. 

The  next  point  to  be  considered  is  the  best  method  of  heating  the  file  for  hardening. 
For  this  purpose  a  fire,  similar  to  the  common  smith's  fire,  is  generally  employed.  The 
file  is  held  in  a  pair  of  tongs  by  the  tang,  and  introduced  into  the  fire,  consisting  of 
Tery  small  cokes,  pushing  it  more  or  less  into  the  fire  for  the  purpose  of  heating  it 
regularly.  It  must  frequently  be  withdrawn  with  the  view  of  observing  that  it  is  not 
too  hot  in  any  part.    When  it  is  uniformly  heated,  from  the  tang  lo  tt.e  point,  of  a 
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red  color,  it  is  fit  to  qaench  in  the  water.  At  present  an  oren  formed  of  fire- 
bricks is  used  for  the  larger  fiJes,  into  which  the  blast  of  the  bellows  is  directed,  being 
open  at  one  end,  for  the  purpose  of  introducing  the  files  and  the  fuel.  Near  to  the  top 
of  the  oven  are  placed  two  cross  bars,  on  which  a  few  files  are  placed,  to  be  partialljr 
healing.  In  the  hardening  of  heavy  files  this  contrivance  affords  a  considerable  sav- 
ing, in  point  of  time,  while  it  permits  them  also  to  be  more  uniformly  and  thoroughly 
heated. 

After  the  file  is  properly  heated  for  the  purpose  of  hardening,  in  order  to  produce  the 
greate»t  possible  hardness,  it  should  be  cooled  as  soon  as  possible.  The  most  common 
method  of  effecting  this  is  by  quenching  it  in  the  coldest  water.  Some  file-makers  have 
been  ia  the  habit  of  patting  dLfferent  substances  in  their  water,  with  a  view  to  increase 
its  haideniog  property.  The  addition  of  sulphuric  acid  to  the  water  was  long  held  a 
great  secret  in  the  hardening  of  saw  files.  Afler  all,  however,  it  will  be  found  that  clear 
spring  water,  free  from  animal  and  vegetable  matter,  and  as  cold  as  possible,  is  the  best 
ttlenlated  for  hardening  files  of  every  description. 

In  quenching  the  files  in  water,  some  caution  must  be  observed.  All  files,  except  the 
half-round,  should  be  immersed  perpendicularly,  as  quickly  as  possible,  so  that  the  npper 
part  shall  not  cool.  This  management  prevents  the  file  from  warping.  The  half-round 
file  must  be  quenched  in  the  same  steady  manner ;  but,  at  the  same  time  that  it  is  kept 
perpendicular  to  the  surface  of  the  water,  it  must  be  moved  a  little  horizontally,  in  the 
direction  of  the  round  side,  otherwise  it  will  become  crooked  backwards. 

After  the  files  are  hardened,  they  are  brushed  over  with  water  and  powdered  cokes, 
when  the  surface  becomes  perfectly  clean  and  metallic.  They  ought  also  to  be  washed 
well  in  two  or  three  dean  waters,  for  the  purpose  of  carrying  off  all  the  salt,. which,  if 
allowed  to  remain,  will  be  liable  to  rust  the  file.  They  should  moreover  be  dipped  into 
lime-water,  and  rapidly  dried  before  the  fire,  after  being  oiled  with  olive  oil,  containing  a 
little  oil  of  turpentine,  while  still  warm.    They  are  then  finished. 

FILLIGREB  {FUigrane,  Fr. ;  Filigranj  or  Feine  Drahtgefleckt^  Germ.)  is,  as  the  last 
term  justly  expresses  it,  intertwisted  fine  wire,  used  for  ornamenting  gold  and  silver 
trinkets.  The  wire  is  seldom  drawn  round,  but  generally  fiat  or  angular,  and  soldered 
by  gold  or  silver  soUer  with  borax  and  the  blowpipe.  The  Italian  word,^t/»grana,  is 
cooip^ianded  of  JUm  ti  and  graaum,  or  granular  net- work ;  because  the  Italians,  who  first 
introduced  this  style  of  work,  placed  small  beads  upon  it. 

FILTRATION  (Eug.  and  Fr. ;  Filtriren,  Grerm.)  is  a  process,  purely  mechanical,  for 
separating  a  liquid  from  Ihe  undissolved  particles  floating  in  it,  which  liquid  may  be  either 
the  useful  part,  as  in  vegetable  infusions,  or  of  no  use,  as  the  washings  of  mineral  pre- 
dpitates.  The  filtering  substance  may  consist  of  any  porous  matter  in  a  solid,  folia- 
ted, or  pulverulent  form ;  as  porous  earthenware,  unsized  paper,  cloth  of  many  kinds,  or 
saol.  The  white  blotting  paper  sold  by  the  stationers,  answers  extremely  well  for  filters 
in  chemical  experiments,  provided  it  be  previously  washed  with  dilute  muriatic  acid,  to 
remove  some  lime  and  iron  that  are  generally  present  in  it.  Filter  papers  are  first  cut 
square,  and  then  folded  twice  diagonally  into  the  shape  of  a  eomet,  bavin?  the  angular 
parts  ronnded  off.  Or  the  piece  of  paper  being  cut  into  a  circle,  may  be  folded  fan-like 
from  the  centre,  with  the  folds  placed  exteriorly,  and  tamed  out  sharp  by  the  pressure  of 
the  finger  and  thumb,  to  keep  intervals  between  the  paper  and  the  funnel  into  which  it 
B  fitted,  to  favor  the  percolation.  The  diameter  of  the  funnel  should  be  about  three 
fourths  of  its  height,  measured  from  the  neek  to  the  edge.  If  it  be  more  divergent,  the 
slope  wQl  be  too  small  for  the  ready  efilux  of  the  fluid.  A  filter  covered  with  the  sedi- 
ment is  most  conveniently  washed  by  spouting  water  upon  it  with  a  little  syringe.  A 
small  camel's-hair  paint  brush  is  much  employed  for  collecting  and  turning  over  the  con- 
tents in  their  soft  state.  Agitation  or  vibration  is  of  singular  efllcacy  in  quickening  per- 
eolation,  as  it  displaces  the  particles  of  the  moistened  powders,  and  opens  up  the  pores 
which  had  become  closed.  Instead  of  a  funnel,  a  cylindrical  vessel  may  be  employed, 
having  its  pesforated  bottom  covered  with  a  disc  of  filtering  powder  folded  up  at  the 
edges,  and  made  tight  there  by  a  wire  ring.  Linen  or  calico  is  used  for  weak  alkaline 
Uqaors ;  and  flannels,  twilled  woollen  cloth,  or  felt*stuff,  for  weak  acid  ones.  These 
filter  bags  are  often  ooade  conical  like  a  foors  cap,  and  have  their  mouths  supported  by  a 
wooden  or  metallic  hoop.  Cotton  wool  put  loose  into  the  neck  of  a  funnel  answers  well 
for  filtering  oils  upon  the  small  scale.  In  the  large  way,  oil  is  filtered  in  conical  woollen 
bags,  or  in  a  cask  with  many  conical  tubes  in  its  bottom,  filled  with  tow  or  cotton  wool. 
8u^ger  acid  and  alkaline  liquors  must  be  filtered  through  a  layer  of  pounded  glass, 
quartz,  clean  sand,  or  bruised  charcoal.  The  alcarrhazas  are  a  porous  biscuit  of  stone 
ware  made  in  Spain,  which  are  convenient  Tt  filtering  water,  as  also  the  porous  filtering 
ftoae  of  Teneriffe^  largely  imported  into  England  at  one  time,  but  now  superseded  in  a 
Srcat  measur  eby  the  artificial  filters  patented  under  many  forms,  consisting  essentially 
•f  strata  of  gravel,  sand,  and  charcoal  powder. 

It  is  convenient  to  reader  the  filter  self-acting,  by  accommodating  the  supply  of  liquid 
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to  Ibe  nit  or  pereolalioB,  ao  that  the  prraenre  opoa  the  pramti  •mfkM  ma)'  be  ttwMjt 
equally  greal.  Upon  the  unall  uale,  the  lamp-founlain  or  hi(d'*-glaM  form,  w  geoeisltf 
used  far  lumps,  will  be  found  lo  answer. 

Fig.  386  represents  ■  glass  bottle,  A,  partlf  filled  with  the  fliiid  lo  be  Gllered,  luppoited 
in  the  ring  of  i  cbemieal  stsad,  and  having  iU  mouth  inverted  into  the  same  liqnof  in 
the  filler  funnel.  It  is  obiiaui  that  wbenceer  this  liquor  bj  fillralioa  falls  below  the 
lip  of  the  boule,  air  will  enter  into  it,  let  down  ■  freali  supply  to  feed  the  filter,  and 
keep  the  funnel  regularly  charged.  If  larger  quantitiei  ue  la  be  operated  upon,  the 
following  apparalDi  may 
be  emplored.  Fig.  387, 
1  B,  is  a  metallic  raael 
which  may  be  made  air- 
tight  I  c  is  the  under  |Hpc, 
provided  with  a  tlopcook, 
k,  for  letting  down  the 
liquor  into  the  Glter  a  b. 
The  upper  pipe  I,  Ihroofh 
which  the  fluid  ii  poured 
by  means  of  the  funnel  k, 
bos  a3»o  a  ■lopeoeli  which 
opeoi  or  shuis,  al  the 
Kune  time,  the  small  side 
tube  u  I,  through  which, 
during  the  entrance  of  the 
fluid,  the  air  ii  let  off  from 
the  receiver.  A  glais 
tube,  g,  shows  Ihe  level 
of  the  liquor  in  the  body 
of  theapparalui.  In  osiBg 
it,  the  cock  r  mu«t  be  flrtt 
closed,  and  the  cock  t 
must  be  opened  lo  fill  the 
receiver.  Then  the  filter 
is  tet  ■  going,  by  re-open- 
iug  the  cock  a,  so  as  to  keep  the  fluid  in  (he  filler  upon  a  level  with  the  opening  of  the 
Inbe  c.  Both  these  pieees  of  apparatus  are  essentially  the  eane. 
la  many  manufactures,  felT-aetiog  fillers  are   fed  by  the  plomber't  conunoa  cob- 


Bivance  of  a  ball-«ock,  ii 


un  i,  in  which  the  sirup  is  contained.    Fraa  it 


I  (ising  of  the  ball,  within  eertaln 
limits,  serves  to  open  or 
shut  off  the  SDpi^y  ol 
liquor,  as  it  may  be  re- 
quired or  not.  DtunODl 
has  adapted  this  expedient 
R>l  his  system  of  fiherini; 
sirup  throDgh  a  stralnn  of 
gnmnlarty  ground  anima] 
charcoal  or  bone-black, 
fig.  3B8  is  a  front  view 
of  this  appanlUB  with  4 
I  filters,  ci  and /f.  369  is  K 

L  cross  section.  The  riame- 

■  work  ■  supports  the  eis- 

«  Uqnor  flows  through  the  Mopeodc 
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k,  tnd  the  connexioa-tabe  a,  into  the  common  pipe  c,  which  commoAicates,  by  the  short 
bnuich  tubes  t,  with  each  of  the  four  filters.  The  end  of  the  branch  tube,  which  is  inside 
of  the  filter  tub,  is  provided  with  a  stop-cock  d  f,  whose  opening,  and  thereby  the  efflnx 
of  the  liquor  from  the  cistern  through  the  tube  a,  is  regulated  by  means  of  the  float- ball  f^ 
Upon  the  bridkwork  p  the  filter  tub  stands,  furnished  at  h  with  a  false  bottom  of  zinc  or 
copper  pierced  with  fine  holes ;  besides  which,  higher  up  at  i  there  is  another  such  plate 
of  metal  furnished  with  a  strong  handle  k,  by  which  it  may  be  removed,  when  the  bone 
Uack  needs  to  be  changed.  In  the  intervening  space  i,  the  granular  coal  is  placed,  o  is 
the  cover  of  the  filter  tub,  with  a  handle  also  for  liAing  it.  One  portion  of  it  may  be  rait- 
ed  by  a  hinge,  when  it  is  desired  to  inspect  the  progress  of  the  filtration  within,  m  m  is  a 
slender  vertical  tube,  forming  a  communication  between  the  bottom  part  &,  and  the  upper 
portion  oi  the  filter,  to  admit  of  the  easy  escape  of  the  air  from  that  space,  and  from  among 
the  booe  black  as  the  sirup  descends ;  otherwise  the  filtration  could  not  go  on.  p  ia  the 
stopcock  through  which  the  fluid  collected  in  the  space  under  h,  is  let  oflf  from  time  to  time  < 
into  the  common  pipe  q,fig'  388.  r  is  a  trickling  channel  or  groove  lying  parallel  to  the 
tobe  q,  and  in  which,  by  means  of  a  tube  t,  inserted  at  pleasure,  the  sirup  is  drawn  off 
in  ease  of  its  flowing  in  a  turbid  state,  when  it  must  be  returned  over  the  surface  of  the 
charcoaL 

The  celerity  with  which  any  fluid  passes  through  the  filter  depends,  1.  upon  the  porosi- 
ty of  the  filtering  substance ;  2.  upon  the  pressure  exercised  upon  it ;  and  3.  upon  the  ex- 
tent of  the  filtering  surface.  Fine  powders  in  a  liquor  somewhat  glutinous,  or  closely 
compacted,  admit  of  much  slower  filtration  than  those  which  are  coarse  and  free ;  and  the 
ibnner  ought,  therefore,  to  be  spread  in  a  thinner  stratum  and  over  a  more  extensive  sur- 
face than  the  latter,  for  equal  effect ;  a  principle  well  exemplified  in  the  working  of  Du- 
mont's  apparatus,  just  described.  . 

la  many  eases  filtration  may  be  accelerated  by  the  increase  of  hydrostatic  or  pneu- 
natie  pressure.  This  happens  when  we  close  the  top  of  a  filtering  cylinder,  and  con- 
nect it  by  a  pipe  with  a  cistern  of  fluid  placed  upon  a  higher  level.  The  pressure  of  the 
ah*  may  be  rendered  operative  also  either  by  withdrawing  it  partially  from  a  close 
vessel,  into  which  the  bottom  of  the  filter  enters,  or  by  increasing  its  density  over  the 
top  of  the  liqtftr  to  be  filtered.  Either  the  air  pomp  or  steam  may  be  employed  to 
create  a  partial  void  in  the  receiver  beneath  the  filter.  In  like  manner,  a  forcing  pump 
or  steam  may  be  employed  to  exert  pressure  upon  the  surface  of  the  filtering  liquor.  A 
common  syphon  may,  on  the  same  principle,  be  made  a  good  pressure  filter,  by  making 
its  upper  1^  trumpet-shaped,  covering  the  orifice  with  filter  paper  or  cloth,  and  filling 
the  whole  with  liquor,  the  lower  leg  being  of  such  length  so  as  to  create  considerable 
pressure  by  the  difference  of  hydrostatic  level.  This  apparatus  is  very  convenient  either 
on  the  small  or  great  scale,  for  filtering  off  a  dear  fluid  from  a  light  muddy  sediment. 
The  pressure  of  the  atmosphere  may  be  elegantly  applied  to  common  filters,  by  the  appa- 
ratus represented  in.  fig.  390,  which  is  merely  a  funnel  enclosed  within  a  gasometer.  The 
case  A  B  bears  an  annular  hollow  vessel  a  b,  filled  with  water,  in  which  receiver  the  cyl- 
indrical gasometer  d,  €,  /,  t,  is  immersed.  The  filter  funnel  is  secured  at  its  upper 
edge  to  the  inner  surface  of  the  annular  vessel  a  b.  In  consequence  of  the  pressure  of 
the  gasometer  regulated  by  the  weight  g,  upon  the  air  enclosed  within  it,  the  liquid  is 
equally  pressed,  and  the  water  in  the  anncdar  space  rises  to  a  corresponding  height  on  the 
outer  surface  of  the  gasometer,  as  shown  in  the  figure.  Were  the  apparatus  made  of 
Jieet  iron,  the  annular  space  might  be  charged  with  mercury. 

In  general,  relatively  to  the  application  of  pressure  to  filters,  it  may  be  remarked, 
that  it  cannot  be  pushed  very  far,  without  the  chance  of  deranging  the  apparatus,  or 
rendering  the  filtered  liquor  muddy.  The  enlargement  of  the  surface  is,  generally 
speaking,  the  safest  and  most  efficacious  plan  of  increasing  the  rapidity  of  filtration, 
especially  for  liquids  of  a  glutinous  nature.  This  expedient  is  well  illustrated  in  the  creased 
bag  filter  now  in  use  in  most  of  the  sugar  refineries  of  London.    See  Sugar. 

In  many  cases  it  is  convenient  so  to  construct  the  filtering  apparatus,  as  that  the 
liquid  shall  not  descend,  but  mount  by  hydrostatic  pressure.  This  method  has  two 
advantages :  1.  that  without  much  expensive  apparatus,  any  desired  degree  of  hydro- 
static pressure  may  be  given,  as  also  that  the  liquid  nuiy  be  forced  up  through  several  fil- 
tering surfaces  placed  alongside  of  each  other ;  2.  that  the  object  of  filtering,  which  is  to 
separate  the  particles  fioating  in  the  fluid  without  disturbing  the  sediment,  may  be  per- 
fectly attained,  and  thus  very  foul  liquids  be  cleared  without  greatly  soiling  the  filtering 
nrface. 

Such  a  construction  is  peculiarly  applicable  to  the  purification  of  water,  either  alone, 
or  combined  with  the  downwards  plan  of  filtration.  Of  the  former  variety  an  example 
is  shown  in  fig.  391.  The  wooden  or  zinc  conical  vessel  is  provided  with  two  per- 
Ibnted  bottoms  or  sieves  s  s,  betwixt  which  the  filtering  substance  is  packed*  Over 
this,  for  the  formation  of  the  space  h  A,  there  is  a  third  ^elf,  with  a  hole  in  its  middle^ 
Uuoogh^hieh  the  tube  dbm  passed,  so  as  to  be  water  tight.    This  plaoes  the  upper 
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open  part  of  the  «ppar«tai  in  CDmcnnnieatiaii  with  tbe  lowett  space  a.  From  the  coni' 
partoient  A  A  «  unall  aii  tabe  (  rnns  upward*.  The  filtering  subitBace  connata  at  bollom 
orpebt>lci,  in  the  middle  or  gravel,  and  at  Lhe  top  of  fine  nod,  which  may  be  mixed  with 
coarsely  ground  bone  black,  or  cOTered  with  a  taferof  the  same.  Tbe  water  to  be  filter- 
ed being  poured  into  the  rialern  at  lop,  fills  through  the  tube  6  d  lhe  inferior  comparlmeat 
a,  frOBi  which  the  hyJnntHtic  preaiure  forces  the  water  upward  through  the  perforated 
shelf,  and  the  filtering  material*.  The  pure  water  collects  in  the  space  h  h,  while  the  air 
escapes  by  the  small  tntie  J,  as  the  liquid  enters.  The  slopcocll  i  fen'cs  to  draw  off  the 
filtered  water.  As  the  motion  of  (he  fluid  in  the  filter  is  slow,  the  particles  EQEpended  in 
it  have  time  to  subside  by  their  own  gravity  ;  hence  there  collects  over  the  Upper  shelf  at 
d,  as  well  as  over  the  under  one  at  a,  a  precipitate  or  deposile  which  may  be  washed  out 
of  the  latter  cavity  by  means  of  the  stopcock  tn. 

As  an  eiample  of  an  upwards  and  downwards  S1ter,^fr-  ^^^  niay  be  exhibited,    a  b  cd 
2SZ  i"  '  wooden  or  melalMc  cistern  for- 

*  ""  niahed   with  the  perforated  shelf 

c  rfnearits  under  pari,  upon  which 
a  Tcrtictil  partition  isfixed  through 
(he  aits  of  the  vessel.  A  semi- 
circolsr  perforated  shelf  is  place; 
at  a,  and  a  second  similar  one  at 
These  horizontal  shelves  rest 
upon  brackets  in  the  sides  of  the 
cisterns,  so  (hat  ihey  may  be  read- 
ily lined  out.  The  space  g  U 
filicd  with  coarse  sand,  j  with  mod- 
erately fine,  and  h  with  very  fine. 
The  foul  water  is  poared  into  the 
chamber  e,  and  presses  through 
G  J  H  sndin(othc  space  f  ;  whence 
it    may  be    drawn   by   the    stop- 

.^■".^isistin,  of  two  concentric 
Is  fillration,  'and  (he  exterior  for 
3  is  placed  concenirintlly,  with  its 
under  part,  and  is  lell  open  from 
distance  to  distnnce,  to  make  a 
communication  between  lhe  in- 
terior CBvity  and  the  exterior 
annular  space.  These  cavities 
are  filled  to  the  marlied  heMit 
with  sand  and  gravel.  liie 
inner  cylindrical  space  has  fine 
sand  below,  then  sharper  nnd 
with  granular  charcoal,  next 
coarse  sand,  and  lastly  gravel. 
The  annnlar  ipace  has  ia  like 
manner  fine  sand  below.  The 
font   water  is   introduced   by  the 

Eipe  E,  (he  orifice  at  whose  end 
I  acted  upon  by  a  ball-cock 
with  its  lever  a ;  whereby  the 
water  is  kept  always  n(  [he  same 
level  in  the  inner  vessel.  The  waler  sinks  through  the  sand  strata  of  the  middle  vessel, 
passes  outwards  at  its  bottom  into  the  annular  space,  thence  np  through  the  sand  in  it, 
and  collecting  above  it,  is  let  ofi"  by  the  stopcock  on  the  pipe  b.  When  a  mnddy  deponte 
rorms  afler  some  time,  it  may  be  easily  cleared  out.  The  cord  (,  running  over  the  palleys 
//,  being  drawn  tight,  lhe  hall  lever  will  shut  up  the  valve.  The  stopcock  d  made  fkst 
to  the  conducting  tube  e  must  then  be  opened,  so  that  the  water  now  overflows  into  (he 
annalar  space  a(  a  ;  the  tube  c,  in  communication  with  the  inner  space  a,  being  opened 
by  mkine  out  the  stopper  h.  The  water  (hereby  percolates  through  the  sand  strata  in  (he 
reverse  direction  of  its  usual  course,  so  as  to  cleor  away  (he  imparities  in  the  space  B,  and 
to  discharite  them  by  the  pipe  c  ft.  An  apparatus  of  this  kind  of  moderate  siie  is  capable 
of  filtering  a  Rreal  body  of  water.  It  should  be  constructed  for  that  purpose  of  masoarr  ; 
bat  upon  n  small  scale  it  may  be  made  of  Slone-ware. 

A  convenient  apparatus  for  filtering  oil  upwards  is  represented  injif.  394.  g  is  an  til 
OBdi,  in  which  the  impure  parts  of  the  oil  have  accumulated  over  (he  bottom.  Imme- 
dlatdy  above  this,  a  pipe  a  \t  let  in,  which  communicates  with  an  devaled  water  datcrv 


Fig.  393  reiHvsents  in  aectkm  a  filtering  appari 
chambers;  the  in(erinr  being  destined  for  downwai 
upwards.     Within  (he  Inrger  cistern  »,  a  smaller  one 
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«•  /  is  the  filter  (placed  on  the  lid  of  the  cask),  furnished  with  two  perforated  shelves, 
oie  at  e  and  anoUier  at  J;  which  divide  the  interior  of  the  filter  into  lliree  com- 
394  parlments.    Into  the  lower  space  immediately  over  the  shelf  e, 

the  tahe  by  farnislied  with  a  stopc^k,  enters,  to  establish  a 
communication  with  the  cask ;  the  middle  cavity  e  is  filled  with 
coarsely  ground  charcoal  or  other  filtering  materials ;  and  the 
upper  one  has  an  eduction  pipe,  L  When  the  stopcocks  of  the 
tubes  a  and  b  are  opened,  the  water  passes  from  the  cistern  into 
the  oil  cask,  occupies  from  its  density  always  the  lowest  plaee, 
and  presses  the  oil  upwards,  without  mixing  the  two  liquids ; 
whereby  first  the  upper  and  purer  portion  of  the  oil  is  forced 
through  the  tube  6  into  the  filler,  and  thence  out  through  the 
pipe  I.  When  the  fouler  oil  follows,  it  deposites  its  impurities 
in  the  space  under  the  partition  c,  which  may  from  time  to  time 
be  drawn  off  through  the  stopcock  fc,  while  the  purer  oil  ia 
pressed  upwards  through  the  filter.  In  this  way  the  different 
strata  of  oil  in  the  cask  may  be  filtered  off  m  succession,  and 
kept  separate,  if  found  necessary,  for  sale  or  use,  without  run- 
mng  any  risk  of  mixing  up  the  muddy  matter  with  what  is  clear.  According  to  the 
height  of  the  water  cistern  n,  will  be  the  pressure,  and,  of  course,  the  filtering  force. 
When  the  filter  gets  choked  with  dirt,  it  may  be  easily  recharged  with  fresh  materials* 

la  filtering  caustic  alkaline  leys  through  linen  or  quartz,  it  is  proper  to  exclude  the 
free  contact  of  air ;  which  is  done  by  enclosing  the  upper  vessel,  and  attaching  a  pipe  of 
eommnnicaiion  between  its  cover  and  the  shoulder  of  the  lower  vessel  or  recipient  of  the 
leys.  In  proportion  as  these  flow  down,  they  will  displace  their  bulk  of  air,  and  drive 
it  into  the  top  of  the  upper  vessel  above  the  foul  leys. 

Many  modifieations  of  the  above  described  apparatus  are  now  on  sale  in  this  country ; 
bat  certainly  the  neatest,  most  economical,  and  effective  means  of  transforming  the  water 
of  a  stagnant  muddy  pool  into  that  of  a  crystalline  fountain,  is  afforded  by  the  Royal 
Patent  Filters  of  George  Robins. 

FIRE  ARMS^  Manufacture  of.  '  This  art  is  divided  into  two  branches,  that  of  the 
metallic  and  of  the  wooden  work.  The  first  includes  the  barrel,  the  lock,  and  the  monnt- 
iag,  as  also  the  bayonet  and  ramrod,  with  military  arms.  The  second  comprises  the  stodc, 
and  in  fowling  pieces,  likewise  the  ramrod. 

I.  The  Barrel.  Its  interior  is  called  the  bore ;  its  diameter,  the  calibre ;  the  hack 
cad,  the  breech ;  the  front  end,  the  muzzle ;  and  the  closing  of  the  back  end,  the  breech 
pia  or  plug.  The  barrel  is  generally  made  of  iron.  Most  military  muskets  and  low- 
priced  guns  are  fashioned  out  of  a  long  slip  of  sheet-iron,  folded  together  edgewise 
nrand  a  skewer  into  a  cylinder,  are  then  lapped  over  at  the  seam,  and  welded  at  a 
white  heat.  The  most  ductile  and  tenacious  soA  iron,  free  from  all  blemishes,  must  be 
selected  for  this  slip.  It  is  frequently  welded  at  the  common  forge,  but  a  proper  air- 
fomace  answers  better,  aot  being  so  apt  to  bum  it.  It  should  be  covered  with  ashes 
or  cinders.  The  shape  of  the  bore  is  given  by  hammering  the  cylinder  upon  a  steel 
mandril,  ia  a  groove  of  the  anvil.  Six  inches  of  the  barrel  at  either  end  are  leA  open 
fin-  forming  the  breech  and  the  mnzzle  by  a  subsequent  welding  operation ;  the  extrem- 
ity pat  into  the  fire  being  stopped  with  clay,  to  prevent  the  introduction  of  cinders. 
For  every  length  of  two  inches  there  are  from  two  to  three  welding  operations,  divided 
into  alternating  high  and  low  heats ;  the  latter  being  intended  to  correct  the  defects  of 
the  former.  The  breech  and  muzzle  are  not  welded  upon  the  mandril,  but  upon  the 
horn  of  the  anvil ;  the  breech  being  thicker  in  the  metal,  is  more  highly  heated,  and  is 
nnade  somewhat  wider  to  save  labor  to  the  borer.  The  barrel  is  finally  hammered  in 
the  groove  of  the  anvil  without  the  mandril,  during  which  process  it  receives  a  heat 
every  two  minutes.  In  welding,  the  barrel  extends  about  one  third  in  length;  sind. 
for  muskets,  is  eventually  left  from  3  to  3|  feet  long ;  but  for  cavalry  pistols,  only  9 
ioebes. 

The  best  iron  plates  for  gnn-barrels  are  those  made  of  etub  iron,  that  is,  of  old 
boise-shoe  nails  welded  together,  and  forged  into  thin  bars,  or  rather  narrow  ribands. 
At  one  time  damascus  barrels  were  much  in  vogue ;  they  were  fashioned  either  as  above 
described,  from  plates  made  of  bars  of  iron  and  steel  laid  parallel,  and  welded  together, 
or  from  ribands  of  the  same  damascus  stuff  coiled  into  a  cylinder  at  a  red  heat,  and  then 
welded  together  at  the  seams.  The  best  modem  barrek  for  fowling  pieces  are  con- 
strocted  of  stnb-nail  iron  in  this^manner.  The  slip  or  fillet  is  only  half  an  inch  broad, 
or  sometimes  less,  and  is  left  thicker  at  the  end  which  is  to  form  the  breech,  and  thinner 
at  the  end  which  is  to  form  the  muzzle,  than  in  the  intermediate  portion.  This  fillet 
being  moderately  heated  to  increase  its  pliancy,  is  then  lapped  round  the  mandril  in  a 
spiral  direction  till  a  proper  length  of  cylinder  is  formed ;  the  edges  being  made  to 
oreriap  a  Kttle  in  order  to  give  them  a  better  hold  in  the  welding  process.    The  ooil 
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being  taken  off  the  mandril  and  again  heated,  is  Btrack  down  Tertically  with  its 
end  upon  the  anvil,  whereby  the  spiral  janctions  are  made  closer  and  more  uniform.  It 
is  DOW  welded  at  several  successive  heats,  hammered  by  horizontal  strokes,  called  jsmp- 
ing,  and  brought  into  proper  shape  on  the  mandril.  The  finer  barrels  are  made  of  still 
narrower  siub-iron  slips,  whence  they  get  the  name  of  wire  twist.  On  the  Continent, 
barrels  are  made  of  steel  wire,  welded  together  lengthwise,  then  coiled  spirally  into  a 
cylinder.  Barrels  that  are  to  be  rifled  require  to  be  made  of  thicker  iron,  and  that  of 
the  very  best  quality,  for  they  would  be  spoiled  by  the  least  portion  of  scale  upon  their 
inside.  Soldiers'  muskets  are  thickened  a  little  at  the  muzzle,  to  give  a  stoat  holding  to 
the  bayonet. 

The  barrels  thus  made  are  annealed  with  t  gentle  heat  in  a  proper  furnace,  and 
slowly  cooled.  They  are  now  ready  for  the  borer,  which  is  an  oblong  square  hit  of 
steel,  pressed  in  its  rotation  against  the  barrel,  by  a  slip  of  wood  applied  to  one  of  its 
flat  sides,  and  held  in  its  place  by  a  ring  of  metal.  The  boring  bench  works  herizon- 
tall}',  and  has  a  ver>'  shaky  appearance,  in  respect  at  least  of  the  hit.  In  some  cases, 
however,  ii  has  been  ntternpted  to  work  the  barrels  and  bits  at  an  inclination  to  the 
horizon  of  30°,  in  order  to  facilitate  the  discharge  of  the  borings.  The  barrel  is  held 
in  a  slot  by  only  one  point,  to  allow  it  to  humor  the  movements  of  the  borer,  which 
395  would  otherwise  be  infallibly 

broken.  The  bit,  as  repre- 
sented in  fig.  395,  has  merely 
its  square  head  insert«I  into  a 
damp-chuck  of  the  lathe,  and 
plays  freely  through  the  rest 
of  its  length. 

Fig.  396  represents  in  plan 
the  6ortng  bench  for  musket 
barrels  j  /  /  is  the  sledge  or 
carriaire  frame  in  which  the  barrel  is  supported;  a  is  the  revolving  chuck  of  the  lathe, 
into  which  the  square  end  of  the  bit,ySg.  395,  is  inserted ;  6  is  the  barrel,  clamped  at  its 
middle  to  the  carriage,  and  capable  of  being  pressed  onwards  against  the  tapering  bit  of 
the  borer,  by  the  bent  lever  c,  worked  by  the  left  hand  of  the  operative  against  fulcrum 
knobs  at  ^,  which  stand  about  two  inches  asunder.  Whenever  the  barrel  has  been 
thereby  advanced  a  certain  space  to  the  right,  the  bent  end  of  the  lever  is  shiAed  against 
another  knob  or  pin.  The  borer  appears  to  a  stranger  to  be  a  very  awkward  and  unsteady 
mechanism,  but  its  perpetual  vibrations  do  not  aJfect  the  accuracy  of  the  bore.  The 
opening  broach  may  be  of  a  square  or  pentagonal  form,  and  either  gradually  tapered 
from  its  thickest  part,  or  of  uniform  diameter  till  within  two  inches  of  the  end,  whence 
it  is  suddenly  tapered  to  a  point. 

A  series  of  bits  may  be  used  for  boring  a  barrel,  beginning  with  the  smallest  and  end- 
ing with  the  largest.  But  this  multiplication  of  tools  becomes  unnecessary,  by  laying 
against  the  cutting  part  of  the  bit  slips  of  wood,  called  spales,  of  gradually  increasing 
thickness,  so  that  the  edge  is  pressed  by  them  progressively  further  from  the  axis.  The 
bore  is  next  polished.  This  is  done  by  a  bit  with  a  very  smooth  edge,  which  is  mounted 
as  above,  with  a  wedge  of  wood  besmeared  with  a  mixture  of  oil  and  emery.  The  inside 
is  finished  by  working  a  cylindrical  steel  file  quickly  backwards  and  forwards  within  it, 
while  it  is  revolving  slowly. 

In  boring,  the  bit  must  be  well  oiled  or  greased,  and  the  barrel  must  be  kept  cool  by 
letting  water  trickle  on  it ;  for  the  bit,  revolving  at  the  rate  of  120  or  140  times  a  minute, 
generates  a  great  deal  of  heat.  If  a  flaw  be  detected  in  the  barrel  during  the  boring, 
that  part  is  hammered  in,  and  then  the  bit  is  employed  to  turn  it  out. 

Many  sportsmen  are  of  opinion  that  a  barrel  with  a  bore  somewhat  narrowed  towards 
the  muzzle  serves  to  keep  shot  better  together;  and  that  roughening  its  inside  with 
pounded  glass  has  a  good  efiect,  with  the  same  view.  For  this  purpose,  also,  fine  spiral 
lines  have  been  made  in  their  interior  surface.  The  justness  of  its  calibre  is  tried  by 
means  of  a  truly  turned  cylinder  of  steel,  3  or  4  inches  long,  which  ought  to  move  without 
friction,  but  with  uniform  contact  from  end  to  end  of  the  barrel.  Whatever  irregularities 
appear  must  be  immediately  removed. 

The  outer  surface  of  the  barrel  is  commonly  polished  upon  a  dry  grindstone,  but  it  if 
better  finished,  and  less  dangerously  to  the  workman,  at  a  turning  lathe  with  a  slide  rest. 
If  a  stone  be  used,  it  should  be  made  to  revolve  at  the  mouth  of  a  tunnel  of  some  kind, 
into  which  there  is  a  good  draught  to  carry  off  the  ferruginous  particles.  A  piece  of 
moist  cloth  or  leather  should  be  suspended  before  the  orifice. 

Rifle  barrels  have  parallel  grooves  of  a  square  or  angular  form  cut  within  them,  each 
groove  being  drawn  in  succession.  These  grooves  run  spiraUy,  and  form  each  an 
aliquot  part  of  a  revolution  from  the  chamber  to  the  muzde.  Rifles  should  not  be  too 
deeply  indented;  only  so  mudi  as  to  prevent  the*  ball  turning  round  within  the  barrd. 
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mi  Ike  tpirei  ■hmU  be  tmlr  puallel,  that  Ika  ball  omj  ifiie  alog;  with  i  Kgvlar 
pace.    See  tafVa. 

The  PariBum  fnn-maken,  who  are  ndraaed  Terr  eipert,  draw  ant  Ihe  iron  for  the 
bunls  at  hand  fotgea,  in  fiHets  only  one  ninth  of  an  iach  thick,  one  inch  and  a  half 
bnad,aad  fMir  feel  Ion;.  TweniT-fire  of  thete  ribands  are  laid  n pan  each  other,  between 
m  timilar  one*  of  double  Ibicknesa,  and  the  bundle,  weighing  60  pounds,  bonnd  with 
■ire  at  two  plaeea,  aerrea  la  makie  two  barrels.  The  thicker  plates  are  intended  to 
pnleci  the  Ihiaaer  from  the  violence  of  the  fire  in  the  nnmeious  lueccssiTe  heats  nceet- 
su;  to  eomplele  the  weldii^,  aod  to  form  the  bundle  into  «  bar  (wo  chirda  of  an  inch 
broad,  bj  hair  aa  inch  thick;  the  direction  of  the  individaal  pktes  relaliiely  (o  the 
hnadib  bein;  preaerred.  This  l«r,  foUed  lUt  upon  itrclf,  is  a^in  wroa^ht  at  the 
farfc.till  it  ia  only  half  an  inch  broad,  and  a  quarter  of  an  inch  thick,  while  the  plates  of 
ibr  ptimilive  liliaads  are  now  set  perpendicular  10  the  breadth  of  the  narrow  GlleE ;  the 
Ingib  at  which  mast  be  15  or  Iti  feet  French  (16  or  17  English),  to  form  a  fuwling 
jitxr  Irom  28  to  30  inches  Ing.  This  fillet,  heated  to  a  cheirr  red  in  suecesaive 
ponioaa,  is  coiled  into  ai  eloee  a  spiral  as  poasibic,  apoa  a  mandril  about  two  GAhi 
d  an  inch  in  diimeler.  The  mandril  has  at  one  end  a  stout  head  for  drawing  it  out, 
bf  Dieani  of  the  hammer  and  the  groores  of  the  anvil,  previoua  to  every  heating.  The 
welding  ia  performed  upon  a  mandril  introduced  afler  each  healj  the  middle  uf  the 
Wrd  being  first  worked,  while  the  fillets  are  forced  back  against  each  otber,  along  the 
Burfice  of  the  mandril,  to  secure  ibeir  perfect  union.  The  original  plates  liaving  in  the 
ronniiion  of  the  ultimate  long  riband  become  verf  thin,  appear  upon  the  aariace  of  the 
barrel  like  threads  of  a  fine  screw,  with  blackish  tints  to  mark  [he  junctions.  In  making 
t  doaUe-bar relied  gnn,  tbe  two  are  formed  from  the  aame  bundle  td"  slips,  the  eoila  ofthe 
gae  Eniahed  fillet  being  tamed  to  the  right  hand,  and  those  of  the  other  to  the  leA. 

The  Damascns  bariela  forged  as  above  described,  from  a  bundle  of  aleel  and  iron 
phles  laid  allcmalely  together,  are  twisted  at  the  forge  several  timet,  then  coiled  and 
wdded  as  osual.  Fiileen  Parisian  workmen  omenr  in  one  operaliao :  (ix  at  the  forge  t 
t«D  at  the  boring  milli  seven  at  fijiog,  turning,  and  adjusting;  yet  all  together  make 
I  pairs  of  barrels  pel  week,  which  are  sold  at  from  100  to  300  francs  the  pair,  ready 

mon;  theehamber,  plug,  ormortar,  ^g.  397) 
aiid  the  patent,  fig.  398.  The  comtnoD 
was  fonoeriy  naed  for  aoldiers'  mosketi 
and  inferior  pieces.  The  second  is  a 
(lifling  improvement  upon  It.  lo  the 
patent  breeching,  the  lerewa  do  not  in- 
terfere with  tbe  toach-hole,  and  the  ^ilioB 
is  quicker  in  the  main  chamber. 

The  only  locks  which  it  is  worth  while 
to  describe  are  thoae  upon  the  percnaaioQ 
principle,  *»  flint  locks  will  certainly  aooa 
cease  to  be  employed  even  in  miiilary 
muskets.     Forayih"B  lock  (Jig.  399)  wa« 


xine  a,  for  containing  the  detonating  pow- 
der, which  revolves  round  a  roller  6,  whota 
end  is  screwed  into  the  breech  of  the 
barrel.  The  priming  powder  passes  (hroogh 
—  a  small  hole  in  the  roller,  which  leads  to  a 

channel  in  commnnication  with  the  chamber 
^  of  the  gun. 

The  pan  for  holding  the  priming  ii  placed  immediately  over  the  lilt  e  hole  in  tbeiollet. 
IVre  i*  a  steel  paneh  c,  in  the  magazine,  whose  under  end  stand*  above  the  pan,  ready 
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to  ignite  the  priming  when  struck  upon  the  top  by  xhe  cock  d,  whenerer  the  trigger  is 
drawn.  The  punch  immediately  after  being  driven  down  into  the  pan  is  raited  by  the  action 
of  a  spiral  spring.  For  each  explosion,  the  magazine  must  be  turned  so  far  round  as  to 
let  fall  a  portion  of  the  percussion  powder  into  the  pan ;  after  which  it  is  turned  bade, 
and  the  steel  punch  recovers  its  proper  position  for  striking  another  blow  into  the 
pan. 

The  invention  of  the  copper  percussion  cap  was  another  great  improvement  upon  the 
detonating  plan.  Fig.  400  represents  the  ordinary  percussion  lock,  which  is  happily 
divested  of  three  awkward  projections  upon  the  dint  lock,  namely,  the  hammer,  hammer 
spring,  and  the  pan.  Nothing  now  appears  upon  the  pUte  of  the  lock,  but  the  cock 
or  striking  hammer,  which  inflicts  the  proper  blow  upon  the  percussion  cap.  It  is 
concave,  with  a  small  metallic  ring  or  border,  called  a  shield  or  fence,  for  the  purpose 
of  enclosing  the  cap,  as  it  were,  and  preventing  its  splinters  doing  injury  to  the  sportsDian, 
as  also  protecting  against  the  line  of  flame  which  may  issue  from  the  touch-hole  in  the 
cap  nipple.  This  is  screwed  into  the  patent  breech,  and  is  perforated  with  a  small 
hole. 

400 


The  safety  lock  of  Dr.  Somerville  is  a  truly  humane  invention.  Its  essential  feature 
it  a  slide  stop  or  catch,  placed  under  the  trigger  a.  Jig,  401.  It  is  pulled  forward  into 
a  notch  in  the  trigger,  by  means  of  a  spring  b,  upon  the  front  of  the  guard,  which  is 
worked  by  a  key  c,  pressing  upon  the  spring  when  the  piece  is  discharged.  In  another 
safety  plan  there  is  a  small  moveable  curved  piece  of  iron,  a,  which  rises  through  an  opening 
B,  in  the  lock-plaie  c,  and  prevents  the  cock  from  reaching  the  nipple,  as  represented  ia 
the  figure,  until  it  is  drawn  back  within  the  plate  of  the  lock  when  the  piece  is  fired. 

401 


To  fire  this  gun,  two  different  points  must  be  pressed  at  the  same  time.  If  by 
accident  the  key  which  works  the  safety  be  touched,  nothing  happens,  because  the  trigger 
is  not  drawn ;  and  the  trigger  touched  alone  can  produce  no  effect,  because  it  is  locked. 
The  pressure  must  be  applied  to  the  trigger  and  the  key  at  the  same  instant,  otherwise 
the  lock  will  not  work. 

The  French  musket  is  longer  than  the  British,  in  the  proportion  of  44*72  inches  to  4S 
but  the  French  bayonet  is  15  inches,  whereas  the  British  is  17. 
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Elf . 'DiflMBBimMKi 

Duuneter  of  the  bore     -       .  >     .  ..   0.75  ia« 

Diameter  of  the  ball      ...  .     0*676 

^eiffht  of  the  ball  in  oz.       -        -  •     1*06 

Weight  of  the  firelock  and  bayonet  in  lbs.  -   12*25 
Length  of  the  barrel  and  bayonet  -  -  59*00 


0*69  in. 

0*65 

0*958 
10*980 
59-72 


Within  these  few  years  a  great  many  contrivances  have  beei|  brought  forward,  and 
iereral  have  been  patented  for  fire  arms.  The  first  I  shall  notice  is  that  of  Charles 
fiaodoro.  Baron  de  Berenger.  Fig.  402  shows  the  lock  and  breech  of  a  fowling  piece, 
with  a  sliding  protector  on  one  of  the  improved  plans ;  a  is  the  hammer,  b  the  nipple  of 
the  tonch-hde,  c  a  bent  lever,  lorning  npon  a  pin,  fixed  into  the  lock-plate  at  d.  The 
appor  end  of  this  bent>lever  stands  partly  under  the  nose  of  the  hammer,  and  while  in 
tluu  situation  stops  it  from  striking  the  nipple.  A  slider  g  fk,  connected  with  the  under 
part  of  the  gun-stock,  is  attached  to  the  tail  of  the  bent  lever  at  t ;  and  when  the  piece 
is  hroag ht  to  the  shoulder  for  firing,  the  hand  of  the  sportsman  pressing  against  the  bent 
part  of  the  slider  at  g,  forces  this  bacif,  and  thereby  moves  the  end  of  the  lever  c  forwwd 
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from  tinder  the  nose  of  the  cock  or  hammer,  as  shown  by  the  dotted  lines.  The  trigger 
Mag  now  drawn,  the  piece  wiU  be  discharged ;  and  on  removing  the  hand  from  the  end 
g,  of  the  slider  /,  the  spring  at  h  acting  against  the  guard,  will  force  the  slider  Ibrward, 
sad  the  lever  into  the  position  first  described. 

Mr.  Redford,  gun-maker  of  Birminghan,  proposes  a  modification  of  the  lock  for 
mall  fire-arms,  in  which  the  application  of  pressure  to  the  sear  spring  for  discharging 
the  piece  is  made  by  means  of  a  plog,  depressed  by  the  thumb,  instead  of  the  force  of 
the  finger  exerted  against  the  trigger.     Fig.  403  represents  a  fowling  piece  partly  iu 


section.    The  sear  spring  is  shown  at  a.    It  is  not  here  connected  with  the  trigger  as  in 
other  locks ;  bat  is  attached  by  a  double-jointed  piece  to  a  lever  6,  which  turns  upon  a 
fblerum  pin  in  its  centre.      At  the  reverse  end  of  this  lever  an  ttrm  extends  forwards, 
Kke  that  of  an  ordinary  sear  spring,  Upon  which  arm  the  lower  end  of  the  plug  e  is 
intended  to  bear ;  and  when  this  plug  is  depressed  by  the  thumb  bearing  upon  it,  that 
end  of  the  lever  b  will  be  forced  downwards,  and  the  reverse  end  will  be  raised,  so  as  to 
draw  op  the  end  of  the  sear  spring,  and  set  off  the  piece.    For  the  sake  of  protection, 
the  head  of  the  plug  c  is  covered  by  a  moveable  cap  d,  forming  part  of  a  slider  e,  which, 
moves  to  and  fro  in  a  groove  in  the  stock,  behind  the  breech  end  of  the  barrel ;  thir 
dider  e  is  acted  upon  by  the  trigger  through  levers,  which  might  be  attached  to  the  otherr 
side  of  the  lock-plate;  but  are  not  shown  in  this'  figure,  to  avoid  confusion.    When  the- 
piece  is  brought  to  the  shoulder  for  firing,  the  fore-finger  must  be  applied  as  usual  to- 
the  trigger,  but  merely  for  the  purpose  of  drawing  back  the  slider  e,  and  uncovering  the  - 
head  of  the  plat? ;  when  this  is  done,  the  thumb  is  to  be  pressed  upon  the  head  of  the  plogi . 
and  will  thus  discharge  the  piece.    A  spring  bearing  against  the  lever  of  the  slider  e,  wiU, . 
when  the  finger  is  withdrawn  fVom  the  trigger,  send  the  slider  forward  again,  and  cover 
the  head  of  the  plug,  as  shown. 

It  n  with  pleasure  I  again  advert  to  the  humane  ingenuity  of  the  Rev.  John  SomerrOIey . 
of  Carrie.    Iti  April,  1835,  he  obtained  a  patent  for  a  further  invention  to  prevent  rthr 
accidental  discharge  of  fire  arms.    It  consists  in  hiodering  the  hammer  from  reaching  the 
nipple  of  a  percussion  lock,  or  the  flint  reaching  the  steel  of  an  ordinary  one,  tty  the  • 
intoposition  of  moveable  safety  studs  or  pins,  which  protrude  from  tinder  the  fUse 
kreech  before  the  hafflmert  of  the  locks)  and  prevent  them  from  descending  to  ttiflce. . 
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These  safety  studs  or  pins  are  moved  ont  of  the  way  by  the  pressure  of  the  right  handd 
the  person  using  the  gun  only  when  in  the  act  of  firing,  that  is,  when  the  force  of  the 
right  hand  and  arm  is  exerted  to  press  the  butt  end  of  the  stock  of  the  gun  against  the 
shoulder  while  tlie  aim  is  taken  and  the  trigger  pulled.  In  carrying  the  gun  at  rest^  the 
proper  parts  of  the  thumb  or  hand  do  not  come  over  Mr.  Somerville's  moveable  buttons  or 
studs. 

Fig.  404  is  a  side  view  of  part  of  a  double  percussion  gun  ;  and  fig»  405  is  a  top  or 
plan  view,  whi<ih  will  serve  to  explain  these  improvements,  and  show  one,  out  of  many, 
methods  of  carrying  them  into  effect.  •  a  is  the  stock  of  the  gun ;  b  the  barrels;  c  the 
breech ;  d  the  nipples ;  £  the  false  breech,  on  the  under  side  of  which  the  levers  which 
work  the  safety  studs  or  pins  are  placed ;  r  is  the  shield  of  the  false  breech ;  g,  triggers ; 
H  the  lock-plate ;  and  i  the  hammers :  allof  which  are  constructed  as  usual :  a  a  are 
the  safety  studs  or  pins,  which  protrude  before  the  shield  p,  and  work  through  guide 
pieces  on  the  under  side  of  the  false  breech.  The  button  piece  is  placed  in  the 
position  for  the  thumb  of  the  right  hand  to  act  upon  it ;  but  when  the  pressure  of  the 
ball  of  the  right  thumb  is  to  produce  the  movement  of  the  safety  studs,  it  must  be  placed 


in  or  near  the  position  k  ;    and  when  the  heel  of  the  right  hand  is  to  effect  the  nxive- 
ments  of  the  safety  studs,  the  button  piece  must  be  placed  at  l,  or  nearly  so. 
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In  these  last  two  positions,  the  lever  (which  is  acted  upon  by  the  button  piece  to  work 
the  safety  studs  through  a  slide)  would  require  to  be  of  a  different  shape  and  differ- 
ently mounted.  When  the  hammers  are  down  upon  the  nipples  af\er  discharging  the 
gun,  the  ends  of  the  safety  pins  press  against  the  inner  sides  of  the  hammers.  When  this 
invention  is  adapted  to  single-barrelled  guns,  only  one  pin,  a,  one  lever  and  button  piece 
will  be  required, 

Mr.  Richards,  gun- maker,  Birmingham,  patented,  in  March,  1836,  a  modification  of 
the  copper  cap  for  holding  the  percussion  powder,  as  represented  fig.  406 ;  in  which 
the  powder  is  removed  from  the  top  of  the  cap,  and  brought  nearer  the  mouth ;  a  being 
the  top,  b  the  sides,  and  c  the  position,  of  the  priming.  The  dotted  lines  show  the  direc- 
tion of  the  explosion,  whereby  it  is  seen  that  the  metal  case  is  opened  or  distended  only 
in  a  small  degree,  and  not  likely  to  burst  to  pieces,  as  in  the  common  caps,  the  space 
between  a  and  c  being  occupied  by  a  piece  of  any  kind  of  hard  metal  d,  soldered  or  other- 
wise fastened  in  the  cap. 

George  Loveil,  Esq.,  director  of  the  Royal  Manufactory  of  Arms  at  Enfield,  has  re- 
cently made  a  great  improvement  upon  the  priming  chamber.  He  forms  it  into  a  verti- 
cal double  cone,  joined  in  the  middle  by  the  common  apex ;  the  base  of  the  upper  cone 
being  in  contact  with  the  percussion  cap,  presents  the  most  extensive  surface  to  the  ful- 
minate upon  the  one  hand,  while  the  base  of  the  under  one  being  in  a  line  with  the  interior 
surface  of  the  barrel,  presents  the  largest  surface  to  the  gunpowder  charge,  upon  the 
other.  In  the  old  nipple  the  apex  of  the  cone  being  at  its  top,  afforded  very  injudiciously 
the  minimum  surface  to  the  exploding  force. 

Gum,  Rifling  oftfu  BarreU.  —  The  outside  of  rifle  barrels  is,  in  general,  octagonal, 
AAer  the  barrel  is  bored,  and  rendered  truly  cylindrical,  it  is  fixed  upon  the  rifling 
machine.  This  instrument  is  formed  upon  a  square  plank  of  wood  7  feet  long,  to  which 
is  fitted  a  tube  about  an  inch  in  diameter,  with  spiral  grooves  deeply  cut  internally 
through  its  whole  length ;  and  to  this  a  circular  plate  is  attaches],  about  5  inches 
diameter,  accurately  divided  in  concentric  circles,  into  from  5  to.  16  equal  parts,  and 
supported  by  two  rings  made  fast  to  the  plank,  in  which  rings  it  revolves.  An  arm 
connected  with  the  dividing  graduated  plate,  and  pierced  with  holes,  through  which  a 
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pk  is  iMUied,  regulates  the  change  of  the  tuhe  in  giving  the  desired  number  of  grooves 
to  the  barrel.  An  iron  rod,  with  a  moveable  handle  at  the  one  end,  and  a  steel  catter  in 
the  other,  passes  throngh  the  above  rifling  tube.  This  rod  is  covered  with  a  core  of  lead 
one  foot  long.  The  barrel  is  firnilj  fixed  by  two  rings  on  the  plank,  standing  in  a  straight 
Ime  on  the  tube.  The  rod  is  now  drawn  repeatedly  throngh  the  barrel,  from  end  to  end, 
aatil  the  cntter  has  formed  one  groove  of  the  proper  depth.  The  pin  is  then  shifted  to 
another  hole  In  the  dividing  plate,  and  the  operation  of  grooving  is  repeated  till  the  whole 
lomber  of  riflings  is  completed;  The  barrel  is  next  taken  ont  of  the  machine,  and  fin- 
ished. This  is  done  by  casting  upon  the  end  of  a  small  iron  rod  a  core  of  lead,  which, 
when  besmeared  with  a  mixture  of  fine  emery  and  oil,  is  drawn,' for  a  considerable  time, 
by  the  workmen,  from  the  one  end  of  the  barrel  to  the  other,  till  the  inner  surface  has 
become  finely  polished.  The  best  degree  of  spiraHty  is  found  to  be  from  a  quarter  to 
half  a  revolution  in  a  length  of  three  feet. 

Miiitary  Rijk*. — An  essential  improvement  in  this  destructive  arm  has  lately  been  in- 
troduced into  the  British  service  at  the  suggestion  of  Mr.  Lovell. 

The  intention  in  all  rifles  is  to  impart  to  the  ball  a  rotatory  or  Spinning  motion 
loaiid  its  axis,  as  it  passes  out  through  the  barrel.  This  object  was  attained,  to  a  certain 
degree,  in  the  rifles  of  the  old  pattern,  by  cutting  seven  spiral  grooves  into  the  inside  of 
the  baLTFel,  in  the  maoner  shown  by  jig.  407,  the  spherical  ball,  fig.  408,  being  a  little 
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larger  than  the  bore,  wa»  driven  down  with  a  mallet,  by  which  the  projecting  ribs  were 
Ibroed  into  the  surface  of  the  ball,  so  as  to  keep  it  in  contact  with  their  curvatures,  during 
ill  expulsion.    Instead  of  this  laborious  and  insecure  process,  the  barrel  being  now  cut 
with  only  two  opposite  grooves,  fig.  409,  and  the  ball  being  formed  with  a  projecting 
belt,  or  zone,  round  its  equator,  of  the  same  form  as  the  two  grooves,  fig*  410,  it  enters 
90  readily  into  these  hollows,  that  little  or  no  force  is  required  to  press  it  down  upon  the 
powder.    So  much  more  hold  of  the  barrel  is  at  the  same  time  obtained,  that  instead  of  one 
^mmHtr  of  a  turn,  which  was  the  utmost  that  could  be  safely  given  in  the  old  way,  with- 
out danger  of  stripping  the  ball,  a  whok  turn  round  the  barrel,  in  its  length,  can  be  given 
to  the  two  grooved  rifles;  whereby  a  far  more  certain  and  complete  rotatory  motion  is 
imparted  to  the  ball.     The  grand  practical  result  is,  that  better  practice  has  been  per* 
Ibraied  by  several  companies  of  the  Rifle  Corps,  at  300  yards,  than  could  be  produced 
with  the  best  old  military  rifles  at  loOyaids ;  the  soldier  being  meanwhile  enabled  to  load 
with  much  greater  ease  and  despatch.    The  belt  is  bevelled  to  its  middle  line,  and  not  so 
flat  as  shown  in  the  figure. 

This  mode  of  rifling  is  not,  however,  new  in  England.  In  fact,  it  is  one  of  the 
oldest  upon  record ;  and  appears  to  have  fallen  into  disuse  from  faults  in  the  execution. 
The  idea  was  revived  within  the  last  few  years  in  Brunswick^  and  it  was  tried  in 
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Hanover  also,  but  with  a  lens-shaped  (Linsenfurmig)  ball.    The  judicious  modifications 
•ad  improvements  it  has  finally  receive  in  Mr.  LovelPs  hands,  have  brought  out  all  its 
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advmntoges,  and  tendered  it,  when  skilfully  vsed^  a  weapooof  unerring Mim^  even  at  tiM 
prodigious  distance  of  700  yards. 

The  locks,  also,  for  the  military  senrice  generally,  are  now  receiving  an  important  im* 
provement  by  means  of  his  labors,  having  been  simplified  in  a  remarkable  manner.  The 
action  of  the  main  spring  is  reversed,  as  shown  by  fig,  411 ;  tbu«  rendering  the  wbole 
mechanism  more  solid,  compact,  and  convenient ;  while  the  ignition  of  Uie  charge  being 
effected  by  percussion  powders  in  a  cupper  cap,  the  fire  of  the  British  line  will,  in  future, 
be  more  murderous  than  ever,  as  a  mis-fire  is  hardly  ever  experienced  with  the  fire-annf 
made  at  the  Royal  manufactory,  under  Mr.  Lovell's  skilful  superintendence.   . 

FIRE-DAJVIP;  the  explosive  carbureted  hydrogen  of  coal  mines.    See  Pitcoal. 

FIRE-WORKS.  {Feux  d'artifice.  Ft.  ;  Feuerwerke,  Germ.)  The  composition  of  lomi- 
nous  devices  with  explosive  combustibles,  is  a  modem  art  resulting  from  the  discovery  of 
gunpowder.  The  finest  inventions  of  this  kind  are  due  to  the  celebrated  Ruggieri,  father 
and  son,  who  executed  in  Rome  and  Paris,  and  the  principal  capitals  of  Europe,  the  most 
brilliant  and  beautiful  fireworks  that  were  ever  seen.  The  following  description  of  their 
processes  will  probably  prove  interesting  to  many  of  my  readers. 

The  three  prime  materials  of  this  art  are,  nitre,  sulphur,  and  charcoal,  along  with 
filings  of  iron,  steel,  copper,  zinc,  and  resin,  camphor,  lycopodium,  &c.  Gunpowder  is 
used  either  in  grain,  half  crushed,  or  fineJy  ground,  for  different  purposes.  The  longer 
the  iron  filings,  the  brighter  red  and  white  sparks  they  give;  those  being  preferred  which 
are  made  with  a  very  coarse  file,  and  quite  free  from  rust.  Steel  filings  and  cast-iron 
borings  contain  carbon,  and  afford  a  more  brilliant  fire,  with  wavy  radiations.  Copper 
filings  give  a  greenish  tint  to  flame ;  those  of  zinc,  a  fine  blue  color ;  the  sulphuret  of 
antimony  gives  a  less  greenish  blue  than  zinc,  but  with  much  smoke ;  amber  affords  a 
yellow  fire,  as  well  as  colophony,  and  common  salt ;  but  the  last  must  be  very  dry. 
Lampblack  produces  a  very  red  color  with  gunpowder,  and  a  pink  with  nitre  in  excess. 
It  serves  for  making  golden  showers.  The  yellow  sand  or  glistening  mica,  communicates 
to  fire- works  golden  radiations.  Verdigris  imparts  a  pale  green ;  sulphate  of  copper  and 
sal-ammoniac,  a  palm-tree  green.  Camphor  yields  a  very  white  flame  and  aromatic  fumes, 
which  mask  ihe  bad  smell  of  other  substances.  Benzoin  and  storax  are  used'  also  on 
account  of  their  agreeable  odor.  Lycopodium  burns  with  a  rose  color  and  a  magnificent 
flame }  but  it  is  principally  employed  in  theatres  to  represent  lightning,  or  to  charge  the 
torch  of  a  fury. 

Fire- works  are  divided  into  three  classes :  1.  those  to  be  set  off  upon  the  grooad ;  2. 
those  which  are  shot  up  into  the  air ;  and  3.  those  which  act  upon  or  under  water. 

Composition  for  jtu  of  fire ;  the  common  preparation  for  rockets  not  more  than  }  of  an 
inch  in  diameter,  is;  gunpowder,  16  parts;  charcoal,  3  parts.  For  those  of  larger  diam- 
eter; gunpowder,  16 ;  steel  filings,  4.  . 

Brilliant  revolving  wheel ;  for  a  tube  less  than  |  of  an  inch;  gunpowder,  16;  steel 
filings,  3.    AVhen  more  than  | :  gunpowder,  16 ;  filings,  4. 

Ckvnue  or  Jasmine  fire ;  when  less  than  |  of  an  inch :  gunpowder,  16 ;  nitre,  8 ;  char* 
coal  (fine),  3 ;  sulphur^  3 ;  pounded  cast-iron  borings  (small),  10.  When  wider  than  | : 
gunpowder,  16 ;  nitre,  12 ;  charcoal,  3  ;  sulphur,  3 ;  coarse  borings,  12. 

.^  fixed  brilliant ;  less  than  |  in  diameter :  gunpowder,  16 ;  sted  flHngs,  4 ;  or,  gun- 
powder, 16 ;  and  finely  pounded  borings,  6. 

Fixed  suns  are  composed  of  a  certain  number  of  jets  of  fire  distributed  circularly,  like 
the  spokes  of  a  wheel.  All  the  fusees  take  fire  at  once  through  channels  charged  with 
quick  matches.  Glories  are  large  suns  with  several  rows  of  fusees.  Fans  are  portions 
of  a  sun,  being  sectors  of  a  circle.    The  Pane  d'oie  is  a  fan  with  only  three  jets. 

The  mosaic  represents  a  surface  covered '.with  diamond  shaped  compartments,  formed 
by  two  series  of  parallel  lines  crossing  each  other.  This  effect^  produced  by  placing  at 
each  point  of  intersection,  four  jets  of  fire,  which,  run  into  the  adjoining  ones.  The  in- 
tervals between  the  jets  must  be  associated  with  the  discharge  of  others,  so  as  to  keep 
up  a  succession  of  fires  in  the  spaces. 

Palm  trees.  Ruggieri  contrived  a  new  kind  of  fire,  adapted  to  represent  all  sorts  of 
trees,  and  especially  the  palm.  The  following  is  the  composition  of  this  magnificent 
green  fire-work  :  crystallized  verdigris,  4  parts ;  sulphate  of  coppe^  2 ;  sal-ammoniac,!. 
These  ingredients  are  to  be  ground  and  moistened  with  alcohol.  An  artificial  tree  of  any 
kind  being  erected,  coarse  cotton  rovings  about  finches  in  diameter,  impregnated  with 
that  composition,  arete  be  l«stooned  round  the  trunk,  branches,  and  among  the  leaves; 
and  immediately  kindled  befyre  the  spirits  have  had  time  to  evaporate. 

Cascades  imitate  sheets  or  jets  of  water.  The  Chinese  fire  is  best  adapted  to  such 
decorations. 

Fixed  stars.  The  bottom  Of  a  rocket  is  to  be  stuffed  with  day,  and  Ofio^ameter  in 
height  of  the  first  preparation  being  introduced,  thevaeant  space  is  -tobe  filled  with  the 
following  composition,  and  the  mouth  tied  up.  The  pasteboard  must  be  pierced  into  th« 
preparation,  with  five  holes,  for  the  escape  of  the  luminous  rays,  lArhiCh  represent  a  star. 
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CompoHtiBn  offixid  stars .- — 

Ordinary.        Brighlei.  Cplored*  ^ 

Nitre  ...    16  12  0 

Sulphur  ..46  6 

Guapowder  meal        *     4  12  16 

Aotunony        .  .      2  1  2 

Lanas  are  lon^  rockets  of  small  dtameter^  made  with  eartrid^  paper.  Those  whieh 
1mm  qniekest  shMOtild  be  the  longest.  They  are  charged  by  hand  withont  any  moaM, 
with  rods  of  different  len^hs,  and  are  not  strangled  at  the  mouth,  bot  merely  stuffed  with 
a  quick  match  of  tow.  These  fauices  form  the  fignres  of  great  decorations ;  they  are 
fixed  with  sprigs  upon  large  wooden  frame  works,  representing  temples,  palae^,  P^fo- 
^Of  &c.  The  whole  are  placed  in  commanication  by  conduits,  or  small  paper  cartridges 
like  the  lances,  but  somewhat  conical,  that  they  may  fit  endwise  into  one  another  to  any 
extent  that  may  be  desired.  Each  is  mrnished  with  a  match  thread  fully  1|  inches  long, 
at  its  two  ends. 

Composition  for  the  white  lances :  nitre,  16 ;  sulphur,  B ;  gunpowder,  4  or  3.  For  a 
Unih'White :  nitre,  16;  sulphnr,  8 ;  antimony,  4.  For  blM  lances :  nitre,  16 ;  antimony, 
8.  For  yellow :  nitre,  16 ;  gunpowder,  16 ;  sulphur,  8 ;  amber,  8.  For  yellovBer  ones : 
nitre,  16 ;  gunpowder,  16;  sulphur,  4 ;  colophony,  3 ;  amber,  4.  Tor  greenish  ones:  nitre, 
16;  sulphur,  6;  antimony,  6  ;  verdigris,  6.  For  pink  lances :  nitre,  16;  gunpowder,  3; 
lampblack,  1.  Others  less  vivid  are  made  with  nitre,  16;  colophony,  3  ;  amber,  3  ;  ly- 
eopodium,  3. 

Cordage  is  represented  in  fire-works,  by  imbuing  sof\  ropes  with  a  mixture  of  nitre,  2 ; 
nilphur,  16  ;  antimony,  1 ;  resin  of  juniper,  1. 

The  Bengal  flames  rival  the  light  of  day.  They  consist  of,  nitre,  7 ;  sulphur,  2 ; 
antimony,  1.  This  mixture  is  pressed  strongly  into  earthen  porringers,  with  some  bits 
of  qoiek  match  strewed  over  the  surface.  These  flames  have  a  fine  tiieatrical  effect  foe 
eoaflagratioas. 

RttdHng  suns  are  wheels  upon  whose  circumference  rockets  of  different  styles  are 
fixed,  and  which  communicate  by  conduits^  so  that  one  is  lighted  up  in  succession  after 
another.  The  composition  of  their  common  fire  is,  for  sizes  below  {  of  an  inch :  gun* 
powder  meal,  16;  charcoal,  not  too  fine,  3.  For  larger  sizes  :  gunpowder,  20;  charcoal, 
not  too  fine,  4.  For  fiery  radiations :  gunpowder,  16 ;  yellow  micaceous  sand,  2  or  3. 
For  mixed  radiations  :  gunpowder,  16  j  pitcoal,  1 ;  yellow  sand,  1  or  2. 

The  varing  or  double  Catharine  wheels  are  two  suns  turning  about  the  same  axis  in 
opposite  directions.  The  fusees  are  fixed  obliquely  and  not  tansentially  to  their  peri* 
pheries.  The  wheel  spokes  are  charged  with  a  great  number  of  fusees ;  two  of  the  four 
wings  revolve  in  the  one  direction,  and  the  other  two  in  the  opposite ;  but  always  in  a 
vertical  plane. 

The  girandoles,  caprices,  spirals,  and  some  others,  have,  on  the  contrary,  a  horizontal 
rotation.  The  fire^worker  may  diversify  their  effects  greatly  by  the  arrangement  and 
color  of  the  jets  of  flame.  Let  us  take  for  an  example  the  globe  of  light.  Imagine  a 
large  sphere  turning  freely  upon  its  axis,  along  with  a  hollow  hemisphere,  which  revolves 
also  upon  a  vertical  axis  passing  through  its  under  pole.  If  the  two  pieces  be  covered 
with  colored  lances  or  cordage,  a  fixed  luminous  globe  will  be  formed;  but  if  hori> 
lontal  fusees  be  added  upon  the  hemisphere,  and  vertical  fusees  upon  the  sphere,  the 
first  will  have  a  relative  horizontal  movement,  the  second  a  vertical  movement,  which 
being  combined  with  the  first,  will  cause  it  to  describe  a  species  of  curve,  whose  effect 
will  be  an  agreeable  contrast  with  the  regular  movement  of  the  hemisphere.  Upon  the 
surface  of  a  revolving  sun,  smaller  suns  might  be  placed,  to  revolve  like  satellites  round 
their  primaries. 

Rn?gieri  exhibited  a  luminous  serpent,  pursuing,  with  a  rapid  winding  pace,  a  butter- 
fly which,  flew  continually  before  it.  This  extraordinary  effect  was  produced  in  the 
following  way.  Upon  the  summits  of  an  octagon  he  fixed  eight  equal  wheels  turning 
freely  upon  their  axles,  in  the  vertical  plane  of  the  octagon.  An  endless  chain  passed 
round  their  circumference,  going  from  the  interior  to  the  exterior,  covering  the  outside 
•emi-circamference  of  the  first,  the  insicje  of  the  second,  and  so  in  succession ;  whence 
•rose  the  appearance  of  a  great  festooned  circular  line.  The  chain,  like  that  of  a  watch, 
earned  upon  a  portion  of  its  length,  a  sort  of  scales  pierced  with  holes  for  receiving 
colored  lances,  in  order  to  represent  a  fiery  serpent.  At  a  little  distance  there  was  a 
Votterfly  constructed  with  white  lances.  The  piece  was  kindled  commonly  by  other  fire- 
works, which  seemed  to  end  their  play,  by  projecting  the  serpent  from  the  bosom  of  the 
flames.  The  molLoa  was  communicated  to  the  chain  by  one  of  the  wheels,  which 
received  it  like  a  clock  from  the  action  of  a  weight.  This  rumarkaUy  curious  mechanism 
called  by  the  artists  a  salamander. 

The  rockets  which  rise  into  the  air  with  a  prodigious  velocity  are  among  the  mo< 
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common,  bat  not  least  interesting  fire-works.  When  employed  profusely,  they  fons  thote 
rich  volleys  of  fire  ^vhich  are  the  crowning  ornaments  uf  a  public  fete.  The  cartridge 
is  similar  to  that  of  the  other  jete,  except  in  regard  to  its  length,  and  the  necessity  of 
pasting  it  strongly,  and  planing  it  well ;  but  it  is  charged  in  a  different  manner.  As 
the  sky-rockets  must  fly  off  with  rapidity,  their  composition  should  be  such  as  to  kindle 
instantly  throughout  their  length,  and  extricate  a  vast  volume  of  elastic  fluids.  To  effect 
this  purpose,  a  small  cylindric  space  is  leA  vacant  round  the  axis ;  that  is,  the  central 
line  is  tubular.  The  fire-workers  call  this  sfMice  the  soul  of  the  rocket  {amt  d€  laf%*h€). 
On  account  of  its  somewhat  conical  form,  hollow  rods,  adjustable  to  different  sizes  of 
broaches  or  skewers,  are  required  in  packing  the  charge ;  which  must  be  done  while  the 
cartridge  is  sustained  by  its  outside  mould,  or  copper  cylinder.  The  composition  of  sky- 
rockets is  as  follows : —  ^  ■ 
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The  cartridge  being  charged  as  above  described,  the  pot  must  be  adjusted  to  it,  with 
the  garniture ;  that  is,  the  serpents,  the  crackers,  the  stars,  the  showers  of  fire,  &.c.  The 
pot  is  a  tube  of  pasteboard  wider  than  the  body  of  the  rocket,  and  about  one  third  of  its 
length.  Af\er  being  strangled  at  the  bottom  like  the  mouth  of  a  vial,  it  is  attached  to 
the  end  of  the  fusee  by  means  of  twine  and  paste.  These  are  afterwards  covered  with 
paper.  The  garniture  is  introduced  by  the  neck,  and  a  paper  plug  is  laid  over  it.  The 
whole  is  enclosed  within  a  lube  of  pasteboard  terminating  in  a  cone,  which  is  firmly 
pasted  to  the  pot.  The  quick-match  is  now  finally  inserted  into  the  soul  of  the  rocket. 
The  rod  attached  to  the  end  of  the  sky-rockets  to  direct  their  flight  is  made  of  willow  or 
any  other  light  wood.  M .  Ruggieri  replaced  the  rod  by  conical  wings  containing  explo- 
sive materials,  and  thereby  made  them  fly  further  and  straighter. 

The  garnitures  of  the  sky-rocket  pots  are  the  following : — 

1.  Stars  are  small,  round,  or  cubic  solids,  made  with  one  of  the  following  compositions, 
and  soaked  in  spirits.  White  stars,  nitre,  16 ;  sulphur,  8 ;  gunpowder,  3.  Others  more 
vivid  consist  of^  nitre,  16 ;  sulphur,  7 ;  gunpowder,  4. 

Stars  for  golden  shotoers,  nitre,  16;  sulphur,  10;  charcoal,  4;  gunpowder,  16;  lamp- 
black, 2.  Others  yellower  are  made  with  nitre,  16;  sulphur,  8;  charcoal,  2;  lampblack, 
2 ;  gunpowder,  8. 

llie  serpents  are  small  fusees  made  with  one  or  two  playing  cards ;  their  bore  being 
less  than  half  an  inch.  The  lardons  are  a  little  larger,  and  have  three  cards ;  the  t«- 
tilles  are  smaller.  Their  composition  is,  nitre,  16 ;  charcoal,  not  too  fine,  2;  gunpowder^ 
4 ;  sulphur,  4 ;  fine  steel  filings,  6. 

The  petards  are  cartridges  filled  with  gunpowder  and  strangled. 

The  saxons  are  cartridges  clayed  at  each  end,  charged  with  the  brilliant  turning  fire, 
and  perforated  with  one  or  two  holes  at  the  extremity  of  the  same  diameter. 

The  cracker  is  a  round  or  square  box  of  pasteboard,  filled  with  granulated  gunpowder, 
and  hooped  all  round  with  twine. 

Roman  candles  are  fusees  which  throw  out  very  bright  stars  in  succession.  With  the 
composition  (as  under)  imbued  with  spirits  and  gum-water,  small  cylindric  masses  are 
made,  pierced  with  a  hole  in  their  centre.  These  bodies,  when  kindled  and  projected 
into  the  air,  form  the  stars.  There  is  first  put  into  the  cartridge  a  charge  of  fine  gun- 
powder of  the  size  of  the  star;  above  this  charge  a  star  is  placed;  then  a  charge  of 
composition  for  the  Roman  candles. 

The  stars,  when  less  than  f  of  an  inch,  consist  of  nitre,  16;  sulphur,  7;  gunpowder,  5. 
When  larger,  of  nitre,  16 ;  sulphur,  8 ;  gunpowder,  8. 

Roman  candUs,  nitre,  16 ;  charcoal,  6 ;  sulphur,  3.  When  above  |  of  an  inch,  nitre, 
16 ;  charcoal,  8 ;  sulphur,  6. 

The  girandi9i  or  bouquets,  are  those  beautiful  pieces  which  usually  conclude  a  fire- 
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vork  exhibition ;  when  a  nraltitude  of  jetB  se^m  to  emblazon  the  sky  in  eveiy  direetio&y 
and  then  fall  in  golden  showers.  This  efiiect  is  produced  by  distributing  a  number  of 
eases  open  at  top,  each  coniaining  140  sky-rockets,  communicating  with  one  another 
by  quick-match  strings  planted  among  them.  The  several  ca^es  communicate  with  each 
other  by  coitduits,  whereby  they  take  fire  simultaneously,  and  produce  a  volcanic  display. 

The  water  Jin-worki  are  prepared  like  the  rest ;  but  they  must  be  floated  either  by 
wooden  bowls,  or  by  discs  and  hollow  cartridges  titled  to  them. 

]3iue  firt  for  lances  may  be  made  with  nitre,  16 ;  antimony,  8 ;  very  fine  zinc  filings,  4. 
Chine<ie  paste  for  the  stars  of  Roman  candles,  bombs,  &c.  :•— Sulphur,  16;  nitre,  4; 
gunpowder  meal,  12 ;  camphor,  1 }  linseed  oil,  1  \  the  mixture  being  moistened  with 
spirits. 

The  fen  grigois  of  Ruggieri,  the  son ; — ^Nitre,  4;  sulphur,  2;  naplha,  1.  See  Ptbo* 
TZCHNY  and  Rockkts. 

The  red  fire  cumposiiion  is  made  by  mixing  40  parts  of  nitrate  of  strontia,  13  of  flowort 
of  sulphur,  5  of  chlorate  of  potash,  and  4  of  sulphuret  of  antimony. 

While  fire  is  produced  by  igniting  a  mixture  of  48  parts  nitre;  13}  sulphur;  7}  sni* 
phnret  of  antimony;  or,  24  nitre,  7  sulphur,  2  realgar;  or,  75  nitre,  24  sulphur,  1  char* 
coal ;  or,  finally,  100  of  gunpowder  meal,  and  25  of  cast-iron  fine  borings. 

The  blue  fire  composition  is  4  parts  of  gunpowder  meal;  2  of  nitre;  sulphur  and 
zinc,  each  3  parts. 

FISH-HOOKS  (Hameconsy  Fr. ;  FUkangelny  Grerm.)  are  constructed  with  simple 
tools,  but  require  great  manual  dexterity  in  the  workmen.  The  iron  wire  of  which  they 
are  made  should  be  of  the  best  quality,  smooth,  and  sound.  A  bundle  of  such  wire 
is  cut  in  lengths,  either  by  shears  or  by  laying  it  down  upon  an  angular  wedge  of  hard 
steel  fixed  horizontally  in  a  block  or  anvil,  and  striking  off  the  proper  lengths  by  the 
blows  of  a  hammer.  In  fashioning  the  batia  of  the  hooks  the  straight  piece  of  wire  is 
laid  down  in  the  groove  of  an  iron  block  made  on  purpose,  and  is  dexterously  struck  l^ 
the  chisel  in  a  slanting  direction,  across  so  much  of  the  wire  as  may  be  deemed  neces- 
sary. A  sharp-pointed  little  wedge  is  thus  formed,  whose  base  graduates  into  the  anb- 
stance  of  the  metal. 

The  end  of  the  wire  where  the  line  is  to  be  attached  is  now  flattened  or  screwMapped ; 
the  other  end  is  sharp  pointed,  and  the  proper  twisted  curvature  is  given.  The  9oii  iron 
hooks  are  next  case-hardened,  to  give  them  the  steely  stiffness  and  elasticity,  by  imbed- 
ding them  in  animal  charcoal  contained  in  an  earthen  or  iron  box;  see  CASB-HAan- 
EXiKG  ;  after  which  they  are  brightened  by  heating  and  agitating  them  with  bran,  and 
Anally  tempered  by  exposure  to  a  regulated  temperature  upon  a  hot  iron  plate.  Hooks 
for  salt-water  fishing  are  frequently  tinned,  to  prevent  them  wearing  rapidly  away  in 
rust.  See  Tin  Plate. 
FLAKE  WHITE  is  the  name  sometimes  given  to  pure  white-lead. 
FLAME  (F/amme,  Fr.  and  Germ.)  is  the  combustion  of  an  expkieive  mixture  of  an 
inflammable  gas  or  vapor  with  air.  That  it  is  not,  as  many  suppose,  oombusiion  merely 
at  the  exterior  surface,  is  proved  by  plunging  a  fragment  of  burning  phosphorus  or  sul* 
phur  into  the  centre  of  a  large  flame  of  alcohol.  Either  of  these  bodies  will  continue  to 
born  there  with  its  peculiar  light ;  thus  proving  that  oxygen  is  mixed  with  the  whole  of 
the  burning  vapor.  If  we  mix  good  coal  gas  with  as  much  atmospheric  air  as  can  con* 
rert  all  its  caibon  into  carbonic  acid,  the  mixture  will  explode  with  a  feeble  blue  light; 
but  if  we  mix  the  same  gas  with  a  small  quantity  of  air,  it  will  burn  with  a  rich  white 
flame.  In  the  latter  case  the  carbonaceous  particles  are  precipitated,  as  Sir  H.  Davy 
first  showed,  in  the  interior  of  the  flame,  become  incandescent,  and  constitute  white 
light :  for  from  tiie  ignition  of  solid  matter  alone  can  the  prismatic  rays  be  emitted  in 
that  concentrated  union.  Towards  the  interior  of  the  flame  of  a  candle,  a  laitap,  or  a  gas 
jet,  where  the  air  is  scanty,  there  is  a  deposition  of  solid  charcoal,  which  first  by  its  igni- 
tion, and  afterwards  by  its  combustion,  increases  in  a  high  degree  the  intensity  of  the 
light.  If  we  hold  a  piece  of  fine  wire  gauze  over  a  jet  of  coal  gas  close  to  the  orifice, 
and  if  we  then  kindle  the  gas,  it  will  burn  above  the  wire  with  its  natural  brilliancy; 
but  if  we  elevate  the  gauze  prosrressively  higher,  so  as  to  mix  more  and  more  air  with  it 
before  ii  reaches  the  burning  point,  its  flame  will  become  fainter  and  lese  white.  At  a 
certain  distance  it  becomes  blue,  like  that  of  the  above  explosive  mixture.  Since  the 
combustion  of  all  the  constituents  is  in  this  case  direct  and  complete,  the  heat  beeomes 
greatest  in  proportion  nearly  a^  the  light  is  diminished.  If  a  few  plalioa  wires  be  h^d 
in  that  dim  flame  they  will  grow  instantly  white  hot,  and  illuminate  the  apartment.  On 
leversiog  the  order  of  this  experiment,  by  lowering  progressively  a  flat  piece  of  whne 
gauze  from  the  summit  towards  the  base  of  a  gas  flame,  we  shall  find  no  charcoal  depos* 
ited  at  its  top,  because  plenty  of  air  has  been  introduced  there  to  convert  all  the  carbon 
of  the  gas  into  carbonic  acid,  and  therefore  the  apex  is  blue ;  but  as  we  descend,  more 
mud  more  charcoal  will  appear  upon  the  m^hes.    At  the  very  bottom,  indeed,  where  the 
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•tmospberic  air  impinges  upon  the  gaate,  the  flame  is  again  blue,  and  no  charcoal  can 
therefore  be  deposited. 

The  fact  of  the  increase  of  the  brilliancy  and  whiteness  of  flame  by  the  developmen 
and  ignitioA  of  solid  matter  in  its  bosom  illustrates  many  curious  phenomena.  We  can 
thus  explain  why  olefiant  gas  aflbrds  the  roost  vivid  illumination  of  all  the  gases ;  bctcause^ 
being  surcharged  with  charcoal,  its  hydrogen  lets  it  go  in  the  middle  of  the  flame,  as  it 
does  in  an  ignited  porcelain  tube,  whereby  its  solid  particles  first  get  ignited  to  white- 
ness, and  then  burn  away.  When  phosphorus  is  inflamed  it  always  yields  a  pure  white 
light,  from  the  ignition  of  the  solid  panicles  of  the  snowy  acid  thus  produced. 

In  the  blowpipe  the  inner  blue  flame  has  the  greatest  heat,  because  there  the  combus- 
tion of  the  whole  fatty  vapor  is  complete.  The  feeble  light  of  burning  hydrogen,  car- 
bonic, oxyde,  and  sulphur,  may,  upon  the  principles  now  expounded,  be  increased  by 
simply  placing  in  them  a  few  particles  of  oxyde  of  zinc,  slender  filamants  of  amianthus,  or 
fine  platina  wire.  Upwards  of  twenty  years  ago  I  demonstrated,  in  my  public  lectures 
in  Glasgow,  that  by  narrowing  the  top  of  a  long  glass  chimney  over  an  argand  flame 
either  from  oil  or  coal  eas,  the  light  could  be  doubled  at  the  same  cost  of  material.  The 
very  tall  chimneys  used  by  the  Parisian  lampists  arc  very  wasteful.  I  find  that  with  a 
narrow  chimney  of  half  the  length  of  theirs,  I  can  have  as  good  a  light,  and  save  30  per 
cent,  of  the  oil.  Thus  the  light  of  a  flame  may  be  increased  by  diminishing  its  heat,  or 
the  intensity  of  its  combustion ;  and  conversely  the  heat  of  a  flame  may  be  increased  by 
diminishing  its  light. 

FLANNEL ;  a  plain  woollen  stuflT,  of  a  rather  open  and  slight  fabric. 

FLAX.  By  this  term  we  understand  the  bast  or  inner  bark  of  the  Linum  usiiatU- 
ftm«m,  which  is  spun  into  yam  for  weaving  linen  webs.  This  plant  blossoms  in  June  or 
July,  and  commonly  ripens  its  seed  in  September.  As  varieties,  we  distinguish  the  spring 
flax,  with  short  knotty  stems,  whose  seed  capsules,  at  the  period  of  maturity,  spring  open 
with  a  perceptible  sound  ;  and  the  close  flax,  with  longer  smoother  stems,  whose  capsules 
give  out  their  seeds  only  when  thrashed.  The  Germans,  who  have  bestowed  much  atten- 
tion upon  the  culture  of  flax,  call  the  former  Klanglein  ot  Springkin,  and  the  latter 
Dreschlein.  This  is  the  kind  most  commonly  grown,  but  from  the  difllerence  of  climate, 
soil,  and  culture,  it  aflbrds  flax  of  very  diflerent  qualities.  The  best  ground  for  this 
plant  is  an  open,  somewhat  friable  clay,  mingled  with  sand  and  mould.  The  early  flax 
is  usually  sown  in  the  end  of  April  or  beginning  of  May,  the  late,  in  June.  The  seeds 
ought  to  be  sown  thick,  whereby  the  stalks  are  forced  to  grow  more  slender,  and  the 
fibres  of  the  bast  or  harl  are  not  only  smoother  and  finer,  but  more  uniform  in  length. 
If  the  raising  of  seed  be  the  principal  object,  the  flax  must  be  more  thinly  sown,  whereby 
it  will  produce  stronger  stalks,  but  more  knotty,  Mrith  shorter  fibres,  and  more  productive 
of  tow. 

Whenever  the  flax  is  ripe,  which  is  shown  by  the  bottom  of  the  stalk  becoming  yellow 
and  the  leaves  beginning  to  drop  ofi*,  it  must  be  immediately  reaped  by  pulling  it  up  by 
the  roots.    The  seeds  are  still  immature,  fit  merely  for  the  oil  press,  and  not  for  sowing 
When  the  seed  crop  is  the  object,  the  plant  must  be  suffered  to  acquire  its  full  maturity ; 
in  which  case  the  fibres  are  less  fine  and  soft. 

The  flax  is  carried  off  the  field  in  bundles  to  be  rippled,  or  stripped  of  its  seeds,  which 
is  done  by  drawing  it  by  handfuls  through  an  iron  comb  with  teeth  eight  inches  long, 
fixed  upright  in  a  horizontal  beam.  When  the  seeds  are  more  fully  ripened,  they  may  be 
separated  by  the  thrashing  mill. 

The  operations  next  performed  upon  the  flax  will  be  understood  by  attending  to  the  stmc- 
ture  of  the  stem.  In  it  two  principal  parts  are  to  be  distinguished ;  the  woody  heart  or 
boon,  and  thenar/  (covered  outwardly  with  a  flne  cuticle),  which  encloses  the  former 
like  a  tube,  consisting  of  parallel  lines.  In  the  natural  state,  the  fibres  of  the  harl  are 
attached  firmly,  not  only  to  the  boon,  but  to  each  other,  by  means  of  a  green  or  yellowish 
substance.  The  rough  stems  of  the  flax,  after  being  stripped  of  their  seeds.  Ipse  in  mois- 
ture, by  drying  in  warm  air,  from  55  to  65  per  cent,  of  their  weight ;  but  somewhat  less 
when  they  are  quite  ripe  and  woody.  In  this  dry  state  they  consist  in  100  parts  of  from 
20  to  23  per  cent,  of  harly  and  from  80  to  77  per  cent,  of  bison.  The  latter  is  composed 
upon  the  average  of  69  per  cent,  of  a  peculiar  woody  substance,  12  per  cent,  of  a  matter 
soluble  in  water,  and  19  per  cent,  of  a  body  not  soluble  in  water,  but  in  alkaline  leys. 
The  harl  contains  at  a  mean  58  per  cent,  of  pure  flaxen  fibres,  25  parts  soluble  in  water 
(apparently  extractive  and  albumen),  and  17  parts  insoluble  in  water,  being  chiefly 
^uten.  By  treating  the  harl  with  either  cold  or  hot  water,  the  latter  substance  is  dyed 
brown  by  the  soluble  matter,  while  the  fibres  retain  their  coherence  to  one  another 
Alkaline  leys,  and  also,  though  less  readily,  soap  water,  dissolve  the  gluten,  which  seems 
to  be  the  cement  of  the  textile  fibres,  and  thus  set  them  free. 

The  cohesion  of  the  fibres  in  the  rough  harl  is  so  considerable  that  by  mechanical 
means,  as  by  beating,  rubbing,  &c.,  a  complete  separation  of  them  cannot  be  efl^ected^ 
unless  with  great  loss  of  time  and  rupture  of  the  filaments.      This  circumstance 
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ikows  tiie  HMessity  of  hvring  reeonrae  to  some  ch«mie«l  method  of  deeorapo^Kg  the 
fflaten.  The  process  employ^  with  this  Tfew  is  ft  speeies  of  ftrmentation,  to  whieh  the 
itz  stalks  are  exposed;  it  is  called  retting^  a  corraption  of  rotting,  since  a  certain  degree 
of  patrrfaction  take*  place.  The  Grerman  term  is  rusting.  This  is  the  first  important 
step  in  the  preparation  of  flax.  AAer  the  retting  is  completed^  the  boon  of  the  stalks 
Dist  be  remored  by  the  second  operation  called  l»-eafcing,  and  other  subordinate  process- 
es. The  harl  freed  from  the  woody  parts  contains  still  a  multitude  of  fibres,  more  or  less 
coherent,  or  entangled,  and  of  Tariable  lengths,  so  as  to  be  ill  adapted  for  spinning.  Hiese 
are  refflored  by  the  hedehy  which  separates  the  connected  fibres  into  their  finest  filaments, 
fcmores  those  that  are  too  short,  and  disentangles  the  longer  ones. 

1.  Of  retting, — ^The  fermentation  of  this  process  may  be  either  rendered  rapid  by  steep- 
ing the  flax  in  water,  or  slow  by  using  merely  the  ordinary  influence  of  the  atmospheric 
duap^dews,  and  rain.  Hence  the  distinction  of  water-retting  and  dew-retting.  Both 
may  also  be  combined. 

Fnat  to  being  retted,  the  flax  should  be  sorted  according  to  the  length  and  thickness  of 
its  stalks,  and  its  state  of  maturity :  the  riper  the  plant,  the  longer  must  the  retting  last. 
The  dae  length  of  the  process  is  a  point  too  little  studied. 

Water-rtiting, — When  flax  stalks  are  macerated  in ,  water^  at  a  temperature  not  too 
low,  fermeiitation  soon  begins,  erinced  in  the  dingy  infusion,  by  disengagement  of 
carbonic  acid  gas,  and  the  production  of  Tinegar.  If  the  flax  be  taken  out  at  the  end  of 
a  few  days,  dried,  and  rubbed,  the  tejrt^le  filaments  are  found  to  be  easily  separable  from 
each  other.  By  longer  continuance  or  the  steep,  the  water  ceases  to  be  acid,  it  becomes 
to  a  certain  degree  alkaline,  from  the  production  of  ammonia,  difl'uses  a  fetid  odor,  from 
the  disengagement  of  salphureted  hydrogen  gas,  along  with  the  carbonic  acid ;  the  acetous 
fermentation  being  in  fact  now  changed  into  the  pstrid.  The  filaments  become  yellowish 
brown,  afterwards  dark  brown,  and  lose  much  of  their  tenacity,  if  the  process  be  carried 
farther. 

When  the  operation  is  conducted  with  discernment,  the  water-retting  may  be  completed 
by  the  acetous  fermentation  alone,  as  the  putrefaction  should  never  be  suflered  to  proceed 
io  any  length ;  beoause  when  over-retted,  flax  is  partially  rotten,  gets  a  bad  color,  and 
yieUs  a  large  proportion  of  tow. 

For  water-retting,  the  flax  must  be  bound  up  in  sheaves,  placed  in  layers  over  each 
other  in  the  water,  or  sometimes  upright,  with  the  roots  undermost.  Straw  may  be  put 
below  to  keep  it  from  touching  the  ground,  and  boards  may  be  laid  upon  the  top,  with 
weights  to  hold  it  immersed  about  a  foot  beneath  the  surface,  especially  when  the  fer- 
mentative gases  make  it  buoyant.  As  soon  as  it  sinks  at  the  end  of  the  fermentation,  it 
most  be  inspected  at  least  twice  a  day,  and  samples  must  be  taken  out  to  see  that  no 
over-retting  eosnes.  A  sin«le  day  too  long  often  injures  the  flax  not  a  little.  We  may 
judge  that  the  retting  is  sufficient  when  the  harl  separates  easily  from  the  boon  by  the 
fingecii,  when  the  boon  breaks  across  without  bending,  and  when  several  stalks  knotted 
together  sink  to  the  bottom  upon  being  thrown  into  the  water.  For  this  completion,  a 
shorter  or  longer  time  is  required  according  to  the  quality  of  the  flax,  the  temperature, 
&c,  so  that  the  term  may  vary  from  five  to  fourteen  days.  It  may  be  done  either  in  run- 
niag  or  in  stagnant  water.  For  the  latter  purpose,  tanks  five  feet  deep  are  dug  in  the 
ground.  In  stagnant  water,  the  process  is  sooner  finished,  but  it  is  more  hazardous,  and 
gves  a  deeper  stain  to  the  fibres,  than  in  a  stream,  which  carries  off*  much  of  the  color. 
The  best  place  fur  steeping  flax  is  a  pond  with  springs  of  water  at  its  bottom;  or  a  tank 
Into  which  a  rivulet  of  water  can  be  occasionally  admitted,  while  the  foul  water  is  let  ofi*. 
For  every  iresh  quantity  of  flax,  the  pond  should  be  emptied,  and  Supplied  with  clear 
water.  Water  impregnated  with  iron,  stains  flax  a  permanent  color,  and  should  therefore 
never  be  used.  After  retting,  the  flax  should  be  taken  out  without  delay, rinsed  in  clean 
water,  and  exposed  in  an  airy  situation  to  dry  by  the  sun. 

Rough  rippled  flax  sulks,  well  seasoned  before  being  retted,  and  dried  afterwards,  show 
a  loss  of  weight,  amounting  to  20  or  30  per  cent.,  afieeting  both  the  boon  and  the  harl. 
This  bss  is  greater  ihe  finer  the  stems,  and  the  longer  the  retting.  The  harl  contains, 
beside  the  textile  filaments^  a  certain  portion  of  a  glutinous  cement;  but  nothing  soluble 
IB  water.  The  destruction  of  the  gluten  cannot  be  pushed  to  the  last  point  by  steeping, 
without  doing  an  essential  injury  to  the  filaments. 

Dew-reiUng, — ^The  fetid  and  noxious  exhalations  which  the  water-retting  diflfuses 
over  an  extensive  district  of  country,  and  the  danger  of  over-retting  in  that  waf, 
especially  with  stagnant  water,  are  far  from  recommending  that  process  to  general 
adoption.  Dew-retting  accomplishes  the  same  purpose,  by  the  agency  of  the  air,  dewa^ 
and  rain,  in  a  much  more  oonvenient,  th^gh  far  slower  manner.  The  flax,  with  this 
view,  should  be  spread  out  thin  upon  meadow -or  grass  lands,  but  never  upon  the  bora 
groaad,  and  turned  over,  from  time  to  time^  till  the  stems,  on  being  rubbed  between 
Iha  fingers,  show  that  the  bar!  and  tha  boon  aie  ready  to  part.  The  duration  of  deww 
retting  is,  of  course,  very  various^  from  2  to  6,  or  8  weda,  as  it  depends  upon  the  stat« 
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of  the  weftther ;  a  moist  air  being  faToimble,  and  dry  sunshine  the  reverse.    Hie  Vmb  of 

weight  by  dew-relting  is  somewhat  less  than  by  water-rettiog ;  and  the  textile  fibres  are 
^a  brighter  color,  soAei  and  more  delicate  to  the  touch. 

Mixed  retting. — ^This  may  be  fairly  regarded  as  the  preferable  plan,  the  retting  beia^ 
begun  in  the  water,  and  finished  in  the  air.  The  flax  should  be  taken  out  of  the  steep 
whenever  the  acetous  fermentation  is  complete,  before  the  putrid  begins,  and  exposed, 
for  2  or  3  weeks,  on  the  grass. 

II.  The  breaking  is  performed  by  an  instrument  called  a  brake.  In  order  to  give  the 
wood  or  boon  such  a  degree  of  brittleness  as  to  make  it  part  readily  from  the  harl,  where- 
by the  execution  of  this  process  is  rendered  easy,  the  flax  should  be  well  dried  in  the  sun, 
or  what  is  more  suitable  to  the  late,  period  of  the  year^^in  a  stove.  Such  is  often  attached 
to  the  bakers'  ovens  in  Germany,  and  other  flax-growing  countries.  The  drying  temper- 
ature should  never  exceed  120°  F.,  for  a  higher  heat  makes  it  brittle,  easy  to  tear,  and 
apt  to  run  into  tow.  Before  subjecting  the  flax  to  the  brake,  the  stems  should  be  equal- 
ized and  laid  parallel  by  the  hand,  and  the  entangled  portions  should  be  straightened  with 
a  coarse  heckle.  The  brake  has  one  general  construction,  and  consists  of  two  principal 
pans,  the  frame  or  case,  and  the  sword  or  beater.  In  the  simplest  brakes,  the  frame  «, 
ySg.  412,  is  a^  piece  of  wood  clefl  lengthwise  in  the  middle,  supported  by  the  legs  a  and  c. 
The  sword  /,  also  of  hard  wood,  is  formed  with  an  edge  beneath,  and  turns  round  the 
centre  of  motion  at  q,  when  seized  by  the  handle  ^,  and  moved  up  and  down.  As  it  de- 
scends, the  sword  enters  the  defl  of  the  frame,  and  breaks  the  flax  stalks  laid  transversely 
upon  it,  scattering  the  boon  in  fhigments.  * 
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But  those  hand  brakes  are  more  eonvenient  which  are  provided  with  a  double  cleft, 
or  triple  row  of  oblong  teeth,  with  a  double  sword.  This  construction  will  be  under- 
stood by  inspecting  figs.  412,  413,  414.  Fig.  412  is  the  section  of  that  side  at  which 
the  operative  sits;  fig.  413  is  a  section  in  the  line  a,  b,  of  fig.  412;  and  fig,  414  the 
ground  plan.  The  whole  machine  is  made  of  hard  wood,  commonly  red  beech.  Two  planks 
a  and  c,  form  the  legs  of  the  implement,  a  is  mortised  in  a  heayy  block,  to  give  the 
brake  a  solid  bearinsr;  two  stretchers  d,  bind  a  and  c,  firmly  together.  The  frame 
t  consists  of  three 'thin  boards,  which  are  placed  edgewise,  and  have  their  ends  secured  in 
a  and  c.  The  sword  /  is  a  piece  of  wood,  so  chamfered  from  i  to  k,  that  it  appears 
forklike,  and  embraces  the  middle  piece  of  the  frame ;  its  centre  of  motion  is  the  wooden 
pin  q ;  in  front  is  the  handle  A,  which  the  operative  seizes  with  the  right  hand.  Both 
the  lathes  of  the  frame  and  those  of  the  sword  are  sharpened,  from  /  to  the  front  end,  as 
is  best  shown  in^ig.  413  ;  but  the  edges  must  not  be  t6o  sharp,  for  fear  of  injuring  the 
flax ;  and,  for  the  same  reason,  the  sword  should  not  sink  too  (ar  between  the  lathes  of 
the  frame.  Such  hand-brakes  are  laborious  in  use,  and  oAen  tear  the  harl  into  tow.  The 
operative,  usually  a  female,  in  working  the  brake,  seizes  with  her  left  hand  a  bundle  of 
flax,  lays  it  transversely  across  the  frame,  and  strikes  it  smartly  with  repeated  blows  of 
the  sword,  pushing  forwards  continually  new  portions  of  the  flax  into  the  machine.  She  be- 
gins with  the  rooU,  turns  next  round  the  tips,  then  goes  on  through  the  length  of  the  stalks. 
Plax  is  frequently  exposed  twice  to  the  bimk<,  with  a  stove  drying  between  the  two  ap- 
plications. 

The  brake  machines  afllbrd  a  far  preferable  means  of  cleaning  flax  than  the  aboTe 
hand  tools.  The  essential  part  of  such  a  machine,  consists  in  several  deeply  fluted  roll- 
ers of  wood  or  iron,  whose  teeth  work  into  each  other,  and  while  they  stretch  out  the 
flsaen  stalks  betwixt  them,  they  break  the  wood  or  boon,  without  doing  that  violenee 
to  the  harl  which  hand  meehanisms  are  apt  to  do.    The  foUowing  may  be  regarded  na 
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ote  of  the  best  constrnetaoM  kithertor  Mmtrirtd  for  bpetking  flue.     i>^.  415  is  a  Tiew 

of  the  right  side  of  this  noacliiiie.     Fig,  416^  the  view  firom  behiad,  where  the  broken 
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ilix  issaes  from  between  the  rollers.  The  frame  is  formed  by  the  two  side  pillars  or 
vnJh  a,  a,  which  are  morticed  into  the  bottom  b,  b  i  and  are  firmly  fixed  to  it  by 
braces.  Two  transverse  rods  d,  dy  secure  the  base,  two  others  d'  d'\  the  sides.  In 
each  of  these  a  lateral  arm  e,  is  moriisod  in  an  oblique  direction ;  a  cross  bar  f^ 

unites  both  arms.  Fi%,  417  shows  the 
inside  of  the  left  side  of  the  frame, 
•  with  the  subsidiary  parts.  The  three 
rollers  g,  t,  fc,  may  be  made  of  red 
beech,  with  iron  gudgeons,  and  fluted 
in  their  length,  each  of  the  flutes  being 
j^^ths  of  an  inch  broad,  and  yLths  deep. 

The  large  roller  g,  bears  upon  the 
right  side,  a  handle  ft,  which  on  being 
turned,  sets  the  whole  train  in  motion. 
The  side  partitions  a,  a,  are  flimished 
with  brasses  in  whose  round  holes  /,  g, 
yig.  417,  the  gudgeons,  s  work.  For 
the  extremities  of  the  two  smaller 
rollers,  there  are  at  a  nnd  e,  slots  in 
brasses,  as  may  be  seen  in  ySg.  415. 
Within  the  partition  a,  there  are  move- 
able brasses  /,  for  the  pivots  of  i  and 
fe,  shown  in  p.%,  417.  Each  brass  slides 
in  a  groove,  between  two  ledges.  A 
strong  cord  made  fast  at  m  to  the  par- 
tition a,  runs  over  the  brass  of  i,  next 
over  that  of  fc,  then  descends  perpen- 
dicularly, and  passes  over  the  cross  bar 
1        n,^g*.  415  and  416.    This  construction 

^\  being  repeated  at    both  ends  of  the 

rollers,  the  rod  n,  binds  both  cords. 
Agaiast  fbe  eross  bar  d'  of  the  frame,  a  lever  o  is  sustained,  which  lies  upon  the  rod 
a,  and  carries  a  weight  p.  The  farther  or  nearer  this  weight  hangs  towards  the  end  of 
the  lerw,  it  stretches  the  cord  more  or  less,  and  presses  by  means  of  the  brasses  /,  the 
loflers  t,  Jc,  towards  the  main  roller  g.  A  table  9,  serves  for  spreading  out  the  flax  to 
he  broken,  and  a  seeond  one  r,  for  the  reception  of  the  stalks  at  their  issuing  from 
between  the  rollers.  Both  tables  hang  by  means  of  iron  hooks  to  rings  of  the  frame  t» 
(,  >fg».  415  and  417,  and  are  supported  by  the  moveable  legs  «,•>«>  M**  ^^^  ^^  ^^^ 
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In  using  the  machine  the  opentire  lays  nn  evenly  Spread  handfal  of  flax  upon  the  tahle^ 
q,.  introduces  their  root  ends  with  his  left  hand  between  the  rollers  g  aodi,  and  tam» 
round  the  handle  h,  with  the  right.  The  stems  are  first  broken  betwixt  g  and  t,  then 
between .  g  and  k,  and  come  out  upon  the  table  r.  The  handle  is  mov^  alternately 
forwards  and  backwards,  in  order  that  the  flax  may  be  rolled  alternately  in  the  same 
directions,  and  be  more  perfectly  broken.  The  boon  falls  down  in  very  small  pieees,  and 
the  harl  remains  expanded  in  parallel  bands.  This  should  be  drawn  over  the  points  of 
a  heckle,  then  laid  for  a  couple  of  days  in  a  cellar  to  absorb  some  moisture,  and  after- 
wards worked  once  more  through  the  machine,  whereby  the  flax  acquires  a  peculiar 
softness. 
The  advantages  of  this  brake  machine  are  chiefly  the  following  : — 
It  takes  up  little  room,  and  from  its  simplicity  is  easily  and  cheaply  constructed ;  it  re- 
quires no  more  power  to  work,  than  the  ordinary  hand-brake ;  it  tears  none  of  the  fila- 
ments, and  grinds  nothing  except  the  boon,  in  consequence  of  the  flutings  of  the  rollers 
going  much  less  deep  into  each  other,  than  the  sword  of  the  hand-brake ;  it  prevents  all 
entanglements  of  the  flax,  whence  in  the  subsequent  heckling  the  quantity  of  short  fibres 
or  tow  is  ditninished ;  and  it  accomplishes  the  cleaning  of  even  the  shortest  flax,  which 
cannot  be  well  done  by  hand  machines. 

The  comminution  of  the  boon  of  the  stems,  which  is  the  object  of  the  breaking 
process,  can  however  be  performed  by  thrashing  or  beating,  although  in  this  way  the 
separation  of  the  woody  matter  from  the  textile  fibres  is  much  less  completely  effected. 

It  is  the  practice  in  Great  Britain,  instead  of 
breaking,  to  empby  a  water-driven  wooden 
mallet,  between  which  and  a  smooth  stone  the 
flax  is  laid.  In  that  part  of  Belgium  where 
the  preparation  of  flax  has  been  studied,  the 
brake  is  not  used,  but  beating  by  means  of  the 
Bott-hammer,  to  the  great  improvement,  it  is 
said,  of  the  flax.  The  Bott 'hammer,  Jig,  418,  is 
a  wooden  block,  having  on  its  under  face  chan- 
nels or  flutings,  5  or  6  lines  deep,  and  it  is  fixed 
to  a  long  bent  helve  or  handle.  In  using  it,  a 
bundle  of  the  dried  flax  stalks  is  spread  evenly 
upon  the  floor,  then  powerfully  beaten  with  the 
hammer,  first  at  the  roots,  next  at  the  points, 
and  lastly  in  the  middle.  When  the  upper  sur- 
face has  been  well  beat  in  this  way,  it  is  turned 
over,  that  the  under  surface  may  get  its  turn. 
The  flax  is  then  removed,  and  wcU  shaken  to 
free  it  from  the  boon. 

By  the  brake  or  the  hammer  the  whole  Wood  is  never  separated  from  the  textile 
fibres,  but  a  certain  quantity  of  chaffy  stuff  adheres  to  them,  which  is  removed  by  another 
operation.  This  consists  either  in  rubbing  or  shaking.  The  rubbing  is  much  practised 
in  Westphalia,  and  the  neighboring  districts.  In  this  process,  the  operative  lays  the 
rubbine  apron  on  a  piece  of  dressed  leather,  one  foot  square,  upon  her  knee ;  then  seizes 
a  bundle  of  flax  in  the  middle  with  her  left  hand,  and  scrapes  it  stroogly  with  the  Ritbe^ 
knife  held  in  her  right.  Jig,  419.  This  tool,  which  consists  of  a  wooden  handle  «,  and  a 
thin  iron  blade  r,  with  a  bhint  and  somewhat  bent  edge,  acts  admirably  in  cleaning  and 
also  in  parting  the  filaments,  without  causing  needless  waste  in  flax  previously  well 
broken. 

The  winnowing,  which  has  the  very  same  object  as  the  rubbing,  is,  however,  much 
more  generally  adopted  than  the  latter.  Two  distinct  pieces  of  apparatus  belong  to  it, 
iiamely,  the  sunng-atock  and  the  swing-kni/e.  The  first  consists  of  an  upright  board  with 
a  groove  in  its  side,  into  which  a  handful  of  flax  is  so  placed  that  it  hangs  down  over 
hair  the  surface  of  the  board.  While  the  left  hand  holds  the  flax  (ksi  above,  the  right 
carries  the  swing-knife,  a  sabre-shaped  piece  of  wood  from  i|  to  2  feet  long,  planed  to 
an  edge  on  the  convex  side,  and  provided  with  a  handle.  With  this  knife  the  flax  is 
struck  parallel  to  the  board,  with  perpendicular  blows,  so  as  to  scrape  off  its  woody  asperi- 
ties. The  breadth  of  the  swing-knife  is  an  important  circumstance ;  when  too  narrow  it 
easily  causes  the  flax  to  twist  round  it,  and  thereby  tears  away  a  portion  of  the  fibres. 
When  8  or  10  inches  broad,  it  is  found  to  act  best.  Knives  made  of  iron  will  ntbl  aBSwer, 
for  they  injure  the  filaments. 

Figs.  420,  42 1  show  the  best  construction  of  the  swing-stock.  The  board  o  has 
(or  its  base  a  heavy  block  of  wood  b,  upon  which  two  upright  pins  e  «,  are  fixed.  The 
band/,  which  is  stretched  between  the  pins,  serves  to  guide  the  8wing*knife  in  its 
movements,  and  prevent  the  operative  from  wounding  his  feeL  The  under  edge  of  the 
groove  4:^  upon  which  the  flax  comes  to  be  laid,  is  cut  obliquely  aod  xonndsd  off  (see  d 
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"kfg.  410) ;  tkni  we  peredre  that  the  aifiag-knife  can  ntm  (trikc  aguut  that  edge,  m 
«  lo  iajiire  the  flax. 
Fig.  421  fihibiu  [he  fonn  of  ■  very  convenient  implunenE  wliich  is  emplafrd  in 
Belginm  tnund  or  the  swiDfi-knife.  It  is  ■  Fori  of 
iroodeo  balcbel,  vbicb  ii  not  above  Iwd  tinea  thick, 
and  at  Ihe  edge  g:  A  is  reduced  lo  the  tbickneES  of  the 
back  of  a  kaiTe.  The  fly  k  gntt  farce  to  the  b1o\r, 
and  preurvet  Ibe  tool  in  an  updehl  pu^iiion.  The 
ahorl  flnt-prcMcd  helve  i  n  glued  to  Ibal  Bide  of  the 
leaf  which  in  working  ii  turned  from  the  swing-slocki 
and  is,  moreover,  fastened  with  ■  wooden  pin. 

The  rubbing  and  swinging  Ihrow  off  the  COHrscet 
•on  of  tow,  by  separating  and  shaking  oul  the  sharlCEt 
fibres  and  those  (hat  happen  to  get  torn.  Thai  low  le 
used  for  the  inferior  qualities  of  sncking,  being  miied 
with  many  woody  fibres. 

We  may  in  general  etlimate  that  100  pounds  of 
the  stalks  of  relted  Sax.  taken  in  the  dry  state,  afford 
from  4a  to  48  pounds  of  broken  Sal,  of  which,  in  tbe 
"ringing  or  seutehiDK,  about  24  pounds  of  flai,  with  9  or  10  pounds  of  tciilch  tow  are 
gtoaineif.  Tbe  re«tnboon-wute.  The  breaking  of  100  ponndsofslalks  requires,  in  the 
oHiaary  routine  of  a  double  proceas  by  band,  about  20  hours  ;  and  with  tbe  above  de- 
Mribed  maehiae,  from  IT  Id  18  bouis.  To  scutch  100  pound*  of  broken  Sax  clean,  130 
iam  of  labor  are  required  1^  the  German  swinging  method. 

Hr.  Bundy  oblained  a  patent  in   1819,  fur  ceruin  machinery  for  breaking  and  pte> 
parisg  Sai,  which  mehM  description  here.    fi^.  423,  a  a  a  A,  is  Ihe  frame,  made  eilher  oT 


wood  or  meta^  which  supports  the  two  couical  roller*  a  and  c.  These  tctoItc  independ- 
titlj  of  each  other  in  proper  brass  bearings.  A  third  conical  roller  n  is  similarly 
tappoiled  under  the  top  piece  t  of  tbe  machine.  All  these  rollers  are,^-«9ta  of  cones, 
Ude  ^  easi  iron.  Whatever  form  of  loolh  be  adopted,  they  mnsl  be  so  shaped  and 
diipjsed  with  regard  to  each  other  as  lo  hare  considerable  pli;  between  them,  in  order 
Is  admit  the  qnaality  of  Sai  stem  wtiich  ii  intcoded  lo  be  brahen  and  prepared.  The 
nncr  piece  e  of  the  machine  which  carries  the  upper  conical  roller  d,  is  Gied  or  al- 
tadied  to  the  main  frame  a  a  a  a  by  ilroog  hinges  or  any  other  moveable  joinl  al  o,  and 
luds  of  iroo  or  other  sufficiently  strong  material ;  u  h  is  allached  at  its  upper  end  by  a 
JMul  U  Ihe  lop  piece  x,  through  a  hole  near  i,  and  is  fixed  al  its  lower  end  by  another 
joial  c  b>  die  treadle  or  lever  X  L,  which  Innu  Dpon  tbe  joint  or  hinges  M.  A  iprln|[  of 
weight  (but  Ihe  former  is  preferable  fbr  many  reasons}  is  aptdiod  to  the  machine  in  such 
■Maatf,  tliat  Of  aclioa  will  always  keep  the  upper  piece  x,  and  eonsequenlly  the  upper 
mDcfd,  la  an. elevated  or  raised  position  above  tbe  rollers  u  and  c,  when  the  machine  It 
Mt  ia  action ;  and  of  course  the  end  l  of  the  ireadle  will  also  be  raised,  which  admili  of 
UeBax  to  be  worked  being  inirDdoced  between  Ihe  roUen,  viz^  over  the  two  lower 
toQen  ■,  c,  and  under  the  upper  roller  d  ;  such  a  spring  may  be  applied  !n  a  vailely  of 
ways,  M  belween  the  top  i^ece  x,  and  Ihe  lop  or  platArm  of  l&e  eiaetime  at  h  |  or  it 
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imy  be  a  itrong  epinl  irire  fpring,  hsTing  itt  upper  md  r>9tKned  to  Ihe  ptatfonn  while 
its  lower  extremity  ii  Hiei  (o  the  rod  h  h,  round  which  it  coils  sa  ahown  at  o,  or  it  ma; 
be  plnced  under  the  end  L  of  the  treadle ;  but  jn  every  case  its  strength  mnsl  be  nc 
more  than  will  be  just  sulBcient  to  raise  the  upper  roller  d  aboul  iwo  inches  Iroiti  Ibe 
lower  rollers,  otherwise  it  will  occasion  unnecessary  raligne  to  the  person  vorlijng  the 

The  manner  of  usine  it  is  as  follows :  Ihc  Dppcr  and  lower  rollers  beinp  separated  os 
>lbre<aid,  a  small  handful  of  dried  flax  or  hemp  stems  is  to  be  introduced  between  them, 
and  held  extended  by  the  two  hands,  while  the  rollers  are  brought  tocelher  by  the  pres- 
sure of  the  foot  upon  the  treodle  l.  This  pressure  being  conlinned,  the  flal  or  hemp  is 
to  be  drawn  backwards  and  forwards  by  the  hands  between  the  rollers,  in  a  direction  at 
right  angles  to  their  lues,  and  eventually  withdrawn  by  pnllini:  with  one  hand  only. 
The  fool  is  now  to  be  removed  until  the  finx  or  hemp  is  acain  replaced,  and  each  end  is 
this  way  to  be  drawn  several  limes  through  the  machine,  until  such  ends  are  retpectiTeljr 
finished. 

By  a  succession  of  these  operations,  using  the  pressure  of  the  fbol  upon  i.,  eaeli  time 
that  the  Aai  or  hemp  is  introduced  between  the  rollers,  and  regulating  such  pressure  ac- 
cording to  the  progress  nf  the  work,  the  flai  or  hemp  will  soon  be  sufficiently  worked, 
and  the  fibre  brouEht  into  a  clean  and  divided  slale  fit  Tnr  bleaching ;  or  if  it  be  re- 
quired Id  spin  it  in  the  yellow  slate,  it  mny  be  made  sufficiently  fine  by  ■  lonper  con- 
tinuation of  the  same  process,  particolarly  IT  worked  between  the  sotaller  ends  of  the 

Indeed,  the  operation  may  be  cooimenced  and  continued  Ibr  some  lime,  with  the 
larger  pan  of  the  rollers,  and  finished  with  their  smaller  ends;  and,  in  this  point  of 
view,  the  invention  of  conical  rollers  will  be  fonnd  both  convenient  and  nsefur;  for  as 
the  flutes,  grooves,  or  teeth,  vary  in  their  distance  from  each  other  at  all  points  belweea 
(he  lar^e  and  smell  ends,  so  It  becomes  almost  impossible  for  the  workman  to  draw  the 
flax  or  hemp  through  such  rollers  in  the  same  trach  ;  and  thus  the  breakine  of  the  bono 
must  be  much  more  irregular,  and  the  fibre  will  be  much  more  elTectaally  cleansed  than 
it  can  be  by  the  flutes,  grooves,  or  teeth  of  cylinders,  or  other  such  contrivances  formerly 
employed ;  because  they  wouW  probably  fall  frequently  upon  the  same  points  of  the 
fibres.  Kit  is  intended  that  the  nai  shall  be  bleached  before  it  is  spun,  then  the  second 
part  of  Mr.  Bundy's  iavention  may  be  had  recourse  to,  which  consists  in  moving  certain 
trays  or  cradles  in  the  water,  or  other  flnid  used  for  bleaching  the  flax  or  hemp,  in  the 
manner  following,  tIe.  :  The  fiax  or  hemp,  after  having  been  broken  and  worked  in  (be 
machine,  should  be  divided  into  small  quantities  of  about  one  ounce  each,and  these  should 
be  lied  loosely  in  tbe  middle  with  a  siring,  and  in  this  slate  laid  In  the  liays  or  cradles,  and 
then  be  soaked  in  cold  soft  water  for  a  day  or  two,  when  each  parcel  shquld  be  worked 
leparaiclj,  wlide  wet,  through  a  machine,  precisely  similar  to  that  already  described,  ex- 
cept only  ihal  the  rollers  should  be  cylindrical,  and  made  entirely  of  Wood  with  metal 
axles,  and  the  teeth,  which  will  be  parallel,  should  be  similar  in  form  to  those  shown  in 
section  at  q.  Jig.  423*.  Such  operation  will  loosen  the  gluten  and  coloring  matter,  for 
the  rinsing  and  wringing  which  must  follow.  The  flax  must  then  be  again  disposed  in 
a  flat  and  smooth  manner,  in  such  Irays  or  eradles,  and  once  mfre  set  lo  soak  in  snOJcient 
(ofl  water  lo  cover  it,  in  which  a  small  qnantily  of  soap.  In  the  proportion  of  about  seven 
pounds  of  soap  lo  each  hundred  weight  of  flax,  has  been  previously  dissolved,  end  in  this 
alate  it  should  remain  for  two  or  three  days  longer,  and  then  be  finally  worked  through 
the  machine,  rinsed  with  clear  water,  and  wrung;  ^vhich  wUI  render  it  sufficiently  white 
for  most  puiT>oBeB, 

ni.  Thi  Heckling. — We  have  already  staled  that,  by  the  operation  of  heckling,  a 
three-fold  object  is  proposed:  ],  Ihc  parting  of  the  filaments  into  their  finest  Bbriis; 
2.  the  separation  of  the  short  fibres  which  are  unfit  for  spinning )  3.  the  equable  and 
parallel  arrangement  of  the  long  filaments-  The  instrument  of  aCcompHsbine  these  ob- 
jects is  a  comb- fashioned  tool,  called  the  hickU  or  hackle ,-  a  surface  studded  more  or  lets 
'~'  thickly    with    metal    points,    called 

heckle  teeth)  orer  which  tbe  Sax  ii 
drawn  in  such  a  way  that  the  above 
three  required  operations  may  be  pro- 
perly accomplished. 
""  1   constnictiini   of  the 


heckle  is  the  following:  (see  fig. 
424,)  Fig.  484  is  the  ground  ptan, 
and  fig.   42S   Is  the  section.    Upon 


a  b,  two  eircuiar  or 
,  square  blocks  of  wood   e  and  d  are 

■^  '  '        '""     fixed,  in  which  the  bedile  teeth  stand 

To  giTc  thete  a  firmer  bold  ther  *n  stuck  into  hole*  in  ■  bimn  or  troa  plate. 
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with  which  the  apper  tniihee  of  e  and  d  ia  eovered.  •  Both  heckles  rosy  be  either  essoci- 
Bted  upon  one  board  or  separated ;  and  of  different  finenesses ;  thai  is,  the  teeth  of  the  one 
may  he  thinner,  and  stand  closer  together;  because  the  complete  preparation  of  the 
flax  requires,  for.  its  proper  treatment,  a  twofold  heckling;  one  npon  the  coarse,  and 
one  upon  the  fine  heckle;  nay,  sometimes  3  or  4  heckles  are  employed  of  progressive 
fineness.  The  heckle  teeth  are  nsaaliy  made  of  iron,  occasionally  of  steel,  and  from 
1  to  2  inches  long.  Their  points  must  be  very  sharp  and  smooth,  all  at  an  equal  level, 
sod  must  aU  graduate  very  evenly  into  a  cylindrical  stem,  like  that  of  a  sewing  needle, 
with<Hit  any  irregularity.  The  face  of  the  heckle  block  must  be  uoifonnly  beset  with 
teeih,  which  is  done  by  different  arrangements,  some  persons  setting  them  in  a 
circle,  and  others  in  parallel  rowsj  the  former  being  practised  in  Germany,  the  latter  in 
£n£:land.  The  coarse  heckle  is  furnished  with  teeth  about  one  tenth  of  an-  inch  thick, 
ooe  and  a  quarter  of  an  inch  long,  and  tapering  from  the  middle  into  a  very  fine  point.  In 
the  centre  of  the  circular  heckle  is  a  tooih  planted ;  the  rest  are  regularly  set  in  12  similar 
concentric  circles,  of  which  the  outermost  is  5f  inches  in  diameter.  The  fine  heckles 
contain  no  fewer  than  1109  teeth.  Instead  of  making  the  points  of  the  teeth  round,  it 
is  better  to  make  them  quadrangular,  in  a  rhombus  form,  in  which  case  the  edges  serve 
(D  separate  or  dissect  the  fibres. 

The  operation  of  heckling  is  simple  in  principle,  although  it  requires  much  experi- 
ence to  acquire  dexterity.  The  operative  seizes  a  flock  of  flu  by  the  middle  with  the  right 
hand,  throws  it  upon  the  points  of  the  coarse  heckle,  and  draws  it  towards  him,  while 
he  holds  the  left  hand  upon  the  other  side  of  the  heckle,  in  order  to  spread  the  flax,  and 
to  prevent  it  from  sinking  too  deeply  among  the  teeth.  From  time  to  time  the  short 
fibres  or  tow  sticking  to  the  teeth  are  removed.  Whenever  one  half  of  the  length  of  the 
strake  of  Aax  is  heckled,  it  is  turned  round  to  heckle  the  other  half.  This  process  is 
repeated  upon  the  fine  heckle.  From  100  pounds  of  wdl-cleaned  flaxj  about  45  or  50 
pounds  of  heckled  flax  may  be  obtained  by  the  hand  labor  of  50  hours ;  the  rest  being 
tow,  with  a  small  waste  in  boony  particles  and  dust.  The  process  is  continued,  tUl  by 
earefa]  handling  little  more  tow  is  formed. 

Many  contrivances  have  been  made  to  heckle  by  machinery,  but  it  may  be  doubted 
whether  any  of  them  as  yet  make  such  good  work  with  so  little  loss  as  hand  labor. 
In  heckling  by  the  hand,  the  operative  feels  at  once  the  degree  of  resistance,  and  can 
accommodate  the  traction  to  it,  or  throw  the  flax  more  or  less  deep  among  the  teeth, 
according  to  circumstances,  and  draw  it  with  suitable  force  and  velocity.  To  aid  the 
heckle  in  splitting  the  filaments,  three  methods  have  been  had  recourse  to ;  beating, 
brushing,  and  boiling  with  soap-water,  or  an  alkaline  ley. 

Beating  Aax,  either  after  it  is  completely  heckled^  or  between  the  first  and  second 
heckline,  is  practised  in  Bohemia  and  Silesia.  Each  heckled  tress  of  flax  is  folded  in 
the  middle,  twisted  once  round,  its  ends  being  wound  about  with  flaxen  threads ;  and 
this  head,  as  it  is  called,  is  then  beat  by  a  wooden  mallet  upon  a  block,  and  repeatedly 
turned  round  till  it  has  become  hot.  It  is  next  loosened  out,  and  rubbed  well  between  the 
hands.  The  brushing  is  no  less  a  very  proper  operation  for  parting  the  flax  into  fine 
filaments,  soAening  and  strengthening  it  without  risk  of  tearing  the  fibres.  This 
process  rerinires  in  tools,  merely  a  stiff  brush  made  of  swine's  bristles,  and  a  smooth 
board,  3  feet  long  and  one  foot  broad,  in  which  a  wooden  pin  is  made  fast.  The  end 
of  the  flax  is  twisted  two  or  three  times  round  this  pin  to  hold  it,  and  then  brushed 
through  its  whole  length.  Well  heckled  flax  suflfers  no  loss  in  this  operation ;  an- 
heckled  only  a  little  tow ;  which  is  of  no  consequence,  as  the  waste  is  thereby  dimin- 
ished in  the  following  process.  A  cylindrical  brush  turned  by  machinery  might  be  employed 
here  to  advantage. 

The  boiling  of  flax  with  potash  ley  alone,  or  with  ley  and  soap,  dissolves  that  portion 
of  the  glutinous  cement  which  had  resisted  the  retting,  completes  the  separation  of  the 
fibres,  and  i$  therefore  a  good  practical  means  of  improving  flax.  When  it  is  performed 
npon  the  heckled  fibres,  a  supplementary  brushing  is  requisite  to  free  it  from  the  dust, 
soapy  particles,  &«. 

Can  flax  be  prepared  Vfithout  retting  f  — ^The  waste  of  time  and  labor  in  the  steeping 
of  flax ;  the  dyeing  of  the  fibres  consequent  thereon,  which  must  be  undone  by  bleach- 
bg;  the  danger  of  injuring  the  staple  by  the  action  of  putrescent  water;  and,  lastly, 
the  diminished  value  of  flax  which  is  much  water-retted,  are  all  circumstances  whidi 
have  of  late  years  suggested  the  propriety  of  superseding  that  process  entirely  by 
mechanical  operations.  It  was  long  hoped,  Xhat  by  the  employment  of  breidcing 
machines,  the  flax  merely  dried  could  be  freed  from  its  woody  particles,  while  the 
textile  filaments  might  be  sufliciently  separated  by  a  subsequent  heckling.  Experience 
has,  however,  proved  the  contrary.  The  machinesi,  which  consisted  for  the  most  part  of 
fluted  rollers  of  iron  or  wood,  though  expensive,  might  have  been  expected  to  separate 
the  ligaeous  matter  from  the  fibres ;  but,  in  the  further  working  of  the  flax,  no  advantage 
gained  over  the  water-ietting  process* 
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1.  Uoretted  Its  nqoira  ■  eouiderably  lon^  time  fbr  breaking  tlitn  retted,  nndet 
lite  empbf  menl  of  the  nine  puinipultiiont. 

2.  Unretteti  atalkj  deliver  id  the  bnakJD;  *nd  heeklin;  ■  BOIne1r^M  fcreater  product 
llun  the  same  weight  of  flax  wbicb  has  been  retted  ;  bal  there  is  no  real  advaalage  Id 
this,  as  the  greater  weight  oT  the  unrelled  flax  contisli  la  the  remainder  oT  \igncems  or 
glDtinouB  matter,  which  being  Jorei^  to  the  real  fibre,  most  be  eTenlnolly  remored. 
Id  Ibe  bJeachiag  proeege,  Lhe  vraler  and  the  alkaline  ley*  lake  away  that  mailer,  to  that 
the  weight  or  the  bleaehed  fibre  ii  not  greater  fiom  the  untetled  than  the  retted  flax. 

3.  The  pariinii  of  the  fibres  in  the  unrrtied  stalks  iS  imperfecity  eOected  by  Ibe 
aeckling,  lhe  fiai  either  remains  coarser  as  comparni  vilb  the  relied  article,  and  affords 
•  coarser  thread,  or  if  it  be  made  to  receive  greater  allenaalion  by  a  long  euntinued  heck- 
ling, it  yiekis  ineomparablf  more  tora  filaments  and  low. 

4.  The  yarn  of  uarelird  flax  feels  haider,  less  gloasy,  and  rongher ;  and,  on  aecoant 
of  Ihese  qaalities,  turns  out  worse  in  the  weaving  than  the  retted  flax.  Nur  is  ibe  yarn 
oTunretled  flat,  whether  anbleacbed  or  bleached,  in  any  degree  stouter  than  Ibe  yam  of 
the  retted  floi. 

5.  Fabrics  of  anrelled  flax  require  for  complete  bleaching  aboat  a  tiilh  less  lime  and 
naleriais  than  those  of  the  retted.  This  is  the  EOle  advantage,  bat  it  is  more  than  coon- 
terbalanced  by  lhe  other  drawbacks  above  specified. 

In  Mr.  Wordsworth's  improved  apparatus  fur  heckling  flai  and  hemp,  a  sucees>ion  of 
Eiricks  is  subjected  to  the  operalian  of  several  series  of  revolving  heckles  of  different  de- 
grees of  fineness,  for  the  purpose  of  gradually  separsltDF  or  cumbing  the  long  fibres,  and 
dressing  ihem  smooth  ;  while  at  the  same  lime,  the  low  or  entangled  refase  portions  of 
the  material  taken  off  from  the  atriekt  by  lhe  beekle  points  are  removed  from  the  heckles 
by  rotatory  brashes  and  rollers  coveted  with  w{re  cardu,  and  discharged  into  snilable 
receivers,  whence  it  may  he  taken  to  ■  carding  engine,  to  be  worked  in  the  ordinary 
way. 

The  accompanying  figures  represent  in  plan  and  section  lhe  heckling  machme,  which 
is  made  double,  for  the  purpose  of  allowing  two  series  of  stricks  of  floi  to  be  acted  upon 
■t  one  time.    Fig.  428  Is  a  horuonlal  view  of  the  maehine ;  Jig.  42T  is  an  end  view,  the 


whote  being  represented  in  working  order,  and  the  respective  letters  of  reference  poinl- 
ing  out  corresponding  parts  of  the  machine. 

A  A  are  two  large  barrels  or  drums,  upon  the  surlhces  of  which  ire  fixed  longitudi- 
nally aeveral  series  of  brass  ribs  a,  b,  c,  d,c,/,  g,  h.  t,  holding  heckle  points.  These  ribs 
■re  placed  at  small  distances  opart  round  the  barrels,  all  the  heckle  points  standing  r«. 
diaily  from  the  axes,  and  lhe  barrels  are  mounted  upon  axles  supported  by  pedeelah, 
vilh  plummer  blocks  bearing  on  the  rails  of  the  end  frames,  b  b,  are  two  boriiontal 
wheels  nr  pulleys  tumini;  upon  vertical  shorts,  which  pulleys  coodnct  an  endless  chaiii 
C  cc  c,  carrying  the  bolders,  wbereon  the  strieki  of  flax  or  other  material  intended  to  be 
bediled  are  suspended. 

Atone  end  of  Ibe  axle  of  each  of  lhe  barrel*  a  toothed  whed  dd  it  made  (kit.  Bud  thtam 


Tl«  power  of  i  Bleam  engiiiE,  or  any  olher  first  mover,  being  spplied  by  >  band  and 
rigjer,  or  .otherwise  lo  the  nite  of  g,  the  pinion  f  is  driven  round,  ifhieh,  being  in  ge»r- 
iog  with  the  toolhei]  wheels  e  and  D  d,  causes  the  heckle  barre1«  A  A  10  rerolve  limot- 
iMeously  in  opposite  directions,  as  shown  by  the  arrows  in.^g.  427. 

The  stricks  of  flix  intended  to  be  operated  upon  are  Kcverally  confined  between  pain 
of  damps  k,  fastened  together,  which  clamps,  with  the  siricks,  are  Ihen  suspended  in 
their  Tespeetive  holders  n  h,  allached  to  the  endless  chain  c  :  the  lower  portion  of  the 
lu  hanging  down  for  the  purpose  of  being  acted  upon  by  the  rotatory  heckles,  while 
the  upper  portions  are  turned  up  in  loops  and  confined  by  spring  levers  allached  to  each 

The  respective  holders  of  the  clamps  consist  of  a  forked  frame,  with  hooks  at  the 

'  knrer  parts  of  their  arms,  which  receive  the  ends  of  the  clamps  k,  that  confine  the  atrick 

•f  flax.    From  the  upper  part  of  each  forked  IVame,  a  perpendicular  pin  eitends,  which 

pins,  when  inserted  into  the  sockets  I  /  I,  in  front  of  the  chain,  form  ailes  for  the  frames 

to  Inm  upon  at  certain  periods  of  the  operation. 

On  the  upper  end  of  each  pin  a  small  arm  or  lappet  piece  i>i,Jlg,  427,  it  fixed, 
standing  at  right  angles  to  the  face  of  the  forked  frame  of  the  holder  H.  Those  tappet^ 
as  the  endless  chain  conducts  the  holders  along  at  certain  periods,  come  in  contact  with 
lUtionary  pins  or  wipers  n  n,  fixed  lo  the  (;uide  rails  o,  on  which  the  chain  c  slides ;  and 
tkoe  wipers  acting  a^^Inst  the  tappets  as  Ihey  pass,  cause  the  holders  to  be  turned  ronnd 
at  ihoM  periods  for  the  purpose  of  bringing  the  reverse  side  of  the  strick  of  fial  on  lo 
the  heckle  points. 

Let  il  now  be  supposed,  that  all  the  holders  connected  to  the  endless  chain  ha»e  been 
fnmiiked  with  stricks  of  flai,  or  other  material  to  be  heckled,  and  that  the  barrels  a  a 
art  pDl  in  motion  in  the  way  described,  revolving  in  the  direction  of  the  arrows  shown 
in/;.  427.  A  pinion  on  the  end  of  the  axjes  of  one  of  the  barrels  a  will  drive  a  traia 
of  toothed  gear,  J  k  L  m  and  n,  on  the  axle  of  the  latter,  of  which  there  is  a  bevelled 
pinion  taking  into  a  bevelled  wheel,  turning  horizontally  at  the  lower  end  of  the  per- 
peodicnlar  shaft  of  one  of  the  chain  pulleys.  Il  will  hence  be  perceived,  that  as  the 
Wtis  go  round,  such  rotatory  motion  will  be  communicated  lo  the  pulley  H,  as  will 
Mass  it  lo  drive  the  chain  c  forward,  and  by  that  means  conduct  the  several  stricks  of 
iai  progressively  along  the  barrel. 

When  each  successive  holder,  with  its  strick  of  flax  or  other  material,  is  brought  to. 
the  pirt  1,  fig.  426,  the  fibres  come  in  contact  with  the  rotatory  barrel,  and  first  strike 
upon  [he  series  of  coarse  heckles  a  a,  placed  upon  an  inclined  or  conical  surface  of  the 
WrtI,  by  which  means  Ihe  lower  ends  of  the  flax  in  each  strick  are  first  acted  upon  ;  and 
*•  il  adraoces,  the  upper  part,  and  ullimalely  the  whole  length  of  the  long  fibres  of  the 
napended  slriek,  are  gradually  brought  on  to  the  heckles,  which  progressive  operatiotr 
prevents  the  long  fibres  from  hoing  broken,  and  causes  a  smnller  quantity  of  tow  lo  be 
pfoiaeed  than  is  usually  token  off  in  any  of  tbe  ordinary  modes  of  heckling. 

AlUr  the  strick  of  flax  or  olher  matenal  has  been  carried  by  Ihe  travelling  chain  past 
the  till  inclined  or  conical  surface  a,  of  the  heckling  barrel,  il  then  comes  upon  the 
Qliadrical  part,  b,  of  the  barrel,  which  is  also  furnished  with  coarse  heckles  that  pene^ 
trale  and  comb  down  the  whole  pendent  lengths  of  the  fibres.  But  in  order  that  both 
Mici  of  the  strick  of  flax  may  be  equally  operated  upon,  the  holder  is  now  to  be  tnme* 
wnnd  npon  itt  pin  or  pivot,  which  movement  is  effected  by  one  arm  of  the  lever  or  lappet 
t,  (at  tbe  carrying  chain  moves  onward),  coming  against  the  stationary  pin  or  wiper  % 
*iuch  changes  the  position  of  the  holder,  as  shown  alp,  in  the  horizontal  view  Jig.  4S0, 

The  under  part  of  the  guide  rail  d,  upon  which  the  chain  slides,  is  at  this  pert  cut 
nay,  for  the  purpose  of  allowing  ths  holder  lo  lurn  round  horizontally ;.  and  a  pin  or 
pnjettiaa  at  the  under  side  of  the  guide  rail,  as  the  chain  continues  moving,  acts  againth 
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the  side  of  the  carrier  frame,  and  forces  it  into  a  position  parallel  with  the  chaio.  Tha 
other  side  of  the  strick  of  flax  is  by  t^ese  means  brought  on  to  the  heckles  of  the  second 
inclined  or  conical  surface  of  the  barrel  at  c ;  and  the  travelling  chain  proceeding  on- 
ward, the  fibres  of  the  material  are  in  succession  passed  over  and  combed  by  the  heckles 
of  increasing  fineness,  d,  e,  and  /,  on  the  cylindrical  part  of  the  revolving  barrel,  nntO 
the  strick  having  arrived  at  the  second  wiper  n,  the  frame  or  holder  is  at  q,  turned  round 
as  before,  and  the  rev^erse  side  of  the  stride,  or  that  first  operated  upon  by  the  heckles  a 
and  b,  is  brought  progressively  on  to  the  heckles  of  increasing  fineness,  g,  h,  and  t ;  and 
having  passed  the  last  series  of  rotatory  heckles,  the  holders  are  in  succession  to  be 
removed  from  the  machine,  the  material  having  been  sufidciently  dressed. 

The  clamps  of  the  holders  are  now  opened  by  the  attendant,  and  the  stricks  of  flax  or 
other  material  are  taken  out,  and  again  placed  between  the  clamps  in  reversed  positions, 
in  order  that  the  other  ends  of  the  fibres  may  be  operated  upon.  The  clamps,  with  the 
stricks,  are  then  suspended  again  in  the  holders,  the  uncombed  ends  of  the  fibres  hanging 
dowH  upon  the  heckle  barrel. 

In  order  to  avoid  interrupting  the  continual  operation  of  the  machine,  it  is  proposed 
that  the  strick,  on  its  second  introduction,  shall  be  placed  in  the  holders  on  the  opposite 
side  at  y,  which  is  one  of  the  reasons  for  constructing  a  double  machine,  and  the  strick 
being  thence  carried  along  by  the  travelling  endless  chain  in  the  way  already  described, 
the  fibres  will  be  first  brought  under  the  operation  of  the  coarse  heckles  on  the  inclined 
or  conical  surface  of  the  second  revolving  barrel,  and  then  of  the  other  heckles  increasing 
in  fineness  on  the  cylindrical  part  of  the  barrel,  until  having  reached  the  end,  as  in  the 
former  instance,  the  fibres  of  the  flax  may  be  considered  to  be  sufliciently  dressed,  and 
may  then  be  withdrawn. 

It  may  be  necessary  here  to  remark,  that  as  diflerent  kinds  and  qualities  of  material 
will  require  difllerent  degrees  of  working  by  the  heckles,  this  can  be  effected  by  varying 
the  comparative  speeds  of  the  travelling  holders  and  the  heckle  barrels.  These  com- 
parative speeds,  it  will  be  perceived,  depend  upon  the  diameters  of  the  wheels  and  pinions 
by  which  the  pulley  b  is  driven  from  the  rotation  of  the  heckle  barrel.  These  wheels 
and  pinions  are  therefore  intended  to  be  removed  and  changed  for  others  of  dififercnt 
diameters,  as  circumstances  may  require.  It  will  be  perceived  that  the  faster  the  stricks 
travel  through  the  machine  compared  to  the  rotatory  speed  of  the  heckle  barrels,  so  much 
the  less  will  the  material  be  acted  upon  by  the  rotatory  heckles;  but  as  diflerent  quali- 
ties of  material  must  be  difl*erently  operated  upon,  according  to  circumstances,  it  is  im- 
possible to  set  out  any  definite  speeds  or  proportions  of  speed :  that  will,  however,  be 
readily  perceived  by  competent  workmen  when  working  at  the  machine. 

In  the  process  of  opening  the  fibres  of  the  material  by  the  rotatory  heckles,  a  quan- 
tity of  short  or  loose  fibres,  as  tow,  will  be  taken  oflf  the  stricks  by  the  heckle  points, 
and  will  remain  adhering  to  the  barrel  between  the  points  of  the  heckles :  in  order, 
therefore,  to  remove  this  tow  or  other  loose  entangled  materials  from  the  heckles, 
several  series  of  brushes,  or  blocks,  with  bristles,  are  affixed  longitudinally  t«  rotatory 
barrels  q  q'. 

These  brush  barrels  are  mounted  parallel  to  the  heckle  barrels  upon  axles,  .supported 
in  plummer  blocks  afiSxed  to  brackets  extending  from  the  end  frames  of  the  machine. 
Those  parts  of  the  brush  barrels  which  are  opposite  to  the  cylindrical  portions  of  the 
heckle  barrel  are  cylindrical,  and  those  parts  which  are  opposite  to  the  bevels  are  contra- 
bevelled,  or  made  as  frustrums  of  cones  reversed,  or  in  an  opposite  angle,  as  r,  s,  so  as 
to  run  parallel  to  the  inclined  surfaces  of  the  heckle  barrels  a  and  c. 

Upon  the  periphery  of  these  barrels  Q  Q,  ribs  or  blocks,  with  bristles  or  brushes,  are 
fixed  longitudinally,  at  suitable  distances  apart,  the  bristles  all  standing  radially  from  the 
axle,  and  taking  into  the  points  of  the  heckles. 

Rotatory  motions  are  given  to  the  brush  barrels  q  q,  by  bands  passing  from  the  riggers 
at  G,  over  pulleys  a  a,  fixed  at  the  end  of  each  of  the  axles  of  the  brush  barrels.  Hence, 
it  will  be  perceived  that  the  barrels  q  q  will  revolve  in  opposite  directions  to  the  heckle 
barrels,  and  with  sufficient  speed  to  enable  the  brushes  to  pass  through  between  the 
points  of  the  heckles,  and,  in  so  doing,  to  remove  the  tow  or  other  loose  matter 
therefrom. 

The  tow  or  other  loose  fibrous  material  collected  upon  the  brushes  is  transferred  thence 
on  to  wire  cards  placed  round  the  periphery  of  the  barrels  s  s,  which  barrels  are  mounted 
upon  axles  paraUel  to  the  brush  rollers,  and  turn  in  plummer  blocks  upon  braeketB, 
extending  from  the  end  frames  of  the  machine. 

These  barrels  are  cylindrical,  and  covered  with  sheets  of  wire  cards  at  those  parts 
which  are  opposite  to  the  cylindrical  portions  of  the  brush  barrels,  but  those  portions  of 
the  barrd  s  which  are  opposite  to  the  bevelled  points,  r  and  «,  of  the  brush  barrels,  are 
bevelled  or  made  conical  at  /  «,  to  fit  or  correspond  with  the  inclined  surfaces  r  and  t ; 
these  are  covered  with  sheets  of  wire  card  also. 

Rotatory  motions  are  communicated  to  the  card  barrels  •  s,  by  bands  from  the  pnSkej 
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t,  lifd  on  10  Ibe  (id«  of  the  toothnl  wbeel  k  (see  fig.  437),  trhicb  band  driTci  fimilar 

]Hi11«y)  T  T,  moDDled  upon  ituds  fixed  in  ihe  end  rramc.  Upon  the  tide  oreBTh  of  Ihese 
polle)'!  T  T,  ■  pinion  t  ia  Gxed,  which  pinion  lakes  into  the  leelh  o(  the  wheel  w,  on  lh<i 
end  of  Ihe  Kile  of  eich  of  the  card  barrels  >>  3  ;  by  which  means  such  slow  molions  are 
gireo  to  the  barrels  i,  as  will  allow  the  bmshea  of  Ihe  barreli  a  to  Comb  off  and  deposite 
the  taw  or  other  fibrous  material  upon  Ihe  wire  eards  as  they  revolre,  and  from  whence 
it  it  to  be  removed  b;  a  doffing  comb,  and  let  fall  into  an;  eonvenieni  receptacle  below. 
b  llle  same  way  as  in  ordinary  carding  engines. 

The  doffing  comba,  i  x  i,  are  Cormed  to  the  shape  of  Ihe  eard  barrels,  and  are  attached 
to  Jtraight  bars  extending  along  the  machine  on  both  sides,  which  are  supported  at  their 
ejliemilies  by  levers  i  t,  Tihraling  upon  fulcrum  pivots  al  id  uj.  To  theje  levers  per- 
pcndieular  rods,  i  z,  are  connected  by  joints,  and  the  lower  end  of  each  of  these  rods  it 
lUached  to  an  eccentric  disc,  roller,  or  erank,  z  x,  on  Ihe  ax]e  of  the  bnish  barrel ;  whence 
it  will  be  perceived  that  by  the  rotation  of  Ihe  eccentrice  z,  Ihe  levers  r  will  be  made  lo 
vibrate  and  strike  off,  or  doff  the  low  or  other  material  from  the  card  barrels,  in  a  similar 
mnner  lo  the  operations  of  the  doffing  comb  of  an  ordinary  carding  engine. 

Hr.  Evans's  palenl  improvements  in  machinery  Poi  preparing  and  dressing  Hai  and 
hemp  apply,  first,  to  the  operation  of  seutching,  swingling,  or  beating  away  the  boom 
or  woody  particles  of  Ihe  rind  which  covert  the  flax,  or  hemp,  in  its  rough  state;  and, 
aeeoodly,  to  (be  subsequent  operation  of  heckling,  combing,  or  opening  of  the  fibrei  of 
the  material  preparatory  to  spinning  it  into  yams- 
fig.   43S  representt  the  scutching  or  twingling   machine,   in   different   potitiont. 


Fif.  428  is  an  end  *iew  of  the  machine  in  operation ;  fig.  429  is  a  front  view  of  the 
ame.  The  essential  parts  of  the  machine,  and  those  in  which  the  invention  especially 
consists,  are  two  pairs  of  revolving  beaters  or  scutchers,  each  formed  by  h>ng  ribs  or 
blades  mounted  npon  arms.  The  blades  of  Ihe  beaters,  a  a,  may  be  made  of  ribs  of  hard 
woil,  or  other  suitable  malerial,  broad  bnl  thin,  and  slightly  rounded  on  their  edges,  to 
prevent  their  culling  the  fibres  of  the  flax  or  hemp  when  they  sirike  it.  The  two  blades 
are  placed  parallel  to  each  other,  and  mounted  upon  a  hexagonal  frame,  the  arms  h  b 
inclining  or  forming  obtuse  ani^le*  with  the  bltdet,  and  from  the  middle  of  the  arms  short 
axles,  c  c,  extend,  upon  which  the  beaten  revolve. 

The  axles  of  both  pairs  of  beaters  are  mounted  in  plnmmer  boxes,  bearing  upon  bori- 
lootal  rails  al  the  enda  of  the  machine,  as  shown  in  fig.  428,  and  are  at  such  distance 
apart  at  wiD  allow  of  the  arms  and  Ihe  beatera  of  each  pair  parsing  alternately  within 
thoae  of  the  other  pair  at  they  revolve  in  opposite  directions,  which  they  are  enabled  to 
do  wnhoat  coming  in  contact,  in  conaeqnence  of  the  inclination  of  ihe  arms. 

On  Ihe  axle  at  one  end  of  each  pair  of  beaters  a  toothed  wheel,  d,i3  affixed,  and  theae 
wheels  being  of  similar  diameters,  and  taking  into  each  other,  cause  the  beaters  to 
revolve  with  similar  speed  in  opposite  directions,  rotatory  motion  being  given  to  them  by 
abandind  rigger  fixed  upon  one  of  the  axles  ;  and  in  order  that  the  bcalers  in  revolving 
may  not  come  in  coniacl  as  they  pass,  the  positions  of  Ihe  two  pairt  are  so  arranged  that 
the  blades  of  one  shall  be  in  a  perpendicular  silnBtiOQ,  while  those  of  Ihe  other  are 
horiKBilal. 

The  rind  of  the  flax  or  bemp  having  been  previously  broken  by  any  of  the  ordinary 
Blodtt  of  performing  Ibat  operalipn,  small  bunches  or  slricks  of  the  material  are  spread 
mt,  snd  thdr  endt  eoofined  between  the  jawt  of  clampa  or  holders. 


Thew  elamps  or  holders  differ  eomiderably  from  the  clainpi  which  a 

'   "  '*culBrlf  describe  their  constmcllon,  before  Ehoving  ihem  in 

1  are  views  at  the  clunp  in  two  different  pmilians  j  a  and  A 
■re  two  boards  uniled  logellicr  by  a  hinge,  c,  at  lop, 
which  of  course  atlows  them  to  ^ut  and  open.  Tlie 
lower  parlE,  Ibnning  the  jaws  of  the  clamps,  are 
made  wilh  leclb  or  indents  lions,  l>elween  which 
pnrl$  the  ends  or  the  Bai  or  hcD^p  are  tecurely  held 
,  when  Ihe  clumps  are  brought  together;  if  d  are  two 
\*  pieces  projecting  from  the  board  i, at  the  end  of  esch 
of  which  is  an  eje  shown  hy  dots,  and  al  the  back  of 
)  ihe  board  a  (see  fig.  430),  (here  is  a  double  arined 
lever,  t,  luraing  upon  a  fixed  pin,  /,  which  lever  cai- 
wedtes,  g  g.  These  wedges  pass  inio  the  eyes  of  ihe  pieces  d  d,  when 
the  damps  are  closed  and  hold  (hem  fast.  There  is  A  segment  ratchel  A,  at  Ibe  upper 
part  of  the  board  a,  which  turns  u|ion  a  slud,  t,  and  is  pressed  downward  by  a  spring,  fc. 
This  ratchet  receives  the  end  of  the  lever  e,  and  consequently  keeps  [he  circular  wedges 
firm  in  the  eyes,  wbicS  hold  [he  clamps  securely  tt^ether,  and  prevent  iheir  opening  by 
the  shaking  of  the  mscliine. 

When  il  is  required  to  open  the  clamps,  Ihe  ratchet  A  must  be  nilsed,  and  the  lever  ( 
pushed  aside  by  its  handle  I.  which  draws  the  circular  wedges  /  from  Ihe  eyes  of  the 
pieces  i  d,  and  the  boards  of  Ihe  clamps  immedistely  separate.  For  the  eonvenience  of 
suspending  the  holders  in  Ihe  machines,  a  piece  of  sheet  iron,  nt,  is  bent  at  right  angles, 
and  fastened  to  the  back  of  Ihe  board  b,  as  seen  in  fig.  431,  forming  a  groove  by  means 
of  which  Ihc  holders  are  enabled  lo  slide  into  Ihe  machine  and  hang  there. 

These  clamps  or  holders  are,  when  charged  with  Ihe  material,  placed  in  the  scutching 
machine,  as  shown  alecf,  in  _flgj.  428  and  429,  bearing  upon  the  edge-rail  or  bar/. 
The  beaters  are  now  made  to  revolve  in  the  manner  already  described,  by  which  Iha 
edges  of  the  blades  will  strike  against  llie  pendent  stricks  of  flax  or  hemp  alternately  on 
each  side,  and  beat  off,  scutch,  or  swini^le  the  boom  from  the  material,  and  render  il  fit 
for  the  operation  of  heckling  which  is  lo  Ibllow. 

The  whole  machine  is  incased  wiib  boards,  lo  prevent  the  inconvenience  arising  from 
dust,  and  an  apparatus  might  be  adapted  with  a  blower  to  conduct  away  the  dntt 
created  by  the  machine,  and  lo  discharge  it   out  of  the  building. 

In  introducing  these  stiicks  of  flai  or  hemp  into  the  machine,  Ihe  holder  is  placed 
opon  the  projecting  end  uf  the  bar  or  edge-rail  f,  and  is  thence  slidden  into  the  ma- 
chine ;  and  ahei  the  material  has  been  sufficienlly  scutched  or  swiugled,  Ihe  holders, 
wilh  the  Etrlehs,  are  removed  through  the  top  of  the  machine,  and  others  successively 
introduced  at  Ihe  end,  and  pushed  along  the  mil. 
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If,  however,  it  should  be  thought 
desirable,  the  stricks  may  be 
progressively  carried  through  the 
scutching  machine,  and  delivered 
into  a  similar  edge-rail  in  the 
heckling  machine,  there  to  be  op- 
erated upon  in  the  way  about  to 
be  described,  by  which  means  the 
whole  process  of  scutching  and 
heckling  may  go  on  without  inter- 
ruption. 

Fig.  432  represents  Ihe  heck- 
'ling  machine  by  which 


the  ibres 


of  the 


be  opened,  and  the  ti 


taken 


nearly  through  ibe  i 
vertical  direetioa.  Perpendicular 
standards  form  Ihe  ends  of  tho 
machine,  which  arc  connected  to- 
gether by  longitudinal  rods  or 
bars  secured  by  nuts.  The  heckle 
points  intended  lo  act  upon  the 
flax  are  mounted  in  the  fiune* 
D,  b,  c,  and  d,  and  the  stricks  of 
Bai  held  in  the  clamps  <(<,«■ 
described,  are  suspended  rrom  tlie 
bar  or  edge-rail,  extending  through 
the  machine. 
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la  mirt  lo  render  Ihc  prineiplci  of  this  nuehine  mod  jl«  mode  of  workin;  cTident,  it 
■UT  be  desirable  lo  *haw  in  bo  abitrect  fonn  (he  nunoer  in  which  the  heck1«g  are  brought 
iota  operatioa  upon  the  flax,  and  for  Ihii  purpose  t«o  diagram*  aie  delineated  in  Jigi. 
433,434. 

Suppose  tiro  sets  of  combs  or  heckle  poinlt  be  mounted  upon  frames  a  and  b,  ai  in 
thne  tiEures,  each  frame  being  moveable  by  means  of  cranks  r,  c,  ind  d,  d,  connected  in 
tDCh  manner  that  tbey  both  turn  with  the  same  speed  in  apposite  direclions,  ii  is  evident 
that  erery  part  of  the  rrameg  and  combs  vili  move  in  circles  correspond in|[  Id  those  de- 
tcribed  b;  the  cranks ;  the  points  of  the  comba  travelling  in  the  directions  of  the  arraws. 
lad  in  circles  represenied  bf  dots. 

During  ibis  movement,  whilst  perfurming  the  Sifl  dctcendintr  quarter  of  the  circle,  the 
oanks  briaif  Ihe  framra  together  as  in  fig.  433.  They  begin  arier  this  to  separate  in  de- 
Miibing  Ihe  tecond  descending  quarter,  and  come  to  the  position ^g.  434,  when,  continu' 
in:  10  revolve,  they  move  furlher  from  each  other  in  describing  the  first  ascending  qnarter 
of  the  circle,  and  arrive  at  Ihe  position  where  Ihe  distance  is  the  greatest  t  lastly,  Ihey 
dtseribe  Ihe  (econd  ascending  quarter  returning  to  the  third  position.  If,  therefore,  a 
slridf  of  flax  be  suspended  between  the  two  sets  of  combs  as  in^g.  433,  and  the  rouiory 
motion  be  conlinned  for  a  sufficient  length  of  lime,  the  flax  will  he  combed  in  the  whole 
length  which  is  snbmillcd  ^o  ibe  actions  of  the  combs,  although  the  points  severally  have 
only  operated  in  a  very  small  space. 

Such  a  »y«tem  of  combs  oi  heckles  would  make  a  very  good  and  simple  heckling  engine, 
iTii  were  nut  for  Ihe  inconvenience  eiperienced  by  the  points  draeging  some  of  the  fibres 
wilh  Ihem  when  wiibdrewine  from  the  flai,  wliieh  would  produce  ■  great  waste  of  mate- 

The  plan,  hov 


the  points,  whirh  n: 
of  the  present  impi 
■iinple  and  efficient 
There  arc  two  series  of  combs,  see  fig.  4 


ust  be  attended  with  c< 
Dved  engine,  aflords  Ih 


IS  of  producing  the  saioe  e 


;tbyn; 


attached  to  two  moveable  frames  repre- 
lented  at  a  and  b.    Each  frame  is  formed 
by  vertical  bars  a  b,  with  lateral  branches 
or  arms,  whiuh  carry  Ihe   heckle  points. 
The  branches  or  arms  are  parullel,  and  at 
equal  distances  apart,  but  fi.^ed  in  such 
po^iiions  in  each  frame  that  they  may  oc- 
cupy Ihe  inlervenine  space  wfhen  the  frames 
are    brought   ti^elhei,  as  yig.  436.     The 
frames  are  put  in  motion  by  means  of  re- 
volving cranks  lo  which  they  are  attached, 
as  shown  inyig.  436,  and  when  the  cranks 
turn  upon  their  axes,  the  branches  of  one 
frame  pass    helween    ihose  of   the    other 
without  touching.    This  forms  what  may 
be  called  a  set  of  combs  {  but  one  of  Ihe 
Improved  iqnchines  contains  two  such  sets, 
opposed,  lo  the  points  of  ihe  combs  in  the  other  set. 
ofcombs  thai  compose  one  set  act  upon  ihe  Bax,  is  shown 
crlical,  the  points  of  bolh  frames 
iBi,  Dui  at  me  cranHs  move  ronon  in  the  direction  of  Ihc  arrows,  the 
lother  position,  and  it  is  then  that  the  points  or  heckles  of  one  of  the 
enetmte  the  flax,  and  descending  they  comb  or  divide  its  fibres.     The 
ks  continuing,  the  two  frames  a  and  b  come  into  the  posilion  shown 
points  of  the  frame  a,  withdrawing  from  the  flax,  and  those  of  Ihe  frame 
which  are  now  combed  by  Ihe 


IhepoiBlsof  the  combs  of  one  set  bei 
The  wa;  in  which  Ihe  series  ofcoi 
in  Ihe  side  view^g.  435.     When  the  cranks  are  nearly 
are  awaj  from  -■^     "'--■----    ' 

frames  a,  begii 


:  and  b,  respectively  advance, 
and  render  il  impossible  for  the 
tncing  clears  the  fibres  from  the 


ufis.m,ii  .  

b,  approaching  and  pushing  Ihe  fibres  oil  from  the  fori 
descending  stroke  of  the  points. 

It  wUI  hence  be  perceived  that  as  the  combs  of  the  fra mi 
they  will  posh  furward  the  whole  of  ihe  etrick  of  fiai 
fibns  to  be  raised  and  entangled,  as  each  frame  in  ad 
poinls  which  preceded  it. 

A  single  set,  however,  of  such  combs  or  heckles  acting  only  on  one  side  of  the  flax, 
would  but  imperfectly  perform  Ihe  operation  of  opening  its  fibres)  it  is  therefore 
necessary,  in  order  lo  accomplish  Ihe  desired  object  in  the  most  effectual  way,  that  two 
inch  sets  of  combs  or  heckles  should  be  brought  to  set  on  opposile  sides  of  the  strick  of 
Sax,  which  may  be  dune  in  the  manner  shown  in  the  figures.  The  cranks  of  ihe  two 
spposite  sets  of  eomb-fismes  or  heckles  a  b,  and  c  if,  are  connected  by  ■  pair  of  loathed 
wheels  e  /,  as  fig.  437,  or  by  four  toothed  wheels,  by  which  Ihe  heckles  are  acloaled  si 
oaee,  the  two  sets  moving  in  opposite  directions,  but  with  similar  speeds,  and  the 
combing  or  heckling  of  Ihe  material  will  go  on  in  the  way  shown  in  the  figure  last 
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Thus  far  I  have  considered  only  two  frames  of  combs  or  heckles  constituting  a  set,  as 
acting  upon  each  side  of  the  stride  of  flax  ;  but  in  order  to  perform  a  greater  quantity  of 
work,  several  sets  may  be  mounted  in  one  machine,  working  alongside  of  each  other,  ex- 
tending over  the  breadth  of  the  machine.  The  combs  may  then  be  supported  upon  three 
frames,  of  which  the  middle  one  may  have  branches  or  arms  extending  upon  both  sides, 
and  the  other  two  frames  branches  extending  inwards  only.  To  drive  the  frames  so  ar 
ranged  they  must  be  connected  to  treble  cranks. 

Such  is  the  principle  of  the  improved  machine  for  combing  or  heckling,  exhibited  in 
the  several  figures  of  which  I  now  proceed  to  describe  the  particular  construelk>n.  The 
machine  or  engine,  fig,  432,  has  four  sets  of  combs,  acting  both  at  the  back  and  front  of 
the  flax  \  ah  are  the  front  set  of  combs,  and  e  d  the  back  set  of  combs ;  e  e  e,  are  the  damps 
holding  the  stricks  of  flax  previously  scutched,  which  clamps  hang  upon  the  edge^^niil. 
The  comb  frames  are  attached  at  top  and  bottom  to  the  cranks  gg^  which  are  all  connect* 
ed  by  toothed  gear,  and  driven  by  a  band  and  rigger. 

The  combs  or  heckles  being  put  in  motion  in  the  way  described,  act  upon  the  sus- 
pended stricks  of  flax,  and  upon  their  fibres,  as  explained ;  which  stricks  are  progressive- 
ly conducted  through  the  machine  by  their  clamps  sliding  upon  the  edge-rail  through  the 
agency  of  the  endless  chain,  to  which  the  clamps  are  severally  attached,  by  a  hook  falling 
into  one  of  the  links.  The  chain  is  driven  by  a  spur  wheel  upon  the  axle  of  a  l>evd 
wheel,  which  receives  a  slow  rotatory  motion  through  a  bcTcl  pinion  on  the  axis  of  a 
similar  wheel,  actuated  by  another  pinion  on  the  end  of  the  upper  crank  axle.  By  these 
means,  clamps,  with  the  stricks  of  flax  placed  on  the  edge-rail,  are  slowly  carried  through 
the  machine,  when  the  flax  will  be  gradually  acted  upon  first  by  heckle  points  of  a  coarse 
kind,  set  wide  apart,  and  ultimately  by  finer  points  set  near  together ;  aAer  which,  the 
clamp  with  the  strick  of  flax  is  discharged  from  the  machine,  at  the  reverse  end  of  the  edge- 
rail.  But  should  the  workman  neglect  to  remove  the  holder  or  clamp,  when  it  arrives  at 
the  end  of  the  rail,  the  machine  would  be  stopped  by  means  of  a  jointed  lever,  having  a 
fork  at  its  end,  which  pushes  the  band  from  the  fast  rigger  on  to  the  loose  one,  and  throws 
oflf  the  driving  power. 

As  the  combs  or  heckles,  in  acting  upon  the  flax  to  divide  its  fibres,  tea#  parts  of  the 
fibres,  and  reduce  them  into  tow,  the  downward  motion  of  the  heckles  brings  the  tow 
with  them  out  of  the  flax,  which  is  deposited  between  two  fluted  rollers  p  p,  fig,  432, 
and  is  by  them  conducted  down  to  the  large  drum  q,  where  it  becomes  lapped  in  two 
endless  sheets  round  the  periphery  of  the  drum ;  the  one  of  coarse  tow,  the  other  of  fine, 
the  adhesion  being  assisted  by  a  pressing  roller  r ;  and  when  a  quantity  of  the  tow  has 
been  thus  accumulated  round  the  periphery  of  the  drum,  it  may  be  removed  thence  by 
cutting  it  off*  in  sheets.  The  fluted  rollers,  and  also  the  large  drum,  are  driven  by  gear 
bands. 

AAer  the  strick  of  flax  has  been  thus  carried  through  the  scutching  machine  or  the 
heckling  machine,  the  jaws  of  the  clamps  are  to  be  opened,  the  ends  of  the  flax  reversed, 
and  the  strick  again  confined  in  the  damps,  so  that  the  other  end  of  the  strick  may  be 
operated  upon  in  a  simDar  way.  In  order  to  prevent  any  part  of  the  flax  from  attaching 
itself  to  the  branches  of  the  moveable  frames,  each  frame  is  furnished  with  a  shield  or 
guard  of  polished  iron  or  brass  plate,  which  covers  a  part  of  the  combs  and  the  heads  of 
the  screws  by  which  they  are  fixed  to  the  branches.  When  the  plate  metal  is  bent  into 
the  form  of  a  shield,  it  is  slipped  on  to  the  branches  of  the  heckle  frames,  and  is  sufficient- 
ly elastic  to  hold  fast. 

But  it  is  to  be  observed,  that  the  edges  of  the  shields  are  to  vary  in  the  extent  of  their 
projection  according  to  the  situation  in  which  they  are  to  be  placed ;  those  which  are  to 
shield  the  upper  branches  of  hedcles  are  to  project  but  little,  so  as  to  leave  the  points  un- 
covered and  free  to  enter  the  strick  of  flax ;  but  the  shields  of  the  lower  heckles  are  to 
project  considerably  over  the  points,  to  prevent  them  from  penetrating  too  far  into  the 
fibres,  which  is  so  contrived  for  the  purpose  of  facilitating  the  foiling  of  the  tow,  which 
would  otherwise  be  with  difliculty  removed  from  the  lower  combs,  were  it  thrust  upon 
the  whole  length  of  the  points. 

It  being  advantageous  that  each  strick  of  flax  should  be  combed  near  the  lower  extremi- 
ties before  the  middle  is  acted  upon,  it  is  necessary,  in  order  to  obtain  this  effect,  to  re- 
move some  of  the  points  of  the  combs  in  the  upper  branches.  By  these  means,  the  oper- 
ation of  the  heckles  upon  the  flax  begins  and  proceeds  gradually,  and  ceases  at  the  oppo- 
site extremity  of  the  machine  in  the  same  gradual  way,  which  is  very  advantageous  in 
dearing  completely  the  flax  from  the  tow. 

IV.  Flax-tpinning. — If  we  compare  flax  with  other  spinning  materials,  such  as  wool 
and  cotton,  we  shall  find  it  to  possess  several  characteristic  properties.  While  cotton 
and  wool  are  presented  by  nature  in  the  form  of  insulated  fibres,  the  former  requiring 
merely  to  be  separated  fVom  its  seeds,  and  the  latter  to  be  purified  from  dirt  and  grease 
before  being  delivered  to  the  spinner,  flax  must  have  its  filaments  separated  from  eadi 
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olher  by  tedious  and  painfal  ftrefttment.  In  reference  to  Ibe  spinning  and  the  subseqne&t 
operationsi,  the  following  properties  of  flax  are  influential  and  important  i-^ 

1.  The  considerable  length,  of  the  fibres,  which  renders  it  difficnlt,  on  the  one  hand, 
to  form  a  fine,  level,  regular  thread,  on  the  other,  gives  the  yarn  a  considerably  greater 
tenacity^  so  that  it  cannot  be  broken  by  pulling  out  the  threads  from  each  other,  but  by 
leann?  them  across. 

2.  The  smooth  and  slim  stnietureof  the  filaments,  which  gives  to  linen  its  peculiar 
polished  aspect,  and  feel  so  dififerent  from  cotton,  and  especially  from  woollen  stuffs,  unless 
when  disguised  by  dressing.  The  fibres  of  flax  have  no  mutual  entanglement,  whereby 
one  can  draw  ont  another  as  with  wool,  and  they  must  therefore  be  made  adhesive  by  mois- 
tve.    This  wetting  of  the  fibres  renders  them  more  pliant  and  easier  to  twist  together. 

3.  The  small  degree  of  elasticity,  by  which  the  simple  fibres  can  be  stretched  only  one 
twenty-fifth  of  their  natural  length  before  they  break,  while  sheep's  wool  will  stretch  from 
one  fourth  to  one  half  before  it  gives  way* 

Good  flax  shooM  have  a  bright  silver  gray  or  yellowish  color  (inclining  neither  to 
green  nor  black) ;  it  should  be  long,  fine,  soft,  and  glistening,  somewhat  like  silk,  and 
eontain  no  broad  tape-like  portions,  from  undissevmd  filaments.  Tow  differs  from 
flax  in  having  shorter  fibres,  of  very  unequal  length,  and  more  or  less  entangled. 
Hemp  agrees  in  its  properties  essentially  with  flax,  and  must  be  similarly  treated  in  the 
spinning  processes. 

The  manufacture  of  linen  and  hemp  yarn,  and  the  tow  of  either,  may  be  efl*ected  by 
diflereni  processes ;  by  the  distaff,  the  hand- wheel,  and  spinning  machinery.  It  will  be 
unnecessary  to  occupy  the  pages  of  this  volume  with  a  description  of  the  flrst  two  well 
known  domestic  employments.  I  shall  therefore  proceed  directly  to  describe  the  last 
method,  or 

Sjmntinfr  of  Flax  hy  Mathinery.  — ^This  branch  of  manufacture  has  been  much  more 
feeently  brought  to  a  practical  state  than  the  spinning  of  cotton  and  wool  by  machines, 
of  which  the  cause  must  be  sought  for  in  the  nature  of  flax  as  above  described.  The 
first  attempts  at  the  machine  spinning  of  flax,  went  upon  the  principle  of  cutting  the 
filaments  into  short  fragments  before  beginning  the  operation.  But  in  this  way  the  most 
valnable  property  of  fin  en  yarn,  its  cohesive  force,  was  greatly  impaired ;  or  these  attempts 
were  restricted  to  the  spinning  of  tow,  which  on  account  of  its  short  and  somewhat 
tortaoQS  fibres,  oould  be  treated  like  cotton,  especially  aAer  it  had  been  further  torn  by 
the  carding  engine.  The  first  tolerably  good  results  with  machinery  seem  to  have  been 
obtained  by  the  brothers  Girard  at  Paris,  about  the  year  1810.  But  the  French  have 
never  carried  the  apparatus  to  any  great  practical  perfection.  The  towns  of  Leeds  in 
Yorkshire,  of  Dundee  in  Scotland,  and  Belfast  in  Ireland,  have  the  merit  of  bringing  the 
spinning  of  flax  by  machines  into  a  state  of  perfection  little  short  of  that  for  which  the 
cotton  trade  has  been  so  long  celebrated. 

For  machine  spinning,  the  flax  is  sometimes  heckled  by  hand,  and  sometimes  by  ma* 
cfainery.    The  series  of  operatk>ns  is  the  following : — 

1.  The  heckling. 

2.  The  conversion  of  the  flax  into  a  band  of  parallel  rectilinear  filaments,  which  forms 
dw  foundation  of  the  future  yam. 

3.  The  formation  of  a  sliver  from  the  riband,  by  drawing  it  out  into  a  narrower  range 
of  filaments. 

4.  The  coarse  spinning,  by  twisting  the  sliver  into  a  coarse  and  loose  thread. 

5.  The  fine  spinning,  by  the  simultaneous  extension  and  twisting  of  that  coarse  thread. 
The  spinning  of  tow  requires  a  different  treatment:   we   shall  first   treat  of  the 

becklioff  of  flax  by  machines ;  and  secondly,  of  the  mechanical  spinning  of  flax.  The 
mechanical  carding  and  spinning  of  tow  are  very  similar  to  those  of  cotton  ;  which  see. 
Though  machine  heckling  be  far  from  perfect,  yet  the  tow  it  throws  off  can  be  spun 
into  very  good  yarn  by  machines,  while  it  would  afford  very  indifferent  yarn  to  the  hand 
spinner. 

All  heckle  machines  have  this  common  property,  that  the  flax  is  not  drawn  throngh 
them,  as  in  working  by  hand,  but,  on  the  contrary,  the  system  of  heckles  is  moved  through 
the  flax  properly  suspended  or  laid.  Differences  exist  in  the  shape,  arrangement,  and 
movements  of  the  heckles,  as  also  in  regard  to  the  means  by  which  the  adhering  tow  is 
removed  from  them,  llie  simplest  and  most  common  construction  is  to  place  the 
heckles  upon  the  surface  of  a  horizontal  cylinder,  while  the  flax  is  held  either  by  me- 
chanical means  or  by  the  hand  during  its  exposure  to  the  heckle  points.  Many 
machines  have  been  made  upon  this  principle.  It  is  proper  in  this  case  to  set  the  heckle 
teeth  obliquely  in  the  direction  in  which  the  cylinder  turns,  whereby  they  penetrate 
the  fibres  in  a  more  parallel  line,  effect  their  separation  more  easily,  and  cause  less  waste 
in  torn  filaments.  To  conduct  the  flax  upon  the  cylinders,  two  horizontal  fluted  rollein 
•f  iron  are  employed,  which  can  be  so  modified  in  a  moment  by  a  lever  as  to  present 
the  flax  more  or  less  to  the  heckling  mechanism.    The  operator  seizes  a  tress  lock  of 
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Am  irilh  k«  hand  uid  introduen  it  between  thr  fliied  ni^«r>,  to  that  the  tips  oa  which 

tbe  operation  mast  begin,  reach  llie  heekles  fint,  and  by  ii«{rerE  the  advancing  flax  grU 
heckled  through  tvo  thirds  or  three  lourths  nf  :ti  lenglh,  aAer  which  the  Ims  or  slridl  il 
mrned,  and  iis  other  end  is  subjected  to  the  aame  process.  Br  its  loinewhalrapid  rem- 
lutioo  the  heckle  cylinder  creates  ■  earrent  of  air  which  Dot  only  carries  away  (be  boomf 
panicles,  but  also  spreads  oat  the  dai  like  a  sheaf  of  com  upon  Ihe  iinheii,  eflnling  the 
aame  object  as  is  done  by  the  denlerous  swinKof  Ihehand.  The  tow  collects  betwiit  the 
teeth  of  the  heckle,  and  may,  when  its  quantity  has  become  consideiabte,  be  removed  in 
the  form  ofn  floclt  of  parallel  layers. 

The  essential  parts.of  such  a  constmctton  will  be  nnderstood  from  ji;.  438,  thon^  the 
Buled.  rollers  are  absenL  The  Bai  0,  b,  is  held  by  the  hand,  or  in  a  kind  of  clamp. 
The  cylinder  is  partly  covered  with  a  curvilinear  plale  of  iron  e,  d,  which  serves  to  lus- 
lain  the  Aax,  aiKl  to  guide  it  in  circular  tresses  round  the  peiiphery  of  the  heckle.  At  the 
beginning  it  is  placed  near  b,  when  the  lips  of  the  flax  are  only  presented  to  the  heckles  t 
during  the  wotliing  the  shield  is  continually  drawn  badi  in  the  direction  from  d  to  r,  and 
thus  lets  the  operation  be  performed  upon  the  remaining  part  of  Ihe  flax. 


f  in(  optralion  ;  tht  conBtnion  of  flax  into  riAanii  or  diMn. — This  is  cDected  by  rab 
jecling  the  flax  to  ateries  of  advancing  gills  or  heckle-teeth,  and  at  [he  aame  time  drawiof 
ont'  iu  ftbret  b;  means  of  rollers.    F\i>.  439,  440,  441,  ahaw  the  ootliDe  oT  Ihe  cod- 
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■trnetkia  of  ■  maehiiw  fca'  this  porpoie.  Here  two  rowt  of  lieetlJes  nre  plicfd  alcngndc 
of  neb  olfacr,  though  onlr  one  of  Ihem  be  shown  in  the  Kro"»d  pl*")^?-  ^^"i '"  onlc'  >o 
*Uov  ilie  puu  beoMlh  ihe  other  to  be  Been.  The  Gax  is  pUccd  in  the  nheei  iron 
chuueli  a  a,  bf  layisg  down  one  handrnl  kHer  aoother,  to  that  the  poinls  of  the  second 
Uriek  reach  to  only  Ihe  middle  of  the  first,  ■nd  thus  pieeerve  a  uniformity  of  thickncst 
is  the  freding.  This  process  is  necessary,  since,  is  every  one  knov^,  \Ve  hccklrd  stricks 
■re  alwiyi  ihiek  in  the  middle,  and  thin  at  the  ends.  The  flax  beins  jnitoduced  between 
llie  lollen  b  and  r,  is  drawn  out  by  their  ai^ency,  and  at  Ihe  same  time  subdivided  by  Ihe 
kcckin  d,  between  whose  teeth  the  pins  of  the  toller  e  press  it  down.  At  the  roUen 
y)  it  is  looKened  from  the  heckles  by  the  transverse  bars  which  rise  from  the  springs  g, 
after  which  it  is  aeized  by  (he  rollers  A  i,  and  drawn  again.  A  lilllc  beyond  the^e  roller^ 
it  runs  Ihrough  a  fuDoel  I,  in  order  to  gather  the  fibres  together ;  in  front  of  these  roller* 
Ihe  slirers  from  both  rows  nf  heckles  are  united,  and  proceed  in  one  riband  ihrough  ihM 
polished  brass  funnel ;  Ihe  rollers  m  n  extend  Uiis  riband,  pressing  it  gently  togelher, 
and  then  let  it  fill  into  a  lin  can.  The  uaion  of  Ihe  two  slivers  conlribules  to  Ihe 
nnifonnily,  aince  the  iriegolar  thicknesses  are  thereby  com  pen  sated.  The  diameter  of 
the  roller  c,  is  equal  lo  that  of  each  of  Ihe  cylinders  /,  /i,  /<,  fi ;  and  the  whole  Ere 
uoie  with  equal  velocity.  Tbe  same  correspondence  exists  between  the  rollers  m  and  i. 
Thus  Ihe  sliver  of  fiax  is  not  stretched  either  by  its  passage  from  t,  upon  the  heckles, 
'or  belweeo  i  and  n,  but  solely  in  passing  (Vom  the  heckles  to  the  rollers  i  h.  The 
heckle  Icetli  of  this  iDBchine  do  not  stand  perpendicularly,  but  are  bent  somcwbat 
backwards  I  so  as  lu  retain  tbe  Qax  more  Grmly.  The  revolving  cylindrical  brush  0, 
is  placed  over  and  a  little  in  front  of  Ihe  pressing  roller  h,  in  order  to  take  off  all  the 
tilamenls  of  flax  adhering  lo  their  circumference,  and  to  loss  Ihem  onwards  where  the; 
Buy  again  unite  with  tbe  slivers.  For  the  sake  of  perspicuity,  the  rollers  h,  and  those 
hnuhes  are  ]eA  oat  in  Jig.  440,  but  the  latter  are  particularly  shown  in  Jig.  44!,  while  a 
p>rtioo  of  their  axis  q,  is  however  shown  in  Jig.  440.  The  pressare  of  Ihe  cylinder  A, 
tipon  tbe  cylinder  i,  is  produced  by  the  weight  r,Jig.  439,  which  hangs  upon  Ibe  lever  t  ; 
the  lever  pulls  down  at  (,  a  vertical  rod,  whose  upper  hook-sbaped  end  embraces  the  axis 
of  i  inlbe  middle  of  iU  leaglh. 

Sffoad  principal  optraiiim;  thi  formalioa  of  TOvingi. — Mr.  Wordsworth's  improve- 
ncDls  in  machioery  for  preparing,  drawing,  niul  roving  flax,  hemp,  wool,  and  other  fibroni 
nbslaoces,  consists  in  a  novel  contrivance  or  mechanism  to  be  adapted  to  the  machine 
nnuDOoly  called  the  gill,  employed  for  preparing,  drawing,  and   roving   flai  and  hemp, 
and  Ibr  combing  and  spinning  long  wool ;  which  improvements  allow  the  points  of  the 
Invelling  heckles  to  continue  longer  in  operation  than    in  the  ordinary  conslroclion  of 
giU,  and  cause  the  heckle  poinla  lo  be  withdrawn  from  Ihe  fibres  at  the  end  of  the  stroke 
"ilfcoat  the  possibility  of  Ibeir  drawing  Ihe  fibres  down  with  Ibem. 
The  manner  of  efiecling  Ihit  otqect  will  be  seen   by  reference  to  tbe  several  figures 
which  exhibit  a  giU  on  this 
improved    plan    in    different 
views.    Fig.  443  is  a  plan  or 
harizontal  view,  exhibiting  the 
upper  surfaee  of  the  macbioe ; 
snd  Jig.  444  is  a  longitudinal 
srclion  taken  through  Ihe  mid- 
dle of  the  machine  :^g.  44S 
is  a  representation  of  the  front 
bf  the  machine,  but  in  which 
stVeral   parta    have  been   re- 
tiiored  lo  show  the  action  of 
the  heckles  more  perfectly. 

The  several  heckles  a  a  a 
are  formed   by   a   series  of 
needles  or   heckle  points  set 
into  a  metal  bar,as  represent- 
ed on    an   enlarged    scale  in 
/gf.   446   and   447.      These 
bars  are  each  of  them   sus- 
pended in  a  frame  or  carriage 
li  t  (shown  in  two  views  >l  ;lgt.  448  and  449),  by  means  of  double  jointed  levers  c  c, 
■een  in  two  positions,  at/gi.  450  and  451 ;  the  heckle  bar,  its  levers  and  carriage  or 
fiajne,  being  shown  put  together  in  Jigt.  453  and  453. 

When  Ihe  heckles  are  in  operation,  the  points  an  raised,  as  in  Jig.  445 ;  but  when 
Ibfj  are  wilhdniwn  from  the  fibres,  then  tbe  points  are  sunk  down  into  the  carrying 
frames,  as  Jig.  453. 
ThcM  two  pmiikni  of  Ihe  heckle*  are  produced  by  tba  knobs  or  parta  i,  thai  project 


The  •cTsnU  beddet  vc 
■dapitd  and  made  lo  vorii 
in  tbe  maehine  by  atUching 
the  endi  of  the  mpectin 
f>ainei  or  earriign  i,  to 
UaTelUng  endleis  chains  e,  I, 
seen  ia  figi.  443,  444,  and 
445.  These  end  J  ess  diaias 
paM  OTer  flutrd  gaide  rollers 
/  /,  Men  best  in  fig,.  441 
and  445,  and  over  honzonlal 
bars  g  g,  seen  best  in  Jin. 
443  and  444.  Tbe  chauu 
wilb  the  heckles  are  drivea 
Ihrongh  the  machine  bf  ro- 
talorr  spur  wheels  ft  A  ;  tee 
figi.  443  and  444,  the  teelh 
of  which  take  into  the  space* 
between  the  eyIindricsJ  paiu 
of  tbe  sCTcral  heckle  carriages 
b  t,  and  conscqDentlf  drire 
■he  heckles  forward  j  and 
these  spur  wheels  are  aeln. 
ated  br  a  train  of  loathed 
gear  froln  the  first  driTing 
shaA  I,  which  gives  motion 
to  an  the  oiierBliTe  paru  of 
tbe  machine. 

If  flax,  hemp,  long  wool, 
or  other  fitavua  raslerial,  be 
pasied  into  the  macbineat  (he 
bock  part  hy  a  feeding  cloth 
or  creeper  Ihrough  a  guide 
k,  best  seen  injigi.  443  and 
444,  and  be  coaducied  Qoder 
and  over  the  feeding  roUeta 
t,  m,  and  a,  and  oTcr  the 
heckles  a  a  a  to  the  drairiDg 
rollers  s  and  p,  and  thence  to 
the  flier  and  bobbin,  or  to  a 
receiving  can,  the  fibres  will 
be  opened  in  their  progress, 
and  combed  by  the  points  of 
the  heckles  enleriog  into  and 
separating  the  fibres,  the  ma- 
terial being  dnwn  by  a  dtT- 
ferent  speed  to  that  with 
which  the  heckles  travel. 

This  opeialion  of  jwepar- 
ing,  drawing,  and  roving  Qai 
and  hemp,  and  the  general 
eonstraelion  of  a  machine  of 
this  kind  being  well  onder- 
stood,  it  it  not  necessarT  to 
explain  iu  details,  eicepting 
as  respects  those  parts  which 
eonslitate  the  present  im- 
provements. 

It  will  be  perceived,  by 
leference  to  fig:  443  and 
444,  that  the  knobs  d,  which 
pDJect  fium  tbe  jointed  leve 


H  of  the  two  fixed  gnide  ban  q  j  thC  extend  along  flie  top  of  the  machine  abovo 
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eke  licddcs,  whieh  keep  Che  hedcle  points  raised,  as  in  ;l^.  461.  This  will  also  be  verj 
cfideatly  seen  in  the  front  Tiew  of  the  inaehjne>>Sjr.  445^  where  the  apptr  heckle  bar  a 
is  raised  in  its  carriage  6,  by  the  knobs  d  d  bearing  against  the  outer  edges  of  these 
gude  bars,  q  q.  Bot  when  the  endless  chains  e  e,  which  support  and  conduct  the  frames 
or  carriages  of  the  heckles,  have  advanced  the  heckle  points  to  within  a  very  little  dis- 
tance of  the  drawing  rollers  (fieefig.  444),  then  the  knob  <i  of  the  jointed  levers  at  each 
end  of  the  heckle  bir  passes  the  ends  of  the  guide  bars  q  q,  and  they  immediately  come 
in  contact  with  two  inclined  planes,  rr,  seen  in^igj.  443  and  444,  which  instantly  depress 
the  levers  c,  and  consequently  cause  the  heckle  bar  a,  with  its  points,  to  descend  in  the 
frame  or  carriage  b,  withdrawing  the  points  from  the  fibres  of  the  material  almost  in  a 
perpendicular  direction. 

The  heckles  that  have  become  thus  depressed  pass  with  their  carriages  by  the  travers- 
ing of  the  eadless  chains  along  the  under  part  of  the  machine,  and  when  they  arrive  at 
the  back,  and  begin  to  rise,  the  guide  bars  q  q,  being  at  their  commencement  slightly  bent, 
eondoct  the  knobs  b  of  the  levers  c  until  they  are  forced  back  into  the  positions  first 
described,  whereby  the  heckle  points  are  raised,  as  they  come  to  the  upper  part  of  the 
machine  into  effective  operation.  The  fibres  of  material  operated  upon,  after  passing 
through  the  drawing  process  between  the  rollers,  may  be  roved,  twisted,  or  spun,  by  the 
employment  of  a  bobbin  and  flier,  as  shown  fig.  444,  or  may  be  delivered  into  a  can,^  to 
be  roved,  twisted,  or  spun,  by  other  machinery,  by  substituting  a  pair  of  condncting 
roUers  instead  of  the  bobbin  and  flier,  which  shall  conduct  the  silver  of  material  into  a 
tin  can  below. 

The  descent  of  the  heckles  a  into  their  frames  b,  by  the  falling  of  the  levers  c  r,  pre- 
dodes  the  possibility  of  the  fibres  of  the  material  operated  upon  being  carried  down 
under  the  machine  by  the  points,  as  frequently  happens  in  gill  machines  of  the  ordinary 
construction ;  and  this  mode  of  mounting  the  heckles  and  traversing  them  with  the 
sssistance  of  the  guide  bars  q  q,  and  inclined  planes  r  r,  allows  the  hedcle  points  to  be 
brought  much  nearer  to  the  drawing  rollers  o  p,  by  means  of  the  metal  bars  in  which 
the  heckle  points  or  needles  are  set,  falling  below  the  centre  of  the  endless  chain  <  e, 
as  shown  in  figs.  443  and  444,  and  thereby  affords  the  means  of  preparing,  drawing,  and 
roving  various  qualities  of  flax,  hemp,  wool,  and  other  fibrous  materials,  particularly 
saeh  as  have  a  much  shorter  staple  than  any  fibrous  materials  hitherto  operated  upon  in 
gill  machinery. 

Another  most  ingenious  and  effective  improvement  made  of  late  years  in  the  fiax 
spinning  machinery,  is  that  patented  by  Messrs.  Westley  and  Lawson,  in  August,  1833, 
and  since  then  introduced  into  practice  with  great  advanta^.  It  applies  to  the  gill  or 
mechanism  employed  for  opening,  straightening,  and  separating  the  fibres  of  flax^ 
hemp,  and  long  wool,  in  the  operation  of  slivering.  The  peculiar  feature  here  is  a 
method  of  driving  the  heckle  bars  through  the  giU  machine  by  means  of  perpetual 
screws  or  worm  shafts  instead  of  by  chains  and  spur  wheels,  as  in  the  former  con- 
structions. 

The  heckle  bars  which  lie  across  the  machine  are,  by  the  present  patentees,  supported 
at  thdr  ends  by  fixed  horizontal  guide  rails,  on  which  they  slide,  while  the  extremities 
of  the  heckle  bars  are  inserted  in  the  helical  grooves  of  the  worm  shaAs,  which  are 
placed  in  horizontal  positions  at  the  sides  of  the  machine;  and  hence  the  rotatory  motions 
gives  to  these  screw  shaAs  cause  the  heckle  bars  to  be  driven  along  the  guide  rails  with 
a  uniform  simultaneous  movement. 

The  heckle  bars  having  performed  their  usual  office,  that  is,  having  combed  and  sepa- 
rated the  fibres  of  the  material  as  they  move  onward,  are  at  the  front  part  of  the 
machine  depressed  and  put  out  of  operation  by  means  of  rotatory  cams ;  and  by  the  assist- 
ance of  guide  levers,  each  heckle  bar,  when  it  arrives  at  the  end  of  the  upper  horizontal 
guide  rail,  is  conducted  down  to  the  lower  horizontal  guide  rails,  where  the  extremities 
of  the  eomb'bars  falling  into  the  helical  grooves  of  a  lower  pair  of  worm  shafts,  revolv- 
ing in  an  opposite  direction  to  the  former,  thereby  give  the  heckle  bars  a  retrograde 
movement.  When  they  arrive  at  the  back  end  of  their  horizontal  guide  rails,  they  are, 
by  similar  rotatory  cams,  raised  again  to  the  upper  horizontal  guide  rails,  which  coming 
into  gear  with  the  upper  worm  shaAs,  are  moved  onwards  as  at  first. 

By  this  means  a  succession  of  heckles  is  continually  advancing  upon  the  upper  guide 
nils,  having  their  points  in  constant  operation  between  the  fibres  of  the  textile  materials, 
uliile  their  vertical  position  is  secured  during  their  whole  course. 

Fig.  454  is  a  horizontal  representation  of  a  gill  machine,  showing  the  present  im- 
provemeots ;  but  some  of  the  upper  portions  of  the  machine  are  removed,  to  let  the  work- 
ing parts  be  seen  more  clearly.  Fig.  455  is  a  side  view  Of  the  gill;  and^g.  456  a  verti- 
esl  section  taken  longitudinally.  The  driving  rigger  or  pulley  a  is  Axed  upon  the  front 
roller  &,  commonly  called  the  drawing  roller,  beoinse  when  pressed  upon  by  the  upper 
wooden  roller  e,  it  draws  out  the  fibres  between  them.  The  rolHrs  d,  s,  /,  are  the  ordiF- 
naiy  back  or  holding  rollers,  for  retaining  the  fibres,  while  ihey  suffer  powerful  traelkMi 


above  mMlioned,  v 


•er  tbe  needle*  or  poioti  of  the  heckle  bus.      The  upper  gnUe  rd 
}B  which  Ihe  heckle  b»f»  «lid^  it  »howB  at  g,  in  fig.  466,  ud  lie 


nlrdir 


reJtrs 


are  reprFsenied  a< 

iilc  rut  ID  the  tide* 


of  Ihe  frame ; 

below.  '  These  worm  8h»fla  k  snd  I,  on 
each  tide  are  CDnnected  togeiher  by 
toothed  wheels  tn,  and  upon  the  ailci 
of  llie  lower  worm  shifts,  bevelled  pin- 
ions n  are  fixed,  which  laVe  into  cor- 
lesponding  bevel  piniont  on  the  tnn»- 
verse  shaft  or  asle  o.  This  shaft  o, 
beinz  connected  by  a  train  of  (oolbed 
wheel  work  with  the  iu;le  of  the  draw- 
inc  roller  b,  as  shown  in  Jigi.  454  and 
1  455,  the  rotation  of  the  roller  b,  cauiei 
J  Ihe  shaft  O  to  turn  also,  and  the  Iwvel 
gear  n  and  o,  produces  the  rolalcuT 
motion  or  the  worm  shafts  fc  atkd  ^ 
which  turn  in  conlrarr  directions. 

It  will  be  seen,  from  Jig.  454,  that 
Ihe  ends  of  the  heckle  bars  i,  have  nibs 
or  projections  which  fall  into  the 
grooves  of  the  screw  or  worm  shaft, 
and  that  heintt  supported  below,  npoti 
their  guide  rails,  as  the  wonn-shafts  Jcfc 
revolve,  the  upper  range  of  heckle  bars 
will  be  prof;rps»ively  advanced  towards 
the  front  part  of  the  machine.  By  re- 
ferfing  to  fig.  456  it  wilt  be  perceived, 
that  as  each  heckle  t»r  arrives  at  Ihe 
front  end  o[  Ihe  guide  rail  5,  a  finger  p, 
called  a  tappet  or  cam,  on  the  shaft  fc, 
I  strikes  it  down  In  the  lower  ^ide  rails 
k  i  and,  in  order  that  its  descent  mar 
be  tmly  verlical,  weighted  ieveia  q  9,  in 
I  front,  are  made  to  press  against  the  (Wee 
of  the  heckle  bar  as  it  descends.  This 
bar  having  now  arrived  at  Ihe  lower  giiide  rails  A,  lets  fall  its  nibs  into  the  grooves  of 
the  tower  worm  shaft*  I,  by  wbOfC  rotation  the  heckle  bar  i*  made  to  retrogade,  or  re- 
niro  towards  Ihe  Imck  of  ihe  machiae.  When  Ihe  heckle  bar  has  reached  Ihe  hinder  end 
of  the  guide  rail  A,  a  fin^  or  lappet,  r,  on  the  lower  wmm-shaft,  come*  ander  it  and 
raise*  the  heckle  bar,  gnkled  by  the  back-weighted  levers  t,  as  shown  in  fig.  456,  liU  it 
i*  elevated  to  the  level  of  the  upper  guide  rail  g  ;  when  the  threads  of  the  upper  worm. 
shaAi  take  bold  of  its  nibs  as  liefore,  and  conduct  it  forward  upon  the  falde  nil  fa  Qa 
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vty  already  described.  Thus  tbe  continued  rotation  of  the  worm  sbafls  k  k  and  1 1, 
eanaes  the  whole  series  of  heckle  bars  to  trttvel  along  the  guide  rails,  and  the  tappets 
p  and  r,  by  alternately  depressing  and  raising  them  at  the  ends  of  the  said  rails,  caase 
them  to  move  in  a  regular  circuit,  yet  so  aft  to  preserve  their  verticality. 

The  claim  made  under  this  patent  is  for  every  mode  in  which  screw  or  worm  shaAs 
may  be  adapted  to  conduct  the  bars  carrying  the  needles  or  heckle-teeth  through  a 
machine  for  preparing,  drawing,  or  roving  textile  fibres. 

lo  December,  1835,  Messrs.  Hope  and  Dewhnrst  obtained  a  patent  for  improvements 
in  the  manufacture  of  Aax,  which  deserve  notice.  These  are  of  both  a  chemical  and 
mechanical  nature.  The  first  consists  in  steeping  the  flax  in  dilute  sulphuric  acid,  of  a 
certain  strength,  and  for  a  certain  time,  proportioned  to  the  qudity  of  the  fibres,  the 
eoarser  requiring  the  stronger  application.  By  this  means  the  gummy  matter  and  the 
outer  shell  will  be  loosened  and  easily  detached.  It  is  then  to  be  passed  between  squeez- 
iflg  rollers,  afterwards  well  washed,  boiled  in  a  solution  of  soap  and  water  for  a  few 
hoars,  and  finally  passed  again  through  the  rollers.  These  processes  may  be  repeated 
till  the  flax  acquires  the  desired  glossiness  and  sepcuation  of  Jibres.  It  is  next  to  be 
hetten,  and  passed  once  or  twice  over  an  ordinary  heckle  or  stiff  brush. 

469  457  458  _.  ,        "        . 

The  second  part,  or  the  me- 
chanical, is  represented  by  the 
figures  457,  458, 459, 460,  and 
461.  Fig,  457  is  a  sectional 
elevation  in  part  of  the  con- 
struction of  the  spindle,  bobbin, 
and  flier,  proposed  for  spin- 
ning all  kinds  of  flax  or  hemp. 
Fig,  458  answers  for  spinning 
coarser  yarns ;  Jig.  459  shows 
how  yarns  are  to  be  spun  for 
weft,  and  wound  upon  what  is 
called  a  "  pin  cop  bobbin.'' 

a  a  a  is  the  stationary  or 
fixed  spindle  of  the  ordinary 
throstle  frame,  which  is  sur- 
rounded by  the  tube  b  6,  and 
connected  to  the  wharve  or  pul- 
ley c,  by  which  the  flier  d  is 
driven.  The  flier  is  furnished 
%  with  guides  or  conductors,  e  e, 
i  which  lead  the  yam  immedi- 
ately to  the  bobbin ;  this  flier  is  also  provided  with  a  small  central  shafl  which  supports  it, 
sod  roos  in  the  small  cup  or  recess  at  the  top  of  the  stationary  spindle  a,  and  is  fixed  with 
the  Aia  to  the  tube  b  6,  which  is  altogether  carried  round  or  driven  by  the  wharve  c. 

It  will  be  seen  by^ig.  460  that  the  wharve  c  and  tube  b  are  connected  at  bottom 
by  a  half-lap  coupling  joint  or  clutch ;  this  is  for  the  purpose  of  allowing  the  tnbe  6  to  be 
sliddeo  np  tbe  spindle,  and  more  readily  removing  the  bobbin  when  it  is  full  of  yam, 
withoQt  stopping  the  frame,  or  removing  the  band  from  the  wharve  c,  the  tube  of  which 
roos  in  the  step  or  cup  A,  fixed  upon  the  bolster  rail  near  the  bottom  of  the  throstle  frame. 
The  traversing  of  the  bobbin  or  the  copping  motion  is  eflTected  exactly  in  the  same  man- 
ner as  in  ordinary  throstles,  that  is,  by  the  lifting  and  lowering  of  the  copping  rail  i, 
which  in  this  instance  supports  the  bobbin.  In  Jig.  458  the  flier  is  constructed  of  twice 
the  length  of  the  bobbin,  to  allow  this  to  rise  and  fall  freely  within  it,  and  is  connected 
At  top  by  a  sL'ght  cross  piece,  for  the  purpose  of  preventing  the  arms  of  the  flier  from 
expanding  by  the  centrifugal  force,  when  turning  with  great  velocity.  The  flier  for  spin- 
ning coarse  numbers  requires  to  have  an  inner  tube,  fe,  to  support  the  spindle.  The 
bobbins  are  supported  upon  a  washer,  1 1.  The  spindle  is  allowed  to  revolve  in  a  slight 
d^ree  by  the  friction  of  the  drag- weight  m  m.  This  weight  has  a  hole  formed  in  it 
▼ith  a  flat  side,  as  shown  in^g.  461. 

Flax  has  been  for  a  long  period  spun  wet  in  the  mills ;  a  method  no  doubt  copied 
mm  the  practice  of  housewives  moistening  their  yam  with  their  saliva  at  the  domestic 
wbed.  Within  a  few  years  the  important  improvement  has  been  introduced  of  sub- 
ttitating  hot  for  cold  water,  in  the  troughs  through  which  the  flbres  in  the  act  of 
JVinning  pass.  By  this  means  a  much  finer,  smoother,  and  more  uniform  thread  can 
be  tpnn  than  in  the  old  way.  The  flax  formerly  spun  to  twelve  pounds  a  bundle  is, 
ijth  hot  water,  spun  to  six. .  The  inconvenience  of  the  spray. thrown  from  the  yam  on 
the  fliers  remainB,  aggravated  by  increased  heat  and  dampness  of  the  room  where  this 
hot  process  goes  on.  Being  a  new  expedient,  it  receives  daily  changes  and  ameliora- 
^lou.   When  first  employed,  the  troughs  of  hot  water  were  quite  open ;  they  are  now 
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asnaUy  covered  in,  so  as  almost  entirely  to  obviate  tlie  obfections  Co  which  they 
previously  liable.  With  the  covers  has  been  also  introduced  a  new  method  of  piecening 
or  joining  on  any  end,  which  may  have  been  run  down,  namely,  by  splicing  it  to 
the  adjoining  roving,  whereby  it  is  carried  throogh  the  water  without  imposing  a 
necessity  on  the  spinner  to  put  her  hand  into  the  water  at  all.  In  some  places  she 
Qsps  a  wire,  for  the  purpose  of  drawing  through  the  end  of  the  roving  to  mend  a  broken 
yam. 

This  may  be  considered  the  inherent  evil  of  flax-spinning, — ^the  spray  thrown  off  by 
the  wet  yam,  as  it  whirls  about  with  the  flier  of  the  spindles.  A  working  dress,  indeed, 
is  generally  worn  by  the  spinners ;  but,  unless  it  be  made  of  stuflT  impermeable  to  water, 
like  Mackintosh's  cloth,  it  will  soon  become  uncomfortable,  and  cause  injur}'  to  health  by 
keeping  the  body  continually  in  a  hot  bath.  In  some  mills,  water-proof  cloth  and  leather 
aprons  have  actually  been  introduced,  which  are  the  only  practicable  remedy ;  for  the 
free  space  which  must  be  left  round  the  spindles  for  the  spinner  to  see  them  play,  is  in- 
compatible with  any  kind  of  fixed  guard  or  parapluU, 

There  was,  before  the  late  Factory  Bill  passed,  a  dass  of  very  young  children 
employed  io  the  flax  mills,  under  the  name  of  little  doffers,  forming  generally  a  troop  of 
from  four  to  ten  in  each  spinning-room,  who,  the  moment  they  perceived  the  bobbins  of 
any  frame  or  side  of  a  frame  exhausted  of  roving,  ran  together,  and  furnished  it  with 
fall  ones  as  quickly  as  possible.  They  were  not  numerous. in  all,  but  they  had  an  ocen- 
pation  requiring  a  great  activity  and  attention.  It  was  practised  also  in  the  fine  spin- 
ning-rooms, which  are  perfectly  free  from  dust;  and,  as  it  involved  a  kneeling  and 
stooping  position,  seemed  peculiarly  appropriate  to  children,  and  is  still  done  by  them  at 
a  somewhat  more  advanced  age. 
The  adjoining  Jig.  462  will  serve  to  explain  the  mechanism  by  which  the  fine 

spinning  of  flax  is  performed.  The 
front  pair  of  drawing  roUers  repre- 
sented at  r  was  at  one  time  moist- 
ened by  letting  water  trickle  npoa 
it,  finom  a  vessel  b,  Airnished  with 
a  stopcock  placed  a  little  above, 
or  by  immersing  one  half  of  the 
nnder-roller  in  the  water-trough  as 
at  A.  The  roller  pair  c,  which 
receives  the  flne  rovings  from  bob- 
bins placed  on  skewers  or  upright 
pins  in  the  creel  behind,  is  so 
mounted  as  to  be  fixed  at  any 
desired  distance  from  the  front  roU- 
ers r.  This  distance  should  be 
always  a  little  more  than  the  ave- 
rage length  of  the  filaments  of  the 
line }  for  if  it  were  equal  to  it,  they 
would  be  seized  at  both  ends  by  the 
two  pairs  of  rollers,  which  move 
with  different  velocities,  and  would 
be  torn  asunder,  instead  of  being 
drawn  out  alongside  of  each  other. 
The  front  roUers,  indeed,  move  in 
many  such  machines  four  times 
faster  than  the  back  pair.  The  rest 
of  this  flax-spinning  apparatus  re- 
sembles in  every  respect  the  throstle 
fVame  of  the  cotton-spinner.  The 
thread,  as  it  escapes  from  the  front  rollers,  gets  twisted  by  the  spindle  and  flier,  and 
wound  up  in  constant  progression  on  the  bobbin,  the  motion  of  the  latter  being  retarded 
either  by  a  washer  of  leather  beneath  its  lower  end,  or  sometimes,  as  shown  in  the 
figure,  by  a  weighted  lever  h,  suspended  from  a  cord,  which  embraces  the  pulley-groore 
turned  on  the  lower  end  of  the  bobbin.  This  fViction  of  this  cord  on  the  pnlley,  whxeh 
may  be  varied  by  changing  the  length  of  leverage  at  which  the  weight  acts,  gives  the 
bobbin  the  requisite  retardation  for  winding  up  the  yam. 

The  bobbin  g,  at  the  same  time  that  it  has  this  retarded  movement  of  revolution  on 
its  axis,  has  another  motion  up  and  down  on  the  spindle  i,  to  present  itself  at  different 
points  to  the  thread,  and  to  cause  the  equal  distribution  of  this  over  the  surface  of  the 
bobbin-barrel.  This  latter  motion  is  given  by  a  double  eccentric  t,  which,  by  turning 
slowly  on  its  axis,  makes  the  balance-lever  m  oscillate,  and  thereby  niaes  or  depresses 
the  bobbin-rail  with  its  row  of  spindles,    n  is  a  section  of  the  long  tin  drum,  whfdi 
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ctlends  the  vhole  Ivouith  of  the  frame,  and  eommimicatet  its  rotatory  motion,  derived 
fitMD  the  tteam-imlley,  to  the  spindles,  by  the  intervoition  of  the  endless  cotton  cords  o, 
as  also  to  the  fluted  rollers  c,  r,  and  to  the  axis  of  the  heart-diaped  or  eccentric  wheel  l, 
working  in  an  endless  screw. 

The  ratio  of  the  velocity  of  the  rollers  of  supply  c,  with  the  front  or  delivering  rollers 
F,  and  with  the  spindles,  is  prc^iortional  to  the  fineness  of  the  yam.  For  low  numbers, 
the  draught  is  usually  fourfold.  The  speed  of  the  spindles  also  varies  with  the  quality 
of  the  yam,  according  as  it  is  intended  for  warp  or  weft;  the  former  requiring  more 
twist  than  the  latter;  but  never  so  much  as  to  cause  it  to  snarl  into  a  knot,  when  left  fi'ee 
to  turn  on  itself. 

One  of  the  most  important  improvements  hitherto  made  in  the  spinning  of  flax  is  that 
for  which  James  Kay,  of  Preston,  obtained  a  patent  in  July,  1825.  Its  peculiar  feature 
is  the  maceration  in  warm  water  of  the  slivers  or  rovings,  previously  to  spinning  them, 
by  cottdacting  them  into  tin  cans,  with  open  bottoms,  fitted  into  circular  boxes  having 
boles  like  a  eullender,  and  immersed  into  a  trough  of  warm  water.  The  slivers  as  they 
pass  from  the  rollers  are  let  fall  through  the  cans  into  these  boxes,  when  they  are  to  be 
repeatedly  pressed  and  beaten  down  by  a  plunger,  or  the  action  of  rollers,  as  may  be  most 
eonvenient.  The  material  must  be  thoroughly  freed  from  air,  and  macerated.  After 
five  or  six  hours  it  is  to  be  removed  from  the  water,  and  placed  in  its  compressed  state 
St  the  back  part  of  a  drawing  and  spinning  machine.  The  cake  being  now  turned  over, 
the  end  of  the  roving  first  deposited  in  the  can  is  drawn  out  with  care,  then  raised  up, 
and  passed  over  a  tension  roller  to  the  drawing  'apparatus.  The  first  pair  of  rollers  for 
the  drawing  process  merely  retains  the  filaments  ;  while  at  a  distance  of  two  inches  and 
s  half  the  drawing  rollers  are  placed.  Both  are  fluted,  fur  the  purpose  of  taking  firm 
hold  of  the  ooaterial ;  and  the  drawing  pair  is  made  to  move  eight  times  quicker  than  the 
retaining.  As  the  flax  fibres  have  in  this  state  little  or  no  elasticity,  and  as  they  adhere 
loosely  in  their  macerated  condition,  the  drawing  rollers  must  be  placed  thus  close  to 
the  retaining  rollers,  and  being  made  to  move  at  a  proper  speed,  produce  an  extremely 
attenuated  thread. 

The  adjoining  table  represents,  in  three  compartments,  the  noost  important  rooms  in  a 
fiax-mill,  viz. : — 

I.  The  tow  preparing  room. 

n.  The  line  preparing  room  for  the  long  flax. 

m.  One  room  of  spinning  machines  as  a  pattern  for  the  rest. 
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A,  lap  machine ;  b,  4-feet  breaker  card ;  c,  3  feet  6  inches  ditto  i  d,  8-feet  finisher 
card,  3  workers ;  e,  cut  tow,  second  drawing,  5  heads;  f,  cut  tow,  first  drawing,  4  heads ; 
6,  eat  tow,  reg.  roving,  32  spindles;  h,  4-feet  breaker  card;  i,  4- feet  finisher  ditto;  k, 
long  tow,  first  drawing,  3  heads;  z.,  long  tow,  second  drawing,  4  heads;  m,  long  tow 
iwiag  4  spindles. 
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A,  cut  line,  first  drawing;  b,  cut  line,  second  drawing,  4  heads;  c,  cut  line,  third 
drawing,  5  heads  ;  d,  cut  line,  reg.  roving  32  spindles  each ;  e,  long  line,  first  drawing? 
p,  long  line,  second  drawing,  3  heads  each ;  G,  long  line,  third  drawing,  4  heads  each ;  H, 

long  line,  roving  16  spindles. 
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I.  The  line  preparing  room  comprehends :  — - 

1.  Heckling  machines  with  heckles. 

2.  Line  spreaders,  or  first  drawing  slivers. 

3.  Frames  for  the  second  drawing,  of  3  heads  each. 

4.  Frames  for  the  third  drawing,  of  4  heads  each. 

5.  Roving  frames  of  16  spindles  each. 

6.  Spare  fallers  for  first  drawing  with  gills. 

7.  Ditto  ditto  for  second  and  third  drawing  with  ditto. 

8.  Ditto  ditto  for  roving. 

II.  The  cut  flax  line  preparing  room :  — 

1.  Sets  of  heckling  frames  (eccentric.) 

2.  Cutting  or  breaking  machine. 

3.  Line  spreaders  or  drawing  ditto. 

4.  Frames  for  second  drawing,  4  heads  each. 
6.  Ditto  third  ditto,         5  ditto. 

6.  Ditto,  regulator  roving,  32  spindles  each. 

7.  Spare  fallers  with  gills  for  first  drawing. 

8.  Ditto,  ditto  Ibr  seconds  and  third  ditto. 

9.  Ditto,  ditto,  with  gills  for  roving. 

m.  Long  or  uncut  flax  tow  preparation :  — 
L  Lap  machine. 

2.  Breaker  cards,  4  feet  diameter. 

3.  Finisher  ditto,  ditto. 

4.  Frames  for  first  drawing,  3  heads  each. 

5.  Ditto  for  second  drawing,  8  heads  each. 

6.  Ditto  for  roving,  16  spindles  each. 

7.  Spare  fallers,  with  gills  for  first  and  second  drawing. 

8.  Ditto,  ditto,        ditto,        for  roving. 
rV.  Cut  flax  tow  preparation :  — 

1.  Lap  machine. 

2.  First  breaker  cards,  4  feet  diameter. 

3.  Second  ditto,  ditto,  3  feet  6  inches  ditto. 

4.  Finisher  canls  with  8  workers. 

5.  First  drawing  frames,  of  4  heads  each. 

6.  Second  dittp,  ditto,       of  5  ditto. 

7.  Frames  for  regulator  roving,  32  spindles  each  ftame. 

8.  Spare  fallers  with  gills  for  first  and  second  drawing. 

9.  Ditto,  ditto,  for  roving. 

v.  Spinning  rooms  for  both  lines  and  tows  t — spindles  in  frfunes  in  a  number  piopofr. 
tional  to  the  number  of  the  above  preparation  machines ;  and  consequently  to 
the  quantity  and  quality  of  the  flax  yam  intended  to  be  spun. 

YI.  Utensils  and  tools ;  such  as  cards  clothing  with  needle  pointed  filleting.    . 

Observations  upon  the  above  statement  of  the  series  of  machinery  requisite  in  m 
modern  flax  mill  of  the  most  improved  construction  :  — 

The  long  or  uncut  flax  to  be  spun  into  yarns  averaging  30  leas  per  lb. 

Each  heckling  machine  will  produce  about  4|  cwts.  per  day,  which  wonld  be  distri* 
buted  into  200  lbs.  of  line,  and  266f  of  tow. 

The  total  with  3  machines  would  be  therefore  600  lbs.  of  line,  and  800  lbs.  of  tow. 

The  preceding  statement  contains  three  systems  of  line  preparii^i  each  syatem 
composed  of — 
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1  Bm  spreftder^  or  first  drawing) 

1st  frame  of  3  beads ;  2d  ditto,  2  sliTeit  eaeh ; 

1  ditto  of      4  ditto  j  3d  ditto,  ditto  ditto;  j 

2  ditto  rorings,  of  32  spimcflesi  whieh  are  cftpaUe  of  supplying  about  640 
spinning  do. ; 

1  line  spreader  being  allowed  for  contingeBctes,  ■  ' 

The  tbore  statement  contains  3  systems  of  tow  (uneat)  preparatioBy  eacb  system  being 
eoDpoaed  of—- 

1  breaker  eard ; 

2  finisher  ditto ; 

1  frame  of  first  drawing,  3  heads  of  4  slivers  each ; 

1  ditto         second  ditto,  4  ditto,       4  ditto  ditto; 

2|  ditto  rovings,  or  37  swindles,  which  are  capable  of  snpplying  ktbpnt  6^  spinning  do« ; 

1  lap  machine  being  sufficient  for  2  or  3  systems ; 

1  extra  finisher  is  deemed  desirable. 
The  statement  contains  2  systems  of  heckling  machines  for  cat  flax,  a  system  consisting 
of  either  8  or  ten  machines ;  for  the  coarser  work,  8  machines  in  succession,  finer  and 
iber,  are  sufficient;  hot  for  the  finest,  10  or  12  are  required.  Each  system  will  produce 
between  2  and  300  lbs.  per  diem  of  raw  flax,  heckled,  divided  on  the  average  into  170 
lbs.  Koe,  280  Itis.  tow,  which  will  about  equal  the  supply  of  the  5th  system  contained  in 
tile  ftatement,  each  consisting  of— 

1  line  spreader  or  1st  drawing ; 

1  frame  2d  drawing;  4  heads,  4  slivers  each; 

I  ditto   3d  ditto,         5  ditto,   4  ditto  ditto ; 

1  ditto  roving,  32  spindles ; 

and  are  capable  of  supplying  about  480  ditto,  of  spinning. 
The  statement  contains  2  systems  of  tow  (cut  flax)  preparings,  eacb  system  being 
composed  of— 

2  second  breaker  cards : 
4  finishers  ditto ; 

4  frames  1st  drawing,  4  heads,  each  4  slivers; 
4  ditto     2d  ditto,        5  ditto  dino     4  ditto ; 
4  regulator  rovings,  128  spindles ; 

and  are  capable  to  supply  about  1800  spinning;  ditto. 
1  fint-^reaker  card  and  lap  frame  are  sufficient  to  2  or  3  systems. 
SsoDDBry  view : —  Wf^ 

Long  or  uncut  line  3  systems  of  640  spindles  =  1920 
Ditto       —      tow  3  ditto  660  ditto  1980    3900 

Cut         ~      line  5  ditto  4^0  ditto  2400 

Ditto      —      tow  2  ditto  1800  ditto  3600    6000  « 

Total  of  spinning  spindles,    9900 
3900  gpindles,  at  an  average  of  30  leas  yarn  per  lb.,  would  turn  off  9  leas  per  spindle 
per  diem,  with  waste  circa  1400  lbs. 

0000  spindles,  at  an  average  of  100  leas  yarn  per  lb.,  would  turn  off  6  leas  per  spindle 
per  diem,  with  waste  circa  450  lbs. 

Yarns  produced :  £.    $.d. 

or  average  30  leas  per  lb.  per  week  circa  1060  boles  at  9«.  472  10  0 

or  ditto     lOOditto      —     —  1080      ^  486    0  0 


Totol  weekly  produce,  2130  958  10  0 

£.  «•  (i. 

Weddy  charges,  wages,  &e.  -       -  150  0  0 

Flax  -       .       .       -  400  0  0 

Weekly  expenses        -    40  0  0 

Interest  on  60,000^  )   120  0  0  710  0  0 

10  per  annum        y — ^— ^ 

Weekly  profit  248  10  0 
Measures  of  flax  yam,  and  statistics  of  tbe  linen  trade  for  the  United  Kingdom* 
One  lea  of  flax  yarn  at  Leeds  is  =  309  ynrds. 
One  spindle  Scotch  =  38  leas  s=  11400  yards. 

Onemnd  =:    6 dittos    1800 ditto. 

One  dozen  is  12  rands  =s  72  ditto  =  21600  ditto. 

When  fam  is  esUiqaied  in NQa4  it  impUes  the  number  of  leas  in  one  poond  wdglit{ 
« ia  cotton,  it  means  the  number  of  haoJn  of  840  yards  each  in  one  pound. 

33 
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Importt  of  flax  ani  tw»y  cr  codUla  of  hemp  ami  flaz^  at  a  dmiy  of  \L  pvr  cwf.,  ta 

1834.  1835.  1837.  1838. 


Ritaiwdfir  corut^mptUm: 


lbs.  lbs.  lbs.  lbs. 

811,722  740,814  1,529,116        1,002^256 


794,272         728,143  1,632,059        l/)02,408 

Linen  yarn  exported      '  .'  ~    2,611,215 

Linen  manufacttires  exported,  xndading 

flax  yarn,  declared  value        -  -£3,208,139  £3,645,097     £2,613,298 

FLINT.  (Pierre  d  funl,  Fr. ;  Feueratein^  Germ.)  The  fracture  of  this  fossa  is 
perfectly  conchoidal,  sometimes  glossy,  and  sometimes  dull,  on  the  surface.  It  is  very 
hard,  but  breaks  easily,  and  affords  very  sharp«edged  splintery  fragments;  whence  it  is 
a  stone  which  strikes  most  copious  sparks  with  steel.  It  is  feebly  translucid,  has  so  fine 
and  homogeneous  a  texture  as  to  bear  polishing,  but  possesses  tittle  lustre.  Its  colors 
are  very  various,  but  never  vivid.  The  blackish-brown  flint  is  that  usually  found  in  the 
white  chalk.  It  is  nearly  black  and  opaque,  loses  its  color  in  the  fire,  and  becomes 
grayish- white  and  perfectly  opaque.  Flints  occur  almost  always  in  nodules  or  tuberen- 
lar  concretions  of  various  and  very  irregular  forms.  These  nodules  distributed  in  strata 
among  the  chalk,  alongside  of  one  another  and  almost  in  contact,  form  extensive  beds ; 
interrupted,  indeed,  by  a  multitude  of  void  spaces,  so  as  to  present,  if  freed  from  the 
earthy  matter  in  which  they  are  imbedded,  a  species  of  network  with  meshes,  very  irreg- 
ular both  in  form  and  dimension. 

The  nodules  of  silex,  especially  those  found  in  the  chalk,  are  not  always  homogeneous 
and  solid.  Sometimes  there  is  remarked  an  organic  form  towards  their  centre,  as  a  mad^ 
repore  or  a  shell,  which  seems  to  have  served  as  their  nucleus ;  occasionally  the  centre 
is  hollow,  and  its  sides  are  studded  over  with  crystals  of  quartz,  carbonate  of  iron,  pyr- 
ites, concretionary  silex  or  calcedony,  filled  with  pulverulent  silica,  nearly  pure,  or  silex 
mixed  with  sulphur ;  a  very  singular  circumstance. 

Flints  are  observed  to  be  generally  humid  when  broken  inunediately  after  being  dug 
out  of  the  ground ;  a  property  which  disappears  aAer  a  short  exposure  to  the  air.  When 
dried  they  become  more  brittle  and  more  splintery,  and  sometimes  their  surfaces  get 
covered  at  old  fractures  with  a  thin  film  or  crust  of  opaque  silex. 

Flints  calcined  and  ground  to  a  powder  enter  into  the  composition  of  all  sorts  of  fine 
pottery  ware. 

The  next  important  application  of  this  silicious  substance  is  in  the  formation  of  gan- 
flints,  for  which  purpose  it  must  be  cut  in  a  peculiar  manner.  The  following  characters 
distinguish  good  flint  nodules  from  such  a«  are  less  flt  for  being  manufactured.  The  best 
are  somewhat  convex,  approaching  to  globular ;  those  which  are  very  irregular,  knobbed, 
branched,  and  tuberose,  are  generally  full  of  imperfections.  Grood  nodules  seldom  weigh 
more  than  20  pounds ;  when  less  than  2,  they  are  not  worth  the  working.  They  shoold 
have  a  greasy  lustre,  and  be  particularly  smooth  and  flne  grained.  The  color  may  vary 
(torn  honey-yeUow  to  blackish-brown,  but  it  should  be  uniform  throughout  the  lump,  and 
the  translucency  should  be  so  great  as  to  render  letters  legible  through  a  slice  about  one 
fiftieth  of  an  inch  thick,  laid  down  upon  the  paper.  The  fracture  should  be  perfectly 
smooth,  uniform,  and  slightly  conchoidal ;  the  last  property  being  essential  to  the  cutting 
out  of  perfect  gun  flints. 

Four  tools  are  employed  by  the  gun-flint  makers. 

First,  a  hammer  or  mace  of  iron  with  a  square  head,  fh>m  1  to  2  pounds  weight,  with 
a  handle  7  or  8  inches  long.  This  tool  1$  not  made  of  steel,  because  so  hard  a  metal 
would  render  the  strokes  too  harsh,  or  dry,  as  the  workmen  say,  and  would  shatter  the 
nodules  irregularly,  instead  of  cutting  them  with  a  clean  conchoidal  fracture. 

Second,  a  hammer  with  2  points,  made  of  good  steel  wdl  hardened,  and  weighing  from 
10  to  16  ounces,  with  a  handle  7  inches  long  passing  through  it  in  such  a  way  that  the 
points  of  the  hammer  are  nearer  the  hand  of  the  workman  than  the  centre  of  gravity  of 
the  masa. 

Third,  the  disc  hammer  or  roller,  a  small  solid  wheel,  or  fiat  segment  of  a  cylinder, 
paraUel  to  its  base,  only  two  inches  and  a  third  in  diameter,  and  not  more  than  12  ounces 
in  weight.  It  is  formed  of  steel  not  hardened,  and  is  flxed  upon  a  handle  6  inches  kmg, 
which  passes  through  a  square  hole  in  its  centre. 

Fourth,  a  chisel  taperim;  and  bevelled  at  both  extremities,  7  or  8  inches  long,  and  2 
inches  broad,  made  of  steel  not  hardened ;  this  is  set  on  a  block  of  wood,  whidi  serres 
also  for  a  bench  to  the  workmen.  To  these  4  tools  a  file  must  be  added,  for  the  purpose 
of  restoring  the  edge  of  the  chisel  from  time  1o  time. 

After  selecting  a  good  mass  of  flint,  the  workman  executes  the  following  four  opera- 
tions on  it. 

1.  He  breake  iht  block.    Being  seated  upon  the  ground,  he  places  the  nodule  of  flint  em 
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lis  left  thigh,  and  appHet  dicht  strokes  with  the  square  hammer  to  divide  it  into  smaller 
pieces  of  about  a  pound  and  a  half  each,  with  broad  surfaces  and  almost  even  fractures. 
The  blows  should  be  moderate,  lest  the  lump  erack  and  split  in  the  wrong  direction. 

2.  He  dtavu  or  chipt  ike  Jlint,  The  principal  point  is  to  split  the  flint  well,  or  to 
chip  off  scales  of  the  length,  thickness,  and  shape  adapted  for  the  subsequent  formation 
of  gan  flints.  Here  the  greatest  dexterity  and  steadiness  of  manipulation  are  necessary ; 
bat  the  fracture  of  the  flint  is  not  restricted  to  any  particular  direction,  for  it  may  be 
chipped  in  all  parts  with  equsi  facility. 

The  workman  holds  the  lump  of  flint  in  his  leA  hand,  and  strikes  with  the  pointed 
'inuner  upon  the  edges  of  the  great  planes  produced  by  the  first  breaking,  whereby  the 
vhite  coating  of  the  flint  is  removed  in  small  scales,  and  the  interior  body  of  the  flint 
s  laid  bare ;  after  which  he  cdntiunes  to  detach  similar  scaly  portions  from  the  clean  mass. 

These  scaly  portions  are  nearly  an  inch  and  a  half  broad,  two  inches  and  a  half  long, 
and  about  one  sixth  of  an  inch  thick  in  the  middle.  They  are  slightly  convex  below, 
iod  consequently  leave  in  the  part  of  the  lump  from  which  they  were  separated  a  space 
slightly  eoncave,  longitudinally  bordered  by  two  somewhat  projecting  straight  lines  or 
ridges.  The  r^es  produced  by  the  separation  of  the  first  scales  must  naturally  constl- 
tiiie  nearly  the  middle  of  the  subsequent  pieces ;  and  such  scales  alone  as  have  their 
nlges  thus  placed  in  the  middle  are  fit  to  be  made  into  gun-flints.  In  this  manner  the 
vorkman  continues  to  split  or  chip  the  mass  of  flint  in  vsrious  directions,  until  the  de- 
fects usually  found  in  the  interior  render  i|  impossible  to  make  the  requisite  fractures, 
or  until  the  piece  is  too  much  reduced  to  snstain  the  smart  bk>ws  by  which  the  flint  is 
divided. 

3.  He/iukitnu  the  gun-flin/a.  Five  diflferent  parts  may  be  distinguished  in  a  gun-flint. 
1.  The  sloping  facet  or  bevel  part,  which  is  impelled  against  the  hammer  of  the  lock.  Its 
.bickness  should  be  from  two  to  .three  twelfths  of  an  inch ;  for  if  it  were  thicker  it  would 
yc  loo  liable  to  break ;  and  if  more  obtuse,  the  scintillations  would  be  less  vivid.  2.  The 
sides,  or  lateral  edges,  which  are  always  somewhat  irregular.  3.  The  back  or  thick  part 
opposite  the  tapering  edge.  4.  The  under  surface,  which  is  smooth  and  rather  concave. 
And  5.  The  upper  face,  which  has  a  small  square  plane  between  the  tapering  edge  and 
the  back,  ibr  entering  into  the  upper  claw  of  the  cock. 

In  order  to  fashion  the  flint,  those  scales  are  selected  which  have  at  least  one  of  the 
above  mentioned  longitudinal  ridges;  the  workman  fixes  on  one  of  the  two  tapering  bor- 
ders to  form  the  striking  edge,  after  which  the  two  sides  of  the  stone  that  are  to  form  the 
lateral  edges,  as  well  as  the  part  that  is  to  form  the  back,  are  successively  placed  on  the 
edge  of  the  chisel  in  such  a  manner  that  the  convex  surface  of  the  flint,  which  rests  on 
the  forefinger  of  the  left  hand,  is  tnmed  towards  (hat  tool.  Then  with  the  disc  hammer 
he  applies  some  slight  strokes  to  the  flint  just  opposite  the  edge  of  the  chisel  underneath, 
and  thereby  breaks  it  exactly  akmg  the  edge  of  the  chisel. 

4.  The  finishing  operatum  is  the  trimming,  or  the  process  of  giving  the  flint  a  smooth 
uid  equal  edge;  £is  is  done  by  turning  up  the  stone  and  placing  the  edge  of  its  tapering 
end  upon  the  chisel,  in  which  position  it  is  completed  by  5  or  6  slight  strokes  of  the  disc 
hammer.  The  whole  operation  of  making  a  gun-flint,  which  I  have  used  so  many  words 
to  describe,  is  performed  in  less  than  one  minute.  A  good  workman  is  able  to  manufac- 
ture 1000  good  chips  or  seales  in  a  day  (if  the  flint-balls  be  of  good  quality),  or  500  gun- 
flints.  Hence,  in  the  space  of  3  days,  he  can  easily  cleave  and  finish  1000  gun-flints 
without  any  asaistaBce. 

A  great  quantity  of  refuse  matter  is  left,  for  scarcely  more  than  half  the  scales  are 
food,  and  nearly  half  the  mass  in  the  best  flints  is  incapable  of  being  chipped  out ;  so 
that  it  seldom  happens  that  the  largest  nodules  furnish  more  than  50  gun-flints. 

Flints  form  excellent  building  materials ;  because  they  give  a  flrm  hold  to  the  mortar 
by  their  irregularly  rough  surfaces,  and  resist,  by  their  nature,  every  vicissitude  of  weather. 
The  counties  of  Kent,  Essex,  Suffolk,  and  Norfolk,  contain  many  substantial  specimens 


FLOSS  of  the  puddling  furnace,  is  the  fluid  glass  floating  upon  the  iron  produced  by  tho 
vitriieation  of  the  oxydes  and  eaiths  whieh  are  present. 

FLOSS-SILK  (FikmlU,  Bourn  de  aoie,  or  JUvret,  Fr.)  is  the  name  given  to  the 
portioDs  of  ravelled  silk  broken  off  in  the  filature  of  the  cocoons,  which  is  carded  like 
cottaa  or  wool,  and  spnn  into  a  soft  coarse  yarn  or  thread,  for  making  bands,  shawls, 
■oekiy  and  other  eoomioa  silk  fabrics.  The  floss  or  fleuret,  as  first  obtained,  must  be 
Aeqied  in  water,  and  then  subjected  to  pressure,  in  order  to  extract  the  gummy  matter, 
which  renders  it  too  harsh  and  short  for  the  spinning-wheel.  After  being  dried  it  is 
ttde  still  more  pliant  by  working  a  little  oil  into  it  with  the  hands.  It  is  now  ready 
to  be  submitted  to  the  carding  engine.  See  Cotton  Mawutacture.  It  is  spun  upon 
the  flax  wheel. 

The  female  pensaata  of  Lomhaidy  generally  wear  clothes  of  homespun  floss-silk.  Of 
Itte  years,  by  improved  processes^  pretty  fine  fabrics  of  this  material  have  been  pro- 
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dueed  both  in  England  and  France.  M.  Ajae,  of  Lyons,  presented  at  one  of  the  French 
national  exhibitions  of  the  objects  of*  industry,  a  great  Tariety  of  scarfs  and  square  shawls^ 
of  hourre  de  sbUi  closely  resembliAg  those  of  cachemirt. 

FLOUR  i  the  finely  ground  meal  of  wheat,  and  of  any  other  corns  or  eertalia.    See 
Bread. 
FLOUR  OF  WHEAT,  Multeratunu  of,  to  dttiet. 

The  first  method  is  by  specific  gravity.  If  potato  flour  be  added,  which  is  frequently 
done  in  France,  since  a  vessel  which  contains  one  pound  of  wheal  flour  will  contain  one 
pound  and  a  half  of  the  fecula,  the  proportion  of  this  adulteratioB  may  be  easily  estimated. 
If  gypsum  or  ground  bones  be  mixed  with  the  flour,  they  will  not  only  increase  its  density 
still  more,  but  they  will  remain  after  burning  away  the  meal. 

The  second  method  is  by  ascertaining  the  quantity  of  gluten  which  the  suspected  sam- 
ple will  afford,  by  the  process  prescribed  under  the  article  Bread.  •  The  two  following 
chemical  criteria  may  also  be  employed. 

1st.  Nitrjc  acid  has  the  property  of  coloring  wheat  flour  of  a  fine  orange  yellow,  where- 
as it  affects  the  color  neither  of  fecula  nor  starch. 

2d.  Pure  muriatic  acid  colors  good  wheat  flour  of  a  deep  violet,  but  dissolves  fecula 
or  starch,  and  forms  with  it  a  light,  colorless,  viscous  fluid,  decomposable  by  alkalis.  It 
may  also  be  observed,  that  as  fecula  absorbs  less  water  than  flour,  this  affords  a  ready 
means  of  detection. 

The  adulteration  with  bean  or  pea  floor  may  be  detected  by  pouring  boiling  water  upon 
it,  which  developes  the  peculiar  smell  of  these  two  substances. 

FLOWERS  {Fleurs,  Fr. ;  BluiMn,  Germ.)  of  benzoin,  of  sulphur,  of  zinc,  &e.,  is  the 
appellation  given  by  the  older  chemists  to  such  substances  as  were  obtained  in  a  pulver- 
ulent or  rather  minutely  crystalline  form  by  the  process  of  sublimation. 

FLOWERS,  ARTIFICIAL,  MANUFACTURE  OF.  The  art  of  representing  by 
flowers,  leaves,  plants,  &c.,  vegetable  nature  in  her  ornamental  productions,  constitutes 
the  business  of  the  artificial  florist.  The  Italians  appear  to  have  been  the  first  people  in 
Europe  who  excelled  in  the  art  of  making  artificial  flowers;  but  of  late  years  the  French 
have  been  most  ingenious  in  this  branch  of  industry. 

Ribands  folded  in  different  forms  and  of  different  colors  were  originally  employed  for 
imitating  flowers,  by  being  attached  to  wire  stems.  This  imitation  soon  gave  way  to 
that  by  feathers,  which  are  more  delicate  in  texture,  and  more  capable  of  assuming  a 
variety  of  flower-like  %ures.  But  a  great  difficulty  was  encountered  in  dyeing  them 
with  due  vivacity.  The  savages  of  South  America  manufactiure  perfbet  feather  flowers, 
derived  from  the  brilliant  plumage  of  their  birds,  which  closely  resemble  the  products  of 
vegetation.    The  blossoms  and  leaves  are  admirable,  while  the  colors  never  fade. 

The  Italians  employ  frequently  the  cocoons  of  the  silkworm  for  this  purpose ;  these 
take  a  brilliant  dye,  preserve  their  color,  and  possess  a  transparent  velvety  appearance, 
suitable  for  petals.  Of  late  years,  the  French  have  adopted  the  finest  cambric  for  making 
petals,  and  the  taffeta  of  Florence  for  the  leaves.  M.  de  Bernardlere  employs  whalebone 
in  very  thin  leaves  for  artificial  flowers ;  and  by  bleaching  and  dyeing  them  of  various 
hues,  he  has  succeeded  in  making  his  imitations  of  nature  to  be  very  remarkable. 
The  coloring  matters  used  in  flower  dyeing  are  the  following :  — 
For  red ;  carmine  dissolved  in  a  solution  of  salt  of  tartar. 

For  blue ;  indigo  dissolved  in  sulphuric  acid,  diluted  and  neutralized  in  part  by  Spanisk 
whitening. 

For  bright  yellow ;  a  solution  of  turmeric  in  spirit  of  wine.    Cream  of  tartar  brightens 
all  these  colors. 
For  violet ;  arehil,  and  a  blue  bath. 
For  lilach;  archil. 

Some  petals  are  made  of  velvet,  and  are  colored  merely  by  the  application  of  the  finger 
dipped  in  the  dye. 

FLUATBS,  more  properly  Jluoridea  (Eng.  and  Fr. ;  Fkutadun,  Germ.);  com- 
pounds of  fluorine  and  the  metals ;  as  floor  spar,  for  example,  which  consists  of  fluorine 
and  calcium. 

FLUOR  SPAR.  (Chaux  ftuatee  Fr.;  Spatk  /Inor,  Germ.)  This  mineral  often  ex- 
hibits a  variety  of  vivid  colors.  It  crystallizes  in  the  oubie  system:  with  regular  octahe- 
dral and  tetrahedral  cleavages;  spec.  grav.  3*1  to  3*2;  scratches' ealc  spar,  but  is  scratched 
by  a  steel  point ;  usually  phosphorescent  with  heat;  fusible  at  the  blowpipe  into  an  opaque 
bead;  acted  on  by  the  acids,  with  disengagement  of  a  vapor  whieh  eorrodes  glass;  its 
solution  affords  precipitates  with  the  oxidates,  but  not  with  ammonia.  Its  constituents 
are,  fluorine,  48-13;  calcium,  51*87  in  100. 

Iluor  spar  occurs  subordinate  to  metallic  veins;  as  to  those  of  lead,  in  Derhyahire ; 
of  tin,  in  Saxony  and  Bohemia;  but  it  is  ibnid  also  in  masses  or  veins,  either  in  crys- 
talline rocks,  associated  with  quartz,  heavy  spar,  9lc.,  as  in  Anvergne,  Fores,  Vbeges, 
Norbarg  in  Sweden;  Norway;  Petenbuigi  near  HaU;  Gottvock,  fai  Seodandy  ftc;  or 
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wall,  ■nd  New  Jenej.  ,  „  -     - 

noic  producls  oT  MoaU  Somiaa  at  VwuTiiit.      The  nriomlf  colored  iperimens,  called 

Derhjstiite  ipar,  are  worked  upon  the  to rning- lathe'  into  vaiei  and  other  ornamental 

FLUX  (En^.  and  Fr. ;  Flati,  Oenn.)  signiGei  an;  ^batancfe  eapible  of  promoling  the 
fuuoB  or  eartlit  or  meullie  ores  by  heat.  While  fiui  is  (be  miduum  of  the  deSagration 
IB  a  red-bo(  cruciWe,  of  a  miilure  of  tVo  parts  of  oilA,  and  dne  of  (ffeam  of  tartar.  It 
a  in  fact  merelf  a  cuboBale  of  potasb.  Black  flux  is  obtiiaed  vben  equal  parts  of  nitre 
and  tartar  are  deflagrated.  It  owe*  its  color  to  tbe  dirbonsceoos  miller  of  the  tartaric 
acid,  vhitb  rematas  unconmnied ;  Iha  quantity  of  nitie  being  too  small  for  thai  purpose. 
The  presence  of  the  charcoal  renders  this  preparal^n  a  eonvehieat  iaj  for  reducing  cal- 
eioeit  or  oifdized  ores  to  the  mclallic  stale.  Limestone,  fluor-spar,  borax,  and  icTeral 
eanhT  ot  mclaUlc  oiydes  ore  employed  as  Ruxet  in  metalluify. 

FLV  POWDEEj  Ihe  black  colored  powder  obtained  bj'  ihe  spoataaeont  axydiiement 
of  Dietallic  arsenic  in  the  air.  ..... 

FODD£R  is  the  name  oT  a  weight  bf  which  lead  and  some  other  metals  are  told  in 
Ihia  counlrf.  It  varies  in  its  amount  in  different  parlsiif  the  kingdom';  being  in  Northum- 
berland eitimsted  at  2!  cwla.,  and  in  other  eounliet  f&,  33,  or  even  niore  cwts. 

FONDUS  is  the  name  gJTen  by  the  French  to  a'  particular  Bl]le  of  calico-printing 
rewmbUnz  Ibe  rainbuw,  in  which  the  culon  are  graduated  or  melted  (  fondiu)  into  one 
aBVLber,  as  in  the  piiimalie  spectrum.     See  Fafek  hangihcs,  for  a  description  of  the 

FORGE  (Eng.  and  Fr. ;  Fevtr,  Germ.)  is  the  name  eilber  of  the  furnace,  where 
wrgu(bt-iron  is  bammeried  and  fn<bioned  with  ihn  iid  of  heal,  or  the  great  workshop 
Where  inu  ii  made  malleable.  The  furmer  is  called  a  smith's  Tor^e,  the  teller  a  shingling 
BilL     See  laoa.  466 

.    Fig.  .466   represcDla  a  poTlable 

imek  foi^  of  a  very  commodioas 

.con  Elm  CI  inn.      A   is  .t^e  eyllndrie 

I  .leather  bellow^  pmaed  down  by  a 

helical    spring,    and    worked     b; 

.means  .of  the  handle  at  b,  which 

.  mores  the  borisontal  ahafl  c^  wilb 
its  twoallacbed  semicirculiir  IcTcrs 
and  chains,  d  is  the  pipewhich 
conducts  the  blast  to  Ihe  nosile  at 

.E.  Tin  bearlA  may  be  onered 
with  a  thin   fire-lile  or  with  cin- 

.  ders.  r  i<  a  tiee  S^ed  to  the  stronfi 
rectangular  frame.  This  appara- 
tus answers  all  the  cwdioary  pur- 
pose of  a  smith's  forge ;    and  is 

•  peculiarly  adapted  to  shipi,  and  to 
the  eiecation  of  engineering  job* 

.  upon  lailways,  or  in  the  connlry. 

.  The  faaight  is  3  feet  6  inehea ;  the 
length  is  2  feet  9  inches;  Ibe 
width   2  feet-.     Weight  about  2 

PORMTATItlS  are  coniponnds  of  formic  acid,  wilh  the  taliBable  baaeo.  Many  ef  them 
are  sowcpiiblc  of  cryslalliulion. 

FORMIC  ACID  i^cidi  Formiqt,  Fr ;  -JnuininiaKre,  Genn,)  exists  in  Ibe  bodies  of 
wood  ants,  associated  with  Ihe  malic  or  acid  of  applet.  The  artificial  ftmalion  of  this 
animal  secretion  is  Me  of  the  most  remarkable  triumphs  of  modem  chemistry.  If  10 
pana  oTlaruiie  leid,  14  of  black  oxyde  of  mangaaese,  15  of  conceatEat?d  tatpharle  acid, 
and  from  30  to  30  of  water  be  mixed  and  distilled  in  a  retort,  formic  acid  will  be  the  liquid 
ptodacl ;  while  carbonic  acid  will  bir  disengaged.  It  may  also  be  generated  than  other 
ufanares.  This  acid  is  Iranspareit  and  colorless,  of  a  pungent  tour  smell,  a  strongly 
add  ta.-te.  of  specific  graiily  1-1168  at  60°  F.,  and  may  be  re-dislillsd  without  an&ring 
any  change.  It  eonlaina  in  its  mMt  concenlraled  form  191  per  cenl.  of  Water.  The 
dry  acid,  aa  il  eiUts  in  the  /ormialu,  is  composed  of  32'54  carbon,  2-68  hydrog«n,  and 
M-TS  oxygen;  or  of  two  volume*  carbonic  oxyde  gBs,and  one  votOMeof  vapor  of  water. 
It  rednees  the  oxrdea  of  mercury  aad  ailver  to  the  metallic  state.  It  ha«  not  hitherto 
been  applied  to  any  use  in  the  arts,  . 

FORHtJLiE,  CREMICAL,  are  symbota  lepittenting  tte  dUftrent  robrtanee*,  simple 
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Nam*. 

FonnnU. 

Oxygew^lQO' 

HydniffviiiBl.j 

OxygCA              .              ..^            • 

0 

100*000 

16-026 

Hydrogea 

H 

6-2398 

1*000 

2H 

12-4796 

2*000 

Nitrogeii          •           •           • 

N 

88-518 

14186 

2N 

177-086 

28*372 

Phosphorus      ..          •           •' 

P 

196155 

31-436 

2P 

392-310 

68-872 

Chlorine         •           •           • 

CI 

221-325 

35*470 

2C1 

442-650 

70*940 

lodioe  •           •           •           • 

I 

768-781 

123*206 

21 

1537-562 

246*412 

Carbon            •           •           • 

C 

76-437 

12*250 

2C 

152-875 

24-500 

Boron  .           •           •           • 

B 

135-983 

21-793 

2B 

271-966 

43-586 

Silicon.           •           •           ». 

Si 

277-478 

44*469 

Selenium         •            •           • 

Se 

494-582 

79-263 

Arsenic           •        .    •           • 

As 

470-042 

75-329 

2As 

940-084 

150*659 

Chromium       •           •           • 

Cr 

351-819 

56-383 

2Cr 

703-638 

112*766 

Molybdenum   .           • 

Mo 

598-525 

95-920 

Tun^teoinm  • 

TuorW 

1183-200 

189-621 

Antimony        •           •           • 

Sb 

806-452 

129*243 

2Sb 

1612-904 

258-486 

Tellurium 

Tc 

806-452 

129-243 

Tuntalum 

Ta 

1163-715 

184-896 

2Ta 

2307*430 

369  792 

Titanium         •           •           • 

Ti 

389*092 

62-356 

Gold  (aumm)  •           •           • 

An 

1243-013 

199*207 

2Au 

2486*026 

398-415 

Platina 

Pt 

J215-220 

194-763 

Rhodium 

R 

750-680 

120-305 

2R 

1501-360 

240-610 

Palladium 

Pd 

714*618 

114-526 

Silver  (argentnm)        • 

Ag 

1351-607 

216-611 

Mercury  (hydraifyrus) 

Hg 

1265-822 

202-863 

2Hg 

2531*645 

405  726 

Copper  (eoprom)        •           • 

CJ 

395-695 

63-415 

2Cn 

791*390 

126-829 

Uranium          .           •           • 

U 

2711-360 

434-527 

2U 

5422*720 

869*164 

Bismuth          •           • 

Bi 

1330-376 

213-208 

2Bi 

2660-752 

426-416 

Tin  (stannum)             •           • 

Sn 

735*294 

117-839 

Lead  (plufflbup)         •           • 

Pb 

1294-498 

207-458 

^M           m             0 

2Pb 

2588-996 

414-917 

Cadnunm         •           •           • 

Cd 

696*767 

111-665 

Zmc    .            •           •           • 

Za 

403*226 

64-621 

Nickel 

Ni 

369-675 

59-245 

Cobalt 

Co 

368-991 

59-135 

2Co 

737*982 

118-270 

Iron(femim)  .           •           . 

Fe 

339-213 

54-363 

^^p 

2Fe 

678*426 

108-725 

Manganese     •           •           • 

Mn 

355-787 

67-019 

.^t 

2Mn 

711-675 

114-038 

Cenum           •           •           , 

Ce 

574-718 

92-105 

#v  * 

2Ce 

1149-436 

184-210 

Zr 

420-238 

67-348 

X^AA          • 

2Zr 

840-476 

134-696 

Yttnum           .           ,           » 

Y 

401*840 

64-396 

Beryllium  (gludaiim) 

Be 

331-479 

53*123 

2Be 

662*958 

106-247 
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Num. 

Fomrala. 

Oxyff«n=»  100. 

Hydmfftiml. 

AlamiDum 

Ma^estum 

Calciam           . 

Strontium 

fiarjtum 

Lithinm           ... 

N'atrrim  (sodiora) 

Kalhim  (potftssram)    . 

Ammonia 

Cyanogen        .            •            .    ^ 

Al 
2A1 
Mg  - 
Ca 
Sf 
Ba 

L 
Na 
2Na 

K 

5N  2H3 

2NC 

171-167 

342-234 

158-353 

256-019 

647  285  • 

856-88 

127-757 

290-897 

581-794 

489-916 

214-474 

329-911 

27-431 
64*863 
25-378 
41-030 
87*709 
137-326 
20474 
46-620 
93-239 
78-515 
34-372 
52-872 

Solpbiireted  hydrogen . 

2HS 

213-644 

34*239 

Hydrochloric  acid 

2HC1 

455*129 

72*940 

Hydrocyanic  acid 

2HXC                ' 

342-390 

54-872 

Water                                     .    ^ 

2H 

112-479 

18*026 

Protozyde  of  oitiogen . 

2N 

277-036 

44-398 

Devtozyde  of  nitrogen 

N 

188-518 

30-212 

Nitrons  acid    . 

'    2N 

477-036 

76*449 

Nitric  acid 

•  •  • 

2N 

677-036 

108-503 

Hyporalphnroixs  acid  . 

• 

S 

301*165 

48-265 

SalphnroQs  acid 

•• 

8     • 

401-165 

64*291 

Hyposnlphnrie  add     . 

•     • 

2S 

902-330 

144*609 

Salphttfie  acid 

••• 

S 

501*165 

80*317 

Pboaphoric  add 

CUorkadd    • 

•  •  • 

2P 
2CI 

892-310 
942-650 

143-003 
^  151*071 

Percbloric  acid            •           '• 

2Cl 

1042-650 

167*097 

Iodic  acid 

•  •  « 

21 

2037-562 

326-543^ 

Caibonie  acid  •                        • 

•• 

C 

1J76-437 

44*302 

Oxalic  add      •            •           • 

20 

452*875 

72*578 

Boraeic  acid    . 

2B 

871*966 

139-743 

Saieieaeid      . 

••• 

Si 

677-478 

92*548 

Sdenic  acid    . 

•• 

8e      - 

694-582 

111*315 

Anenic  acid   .            • 

•  •  • 

2At 

1440*084 

230-790 

PkotflQEyde  of  ehrone  . 

••• 

2Cr 

1003*638 

160-840 

^^a_              •              •  a 

Chroaue  add  •           • 

Cr 

651*819 

104-462 

Molybdie  add 

••• 

Mo 

898-525 

143*999 

Tnnsfic,  or  wolfmm  add 

••• 

W 

1483-200 

237*700 

Oxyde  of  antiffloay 

••• 

2Sb 

1912-904 

306*565 

AntimonioQt  add 

•• 

Sb 

1006*452 

161*296 

2Sb      • 

2012*904 

322*591 

Anthnimic  add 

•  •  • 

2Sb 

■ 

2112-904 

838*617 

i 
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1                              Name. 

Formtila. 

OzjTf  eaa  100. 

Hjrdroftnsl 

Oxyde  of  tellnriam     • 

•• 

Te 

1006-452 

161*296 

Taotalic  acid  •           •           • 

2Ta 

2607*430 

417-871 

Titanic  acid    .           .           • 

•• 

589*092 

94*409 

Protoxyde  of  gold       .           • 

2Au 

2686-026 

414*441 

Pch>z7de  of  gold        •           • 

••• 

2Au 

2786-026 

446*493 

Oxyde  of  platioa 

•• 

Pt 

1415*220 

226-086 

Oxyde  of  rhodiom      .           • 

•<• 
2R 

1801-360 

228*689 

Oxyde  of  iwlladinm    •           • 

1 

Pd 

814-618 

130-662 

Oxyde  of  nlver 

Ag 

1451-607 

232-637 

Protoxyde  of  mereniy 

2Hg 

2631-645 

421-762 

Peroxyde  of  mercory  • 

Hg 

1365-822 

218*889 

Protoxyde  of  cc^per    • 

ftCn 

801-390 

142-856 

Pexoxyde  of  copper     . 

Ca 

495-695 

79-441 

Protoxyde  of  uraniam .           • 

• 

V 

2811-360 

450-663 

Peroxyde  of  luraniam  . 

••• 

zu 

5722-720 

917-132 

Oxyde  of  bismath       •           • 

2Bi 

2960-752 

474-49 

Protoxyde  of  tin 

Sn 

835*294 

133-866 

Peroxyde  of  tin          • 

•• 

Sn 

935-294 

149*892 

Oxyde  of  lead. 

Pb 

1394-498 

223-484 

MixMom          .           •           • 

••• 

2Pb 

2888-996 

462*995 

Bro\^n  Hyde  of  lead  • 

•• 
Pb 

1494-498 

239-511 

Oxyde  of  cadmiam 

Cd 

796-767 

127-691 

Oxyde  of  zinc 

in 

603-226 

80-649 

Oxyde  of  nickel 

Ni 

469-675 

76-271 

Oxyde  of  cobalt 

Co 

468-991 

75-161 

Peroxyde  of  oobak 

••• 
2Co 

1037-982 

166-349 

Protoxyde  of  iron 

Fe 

439*213 

70-389 

Peroxyde  of  iron        •           • 

2F 

978-426 

166-804 

Protoxyde  of  manganese 

Mn 

455-787 

73-046 

Oxyde  of  mangaaete  •           • 

••• 

2Mn 

1011-575 

162-117 

Peroxyde  of  maoganete 

Mn 

655-787 

89-071 

Manganeaic  acid        •           • 

2Mfn 

1211-575 

194-160 

Protoxyde  of  caiaa   •           • 

Ce 

674*718 

108-132 

Oxyde  of  ceriom         • 

••• 
2Ce 

14^-436 

232-289 

Ziroonia         .          • 

••• 

2Zr 

1140*476 

182-775 

ytlria 

Y 

501-840 

80-426 

1    GlncinafOrberryttta.  • 

••• 
2Be      . 

962-968 

154*925 

Fouin>iiv&. 
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Name 

Formolk. 

Oxyg«o=  100. 

Uytlrugaksal. 

Akuniim 

2A1 

642*334 

109-942 

Magnesia        •.          •           • 

Mg   . 

268-363 

41-404 

1 

Lime   •            •           •           • 

Ca 

356-019 

57-066    1 

Strontia 

• 

647-285 

103-735 

Baryta 

Ba 

966-880 

163-361 

Lithia             •           •           • 

*       • 
L 

227-767 

.     36-601 

Natron^  or  soda          •           • 

Na 

390-897 

62-646 

Perox  jde  of  sodrain  -    •           • 

••• 
2Na 

881-794 

141-318 

Kali,  or  potassa 

• 

K 

689-916 

94-541 

Perozyde  of  potasshun 

•  •• 

789-916 

126-698 

Salphate  of  potassa     •           • 

KS 

1091-061 

174-869 

Protosulphate  oTiron  .           • 

FeS 

940-378 

150-706 

Pennlphate  of  iron     • 

••     ••■ 

2FeSa 

2481-906 

397-764 

Protochloride  of  iroa  •           • 

Fcaci 

781-863 

126-303 

Percbloride  of  iron 

3Fe  2C1» 

2006-376 

321-645 

ProtocUoride  of  mercury        • 

2I^2C1 

2974-296 

476-666 

Perchloride  of  mercury 

Hg2Cl 

1708-472 

273-803 

Ferrocyanide  of  iron    . 

Fe  2NC+2K  2NC 

2308-778 

370-008 

Alom  .            •           •           • 

KS4-2Ai^24  2H 

6936-406 

961-878 

Feldspar 

K  Si+2A1  Si3 

,  3642^162 

667-673 

FOUNDING  of  metals,  ekUfly  of  Iron.  The  operations  of  an  iron  foundry  consist  iu 
le-meUins;  the  pig-iron  of  the  Uasit  famaees,  and  giving  it  an  endless  TAriety  of  forms^ 
by  esflting  it  in  moulds  of  different  kinds,  prepared  in  appropriate  manners.  Coke  is  the 
odIj  kind  of  fucd  employed  to  efieet  the  fosion  of  the  east-iron. 

The  essential  parts  of  a  well-moonted  iron  foundry  are, 

1.  Magazines  for  pig*irons  of  different  qualities,  whieh  are  to  be  mixed  in  certain  pro- 
portioas,  for  producing  castings  of  iKCnliar  qualities ;  air  also  for  coal,  colce,  sands,  clay, 
powdernl  charcoal,  and  cow-hair  for  giving  fenaeity  to  the  loam  mouldings. 

2.  One  or  moire  cdkt  orens. 

3.  A  workshop  for  preparing  the  patterns  and  materials  of  the  moulds.  It  should 
contain  small  edge  millstones  for  grinding  and  mixing  the  loam,  and  another  mill  for 
griadiBg  coal  and  eharccHd. 

4.  A  vast  area,  called  pfoperly  the  foundry,  in  which  the  moulds  are  made  and  filled 
with  tae  melted  metal.  These  moulds  are  in  general  very  heavy,  consistini^  of  two  parts 
at  least,  which  must  be  sepatated,  turned  upside  down  several  times,  and  replaced  very 
exactly  upon  one  another.  The  casting  is  genendly  effected  by  means  of  large  ladles 
or  pots,  in  which  the  melted  iron  -is  transported  from  the  cupola,  where  it  is  fused. 
Hence,  the  foundry  ought  to  be  provided  with  cranes,  having  jibs  moveable  in  every 
directk>n. 

6.  A  stove  in  whieh  such  moulds  may  be  readily  Introduced  as  require  to  be  entirely 
deprived  of  humidity,  and  where  a  strong  heat  may  be  umformly  maintained. 

6.  Both  blast  and  air  iiimaees^  capable  of  melting  speedily  the  qnantity  of  cast-iron  to 
be  employed  each  day.  • 

7.  A  blowing  machine  to  nvge  the  fosion  in  the  tonaeen. 

Fig,  467  represents  the  general  plan  of  a  w«n4nonnted  foundry, 
a  is  a  cupola  fbmaoe,  of  which  the  section  end  view  will  b6  ailerwards  given ;  iris 
capable  of  containiag  6  Ions  of  eaat'iion. 
d  is  a  simOar  furnace,  but  of- smaller  dimensions,' for  bringfing  down  If  tons. 
«"  Is  a  fnmace  Uke  the  first.  In  reierve  for  great  castings. 


bS»  FOUin)ING/ 

hf  bf  by  b,  a  Tul  fovndry  aptrtment,  whose  iloor,  to  t  "jnrd  in  depth,  is  fonaed  of 

and  charcoal  powder,  which  have  already  heen  used  for  castings,  and  are  rady  for  heap- 

467  ing  up  into  a  suhstratum,  or  to  be  scooped  oat 

when  depth  is  wanted  for  the  moulds.  There  are 
besides  several  cylindrical  pits,  from  fiye  to  seren 
yards  in  depth,  plaeed  near  the  furnaces.  They 
are  lined  with  brfck  work,  and  are  usually  left  fufi 
of  moulding  sand.  They  are  emptied  in  order  to 
receive  large  moulds,  care  being  had  that  their  top 
is  always  below  the  orifice  from  which  the  melted 
metal  is  tapped. 

These  moulds,  and  the  ladles  full  of  melted 
metal,  are  liAed  and  tuansported  by  the  arm  of  one 
or  more  men,  when  their  weight  is  moderate ;  bot 
if  it  be  considerable,  they  are  moved  about  by 
cranes  whose  vertical  shafts  are  placed  at  c,d^e, 
in  correspondence,  so  that  they  may  upon  occasion 
transfer  the  load  fh>m  one  to  another.  Each  crane 
IS  composed  principally  of  an  upright  shaft,  embraced  at  top  by  a  collet,  and  turning 
below  upon  a  pivot  in  a  step ;  next  of  a  horizontal  beam,  stretched  out  from  nearly  the 
top  of  ihe  former,  with  an  oblique  stay  running  downwards,  like  that  of  a  gallows.  The 
horin>ntal  beam  supports  a  moveable  carriage,  to  which  the  tadcle  is  suspended  for 
raising  the  weights.  This  carriage  is  made  to  glide  backwards  or  forwards  along  the 
basim  by  means  of  a  simple  rack  and  pinion  mechanism,  whose  long  handle  descends 
within  reach  of  the  workman's  hand. 

By  these  arrangements  in  the  play  of  the  three  cranes,  masses  weighing  five  tons  may 
be  transported  and  laid  down  with  the  greatest  precision  upon  any  point  whatever  in  the 
interior  of  the  three  circles  traced  upon  Jig.  467  with  the  points  c,  li,  s,  as  centres. 

c,  df  e,  are  the  steps,  upon  which  the  upright  shafts  of  the  three  cranes  rest  and  torn. 
Each  shaft  is  16  feet  high. 
fj  /,  is  the  drying  stove,  having  its  floor  upon  a  level  with  that  of  the  foundry. 
/',/',  is  a  supplementary  stove  for  small  articles, 
g,  g,  g,  are  the  coking  ovens. 
A,  is  the  blowing  machine  or  fhn. 

t,  is  the  steam-engine,  for  driving  the  fan,  the  loam-edge  stones, 
ky  and  the  charcoNi]  mill, 
t",  are  the  boiler  and  the  furnace  of  the  engine. 
k'y  workshop  for  preparing  the  loam  and  other  materials  of  moulding, 
i,  is  the  apartment  for  the  patterns. 

The  pig-iron,  coals,  4ic.  are  plaeed  either  nnder  sheds  or  in  the  open  air,  round  the 
above  hnildingg ;  where  are  alto  a  smith's  forge,  a  carpenter's  shop,  and  an  apartment 
mounted  with  vices  for  chipping  and  roagh  cleaning  the  eastings  by  chisels  and  files. 

Such  a  foundry  may  be  erected  upon  a  square  surface  of  about  80  yards  in  each  side^ 
and  will  be  capable,  by  casting  in  the  aftenMwn  and  evening  of  each  day,  partly  in  large 
and  partly  in  smaU  pieces,  of  turning  out  from  700  to  800  tons  per  annum,  with  an  estab- 
lishment of  100  operatives,  including  some  moulding  boys. 

0/  nudUng  the  mouldM. — 1.  Each  mould  ought  to  present  the  exact  form  of  its  object. 

2.  It  should  have  such  solidity  that  the  melted  metal  may  be  poured  into  it,  and  fill  it , 
entirely  without  altering  its  shape  in  any  point. 

3.  The  air  which  occupies  the  vacant  spaces  in  it,  as  well  as  the  earbnreted  gases 
generated  by  the  heat,  must  have  a  ready  vent  $  for  if  they  are  but  partially  confiaed, 
they  expand  by  the  heat,  and  may  crack,  even  blow  up  the  moulds,  or  at  any  rate  become 
dispersed  through  the  metal,  making  it  vesicular  and  unsound. 

There  are  three  distinct  methods  of  making  the  moulds  »— 

1.  In  green  sand;  2.  In  baked  sand;  8.  In  loam. 

To  enumerate  Ihe  difierent  means  employed  to  make  every  sort  of  moald  exceeds  the 
limits  prescribed  to  this  work.  I  shall  merely  indicate  for  each  species  of  moulding, 
what  is  common  to  all  the  operations  ;  and  I  shall  then  describe  the  fabrication  of  a  few 
such  moulds  as  appear  most  proper  to  give  general  views  of  this  peculiar  art. 

Mouldimg  in  gretn  «aiMi.— The  name  green  is  given  to  a  mixture  of  the  sand  as  it  eomet 
from  its  native  bed,  with  about  one  twelfth  its  bulk  of  coal  reduced  to  powder,  and  damp- 
ed in  such  a  manner  as  to  form  a  porous  compound,  capable  of  preserving  the  forms  of 
the  objects  impressed  upon  it.  This  sand  ought  to  be  slightly  argillaceons,  with  partielea 
not  exceeding  a  pin's  head  in  size.  When  this  mixture  has  once  served  for  a  mould,  and 
been  filled  with  metal,  it  cannot  be  employed  again  except  for  tiie  coarset  castings^  and 
ii  generally  used  for  filling  up  the  bottoms  of  fresh  moulds. 

For  moulding  any  piece  in  green  sand,  an  exact  pattern  of  the  objeet  most  be  pre- 
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pared  in  wood  or  metal ;  the  latter  beii^  preferable,  a«  not  liaUe  to  warping,  sweUing, 
or  shrinkage. 

A  conple  of  iron  firames  form  a  case  or  box,  which  serves  as  an  envelope  to  the  monld, 
Soch  boxes  constitate  an  essential  and  very  expensive  part  of  the  furniture  of  a  foundry. 
It  is  a  rectangular  frame,  without  bottom  or  lid,  whose  two  largest  sides  are  united  by  a 
series  of  cross  bars,  parallel  to  each  other,  and  placed  from  6  to  8  inches  apart. 

The  two  halves  of  the  box  carry  ears  corresponding  exactly  with  one  another ;  of 
which  one  set  is  pierced  with  holes,  but  the  other  has  points  which  enter  truly  into  these 
holes,  and  may  be  made  fast  in  them  by  cross  pins  or  wedges,  so  that  the  pair  becomes 
one  solid  body.  Within  this  frame  there  is  abundance  of  room  for  containing  the  pattern 
of  the  piece  to  be  mouMed  with  its  incasing  sand,  which  being  rammed  into  the  frame, 
ti  retained  by  friction  against  the  lateral  faces  and  cross  bars  of  the  mould. 

When  a  mould  is  to  be  formed,  a  box  of  suitable  dimensions  is  taken  asunder,  and 
each  half,  No.  1  and  Jfo,  2,  is  laid  upon  the  floor  of  the  foundry.  Green  sand  is  thrown 
with  a  shovel  into  No.  1,  so  as  to  fill  it ;  when  it  is  gently  pressed  in  with  a  rammer. 
The  object  of  this  operation  is  to  form  a  plain  surface  upon  which  to  lay  in  the  pattern 
trith  a  slight  degree  of  pressure,  varying  with  its  shape.  No.  1  being  covered  with  sand, 
the  frame  No.  2  is  laid  upon  it,  so  as  to  form  the  box.  No.  2  being  now  filled  cart- 
fttHy  with  the  green  sand,  the  box  is  inverted,  so  as  to  place  No.  1  uppermost,  which  is 
then  detached  and  lifted  off  in  a  truly  vertical  position ;  carrying  with  it  the  body  of 
sand  formed  at  the  commencement  of  the  operation.  The  pattern  remains  imbedded  in 
the  sand  of  No.  2,  which  has  been  exactly  moulded  upon  a  great  portion  of  its  surface. 
The  moulder  condenses  the  sand  in  the  parts  nearest  to  the  pattern,  by  sprinkling  a  little 
water  upon  ii,  and  trimming  the  ill-shaped  parts  with  small  iron  trowels  of  different 
kinds.  Me  then  dusts  a  little  well-dried  finely-sifted  sand  over  all  the  visible  surface  of 
the  pattern,  and  of  the  sand  surrounding  it ;  this  is  done  to  prevent  adhesion  when  he 
replaees  the  frame  No.  1. 

He  next  destroys  the  preparatory  smooth  bed  or  area  formed  In  this  frame,  covers  the 
pattern  with  green  sand,  replaces  the  frame  1  upon  2,  to  reproduce  the  box,  and  proceeds 
to  fill  and  ram  No.  1,  as  he  had  previously  done  No.  2.  The  object  of  this  operation  is 
to  obtain  very  exactly  a  concavity  in  the  frame  No.  1,  having  the  shape  of  the  part 
of  the  model  impressed  coarsely  upon  the  surface  formed  at  the  beginning,  and  which 
was  meant  merely  to  support  the  pattern  and  the  sand  sprinkled  over  it,  till  it  got 
imbedded  in  No.  2. 

The  two  frames  in  their  last  position,  along  with  their  sand,  may  be  compared  to  a  box 
of  which  No.  1  is  the  lid,  and  whose  interior  is  adjusted  exactly  upon  the  enclosed 
pattern. 

If  we  open  this  box,  and  after  taking  out  the  pattern,  close  its  two  halves  again,  then 
pour  in  melted  metal  tilt  it  fill  every  void  space,  and  become  solid,  we  shall  obviously 
attain  the  wished^for  end,  and  produce  i^  piece  of  cast  iron  siipUar  to  the  pattern.  But 
many  piecautions'  must  still  be  taken  before  we  can  hit  this  point.  We  must  first  lead 
throogh  the  mass  of  sand  in  the  frame  No.  1  one  or  more  channels  for  the  introduction 
of  the  melted  metal ;  and  though  one  may  suffice  for  this  purpose,  another  must  be  made 
for  letting  the  air  escape.  The  metal  is  run  in  by  several  orifices  at  once,  when  the 
pieee  has  considerable  surface,  but  little  thickness,  so  that  it  mi^  reach  the  remotest 
points  sufficiently  hot  and  liquid. 

The  parts  of  the  mould  near  the  pattern  must  likewise  be  pierced  with  small  holes,  by 
means  of  wires  traversing  the  whole  body  of  the  sand,  in  order  to  render  the  mould  more 
porous,  and  to  facilitate  the  escape  of  the  air  and  the  gases.  Then,  before  Uiting  off 
the  frame  No.  I,  we  must  tap  the  pattern  slightly,  otherwise  the  sand  enclosing  it  would 
•tick  to  it  in  several  points,  and  the  operation  would  not  succeed.  These  gentle  jolts 
are  given  by  means  of  one  or  more  pieces  of  iron  wire  which  have  been  screwed  vertically 
into  the  pattern  before  finally  ramming  the  sand  into  the  frame  No.  1,  or  which  enter 
merely  into  holes  in  the  pattern.  These  pieces  are  sufliciently  long  to  pass  out  through 
the  sand  when  the  box  is  filled ;  and  it  is  upon  their  upper  ends  that  the  horizontal 
blows  of  the  hammer  are  given ;  their  force  being  regulated  by  the  weight  and  magni- 
tude of  the  pattern.  These  rods  are  then  removed  by  drawing  them  straight  out ;  after 
which  the  frame  No.  1  may  be  liAed  off  smoothly  from  the  pattern. 

The  pattern  itself  is  taken  out,  by  lifting  it  in  all  its  parts  at  once,  by  means  of  serev 
pins  adjusted  at  the  moment  .This  manoeuvre  is  executed,  for  large  pieces,  almost 
ahrnys  by  several  men,  who,  while  they  lift  the  pattern  with  one  hand,  strike  it  with  the 
other  with  small  repeated  blows  to  detach  the  sand  entirely,  in  which  it  is  generally  mora 
engaged  than  it  was  in  that  of  the  frame  No.  1.  But  in  spite  of  all  these  precautions, 
thm  are  always  some  degradations  in  one  or  other  of  the  two  parts  of  the  moaU ;  which 
are  immediately  repaired  by  the  workman  with  damp  saad,  which  he  applies  and  presses 
gently  with  his  trowel,  so  as  to  restore  the  injured  forms. 

Hitherto  I  have  supposed  all  the  sand  rammed  into  the  box  to  be  of  one  kindi  hot 
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from  economy,  the  green  sand  is  Used  only  to  form  the  portion  of  the  moald  neit  the 
pattern,  in  a  stratum  of  about  an  inch  thick ;  the  rest  of  the  vu^nmnding  space  is  filled 
with  the  sand  of  the  floor  which  has  been  used  in  former  eastings.  The  interior  layer 
roand  the  pattern  is  called,  in  this  case,  new  tand. 

It  may  happen  that  the  pattern  is  too  complex  to  be  taken  out  without  damaging  the 
mould,  by  two  frames  alone ;  then  3  or  more  are  i^utually  adjusted  to  ibrm  ihe  box. 

When  the  mould,  taken  asunder  into  two  or  more  parts,  has  been  properly  repaired,  its 
interior  surface  must  be  dusted  over  with  wood  charcoal  reduced  to  a  very  fine  powder, 
and  tied  up  in  a  small' linen  bag,  which  is  shaken  by  liand.  The  charcoal  is  thus  sided 
at  the  moment  of  application,  and  sticks  to  the  whole  surface,  which  has  been  preTiooaly 
damped  a  little.  It  is  aAerwards  polished  with  a  fine  trowel.  Sometimes,  in  order  to 
avoid  using  too  much  charcoal,  the  surfaces  are  finally  dusted  over  with  sand,  very  findy 
puhrerized,  fVom  a  bag  like  the  charcoal.  The  two  frames  are  now  replaced  with  great 
exactness,  made  fast  together  by  the  ears,  with  wedged  bolts  laid  truly  level,  or  at  the 
requisite  slope,  and  loaded  with  considerable  weights.  When  the  casting  is  large,  the 
charcoal  dasting,  as  well  as  that  of  fine  sand,  is  suppressed.  Everything  is  now  ready 
for  the  introduction  of  the  fused  metal. 

Moulding  in  baked  or  u^ed  sand. — The  mechanical  part  of  this  process  is  the  same  as 
of  the  preceding.  But  when  the  castings  are  large,  and  especially  if  they  are  tall,  Ihe 
hydrostatic  pressure  of  the  melted  metal  upon  the  sides  of  the  mould  cannot  be  eonnler- 
acted  by  the  force  of  cohesion  which  (he  sand  acquires  by  ramming.  We  must  in  that 
ease  adapt  to  each  of  these  fVames  a  solid  side,  pierced  with  numerous  small  holes  to  give 
issue  to  the  gases.  This  does  not  form  one  body  with  the  rest  of  the  frame,  but  is  attadied 
extemporaneously  to  it  by  bars  and  wedged  bolts.  In  general,  no  ground  coal  is  mixed 
with  this  sand.  Whenever  the  mould  is  finished,  it  is  transferred  to  the  drying  stove, 
where  it  may  remain  from  12  to  24  hours  at  most,  till  it  be  deprived  of  all  its  humidity. 
The  sand  is  then  said  to  be  baked  or  annealed.  The  experienced  moulder  knows  how 
'to  mix  the  different  sands  placed  at  his  disposal,  so  that  the  mass  of  the  mould  as  it 
comes  out  of  the  stove  may  preserve  its  form,  and  be  sufiicienUy  porous.  Such  moulds 
allow  the  gases  to  pass  through  them  much  more  readily  than  those  made  of  gren. 
sand ;  and  in  general  the  castings  they  turn  out  are  less  vesicular,  and  smoother  upon 
the  surface.  Sometimes  in  a  large  piece,  the  three  kinds  of  moulding,  that  in  green 
sand,  in  baked  sand,  and  in  loam,  are  combined  to  produce  the  best  result. 

Moulding  in  loam* — This  kind  of  work  is  executed  from  drawings  of  the  pieces  to  be 
moulded,  \vithout  being  at  the  expense  of  making  patterns.  The  mould  is  formed  of  a 
pasty  mixture  of  clay,  water,  sand,  and  cow's-hair,  or  other  cheap  filamentous  matter, 
kneaded  together  in  what  is  called  the  loam  mill.  The  proportions  of  the  ingredients  are 
yaried  to  suit  the  nature  of  the  casting.  When  the  paste  requires  to  be  made  very  lighi, 
horse  dunir  or  chopped  straw  is  added  to  it. 

I  shall  illnstrate  the  mode  of  fabricating  loam  moulds,  by  a  simple  -case,  such  as  that 
of  a  sugar  pan.  Fig.  468  is  the  pan.  There  is  laid  upon  the  floor  of  the  foundry  an 
annular  plaiform  of  cast-iron,  a  h^fig.  469 ;  and  upon  its  centre  c,  rests  the  lower  extrem- 
ity of  a  vertical  shaf\,  adjusted  so  as  to  turn  freely  upon  itself,  while  it  makes  a  wooden 
pattern,  t  fy  fig.  470,  describe  a  surface  of  revolution  identical  with  the  internal  surface 
reversed  of  the  boiler  inietided  to  be  ma^e.  The  outline,  €  g,  of  the  pattern  is  fashioned 
so  as  to  describe  the  surface  of  the  edge  of  the  vessel.  Upon  the  part  adh  d^fig.  469, 
of  the  flat  cast-iron  ring,  there  must  next  be  constructed,  with  bricks  laid  either  flat  or 
on  their  ti^t^  and  clay,  a  kind  of  dome,  A  i  Xr,  fig,  470,  from  two  to  four  inches  thick, 
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•eoordikig  to  the  size  and  weight  of  the  piece  to  be  moulded.  The  external  surface  of 
the  bricir  dome  ought  to  be  everywhere  two  inches  distant,  at  least,  from  the  surface  d^ 
scribed  by  the  arc  e  /.  Before  building  np  the  dome  to  the  point  t,  coals  are  to  be  placed 
n  its  inside  upon  the  floor,  which  may  be  afterwards  kindled  for  drying  the  moald.  The 
top  is  then  formed,  leaving  at  t,  round  the  upright  shaft  of  revolution,  only  a  very  small 
outlet.  This  apertare,  as  also  some  others  left  nnder  the  edges  of  the  iron  ring,  enable 
tiie  monlder  to  light  the  fire  when  it  becomes  neeesswry,  and  to  gnduate  it  so  as  to  make 
it  last  long  enough  without  needing  more  fuel,  till  the  moM  be  qvite  finished  and  dry. 
fMt  enmbustion  should 'be  always  extremely  sk>w. 
Over  the  brick  dome  a  pasty  layer  of  loam  is  applied,  and  ronnded  with  the  mookl 
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g  §/;  this  sarface  is  then  coated  with  a  much  smoother  loam,  by  means  of  the  concare 
tdge  itf  the  same  ttonid.  Vpcm  the  latter  snrface,  the  inside  of  the  sugar  pan  is  cast ; 
the  line  e  f  haviag  tfaoed,  in  its  revolution,  a  ledge  m.  The  fire  is  now  kindled,  and  as 
the  surface  of  the  mould  becomes  dry,  it  is  painted  over  by  a  brash,  with  a  mixture  of 
water,  charcoal  powder,  and  a  little  clay,  in  order  to  prevent  adhesion  between  the  snr- 
faee  already  dried  and  the  coats  of  clay  about  to  be  applied  to  it.  The  board  g  e  /  is 
BOW  removed,  and  replaced  by  another,  g'  f'  /,  Jig.  471,  whose  edge  e'  /  describes  the 
outer  surface  of  the  pan.  Over  the  surface  «,  /,  a  layer  of  loam  is  applied,  which  is 
turned  and  polished  so  as  to  produce  the  surface  of  revolution  e'  f^  as  was  done  for  the 
surface  ef;  only  in  the  latter  case,  the  line  e"  g'  of  the  board  does  not  form  a  new  shoulder, 
but  rubs  lightly  against  m. 

The  layer  of  loam  included  between  the  two  surfaces  e  /.  t'  f,  is  an  exact  representa- 
tion of  the  sugar  pan.  When  this  layer  is  well  dried  by  the  heat  of  the  interior  fire,  it 
must  be  painted  like  the  former.  The  upright  shaft  is  now  removed,  leaving  the  small 
vent  hole  through  which  it  passed  to  promote  the  complete  combustion  of  the  coal. 
There  nmst  be  now  laid  horixontally  upon  the  ears  of  the  platform  d  d,  fig.  469,  an- 
other aannlar  platfonn  p  q^  like  the  foimer,  but  a  little  lars^er,  and  without  any  cross-bar. 
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The  relatiTe  positloB  of  these  two  i^tforms  is  shown  in  fig,  473.  Upon  the  surface 
c'  fj  fig,  472,  a  new  layer  of  loam  is  laid,  two  inches  thick,  of  which  the  surface  is 
mootlwd  by  hand.  Then  upon  the  platform  p  q.  Jig.  473,  a  brick  vault  is  constructed, 
whose  inner  surface  is  applied  to  the  layer  of  loam.  This  contracts  a  strong  adherence 
with  the  bricks  which  absorb  a  part  of  its  moisture,  while  the  coat  of  paint  spread  over 
the  surtiice  e^  /",  prevents  it  ihun  sticking  to  the  preceding  layers  of  loam.  The  brick 
done  GDgbt  to  be  built  solidly. 

The  whole  mass  is  now  to  be  thoroughly  dried  by  the  continuance  of  the  fire,  the 
draaght  of  which  is  supported  by  a  small  vent  left  in  the  upper  part  of  the  new  dome ;  and 
when  all  is  property  d^,  the  two  iron  platforms  are  adjusted  to  each  other  by  pin  points, 
and  pqis  liAed  oflT,  taking  care  to  keep  it  m  a  horiR>ntal  position.  Upon  this  platform 
are  rnnoved  the  last  brick  dome,  ilnd  the  layer  of  loam  which  had  been  applied  next  to 
it ;  the  latter  of  which  represents  exactly  by  its  inside  the  mould  of  the  surface  i^f,  that 
is,  of  the  ouiside  of  the  pan.  The  crust  contained  between  e  f  and  %'  f  is  broken  away, 
an  opention  easily  done  without  injury  to  the  surface  t  /,  which  represents  exactly  the 
inner  surface  of  the  pan ;  or  only  to  the  shoulder  m,  corresponding  to  the  edge  of  the 
vessel.  The  top  aperture  through  which  the  upright  shaA  passed  must  be  now  closed ; 
only  the  one  is  kept  open  in  the  portion  of  the  mould  lifted  off  upon  p  q ;  because  through 
this  opening  the  melted  metnl  is  to  be  poured  in  the  process  of  easting.  The  two  plat- 
ibnas  being  replaced  above  each  other  very  exactly,  by  means  of  the  adjusting  pin  points, 
the  moald  is  completely  formed,  and  ready  for  the  reception  of  the  metal. 

When  the  object  to  be  moulded  presents  more  complicated  forms  than  the  one  now 
chosen  for  the  «^  of  illustration,  it  is  always  by  anahigous  processes  that  the  workman 
contiruets  his  loam  mooMs,  but  his  sagacity  must  hit  upon  modes  of  executing  many 
things  wbidi  at  first  sight  appear  to  be  scarcely  posrible.  Thus,  when  the  fbrms  of  the 
interk^r  and  exterior  do  not  permit  the  mould  to  be  separated  in  two  pieces,  it  is  divided 
into  several,  whjeli  are  nicely  fitted  with  adjusting  pins.  More  than  two  cast-iron 
rings  or  platfbms  are  somethnes  neccMaty.  When  ovals  or  angular  surfaces  must  be 
traced  histead  of  those  cf  rerohitioB,  no  upright  shaft  is  used,  but  wooden  or  cast-iron 
gaifcs  made  on  parpose,  along  which  the  pattern  cut-out  board  is  slid  according  to  the 
drawing  of  the  |liece.  *  Iron  ynrm  and  claws  ar«  often  interspersed  through  the  brick 
work  to  give  it  cohesion.  The  core,  kernel,  or  inner  mould  of  a  hollow  casting  is  fre- 
qincady  tited  in  When  the  oater  shell  is  roooMed.  I  shall  ilhistrate  this  matter  in  die 
case  ef  a  gas-light  retort,  Jig.  474.  The  core  of  the  retort  ought  to  have  the  form  etei, 
and  be  very  soM,  sinee  It  cannot  be  Axed  in  the  outer  mould,  fbr  the  casu'ng,  except  in 
the  farr  standing  out  of  the  retort  towards  m  fh.  It  must  be  modelled  in  loam,  upon 
a  1^  of  castvifoa  ealled  a  laa/mt,  macfo  expressly  fbr  xhht  purpose.  The  lantern  U  a 
cyliider'  or  n  trnnealetf  koOow  cone  of ' east-iron,  about  -  half  an  inch  thick ;  and  differ- 
ently shaped'  tdr  erery  different  e^re.  The  snrfhce  is  perforated  with  holes  of  about 
halfaa  ineb  ia  dfttneier.    It  is  inainited  Iiy  means  or  Iran  cross-bars,  upon  an  iron  axi^ 
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Jet;  oitaiai  kind  of  disc  or  diih,  perpendicular  to  the  iiu,  open  Kt  i  i,  fanDJag  one 
piece  with  tbe  Ualern,  vhoie  cireumiereace  o  a  preaeDti  a  carve  aimikr  lo  Ibe  leelioD 
oT  (he  core,  made  nt  right  anfiiei  to  iu  axis.  We  thai]  *ee  prefeuU)'  ibe  two  luet  foe 
which  ihii  diih  ii  intended.  The  aii*  gh  a  laid  ipoD  two  gudgeoa*,  and  baadlei  are 
placed  at  each  or  it«  eilremitiet,  to  raeililale  the  openlion  in  making  (he  core.  Upon 
the  vhole  lurfaee  of  the  Isntern,  from  the  point  A  lo  the  collet  (bnned  bj  the  diah,  a  ha; 
cord  ai  thick  as  the  flager  ii  woond.  Even  two  or  more  coils  maf  be  applied,  m  oeea- 
lion  requires,  over  which  loam  is  ipread  to  the  exact  form  of  the  core,  hj  applying  with 
the  hand  a  board,  against  the  diih  o  o,  with  its  edge  cut  out  to  the  desired  shapej  as  alto 
against  anDlhci  dish,  adjusted  at  (he  lime  towards  h ;  while  bf  meant  of  the  handlea  » 
rotatory  loavemeol  is  given  lo  the  whole  apparatus. 

The  ha;  interposed  between  the  lantern  and  the  loam,  wfaieh  represents  the  erast  of 
the  core,  aids  the  adhesion  or  ihe  ctaj  with  the  east-iron  of  the  lantern,  and  give*  pkaage 
to  the  holes  in  tls  suiface,  for  the  air  to  escape  through  in  the  easting. 

When  the  core  is  Gnithed,  and  has  been  pot  into  the  drying  4taTe,  the  aii*  jf  A  is  t«kea 
onl,  then  the  small  opening  which  it  leaves  at  the  paint  Ji,  it  plugged  with  clajr.    This  is 
supporting  the  core  by  (he  edges  at  (he  dish,  in  *.  veitic*!  p<Mi(ion.     It  ii  mw 
he  introduced  into  the  liollow  mould  of  (he  piece. 

n  baked  sand  consists  of  three  pieces,  two  of  which,  ahsolatdy 
siDnilar,  are  represented.  Jig.  476,  at  p  q,  the  third  ii 
shown  at  r  i.  The  [wo  similar  parting,  present  each 
the  longitudinal  half  of  the  nearly  cylindrical  portion 
of  Ihe  outer  surface  of  (he  gas  relorl ;  so  lha(  whcM 
they  are  brought  together,  the  cylinder  is  formed;  r  • 
coniaios  in  iis  cavity  the  kind  of  hemisphere  which 
forms  the  bottom  of  the  re[orL  Hence,  by  adding  thi« 
part  of  (he  mould  to  (he  end  of  the  (wo  othen,  the 
reiulting  apparatna  presents  ia  ils  interior,  the  exact 
mould  of  (he  outside  of  (he  retort ;  an  empty  cylin- 
drical portion  1 1,  whose  axis  is  the  same  as  (hat  of  (ke 
cylinder  v  a,  nnd  whoee  turfaee,  if  prolonged,  would  be 
ererywhere  diiUul  from  (he  turfaee  ■  «,  by  a  qaan- 
tily  equal  lo  Ihe  desired  thickness  of  Ihe  retort.  TIm 
t  t  ii  precisely  equal  to  that  of  the  core,  which  is  slightly  conical, 
,  .  -t  easily  into  this  aperture  1 1,  and  close  il  very  exactly  when  it 
it  introduced  to  the  cotlet  or  neck. 

The  three  pitls  of  the  mould  and  the  core  being  prepared,  the  two  pieces  p  f,  malt 
first  be  united,  and  supported  in  an  aprighl  potilion ;  then  the  core  mnit  be  let  dowa 
into  the  opening  I  t.  Jig.  4T7.  When  the  plate  or  disc  n  o  of  the  wrt  is  supported  vpiln 
the  moukt,  we  niuit  tee  that  the  end  of  the  core  ia  everywhere  equally  distant  from  the 
edge  of  the  external  surface  u  u,  and  thai  it  doct  not  go  loo  far  beyond  the  line  g  q. 
Should  there  be  an  inaccancy,  we  must  oorrect  i(  by  slender  iron  slip*  placed  under  (be 
edge  of  the  disc  o  o ,-  (hen  by  meant  of  a  oaet-iron  croes,  and  tcrew  bolts  r  r,  we  fix  the 
core  imowvcably.  The  whole  apparatus  is  now  set  down  npoa  r  t,  and  we  fix  with  screw 
bolts  (he  plane  surface  q  q  upon  r  r;  then  introduce  (he  melted  melal  by  an  a|>ettnre  t, 
which  has  been  led  at  the  upper  part  of  the  mould. 

When,  instead  of  the  example  now  selected,  (he  core  of  the  piece  to  be  cast  most  go 
beyond  the  mould  of  Ihe  external  turfaee,  as  it  the  ease  with  a  pipe  open  at  each  end, 
the  thing  is  more  timplc,  because  we  may  easily  adjust  and  fix  the  core  by  iu  two  ead*. 
In  easting  a  retort,  the  melal  is  ponred  into  the  owuld  set  nprighL  It  is  importut  to 
maintain  this  position  in  the  (wo  last  examples  of  casting ;  for  all  the  fcreign  matter* 
which  may  soil  the  metal  during  its  Sow,  as  the  sand,  the  charcoal,  gases,  scoria^  beint 
lest  dense  than  it,  rise  constantly  (o  the  surface.  The  hydrotlatic  preature  produced  bj 
a  high  fate,  or  filling-iu  aperture,  contributes  much  to  tecure  (he  soundneM  and  tolidiir 
of  (he  eM(Jng.    This  gnie-plece  being  superSnoas,  is  knocked  off  almos(  immedialdj 
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iftgr,  w  nen  beTore  ifae  eutin^  codn.  Veiy  1d^,  (omewkat  deader  plMM,  «re  nmnnf 
od  ii  monldi  ie(  up  oUiqael]'  to  the  horiion,  Ai  Ihe  metal  ibrioki  in  cooling,  (he 
BMid  tboDld  ilwaf  I  be  Bomewiuil  larger  thw  ihe  obJMt  JDleaded  to  be  cut.  TV  iron 
finidfrreclLODEiD  genenlDponaliDcw*hrinlui(ecif  «niDcir-BiiUi put;  thai ii, one eighlb 
■f  tn  inch  per  fooL 

MeUisg  if  Uucati  uva.  —  Tbe  metal  ii  diuIIt  melted  in  a  cupola  fiiraace,  of  which 
Ik  dimenilanf  are  very  varioni.  Fig.  47S  representt  in  plan,  •eetiDn,  and  eleration, 
mt  of  IhcM  furnaeet  of  the  largeM  atie ;  being  capable  of  (bnnding  6  tons  of  caal  iron  at 
■  lime.  It  ia  kiDdleil  bj  laying  a  lew  ebip*  of  wood  npon  it*  botiom,  leaving  the  oriHee 
cDfco,  tnd  it  a  then  filled  up  to  the  throat  with  vJtr.  The  fire  ia  lit  at  c,  and  in  a 
qovler  ur  hall'  an  iaar,  when  the  body  of  Tuel  ia  inlficieatlT  kindled,  (he  tayire  blast  i* 
M  ia  telion.  Tbe  flame  issues  then  by  the  mouth  u  well  u  ttac  oriSee  c,  which  has 
beci  IcA  open  on  purpowi  to  consolidale  it  by  the  heal.  Without  thii  precaution,  the 
nla,  which  aie  made  up  in  argillaceont  tand  al^er  each  day's  work,  woald  not  present 
the  iccnnty  resistance.  A  quarter  of  an  hour  alterwaids,  the  orifice  c  is  clofcd  with  a 
Impormoiil  cUy,  and  someliioes,  when  the  raraace  is  to  contain  a  great  body  of  melted 
nelil,  Ibe  day  is  sapported  by  means  ot  a  small  plate  of  cast  iron  died  against  tbe 
lamuc.  Brrore  the  blowing  machine  is  set  a  going,  the  openings  g  g  g  had  been  kept 
■hoL  Thoie  of  them  wauled  for  Ihe  lu; ires  are  opened  in  sncecssion,  beginning  at  the 
livctt,  the  iDT^res  being  raised  according  as  Ihe  lerel  of  the  fused  iron  stands  higher  in 
tkt  fgniace.  The  same  cupola  may  recelTC  at  a  tune  from  one  to  six  tuyeres,  ihrongh 
vkich  the  irind  is  propelled  by  the  ceulriTugal  action  of  an  ecceDtrii;  Tan  or  veolilater. 
Udoa  not  appear  to  be  aMertained  whether  there  be  any  advantage  in  pluing  more 
tku  two  Infires  facing  each  olber  npon  opposite  sides  of  the  fonkacc.  Their  diameter 
u  the  noule  varies  from  3  to  5  inches.  They  are  either  cylindrical  or  slightly  conical. 
iltr  ninulcs  after  Ihe  luyires  have  began  to  blow,  when  the  coke  sink*  in  the  furnace, 
■lltriiUe  charges  of  coke  and  pig  iron  mnsl  be  thrown  in.  The  metal  begins  to  melt  ia 
■bolSO  oiiuu tea  after  it*  introduction  j  and  successive  charges  are  then  made  every 
HI  ninaln  nearly ;  each  charge  containii^  from  2  cwU.  to  6  ewts.  of  iron,  and  a  quantity 
inportional  to  the  estimate  given  below.  The  amount  of  Ihe  charges  varies  of  coarse 
with  Ihe  size  of  the  furnace,  and  Ihe  speed  reqnired  for  the  operation.  The  pigs  mnti 
W  itnioiisly  broken  into  pieces  weighing  at  most  14  or  16  ponnds.  The  vane*  of  the 
Uowin;  fan  make  from  6S6  to  650  lams  per  minale.  The  twv  eapolas  represeated 
ff-  4T8,  tnd  another  alongsida  in  the  plan,  may  e«*ily  mell  6)  lou  cf  metal  in  21  hoan ; 
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formerly  obtained  in  sitttUr  enpolM,  wlien  tlie  blast  was  thrown  In  from  naalt  noitlet 
with  cylinder  bellows,  moved  by  a  steam  engine  of  10  horse' power. 

In  the  course  of  a  year,  a  considerable  fi»andry  like  that  represented  in  the  piaa, 
ftg.  467,  will  coaanme  abontSOO  tons  of  coke  in  meltiog  lS40tonsof  east  iron ;  consisting 
of  940  tons  of  pigs  of  different  qualities,  and  300  tons  of  broken  casting,  gate-pieces, 
&e«  Thus,  it  appears  that  48  pounds  of  coke  are  consumed  for  melting  every  2  ewt. 
of  metal. 

Somewhat  less  coke  is  consumed  when  the  fvsion  is  pnshed  nrare  rapidly  to  collect  a 
great  body  of  melted  metal,  for  casting  heavy  articles;  and  more  is  consumed  when,  as  in 
making  many  small  eastings,  the  progress  of  the  founding  has  to  be  slackened  from  time 
to  time ;  otherwise,  the  meial  would  remain  too  long  in  a  state  of  fhsion^  and  probably 
become  too  cold  to  afford  sharp  impressions  of  the  moulds. 

It  sometimes  happens  that  in  the  same  day,  with  the  same  furnace,  pieces  are  to  be 
cast  containing  several  proportions  of  different  kinds  of  iron ;  in  which  case,  to  prevent 
an  intermixture  with  the  preceding  or  following  charges,  a  considerable  bed  of  coke  is 
interposed.  Though  there  be  thns  a  little  waste  of  fuel,  it  is  compensated  by  the 
improved  adaptation  of  the  eastings  to  their  specific  objects.  The  foondins:  generally  begins 
at  about  3  o'clock,  p.  m.,  and  goes  on  till  6  or  8  </clock.  One  founder,  aided  by  four 
laborers  for  charging,  &e.,  can  manace  two  fbrnaces. 

The  following  is  Uie  work  of  a  w^Jknanaged  fonndry  in  Derby. 

200  lbs.  of  coke  are  requisite  to  melt,  or  bring  down  (in  the  language  of  the  founders), 
1  ton  of  cast-iron,  aAer  the  cupola  has  been  brought  to  its  proper  heat,  by  the  combustion 
in  it  of  9  baskets  of  coke,  weighing,  by  my  trials,  40  pounds  each,  =  380  lbs. 

The  chief  talent  of  the  founder  consists  in  discovering  the  most  economical  mixture^ 
and  so  compounding  them  as  to  produce  the  desired  properties  in  the  eastings.  One 
piece,  for  example^  may  be  required  to  have  great  strength  and  tenacity  to  bear  heavy 
weights  or  strains ;.  another  must  yiekl  readily  to  the  chisel  or  the  file ;  a  third  must  resist 
sodden  altemationl^df  temperature ;  and  a  fourth  must  be  pretty  hard. 

The  filling  in  of  the  melted  metal  is  managed  in  two  ways.  For  strong  pieces,  whose 
moulds  can  be  buried  in  the  ground  at  7  or  8  yards  distance  from  the  furnace,  the  metal 
may  be  ron  in  gntters,  formed  in  the  sand  of  the  floor,  sustained  by  plates  or  stones.  Tht 
elay  plug  is  pierced  with  an  iron  rod,  when  all  is  ready. 

When  from  the  smaller  si^e,  or  greater  distanee  of  the  moulds,  the  melted  metal 
cannot  be  nm  ak>ng  the  floor  from  the  furnaee,  it  is  received  in  east- iron  pots  or  ladles, 
lifted  with  a  coat  of  loam.  These  are  either  carried  by  the  hands  of  two  or  more  men, 
or  transported  by  the  crane.  Between  the  successive  castings,  the  discharge  hole  of  the 
furnace  is  closed  with  a  lump  of  clay,  applied  by  means  of  a  stick,  having  a  small  disc  of 
iron  fixed  at  its  end. 

After  the  metal  is  somewhat  cooled,  the  moulds  are  taken  asunder,  and  the  excres- 
eenees  npoa  the  edges  of  the  castings  are  broken  off  with  a  hammer.  They  are  afterwards 
more  carefully  trimmed  or  chipped  by  a  chisel  when  quite  cold.  The  loss  of  weight  in 
foandine  is  abont  6|  per  cent,  upon  the  pig  izon  employed.  Each  casting  always  requires 
the  melting  of  considerably  more  than  its  own  weight  of  iron.  This  excess  forms  the 
gates,  false  seams,  Jtc. ;  the  whole  of  which  being  deducted,  shows  that  1  cwt.  OT  coke 
i  eonsnmed  for  every  3  cwts.  of  iron  put  into  the  furnace ;  for  every  138  cwts.  of  erode 
metal,  there  will  be  100  cwts.  of  eastings,  32  of  refuse  pieces,  and  6  of  waste. 

Explanation  of  the  plates. 

Manner  of  eorutrueting  Of  Mould  (if  a  Supir-fon, 

Fig.  488.  View  of  the  pan. 

—  469.  Flat  ring  of  cast-iron  for  supporting  th«  inner  mould. 

—  470.  Construction  of  the  inner  mould. 

-~  471.  Formation  of  the  outer  surface  of  the  pan. 
— •  472.  Finished  mould. 

-~  473.  Position  of  the  two  flat  cast-iron  rings,  destined  to  auttain  the  moulds  of  the 
inner  and  the  outer  surface. 

Ooi-rttort  MoMing, 

—  474.  Vertical  projection,  perpendicular  to  the  axis  of  the  retort;  and  two  seetionsy 
the  one  upright,  the  other  horiaontal. 

—  475.  CDnslrnction  of  the  core  of  the  retort. 

—  476.  Disposition  of  the  outer  mould. 

— -  477.  Adjustment  of  the  core  in  the  mould. 

-^  478.  Cupola  furnace.    It  is  3  feet  wide  within,  and  13|high. 

«i m,  solid  body.of  masoafy^  a»a  basis  to  the  furnace. 
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t  i,  ocUcom]  pUUbnn  of  east  iroa,  with  ■  ledge  in  wbiclk  ihe  pUlei  a  a  a  a  mre  en- 

ngrf. 

■  ■,dKht  pliten  of  cut  iron,  I  inch  tbick,  abtolntelf  iimilKr;  oaljr  one  oT  tliFm  it 
BMchRJ  11  iu  lower  part  in  f ,  to  allow  tbe  melted  metal  to  run  oal,  and  two  of  the  otheit 
htn  ui  apertores  g  g  g.  Itt.  U>  admit  the  luybei. 

r,  grlGce  for  letting  the  metal  Bow  out.  A  kiad  of  eut  iron  gutter,  <,  lined  with  loam, 
ji  fitted  to  the  otiBer. 

d,  hDops  of  hammered  iron,  4]  incbn  broad  ;  one  half  of  >a  inch  thick  fat  the  bottooi 
ones,  and  a  qnwter  of  an  iach  foe  tbe  npp«r  one*.  The  intennediate  hoopi  decrease  iB 
Ihidinen  from  below  upward*  belweea  thete  limiM. 

(,  out  iron  giilter  or  tpout,  lined  with  loani,  far  ranning  eStitt  metal. 

//,   cjrlindrical  piece  of  caK  iron,  Tot  increasing  the  height  aiMi  draught  of  Ihe 

g,  side  opening*  for  receiTin;  the  laT^rei,  of  whieh  there  are  tii  upon  eath  lide  of  the 
funaee.  Each  of  ihem  ma;  be  shut  at  pleasure,  b;  means  of  a  small  cast  iron  plate  k, 
Bsde  to  slide  haritoo tally  in  grooTes  laak  In  the  main  plate,  pierced  with  tbe  holes 

a  the  following 
iving  laid  at 
(be  bottom  of  the  funiaee  • 
bed  of  sand  a  few  inches  thick, 
slightlT  sloped  towaids  the 
orifiee  of  discliBrfe,.  there  is 
set  upright,  in  the  uis  of  lh« 
cupola,  a  wooden  crlioder  of 
its  whole  height,  and  of  a 
diameter  a  little  lets  than  that 
of  the  vacant  space  belonging 
to  the  lop  of  the  fhnace. 
Sand  is  to  be  then  rammed  in 
so  u  to  fill  tbe  whole  of  Ihe 
fnmsce  i  after  which  th< 
woodea  cylinder  is  with- 
drawn, and  the  lining  of  laad 
is  cut  or  (haTcd  away,  till  it  Itw 
reeeired  tbe  proper  form. 
This  lining  lasts  genertUr 

5  or  6  weeks,  when  Ibere  are 

6  meltiags  weekly. 
i  i,  cast  iron  cirentar  plaiet. 

through  whieh  Ihe  mondi  of 
the  rnniace  passes,  for  protect- 
hg  the  lining  in  k  doling  tha 
introduction  of  the  charges. 

H  It,  lerel  of  tbe  floor  of  the 
(bundry.  The  portion  of  it 
below  the  ninniag  ool  orifiee 
exmsiils  of  laud,  so  that  it  maj 
be  readily  lunk  when  it  is  wish- 
ed to  receive  the  melted  metal 
in  ladles  or  pots  of  large  dl- 
meniions. 

The  Ikn  dittribntes  the  Utsl 
flvm  the  main  pipe  to  three 
priacipal  points,  by  three 
Maneh  tabes  of  distribntion. 
A  register,  consisting  of  a 
cast-hmi  plate  iSding  with 
(Hetion  to  a  IVame,  serves  to 
Intercept  Ibe  blur  at  any  mcb 
ment,  when  it  fi  not  desirable 
lo  stop  the  moving  power. 
A  large  main  pipe  of  xine  « 
■keel  iron  is  filled  to  Ihe  eri> 
flee  of  Ihe  slide  valve.  It  U 
iqatre  at  tbe  beginning,  er 
only  rmwded  at  the  uglet;: 
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fant  at  a  little  distance  it  becomes  cyliodncal,  and  conducts  the  blast  to  the  diTaricatmi; 
points.  There,  each  of  the  branches  turns  up  vertically,  and  tenninates  at  66,  fig.  479, 
where  it  preseats  a  circular  orifice  of  7|  inches.  Upon  each  of  the  upright  pipes  b,  the 
one  end  of  an  elbow-tube  of  zinc  e  c  c  c^  fig.  479,  is  adjusted  rather  loosely,  and  the 
other  end  receives  a  tuy5re  of  wrought  iron  d  d,  through  the  intervention  of  a  sbiAing 
hose  or  collar  of  leather  c  ed,  hooped  with  iron,  wire  to  both  the  tube  and  the  tuy&re. 
The  portion  c  c  c  c  may  be  raised  or  lowered,  by  sliding  upon  the  pipe  6,  in  order  to 
bring  the  noszle  of  the  tuyere  ddyXo  the  requisite  point  of  the  furnace.  The  portion 
e  c  cc  may  be  made  also  of  wrought  iron.  A  power  of  4  horses  is  adequate  to  drive  this 
fan,  for  supplying  blast  to  3  furnaces. 

The  founders  have  observed  the  efflux  of  air  was  not  the  same  when  blown  into  the 
atmosphere,  as  it  was  when  blown  into  the  furnaces;  the  velocity  of  the  fan,  with  the 
same  impulsive  power,  being  considerably  increased  in  the  latter  case.    They  imagine  that 
this  circumstance  arises  from  the  blast  being  sucked  in,  so  to  speak,  by  the  draught  of  the' 
furnace,  and  that  the  fan  then  supplied  a  greater  quantity  of  air. 

The  following  experimental  researches  show  the  fallacy  of  this  opinion.  Two  water 
syphons,  e  e  «,  ///,  made  of  glass  tubes,  one  fifth  of  an  inch  in  the  bore,  were  inserted 
into  the  tuydre,  oontaioing  water  in  the  portions,  g  g  g,hhh»  The  one  of  these  mtaio- 
meters  for  measuring  the  pressure  of  the  air  was  inserted  at  k,  the  other  in  the  centre  of 
the  nozzle.  The  size  of  this  glass  tube  was  loo  small  to  obstruct  in  any  sensible  degree 
the  outlet  of  the  air.  It  was  found  that  when  the  tuydres  of  the  fan  discharged  into  the 
open  air,  the  expenditure  by  a  nozzle  of  a  constant  diameter  was  proportional  to  the 
number  of  the  revolutions  of  the  vanes.  It  was  further  found,  that  when  the  speed  of  the 
Tanes  was  constant,  the  expenditure  by  one  or  by  two  nozzles  was  proportional  to  the  total 
area  of  these  nozzles.  The  following  formuls  give  the  volume  of  air  furnished  bv  the 
fan,  when  the  number  of  turns  and  the  area  of  the  nozzles  are  known. 

25-32  Sn 
Volume  = (1) 

1-000,000 

0-86'67  S  n 
Volume  = (2) 

1,000,000 

The  volume  is  measured  at  32"  Fahr.,  under  a  pressure  of  29*6  inches  barom. 

S  =  is  the  total  area  of  the  orifices  of  the  tuyeres  in  square  inches. 

«  =  the  number  of  turns  of  the  vanes  in  a  minute. 

After  measuring  the  speed  of  the  vanes  blowing  into  the  atmosphere,  if  we  introdnee 
the  nozzle  of  discharge  into  the  orifice  of  the  furnace,  we  shall  find  that  their  speed  im- 
mediately augments  in  a  notable  degree.  We  might,  therefore,  naturally  suppose  that 
the  fan  furnishes. more  air  in  the  second  case  than  in  the  first ;  but  a  little  reflection  will 
show  that  it  is  not  so.  In  fact,  the  air  which  issues  in  a  cold  state  from  the  tuydre 
encounters  instantly  in  the  furnace  a  very  high  temperature,  which  expands  it,  and 
contributes,  along  with  the  solid  matters  with  which  the  furnace  is  filled,  to  diminish 
the  facility  of  the  discharge,  and  consequently  to  retard  the  efflux  by  the  nozzles.  The 
oxygen  gas  consumed  is  replaced  by  a  like  volume  of  carbonic  acid  gas,  equally  expan- 
sible by  heat.  Reason  leads  us  to  conclude  that  less  air  flows  from  the  nozzles  into  the 
furnace  than  into  the  open  atmosphere. 

The  increase  in  the  velocity  of  the  vanes  takes  place  precisely  in  the  same  manner, 
when  after  having  made  the  nozzles  blow  into  the  atmosphere,  we  substitute  for  these 
nozzles  others  of  a  smaller  diameter,  instead  of  directing  the  larger  ones  into  the  furnace. 
Hence  we  may  conceive  that  the  proximity  of  the  charged  furnace  acts  upon  the  blast 
like  the  aontraction  of  the  nozzles.  When  the  moving  power  is  uniform,  and  the  velocity 
of  the  vanes  remains  the  same,  the  quantity  of  air  discharged  must  also  be  the  same  in  the 
two  cases. 

Two  tuydres,  one  5  inches  in  diameter,  the  other  4),  and  which,  consequently,  pre- 
sented a  total  area  of'  35}  square  inches,  discharged  air  into  one  of  the  furnaces,  from  a 
fkn  whose  vanes  performed  654  turns  in  the  minute.  These  two  nozzles  being  briskly 
withdrawn  from  the  furnace,  and  tamed  round  to  the  free  air,  while  a  truncated  paste- 
board cone  of  3}  inches  diameter  was  substituted  for  the  noazlc  of  4)  inches,  whereby 
the  area  of  efflux  was  reduced  to  29*3  square  inches,  the  velocity  of  the  vanes  continued 
exactly  the  same.  The  inverse  operation  having  been  performed,  that  is  to  say*  the  two 
original  nozzles  having  been  smartly  replaced  in  the  furnace,  to  discover  whether  or  not 
the  moving  power  had  changed  in  the  interval  of  the  experiment,  they  betrayed  no  per- 
ceptible alteration  of  speed.  From  the  measures  taken  to  count  the  speed,  the  error 
could  not  exceed  3  revolutions  per  minute,  which  is  altogether  ummportant  itpoa  tkft 
nomber  654. 
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It  foUom,  therein,  tliat  when  the  vanes  of  the  fan  have  the  velocity  of  6d4  turns  per 
vinvte,  the  expenditore  by  two  nozzJes,  whose  joint  area  is  35)  square  inches,  both 
hlowing  mto  a  furnace)  is  to  the  expenditure  which  takes  place,  when  the  same  nozzles 
blow  into  the  air,  as  35*5  is  to  29-3 ;  that  is,  a  little  more  than  four  fifths. 

If  this  be,  as  is  probable,  a  general  rule  for  areas  and  speeds  considerably  different 
liom  the  above,  to  find  the  quantity  of  air  blown  into  one  or  more  furnaces  by  the  fan, 
we  should  calculate  the  volume  by  one  of  the  above  formulae  (1)  or  (2),  and  take  four  fifths 
of  the  result  as  the  true  quantity. 

The  fan  a  c  here  represented  is  of  the  best  eccentric  form,  as  constructed  by  Messrs. 
Braithwaite  and  Ericsson,  d  is  the  circular  orifice  rouhd  the  axis  by  which  the  air  is 
aidmitted ;  and  c  c  b  is  the  eccentric  channel  through  which  the  air  is  wafted*  towards 
the  main  discharge  pipe  e. 

FOUNTAIN  ;~a  stream  of  water  rising  up  through  the  superficial  strata  of  the  earth. 
See  AjtT^iAN  Wells. 

FOXING  is  a  term  employed  by  brewers  to  characterize  the  souring  of  beer,  in  the 
process  of  its  fermentation  or  ripening. 

FRANKFORT  BL.4CK  is  made  by  calcining  vine  branches,  and  the  other  refuse 
lees  of  the  vinegar  vats  in  Germany.    They  must  be  previously  washed. 

FREEZING.  (Cimgelation,  Fr. ;  Gtfrierung,  Germ.)  The  three  general  forms,  solid, 
liquid,  and  gaseous,  under  one  or  other  of  which  all  kinds  of  matter  exist,  seem  to  be 
immediately  re&rable  to  the  influence  of  heat ;  modifying,  balancing,  or  subduing  the 
attraction  of  cohesion.  Every  solid  may  be  liquefied,  and  every  liquid  may  be  vaporized, 
by  a  certain  infusion  of  caloric,  whether  this  be  regarded  as  a  moving  power  or  an  elas- 
tic essence.  The  converse  of  this  proposition  is  equally  true ;  for  many  gases,  till  lately 
styled  permanent,  may  be  liquefied,  nay,  even  solidified,  by  diminution  of  their  tempera- 
tare,  either  alone,  or  aided  by  a  condensing  force,  to  bring  their  particles  within  the 
sphere  of  aggregative  attraction.  When  a  solid  is  transformed  into  a  liquid,  and  a  liquid 
into  a  gas  or  vapor,  a  quantity  more  or  less  considerable  of  heat  Is  absorbed,  or  becomes 
latent,  to  use  the  term  of  Dr.  Black,  the  celebrated  discoverer  of  this  great  law  of  nature. 
When  the  opposite  transformation  takes  place,  the  heat  absorbed  is  again  emitted,  or 
what  was  latent  becomes  sensible  caloric.  Upon  the  first  principle,  or  the  absorption  of 
beat,  are  founded  the  various  artificial  methods  of  producing  cold  aind  congelation. 

Tables  exhibiting  a  collective  view  of  all  the  Frigorific  Mixtures  contained  in 

Mr.  Walker^  publication,  1808. 

I.— Table  consisting  of  Frigorific  Mixtures,  composed  of  ice,  with  chemical  salts  and 
acids. 

Frigorific  Mixtaret  with  Ic«. 


MTXTUBB3. 

Thermometor  tinlu. 

DegTM  of  cold 
producad. 

Saow,  or  pounded  ice           -    2  parts 
Muriate  of  soda        -           -    1 

3 

1 
1. 

a 

to  — 5^ 

♦ 

Snow,  or  pounded  ice            -    5  parts 
Mniiate  of  soda        -           -    2 
Muriate  of  ammonia  -           -    1 

to— 12»  " 

• 

Snow,  or  pounded  ice            -  24  parts 
Muriate  of  soda        -           -  10 
Muriate  of  ammonia            -    5 
Nitrate  of  potash       -            -    5 

to— 18» 

• 

Snow,  or  pounded  ice           -  12  parts 
Muriate  of  soda       -           •    5i 
Nitrate  oi  ammonia  -           *    5 

10  —  26*' 

• 

Snow             -            -            -    3  parU 
Diluted  snlphnric  acid          -    2 

From  +  32»  to  —  23*» 

65 

',  Snow             •           -           -    8  parts 
Muriatic  acid            -           *    5 

From  -4-  32P  to  —  27* 

59 

Snow             -           -           -    7  parts 
Dilated  nitric  acid    -           7    4 

From  +  3JB»  t<^  30» 

62 

Snow             -            -            -    4  parte 
Muriate  of  lime        -           -    5 

From  +  32P  to  —  40". 

72 

Stao#             -      •  '  '           -    2  pasis 
Cryst.  muriate  of  lime          -    3 

From  +  32*  to  —  60* 

82 

Saow            •>           -           -    3  parts 
Potash          -           -           -    4 

From  +  32»  to  —  61« 

83 

532 
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N.  B. — ^The  reason  for  the  omissions  in  the  last  column  of  the  preceding  table  it,  tlit 
thermometer  sinking  in  these  mixtures  to  the  degree  mentioned  in  the  preMding  oolomB« 
and  never  lower,  whatever  may  be  the  temperature  of  the  materials  at  mixing. 

n. — Table,  consisting  of  Frigorific  Mixtures,  having  the  power  of  generating  or  cre- 
ating cold,  without  the  aid  of  ice,  sufficient  for  all  useful  and  philosophical  purposes,  in 
any  part  of  the  world  at  any  season. 


Frigorific  MiztnrM  without  Ice. 

MIXTURES. 

Thermometer  einki. 

Degree  of  oold 
fModooecL 

Muriate  of  ammonia  - 
Nitrate  of  potash 
Water 

-  6  parts 

-  6 
.  16 

From  +  «P  to  +  10» 

40° 

Muriate  of  ammonia 
Nitrate  of  poUsh      - 
Sulphate  of  soda 
Water 

-  5  pans 

-  5 

-  8 

-  16 

rrom  +  50*»to  +  4* 

46 

Nitrate  of  ammonia  - 
Water 

.    1  part 
.    1 

From  +  60*  to  +  4« 

46 

Nitrate  of  ammonia  - 
Carbonate  of  soda     - 
Water 

-  1  part 

-  1 

-  1 

From  +  60°  to  —  T* 

67 

Sulphate  of  soda 
Diluted  nitric  acid    - 

-    3  parts 
.    2 

From  +  60°  to  —  3» 

63 

Sulphate  of  soda 
Muriate  of  ammonia 
Nitrate  of  potash 
Diluted  nitric  acid    - 

-  6  parts 

-  4 

-  2 

-  4 

From  +  60°  to  —  10° 

60 

Sulphate  of  soda 
Nitrate  of  ammonia  - 
Diluted  nitric  acid    - 

-  6  parts 

-  6 

-  4 

From.+  60°  to  —  14<» 

64 

Phosphate  of  soda     - 
Diluted  nitric  acid    - 

-  9  parts 

-  4 

From  +  60^  to  —  12P 

62 

Phosphate  of  soda     - 
Nitrate  of  ammonia  - 
Dilated  nitric  acid     • 

-  9  parts 

-  6 
.    4 

From  +  60°  to  —  21» 

71 

Sulphate  of  soda 
Muriatic  acid    - 

Sulphate  of  soda 
Diluted  sulphuric  acid 

.    8  parts 
.    6 

From  +  60°  to  0° 

60 

-  5  parts 

-  4 

From  +  60  to  +  3* 

47 

K.  B. — If  the  materials  are  mixed  at  a  warmer  temperature  than  that  expressed  in  the 
table,  the  effect  will  be  proportionably  greater ;  thus,  if  the  most  powerful  of  these 
mixtures  be  made  when  the  air  is  +  85°,  it  will  sink  the  thermometer  to  +  2°. 

III.— Table  consisting  of  Frigorific  Mixtures  selected  from  the  foregoing  Tables,  aid 
combined  so  as  to  increase  or  extend  cold  to  the  extremest  degrees. 

CombinatioBS  of  Fngorific  Mixtaree. 


MIXTURES. 

Thennometer  ainke. 

Degie»of  oeli 

pronQCM* 

Phosphate  of  soda     -           -    6  parts 
Nitrate  of  ammonia  -           -    3 
Diluted  nitric  acid    -           •4 

From  0°  to  —  34° 

S4P 

Phosphate  of  soda     -           -    3  parts 
Nitrate  of  ammonia  -           -    2 
Diluted  mixed  acids  -           -    4 

Prom  —  84°  to  —  60° 

16 

Snow            -           -           -    3  parts 
Diluted  nitric  acid    -           •    2 

From  0°  to  —  46° 

46 

FUEL. 
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MIXTURES. 

ThftnnomeUr  nnJui. 

"D^g.  of  ookl 
prodoced. 

Snow           -        - 
Diluted  sulphuric  acid 
Diluted  nitric  acid 

•    Sparu 
-    3 
.    3 

From  —  10*  to  —  56* 

46 

Snow  -        -        -        - 
Diluted  sulphuric  acid  • 

•     1  part 
-     1 

Prom  —  20"  to  —  60* 

40 

Snow  -        -        -        - 
Muriate  of  lime   • 

-  3  parU 

-  4 

From  +  20®  to  —  48* 

68 

1    Snow  -        -        -        - 

;    Muriate  of  lime  - 

-    3  parts 
.    4 

From  +  10»  to  —  54° 

64 

1    Snow  .... 
1    Muriate  of  lime  • 

-  2  parts 

-  3 

From  —  15*»  to  —  68° 

53 

'    Snow  .        -        -        - 
Cryst.  muriate  of  lime  - 

-  1  part 

-  2 

From  0*  to  —  66° 

66 

Snow  -        -        -        - 
Cryst.  muriate  of  lime  - 

-  1  part 

-  3 

15'rom  — 40°to— 73° 

33 

Snow  -        -        -        - 
Diluted  sulphuric  acid  - 

-  8  parts 

-  10 

From  — 68°  to  — 91° 

23 

N.  B. — ^The  materials  in  the  first  column  are  to  be  cooled,  previously  to  mixing,  to  the 
temperature  required,  by  mixtures  taken  from  either  of  the  preceding  tables. 

Waler  absorbs  1000  degrees  of  heat  in  becoming  vapor;  whence,  if  placed  in  a  saucer 
within  an  exhausted  receiver,  over  a  basin  containins:  strong  sulphuric  acid,  it  will  freeze 
by  the  rapid  absorption  of  its  heat  into  the  vapor  so  copiously  formed  under  these  circum- 
atanees. 

But  the  most  powerful  means  of  artificial  refrigeration  is  afforded  by  the  evaporation 
of  liquefied  carbonic  acid  gas;  for  the  frozen  carbonic  acid  thus  obtained  has  probably  a 
temperatare  100^  under  zero ;  so  that  when  a  piece  of  it  is  laid  upon  quicksilver,  it  in- 
stantly congeals  this  metal.  The  more  copious  discussion  of  this  subject  ticlongs  to 
chemical  science. 

FRENCH  BERRIES;  Berries  of  Avismon. 

FRICTION,  counteraction  of;  see  Lubrication. 

FRIT ;  see  Ekamcl  and  Glass. 

FUEL  (ComhnstibU^  Fr. ;  Brtnruioff,  Germ.). 

Such  combustibles  as  are  used  for  nres  or  furnaces  are  called  fuel,  as  wood,  turf,  pit^ 
coal.    These  differ  in  their  nature  and  in  their  power  of  giving  heat. 

L  Wood,  which  is  divided  into  hard  and  soA.  To  the  former  belong  the  oak,  the 
beech,  the  alder,  the  birch,  and  the  elm ;  to  the  latter,  the  fir,  the  pine  of  dififerent  sorts, 
the  larch,  the  linden,  the  willow,  and  the  poplar. 

Under  like  dryness  and  weight  different  woods  are  found  to  afford  equal  decrees  of| 
heat  in  combustion.  Moisture  diminishes  the  heating  power  in  three  ways ;  by  diminish* 
ing  the  relative  wei?ht  of  the  ligneous  matter,  by  wasting  heat  in  its  evaporation,  and 
by  causing  slow  and  imperfect  combustion.  If  a  piece  of  wood  contain,  for  example,  25 
per  cent,  of  water,  then  it  contains  only  75  per  cent,  of  fuel,  and  the  evaporation  of  that 
water  will  require  -L  part  of  the  weight  of  the  wood.  Hence  the  damp  wood  is  of  less 
value  in  combustion  by  ^  or  |^  than  the  dry.  The  quantity  of  moisture  in  newly  felled 
wood  amounts  to  from  20  to  50  per  cent.  ;  birch  contains  30,  oak  35,  beech  and  pine  39, 
alder  41,  fir  45.  According  to  their  different  natures,  woods  which  have  been  felled  and 
cleft  for  12  months  contain  still  from  20  to  25  per  cent,  of  water.  There  is  never  less 
than  10  per  cent,  present,  even  when  it  has  been  kept  long  in  a  dry  place,  and  though  it 
be  dried  in  a  strong  heat,  it  will  aAerwards  absorb  10  or  12  per  cent,  of  water.  If  it  be 
too  strongly  kiln  dried,  its  heating  powers  are  impaired  by  the  commencement  of  carbon- 
ization,  as  if  some  of  its  hydrogen  were  destroyed.  It  may  be  assumed  as  a  mean  of 
many  experimental  results,  that  1  pound  of  artificially  dried  wood  will  heat  35  pounds 
of  water  from  the  freezing  to  the  boiling  point ;  and  that  a  pound  of  such  wood  as  con- 
tains from  20  to  25  per  cent,  of  water  will  heat  26  pounds  of  ice-cold  water  to  the  same 
degree.  It  is  belter  to  buy  wood  by  measure  than  by  weight,  as  the  bulk  is  very  little 
increased  by  moisture.  The  value  of  different  woods  for  fuel  is  inversely  as  their  mois- 
ture, and  this  may  easily  be  ascertained  by  taking  their  shavings,  drying  them  in  a  heat 
of  140^  F.,  and  seeing  how  much  weight  they  lose. 

From  every  combustible  the  heat  is  diffused  either  by  radiation  or  by  direct  commnniP 
cation  to  bodies  in  contact  with  the  flame.  In  a  wood  fire  the  quantity  of  radiating  heat 
if  to  that  diffused  by  the  air  as  1  to  3 ;  or  it  is  one  fourth  of  the  whole  heating  power 
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n.  Charcoal.  The  different  chfluneoals  afford,  under  equal  we^hts,  equal  quantiliei  Of 
heat.  We  may  reckon,  upon  an  average,  that  a  pound  of  dry  charcoal  is  capable  cf 
heating  73  pounds  of  water  from  the  freezing  to  the  boiling  point;  but  when  it  has  been 
for  some  time  exposed  to  the  air,  it  contains  at  least  10  per  cent,  of  water,  which  is  par- 
tially decomposed  in  the  combustion  into  carbureted  hydrogen,  which  causes  flame) 
whereas  pure  dry  charcoal  emits  none. 

A  cubic  foot  of  charcoal  from  sofl  wood  weighs,  upon  an  average,  flx)m  8  to  9  pounds, 
and  from  hard  wood  12  lo  13  pounds ;  and  hence  the  latter  are  best  adapted  to  maintain 
a  high  heal  in  a  small  compass.  The  rieuliating  heat  from  charcoal  iires  constitutes  one 
third  of  the  whole  emitted. 

III.  Pitcoal,  The  varieties  of  this  coal  are  almost  indefinite,  and  give  out  very  va- 
rious quantities  of  heat  in  their  combustion.  The  carbon  is  the  heat-giving  constituent, 
and  it  amount?,  in  different  coals,  to  from  75  to  95  per  cent.  One  pound  of  good  pitcoal 
will,  upon  an  average,  heat  60  pounds  of  water  from  the  freezing  to  the  boiling  point. 
Small  coal  gives  out  three  fourths  of  the  heat  of  the  larger  lumps.  The  radiating  heat 
emitted  by  burning  pitcoal  is  greater  than  that  by  charcoal. 

IV.  The  coke  of  pitcoal. — The  heating  power  of  good  coke  is  to  that  of  pitcoal  as  75 
to  69.  One  pound  of  the  former  will  heat  65  pounds  of  Water  from  32P  to  2I2P ;  so  that 
its  power  is  equal  to  nioe  tenths  of  that  of  wood  charcoal. 

v.  Turf  or  peat. — One  pound  of  this  fuel  will  heat  from  25  to  30  pounds  of  water 
from  freezing  to  boiling.  Its  value  depends  upon  its  compactness  and  freedom  from 
earthy  particles;  and  its  radiating  power  is  to  the  whole  heat  it  emits  in  burning  as  1  to  3. 

TI.  Carbureted  hydrogen  or  coal  gas. — One  pound  of  this  gas,  equal  to  about  24  cubic 
feet,  disengages,  in  burning,  as  much  heat  as  will  raise  76  pounds  of  water  from  the 
freezing  to  the  boiling  temperature. 

In  the  following  table  the  fourth  column  contains  the  weight  of  atmospherical  air, 
whose  oxygen  is  required  for  the  complete  combustion  of  a  pound  of  each  particular 
substance. 


--i 

Piiiindi  of  waiiir 

Puundi  of  boiling 

Weight  of  atituwplMhtt 

specie*  of  nonbystib'e. 

which  a  poaod  can 

wHter  eTaporated  by 

air  at  3S9,  to  bam 

heut  from  0^  lo  913°. 

1  poaitd. 

I  pound. 

Perfectly  dry  wood 

35  00 

6-36 

5-96 

Wood  in  its  ordinary  state 

26-00 

4-72 

4-47 

Wood  charcoal     - 

7300 

13-27 

11-46 

Pitcoal     ... 

6000 

10-90 

9-26 

Coke 

65-00 

11-81 

11-46 

Turf 

30-00 

6-45 

4-60 

Turf  charcoal 

6400 

11-63 

9-86 

Carbureted  hydrogen  gas  - 

76-00 

13-81 

14-58 

Oil          ) 

Wax       } 

78-00 

14-18 

15-00 

Tallow    ) 

Alcohol  of  the  shops 

52-60 

9-56 

11-60 

The  quantity  of  air  stated  in  the  fourth  column  is  the  smallest  possible  required  tc 
burn  the  combustible,  and  is  greatly  less  than  would  be  necessary  in  practice,  where 
much  of  the  air  never  comes  into  contact  with  the  burning  body,  and  where  it  conse- 
quently never  has  its  whole  oxygen  consumed.  The  heating  power  stated  in  the  second 
column  is  also  the  maximum  effect,  and  can  seldom  be  realized  with  ordinary  boilers. 
The  draught  of  air  usually  carries  off  at  least  1  of  the  heat,  and  more  if  its  tempera- 
ture be  very  high  when  it  leaves  the  vessel.  In  this  case  it  may  amount  to  one  half 
of  the  whole  heat  or  more;  without  reckoning  the  loss  by  radiation  and  conduction, 
which,  however,  may  be  rendered  very  small  by  enclosing  the  fire  and  flues  within  pro- 
per non-conducting  and  non-radiating  materials. 

It  appears  that,  in  practice,  the  quantity  of  heat  which  may  be  obtained  IVom  any  com- 
bustible in  a  properly  mounted  apparatus  must  vary  with  the  nature  of  the  object  to  be 
heated.  In  heating  chambers  by  stoves,  and  water  boilers  by  furnaces,  the  efiiuent  heat 
in  the  chimney  which  constitutes  the  principal  waste  may  be  reduced  to  a  very  moderate 
quantity,  in  comparison  of  that  which  escapes  from  the  best  constructed  reverberatory 
hearth.  Tn  heating  the  boilers  of  steam  engines,  one  pound  of  coal  is  reckoned  adequate 
to  convert  7|  pounds  of  boiling  water  into  vapor;  or  to  heat  41}  pounds  of  water  from 
the  freezing  to  the  boiling  point.  One  pound  of  fir  of  th6  usual  dryness  will  evaporate 
4  pounds  of  water,  or  heat  22  pounds  to  the  boiling  temperature;  which  is  about  two 
thirds  of  the  maximum  effect  of  this  combustible.  According  to  Watt's  experiments  upon 
the  great  scale,  one  pound  of  coal  can  boil  off,  with  the  best  built  boiler,  9  pounds  (A 
water ;  the  deficiency  from  the  maximum  effect  being  here  i^,  or  nearly  one  sixth. 

In  many  cases,  the  hot  air  which  passes  into  the  flues  or  chimneys  may  be  ben^ 
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fidftUf  applied  to  the  hecting,  drying,  or  roasting  of  objects;  but  eare  ought  to  be  taken- 
that  the  dranght  of  the  fire  be  not  thereby  impaired,  and  aa  imperfect  combustion  of  the 
fael  produced.  For  at  a  low  smothering  temperature  both  carbonic  oxyde  and  carburet* 
ed  hydrogen  may  be  generated  from  coal,  without  the  production  of  much  heat  in  the 
lire-place.   .  .  ^ 

To  determine  exactly  the  quantity  of  heat  disengaced  by  any  combustible  in  the  act 
of  barniagy  three  different  systems  of,  apparatus  have  been  employed :  1.  the  calorimeter 
of  Lavoisier  and  Laplace,  in  which  the  snhstance  is  burned  in  the  centreof  a  vessel,  whone 
walls  are  lined  with  ice ;  and  the  amount  of  ice  melted,  measures  the  heat  evolved ;  2.  the 
calorimeter  of  Walt  and  Ruroford,  in  which  the  degree  of  heal  communicated  to  a  given 
body  of  water  affords  the  measure  of  temperature  j  and  3.  by  the  quantity  of  water  evap- 
orated by  different  kinds  of  fuel  in  similar  circumstances. 

If  our  object  be  to  ascertain  the  relative  heating  powers  of  different  kinds  of  fnel,  we 
need  not  care  so  much  about  the  total  waste  of  heat  in  the  experiments,  provided  it  be 
the  same  in  aii;  and  therefore  they  should  be  burned  in  the  same  furnace,  and  in  the 
same  way.    But  the  more  economically  the  beat  is  applied,  the  greater  certainty  wiQ 

there  be  in  the  results.  The  apparatus  jSg.  480, 
is  simple  and  well  adapted  to  make  such  com- 
parative trials  of  fuel.  The  little  furnace  is 
covered  at  top,  and  transmits  its  burned  air  by  e, 
through  a  spiral  tube  immersed  in  a  cistern  of 
water,  having  a  thermometer  inserted  near  its 
top,  and  another  near  its  bottom,  into  little  side 
orifices  a  a,  while  the  effluent  air  escapes  from  the 
upright  end  of  the  tube  b.  Here  als<r  a  ther- 
mometer bulb  may  be  placed.  The  average  in- 
dication of  the  two  thermometers  gives  the  mean 
temperature  of  the  water.  As  the  water  evapo« 
rales  from  the  cistern,  it  is  supplied  from  a  vessel ' 
placed  alongside  of  it.  The  experiment  should  be 
begun  when  the  furnace  has  acquired  an  equa- 
bility of  temperainre.  A  throttle  valve  at  c  serves  to  regulate  the  drausrht,  and  to 
equalize  it  in  the  different  experiments  by  means  of  the  temperature  of  the  effluent 
air.  When  the  water  has  been  heated  the  given  number  of  degrees,  which  shonhl  be 
the  same  in  the  different  experiments,  the  fire  may  be  extinguished,  the  remaining  fnel 
weighed,  and  compared  with  the  original  quantity.  Care  should  be  taken  to  make  the 
combustion  as  vivid  and  free  from  smoke  as  possible. 

FULGURATION  designates  the  sudden  briehtening  of  the  melted  gold  and  silver 
ia  the  cupel  of  the  assayer,  when  the  last  film  of  vitreous  lead  and  copper  leaves  their 
surface. 

FULLER'S  EARTH  {Tern  a  foulon,  JSrgih  Snmctiquey  Fr. ;  Wdkererde,  Germ.) 
IS  a  soft,  friable,  coarse  or  fine  srained  mass  of  lilhomarge  clay.  Its  color  is  green- 
ish, or  yellowish  gray ;  it  is  dull,  but  assumes  a  fatty  lustre  upon  pressure  with  the 
fingers,  feels  unctuous,  does  not  adhere  to  the  tongue,  and  has  a  specific  gravity  varying 
from  1-82  to  2*19.  It  falls  down  readily  in  water,  into  a  fine  powder,  with  extrication 
of  air  bubbles,  and  forms  a  non-plastic  paste.  It  melts  at  a  high  heat  into  a  brown 
slaz.  lis  constituents  are  53*0  silica;  lO'O  alumina;  9*75  red  oxyde  of  iron;  1*25 
magne^iR;  0*5  lime;  24  water,  with  a  trace  of  potash.  Its  cleansing  action  upon  wool- 
len stofls  depends  upon  its  power  of  absorbim?  greasy  matters.  It  should  be  neither  te- 
nacious nor  sandy;  fur  in  the  first  case,  it  would  not  diffuse  itself  well  through  water, 
and  in  the  $«cond  it  would  abrade  the  cloth  too  much.  The  finely  divided  silica  is  one 
of  its  a5f>ful  insredients. 

Fuller's  earth  is  found  in  several  counties  of  England ;  but  in  greatest  abundance  in 
Bedfard:ihire,  Berkshire,  Hampshire,  and  Surry. 

In  the  county  of  Surry  there  are  great  quantities  of  fuller's  earth  found  abont  Nut- 
fieM,  Ryegate,  and  Blechingley,  to  the  south  of  the  Downs,  and  some,  but  of  inferior 
quality,  near  Sutton  and  Croydon,  to  the  north  of  them:  The  most  considerable  pits 
are  near  Nutfield,  between  which  place  and  Ryegate,  particularly  on  Redhill,  about  a 
miie  to  the  east  of  Ryegate,  it  lies  so  near  the  surface  as  frequently  to  be  turned  up  by 
the  wheels  of  the  wagons.  The  fuller's  earth  to  the  north  of  the  road  between  Red- 
hill  and  Nutfield,  and  about  a  quarter  of  a  mile  from  the  tatter  place,  is  very  thin;  the 
seam  in  general  is  thickest  on  the  swell  of  the  hill  to  the  south  of  the  road.  It  is  not 
known  how  long  this  earth  has  been  dug  in  Surry ;  the  oldest  pit  now  wrought  is  said 
to  have  lasted  between  50  and  60  years,  but  it  is  fast  wearing  out.  The  seam  of  fuller's 
earth  dips  in  different  directions.  In  one,  if  not  in  more  cases,  it  inclines  to  the  west 
with  a  considerable  Ungle.  There  are  two  kinds  of  it,  the  blue  and  the  yellow ;  the 
ibrmer,  on  the  easteni  side  of  the  pit,  is  frequently  within  a  yaid  of  the  surface,  being 
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covered  merely  with  the  soil— a  tough,  wet,  clayey  loam.  A  few  yards  to  the  west, 
the  blue  kind  appears  with  an  irony  sand-stone,  of  nearly  two  yards  in  thickness,  between 
it  and  the  soil.  The  blue  earth  in  this  pit  is  nearly  16  feet  deep.  In  some  plaees  the 
yellow  kind  is  found  lying  upon  the  blue  i  there  seems,  indeed,  to  be  no  regularity  either 
in  the  position  or  inclination  of  the  strata  where  the  fuller's  earth  is  found,  nor  any  mark 
by  which  its  presence  could  be  detected.  It  seems  rather  thrown  in  patches  than  laid  in 
any  continued  or  regular  vein.  In  the  mkist  of  the  fuller *s  earth  are  often  found  large 
pieces  of  stone  of  a  yellow  color,  translucent  and  remarkably  heavy,  which  hare  been 
found  to  be  sulphate  of  barytes,  encrusted  with  quartzose  crystals.  These  are  carefully 
removed  from  the  fuller's  earth,  as  the  workmen  say  they  oflen  spoil  many  tons  of  it 
which  lie  about  them.  There  is  also  found  with  the  yellow  fuller*s  earth  a  dark  brown 
crust,  which  the  workmen  consider  as  Injurious  also.  In  Surry  the  price  of  fuller's  earth 
seems  to  have  varied  very  little,  at  least  for  these  last  80  years.  In  1730,  the  price  at 
the  pit' was  6d,  a  sack,  and  6s,  per  load  or  ton.  In  1744,  it  was  nearly  the  same.  It  is 
carried  in  waeons,  each  drawing  from  three  to  four  tons,  to  the  beginning  of  the  iron 
railway  near  tVestham,  along  which  it  is  taken  to  the  banks  of  the  Thames,  where  it  is 
sold  at  the  different  wharves  for  about  25«.  or  26«.  per  ton.  It  is  then  shipped  off  either 
to  the  north  or  west  of  England. 

The  next  characteristic  stratum,  owing  to  its  farming  a  ridge  of  conspicuous  hills  through 
the  country,  is  the  Woburn  land,  a  thick  ferruginous  stratum,  which  below  its  middle  con- 
tains a  stratum  of  fuller's  earth.    This  is  thicker  and  more  pure  in  Aspley  and  Hogstye- 
end,  two  miles  north-west  of  Woburn,  than  in  any  known  place. 
Fuller's  earth  is  found  at  Tillington,  and  consumed  in  the  neighboring  fulling  mills. 
Mode  of  preparing  fuller's  earth : — 

After  baking  it  is  thrown  into  cold  water,  where  it  falls  into  powder,  and  the  separ- 
ation of  the  coarse  from  the  fine  is  effectually  accomplished,  by  a  simple  method  used  in 
the  dry  color  manufactories,  called  washing  over.  It  is  done  in  the  following  manner: 
Three  or  four  tubs  are  connected  on  a  line  by  spouts  from  their  tops ;  in  the  first  the 
earth  is  beat  and  stirred,  and  the  water,  which  is  continually  running  from  the  first  to 
the  last  through  intermediate  ones,  carries  with  it  and  deposiles  the  fine  whilst  the  coarse 
settles  in  the  first.  The  advantages  to  be  derived  from  this  operation  are,  that  the  two 
kinds  will  be  much  fitter  for  their  respective  purposes  of  cleansing  coarse  or  fine  doth ; 
for  without  baking  the  earth  they  would  be  unfit,  as  before  noticed,  to  incorporate  so 
minutely  with  the  water  in  its  native  state ;  it  would  neither  so  readily  fall  down,  nor  so 
easily  be  divided  into  different  qualities,  without  the  process  of  washing  over.  When  fuel 
is  scarce  for  baking  the  earth,  it  is  broken  into  pieces  of  the  same  size,  as  mentioned 
above,  and  then  exposed  to  the  heat  of  the  son. 

The  various  uses  of  fuller's  "Barth  may  be  shortly  explained.  According  to  the  above 
method,  the  coarse  and  fine  of  one  pit  being  separated,  the  first  is  used  for  cloths  of 
an  inferior,  and  the  second  for  those  of  a  superior  quality.  The  yellow  and  the  blue 
earths  of  Surry  are  of  different  qualities  naturally,  and  are,  like  the  above,  obtained  arti- 
ficially, and  used  for  different  purposes.  The  former,  which  is  deemed  the  best,  it 
employed  in  fulling  the  kerseymeres  and  finer  cloths  of  Wiltshire  and  Gloucestershire, 
whilst  the  blue  is  principally  sent  into  Yorkshire  for  the  coarser  cloths.  Its  effect  on 
these  cloths  is  owing  to  the  affinity  which  alumine  has  for  greasy  substances;  it  unites 
readily  with  them,  and  forms  combinations  which  easily  attach  themselves  to  different 
stuffs,  and  thereby  serve  the  purpose  of  mordants  in  some  measure.  The  fullers  generally 
apply  it  before  they  use  the  soap. 
FULLING;  for  the  theory  of  the  process,  see  Felting  and  Wool. 
FULLING  MILL.    Willan  and  Ogle  obtained  a  patent  in  1825  for  improved  ful- 

480*  ling  machinery,  designed  to  act  in  a  sim- 

ilar way  to  the  ordinary  stocks,  in  which 
cloths  are  beaten,  for  the  purpose  of  wash- 
ing and  thickening  them ;  but  the  standard 
and  the  bed  of  the  stocks  are  made  of  iron 
instead  of  wood  as  heretofore ;  and  a  steam 
vessel  is  placed  under  the  bed,  for  heating 
the  cloths  during  the  operation  of  fulling ; 
whereby  their  appearance  is  said  to  be  great- 
ly improved. 

Fig.  480*  is  a  section  of  the  fulling 
machine  or  stocks ;  a  is  a  cast-iron  pillar, 
made  hollow  for  the  sake  of  lightness ;  b 
is  the  bed  of  the  stocks,  made  also  of  iron, 
and  polished  smooth,  the  side  of  the  stock  • 
being  removed  to  show  the  interior ;  c  is 
the  lever  that  carries  the  beater  d.  The 
cloths  are  to  be  placed  on  the  bed  6,  a 
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tettom,  and  water  allowed  to  paw  throufh  the  stock,  when  by  the  repeated  blows  of  the 
beater  dy  -which  is  raiaed  and  let  fall  ia  the  asual  way,  Ihe  cloths  are  beaten,  and  become 
cleansed  and  foiled. 

A  part  of  the  bed  at  t,  is  made  hollow,  for  the  purpose  of  forming  a  steam  box,  into 
which  steam  from  a  boiler  is  introduced  by  a  pipe  with  a  8top<coek.  This  steam  heats 
the  bed  of  the  stock,  and  greatly  facilitates,  as  well  as  improves  the  process  of  cleansing 
and  falling  the  cloths. 

The  smoothness  of  the  sorfaee  of  the  polished  metal,  of  which  the  bed  of  the  stock  it 
oonstitnted,  is  said  to  be  very  mach  preferable  to  the  roughness  of  the  surface  of  wood 
of  which  ordinary  fullinsr  stocks  are  made,  as  by  these  iron  stocks  less  of  the  nap  or  felt 
of  the  cloth  is  removed,  and  its  appearance  when  finished  is  very  much  superior  to  cloths 
foiled  in  ordinary  stocks. 

la  the  operation  of  fttUing,  the  cloths  are  turned  oyer  on  the  bed,  by  the  falling  of  the 
beaters,  bat  this  torning  over  of  the  cloths  will  depend  in  a  great  measure  upon  the  form 
of  the  front  or  breast  of  the  stock.  In  these  improved  stocks,  therefore,  there  is  a  con- 
trivance by  which  the  form  of  the  front  may  be  varied  at  pleasure,  in  order  to  suit  dotha 
of  different  qualities ;  /,  is  a  moveable  curved  plate,  constituting  the  front  of  the  stock ; 
its  kiwer  part  is  a  cylindrical  rod,  extending  along  the  entire  width  of  the  bed,  and  being 
fitted  into  a  recesa,  forms  a  hinge  joint  npon  which  the  curved  plate  moves ;  g,  is  a  rod 
attached  to  the  back  of  the  curved  plate  /,  with  a  screw  thread  upon  it ;  this  rod  passes 
through  a  not  A,  and  by  turning  this  nut,  the  rod  is  moved  backward  or  forward,  and  con- 
sequently the  position  of  the  curved  plate  altered. 

The  not  A,  is  a  wheel  with  teeth,  taking  into  two  other  similar  toothed  wheels,  one  on 
each  side  of  it,  which  are  likewise  the  nuts  of  similar  rods  jointed  to  the  back  of  the 
carved  (date  /;  by  turning  the  central  wheel,  therefore,  which  may  be  done  by  a  winch, 
the  other  two  wheels  are  turned' also,  and  the  curved  plate  moved  backward  of  forward. 
At  the  npper  part  of  the  plate  there  are  pins  passing  through  curved  slots,  which  act  as 
gaides  when  the  plate  is  moved. 

The  patentees  state  in  conclusion,  that  steam  has  been  employed  before  for  heating 
doths  while  falling  them,  they  therefore  do  not  exclusively  claim  its  use,  except  in  the 
particnlar  way  described ;  the  advantages  arising  from  the  construction  of  iron  stocks, 
with  polished  surfaces  in  place  of  wooden  ones,  together  with  the  moveable  curved  plates 
described,  are  in  their  opinion  *'  sufficiently  important  to  constitute  a  patent  right.'* 

FULMINATES,  or  fulminaiing  powdert.  Of  these  explosive  compounds,  there  are 
leveral  species ;  such  as  fulminating  gold,  mercury,  platinum,  silver ;  besides  the  old 
fosible  mixture  of  nitre,  sulphur,  and  potash*  The  only  kind  at  all  interesting  in  a  man- 
ufacturing point  of  view  is  the  fulminate  of  mercury,  now  so  extensively  used  as  a  pn- 
miog  to  the  caps  of  percussion  locks.  Having  published  a  paper  in  the  Journal  of  the 
Royal  lastitolion  for  1831,  upon  gunpowder  (see  Gukpowdbr),  the  result  of  an  elaborate 
suite  of  experiments  I  was  soon  afterwards  requested  by  the  Hon.  the  Board  of  Ordnance 
to  make  such  researches  as  would  enable  me  to  answer,  in  a  satisfactory  practical  manner, 
a  series  of  questions  upon  fulminating  powders,  subservient  to  the  future  introduction  of 
pereussion  muskets  into  the  British  army.  The  following  is  a  verbatim  copy  of  my  re- 
port upon  the  subject : — 

To  the  Secretary  of  the  Board  of  OrdnaTice, 

"  Sta, — ^I  have  the  honor  of  informing  you,  for  the  instruction  of  the  Honorable  the 
Master  General  and  the  Board  of  Ordnance,  that  the  researches  on  fulminating  mercury, 
which  I  undertook  by  their  desire,  have  been  brought  to  a  satisfactory  conclusion,  after 
a  numerous,  diversified,  and  somewhat  hazardous  series  of  experiments.  The  following 
are  the  questions  submitted  to  me,  with  their  respective  answers : — 

Qtustion  I.  What  proportions  of  merieury,  with  nitric  acid  and  alcohol  of  certain 
strengths,  will  yield  the  greatest  quantity  of  pure  fulminate  of  mercury  ? 

jinfwer.  One  hundred  parts,  by  weight,  of  mercury,  must  be  dissolved  with  a  gentle 
heat,  in  1000  parts  (also  by  weight)  of  nitric  acid,  spec.  gr.  1*4;  and  this  solution,  at 
the  temperature  of  about  130°  Fahr.,  must  be  poured  into  §30  parts  by  weight  of  alcohol, 
spec  gr.  0-330.— iVb/e.  830  parts  of  such  alcohol,  by  weight,  constitute  1000  by  measure ; 
sind  1000  parts  of  such  nitric  acid,  by  weight,  constitute  740  by  measure.  Hence,  in 
round  nambers,  one  ounce  weight  of  quicksilver  must  be  dissolved  in  7|  oz.  measures  of 
the  above  designated  nitric  acid,  and  the  resulting  solution  must  he  poured  into  10  os. 
measures  of  the  said  alcohol. 

Qjiittitm  2.  What  is  the  most  economical  and  safe  process  for  conducting  the  manipu- 
lation, either  as  regards  the  loss  of  nitrous  gas  and  residuum,  or  as  respects  danger  to 
the  operator ;  also,  what  is  the  readiest  and  safest  mode  of  mixing  the  fulminate  inti«> 
Datelf  with  its  due  proportions  of  common  gunpowder. 

Mtwer.  The  mercury  should  be  dissolved  in  the  acid  in  a  glass  retort,  the  beak  of 
which  is  loosely  inserted  into  a  large  balloon  or  bottle  of  glass  or  earthenware,  whereby 
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the  offensive  fumes  of  the  nitroiM  gas  disengaged  doriag  the  solation,  are,  in  a  eouider 
aUe  measure,  condensed  into  liquid  acid,  which  should  be  returned  into  the  retort.  As 
soon  as  the  mercury  is  all  dissolved,  and  the  solution  has  acquired  the  prescribed  tem« 
perature  of  about  130°,  it  should  be  slowly  pouredj  through  a  glass  or  porcelain  funnel, 
into  the  alcohol  contained  in  a  glass  matrass  or  bottle  capable  of  holding  fully  6  times 
the  bulk  of  the  mixed  liquids.  In  a  few  minutes  bubbles  of  gas  will  proceed  from  the 
bottom  of  the  liquid;  these  will  gradually  increase  in  number  and  magnitude  till  a  gen* 
eral  fermentative  commotion,  of  a  very  active  kind,  is  generated,  and  the  mixture  assumes 
a  somewhat  frothy  appearance.  A  white  voluminous  gas  now  issues  from  the  orifice  of 
the  matrass,  w-hich  is  very  combustible,  and  roust  be  suffered  to  escape  freely  inte  the 
air,  at  a  distance  from  any  flame.  These  fumes  consist  of  an  ethereons  gas,  holding 
mercury  in  suspension  or  combination.  I  have  made  many  experiments  with  the  view 
of  condensing  this  gas,  or,  at  least,  the  mercury,  but  with  manifest  disadvantage  to  the 
perfection  of  the  process  of  producing  fulminate.  When  the  said  gas  is  transmitted, 
through  a  glass  tube,  into  a  watery  solution  of  carbonate  of  soda,  a  little  otyde  of 
mercury  is,  no  doubt,  recovered  {  but  the  pressure  on  the  fermentative  mixture,  though 
slight,  necessary  to  the  displacement  of  the  soda  solution,  seems  to  obstruct  or  impair 
the  generation  of  the  fulminate ;  this  effect  is  chiefly  injurious  towards  the  end  of  the 
operation,  when  the  gaseous  fumes  are  strongly  impregnated  with  nitrous  gas.  Whea 
this  is  not  allowed  freely  to  come  off,  a  portion  of  subnitrate  or  nitrate  of  mercury  is  apt 
to  be  formed,  to  the  injury  of  the  general  process  and  the  product. 

As  soon  as  the  effervescence  and  concomitant  emission  of  gas  are  observed  to  eease, 
the  contents  of  the  matrass  should  be  turned  out  upon  a  paper  double -filter,  fitted  into  a 
glass  or  porcelain  funnel,  and  washed  by  the  affusion  of  cold  water  till  the  drainings  no 
longer  redden  litmus  paper.  The  powder  adhering  to  the  matrass  should  be  washed  oat 
and  thrown  on  the  filter  by  the  help  of  a  little  water.  Whenever  the  filter  is  thoroughly 
drained,  it  is  to  be  liAed  out  of  the  funnel,  and  opened  out  on  plated  copper  or  stone 
ware,  heated  to  212°  Fahr.  by  steam  or  hot  water.  The  Ailminate,  being  thus  dried,  is  to 
be  put  up  in  paper  parcels  of  about  100  grains  each  ;  the  whole  of  which  may  be  after- 
wards packed  away  in  a  light  box,  or  a  bottle  with  a  cork  stopper.  The  exeellenoe  of 
the  fulminate  may  be  ascertained  by  the  following  characters.  It  consists  of  brownish- 
gray  small  crystals  which  sparkle  in  the  sun,  are  transparent  when  applied  to  a  slip  of 
glass  with  a  drop  of  water,  and  viewed  by  transmitted  light.  These  minute  spangles 
are  entirely  soluble  in  130  times  their  weight  of  boiling  water ;  that  is  to  say,  an  imperial 
pint  of  boiling  water  will  dissolve  67  grs.  of  pure  fulminate.  Whatever  remains  indicates 
impurity.  From  that  solution  beautiful  pearly  spangles  of  fulminate  fall  down  as  the 
liquid  cools. 

It  may  now  be  proper  to  show  within  what  nice  and  narrow  limits  the  best  proportions 
of  the  ingredients  used  in  making  the  fulminate  of  mercuty  lie.  The  following  an 
selected  from  among  mauy  experiments  instituted  to  determine  that  point,  as  well  as  the 
most  economical  process. 

1.  According  to  the  formula  giren  by  the  celebrated  chemist  Berselius,  in  the  4lh 
vol.  of  his'^Traite  de  Chimie,"  recently  published  < p.  383),  the  mercury  should  be 
dissolved  in  12  times  its  weight  of  nitric  acid,  sp.  gr.  1*375 1  and  alcohol  of  sp.  gr« 
0*8.50,  amounting  to  16 '3  times  the  weight  of  the  mercury,  should  be  poured  at  inter- 
vals into  the  nitric  solution.  The  mixture  is  then  to  be  healed  till  effervescence  with  tbe 
characteristic  cloud  of  gas  appears.  On  the  action  becoming  violent,  alcohol  is  to  be 
poured  in  from  time  to  time  to  repress  it,  till  additional  16.3  parts  have  been  em- 
ployed. 

On  this  process  I  may  remaric,  that  it  is  expensive,  troublesome,  dangerous,  and  un- 
productive of  genuine  pure  fulminate.  One  fifth  more  nitric  acid  is  expended  very 
nearly  than  what  is  necessary,  and  almost  four  limes  the  weight  of  alcohol  which  is 
beneficial.  Of  alcohol  at  0*88,  8-3  parts  by  weieht  are  suflScient ;  whereas  Berzdius 
prescribes  nearly  4  times  this  quantity  in  weight,  though  the  alcohol  is  somewhat  weaker, 
being  of  sp.  gr.  0*850.  By  using  such  an  excess  of  alcohol,  much  of  the  fulminate  is 
apt  to  be  revived  into  globules  of  quicksilver  at  the  end  of  the  process,  as  I  showed 
in  my  paper  on  this  subject  published  in  the  Journal  of  the  Royal  Institution  two  3rearB 
ago.  There  is  no  little  hazard  in  pouring  the  alcohol  into  the  nitric  solution  ;  for  at 
each  affusion  an  explosive  blast  takes  place,  whereas  by  pouring  the  solution  into  the 
alcohol,  as  oiiginally  enjoined  by  the  Hon.  Mr.  Howard,  the  inventor  of  the  process,  no 
danger  whatever  is  incurred.  100  parts  of  mercury  treated  in  the  way  recommended 
by  Berzelius  afforded  me  only  112  parts  of  fhhninate,  instead  of  the  130  obtained  by  my 
much  more  economical  and  safe  proportions  and  process  from  the  same  weight  of  quick- 
silver. 

2.  If  10  parts  of  nitric  acid  of  sp.  gr.  1*375  be  used  for  dissolving  1  of  quicksilver, 
and  ]S  14  parts  of  alcohol  of  sp.  gr.  0«85  be  thereaAer  mixed  with  the  soluUon,  the  pro- 
duct of  such  proportions  will  either  be  not  granular,  and  therefore  not  fulminating,  or 
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it  wiB  be  partially  grftnnhr  and  paitianir  prDlvenilent,  beiag  a  mSitnre  of  fulmiiifttc  and 
gnbnitrate  of  mercury  ill  adapted  for  priming  detonating  caps.  Instead  of  130  pttrts  of 
genoine  fulminate,  as  I  do  obtain,  probably  not  more  ilian  10  parts  of  powder  will  be 
prodacedy  and  tbat  of  indifferent  qnality.  In  fact,  whenever  the  ethereous  fermentation 
is  defective,  or  not  vigorous,  little  trne  fulminate  is  genemted  {  but  much  of  the  mercury 
reoiains  in  the  aeidnlated  alcoholic  liquid. 

3.  If  the  alcohol  be  poured  in  successive  portions,  and  oi  proper  strength  (sp.  gr.  0*83), 
inio  a  proper  nitric  solution  of  mercury,  the  explosive  action  which  accompanies  each 
affosion  dissipates  much  of  the  alcohol,  and  probably  impairs  the  acid,  so  that  the  sab- . 
sequent  ethereous  fermentation  is  defective,  and  little  good  fulminate  is  formed.  From 
100  parts  of  mereory  submitted  to  this  treatment,  I  obtained  in  one  experiment,  carefully 
made,  only  51  parts  of  a  powder,  which  was  impalpable,  had  a  cream  color,  and  was  not 
expIosiTe  either  by  beat  or  percussion. 

4.  When,  with  100  parts  of  mercury,  800  of  nitric  aeid  of  sp.  gr.  1*375,  are  employed 
with  650  of  alcohol  of  sp.  gr.  *846,  no  fulminate  whatever  is  generated. 

5.  Wlien,  with  the  proper  proportions  of  mercury,  aeid,  and  alcohol,  the  process  is 
advaaeed  into  a  proper  energy  of  fendentative  commotion,  if  the  matrass  be  immersed  in 
cold  water  so  as  materially  to  repress  that  action,  th6  process  will  be  impaired,  and  will 
mm  oat  ultimately  defective  both  as  to  the  quantity  and  quality  of  the  fulminate.  It  is 
therefore  evident  that  a  certain  energy  or  vivacity  of  etherization  is  essential  to  the  full 
soecess  of  this  curious  process,  and  that  anything  which  checks  it,  or  obstructs  its  taking 
place,  is  injurious  and  to  be  avoided. 

When  my  proportions  are  observed  in  making  fulminating  mercury,  somewhat  less 
than  one  fourth  of  the  nitric  acid  used  in  making  the  solution  remains  in  the  alcoholic 
■ixture  aioosr  with  the  fblminate.  When  other  proportions  are  taken,  much  more  acid 
remains.  This  acid  is  not  i>eeoverable  to  any  useful  or' economical  purpose,  nor  is  the 
alcohol  that  is  associated  with  it.  Many  distillations,  with  various  reaierents,  have  led  me 
to  this  practical  conclusion.  In  fact,  when  the  process  is  most  complete,  as  described  in 
the  first  paragraph,  the  alcohol  is  entirely  and  profitably  employed  in  etherization,  an 
feaerating  fnlminie  aeid. 

I  have  made  a  series  of  analytical  experiments  on  the  pure  fulminate  of  mercury,  with 
the  view  of  determining  its  composition,  the  quantity  of  quicksilver  present  in  it,  and 
ooooeqvently  the  loss  of  mercury  in  the  operation.  I  have  stated  that  my  maximum  pro- 
duct of  fulminate  from  100  grs.  of  quicksilver  is  130  grs.  Occasionally,  from  slight  dif* 
ferenccs  la  the  temperature  of  the  mixture,  or  the  ambient  atmosphere,  2  grs.  less  may 
be  obtained. 

A.  I  dissolved  130  grs,  with  a  gentle  heat  in  muriatic  aeid  contained  m  a  small  matrass, 
addioK  a  few  drops  of  the  nitric  to  quicken  the  solution.  On  evaporating  it  to  dryness, 
with  much  care  to  avoid  volatilization  of  the  salt,  I  obtained  125  grs.  of  corrosive  sub- 
limate or  bi-chloride  of  mercury.  But  125  grs.  of  this  bi-chloride  contain  only  9 M 
grs.  of  qnicicsilver.  Therefore,  by  this  experiment,  130  grs.  of  fulminate  contain  no 
more  than  91*1  of  mercury^  indieating  an  exhalation  of  8*9  parts  in  the  form  of  fumes, 
or  a  retention  in  the  residuary  liquid  of  some  of  these  8*9  parts,  out  of  the  100  originally 
employed. 

B.  In  another  experiment  for  analysis,  130  grs.  dissolved  as  above,  were  thrown 
down  by  carbonate  of  soda.  95  grs.  of  black  oxyde  of  mercury  were  obtained,  which 
are  equivalent  to  91*2  grs.  of  quicksilver ;  affording  a  confirmation  of  the  preceding 
remit. 

C.  130  grs.  of  fhlminate  were  dissolved  in  strong  muriatic  acid,  and  the  solution  was 
deeomposed  by  crystals  of  proto-mnriate  of  tin  at  a  boiling  temperature.  The  mercury 
was  precipitated  in  globules  to  such  amount  as  to  verify  the  two  preceding  exper- 
iments. 

Regarding  fulminate  of  mercury  as  a  bi-cyanate,  that  is,  as  a  compound  of  one  atom 
or  one  equivalent  prime  of  deutoxyde  of  mercury,  and  two  primes  of  cyanic  acid,  we  shall 
liad  its  theoretical  composition  io  be  as  follows,  hydrogen  being  the  radix,  or  1. 

2  Primes  of  Cyanic  or  fulminic  Acid  ==  34  X  &  —  68  24 

Deutoxyde  of  Mercury  =  216  76 

•  284  100 

As  these  284  parts  of  fblmiaate  contain  900  of  quicksilver,  so  142  parts  of  fulminate 
^1  contain  lOO  of  quicksilver.  Whence  it  appears,  that  when  only  130  parts  of  ful- 
niaate  caa  be  obtained  in .  praetite  from  100  of  quicksilver,  8}  parts  of  quicksilver  out 
of  the  100  are  nnprodnetive,  that  is,  are  expended  in  the  etherized  gas,  or  left  in  the 
residuary  acidnkras  liquid.  By  the  above  experimental  and  theoretical  analysis,  91*5 
pvts  of  quicksilver  enter  into  the  composition  of  130  parts  of  trne  crystalline  fulminate. 
The  complete  accordance  hei«  exhibited  between  theory  and  practice  reiooves  every 
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shadow  of  doubt  uio  the  aeevaey  of  the  statements.    100  parts  of  fUminate 
aist  of— ' 

Fulmijiic  acid  -        -         24 

1000  . 

Qtustion  3.  May  the  gas  or  vapor  produced  by  the  infiammatioii  of  the  falmiiMte  of 
mercury,  when  combined  with  a  portion  of  gnnpowder,  be  conaodered  in  its  nature  eono- 
sive  of  iron  or  brass  7 

Jntwer,  I  have  suggested  to  Mr.  Lovell,  of  Waltham  Abbey  works,  that  the  fol- 
miaate  may  be  probably  diluted  most  advantageously  with  spirit  varnish  made  of  a 
proper  consistence  by  dissolving  sandarach  in  alcohol.  When  well  mixed  with  this 
varnish,  a  small  drop  of  the  mixture  will  suffice  for  priming  each  copper  cap  or  disc; 
and  as  the  spirit  evaporates  immediately,  the  fulminate  will  be  fixed  to  the  copper 
beyond  the  risk  of  shaking  or  washing  away.  On  the  Continent,  tincture  of  benjaoun 
is  used  for  the  same  purpose ;  but  as  that  balsamic  resin  leaves  in  combustion  a  volu- 
minous coal,  which  sandarach  does  not,  the  latter,  which  is  the  main  constituent  of 
spirit  varnish,  seems  better  adapted  for  this  purpose.  It  is  sufficiently  oombustible>  and 
may  be  yet  made^by  a  due  proportion,  to  soften  the  violence  of  the  explosive  mertuiy 
on  the  nipple  of  the  touch-bole.  Fulminate  prepared  by  my  formula  has  no  corrosive 
influence  whatsoever  on  iron  or  steel ;  and,  therefore,  if  such  a  medium  of  applying  it,  as 
I  have  now  taken  leave  to  suggest,  should  be  Ibtmd  to  answer,  all  fears  on  the  seore  of 
corrosion  may  for  ever  be  set  at  rest. 

Question  4.  How  far  is  the  mixture  (of  fulminate  and  gunpowder)  liable  to  be  affected 
by  the  moisture  of  the  atmosphere,  or  by  the  intrusion  of  water;  and  will  such  an  aod* 
dent  affect  its  inflammability  when  dried  again  ? 

Jlntwer,  Well  made  fulminate,  mixed  with  gunpowder  and  moistened,  undergoes  no 
change,  nor  is  it  apt  to  get  deteriorated  by  keeping  any  length  of  time  in  a  damp  climate 
or  a  hazy  atmosphere.  Immersion  in  water  would  be  apt  to  wash  the  nitre  out  of  the 
pulverine;  but  this  result  would  be  prevented  if  the  jnatch  or  priming  mixture  were 
liquefied  or  brought  to  the  pasty  consistence,  not  with  water,  but  spirit  varnish.  Such 
detonating  caps  would  be  indestructible,  and  might  be  alternately  moistened  and  dried 
without  injury. 

Question  6.  Is  it  at  all  probable  that  the  composition  would  be  rendered  more  inAam- 
mable  or  dangerous  of  use  by  the  heat  of  tropical  climates  7 

Jln$wer,  No  elevation  of  temperature  of  an  atmospheric  kind,  compatible  with  hu- 
man existence,  co  jld  cause  spontaneous  combustion  of  the  fulminating  mercury,  or  the 
detonating  matches  made  with  it.  In  fact,  its  explosive  temperature  is  so  high  as  361^ 
of  Fahrenheit's  scale,  and  no  inferior  heat  will  cause  its  detonation. 

Q^e»^ion  6.  Is  the  mercurial  vapor  or  gas  arising  from  the  ignition  of  a  great  number 
of  primers,  and  combined  with  the  smoke  of  gunpowder  in  a  confined  space  (as  in  the 
case  of  troops  in  close  bodies,  squares,  casemates,  &c.),  likely  in  its  nature  to  be  Ibuod 
prejudicial  to  human  health  7 

Jhnwer,  I  have  exploded  in  rapid  succession  of  portions,  100  grains  of  fulminate  of 
mercury  (equivalent  to  300  or  400  .primers),  in  a  close  chamber  of  small  dimeoskms^ 
without  experiencing;  the  slightest  inconvenience  at  the  period,  or  aflerwards,  though  my 
head  was  surrounded  by  the  vapors  all  the  time  of  the  operation.  These  vapors  are,  in 
fact,  so  heavy  that  ihey  subside  almost  immediately.  When  the  fulminate  mixed  with 
pulverine  is  exploded  in  the  primers  by  condensed  masses  of  troops,  the  mereury  wiU 
cause  no  injury  to  their  health,  nor  100th  part  of  the  deleterious  impression  on  weak 
lungs  which  the  gases  of  exploded  gunpowder  might  by  possibility  inflict.  These  gaaea 
are  all,  theoretically  speaking,  noxious  to  respiration ;  such  as  carbonic  acid  gas,  sucote, 
carbureted  hydrogen,  and  sulphureted  hydrogen,  a  deadly  gas.  Yet  the  soldier  who 
should  betray  any  fear  of  gunpowder  smoke  would  be  an  object  of  just  ridicule." 

In  the  following  September,  I  executed  for  the  Board  of  Ordnance  a  set  of  experi- 
ments, complementary  to  those  of 'the  memoir,  with  the  view  of  ascertaining  the  best 
manner  of  protecting  the  fulminate  when  applied  to  the  copper  caps,  from  being 
detached  by  carriage,  or  altered  by  keeping.  The  following  were  my  results  and  ooa- 
elusions. 

**  1.  Fulminate  of  mercury  moistened  npon  copper  is  speedily  decomposed  by  the 
superior  affinity  of  the  copper  over  mercury,  for  oxygen  and  Ailminic  acid.  Dryness 
is,  therefore,  essential  to  the  preservation  of  the  fulminate ;  and  hence  charcoal,  iwhich 
is  apt  to  become  moist,  should  not  be  introduced  into  percussion  caps  destined  for  distant 
service. 

2.  An  alcoholic  solution  of  sandarach,  commonly  called  spirit  varnish,  acta  power« 
fbUy  on  copper,  with  the  production  of  a  green  efflorescence,  which  decomposes  fol- 
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Buaate  of  mercnrf .    Indeed,  Mndarach  can  deoompote  the  salU  »f  copper.     It  is  there- 
fore ill  adapted  for  attaching  the  fulminate  to  copper  cape. ,     . 

3.  An  aleoholie  solution  of  shellac  acts  on  copper,  though  morei  feeUy  than  the 
wadarach. 

4.  A  solution  of  mastic  in  spirits  of  turpentine,  whether  alone  or  mixed-  with<fu]«ii- 
late,  has  no  action  -whatever  on  bright  copper,  but  protects  it  from  being  tarnished.  Such 
a  vamisli  is  very  cheap,  dries  readily,  adheres  strongly,  screens  the  fulminate  from  damp, 
and  does  not  impair  or  counteract  its  detonating  powers.  This,  therefore,  is,  in  my  opin- 
ion, the  fittest  medium  for  attaching  the  fulminate,  and  for  Softening  the  force  of  its  im- 
pulsion in  any  degree  preportional  to  the  thickness  of  the  varnish." 

Fulminate  of  mercury  is  obtained  in  white  grains,  or  short  needles,  of  a  silky  lustre, 
which  beconae  gray  upon  exposure  to  lif  ht,  and  detonate  either  by  a  blow  or  at  a  heat  un- 
der 370^  F. ;  with  the  disengagement  of  azote,  carbonic  acid,  as  also  of  aqueous  and  mer- 
enrial  vapors ;  to  the  sudden  formation  of  which  gaseous  products  the  report  is  due.  It 
detonates  even  in  a  moist  condition ;  and  when  dry  it  explodes  readily  when  struck  between 
two  pieces  of  iron,  less  so  between  iron  and  bronze,  with  more  difficulty  between  marble 
aod  glass,  or  between  two  surfaces  of  marble  or  glass.  It  is  hardly  possible  to  explode 
it  by  a  blow  with  iron  upon  lead ;  and  impossible  by  striking  it  with  iron  upon  wood.  It 
falminates  easily  when  nibbed  between  two  wooden  surfaces ;  less  so  between  two  of 
Duhle,  two  of  iron,  or  one  of  iron  against  one  of  wood  or  marble.  The  larger  its  crys- 
tals, the  more  apt  they  are  to  explode.  By  damping  it  with  5  per  cent,  of  water,  it  be- 
comes less  fulminating;  the  part  of  it  struck  still  explodes  with  a  proper  blow,  but  will 
not  kindle  the  adjoining  portion.  Though  moistened  with  30  per  cent,  of  water,  it  ^vill 
oocssumally  explode  by  trituration  between  a  wooden  muller  and  a  marble  slab,  but  only 
to  a  small  extent,  and  never  with  any  danger  to  the  operator.  When  an  ounce  of  it,  laid 
upon  the  bottom  of  a  cask,  is  kindled,  it  strikes  a  round  hole  down  through  it,  as  if  it 
had  been  exposed  to  a  four-pound  shot,  without  splintering  the  wood.  If  a  train  of  ful- 
minate of  mercury  be  spread  upon  a  piece  of  paper,  covered  with  some  loose  gunpowder, 
in  exploding  the  former  the  latter  will  not  be  kindled,  but  merely  scattered.  .  When  gun- 
powder, however,  is  packed  in  a  cartridge,  or  otherwise,  it  may  be  certainly  kindled  by  a 
percussion  cap  of  the  fulminate,  and  more  completely  than  by  a  priming  of  gunpowder. 
84  parts  of  gunpowder  exploded  by  a  percussion  cap,  have  an  equal  projectile  force  as  10 
exiJoded  by  a  flint  lock.  If  we  add  to  this  economy  in  the  charge  of  the  barrel^  the 
nving  of  the  powder  for  priming,  the  advantage  in  military  service  of  the  percussion 
sjsten  win  become  conspicuous. 

The  French  calculate  that  1  kilogramme  of  mercury  will  furnish  H  kil.  (2|  lbs.  nearly) 
of  fnhninate,  which  will  be  sufficient  to  charge  40,000  percussion  caps.  For  this  pui^ 
pose  they  grind  the  crystalline  salt  along  with  30  per  cent,  of  water  upon  a  marble  table 
with  a  wooden  muller;  mixing  with  every  10  parts  of  the  fulminate  6  of  gunpowder.  A 
consistent  dough  is  thus  obtained,  which,  being  dried  in  the  air,  is  ready  for  introducing 
iato  the  bottoms  of  the  copper  caps.  One  quarter  of  a  grain  of  the  fulminate  is  said  to 
he  fnDy  sufficient  for  one  priming. 

Mr.  Lovell,  of  the  Royal  Manufactory  of  Arms,  has  lately  executed  a  series  of  experi- 
nents  upon  priming  powders.  His  trials,  which  occupied  nearly  18  months,  were  made 
for  the  purpose  of  ascertaining  what  is  the  advantage  in  point  of  forct  obtained  by  using 
pereossion  primes.  He  had  anticipated  some  extra  energy  would  be  imparted  to  the 
dtarge  of  powder  in  the  barrel,  because  he  had  repeatedly  proved  that  a  good  strong  cap^ 
exploded  by  itself  on  the  nipple  of  the  musket  (without  any  charge  of  gunpowder),  will 
exert  sufficient  force  upon  the  air  within  the  barrel  to  blow  a  candle  out  at  a  distance  of 
12  feet  from  the  muzzle.  He  concluded  also  that  stopping  the  escape  of  fluid  from  the 
feat,  as  is  done  by  the  cap,  would  have  some  effect,  but  he  attributed  most  to  the  quick- 
ness and  energy  with  which  the  powder  of  the  charge  is  ignited  by  the  vivid  stream  of 
flaoM,  generated  by  the  percussion  prime.  The  trials  were  made  from  one  and  the  same 
barrel,  having  a  percussion  lock  on  one  side  and  a  flint  lock  on  the  other.  The  balls  were 
fired  against  Austen's  recoiling  target,  a  very  delicate  pfsgometer,  beginning  with  a  charge 
of  150  grains  (the  present  musket  charge),  and  descending  by  10  grains  at  a  time  (firing 
30  rounds  with  each  weight),  down  to  50  grains.  The  machine  marked  the  decrease  of 
fiiree  at  each  rainction  in  the  charge  very  satisfhctorily,  and  the  result  of  the  whole 
average  was,  that  8*84  parts  of  gunpowder  fired  by  percussion  are  equal  to  10  parts  fired 
by  the  flint. 

To  find  out  what  sort  of  liberties  might  be  taken  with  fulminate  of  mercury  in 
hanging  it,  he  p^arad  3  grains  on  an  anvil,  putting  the  end  of  a  steel  punch  gently 
on  the  top  of  it,  and  whOe  so  placed  he  covered  the  fulminate  over  with  a  dirachm  of  dry 
gunpowder.  He  then  ignited  the  fulminate  by  a  blow  on  the  punch  with  the  hammer, 
but  not  a  ffain  of  the  gunpowder  was  lighted,  though  it  was  bfown  about  -in  all 
directions.  He  then  placed  a  train  of  fhlminate  as  thick  as  a  quill,  and  abont  8  feet  long, 
on  a  laUe,  and  eovmd  it  over  entirely  with  gunpowder  except  about  an  inch  at  on« 


542 


FULMINIC  ACID. 


end;  this  he  lighted  inih  a  hot  iron,  when  the  whole  tndii  went  off  withomt  falariiif  a 
grain  of  the  gunpowder,  which  he  swept  together  and  blew  up  afterwards  with  a 
match.  He  then  took  a  tin  box  containing  500  copper  eaps,  made  a  hole  in  the  top  of 
the  box,  and  through  this  hole  ignited  one  of  the  eaps  in  the  middle,  by  means  of  the 
punch  and  hammer  on  the  outside;  only  two  other  caps  besides  the  one  stmek  exploded; 
no  injury  was  sustained  by  the  remainder,  except  being  discolored.  This  he  tried  re- 
peatedly, and  always  with  the  same  kind  of  result,  never  more  than  3  or  4  caps  exploding. 
He  then  made  a  steel  rammer  red  hot,  and  passed  it  through  the  hole  in  the  box  right  in 
amongst  the  caps,  but  it  only  ignited  them  where  the  hot  iron  came  in  actual  eontact 
with  the  priming  composition ;  when,  however,  he  placed  a  few  grains  of  gunpowder 
loose  among  the  caps,  the  hot  iron  lighted  this,  and  produced  a  flame  that  hlew  off  the 
whole  of  them. 

The  same  thing  has  been  tried  at  Woolwich,  where  large  packages  of  percnssion  caps 
(some  thousands)  have  been  fired  at  with  musket  balls,  and  only  a  few  of  the  capa  actu- 
ally hit  by  the  ball  exploded;  but  when  any  cartridges  were  connected  with  the  packages, 
the  whole,  caps  and  all,  were  blown  up.  The  flame  of  the  fulminate  is  therefore  hazard- 
ous, but  being  so  very  ethereal,  it  requires  for  making  primes,  an  admixture  of  scMne  com- 
bustible matter,  as  a  little  gunpowder,  to  condense  or  modify  the  flame. 

FULMINIC  ACID  (jScid  fvlminique,  Fr. ;  KnaUsaun^  Germ.)  is  the  eiplosive  con- 
stituent of  the  fulminating  mercury  of  Howard,  and  the  fulminating  silver  of  Brugnatelli, 
being  generated  by  the  reaction  of  alcohol  and  the  acid  nitrates  of  these  metals.  It  is  a 
remarkable  chemical  fact,  that  fulminic  acid  has  exactly  the  same  composition  as  cyanie 
acid ;  though  the  salts  of  the  latter  possess  no  detonating  property,  and  afford,  in  their 
decomposition  by  an  oxygen  acid,  ammonia  with  carbonic  acid ;  whUe  those  of  the  fonner 
afford  ammonia  and  prussic  acid.  All  attempts  to  insnlate  fulminic  acid  have  proved  un- 
snccessful,  as  it  explodes  with  the  slightest  deeompoeing  force.  It  consists,  by  weight,  of 
2  primes  of  carbon,  1  of  azote,  and  1  of  oxygen ;  or  of  two  volumes  of  carbonic  add, 
and  one  of  azote.  When  two  different  bodies,  like  the  above,  have  the  same  composition, 
they  are  said  to  be  uomeric4 

FUMIGATION,  is  the  employment  of 
fumes  or  vapors  to  purify  articles  of  ap- 
parel, and  goods  or  apartments  supposed 
to  be  imbued  with  some  infections  or  con- 
tagious poison  or  fumes.  The  vapors  of 
vinegar,  the  fumes  of  burning  sulphur,  ex- 
plosion of  gunpowder,  have  been  long  pre- 
scribed and  practised,  but  they  have  in  all 
probability  little  or  no  efficacy.  The  dif- 
fusion of  snch  powerful  agents  as  chlorine 
gas,  muriatic  acid  gas,  or  nitric,  add  var 
por,  should  alone  be  trusted  to  for  the  de- 
struction of  morbific  effluvia. 

FUR;  SeePELTJiTw 

FURNACE  OF  ASSAY.  Under  As- 
sat,  I  have  referred  to  a  furnace  eon- 
structed  by  Messrs.  Anfryo  and  d'Areec, 
which  gives  some  peculiar  facilities  and 
economy  to  the -ancient  process  by  fire.  It 
had  originally  a  small  pair  of  beUows  at- 
tached to  it,  for  raising  the  heat  rapidly  to 
the  proper  vitrifying  pitch.  The  furnace, 
J7j^  inches  high,  and  7|  inches  wide,  made 
of  pottery  or  fine  clay,  is  represented  fig. 
481,  supported  upon  a  table,  having  a  pair 
of  bellows  beneath  it.  The  labontory  is 
at  by  the  blow-pipe  of  the  bellows  at  i, 
with  a  stop-cock,  and  the  dome  is  sur- 
mounted by  a  chimney  a  e,  in  whose  low- 
er part  there  is  an  opening  with  a  sliding 
door,  for  the  introduction  of  the  charcoal 
fuel*  The  furnace  is  formed  in  three 
pieces ;  a  dome,  a  body,  and  an  ash-piL 
A  pair  of  tongs,  a  stoking  hook,  and  cupel, 
are  seen  to  the  right  hand,  and  the  plan  of 
the  stone-ware  grate,  pierced  with  conical 
holes,  and  a  poker,  are  seen  to  the  left.  This 
grate  suits  the  furnace  represented  under 
Assay.     The  following  are  comparative  experiments  made  by  means  of  this  furnace 
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KiuKlwn. 

Silrer  employed. 

1 

Lead  employed. 

Time  of  umy. 

Standards. 

Charcoal  used. 

1 

2 

)            3 

4 

1  Grain. 

4  Grains. 

• 

12  minutes. 

11 

13 

10 

947  milli^mes. 

950 

049 

949 

173  Grains. 
86 
93 
60 

Each  assaj  was  Iherefore  performed  at  an  average  in  11|  minutes,  and  not  mnch  more 
than  %  quarter  of  a  pound  of  charcoal  was  used.  An  experiment  of  verification  in  the 
ordinary  assay  furnace  showed  the  standard  to  be  949  thousandths. 

This  furnaee  becomes  a  very  convenient  one  for  melting  small  quantities  of  metals  in 
analyses,  by  removing  the  muffle,  and  closiug  the  several  apertures  wiih  their  appropriate 
stoppers.  A  small  pedestal  may  be  then  set  in  the  middle  of  the  grate,  to  support  a  cm* 
dble,  which  may  be  introduced  through  the  opening  h.  Coke  may  also  be  used  as  fuel^ 
either  by  itself  or  mixed  with  charcoal.  For  descriptions  of  various  furnaces,  se« 
Assay;  Beer;  Copper;  Evapobation;  laoN;  M etallurot ;  Ores;  fiiLVza, 
Tiw,  &c. 

FUSIBILnT.    T^at  property  by  which  solids  assume  the  fluid  state. 

Some  chemists  have  asserted  that  fusion  is  simply  a  solution  in  caloric;  but  this  opinion 
inelodes  too  many  yet  nndecided  questions,  to  be  hastily  adopted. 


FtuibUiiy  of  MttdU,  at  given  by  M,  Thenard. 


1. 


.  Fusible  below  a 

Mercury 

red  heat. 

Fotassiuffl 

Sodium 

Tin 

Bismnth 

Lead 

Tellurium 

Arsenic 

Zinc 

Antimony 

Cadmium 

1  InfnsiUe  below  a 

rjn 
Silver 

redheat.^ 

Copper 

Gold 

CobaU 

Gay  Lnssac  and  Thenaid. 

Newton. 

Biot. 

A  little  less  fusible  than  lead. — Klaproth. 
Undetermined. 
27(P       Brongniart. 
A  little  below «  read  heat« 

Stromeyer. 


VjnmMn  of  Wedfawood. 
20 


Iron 


Kennedy. 

^  I     Wedgewbod. 

A  little  less  difficult  to  melt  than 
Wedgewood. 
Sir  G.  M<Kenzie. 
Guyton. 
A$  Bwnganese. — ^Richter. 


Nearly  invisible  i  and  to  be  obtained  at  a 
forge  heat  only  in  small  buttons. 


. 


Inteihie  at  the  fiwge  fiiniaee.  Fniible  at 
the  ozybydrogen  blowpipe.  See  Blow* 
npjc. 


Manganese 

Nickel 

Palladium 

Molybdenum 

Uranium 

Tungsten 

Chromium 

Utaninm 

Cerium 

Osmium 

Indium 

Rhodinm  ' 

Platinum 

Colnmbium 

rCSIBlJB  METAL.  See  Au^t. 
FUSTET.  {Fusiec,Fi,)  The  wood  of  the  rAiu  oD/inM,  a  ftigiUve  yeUow  dye. 
FUSTIAN  is  a  species  of  coarse  thick  tweeled  cotton,  and  is  generally  dyed  of  an 
<diTe,  leaden,  or  other  dark  color.4  Besides  the  common  fnstlan,  which  is  known  by  the 
>nie  of  pillow  (probably  pilaw),  the  cotton  stuffs  called  corduroy,  velverett,  velveteen^ 
^ickselt,  used  for  men's  wearing  apparel,  belong  to  the  same  fabric  The  commonest 
uBd  b  merely  a  tweel  of  four,  or  sometimes  five  leaves,  of  a  very  close  stout  texture^ 
ud  very  narrow,  seldom  exceeding  17  or  18  inches  in  breadth.  It  is  cut  from  the  loom 
*  iislf  pieces,  or  ends,  as  they  are  usnaHy  termed,  about  35  yards  long,  and  after  under- 
iniBg  the  subsequent  operations  of  dyeing,  dressing,  and  folding,  ia  ready  for  the 
Mrket. 
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The  draught  and  cording  of  common  fastian  is  very  simple,  being  generally  a  regular 
or  unbroken  tweel  of  four  or  five  leaves.  Below  are  specimens  of  a  few  different  kinds, 
selected  from  those  most  general  in  Lancashire. 

The  number  of  leaves  of  heddles  are  represented  by  thf  lines  across  the  paper,  and  the 
cording  by  the  ciphers  in  the  little  squares,  those  which  raise  every  leaf  being  distin- 
guished by  these  marks,  and  those  which  sink  them  leA  blank,  as  more  particohuly 
explained  in  the  article  Textile  Fabric. 

or  velvet,  there  are  properly  only  two  kinds,  that  with  a  plain,  and  that  with  a  tweeled, 
or,  as  it  is  here  called,  a  Genoa  ground,  or  back.  When  the  material  is  silk,  it  is  called 
velvet,  when  cotton,  velveteen ;  and  this  is  the  sole  difference.  In  the  same  way  a  com- 
mon tweeled  cloth,  when  composed  of  silk  is  called  satin ;  when  of  cotton,  fustian  or 
jean ;  of  woollen,  plaiding,  serge,  or  kerseymere ;  and  in  the  linen  trade  is  distinguished 
by  a  variety  of  names  according  to  the  quality  or  finenes8>,  or  the  place  where  the  artide 
is  manufactured. 


No.  1.— Pillow  Fustian. 

No.  2.— P 

lain  Yelveret 

1 

|0|     1     1     1        4                 6 

1 

♦ 

1    iO|    1        1 

3 

1 

1     I0|     1     1            3           0 

♦ 

0|     1     1          1 

§ 

1     1     |0|     |0            S                 8 

* 

|0|     1     |0|0| 

0 

t 

1     1     1     I0|      5             1           4 

* 

1  -1     1     |0|     1 

0          4 

2    4    3    1 


4    0 


2 
5 


3    1 


Of  tlie  above,  each  contains  four  leaves  of  heddles  or  healds ;  that  represented  by  No.  1 
is  wrought  by  four  treddles,  and  that  which  is  distinguished  by  No.  2  by  five ;  the  suc- 
cession of  inserting  the  threads  of  warp  into  the  heddles  will  be  discovered  by  the  figures 
between  the  lines,  and  the  order  in  which  the  treddles  are  to  be  successively  pressed 
down  by  the  figures  below. 


No.  3. — ^Double  Jean, 


No.  4.-^Plain  Thickset. 


|0|    I    |oi 


1 


»     r|o| 


TT 


8 


|0|     I0|     I 


?         1     I0|0 


01 


0      4 


t    ie|0|    I 


I    I    i    |0| 


5      9 


I     |0|     |0|     4 


1         |0|     1     |.0|0 


3    1 


4    2    3    1 


0    S    3    1 
5         7 


These,  like  the  former,  are  wrought  with  leaves.  No.  3  requires  four,  and  No.  4  &re 
treddles.  The  succession  of  inserting  the  threads  of  warp,  and  of  working  the  treddles, 
are  marked  by  the  respective  numbers  between  and  under  the  lines,  as  in  the  former 
example.  Both  are  fabrics  of  cloth  in  very  genend  use  and  estimation  as  low  priced 
articles. 


No.  5.— Best  Thinkset. 

No.  6.— Velvet  Tuft. 

0       1       0    0                        3      1 

♦ 

0 

5       3      1 

0                 i 

♦ 

_0J 

|0_ 

4      S 

0                                    t 

k 

0 

0    0 

4       2 

0    0|     1                  0      4 

♦ 

,    1 

0 

5      S      1 

0    4    2    3    1 

T 

4 

s 

3    1 

These  are  Airther  specimens  of  what  may  be,  and  is,  executed  with  four  leaves,  and  in 
both  examples  Ave  treddles  are  used.  With  two  other  specimens  we  shall  conclude  oar 
examples  of  this  description  o[  work,  and  shall  then  add  a  very  few  specimens  of  the 
more  extensive  kinds. 


No.  7. — Cord  and  Yelveret 


No.  8.— Thickset  Cord. 


|oi    I    I    I 


lojoj    I 


»     M        i  0" 


0|     I     10 10 1   0 


i I 


8 


2      « 


0|0| 


LA. 


JLl 


9      7 


I    I    |0M 


4         2    3    1 
6    5 


♦ I 


0    0       11 


10     8     0 


ft    4    I    9    i 


In  these  the  succession  of  drawing  and  woiking  are  marked  like  the  former.  The 
nre  examples  of  patterns  wrought  with  six  leaves.  No.  9  has  eight,  and  No.  10 
heddles. 


FUSTIAK. 
No.  9. — DonUe  Cordnror-  No.  10. — Qeaoa  TUektet. 
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!■  both  tboe  tbe  virp  t*  iiuerled  into  Ihs  heddlcs  the  nme  mj.  The  diOercDoe  » 
cBliielT  >B  'he  tpplieslian  of  the  cordi,  uid  in  tha  iiieeeMioa  <^  premDg  down  the 
ireddles.  Wc  bow  give  four  ■pecimeni  oT  the  Bushed  and  cat  work,  bnoiVD  by  the  name 
of  TelTcieeii.  Thcf  are  aJao  upon  rii  leaves,  wid  ihe  differeaee  is  solely  in  the  eordisg 
aad  ID  the  Iresding. 


No.] 


Queen'a  Velreleeos. 


No.  12. 


No.  13.— Plain  VelTetecD. 


No.  14_Oenoa  VelTeleen. 
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The  ■ddilkniBl  Tarielies  of  figure  which  might  be  given  are  almoX  endless,  bat  the 
Bmila  oTthis  article  vili  not  admit  a  Turlher  detail.  Those  ilread;  givea  are  the  articles 
in  mul  Keneral  use.  The  raiietifs  of  Tsncymajr  be  indulged  lo  a  great  extent;  but  it  is 
maiTenallf  found,  that  the  tnoet  simple  patterns  in  everj  depsrtinenr  of  omamenlal 
wemTing  are  lho«e  whieh  altimcl  allenlion  and  command  purchasers.  We  shall  therefore 
naif  add  two  exampiea  of  king^  cord  or  cordnroy,  two  of  Genoa  and  common  xelvet,  and 
two  more  ofjean.  The«e  will  he  foaad  below. 
No.  15.— King's  Corf. 


No.  16.— l>aich  Cord. 


No.  IB.— Plain  TeWet. 


rii^.?.*i?'"...''°^  "r*^!S  **?  ^  l«>«-b««n,  it  K  curled  to  the  erttar,  »to 
tipt  up  the  nrTace-Uireub  of  waft,  ud  pradncet  thereby  «  huryJoohant  ttnff. 
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PreptnUwy  to  its  being  eat,  the  eloth  is  spread  erenly  npoii  a  taUe  abont  silt  feet  leog^ 
upon  each  end  of  which  a  roller  mounted  with  a  ratchet- wheel  is  fixed;  the  one  to  gin 
off,  and  the  other  to  wind  up  the  piece,  in  the  above  six-feet  lengths. 

The  knife  is  a  steel  rod  about  two  feet  long,  and  three  eighths  of  an  inch  square,  huT- 
ing  a  square  handle  at  the  one  end ;  the  other  end  is  tapered  away  to  a  blade,  as  thin  at 
paper.  To  prevent  this  point  from  turning  downwards  and  injuring  the  cloth,  its  under 
side  is  covered  by  a  guide  which  serves  to  stiffen  it,  as  well  as  to  prevent  its  lower  edge 
from  cutting  the  fastian. 

The  operative  (male  or  female)  grasps  the  handle  in  the  right  hand,  and  insinuating 
the  projecting  point  of  the  guide  under  the  weft,  pushes  the  knife  sipartly  forward  through 
the  whole  length  of  six  feet,  with  a  certain  dexterous  movement  of  the  shoulder  and 
right  side,  balancing  the  body  meanwhile,  like  a  fencer,  upon  the  left  foot.  This  proeess 
is  repeated  upon  every  adhesive  line  of  the  weft. 

The  next  process  to  which  fustians  are  exposed  is  steeping  in  bot  water,  to  take  out 
the  dressing  paste.  They  are  then  dried,  reeled,  and  bnished  by  a  machine,  fce. 
From  twenty  lo  thirty  pieces,  each  eighty  yards  long,  may  be  brushed  in  an  hour.  The 
breadth  of  the  cloth  is  twenty  mches.  The  maceration  is  performed  by  immersing  the 
bundled  pieces  in  tanks  of  water,  heated  by  waste  steam ;  and  the  washing  by  means  of 
a  reel  or  winch,  kept  revolving  rapidly  under  the  action  of  a  stream  of  cold  water,  for 
an  hour  or  longer. 

After  being  thus  ripped  up,  it  is  taken  to  the  brushing  or  teazling  machine,  to  make  it 
shaggy. 

This  consists  of  a  series  of  wooden  rollers,  turning  freely  upon  iron  axles,  and  covered 
with  tin-plate,  rough  with  the  bars  of  punched  holes ;  and  blocks  of  wood,  whose  con- 
cave under  surfaces  are  covered  with  card-cloth  or  card-brushes,  and  which  are  made  to 
traverse  backwards  and  forwards  in  the  direction  of  the  axes  of  the  revolving  rollers, 
during  the  passage  of  the  cloth  over  them. 

After  they  are  brushed  in  the  machine,  the  goods  are  singed  by  passing  their  cot  sorfaee 
over  a  eylinder  of  iron,  laid  in  a  horizontal  direction,  and  kept  red  hot  by  a  flue.  See 
SiivGBiNO.  They  are  now  brushed  again  by  the  machine,  and  once  more  passed  over  the 
singeing  surface.  The  brushing  and  singeing  are  repeated  a  third,  or  even  occasioiiaUy 
a  fourth  time,  till  the  cord  acquires  a  smooth  polished  appearance. 

The  goods  are  next  steeped,  washed,  and  bleached,  by  immersion  in  solution  of  chloride 
of  lime.  They  are  then  dyed  by  appropriate  chemical  means.  After  which  they  are 
padded  (imbued  by  the  padding  machine  of  the  calico  printers)  with  a  solution  of  glue, 
and  passed  over  steam  cylinders  to  stiffen  them. 

Smooth  fustians,  when  cropped  or  shorn  before  dyeing,  are  called  moleskins ;  but  when 
shorn  after  being  dyed,  are  called  beaverteen :  they  are  both  tweeled  fabrics.  Cantoon  is 
a  fustian  wiih  a  fine  cord  visible  upon  the  one  side,  and  a  satiny  surface  of  yams  running 
at  right  angles  to  the  cords  upon  the  other  side.  The  satiny  side  is  sometimes  smoothed 
by  singeing.  The  stuff  is  strong,  and  has  a  very  fine  aspect.  Its  price  is  one  ahilliag 
and  sixpence  a  yard. 

Common  plain  fustian,  of  a  brown  or  drab  color,  with  satin  top,  is  soki  as  low  as 
seven  pence  a  yard. 

A  fustian,  with  a  small  cord  running  in  an  oblique  direction,  has  a  very  agreeable  ap- 
pearance. It  is  called  diagonal.  Moleskin  shorn,  of  a  very  strong  texture,  and  a  drab 
dyed  tint,  is  sold  at  20i.  per  yard. 

The  weight  of  90  yards  of  the  narrow  velveteen,  in  the  green  or  undressed  state,  is 
■about  24  pounds.  The  goods  made  for  the  German,  Italian,  and  Russian  markets  are 
lighter,  on  account  of  the  peculiarity  in  the  mode  of  levying  the  import  duty  in  these 
•countries. 

Velveteens  as  they  oome  from  the  loom,  are  sold  wholesale  by  weight,  and  average  a 
fprice  of  20(f .  per  pound.  They  are  usually  woven  with  yarns  of  Upland  and  Brazil  cotton 
*vrool,  spun  together  for  the  warp ;  or,  sometimes.  New  Orleans  alone.  The  weft  is  usu- 
4Llly  Upland,  sometimes  mixed  with  East  India  cotton  wools. 

Trouser  velveteens  are  woven  19  inches  wide,  if  they  are  to  be  cut  up{  if  not,  they 
mrt  woven  30  inches,  and  called  beaverteen. 

Cutting  or  cropping  fustians  by  hand  is  a  very  laborious  and  delicate  operation. 
Tike  invention  of  an  improved  apparatus  for  effecting  the  same  end  with  automatic  pr»- 
eision  and  despatch,  was  therefore  an  object  of  no  little  interest  to  this  peculiar  manufacb 
tuve  of  Manchester.  An  ingenious  machine,  apparently  well  calculated  for  this  purpose, 
was  made  the  subject  of  a  patent  by  Messrs.  WilliAm  Wella  and  George  iScholefifld»  of 
.SaHbrd,  in  November,  1834. 

RUSTIC.  {BoU  jaunt,  Fr. ;  GObholz,  Germ.)  The  M  fustic  of  the  English  dyer, 
asihe  article  fostet  is  their  yellow  fustic.  It  is  the  wood  of  the  Moms  tinctoria.  It  in 
ligfci,  nnl  hard,  and  pale  yellow  with  orange  veins ;  it  contains  two  coloring  matters,  ona 
reainous,  and  another  soluble  in  water.  The  latter  resembles  weld,  but  it  has  more  of 
naosange  cast,  and  is  not  so  lively. 


GALL-NUTS.  54" 

ki  deMelioQS  ia  wster  «re  brightened  by  the  addiltoB  of  a  little  i^loe,  and  more  by  enr^ 
died  miik.  This  wood  is  rich  ia  eolbr,  and  imparts  permanent  dyes  to-  woollca  stnfis, 
whea  aided  by  proper  mordants.  It  nnitcs  veil  with  the  bine  of  the  indigo  vat,  and 
SuKMi  bloe,  in  prodacing  green  of  Tarions  shades.  Alam,  tartar,  and  solation  of  tin, 
leaJei  its  eolor  more  vivid ;  sea  salt  and  sulphate  of  iron  deepen  its  hne.  Pram  5  to  6 
parts  of  old  fnstie  are  snfficient  to  give  a  lemon  color  1o  16  parts  of  cloth.  The  color  of 
ardd  is  however  purer  and  less  inclining  to  orange ;  but  that  of  fnstie  is  less  affeeted  by 
aeids  than  any  other  yellow  dye.  This  wood  is  often  employed  with  sulphate  of  iron  in 
pndaeing  olive  and  brownish  tints,  which  agree  well  with  its  dull  yellow.  For  the  same 
reason  it  is  much  need  for  dark  greens. 

G. 

GABRONTTE  is  a  yellowish  stony  substance,  of  a  greasy  lustre  and  spec.  gr.=£2*74 ; 
aflbrding  no  water  by  calcination ;  fusible  at  the  blowpipe  into  an  opaque  glass ;  soluble 
in  muriatic  acid ;  solotion  affords  hardly  any  precipitate  by  oxalate  of  ammonia.  This 
mineral  is  distinguished  by  the  larfe  quantity  of  soda  which  it  contains ;  its  constituents 
being — silica,  54;  alumina,  24;  soda,  17-25;  magnesia,  1*5;  oxyde  of  iron,  1*25;  water, 
2.    It  belongs  to  the  species  Nepheline. 

GADOLINITE,  called  also  Yttrite  and  Ttterbite,  is  a  mineral  of  a  black,  brownish, 
or  yellowish  color,  granular,  or  compactly  vitreous,  and  conehoidal  fracture ;  of  spec, 
^v.  4-23 ;  readily  scratching  glass ;  fusible  at  the  blowpipe  into  an  opaque  glass,  some- 
times with  intumescence.  It  affords,  with  acids,  a  solution  that  lets  fall,  with  caustic 
soda,  a  precipitate  partly  re-soluble  in  carbonate  of  ammonia.  It  is  remarkable  for  con- 
taining from  45  to  55  per  cent,  of  the  earth  Yttria;  its  remaininsc  constituents  being  sili- 
ca, 2S'8;  oxyde  of  cerium,  17*92;  oxyde  of  iron,  11*43.  This  mineral  is  very  rare,  hav- 
ing been  hitherto  found  only  in  the  neighborhood  of  Fahlon  and  Ytterby,  in  Sweden ;  its 
peculiar  eonstitnent  was  discovered  by  Professor  Gadolin. 

GALACTOMCTER,  or  LACTOMETER,  is  an  instrument  to  ascertain  the  quality 
of  milk ;  an  article  often  sophisticated  in  various  ways.  Fresh  milk,'  rich  in  cream,  has  a 
less  speeific  gravity  than  the  same  milk  after  it  has  been  skimmed ;  and  milk  diluted  with 
water  becomes  proportionably  lighter.  Hence,  when  our  purpose  is  to  determine  the 
quantity  of  cream,  the  galactometer  may  consist  merely  of  a  long  graduated  glass  tube 
standing  upright  upon  a  sole.  Having  filled  100  measures  with  the  recent  milk,  we  shall 
see,  by  the  measures  of  cream  thrown  up,  its  value  in  this  respect.  A  delicate  long- 
ranged  glass  hydrometer,  graduated  from  1*000  up  to  1*060,  affords  the  most  convenient 
means  of  detecting  the  degree  of  watery  dilution,  provided  the  absence  of  thickening  ma- 
terials has  been  previously  ascertained  by  filtration.  Good  fresh  milk  indicates  from  1*030 
to  1-032;  when  the  cream  is  removed,  1*035  to  1*037.  When  its  density  is  less  than  1*028, 
we  may  infer  it  has  been  thinned  with  water. 

GALBAN0M  is  a  gum-resin,  which  occurs  sometimes  in  yellow,  shining  tears,  easily 
agflutinated  ;  of  a  strong  durable  smell ;  an  acrid  and  bitter  taste;  at  other  times  in  lumps. 
It  exades  either  spontaneously  or  from  incisions  made  into  the  stem  of  the  bubon  galbanuntt 
a  plant  of  the  family  of  umbelli/eney  which  grows  in  Africa,  particularly  in  Ethiopia.  It 
contains  67  of  resin ;  19*3  of  gum ;  6*4  of  volatile  oil  and  water ;  7*5  of  woody  fibres  and 
other  impurities ;  with  traces  of  acid  malate  of  lime. 

GALENA,  (Plomb  sulfk^ri,  Fr. ;  Bleiglanz,  (Term. ;)  is  a  metallic  looking  substance  of 
a  lead-gray  color,  which  crystallizes  in  the  cobieal  system,  and  is  susceptible  of  cleavages 
parallel  to  the  faces  of  the  cube;  spec.  gr.  7*7592;  cannot  be  cut;  fusible  at  the  blow- 
pipe with  exhalation  of  sulphureous  vapors ;  is  easily  reduced  to  metallic  lead.  Nitric 
acid  first  dissolves  it,  and  then  throws  down  sulphate  of  lead  in  a  white  precipitate;  the 
solution  affording,  with  plates  of  zinc,  brilliant  laminm  of  lead  (arbor  Saturni.)  It  con- 
sists of  sulphur,  13 ;  lead,  85 ;  with  a  little  iron,  and  sometimes  a  minute  quantity  of  silver. 
This  is  the  richest  ore  of  lead,  and  it  occurs  in  almost  every  geological  formation,  in 
veins,  in  masses,  or  in  beds.  It  is  almost  always  accompanied  by  sulphuret  of  zinc,  dif* 
fi^rent  salts  of  lead,  heavy  spar,  fluor  spar,  ice.  Galena  in  powder,  called  Alquifoux,  is 
employed  as  a  glaze  for  coarse  stoneware. 

^  GALIPOT  is  a  name  of  a  white  semi-solid  viscid  rosin  found  on  fir-trees ;  or  an  infe- 
fior  sort  of  turpentine,  poor  in  oil. 

GALLATES;  salts  consisting  of  gallic  acid  combined  with  bases ;  the  most  important 
being  that  with  oxyde  of  iron,  constituting  a  principal  part  of  the  black  dye. ' 

GALLIC  ACID  is  the  peculiar  acid  extracted  from  gall-nuts ;  whieh  see. 

GALLIPOLT  OIL  is  a  coarse  olive  oil,  containing  more  or  less  mucilage;  imported  from 
a  seaport  so  named,  of  the  province  of  Otranto,  in  the  kingdom  of  Naples. 

GALL-NUTS,  or  GALLS,  (Noix  de  GaUe,  Fr. ;  GaUapfdy  Germ. ;)  are  exerescences 
ibnnd  upon  the  leaves  and  leaf-stalks  of  a  species  of  oak,  called  Querctu  im/tet(h 
Ha,  which  grows  in  the  Levant.  They  are  produced  in  consequence  of  the  punctnre 
sT  tile  female  of  the  gall  wasp  (Cynips  folii  qUerens),  made  in  order  to  deposiu  her 
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eggs ;  nmnd  wkich  the  juice  of  the  tree  exudes,  and  dries  in  ooneentrie  portioM.    Whea 

the  insect  gets  fully  formed,  it  eat§  throagtk  the  nut,  and  fliea  off. 

The  Letrant  galls  are  of  two  different  appearances  and  qualities ;  the  first  are  heaTy, 
compact,  imperforated,  the  insect  not  having  been  sufficiently  advanced  to  eat  its  way 
through  the  shell ;  prickly  on  the  surface ;  of  a  blackish  or  bluish  green  hue ;  about  the 
size  of  a  musket- ball.  These  are  called  biadc,  blue,  or  Aleppo  galls.  The  second  are 
light,  spongy,  pierced  with  one  or  more  holes ;  smooth  upon  the  snrfacci  of  a  pale  grayish 
or  reddish  yellow  color,  generally  larger  than  the  first,  and  are  called  vhiU  galls.  Be» 
sides  the  galls  of  the  Levant,  others  come  from  Dalmatia,  Illy ria,  Calabria,  kc. ;  bat  they 
are  of  inferior  quality,  being  found  upon  the  Quercua  Ctrris ;  they  are  smaller,  of  a  brown- 
ish color,  and  of  inferior  value.  The  further  south  the  galls  are  grown,  they  are  reckoned 
the  better. 

Oalls  consist  principally  of  three  substances ;  tannin  or  tannic  acid ;  yellow  extractive ; 
and  gallic  acid.  Their  decoction  has  a  very  astringent  and  unpleasant  bitter  taste.  The 
following  are  their  habitudes  with  various  reagents : — 

Litmus  paper  is  powerfully  reddened. 

Stannous  chloride  (protomuriaU  of  tin)  produces  an  Isabel  yellow  precipitate. 

Alum ;  a  yellowish  gray  precipitate. 

Acetate  of  lead  ;  a  thick  yellowish  white  precipitate. 

Acetate  of  copper ;  a  chocolate  brown  precipitate. 

Ferric  sulphate  (red  sulphate  of  iron) ;  a  blue  precipitate. 

Sulphuric  acid ;  a  dirty  yellowish  precipitate. 

Acetic  acid  biightens  the  muddy  decoction. 

The  galls  of  the  Qwreus  CerrU  and  common  oak  (ChilU$  a  Pepim,  Fr. ;  K»oppernj 
Germ.)  are  of  a  dark  brown  color,  prickly  on  the  surface,  and  irregular  in  shape  and  size. 
They  are  used  chiefiy  for  tanning  in  Hungary,  Dalmatia,  and  the  southern  provinces  of 
the  Austrian  states,  where  they  abound. 

Tannin  or  tannic  acid  is  prepared  as  follows  :  Into  a  long  narrow  glass  adopter  tube^ 
shut  at  its  lower  orifice  with  a  cotton  wick,  a  quantity  of  pounded  galls  are  put,  and 
slightly  pressed  down.  The  tapering  end  of  the  tube  being  inserted  into  a  matrass  or 
bottle,  the  vacant  upper  half  of  the  tube  is  filled  with  sulphuric  ether,  and  then  closed  with 
a  ground-glass  stopper.  Next  day  there  will  be  found  in  the  bottle  a  liquid  in  two  dis- 
tinct strata;  of  which  the  more  limpid  occupies  the  upper  part,  and  the  other,  of  a  sirupy 
consistence  and  amber  color,  the  lower.  -More  ether  must  fa^  61tered  through  the  gall^ 
till  the  thicker  liquid  ceases  to  augment.  Both  are  now  poured  into  a  funnel,  dosed  with 
the  finger,  and  afler  the  dense  liquor  is  settled  at  the  bottom,  it  is  steadily  run  off  into  a 
capsule.  This,  afler  being  washed  repeatedly  with  ether,  is  to  be  transferred  into  a  stove 
chamber,  or  placed  under  the  receiver  of  an  air  pump,  to  be  evaporated.  The  residuary 
matter  swells  up  in  a  spongy  crystalline  form  of  considerable  brilliancy,  sometimes  color- 
less, but  more  frequently  of  a  faintly  yellowish  hue. 

This  is  pure  tannin,  which  exists  in  galls  to  the  amount  of  from  40  to  45  per  cent.  It 
is  indispensable  that  the  ether  employed  in  the  preceding  process  be  previously  agitated 
with  water,  or  that  it  contain  some  water,  because  by  using  anhydrous  ether,  not  a  parti> 
de  of  tannin  will  be  obtained. 

Tannic  acid  is  a  white  or  yellowish  solid,  inodorous,  extremely  astringent,  very  soluble 
in  water  and  alcohol,  much  less  so  in  sulphuric  ether,  and  uncrystallizable.  Its  watery 
solution,  out  of  contact  of  air,  undergoes  no  change  j  but  if,  in  a  very  dilute  state, 
it  be  le^  exposed  to  the  atmosphere,  it  loses  gradually  its  transparency,  and  lets  fall  a 
slightly  grayish  crystalline  matter,  consisting  almost  entirely  of  gallic  acid.  For  procuring 
this  acid  in  a  perfectly  pure  state,  it  is  merely  necessary  to  treat  that  solution  thus 
changed  with  animal  charcoal,  and  to  filter  it,  in  a  boiling  state,  through  paper  pre- 
viously washed  with  dilute  muriatic  acid.  The  gallic  acid  will  fall  down  in  crystals  aa 
the  liquid  cools. 

If  the  preceding  experiment  be  made  in  a  graduated  glass  tube  containing  oxygen  over 
mercury,  this  gas  will  be  absorbed,  and  a  corresponding  volume  of  carbonic  acid  gas  will 
be  disengaged.  In  this  case  the  liquor  will  appear  in  the  course  of  a  few  weeks  aa  if 
traversed  with  numerous  crystalline  coloriess  needles  of  gallic  acid. 

Tannin  or  tannic  acid  consists  of  carbon  51*56 ;  hydrogen  4*20 ;  oxygen  44*24. 

From  the  above  facts  it  is  obvious  that  gallic  acid  does  not  exist  ready  formed  in  gmll- 
nnts,  but  that  it  is  produced  by  the  reaction  of  ntmospheric  oxygen  upon  the  tannin  of 
these  concretions. 

Onllic  acid  is  a  solid,  feebly  acidulous  and  styptic  to  the  taste^  inodorous,  crystallising 
in  silky  needles  of  the  greatest  whiteness ;  soluble  in  about  100  times  its  weight  of  eok^ 
and  in  a  much  smaller  quantity  of  boiling  water;  more  soluble  in  alcohol  than  in  water, 
but  little  so  in  sulphuric  ether. 

Gallic  add  does  not  decompose  the  salts  of  protoxyde  of  iron,  but  it  fiMrms,  with  the 
sulphate  of  the  perotyde,  a  dark  blue  precipitate,  much  less  insolnble  than  the  taannte 
of  iron.     Gnllie  neid  takes  the  oxyde  from  the  acetate  and  nitrate  of  lend,  and  throws 
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iawn  a  white  gallate  unchangeable  in  the  air,  when  it  is  mixed  with  that  acetate  and 
nitrate.  It  occasions  no  precipitate  in  solutions  of  gelatine  (isinglass  or  glue),  by  which 
criterion  its  freedom  from  tannin  is  verified. 

Gallic  acid  occurs  bat  seldom  in  nature ;  and  always  united  to  bradne,  veratrine*  or 
lime.  Its  constituents  are  carbon  49*89 ;  hydrogen  3*49;  oxygen  46*62.  In  the  crystal- 
line state  it  contains  one  atom  of  water,  which  it  loses  by  drying. 

Scheele  obtained  gallic  acid  by  infusing  pounded  galls  for  3  or  4  days  in  8  times  their 
weight  of  water,  and  exposing  the  infusion  to  the  air,  in  a  vessel  covered  loosely  with 
paper.  At  the  end  of  two  months,  the  liquor  had  almost  all  evaporated,  leaving  some 
mooldiness  mixed  with  a  crystalline  precipitate.  The  former  being  removed,  the  de- 
posite  was  squeezed  in  a  linen  cloth,  and  then  treated  with  boiling  water.  The  solution, 
being  gradually  evaporated,  yielded  crystals  of  gallic  acid,  granular  or  star-like,  of  a 
grayish  color.  These  crystals  might  be  whitened  by  boiling  their  solution  along  with  a 
Utile  animal  charcoal.  About  one  fifth  of  gallic  acid  may  be  obtained  by  Scbeele's  pro- 
cess from  good  gall-nuts^ 

From  a  decoction  of  500  parts  of  galls.  Sir  H.  Davy  obtained  185  parts  of  solid  extract; 
which  consisted  of  130  parts  of  tannin  ;  31  parts  of  gallic  acid  with  extractive ;  13  parts 
of  mucilage ;  12  parts  of  lime  and  salts.  Hence  gall-nuts  would  ^em  to  contain,  by 
this  sutement,  more  than  two  thirds  of  their  weight  of  tannin.  This  result  is  now  seen, 
from  the  above  experiments  of  Pelouze,  to  have  been  incorrect,  in  consequence  of  the 
admixture  of  yellow  extractive  in  Davy*s  tannin. 

The  use  of  galls  in  many  processes  of  dyeing,  and  in  making  black  ink,  is  detailed 
under  their  resppclive  heads. 

GALL  OF  ANIMALS,  or  OX-GALL,  purififaiimof.  Pahiters  in  water  colors, 
scourers  of  clothes,  and  many  others,  employ  ox-gall  or  bile;  but  when  it  is  not  purified, 
it  is  apt  to  do  harm  from  the  greenness  of  its  own  tint.  It  becomes  therefore  an  impor- 
tant object  to  clarify  it,  and  to  make  it  limpid  and  transparent  like  water.  The  following 
process  has  been  given  for  that  purpose.  Take  the  gall  of  newly  killed  oxen,  and  after 
having  allowed  it  to  settle  for  12  or  15  hours  in  a  basin,  pour  the  supernatant  liquor  off 
the  sediment  into  an  evaporating  dish  of  stone  ware,  and  expose  it  to  a  boiling  beat  in  a 
water  bath,  till  it  is  somewhat  thick.  Then  spread  it  upon  a  dish,  and  place  it  before  a 
fire  till  it  becomes  nearly  dry.  In  this  state  it  may  be  kept  for  years  in  jelly  pots  cov- 
ered with  paper,  without  undergoing  any  alteration.  'When  it  is  to  be  used,  a  piece  of 
it  of  the  size  of  a  pea  is  to  be  dissolved  in  a  table  spoonful  of  water. 

Another  and  probably  a  better  mdde  of  purifying  ox-gall  is  the  following*  To  a  pint 
of  the  gall  boiled  and  skimmed,  add  one  ounce  of  fine  alum  in  powder,  and  leave  the 
mixture  on  the  fire  till  the  alum  be  dissolved.  When  cooled,  pour  into  a  bottle,  which 
is  to  be  loosely  coHced.  Now  take  a  like  quantity  of  gall,  also  boiled  and  skimmed,  add 
an  ounce  of  common  salt  to  it,  and  dissolve  with  heal ;  put  it  when  cold  into  ^  bottle, 
which  is  likewise  to  be  loosely  corked.  Either  of  these  preparations  may  be  kept  for 
several  years  without  their  emitting  a  bad  smell.  After  remaining  three  months,  at  a 
moderate  temperature,  they  deposite  a  thick  sediment,  and  become  clearer,  and  fit  for 
ordinary  uses,  but  not  for  artists  in  water  colors  and  miniatures,  on  account  of  their 
yellowish-green  color.  To  obviate  this  inconvenience,  each  of  the  above  liquors  is  to 
be  decanted  apart,  after  they  have  become  perfectly  settled,  and  the  clear  portion  of  both 
mixed  together  in  equal  parts.  The  yellow  coloring  matter  still  retained  by  the  mix- 
ture coagulates  immediately  and  precipitates,  leaving  the  ox-gall  perfectly  purified  and 
colorless.  If  wished  to  be  still  finer,  it  may  be  passed  through  filtering  paper ;  but  it 
becomes  clearer  with  age,  and  never  acquires  a  disagreeable  smell,  nor  loses  any  of  its 
gtNxl  qualities. 

Clarified  ox-eall  combines  readily  with  coloring  matters  or  pigments,  and  gives  them 
solidity  either  by  being  mixed  with  or  passed  over  them  upon  paper.  It  increases  the 
brilliancy  and  the  durability  of  ultramarine,  carmine,  green,  and  in  general  of  all  delicate 
colors,  whilst  it  contributes  to  make  them  spread  more  evenly  upon  the  paper,  ivory, 
iLc.  When  mixed  with  gum-arabic,  it  thickens  the  colors  without  communicating  to 
them  a  disagreeable  glistering  appearance;  it  prevents  the  gum  from  cracking,  and 
fixes  the  colors  so  well  that  others  may  be  applied  over  them  without  degradation. 
Along  with  lamp  black  and  gum,  it  forms  a  good  imitation  of  China  ink.  When  a  coat 
of  ox-gall  is  pot  upon  drawings  made  with  black  lead  or  crayons,  the  lines  can  no  longer 
be  effaced,  but  may  be  painted  over  safely  with  a  variety  of  colors  previously  mixed  up 
with  the  same  ox -gall. 

Miniature  painters  find  a  great  advantage  in  employing  it ;  by  passing  it  over  ivory, 
it  temoves  completely  the  unctuous  matter  from  its  surface ;  and  when  ground  with  the 
eoioTt,  it  makes  them  spread  with  the  greatest  ease,  and  renders  them  fast. 

It  serves  also  for  transparencies.  It  is  first  passed  over  the  varnished  or  oiled  paper, 
and  is  allowed  to  dry.  The  colors  mixed  with  the  gall  are  then  applied,  and  eannot 
afterwards  be  removed  by  any  means. 

It  is  adapted  finally  for  taking  out  spots  of  grease  and  oil. 
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GALL  OF  GLASS^  called  also  aaadhrery  is  the  nentral  salt  skimDed  off  tlie  sarfaee  «f 
melted  crown  glass ;  which,  if  allowed  to  remain  too  long,  is  apt  to  be  re-absorbed  ia 
part,  and  to  injure  the  quality  of  the  mttaly  as  the  workmen  call  it. 

GALVANIZED  IRON  is  the  somewhat  fantastic  name  newly  given  in  France  to  iron 
tinned  by  a  peculiar  patent  process,  whereby  it  resists  the  rusting  influence  of  damp  air, 
and  even  moisture,  much  longer  than  ordinary  tin  plate.  The  foUowing  is  the  prescribed 
process.  Clean  the  surface  of  the  iron  perfectly  by  the  joint  action  of  dilute  acid  and 
friction,  plnnge  it  into  a  bath  of  melted  Eiac,  and  stir  it  about  till  it  be  alloyed  super 
ficially  with  this  metal ;  then  take  it  out,  and  immerse  it  iq  a  bath  of  tin,  such  as  is  used 
for  making  tin  plate.  The  tin  forms  an  exterior  coat  of  allof.  When  the  metal  thus 
prepared  is  exposed  to  humidity,  the  sine  is  said  to  oxydize  slowly  by  a  galvanic  action, 
and  to  protect  the  iron  from  rusting  within  it,  whereby  the  outer  tinned  sniface  remains 
for  a  Jong  period  perfectly  white,  in  circumstances  under  which  iron  tinned  in  the  usual 
way  would  have  been  snperficiaUy  browned  and  corroded  with  rust. 

GAMBOGE  {Gomme  Gutte,  Fr. ;  Gutti,  Germ.)  is  a  gum  resin,  concreted  in  the  air, 
from  the  milky  juice  which  exudes  from  several  trees.  Th«  gambogia  guttuy  a  tree 
which  grows  wild  upon  the  coasts  of  Ceylon  and  Malabar,  produces  the  coarsest  kind  of 
gamboge;  the  gUtiaefera  vera  (Stalagmitet  cambogioidis)  of  Ceylon  and  Siam  affords 
the  best.  It  comes  to  us  in  cylindrical  lumps,  which  are  outwardly  brown  yellow,  but 
reddish  yellow  within,  as  also  in  cakes ;  it  is  opaque,  easily  reducible  to  powder,  of  specific 
gravity  1*207,  scentless,  and  nearly  devoid  of  taste,  but  leaves  an  acrid  feeling  in  the 
throat.  Its  powder  and  watery  emulsion  are  yellow.  It  consists  of  80  parts  of  a  hya- 
cinth red  resin,  soluble  in  alcohol;  and  20  parts  of  gum;  but  by  another  analysis,  of  89 
of  resin,  and  10'5  of  gum.  Gamboge  is  used  as  a  pigment,  and  in  miniature  painting,  to 
tinge  gold  varnish ;  in  medicine  as  a  powerful  purge.  It  should  never  be  employed  by 
confectioners  to  color  their  liquors^  as  they  sometimes  do. 

GANGUE.  A  word  derived  from  the  German  gang,  a  vein  or  channel.  It  signifies 
the  mineral  substance  which  either  encloses  or  usually  accompanies  any  metallic  ore  in 
the  vein.  Quartz,  lamellar  carbonate  of  lime,  sulphate  of  baryta,  sulphate  and  fluate  of 
lime,  generally  form  the  gangues ;  but  a  great  many  other  substances  become  such  when 
they  predominate  in  a  vein.  In  metallurgic  works  the  first  thing  is  to  break  the  mixed 
ore  into  small  pieces,  in  order  to  separate  the  valuable  from  the  useless  parts,  by  pro- 
cesses called  stamping,  picking,  sorting.    See  Metaixurgt  and  Mines. 

GARNET  (Grenaty  Fr. ;  Granat,  Germ.)  is-  a  vitreous  mineral  of  the  cubic  system,  of 
which  the  predominating  forms  are  the  rhomboidal  dodecahedron  and  the  trapoezohedron ; 
specific  gravity  varying  from  3*35  to  4*24;  fusible  at  the  blowpipe.  Its  constituents  are, 
silica,  42;  alumina,  20*0;  lime,  34*0;  protoxyde  of  iron,  4.  Garnets  are  usually  dis- 
seminated, and  occnr  in  all  the  primitive  strata  from  gneiss  to  clay  slate.  The  finer  va- 
rieties, noble  garnet  or  Almandine,  and  the  reddish  varieties  of  Grossulaire  (Essonite), 
are  employed  in  jewellery ;  the  first  are  called  the  Syrian  or  oriental  j  the  others,  hyacinth. 
In  some  parts  of  Germany,  garnets  are  so  abundant  as  to  be  used  as  fiuxes  to  some  iron 
ores ;  in  others,  the  garnet  gravel  is  washed,  pounded,  and  employed  as  a  substitute  for 
emery.  The  garnets  of  Pegu  are  most  highly  valued.  Factitious  garnets  may  be  made 
by  the  following  composition : — ^Purest  white  glass,  2  ounces;  glass  of  antimony,  1  ounce; 
powder  of  cassius,  1  grain,  mahganese,  1  grain. 

GAS  (Eng.  and  Fr.  f  Gax,  Germ.>  iB  the  generic  name  of  all  those  elastic  fluids  which 
are  permanent  under  a  eonsiderable  pressure,  and  at  the  temperature  of  zero  of  Fahren- 
heit. In  many  of  them,  however,  by  the  joint  influence  of  excessive  cold  and  pressure, 
the  repulsive  state  of  the  particles  may  be  balanced  or  subverted,  so  as  to  transform  tbe 
elastic  gas  into  a  liquid  or  a  solid.  For  this  most  interesting  discovery,  we  are  indebted 
to  the  fine  genius  of  Mr.  Faraday. 

The  foUowing  table  exhibits  the  temperatures  and  pressures  at  which  certain  gases  are 
liquefied. 
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JUquid  carboaU  aeid  beoMDM  solidified,  into  a  snowy-looking  sabstance,  by  its  owm 
npid  evaporation.  Oxy^n,  hydrogen,  and  azote^  have  hitherto  resisted  all  attempts  to 
divest  them  of  their  elastic  form.  For  this  purpose,  it  is  probable  that  a  condensing  force 
eqaal  to  that  of  650  atoxispheres,  will  be  required. 

The  volume  of  avy  gas  is»  generally  speaking,  inversely  as  the  pressure  to  which  it  is 
exposed ;  thus,  under  a  doable  pressure  its  bulk  becomes  one  half;  under  a  triple  pres- 
sure, one  third ;  and  so  on*  For  the  change  of  volume  in  gaseous  bodies  by  hea^  see 
Expansion. 

AnuDoaia,  earbonic  acid,  carbureted  hydrogen,  chlorine,  muriatic  acid,  sulphurous 
acid,  aulphureted  hydrogen,  are  the  gases  of  most  direct  interest  in  the  arts  and  manu- 
factures.    Their  detailed  examination  belongs  to  a  work  on  chemistry. 

GAS-LI/&HT.  (Edairage  par  gat,  Fr. ;  Gaaliehty  Germ.)  Dr.  Clayton  demon- 
strated, by  numerous  experiments  in  1737  and  1738,  that  bituminous  pit-ooal  subjected  to 
a  red  heat  in  close  vessels,  afforded  a  great  deal  of  an  air  similar  to  the  fire-damp  of 
mines,  but  which  burned  with  a  brighter  flame.  It  does  not  appear  that  this  species 
of  factitious  air  was~ever  produced  from  pit-coal  for  the  purpose  of  artificial  illumination 
till  1792,  when  Mr.  William  Murdoch,  en^neer  to  Messrs.  Bolton  and  Watt,  employed 
coal  gas  for  lighting  bis  house  and  offices,  at  Redruth  in  Cornwall.  The  gas  was  gen- 
erated in  an  iron  retort,  whence  it  was  received  in  a  gasometer,  distributed  in  differ- 
eat  situations  by  pipes,  and  finally  burned  at  small  apertures  which  could  be  opened 
and  stopped  at  pleasure.  He  moreover  made  this  light  moveable,  by  confinirvg  Xhe  gas 
in  portable  tin-plate  vessels,  and  burning  it  wherever  he  pleased.  Between  this  period 
and  1802,  Mr.  Murdoch  continued  at  intervals  to  make  similar  experiments;  and 
apon  occasion  of  the  national  illuminaiiou  in  the  spring  of  the  latter  year,  at  the 
peace  of  AmienSy  he  lighted  up  part  of  the  Soho  manufactory  with  a  public  display  of  gas- 
lisbu. 

The  earliest  applicatioa  of  this  artificial  light,  on  a  large  systematic  scale,  was  made 
at  Manchester;  where  an  apparatus  for  lighting  the  great  cotton  mills  of  Messrs. 
Philips  and  Lee,  was  fitted  up  in  1804  and  1805,  under  the  direction  of  Mr.  Murdoch. 
A  quantity  of  li^ht,  nearly  equal  to  3000  candles,  was  produced  and  distributed  in  this 
boiUiag.  This  splendid  pattern  has  been  since  followed  very  generally  in  Great  Britain, 
and  mure  or  less  in  many  parts  of  the  continents  of  Europe  and  America.  By  the  yeai 
1822,  «as-Ughiing  in  lx)adon  had  become  the  business  of  many  public  companies.  At 
the  Peter  street  station,  for  example,  300  retorts  hod  been  erected,  supplying  15  gasome- 
ters, having  each  an  average  capacity  of  20*626  cubic  feet,  but,  being  never  quite  filled, 
their  total  contents  in  gas  might  be  estimated  at  309,385  cubic  feet.  The  extent  of  main 
pipes  of  distribution  belonging  to  this  station  was  then  about  57  miles,  with  two  separate 
mains  in  some  of  the  streets.  The  product  of  gas  was  from  10,000  to  12,000  cubic  feet 
frma  a  chakJron  of  coals.  The  annual  consumption  of  coals  was  therefore  altogether  9282 
chaldrons,  aifurding  11,384,000  cubic  feet  of  gas,  allowing  153  retorts  to  be  in  constant 
daily  action,  U()on  an  average  of  the  year;  and  illuminating  10,660  private  lamps,  2248 
street  lamps,  and  3S94  theatre  lamps. 

Al  the  Brick-lane  works,  371  retorts  were  fixed  in  1822, 133  being  worked  on  an  aver 
aee  of  summer  and  winter.    There  were  12  imsometers,  charged  wiih  an  average  quantity 
of  gas  amounting  to  197,214  cubic  feet.    Of  coals,  8060  chaldrons  were  annually  con- 
sumed; 96,720,000  cubic  feet  of  gas  were  generated  ;  for  the  supply  of  1978  public  lamps, 
and  7366  private  ones,  connected  with  main  pipes  40  miles  long. 

At  the  Curtain-road  gas  establishment,  there  were  240  retorts ;  but  the  greatest  number 
worked  in  1821  was  only  80,  and  the  lowest  21.  The  six  gasometers  had  an  average 
contents  of  90,467  cubic  feet.  Of  coals,  3336  chaldrons  were  annually  consumed,  yield- 
ing 40.040,000  cubic  feet  of  gas,  that  supplied  3860  private  lamps,  and  629  public  ones, 
by  means  of  mains  25  miles  loogj  The  above  three  stations  belonged  to  the  London  Gas- 
Li<ht  and  Coke  Company. 

The  City  of  London  Gas-Light  Company,  Dorset  street,  had  built  up  230  retorts,  and 
6  ga«ometers,  while  two  were  preparing;  havia?  a  total  capacity  of  181,282  cubic  feet, 
or  private  lamps  5423  were  lishted,  and  2413  public  ones,  from  mains  extending  50  miles. 
The  qaantiiy  of  coals  carbonized  amounted  to  8840  chaldrons ;  producing  106,080,000 
cabic  feet  of  iras. 

The  South  London  Gas-Light  and  Coke  Company  had  mounted  at  Bankside  143  retorts* 
with  3  gasometers;  the  contents  of  the  whole  being  41,110  cubic  feet,  connected  with 
mains  from  30  to  40  miles  long.  At  their  other  station,  in  Wellington  street,  9  large 
gasometers  were  then  erectinir,  with  a  capacity  of  73,565  cubic  feet,  which  were  to  be 
supplied  with  gas  from  Bankside,  UU  retorts  were  mounted  Ibr  them. 

The  Imperial  Gas-Light  and  Coke  Company  had  at  that  time  6  gasometers  in  progress 
at  their  Hackney  station. 

In  1822  there  were  thus  four  great  companies,  having  in  all  47  gasometers  at  work, 
•ipabk  of  containing  917,940  cable  feet 'Of  gas,  supplied  by  1315  retorts,  which  generated 
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per  annum  upwards  of  397,000,000  cubic  feet  of  gas,  by  whiA  61,203  private  lainpiy  and 
7268  public  or  street  lamps,  were  lighted  in  the  metropolis.  Besides  these  pnblie  oooi- 
panies,  there  were  likewise  several  private  ones. 

1.  0/  the  generation  of  illuminating  gcMs.-^^r9  hydrogen  gas  burns  with  too  feeble 
a  flame  to  be  employed  for  illumination.  But  c^bureted  hydrogen  having  the  property 
of  precipitating  its  carbon  in  the  act  of  burning,  its  solid  particles  become  incandescent 
and  diffuse  a  vivid  light.  The  more  carbon  it  contains,  the  more  brightly  does  it  burn. 
This  gas  exists  in  two  distinct  states  of  combination.  In  the  first,  two  measures  of  hy- 
drogen gas  are  combined  with  one  measure  of  (he  vapor  of  carbon,  forming  together  one 
measure  whose  specific  gravity  is  of  course  the  sum  of  the  weights  of  the  constituents,  J 

or  0*559;  atmospherical  air  being  1*000.    This  is  the  gas  which  is  found  in  mines,  and  I 

is  also  evolved  in  ditches  from  decomposing  veeetable  matter.    In  the  second,  two  meas-  \ 

ures  of  hydrogen  gas  are  combined  with  two  of  gaseous  carbon,  forming  also  one  volume 
or  measure  whose  weight  or  specific  gravity  is  0*985.    This  was  at  one  time  called  the  j 

olefiant  gas,  because  when  mixed  with^chlorine  an  oily  looking  compound  was  produced. 
It  may  be  called  as  well  oil  gas,  because  it  is  generated  in  considerable  quantities  by  the 
igneous  decomposition  of  oil.  Thus  the  olefiant  gas  contains  in  the  same  volume  double 
the  quantity  of  carbon  of  common  carbureted  hydrogen,  and  it  bums  with  a  proportion- 
ably  brighter  flame.  The  gaseous  oxyde  of  carbon,  as  well  as  sulphureted  hydrogen  gas, 
burns  with  a  feeble  blue  light,  bat  the  latter  produces  in  ^mbustion  sulphurous  acid,  an 
oflensive  and  noxious  gas. 

By  dry  distillation  or  carbonization  in  close  vessels,  all  bodies  of  vegetable  and  animal 
origin  disengage  carbureted  hydrogen  gas;  even  charcoal,  when  placed  in  ignition  in 
contact  with  steam,  by  decomposing  the  water,  produces  abundance  of  carbonic  acid, 
carbureted  hydrogen,  hydrogen,  and  carbonic  oxyde.  After  separating  the  earbnnic  add 
with  lime  water,  that  mixed  gas  contains  in  100  measures,  20  of  carbureted  hydrogen  ; 
the  rest  being  hydrogen  and  carbonic  oxyde,  so  that  the  gaseous  mixture  cannot  be  used 
for  illumination.  The  best  substances  for  furnishing  a  gas  rich  in  Inminiferous  materials 
are,  pitcoal,  especially  the  cannel  coal,  resin,  oil,  fats  of  all  kinds,  tar,  wax,  Itc.  In  some 
cases  the  gases  evolved  during  the  igneous  decomposition  of  bones  and  other  animal  mat- 
ters for  the  production  of  ammonia,  may  be  employed  for  procuring  light,  but  they  are 
apt  to  emit  a  fetid  odor. 

When  coals  are  heated  in  a  cast-iron  retort  to  ignition,  the  progress  of  decomposition 
is  as  follows.  First,  and  before  the  retort  becomes  red  hot,  steam  issues  along  with  the 
atmospheric  air.  When  the  retort  begins  to  redden,  tar  distils  in  considerable  quantity 
with  some  combustible  gas,  of  which  hydrogen  mixed  with  ammoniacal  gas  forms  a  part. 
The  evolution  of  gas  increases  as  the  retort  becomes  hotter,  with  a  continual  production 
of  tar  and  ammoniacal  liquor  as  well  as  sulphurous  acid  from  the  pyrites  of  the  coal,  which 
unites  with  the  ammonia.  When  the  retort  has  come  to  a  bright  cherry  red  heat,  the 
disengagement  of  gas  is  most  active.  By  and  by  the  gaseous  production  diminishes,  and 
eventually  ceases  entirely,  although  the  heat  be  increased.  la  the  retort  a  quantity  of 
carbonized  coal  or  coke  remains,  while  tar  is  found  at  the  bottom  of  the  receiver,  covered 
with  the  ammoniacal  liquor,  and  combined  with  carbonic  and  sulphurous  acids,  and  sul- 
phureted hydrogen. 

If,  during  this  distillation,  the  combustible  gas  be  collected  and  examined  at  the 
several  stages  of  the  process,  it  is  found  to  differ  extremely  in  its  luminiferous  powers. 
That  which  comes  off  before  the  retort  has  acquired  its  proper  temperature,  gives  a 
feeble  light,  and  resembles  the  gas  obtained  by  the  ignition  of  moist  charcoal,  consisting 
chiefly  of  hydrogen.  That  evolved  when  the  retort  has  just  acquired  throughout  a  vivid 
red  heat,  is  the  best  of  all,  consisting  chiefly' of  bi-carbureted  hydrogen  or  olefiant  gas. 
From  good  coal,  it  consists,  for  example,  in  100  measures,  of  13  of  olefiant  gas,  82*5  of 
carbureted  hydrogen,  3*2  carbonic  oxyde,  1*3  azote;  the  mixture  having  a  specific  gravity 
of  0*650.  At  a  later  period,  as  ailer  5  hours,  it  contains  7  measures  of  olefiant  gas,  56 
of  carbureted  hydrogen,  11  of  carbonic  oxyde,  21*3  of  hydrogen,  4*7  of  azote;  the  speci- 
fic gravity  of  the  whole  being  0*500.  Towards  the  end  of  the  operation,  as  aAer  10  hours, 
it  contains  twenty  measures  of  carbureted  hydrogen,  10  of  carbonic  oxyde,  60  of  hydro- 
gen, 10  of  azote,  with  a  specific  gravity  of  only  0*345.  The  hydrogen  becomes  sulphur- 
eted hydrogen,  if  there  be  much  pyritous  patter  in  the  coal.  The  larger  proportion  of 
the  gas  is  disengaged  during  the  first  hour,  amounting  to  about  one  fifth  of  the  whole ;  in 
the  three  following  hours  the  disengagement  is  tolerably  uniform,  eonstittiting  in  all  fiAy- 
four  hundredths ;  in  the  sixth  hour,  it  is  one  tenth ;  in  the  seventh  and  eighth  hours, 
sixteen  hundredths. 

From  these  observations  are  derived  the  rules  for  the  production  of  a  good  light  gas 
from  coals.  They  show  that  the  distillation  should  commence  whh  a  retort  previously 
heated  to  a  cherry  red,  since  thereby  good  gas  is  immediately  produced,  and  a  portion 
of  the  tar  is  also  converted  into  gas,  instead  of  being  simply  distilled  over  into  the  con- 
denser pit;  that  this  heat  should  be  steadily  continued  during  the  whole  operation, 
from  5  to  8  hours ;  that  it  should  not  be  increased,  especially  towards  the  end,  for  (car 
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of  feoeraling  carbonic  oxyde  and  hydrogen  gases,  as  well  as  of  injaring  the  retort  when 
the  eootmg  agency  of  gasefication  has  become  feeble ;  and  that  the  operation  should  be 
stopped  some  time  before  gas  ceases  to  come  over,  lest  gases  with  feeble  illuminating  power 
shoald  impoverish  the  contents  of  Ibe  gasometei'.  Upon  the  average,  a  pound  of  good  coal 
afl(DRis  four  cubic  feet  of  gas,  or  a  cfaaldron=26  cwts.  London  measure,  afibrds  from  12,000 
to  15,000  cubic  feet,  according  to  the  form  of  the  retort,  and  the  manner  of  firing  it. 

When  oil,  fats,  rosin,  tar,  fcc.  are  employed  for  the  production  of  a^lighl  gas,  it  is  not 
su^cient  to  introduce  these  substances  into  the  retorts,  and  to  heat  them,  as  is  done 
with  eoals.  In  this  case,  the  greater  part  of  them  would  distil  over  in  the  state  of  vola- 
tile oils,  and  very  little  gas  be  generated,  only  as  much  as  corresponded  to  the  quantity 
of  fat,  &C.  in  immediate  contact  with  the  retort.  It  becomes  therefore  necessary  to 
fill  the  retorts  with  pieces  of  brick  or  coke ;  and  to  keep  them  in  ignition,  while  the 
oil,  &.C.  is  slowly  introduced  into  their  interior.  The  fats  instantly  assume  the  vaporous 
state,  and  thus  coming  into  contact  upon  an  extensive  surface  with  the  ignited  bricks, 
are  decomposed  into  combustible  gases.  A  small  portion  of  carbonaceous  matter  re> 
mains  in  the  retort,  while  much  olefiant  gas  is  formed,  possessing  a  superior  illumi- 
nating power  to  common  coal  gas,  and  entirely  free  from  sulphureous  impregnation. 
The  best  oil  gas*  is  generated  at  a  dull  red,  a  heat  much  below  what  is  requisite  for  the 
decomposition  of  coal.  A  more  intense  heat  would  indeed  produce  a  greater  volume 
of  gas,  but  of  a  poorer  quality,  because  the  olefiant  gas  thereby  deposites  one  half  of 
its  carbon,  and  is  converted  into  common  carbureted  hydrogen.  Oil  affords  at  a  lively 
red  heat,  gases  which  contain  in  100  measures,  19  of  olefiant  gas,  32*4  of  carbureted 
hydrogen,  12*2  of  carbonic  oxyde  gas,  32*4  of  hydrogen,  and  4  of  azote ;  the  mean  specific 
gravity  being  only  0*590.  At  a  more  moderate  temperature  it  yields  22-5  of  the 
olefiant,  50*3  carbureted  hydrogen,  15*5  carbonic  oxyde,  7*7  hydrogen,  and  4  axote, 
with  a  specific  gravity  of  0*758.  It  contains  when  generated  by  dull  ignition,  as  is 
usual  in  works  on  the  manufacturing  scale,  in  100  parts  from  38  to  40  of  olefiant  gas, 
and  besides  the  carbureted  hydrogen,  a  few  per  cent,  of  carbonic  oxyde  and  azote, 
with  a  specific  gravity  of  0*900|  and  even  upwards.  One  pound  of  oil  or  fluid  fat  affords 
15  cubic  feet  of  gas ;  of  tar  affords  about  12  cubic  feet ;  of  rosin  or  pitch,  10  cubic  feet. 

When  the  oil  gas  is  compressed  by  a  force  of  from  15  to  20  atmospheres,  as  was  the 
practice  of  the  Portable  Gas  Company,  about  one  fifth  of  the  volume  of  the  gas  becomes 
liquefied  into  an  oily,  very  volatile  fluid,  having  the  specific  gravity  0*821.  It  is  a 
mixture  of  three  fluids  (consisting  of  carbureted  hydrogen),  of  different  degrees  of 
volatility.  The  most  volatile  of  these  boils  even  under  32°  F.  Some  of  the  vapor  of 
this  gas-oil  is  mixed  with  the  olefiant  gas  in  the  general  products  of  decomposition ;  in 
consequence  of  which  they  are  sometimes  richer  in  carbon  than  even  olefiant  gas,  and 
have  a  higher  illuroinatins:  power.  Oil  gas  contains  about  22  per  cent,  and  coal  gas 
about  3f  per  cent,  of  this  oily  vapor.  In  the  estimations  of  the  composition  of  the 
gases  given  above,  this  vapor  is  included  under  olefiant  gas.  This  vapor  combines 
readily  with  sulphuric  acid,  and  is  thus  precipitated  from  the  gaseous  mixture.  The 
amount  of  olefiant  gas  is  shown,  by  adding  to  the  gas,  contained  over  water,  one  half  of 
its  volume  of  chlorine,  which,  in  the  course  of  an  hour  or  two,  condenses  the  olefiant  gas 
into  an  oily  looking  liquid  (chloride  of  hydrocarbon.)  AAer  the  mixture,  the  gases 
must  be  screened  from  the  light,  otherwise  the  eommon  carbureted  hydrogen  would  also 
combine  with  the  chlorine,  while  water  and  carbonic  acid  would  make  their  appearance. 
The  oil  employed  for  affording  gas  is  the  crudest  and  cheapest  that  can  be  bought ;  even 
the  blubber  and  sediment  of  whale  oil  are  employed  with  advantage.  Ailer  all,  however, 
eoal  is  so  much  cheaper^  and  the  gas  produced  from  it  is  now  so  well  purified,  that  oil 
and  rosin  are  very  liitle  used  in  gas  apparatus. 

J9pparatu»  for  Coal  Gas. — Coal  gas,  as  it  issues  from  the  retort,  cannot  be  directly 
employed  for  illumination;  for  it  contains  vapors  of  tar  and  coal  oil,  as  also  steam 
impr^nated  with  the  carbonate,  sulphite,  and  hydrosulphuret  of  ammonia.  These 
vapors  would  readily  condense  in  the  pipes  through  which  the  gas  must  be  dis- 
tributed, and  would  produce  obstructions  ;  they  must  therefore  be  so  far  removed  by 
previous  cooling,  as  to  be  liable  to  occasion  no  troublesome  condensation  at  ordinary 
temperatures.  The  crude  coal  gas  contains  moreover  sulphureted  hydrogen,  whose  com- 
bostion  for  light  would  exhale  an  offensive  sulphureous  odor,  that  ought  to  be  got 
rid  of  as  much  as  possible.  Carbonic  acid  and  carbonic  oxyde  gases,  generated  at  first 
from  the  decomposition  of  the  steam  by  the  ignited  coal,  enfeeble  the  illuminating  power 
of  the  gas,  and  should  be  removed.  The  disengagement  of  gas  in  the  retorts  is  never 
uniform,  but  varies  with  the  degree  of  heat  to  which  they  are  exposed;  for  which 
reason  the  gas  must  be  received  in  a  gasometer.  Where  it  may  experience  uniform  pres- 
sure, and  be  discharged  uniformly  into  the  pipes  of  distribution,  in  order  to  ensure  a 
steady  discharge  of  gas,  and  uniform  intensity  of  light  in  the  burners.  A  coal  gas  appa- 
ntns  ought  therefore  to  be  so  constructed  as  not  only  to  generate  the  gas  itself,  but  to  fulfil 
the  above  conditions. 
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Id;!;.  482,  tuch  an appuatof  U  npNNntKit  wbere  tha  vuiom  paiti  «n  ihewa  toft 
attted  witK  each  oUier,  in  MCtioa. 

4  ii  the  furnace  with  its  let  oT  (ylindiieal  ot  dlipUcal  relorta,  fire  in  nanber.     Fna 
each  of  these  retoru,  a  tube  b  ptiiCMdi  parpasdianlnlT  npwanli,  and  then  by  a  enm 
48S  or  laddle-Hbe,  It  liinM  don- 

irardi,  where  it   eaten  a  loif 
^.^^,„  borizontal  crlinder  onder  a,  shot 

f     J  at  each  end  with  a  aerew  ea)),  anl 

-^  dcaeeodi  to  beneath  its  middle 

ao  as  to  dip  ahoot  an  inch  into 
tile  water  eODtained  in  it  From 
one  endof  thii  cylinder  the  tube 
d  pawet  downward,  to  connect 
itaeir  with  a  boriiuBial  tube 
which  enlen  into  the  fw  pit  cr 
'N  eUlint  c,  bf  means  of  Ibe  verti 

t^nuu  cat  branch/.  This  teanch  reav- 

es to  near  the  bottom  oT  Ihe  ej'- 
Undrical  vessri,  which  ;iu  on  tbe 
■ol«of  the  tardstern.  Fiom  the 
otber  tide  of  Ibe  veKical  biandi 
/,  the  main  pipe  proeeedi  to  (he 
eoadeAser  n,  and  ihenn  bf  Ike 
pipe  I,  into  the  pnrifier  i ;   fhna 

L  which   ttie   gas  is   immedialdf 

Innunilted  bf  the  pipe  p  into  tbe 
fasomeler  r. 
The  operation  ppoeeed*  in  the 
fallowing  war :— As  soon  as  gas 
,1  begins  to  be  disengaged  from  the 

n    **  ignited  retort,  tar  and  amoiuni- 

U    _—  acal  liquor  are  depoaited  in  (he 

^   \r~,  cylindrical  receiver  a,  and  fill  it 

"  ap  till  the  superflnity  runs  OTcr 

bylhe  pipe  if,  the  level  being  con- 
■tantir  preserved  at  the  Kae 
shown  in  the  figure.  Brtheaame 
larr;  liquid,  the  oriGcea  of  Ibe 
41  tCTeral  [Hpes  h,  issuing  Itom  tke 

I  relotta,  are  dosed ;  wherebr  tbt 

L  ,  gas  in  the  pipe  d  has  its  cooi- 

W  milnicalion  cat  off  with  the  gai 

^  in  the  retorts.    Hence  If  one  of 

tbe  retorts  be  opened  and  emp- 

^tied,  it  remains  ahnt  off  from  the 
rest  of  the  apparatas.  This  in- 
■ulition  of  the  several  retorts  ia 
the  function  of  the  pipenndera, 
and  therefore  tbe  rrcDrved  tubeA 
most  be  dipped  ns  far  under  the 
surface  of  the  tarry  liquid,  as  to 
be  in  equiiibrio  with  the  prepare 
ofthe  gas  upon  the  water  in  the 
purifier.  The  tube  b  is  closed  at 
top  with  a  screw  cap,  which  can 
be  taken  off  at  pleasure,  to  per- 
mit the  interior  to  he  cleansed. 

Both  by  the  overflow  from  (he 
receiver-pipe  a,  and  by  subse- 
qnenl  condensation  in  the  tube  d,  tar  and  ammoniaca!  liquor  collect  progressively  in  the 
eislcm  or  pit  nnder  c,  by  which  mingled  liquids  the  lower  orifice  of  the  vertical  tube/  ia 
dosed,  so  that  the  gas  cannot  etcape  into  the  empty  space  of  this  cistern.  These  liquida 
flow  over  the  edges  of  the  inner  vessel  when  it  is  full,  and  may  ftom  time  to  time  be 
drawn  off  b;  the  stopcock  at  the  bottom  of  the  cistern. 

Though  tbe  gas  has,  in  its  progress  hitherto,  deposited  a  good  deal  of  its  lany  and 
•mnioniBcal  vapors,  jet,  in  consequence  uf  its  high  temperalnre,  it  still  retains  a  con- 
Hlciable  portion  of  them,  which  niuat  be  inmcdiBtely  abstracted,  otherwise  the  tar 
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vwdJ  pollMe  tht  Km  in  Ike  reMd  %  tad  iMMfwe  witk  lu  poiitEtiim.  On  diti  ac- 
eo^  Ibe  ;m  tboDld,  M  tbii  period  «f  tlie  pioeeu,  be  eooled  u  nueh  u  pomiUf,  in  order 
W  eoodeiue  thcM  npon,  wd  to  ftiTDr  Ibe  aetioB  oT  the  line  ia  the  paiifler  b,  npoB  Iha 
culpharetad  hydroEen,  which  is  mora  energetic  tbe  lover  the  Icmpeialure  of  the  gu. 
The  coal  ga*  pa»e«,  ibereiore,  rrom  tbe  tube  /  into  ibe  tube  A  of  Ebc  eondenicr  d,  which 
u  placed  ia  an  iran  cheat  g  Itled  with  water,  and  it  depoaile*  more  lai  and  ammoniacal 
liqavr  in  the  nader  part  oT  the  cUtern  at  I,  I.  When  theae  liqnidl  haTe  risen  to  a  cerlaia 
Inel,  Ibej  ottcAow  into  Ibe  tai-pit,  at  tbim  ia  the  Sgtire,  lo  b«  drawn  off  hj  the  (tap- 
eodt  ai  oeeauan  may  require. 

The  refiigeraled  (;>»  is  now  eondaeted  into  the  pnriBer  s,  which  i$  GUed  with  milk  of 
lime,  made  bjr  mixing  one  part  of  ilaked  lime  with  25  pait«  of  waler.  The  gas,  as  it 
— lcr»  bf  Ike  pipe  I,  depreMca  ike  water  in  the  wide  cylinder  n,  Ibencs  pasaei  under  the 
perfaralrd  diic  in  the  nadei  part  of  that  cylinder,  and  riling  ap,lhrough  innumerable 
•■■11  holes  is  di*tribated  throa^hoat  the  lime  liqnJd  in  Ihe  Teasel  m.  By  conlael  witk 
~*  *'  oa  ihit  extended  swrTace,  the  ^as  is  atripped  of  its  sulphureted  hydrogen  and 
aeitl,  which  are  coodenKcd  into  the  hydro-aulpburel  andcarboaaleof  limei  it  now 
le  gsaonMter  r  in  a  puriSed  stale,  through  the  pipe  p  I,  and  occupies  the  space  q. 
luc  lEBsometer,  pressing  wilh  a  small  unbalanced  force  OTcr  the  eounterweigbt  >,  expels 
it  tkrougb  tbe  maia  u  %  in  cunmunicalian  with  the  pipes  of  diitribulioo  thiougfa  the 
boildioga  ot  streets  to  be  illaminaled. 

The  parls  A  •  c  D  ■  and  >>  of  which  this  appaiatui  consists,  are  essential  constituent* 
of  ever;  good  coal-gas  work.  Their  eonttractjon  reiU  upon  peculiar  principles,  is  fna- 
ceptikle  of  certain  nodificalioaa,  aad  therefore  deserves  to  be  considered  in  detail. 

Th*  Reloru.  —  These  are  geotraU;  made  of  cast  iron,  though  tbay  hsTC  occasionaUf 

keen  made  of  baited  clay,  like  eemmon  earthenware  retorts.      Tbe  nriginal  form  was  a 

eytiader,  which  was  changed  to  an  ellipse,  with  tbe  long  ails  in  ■  horizontal  direction, 

tkea  into  [be  shape  of  (he  letter  d  with  the  straight  line  undemost,  and  lastly  into  a 

sami-eyliiider,  with  its  horiioatal  diameter  22  inches,  and  its  lerliital  rarying  from  9  lo 

12.     The  kidney  fora  was  at  one  time  preferred,  but  it  baa  been  lilUe  Used  of  laic. 

The  form  of  retort  represented  ia  Jig.  483  has  been  found  to  yieU  Ihe  largest  quantitr 

of  good  gas  in  the  shortest  time,  aad  with 

the  leaal  quantiiy  of  firing.    The  length  is 

7},  and  Ihe  traosTerae  area,  from  one  foot 

U  a  loot  and  a  half  square.       The  amnn 

show  the  direction  of  the  flame  and  draught 

in    this    excellent    beach    of   retoria,  aa 

Btonnted  by  Mcasre.  Barlow. 

Tbe  chaifte  of  coals  is  moat  eonreniently 
fntrodoced  in  a  tray  of  sheet  iron,  made 
somewhat  hke  a  grocer's  scoop,  adapted  to 
the  size  of  the  retort,  which  ia  poshed  boma 
lo  its  further  end,  ioTerted  ao  aa  to  turn 
out  the  contents,  and  then  immediatdf 
withdrawn. 

The  dnralk>n  of  Ihe  process,  or  the  time 
of  completing  a  distillalion,  depends  npoa 
the  nature  of  the  coal  and  ihe  form  of  ih« 
retort.  With  eyliDdrical  retorts  it  cannot 
be  linished  in  Ins  than  6  hours,  but  witk 
elliptical  and  semi.cylindrical  retorts,  it  may 
be  complclcd  'in  4  or  6  hour*.  If  the  dis- 
tillalioa  b«  continued  in  the  former  for  8 
koara,  and  in  tke  latter  for  6,  gaa  will  continue  to  be  obtained,  btl  during  Ike  latter  period 
of  Ihe  operation,  of  indiSerenl  quaUly.. 

Thi  Riceivtr.  —  If  the  furnace  contain*  only  2  or  8  retorts,  a  simple  cylindrical  Teitel 
standing  on  the  ground  half  filled  with  water,  may  serre  as  a  receiver )  into  which  ihe 
mbe  from  the  retort  may  be  plunged.  Itabonld  be  protided  with  an  overflow  pipe  fM-tha 
lar  and  ammoniacal  liquor.  For  a  range  of  Several  retorts,  a  long  boriiooul  cylinder  id 
preferable,  like  that  reprCKated  at  ■  in  Jig.  484.  Its  diameter  is  from  10  to  IS  inehea. 
This  cylinder  may  he  so  conilructed  a*  to  separate  the  tar  from  the  amtnoaiacal  liqiMr, 
by  means  of  a  syphon  attached  to  one  of  its  ends. 

Tkt  Cmdtitr,~~  The  condenser,  represented  in  fig.  4B2,  consists  of  a  square  chttt  g. 
Bade  of  wrought  iron  plates  open  at  top,  but  having  its  bottom  pierced  with  a  row  M 
holes,  to  receive  a  serin  of  tubes.  To  these  boles  the  upright  four-inch  lubes  i  A  ar« 
Mcured  by  flanges  and  Fcrewa,  sod  tbey  ate  connected  in  pain  at  top  by  tbe  eorred  or 
nddle  lubes.  The  said  bottm  fornu  the  cover  of  the  chest  (,  (,  which  is  divUed  by  Mr- 
tkal  itat  partiiioas,  into  kalf  a*  many  compartment*  as  there  are  tabea. 
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These  partition  plates  are  left  open  at  bottom,  eo  as  to  place  the  liquids  of  each 
partment  in  communication.      Thereby  the  gas  passes  up  and  down  the  series  of  tubes, 
in  proceeding  from  one  compartment  to  another.    The  condensed  liquids  descend  into  the 


^  ^    ^ 


box  /,  t,  aod  flow  over  into  the  tar 
cistern,  when  they  rise  abotre  the  level 
tf  t.  The  tar  may  be  drawn  off  from 
time  to  time  by  the  stopcock.  Through 
the  tube  k^  cold  water  flows  into  the 
condenser  chest,  and  the  warm  water 
passes  away  by  a  pipe  at  its  upper 
edge. 

The  extent  of  surface  which  the  gas 
requires  for  its  refrigeration  before  it 
is  admitted  into  the  washing-lime  ap- 
paratus, depends  upon  the  tempera- 
ture of  the  milk  of  lime,  and  the 
quantity  of  gas  generated  in  a  certain 
time. 

It  may  be  assumed  as  a  detenninatioa 
suflSciently  exact,  that  10  square  feet 
of  surface  of  the  condenser  can  cool 
a  cubic  foot  of  gas  per  minute  to  the 
temperature  of  the  cooling  water. 
For  example,  suppose  a  furnace  or 
arch  with  6  retorts  of  150  pounds  of 
coal  each,  to  produce  in  5  hours  3000 
cubic  feet  of  gas,  or  10  cubic  feet  per  minute,  there  would  be  required,  for  the  cooling 
surface  of  the  condenser,  100  square  feet  =  10  X  10.  Suppose  100,000  cubic  feet  ot 
gas  to  be  produced  in  24  hours,  for  which  8  or  9  such  arches  most  be  employed,  the  con- 
densing surface  must  contain  from  800  to  900  square  feet. 

The  Purifier,  — The  apparatus  represented  in  the  preceding  figure  is  composed  of  a 
cylindrical  iron  vessel,  with  an  air-tight  cover  screwed  upon  it,  through  which  the  cylinder 
n  is  also  fixed  air>tight.  The  bottom  of  this  cylinder  spreads  out  like  the  biim  of  a  hat, 
forming  a  horizontal  circular  partition,  which  is  pierced  with  holes.  Through  a  stufling 
box,  in  the  cover  of  this  interior  cylinder,  the  vertical  axis  of  the  agitator  passes,  which 
is  turned  by  wheel  and  pinion  work,  in  order  to  stir  up  the  lime  from  the  bottom  of  the 
water  in  the  purifier.  The  vessel  o  serves  for  introducing  fresh  milk  of  lime,  as  also  for 
letting  it  off  by  a  stopcock  when  it  has  become  too  foul  for  further  use. 

The  quantity  of  lime  should  bp  proportioned  to  the  quantity  of  sulphureted  hydrogen 
and  carbonic  acid  contained  in  the  gas.  Supposing  that  in  good  coal  gas  there  is  5  per 
cent,  of  these  gases,  about  one  pound  and  a  half  of  lime  will  be  requisite  for  every  hun- 
dred cubic  feet  of  coal  gas  generated,  which  amounts  to  nearly  one  sixteenth  of  the 
weight  of  coal  subjected  to  decomposition.  This  quantity  of  lime  mixed  with  the  proper 
quantiiy  of  water  will  form  about  a  cubic  foot  of  milk  of  lime.  Consequently,  the 
capacity  of  the  purifier,  that  is,  of  the  interior  space  filled  with  liquid,  may  be  taken  at 
four  sevenths  of  a  cubic  foot  for  every  hundred  cubic  feet  of  gas  passing  through  it  in 
one  operation ;  or  for  175  cubic  feet  of  gas,  one  cubic  foot  of  liquor.  After  every 
operation,  that  is,  after  every  five  or  six  hours,  the  purifier  must  be  filled  afresh.  Sup* 
pose  that  in  the  course  of  one  operation  20,000  cubic  feet  of  gas  pass  through  the 

20,000 
machine,  this  should  be  able  to  contain— ts?—  =  1 14  cubic  feet  of  milk  of  lime ;  whence 

its  diameter  should  be  seven  feet,  and  the  height  of  the  liquid  three  feet.    If  the  capacity 
of  the  vessel  be  less,  the  lime  milk  must  be  more  frequently  changed. 

In  some  of  the  farge  gas  works  of  London  the  pnrifier  has  the  following  construction, 
whereby  an  uninterrupted  influx  and  efflux  of  milk  of  lime  takes  place.  Three  single 
purifiers  are  so  connected  together,  that  the  second  vessel  stands  higher  than  the  first, 
and  the  third  than  the  second ;  so  that  the  discharge  tube  of  the  superior  vessel,  placed 
somewhat  below  its  cover,  enters  into  the  upper  part  of  the  next  lower  vessel;  conse- 
quently, should  the  milk  of  lime  in  the  third  ahd  uppermost  vessel  rise  above  its  ordi- 
nary level,  it  will  flow  over  into  the  second,  and  thence  in  the  same  way  into  the  first ; 
from  which  it  is  let  ofi"  by  the  eduction  pipe.  A  tube  introduces  the  gas  from  the  con- 
denser into  the  first  vessel,  another  tube  does  the  same  thing  for  the  second  vessel,  buc.j 
and  the  tube  of  the  third  vessel  conducts  the  gas  into  the  gasometer.  Into  the  third 
vessel,  milk  of  lime  is  constantly  made  to  flow  from  a  cistern  upon  a  higher  level. 
By  this  arrangement,  the  gas  passing  through  the  several  vessels  in  proportion  as  it 
is  purified,  comes  progressively  into  contact  with  purer  milk  of  lime,  whereby  its  purifi- 
cation becomes  more  complete.     The  agitator  c,  provided  with  two  stirring  paddles,  is 
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kept  ia  eontimoal  rrtalioa.  The  prcMare  which  the  gtt  hu  hen  tooTenome  it  fiklnnllr 
thne  limes  u  great  u  wilh  >  lingle  puiiGer  of  like  depth. 

Fiif.  435  b  ■  aimple  focm  of  purifier,  «bicb  bu  beea  found  (o  aiuwemell  in  practice. 
Thnnigh  the  eoier  of  the  Tcsael  i.  a,  the  wide  cylinder  t  d  a  inserted,  having  its  lower 
ead  pierced  with  naineroiu  holes.  Cancentric  with  that  cylinder  is  the  nairowcr  one  1 1, 
boDDd  above  with  the  fiange  a  b,  but  open  at  lop  and  bottoio.  The  under  ed|;e  g  h  aC 
this  c;1iader  descends  a  few  incha  below  the  end  c  <{  oT  the  outer  one.  About  the  middle 
of  the  reaael  the  perforated  shelf  m  n  is  placed.  The  shoA  of  the  agiuiar  I,  pssset 
IhnHigh  a  Huffing  box  npoo  (be  top  of  the  Testel.  The  gas-pipe  g,  proceeding  from  Ihe 
eoadenser,  enlers  Ihrough  Ihe  Qauge  a  b  to.  the  outer  cylinder,  while  the  gas-pipe  h  goes 
train  Ihe  cover  to  Ihe  gasaaieler.  A  stopcocli  upon  the  eide,  whose  orifice  of  discharge  it 
timewhat  higher  than  the  uader  edge  of  the  outer  cylinder,  serves  to  draw  off  Ihe  milk 
of  lime.  At  (be  gas  enter*  Ihrough  ihe  pipe  g  into  the  apaee  between  the  two  cylinders, 
it  displaces  the  liquor  till  it  nrriTes  at  the  holes  in  the  under  edge  of  Ihe  outer  cylinder, 
ikroogh  which,  as  well  at  under  the  edge,  it  Sows,  and  then  passes  up  through  the  aper- 
tsret  of  Ihe  shelf  m  n  into  the  milk  of  lime  chamber  j  the  level  of  which  is  shown  b} 
the  dotted  line.  The  stirrer,  I,  should  be  turned  by  wheel  work,  though  it  is  here  shown 
U  pat  in  motion  by  a  winch  handle. 

Ia  order  to  judge  of  the  degree  of  parity  of  the  gas  aflei  its  transmission  through  the 
Hme  machine,  a  slender  syphon  tube  provided  with  a  stopcock  may  have  the  one  end 
ksrrled  ia  itt  oover,  and  Ihe  other  dipped  into  a  vessel  containing  a  solulion  of  acetate 
of  lead.  Wheaever  the  solulion  hat  been  rendered  turbid  by  the  precipitation  of  sulpba- 
tel  of  lead,  i(  shouU  be  renewed.  The  taiarated  and  fetid  milk  of  lime  is  evaponued 
in  oblong  east-iron  tronght  placed  in  Ihe  ash-pil  of  the  furnaces,  and  Ihe  dried  lime 
is  parllr  employed  for  lotiog  Ihe  apparalos.  Bad  partly  disposed  of  for  a  mortar  or 

By  Ibis  purifier,  and  others  of  similar  construction,  the  gat  in  the  preceding  parts  of 
Ihe  apparaluf,  as  in  the  retorts  and  the  condenser,  suifers  a  pressure  equal  to  a  column 
of  water  about  iwo  feet  high ;  and  in  the  last  described  purifier  even  a  greater  pressim. 
nit  pressure  is  not  disadvantageous,  but  it  of  use  in  two  respects  j  1.  it  shows  by  a 
brisk  jet  of  gat  when  Ihe  apparatus  is  not  air-tight,  and  it  prevents  common  air  from 
Mtering  into  the  retortt  j  2.  Ihis  compreation  of  Ibe  gat  favors  the  condensation  of  the 
Ur  and  ammoniacal  liquor.  The  e&eci  of  such  a  degree  <rf'  pretsure  in  eipandiag  ths 
Btul  of  the  ignited  retorts  is  quite  inconsiderable,  and  may  be  neglected.  Two  contri- 
vances have,  however,  been  proposed  for  taking  otT  this  pressure  in  the  purifier. 

Ia  fig.  486,  m  m  are  Iwo  similar  vessels  of  a  round  or  rectangular  form,  fbmiahed  at 

tteir  Dpper  border  with  a  groote  filled  with  water,  into  which  the  under  edge  of  the 

(CiTer  Git,  BO  as  to  make  the  vessel  air-tigbt.     The  cover  is  suspended  by  a  cord  or  chain, 

which  goes  over  a  pulley,  and  may  be  raised  or  lowered  at  pleasure.       The  vessels  them- 

•elves  have  perforated  bottoms,  r  t',  covered  with  welled  mots  or  hay  sprinkled  over  with 

daked  and  tided  quicklime.      The  gas  passes  throogh  the  loosely  compacted  matter  of 

the  first  vessel,  by  entering  between  itt  Iwo  bottoms,  rises  inlo  the  upper  space  t,  Ihenee 

It  ptoceeda  to  the  tecood  vessel,  and,  lattly,  through  the  pipe  u,  into  the  gasometer. 

—         Thit   method,   however,  requirei 

twice  as  much  lime  as  the  former, 

without  inereating  the  purity  of 

l^e  second  method  contisit  ia 
compressing  the  gas  by  the  as- 
tioa  of  an  Archimedes  screw,  in 
such  a  degree,  befure  it  is  admit- 
ted into  the  purifier,  as  Ihal  it 
may  overcome  the  pressure  of 
Ibe  column  of  water  in  that 
vettel.  Fig.  487  exhibits  thit 
apparatni  in  seciiun.  n  d  i*  Ihe 
Archimedes  worm,  Ihe  aiii  of 
which  revolves  at  bottom  upon 
the  gudgeon  t;  it  pacsetae*  a 
three-fold  spiral,  and  it  lamed 
Jo  Ihe  opposite  direction  to  Ihat 
in  which  it  scoopi  the  irater. 
The  cittern  which  conttius  it  hat 
an  air-lighl  cover.  The  gas  to 
be  purified  pataet  through  Ihe 
pipe  c  into  Ibe  tpaee  d,  over  the 
«altr  level  i;  the  apper   cells  of  the  worm  aeoop  in   the  gai  at  thit  poi|U,  ul 
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carrx  it  downwards,  where  it  enters  at  g  into  the  cavity  s  of  a  seeond  eisleim.  In  order 
that  the  gas,  after  It  escapes  from  the  bottom  of  the  worm,  may  not  partially  retom 
through  g  into  the  canity  d,  an  annuhir  plate  g  A  is  attached  to  its  under  edge,  so  as  tc 
tarn  over  it.  The  compressed  gas  is  conducted  from  the  cavity  e  throngh  the  pipe  6 
into  the  purifying  machine ;  a  is  a  manometer,  to  indicate  the  elastic  tension  of  the  gas 
in  D.  On  the  top  of  the  worm  a  mechanism  is  fitted  for  keeping  it  in  constant 
rotation. 

A  perfect  purification  of  light-gas  from  8u1t>hureted  hydrogen,  either  hy  milk  of  lime 
or  a  solution  of  the  green  sulphate  of  iron,  is  attended  with  some  difilculty,  when  carried 
so  far  as  to  cause  no  precipitation  of  sulphuret  in  acetate  of  lead,  because  such  a  degree 
of  washing  is  required  as  is  apt  to  diminish  its  illuminating  power,  by  abstracting  the 
vapor  of  the  rich  oily  hydrocarburet  which  it  contains.  Moreover,  the  coal  gas  obtained 
towards  the  end  of  the  distillation  contains  some  sulphuret  of  carbon,  which  affords  sul- 
phurous acid  on  being  burned,  and  can  be  removed  by  no  easy  method  hitherto  known. 
The  lime  in  the  purifier  disengages  from  the  carbonate  and  hydro-sulphuret  of  ammonia 
carried  over  with  the  gas,  especially  when  it  has  been  imperfectly  cooled  in  the  condenser, 
a  portion  of  ammoniacal  gas,  which,  however,  is  not  injurious  to  its  illuminating  power. 
The  best  agent  for  purifying  gas  would  be  the  pyrolignite  of  lead,  were  it  not  rather  ex 
pensive,  because  it  would  save  the  trouble  of  stirring,  and  require  a  smaller  and  simpler 
apparatus. 

The  Gasometer, — The  gasometer  serves  not  merely  as  a  magazine  for  receiving  the 
gas  when  it  is  purified,  and  keeping  it  in  store  for  use,  but  also  for  communicating  to 
the  gas  in  the  act  of  burning  such  a  uniform  pressure  as  may  secure  a  steady  nnfliek- 
ering  flame.  It  consists  of  two  essential  parts ;  1.  of  an  under  cistern,  open  at  top  and 
filled  with  water ;  and  2.  of  the  upper  floating  cylinder  or  chest,  which  is  a  similar 
cistern  inverted,  and  of  somewhat  smaller  dimensions,  called  the  gas-holder  f  see  r, 
fig.  482.  The  best  fbrm  of  this  vessel  is  the  round  or  eylindrieal ;  both  because  under 
equal  capacity  it  requires  least  surface  of  metal,  and  it  is  least  liable  to  be  warped  by  its 
own  weight  or  accidents.  Since  a  cylindrical  body  has  the  greatest  capacity  with  a 
given  surface  when  its  'height  is  equal  to  its  semi«diameter,  its  dimensions  ought  to  be 
such  that  when  elevated  to  the  highest  point  in  the  water,  the  height  may  be  equal  to 
the  radius  of  the  base.  For  example,  let  the  capacity  of  the  gas-holder  in  enbie 
feet   be  k,  the  senii-diameter  of  its  base  be  r,  the  height  out  of  the  water  be  fc; 

A  is  =x  =  V    ^      This  height  may  be  increased  by  one  or  two  feet,  according  to  its 

314' 
magnitude,  to  prevent  the  chance  of  any  gas  escaping  beneath  its  under  eigey  when  it  is 
raised  to  its  highest  elevation  in  the  water. 

The  size  of  the  gasometer  should  be  proportional  to  the  quantity  of  gas  to  be  eon 
sumed  in  a  certain  time.  If  120,000  cubic  feet  be  required,  for  instance,  in  10  hoort 
fbr  street  illunrination,  and  if  the  ^s  retorts  be  charged  four  times  in  24  hours,  30,000 
feet  of  gas  will  be  generated  in  6  hours.  Hence  the  gasometer  should  have  a  oapacity 
of  at  least  70,000  cubic  feet,  supposing  the  remaining  50,000  enbie  fbet  to  be  produced 
during  the  period  of  consumption.  If  the  gasometer  has  a  smaller  capacity,  it  must  be 
supplied  from  a  greater  number  of  retorts  during  the  lighting  period,  which  is  not 
advantageous,  as  the  first  heating  of  the  sapemumerary  retorts  is  wasteful  of  fuel. 
Some  engineers  consider  that  a  capacity  of  80,000  cubic  feet  is  the  largest  which  can 
with  propriety  be  given  to  a  gasometer ;  in  which  case  they  make  its  diameter  42  feet, 
and  its  height  23.  When  the  dimensions  are  greater,  the  sheet  iron  must  be  thicker 
and  more  expensive ;  and  the  hollow  cylinder  must  be  fortified  by  strong  internal  cross 
braces. 

The  water  cistern  is  usually  constructed  in  this  country  with  cast-iron  plates  bolted  to- 
gether, and  made  tight  with  rnst-cement. 

In  eases  where  tlie  weight  of  water  required  to  fill  such  a  cistem  inight  be  inconvenient 
to  sustam,  it  may  be  made  in  the  form  represented  in  fig.  488 ;  which,  however,  will  cost 
nearly  twice  as  much.  Parallel  with  the  side  of  the  cistem,  a  second  cylinder  c,  of  the 
same  shape,  but  somewhat  smaller,  is  fixed  in  an  inverted  position  to  the  bottom  of  the 
first,  so  as  to  leave  an  annular  space  b  b  between  them,  wMch  is  filled  with  water,  and 
in  which  the  floating  gasometer  a  plays  up  and  down.  The  water  must  stand  abovo  the 
cover  of  the  inverted  cylinder,  a  and  b  are  the  pipes  for  leading  the  gas  in  and  out. 
Through  an  opening  iu  the  masonry  upon  which  the  gasometer  apparatus  rests,  tke 
space  c  may  be  entered,  in  order  to  make  any  requisite  repairs. 

The  water  cistem  may  also  be  sunk  in  the  ground,  and  the  sides  made  tight  with 
hydraulic  mortar,  as  is  shown  in  fig,  488,  and  to  make  it  answer  with  less  water,  a  con- 
centric  cylindrical  mass  of  masonry  may  be  built  at  a  distance  of  2  or  3  inehcs  within  it. 

Every  large  gasometer  must  be  strengthened  interiorly  with  cross  iron  rod^  to  stiflfea 
botii  its  top  and  bottom.    The  top  is  supported  by  rods  stretching  obliquely  down  to 


Otlin'  vMtical  mds  itretch  direettr  from  tbs  top  lo  tbe  bottcm  ed^.  Upon  the  peripbeiT 
of  the  top,  *l  tbe  end  of  Ibe  roda,  scTeral  rinpi  tic  made  fasi,  la  vliicta  the  gas-holder 
Haoipended,  bj  means  of  a  emnmon  ebain  vbich  nin«  dtk  a  pullfji  at  the  Gcolre. 
Upon  the  othci  end  or  the  chain  there  it  a  eoiinlerpoJEe,  which  takes  off  the  greater  part 
ef  the  weiiht  of  the  gai-bolder,  leaving  onlf  so  mach  ai  is  reqoiaite  for  the  eipalsion  of 
the  !(u.  The  inner  and  oatpr  surfaces  of  t)ie  ^s-holder  shonid  be  a  few  limes  rubbed 
orer  viih  bol  tar,  at  a  few  days'  inlerral  between  each  application.  The  pulley  mutt  be 
nude  Ikal  to  a  stroDf  frame. 

If  the  water  cistern  be  fono*d  with  masonry,  the  suspension  of  the  gas-holder  may  be 
■utde  ID  the  foUoniiu;  way.  A  A,  fig.  489,  is  a  hollow  cylinder  of  cast  iron,,  stsnding  op 
tluoDgh  the  middle  of  the  gasometer,  and  which  is  provided  at  either  end  with  anothct 
noall  hollow  cylinder  c,  open  at  boUi  ends  and  passing  through  the  lop,  with  iu  aih 
placed  in  the  axis  of  the  gas-hoider,  la  Ihe  hollow  cylinder  c,  the  counterweight  movei 
up  aid  down,  with  its  chain  passing  over  the  three  pulleys  b,  b,  b,  aa  shown  in  fig.  489. 
t  r  are  Ihe  gas  pipes  made  fait  to  a  vertical  iron  rod.  Should  the  gasomeler  be  made  tA 
work  wilhoul  a  counterweight,  as  we  shall  presently  ice,  the  central  cylinder  a  a,  serve* 
aa  a  vertical  gaide. 

Ib  prop-irtioii  as  the  gas-holder  ginlcs  in  the  water  of  tbe  cistern,  it  loses  so  much  of 
its  weight,  as  is  eqaal  to  the  weight  of  the  water  displaeed  by  Ihe  sidei  of  the  sinhing 
TMsdi  to  that  the  gas-hokier  when  entirely  immersed,  exercises  Ihe  least  presaure  upon 
Ike  gas,  and  when  entirely  oat  of  tbe  water,  it  eiercisei  the  greatest  pressure.  In  order 
to  coDBleract  this  inequality  of  pressure,  which  would  occasion  an  unequal  velocity  in 
tke  effliu  of  the  gas,  and  of  eonrse  an  unequal  inlensiiy  af  light  in  its  flame,  the  weight  of 
tbe  chain  upon  which  the  gas-holder  bangs  is  sa  adjusted  as  lo  be  equal,  throughout  the 
lentth  of  it!  motion,  to  one  half  of  the  weight  which  the  gas  holder  loses  by  immeraioa. 
la  this  ease,  ihe  weight  which  it  loaea  by  sinking  into  the  water,  is  replaced  by  the  por- 
tion r^  the  chain  which,  passing  the  pnlley,  aad  hangioft  over,  balances  so  much  of  the 
eWaio  upon  the  side  of  Ihe  eonnterweight ;  and  the  weight  which  it  gains  by  rising  out 
of  Ihe  water,  it  eonnterpoised  by  the  links  of  the  chain  which,  pasting  over  Ihe  pulley, 
add  to  the  amount  of  the  counlerweighL  The  presaure  which  the  gas-holder  eiercitet 
■pon  the  gas,  or  that  with  which  it  for.:es  it  through  the  firat  main  pipe,  is  usually  so  teg- 
Dialed  as  to  tuilain  a  column  of  from  one  lotwo  inehe*  of  water;  so  that  the  water  wUI 
Rand  Id  the  cittern  from  one  to  Iwo  inches  higher  withhi,  than  without  the  gat-holdet. 
Tbe  f(ilk>«tBg  Domputatba  will  place  ihete  particular!  in  a  dear  light. 

htl  Ihe  semi-diaiDeter  of  the  gas-holder,  equal  to  the  vertical  extent  of  its  motion  Into 
and  out  of  Ihe  water,  =  zi  let  the  weight  of  a  fool  iquare  of  Ihe  sideof  the  gas-hoMtr, 
indDdiag  that  of  the  strengthening  bus  and  ring,  which  remain  plunged  under  the  water, 
fce=pt  then 
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1.  ihe  weight  of  the  gafr-holder  in  its  highest  pontion  ~  3 1»  ir  £f ; 

2.  the  weight  of  the  sides  of  the  gas-holder  which  play  in  the  water  =  2  >  v  xt ; 

*^.  the  cubic  contents  of  the  immersed  portion  of  the  gas-holder  =  ^P*^i 

4.  Its  loss  of  weight  in  water  s  —  „     ^. 

400'' "^^5 

5.  the  weight  of  the  gas-holder  in  its  lowest  position  = 

6.  the  weight  of  n  inches,  height  of  water  ==  t^  n  r  at: 

7.  the  amount  of  the  counterweight  =  nx»)3  p —  -^  j  i 

8.  the  weight  of  the  chain  for  the  length  x  =  — 

BOOpwx, 

If  we  reduce  the  weight  of  the  gas-holder  in  its  highest  and  lowest  positions  to  the 
height  of  a  stratum  of  water  equal  to  the  surface  of  its  top,  this  height  is  that  of  the 
column  of  water  which  would  press  the  gas  within  the  gasometer,  were  no  counterweight 
employed  i  it  consists  as  follows : — 

9.  for  the  highest  position  =  — ^  ; 

5o 

10.  for  the  lowest  = j 

60 

For  the  case,  when  the  height  of  the  gas-holder  is  different  from  its  semi-dtameCery 
let  this  height  =  m  x ;  then  the  height  of  the  water  level  " 


/  1-4-2  m  \ 

11.  for  the  highest  position  =  p  I  ^"gs — ) » 

12.  for  the  lowest  =  p[--^ ) » 

13.  the  counterweight  =ir«rp(l-f2m)— _\  ; 

14.  the  weight  of  the  equalizing  ehain=  —  p  «■  m  xs. 

For  example,  let  the  diameter  of  the  gas-holder  be  30  feet,  the  height  15  (the  contents 
in  cubic  feet  will  be  10,597),  J7  =  4  pounds;  then  the  counterweight  for  a  height  of  an 
inch  and  a  half  of  water  pressure  =3532  pounds ;  the  weight  of  the  chain  for  a  length  of 
15  feet  =  395  pounds.  Were  no  counterweight  employed,  so  that  the  gas-holder  pressed 
with  its  whole  weight  upon  the  gas,  then  the  height  of  the  equivalent  column  of  water 
in  its  highest  position  =  2*56  inches ;  and  in  its  lowest,  2*33.  The  counterweight  may 
hence  be  lessened  at  pleasure,  if  the  height  of  the  pressing  water-column  n  be  increased* 
The  weight  of  the  equalizing  or  compensating  portion  of  the  chain  remains  the  same. 
When  n  =  2  inches,  for  instance,  the  counterweight  =  1886  pounds. 

The  velocity  with  which  the  gas  passes  along  the  mains  for  supplying  the  variooa  jets 
of  light,  may  be  f\irther  regulated  by  opening  the  main-eock  or  slide-valve  in  a  greaCer 
or  less  degree.  Grasometers  whose  height  is  greater  than  their  semi-diameter,  are  not  only 
more  costly  in  the  construction,  but  require  heavier  counterweights  and  equilibration  chains. 

The  above  estimate  is  made  on  the  supposition  of  the  gas  in  the  gas-holder  beingt>f  the 
same  specific  gravity  as  the  atmospherical  air,  which  would  be  nearly  true  with  regard  to 
oil  gas  under  the  ordinary  pressure.  But  coal  gas,  whose  specific  gravity  may  be  taken 
on  an  average  at  about  0*5,  exercises  a  buoyancy  upon  the  top  of  the  gas-holder,  which 
of  course  diminishes  its  absolute  weight.  Supposing  the  cubic  foot  of  gas  to  be  =  0-0364 
pounds,  the  buoyancy  will  be  =  0*0364  r  x»  pounds;  a  quantity  which  deserves  to  be 
taken  into  account  for  large  gasometers.    Hence, 

15.  the  weight  of  the  gas-holder  in  its  highest  position  =  3  p  v  xs->0«1143  xs; 

16.  the  counterweight  =  »  xs  ^3  p—  —j— 0*1143  xs; 

112            0*1143  xi 
17*  the  weight  of  the  chain  for  the  length  *=*g5Q^  '  ** r — » 

18.  The  height  of  the  water  pressnre  for  the  highest  positaon,  wifhont  the  eoiater- 

bright  =^p'-°"^3«. 

56  ir  2*72  p  . 

19.  the  same  for  the  lowest  position  =     _.    » in  fbet 

oo 
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ne  pcetrfiig  *m1u«  oCp  mad  x  are, 

(l«)=3I47(  (IT)  =S08;  (18)  =  3-44iacha;  (19)  =  233  inchM. 
rhe  watu  coIddm  in  ih«  hi)che«t  «nd  lowest  lilnmtioa*  of  Ike  gu-hoUrr  here  difln 
tbent  0-1  oC  >d  incb,  and  tbls  difference  becomei  dill  tesa  when  p  hti  i  sniBller  Talue, 
ftr  example,  3  ponndi,  or  whenihe  ditnieler  or  ihe  ^s-holder  ii  (till  greater. 

It  would  ihna  appear  that  for  eotJ-ga*  gasnmeleri,  in  which  the  height  of  ibe  gaa-hoUer 
docs  ao(  exceed  its  Hmi-diameter,  and  eapeeiijly  when  il  haa  a  considerahle  aize,  neilher 
a  eompeniatioD  chain  nor  a  eouaterweighl  is  necessary.  The  only  Ihing  requiaite,  is  to 
praaerre  Ihe  Tciiical  iDation  of  the  gaa-hoUet  by  a  luffieienl  namber  of  guide  rodt  oi 
piUara,  iilaced  either  wilhiD  the  water  cislem,  or  round  about  it.  Should  the  preesare 
of  tbe  gas  in  the  pipe  proceedia;  from  the  gaxaneter,  be  lesi  than  in  Ihe  gaiomeler  ilselT, 
(hi*  tnai  be  regulated  by  the  maia  valve,  or  by  water  valves  of  variooa  kiiida.  Or  a  imaU 
Inlennrdiaie  regnlatiag  gaiometer  may  be  introdnced  between  the  great  gaa-holder,  and 
the  nwun  pipe  of  diatribuliou.  With  a  diameter  of  6]  feet  ia  the  gaa-holder,  the  presBOM 
JB  the  highest  aad  lowest  positioDB  is  the  same. 

The  gasomelera  employed  in  ■toriafi  up  gas  until  rniuired  for  use,  oeeupy,  upon  the 
old  plan,  laDGta  space,  and  are  alleoded  with  eonsidefable  eipenae  in  erecting.  The 
water  tank,  whether  sank  in  the  ground  or  raised,  must  be  of  equal  dimensions  wilk 
the  gasometer,  both  ia  breadth  and  depth.  Tbe  improved  eonslruclion  which  we  are 
about  to  deaeiibe,  afTorda  a  means  of  reducing  the  depth  of  the  lanJi,  dispensing  «ilfa  Ihe 
bodge  oTsaipeaaioD,  and  orioereesing  at  pleature  Ihe  capacity  of  the  gasomeler,  apoa  a 
fircD  base;  thua  rendering  a  imall  apparatos  capable,  if  required,  of  holding  a  lar^a 
qaantily  of  gas,  the  firsi  cost  of  which  will  be  eoniiderably  lesa  than  eren  a  small  ga*> 
CBieler  eoDitmeted  npon  the  wdinar;  plan. 

Hr.  Tail,  of  Mjle-£iid  Boad,  the  inventor,  has,  we  believe,  been  for  some  yeara 
eoBBecled  with  gas  estabHshments,  and  is  Iberefore  folly  aware  of  ihe  practical  defeeu 
or  advantage*  of  Ibe  diffeient  constructioiis  of 
gaaomelers  now  in  use.  Fig.  480  ii  a  lectioa 
of  Mr.  Tail's  improved  conlrivancei  an  is  Ibe 
tank,  occupied  with  water,  b  b  two  iron  col- 
umns, with  pulley-wheels  on  Ihg  lop,  t  e, 
etaaini  attached  to  a  ring  of  iron,  d  d,  citend- 
ing  roand  the  gasometer,  which  chains  pan 
over  the  pull  sy-w  heels,  and  are  loaded  at  their 
eilremilies,  for  tbe  purpose  of  balancing  the 
weight  of  tbe  materiaJs  id' which  the  gasometer 

The  gaiometer  ia  formed  by  2  or  3  oylinden^ 
sliding  one  within  Ihe  other,  I^c  the  tuba* 
of  a  telescope  i  i,  t,  (,  is  the  first  or  outer  cyl- 
inder, closed  at  tbe  lop,  and  havtag  ihe  ring 
of  iron  d,  passing  round  it,  by  which  tbe  whoW 
19  Euspendpdi//, ia Ihetccond cylioder,sliding- 
freely  within  the  first,  and  there  may  be  a  thiid. 
and  fourth  within  these  if  neceasar). 
When  there  is  no  gas  in  the  apparatus,  all  the  cylinders  are  slidden  down,  and  ranain 
•■e  within  the  other  immersed  in  the  tank  of  water  j  but  when  the  gas  rises  through  lh« 
water  pressing  against  the  top  of  Ihe  gasomeler,  ita  buoyancy  eanses  tha  cylinder  <  to  aa- 
«CBd.    Round  the  lower  edge  of  this  cylinder  a  groove  is  formed  by  the  tarning  in  of  the- 
plaleof  imn,  and  as  il  rises,  t^e  edge  takes  hold  of  the  lop  rim  of  the  cylinder/,  which  tfr 
werlapped  foi  thai  purpose.    The  groove  al  the  bottom  of  the  cylinder  fills  itself  with 
^vter  as  it  aaeends,  and  by  the  rim  of  the  second  cylinder  falling  into  it,  en  air-light  by- 
draolie  joint  is  prodoeed. 

Thus,  several  eyltadert  may  be  adapted  to  act  in  a  imall  lank  of  water,  by  sliding  one 
within  the  other,  with  lapped  edges  foming  hydraulic  joinls,  and  by  supporting  the  ap. 
panlus  in  the  way  shown,  the  centre  of  gravity  vrill  always  be  below  the  points  of  sub> 
penatan.  A  gasometer  may  be  made  upoa  this  plan  of  any  diameter,  as  there  will  be  no 
■eed  of  frame-work,  or  a  bridge  lo  support  il ;  and  the  increasing  weight  of  Ihe  appara> 
laa,  as  Ihe  cylinders  are  raiaed  one  aAer  Ihe  other,  may  be  counterpoised  by  loading  ttia 
cada  of  the  cbaios  c  c.  . 

The  wain  in  the  gasometer  need  not  be  renewed;  bnl  merely  «o  mneh  of  il  ur 
cwaponlei  or  leaks  out,  is  to  be  replaced.  Indeed,  the  surface  of  the  water  in  the  cislen. 
gda  covered  wilha  stratnm  of  coal  oil,  a  few  inches  deep,  which  prevents  its  evapoiatisB,  ^ 
sad  alkiwi  tbe  gas  to  be  saturated  with  this  volatile  substance,  ao  at  lo  increaaa  its  iUa-> 
-  '  Wling  PC 
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ejlindrical  vessel  of  east  ntm  a,  the  end  of  the  gas  pipe  which  eones  rraa  the  pnrite, 

immersed  a  few  inehes  deep  into  the  liquid  with 
which  the  vessel  is  about  two  thirds  filled »  h  is 
the  gas-pipe  which  leads  into  the  gasoDaier; 
c  is  a  perpendicolar  tube,  placed  over  the  botioM 
of  the  vessel,  and  reaching  to  within  one  third  of 
the  top,  through  which  the  liquid  ia  introduced 
491  into  the  vessel,  and  through  which  it  escapee  when 
it  overflows  the  level  d.  In  this  tube  the  liquid 
stands  towards  the  inner  level  higher^  in  propor- 
tion to  the  pressure  of  the  gas  in  the  gasometer. 
The  flaid  which  is  condensed  in  the  gas-pipe  6^  and 
in  ita  prolongation  from  the  gaaooaetery  runs  off 
into  the  vessel  a  ;  and  therefore  the  latter  must  he< 
laid  so  low  that  the  said  tube  may  have  the  requisite 
declivity.  A  straight  stopeock  may  also  be  attaefaed 
to  the  side  over  the  bottom,  to  draw  off  any  sediment. 

II.  Afpxjcation  or  Light-Gas. 

I.  Diair&mtion  q^  the  p^«.-— The  pressure  by  which  the  motion  of  the  gas  ia  mai^ 
tained  in  the  pipes,  corresponds  to  a  certain  height  of  water  in  the  cistern  of  the  gaaoD- 
eter.  From  the  magnitude  of  this  pressoie,  and  the  quantity  of  gas  which  in  a  giTea 
time,  as  an  hour,  must  be  transmitted  through  a  certain  length  of  pipes,  depends  the 
width  or  the  diameter  that  they  ^ould  have,  in  order  that  the  motion  may  not  be  retaMed 
by  the  friction  which  the  gas,  like  all  other  fluids,  experiences  in  tubes,  and  thereby  the 
gas  might  be  prevented  fr<m  issuing  with  the  velocity  required  for  the  jets  of  flane. 
The  Velocity  of  the  gas  in  the  main  pipe  increases  in  the  ratio  of  the  square  root  of  the 
pressing  column  of-  water  upon  the  gasometer,  and  therefore  by  increasing  this  pressure, 
the  gas  may  be  forced  more  rapidly  along  the  remoter  and  smaller  ramifications  of  the 
pipes.  Thus  it  happens,  however,  that  the  gas  will  be  discharged  from  the  orifices  near 
the  gasometer,  with  superfluous  velocity.  It  is  therefore  advisable  to  lay  the  pipes  in 
such  a  manner,  that  in  every  point  of  their  length  the  velocity  of  discharge  may  be  nearly 
equal.    This  may  be  nearly  effected  as  follows : — 

From  experiment  it  appears  that  the  magnitude  of  the  frictk>n,  or  the  resistance  which 
the  air  suffers  in  moving  along  the  pipes,  under  a  like  primary  pressure,  that  is,  for  equal 
initia]  velocity,  varies  with  the  square  root  of  the  length.  The  volume  of  gas  discharged 
from  the  end  of  a  pipe  is  directly  proportional  to  the  square  of  its  diameter,  and  in- 
versely as  the  square  root  of  its  length  j  or,  calling  the  length  l,  the  diameter  d,  the  eubie 

feet  of  gas  discharged  in  nn  hour  k  g  then  h  =      =^*    Experience  likewise  shows,  that 

for  a  pipe  260  feet  long,  which  transmits  in  an  hour  800  cubic  feet  of  gas,  one  inch  ia 
a  sufficient  diameter. 

1  Da 

Consequently,  200  :  k  :: 


-^l  andD=vlcV~|; 

455,000 


144  V  250 
From  this  formula  the  fidlowing  table  of  proportions  is  calculated. 


Number  of  cubic  feet  per  hour. 

Length  of  pipe,  in  feet. 

DimoMter^  ia  iachoa 

50 

100 

0-40 

250 

200 

1-00 

500 

600 

1-97 

,700 

1000 

2-65 

1000 

1000 

316 

1500 

1000 

3-87 

2000 

1000 

4-47 

2000 

2000 

5*32 

2000 

4000 

6-33 

2000 

6000 

7«00 

6000 

1000 

7-75 

6000 

2000 

9-21 

8000 

1000 

8-95 

8000 

2000 

16-65 

Thete  dimensions  are  applieable  to-the  case  where  the  body  of  gasM  transmiltsdlluvagli 


|lpa  wMtan  WMg  let  «<r  l»  fl(  ira<r  bf  bwrnen,  timl  b,  to  the  maim  wtiiA  COidaei  th« 
|a  to  the  ptuM  Wbtre  it  it  to  be  uMd.  If  (tie  main  send*  oH  branehec  for  baraei^ 
ika  fbr  lh«  tame  lengtk  the  diameter  may  be  redneod,  or  for  like  diameter  the  length 
BBf  ke  frater.  For  example,  if  a  pipe  of  ft-32  Inches,  which  tranirDitt  EOOO  cable  feet 
tkiM|1i  a  length  of  9000  feet,  gint  off,  in  this  space,  1000  cabic  feel  of  gn ;  then  (he 
(tntiader  af  the  pipe,  hanngilieiameditiDeier,  can  coatinne  to  transmit  (he  gM(bron^ 
aleagth  of  2450  feet  =  I  =Z?^li  withaDdiminiihed  prcMure  for  thepnrpoMaof  Ikgbl- 
a^.  InrervelT,  the  diameter  shonld  be  progre^siTely  redaeed  in  proportion  to  the  inmber 
of  jeU  sent  uB  in  the  tettgth  of  the  pipe. 

Appose,  for  instance,  the  gasometer  to  diteharge  2000  enbicfeet  per  honr,  and  tbe  laM 
poiat  of  the  JFM  to  be  at  a  ditltnee  of  4000  feet.  Sappoie  also  that  from  the  gaaomeUr 
■tike  Srtt  pAini  of  lighiin;,  the  ^i  proceeds  through  1000  feet  of  close  pipe,  (he 
tBaneter  of  (he  pipe  wilt  be  here  4-47  iaehesi  in  the  second  1000  feet  of  length,  snp- 
pne  the  pipe  to  gire  off,  at  equal  distances,  1000  cubic  feel  of  gas,  the  diameter  ia 
(bit  lenMh  (ealealated  at  1500  cubic  feel  fbr  1000  feet  long)  ^  3-87  inches;  in  the 
tbii4  extent  of  1000  feet,  600  cubic  feet  of  gM  will  be  given  off,  and  the  diameter 
(Rduning  700  cubic  feel  for  1000  fee(  long)  will  be  2'65  inches ;  in  the  founh  and 
laM  ipaee  (for  200  cubic  feet  in  IDOO  feet  lont)  the  pipe  hu  a  diameter  of  onir  an 
itch  and  a  half,  for  which,  in  practice,  a  (wo-iach  cast  iron  pipe  Is  sabstilated;  ihii 
hdag  the  imaltest  used  Jn  mains,  iaio  which  btaoeh  pipet  can  be  eonnaiend)'  in* 
tenet 

Tit  sime  rHalions  hold  with  re^rd  to  branch  pipea  throaxh  which  (he  ins  is  Irmnt- 
■itln)  into  bulMingt  and  othor  places  to  be  illnminated.  If  such  pipes  make  frequent 
iwrahr  tornings,  wheiebf  they  retard  the  UMIinQ  of  the  gas,  ihej  moM  be  a  third  or  a 
M(  larcer  in  diameicr.  The  imallest  tabei  of  distribution  ar«  never  less  than  one 
fnarth  of  an  inch  in  the  bore. 

Where,  from  one  central  gas  *ork,  a  Tery  great  qoantitir  of  light  is  required  in  panic- 
■lar  localitin,  there  ought  lo  be  placed  near  these  spots  gasomelert  of  dislribulion,  which, 
hemg  bled  durini  the  stack  hours  of  the  day,  are  ready  lo  supply  the  barnen  at  nigh(, 
withast  makinc  any  considerable  demand  Dpon  the  oriEinal  main  pipe.  Suppose  the  Ant 
iBaia  be  required  to  sapply  BOOO  cnbie  feet  in  the  boar,  fbr  an  itluminalion  of  8  hours,  al 
Ike  distance  of  SOOO  feet,  a  pipe  I0{  inches  in  diameter  wonU  be  aeccnary  ;  but  if  Iw« 
or  three  nMmeters  of  disiribntion,  or  station  ^asametera,  be  bad  reconree  li^  into  «hid) 
Ae  gat  4arint  the  eoane  of  S4  houra  would  flow  through  the  same  disIaDee  continiiouBly 
(iMa  the  eoilral  gat  works,  (he  quantity  required  per  honr  from  tbem  would  bo  only  one 
*M«r  8,000  =  2866-6  cubic  feel;  eonsequently  Ihedinmeler  for  snch  a  pipe  is  only  615 
■aAsB. 

All  the  principal  as  well  as  branch  pipes,  whose  interior  diameler  exeeeds  aa  inch  and 
a  half,  are  made  of  east  iroa  from  6  to  R  feel  long,  with  elbow  pipes  ca«i  in  thenrwhers 
It  It  iKceasary.  These  pipe  lengths  are  shown  in  fig.  492,  having  at  one  end  a  wide 
tocktt  ■,  and  a(  the  other  a  nozzle  b,  which  fits  the  former.  Afler  inserting  the  one  i> 
*e  aUer  <a  (heir  proper  bortionial  pdsiiion,  a  coil  of  hemp  soaked  with  tiu-  ia  driven 
hame  at  the  janetion ;  then  a  luting  of  clay  is  applied  at  the  month,  within  which  *  ring 
of  had  it  cMt  into  tbe  socket,  which  is  driven  tight  hooie  with  a  aalht  and  blunt  ehiicL 
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lWppeaAaoUbepmedbT*flwotpnmp  before  being  received  into  (hegBawwkti 
IWor  three  lengtht  if  Ihen  ahoaU  be  Joined  before  laying  them  down,  and  they  ihoold 
■■plM^nl  least  two  feel  bdtfw  the  surface,  to  prevent  their  being  affected  by  chaaget 
•f  knpentnre,  whieh  woald  looaen  the  joiaH.  The  tnbet  for  internal  distnburion,  vhM 
<■  analtEM,  are  ^ada  of'lead,  copper,  wronght  iron,  or  tin. 
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IlMtcad  of  a  itopoock  for  letting  off  the  gn  in  regvlated  ^ntntities  ftom  the  gai- 
^meter,  a  pecoliarly  formed  water  or  mercurial  valve  is  ntuafly  employed.  Fig,  493 
•hows  the  mode  of  construction  for  a  water  trap  or  lute,  and  is,  in  fact,  merely  a  gas- 
ometer in  miniature,  c  d  e  p  is  a  square  cast  iron  vessel,  in  the  one  side  of  which  a  pipe 
A  is  placed  in  communication  with  the  gasometer,  and  m  the  other,  one  with  the  main  ». 
The  moveable  cover  or  lid  h  g  i  k  has  a  partition,  l  m,  in  its  middle.  If  this  cover  be 
raised  by  its  counterweight,  the  gas  can  pass  without  impediment  from  A  to  b  ;  but  if  the 
counterweight  be  diminished  so  as  to  let  the  partition  plate  L  m  sink  into  the  vrater,  the 
communication  of  the  two  pipes  is  thereby  interrupted.  In  this  case  the  water-level 
stands  in  the  compartment  a  so  much  lower,  than  outside  of  it,  and  in  the  compartment 
B,  as  is  equivalent  to  the  pressure  in  the  gasometer ;  therefore  the  pipes  a  and  a  must 
project  thus  far  above  the  water.  In  order  to  keep  the  water  always  at  the  same  height, 
and  to  prevent  it  from  flowing  into  the  mouths  of  these  pipes,  the  rim  c  d  of  the  outer 
vessel  stands  somewhat  lower  than  the  orifices  a  b  ;  and  thence  the  vessel  may  be  kept 
always  full  of  water. 
If  a  quicksilver  valve  be  preferred,  it  may  be  constructed  as  shown  in  fig.  494.  a  b  are 

the  terminations  of  the  two  gas  pipe% 
which  are  made  fast  in  the  rectangular 
iron  vessel  m.  e  is  an  iron  vessel  of  the 
same  form,  which  is  filled  with  quicksilver 
np  to  the  level  a,  and  which,  by  means  of 
the  screw  o,  which  presses  against  its 
bottom,  and  works  in  the  fixed  female  screw 
c  c,  may  be  moved  np  or  down,  so  that  the 
vessel  M  may  be  immersed  more  or  leas  into 
the  quicksilver.  The  vessel  m  is  fum ished 
with  a  vertical  partition  m ;  the  passage  of 
the  gas  from  a  to  b  is  therefore  obstructed 
when  this  partition  dips  into  the  quick- 
silver, and  from  the  gradual  depreasion  of 
the  vessel  s  by  its  screw,  the  interval  be» 
tween  the  quicksilver  and  the  lower  edge 
of  the  partition,  throufh  which  the  gat 
must  enter,  may  be  enlarged  at  pleasure 
whereby  the  pressure  of  the  gas  in  b  nmy 
be  regulated  to  any  degree.  The  tran»> 
verse  section  of  that  interval  is  equal  Id 
the  area  of  the  pipe  or  rather  greater;  the 
breadth  of  the  vessel  m  from  a  to  b 
amounts  to  the  double  of  that  space,  and 
its  length  to  the  mere  diameter  of  a  or  b. 
The  greatest  height  to  which  the  partition 
m  can  rise  ont  of  the  quicksilver,  is  also 
equal  to  the  above  diameier,  and  in  thii 
case  the  line  a  comes  to  the  place  of  h* 
The  vertical  movement  of  the  outer  vessd 
E,  is  secured  by  a  rectangular  rim  or  hoop 
which  surrounds  it,  and  Is  made  fast  to  the 
upper  part  of  the  vessel  m,  within  whieh 
guide  it  moves  np  and  down.  Instead  of 
the  lever  o  d,  an  index  with  a  graduated 
plate  may  be  employed  to  torn  tho  screw, 
and  to  indicate  exactly  the  magnitude  in 
the  opening  of  the  valve. 

In  order  to  measure  the  quantity  of  gas 
which  passes  through  a  pipe  for  lightirg  a 
ihctory,  theatre,  &c.,  the  gas-meter  is  em- 
ployed, of  whose  construction  a  sufBciently 
precise  idea  may  be  formed  from  the  coa- 
sideration  of  fig,  495,  which  shows  the  ift- 
strument  in  a  section  perpendicnlar  to  its 
axis. 

Within  the  eylindrical  ease  a,  there  is 
a  shorter  cylinder  6  6,  shnt  at  both  enda^ 
and  moveaMe  roond  an  axis,  whieli  is 
dinded   into  four   compartments^  that   eommnnieate   by   the   opening  d,  with   tiiie 
JBterval  between   this  cylinder  and   the  onter  case       The   mode   in  wUch    Vidm 
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Cf  Under  turns  round  its  axis  is  as  follows  :-^The  end  of  the  tube  c,  which  is  made  fast  to 
tlie  side  of  the  case,  and  by  which  the  gas  enters,  carries  a  pivot  or  gudgeon,  upon  whie|i 
the  centre  of  its  prop  turns ;  the  other  end  of  the  axis  runs  in  the  cover,  which  here  forms 
the  side  of  a  superior  open  vessel,  in  which,  upon  the  same  axis,  there  is  a  toothed  wheeL 
The  vessel  is  so  fitf  filled  with  water,  that  the  tube  c  just  rises  above  it,  which  position 
is  secured  bj  the  level  of  the  side  vessel.  When  the  gas  enters  through  the  tube  c,  by 
lis  pressure  upon  the  partition  <  (fig,  495),  it  turns  the  cylinder  fVom  right  to  left  upon 
ils  axis,  till  the  exterior  opening  d  rises  above  the  water,  and  the  gas  expands  itself  In 
the  exterior  space,  whence  it  passes  off  through  a  tube  at  top.  At  every  revolution,  a 
certain  volume  of  gas  thus  goes  through  the  cylinder,  proportional  to  its  known  capa- 
dlf.  The  wheel  on  the  axis  works  in  other  toothed  wheels,  whence,  by  means  of  an 
index  upon  a  graduated  disc  or  dial,  placed  at  the  top  or  in  froM  of  the  gas-meter, 
the  nuinber  of  cubic  feet  of  gas,  which  pass  through  this  apparatus  in  a  given  time,  is 
registered. 

B.  EmplaymtiU  of  the  gat  for  lighting. — The  illuminating  power  of  different  gases 
burned  in  the  same  circumstances,  is  proportional,  generally  speaking,  to  their  specific 
gravitf,  as  this  is  to  the  quantity  of  carbon  they  hold  ip  combination.  The  followfaig 
Cahle  exhibits  the  different  qualities  of  gases  in  respect  to  illumination. 


Dcnnty  or  tpecifie  gravity. 

"     -^ 

Proportion  of  light  afbid«l  hf  ood 

gMtooilgM. 

ComlgM. 

OilfM. 

0*659 
0-578 
0-605 
0-407 
0*429 
0-508 

0-818 
0-910 
.      I-UO 
0-940 
0-965 
M75 

100  :  140 
100:225 
100:250 
100  :  354 
100  :  356 
100  :  310 

Mean  0.529 

0-96 

100  J  272                      '. 

In  the  last  three  proportions,  the  coal  gas  was  produced  from  coals  of  middle  quality ; 
in  the  first  three  proportions,  from  coals  of  good  quality ;  and  therefore  the  middle  pro> 
portKNi  of  100  to  270  may  be  taken  to  represent  the  fair  average  upon  the  great  scale. 
On  eomparing  the  gas  from  bad  coals,  with  good  oil  gas,  the  proportion  may  become 
100  to  300.  Nay,  coal  gas  of  specific  gravity  0*4,  compared  to  oil  gas  of  l-l,  gives  the 
proportion  of  I  to  4.  A  mould  tallow  candle,  of  6  in  the  pound,  burning  for  an  hour, 
IS  equlTalent  to  half  a  cubic  foot  of  ordinary  coal  gas,  and  to  four  tenths  of  a  foot  ef 
good  gas.  The  dame  of  the  best  argand  lamp  of  Carcel,  in  which  a  steady  supply  of  ofl 
is  maiiilained  by  pump-work,  consuming  42  grammes  =  649  grains  English  in  an  hour, 
and  equal  In  light  to  9-38  such  candles,  is  equivalent  to  3-75  cubic  feet  of  coal  gas  per 
hoar.  The  sinumbra  lamp,  which  consumes  50  grammes  =  772  grains  English,  of  oil 
per  boar,  and  gives  the  light  of  8  of  the  above  candles,  is  equivalent  to  the  light  emitted 
by  3*2  cubic  feet  of  coal  gas  burning  for  an  hour.  A  common  argand  lamp,  equal  to  4 
candles,  which  consumes  30  grammes  =  463  grains  English  per  hour,  is  represented  by 
1-6  cqUc  feet  of  gas  burning  during  the  same  time.  A  common  lamp,  with  a  flat  wick 
•ad  glass  chimney,  whose  light  is  equal  to  1*13  tallow  candles,  and  which  consumes  II 
grasMnes  =  169*8  grains  English  per  hour,  is  represented  by  0*452  of  a  cubic  foot  of 
gas  boming  for  the  same  time. 

Coat(nK<tim  of  th€  Bwmert, — The  mode  of  burning  the  gas  as  it  issnes  from  the  jets 
has  a  great  influence  upon  the  quantity  and  quality  of  its  light.  When  carbureted 
hydrogen  gas  is  transmitted  through  ignited  porcelain  tubes,  it  is  partially  decomposed 
with  a  precipitation  of  some  of  its  carbon,  while  the  resulting  gas  burns  with  a  feebler 
Aame.  Coal  gas,  when  kindled  at  a  small  orifice  in  a  tube,  undergoes  a  like  deeompo- 
ntion  and  precipitation.  Its  hydrogen,  with  a  little  of  its  carbon,  burns  whenever  it 
cooMs  into  eontact  with  the  atmospherical  air,  with  a  bluish  colored  flame ;  but  the 
carbsnaceoas  part  not  being  so  accendible,  takes  flre  only  when  mixed  with  more  air ; 
tkoefore  at  a  greater  distance  from  the  beak,  and  with  a  white  light  from  the  vlyid 
igaition  of  its  solid  particles.  Upon  this  principle  pure  hydrogen  gas  may  be  made  to 
hvm  with  a  white  instead  of  its  usual  blue  flame,  by  dusting  into  it  particles  of  lamp 
Uadc,  or  by  kindling  it  at  the  extremity  of  a  tube  containing  finely  pulverised  sine. 
The  metallic  particles  become  ignited,  and  impart  their  bright  light  to  the  pale  blue 
Ikune.  Even  platinum  wire  and  asbestos,  when  placed  in  the  flame  of  hydrogen  gas, 
to  whiten  it.  Hence  it  has  been  concluded,  that  the  intensity  of  light  whidb  a 
is  capable  of  affording  is  proportional  to  the  quantity  of  solid  particles  which  il 
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contains,  and  caa  preeipitate  ia  tlie  a^  of  Imniing^  Carimaie  oxy^de .  gas  barnt  witt  tbe 
foeble^t  light  next  to  hydrogeoj  because  it  deposites  no  carbon  in  the  act  of  borning 
Photphureled  hydrogen  gives  a  brilliant  li^ht^  because  tbe  phospfaorie  acid,  into  wbidi 
its  base  is  converted  during  the  combustion,  is'  a  solid  substance,  capable  of  being 
ignited  in  the  flame.  Qlefiant  gas,  as  also  the  vapor  of  hydro-carbon  oil,  ettiitt  i 
9ore  vivid  light  than  common  coal  gas ;  for  the  first  is  composed  of  two  meaanres  of 
hydrogen  and  two  measures' of  the  vapor  of  carbon  condensed  into  one  volame  \  while 
the  last  oooiains  only  one  measure  of  the  vapor  of  carbon  in  the  same  bulk,  aid 
combined  with  the  same  proportion  of  hydrogen.  Olefiant  gas  may  therefore  be  a* 
pected  to  evolve  a. double  quantity  of  carbon  in  its  flame,  which  should  emit  a  double 
Mght. 

The  illuminating  power  of  the  flame  of  coal  gas  is,  on  tbe  contrary,  impaired,  whca, 
by  admixture  wiil^  other  species  of  gas  which  precipitate  no  carbon,  its  own  ignited  par- 
ticles are  diffused  over  a  greater  surface.  This  happens  when  it  is  mixed  with  hydrogen, 
carbonic  oxyde,  carbonic  acid,  and  nitrogen  gases,  and  the  diminution  of  the  light  is  pro- 
portional to  the  dilution  6f  the  coal  gas. 

Ia  like  manner  ihe~ill^minating  power  of  coal  gas  is  impaired,  when  it  is  eonstuned 
too  rapidly  to  allow  time  for  the  reparation  and  ignition  of  its  carbonaceous  matter;  it 
bams,  in  this  case,  without  decomposition,  and  with  a  feeble  blue  flame.  1.  This 
ocenrs  when  tbe  light-gas  is  previou»ly  mixed  with  atmospherical  air,  because  the 
combustion  is  thereby  accelerated  throughout  the  interior  of  the  flame,  so  as  to  prevent 
the  due  separation  of  carbon.  A  large  admixture  of  atmos()berical  air  makes  the  flame 
entiri?ly  blue.  2.  When  it  issues,  with  considerable  velocity,  from  a  minute  orifiee, 
whereby  the  gas,  by  exfrnnsion,  gets  intimately  mixed  with  a  large  proportion  of  atmos- 
pherical air.  If  the  jet  be  vertical,  the  bottom  part  of  the  flame  is  blue,  and  the  more 
BO  the  less  carbon  is  contained  in  the  gas.  The  same  ihina  may  l>e  observed  in  the  flame 
of  tallow,  wax,  or  oil  lights.  I'he  burning  wick  acts  the  part  of  a  retort,  ia  decom- 
posing the  fatty  matter.  From  the  lower  part  of  the  wick  the  gases  aad  vapors  of  the 
iat  issue  with  the  greatest  velocity,  and  are  most  freely  mixed  with  the  air;  while  the 
gases  disengaged  from  the  upper  part  of  the  wick  compose  the  interior  of  the  flame,  and 
being  momentarily  protected  from  the  action  of  the  atmosphere,  acquire  the  proper  high 
temperature  for  the  deposition  of  carbon,  which  is  then  diffused  on  the  ooier  surface  in 
an  ignited  state,  and  causes  its  characteristic  white  lisrht.  Hence  with  coal  gas,  the  light 
increases  in  a  certain  laiio  with  tbe  size  of  the  flame  as  it  issues  from  a  larger  orifice, 
because  tlie.  intei mixture  of  air  t>ecomes  proportionately  less.  3.  If  by  any  meant  too 
great  a  draneht  be  eiven  to  the  flame,  its  light  becomes  feebler  by  the  rapidity  and  eom- 
pleteness  with  which  the  gas  is  burned,  as  when  too  tall  a  chimney  is  placed  over  an 
argand  burner,  see  Jig.  496.  Fig,  497,  c,  is  a  view  of  the  upper  plate,  upon  which  Che 
glass  chimney  6  rests.  The  gas  issues  through  the  smaller  openings  of  the  inner  ring, 
and  forms  a  hollow  cylindrical  flame,  upon  the  outside  as  well  as  the  inside  of  whieh  the 
atmospherical  air  acts..  The  illuminating  power  of  this  flame  may  be  diminished  at 
pleasure,  according  as  more  or  less  air  is  allowed  to  enter  through  the  orifices  beneath. 
With  a  very  full  draught  the  light  almost  vanishes)  leaving  only  a  dull  bine  flame  of 
great  heating  power,  like  that  of  the  blowpipe,  corresponding  to  the  perfect  conbaatioii 
of  the  gas  without  precipitation  of  its  carbon.  4.  On  the  other  hand,  too  small  a  draught 
4>f  air  is  equally  prejudicial ;  not  merely  because  a  portion  of  the  carbon  thus  eseapes 
aneonsumed  in  smoke,  but  also  because  the  highest  illuminatihg  power  of  the  flanie  is 
obtained  only  when  the  precipitated  charcoal  is  heated  to  whiteness;  a  eireumstanee 
which  requirea  a  considerable  draught  of  air.  Hence  the  flame  of  dense  oil  gas,  or  of 
oil  in  a  wick,  burns  with  a  yellow  light  without  a  chimney ;  but  when  It  Is  inercaaed  in 
intensity  by  a  chimney  draught,  it  bums  with  a  brilliant  white  flame. 

Prom  the  consideration  of  the  preceding  facts,  it  is  possible  to  giTe  to  coal  gas  its 
highest  illuminating  power.  The  burners  are  either  simple  beaks  perforated  widi  • 
sinall  round  hole,  or  circles  with  a  series  of  holes  to  form  an  argand  flame,  as  shown  in 
fig,  497,  or  two  holes  drilled  obliquely,  to  make  the  flame  cross,  like  a  swallow^  tail,  or 
with  a  slit  constituting  the  sheet  of  flame  called  a  bat's  wing,  like  most  of  the  lamps  ia 
the  streets  of  London.  These  burners  are  mounted  with  a  stopcock  for  re|g|«latiiig  the 
qaantity  of  gas. 

The  height  of  the  flame,  wliich  with  like  pressure  depends  upon  the  site  of  the  orifice^ 
awt  vith  like;  orifice  upon  the  amount  of  pressure,  the  latter  being  modified  by  the  stop- 
cock, is,  for  sim|de  jets  in  ihe  open  air,  as  follows : — 

Length  of  the  flame                    2-8  4              5  6  inches. 

Intensity  of  the  light          •  66*6       100  160  197-8  247.4 

Volume  of  gas  eohsamed    -  flO*&    101*4  126*3  143*7  182*2 

Light  with  equal  coBSumption     100       100  131            150  150 

When  the  length  ezeeeds  &yre  inches,  nothing  is  gained  in  respect  to  UghL    For 
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n»  the  «aiii9  ftlideiiicntft  will  lenre,  only  on  aoconat  oT  its  superior  richness  in  carboa^  it 
does  not  bear  so  long  a  flame  without  smoke.    Thus: 

Length  of  the  flame  -         i  .         2  3 

Intensity  of  the  light         -        22        63*7  96*5 

GascoDSomeU  -        -    331        78-5  90 

Light  with  equal  eoosnmption  100         122  159 

The  diameter  of  the  orifice  for  single  jets,  or  for  several  jets  from  the  same  beak,  is 
one  twenty-eishth  of  an  inch  for  coal  gas,  and  one  forty-fif^h  for  oil  gas. 

When  several  jets  issue  from  the  same  burner,  the  light  is  improved  by  making  all  the 
flames  nniie  into  one.  In  this  case  the  heat  becomes  greater,  for  the  combined  flame 
presents  a  smaller  surface  to  be  cooled,  than  the  sum  of  the  smaller  flames.  The.adva»> 
tage  gained  in  this  way  may  be  in  the  ratio  of  3  tu  2,  or  50  per  cent.  In  an  argand 
bqrner  the  distances  of  the  orifices  for  coal  gas  should  be  from  JJL  to  JL^  of  an  inch, 
and  for  oil  gas  j^.  If  the  argand  ring  has  10  orifices,  the  diameter  of  the  central  opea- 
199  should  be  sr  ^C  of  an  inch;  if  25  orifices,  it  sboold  be  one  inch  for  coal  gas ;  bat 

Ibr  oil  gas  with  10  orifices,  the  central  opening  should  have  a  diameter  of  half  an  inch, 
•ad  for  20  orifices,  one  inch.  The  pin  holes  should  be  of  equal  size,  otherwise  the  larger 
ones  will  cause  smoke,  as  in  an  argand  flame  with  an  uneven  wick.  The  glass  chimney 
is  noC  necessary  to  promote  the  combustion  of  an  argand  coal  gas^ame,  but  only  to  pre- 
vent it  from  flidcering  with  the  wind,  and  therefore  it  should  be  made  so  wide  as  to 
exercise  Utile  or  no  inflnence  upon  the  drnught.  A  narrow  chimney  is  necessary  merely 
to  prevent  smoke,  when  a  very  strong  li^ht  with  a  profusion  of  i?as  is  desired.  Oil  gas 
bamed  in  an  argand  beak  requires  a  draught  chimney,  like  a  common  argand  lamp,  on 
•eeoent  of  the  large  quantity  of  carbon  to  be  consumed.  The  most  suitable  mode  of 
regulating  the  degree  of  draught  can  be  determined  only  by  experiment,  and  the  best 
euislnietiott  btfherto  ascertained  is  that  represented  in  yfg.  498.  Fig,  499  exhibits  the 
5  m  ^  I  view  from  above,  of  the  rim  or  ring  c,  upon  which 

the  chimney  b  stands,  and  which  surrounds  the  per- 
forated beak.  The  ring  is  made  of  open  fretwoik, 
to  permit  the  free  passage  of  air  upwards  to  strike 
the  outside  of  the  flame.  The  thin  annular  dsic  (f, 
^  498  which  is  laid  over  its  fellow  disc  r,  in  the  bottom 
i/VpV^    J^)  ^^^Ktfk^tr^'  of  the  chimney-bolder,  bein?  turned  a  little  oneway 

or  other,  will  allow  more  or  less  air  to  pass  through 
Ibr  promoting,  more  or  less,  the  draught  or  ven- 
tilation. The  draught  in  the  central  tube  of  the 
burner  may  be  regulated  by  the  small  disc  e,  whose 
__  diameter  is  somewhat  smaller  than  that  of  the  ring 

/  of  the  burner,  and  which,  by  turning  the  milled 

I/,  of  the  screw,  may  be  adjusted  with  the  greatest  nicety,  so  as  to  admit  a  greater 
«r  smaller  body  of  air  into  the  centre  of  the  cylindrical  flame. 

In  mounting  gas-lights,  and  in  estimating  b(*forehnnd  their  illuminating  eflects,  we 
mm  keep  in  mind  the  oplieal  proposition,  that  the  quantity  of  light  is  inversely  as  the 
•qnare  of  the  distance  from  the  luminous  body,  and  we  roust  distribute  the  burners 
swcordingly.  When,  for  example,  a  gas-light  placed  at  a  distance  of  ten  feet,  is  required 
ftr  reading  or  writing  lo  afford  the  same  light  as  a  candle  placed  at  a  distance  of  two 
feci;  sqnarin?  each  distance,  we  have  100*4;  therefore  l££  =  25,  shows  us  that  25 
■oeh  lights  will  be  necessary  at  the  distance  of  10  feet. 

Concerning  portable  gas-light,  with  the  means  of  condensing  it,  and  carrying  it  fh>m 
the  gas  works  to  the  places  where  it  is  to  be  consumed,  we  need  say  nothing,  as  by  the 
iasprovemenCs  lately  made  in  the  purification  and  distribution  of  coal  gas,  the  former 
•Snstem  has  been  superseded. 

Il  is  well  known  that  light  gas  deteriorates  very  considerably  by  keeping,  espcfisially 
vhen  exposed  to  water  over  an  extensive  surface ;  but  even  to  a  certain  degree  over  oil, 
or  in  dose  vessels.  An  oil  gas  which  when  newly  prepared  has  the  specific  grarity  of 
1-664,  will  give  the  light  of  a  candle  for  an  hour,  by  consuming  200  cubic  inches ;  will, 
•Aer  two  days,  give  the  same  light  by  consuming  215  cubic  inches  per  hour ;  and  after 
ib«r  days,  by  eontaming  240  cubic  inches  in  the  like  time.  With  coal  gas  the  deteriora- 
tion appears  to  be  more  rapid.  When  newly  prepared,  if  it  affords  the  light  of  a  candle 
with  a  coneumptiott  of  400  cubic  inches  per  hour,  it  will  not  give  the  same  light  after 
WJag  kept  two  days^  except  with  a  consumption  of  430  inches ;  and  after  four  days,  of 
409.  Oil  gas  three  weeks  old  has  become  so  much  impaired  in  quality  that  600  inches 
ot  it  were  requhred  per  hour  to  fVimish  the  light  of  a  eandle.  All  light  gas  should  be 
ted  therefore  as  soon  as  possible  after  it  is  properly  purified. 

JReomnmcal  cMsu/sra/JMu.— The  cost  of  gas-light  depends  upon  so  many  fecal  eir 
lUaceS)  that  no  estimate  of  it  can  be  made  of  general  application ;  only  a  few 
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toftdin;  points  may  be  stated.  The  coals  required  for  heating  the  retorts  used  to  eonstitatt 
lone  half  of  the  qaantiiy  required  Tor  charging  the  retorts  themselves.  When  five  retorts 
are  heated  by  one  fire,  the  expendiinre  for  fuel  is  only  one  third  of  that  when  each  retort 
has  a  fire.  The  coke  whiph  remains  in  the  retorts  constitutes  about  60  per  eent.  of  the 
weight  of  the  original  coal ;  but  the  volume  is  increased  by  the  coking  in  the  proportion 
of  100  to  75.  When  the  coke  is  used  for  heating  the  retorts,  about  one  half  of  the  whole 
is  required.  If  we  estimate  the  coke  by  its  comparative  heating  power,  it  represents  65 
per  cent,  of  the  coals  consumed.  One  hundred  pounds  of  good  coal  yield  in  distillation 
10  pounds  of  ammoniacal  liquor,  from  which  sulphate  or  muriate  of  ammonia  may  be 
made,  by  saturation  with  sulphuric  or  muriatic  acid,  and  evaporation.  The  liquor  con- 
tains likewise  some  cyanide  of  ammonia,  which  may  be  converted  into  Prussian  blue  by 
the  addition  of  sulphate  of  iron,  after  saturation  wiih  muriatic  acid. 

Two  hundred  pounds  of  coal  afford  about  17  pounds  of  tar.  This  contains  in  100 
pounds  26  pounds  of  coal  oil,  and  48  pounds  of  pitch.  The  tar  is  sometimes  employed  as 
a  paint  to  preserve  wood  and  walls  from  the  inflnence  of  moisture,  but  its  disagreeable 
smell  limits  its  use.  The  coal  oil,  when  rectified  by  distillation,  is  extensively  employed 
for  dissolving  caoutchouc  in  making  the  varnish  of  waterproof  cloth,  and  also  for  burninf 
in  a  peculiar  kind  of  lamps  under  the  name  of  naptha.  Oil  of  turpentine^  however,  is 
often  sold  and  used  for  this  purpose,  l^y  the  same  name.  If  the  coal  oil  be  mixed  with 
its  volume  of  water,  and  the  mixture  be  made  to  boil  in  a  kettle,  the  mingled  vapors  when 
passed  through  a  perforated  nozzle  may  be  kindled,  and  empk>yed  as  a  powerful  means 
of  artificial  heat.  The  water  is  not  decomposed,  but  it  serves  by  its  vapor  to  expand  the 
bulk  of  the  volatile  oil,  and  to  make  it  thereby  come  into  contact  with  a  larger  voliuiie 
of  atmofipberical  air,  so  as  to  bum  without  smoke,  under  a  boiler  or  any  other-  vctseL 
The  pitch  may  be  decomposed  into  a  light-gas. 

The  relative  cost  of  light  from  coal  gas  and  oil  gas  may  be  estimated  as  one  to  six  «l 
least.    Rosin  gas  is  cheaper  than  oil  gas.    See  Rosin. 

I  shall  conclude  this  article  with  a  summary  of  the  comparative  expense  of  differeirt 
modes  of  illumination,  and  some  statistical  tables. 

One  pound  of  tallow  will  last  40  hours  in  six  mould  candles  burned  in  succession,  and 
costs  Sd,  i  a  gallon  of  oil,  capable  of  affording  the  lii;ht  of  15  candles,  for  40  hourm 
costs  5s»  J  being  therefore  |  of  the  price  of  mould  candles,  and  iL  of  the  price  of  di^ 

The  cost  of  wax  is  about  3|  times  that  of  tallow ;  and  coal  gas,  as  sold  at  the  rate  «f 
9«.  for  1000  cubic  feet,  will  be  one  sixth  the  price  of  mould  candles ;  for  500  cubic  inchat 
of  coal  gas  give  a  light  equal  to  the  above  candle  for  an  hour ;  therefore  40  X  500  .^ 
20,000  cubic  inches  ?=  11  57  cubic  feet,  worth  l}d.,  which  multiplied  by  6  gives  7|d^ 
the  average  price  of  mould  candles  per  pound. 

The  author  of  the  article  Oas-light  in  the  Encyclopaodia  Britannica,  observes,  in  refei 
cnce  to  the  economy  of  this  mode  of  illumination,  that  while  the  price  of  coal,  in  oons^ 
quence  of  the  abundant  and  regular  supply  of  that  article,  is  liable  to  little  fluctnatioo, 
the  cost  of  wa.T,  tallow,  and  oil,  on  account  of  the  more  precarious  natare  of  the  sonrcce 
from  which  they  are  obtained,  varies  exceedingly  in  different  seasons.  *'  Assuming  that 
a  pound  of  tallow  candles,  which  last  when  burned  in  succession  forty  houirs,  costs  nin»- 
pence"  (seven-pence  halfpenny  is  the  average  price),  *<  that  a  gallon  of  oil,  yielding  tlm 
light  of  600  candles  for  an  hour,  costs  two  shillings'*  (five  shillings  is  the  lowest  price  of 
a  gallon  of  such  oil  as  a  gentleman  would  choose  to  bum  in  his  lamp),  *<  that  the  expenae 
of  the  light  from  wax  is  three  times  as  great  as  from  tallow,  and  that  a  thousand  cubic 
feet  of  coal  sras  cost  nine  shillings;"  he  concludes  the  relative  cost  to  be  for  the  same 
qaantiiy  of  light, — from  wax,  ICK);  tallow,  25;  oil,  5;  and  coal-gas,  3.  I  conceive  the 
estimate  given  above  to  be  much  nearer  the  truth ;  when  referred  to  wax  called  100,  it 
becomes,  for  tallow,  28*6 ;  oil,  14*3  ;  coal-gas,  4-76. 

Gas-lighting  has  received  a  marvellous  development  in  London.  In  the  year  1834,  the 
number  of  gas  kmps  in  this  city  was  168,000,  which  consumed  daily  about  4,200,000 
cubic  feet  of  gas.  For  the  purpose  of  generating  this  gas,  more  than  200)000  cbaklixmsy 
or  10,800,000  cubic  feet  of  coals  were  required. 

For  the  following  valuable  statistical  details  upon  gas-light,  my  readers  are 
indebted  to  Joseph  Hedley,  Esq.,  engineer,  of  the  Alliance  Gas  Works,  Dublin;  a 
gentleman  who  to  a  sound  knowledge  of  chemistry,  joins  such  mechanical  talent  and 
indefatigable  diligence,  as  qualify  him  to  conduct  with  success  any  great  undertaking 
committed  to  his  care.  He  has  long  endeavored  to  induce  the  directors  of  the  London 
gas-works  to  employ  a  bettar  coal,  and  generate  a  more  richly  carbureted  gas,  which  in 
much  smaller  quantity  would  give  as  brilljant  a  light,  without  heating  the  apartmenu 
onpleasantly,  as  their  highly  hydrogenated  gas  now  does.  Were  his  judicious  viewi 
•dopteo,  coal  gas  would  soon  supersede  oil,  and  even  was  candles^  for  UloninatiBf  ph- 
v«te  mansions. 
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Copy  of  a  paper  hoi  before  a  Coakmittee  of  t|ie  H^nise  of  Commons,  showing  not  only 
Ike  fdatiTe  Tallies  of  Ibe  Gases  prodnced  at  the  nndermentioned  places,  but  showing  in 
like  maaner  the  relative  eoonemy  of  Oas,  as  prodnced  at  the  different  places,  over  can- 
By  Joseph  Hedlty,  Esq. 
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Compeny  in  illuminating  power. 

1 

McHORAinyuM. — It  will  not  fail  to  be  observed  that  in  deducing  the  comparative  valae 
between  eandles  and  gas  by  these  experiments^  the  single  jet  (and  in  every  instance, 
of  eoarse,  it  was  the  same)  has  been  the  medium.  This,  however,  though  decidedly 
the  most  correct  way  of  making  the  comparative  estimate  of  the  illuminating  power  of 
Ihe  sereral  gases,  is  highly  disadvantageous  in  the  economical  copiparison,  inasmuch 
as  gas  burnt  in  a  properly  regulated  argaod  burner,  with  its  proper  sized  glass,  air 
apertore,  and  sufficient  number  of  holes,  gives  an  advantage  in  favor  of  gas  consutned 
ia  an  argand,  over  a  jet  burner,  of  from  30  to  40  per  cent.  At  the  same  time  it  must 
not  be  overlooked,  that  in  many  situations  where  great  light  is  not  required,  it  will  be 
found  far  more  econouHcal  to  adopt  the  use  of  single  jets,  which,  by  means  of  swing 
braekels  and  light  elegant  shades,  become  splendid  substitutes  for  eandles,  in  banking 
eslablishnients,  offices,  libraries,  fcc.  &c. 

NoTK. — In  Glasgow,  Edinburgh,  Dundee,  Perth,  and  the  Scotch  towns  generally,  the 
Parrot  or  Scotch  Caanel  coal  is  used ;  in  illuminating  power  and  speci&e  gravity  the 
gas  produced  is  equal  to  that  from  the  best  dncription  Qf  Cannel  coal  in  England, 
The  price  per  lOGO  cubic  feet  ranges  about  9f.,  with  finom  6  to  30  per  cent,  off  for  dis- 
counts, leaving  the  net  price  about  9«.  to  bi;  equal  in  the  above  table  to  100  lbs.  of 
candles. 
£piCeBe  of  Experiownts  made  in  Gas  prodncsdfrom  different  qoalities  of  Coal,  and 

eoDsnmed  in  different  kinds  of  Burners :  ' 

THed  at  the  Sheffield  Gas  Light  Company's  Works,  and  laid  before  a  Coomuttee  of  the 

House  of  Conmions.    By  Joseph  Hedley,  Esq. 
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Copy  of  ExperimenU  made  at  the  Alliaace.Gaa  Company'^  Worica  in  PubUD,  diinag  tlic 

past  jear  1837,    By  Joieph  HecUey,  £aq. 

,.  Resuks  of  experiipeiits  oa,  tJie  ii«aUtiea  of  Tariaua  ooala  for  the  prodoMion  of  gaa}  ila 
▼alue  in  illaminating  power;  produce  of  ooke,  and  qaaliiy;  and ^Kber  partieulan  kapor- 
tant  Id  gas-making : — 

Ut  Ejcperimeni,  Saturday,  May  27,  1837.— Deaae  coal  (Cumberland),  2  cwts.  of  112 
lbs.  each  (or  224  lbs.)'  produced  970  cubic  feet  of  gaa;  4  bushels  of  coke  of  middling 
quality ;  specific  gravity  of  the  gas,  475.  Consumed  in  a  single-jet  burner,  flame  4 
inches  high,  Iv'^ths  cubic  feet  per  hour;  distance  firom  shadow  76  inches,  or  2*3 
mould  candles.  Average  quantity  of  gas  made  from  the  charge  (6  hours)  4*33  cubic  feet 
per  lb.,  or  9,700  cubic  feet  per  too  of  20  cwts.  Increase  of  coke  over  coal  in  measure,  not 
quite  30  per  cent.  Loss  in  weight  between  coal,  coke,  and  breize  56  Iba.,  converted 
into  eas,  tar,  ammonia,  &c. 

2d  Experiment,  May  28.— Carlisle  coal  (Blenklnsopp).  224  Iba.  produced  1010  cubic 
feet  of  gas,  4  bushels  of  coke  of  good  quality  though  small ;  increase  of  enke  over  ooal  in 
measure  not  quite  30  per  cent.  Loss  in  weight,  same  as  foregoing  ezperimeat.  Average 
quantity  of  gas  made  from  the  charge  (6  hours)  4*5  cubic  feet  per  lb.  or  10/M  per  ton. 

JUumimUing  power  of  the  Gat. 
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3d  Experiment,  May  29. — Carlisle  coal  (Blenkinsopp).  112  lbs.  produced  556  cubic 
feet  of  gas.  Other  products,  loss  of  weight.  Sec,  same  proportion  as  foregoing  experi- 
ment. Average  quantity  of  gas  made  from  the  charge  (6  hours)  4*96  cubic  feet  per  lb., 
or  11,120  per  ton. 

In  this  experiment  the  quantity  of  gas  generated  every  hour  was  ascertained ;  the 
illuminating  power,  the  specific  gravity,  and  the  quantity  of  gas  consumed  by  the  single 
jet  with  a  flame  4  inches  high,  was  tried  at  the  end  of  each  hour,  with  the  rcgipeetive 
gases  generated  at  each  hour;  and  the  following  is  a  table  of  results. 

RESULTS. 
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tnc^. 

70 

75 
75 
80 
85 
100 


JUni 
power  equal  to 
muold  caadles. 


2-72 

2*36 
2-36 
2-08 
1-81 
not  oiia 


Average  of  the  above  gas,  64ioar  chaiye. 
92|  16.10ths,  nearly        *359  81 

Average  of  the  above  gaa  at  4-hottr  eharge. 
115  I2i.l0th8,  ^421  75 


2H» 


2^36 


Production  of  gas  in  6  hours  556  feet,  or  at  the  rate  of  11,120  cubic  feet  per  torn. 
Ditto  in  4  hours  460  feet,  or  at  the  rate  of    9,200         ditto 
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The  relatiTe  vdae  of  theie  prodoetioiw  of  gas  U  as  follows,  tu.  : 
l]yl20  at  ]6-10tb8  per  hour  nearly  (or  1*5916  aceurately),  and  equal  to  203  eandtesi 
tlie  11,120  feet  irould  be  equal  to  and  last  as  long  as  1597  candles,  or  266^  lbs.  ot 
eandles. 

9200  at  12i-10tb8  per  hour  (or  1*2375  accurately),  and  equal  to  236  candles;   the 
9200  feet  would  be  equal  to  1949  candles,  or  3244  lbs.  candles. 
Now  2661  lbs.  of  mould  candles,  at  7«.  6d.  per^dozen  lbs.,  will  cost  8^  6s.  4i(f .,  whilst 
3241  lbs.  of   do.       do.       at  7f .  6d.  per    do.  do.        102.  3«. 

Showing  the  value  of  4-hour  charges  over  6-hour  charges  j  and  of  9,200  cnbie  feet 
ofer  11,120  cubic  feet. 

Nate.— 0500  oabi*^  feat  of  Winn  oannal  ooal  gw  are  aqaal  in  tUoniiaatiag  powar  to  8d0 1-Oth  Iba.  of  ea«* 
dim,  which  at  7«.  M.  par  doxaa  Tbt.  will  coat  QH.  lOt.  5|J.  It  ii  lUo  fonnd  that  aay  bunar  with  auparUit 
gaa  will  ceamiaa  oiilj  aboot  half  tha  quantity  it  would  do  with  oonmoa  gaa. 

4ih  ExperinmUy  May  20th, — Cannel  and  Cardill  coal  mixed  f  and  |,  together  112  lbs., 
prodaced  460  feet  of  gas;  2  bushels  of  coke  of  good  quality ;  increase  of  coke  over  coal 
in  measure,  about  30  per  cent. ;  loss  in  weight,  41  lbs. ;  coke  weighed  71  lbs.,  no  breize. 
AYerage  quantity  of  gas  made  from  the  eharge  (4  hours),  4*1  cubic  feet  per  lb.,  or  9*200 
per  ton. 


IBmmkuUimg  power, — ^At  the  end  of  the  first  hour. 

Candlaa. 

Distance  of  eandle  from 


Cvbiofaat. 

At  end  of  2d  hour,  do.      70  or  2*72     Do.        do.        do.  ll|-10ths. 

At  end  of  3d  hour.        This  gas  Tery  indifferent. 

ATerage  of  the  three     -    70  or  2-72     Do.        do.        do.  ll|-10ths. 

Spedfie  gravity  3*44;  5  feet  per  hour,  with  a  20-hole  argand  buruer,  equal  to  14*66 


6th  ExptrinmU,  May  2Ut, — Carlisle  coal,  112  lbs.  produced  410  feet  of  gas;   other 
prodnets,  same  as  in  former  experiments  with  this  eocd^  but  beat  very  low. 

OmmkuiHag  powtr  amd  jnodaa  of  gas, 

f  Average  of  this  gas:  specific  gravity,  540; 


410  ft. 


1st  hour  120  cubic  feet 
2d  100 

3d  90 

4th  100 


distance  of  candle  from  shadow,  55  inches, 
or  4*4  candles  consumed  per  single  jet, 
9-10th8  of  a  cubic  foot  per  hour.  20-hole 
argand  burner,  4  feet  per  hour,  equal  to 
.  21*33  candles. 
It  is  possible,  from  the  superior  quality  of  this  gas,  that  a  little  of  the  cannel  gas  made 
for  a  particular  purpose,  may  have  got  intermixed  with  it  in  the  experimental  gashokler 
and  apparatus. 

A  variety  of  other  experiments  were  tried  on  different  qualities  of  coal,  and  mixtures 
of  ditto,  too  tedious  to  insert  here,  though  extremely  valuable,  and  all  tending  to  show 
the  superior  value  of  gas  produced  at  short  over  long  charges ;  and  also  showing  the  im- 
pofftaaee  and  value  of  coal  producing  gas  of  the  highest  illuminating  power ;  among 
wttich  the  eannel  coal  procured  in  I^ncashire,  Yorkshire,  and  some  other,  counties  of 
Eaghiod  and  Wales,  and  the  Parrot  or  splent  eoal  of  Scotland,  stand  pre-eminent. 

ita  flaaa  in  all  inataaeaa 


Nou. — In  all  tha  foragoing  axpaiinaata  tha  aama  aingla-Jat  biitnar ' 
4  iachaa  h«rh. 

oaal  whan  drawn  froa  tha  ntoit  waa  alakad  with  watar,  aad  aftar  aUowing  noma  ahort  tima  for 
waa  waif  had. 

A  Tablb  of  the  number  of  hoars  Gas  is  burnt  in  each  month,  quarter,  and  year. 
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Copy  of  a  Piper  Babmitted  to  a  Committee  of  the  House  of  Commoni  in  die  Setnon  of  107, 

of  England ;  and  procured  by  actual  Surrey  md 


Nairn  of  the 
Place  where 
G«*  Warka 
•iliiaUd. 


BirmiMhain 
paajr. 


Bkmingfiara 
and  Siaf- 
fonlibin. 


Id. 


Price  ofGaa  per  MH»r. 

autl  DMe(»imuallowt>d. 


PrteaofOMl, 

and 
OMcri|)iroD; 
dclirared  per 
Tuu. 


i 


.•; 


I 

■ 


Stockport. 


lOe.  per  meter  eub.  Ceeu 

Diacountf 

lOl.    to      tOLa  M'l  ' 

Ml.    4o     jn/.3  5    e 

BOL    (o      HLi  74  S 

7AI.    to     100/.  ^10    b 

iOOL  Jt  npwanla  IS   2L| 

lOe.  jiermciereiib.  fecu 

DueounUaa  abovt. 


I 


10*.  per  oMtor  eob.  Tect. 
Dieeotinte 

1001.  g^  \»SL 

nu. «  s  Iku. 

ntL      «  MX. 
lO(K.JtopwardilO 
tO«.  permrier  Mb.  fret 
Diaeo'oteHiDe  aa  Mae- 
cteaAeld.  MaccteaAeld 
diMouDU  taken  from 
Stockport  card. 


1^ 


i7(£- 


MaMbmMr.    10*.  per  m.cub.ft.  I8S4. 
9i.  and  b.     -     1837 

Diacoimla 
SOL  lOOL 

toot.     S     ISO/. 
ISOU    1     %/Oi. 

iooL   9   nu. 

ts/au   S   100/. 

30(U.  4fM. 

400/.  db  up«»n]a  M 
Livtrp'i   OlcN  10*.  per  meter  eub.  tttU 
Company,    I  Diweunta 


10  8 

15    A> 


1814 


Ditto,  ditto, 
Liverpool 
New  Qaa  eod 
Coke,  1888. 
Bradford, 

iai4. 


LMd«.J884. 


102.  &  Luder  8Q(.  I|  • 
38/.    10  100/.  I  2 

1001.    tP         too/.  7i^ 

JOOL^nd  uywartla  10  °' 

tn  1888,  ihii  Compajijp 

lOe.  per  mc'er  cub.  fiwi. 

OiKouni*  aame  ai  Liv- 
erpool Old  Comp'tij. 

0f.  per  meter  eubie  feet 
to  Urf*  eoMUinera. 

Dioconnte 
80/.      to      80     i 
»)/.      to      40      7|  i 
40L      to      60    10    S 
fiO/.      to      80     Iti  ;; 
8C/.      to    100    IS     ft 

100/.  86Upwardeao 
Small  Conaiimerm, 

l(h.  per  meter  cub.  feet, 
and  8  per  rent,  off 
from  UU.  to  80^ 

8f .  per  meter  cubic  Act. 

Diaconnia 
I    I  pereetii.  t    ^^' 
f    f    on  half-  )    80/. 
7,  (     yearly     )    40/. 

10    /  paymcNta.  I  100/. 


Sheffled, 
1888. 


-1 

v 

Is 

1 

i 


» 


Lei<*«ater, 
1817 


DeAy,  MS4. 
NoUinxfaaa, 
I8M. 


8*.  permcter  cubic  feet. 
Diae'nu 


Lamp  Coal 
from  Weat 
Bromwicb 
pita,  riiwn 

much  of  Uiie. 

1887,  lie.  lOd. 

From  Weet 

Bromwieh 

pita,  1887, 

9>.  Stf. 

Common,  8c. 
avenif  •  1884 


6,100 


6,800 


6,»l 


Coke 

made  from 

m  Ton  of 

CooU 


Coal  10*.  64. 
cannel  lfi*.04. 
abotti  half  and 

half  uaad. 

Avenir*  18*. 

1884. 

I&f.  M. 

Bveni^. 

Oldhiun 


IV.ier-  f  S 
me      (S 

Miied,  1884. 


7«.S<i.  per  ten 
of  liin>a.par 
cwt.     OrnM' 
kirk  or  Wif- 
an  alack. 

rviorfedtotKc 

I8e.  all  cannel 

Wifan 

8*.6(f.perieo. 
8  vkKm  iiapd 

averajfcT. 
Slack  S*.  «<<. 
Lownwwr 
8*.  lOd. 
Catherine 
aUckH*. 


7,800 


9,800 


SI 


14  btiah. 

but  larger 
meaaiire 
than  Sir 

ain)(b«m. 
Ucwu 


Sellinc 

Price  of 

Coke. 


7  cwt. 


Newt. 


8JD0 


uae'of 
9,800 


8,000 


7*.  6tf.  per  meter  cab.fl. 
DiK*nta  on  half-yearly 

rental,  not  racrediug' 

lO/.,  8  per  rem. 
10/.  ^  ta  10/.     7( 

,801.  SS  *)/.    10    2 

i40/.|S  80/.    Il'  I 
■*80L  *g  flOt  80     8 

60/.lbupwanl«t8 
I0«.  per  meter  cub.  feet 
DiacoonU 
8  to  88  per  cent, 
•a.  per  iDour  cubic  feet 
DiacouQtt  aa  above. 

ISe.  per  meur  cub.  feet. 
No  dkeouBta. 


IMttA. 


8*.  per  ton 

averaite. 

t-8da  comVMi 

7e. 

1-Sd  caiiuel 

10*. 

7«.M.  per  ton 

overafe. 
1  aorti  uaed, 

I,  8-IO(h* 
canVl.at  I8«. 

8,1-IOilii 
deep  pit,  7*. 

l-fOili 

aiikatoue,  10*. 

I8«.6«<. 

averaife. 

Derliyehire 

aoA  coat. 


SaoMceal 

uaed  aa  at 

Lciceatcr. 

Ditto. 


17*.  averan. 

Newwutto. 


Dittn. 


6400 


8,000 


ll|c«u 


eanufi  eo 
18  cwt. 


18  cwt. 


10  cwt. 

of  aaleabie 

coke. 


i*.  1^  per 
quarter 
delivered, 
or  about 
8(f.  per 
boahel. 

I*.  lOrf. 

per  aiick 

of  8 
buahela. 

lOe. 
per  ton. 


Ita. 

lerial 
oanal  to 

heal 
R«torta, 


my 
uaed 
per  Ton 
of  Coal 


S:aeb. 


Slack. 
atid 
Tar. 


Coke. 


No.  of 
Piivlie 

or 

Btrvet 

Lnmpa 

aiip- 

pMed. 


I 


Deocription. 


or 


6*.W. 

per  ton. 


Ditto. 


Goal. 

coke, 
umI  tnr. 


Coke. 


8».4rf. 

per  ton  of 

1181b. 

per  cwt. 

kl  aimtlnr 
7a.  64. 
per  ton. 

lie. 
per  too. 


7«.a4. 
per  ton. 


lOe. 
Mruw. 


7,800  4k  qiiarttra 


7,000 


Ditto. 


7,000     Ditto. 


J6baA 


Dl^»m, 


About 

8c«'t. 
of  alack, 

at  6*. 
per  ton, 

ttfwr 

cent. 

Aewu 
of  alack. 

M4a. 

IS  per 

cent. 

No 

accooHk 

kept. 


Biaek, 
7e.ail. 
per  ton. 


to  the  L 

Coke 

and 

alack. 

Coke. 


490 


1.800 


Oiue. 


4,1-Sda 

ewt. 


64  cwt. 


iverpeot 

S^cwu 


8|ewt. 


Mis 


Batsvinf*. 
SO 


Batawiiya. 


Ditto. 


paifi  f«r} 
Animm  c 
lor     j 
Ditto. 


poo 
rrpasL 


n 


I 


Dittn 


Single  Jeli 
and  flat 
flamee, 

i^bont  h«Jr 
and  half. 


UnO    Baiawiiiga. 

8    - 

4    - 

Ntv  O  aa  and  Gjal 


L.M.4. 

1  10    0  Coann^i,arf 
•   6    OproriSa  p«« 


avcra^ 


I  10    0 


f  10    oc« 

18)4.      Umpa  £  ^ . 

10    0     CompMT'a 
16*7.       arrvv-e  \\^\ 
repotr,  cl 


I     f     C 

too 


and  e 


eziie^fou 


of  po4ic«. 


Only 
few. 


ArgaiMb. 


BauwViga 


4  10  0  «^Q«pM« 
8  18  0«u^a«drep. 
8  U  II 


I  It    6 


Ditto. 


Ditto. 


to*.  64. 

or  I*.  84. 

perqr. 


Ditto. 


Ditto. 


II*.  per 
chaldron. 


Ditto. 


Coke, 
tar,  6t«. 


Coho. 


Ditto. 


Ditto. 


Diun. 


8|ewt. 


i|ewt. 


A  boat 

t-Sdof 

eoke. 


•17 


414 


Ditto. 

Ditto. 

ISbtiah 

Dhto. 


tl9 


Ditto. 


Ditto. 


Ditto. 


Ditto. 

Ditto.' 

Ditto. 

DltlB. 


tit    BComm 


t  10 


cxcvpi  ext 

e'uiaiitnjr, 

w*tch  t\>m 

P»y  Bo.lCM 


0        Ccmtpai 

lprov»a*  la 
<■'*••*,  repi 
pai  out,  4 


t  IB    • 


t    1    0 

I     7    ft   u^i^t^  p^ 
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bdng  a  Synopin 


Eiperiasois  w 

iriTMn 

the  Yean  1 

«34and  1 

1837.    B 

y  Jp«p 

Ii  Hedley 

,   E8C 

I 

Thm  \mtmi  m  each    t  rQ 
B  iM  Ytar.      Lamp  .  ^  g 

<  w  - 

Par  Caataja  of 
LoatofOaamada. 

Oraalaet 

Quantity  of 

Oaa 

dalivefad 
in  One 

D.rjM«. 
Gbufea. 

Method 

ofPuriA- 

eatio*. 

Number  of 
^   Gaa 
Boldera. 

IJ 

11 

Q 

t\%\%     l\    ill 

•c^. 

pi 

Nighu 

1 

6i    i6    H 

a.  rf. 

a.    A 
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Inek, 
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JO  le 
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78 
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par 

«  18 

about  8a.  9d.  par 
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the  town,^ 
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86 
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1* 

Sfaat, 
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Total  for 
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P" 
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1           r 

at  work. 

**^fc«.        iten 

J    1 

IS    6 

Xaeaiva  8».  per 

48.100. 
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8  hours. 
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holdera. 
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•855 

•fl 
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1 

P" 
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m^Smm 

per  maier  ruht« 
feet.     Pub1i<:  St. 
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Ditto. 
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For  lighting  London  and  its  sabnrbs  with  gas,  there 
IS  pohlie  gas  worics.- 
12      do.       companies. 

2,800,0002.  capital  employed  in  works,  pipes,  tanks,  gas-holders,  apparatus. 
450,000/.  yearly  rerenoe  derived. 
l^fOOO  tons  of  coals  used  in  the  year  fl»r  making  |;as. 
1,400^000,000  cubic  feet  of  gas  made  in  the  year. 
134,300  private  burners  supplied  to  about  40,000  consumers. 
30,400  public  or  street  do.    N.  B.  about  2650  of  these  are  in  the  city  of  London. 
380  lamplighters  employed. 

176  gas-holders ;  sereral  of  them  double  ones,  capalile  of  storing  6,600,000  cubic  feet. 
89(y  tons  of  coals  used  in  the  retorts  on  the  shortest  day,  in  24  hours. 
7,120,000  cubic  feet  of  gas  used  in  longest  night,  say  24th  December. 
About  250O  persons  are  employed  in  the  metropolis  alone,  in  this  branch  of  manu- 
frdorc 

Between  1822  and  1827  the  quantity  nearly  doubled  itself,  and  that  in  5  years. 

Between  1827  and  1837  it  doubled  itself  again. 

Mr.  Kirkham,  engineer,  obtained  a  patent,  in  June,  1837,  for  an  improv>ed  mode  of  re- 
■Boriag  the  carbonaceous  incrustation  from  the  internal  surfkces  of  gas  retorts.  He  em- 
pfoys  a  jet  or  jets  of  heated  atmospheric  air,  or  other  gases  containing  oxygen,  which  he 
inpeis  with  (brce  into  the  interior  of  such  retorts  as  have  become  incrusted  in  conse- 
qsence  of  the  decomposition  of  the  coal.  The  retort  is  to  be  kept  thoroughly  red  hot 
dsrhig  the  application  of  the  proposed  jets.  An  iron  pipe,  constructed  with  several  ftexi 
Ne  joints,  leading  from  a  blowing  machine,  Is  bent  in  such  a  way  as  to  allow  its  nozzle 
csd  (b  be  introduced  within  the  retort,  and  directed  to  any  point  of  its  surface. 

I  tbould  suppose  that  air,  even  at  common  temperatures,  applied  to  a  retort  ignited  to 
tke  pitch  of  making  gas,  would  bum  away  the  incrustations ;  but  hot  air  will,  no  doubt, 
be  more  powerfbl. 

GAS-HOLDER;  a  vessel  tot  containing  and  preserving  gas,  of  which  various  ibrms 
we  described  by  chemical  writers, 

GASOMETER  means  properly  a  measurer  of  gas,  though  it  is  emplo}'ed  oAen  to  denote 
t  recipient  of  iras  of  any  kind.    See  the  article  Gas-Light. 

GAUZE  WIRE  CLOTH  is  a  textile  fabric,  either  plane  or  tweeled,  made  of  brass, 
inn,  or  copper  wire,  of  very  various  degrees  of  fineness  and  openness  of  texture.  Its 
chief  uses  are  far  sieves,  and  safety-lamps. 

GAY-LUSSITE  is  a  white  mineral  of  a  vitreous  fracture,  which  crystallizes  In  oblique 
("homboidal  prisms ;  specific  gravity  from  1-93  to  1*95 ;  scratches  gypsum,  but  is  scratched 
by  cale^par;  affords  water  by  calcination;  it  consists  of  carbonic  acid,  28*60;  ioda, 
20*44;  lime,  17*70 ;  water,  32*20;  clay,  1*00.  It  is,  in  fact,  by  my  analysis,  a  hydrated 
•oda-cirbonate  of  lime  in  atomic  proportions.  This  mineral  occurs  abundantly  in  insu<* 
kted  crystals,  disseminated  through  the  bed  of  clay  which  covers  the  iirao,  or  native  ses- 
SsicarhoiMite  of  soda,  at  Lagunilla  in  Colombia. 

GELATINE  (Eng.  and  Fr.;  Gattert,  letnt,  Oerm.)  is  an  animal  product  which  is 
■eter  ftmnd  in  the  humors,  but  it  may  be  obtained  by  boiling  with  water  the  soft  and 
aqtid  paru;  as  the  muscles,  the  skin,  the  cartilages,  bones,  ligaments,  tendons,  and 
Benbianes.  Isinglass  consists  almost  entirely  of  gelatine.  This  substance  is  very 
iolsble  in  boiling  water ;  the  solution  forms  a  tremulous  mass  of  jelly  when  it  cools. 
Cold  water  has  little  action  upon  gelatine.  Alcohol  and  tannin  (tannic  acid,  see  Gauu 
*^rn)  precipitate  gelatine  from  its  solutbn ;  the  former  by  abstracting  the  water,  the 
httsr  by  eombiniuf  with  the  substance  itself  into  an  insoluble  compound,  of  the  nature 
of  leather.  No  <Hher  acid,  except  the  tannic,  and  no  alkali  possesses  the  property  of 
Pfseipiiating  gelatine.  But  chlorine  and  certain  salts  render  its  solution  nk^re  or  le|s  tur- 
bid;  as  the  nitrate  and  bi-chloride  of  mercury,  the  proto-chlorrJe  of  tin,  and  a  few  others. 
Mphnric  acid  eonverts  a  solution  of  gelatine  at  a  boiling  heat  into  sugar.  See  Lioine. 
(^viFiiaB.  Gelatine  consists  of  carbon,  47*88;  hydrogen,  7*91 ;  oxygen,  27*21.  See 
Glue  and  Iscitglass. 

WM8  are  precious  stones,  which,  by  their  eolor,  limpidity,  lustre,  brilliant  polteh,  pu- 
ntf)  and  rarity,  are  sought  after  as  objects  of  dress  and  decoration.  They  Ibrm  the  prin- 
eipil  part  of  the  crown  jewels  of  kings,  not  only  ftom  their  beauty,  but  because  they  are 
tipposed  to  comprise  the  greatest  value  in  the  smallest  bulk ;  for  a  diamond,  no  larger 
than  a  nut  or  an  acorn,  may  be  the  representative  sign  of  the  territorial  value  of  a  whole 
(watry,  the  equivalent  in  commereial  exchange  of  a  hundred  fortunes,  acquired  by  se- 
*eie  loOs  and  privatkms. 

Among  these  beautiful  minerals  mankind  have,  agreed  in  fanning  a  select  class,  to  which 
the  title  of  genu  or  jewth  has  been  appropriated ;  while  the  term  pneUm$  ttone  is  more 
psrtieulariy  given  to  subetanees  which  often  occur  under  a  more  considerable  volume 
JiMsiiMtcfvcrdo. 
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Diamonds,  sapphires,  emeralds,  rubies,  topazes,  hyadnths,  and  cbrysoberyls,  are 
oaed  the  most  valuable  gemt, 

Cyrstalline  quartz,  pellucid^  opalescent,  or  of  various  hues,  amethyst,  lapis  lazuli, 
malachite,  jasper,  agate,  &.C.,  are  ranked  in  the  much  more  numerous  and  inferior  chos 
of  ornamental  stones.  These  distinctions  are  not  founded  upon  any  striet  phiknophieal 
principle,  but  are  regulated  by  a  conventional  agreement,  not  very  well  defined ;  Utr  it 
is  impossible  to  subject  these  creatures  of  fashion  and  taste  to  the  rigid  snbdivisioas  of 
science.  We  have  only  to  consider  the  value  currently  attached  to  them,  and  take  care 
not  to  confound  two  stones  of  the  same  color,  but  which  may  be  very  differently  prized 
by  the  virtuoso. 

Since  it  usually  happens  that  the  true  gems  are  in  a  cut  and  polished  state,  or  even  set 
in  gold  or  silver,  we  are  thereby  unable  to  apply  to  them  the  eriteria  of  mineralogieal  and 
chemical  science.  The  cutting  of  the  stone  has  removed  or  masked  its  crystalline  char- 
acter, and  circumstances  rarely  permit  the  phenomena  of  double  or  single  refraction  to 
be  observed;  while  the  test  by  the  blowpipe  is  inadmissible.  Henee  the  only  seientifie 
resources  that  remain  are  the  trial  by  electricity,  which  is  often  inconclusive ;  the  degree 
of  hardness,  a  criterion  requhing  great  experience  in  the  person  who  employs  it ;  and, 
lastly,  the  proof  by  specific  gravity,  unquestionably  one  of  the  surest  means  of  distingnish- 
ing  the  really  fine  gems  from  ornamental  stpnes  of  similar  color.  This  proof  can  be  ap- 
plied only  to  a  stone  that  is  not  set;  «but  the  richer  gems  are  usually  dismounted,  when 
offered  for  sale. 

This  character  of  specific  gravity  may  be  applied  by  any  person  of  common  intelli- 
gence, with  the  aid  of  a  small  hydrostatic  balance.  If,  for  example,  a  stone  of  a  fine 
crimson-red  color  be  offered  for  sale,  as  an  oriental  ruby ;  the  purchaser  must  ascertain 
if  it  be  not  a  Siberian  tourmaline,  or  ruby  spinel.  Supposing  its  weight  in  air  to  be  100 
grains,  if  he  finds  it  reduced  to  69  grains,  when  weighed  in  water,  he  concludes  that  its 
bulk  is  equal  to  that  of  31  grains  of  water,  which,  is  its  loss  of  weight.  Now,  a  real 
sapphire  which  weighs  100  grains  in  air,  would  have  weighed  76*6  in  water ;  a  spinel 
ruby  of  100  grains  would  have  weighed  72*2  in  water,  and  a  Siberian  tourmaline  of  100 
grains  would  have  weighed  only  69  grains  in  water.  The  quality  of  the  stone  in  ques- 
tion is,  therefore,  determined  beyond  all  dispute,  and  the  purchaser  may  be  thus  protected 
from  fraud. 

The  sard  of  the  English  jewellers  (Sardoine,  French)  is  a  stone  of  the  nature  of 
agate,  having  an  orange  color  more  or  less  deep,  and  passing  by  insensible  shades  into 
yellow,  reddish,  and  brown ;  whence  it  has  been  agreed  to  unite  under  this  deoomtnatioa 
all  the  agates  whose  color  verges  upon  brown.  It  shoi^Id  be  remarked,  however,  that  the 
sard  presents,  in  its  interior  and  in  the  middle  of  its  ground,  concentric  zones,  or  small 
nebulosities,  which  are  not  to  ^e  seen  in  the  red  .cornelian,  properly  so  called.  The 
ancients  certainly  knew  our  sard,  since  they  have  left  us  a  great  many  of  them  engraved, 
but  they  seem  to  have  associated  under  the  title  sarda  both  the  sardoine  of  the  French, 
and  our  cornelians  and  calcedonies.  Pliny  says  that  the  sarda  came  (Vom  the  neighbor- 
hood of  a  city  of  that  name  in  Lydia,  and  from  the  environs  of  Babylon.  Among  the 
engraved  sards  which  exist  in  the  collection  of  antiques  in  the  Bibliotheque  Royale  of 
Paris,  there  is  an.  Apollo  remarkable  for  its  fine  color  and  great  size.  When  the  stone 
forms  a  part  of  the  agate-onyx,  it  is  called  sardonyx.  For  further  details  upon  Gensy 
aid  the  art  of  cutting  and  engraving  them,  See  Lapidakt. 

GEOGNOSY,  means  a  knowledge  of  the  structure  of  the  earth ;  Geology,  a  descrip- 
tion of  the  same.  The  discussion  of  this  subject  does  not  come  within  the  province  of 
this  Dictionary. 

GERMAN  SILVER.    See  the  latter  end  of  the  article  Coppiau 

GERMINATION  (Eng.  and  Fr.;  Das  JTeimen,  Germ.)  is  the  first  sprouting  of  a 
seed  after  it  is  sown,  or  when,  after  stoeping,  it,  is  spread  upon  the  malt  floor.    See  Bkbiu 

GIG  MACHINES  are  rotatory  drums,  mounted  with  thutles  or  wire  teeth  for  teazliaig 
cloth.  *See  Woollen  Man ur Acrumv. 

GILDING  (Liorure,  Fr. ;  Vergoldungf  Germ.)  is  the  art  of  coating  surfaces  with  a 
thin  film  of  gold.  For  a  full  discussion  of  this  subject.  See  Gold.  Mr.  Elkington,  gilt 
toy  maker,  obtained  a  patent  in  June,  1836,  for  gilding  copper,  brass,  &c.,  by  means  of 
potash  or  soda  combined  with  carbonic  acid,  and  with  a  solution  of  gold.  Dissolve,  says 
he,  5  oz.  troy  of  fine  gokl  in  52  oz.  avoirdupois  of  nitro-muriatie  acid  of  the  following 
proportions :  viz.  21  oz.  of  pure  nitric  acid,  of  spec.  grav.  1*45,  17  oz.  of  pure  morialie 
acid,  of  spec.  grav.  1*15 ;  with  14  oz.  of  distilled  water. 

The  gold  being  put  into  the  mixture  of  acids  and  vrater,  they  are  to  be  heated  in  a 
glass  or  other  convenient  vessel  till  the  gold  is  dissolved;  and  it  is  usual  to  continue  the 
application  of  heat  after  this  is  effected,  until  a  reddish  or  yellowish  vapor  ceases  to  riae. 

The  clear  liquid  is  to  be  carafuUy  poured  off  from  any  sediment  which  generally 
appears  and  results  from  a  small  portion  of  silver,  which  is  generally  found  in  lUloy  W'kli 
sold.  The  clear  liquid  is  to  be  placed  in  a  suitable  vessel  of  atone,  pottery  ware  is  firo* 
ferred.    Add  to  the  solution  of  gold  4  gallons  of  distilled  wator^  and  20  poonda  of 


GIN,  sn 

bonate  of  potash  of  the  beet  qiuility ;  let  the  wheUe  boil  moderatdy  fat  two  hoony  the 
mixture  wUl  then  be  ready  foe  use. 

The  articles  to  be  gilded  having  been  first  perfeetly  cleaned  frooi  scale  or  grease,  they 
are  to  be  suspended  on  wires,  conveniently  for  a  workman  to  dip  them  in  the  liquid,  irhich 
is  k«pt  boiling.  The  time  required  for  gilding  any  particular  article  will  depend  on  cir- 
camstaneesy  partly  on  the  quantity  of  gold  reaiaining  in  the  liquid,  and  partly  on  the  sixe 
and  weight  ot  the  ariicle ;  but  a  little  practice  will  readily  give  sufficient  guiidance  to  the 
workman. 

Supposing  the  ai tides  desired  to  be  gilded  be  brass  or  copper  buttons,  or  small 
articles  for  gill  toys,  or  ornaments  of  dress,  s\  :ii  as  ear-rings  or  bracelets,  a  considerable 
■amber  of  which  may  be  strung  on  a  hoop^  i  bended  piece  of  copper  or  brass  wire,  and 
dipped  into  the  vessel  containing  the  boiling  liquid  above  described,  and  moved  thereia, 
the  requisite  gilding  will  be  generally  obtained  in  from  a  few  seconds  to  a  minute;  this 
is  when  the  liquid  is  in  the  condition  above  described,  and  depending  on  the  quality  ot 
the  gilding  desired ;  but  if  the  liquid  has  been  used  some  time,  the  quantity  of  goU  wifl 
be  lessened,  which  will  vary  the  time  of  operating  to  produce  a  given  effect,  or  the 
color  required,  all  which  wUl  quickly  be  observed  by  the  workman;  and  by  noting 
the  appearance  of  the  articles  from  time  to  time,  he  will  know  when  the  desired  object 
is  obtained,  though  it  is  desirable  to  avoid  as  much  as  possible  taking  the  articles  out  of 
th«  liquid. 

When  the  operation  is  completed,  the  workman  perfectly  washes  the  articles  so  gilded 
with,  clean  water ;  they  may  th'en  be  submitted  to  the  usual  process  of  coloring* 

If  the  articles  be  cast  figures  of  animals,  or  otherwise  of  considerable  weight,  compared 
with  the  articles  above  mentioned,  the  time  required  to  perform  the  process  will  be 
greater.. 

In  ease  it  is  desired  to  prodoce  what  is  called  a  dead  appearance,  it  may  be  performed 
by  several  processes:  the  one  usually  employed  is  to  dead  the  articles  in  the  process  of 
eleaaing,  as  practised  by  brass^founders  and  other  trades ;  it  is  produced  by  an  add,  pre- 
pared for  that  purpose,  sold  by  the  makers  under  the  term  ^*  deading  aquafortis,^'  which 
is  well  understood. 

It  may  also  be  produced  by  a  Weak  soiation  of  nitrate  of  mercury,  applied  to  the 
articles  previous  to  the  gilding  process,  as  is  practised  in  the  process  of  gilding  with 
mercury,  previous  to  spreading  the  amalgam,  but  generally  a  much  weaker  solution;  or 
the  articles  having  been  gilded  may  be  dipped  in  a  solution  of  nitrate  of  mercury,  and 
sabffiitted  to  heat  to  expel  the  same,  as  is  practised  in  the  usual  process  of  gilding. 

It  IS  desirable  to  remaxk,  that  much  of  the  beauty  of  the  result  depends  on  the  well 
cleaning  of  the  artides,  and  it  is  better  to  dean  4hem  by  the  ordinary  processes,  and  at 
once  pass  them  into  the  liquid  to  be  gilded.    See  Gold,  towards  the  end. 

GIN,  or  Genemi,  from  Cknievre  (juniper),  is  a  kind  of  ardent  spirits  manufactured  in 
HoUaad,  and  hence  called  Hollands  gin  in  this  country,  to  distinguish  it  from  British 
gin.  The  materials  employed  in  the  distilleries  of  Schiedam,  are  two  parts  of  unmalted 
rye  firom  Riga,  weighing  about  64  lbs.  per  bushel,  and  one  part  of  malted  bigg, 
veightng  about  37  lbs.  per  bushel.  The  mash  ton,  which  serves  also  as  the  fermenting 
tnn,  has  a  capadty  of  nearly  700  gallons,  being  about  five  feet  in  diameter  at  the  mouth, 
iwther  narrower  at  the  bottom,  and  4|  feet  deep ;  the  stirring  apparatus  is  an  oblong 
feelangalar  iron  grid,  made  fast  to  the  end  of  a  wooden  pole.  About  a  barnel,  .=  3S 
fallens  of  water,  at  a  temperature  of  from  162^  to  lOS^  (the  former  heat  being  best  for 
the  most  highly  dried  rye),  are  pat  into  the  mash  tun  for  every  1|  cwt.  of  meal,  after - 
which  the  malt  is  introduced  and  stirred,  and  lastly  the  rye  is  added.  Powerful  agitation 
jagi^en  td  the  magma  till  it  becomies  quite  uniform;  a  process  which  a  vigorous  workp 
man  piqaet  himself  opon'exeenting  in  the  course  of  a  few  minutes.  The  mouth  of  the 
ton  is  iaunediatdy  covered  over  with  canvass,  and  further  secured  by  a  close  wooden  lid^to 
conilne  the  heat ;  it  is  left  in  this  state  for  two  hoars.  The  contents  bdng  then  stirred 
«p  once  more,  the  tranupartmt  spent  wash  of  a  preceding  mashing  is  first  added,  and  next 
•a  much  coU  water  as  will  reduce  the  temperature  of  &e  whole  to  about  85^  F.  The 
best  Flandefs  yeasC,  which  had  been  brought,  ftir  the  sake  of  carriage,  to  a  doughy  eon- 
siaceace  by  presnore,  it  now  introdueed  to  the  amount  of  one  pound  for  every  100  galloat 
of  the  mashed  materials. 

The  gravity  of  the  firesh  wort  is  usually  from  38  to  38  lbs.  per  Dices'  hydrometf^ ;  and ; 
the  fermentation  is  carried  on  from- 48  to  60  hows,  at  the  end' of  which  time  th6  attenua- 
tion is  from  7  to  4  lbs.,  that  a,  the  speetfie  gravity  of  the  supernatant  wash  is  from.  1*007 
to  1-004. 

The  distiUera  are  indneed.by  the  scamty  of  beerobarm  in  Holland,  to  skim  off  a  qnai^ 
tity  of  the  yeast  lima  tiie  fermentiBg  tuns^  uid  to  sell  it  to  the  bakers,  whereby  they  ob* 
atmeC  materially  the  production  of  spirit,  though  they  probably  improve  its  quality,  by 
pieveating  its  imimgnatioa  with  yeasty  partides;  an  unpleasant  Hasult  which,  eddon. 
fiiOa  la  tdie  plaee  in  the  whidcey  distilleries  of  the  United  Kingdom. 
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.  On  the  third  day  after  thefeimenting  ton  is  net,  the  wash  containiog  the  grains  is  traiit- 
ferred  to  the  still,  and  converted  into  low  wines.  To  every  100  gallons  of  this  liqaor,  two 
pounds  of  janiper  herries,  from  3  to  5  years  old,  hein^  added  along  with  abont  on«  qoarter 
of  a  pound  of  salt,  the  whole  are  put  into  the  low  wine  still,  and  the  fine  Hollands  spirit 
is  drawn  off  by  a  gentle  and  wdl-regnlatcdheat,  till  the  magma  becomes  exhausted;  the 
.  first  and  the  last  products  being  mixed  together;  whereby  a  spirit,  2  to  3  per  cent,  above 
our  hydrometer  proof,  is  obtained,  possessing  the  peculiar  fine  aroma  of  gin.  The  quan- 
tity of  spirit  varies  from  18  to  21  gallons  per  .quarter  of  grain;  this  large  product  being 
partly  due  to  the  employment  of  the  spent  wash  of  the  preceding  fermentation ;  an  addi- 
tion which  contributes  at  the  same  time  to  'mprove  the  flavor. 

For  the  above  instructive  details  of  .he  manufacture  of  genuine  Hollands,  I  am 
indebted  to  Robert  More,  Esq.,  formerly  of  Underwood,  distiller,  who,  after  studying 
the  art  at  Schiedam,  tried  to  introduce  that  spirit  into  general  consumption  in  this 
country,  but  found  the  palates  of  our  gin-drinkers  too  much  corrupted  to  rdish  so  pure 
a  beverage. 

GINNING,  is  the  name  of  the  operation  by  which  the  filaments  of  cotton  are  separated 
from  the  seedis.    See  Cotton  Manufacture. 

GLANCE  COAL,  or  anthraeite,  of  which  there  are  two  varieties,  the  »laiy  and  the 
conchoidaL    See  Anthracite. 

GLASS  {Verre,  Fr. ;  Glas,  Germ.)  is  a  transparent  solid  formed  by  the  fusion  of 
silicious  and  alkaline  matter.  It  ^vas  known  to  the  Phenicians,  and  constituted  for  a 
long  time  an  exclusive  manufacture  of  that  people,  in  consequence  of  its  ingiedients, 
natron,  sand,  and  fuel,  abounding  upon  their  coasts.  It  is  probable  that  the  more  ancient 
Egyptians  were  unacquainted  with  glass,  for  we  find  no  mention  of  it  in  the  writings  of 
Moses.  But  according  to  Pliny  and  Strabo,  the  glass  works  of  Sidon  and  Aiexattdria 
were  famous  in  their  times,  -and  produced  beautiful  articles ;  which  were  cut,  engraved^ 
gilt,  and  stained  of  the  most  brilliant  colors,  in  imitation  of  precious  stones.  The 
Romans  employed  glass  for  various  purposes ;  and  have  \e(t  specimens  in  Hercnlanenm 
of  window-glass,  which  must  have  been  blown  by  methods  analogous  to  the  modetn. 
The  Pheniclan  processes  seem  to  have  been  learned  by  the  Crusaders,  and  transferred  to 
Venice  in  the  13th  century,  where  they  were  long  held  secret,  and  formed  a  lucrative 
commercial  monopoly.  Soon  after  the  middle  of  the  17th  century,  Colbert  enriched 
Franee  with  the  blown  mirror  glass  manufacture. 

Chance  undoubtedly  had  a  principal  share  in  the  invention  of  this  curious  fabricaiion, 
but  there  were  circumstances  in  the  most  ancient  arts  likely  to  lead  to  it ;  such  as  the 
fusing  and  vitrifying  heats  required  for  the  ibrmaiion  of  pottery,  and  for  the  extraction  of 
metals  from  their  ores.  Pliny  ascribes  the  origin  of  glass  to  the  following  accident. 
A  merchant-ship  laden  with  natron  being  driven  upon  the  coast  at  the  month  of  the  river 
Relus,  in  tempestuous  weather,  the  crew  were  compelled  to  cook  theb  victuals  ashore, 
and  having  placed  lumps  of  the  natron  upon  the  sand,  as  supports  to  the  kettles,  found 
to  their  surprise  masses  of  transparent  stone  among  the  cinders.  The  sand  of  this  small 
stream  of  Galilee,  which  runs  from  the  foot  of  Mojunt  Carmel,  was  in  consequence  sup- 
posed to  possess  a  peculiar  virtue  for  making  gla'ss,  and  continued  for  ages  to  be  sought 
after  and  exported  to  distant  countries  for  this  purpose. 

Agricola,  the  okiest  author  who  has  written  technically  upon  glass,  describes  fumaees 
■and  processes  closely  resembling  those  employed  at  the  present  day.  Neri,  Konckel, 
Henckel,  Pott,  Achard,  and  some  other  bhemists,  have  since  then  composed  treatises  upon 
the  subject ;  but  Neri,  Bosc,  Antic,  Loysel,  and  AUut,  in  the  Encydopedie  Methodique, 
are  the  best  of  the  elder  authorities. 

The  window-glass  manufacture  was  first  begun  in  England  in  1667,  in  Crutched  Friars^ 
London ;  and  fine  articles  of  flint-glass  were  soon  afterwards  made  in  the  Savoy  House, 
•Strand.  In  1635  the  art  received  a  great  improvement  from  Sir  Robert  Mansell,  by  the 
(Use  of  coal  fuel  instead  of  wood.  The  flrst  sheets  of  blown  glass  for  looking  glasses  and 
«oach  windows  were  made  in  1673  at  Lambeth,  by  Venetian  artisans  employed  under  the 
|»atronage  of  the  Duke  of  Budiingham. 

The  casting  of  mirror-plates  was  commenced  in  France  about  the  year  1688,  by  Abra- 
ham  Thevart ;  an  invention  which  gave  rise  soon  afterwards  to  the  establishment  of  the 
cekbraled  works  of  St.  Gobin,  which  continued  for  nearly  a  century  the  sole  place  where 
(his  highly  prized  object  of  luxury  was  well  made.  In  excellence  and  cheapness,  the 
French  mirror-plate  has  been,  however,  for  some  time  rivaUed  by  the  English. 

The  analysis  of  modem  chemists,- which  will  be  detailed  in  the  course  of  this  article, 
and  the  light  thrown  upon  the  manufacture  of  glass  in  general  by  the  accurate  means  now 
IKMsessed  of  purifying  its  several  ingredients,  would  have  brought  the  art  to  the  highest 
jtate  of  perfection  in  this  country,  but  for  the  vexations  interference  and  obstmctions  of 
«ttr  excise  laws* 

Tlie  researdies  of  Berzelius  having  removed  all  doubts  concerning  the  add  character 
ef  silica,  the  general  composition  of  ghiss  presents  now  no  difilculty  of  conception. 
This  substance  consists  of  one  or  more  salts,  which  are  silicates  with  bases  of  potashi 
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loAiy  lutte,  ozyde  of  iron,  ahimina,  or  ozyde  of  lead ;  in  any  of  which  comtioiinds  we 
euk  subttitnte  one  of  theae  bases  for  another,  provided  that  one  alkaline  liase  be  left. 
Sifa'ea  in  its  tarn  may  be  replaced  by  the  boracic  acid,  without  causing  the  glass  to  lose  its 
principal  characters. 

Under  the  title  glass  are  therefore  comprehended  various  substances  fusible  at  a  high 
temperature,  solid  at  ordinary  temperatures,  brilliant,  generally  more  or  less  transparent, 
and  always  brittle.    The  Yellowing  chemical  distribution  of  glasses  has  been  proposed. 

1.  Soluble  glass ;  a  simple  silicate  of  potash  or  soda;  or  of  both  these  alkalis. 

2.  Bohemian  or  crown  glass ;  silicilte  of  potash  and  lime. 

3.  Common  window  and  mirror  glass ;  silicate  of  soda  and  lime ;  sometimes  also  of 
potash. 

4.  Bottle  glass;  sUicate  of  soda,  lime,  alumina,  and- iron. 

5.  Ordinary  crystal  glass;  silicate  of  potash  and  lead. 

6.  Flint  glass;  silicale  of  potash  and  lead ;  richer  in  lead  than  the  precedidg. 

7.  Sinus ;  silicate  of  potash  and  lead ;  still  richer  in  lead. 

8.  Enamel ;  silicate  and  stannate  or  antimoniate  of  potash  or  soda  and  lead. 

The  glasses  which  contain  several  bases  are  liable  to  suffer  different  changes  when 
they  are  melted  or  cooled  slowly.  The  silica  is  divided  among  these  bases,  forming  new 
compounds  in  definite  proportions,  which  by  crystallising,  separate  from  each  other,  so 
that  the  general  mixture  of  the  ingredients  which  constituted  glass  is  destroyed.  It  be- 
comes then  very  hard,  fibrous,  opaque,  much  less  fusible,  a  better  conductor  of  electricity 
aad  of  heat ;  forming  what  Reaumur  styled  devUrifiei  glass ;  and  what  is  called  after 
him,  Reaumur's  porcelain; 

This  altered  glass  can  always  he  produced  ia  a  more  or  less  perfect  state,  by  melting 
the  glass  and  allowing  it  to  cnol  very  slowly ;  or  merely  by  heating  it  to  the  softening 
pitchy  and  keeping  it  at  this  heat  for  some  time.  The  process  succeeds  best  with  the 
BMst  complex  vitreous  compounds,  such  as  bottle  glass ;  next  with  ordinary  window  glass ; 
and  lastly  with  glass  of  potash  and  lead. 

This  property  ought  to  be  kept  constantly  in  view  in  manufacturing  glass.  It  shows 
why  in  making  bottles  we  should  fashion  them  as  quickly  as  possible  with  the  aid  'of  a 
Bonid,  and  reheat  them  as  seldom  as  may  be  absolutely  necessary.  If  it  be  often  heated 
and  cooled,  the  glass  loses  its  ductility,  becomes  refractory,  and  exhibits  a  multitude 
oTstony  granulations  throughout  its  substance.  When  coarse  glass  is  worked  at  the 
enameller's  lamp,  it  is  apt  to  change  its  nature  in  the  same  way,  if  the  workman  be  not 
quick  and  expert  at  his  business. 

From  these  facts  we  perceive  the  importance  of  making  a  careful  choice  of  the  glass 
intended  to  be  worked  in  considerable  masses,  such  as  the  large  object  glasses  of  tele- 
seopes ;  as  their  annealing  requires  a  very  slow  process  of  refrigeration,  which  is  apt  to 
cause  devitrified  specks  and  clouds.  For  such  purposes,  therefore,  no  other  species  of 
glass  is  well  adapted  except  that  with  basis  of  potash  and  lead ;  or  that  with  basis 
of  potash  and  lime.  These  two  form  the  best  flint  glass  and  crown  glass ;  and  they 
shoold  be  exdusively  employed  for  the  construction  of  the  object  glasses  of  achromatic 
telescopes. 

GLASS-MAKING,  general  principki  of.  Glass  may  be  defined  in  technical  phrase- 
(dogy,  to  be  a  transparent  homogeneous  compound  formed  by  the  fusion  of  silica  with 
oxydes  of  the  alkaline,  earthy,  or  common  metals.  It  is  usually  colorless,  and  then  re- 
sembles rock  crystal,  but  is  occasionally  stained  by  accident  or  design  with  colored  me- 
tallic oxyde9.  At  common  temperatures  ii  is  hard  and  brittle,  in  thick  pieces;  in  thin 
plates  or  threads,  flexible  and  elastic ;  sonorous  when  struck ;  fracture  conchoidal,  and 
of  that  peculiar  lustre  called  vitreous ;  at  a  red  heat,  becoming  soft,  ductile,  and  plastic. 
Besides  glass  property  so  called,  other  bodies  are  capable  of  entering  into  vitreous  fusion, 
as  phosphoric  acid,  boracic  acid,' arsenic  acid,  as  also  certain  metallic  oxydes,  as  of  lead 
ami  antimony,  and  several  chlorides ;  some  of  which  are  denominated  glasses.  Impure 
and  opaque  vitriform  masses  are  called  slags ;  such  are  the  productions  of  blast  iron  fur- 
naces and  many  metallurgi^  operations. 

Silica,  formerly  styled  the  earth  of  flints,  which  constitutes  the  basis  of  all  commercial 
^ass,  is  infusible  by  itself  in  the  strongest  fire  of  our  furnaces;  but  its  vitreous  fusion  is 
cattily  effected  by  a  competent  addition  of  potash  or  soda,  either  alone  or  mixed  with 
Hme  or  litharge.  The  silica,  which  may  be  regarded  as  belonging  to  the  class  of  acids, 
combines  at  the  heat  of  fusion  u^ith  these  bases,  into  saline  compounds ;  and  hence 
fhtn  may  be  viewed  as  a  silicale  of  certain  oxydes,  in  which  the  acid  and  the  bases  exist 
in  equivaleot  proportions.  Were  these  proportions,  or  the  quantities  of  the  bases  which 
silica  requires  for  its  saturation  at  the  melting  point,  exactly  ascertained,  we  might 
readily  determine  beforehand  the  best  proportions  of  materials  for  the  glass  manufacture. 
But  as  this  is  far  from  being  the  case,  and  as  it  is,  moreover,  not  improbable  that  the 
capacity  of  saturation  of  the  silica  varies  with  the  temperature,  and  that  the  properties 
of  gkss  also  vaiy  with  the  bases,  we  must,  in  the  present  state  of  our  knowledge,  regu- 
late the  proportions  rather  by  practice  than  by  theory,  though  the  latter  may  throw  an 
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indirect  light  vpos  the  sthjeei  <  Fot  example^  a  good  eolivlea  gk«  hat  been  kmeA  hf 
ann^ab  to  conaist  of  72  parts  of '  silica,  13  parts  of  potash,  and  10  pertsiof  Une,  in  95 
parts*  If  we  reduce  these  nombers  to  ihe  equiYalent  ratios^  we  shall  hvn  the  iolftowing 
results  J  taking  the  atomic  weights  as  given  by  Berzelins. 

t 

1  atom  potash  =    590  14.67 

1  lime           356  8*84 
3          silica         1722  42-79 

2  silica         1165  28-70 


71-49 


3823 


9500 


This  glass  would  therefore  have  been  probably  better  compoonded  with  the  just  atomie 
proportions,  to  which  it  nearly  approaches,  vis.  71-49  silica,  14*67  potash,  and  8*84  lime, 
instead  of  those  given  above  as  its  actual  constituents. 

The  proportions  in  which  silica  unites  with  the  alkaline  and  other  oxydes  are  mo- 
dified by  thie  temperature  as  above  stated)  the  lower  the  heat,  the  less  silica  wiO  enter 
into  the  glass,' and  the  more  of  the  base  will  in  general  be  required,  tf  a  glass  which 
contains  an  excess  of  alkali  be  exposed  to  a  much  higher  temperature  than  thai  of  its 
formation,  a  portion  of  the  base  will  be  set  free  to  act  upon  the  materials  of  the  earthen 
pot,  or  to  be  dissipated  in  fumes,  until  sueh  a  silicate  remains  as  to  constitnte  a  per- 
manent glass  corresponding  to  that  temperature.  Hence  the  same  mixture  of  vltrifiable 
materials  will  yield  very  different  results,  according  to  the  heats  in  which  it  in  ftsed  and 
worked  in  the  glass-house ;  and  therefore  the  composition  should  always  be  referrible  to 
the  going  of  the  furnace.  When  a  species  of  glass  which  at  a  high  temperature  formed 
a  transparent  combination  with  a  considerable  quantity  of  lime,  is  kept  tm  some  time  in 
fusion  at  a  lower  temperature,  a  portion  of  the  lime  unites  with  the  silica  into  another 
combination  of  a  semi-vitreous  or  even  of  A  stony  aspect,  so  as  to  spoil  the  transparency 
of  the  glass  altogether.  There  is  probably  a  supersilicate  and  a  snh-silicate  formed  in 
sueh  cases  $  the  latter  being  much  the  more  fusible  of  the  two  compounds.  The  Reau- 
mur's porcelain  prodaced,  by  exposing  bottle  glass  to  a  red  heat  for  24  fteurs,  is  an  exam- 
ple of  this  species  of  vitreous  change,  in  which  new  affinities  are  exercised  at  a  lower 
temperature.  An  excess  of  silica,  caused  by  the  vohitiliaation  of  alkaline  matter  with 
too  strong  firing,  will  bring  on  similar  appearances. 

The  specific  gravity  of  glass  varies  from  2*3  to  3*6.  That  of  least  specific  gravity  con- 
sists of  merely  Silica  and  potash  fused  together ;  that  with  lime  is  somewhat  denser,  and 
with  oxyde  of  lead  denser  still.  Plate  glass  made  fVom  silica,  soda,  and  lime,  has  a  speci- 
fic gravity  which  varies  from  2*^50  to  2*6 ;  crystal  or  flint  glass  iVom  3-0  to  3-6.  ' 

The  power  of  glass  to  resist  the  action  of  water,  alkalis,  acids,  air,  and  light,  is  in 
general  the  greater,  the  higher  the  temperature  employed  in  its  manufacture,  the  smallei 
the  proportion  of  its  floxes,  and  the  more  exact  Ihe  equivalent  ratios  of  its  constituents. 
When  glass  contains  too  much  alkali^  it  is  partially  stable  in  water.  Most  CTystal  glass 
is  affected  by  having  water  boiled  in  it  for  a  considerable  time ;  but  crown  glass  being 
poorer  in  alkali,  and  containing  no  lead,  resists  that  action  much  longer,  and  is  titerefore 
better  adapted  to  chemical  operations.  The  affinity  of  glnss  for  water,  or  its  hygrometrie 
attractbn,  is  also  proportional  to  the  quantity  of  alkali  which  it  eontains.  In  general 
also  potash  glass  is  more  apt  to  become  damp  than  soda  glass,  agreeably  to  the  respective 
hygrometrie  properties  of  these  two  alkalis,  and  also  to  the  smaller  proportion  of  soda 
than  of  potash  requisite  to  form  glass. 

Air  and  light  operate  upon  gloss  probably  by  their  oxydizing  property.  Bluish  or 
greenish  colored  glasses  become  by  exposure  colorless,  in  consequence  undoubt- 
edly of  the  peroxydizement  of  the  iron,  to  whose  protoxyde  they  owe  their  tint; 
other  glasses  become  purple  red  from  the  peroxydizement  of  the  manganese.  The  glasses 
which  contain  lead,  suffer  another  kind  of  change  in  the  air,  if  sulphureted  hydrogen 
be  present ;  the  oxyde  of  lead  is  converted  into  a  sulphuret,  with  the  effect  of  rendering 
the  surface  of  the  glass  opaque  and  iridescent.  Tht  more  lead  is  in  the  glass,  the 
quicker  does  this  irklescence  supervene.  By  boiling  eoneentrated  sulphuric  acid  in  a 
glass  vessel,  or  upon  glass,  we '  can  ascertain  its  power  of  resisting  ordinary  men- 
strua. Good  glass  will  remain  smooth  and  transparent ;  bad  glass  wfll  beconae  rough 
and  dim. 

The  brittleness  of  unannealed  glass  hf  change  of  temperature  is  sometimes  rery 
grear.  I  have  known  a  thick  vessel  to  fly  by  vicissitudes  of  the  atmosphere  idone*  This 
defect  may  be  corrected  by  slowly  heating  the  vessel  in  salt  water  or  ofl  to  Uie  highest 
pitch  consistent  with  the  nature  of  these  liquids,  find  letting  it  ood  very  slowly.  Whliin 
the  limits  of  that  range  of  heat,  it  will,  in  consequeneeof  this  treatment^  bear  sJtemaiions 
of  temperature  without  cracking*  as  before. 

It  has  been  said  that  glass  made  from  silica  and  alkalis  alone  will  not  resist  the  nctlon 
of  water,  but  that  the  addition  of  a  little  lime  is  necessary  to  this  eflfect.    In  general 


Yi^^ 


GLiSS-MAKIKG.  581 

M  ptftt  of  qmorUsose^nd  icqiirfm  S?  parts  of  dry  carbonate  of  soda  for  their  Titrifiea- 
tioA,  mad  45  pans  of  dry  earboaate  of  potash.  Bat  to  make  nnehangeable  alkaline  glass» 
especially  ^w^  potash,  a  smaller  qaantity  of  this  than  the  above  should  be  used,  with  a 
Tery  Tiolent  heat.  A  small  proportion  of  lime  increases  the  density,  hardness,  and  lustre 
of  frtass ;  and  it  aids  in  deeomposing  the  alkaline  sulphates  and  muriates  always  present 
in  the  pearlash  of  eommeree.  From  7  to  20  parts  of  dry  slaked  lime  have  l^en  added 
for  100  of  siliea,  with  advaatge,  it  is  said,  in  some  German  glass  manufaetories,  where 
the  alkaline  matter  is  soda ;  for  potash  does  not  assimilate  well  with  the  calcareous 
earth. 

In  many  glass  works  on  the  Continent,  sulphate  of  soda  is  the  form  under  which  alkaline 
matcer  is  introduced  into  glass.  This  salt  requires  the  addition  of  S  per  cent,  of  char- 
coal to  decompose  and  dissipate  its  acid ;  a  result  which  takes  place  at  a  high  heat,  with- 
out the  addition  of  any  lime.  88  pounds  of  quartz-sand,  44  pounds  of  dry  glauber  salt, 
and  3  pounds  of  charcoal,  properly  mixed  and  fused,  afford  a  limpid,  Auent,  and  workable 
^aas ;  with  the  addition  of  17  pounds  of  lime,  these  materials  fuse  more  readily  into  a 
^astie  mass.  If  less  carbon  be  added,  the  fusion  becomes  more  tedious*  The  two  follow- 
ing  ibrmnhe  afford  good  glauber  salt  glass. 

1.  2. 

Sand 100         60*3 

Calcined  sulphate  of  soda       -        -  50  26-8 

Lime 20  10  8 

Charcoal         -        -        -        -        -       2-65  2-1 

The  first  mixture  has  been  proved  in  the  looking-glass  manufactory  of  Neuhaus  near 
Vienna,  and  the  second  by  the  experiments  of  Kim.  The  fnsiun  of  the  first  requires 
IS,  of  the  second  21  hours.  The  bluish  green  tinge  which  these  oUierwisc  beaulifu)  and 
brilliant  glasses  possess,  is  not  removeable  by  the  ordinary  means,  such  as  manganese  or 
anenie,  which  decolor  alkaline  glass.  When  the  sulphate  of  soda  and  charcoal  are  used 
in  smaller  proportions,  the  glass  becomes  more  colorless.  The  tinge  is  no  doubt  owing 
to  the  sulphur  combining  with  the  oxyde  of  sodium,  in  some  such  way  as  in  the  pigment 
nltramarine. 

By  a  proper  addition  of  galena  (the  native  sulphuret  of  lead),  to  glauber  salt  and  quartz 
sand,  without  charcoal,  it  is  said  a  tolerably  good  crystal  glass  may  be  formed.  The 
solphuric  acid  of  the  salt  is  probably  converted  by  the  reaction  of  the  sulphuret  of  lead 
into  sulphurous  acid  gas,  which  is  disengaged. 

One  atom  of  sulphuret  of  lead  =  1495*67,  is  requisite  to  decomposes  atoms  of  sulphate 
of  soda  =  2676.  It  is  stated,  on  good  authority,  that  a  good  colorless  glass  may  be  ob- 
tained by  using  glauber  salt  without  charcoal,  as  by  the  following  formula. 

Quartz-sand    ....        lOO  pounds 
Calcined  glauber  salt       •        •  24 

trime 20 

Cullet  of  soda  glass         -        -  12 

The  melting  heat  must  be  continued  for  26|  hours.  A  small  quantity  of  the  sand  is 
reserved  to  be  thrown  in  towards  the  conclusion  of  the  process,  in  order  to  facilitate  the 
expulsion  of  air  bubbles.  The  above  mixture  will  bear  to  be  blanched  by  the  addiiion 
of  manganese  and  arsenic.  The  decomposition  of  the  salt  is  in  this  case  effected  by  the 
lime, with  which  the  sulphuric  acid  first  combines,  is  then  converted  into  ^Iphurous  acid, 
and  dissipated.  Glass  made  in  this  way  was  found  by  analysis  to  consist  of  79  parts  of 
sHiea,  12  limey  and  9-6  soda,  without  any  trace  of  gypsum  or  sulphuric  acid. 

Glauber  salt  is  partially  volatilized  by  the  heat  of  the  furnace,  and  acts  upon  the  arch 
of  the  oven  and  the  tops  of  the  pots.  This  is  best  prevented  by  introducing  at  first  into 
the  pols  the  whole  of  the  salt  mixed  with  the  charcoal,  the  lime,  and  one  fourth  part  of 
the  sand ;  fusing  this  mixture  at  a  moderate  heat,-  and  adding  gradually  afterwards  the 
remaiader  of  the  sand,  increasing  the  temperatare  at  the  »ame  time.  If  we  put  in  the 
whole  ingredients  together,  as  is  done  with  potash  glass,  the  sand  and  lime  soon  fall  to 
the  bottom,  while  the  salt  rises  to  the  surface,  and  the  combination  becomes  difiicolt  and 
aneqnal. 
Salphate  of  potash  acts  in  the  same  way  as  sulphate  of  soda* 

Muriate  of  soda  also,  according  to  Kirn,  may  be  used  as  a  glass  flux  with  advantage. 
The  most  suitable  proportions  are  4  parts  of  potash,  2  of  common  sak,  and  3  of  Ume^ 
agreeably  to  the  following  compositions  >— 


1.  2. 


Quartx-sand       <  ,    • 
CakiiMd  carbonate  of  potash 
Comm^Mksalt      • 


I 


^   * 

'     -I 
»  ■ 

'.    i 

■ 

U 


582 


GLASS-MAKING. 


M 


: 


*  ■ 


'  * 

« 

■  I 


-^  1 


I  * 


,! 


t . 


» . »  •» 


* 


•  «' 


For  No.  1,  the  melting  heat  must  be  10  hours,  which  turns  out  a  very  pore,  solid,  good 
glass ;  for  No.  2,  23  hours  of  the  furnace  are  required.  Instead  of  the  potash,  glaubcr 
salt  may  be  substituted;  the  proportions  being  then  19*1  glauber  salt,  9*5  muriate  of 
soda,  14*3  lime,  75*1  sand,  and  1;3  charcoal. 

The  oxyde  of  lead  is  an  essential  constituent  of  the  denser  glasses,  and  may  be  regard- 
ed as  replacing  the  lime,  so  as  to  form  with  the  qnartx-sand  a  silicate  of  lead.  It  assimi- 
lates best  with  purified  pearlash,  on  account  ii  the  freedom  of  this  alkali  from  iron, 
which  is  present  in  most  sodas. 

Its  atomac  constitution  may  be  represented  as  follows  :^ 


t 

Silicic  acid        .        .        .         - 
Oxyde  of  Lead- 
Potash     -       -       ,        - 
Oxydes  of  iron  and  manganese. 

6  atoms       —        2877* 
1                  =        1394*5 
1                  =          690*0 

Analyn*. 

59*19 
28*68 
12*13 

59*20 

28-20 

9-00 

1*40 

4861*5 

100*00 

10000 

The  above  analysis  by  Berthier  relates  to  a  specimen  of  the  best  English  crystal  glass, 
perfectly  colorless  and  fVee  from  air-bubbles.  This  kind  of  glass  may  however  take  sev- 
eral different  proportions  of  potash  and  silica  to  the  oxyde  of  lead. 

The  composition  of  mirror  plate,  as  made  on  the  Continent,-  is  as  follows : — 

White  quartz-sand -        300  pounds 

Dry  carbonate  of  soda    -        --        -        -        -        -        -        100 

Lime  slaked  in  the  air    -        -        -        -        -        -        -        -  43 

Gullet,  or  old  glass -        -        300 

The  manganese  should  not  exceed  one  half  per  cent,  of  the  weight  of  the  soda. 

Optical  glass  requires  to  be  made  with  very  peculiar  care.  It  is  of  two  different  kinds ; 
namely,  crwcn  gUUt  and  flint  glcua.  The  latter  contains  a  considerable  proportion  of 
lead,  in  order  to  give  it  an  increased  dispersive  power  upon  the  rays  of  light,  in  propor- 
tion to  its  mean  refractive  power. 

Optical  crown  glass  should  be  perfectly  limpid,  and  have  so  little  color,  that  a  pretty 
thick  piece  of  it  may  give  no  appreciable  tinge  to  the  rays  of  light.  It  should  be  exempt 
from  siris  or  veins  as  well  as  air-bubbles,  and  have  not  the  slightest  degree  of  milkiness. 
It  should  moreover  preserve  these  qualities  when  worked  in  considerable  quantities. 
Potash  is  preferable  to  soda  for  making  optical  crown  glass,  because  the  latter  alkali  is 
apt  to  make  a  glass  which  devitrifies  and  becomes  opalescent,  by  long  exposure  to  heat 
in  the  annealing  process.  A  simple  potash  silicate  would  be  free  from  this  defect,  but  it 
would  be  too  attractive  of  moisture,  and  apt  to  decompose  eventually  by  the  humidity  of 
the  atmosphere.  It  should  therefore  contain  a  small  quantity  of  lime,  and  as  little  potash 
as  suffices  for  making  a  perfect  glass  at  a  pretty  high  temperature.  It  is  probably  owing 
to  the  high  beats  used  in  the  English  crown  glass  works,  and  the  moderate  quantity  of 
alkali  (soda)  which  is  employed,  that  our  crown  glass  has  been  found  to  answer  so  wdl 
for  optical  purposes. 

Practical  Details  of  the  Manufacture  of  Glass. 

The  Venetians  were  the  first  in  modem  times  who  attained  to  any  degree  of  exeeUenee 
in  the  art  of  working  glass,  but  the  French  became  eventually  so  zealous  of  rivalling 
them,  particularly  in  the  construction  of  mirrors,  that  a  decree  was  issued  by  the  court 
of  France,  declaring  not  only  that  the  manufacture  of  glass  should  not  derogate  from  the 
dignity  of  a  nobleman,  but  that  nobles  alone  should  be  masters  of  glass-works.  Withio 
the  last  30  or  forty  years,  Great  Britain  has  made  rapid  advances  in  this  important  ut» 
and  at  the  present  day  her  pre-eminence  in  every  department  hardly  admits  of  dispute. 

There  are  five  different  species  of  glass,  each  requiring  a  peculiar  mode  of  fabrication, 
and  peculiar  materials  :  1.  The  coarsest  and  simplest  form  of  this  manufacture  is  bottU 
glass.  2.  Next  to  it  in  cheapness  of  material  may  be  ranked  broad  or  tpmtd  window 
gUus,  An  improved  article  of  this  kind  is  now  made  near  Birmingham,  under  the  nsune 
of  British  or  German  plate.  3.  Crown  glass  comes  next,  or  window  glass,  formed  in 
large  circular  plates  or  discs.  This  glass  is  peculiar  to  Great  Britain.  4.  Flint  glass, 
crystal  glass,  or  glass  of  l^d.    5.  Plate  or  fine  mirror  glass. 

The  materials  of  every  kind  of  glass  are  vitrilied  in  pots  made  of  a  pure  refiuetory 
clay ;  the  best  kind  of  which  is  a  species  of  shale  or  slate  clay  dug  out  of  the  coal-form, 
ation  near  Stourbridge.  It  contains  hardly  any  lime  or  iron,  and  consists  of  silicn 
and  alumina  in  nearly  equal  proportions.  The  masses  are  carefully  ]ncked,  brushed, 
and  ground  under  edge  iron  wheels  of  considerable  weight,  and  sifted  thiongh  sieves 
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kaviug  20  meshes  ia  the  square  ioeh.  This  fiowder  is  moistened  with  water  (beet  hot>» 
and  kneaded  by  the  feet  or  a  loam-mill  into  a  uniform  smooth  paste.  A  large  body  of 
this  dough  should  be  made  up  at  a  time,  and  laid  by  in  a  damp  cellar  to  ripen.  Pre* 
▼ioa«>ly  to  working  it  into  shapes,  it  should  be  ntixed  with  about  a  fourth  of  its  weight  of 
cement  of  old  pots,  ground  to  powder.  This  mixture  is  sufficiently  plastic,  and  being 
less  contractile  by  heat,  forms  more  solid  and  durable  vessels.  Glass-house  pots  have 
the  figure  of  a  truncated  cone,  with  the  narrow  end  undermost ;  those  for  bottle  and 
window-glass  being  open  at  top,  about  30  inches  diameter  at  bottom,  40  inches  at  the 
month,  and  40  inches  deep;  but  the  flint-glass  pots  are  covered  in  at  top  with  a  dome-cap^ 
having  a  mouth  at  the  side,  by  which  the  materials  are  introduced,  and  the  glass  is  ex- 
tracted. Bottle  and  crown-house  pots  are  from  3  to  4  inches  thick ;  those  for  flint-houses 
are  an  inch  thinner,  and  of  propoitionally  smaller  capacity. 

The  well-mixed  and  kneaded  dough  is  first  worked  upon  a  board  uito  a  cake  for 
the  bottom ;  over  this  the  sides  are  raised,  by  laying  on  its  edges  rolls  of  clay  above 
each  other  with  much  manual  labor,  and  careful  condensation.  The  clay  is  made 
into  lumps,  is  equalized,  and  slapped  much  in  the  same  way  as  for  making 
PoTTEay.  The  pots  thus  fashioned  must  be  dried  very  prudently,  first  in  the 
atmospheric  temperature,  and  finally  in  a  stove  floor,  which  usually  borrows  its  heat 
directly  from  the  glass-house.  Before  siting  the  pott  in'  the  furnace,  they  are  annealed 
during  4  or  5  days,  at  a  red  heat,  in  a  small  reverberatory  vault,  made  on  purpose* 
When  completely  annealed,  they  are  transferred  with  the  utmost  expedition  into  their 
seal  in  the  fire,  by  means  of  powerful  tongs  supported  on  the  axle  of  an  iron-wheel 
carriage  frame,  and  terminating  in  a  long  lever  for  raising  them  and  swinging  them 
loand.  The  pot-utting  is  a  desperate  service,  and  when  unskilfully  conducted  without 
due  mechanical  aids,  is  the  forlorn  hope  of  the  glass-founder. — Qumque  tjue  mUenrima 
vidu  The  celebrated  chemist.  Dr.  Irvine,  caught  his  last  illness  by  assisting  imprudently 
at  this  formidable  operation.  The  working  breast  of  the  hot  furnace  mast  be  laid  bare 
so  as  to  open  a  breach  for  the  extraction  of  the  faulty  pot,  and  the  insertion  of  the  fresh 
one,  both  in  a  state  of  bright  incandescence.  It  is  frightfal  to  witness  the  eyes  and 
fuming  visages  of  the  workmen,  with  the  blackening  and  smoking  of  their  scorched  wool- 
lea  clothes,  exposed  so  long  to  the  direct  radiations  of  the  flame.  A  light  mask  and  sack 
dress  coated  with  tinfoil,  would  protect  both  their  faces  and  persons  from  any  annoyance, 
at  a  very  cheap  rate. 

The  glass-houses  are  usually  built  in  the  form  of  a  cone,  from  60  to  100  feet  high, 
and  from  50  to  80  feet  in  diameter  at  the  base.  The  furnace  is  constructed  in  the  centre 
of  the  area,  above  an  arched  or  groined  gallery  which  extends  across  the  whole  space,  and 
terminates  without  the  walls,  in  Targe  folding  doors.  This  cavern  must  be  suflicientlyhigh 
to  allow  laborf  rs  to  wheel  out  the  cinders  in  their  barrows.  The  middle  of  the  vaulted 
top  i»  left  open  in  the  building,  and  is  covered  over  with  the  grate-bars  of  the  furnace.     < 

1.  BoitU  g/ajTff.^The  bottle-house  and  its  furnace  resemble  nearly  Jig.  d06.  The  fnr- 
nace  is  usually  an  oblong  square  chamber,  built  of  large. fire-bricks,  and  arched  over  with 
fire-stone,  a  silicious  grit  of  excellent  quality  extracted  from  the  coal  measures  of  New* 
castle.  This  furnace  stands  in  the  middle  of  the  area ;  and  has  its  base  divided  Into  three 
enmpartments.  The  central  space  is  occupied  by  the  grate-bars ;  and  on  either  side  is 
the  platform  or  fire-brick  mgs  (seat),  raised  about  12  inches  abovo  the  level  of  the  ribe 
upon  which  the  pots  rest.    Each  tieg^  is  about  3  feet  broad- 

In  the  sides  of  the  furnace,  serai-circular  holes  of  about  a  foot  diameter  are  left  oppo- 
site to,  and  a  little  above  the  top  of.  each  pot,  called  working  holes,  by  which  the  work- 
men shovel  in  the  materials,  and  take  out  the  plastic  glass.  At  each  angle  of  the  furnace 
there  is  likewise  a  hole  of  about  the  same  size,  which  communicates  with  the  calcinhig 
furnace  of  a  cylindrical  fof  m,  dome-shaped  at  top.  The  flame  that  escapes  from  the  found- 
ing or  pot-furnace  is  thus  economically  brought  to  reverberate  on  the- raw  materials  of  the 
bd  tie  glass,  so  as  to  dissipate  their  carbonaceous  or  volatile  imparities,  and  convert  them 
into  a  frit.  A  bottle-house  has  generally  eight  other  furnaces  or  fire-arches ;  of  which 
six  are  used  for  annealing  the  bottles  after  they  are  blown,  and  two  for  annealing  the 
pots,  before  setting  them  in  the  furnace. 

The  laws  of  this  country  till  lately  prohibited  the  use  for  making  common  bottles  of 
any  fine  materials.  Nothing  but  the  common  river  sand,  and  soap-boilers'  waste,  was 
allowed.  About  3  parts  of  waste,  consisting  of  the  insoluble  residuum  of  kelp,  mixed 
with  lime  and  a  little  saline  substance,  were  used  for  1  part  of  sand.  This  waste  was  first 
of  all  calcined  in  two  of  the  fire  arches  or  reverberatories  reserved  for  that  purpose,  called 
the  coarse  arches,  where  it  was  kept  at  a  red  heat,  with  occasional  stirring,  from  24  to  30 
hours,  being  the  period  of  a  journey  or  joume€,  in  which  the  materials  coald  be  melted 
and  worked  into  bottles.  The  roasted  soap-waste  was  then  withdrawn,  under  the  name 
of  ashes,  from  ita  arch,  coarsely  ground,  and  mixed  with  its  proper  proportion  of  sand. 
This  mixture  was  now  put  into  the  fine  arch,  and  calcined  during  the  working  jour* 
aey,  which  extended  to  10  or  12  hours.    Whenever  the  pots  were  worked  out,  that  ftit 
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was  immediately  transferred  into  them  in  its  ignited  state,  and  the  foandinfr  process 
proceeded  with  such  despatch  that  this  first  charge  of  materials  was  completely  melted 
down  in  6  hoars,  so  that  the  pots  might  admit  to  be  filled  up  again  with  Ihe  second  charge 
of  fril,  which  was  founded  in  4  hours  more.  The  heat  was  briskly  continued,  and  in  the 
coarse  of  from  12  to  18  hours,  according  to  the  size  of  the  pots,  the  quality  of  the 
Aiel,  and  the  draught  of  the  Aimace,  the  vitrification  was  complete.  Before  blowing  the 
bottles,  however,  the  glass  must  be  left  to  settle,  and  to  cool  down  to  the  blowing  con- 
sistency, by  shutting  the  cave  doors  and  feeding  holes,  so  as  to  exclode  the  air  from  the 
fire-grate  and  the  bottom  of  the  hearth.  The  glass  or  metal  becomes  more  dense,  and 
by  its  subsidence  throws  up  the  foreign  lighter  earthy  and  saline  matters  in  the  form  of 
a  scum  on  the  surface,  which  is  removed  with  skimming  irons.  The  furnace  is  now 
charged  with  coal,  to  enable  it  to'afiford  a  working  heat  for  4  or  5  hours,  at  the  end  of 
which  time  more  fuel  is  cautiously  added,  to  preserve  adequate  heat  for  finishing  the 
jourmif. 

It  is  hardly  possible  to  convey  in  words  alone  a  correct  idea  of  the  manipulations  neces- 
sary to  the  formatk>n  of  a  wine  bottle ;  but  as  the  mafiofacturers  make  no  mystery  of  this 
matter,  any  person  may  have  an  opportunity  of  inspecting  the  operation.  Six  people  are 
employed  at  this  task ;  one,  called  a  gatherer,  dips  the  end  of  an  iron  tube,  about  five  feet 
long,  previously  made  red-hot,  into  the  pot  of  melted  metal,  turns  the  rod  round  so  as  to 
surronnd  it  with  glass,  lifts  it  out  to  cool  a  little,  and  then  dips  and  turns  it  round  again ; 
and  so  in  succession  till  a  ball  is  formed  on  its  end  suflicient  to  make  the  required  bottle. 
He  then  hands  it  to  the  blower,  who  rolls  the  plastic  lump  of  glass  on  a  smooth  stone  or 
east-iron  plate,  till  he  'brings  it  to  the  very  end  of  the  tube ;  he  next  introduces  the 
pear-shaped  ball  into  an  open  brass  or  east-iron  mould,  shuts  this  together  by  pressing  a 
pedal  with  his  foot,  and  holding  his  tube  vertically,  blows  through  it,  so  as  to  expand  the 
cooling  class  into  the  form  of  the  mould.  Whenever  he  takes  his  foot  from  the  pedal-lever, 
the  mould  spontaneously  opens  out  into  two  halves,  and  falls  asunder  by  its  bottom  hinge. 
He  then  lifts  the  bottle  up  at  the  end  of  the  rod,  and  transfers  it  to  the  finisher,  who, 
touching  the  glass  tube  at  the  end  of  the  pipe  with  a  cold  iron,  cracks  off"  the  bottle 
smoothly  at  its  mouth-ring.  The  finished  bottles  are  immediately  piled  up  in  the  hot  an- 
nealing arch,  where  they  are  afterwards  allowed  to  cool  slowly  (br  24  hours  at  least.  See 
Bottle  Mould. 

2.  Broad  or  spread  xeindotD-glats, — ^This  kind  of  glass  is  called  vrferior  window-gfass, 
in  this  country,  because  coarse  in  texture,  of  a  wavy  wrinkled  surface,  and  very  cheap, 
but  on  the  Continent  spread  window-glass,  being  made  with  more  care,  is  much 
better  than  ours,  though  still  far  inferior  in  transparency  and  polish  to  crown  glass, 
which  has,  therefore,  nearly  sQperseded  its  use  amone  us.  But  Messrs.  Chance  and 
Hartley,  of  West  Bromwich  near  Birmingham,  have  of  late  years  mounted  a  spread-glass 
*work,  where  they  make  British  sheet  glass,  upon  the  best  principles,  and  torn  out  an  ar- 
ticle quite  equal,  if  not  superior,  to  anything  of  the  kind  made  either  in  France  or  Bel- 
gium. Their  materials  are  those  used  in  the  crown-glass  manufacture.  The  vitrifying 
mixture  is  ftltted  for  20  or  30  hours  in  a  reverberatory  arch,  with  .considerable  stirring 
and  puddling  with  long-handled  shovels  and  rakes ;  and  the  frit  is  then  transferred  fay 
shovels,  while  red  hot,  to  the  melting  pots  to  be  founded.  When  the  glass  is  rightly 
vitrified,  settled,  and  brouRht  to  a  working  heat,  it  is  lifted  out  by  iron  tubes,  as  will  be 
described  under  the  article  CaowK  Glass,  blown  into  pears,  which  being  elongated 
into  cylinders,  are  cracked  up  along  one  side,  parallel  to  the  axis,  by  touching  them  with 
a  cold  iron  dipped  in  water,  and  are  then  opened  out  into  sheets.  Glass  cylinders 
are  spread  in  France,  and  at  West  Bromwich,  on  a  bed  of  smooth  stone  Paris-plaster, 
or  laid  on  the  bottom  of  a  reverberatory  arch ;  the  cylinder  being  placed  on  its  side 
horicontally,  with  the  cracked  line  uppermost,  gradually  opens  out,  and  flattens  on  the 
hearth.  At  one  time,  thick  plates  were  thus  prepared  for  subsequent  polishing  into  mlr- 
rore ;  but  the  glass  was  never  of  very  good  quality ;  and  this  mode  of  making  mirror-plate 
has  accordingly  been  generally  abandoned. 

The  spreading  furnace  or  oven  is  that  in  which  cylindere  are  expanded  into  tables  or 
plates.  It  ought  to  be  maintained  at  a  brisk  red  heat,  to  facilitate  the  softening  of  the 
glass.  The  oven  is  placed  in  immediate  connexion  with  the  annealing  arch,  so  that  the 
tables  may  be  readily  and  safely  transferred  from  the  former  to  the  latter.  Sometimes 
the  cylinders  are  ^read  in  a  large  mufile  ftirnace,  in  order  to  protect  them  from  being 
tarnished  by  sulphureous  and  carbonaceous  fumes. 

Fig.  500  represents  a  ground  plan  of  both  the  spreading  and  annealing  furnace ;  ftg, 
001  is  an  oblong  profile  in  the  direction  of  the  dotted  line  x  J,  ftg.  500. 

a  is  the  fire-place ;  b  b  the  canals  or  floes  through  which  the  fiame  rises  into  both 
furnaces ;  c  the  spreading  Airnace,  upon  whose  sole  is  the  spreading  slab,  d  is  the  cool- 
ing and  annealing  oven ;  e  e  iron  bars  which  extend  obliquely  across  the  annealing  areb» 
and  serve  for  resting  the  class  tables  against,  during  the  cooling,  f  f  the  channel 
along  which  the  previously  cracked  cylindere  are  slid,  so  as  to  be  gndnaUy  wanned  i 
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I  lb««pMiBg  fa  Uw  KprcKdiDf  rontaee,  Tor  cnaUing  the  woriunen  to  r«galate  the  pro- 


Mtiikdoor  in  tbe  kDoemlins  arch,  for  intnxhiciag  the  tools  reqauflaror  Taiiing  np 
anil  remaiing  ihe  taUe*. 

li  fonning  glais-platea  b;  the  extension  of  a  eyliader  into  a  plane,  Ihe  workmin  firat 
Umn  Ih*  lamp  of  flan  into  the  shape  of  an  oblon;  pear,  ihe  lenglh  of  which  must  be 
Mafljr  eqoal  u  the  length  of  the  intended  plalE,  and  ita  diameter  aueh,  that  the  eircum* 
ftrsKe,  when  detrek^ed,  will  be  equal  la  ihr  breadth  of  the  plale.  He  now  reus  the 
Uswiog  inia  on  ■  alsol  or  inn  bar,  vhile  an  awiilanl,  wilh  a  pointed  iron.piereea  a  hole 
iato  Ihe  utreme  end  of  the  pear,  in  the  line  of  Ihe  blowing-pipe.  This  opening  is  then 
•alirged,  br  introdnang  the  MiJe  of  a  pair  of  spnng-tongs,  while  the  glass  is  lumed 
iMiidi  and  by  skilful  nianagemrnl,  the  end  o!  the  pear  is  ereDlually  opened  ont  into  « 
cjliiidrin]  moalh.  The  workman  neit  nioanls  npon  a  slool,  and  holds  Ihe  blowing-iron 
ptipeadienlarly.  The  blown  cylinder  is  noweradted  00",  a  pnnlo  rod  of  iron  having  been 
fenMsly  stacic  to  its  one  end,  lo  farm  a  spindle  for  working  the  other  by.  This  rod  has 
•  As)  diieon  iis  end,  or  three  pronRS,  which  being  dipped  in  melted  glass,  are  applied  10 
lbs  pMBlh  of  the  cylinder.  By  this  as  ■  handle,  the  glass  cone  is  carried  lo  the  fire,  and 
the  urrov  end  bein|r  betted,  is  neil  opened  by  spring  longs,  and  formed  into  a  cylinder 
<f  ]ie  same  size  aa  the  other  end.  The  cylinder,  (hns  equalised,  is  next  cracked  or  slit 
tttwa  in  ii(  aide  with  a  pair  of  shears,  laid  on  a  smmxh  copper  plate,  detached  from  the 
in«  rod,  ipiead  out  by  heat  into  a  plane  sarface,  and  finally  aimenled.  This  series  of 
InMloaiMliDM  is  represented  in  Jig.  SOi,  at  A,  B,  c,  D,  i,  r,  G,  H. 

fft.  503  and  fiM  represent  s  Bohemian  fbrnsee  in  Which  excellent  while  window 
^usis  (bonded.  Fig.  603  is  a  longitudinal  section  of  the  r^m  and  annealing  fiimaeB. 
/if.  S04  is  Ihe  gronnd  plan,  a  is  ihe  ash-pit  Tanited  under  the  sole  of  the  rnrnace ;  the 
Irt-ptaee  itself  is  divided  into  three  companroents  i  whh  ■  middle  slab  at  d,  which  is  hol- 
l>*ediaiheeentre,for  cdleciinganysplil  glass,  and  two  heanh  lilegor  elabs  b  b.  e  c 
'  '"  ~  "  '     are  Ihe  dranght  or  sir  holes  ;  (  «  are 

arches  npon  which  Ihe  bearinii  slabs 
//  pnrtly  rest.  In  the  middle  be- 
tween these  arehei',  ihe  flame  strikes 
npwaids  npon  the  pots  g  g,  placed 
J.  as  c\oBelj  together  as  possible,  for 

T,  economy  of  room,    h  is  the  breast 

f\  wall  of  Ihe  furnace ;  i,fig.  504,  the 

I  I  opening  through  whicli  the  pols  are 

I   I  004  •  inlrodaeed ;  it  is  bricked  up  as  soon 

^  ts  they  are  set.    le  fc,  is  the  base  of 

the  cone  or  dome  of  the  nimacei 
t  I  I,  the  working  orifices,  which 

I—-       %  are  made  Inrier  or  smaller  accord- 

ing to  Ihe  size  of  the  glass  article! 
lo  be  made,    tn  is  the  flue  which 
,  leads  lo  the  annealing  stove  n,  with 

•a  aiched  door.  Exterior  lo  this, 
there  is  usnally  a  drying  kiln  not 
shown  in  the  figure  i  and  there  art 
adjoining  stoves  called  ardta,  fhr 
ir^a%  and  annealing  the  new  pota  bsAre  they  are  lei. 

Tlie  cooliag  or  anaealing  areh,  or  leer,  tt  oQen  bnOt  independent  of  the  glass-house 
farasee,  is  then  heated  by  a  separate  fire-place,  and  constructed  like  a  very  long  rever- 
hnury  fnrmee.    See  Cowwi. 

The  leer  pans  or  treys  of  theel-iron,  are  laid  npon  its  bottooi  in  an  oblong  series,  and 
bsakedteeack  otter. 

1.  Crm«ii-;gJui. — The  erowm.sdaas  houe  wkh  ile  ibmaee  is  represented  in  fig.  SOB, 
■here  Ihe  htouiiag  opeintkni  is  ifcown  on  the  one  side  of  Ihe  Ignre,  and  the  Jtaihing  on 
Ihe  oUier.  The  farnaee  is  nsuaUy  eoasliucted  to  receive  4  or  6  pots,  of  such  dimen- 
■IMS  a*  10  make  aboiu  a  Ion  of  glut  each  at  a  tine.    There  an,  Irawever,  several  sob' 
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Bidianr  farnaces  to  a  erown-lioote.    1.  Arererbentory  farnue  or  eakar,  for  ealdiuiigor 

fritting  the  lutcrials;  2.  a  blow- 
ing furnace,  for  blowing  the  pear* 
shaped  balls,  made  at  the  pot- 
holes, into  large  globes;  3.  a 
flashing  fnnace,  and  bottoming 
hole  for  commanieating  a  soften- 
ing heat,  in  expanding  the  globe 
into  a  circolar  Idate;  4.  the 
annealing  arch  for  the  finished 
tables;  6.  the  reTerberatoiT  oren 
for  annealing  the  pots  prior  to 
their  being  set  upon  the  &nndittg 
ntge. 

The  materials  of  erown  glass 
used  to  be,  fine  sand,  by  measnre 
5  parts,  or  by  weight  10 ;  ground 
kelp  by  measure  11  parts,  or  by 
weight  mi',  but  instcaui  of  kdp, 
soda  ash  is  nowgenerally  employed. 
From  6  to  8  cwts.  of  sand,  lime, 
and  soda-ash,  mixed  together  in 
wooden  boxes  with  a  shovel,  are  thrown  on  the  sole  of  a  large  reverberatory,  such  as  is 
represented  in  the  article  Copper.  Here  the  mixture  is  well  worked  together,  with  iron 
paiddles,  flat  shovels,  and  rakes  with  long  handles ;  the  area  of  this  furnace  being  about 
6  feet  square,  and  the  height  2  feet.  The  heat  soon  brings  the  materials  to  a  pasty  con- 
sistence, when  they  must  be  diligently  turned  over,  to  favor  the  dissipation  of  the  carbon, 
sulphur,  and  other  volatile  matters  of  the  kelp  or  soda  ash,  and  to  incorporate  the  fixed 
ingredients  uniformly  with  the  sand.  Towards  the  end  of  three  hours,  the  fire  is  con- 
siderably raised,  and  when  the  fourth  hour  has  expired,  the  fritting  operation  is  finished. 
The  mass  is  now  shovelled  or  raked  out  into  shallow  cast-iron  square  cases,  smoothed 
down,  and  divided,  before  it  hardens  by  cooling,  into  square  lumps,  by  cross  sections  with 
the  spade.  These  frit-bricks  are  afterwards  piled  up  in  a  large  apartment  ibr  use ;  and 
have  been  supposed  to  improve  with  age,  by  the  efllorescence  (S*  their  saline  constituents 
into  carbonate  of  soda  on  their  surface. 

The  founding-pots  are  filled  up  with  these  blocks  of  frit,  and  the  furnace  is  powerfully 
Urged  by  opening  all  the  subterranean  passages  to  its  grate,  and  clo&ing  all  the  doois 
and  windows  of  the  glass-house  itself.  After  8  or  10  hours  the  vitrification  has  made 
such  progress,  and  the  blocks  first  introduced  are  so  far  melted  down,  that  another  charge 
of  flit  can  be  thrown  in,  and  thus  the  pot  is  fed  with  frit  till  the  .proper  quantity  is  us^ 
In  about  16  hours  the  vitrification  of  the  frit  has  taken  place,  and  a  considerable  quanti- 
ty, amounting  often  to  the  cwt.  of  liquid  saline  matter,  fluats  over  the  glass.  This  salt  is 
carefully  skimmeU  off  into  iron  pots  with  long  ladles.  It  is  called  Sandiver  or  Glass-gall, 
and  consists  usually  of  muriate  of  soda,  with  a  litUe  sulphate.  The  pot  is  now  ready  for 
receiving  the  topping  of  culUt,  which  is  broken  pieces  of  window  glass,  to  the  amount  of 
3  or  4  cwts.  This  is  shovelled  in  at  short  intervals;  and  as  its  pressure  forces  up  the 
residuary  saline  matter,  this  is  removed;  for  were  it  allowed  to  remain,  the  body  of  Uie 
glass  would  be  materially  deteriorated. 

The  heal  is  siill  continued  for  several  hours  till  the  glass  is  perfect,  and  the  extricatioa 
of  gas  called  the  OqU,  which  accompanies  the  fusion  of  crown  glass,. has  nearly  terminated, 
when  the  fire  is  abated,  by  shuiting  up  the  lower  vault  doors  and  every  avenae  to  the 
grate,  in  order  that  the  glass  may  setUe  fine.  At  the  end  of  about  40  hours  altogether, 
the  fire  being  sTi'j^hily  raised  by  addinir  some  coals,  and  opening  the  doors,  the  glass  is 
carefully  skimmed,  and  the  working  of  the  pots  commences. 
Before  describing  it,  however,  we  may  state  that  the  marginal  figure  906  shows  the 
506  base  of  the  crown-honse  cone,  with  the 

four  open  pots  in  two  ranges  on  opposite 
sides  of  the  fumaee,  sitting  on  theur  raised 
sitgiw,  at  each  side  of  the  grate.  At  one 
side  of  the  base  the  door  oif  the  vault  b 
shown,  and  its  course  is  maiked  by  the 
dotted  lines. 

Detailed  description  of  the  croton-glasifumaeeyfigt,  507,  508. — ^It  is  an  obkmg  square, 
built  in  the  centre  of  a  brick  cone,  large  enough  to  contain  within  it,  two  or  three  pots 
at  each  side  of  the  grate  room,  which  is  either  divided  as  shown  in  the  plan,  or  runs  tb« 
whole  length  of  tho  furnace,  as  the  manufacturer  chooses.  Fig,  507  is  a  ground  plan,  aoj 
fig,  508  a  front  elevation,  of  a  six-pot  furnace.    1,  2,  3,ylg,  607,  are  the  workiag  holes 
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Ibr  tbe  pnrpoMS  oT  TcnlitUioa,  of  putlin;  in  (he  nwterioli,  and  of  Uliing  oat  tfae  mcUl 
K  be  wraughl.  4,  5,  6,  T,  arc  pipe  holes  for  wanning  Ifae  pipes  before  beginning  to  work 
>jlh  (hem.  8,  9,  10,  are  foo(  holes  for  mending  (he  po(*  and  si^es.  il  it  ■  ^oTinM 
Tor  binding  (be  furnace,  and  keeping  it  bom  twelUag. 


Tbe  areh  i>  of  an  elliptic  fiirm ;  tbougb  a  barret  «rcb,  ibst  it,  an  areb  shaped  like  tbe 
half  of  a  barrel  eni  longwise  [hnmgh  (he  centre,  is  sometimes  med.  But  this  soon  gives 
UTwhemnedin  tbe  ntannfiielure  of  crovn  glass,  although  il  does  ret;  well  in  the  claj- 
ftraaee  aied  for  bottle  houses. 

The  bort  stone  for  building  Himaeft  is  Gre-slone,  from  Coxgreea  in  Ibe  neigfabor- 
bood  of  Newcastle.'  Its  qaalil;  is  a  close  grit,  and  il  contains  a  greater  quantilf  of 
■alethaik  the  commoa  Gre-stone,  which  teeoM  to  be  the  chief  reason  of  its  tesisling  the 
tit  belter.  The  gml  danger  in  building  furnaces  ir,  lest  the  cement  at  (he  top  should 
pre  waf  with  the  eieeuiie  beat,  and  hy  dropping  into  the  polN,  spoil  the  metal.  The  top 
iboaU  iberefore  be  bnill  with  stones  onl^.as  loose  as  they  can  hold  toiCether  aHcr  the  cen- 
Irea  are  reanved,  and  without  an j  cement  whatever.  The  stones  «p»nd  and  come  quite 
ekae  tocelher  when  annealing;  an  operation  which  takes  from  ei«hl  to  fourlcen  da;s  itt 
niW.     There  is  thns  less  risk  of  nny  thing  dropping  fWun  the  roof  of  the  farnace. 

'nie  inside  of  the  sqoareof  the  furnace  is  built  cither  of  Stonrtrndge  fire-clay  annealed, 
or  the  Newcastle  fire-j^ine,  to  the  (hlcknesa  of  sixteen  inches.  The  oniside  is  buil(  of 
fnuaoa  lirick  about  nine  inches  in  thickness. 

The  fomBce  is  thrown  over  an  ash-pit,  or  ea»e,  as  it  is  called,  which  admits  the  atmo- 
tpfceric  air,  and  promotes  the  eombnsilon  of  the  furnace.  This  cave  is  built  of  stooe 
aalil  it  came*  beneath  the  ^le  room,  when  it  is  formed  of  fire-brick.  The  abntments 
srenaefal  for  iMnding  and  keepinK  'he  furnace  together,  and  are  bnilt  of  masonrr.  The 
fimaeeiBTectoatlr  clasped  with  iron  all  ronnd,  (o  keep  them  (igbl.  In  fbar-polJ^mtace* 
this  is  uBneeessarj,  provided  there  be  fonr  good  abnlmenls. 

Fig.  909  is  an  elevation  of  the  flashing  furnace.  The  outsideis  bniltofcomnoD  brick, 
(he  inide  of  flre-briek,  ami  the  month  or  nose  of  6lonrbridg:e  flre^lay. 

Fig.  5iD  ■>  the  annealing  kiln.  It  is  bnili  of  eonuaon  brick,  except  ronnd  the  grttc 
mum,  where  fire-brick  it  nsed. 

Few  loola  are  needed  for  blowing  and  flashing  erown-glasi.  The  reqnitile  ball  of 
Hasticftlaia  is  gathered,  in  snccenive  laTcn  as  for  bottles,  on  (he  end  of  an  iron  tnbe,  and 
■oiled  into  a  pear-shape,  on  a  cast-iron  pla(e;  the  workman  (aking  care  that  (he  air 
Uown  into  iti  cavit]'  is  inmninded  with  ao  eqoal  body  of  glass,  and  if  be  perceives  an; 
■de  lo  be  (hieher  than  another,  he  corrects  tbe  inequalitf  b;  rolling  it  on  the  slopinf 
na  tsbla  called  aarver,  (marbre).    Ha  bow  heal*  tie  bnlh  in  tbe  flre,  and  rolls  it  so  ai 
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to  Ibrnf  the  glan  upon  Ibe  end  of  the  lube,  and  br  ■  dniennii  twing  or  two  ha 
lenslhcv)  it,  ■*  ihown  [a  i,  fig.  511.  To  «itend  Ihe  nedi  oT  that  par,  he  Dcxt  roHi  it 
o*er  s  nnoath  iron  rod,  tnraed  round  in  ■  horizontal  direction,  into  Iht  shape  x,fig.  611. 
Bj  Tuitber  expansion  ai  the  Uowing-fimaee,  he  ikcrw  brinB*  it  to  the  th*pe  t,  repn- 
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Thiit  Kpheroid  haTing  become  cool  and  tomewhat  itiS',  b  oeil  carried  to  the  bottoming 
hole  (like  Jig.  509),  to  be  fxpoted  to  the  actioD  of  flame.  A  llighl  wall  erected  before 
one  biir  of  this  hole,  screens  lh«  WDrbmsn  from  the  heat,  but  leavet  room  far  the  globe  (o 
pass  betveen  it  and  the  poBleriarwail.  The  blowinf-pipe  is  made  (a  r«sta  little  waj  Inai 
the  neck  of  the  globe,  on  a  hoobEiaJ  in  the  front  wall ;  and  thnt  cnaf  be  made  entily  to  re- 
volve on  its  axis,  and  bjr  giTJng  crntrirugal  Torce  ts  Ibe  globe,  while  the  bottom  at  it,tr 
part  opposite  lo  the  pipe,  i«  aoAened  bf  the  beat,  it  aoon  assomes  the  Toim  exhibited  ii 
M,M.  611. 

In  this  stale  the  flattened  globe  is  remored  fVom  the  fire,  and  its  rod  being  rested  Ok 
the  eaihir  box  covered  wjlh  coal  cinders,  anolher  workmftn  now  applies  ihe  end  oTb  solid 
iron  rod  tipped  with  melted  gla»B,  called  ■  jmnlo,  to  Ibe  nipple  or  prominence  in  the 
middle  ;  and  thus  allaches  il  lo  Ihe  centre  of  Ihe  globe,  while  the  first  workman  cradi* 
off  the  globe  by  touching  its  tubular  neck  with  an  iron  chisel  dipped  in  cold  water.  The 
workman  having  iherehr  taken  poiseesion  of  the  globe  bj  iu  bollom  or  knobbed  pcde 
kilached  lo  his  punty  rod,  he  now  carries  it  lo  another  circalur  opening,  where  he  exprae* 
it  to  the  aelion  of  modeiale  flame  wilb  regular  rotation,  and  thus  dowlj  heals  Ihe  thick 
projecting  remains  of  the  former  neck,  and  opens  it  Blightl;  out,  as  shown  at  n,  ■■ 
fig,  61 1.  He  next  hands  it  lo  the  fiathtr,  who,  resting  Ihe  iron  rod  in  a  book  placed 
Dear  the  side  of  the  orifice  J,  fig.  609,  wheels  it  rapidly  ronnd  opposite  to  a  poweifal 
flame,  till  it  assume*  fiitt  Ibe  figure  o,  and  finally  that  of  a  Sal  circular  taUe. 

The  flasher  then  walks  off  with  Ihe  (able,  keeping  up  a  slight  rotation  as  he  niOTCi 
alonft,  and  when  it  is  sufficienily  cool,  be  turns  down  his  rod  into  a  vertical  po«iii«a, 
and  lays  iha  table  flat  on  a  dry  Uock  of  fire-clay,  or  bed  of  sand,  when  aa  assislaM 
nips  it  off  from  the  panlo  with  a  pair  of  long  iron  ihears,  or  eracks  it  off  with  a  toDeb 
of  cold  iron.  The  loose  table  or  plate  h  lastly  lilted  up  horiiooUIly  <m  a  d«utile  froaged 
iron  fork,  introduced  into  the  aoBcalinEnnihJij.  610  and  raised  on  edge;  an  aMiatautwilk 
a  long-kneed  fork  preventing  it  IVom  falling  uo  rapidly  backwards.  In  this  areh  a  gieal 
many  tables  of  elau  are  piled  up  in  iron  frames,  and  slowly  coaled  from  a  heat  of  ab<mt 
eO0°  to  100°  F.,  which  takes  about  34  hoursi  when  they  are  removed.  Aeircalar  ^1* 
or  table  of  abont  5  feel  diameter  weighs  on  an  average  B  pounds, 

4.  flint  gfou. — Thii  kind  of  glass  is  so  called  beeame  originaUy  iMde  with  nkiied 
flints,  as  the  tilicious  ingredient.  The  materials  at  present  empioyed  in  this  coantir 
for  the  iineii  flint  glass  or  crystal,  are  Snt,  Lynn  sand,  calcined,  nAed,  and  washed  ] 
second,  an  oxyde  of  lead,  either  red  lead  or  litbaiye;  and  ttiijd,  pcarlasb.  The  peark 
ash  of  commerce  mnsi  however  be  purified  by  digesting  il  in  a  very  lilile  hot  water, 
wbicJi  dissolves  Ihe  carbonate  of  potash,  and  leaves  the  foreign  salts,  chiefly  snli^ale  of 
potash,  muriaia  of  poMsh,  and  muriate  of  soda.  The  lolniion  of  the  carbonate  being 
allownl  to  GDol  and  become  dear  in  lead  pans,  is  then  run  off  into  a  ihaUow  iroa  boile*, 
and  evaporated  to  dryness.  Nitre  is  generally  added  as  a  faarlb  ingredient  of  the  body 
of  thf.  glass  i  and  it  serves  to  correct  auy  impeffactioiu  which  might  arise  fiom 
accidental  combustible  particles,  or  from  the  load  beiag  nol  duly  o^dind.  The  aborm 
four  snbelanctes  cooslilulc  the  main  articles;  to  which  we  may  add  arsenic  and  man- 
ganese, inlrodaccd  in  very  small  quantities,  to  purify  the  color  and  clear  ap  tit* 
InuispareDcy  of  the  ^ass.  The  black  oxyde  of  mangaaese,  whai  used  in  smIi  qnantitjr 
only  as  ta  peroiydise  ihe  iron  of  the  sand,  simply  removes  Ihe  green  tinge  caaaed  by  the 
iron)  bat  if  tpore  manganese  be  added  than  aeconplishes  that  parpose,  it  will  g^e  « 
purple  tinge  lo  the  glassi  and  in  fhet,  most  mamdactvers  prefer  to  have  ao  execss 
lathei  than  a  defect  of  manganese,  since  out  glass  has  its  brilliancy  increased  by  a  faint 
lilach  hue.  The  arsenic  is  supposed  loeoontetaet  the  injury  arisinft  from  eioess  of  Dam« 
ganese,  but  it  itself  very  apt  on  the  other  hand  to  commtmicate  some  degree  of  opa]caeaic% 
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Br  il  lent,  lo  imjalr  tlie  InUre  of  Ihe  ghu*.  When  too  mnch  man^nege  hu  been 
•ddnj,  t^  purple  llage  mif  indeed  be  removed  bf  uiy  carbonaceous  matter,  as  bf 
Uniiling  a  woodeQ  lod  down  into  the  liquid  glasi ;  but  ih'a  cannot  be  done  >ivith  good 
ellecLia  practice,  ri nee  the  final  purple  Iin;c  is  no!  decided  till  tbe  glass  is  perfu-clly 
limied,  and  then  the  inCrodiictioa  of  chaieoal  would  dealroy  the  uniformity  of  the  whole 
eoaieliU  ot  Ihe  pot. 

The  raw  mal<;ri*1i  of  flint  glaia  are  always  mixed  with  about  a  third  or  a  fourth  of 

thtir  wciglil  uf  broken  crystal  of  like  quality  \   thit   miilure  is  thrown  into  Ihe  pot 

■iltatboreli  aoil  snore  i<  added  whenever  the  preceding  portion)  by  melting  subside;  the 

e^cM  bein;  to  obiaia  a  pot  Tull  of  glaw,  lo  lacililatc  lh«  (himming  off  the  Unpurilies 

I  and  Hndiver.    The  mouth  of  Ihe  pot 

isnQWshut,byapplying  clay-lute  round 

the  stopper,  niih  Ihe  excepiion  of  a 

small  orifice  belpw,  for  the  escape  of 

Ibe  liquid  selioe  mailer.      Flint  glass 

requiret  about  4S  hours  for  ill  complete 

vilriGcaiion,  though  the  materials  be 

more  fusible  than  those  of  crown  glass  g 

in  consequcDce  of  Ihe  contents  of  Ihe 

pol  being  parlially  screened  by  its  eoTer 

from  the  action  of  Ihe  fire,  as  also  from. 

I    the  lower  intensity  of  Ihe  beat. 

Fig.  5]!  represents  a  fiint  glaw 
I  house  for  6  pots,  with  Ihe  arcb  or  leer 
1  on  one  side  for  annealing  Ihe  crystal 
I  ware.      In  Jig.  513,  the  base  of  lb« 

I  on  iheir  platform  ranged  n»ind  Ihe  cen- 

P  tralfiregrale.    Thedotled  linedenotei 

Ibe  conlonr  of  ihe  furnsce.j^g.  512. 

Whenever  the  glass  appears  fine, 
and  is  freed  from  iU  air  bobbles,  which 
it  uiiially  is  in  about  36  hours,  Ihe 
heat  tscaSeredlo  fall  a  lillle  by  closing 
.  Ibe  bottom  Talveo,  (be.,  Ihal  Ihe  pot 
J  may  seiile;  but  prior  lo  working  Ihe 
I  metal  the  heatiiMmeuAdfraiieif  again, 
Il  would  be  useless  to  describe  the 
manual  operations  of  fashioning  the 
TCriaat  anklet  of  ibe  flinl-gku  manufacture,  beeaute  they  are  indefinitely  varied  to  stlit 
Ibe  eonTcnlenees  and  caprices  of  human  lociety. 

£r«ry  diflrmt  flint-houte  haa  a  peculiar  proportion  of  glass  materials.  The  foUowiDg 
kare  been  offered  as  food  praelical  mizlnres. 

1.  Fine  while  saad 300  puts. 

RedleadorlitbarKe SOO 

Befiiied  peariasbei fiO 

KUn  .......  20 

Anaaie  and  manganese,  a  minute  quantity. 

ti  my  opinion,  the  profioriiiia  of  lead  is  loo  great  in  the  above  reeip^  which  is  giveil 
M  tba  anhoiity  of  Hr.  James  Qeddes,  of  Leith.  The  gitst  made  with  It  vuold  b« 
inbrtly  yeUowiab  ai>d  duU. 

2.  Pine  sand 50-5 

luluTge 27-2        . 

Hafined  peailaihM  (earboaate  of  potash,  with  B  per  eenL  oT  water)       17-5 
ffilre 4-8 

100-0 
Iblhese  qnntiliai  fnnn'SO  to  SO  parti  of  brolleD  ^ass  or  callel  are  added  i  with  about 
ittTbaasaHdlb  part  of  manganese,  and  a  IhFee-thousandlb  part  of  arienio.    But  man- 
IwneiuieawMtremelyiB  its  pnrily,  and  contains  ollen  so  much  oxyda  of  iron,  that 
Mthiag  can  be  predlealcd  as  to  ils  quantity  preTionsIy  to  trial. 

M.  hyeai  an  v^aent  maanfaeturing  chemist  in  France  says  that  the  composition  oi 
•TRtl  dMa  jiet  deriatt'maeh  liooi  the  tbllawing  proportions ; — 

Wood  An-  Coal  In. 
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I  conceive  that  this  glass  contains  too  much  lead  and  potash.  Such  a  mixtare  will  pre- 
dnce  a  dull  meialj  rciy  attractive  of  moisture ;  defects  to  which  the  French  crown-glasi 
also  is  subject. 

The  fiinl-glass  leer  for  annealing  glass,  is  an  arched  gallery  or  large  flue,  about  36  ieeC 
long,  3  feet  high,  4  wide ;  having  its  floor  raised  above  2  feet  above  the  gronod  of  the 
glass-house.  The  hot  air  and  smoke  of  a  fire-place  at  one  end  pass  along  this  gallery, 
and  are  discharged  by  a  chimney  8  or  10  feet  short  of  the  other  end.  On  the  floor  of  the 
vault,  hirge  iron  trays  are  laid  and  hooked  to  each  other  in  a  series,  which  are  drawn  fhuD 
the  fire  end  towards  the  other  by  a  chain,  wound  about  a  cylinder  by  a  wioch-hmndle  pro- 
jcctin?  through  the  side.  The  flint-glass  articles  are  placed  in  their  hot  state  into  the 
tray  next  the  fire,  which  is  moved  onwards  to  a  cooler  station  whenever  it  is  filled,  and 
an  empty  tray  is  set  in  its  place.  Thus,  in  the  course  of  about  20  hours,  the  glass  ad- 
vances to  the  cool  end  thoroughly  annealed. 

Besides  colorless  transparent  glass,  which  forms  the  most  important  part  of  this 
manufacture,  various  colored  glasses  are  made  to  suit  the  taste  of  the  public.  The 
taste  at  Paris  was  lately  for  opaline  crystal ;  which  may  be  prepared  by  adding  to  the 
above  composition  (No.  2)  phosphate  of  lime,  or  well  burnt  bone  ash  in  fine  powder, 
washed  and  dried.  The  article  must  be  as  uniform  in  thickness  as  possible,  and 
speedily  worked  into  shape,  with  a  moderate  heat.  Oxyde  of  tin,  putty,  was  formerly 
used  for  making  opalescent  gUus,  but  the  lustre  of  the  body  was  always  unpaired  by  its 
means. 

Crystal  vessels  have  been  made  recently  of  which  the  inner  surface  is  colorless,  and  all 
the  external  facets  colored.  Such  works  are  easily  execnted.  The  end  of  the  blowing, 
rod  must  be  dipped  first  in  the  pot  containing  colorless  glass,  to  form  a  bulb  of  a  certain 
size,  which  being  cooled  a  little  is  then  dipped  for  an  instant  into  the  pot  of  colored  glass. 
The  two  layers  are  associated  without  intermixture ;  and  when  the  artide  is  finished  in 
its  form,  it  is  white  within  and  colored  without.  Fluted  lines,  somewhat  deeply  cot,  pass 
through  the  colored  coat,  and  enter  the  colorless  one ;  so  that  when  they  crass,  their  ends 
alone  are  colored. 

For  some  time  past,  likewise,  various  crystal  articles  have  been  exhibited  in  the  maiicet 
with  colored  enamel-figures  on  their  surface,  or  with  white  incrustations  of  a  silvery 
lustre  in  their  interior.  The  former  are  prepared  by  placing  the  enamel  object  in  the 
brass  mould,  at  the  place  where  it  is  sought  to  be  attached.  The  bulb  of  glass  being  pat 
into  the  mould,  and  blown  while  very  hot,  the  snndl  plate  of  enamel  gets  cemented  to  the 
surface.  For  making  the  white  argentine  incrustations,  small  figures  are  prepared  with 
an  impalpable  powder  of  dry  porcelain  paste,  cemented  into  a  solid  by  means  of  a  little 
gypsum  plaster.  When  these  pieces  are  thoroughly  dried,  they  are  laid  on  the  glass 
while  it  is  red  hot,  and  a  large  patch  of  very  liquid  glass  is  placed  above  it,  so  as  to  encase 
it  and  form  one  body  with  the  whole.  In  this  way  the  incrustation  is  completely  enclosed ; 
and  the  polished  surface  of  the  crysul,  which  scarcely  touches  it,  gives  a  brilliant  aspect, 
pleasing  to  the  eye. 

A  uniform  flint-glass,  free  from  strice,  or  vmath,  is  much  in  demand  for  the  optician. 
It  would  appear  that  such  an  article  was  much  more  commonly  made  by  the  Engltth 
nianufacturers  many  years  ago,  than  at  present ;  and  that  in  improving  the  brilliancy  of 
crystal-glass  they  have  injured  its  fitness  for  constructing  optical  lenses,  which  depends 
not  so  much  on  its  whiteness  and  lustre  as  on  the  layers  of  different  densities  being  parallel 
to  each  other.  The  oxyde  of  lead  existing  in  certain  parts  of  a  potfol  of  glass  in  greater 
proportion  than  in  other  parts,  increases  the  density  unequally  in  the  same  mass^  so  that 
the  adjoining  strata  are  oAen  very  different  in  this  respect.  Even  a  potfol  of  pretty 
uniform  glass,  when  it  stands  some  time  liquid,  becomes  eventually  unequable  by  the  sub- 
sidence of  the  denser  portions ;  so  that  strisB  and  gelatinous  appearances  begin  to  manifest 
themselves,  and  the  glass  becomes  of  little  value.  Glass  allowed  to  cool  slowly  in  mass  in 
the  pot  is  particularly  full  of  wreath ;  and  if  quickly  refrigerated,  that  is,  in  two  or  three 
hours,  it  is  apt  to  split  into  a  multitude  of  minute  splinters,  of  which  no  use  can  be  made. 
For  optical  purposes,  the  glass  must  be  taken  out  in  its  liquid  state,  being  gathered  on 
the  end  of  the  iron  rod  from  the  central  portion  of  a  recently  skinuned  pot,  aAer  the  upper 
layers  have  been  worked  off  in  general  articles. 

M.  Ouinand,  of  B rennets  near  Geneva,  appears  to  have  hit  upon  processes  that  fnr- 
nished  almost  certainly  pieces  of  flint-glass  capable  of  forming  good  lenses  of  remarkable 
dimensions,  even  of  11  inches  diameter;  of  adequate  density  and  transparency,  and 
nearly  free  from  stria.  M.  Canchoix,  the  eminent  French  optician,  says,  that  ont  of 
ten  object  glasses,  4  inches  in  diameter,  made  with  M.  Guinand's  flint  glass,  eight  or 
nine  turned  out  very  good,  whUe  out  of  an  equal  number  of  object  glasses  made  of  the 
flint  glass  of  the  English  and  French  manufactories,  only  one,  or  two  at  most,  were  found 
serviceable.  The  means  by  which  M.  Guinand  arrived  at  these  results  have  not  been 
published.  He  has  lately  died,  and  it  is  not  known  whether  his  son  be  in  pes  session  of 
his  secret. 
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AsL  aehramalie  objeet  glass  for  teleseopes  and  microscopes  coosisU  of  at  least  two 
IcoKs;  the  oae  made  with  glass  of  lead,  or  flint-glass,  and  the  other  with  crown^lass ; 
the  former  possessing  a  power  of  dispersing  the  colored  rays  relatively  to  its  mean  refi-ac' 
tive  power,  much  greater  than  the  latter;  upon  which  principle  the  achromatism  of  the 
iBiaee  is  prodoced,  by  reuniting  the  different  colored  rays  into  one  focus.  Flint-glass  to 
be  fit  for  (his  delicate  purpose  must  be  perfectly  homogeneous,  or  of  uniform  density 
throughoat  its  substance,  and  free  from  wavy  veins  or  wreaths ;  for  every  such  inequal- 
ity would  occasion  a  corresponding  inequality  in  tiie  refraction  and  dispersion  of  the 
%lit;  like  what  is  perceived  in  looking  through  a  thick  and  thin  solution  of  gum-arabie 
inperfeeily  mixed.  Three  plans  have  been  prescribed  for  obtaining  homogeneous  pieces 
of  optical  glass :  1.  to  liA  a  mass  of  it  in  larse  ladles,  and  let  it  cool  in  them ;  2.  to 
poor  it  out  from  the  pots  into  moulds}  3.  to  allow  it  to  cool  in  the  pots,  and  afterwards 
to  cQt  it  off  in  horizontal  strata.  The  last  method,  which  is  the  mo^t  plausible,  seldom 
tflbfds  pieces  of  uniform  density,  unless  peculiar  precautions  have  been  adopted  to  settle 
the  ilint  glass  in  uniform  strata ;  because  its  ipaterials  are  of  such  unequal  density,  the 
oijile  of  lead  having  a  specific  gravity  of  8,  and  silica  of  2*7,  that  they  are  apt  to  stand 
It  imegolar  heights  in  the  pots. 

One  main  oaase  of  these  inequalities  lies  in  the  construction  of  the  furnace,  whereby 
tbe  bottom  of  the  pot  is  usually  much  less  heated  than  the  upper  part.  Iii  a  plate  glass 
foniace  the  temperature  of  the  top  of  the  pot  has  been  found  to  be  130*  Wedgew.,  while 
t&at  of  the  bottom  was  only  IICP,  constituting  a  difference  of  no  less  than  2610°  F. 
The  necesiary  consequence  is  that  the  denser  particles  which  subside  to  the  bottom, 
daring  the  fasion  of  the  materials,  and  aAer  the  first  extrication  of  the  gases,  must 
Rnain  there,  not  being  duly  agitated  by  the  expansive  force  of  caloric,  acting  from 
bdov  opwards. 

The  preparation  of  the  best  optical  glass  is  now  made  a  great  mystery  by  one  or  Iwo 
profidenis.  The  following  suggestions,  deduced  from  a  consideration  of  principles,  may 
probably  lead  to  some  improvements,  if  judiciously  applied.  The  great  object  is  to  coun>- 
tenct  the  tendency  of  the  glass  of  lead  to  distribute  itself  into  strata  of  different  densi- 
ties; which  may  be  effected  either  by  mechanical  agitation  or  by  applying  the  greatest 
beat  to  the  bottom  of  the  pot.  But  however  homogeneous  the  glass  may  be  thereby  made, 
its  sobseqnent  separation  into  strata  of  different  densities  must  be  prevented  by  rapid 
oooling  and  solidification.  As  the  deeper  the  pots,  the  greater  is  tbe  chance  of  unequal 
*peeific  gravity  In  their  contents,  it  would  be  advisable  to  make  them  wider  and  shal- 
lower than  those  in  use  for  making  ordinary  glass.  The  intermixture  may  be  effected 
cither  hj  lading  the  glass  out  of  one  pot  into  another  in  the  furnace,  and  back  again,  with 
copper  ladles,  or  by  stirring  it  up  with  a  rouser,  then  allowing  it  to  settle  for  a  short 
lioWf  till  it  becomes  clear  and  free  from  air  bobbles.  The  pot  may  bow  be  removed  from 
the  fiumace,  in  order  to  solidify  its  contents  in  their  homogeneous  state ;  aAer  which  the 
glass  may  be  broken  in  pieces,  and  be  perfected  by  subjecting  it  to  a  second  fusion ;  or, 
▼hat  is  easier  and  quicker,  we  may  form  suitable  discs  of  glass  without  breaking  down 
Ibe  poi/ol,  by  liAing  it  out  in  flat  copper  ladles  with  iron  shanks,  and  transferring  the 
lompt  after  a  little  whfl^  into  the  annealing  leer. 

To  render  a  potful  of  glass  homogeneous  by  agitation,  is  a 
more  difilcult  task,  as  an  iron  rod  would  discolor  it,  and  a 
eopper  rod  would  be  apt  to  melt.  An  iron  rod  sheathed  in 
laminated  platinum  would  answer  well,  but  for  its  expense. 
A  stone-ware  tube  supported  within  by  a  rod  of  iron,  might 
also  be  employed  for  the  purpose  in  careful  hands ;  the  stir- 
ring being'  repeated  several  times,  till  at  last  the  glass  is 
suffered  to  stiffen  a  h'ttle  by  decrease  of  temperature.  It 
must  then  be  allowed  to  settle  and  cool,  aAer  which  the  pot, 
being  of  small  dimensions,  may  be  drawn  out  of  the  fire. 

2.  The  second  method  of  producing  the  desired  uniformity 
of  mixture,  consists  in  applying  a  greater  heat  to  the  bottom 
than  to  the  upper  part  of  the  melting  pot.  Fig.  514  repre- 
sents in  section  a  furnace  contrived  to  effect  this  object.  It 
is  cylindrical,  and  of  a  diameter  no  greater  than  to  allow  the 
flames  to  play  round  the  pot,  containing  from  three  to  four 
ewts.  of  vitreous  materials,  a  is  the  pot,  resting  upon  the 
arched  grid  b  a,  built  of  fire-bricks,  whose  apertures  are  wide 
enough  to  let  the  flames  rise  freely,  and  strike  the  bottom  and 
sides  of  the  vessel.  From  1|  to  2  feet  under  that  arch,  the 
fbel  grate  c  c2  is  placed,  b  c  are  the  two  working  openings 
for  introducing  the  materials,  and  inspecting  the  progress  of 
the  fusion ;  they  must  be  closed  with  fire-tiles  and  luted  with 
l^n-dKf  at  the  beginning  of  the  process.  At  the  baek  of  the  furnace,  opposite  the  mouth 
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of  the  fireplace  ibere  is  a  door-way,  which-  is  farieked  «?,  extept  u^n'OoeMfam  of  |mt- 
Ung  in  and  taking  oat  the  pot.  The  draught  is  regulated  by  means  of  a  slide-plate  vpoa 
the  mouth  of  the  ash-pit  /.  The  pot  bf^ing  heated  to  the  proper  pitefa,  some  purified 
pearlash,  mixed  with  fully  twice  its  weight  of  colorless  quartz  sand,  is  to  be  tbiown  into 
it,  and-after  the  complete  fusion  of  this  mixture,  the  remaining  part  of  the  saad  along  with 
the  oxyde  of  lead  (fioe  litharge)  is  to  be  strowu  upon  the  surface.  These  silicious  par- 
ticles in  Iheir  descent  serve  to  extrioaie  the  air  from  the  mass.  Whenever  the  whole  is 
fused,  the  heat  must  be  strongly  urged,  to  ensure  a  complete  uniformity  -of  combinatioa 
by  the  internal  motions  of  the  particles.  As  »oon  as  the  glass  has  been  found,  by  making 
test  vials,  to  be  perfectly  fine,  the  fire  must  be  withdrawn,  the  two  working  hc^es  must 
be  opened,  as  well  as  the  mouths  of*  the  fire-place  and  ash-pit,  to  admit  free  ingress  to 
cooling  currents  of  air,  so  as  to  congeal  the  liquid  mass  as  quickly  as  possible ;  a  condi- 
tion essential  to  the  uniformity  of  the  glass.  It  may  be  worth  while  to  stir  it  a  little 
with  the  pottery  rod  at  the  commencement  of  the  cooling  process.  The  solidified  glass 
may  be  afllerwards  detached  by  a  hammer  in  conchoidal  discs,  which,  after  chipping  off 
their  edges,  are  to  be  placed  in  proper  porcelain  or  stone-ware  dishes,  and  exposed  to  a 
soAening  heat,  in  order  to  give  them  a  lenticular  shape.  Great  care  must  be  taken  thai 
the  heat  thus  applied  by  the  muffle  furnace  be  very  equable,  for  otherwise  wreaths 
might  be  very  readily  reproduced  in  the  discs.  A  small  oven,  upon  the  plan  of  a 
baker's,  is  b^t  fitted  for  this  purpose,  which  being  hei^ted  to  dull  redness,  and  then 
extinguished,  is  ready  to  soAen  and  afterwards  anneal  the  conchoidal  pieces. 
.  Guinand's  dense  optical  flint  glass,  of  speciflc  gravity  3*616,  consists,  by  analysis,  of 
oxyde  of  lead»  43*05  f  silica,  44*3 ;  and  potash,  11*75$  but  requires  for  its  formation  the 
following  ingredients:  100  ppnnds  of  ground  quartz;  100  pounds  of  fine  red  lead;  35 
pounds  of  purified  potash ;  and  from  2  to  4  pounds  of  saltpetre.  As  this  species  of  glass 
is  injured  by  an  excess  of  potash,  it  should  be  oompounded  with  lather  a  defect  of  it, 
and  melted  by  a  proportionably  higher  or  longer  heat.  A  good  optical  glass  has  been 
made  in  Germany  with  7  parts  of  pure  red  lead,  3  parts  of  finely  ground  quartz,  nod  2 
parts  of  calcined  boi'az* 

6.  PUU$  gloM* 

This,  like  English  crown-glass,  has  a  soda  flux ;  whereas  flint-glass  requires  potash, 
and  is  never  of  good  quality  when  ntade  with  soda.  We  shall  distribute  ow  account  of 
this  manufacture  under  two  heads. 

1.  The  dififerent  furnaces  and  principal  jnachines,  without  whose  knowledge  it  wonkl 
be  impossible  to  understand  the  several  processes  of  a  plate-glass  factory. 

2.  The  materials  which  enter  into  the  compositk>n  of  this  kind  of  glass,  and  the  series 
of  operations' which  they  undergo;  devoting  our  (^ef  attention  to  the  changes  and  im- 
provements which  long  experience,  enlightened  by  modern  chemistry,  has  introduced  into 
the  great  manufactory  of  Saint^Gobin,  in  France,  under  the  direction  of  M.  Tassaert.  It 
may  however  be  remarked,  that  the  English  plate-glass  manufacture  derives  peculiar 
advantages  from  the  excellence  of  its  grinding  and  polishing  mQf;hinery. 

The  day  for  making  the  bricks  and  pots  should  be  free  from  lime  and  iron,  and  very 
refractory.  It  is  mix«l  with  the  powder  of  old  pots  passed  through  a  silk  sieve.  If  the 
day  be  very  plastic  it  will  bear  its  own  wdght  of  the  powder,  but  if  shorter  in  quality, 
it  will  take  only  three  fifths.  But  before  mingling  it  with  the  cement  of  old  pots,  it  most 
be  dried,  bruised,  then  pidced,  ground,  and  finally  dutriated  by  agitation  with  water, 
decantation  through  a  hair  sieve^  and  subsidence.  The  day  fiuid  after  passing  the  sieve 
is  called  tlip  (coulis). 

The  furnace  is  built  of  dry  brioki^  cemented  with  slip,  and  has  at  eafh  of  its  four 
angles  a  peculiar  annealing  arch,  which  communicates  with  the  furnace  mteriorly,  and 
thence  derives  sufficient  heat  to  efifect  in  part,  if  not  whdly,  the  annealing  of  the  pots, 
which  are  always  deposited  there  a  long  time  before  they  are  used.     Three  of  these 
kfches,  exclusively  appropriated  to  this  purpose,  are  called  pot-arches.     The  fourth  is 
called  the  arck  of  the  materials,  because  it  serves  for  drying  them  before  they  are  founded. 
Each  arch  has,  moreover,  a  principal  opening  called  the  throat,  another  called  botmard^ 
by  the  French  workmen,  through  which  fire  may  be  kindled  in  the  arch  itself,  when  it. 
was  thought  to  be  necessary  for  the  annealing  of  the  pots;  a  practice  now  abandoned. 
The  duration  of  a  furnace  is  commonly  a  year,  or  at  most  14  months ;  that  of  the  arches 
is  30  years  or  upwards,  as  they  are  not  exposed  to  so  strong  a  heat. 

In  the  manufacture  of  plate-glass  two  sorts  of  crucibles  are  employed,  called  th« 
pots  and  the  basins  (cuvettes).  The  first  serve  for  containing  the  materials  to  b« 
founded,  and  for  keeping  them  a  long  time  in  the  mdled  state.  The  cuvettes  receive  tli« 
melted  glass  aAer  it  is  refined,  aqd  decant  it  out  on  the  table  to  be  rolled  into  a  f^teu^ 
Three  pots  hold  liquid  glass  for  six  small  basins,  or  for  three  large  ones,  the  latter 
employed  for  making  mirrors  of  great  dimensions,  that  Is^  100  inches  long  and 
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wtrdfl.  Fcmftoes  have  be«n  lately  eonstnicted  with  6  pots,  and  12  cuvettes,  8  of  vliicli 
tie  small,  and  4  large;  and  euvettes  of  three  sizes  are  made,  called  rmally  middlingy  and 
large.  The  small  are  perfect  cubes,  the  middling  and  the  large  ones  are  oblong  parallel- 
epipeds. Towards  the  middle  of  their  height,  a  notch  or  groove,  two  or  three  inches 
broad,  and  an  inch  deep,  is  left,  called  the  girdle  of  the  cuvette,  by  which  part  they  ar^ 
gnsped  with  the  tongs,  or  rather  are  clamped  in  the  iron  frame.  This  frame  goes  round 
the  four  sides  of  the  small  cuvettes,  and  may  be  placed  indifferently  upon  all  their  sides; 
in  the  other  cuvettes,  the  girdle  extends  only  over  the  two  large  sides,  because  they  can- 
not be  turned  up.     See  m  Ty  fig,  515,  p.  596. 

The  pot  is  an  inverted  truncated  cone,  like  a  crown  glass  pot.  It  is  about  30  inches 
high,  and  from  30  to'32  inches  wide,  including  its  thickness.  There  are  only  a  few  inches 
of  difiierence  betv/een  the  diameter  of  the  top  and  that  of  the  bottom.  The  bottom  is 
3  inches  thiek,  and  the  body  turns  gradually  thinner  till  it  is  an  inch  at  the  roo\ith  of  the 
pot. 

The  large  building  or  factory,  of  which  the  melting  furnace  occupies  the  middle  space^ 
is  called  the  halie  in  I^rench.  ^  At  Ravenhead  in  Lancashire  it  is  called  the  foundry,  and 
is  of  magnificent  dimensions,  being  probably  the  largest  apartment  under  one  roof  in 
Great  Britain,  since  its  length  is  339  feet,  and  its  breadth  155.  The  famous  kalle  of  St. 
Gobin  is  174  feet  by  120.  Along  the  two  side  walls  of  the  haUe,  which  are  solidly  con- 
structed of  hewn  fitone,  there  are  openings  like  those  of  common  ovens.  These  oyens, 
destined  for  the  annealing  of  the  newly  cast  plates,  bear  the  name  of  carquaises.  Their 
toies  are  raised  two  feet  and  a  half  above  the  level  of  the  eronnd,  in  order  to  bring  them 
into  the  same  horizontal  plane  with  the  casting  tables.  Their  length,  amounting  some- 
times to  30  feet,  and  their  breadth  to  20,  are  I'equired  in  order  to  accommodate  6,  8,  or 
even  10  plates  of  glass,  alongside  of  each  other.  The  front  aperture  is  called  the  iJiroat, 
and  the  back  door  the  Utile  throat  (gueuUtie),  The  carquaise  Is  heated  by  means  of  a 
fire-place  of  a  square  form  called  a  tisar,  which  extends  along  its  side. 

The  founding  or  melting  furnace  is  a  square  brick  building  laid  on  solid  foundations, 
being  from  8  to  10  feet  in  each  of  its  fronts,  and  rising  inside  into  a  vault  or  crown  about 
10  feet  high.  At  each  angle  of  this  square,  a  small  oven  or  arch  is  constructed,  likewise 
vaulted  within,  and  communicating  with  the  melting  furnace  by  square  flues,  called  /«• 
wttii,  throagh  which  it  receives  a  powerful  heat,  though  much  inferior  to  that  round  the 
pots.  Tlie  arches  are  so  distributed  as  thai  two  of  the  exterior  sides  of  the  furnace  stand 
wholly  free,  while  the  two  other  sides,  on  which  the  arches  encroach,  offer  a  free  space 
of  only  three  feet.  In  this  interjacent  space,  two  principal  openings  of  the  furnace,  of 
equal  size  in  each  side,  are  left  in  the  building.  These  are  called  tunnels.  They  are 
destined  for  the  introduction  of  the  pets  and  the  fuel. 

On  looking  throuirh  the  tunnels  into  the  inside  of  the  furnace,  we  perceive  to  the  right 
lumd  aad  the  left,  along  the  two/ree  sides,  two  low  platforms  or  sieges^  at  least  30  inches 
in  height  and  breadth.    See  figs,  506,  508. 

These  siege*  (seats)  being  intended  to  support  the  pots  and  the  cuvettes  filled  with 
heavy  materials,  are  terminated  by  a  slope,  which  ensures  the  solidity  of  the  fire-clay 
monnd.  The  slopes  of  the  two  sieges  extend  towards  the  middle  of  the  furnace  so  near 
as  to  leave  a  space  of  only  from  6  to  10  inches  between  them  for  the  hearth.  'The  end 
of  this  is  perforated  with  a  hole  sufficiently  laree  to  give  passage  to  the  liqt  id  glass  of  » 
broken  pot,  while  the  rest  is  preserved  by  lading  it  from  the  mouth  into  the  adjoining 
covette. 

In  the  two  lan^e  parallel  sides  of  the  /umace,  other  apertures  are  left  much  smaller 
than  the  tunnels,  which  are  called  ottvreaux  (peep  holes).  The  lower  ones,  or  the  ouvreaux 
en  ba$,  called  cuvette  openings,  because,  being  allotted  to  the  admission  of  these  vessels, . 
they  are  exactly  on  a  level  with  the  surface  of  the  sieges,  and  with  the  floor  of  the  ha^lc* 
Plates  of  cast-iron  form  the  thresholds  of  these  openings*  and  facilitate  the  in^;A>s  and 
egress  of  the  cuvettes.  The  apertures  are  arched  at  top,  with  hewn  stone  liKe'the  tun- 
nels, and  are  18  inches  wide  when  the  cuvettes  are  16  inches  broad. 

The  upper  and  smaller  apertures^  or  the  higher  ouvreaux  called  the  lading  holes,  be- 
cause they  serve  for  transvasing  the  liquid  glass,  are  three  in  number,  and  are  placed  31 
or  32  mches  above  the  surface  of  the  sieges.  As  the  pots  are  only  30  inches  high,  it 
becomes  easy  to  work  through  these  openings  either  in  the  pots  or  the  cuvettes.  The 
pots  stand  opposite  to  the  two  pillars  which  separate  the  openings,  so  that  a  space  is  left 
between  them  for  one  or  more  cuvettes  according  to  the  size  of  the  latter.  It  is  obvions 
that  if  the  tunnels  and  ouvreaux  were  left  open,  the  furnace  would  not  draw  or  take  the 
Kqaisite  founding  heat.  Hence  the*  openings  are  shut  by  means  of  fire-tiles.  These  are 
pat  ia  their  places,  and  removed  by  means  of  two  holes  left  in  them,  in  correspondence 
with  the  two  prongs  of  a  large  iron  fork  supported  by  an  axle  and  two  iron  wheels,  and 
tenninated  by  two  handles  which  the  workmen  lay  hold  of  when  they  wish  to  move 
the  tile. 
The  cloaijig  of  the  tunnel  is  more  eonplez.    When  it  is  shut  or  ready  for  the  ibiiig^ 
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the  apertare  appears  boilt  ap  with  bricks  and  mortar  flcom  the  top  of  the  trefa  to  the 
middle  of  the  tunnel.  The  remainder  of  the  door-way  is  closed ;  1.  on  the  two  sides 
down  to  the  bottom,  bjr  a  small  npright  wall,  likewise  of  bricks,  and  8  inches  broad, 
called  walls  of  the  glaye ;  2.  by  an  assemblage  of  pieces  called  pieces  of  the  glofty  be- 
cause the  whole  of  the  closure  of  the  tunnel  bears  the  name  of  glay$.  The  upper  hole, 
4  inches  square,  is  called  the  tisar^  through  which  billets  of  wo6d  are  tossed  into  the 
fire.  Fuel  is  also  introduced  into  the  posterior  openings.  The  fire  is  ahmjrs  kept  up  oa 
the  hearth  of  the  tunnel,  which  is,  on  this  account,  4  inches  higher  than  the  famaee« 
hearth,  in  order  that  the  glass  which  may  acciden^Uy  fall  down  on  it,  and  which  does 
not  flow  off  by  the  bottom  bole,  may  not  impede  the  combustion.  Should  a  body  of  glass, 
however,  at  any  time  obstruct  the  grate,  it  must  be  removed  with  rakes,  by  opening  the 
tunnel  and  dismounting  the  fire-tile  stoppers  of  the  glaye. 

Formerly  wood  fuel  alone  was  employed  for  heating  the  melting-furnaces  of  the 
mirror-plate  manufactory  of  Saint  Gobin ;  but  within  these  few  years,  the  Director  of 
the  works  makes  use  with  nearly  equal  advantage  of  pit-coal.  In  the  same  establishment, 
two  melting  furnaces  may  be  seen,  one  of  which  is  fixed  with  wood,  and  the  other  with 
coals,  without  any  difference  being  perceptible  in  the  quality  of  the  glass  furnished  by 
either.  It  is  not  true,  as  has  been  stated,  that  the  introduction  of  pit-coal  has  made  it 
necessary  to  work  with  covered  pots  in  order  to  avoid  the  discoloration  of  the  materials, 
or  that  more  alkali  was  required  to  compensate  for  the  diminished  heat  in  the  covered 
pots.  They  are  not  now  covered  when  pit-coal  is  used,  and  the  same  success  is  obtained 
as  heretofore  by  leaving  the  materials  two  or  three  hours  longer  in  the  pots  and  the  cu- 
vettes. The  construction  of  the  furnaces  in  which  coal  it  buraed,  u  the  same  as  thai 
with  wood,  with  slight  modifications.  Instead  of  the  close  bottomed  hearth  of  the  wood 
furnace,  there  is  an  iron  grate  in  the  eoal-hearth  through  which  the  air  enters,  a»d  the 
waste  ashes  descend. 

When  billets  of  wqod  were  used  as  fuel,  they  were  well  dried  beforehand,  by  being 
placed  a  few  days  on  a  frame-Work  of  wood  called  the  wheel,  placed  two  feet  above  the 
furnace  and  its  arches,  and  supported  on  four  pillars  at  some  distance  from  the  angles  of 
the  building. 

Compoaiiion  of  plate-glass, — ^This  is  not  made  now,  as  formerly,  by  raadom  tiaals. 
The  progress  of  chemistry,  the  discovery  of  a  good  process  for  the  manulaeture  of  sodm 
from  sea  salt,  which  furnishes  a  pure  alkali  of  uniform  power,  and  the  certain  methods 
of  ascertaining  its  purity,  have  rendered  this  department  of  glass-making  almost  entirely 
new,  in  France.  At  Saint  Gobin  no  alkali  is  employed  at  present  except  artificial 
crystals  of  soda,  prepared  at  the  manufactory  of  Chauny,  subsidiary  to  that  establish- 
ment. Leaden  chambers  are  also  erected  there  for  the  production  of  sulphuric  acid 
from  sulphur.  The  first  crop  of  soda  crystals  is  reserved  for  the  plate-glass  manufac- 
ture, the  other  crystals  and  the  mother- water  salts  are  sold  to  the  makers  of  inferior 
glass. 

At  the  mirror-plate  works  of  Ravenhead,  near  St.  Helen's  in  Lancashire,  soda  crys- 
tals, fr^  the  decomposition  of  the  sulphate  of  soda  by  chalk  and  coal,  have  been  also 
tried^  but  without  equal  success  as  at  Saint  Grobin ;  the  failure  being  unquestionably  due 
to  the  impurity  of  the  alkali.  "  Hence,  in  the  English  establishment  the  soda  is  obtained 
by  treating  sea-salt  with  pearl-ash,  whence  carbonate  of  soda  and  muriate  of  potash  re- 
sult. The  latter  salt  is  crystallized  out  of  the  mingled  solution,  by  evaporatmn  at  a  mod- 
erate heat,  fur  the  carbonate  of  soda  does  not  readily  crystallize  till  the  temperature  of  the 
solution  falls  below  6CP  Fahr.  When  the  muriate  of  potash  is  thus  removed,  the  alkaline 
carbonate  is  evaporated  to  dryness. 

Long  experience  at  Saint  Gobin  has  proved  that  one  part  of  dry  carbonate  of  soda  is 
adequate  to  vitrify  perfectly  three  parts  of  fine  silicious  sand,  as  that  of  the  mound  of 
Aumont  near  Senlis,  of  Alum  Bay  in  the  Isle  of  Wight,  or  of  Lynn  in  Norfolk.  It 
is  also  known  that  the  degree  of  heat  has  a  great  influence  upon  the  vitrification,  and 
that  increase  of  temperature  will  compensate  for  a  certain  deficiency  of  alkali ;  for  it  Is 
certain  that  a  very  strong  fire  always  dissipates  a  good  deal  of  the  soda,  and  yet  the  glass 
is  not  less  beautiful.  The  most  perfect  mirror-plate  has  constantly  afibrded  to  M.  Vau- 
quelin  in  analysis,  a  portion  of  soda  inferior  to  what  had  been  employed  in  its  formation. 
Hence,  it  has  become  the  practice  to  add  for  every  100  parts  .of  cuUet  or  broken  plate 
that  is  mixed  with  the  glass  composition,  one  part  of  alkali,  to  make  np  for  the  loss  thai 
the  old  glass  must  have  experienced. 

To  the  above  mentioned  proportions  of  sand  and  alkali  independently  of  the  cullei 
which  may  be  used,  dry  slaked  lime  carefully  sifted  is  to  be  adde(>  to  the  amount  of  one 
seventh  of  the  sand ;  or  the  proportion  will  be,  sand  7  cwts. ;  quicklime  1  cwt. ;  dry 
carbonate  of  soda  2  cwts.  and  37  lbs. }  besides  cuUet.  The  lime  improves  the  quality  of 
the  glass;  renderine  it  less  brittle  and  less  liable  to  change.  The  preceding  quantities 
of  materials,  suitably  blended,  have  been  uniformly  found  to  afford  most  advantageous 
results.    The  practice  formerly  was  to  dry  that  mixture  as  soon  as  it  was  made^  in  ikm 
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■> 
tidi  for  the  inftterialt,  Irat  it  has  been  ascertained  that  this  step  may  be  dispensed  with, 
tad  the  small  portion  of  homidity  present  is  dissipated  almost  instantly  aAer  they  are 
ihroWB  into  the  farnace.  The  coat  of  glaze  previously  applied  to  the  inside  of  the  pot, 
presents  the  moisture  from  doing  them  any  harm.  For  this  reason,  when  the  demand 
for  glass  at  Saint-Gobin  is  very  great,  the  materials  are  neither  fritted  nor  even  dried, 
hot  shovelled  directly  into  the  pot;  this  is  called  founding  raw.  Six  workmen  are 
employed  in  shovelling-in  the  materials  either  fritted  or  otherwise,  for  the  sake  of  expe- 
dition, and  to  prevent  the  furnace  getting  cooled.  One  third  of  the  mixture  is  introduced 
at  first ;  whenever  this  is  melted,  the  second  third  is  thrown  inland  then  the  last.  These 
three  stages  are  called  the  first,  second,  and  third  fusion  or  founding. 

According  to  the  ancient  practice,  the  founding  and  refining  were  both  executed  in 
the  pots,  and  it  was  not  till  the  glass  was  refined,  that  it  was  laded  into  ^the  cuvettes, 
where  it  remained  only  3  hours,  the  time  necessary  for  the  disengagement  of  the  air 
babbles  introduced  by  the  transvasion,  and  for  giving  the  metal  the  proper  consistence 
for  casting*  At  present,  the  period  requisite  for  founding  and  refining,  is  equally  divided 
between  the  pots  and  the  cuvettes.  The  materials  are  left  16  honrs  in  the  pots,  and  as 
maoy  in  the  atvelits ;  so  that  in  32  hours  the  glass  is  ready  to  be  cast.  During  the  last 
two  or  three  hours,  the  fireman  or  tiaeur  ceases  to  add  fuel ;  all  the  openings  are  shut, 
and  the  glass  is  allowed  to  assume  the  requisite  fluidity;  an  operation  called  stopping  the 
glass,  or  per/ormi$ig  the  ceremony. 

The  transfer  of  the  glass  into  the  cnvettes,  is  called  ladings  (trejetage),  before  this  is 
done,  the  eotettes  are  cleared  out,  that  is,  the  elass  remaining  on  their  bottom  is  removed, 
tad  the  ashes  of  the  firing.  They  are  lifted  red  hot  out  of  the  furnace  by  the 
method  preaently  to  be  described,  and  placed  on  an  iron  plate,  near  a  tub  filled 
with  water.  The  workmen,  by  means  of  iron  paddles  6  feet  long,  flattened  at  one  end 
and  hammered  to  an  edge,  scoop  out  the  fluid  glass  expeditiously,  and  throw  it  into  water; 
the  envettea  are  now  returned  to  the  furnace,  and  a  few  minutes  afterwards  the  lading 
bfgins. 

In  this  operation,  ladles  of  wrought  iron  are  employed,  furnished  with  long  handles, 
which  are  plunged  into  the  pots  through  the  upper  openings  or  lading  holes,  and  immedi- 
ately transfer  their  charge  of  glass  into  the  buckets.  Each  workman  dips  his  ladle  only 
three  times,  and  empties  its  contents  into  the  cuvette.  By  these  three  Immersions  (whence 
the  term  (rejefer  is  derived),  the  large  iron  spoOn  is  heated  so  much  that  when  plunged 
into  a  tub  full  of  water,  it  makes  a  noise  like  the  roaring  of  a  lion,  which  may  be  heard 
to  a  very  great  disiance. 

The  founding,  refining,  and  etremony^  being  finished,  they  next  try  whether  the  glass 
be  ready  for  easting.  With  this  view,  the  end  of  a  rod  is  dipped  into  the  bucket,  which 
is  called  drawing  ike  glass ;  the  portion  taken  up  being  allowed  to  run  off,  naturally 
assames  a  pear-shape,  from  the  appearance  of  which,  they  can  judge  if  the  consistence  be 
proper,  and  if  any  air  bubbles  remain.  If  all  be  right,  the  cuvettes  are  taken  out  of  the 
famace,  and  conveyed  to  the  part  of  the  halle  where  their  contents  are  to  be  poured  out. 
Thk  process  requires  peculiar  instruments  and  manipulations. 

Casting, — ^While  the  glass  is  refining,  that  is,  coming  to  ite  highest  point  of  perfection, 
preparation  is  made  for  the  most  important  process,  the  casting  of  the  plate,  whose 
soeeess  crowns  all  the  preliminary  labors  and  cares.  The  oven  or  carquaise  destined  to 
receive  and  anneal  the  plate  is  now  heated  by  its  small  fire  or  tisar,  to  such  a  pitch  that 
iU^le  may  have  the  same  temperature  as  that  of  the  plates,  being  nearly  red  hot  at  the 
moment  of  their  being  introduced.  An  unequal  degree  of  heat  in  the  carquaise  would 
cause  breakage  of  the  glass.  The  casting  table  is  then  rolled  towards  the  front  door  or 
throat,  by  means  of  levers,  and  its  surface  is  brought  exactly  to  the  level  of  the  sole  of 
the  oven. 

The  table  t,  fig,  515,  is  a  mass  of  bronze,  or  now  preferably  cast  iron,  about  10  feet 
long,  5  feet  broad,  and  from  6  to  7  inches  thick,  supported  by  a  frame  of  carpentry,  which 
re^^  on  three  cast  iron  wheels.  At  the  end  of  the  table  opposite  to  that  next  to  the  front 
of  the  oven,  is  a  very  strong  frame  of  timber- work,  called  the  puppet  or  standard,  upon 
which  the  bronze  roller  which  spreads  the  gla<is  is  laid,  before  and  af\er  the  casting.  This 
is  5  feet  long  by  1  foot  in  diameter ;  it  is  thick  in  the  metal  but  hollow  in  the  axis.  The 
same  roller  can  serve  only  for  two  plates  at  one  casting,  when  another  is  put  in  its  place, 
aad  the  first  is  laid  aside  to  cool  v  for  otherwise  the  hot  roller  would  at  a  third  casting 
make  the  plate  expand  unequally,  and  cause  it  to  crack.  When  the  rollers  are  not  in 
action,  they  are  laid  aside  in  strong  wooden  trestles,  like  those  employed  by  sawyers.  On 
the  two  sides  of  the  table  in  the  line  of  its  length,  are  two  parallel  bars  of  bronze,  t,  f, 
dcttined  to  snpport  the  roller  during  its  passage  from  end  to  end  ; '  the  thfckness  of  these 
bars  determines  that  of  the  plate.  The  table  being  thus  arranged,  a  crane  is  had  recourse 
to  for  lifting  the  envette,  and  keeping  it  suspended,  till  ft  be  emptied  upon  the  table. 
Thk  raising  and  suspension  are  eflfected  by  means  of  an  iron  gib,  furnished  with  pulleys, 
hdd  horizontally,  and  which  tarns  with  them. 
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middle,  for  embracing  Ibe  budtet.    Pour  chains  proceeding  fraia  the  comenof  Ihe  fniM 
V,  ore  united  >t  Iheir  other  endi  inio  >  liag  which  Its  ialo  the  hook  of  U>e  enae. 


Thingi  being  thni  arranged,  all  the  workmen  of  the  fboadry  eo-opcraie  ia  the  aanipo- 
latioaa  of  Ihe  cattinc.  Two  of  them  fetch,  and  place  qaicktyin  frunt  of  one  of  Ihe  lower 
openings,  the  smalt  cuvetle-carriaKe,  which  bears  a  forked  bar  of  iron,  hiTiDg  two  praii«i 
CorrespoDdioE  to  the  two  holes  left  ia  the  Gre-tlle  door.  This  folk,  mounted  on  the  axle 
of  two  cast-iron  wheels,  extends  at  its  other  end  into  two  benches  terminated  by  haodlea, 
by  which  the  workmen  moTe  the  fork,  lift  out  the  tile  stopper,  and  Kt  it  down  against 
the  outer  wall  of  the  furnace. 

The  instant  these  men  relire,  tmi  others  posh  forward  into  the  opeajng  the  citn- 
mitr  of  Ihe  tonga- carriage,  so  as  to  seiie  Ihe  bucket  by  the  girdle.  Or  rather  to  clamp  it. 
At  the  same  lime,  a  third  workman  is  busy  with  an  iron  piacb  or  long  chisel,  detaching 
(he  bucket  from  its  seat,  to  which  it  ofleo  adheres  by  some  spilt  glau  i  whenever  it  ia 
free,  he  withdraws  it  from  the  furnace.  Two  powerful  hranchea  of  iron  united  bj  a 
holt,  like  two  sciwor  blades,  which  open,  come  logelher,  and  join  by  a  quadianl  near  the 
other  end,  form  Ihe  tongs-rarriage,  which  is  mounted  upon  two  wheels  like  ■  truck. 

The  same  description  will  apply  alniosl  wholly  to  Ihe  iron-piate  cairiage,  on  which 
the  bucket  is  laid  the  moment  it  is  laifen  out  of  the  furnace ;  the  only  diOerence  in  ita 
constrnclkin  is,  that  on  the  bent  iron  bars  which  form  the  tail  er  lower  steps  of  this  car- 
riage (in  place  of  the  tonas)  is  permanently  fastened  an  iron  plate,  un  which  the  backet 
Is  placed  and  carried  tor  the  casting. 

Whenever  the  dttttle  is  set  upon  its  carriage,  it  most  be  rapidly  wheeled  to  it*  station 
neai  the  Crane.  The  longs  t  above  described  are  now  applied  to  the  girdle,  and  are  thea 
hooked  upon  the  crane  by  Ihe  suspenidon  chains.  In  this  position  the  bucket  is  skin- 
med  by  means  of  a  copper  tool  called  a  sabre,  because  It  has  nearly  the  shape  of  that 
weapon.  Every  portion  of  Ihe  matter  remnved  by  the  labre  is  thrown  into  a  copper 
ladle  {jtada  dt  gamin),  whieh  Is  emptied  from  time  to  time  into  a  cislern  of  water.  After 
being  skimmed,  Ihe  backet  is  li^ed  up,  and  brushed  very  clean  on  ils  sides  and  bottom  | 
then  by  the  double  handles  of  the  suspension-ton^  it  is  BWnai  round  to  the  table,  where 
it  is  seized  by  ihe  workmen  appointed  to  turn  il  over;  Ihe  roller  baring  been  previously 
laid  on  its  ruler-bars,  near  Ih'!  end  of  Ihe  table  which  is  in  contact  with  the  annealing 
oven.  The  aivetU-niea  begin  to  pour  out  towards  the  righl  exlremity  Eoflhe  roller,  and 
terminate  when  it  has  arrived  at  the  lefl  eitremitf  D.  While  preparing  to  do  ao,  and 
at  the  instant  of  cabling,  two  men  place  wilhin  theraler-bar  on  each  aide,  that  is,  belareen 
the  bar  and  Ihe  liquid  glas?,  two  iron  initmoieDts  called  Aaadi,  m,  m,  m,  m,  which  pre- 
vent the  glass  from  spreading  beyond  Ihe  rulers,  while  another  draws  along  Ihe  table  the 
wiping  bar  c,  c,  wrapped  in  linen,  to  remove  dust,  or  any  small  objecu  which  may  Inler- 
pose  between  the  table  and  Ihe  liquid  glasi. 

Whenever  Ihe  melied  glass  is  poartd  out,  two  men  spread  it  orer  the  table,  guiding 
the  roller  skiwly  and  steadily  along,  beyond  the  lioiila  of  Ihe  glass,  and  then  mn  it  amutlf 
into  the  wooden  standard  prepared  for  its  reception,  in  place  of  the  trestles  v,  v. 

The  empty  bucket,  while  still  red-hot,  is  hung  again  upon  the  eraoe,  set  on  ita  plate- 
iron  carriage,  freed  from  its  longs,  and  replaced  in  the  furnace,  to  be  speedily  cleiuwi 
out  anew,  and  charged  with  fresh  fluid  from  the  pots.  If  while  the  roller  gliiks  alniL 
the  two  workmen  who  stand  by  with  picking  looU,  perceive  Itart  in  the  mattar  in  ad- 
vance of  the  roller,  and  can  deilerouily  snatch  them  out,  they  are  suitably  rewarded, 
according  to  the  spot  where  the  blemish  lay,  whether  in  the  centre,  where  it  would 
liave  proved  most  detrimental,  or  near  the  edge.     These  lean  proMcd  Moally  irov 
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man  portions  of  semi-vitrifiod  matter  which  fall  iVom  the  vaiilt  of  the  furnace,  and  from 
their  density  oecupy  the  bottom  of  the  cuve/tet. 

While  the  plate  is  stiH  red-hot  and  ductile,  aboat  2  inches  of  its  end  opposite  to  the 
earqttaise  door  is  turned  up  with  a  tool ;  this  portion  is  called  the  head  of  the  mirror ; 
against  the  outside  of  this  head,  the  shoTel,  ip  the  shape  of  a  rake  without  teeth,  is  ap- 
plied, with  which  the  plate  is  eventually  pushed  into  the  oven,  while  two  other  workmen 
press  upon  the  upper  part  of  the  head  with  a  wooden  pole,  ei^ht  feet  long,  to  preserve 
ihe  plate  in  its  horizontal  position,  and  prevent  its  being  warped.  The  plate  is  now  left 
for  a  few  moments  near  the  throat  of  the  carquaise,  to  give  it  solidity ;  aAer  which  it  is 
pushed  farther  in  by  means  of  a  very  long  iron^tool,  whose  extremity  is  forked  like  the 
letter  y,  and  hence  bears  that  name ;  and  is  thereby  arranged  in  the  most  suitable  spot  for 
allowing  other  plates  to  be  intnxlnced. 

However  numerous  the  manipulations  executed  from  the  moment  of  withdrawing  the 
cuvette  from  the  furnace,  till  the  cast-plate Js  pushed  into  the  annealing  oven,  I  have  seen 
them  all  performed  in  les^s  than  five  minutes ;  snch  silence,  order,  regularity,  and  despafch 
prevail  in  the  establishment  of  Saint  Gobin. 

When  all  the  plates  of  the  same  casting  have  been  placed  in  the  carquaise,  it  is  sealed 
up,  that  is  to  say,  all  its  orifices  are  closed  with  sheets  of  iron,  surrounded  and  made  tight 
with  plastic  loam.  With  this  precaution,  the  cooling  goes  on  slowly  and  equably  in  every 
part,  for  no  cooling  current  can  have  access  to  the  interior  of  the  oven. 

After  they  are  perfectly  cooled,  the  plates  are  carefblly  withdrawn  one  after  another, 
keeping  them  all  the  while  in  a  horizontal  position,  till  they  are  entirely  out  of  the  car- 
quaite.  As  soon  as  each  plate  is  taken  out,  one  set  of  workmen  lower  quickly  and 
steadily  the  edge  which  they  hold,  while  another  set  raise  the  opposite  edge,  till  the  glass 
be  placed  upright  on  two  cQshrons  stufled  with  straw,  and  covered  with  canvass.  In 
this  vertical  position  they  pass  through,  beneath  the  lower  edge  of  the  plate,  three  girths 
or  straps  each  four  feet  long,  thickened  with  leather  in  their  middle,  and  ending  in 
wooden  handles ;  so  that  one  embraces  the  middle  of  the  plate,  and  the  other  two,  the 
ends.  The  workmen,  six  in  number,  now  seize  the  handles  of  the  straps,  lift  np  the 
glass  closely  to  i heir  bodies,  and  convey  it  with  a  regular  step  to  the  warehouse.  Here 
the  head  of  the  plate  is  first  cut  off  with  a  diamond  square,  and  then  the  whole  is  atten- 
tively examined,  in  reference  to  its  defects  and  imperfections,  to  determine  the  sections 
which  must  be  made  of  it,  and  the  eventual  ^ize  of  the  pieces.  The  pairings  and  small 
cuttings  detached  are  set  aside,  in  order  to  be  ground  and  mixed  with  the  raw  materials 
of  another  glass-pot. 

The  apartment  in  which  the  roughing-down  and  smoothing  of  the  plates  is  performed, 
is  furnished  with  a  ctmsidernble  number  of  stone  tables  truly  hewn  and  placed  apart  like 
billiard  tables,  in  a  horizontal  position,  about  2  feet  above  the  ground.  They  are  rec- 
tan^rnlar,  and  of  different  sizes  proportional  to  the  dimensions  of  the  plates,  which  they 
ought  always  to  oKeed  a  little.  ^  These  tables  are  supported  either  on  stone  pillars  or 
wooden  frames,  and  are  surrounded  with  a  wooden  board  whose  upper  edge  stands  some- 
what below  theii'  level,  and  leaves  in  the  space  between  it  and  the  stone  all  round  an  in- 
terval of  3  or  4  inches,  of  which  we  shall  presently  see  the  use. 

A  cast  plate,  unless  formed  on  a  table  quite  new,  has  always  one  of  its  faces,  the  one 
next  the  table,  rougher  than  the  other;  and  with  this  face  the  roughing-down  begins. 
With  this  view,  the  smoother  face  is  cemented  on  the  stone  table  with  Paris-plaster.  But 
often,  instead  of  one  plate,  several  are  cemented  alongside  of  each  other,  those  of  the  same 
thickness  being  carefully  selected.  They  then  take  one  or  more  crude  plates  of  about  one 
third  or  one  fourth  the  surface  of  the  plate  fixed  to  the  table,  and  fix  it  on  them  with 
liquid  gypsum  to  the  large  base  of  a  quadrangular  truncated  pyramid  of  stone,  of  a  weight 
proponioned  to  its  extent,  or  about  a  pound  to  the  square  inch.  This  pyramidal  muller, 
if  small  sized,  bears  at.  each  of  its  aneles  of  the  upper  face  a  peg  or  ball,  which  the 
grinders  lay  hold  of  in  working  it ;  but  when  of  greater  dimension,  there  is  sidapted  to  it 
horizontally  a  wheel  of  slight  construction,  8  or  10  feet  in  tliameter,  whose*  circumference 
is  made  of  wood  rounded  so  as  to  be  seized  with  the  hand.  The  upper  plate  is  now 
rubbed  over  the  lower  ones,  with  moistened  sand  applied  between. 

This  operation  is  however  performed  by  machinery.  The  under  plate  being  fixed  or 
imbedded  in  stucco,  oh  a  solid  table,  thie  upper  one  likewise  imbedded  by  the  same 
cement  in  a  cast  iron  frame,  has  a  motion  of  circumrotalion  given  to  it  closely  resem* 
hling  that  communicated  by  the  human  hand  and  arm,  moist  sand  being  supplied 
between  them.  While  an  eccentric 'mechanism  imparts  this  double  rotatory  tooveinent 
to  the  upper  plate  round  its  own  centre,  and  of  that  centre  round  a  point  in  the  lower 
plate,  this  plate,  placed  on  a  moveable  platform,  changes  its  position  by  a  slow  horizontal 
motion,  both  in  the  direction  of  its  length  and  its  breadth.  By  this  ingenious  con- 
trivance, which  pervades  the  whole  of  the  grinding  and  polishing  machinery,  a  remark- 
aUe  regularity  of  friction  and  truth  of  surface  is  produced.  -  When  the  plates  are  safB- 
eieatly  worked  on  one  face,  they  are  reversed  in  the  frames,  and  worked  ti^ether  on 
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the  ether.    The  Paris  plaster  is  usually  colored  red,  in  order  to  show  any  defects  ia  tha 
i^las5. 

The  smoothing  of  the  plates  is  effected  on  the  same  principles  by  the  use  of  moist 
emery  washed  to  successive  degrees  of  fineness,  for  the  successive  stages  of  the  operation; 
and  the  polishing  process  is  performed  by  rubbeis  of  hat-felt  and  a  thin  paste  of  colcothar 
and  water.  The  colcothar,  called  also  crocus,  is  red  oxyde  of  iron  prepared  by  the  igni- 
tion of  copperas,  with  grinding  and  elutriation  of  the  residuum. 

The  last  part  or  the  polishing  process  is  performed  by  hand.  This  is  managed  by  fe- 
males, who  slide  one  plate  over  another,  while  a  Httle  moistened  putty  of  tin  finely  levi- 
gated is  thrown  between. 

Large  mirror-plates  are  now  the  indispensable  ornaments  of  ever}'  large  and  sumptuous 
apartment;  they  diffuse  lustre  and  gayety  round  them,  by  reflecting  the  rays  of  light  in  a 
thousand  lines,  and  by  multiplying  indefinitely  the  images  of  objects  placed  between  op- 
posite parallel  planes. 
.The  silvering  of  plane  mirrors  consists  in  applying  a  layer  of  tin-foil  alloyed' with  mer- 
cury to  their  posterior  surface.  The  workshop  for  executing  this  operation  is  provided 
with  a  great  many  smooth  tables  of  fine  freestone  or  marble,  truly  levelled,  having  round 
their  contour  arising  ledge,  within  which  there  is  a  gutter  or  groove  which  terminates  by 
a  slight  slope  in  a  spout  at  one  of  the  corners.  These  tables  rest  upon  an  axis  of  wood 
or  iron  which  runs  along  the  middle  of  their  length ;  so  that  they  may  be  inclined  easily 
into  an  angle  with  the  horizon  of  12  or  13  degrees,  by  means  of  a  hand-screw  fixed  be- 
low. They  are  also  furnished  with  brushes,  with  glass  rules,  with  rolls  of  woollen  stufiT, 
several  pieces  of  flannel,  and  a  great  many  weights  of  stone  or  cast-iron. 

The  glass-tinner,  standing  towards  one  angle  of  his  table,  sweeps  and  wipes  its  surface 
with  the  greatest  care,  along  the  whole  surface  to  be  occupied  by  the  mirror- plate ;  then 
taking  a  sheet  of  tin-foil  adapted  to  his  purpose,  he  spreads  it  on  the  table,  and  applies 
it  closely  with  a  brush,  which  removes  any  folds  or  wrinkles.  The  table  being  hori- 
zontal, he  pours  over  the  tin  a  small  quantity  of  quicksilver,  and  spreads  it  with  a  roll 
of  woollen  stuff;  so  that  the  tin-foil  is  penetrated  and  apparently  dissolved  by  the  mer- 
cury. Placing  now  two  rules,  to  the  right  and  to  the  leA,  on  the  borders  of  the  sheet,  he 
pours  on  the  middle  a  quantity  of  mercury  sufficient  to  form  everywhere  a  layer  about 
the  thickness  of  a  crown  piece;  then  removing  with  a  linen  rag  the  oxyde  or  other  im- 
purities, he  applies  to  it  the  edge  of  a  sheet  of  pa{)er,  and  advances  it  about  half  an  inch. 
Meanwhile  another  workman  is  occupied  in  drying  very  nicely  the  surface  of  the  glass 
that  is  to  be  silvered,  and  then  hands  it  to  the  master  workman,  who,  laying  it  fiat, 
places  its  anterior  edge  first  on  the  table,  and  then  on  the  slip  of  paper ;  now  pushing 
the  glass  forwards,  he  takes  care  to  slide  it  along  so  that  neither  air  nor  any  coat  of 
oxyde  on  the  mercury  can  remain  beneath  the  plate.  When  this  has  reached  its  position, 
he  fixes  it  there  by  a  weight  applied  on  its  side,  and  gives  the  table  a  gentle  slope,  to 
run  off  all  the  loose  quicksilver  by  the  gutter  and  spout.  At  the  end  of  five  minutes  he 
covers  the  mirror  with  a  piece  of  flannel,  and  loads  it  with  a  great  many  weights  which 
are  left  upon  it  for  tweniy-four  hours,  under  a  gradually  increased  inclination  of  the  table. 
By  this  time  the  plate  is  ready  to  be  taken  off  the  marble  table,  and  laid  on  a  wooden  one 
sloped  like  a  reading  desk,  with  its  under  edge  resting  on  the  ground,  while  the  upper  is 
raised  successively  to  different  elevations  by  means  of  a  cord  passing  over  a  pulley  in  the 
ceiling  of  the  room.  Thus  the  mirror  has  its  slope  graduated  from  day  to  day,  till 
it  finally  arrives  at  a  vertical  position.  About  a  month  is  required  for  draining  out 
the  superfluous  mercury  from  large  mirrors;  and  from  18  to  20  days  from  those  of 
moderate  size.  The  sheets  of  tin-foil,  being  always  somewhat  larger  than  the  glass 
plate,  their  edges  must  be .  paired  smooth  off,  before  the  plate  is  liAed  off  the  marble 
table. 

Process  for  tilvering  concave  mirrors, — ^Having  prepared  some  very  fine  Paris  plaster  by 
passing  it  through  a  silk  sieve,  and  some  a  little  coarser  passed  through  hair-cloth,  the 
first  is  to  be  knade  into  a  creamy  liquor  with  water,  and  aAer  smearing  the  concave  surface 
of  the  glass  with  a  film  of  olive  oil,  the  fine  plaster  is  to  be  poured  into  it,  and  spread  by 
turning  about,  till  a  Ifyer  of  plaster  be  formed  about  a  tenth  of  an  inch  thidc.  The 
second  or  coarse  plaster,  being  now  made  into  a  thin  paste,  poured  over  the  first,  and 
moved  about,  readily  incorporates  with  it,  in  its  imperfectly  hardened  state.  Thus  an 
exact  mould  is  obtained  c^  the  concave  surface  of  the  glass,  which  lies  about  three  quar- 
ters of  an  inch  thick  upon  it,  but  is  not  allowed  to  rise  above  its  outer  edge. 

The  mould,  being  perfectly  dried,  must  be  marked  with  a  point  of  coincidence  on  the 
glass,  in  order  to  permit  of  its  being  exactly  replaced  in  the  same  position,  aAer  it  has 
been  lifted  out.  The  mould  is  now  removed,  and  a  round  sheet  of  tin-foil  is  applied  to  it, 
so  large  that  an  inch  of  its  edge  may  project  beyond  the  plaster  all  round ;  this  border 
being  necessary  for  fixing  the  tin  to  the  contour  of  the  mould  by  pellets  of  white  wax 
softened  a  little  with  some  Venice  turpentine.  Before  fixing  the  tin-foil,  however,  it 
must  be  properly  spread  over  the  mould,  so  as  to  remove  every  wrinkle ;  which  the 
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jdiftAcy  of  Che  foil  easily  tdmits  of,  by  aniform  aDd  well-directed  pressure  with  the 
Angers. 

The  giass  being  placed  in  the  hollow  bed  of  a  tight  sack  filled  with  fiae  sand,  set  in  a 
well-jointed  box,  capable  of  retaining  quicksilver,  its  concaTe  surface  must  be  dusted 
with  siAed  wood-ashes,  or  Spanish  white  contained  in  a  small  cotton  bag,  and  then  well 
wiped  with  clean  linen  ragR,  to  free  it  from  all  adhering  impurity,  and  particularly  the 
moiatnre  of  the  breath.  The  concavity  most  be  now  filled  with  quicksilver  to  the  very 
lip,  and  the  mould,  being  dipped  a  little  way  into  it,  is  withdrawn,  and  the  adhering 
mercary  is  spread  over  the  tin  with  a  soft  flannel  roU,  so  as  to  amalgamate  and  brighten 
its  whole  surface,  taking  every  precaution  against  breathing  on  it.  Whenever  this 
bmhtening  seems  complete,  the  mould  is  to  be  immersed,  not  vertically,  but  one  edge 
at  first,  and  thus  obliquely  downwards  till  the  centres  coincide  r  the  mercury  meanwhSe 
being  slowly  displaced,  and  the  mark  on  the  mould  l>eing  brought  finally  into  coinA- 
dence  with  the  mark  on  the  glass.  The  mould  is  now  leA  to  operate  by  its  own  weight, 
in  expelling  the  superfluous  mercury,  which  runs  out  upon  the  sand-bag  and  thence 
into  a  groove  in  the  bottom  of  the  box,  whence  it  overflows  by  a  spout  into  a  leather  bag 
of  reeeption.  AAer  half  an  hour's  repose,  the  whole  is  cautiously  inverted,  to  drain  off 
the  quicksilver  more  completely.  For  this  purpose,  a  box  like  the  first  is  provided 
with  a  central  support  rising  an  inch  above  its  edges;  the  upper  surface  of  the  support 
being  nearly  equal  in  diameter  to  that  of  the  mould.  Two  workmen  are  required  to 
execute  the  following  operation.  Each  steadies  the  mould  with  the  one  hand,  and  raises 
the  box  with  the  other,  taking  care  not  to  let  the  mould  be  deranged,  which  they  rest 
on  the  (convex)  support  of  the  second  box.  Before  inverting  the  first  apparatus,  how- 
ever, the  reception  bag  must  be  removed,  for  fear  of  spilling  its  mercury.  The  redun- 
dant quicksilver  now  drains  ofi";  and  if  the  weight  of  the  sandbag  is  not  thought  suffi- 
cient, supplementary  weights  are  added  at  pleasure.  The  whole  is  lefl  in  this  position 
for  two  or  three  days.  Before  separating  the  mirror  from  its  mould,  tl^  border  of  tin- 
foil, fixed  to  it  with  wax,  must  be  pared  off  with  a  knife.  Then  the  weight  and 
sandbag  being  removed,  the  glass  is  liAed  up  with  its  interior  coating  of  tin- 
amalgam. 

For  silvering  a  convex  eur/ace, — A  concave  plaster  mould  Is  made  on  the  convex  glass, 
and  their  points  of  coincidence  are  defined  by  marks.  This  mould  is  to  be  lined  with 
tinfoil,  with  the  precautions  above  described ;  and  the  tin  surface  being  first  brightened 
with  a  little  mercury,  the  mould  is  then  filled  with  the  liquid  metal.  Tlie  glass  is  to  be 
well  cleaned,  and  immersed  in  the  quicksilver  bath,  which  will  expel  the  greater  part  of 
the  metal.  A  sandbag  is  now  to  be  laid  on  the  glass,  and  the  whole  is  to  be  inverted  as 
in  the  former  case  on  a  support ;  when  weights  are  to  be  applied  to  the  mould,  and  the 
mercury  is  leA  to  drain  off  for  several  days. 

If  the  glass  be  of  large  dimensions,  30  or  40  inches,  for  example,  another  method  is 
adopted.  A  circular  frame  or  hollow  ring  of  wood  or  iron  is  prepared,  of  twice  the  diam- 
eter of  the  mirror,  supported  on  three  feet.  A  circular  piece  of  new  linen  cloth  of  close 
texture  is  cut  out,  of  equal  diameter  to  the  ring,  which  is  hemmed  stoutly  at  the  border, 
and  furnished  round  the  edge  with  a  row  of  small  holes,  for  lacing  the  doth  to  the  ring, 
so  as  to  leave  no  folds  in  it,  but  without  bracing  it  so  lightly  as  to  deprive  it  of  the  elaa- 
ticity  necessary  for  making  it  into  a  mould.  This  apparatus  being  set  horizontally,  a 
leaf  of  tinfoil  is  spread  over  it,  of  sufficient  size  to  cover  the  surface  of  the  glass;  the 
tin  is  first  brightened  with  mercury,  and  then  as  much  of  the  liquid  metal  is  poured  on  as 
a  plane  mirror  requires.  The  convex  glass,  well  cleaned,  is  now  set  down  on  the  cloth, 
and  its  own  weight,  joined  to  some  additional  weights,  gradually  presses  down  the  cloth, 
and  caus^es  it  to  assume  the  form  of  the  glass  which  thus  comes  into  close  contact  with 
the  tin  submersed  under  the  quicksilver.  The  redundant  quicksilver  is  aAerwards  drained 
off  by  inversion,  as  in  common  cases. 

The  following  recipe  has  been  given  for  slivering  the  inside  of  glass  globes.  Melt  in 
an  iron  ladle  or  a  crucible,  equal  parts  of  tin  and  lead,  adding  to  the  fused  alloy  one  part 
of  bruised  bismuth.  Stir  the  mixture  well,  and  pour  into  it  as  it  cools,  two  parts  of  dry 
mercury ;  agitating  anew  and  skimming  off  the  drossy  film  from  the  surface  of  the  amal- 
gam. The  inside  of  the  glass  globe,  being  freed  from  all  adhering  dust  and  humidity,  is 
to  be  gently  heated,  while  a  little  of  the  semi-fluid  amalgam  b  introduced.  The  liquidity 
being  increased  by  the  Slight  degree  of  heat,  the  metallic  coating  is  applied  to  all  the 
points  of  the  glass,  by  turning  round  the  globe  in  every  direction,  but  so  slowly  as  to 
favor  the  adhesion  of  the  alloy.  This  silrering  is  not  so  substantial  as  that  of  plane  mir* 
lors  :  but  the  form  of  the  vessel,  whether  a  globe,  an  ovoid,  or  a  cylinder,  conceals  or 
palliates  the  defects  by  counter  reflection  from  the  opposite  surfaces. 

Coiared  GUubcs  and  Artificial  Geme, — The  general  vitreous  body  preferred  by  Fon- 
tanieo  in  his  treatise  on  this  subject,  which  he  calls  the  Mayence  base,  is  prepared  in 
the  following  manner.  Eight  ounces  of  pure  rock-crystal  or  flint  in  powder,  mixed 
with  24  ounces  of  salt  of  tsirtar,  are  baked  and  left  to  cool.    This  is  afterwards  poured 
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into  a  buia  of  hot  water,  and  treated  with  dilute  nitne  acid  UlL  It  CMse»  to  efierreMe, 
when  the  frit  is  to  be  washed  til)  the  water  comes  off  tasteless.  The  frit  is  now  dried 
and  mixed  with  12  ounces  of  fine  white  lead,  and  the  mixture  is, to  be  leyi^ated  aad  elu- 
triated with  a  little  distilled  water.  An  ounce  of  calcined  borax  is  to  be  added  to  about 
12  ounces  of  the  preceding  mixture  in  a  dry  state,  the  whole  rubbed  together  in  a  porce- 
lain mortar,  then  melted  in  a  clean  crucible,  and  poured  out  into  cold  water.  Thisvitre> 
0U8  matter  must  be  dried,  and  melted  a  second  and  a  third  time,  always  in  a  new  crucible, 
and  after  each  melting  poured  into  cold  water  as  at  first,  taking  care  to  separate  the  lead 
that  may  be  revived.  To  the  last  glass  gnoqnd  to  powder,  five  drachms  of  nitre  are  to  be 
added,  and  the  mixture  being  melted  for  the  last  time,  a  mass  of  crystal  will  be  found  in 
the  crucible  with  a  beautiful  lustre.  The  diamond  is  well  imitated  by  this  Mayenee 
base.  Another  very  fine  while  crystal  may  be  obtained,  according  to  M.  Fooianieu,  from 
Aght  ounces  of  white  lead,  two  ounces  of  powdered  borax,  half  a  grain  of  manganese^ 
and  three  ounces  of  rock-crystal,  treated  as  above. 

The  cok)r8  of  artificial  gems  are  obtained  from  metallic  oxydes.  The  windal  topaz  is 
prepared  by  adding  oxyde  of  antimony  to  the  bf^e ;  the  amethyst  from  manganese,  with 
a  little  purple  precipitate  of  Cassius:  the  beryl  from  antimony  and  a  very  liitle  cobalt; 
yeUow  artificial  diamond  and  opal  from  horn-silver  (chloride  of  silver) ;  blue  stone  from 
cobalt.    See  Pastes  and  Pigment?  YiTRiriABLC. 

The  following  are  recipes  for  making  the  dififerent  kinds  of  glass. 

1.  Boiik  glass. — 11  pounds  of  dry  glauber  salts;  12  pounds  of  soaper  salts;  a  half 
bushel  of  waste  soap  ashes;  56  pounds  of  sand ;  22  pounds  of  glass  skimmings;  1 
cwt.  of  green  broken  glass ;  25  pounds  of  basalt.  This  mixture  aifords  a  dark  green 
glass. 

2.  Yellow  or  white  sand,  100  parts ;  kelp,  30  to  40;  lixiviated  wood  ashes,  from  160 
to  170  parts;  fresh  wood  ashes,  30  to  40  parts;  potter's  clay,  80  to  100  parts;  cuUet  or 
broken  glass,  100.    If  basalt  be  used,  the  proportion  of  kelp  may  be  diminished. 

In  two  bottle^lass  houses  in  the  neighborhood  of  Valenciennes,  an  unknown  in- 
gredient, sold  by  a  Belgian,  was  employed,  which  he  called  spar.  This  was  discovered 
by  chemical  analysis  to  be  sulphate  of  baryta.  The  glass-makers  observed  that  the 
bottles  which  contained  some  of  this  substance  were  denser,  more  homogeneous,  more 
fusible,  and  worked  more  kindly,  than  those  formed  of  the  common  materials.  When 
one  prime  equivalent  of  the  silicate  of  baryta  =  123,  is  mixed  with  three  primes  of  the 
silicate  of  soda  =  (3  X  77*6)  232*8,  and  exposed  in  a  proper  furnace,  vitrification 
readily  ensues,  and  the  glass  may  be  worked  a  little  under  a  cherry  red  heat,  with  as 
much  ease  as  a  glass  of  lead,  and  has  nearly  the  same  lustre.  Since  the  ordinary  ran 
of  glass-makers  are  not  familiar  with  atomic  proportions,  they  should  have  recourse  to 
a  scientific  chemist,  to  guide  them  in  using  such  a  proi)ortion  of  sulphate  of  baryta  as 
may  suit  their  other  viireous*  ingredients ;  for  an  excess  or  defect  of  any  of  them  will 
injure  the  quality  of  the  glass. 

3.  Oreen  window  glass,  or  broad  glass. — 11  pounds  of  dry  glauber  salts;  10  pounds  of 
soaper  salts ;  half  a  bushel  of  lixiviated  soap  waste ;  50  pounds  of  sand ;  22  ponnds  of 
glass  pot  skimmings ;   1  cwt.  of  broken  green  glass. 

4.  Crown  glass, — 300  parts  of  fine  sand ;  200  of  good  soda  ash ;  33  of  lime ;  from 
250  to  300  of  broken  glass;  60  of  white  sand;  30  of  purified  potash;  15  of  saltpetre 
(1  of  borax);  ^  of  arsenious  acid. 

5.  Nearly  while  table  glass. — ^20  pounds  of  potashes;  11  pounds  of  dry  glauber  salts; 
16  of  soaper  salt;  55  of  sand;  140'of  cuUet  of  the  same  kind.  Another. — 100  of  sand; 
235  of  kelp ;  60  of  wood  ashes ;  1^  of  manganese ;  100  of  broken  glass. 

6.  While  table  gUtss.-^O  pounds  of  potashes;  11  of  chalk ;  76  of  sand;  |  of  manga- 
nese; 95  of  white  cuUet. 

Another. — 50  of  purified  potashes ;  100  of  sand ;  20  of  chalk ;  and  2  of  saltpetre. 
Bohemian  table  or  plate  glass  is  made  with  63  parts  of  quartz ;  26  of  purified  pot- 
ashes ;  1 1  of  sifted  slaked  lime,  and  some  cullet. 

7.  Crystal  glass. — 60  parts  of  purified  potashes;  120  of  sand^  24  of  chalk;  2  of  salt- 
petre ;  2  of  arsenious  acid ;  JL  of  manganese. 

Another. — 70  of  purified  pearlashes;  120  pf  white  sand;  10  of  saltpetre;  |  of  arse* 
nious  acid ;  }  of  manganese. 

A  third. — 67  of  sand ;  23  of  purified  pearlashes ;  10  of  sifted  slaked  lime ;  }  of  man- 
ganese; (5  to  8  of  red  lead). 

A  fourth. — 120  of  white  sand ;  50  of  red  lead ;  40  of  purified  pearlash ;  20  of  salt- 
petre ;  I  of  manganese. 

A  fifih.— 120  of  white  sand ;  40  of  pearlash  purified;  35  of  red  lead ;  13  of  saltpetre; 
y^  of  manganese. 

A  sixtb.---^0  of  the  finest  sand;  20  of  red  lead;  8  of  pearlash  purified;  2  of  salt* 
petre ;  a  little  arsenious  acid  and  manganese. 
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AKTMiib.  — IMornnd;  i6oCiei\t*i;  3S  of  purified  pearlubn i  ^ofnMUiganesei 

puts;  carbonate 


8.  Plate  giau. — TcTT  white  laod  300  parts;  di7  ptiriGed  loda  1 
»r  lime  43  parts;  man^nrae  1 ;  cnllet  300. 

Anolfaer. — Finest  sand   720;  purified    soda  4S0j  quickliinc  80  parts;  sallpetire  S5 
parli;  enllct  42S. 

A  little  borax  has  ilgo  been  prcKribed  ;  macfa  of  it  communicates  an  eifoliating  pro- 
perly to  glus. 

Tabular  *iew  oT  tbe  composition  of  several  kinds  of  Glass. 
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1  Oijde  of  iron 
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Ko.  I  is  ■  ver7  braotlful  while  vine  glass  of  Neuwell  in  Bofacmia. 
Ko.  2,  Glasd  lubes,  much  more  fueible  thsD  conuoon  wine  glanea. 
No.  3.  Crown  glnss  of  Bohemia. 
No.  4.  Green  ^Isss,  for  medicinal  liale  and  retorts. 
No.  5.  Flask  gliss  of  St.  Elienne,  for  which  some  heavy  spar  is  iued. 
No.  6.  Glafs  of  Sevres. 

No.  7.  London  eiiiss  employed  for  chemiciil  and  phyticat  purpOM*. 
No.  8.  Enclish  flint  glass. 
Ko.  9.  Guinand's  flint  ^liss. 

The  manufacture  of  Glau  beadi  at  Murano  near  Venice,  is  most  in^niously  simple. 
Tubes  of  gluss  of  e»ery  color  are  drawn  out  to  great  lengths  in  a  gallery  adjoining  tbe 
Elats-house  poLs,  in  the  same  way  bb  the  more  mod  era  le.  lengths  of  thermomtter  and 
taromeler  tubes  are  drawn  in  our  g}as*-honseB.  These  lubes  ore  chop^ied  into  very  small 
pieces  of  nearly  uniform  length  on  the  upright  edge  of  a  filed  chisel.  These  elementary 
tjlinden,  being  then  put  in  a  heap  into  a  mixture  of  fine  sand  and  wood  ashes,  are  stirred 
abont  Tilh  an  iron  spstiila  lill  Iheir  cavities  get  filled.  This  curious  miitare  is  now 
traniferrtd  to  an  iron  pan  BUspended  over  a  moderate  fire  and  conlinuallr  stirred  about 
as  belbrF,  whereby  tbe  crlindrical  bits  assume  a  smooth  rounded  form  ;  so  that  when  ra- 
Diovfd  fiom  the  fire  and  cleared  o'lt  in  the  bore,  they  constitute  beads,  which  are  packed 
in  cask»,  and  exported  in  prodigious  quantities  to  almost  every  country,  especially  to 
Afi  icB  ttid  Spain. 

GLASS  CUTTING  AND  GRINDING,  for  common  and  optical  purposes.  Sy  this 
neehinicil  process  the  surface  of  glass  may  be  modified  into  almost  any  ornamental  or 
Uefnl  form. 

I-  Tbe  grinding  of  crysla!  ware.      This  Iliad  of  glass  is,  best  adapted  to  receive 

politbed  fseets,  both  on  account  of  its  relative  softness,  and  its  higher  refractive  power, 

vhieh  gives  lustre  to  its  Burfncc.     The  cotling  shop  should  be  a  spaciokis  long  a[iarl- 

Deat,  Airnisbtd  with  numerous  sky-lights,  having  the  grinding  and   polisliing  lathe* 

snugnl  right  under  them,  which  are  set  in  motion  by  a  steamengine  or  water-wheel  at 

g|g         ,^  one  end  of  the  building.      A.  shaft  is  fixed  as  usual 

in  gallowBCS  along  the  ceiling;  and  from  the  pulleys 

■    of  the    sh»(^   bands  descend  to  turn  the  difierenl 

\   lathes,  by  passing  round  the  driving  pulleys  neal 

'   their  ends. 

The  turning  lathe  is  of  the  simplest  constmctJoil. 
Fig.  5IG,  D  is  BO  iron  spindle  with  two  well-turned 
prolongations,  running  in  the  iron  puppets  a  a, 
between  two  cooeave  bushes  of  tin  oi  type  metal, 
which  oiny  be  preBsed  more  or  less  together  by  the 
.  thumb-screws  shown  in  the  figure.  These  two 
puppets  are  made  fast  to  the. wooden  support  b, 
which  is  attached  by  a  strong  screw  and  bolt  to  tbe 
K3;iini!Ina1  bean  of  tbe  workshop  a.      b  is  the  fast  and  loose  pulley  for  putting  the 
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lathe  into  and  out  of  gear  with  the  driving  ihalt  The  projeetiDg  end  of  the  sinndle  if 
fomished  with  a  hollow  head-piece,  into  whidi  the  rod  c  is  pushed  tight.  This  rod  ear. 
ries  the  cutting  or  grinding  disc  plate.  For  heavy  work,  this  rod  is  fixed  into  the  head 
by  a  screw.  When  a  conical  fit  is  preferred^  the  cone  is  covered  with  lead  to  increase 
the  friction* 

Upon  projecting  rods  or  spindles  of  that  kind  the  difierent  discs  for  cutting  the  glass 
are  made  fast.  Some  of  these  are  made  of  fine  sandstone  or  pdlishing  slate,  from  8  to  10 
inches  in  diameter,  and  from  |  to  ^  inch  thick.  They  must  be  carefully  tamed  and  polish- 
ed at  the  lathe,  not  only  upon  their  rounded  but  upon  their  flat  face,  in  order  to  grind  and 
polish  in  their  turn  the  flat  and  curved  surfaces  of  glass  vessels.  Other  discs  of  the 
same  diameter,  but  only  |  of  an  inch  thick,  are  made  of  cast  tin  truly  turned,  and  serve 
for  polishing  the  vessels  previously  ground ;  a  third  set  consist  of  sheet  iron  from  4  to  ) 

an  inch  thick,  and  12  inches  in  diameter,  and  are  destined  to  cat  grooves  in  glass  by  the 
aid  of  sand  and  Water.  Small  discs  of  well-hammered  copper  from  J  to  3  inches  in 
diameter,  whose  circumference  is  sometimes  flat,  and  sometimes  concave  or  convex,  serve 
to  make  all  sorts  of  delineations  upon  glass  by  means  of  emery  and  oil.  Lastly,  there 
are  rods  of  copper  or  brass  furnished  with  small  hemispheres  from  -J^  to  }  of  an  inch  in 

diameter,  to  excavate  round  holl6ws  in  glass.  Wooden  discs  are  also  employed  for  polish- 
ing, made  of  white  wood  cut  across  the  grain,  as  also  of  cork. 

The  cutting  of  deep  indentations,  and  of  grooves,  is  usually  performed  by  the  iron 
disc,  with  sand  and  water,  which  are  allowed  constantly  to  trickle  down  from  a  wooden 
hopper  placed  right  over  it,  and  furnished  with  a  wooden  stopple  or  plug  at  the  apex,  to 
regulate  by  its  greater  or  less  looseness  the  flow  of  the  grinding  materials.      The  same 

effect  may  be  produced  by  using  buckets  as  shown  in  fi^,  517.  The 
sand  which  is  contained  in  the  bucket  f,  above  the  lathe,  has  a  spigot 
and  faucet  inserted  near  its  bottom,  and  is  supplied  with  a  stream  of 
water  from  the  stopcock  in  the  vessel  o,  which,  together  running  down 
the  inclined  board,  are  conducted  to  the  periphery  of  the  disc  as  shown 
in  the  figure,  to  whose  lowest  point  the  glass  vessel  is  applied  with 
pressure  by  the  hand.  The  sand  and  water  are  aAerwards  collected  in 
the  tub  M.  Finer  markings,  which  are  to  remain  without  lustre,  are 
made  with  the  small  copper  discs,  emery,  and  oil.  The  polishing  is 
eflected  by  the  edge  of  the  tin  disc,  which  is  from  time  to  time  moisten- 
ed with  putty  (white  oxyde  of  tin)  and  water.  The  wooden  disc  is 
also  employed  for  this  purpose  with  putty,  colcothar,  or  washed  tripolL 
For  fine  delineations,  the  glass  is  first  traced  over  with  some  colored 
varnish,  to  guide  the  hand  of  the  cutter. 

In  grinding  and  facetting  crystal  glass,  the  deep  grooves  are  first 
cut,  for  example  the  cross  lines,  with  the  iron  disc  and  rounded  edge, 
by  means  of  sand  and  water.  That  disc  is  one  sixth  of  an  inch  thick 
«nd  12  inches  in  diameter.  With  another  iron  disc  about  half  an  inch  thick,  and  more 
or  less  in  diameter,  according  to  the  curvature  of  the  surface,  the  grooves  may  be  widen- 
ed. These  roughly  cot  parts  must  be  next  smoothed  down  with  the  sandstone  disc  and 
water,  and  then  polished  with  the  wooden  disc  about  half  an  inch  thick,  to  whose  edge 
the  workman  applies,  from  time  to  time,  a  bag  of  fine  linen  containing  some  ground  pumice 
moistened  with  water.  When  the  cork  or  wooden  disc  edged  with  hat  felt  is  used  for 
polishing,  putty  or  colcothar  is  applied  to  it.  The  above  several  processes  in  a  large 
manufactory,  are  usually  committed  to  several  workmen  on  the  principle  of  the  division 
of  labor,  so  that  each  may  become  expert  in  his  department. 

2.  TlU  grinding  of  optical  glasses, — The  glasses  intended  for  optical  purposes,  being 
spherically  ground,  are  called  lenses ;  and  are  xtsed  either  as  simple  magnifiers  and  spec^ 
tacles,or  for  telescopes  and  microscopes.  The  curvature  is  always  a  portion  of  a  sphere, 
and  either  convex  or  concave.  This  form  ensures  the  convergence  or  divergence  of  the 
rays  of  light  that  pass  through  them,  as  the  polishing  does  the  brightness  of  the 
image. 

The  grinding  of  the  lenses  is  performed  in  brass  moulds,  either  concave  or  convex, 
formed  to  the  same  curvature  as  that  desired  in  the  lenses ;  and  may  be  worked  either  by 
hand  or  by  machinery.  A  gauge  is  first  cut  out  out  of  brass  or  copper  plate  to  suit  the 
curvature  of  the  lens,  the  circular  arc  being  traced  by  a  pair  of  compasses.  In  this  way 
both  a  convex  and  concave  circular  gauge  are  obtained.  To  these  gauges  the  bivas 
moulds  are  turned.  Sometimes,  also,  lead  moulds  are  used.  After  the  two  moulds  are 
made,  they  are  ground  face  to  face  with  fine  emery. 

The  piece  of  glass  is  now  roughed  into  a  circular  foim  by  a  pair  of  pincers,  leaving 
it  a  little  larger  than  the  finished  lens  ought  to  be,  and  then  smoothed  round  upon  the 
itone  disc,  or  in  an  old  mould  with  emery  and  water,  and  is  next  made  fast  to  a  hold- 
ftst.  This  consists  of  a  round  brass  plate  having  a  screw  in  its  back ;  and  is  somewhat 
mailer  in  diameter  than  the  lens,  and  two  thirds  as  thick.    This  as  turned  concave  opoa 


GLASS-CUTTING. 

the  lathe,  and  then  attached  to  the  pieee  of  glass  hy  drops  of  pitch  applied  to  serenl 
points  of  its  sorface,  taking  care,  while  the  pitch  is  wa^nn,  that  the  centre  of  the  glass 
coincides  with  the  centre  of  the  brass  plate.  This  serves  not  merely  as  a  holdfast,  by 
enabling  a  person  to  seize  its  edge  with  the  fingers,  bat  it  prevents  the  glass  from  bend- 
ing by  the  necessary  pressure  in  grinding. 

The  glass  must  now  be  ground  with  coarse  emery  upon  its  appropriate  mould,  whether 
convex  or  concave,  the  emery  being  all  the  time  kept  moist  with  water.  To  prevent  the 
beat  of  the  hand  from  affecting  the  glass,  a  rod  for  holding  the  brass  plate  is  screwed  to 
its  back.  For  every  six  turns  of  circular  motion,  it  must  receive  two  or  three  nibs  across 
the  diameter  in  different  directions,  and  so  on  alternately.  The  middle  point  of  the  glass 
must  never  pass  beyond  the  edge  of  the  mould;  nor  should  strong  pressure  be  at  any 
time  applied.  Whenever  the  glass  has  assumed  the  shape  of  the  mould,  and  touches  it 
in  every  point,  tlie  coarse  emery  must  be  washed  away,  finer  be  substituted  in  its  place, 
and  the  grinding  be  continued  as  before,  till  all  the  scratches  disappear,  and  a  uniform 
dead  surface  be  produced.  A  commencement  Df  polishing  is  now  to  be  given  with  pum- 
ice stone  powder.  During  all  this  time  the  convex  mould  should  be  occasionally  worked 
in  the  concave,  in  order  that  both  may  preserve  their  correspondence  of  shape  between 
them.  AAer  the  one  surface  has  been  thus  finished,  the  glass  must  be  turned  over,  and 
treated  in  the  same  way  upon  the  other  side. 

Both  surfaces  are  now  to  be  polished.  With  this  view  equal  parts  of  pitch  and  rosin 
most  be  melted  together,  and  strained  through  a  cloth  to  separate  all  impurities.  The 
concare  mould  is  next  to  be  heated,  and  covered  with  that  mixture  in  a  fluid  state  to  the 
thickness  uniformly  of  one  quarter  of  an  inch.  The  cold  convex  mould  is  now  to  be 
pressed  down  into  the  yielding  pitch,  its  surface  being  quite  clean  and  dry,  in  order  to 
give  the  pitch  the  exact  form  of  the  ground  lens ;  and  both  are  to  be  plunged  into  cold 
water  till  they  be  chilled.  This  pitch  impression  is  now  the  mould  upon  which  the 
glass  is  to  be  polished,  according  to  the  methods  above  described,  with  finely  washed 
cdcothar  and  water,  till  the  surface  become  perfectly  clear  and  brilliant  To  prevent  the 
pitch  from  changing  its  figure  by  the  friction,  cross  lines  must  be  cot  in  it  about  J  an  inch 
asunder,  and  l>12th  of  an  inch  broad  and  deep.  These  grooves  remove  all  the  super- 
fluous parts  of  the  polishing  powder,  and  tend  to  preserve  the  polishing  surface  of  the 
pitch  dean  and  unaltered.  No  additional  oolcothar  after  the  first  is  required  in  this  part 
of  the  process ;  bnt  only  a  drop  of  water  from  time  to  time.  The  pitch  gets  warm  as  the 
polishing  advances,  and  renders  the  friction  more  laborious  from  the  adhesion  between 
the  surfaces.  No  interruption  must  now  be  suffered  in  the  work,  nor  must  either  water 
or  colcothar  be  added ;  but  should  the  pitch  become  too  adhesive,  it  must  be  merely 
breathed  upon,  till  the  polish  be  complete.  The  nearer  the  lens  is  brought  to  a  true  and 
fine  surface  in  the  first  grinding,  the  better  and  more  easy  does  the  polishing  become.  It 
shoukl  never  be  submitted  to  this  process  with  any  scratches  perceptible  in  it,  even 
when  examined  by  a  magnifier. 

As  to  small  lenses  and  spectacle  eyes,  several  are  ground  and  polished  together  in  a 
mould  about  6  inches  in  diameter,  made  fast  to  a  stiffening  plate  of  brass  or  iron  of  a 
shape  corresponding  with  the  mould.  The  pieces  of  glass  are  affixed  by  means  of  drops 
of  pitch,  as  above  described,  to  the 'mould,  close  to  each  other,  and  are  then  all  treated  as 
if  they  formed  but  one  large  lens.  Plane  classes  are  ground  upon,  a  surface  of  pitch 
rendered  plane  by  the  pressure  of  a  piece  of  plate  glass  upon  it  in  its  soAened  state. 

Lenses  are  also  ground  and  polished  by  means  of  machinery,  into  the  details  of  which 
the  limits  of  this  work  will  not  alk>w  me  to  enter. 

A  Return  to  an  Order  of  the  Honorable  the  House  of  Conmions,  dated  1st  March, 
183S,  of  the  Amount  of  Duty  charged  on  Glass ;  distinguishing  the  Amount  charged 
on  Flint,  Plate,  Broad,  Crown,  Bottle,  and  German  Sheet,  in  the  Year  ending  the 
5th  day  of  January,  1838 ;  together  with  the  Amount  of  Drawback  on  each  descrip- 
tion of  Glass ;  the  prodoce  of  the  Duties  in  England,  Scotland,  and  Ireland,  stated 
separately. 


Amoont  of  Duty  charged  cm 

Flint  GlaM. 

Plate. 

Broad. 

CrowiL 

Bottle. 

Oennan 
Sheet. 

ToUL 

Eafland 
ScotUnd 
IreluM) 

£        9.    d, 

76,053    1    0 

7.590    9    4 

6,730  IS  11 

£       9. 

68,009  10 

£        9. 

10,780  10 

£        9.  d. 

533,404    0    7 

10,433  11    0 

£     9,   d, 

189,617  10    2 

33.240    4    1 

3,643    0    3 

£           9. 

85^11  17 

£        9.     d. 

637,977  14    9 

56,900    4  11 

-10,378  13    9 

TnUl 

90^19    3    3|  88.903  10 

10,789  10 

549,8S7  18    ll  158,505  14  0 

95^11  17 

003356  19  10 
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Amount  of  Drawback  on  Exportation. 

Flint  Glan. 

Plate. 

Brakd. 

Crown. 

Bottle. 

Gennaa 
Sheet. 

TouL 

England 
Scotland 
Ireland 

£       s.  d. 

15,507    S    7 

1.72A  15    5 

107  14    6 

£     9.d, 
S,«68  17  9 

£    9. 

4  10 

£           9.d. 

106,809  10    3 

6,080    9    0 

10    9    1 

£  9.  d. 
56,770  10  5 
14,819    8    1 

274  10    5 

£       9,    d. 

SSp889  17    0 

88  1ft    0 

£        9.    d. 

966.136    6    6 

95.905    8    0 

893  14    9 

ToUl 

17,481   13    6 

3,963  17  9 

4  10 

i77,ftS9    6    8  71,864    6  li 

St,9tt  IS    8 

993,780  10  10 

The  duties  payable  ia  the  United  Kingdom  upon  the  different  descriptions  of  glnn 
are,  for — 


Flint  glass,  the  finished  article        ... 
British  plate  or  German  sheet,  aad  crown  glass,  ditto 
Broad  glass,  ditto 

Bottles,  ditto 

Plate  glass,  the  fused  material  in  pot 


£   #.  d. 

-  0    0  2  per  lb. 
•  3  13  6  per  ewt. 
.  1  10  0      — 
-070      — 
.3    0  0      — 
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GLAZES.    See  Pottery. 

GLAZIER  is  the  workman  who  cuts  plates  or  panes  of  glass,  with  the  diamond,  and 
fastens  them  by  means  of  putty  in  frames  or  window  casements.    See  Diamond,  for  an 
explanation  of  its  glass-cutting  property. 
GLAUBER  SALT  is  the  old  name  of  sulphate  of  soda. 

GLOVE  MANUFACTURE.      In  Februsry,  1822,  Mr.   James  Winter,  of  Stoke- 

iinder-Hambdon,  in  the  county  of  Somerset,  obtained  a  patent  for  an  improvement  upon 

519  a  former  patent  machine  of  his  for  sewing  and 

^  A  j  pointing  leather  gloves.     Ftg.  518  represents 

/  f^/\ik  ^  pedestal,  upon  which  the  instrument  called 

a\V   b\  523  the  jaws  is  to  be  placed.    Ftg.  519  shows  the 

"  '^  JAWS,  which  instead  of  opening  and  closing  by 

a  circular  movement  upon  a  joint  as  described 
in  the  former  specification,  are  now  made  to 
open  and  shut  by  a  parallel  horizontal  move- 
ment, effected  by  a  slide  and  screw  $  a  a  is  the 
524  fixed  jaw,  made  of  one  piece,  on  the  under 
side  of  whicli  is  a  tenon,  to  be  inserted  into 
the  top  of  the  pedestal.  By  means  of  this 
tenon  the  jaws  may  be  readily  removed,  and 
another  similar  pair  of  jaws  placed  in  their 
stead,  which  affords  the  advantage  of  expediting 
the  operation  by  enabling  one  person  to  pre- 
pare the  work  whilst  another  is  sewing ;  66  is 
the  moveable  jaw,  made  of  one  piece.  The 
two  jaws  being  placed  together  in  the  manner 
shown  atyig.  519,  the  moveable  jaw  traverses 
backwards  and  forwards  upon  two  guide-ban, 
c,  which  are  made  to  pass  through  holes  ex- 
actly fitted  to  theni,  in  the  lower  parts  of  the 
jaws.  Al  the  upper  parts  of  the  jaws  are 
what  are  called  the  indexes,  d  d,  which  are 
pressed  tightly  together  by  a  spring,  shown  at 
fig.  520,  and  intended  to  be  introduced  be- 
tween the  perpendicular  ribs  of  the  jaws  al 
e.  At  /  is  a  thumbscrew,  passing  through 
the  ribs  for  the  purpose  of  tightening  the  jaws,  and  holding  the  leather  fast  between  the 
indexes  while  beine  sewn ;  this  screw,  however,  will  seldom,  if  ever,  be  necessary  if  the 
spring  is  sufficiently  strong ;  g  is  an  eye  or  ring  fixed  to  the  moveable  jaw,  through  which 
the  end  of  a  lever,  h,  in  fig,  518  passes  ;  this  lever  is  connected  by  a  spring  to  a  treadle, 
{,  at  the  base  of  the  pedestal,  and  by  the  pressure  of  the  right  foot  upon  this  treadle, 
the  moveable  jaw  is  withdrawn ;  so  that  the  person  employed  in  sewing  may  shift  the 
leather,  and  place  another  part  of  the  glove  between  the  jaws.  The  pieces  called  indexes 
are  connected  to  the  upper  part  of  the  jaws,  by  screws  passing  through  elongated  holes 
which  render  them  capable  of  adjustment. 

The  patentee  states,  that  in  addition  to  the  index  described  in  his  former  patent,  which 
is  applicable  to  what  is  called  round-seam  sewing  only,  and  which  permits  the  leather  to 
expand  but  in  one  direction  when  the  needle  is  passed  through  it,  namely,  upwards,  he 
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les  two  Indexes  or  different  eonBlruclioa,  one  or  vhieb  he  calls  the  recrdUg 
d  Lhe  olber  Ihe  loafciliidiiwlly  grooved  index.  Fig.  52]  reprrsenlK  an  end  view, 
122  a  top  Tiew  or  Ibe  receding  index,  vhieb  it  parlicularly  adapted  Tor  what  at« 
Irawn  aeiriiig,  and  priek-aeam  tewingj"  IhiB  index,  inalead  ofbiiing  lo  tbe  top, 
nded  off  in  the  inide  from  [he  bouooi  at  the  ctou  groovet,  as  lo  permit  Iha 
>J  being  pasied  baelcvaids  and  forwards,  to  carry  tbe  siJk  tliread  on  encta  aide 
■Iber  wilbout  pastiag  over  it.  Fig.  523  repreaenis  an  end  view  of  lhe  longilu- 
rooved  index,  partly  open,  lo  show  (he  section  o(  the  (trooves  more  diatinclly  j 
i24  rcpre«enta  an  iaside  vieir  of  one  side  of  the  same  index,  in  ivJiich  the  longi- 
roove  ia  shovn  paaaing  from  kta  I.  Thii  index  i>  more  pariiculariy  adapted  lo 
m  seeing,  and  permiU  the  leather  to  expand  in  every  direclion  when  the  needle 
ihrougb  it,  by  wbicb  the  leather  is  leu  straiued,  and  the  setting  consequenlly 


mecbani- 


...9  (tarallel  horiiantal  moTement  may  be  effected  by  other  mi 

I  beaidea  those  adopted  here,  and  the  chief  norelly  claimed  with  rcEpeel  to  thai 
I,  ia  ila  appiicalioa  la  tbe  purpose  of  carrying  Ihe  index  used  in  sewing  and 

tlion  of  leather  gloves  for  home  consnloptioD  t  and  amount  of  duty  in 
1B36.  IB37.  1  1336.  1837. 

1,461,769.      I      1,221,350.      |      £27,568.  £22,923. 

E-SEWING.  The  following  simple  and  ingenious  appaniius,  invented  by 
liDinn,  has  been  employed  eilensively  in  Pari;,  and  haj  enabled  its  proprietor* 
a  handsome  fuclnne.  The  French  complain  that  "it  has  inunJaled  the  worlrl 
irsm^lr  of  excellent  qaalilf,  at  30  per  cenl.  under  their  rurmer  wholesale 
pricea."  The  InsttamenI  ia 
■hown  in  profile  ready  for  ac- 
tion in  Jig.  525.  [t  resembles 
H  iron  Tiee,  having  the  apper 
portion  of  each  jaw  made  of 
bnss,  and  tipped  with  a  kind 
ofeomb  of  the  same  meial.  The 
teeth  of  this  comb,  only  one 
twelfth  of  an  inch  long,  are 
perfectly  reiular  and  equal. 
Change  combs  are  provided  for 
different  styles  of  work.  The 
tH<  *iee  A  A  is  made  fast  to  the 

Iedge  of  the  bench  or  table  ■, 
of   the   proper    height,    by   a 
thamb-screw  c,  aimed  with  k 
eramp  which  Uyi  hold  of  the 
wood.    Of  the  two  jaws  eom- 
pocing  the  machine,  the  one  D 
into  tbe  fool  AA,bnltheother  lis  moveable  npon  the  solid  base  oT  the  machine, 
of  a  binge  at  the  point  r.    At  I  I  is  shown  how  the  upper  brass  portion  is  ad- 
Ihe  lower  part  made  of  iron  ;  the  two  being  secured  to  each  other  by  two  atonl 
The  comb,  «eea  separately  in  fig.  527,  is  made  hst  to  the  upper  end  of  each 
le  three  screws  ana.     Fig.  526  is  a  from  view  of  the  jaw  mounted  wtlh  lU 
illnstrate  its  construction. 

>er  K  corresponds  by  the  stoat  Iron  wire  l,  with  a  pedal  prested  by  the  needle- 
fual,  whenever  she  wishes  to  separate  lhe  two  jaws,  in  order  to  insert  between 
parallel  edges  of  lemher  lo  be  sewed.  The  instant  she  lids  her  foot,  the  two 
by  the  force  of  the  spring  a,  which  pushes  the  moveable  jaw  e  agBtnU  tbe 
nne  o.  The  spring  is  made  fast  to  the  frame  of  the  vice  bj  the  screw  H. 
utlioK  the  double  edie  lo  be  sewed  in  its  place,  the  woman  passes  her  needle 
;\r  through  all  the  leeth  of  ihe  comb,  and  is  sure  of  making  a  regular  seam  in 
wlioa,  provided  she  is  eareful  to  make  the  needle  graae  along  the  bottom  of  the 
Aa  aoon  as  (his  piece  is  sewed,  she  presses  down  the  pedal  with  her  toes, 
the  jaws  start  asunder,  allowing  her  lo  introduce  a  new  seam,  and  so  in  qulEll 

mb  may  have  any  desired  shape,  straight  or  curved  i  and  iHe   teeth  may  be 
Hnaller,  aecording  to  the  kind  of  work  to  be  done.    With  this  view,  Ihe  comb* 
changed  as  occasion  requires ;  but  it  it  more  ecouomicnl  to  have  seta  of  viee* 
iinted  with  combs  of  every  requisite  size  and  form. 
INA   (ObdM,  Fr.i    BirrjUirde,   Germ.)   is  one  of   the  primitiTe    eartha, 
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originally  discorered  by  Vatiqnelin,  in  the  beryl  and  emerald.  It  may  be  extneled 
from  eitlier  of  these  minerals,  by  treating  their  powder  suecessively  with  potadi,  with 
water,  and  with  muriatic  acid.  The  solution  by  the  latter,  being  evaporated  to  dryness, 
is  to  be  disrested  with  water,  and  filtered.  On  ponring  carbonate  of  ammonia  in  eieess 
into  the  liquid,  we  form  soluble  muriate  of  ammonia,  with  insoluble  carbonates  of  lime^ 
chrome,  and  iron,  as  also  carbonate  of  glucina,  which  may  be  dissolved  out  Arom  the  rest 
by  an  excess  of  carbonate  of  ammonia.  When  the  liquid  is  filtered  anew,  the  glucina 
passes  through,  and  may  be  precipitated  in  the  state  of  a  carbonate  by  boiling  the  liquid, 
which  expels  the  excess  of  ammonia.  By  washing,  drying,  and  calcining  the  carbonate, 
pure  glucina  is  obtained.  It  is  a  white  insipid  powder,  infusible  in  the  heat  of  a  smith's 
forge,  insoluble  in  water,  but  soluble  in  caustic  potash  and  soda ;  as  also,  especially  when 
it  is  a  hydrate,  in  carbonate  of  ammonia.  It  has  a  metallic  base  called  glneinnm,  of  which 
100  parts  combine  with  45*252  of  oxygen  to  form  the  earth.  It  is  too  rare  to  be  suscep- 
tible of  application  in  manufactures. 

GLUE  (CoUe  /orte,  Fr. ;  Leim,  Tischlerkim,  Germ.)  is  the  ehemieal  substance 
gelatine  in  a  dry  state.  The  preparation  and  preservation  of  the  skin  and  other 
animal  matters  employed  in  the  manufacture  of  ghie,  constitute  a  peculiar  branch 
of  industry.  Those  who  exercise  it  should  study  to  prevent  the  fermentation  of 
the  substances,  and  to  diminish  the  cost  of  carriage  by  depriving  them  of  as  mn^ 
water  as  can  conveniently  be  done.  They  may  then  be  put  in  preparation  by  macerat- 
ing them  in  milk  of  lime,  renewed  three  or  four  times  in  the  course  of  a  fortnighf 
or  three  weeks.  This  process  is  performed  in  large  tanks  of  masonry.  They  are 
next  taken  oat  with  all  the  adhering  lime,  and  laid  in  a  layer,  2  or  3  inches  thick, 
to  drain  and  dry,  upon  a  sloping  pavement,  where  they  are  turned  over  by  prongs, 
two  or  three  times  a  day.  The  action  of  the  lime  dissolves  the  blood  and  certain 
sod  parts,  attacks  the  epidermis,  and  disposes  the  gelatinous  matter  to  dissolve  more 
readily.  When  the  cleansed  matters  are  dried,  they  may  be  packed  in  sadcs  or  hogs- 
heads, aud  transported  to  the  glue  manufactory  at  any  distance.  The  principal 
substances  of  which  glue  is  made  are  the  parings  of  ox  and  other  thick  hides,  which 
form  the  strongest  artidej  the  refuse  of  the  leather  dresser ;  both  afford  from  ^  to  55 
per  cent,  of  glue.  The  tendons,  and  many  other  ofials  of  slaughter  houses,  also  afiford 
materials,  though  of  an  inferior  quality,  for  the  purpose.  Tlie  refuse  of  tanneries, 
SQch  as  the  ears  of  oxen,  calves,  sheep,  &c.,'are  better  articles;  but  parings  of  parch- 
ment, old  gloves,  and,  in  fact,  animal  skin,  in  every  form,  uncombined  with  tannin,  may 
be  made  into  glue* 

The  manufacturer  who  receives  these  materials,  is  generally  carefVil  to  ensure  their 
purification  by  subjecting  them  to  a  weak  lime  steep,  and  rinsing  them  by  exposure  in 
baskets  to  a  stream  of  water.  They  are  lastly  drained  upon  a  sloping  surface,  as  above 
described,  and  well  turned  over  till  the  quicklime  gets  mild  by  absorption  of  carbonic 
acid ;  for,  in  its  caustic  state,  it  would  damage  the  glue  at  the  heat  of  twiling  water.  It 
is  not  necessary,  however,  to  dry  them  before  they  are  pot  into  the  boiler,  because  they 
dissolve  faster  in  their  soft  and  tumefied  state. 

The  boiler  is  made  of  copper,  rather  shallow  in  proportion  to  its  area,  with  a  uniform 
fiat  bottom,  equably  exposed  all  over  to  the  flame  of  the  fire.  Above  the  true  bottom 
there  is  a  false  one  of  copper  or  iron,  pierced  with  holes,  and  standing  upon  feet  3  or  4 
inches  high ;  which  serves  to  sustain  the  animal  matters,  and  prevent  them  from  being  in- 
jured by  the  fire.  The  copper  being  filled  to  two  thirds  of  its  height  with  sofl  water,  is  then 
heaped  up  with  the  bulky  animal  substances,  so  high  as  to  sun^ount  its  brim.  Bot  soon 
after  the  ebullition  begins  they  sink  down,  and,  in  a  few  hours,  get  entirely  immersed  in 
the  liquid.  They  should  be  stirred  about  from  time  to  time,  and  well  pressed  down  to- 
ward the  false  bottom,  while  a  steady  but  gentle  boil  is  maintained. 

The  solution  must  be  drawn  off  in  successive  portions ;  a  method  which  fractions  the 
products,  or  subdivides  them  into  articles  of  various  value,  gradually  decreasing  from  the 
first  portion  drawn  off  to  the  last.  It  has  been  ascertained  by  eareful  experiments  that 
gelatine  gets  altered  over  the  fire  very  soon  after  it  is  dissolved,  and  it  ought  therefore  to  be 
drawn  off  whenever  it  is  sufficiently  fluid  and  strong  for  forming  a  clear  gelatinous  mass 
on  cooling,  capable  of  being  cut  into  moderately  firm  slices  by  the  wire.  This  point  la 
commonly  determined  by  filling  half  an  egg-shell  with  the  liquor,  and  exposing  it  to  the 
air  to  cool.  The  jelly  ought  to  get  very  consistent  in  the  course  of  a  few  minutes ;  if  not 
so,  the  boiling  must  be  persisted  in  a  little  longer.  When  this  term  is  attained,  the  fire  is 
smothered  up,  and  the  contents  of  the  boiler  are  left  to  settle  for  a  quarter  of  an  hour. 
The  stop-cock  being  partially  turned,  all  the  thin  gelatinous  liquor  is  nin  off  into  a  deep 
boiler,  immersed  in  a  warm  water  bath,  so  that  it  may  continue  hot  and  fluid  for  aeveraj 
houn.  At  the  end  of  this  time,  the  supernatant  clear  liquid  is  to  be  drawn  off  into  con- 
gealing boxes,  as  will  be  presently  explained. 

The  grounds,  or  undissolved  matten  in  the  boiler,  are  to  be  again  supplied  with  a 
quantity  of  boiling  water  from  an  adjoining  copper,  and  are  to  be  onee  more  subjected  to 
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Ae  letioa  of  the  fire,  till  the  contents  assume  the  appearance  ofdissoWed  jelly,  and  aflord 
a  fresh  qnantity  of  strong  ^ae  liqnor,  by  the  stop-cock.  The  grounds  should  be  sub- 
jected a  third  time  to  this  operation,  afler  which  they  may  be  put  into  a  bag,  and  squeezed 
in  a  press  to  leave  nothing  unextracted.  The  latter  solutions  are  usually  too  weak  to 
rorm  ^lae  directly,  but  they  may  be  strengthened  by  boiling  with  a  portion  of  fresh 
»kio-i«nngs. 
/ig.  528  represents  a  oonrenient  apparatus  for  the  boiling  of  skins  into  glue,  in  which 
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there  ire  three  coppers  upon  three  diflferent  leyels ;  the  uppermost,  being  acted  upon  by 
the  viste  heat  of  the  chimney,  provides  warm  water  in  the  most ,  economical  way ;  the 
xcond  contains  the  crude  materials,  with  water  for  dissolving  them;  and  the  third 
reeeires  the  solation  to  be  Settled.  The  last  vessel  is  double,  with  water  contained 
between  the  outer  and  inner  one ;  and  discharges  its  contents  by  a  stop-cock  into  buck- 
ets for  filling  the  gelatinizing  wooden  boxes.  The  last  made  solution  has  about  one 
iire-handredth  part  of  alum  in  powder  usually  added  to  it,  with  proper  agitation,  after 
vhich  it  is  lefl  to  settle  for  several  hours. 

The  three  successive  boils  furnish  three  different  qualities  of  ^Ine. 

Flanders  or  Dutch  elue,  long  much  esteemed  on  the  Continent,  was  made  in  the 
Baaner  above  described,  but  at  two  boils,  from  animal  offals  well  washed  and  soaked,  to 
as  to  need  less  boiling.  Hie  liquor,  being  drawn  off  thinner,  was  therefore  less  colored, 
aod  beiflc  made  into  thinner  plates,  was  very  transparent.  The  above  two  boils  gave  two 
qaalities  of  glue. 

By  the  English  practice,  the  whole  of  the  animal  matter  is  brought  into  solution  at  once^ 
iQd  the  liquor  being  drawn  off,  hot  water  is  poured  on  the  residuum,  and  made  to  boil  on 
it  for  some  time,  when  the  liquor  thus  obtained  is  merely  used  instead  of  water  upon  a 
fresh  quantity  of  glue  materials.  The  first  drawn  off  liquor  is  kept  hot  in  a  settliag  cop* 
per  for  five  hours,  and  then  the  clear  solution  is  drawn  off  into  the  boxes. 

These  boxes  are  made  of  deal,  of  a^uare  form,  but  a  little  narrower  at  bottom  than 
ittop.  When  very  regular  cakes^of  glue  are  wished  for,  cross  grooves  of  the  desired 
•qoare  form  are  cut  in  the  bottom  of  the  box.  The  liquid  glue  is  poured  into  the  bozei 
placed  rery  level,  through  funnels  furnished  with  filter  cloths,  till  it  stands  at  the  brim 
^  rach.  The  apartment  in  whi^  this  is  done  ought  to  be  as  cool  and  dry  as  possible, 
to  &ror  the  solidification  of  the  glue,  and  should  be  floored  with  stone  flags  kept  very 
dean,  so  that  if  any  glue  run  through  the  seams,  it  may  be  recovered.  At  the  end  of 
12  or  18  hours,  or  usually  in  the  morning  if  the  boxes  have  been  filled  over* 
oitht,  the  glue  is  sufficiently  firm  for  the  nets,  and  they  are  at  this  time  removed  to 
^  upper  story,  mounted  with  ventilating  windows  to  admit  the  Air  from  all  quarters. 
Here  the  boxes  are  inverted  upon  a  moistened  table,  so  that  the  gelatinous  cake  thus 
tarned  out  will  not  adhere  to  its  surface  i  usually  the  moist  blade  of  a  long  knife  la 
in^ioQated  round  the  sides  of  the  boxes  beforehand,  to  loosen  the  glue.  The  mass  is  first 
divided  into  horizontal  layers  by  a  brass  wire  stretched  in  a  frame,  like  that  of  a  bow* 
ow,  and  guided  by  rulers  which  are  placed  at  distances  corresponding  to  the  desired 
thickness  of  the  cake  of  glue.  The  lines  formed  by  the  grooves  in  the  bottom  of  the 
box  define  the  snperficial  area  of  each  cake,  where  it  is  to  be  ent  with  a  moist  knii^. 
The  gelatinons  layers  thus  fonAed  mnst  be  dexterously  lifted,  and  immediately  laid 
spoa  neU  stretched  in  wooden  ftames,  till  each  fVame  be  filled.  These  flwnes  are  set 
om  eaeh  other  at  distances  of  about  three  inehes,  being  supported  by  small  wooden 
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pegs,  stuck  into  mortise  holes  in  an  upright,  fixed  round  the  room ;  so  that  the  air 
have  perfectly  free  access  on  every  side.  The  cakes  must  moreover  be  turned  upside  down 
upon  the  nets  twice  or  thrice  every  day,  vhich  is  readily  managed^  as  each  frame  may  be 
slid  out  like  a  drawer,  opon  the  pegs  at  its  two  sidea. 

The  drying  of  the  glue  is  the  most  precarious  part  of  the  manufacture.  The  least 
disturbance  of  the  weather  may  injure  the  glue  during  the  two  or  three  first  days  of  its 
exposure  ;  should  the  temperature  of  the  air  rise  considerably,  t)ie  gelatine  may  turn  so 
soft  as  to  become  unshapely,  and  even  to  run  through  the  meshes  upon  the  pieces  below, 
or  it  may  get  attached  to  the  strings  and  surround  them,  so  as  not  to  be  separable 
without  plunging  the  net  into  boiling  water.  If  frost  supervene,  the  water  may  freeze 
and  form  numerous  cracks  in  the  cakes.  Such^pieces  must  be  immeiiialely  re-melted 
and  re-formed.  A  slight  fng  even  produces  upon  glue  newly  exposed  a  serious  deteriora- 
tion ;  the  damp  condensed  upon  its  surface  occasioning  a  general  mouldiness.  A  thuB« 
derstorm  sometimes  destroys  the  coagulating  power  in  the  whole  lamims  at  once;  or  causes 
the  glue  to  turn  on  the  nets,  in  the  language  of  the  manufacturer.  A  wind  too  dry  or 
too  hot  may  cause  it  to  dry  so  quickly,  as  to  prevent  it  from  contracting  to  its  proper  size 
without  numerous  cracks  and  fissures.  In  this  predicament,  the  closing  of  all  the  flaps 
of  the  windows  is  the  only  means  of  abating  the  mischief.  On  these  accounts  it  is  of  im- 
portance to  select  the  most  temperate  season  of  the  year,  such  as  spring  and  autumn,  for 
the  glue  manufacture. 

After  the  glue  is  dried  upon  the  nets  it  may  still  preserve  too  much  flexibility,  or  soAness 
at  least,  to  be  saleable ;  in  which  case  it  must  be  dried  in  a  stove  by  artificial  heat.  This 
aid  is  peculiarly  requisite  in  a  humid  climate,  like  that  of  Great  Britain. 

When  sufficiently  dry  it  next  receives  a  gloss,  by. being  dipped  cake  by  cake  in  hot 
water,  and  then  rubbed  with  a  brush  also  moistened  in  hot  water ;  aAer  which  the  glue 
is  arranged  upon  a  hurdle,  and  transferred  to  the  stove  room,  if  the  weather  be  not 
sufficiently  hot.  One  day  of  proper  drought  will  make  it  ready  for  being  packed  op  in 
casks. 

The  pale-eolored,  hard,  and  solid  article,  possessing  a  brilliant  fracture,  which  is  made 
from  the  parings  of  ox-hides  by  the  first  process,  is  the  best  and  most  cohesive,  and  is 
most  suitable  for  joiners,  cabinet-makers,  painters,  &c.  Bat  many  woikmen  are  iaflu* 
enced  by  such  ignorant  prejudices,  that  they  still  prefer  a  dark-colored  article,  with  some- 
what of  a  feiid  odor,  indicative  of  its  impurity  and  bad  preparation,  the  result  of  bad 
materials  and  too  long  exposure  to  the  boiling  heat. 

There  is  a  good  deal  of  glue  made  in  France  from  bones,  freed  from  the  phosphate  of 
lime  by  muriatic  acid.  This  is  a  poor  article,  possessing  little  cohesive  force.  It  dis- 
solves almost  entirely  in  cold  water,  which  is  the  best  criterion  of  its  imperfection.  Glue 
should  merely  soften  in  cold  water,  and  the  more  considerably  it  swells,  the  better,  geoer- 
ally  speakinr,  it  is. 

Some  manufacturers  prefer  a  brass  to  a  copper  pan  for  boiling  glue,  and  insist  mmch 
on  skimming  it  as  it  boils ;  but  the  apparatus  I  have  represented  renders  skimming  of 
little  consequence.  For  use,  glue  should  be  broken  into  small  pieces,  put  along  with  some 
water  into  a  vessel,  allowed  to  soak  for  some  hours,  and  subjected  to  the  heat  of  a  boil- 
ing-water bath,  but  not  boiled  itself.  The  surrounding  hot  water  keeps  it  long  ia  a  fit  state 
for  joiners,  cabinet-makers,  &c. 

Water  containing  only  one  hundredth  part  of  good  glue,  forms  a  tremulous  solid. 
When  the  solution,  however,  is  heated  and  cooled  several  times,  it  loses  the  property  of 
gelatinizing,  even  though  it  be  enclosed  in  a  vessel  hermetically  sealed.     Isinglass  or  fish- 
glue  undergoes  the  same  change.     Common  glue  is  not  soluble  in  alcohol,  but  is  pre- 
cipitated in  a  white,  coherent,  elastic  mass,  when  its  watery  solution  is  treated  with  chat 
fluid.    By  transmitting  chlorine  gas  through  a  warm  solution  of  glue  a  combination 
is  very  readily  eflected,  and  a  viscid  mass  is  obtained  like  that  thrown  down  by  alcohol* 
A  little  chlorine  suffices  to  precipitate  the  whole  of  the  glue.     Concentrated  sulphuric 
acid  makes  glue  undergo  remarkable  changes;  during  which  are  produced,  sugar  of  gela- 
tine, leucine,  an  animal  matter,  &c.    Nitric  acid,  with  the  aid  of  heat,  converts  glue  into 
malic  acid,  oxalic  acid,  a  fat  analogous  to  suet,  and  into  tannin  ;  so  that,  in  this  way, 
one  piece  of  skin  may  be  made  to  tan  another.    When  the  mixture  of  glue  and  nitric 
acid  is  much  evaporated,  a  detonation  at  last  takes  place.    Strong  acetic  acid  renders 
glue  first  sof^  and  transparent,  and  then  dissolves  it.    Though  the  solution  does  not 
gelatinize,  it  preserves  the  property  of  gluing  surfaces  together  when  it  dries.     Liquid 
glue  dissolves  a  considerable  quantify  of  lime,  and  alsd  of  the  phosphate  of  lime  recent! j 
precipitated.      Accordingly  glue  is  sometimes  contaminated  with  that  salt.     Tannin 
both  natural  and  artificial  combines  with  glue;   and  with  such  efifect,  that  one  part  of 
glue  dissolved  in  5000  parts  of  water  afTonls  a  sensible  precipitate  with  the  infusion  of 
nutgails.    Tannin  unites  with  glue  in  several  proportions,  which  are  to  each  other  fts 
the  numbers  1,  l|,  and  2 ;  one  compound  consists  of  100  glue  and  89  tannin ;  another 
of  100  glue  and  60  tannin ;  and  a  thitd  of  100  glue  and  120  tahnin.    These  two  sab- 
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tttnces  eAMOt   be  aiterwmtds  separated  from  each  other  by  any  known  chemical 
process. 

Ghie  may  be  freed  from  the  foreign  animal  matters  generally  present  in  it,  by  soft- 
ening it  in  oold  water,  washing  it  with  the  same  several  times  tiU  it  no  longer  gives  out 
•ay  color,  then  bruising  it  with  the  hand,  and  suspending  it  in  a  linen  bag  beneath  the 
surface  of  a  large  quantity  of  water  at  60^  F.  In  this  case,  the  water  l(Mided  with  the 
sohble  imparities  of  the  glne  gradually  sinks  to  the  bottom  of  the  vessel,  while  the  pure 
gloe  remains  in  the  bag  surrounded  with  water.  If  this  sc^flened  glue  be  heated  to  92^ 
vithoat  addtns  water,  it  will  liquefy  j  and  if  we  heat  it  to  122^,  and  filter  it,  «ome  albtt- 
minoQs  and  other  impurities  will  remain  on  the  filter,-  while  a  colorless  solution  of  glue 
vill  pass  through. 

Experiments  have  not  yet  explained  bow  gelatine  is  formed  from  skin  by  ebullition. 
It  is  a  change  somewhat  analogous  to  that  of  starch  into  gum  and  sugar,  and  takes  plaee 
without  any  appreciable  disengagement  of  gas,  and  even  in  close  vessels.  Gelatine,  says 
Berzeiios,  does  not  exist  in  the  living  body,  but  several  animal  tissues,  such  as  skin, 
cartilages,  hartshorn,  tendons,  the  serous  membranes,  and  bones,  arc  susceptible  of  being 
converted  into  it. 

GLUTEN  (Colh  Vtgetaley  Fr.;  KUber,  Germ.)  was  first  extracted  by  Beccaria  from 
wheat  flour,  and  was  long  regarded  as  a  proximate  principle  of  plants,  till  Einhof,  Tad- 
dei,  and  Berzelius  succeeded  in  showing  that  it  may  be  resolved  by  means  of  alcohol  into 
three  different  substances,  one  of  which  resembles  closely  animal  albumine,  and  has  been 
eslled  Zymome,  or  vegetable  albumine;  another  has  been  called  Oliadine;  and  a  third, 
JfaofK.  The  mode  of  separating  gluten  from  the  other  constituents  of  wheat  flonr  has 
been  described  towards  the  end  of  the  article  Bread. 

Glaten,  when  dried  in  the  air  or  a  stove,  diminishes  greatly  in  size,  becomes  hard,  brit- 
tle, glistening,  and  of  a  deep  yellow  color.  It  is  insoluble  in  ether,  in  fat,  and  essential 
oils,  and  nearly  so  in  water.  Alcohol  and  acetic  add  cause  gluten  to  swell  and  make  a 
Mft  of  milky  solution.  Dilute  acids  and  alkaline  leys  dissolve  gluten.  Its  ultimate  con- 
ititQents  are  not  determined,  but  azote  is  one  of  them,  and  accordingly  when  moist  glnten 
ii  left  to  ferment,  it  exhales  the  smeU  of  old  cheese. 

GLYCERINE  is  a  sweet  substance  which  may  be  extracted  from  fatty  snbstanees. 
If  we  take  equal  parts  of  olive  oil  and  finely-ground  litharge,  put  them  into  a  basin  with 
a  little  water,  set  this  on  a  sand  bath  moderately  heated,  and  stir  the  mixture  constantly, 
with  the  occasional  addition  of  hot  water  to  replace  what  is  lost  by  evaporation,  we  shall 
obtain  in  a  short  time  a  soap  or  plaster  of  lead.  AAer  having  added  more  water  to  thii;, 
we  remove  the  vessel  from  the  fire,  decant  the  liquor,  filter  it,  pass  sulphureted  hydrogen 
ihrocgh  it  to  separate  the  lead,  then  filter  afresh,  and  concentrate  the  liquor  as  much  as 
is  possible  without  burning  upon  the  sand  bath.  What  remains  must  be  finally  evapora- 
ted within  the  receiver  of  the  air-pump.  Glycerine  thus  prepared  is  a  transparent  liquid, 
whhoQt  color  or  smell,  and  of  a  sirupy  consistence.  It  has  a  very  sweet  taste.  Its  spe- 
cific gravity  is  1*27  at  the  temperatOre  of  60°.  When  thrown  upon  burning  coals,  it 
takes  fire  and  burns  like  an  oil.  Water  combines  with  it  in  almost  all  proportions ;  alco- 
hol dissolves  it  readily ;  nitric  acid  converts  it  into  oxalic  acid ;  and  according  to  Vogel, 
solpbnric  acid  transforms  it  into  sugar,  in  the  same  way  as  it  does  starch.  Ferment  or 
yeast  does  not  affect  it  in  any  degree. 
Its  constituents  are,  carbon,  40 ;  hydrogen,  9;  oxygen,  51 ;  in  100. 
GNEISS  is  the  name  of  one  of  the  great  mountain  formations,  being  reckoned  the 
oldest  of  the  strati 6ed  rocks.  It  is  composed  of  the  same  substances  as  granite,  viz.: 
quartz,  mica,  and  feldspar.  In  gneiss,  however,  they  are  not  in  granular  crystals,  but  in 
scales,  so  as  to  give  the  mass  a  slaty  structure.    It  abounds  in  metallic  treasures. 

GOLD  (Eng.  and  Germ.;  Or,  Fr.).  This  metal  is  distinguished  by  its  splendid 
yellow  color ;  its  great  density  =  19'3,  compared  to  water  1*0 ;  its  fusibility  at  the 
32d  degree  of  Wedgewood's  pyrometer ;  its  pre-eminent  ductility  and  malleability, 
whence  it  can  be  beat  into  leaves  only  one  2lp2,000lh  of  an  inch  thick ;  and  its  insoln* 
bility  in  any  acid  menstruum,  except  the  mixture  of  muriatic  and  nitric  acids,  styled 
by  the  alchymists  aqua  regto,  because  gold  was  deemed  by  them  to  be  the  king  of 
Betals. 

Gold  is  found  only  in  the  metallic  state,  sometimes  crystallized  in  the  cube,  and  its  de 
rivative  forms.  It  oecnrs  also  in  threads  of  various  size,  twisted  and  interlaced  into  a  ehain 
of  minute  oetahedral  crystals ;  as  also  in  spangles  or  roundish  grains,  which,  whtn  of  a 
certain  magnitude^  are  ealled  ptpilag.  The  small  grains  are  not  fn^ments  broken  from 
B  greater  maas ;  bat  Uiey  show  by  their  flattened  ovoid  shape,  and  their  rounded  outline^ 
that  this  is  their  oiiginal. state.  The  spec.  grav.  of  native  goU  varies  from  13*3  to  17*7. 
Bomboldt  states  that  the  largest  pepila  known  was  one  found  in  Pern,  weighing  abont 
12  kilogrammes  (26|  lbs.  avoird.) ;  but  masses  have  been  quoted  in  the  province  of 
Quito  which  weighed  nearly  four  times  as  much. 
Another  oce  of  gold  is  the  alloy  with  silver,  or  nrgental  goM,  ths  eleetrom  of  Ptiny^ 
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ao  eaQed  from  its  amber  shtde<    It  eeems  to  be  ft  definitis  tompomoAf  cortniiiiiig  ii  160 

parts,  64  of  gold  and  36  of  silver. 

The  mineral  formatiol^s  in  whkh  this  metal  ocenrs,  are  the  crystalline  prinitive  neks, 
the  compact  transition  rocks,  the  trachyttc  and  trap  rooks,  and  aJlorial  groonda. 

It  never  predominates  to  such  a  degree  as  to  constitute  Teins  by  itself. '  It  is  either  dia- 
•eminated,  and  as  it  were  impasted  in  stony  masses,  or  spread  out  in  thin  plates  or  grains 
on  their  surface^  or,  lastly,  implanted  in  their  eaviiies,  under  the  shape  of  filaments  or 
Crystallized  twigs.  The  minerals  composing  the  veins  are  either  quartz,  calcspor,  or 
ftulphate  or  baryta.  The  ores  that  accompany  the  gold  in  these  veins  are  chiefly  iron 
pyrites,  copper  pyrites,  galena,  blende,  and  mispickel  (arsenical  pyrites). 

In  the  ores  called  auriferous  pyrites,  this  metal  occurs  either  in  a  visible  or  -  inTisible 
form,  and  though  invisible  in  the  fresh  pyrites,  becomes  visible  by  its  decomposition ;  as 
ihe  hydrated  oxyde  of  iron  allows  the  native  gold  particles  to  shine  forth  on  their  reditish- 
brown  ground,  even  when  the  precious  metal  may  constitute  only  the  five  millionth  part 
of  its  "weight,  as  at  Rammelsberg  in  the  Hartz.  In  that  state  it  has  been  extracted  with 
profit )  most  frequently  by  amal^mation  with  mercury,  proving  that  the  gold  was  in  the 
native  stale,  and  not  in  that  of  a  sulphuret. 

Gold  exists  among  the  primitive  strata,  disseminated  in  small  grains,  spangles,  and 
crystals.  Brazil  affords  a  remarkable  example  of  this  species  of  gold  mine.  Beds  of 
granular  quartz,  or  micaceous  specular  iron,  in  the  Sierra  of  Coeaes,  12  leagues  beyond 
Villa  Rica,  which  form  a  portion  of  a  mica-slate  district,  include  a  great  quantity  of 
native  gold  in  spangles,  which  in  this  ferruginous  rock  replace  mica. 

Gold  has  never  been  observed  in  any  secondary  formation,  but  pretty  abundantly  in 
its  true  and  primary  locality  among  the  trap  rocks  of  igneous  origin }  implanted  on  the 
sides  of  the  fissures,  or  disseminated  in  the  veins. 

The  auriferous  ores  of  Hungary  and  Transylvania,  composed  of  tellurium,  silver 
■pyrites  or  sulphuret  of  silver,  and  native  gold,  lie  in.  masses  or  powerful  veins  in  a  rock 
of  trachyte,  or  in  a  decomposed  feldspar  subordinate  to  it.  Such  is  the  locality  of  Ihe 
^poU  ore  of  Konigsberg,  of  Telkebanya,  between  Eperies  and  Tokay  in  Hungary,  and 
probably  that  of  the  gold  ores  of  KapDick,Felsobanya,  &c., in  Transylvania;  an  arrange- 
jnenent  nearly  the  same  with  what  occurs  in  Equatorial  America.  The  auriferous  veins 
of  -Gnanaxuato,  of  Real  del  Monte,  of  Villalpando,  are  similar  to  those  of  Schemnitz  in 
Hungary,  as  to  magnitude,  relative  position,  the  nature  of  the  ores  they  include,  and  of 
the  rocks  they  traverse.  These  districts  have  impressed  all  mineralogists  with  the  evi* 
deaces  of  the  action  of  volcanic  fire.  Breislak  and  Haoquet  have  described  the  goU 
mines  of  Transylvania  as  situated  in  the  crater  of  an  ancient  volcano.  It  is  certain  that 
the  trachytes  which  form  the  principal  portions  of  the  rocks  including  gold,  are  now 
almost  universally  regarded  as  of  igneous  or  volcanic  origin. 

It  would  seem,  however,  that  the  primary  source  of  the  gold  is  not  in  these  rocks,  Ivat 
rather  in  the  sienites  and  greenstone  porphyries  below  them,  which  in  Hungary  and 
Traasylvania  are  rich  in  great  auriferous  deposites ;  for  gold  has  never  been  found  in 
the  trachyte  of  the  Euganean  mountains,  of  the  mountains  of  the  Vicentin,  of  those 
of  Auvergne;  all  of  which  are  superposed  upon  granite  rocks,  barren  in  metal. 

Finally,  if  it  be  true  that  the  ancients  worked  mines  of  gold  in  the  island  of  Isehia,  it 
would  be  another  example,  and  a  very  remarkable  one,  of  the  presence  of  this  metal  in 
trachytes  of  an  origin  evidently  volcanic. 

Gold  is,  however,  much  more  common  in  the  alluvial  grounds  than  among  the  primi- 
tive and  pyrogenous  rocks  just' described.  It  is  found  disseminated  under  the  form  of 
spangles,  in  the  silicious,  argillaceous,  and  ferruginous  sands  of  certain  plains  and  rivers, 
especially  in  their  re-entering  angles,  at  the  season  of  low  water,  and  after  storms  and 
temporary  floods. 

It  has  been  supposed  that  the  gold  found  in  the  beds  of  rivers  had  been  torn  oa( 
by  the  waters  from  the  veins  and  primitive  rocks,  which  they  traverse.  Some  have 
even  searched,  but  in  vain,  at  the  source  of  auriferous  streams,  for  the  native  bed  of  this 
precious  metal.  The  sold  in  them  bdongs,  however,  to  the  grounds  washed  by  the  waters 
as  they  glide  along.  This  opinion,  suggested  at  first  by  Delins,  and  supported  by  I>eborn, 
Guettard,  Robitant,  Balbo,  &c.,  is  founded  upon  just  observations.  1.  The  soil  of  these 
plains  contains,  frequently,  at  a  certain  depth  artd  in  several  spots,  spangles  of  gold, 
separable  by  washing.  2.  The  beds  of  the  auriferous  rivers  and  streamlets  contain 
more  gold  after  storms  of  rain  upon  the  plains  than  in  any  other  cireumstances.  3.  It 
happens  almost  always  that  gold  is  found  among  the  sands  of  rivers  only  in  a  Yery  cir- 
cumscribed space ;  on  ascending  these  rivers  their  sands  cease  to  afiRord  goU ;  though 
did  this  metal  come  from  the  rocks  above,  it  should  be  found  more  abundantly  near  the 
soncee  of  the  rivers.  Thus  it  is  kaown  that  the  Otco  contains  no  goU  except  frosi 
Pont  to  its  juBCtioa  with  the  Po.  The  Tieuo  afifords  gold  only  befew  the  Lago  Me^- 
giore,  and  consequently  far  from  the  primitive  mountains,  after  traversing  a  lake,  where 
itSiCDiine  is  sladGcned,  and  into  whieh  whatsoever  it  earned  down  from  these  moualniae 
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matt  have  teen  deposited.  The  lUiiiM  gives  ipore  gold  near  Strasbnrg  than  iiear  Basle^ 
tbongh  the  latter  he  much  eloeer  to  the  moaatains.  The  sands  of  the  Danube  do  not  con- 
tain a  grain  of  gold,  while  this  river  runs  in  a  mountainous  region ;  that  is,  from  the 
£rontiera  of  the  hisho{Nric  ol  Passau  to  Efferding ;  bat  its  sands  become  auriferous  in  the 
plains  below.  The  same  thing  is  true  of  the  Ems;  the  sands  of  the  upper  portion  of  this 
mer,  as  it  flows  among  the. mountains  of  Styria,  include  no  gold ;  but  from  its  entrance 
into  the  plain  at  Sieyer,  till  its  embouchure  in  tlie  Danube,  its  sands  become  auriferousy 
and  are  even  rich  eaooch  to  be  washed  with  prodt. 

The  gxesater  part  or  the  auriferous  sand?,  in  Europe,  Asia,  Africa,  and  America, 
are  black  or  red)  and  consequently  ferruginous;  a  remarkable  circumstance  in  the 
geological  position  of  aUuvial  gold.  M.  NapioQC  supposes  that  the  gold  of  these  ferru- 
ginous grounds  is  due  to  the  decomposition  of  auriferous  pvrites.  The  auriferous 
sand  occurring  in  Hungary  almost  always  in  the  neighborhood  of  the  beds  of  liphitea, 
•ad  the  petrifled  wood  covered  with  gold  grains,  fonnd  bnried  at  a  depth  of  55  yards  in 
day,  in  the  mine  of  Vorospatak  near  Abrabanya'in  Transylvania,  might  lead  us  to  pre- 
sume that  the  epoch  of  the  formation  of  the  auriferous  alluvia  is  not  remote  from  that 
of  the  lignites.  The  same  association  of  gold  ore  and  fossil  wood  occurs  in  South 
America,  at  Moco.  Near  the  villase  of  Lloro,  have  been  discovered  at  a  depth  of  20 
ieet,  large  trunks  of  petrifled  trees,  surrounded  with  fragments  of  trap  rocks  interspersed 
with  spangles  of  gold  and  platinum.  But  the  alluvial  soil  affords  likewise  all  the  eha- 
neters  of  the  basaltic  rocks ;  thus  in  France,  the  Ceze  and  the  Gardon,  auriferous 
rivers,  where  they  afford  most  gold,  flow  over  ground  apparently  derived  from  the 
destraetioa  of  the  trap  rocks,  which  occur  in  Htu  higher  up  the  country.  This  fact  had 
strock  Keaumur,  and  this  celebrated  observer  had  remarked  that  the  sand  which  more 
immediately  accompanies  the  gold  spani;les  in  most  rivers,  and  particularly  in  the  Rhone 
and  the  IthiAe*  is  composed,  like  that  of  Ceylon  and  Expailly,  of  black  protoxyde  of  iron 
and  small  grains  of  rubies,  corindon,  hyacinth,  &c.  Titanium  has  been  observed  more 
recently.  It  has,  lastly,  been  remarked  that  the  gold  of  alluvial  formations  is  purer  than 
ihat  extracted  frapi  rocks. 

Principal  OM  Min^s. 

Spain  anciently  possessed  nuees  of  gold  in  regular  veins,  especially  in  the  province  of 
Asturias;  but  the  richness  of  the  American  mines  has  made  them  to  be  neglected. 
The  Tagus,  and  some  other  streams  of  that  country,  were  said  to  roll  over  golden  sands. 
France  contains  no  workable  gold  mines ;  but  it  presents  in  several  of  its  rivers  auri- 
ferous sands.  There  are  some  gold  mines  in  Piedmont ;  particularly  the  veins  of  aurife- 
rous pyrites  of  Macugnagna,  at  the  foot  of  Monte  Eosa,  lying  in  a  mountain  of  gneiss; 
and  althoogh  they  do  not  contain  10  or  11  grains  of  gold  in  a  hundred  weight,  they  have 
long  defrayed  the  expense  of  working  them.  On  the  southern  slope  of  the  Pennine  Alps, 
from  the  Simplon  and  Mon^  Rosa  to  the  valley  of  Aoste,  several  auriferous  districts  and 
rivers  occur.  Such  are  the  torrent  Evenson,  which  has  afibrdcd  much  gold  by  washing ; 
the  Oreo,  in  its  passage  from  the  Pont  to  the  Po;  the  reddish  grounds  over  which  this 
little  river  mns  for  several  miles,  and  the  bills  in  the  neighborhood  of  Chivosso,  contain 
gold  spangles  in  considerable  quantity. 

In  the  county  of  Wicklow,  in  Ireland,  a  quartzose  and  ferruginous  sand  was  discovered 
not  long  ago,  containing  many  particles  of  gold,  with  pepitas  or  solid  pieces,  one  of  which 
weighed  f^  ounces.    No  less  than  1000  ounces  of  gold  were  collected. 

There  are  auriferous  sands  in  some  rivers  of  Switzerland,  as  the  Reuss  and  the  Aar. 
In  Gennany  no  mine  of  gold  is  worked,  except  in  the  territory  of  Salzburg,  amid  the 
chain  of  mountains  which  separates  the  Tyrol  and  Carinthia. 

The  mines  of  Hungary  and  Transylvania  are  the  only  gold  mines  of  any  importance' in 
Europe;  they  are  remarkable  for  their  position,  the  peculiar  metals  that  accompany  them, 
and  their  product,  estimated  at  about  2430  pounds  avoird.  annually.  The  principal  ones 
are  in  Hungary.  1.  Those  of  Konigsberg.  The  native  gold  is  disseminated  in  ores  of 
solphnret  of  silver,  which  occur  in  small  masses  and  in  veins  in  a  decomposing  feldspar 
rock,  amid  a  conglomerate  of  pumice,  constituting  a  portion  of  the  trachytic  formation. 
2.  Those  of  Borson,  Schemnitz.  And,  3.  of  Felsobanya ;  ores  also  of  auriferous  sulphu- 
ret  of  silver,  occur  in  veins  of  sienite  and  greenstone  porphyry.  4.  Those  of  Telke- 
baaya,  to  the  south  of  Kaschau,  are  in  a  deposite  of  auriferous  pyrites  amid  trap  rock^; 
of  the  most  recent  formation. 

In  Transylvania  the  gold  punes  occur  in  veins  oAen  of  great  magnitude,  6,  8,  and  some* 
times  40  yards  thick.  These  veins  have  no  side  plates  or  wall  stones,  but  abut  without 
intermediate  gangues  at  the  primitive  rock.  They  consist  of  carious  quartz,  ferriferous 
limestone,  heavy  spar,  flui>r  spar,  and  sulphuret  (^silver.  The  min&,of  Kapnik  deserves 
Aotice,  where  the  gold  is  associated  with  orpiment,  and  that  of  Ycrospatak  in  granite 
locks ;  thoae  of  Offinbanya,  Zalatna,  and  Kagy-Ag,  where  it  is  associated  with  tella- 
rioffl.    The  last  is  in  a  sienitio  rock  on  the  limits  oC  the  trachyte. 
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In  Sweden,  the  mine  ofEdelfors  in  Smoland  may  be  mentioned,  where  the  gold  oeenrs 
native  and  in  aariferoas  pyrites ;  the  veins  are  a  brown  quartz,  in  a  mountain  of  foliated 
hornstone. 

In  Siberia,  native  gold  occurs  in  a  hornstone  at  Schlangenberg  or  Zmeof,  and  at 
Zmeino-garsk  in  the  Altai  mountains,  accompanied  with  many  other  ores. 

The  gold  mine  of  Berezof  in  the  Oaral  mountains  has  been  long  known,  consisting  of 
partially  decompoted  auriferous  pyrites^  disseminated  in  a  vein  of  greasy  quartz.  About 
1820,  a  very  rich  deposite  of  native  gold  was  discovered  upon  the  eastern  side  of  the  Oural 
mountains,  disseminated  at  some  yards  depth,  in  an  argillaceous  loam,  and  aecompanied 
with  the  debris  of  rocks  whiq^i  usually  compose  the  auriferous  alluvial  soils,  as  green- 
stone, serpentine,  protoxyde  of  iron,  corundum,  &c.  The  rivers  of  this  district  possess 
auriferous  sands.  The  annual  product  of  the  gold  mines  of  Siberia  is  3740  pounds 
avoirdupois. 

In  Asia,  and  especially  in  its  southern  districts,  there  are  many  mines,  streams,  rivers, 
and  wastes,  which  contain  this  metal.  The  Pactolus,  a  small  river  of  Lydia,  rolled  over 
such  golden  sands,  that  it  was  supposed  to  constitute  the  origin  of  the  wealth  of  Crcesus. 
But  these  deposites  are  i^w  poor  and  forgotten.  Japan,  Formosa,  Ceylon,  Java,  Sumatra, 
Borneo,  the  Philippines,  and  some  other  islands  of  the  Indian  Archipelago,  are  supposed 
to  be  very  rich  in  gold  mines.  Those  of  Borneo  are  Worked  by  the  Chinese  in  an  alluvial 
soil  on  the  western  coast,  at  the  foot  of  a  chain  of  volcanic  mountains. 

Little  or  no  gold  comes  into  Europe  from  Asia,  because  its  servile  inhabitants  place 
their  fortune  in  treasure,  and  love  to  hoard  up  that  precious  metal. 

Numerous  gold  mines  occur  on  the  two  slopes  of  the  chain  of  the  Gaflas  mountaiDS  in 
the  Oundes,  a  province  pf  Little  Thibet.  The  gold  lies  in  quartz  veins  which  traverse  a 
very  crumbling  reddish  granite. 

Africa  was,  with  Spain,  the  source  of  the  greater  portion  of  the  gold  possessed  by  the 
ancients.  The  gold  which  Africa  still  brings  into  the  market  in  abundance  is  always  in 
dust,  showing  that  the  metal  is  obtained  by  washing  the  alluvial  soils.  None  of  it  Is 
collected  in  the  north  of  that  continent ;  three  or  four  districts  only  are  remarkable  for 
the  quantity  of  gold  they  produce. 

The  first  mines  are  those  of  Kordofan,  between  Barfbur  and  Abyssinia.  The  negroes 
transport  the  gold  in  quills  of  the  ostrich  or  vulture.  These  mines  seem  to  have  been 
known  to  the  ancients,  who  considered  Ethiopia  to  abound  in  gold.  Herodotus  relates 
that  the  king  of  that  country  exhibited  to  the  ambassadors  of  Cambyses,  all  their  prison- 
ers bound  with  golden  chains. 

The  second  and  chief  exploitation  of  gold  dust  is  to  the  south  of  the  great  desert  of 
Zaara,  in  the  western  part  of  Africa,  from  the  mouth  of  the  Senegal  to  the  Cape  of 
Palms.  The  gold  occurs  in  spangles,  chiefly  near  the  surface  of  the  earth,  in  the  bed  of 
rivulets,  and  always  in  a  ferruginous  earth.  In  some  places  the  negroes  dig  weUs  in  the 
soil  to  a  depth  of  about  40  feet,  unsupported  by  any  props.  They  do  not  follow  any  vein; 
nor  do  they  construct  a  gallery.  By  repeated  washings  they  separate  the  gold  from  the 
earthy  matters. 

The  same  district  furnishes  also  the  greater  part  of  what  is  carried  to  Morocco,  Fez, 
and  Algiers,  by  the  caravans  which  ^o  from  Timbuctoo  on  the  Niger,  across  the  great 
desert  of  Zaara.  The  gold  which  arrives  by  Senna  at  Cairo  and  Alexandria,  comes  from 
the  same  quarter.  From  Mungo  Park's  description,  it  appears  that  the  gokl  spangles  are 
found  usually  in  a  ferrusi:inous  small  gravel,  buried  under  rolled  pebbles. 

The  third  spot  in  Africa  where  gold  is  collected,  is  on  the  south-east  coast,  between  the 
twenty-fiAh  and  the  twenty-second  degree  of  south  latitude,  opposite  to  Madagascar,  in 
the  country  of  Sofala.  Some  persons  think  that  this  was  the  kingdom  of  Ophir,  whence 
Solomon  obtained  his  gold. 

In  modern  times,  the  richest  cold  mines  are  found  in  America,  from  which  there  is 
exported  annually,  3700  or  4000  pounds  avoirdupois  of  this  metal.  It  occurs  there 
principally  in  spangles  among  the  alluvial  earths,  and  in  the  beds  of  rivers ;  more  rarely 
in  veins. 

There  is  little  gold  in  the  northern  part  of  America.  The  United  States  have  hitherto 
produced  but  a  slight  quantity  of  alluvial  gold,  collected  in  the  gravel  pits  of  the  creeks 
of  Rockhole,  district  of  Lebanon^  in  North  Carolina.  In  1810,  a  mass  was  found  there, 
weighing  28  pounds.  This  district  has  furnished  the  mint  of  the  United  States  with  about 
100  lbs.  avoirdupois  of  gold. 

South  America,  especially  Brazil,  Choco,  and  Chili,  are  the  regions  which  furnish 
most  gold. 

The  gold  of  Mexico  is  in  a  great  measure  contained  in  the  argentiferous  veins,  so 
numerous  in  that  country,  whose  principal  localities  are  mentioned  under  the  artiele 
Silver.  The  silver  of  the  argentiferous  ores  of  Guanazato,  contains  one  36Qth  of  its 
weight  of  goM ;  the  annual  product  of  the  mines  being  valued  at  from  2640  to  3300 
pounds  avoirdupois. 
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Oaxaeo  eontaint  the  ottly  aoriferons  veins  exploited  as  gold  mines  in  Mexico;  they 
tnrerse  rocks  of  gneiss  and  mica  slate. 

All  the  risers  of  the  proYince  of  CaiaccaSy  to  ten  degrees  north  of  the  line,  flow  over 
Solden  sands. 

Pern  is  not  rich  in  gold  ores.  In  the  provinces  of  Htiailas  and  Pataz,  this  metal  is 
mined  in  Yeins  of  greasy  quartz,  variegated  with  red  ferruginoas  spots,  which  traverse 
primitive  rocks.  The  mines  called  paeot  d»  oro^  consist  of  ores  of  iron  and,  copper  oxydes> 
cootaiainf  a  great  quantity  of  gold. 

All  the  gold  furnished  by  New  Grenada  (New  Colombia)  is  the  product  of  washings, 
established  in  alluvial  grounds.  The  gold  exists  in  spangles  and  in  grains,  disseminated 
amoog  fragments  of  greenstone  and  porphyry.  At  Cboco,  along  with  the  gold  and  plati- 
nam,  hyacinths,  zircons,  and  titanium  occur.  There  have  been  found,  as  already  stated, 
in  the  auriierous  localities,  large  truaks  of  petrified  trees.  The  gokl  of  Antioquia  is  20 
carats  fine,  that  of  Choco  21,  and  the  largest  lump  or  pepUa  of  gold  weighed  about  27) 
pounds  avoirdupois.    The  gold  of  Chili  also  occurs  in  alluvial  formations. 

Braxil  furnishes  the  greatest  part  of  the  gold  now  brought  into  the  market.  Yet  there 
is  not  in  Ibis  country  any  gold  mine  properly  so  called;  for  the  veins  containing  the  metal 
are  sekioro  worked. 

It  is  in  the  sands  of  the  Maadi,  a  branch  of  the  Rio-Dolce,  at  Catapreta,  that  the  auri- 
ferous ferruginoas  sands  were  first  discovered  in  1682.  Since  then,  they  have  been 
found  almost  everywhere  at  the  foot  of  the  immease  chain  of  mountains,  which  runs 
nearly  parallel  with  the  coast,  from  the  5th  degree  south  to  the  30th.  Il  is  particularly 
near  Villa  Rica,  in  the  environs  of  the  village  Coc&es,  that  the  numerous  washings  for 
gold  are  established.  The  pepiias  occur  in  different  forms,,  oAen  adhering  to  micaceous 
specular  iron.  But  in  the  province  of  Mines  Geraes,  the  gold  occurs  also  in  veins,  in 
beds,  and  in  grains,  disseminated  among  the  alhivial  loams.  It  has  been  estimated  in 
annaal  product,  by  several  authors,  at  about  2S00  pounds  avoirdupois  of  fine  metal;  worlb 
Dearly  a  million  sterling. 

We  thus  see  that  almost  all  the  gold  broogbt'into  the  market,  comes  from  alluvial 
lands,  and  is  extracted  by  washing. 

The  gold  coin  of  the  ancients  was  made  chiefly  out  of  alluvial  gold,  for  in  these  early 
times  the  metaUurglc  arts  were  not  sufficiently  advanced  to  enable  them  to  purify  it.  The 
cold  dust  from  Bambouk  in  Africa,  is  of  22}  carats  fine,  and  some  from  Morocco  is  even 
23. 

The  gold  of  Giroo,  ia  New  Grenada,  is  of  23}  carats ;  being  the  purest  from  America. 
''  For  those  who  traffic  in  ^old,''  says  Humboldt,  '*  it  is  safficient  to  learn  the  place  where 
the  metal  has  been  collected,  to  know  its  title." 

Mtialiturgic  trta/maU  of  gold, — The  gold  found  in  the  sands  of  rivers,  or  in  auriferous 
soiU,  aeeds  not  be  subjected  to  any  metallurgic  process,  properly  speaking.  The 
Orpaillers  separate  it  from  the  sands,  by  washing  them  first  upon  inclined  tables, 
sometimes  oorered  with  a  cloth,  and  then  by  hand  in  wooden  bowls  of  a  particular  form. 
Amalgamation  is  employed  to  carry  ofi*  from  the  sand  the  minuter  particles  of  gold  they 
may  coatain.  The  people  called  Bohemians,  Cigans,  or  Tehinganes,  who  wash  the 
aurifcfous  sands  in  Hungary,  employ  a  plank  with  24  transverse  grooves  cut  in  its 
surface.  They  hold  this  plank  in  an  inclined  position,  and  put  the  sand  to  be  washed 
in  the  first  groove;  they  then  throw  water  on  iU  when  the  gokl  mixed  with  a  little  sand 
collects  usually  towards  the  lowest  furrow.  They  remove  this  mixture  into  a  flat  wooden 
baain,  and  by  a  peculiar  sleight  of  hand,  separate  the  gold  entirely  from  the  sand.  The 
richest  of  the  auriferous  ores  consist  of  the  native  gold  quite  visible,  disseminated  in  a 
gangue,  but  the  veins  are  seldom  continuous  for  any  length.  The  other  ores  are  auri- 
ferous metallic  sulphurets,  such  as  sulphurets  of  copper,  silver,  arsenic,  &c.,  and  pariicu- 
larly  iron. 

The  stony  ores  are  first  ground  in  the  stamping  mill,  and  then  washed  in  hand-basin^, 
or  on  wooden  tables. 

The  auriferous  sulphurets  are  much  more  common,  but  much  poorer  than  the  former 
ores ;  some  eonuin  only  one  200,000th  part  of  gold,  and  yet  they  may  be  worked  with 
advantage,  when  treated  with  skill  and  economy. 

The  gold  of  these  ores  is  separated  by  two  difleraat  processes ;  namely,  by  fusion  and 
■malgamation. 

The  auriferoas  metallic  snlphorets  are  first  roasted;  then  melted  into  mattesy  which 
are  roasted  anew ;  next  fused  with  lead,  whence  an  auriferous  lead  is  obtained,  which 
oisy  be  refined  by  the  process  of  cupellation. 

When  the  gold  ores  are  very  rich,  they  are  melted  directly  with  lead,  without  pre- 
limiaary  calcination  or  fonion.  These  processes  arc,  hojvever,  little  practised,  because 
they  are  less  economical  and  certain  than  amalgamaik>n,  especially  when  the  gold  ores 
ire  very  poor. 

If  thcM  ores  consist  of  eopper  pyrites,  and  if  their  treatment  has  been  pushed  to  the  pomt 
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of  obtetniD]^  auriferoQS  ro«e  copper,  or  eten  biMk  copper  iietodteg  coU;  tbe 
metal  cannot  be  separated  by  the  process  of  UquatioR,  because  the  gold,  having  more 
ity  ibr  copper  than  fbr  lead,  can  be  bat  partially  mb  off  by  Ae  latter  ttetal.    For  these 
reasons  the  process  of  amalganiation  is  far  preferable. 

This  process  being  the  same  for  stlTer,  I  shall  reserve  its  deeeription  for  this  metal. 
The  rich  ores  in  which  the  native  gold  is  apparent,  and  merely  disseminated  in  a  stony 
gangue,  are  directly  triturated  with  quicksilver,  without  any  preparatory  operation.  As 
to  the  poor  ores,  in  which  the  gold  seems  lost  amid  a  great  maiss  of  iron,  snlphvret  ol 
copper,  &c.,  they  are  subjected  to  a  roasting  befbre  being  amalgamated.  This  proeess 
seems  requisite  to  lay  bare  the  gold  enveloped  in  the  sulphureCs.  The  qniekrilver  with 
which  the  ore  is  now  ground,  seiifes  the  whole  of  its  goU,  in  however  small  qnantity  this 
metal  may  be  present. 

The  gold  procured  by  the  refining  process  with  lead,  is  free  froip  copper  and  lead,  bnt 
it  may  contain  iron,  tin,  or  silver.  It  cannot  be  separated  from  iron  and  tin  without 
great  difficulty  and  expense,  if  the  proportion  ot  goM  be  too  small  to  admit  of  the  employ- 
ment of  muriatic  acid. 

By  cupellation  with  lead,  gold  may  be  deprived  of  any  antimony  nntted  with  it. 

Tin  gives  gold  a  remarkable  hardness  and  brittleness ;  a  piece  of  gold,  exposed  Ibr 
some  time  over  A  bath  of  red  hot  tin,  becomes  brittle.  The  same  thing  happens  more 
readily  over  antimony,  from  the  volatility  of  this  metal.  A  two  thousandth  part  of  anti- 
mony, bismuth,  or  lead,  destroys  the  ductility  of  gold.  The  tin  may  be  got  rid  of  by. 
throwmg  some  corrosive  sublimate  or  nitre  into  a  crucible,  containing  the  melted  alloy. 
By  the  first  agent,  perchloride  of  tin  is  volatilized ;  by  Uie  second,  statmale  of  potash 
forms,  which  is  carried  off  in  the  resulting  alkaline  scorim. 

Gold  treated  by  the  process  of  amalgamation,  contains  commonly  nothing  bvit  a  little 
silver.  The  silver  is  dissolved  out  by  nitric  acid,  which  leaves  the  gold  nntottched ;  but 
to  make  this  parting  with  success  and  economy  on  the  great  scale,  several  precanlions 
must  be  observed. 

If  the  gold  do  not  contain  fully  two  thirds  of  its  weight  of  sflver,  this  metal,  being 
thoroughly  enveloped  by  the  gold,  is  partially  screened  from  the  action  of  the  acid.    When- 
ever, therefore,  it  is  known  ij  a  trial  on  a  small  scale,  that  the  stiver  is  much  below  this 
proportion,  we  must  bring  the  alloy  of  gold  and  silver  to  that  standard  by  adding  the  re-  ' 
quisite  quantity  of  the  latter  metal.    This  process  is  called  quartation. 

This  alloy  is  then  granulated  or  laminated ;  and  from  twice  to  thrice  its  weight  of  sul- 
phuric or  nitric  acid  is  to  be  boiled  upon  it;  and  when  it  is  judged  that  the  solution  has 
been  pushed  as  far  as  possible  by  this  first  acid,  it  is  decanted,  and  new  acid  is  ponred  on. 
Lastly,  after  having  washed  the  gold,  some  sulphuric  acid  is  to  be  boiled  over  it,  which 
carries  off  a  two  or  three  thousandth  part  of  silver,  which  nitric  acid  alone  conM  not  dis- 
solve.   Thus  perfectly  pure  gold  is  obtained. 

The  silver  held  in  solution  by  the  sulphuric  or  nitric  acid  is  precipitated  in  the  metallic 
state  by  copper,  or  in  the  state  of  chloride  by  sea-salt.    See  Parting. 

Not  only  has  the  ratio  between  the  value  of  gold  and  silver  varied  much  in  different 
ages  of  the  world ;  but  the  ratio  between  these  metals  and  the  commodities  they  repre- 
sent has  undergone  variations,  owing  to  the  circumstances  in  which  their  mines  have 
been  successively  placed;  since  they  have  always  poured  a  greater  quantity  of  the  metals 
into  the  market  than  has  been  absorbed  by  use.  This  quantity  has  greatly  increased 
since  the  discovery  of  America,  a  period  of  little  more  than  300  years.  The  mines  of 
that  continent,  rich,  numerous,  and  easily  worked,  by  augmenting  the  mass  of  gold  and 
silver,  necessarily  lessened  the  value  of  these  metals  compared  with  that  of  the  objects 
of  commerce  represented  by  them,  so  that  everything  else  being  equal,  there  is  new 
required  for  purchasing  the  same  quantity  of  commodities,  much  more  gold  or  silver 
than  was  necessary  in  the  reign  of  Henry  VIT.,  before  the  discovery  of  America.  This 
productiveness  of  the  American  mines  has  had  an  influence  on  those  of  the  ancient  con- 
tinent ;  many  of  whose  silver  and  gold  mines  have  been  abandoned,  not  because  the 
veins  or  auriferous  sands  are  less  rich  than  they  were,  but  because  their  product  no 
longer  represents  the  value  of  human  labor,  and  of  the  goods  to  be  fiiraished  in  return 
for  their  exploitation. 

In  the  3d  vol.  of  the  Mining  Jonrnal,  p.  831,  we  have  the  following  statement  as  to 
the  produce  of  the  precious  metals. — **  In  40  years,  from  1790  to  1830,  Mexico  produced 
6,436,453/.  worth  of  gold,  and  139,818,032/.  of  sOver.  Chili,  2,768,488/.  of  gold,  and 
1,822,924/.  of  silver.  Buenos  Ayres,  4,024,8951.  of  gold,  and  27,182,673/.  of  silver. 
Russia,  3,703,743/.  of  gold,  and  1,502,981/.  of  silver.  ToUl,  1880  millions  sterling,  or 
47  millions  per  annum. 

Tlie  following  table  shows  what  proportmn  the  product  of  the  mines  of  Amencn  bcnra 
to  that  of  the  mines  of  the  ancient  continent. 
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ic  minea  of  Americm  bare  init  into  Europe  three  and  a  halT  linet  more  foM,  tikd 
re  licdci  more  lilver,  than  ihnte  of  the  kudeot  continent.  The  total  qunntity  of 
r  WM  Id  that  of  gold  in  the  inlio  cf  55  to  1 1  ■  verf  difTeirnt  ratio  fVom  that  which 
.  rtallf  in  Ihe  value  of  Ihete  two  metali,  wtiich  ii  ia  Earope  at  1  to  16.  'Riif 
ence  depcada  upon  aereral  causea,  wbich  eaiinot  be  invntigated  taere  at  lenglh; 
I  may  be  ataled  that  gtM,  b)  it*  raritj  and  price,  being  much  less  employed  in  the 
tban  lilrer,  Ihe  dcDiaad  Tor  it  i»  aho  loach  leu;  and  this  cause  is  sufficient  to 
r  its  price  much  beneath  what  it  would  bave  been,  if  it  had  rallowed  Ihe  ratio  of  its 
Lily  compared  10  that  of  sDrer.  Thus  also  bismalh,  tin,  i.e.,  thongh  much  rarer 
lilTCf,  arc,  neverlbeless,  veiy  inferior  in  price  to  it.  Before  the  discoverj  of 
rica,  the  TaJue  of  gold  wag  not  as  distant  fnnn  that  of  silver,  because  since  that  era 
r  hu  been  diittibnted  in  Europe  in  a  far  greater  propnrtion  than  Eold.  Ia  Asia 
ropoilioa  U  bow  aelualt;  onljr  1  to  11  or  12  i  the  product  of  Ibe  gold  minei  In  that 
er,  being  bm  to  tnueb  below  that  of  the  lilver  mines  ai  in  the  rest  c{  the 
L 

The  tola]  Btrnnal  productioD  of  Gold  at  pTesenl  bal  been  estimaleil  as  fallows, 
am  the  ancient  Spanish  colouiet  ot  America  -        .        .        10,400  kilogiasmet 
Brazil        ...-....■.  600 

Enrope  and  Atialic  Russia         .....  6,200 

The  Indian  Archipelago 4,700 

Africa 14,0007 

ai>,»00=:3S  tons  nenty 
lut  laliiag  into  account  the  quantity  of  gold  now  exiraclcd  0am  silver, 
lid  baa  less  aSiiiiy  for  oiygen  than  any  other  metal.  When  alone,  it  cannot  be 
ized  bj  any  decree  of  heat  wilb  conuot  of  air,  although  In  combinatioa  with  other 
^ed  bodies,  it  may  pass  into  Ihe  stale  of  on  oxjde,  and  be  even  vitrified.  The  pnr> 
[Doke  into  wbich  gold  leaf  is  converted  by  an  electric  discharge  ia  not  an  oiyda, 
ii  equnlly  fonned  vhen  llic  discharge  ia  made  through  it  in  hydrogCB  gaa.  There 
:wo  oijdea  of  gold ;  the  first  or  piotoijde  i«  a  green  powder,  wbich  may  be  ob- 
A  by  pouring,  in  the  cold,  a  aolulioB  of  potash  into  a  lolBlion  of  the  owtiUlic 
ide.     It  is  not  durable,  but  toon  change*  ia  Ihe  ueuslmuM  into  Bctallia  gok^ 
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an4  peroxyde.  Its  constituents  are  96*13  metal,  and  3*87  oxf^en.  The  peroxyde  is  best 
prepared  by  addin&r  magnesia  to«  solution  of  the  metalKc  chloride;  washing  the  precipi- 
tate with  water  till  this  no  longer  takes  a  yellow  tint  from  muriatic  acid ;  then  digesting 
strong  niirie  acid  npon  the  residnum,  which  removes  the-  magnesia,  and  leaves  the  per- 
oxyde in  the  form  .of  a  black  or  dcu'k  brown  powder,  which  seems  to  partake  more  of  the 
properties  of  a  metallic  acid  than  a  base.  It  contains  10*77  per  cent,  of  oxygen.  For 
the  curious  combination  of  gold  and  tin,  called  the  Purple  Precifitate  of  Cassius,  see 
this  article,  and  Pigments  ViTRinABu:. 

Oold  beating, — ^This  is  the  art  of  reducing  gold  to  extremely  thin  leaves,  by  beating 
with  a  hanmier.  •  The  processes  employed  fur  this  purpose  may  be  applied  to  other 
metals,  as  silver,  platinum,  and  copper.  Under  tin,  zinc,  &c.,  we  shall  mention  such 
modifications  of  the  processes  as  these  metals  require  to  reduce  them  to  thin  leaves.  The 
Romans  used  to  gild  the  ceilings  and  walls  of  their  apartments ;  and  Pliny  tells  us,  that 
from  an  ounce  of  gold  forming  a  plate  of  4  fingers  square,  about  600  leaves  of  the  same 
area  were  hammered.  At  the  present  day,  a  piece  of  gold  is  extended  so  as  to  cover  a 
space  651,590  times  greater  than  its  primary  surface  when  cast. 

The  gold  employed  in  this  art  ought  to  be  of  the  finest  standard.  Alloy  hardens  gold, 
and  renders  it  less  malleable ;  so  that  the  fraudulent  tradesman  who  should  attempt  to  de- 
base the  gold,  wQUld  expose  himself  to  much  greater  loss  in  the  operations,  than  he  could 
derive  of  profit  from  the  alloy. 

Four  principal  operations  constitute  the  art  of  gold  beating.  1.  The  casting  of  the 
gold  ingots.    2.  The  hammering.     3.  The  lamination ;  and  4,  the  beating. 

1.  The  gold  is  melted  in  a  crucible  along  with  a  little  borax.  When  it  has  become 
•iqnid  enough,  it  is  jionred  out  into  the  ingot-moulds  previously  heated,  and  greased  on 
the  inside.  The  ingot  is  taken  out  and  annealed  in  hot  ashes,  which  both  soRen  it  and 
free  it  from  grease.  The  moulds  are  made  of  cast  iron,  with  a  somewhat  concave  in- 
ternal surface,  to  compen^te  for  the  greater  contraction  of  the  central  parts  of  the  metal 
in  cooling  than  the  edges.  The  ingots  weigh  about  2  ounces  each,  and  are  {  of  an  inch 
broad. 

2.  The  fbrging, — When  the  ingot  is  cold,  the  Frencb  gold-beaters  hammer  it  out  on 
a  mass  of  steel  4  inches  long  and  3  broad.  The  hammer  for  this  purpose  is  called  the 
forging  hammer.  It  weighs  about  3  pounds,  with  a  head  at  one  end  and  a  wedge  at  the 
other,  the  head  presenting  a  square  face  of  1|  inches.  Its  handle  is  6  inches  long.  The 
workman  reduces  the  ingot  to  the  thickness  of  I  of  an  inch  at  most ;  and  during  this  op- 
eration he  anneals  it  whenever  its  substance  becomes  hard  and  apt  tocack.  The  English 
gold-beaters  omit  this  process  of  hammering. 

3.  Tke  lamiiiation, — ^The  rollers  employed  for  this  purpose  should  be  of  a  most  per* 
fectly  cylindrical  figure,  a  polished  surface,  and  so  powerful  as  not  to  bend  or  yield  in  the 
operation.  The  ultimate  excellence  of  the  gold  leaf  depends  very  much  on  the  precision 
with  which  the  riband  is  ejiiended  in  the. rolling  press.  The  laminating  machine  repre- 
sented under  the  article  Mint,  is  an  excellent  pattern  for  this  purpose.  The  gold-beater 
desires  to  have  a  riband  of  such  thinness  that  a.sqiiare  inch  of  it  will  weigh  6|  grains. 
Frequent  annealings  are  requisite  during  the  lamination. 

4.  Beating.-^The  riband  of  gold  being  thus  prepared  unifoi'm,  the  gold*beater  eals  it 
with  shears  into  small  squares  of  an  inch  each,  having  previously  divided  it  with  ooin- 
passes,  so  that  the  pieces  may  be  of  as  equal  weight  as  possible.  These  squares  are  piled 
over  each  other  in  parcels  of  150,  with  a  piece  of  fine  calf-skin  vellum  interposed  between 
each,  and  about  20  extra  vellums  at  the  top  and  bottom.  These  vellum  leaves  are  about 
4  inches  square,  on  whose  centre  lie  the  gold  lamins  of  an  inch  square.  This  packet  is 
kept  together  by  being  thrust  into  a  case  of  strong  parchment  open  at  the  ends,  so  as  to 
form  a  belt  or  band,  whose  open  sides  are  covered  in  by  a  second  case  drawn  over  the 
packet  at  right  angles  to  the  first.  Thus  the  packet  becomes  sufficiently  compact  to 
bear  beating  with  1i  hammer  6f  15  or  16  pounds  weight,  having  a  circular  face  nearly  4 
inches  diameter,  and  somewhat  convex,  whereby  it  strikes  the  centre  of  the  packet  most 
forcibly,  and  thus  squeezes  out  the  plates  laterally. 

The  beating  is  performed  on  a  very  strong  bench  or  stool  framed  to  receive  a  heavy 
block  of  marble,  about  9  mches  square  on  the  surface,  enclosed  upon  every  side  by  wood- 
work, except  the  front  where  a  leather  apron  is  attached,  which  the  workman  lays  be- 
fore him  to  preserve  any  fragments  of  gold  that  may  faU  out  of  the  packet.  The  hammer 
is  short-handled,  and  is  managed  by  the  workman  with  one  hand ;  who  strikes  fairly  on 
the  middle  of  the  packet,  frequently  turning  it  over  to  beat  both  sides  alike  ;  a  feat  dex- 
terously done  in  the  interval  of  two  strokes,  so  as  not  to  lose  a  blow.  The  packet  is  oc- 
casionally bent  or  rolled  between  the  hands,  to  loosen  the  leaves  and  secure  the  ready 
extension  of  the  gold  ;  or  it  is  taken  to  pieces  .to  examine  the  goM,  and  to  shift  the  cen- 
tral leaves  to  the  outside,  and  vice  versa,  that  every  thing  may  be  equalized.  Whenever 
the  gold  plates  have  extended,  under  this  treatment,  to  nearly  the  size  of  the  vellum» 
they  are  removed  from  the  packet,  and  cut  into  four  equal  squares  by  a  knife.    Ther 
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are  thus  redueed  to  nearly  the  same  size  as  at  first,  and  are  again  made  up  into  packets 
uid  eneloaed  as  before,  with  this  dilTerenee,  that  skins  prepared  from  ox-gut  are  now 
interposed  between  each  gold  leaf  instead  of  vellum.  The  secood  course  of  beating  Is 
performed  with  a  smaller  hammer,  about  10  pounds  in  weight,  and  is  continued  till  the 
leaves  are  extended  to  the  size  of  the  skins.  During  this  period  the  packet  must  be  often 
folded,  to  render  the  gold  as  loose  as  possible  between  the  membranes ;  otherwise  the 
leaves  are  easily  chafed  and  broken.  They  are  once  more  spread  on  a  cushion,  and  sub- 
divided into  four  square  pieces  by  means  of  two  pieces  of  cane  cut  to  very  sharp  edges, 
aid  fixed  down  transversely  on  a  board.  This  rectangular  cross  being  applied  on  each 
leaf,  with  slight  pressure,  divides  ii  into  four  equal  portions.  These  are  next  made  up  into 
a  third  packet  of  convenient  thickness,  and  finally  hammered  out  to  the  area  of  fine  gold 
leaf,  whose  average  size  is  from  3  to  3|  inches  square.  The  leaves  will  now  have  ob- 
tained an  area  192  times  greater  than  the  plates  before  the  hammering  begun.  As  these 
were  originally  an  inch  square,  and  75  of  them  weighed  an  ounce  (==  ^  x  75  =  487|), 
the  surface  of  the  finished  leaves  will  be  ld2  X  75  s=  14,400  square  inches,  or  100  square 
feet  per  cmnce  troy.  This  is  by  no  means  the  ultimate  degree  of  attenuation,  for  an 
ounce  may  be  hammered  so  as  to  cover  IfiO  square  feet ;  but  the  waste  incident  in  this 
case,  from  the  number  of  broken  leaves,  and  the  inerease  and  nicety  of  the  labor,  make 
this  an  unprofitable  refinement;  while  the  gilder  finds  such  thin  leaves  to  make  less 
durable  and  satis&ctory  Work. 

The  finished  leaves  of  gold  are  put  up  in  small  books  made  of  single  leaves  of  soft 
paper,  rubbed  over  with  reid  chalk  to  prevent  adhesion  between  them.  Before  putting 
the  leaves  in  these  boc^s,  however,  they  are  lifted  one  by  one  with  a  delicate  pair  of  pin- 
cers  out  of  the  finishing  packet,  and  spread  out  on  a  leather  cushion  by  blowing  them  flat 
down.  They  are  then  cut  to  one  size,  by  a  sharp-edge  square  motdding  of  cane,  glued 
on  a  flat  board.  When  this  square-framed  edge  is  prosed  upon  the  gold,  it  cuts  it  to  the 
desired  size  and  shape.    Each  book  commonly  contains  25  gold  leaves. 

1  shall  now  describe  some  peculiarities  of  the  French  practice  of  gold  beating.  The 
vorkman  cuts  the  laminated  ribands  of  an  inch  broad  into  portions  an  inch  and  a  half 
loo£r>'  These  are  called  ^[uarikrt^  He  takes  24  of  them,  which  he  places  exactly  over 
each  other,  so  as  to  form  a  thickness  of  about  an  inch,  the  riband  being  j^  of  a  line,  or 
^  of  an  inch  thick ;  and  he  beats  them  together  on  the  steel  slab  with  the  round  face 
(pamw)  of  the  hammer,  so  as  to  stretch  them  truly  out  into  the  square  form.  He  begins 
by  extending  the  substance  towards  the  edges,  thereafter  advancing  towards  the  middle ; 
he  then  does  as  much  on  the  other  side,  and  finally  hammers  the  centre.  By  repeating 
this  mode  of  beating  as  often  as  necessary,  he  reduces  at  once  all  the  quartiers  (squares) 
of  the  same  packet,  till  none  of  them  is  thicker  than  a  leaf  of  gray  paper,  and  of  the 
sixe  of  a  square  of  2  inches  each  side. 

When  the  quariiert  are  brought  to  this  state,  the  workman  takes  56  of  them,  which 
he  piles  over  each  other,  and  with  which  he  forms  the  first  packet  {caucher)  m  the  man- 
ner already  described ;  only  two  leaves  of  vellum  are  interposed  between  each  gold  leaf. 
The  empty  leaves  of  vellum  at  the  top  and  bottom  of  the  packet  are  called  emplures. 
They  are  4  inches  square,  as  well  as  the  parchment  pieces. 

The  packet  thus  prepared  forms  a  rectangular  parallelopiped ;  it  is  enclosed  in  two 
sheaths,  composed  each  of  several  leaves  of  parchment  applied  to  each,  and  glued  at  the 
two  sides,  Ibrming  a  bag  open  at  either  end. 

The  block  of  black  marble  is  a  foot  square  at  top,  and  18  inches  deep,  and  is  framed 
OS  above  described.  The  hammer  used  for  beating  the  first  packet  is  called  llie  flat, 
or  the  enlarging  hammer;  its  head  is  round,  about  5  inches  in  diameter,  and  very  slightly 
eon  rex.  It  is  6  inches  high,  and  tapers  gradually  from  its  head  to  the  other  extremity, 
which  gives  it  the  form  of  a  hexagonal  truncated  pyramid.  It  weighs  14  or  15 
poands. 

The  French  gold-beaters  employ,  besides  this  hammer,  three  others  of  the  same  form  j 
namely,  1.  The  commencing  hammer,  which  weighs  6  or  7  pounds,  has  a  head  4  inches 
ia  diameter,  and  is  more  convex  than  the  former.  2.  The  spreading  hammer  (martean 
d  chas$er) ;  its  head  is  two  inches  diameter,  more  convex  than  the  last,  and  weighs  only 
4  or  5  pounds.  3.  The  finuhing  hammer ;  it  weighs  12  or  13  pounds,  has  a  head  four 
laches  diameter,  and  is  the  most  convex  of  all. 

The  beating  processes  do  not  differ  essentially  from  the  English  described  above.  The 
rellnm  is  rubbed  over  with  fine  calcined  Paris  plaster,  with  a  hare's  foot.  The  skin  of 
the  gold-beater  is  a  pellicle  separated  from  the  outer  surface  of  ox-got ;  but  before 
beiag  employed  for  this  purpose,  it  must  undergo  two  preparations.  1.  It  is  sweated,  in 
order  to  expel  any  grease  it  may  contain.  With  this  view,  each  piece  of  membrane  is 
pltced  between  two  leaves  of  white  paper  j  several  of  these  pairs  are  piled  over  each 
other,  and  gtrnck  strongly  with  a  hammer,  which  drives  the  grease  from  the  gut  into  the 
paper. 

2.  A  body  is  given  to  the  pkees  of  gut;  that  is,  they  are  moistened  with  an  infusion 
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of  cinnaiDOD,  natmeg,  and  other  wann  and  aromatic  iagrediaiti^  ia  ovdar  to  iimart 
them ;  an  operation  repeated  aAer  they  have  been  dried  in  tha  air*  When  the  leavca  of 
fikin  ai^e  dr}',  they  are  put  in  a  pre88»  and  are  now  ready  for  iiae.  .AAer  the  paifhiwnt, 
vellum,  and  gut  membrane  have  been  a  good  deal  hanuncredy  they  beeoBDC  unfit  for  work, 
till  they  are  restored  to  proper  flexibility,  by  being  placed  leaf  by  leaf  between  leanres 
of  white  paper,  moistened  sometimes  with  vinegar,  at  others  with  white  wine.  They  ate 
leA  in  this  predicament  for  3  or  4  hours»  under  compression  of  a  plank  loaded  with  weights. 
When  they  have  imbibed  the  proper  humidity,  they,  are  put  between  leaves  of  parchiaeBt 
12  inches  square,  and  beat  in  that  situation  for  a  whole  day.  They  are  then  rubbed 
over  with  fine  calcined  gypsum,  as  the  vellan  was  originally.  The  gut-akin  is  apl  to 
contract  damp  in  standing,  and  is  therefore  dried  belbre  being  used. 
The  average  thickness  of  common  gold  leaf  is  y^^^^  of  an  inch. 

The  art  of  Gilding, — ^This  art  consista  in  covering  bodies  with  a  thin  coat  of  gold; 
which  may  be  done  either  by  mechanical  or  chemical  means.  The  mechanical  mode  is 
the  application  of  gold  leaf  or  gold  powder  to  various  sorfaees,  and  their  fixation  by  va- 
rious means^  .  Thus  gold  may  be  applied  to  wood,  plaster,  pasteboard^  leather ;  and  to 
metals,  such  a9  silver,  copper,  iron,  tin,  and  bronze ;  so  that  gilding,  generally  speaking, 
includes  several  arts,  exercised  by  very  difiTerent  classes  of  tradesmen. 

I.  Mechanical  Giiding, — Oil  gilding  is  the  first  method  vader  this  head,  as  oil  is  the 
fiuid  most  generally  used  in  the  operation  of  this  mechanical  art.  •  The  following  process 
has  been  much  extolled  at  Parisw 

1.  A  coat  of  inipittsion  is  to  be  gives  first  of  all,  namely,  a  coat  of  white  lead  painl, 
made  with  dryiag  linseed  oil,  oonlajning  very  little  oil  of  turpentine. 

2.  Calcined  ceruse  is  to  be  ground  very  well  with  unboiled  linseed  oil,  and  tempered 
with  essence  of  turpentine,  in  proportion  as  it  is  laid  on.  Three  or  four  coats  of  this 
hard  tint  are  to  be  applied  evenly  and  dryly  on  the  ornaments  and  the  parts  which  are  m 
be  most  carefully  gilded. 

3.  The  GM  color  is  then  to  be  smoothly  applied.  This  is  merely  the  dregs  of  the 
colors,  ground  and  tempered  with  oil,  which  remain  in  the  little  dish  in  which  painters 
clean  their  biusbes.  This  substance  is  extremely  rich  and  gluey;  after  being  ground 
up,  and  passed  through  fiii«  linen  doth,  it  forms  the  groirad  for  gold  leaf. 

4.  When  the  gold  color  is  dry  enough  to  catch  hold  of  the  leaf  gold,  this  is  spread  on 
the  cushion,  cut  into  pieces,  and  carefnlJy  applied  with  the  palette  knife,  pressed  down 
with  cotton,  and  in  the  smdl  ornaments  with  a  fine  brush. 

5.  If  the  gildings  be  for  outside  exposnre,  as  balconies,  gratings,  statues,  &c.,  they 
must  not  be  varnished,  as  simple  oil  gilding  stands  belter ;  for  when  it  is  varnished,  a 
bright  sun-beam,  acting  after  heavy  rain,  gives  the  gilding  a  jagged  appearance.  When 
the  objects  are  inside  ones,  a  coat  of  spirit  varnish  may  be  passed  over  the  gold  leaf,  then 
a  glow  from  the  gilder's  chafing  dish  may  be  given,  and  finally  a  eoat  of  oil  varnish.  The 
workman  who  causes  the  chafing  dish  to  glide  in  front  of  the  varnished  sorfacc^  noMt 
avoid  stopping  for  an  instant  opposite  any  point,  otherwise  he  would  cause  the  varnish 
to  boil  and  blister.  This  heat  brings  out  the  whole  transparency  of  the  varnish  and 
lustre  of  the  gold. 

Oil  Gilding  is  employed,  with  varnish  polish,  upon  equipages,  mirror-frames,  and  other 
furniture.    The  following  method  is  employed  by  eminent  gilders  at  Paris. 

1.  White  lead,  with  half  its  weight  of  yellow  ochre,  and  a  little  litharge,  are  sepa- 
rately ground  very  fine ;  and  the  whole  is  then  tempered  with  linseed  oU,  thinned  with 
essence  of  turpentine,  and  applied  in  an  evenly  coat,  called  imprtssion, 

2.  When  this  coat  is  quite  dry,  several  coats  of  the  hard  tint  are  given,  even  so  many 
as  10  or  12,  should  the  surface  require  it,  for  smoothing  aad  filling  op  the  pones.  These 
coats  are  given  daily,  leaving  them  to  dry  in  the  interval  in  a  warm  sunny  exposure. 

3.  When  the  work  is  perfectly  dry,  it  is  first  soAened  down  with  pumice  sione  and  water, 
afterwards  with  worsted  cloth  and  very  finely  powdered  pumice,  till  the  hard  tint  give 
no  reflection,  and  be  smooth  as  glass. 

4.  With  a  camel's' hair  brush,  there  must  be  given  lightly  and  with  a  gentle  heat,  frana 
4  to  5  coats  at  least,  and  even  sometimes  double  that  number,  of  fine  lac  varnish. 

5.  When  these  are  dry,  the  grounds  of  the  panels  and  the  sculptures  must  be  first 
polished  with  shave-grass  (de  la  prlle)  ;  and  next  with  putty  of  tin  and  tripoli,  tempered 
with  water,  applied  with  woollen  cloth  j  by  which  the  varnish  is  polished  till  it  shines 
like  a  mirror. 

6.  The  work  thus  polished  is  carried  into  a  hot4>lace,  free  ftom  dust,  where  it  reoeivca 
very  lightly  and  smoothly  a  thin  coat  of  gold  colore  much  .softened  down.  This  eoat  is 
passed  over  it  with  a  clean  soft  brush,  and  the  thinner  it  is  the  better. 

7.  Whenever  the  gold  color  is  dry  enough  to  take  the  gold,  which  is  known  by  laying 
the  back  of  the  hand  on  a  corner  of  the  frame  work,  the  gilding  is  began  and  finiahei 
as  usual. 

8.  The  gold  is  smoothed  ofl*  with  a  very  soft  brush,  one  of  cameVs  hair,  for  ex«n|de, 
<lf  three  fingers*  breadth ;  after  which  it  ii  left  to  dry  for  several  days. 


9.  It  is  thea  vanmhed  with  a  ^irit  oTwiafe  vwaisli;  wUoh  h  tuMted  widi  the  eteflng 
dish  as  above  described.  « 

10.  When  this  Taraish  is  drfy  two  or  thna  ooats  of  eop^  or  oil  vatakh  aie  appUei^  at 
iatenraU  ot  two  days. 

11.  pinally,  the  panels  are  polished  with  a  worsted  eloih»  unboed  with  tripoli  and 
water,  and  Instre  is  givea  by  friction  with  the  pain  of  the  haad,  pvovionsly  soAeaed  With 
a  little  olive  oil,  takiog  eare  aot  to  rub  off  the  gold* 

In  Uiis  ooiratry,  bwridsktd  gildmg  m  praotised  by  fint  giTlng  a  groaad  of  sixe  Whitingy 
in  several  successive  coats ;  next  applying  gilding  size ;  and  then  the  gold  leaf,  wUleh  is 
bornished  down  with  agate^  or  a  dog's  tooth. 

Gilding  in  tUsUmper  of  the  Freaeh,  is  the  saaie  as  oar  buroisbed  gitdiagw  Their  pr^ 
em  seems  to  be  very  elaboxate^  sad  the  best  ooasitts  of  17  operafioss  i  oaeh  of  them 
mid  to  be  essentiaL 

1.  BncoUag^  or  the  gUu  coaU  To  a  decoction  of  wenawood  and  garlie  in  waSSTi 
stnuned  through  a  clotb»  a  little  conmon  salt  and  some  viaegar  are  added.  This  oOm- 
position,  as  being  destructive  of  worms  in  wood,  is  mixed  with  as  much  good  gloe ;  and  tht 
mixtnre  is  spread  in  a  hot  state,  with  a  bntth  of  boar's  bair^  When  plaster  or  marbla  is 
to  be  gilded,  the  salt  Biast  be  leA  oat  of  the  above  oompositiois  as  it  is  apt  to  attraeC  h»« 
midity  in  damp  places,  and  to  oone  oat  as  a  while  powder  on  the  gilding.  Bat  the  iak 
is  indispensaf>le  for  wood.    The  first  glae  coating  is  made  thiaaeir  than  the  second. 

2.  WhiU  jrnparation.    This  eoasists  in  eovertag  the  above  surface  with  8,  10,  or  12  ^ 
coats  of  Spanish  wfait^  mixed  np  with  strong  siae,  each  well  worked  on  with  the  bnndii ' 
aad  in  some  measure  ineorporated  with  the  preoediag  coat^  Co  preveat  their  peeling  off 
in  scales. 

3.  Slopping  up  the  pores,  with  thick  whiting  and  glue,  and  smoothing  the  snrfaee  with 
dog-skin. 

4.  Polishing  the  sorface  with  pumltfe-stone  aad  very  eold  water. 

5.  Rtparationi  in  which  a  skilful  artist  tetooches  tbe  whole. 

6.  CUoMting  i  with  a  daoap  linen  rag,  and  then  a  soft  spodgo. 

7.  Prikr.  This  is  robbiag  with  hone's  Utl  (t^oikgrMs)  the  parts  to  be  yellowed,  kt 
srder  to  make  them  softer. 

8.  YtUowing.  With  this  view  yeilaw  odin  is  carefully  ground  in  water,  and  mixed 
with  transparent  colorless  size.  The  thinner  part  of  this  oixtafs  is  applied  hot  over  the 
white  sorface  with  a  fine  bmsh,  which  gives  it  a  fine  yellow  hue. 

9.  (Tngraintag  consists  in  rubbiag  (he  wtM»le  work  with  sfaavt-grass,  to  remove  aoy 
graanlar  appearaoee. 

10.  Coat  of  assieUe ;  trencher  coat.  This  is  the  composition  on  which  the  gold  is  to 
be  laid.  It  is  composed  of  Anneniaa  bole^  1  pound ;  bloodstone  (hematite),  2  ooaess ; 
and  as  much  galena ;  each  separately  giouad  in  water.  The  whole  are  then  mixed  to- 
gether, aad  ground  up  with  about  a  spoonful  of  olive  oiL  The  masielte  well  made  and  ap- 
plied gives  beauty  to  the  gUdiag.  The  auiette  is  tempered  with  a  white  sheep-ekin  gloe^ 
very  dear  and  well  strained.  This  mixture  is  heated  aad  applied  ia  three  snecessive 
eoats^  with  a  very  fine  long-haired  brash. 

11.  Rubbing,  with  a  piece  of  dry,  clean  linen  cloth;  except  the  parts  to  be  burnishedy 
lihieh  are  to  receive  other  two  eoats  of  aeeietU  tempered  with  glae. 

12.  Gilding,  The  surface,  beiag  damped  with  cold  water  (ieed  in  summer),  has  then 
the  gold  leaf  applied  to  it.  The  hoUow  grounds  miist  always  be  gilded  before  the  pro- 
minent purts.  Water  is  dexterously  applied  by  a  soft  brush,  immediately  behind  the 
gold  lea4  before  laying  it  dowa,  which  omkes  it  Ue  smoother*  Any  excess  of  water  is 
thea  removed  with  a  dry  brush* 

13.  BumiahiTig  with  bloodstone. 

14.  Deadening,  This  consists  in  passing  a  thia  &mi  of  gla^  slightly  warmed,  over  Che 
parts  that  are  not  to  be  burnished. 

15.  Mending  f  that  is^  moistening  any  broken  points  with  a  brush,  and  applying  bht 
ofgoldleaf  to  them. 

16.  The  vermeil  coat.  YeruMil  is  a  liquid  which  gives  lustre  and  fire  to  the  goU ;  and 
makes  it  resemble  or  inoa/a^  It  is  composed  as  foUoWs :  2  ounces  of  aaaotto,  I  ounee 
of  gamboge,  1  ounce  of  veiuiUon,  half  aa  ounce  of  dragon's  blood,  2  ounces  of  salt  of 
tartar,  and  18  grains  of  saffron^  are  boiled  ia  a  litre  (2  pints  English)  of  water,  over  a 
slow  &n,  till  the  liquid  be  reduced  to  a  fourth.  The  whole  is  then  passed  through  a 
silk  or  muslin  sieve.  A  little  of  this  is  made  to  glide  lightly  over  tbe  gold.  With  a<  very 
•oft  brush. 

17.  Rtpaseage  is  passing  over  the  dead  surfaces  a  second  coat  of  deadening  gkie, 
which  must  be  hotter  than  the  firsts    This  finishes  ths  work,  aad  gives  it  strength, 

Leafgildingf  on  paper  or  vellQm,  is  doae  by  giviag  them  a  coat  of  gum  water  or 
aiie^  applyiag  the  gold  leaf  ere  the  mr&ees  be  Iwrd  dry,  and  bUraisking  with  agate* 
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GOLD. 

€Md  ktUringy  on  boond  books,  is  giTcn  without  siie,  by  laying  the  goM  leaf  <m  the 
Aeather,  and  imprinting  it  with  hot  brass  types. 

The  «dg)u  of  tkt  leaves  ofbookt  art  gilded  while  they  are  in  the  press,  where  they  have 
been  cut  smooth,  by  applying  a  solution  of  isinglass  in  spirits,  and  laying  on  the  gold 
when  the  edges  are  in  a  proper  state  of  dryness.  The  French  workmen  employ  a  ground 
of  Armenian  bole,  mixed  with  powdered  sugar-candy,  by  means  of  white  of  egg.  This 
ground  is  laid  very  thin  upon  the  edges,  after  fine  size  or  gum  water  has  been  applied ; 
and  when  the  gnmnd  is  dry  it  is  rubbed  smooth  with  a  wet  rag,  which  moistens  it  suffi- 
ciently to  take  the  gold. 

Japawner't  gilding  is  done  by  sprinkling  or  danbing  with  wash  leather,  some  gold  pow- 
Jer,  over  an  oil  siz«l  surface,  mixed  with  oil  of  turpentine.  This  gives  the  appearance 
of  frosted  gold.  The  gold  powder  may  be  obtained,  either  by  precipitating  gold  from  its 
solution  in  aqua  ngia  by  a  solution  of  pure  sulphate  of  iron,  or  by  evaporating  away  the 
mereury  from  some  gold  amalgam. 

11.  Chemical  gilding,  or  the  application  of  gold  by  chemical  affinity  to  metallic  snr 
faces. 

A  compound  of  copper  with  one  seventh  of  brass  is  the  best  metal  for  gilding  on ;  cop- 
per by  itself  being  too  soft  and  dark  colored.  Ordinary  brass,  however,  answers  very 
well.  We  shall  describe  the  process  of  wash  gilding,  with  M.  D'Arcet's  late  improve- 
ments, now  generally  adopted  in  Paris. 

Wash  gilding  consists  in  applying  evenly  an  amalgam  of  gold  to  the  surface  of  a  cop- 

^  per  alloy,  and  dissipating  the  mercury  with  heat,  so  as  to  leave  the  gold  film  fixed.    The 

surface  is  aflerwaids  burnished  or  deadened  at  pleasure.    The  gold  onght  to  be  quite 

pure,  and  laminated  to  facilitate  its  combination  with  the  mercury ;  which  should  also 

be  pure. 

Preparation  of  the  amalgam.  After  weighing  the  fine  goM,  the  workman  puts  it  in  a 
crucible,  and  as  soon  as  this  becomes  faintly  red,  he  pours  in  the  requisite  quantity 
of  mercury ;  which  is  about  8  to  1  of  gold.  He  stirs  up  the  mixture  with  an  iron  rod, 
bent  bookwlse  at  the  end,  leaving  the  crucible  on  the  fire  till  he  perceives  that  all  the 
gold  is  dissolved.  He  then  pours  the  amalgam  into  a  small  earthen  dish  containing  water, 
washes  it  with  care,  and  squeezes  out  of  it  with  his  fingers  all  the  running  mercury  that 
he  can.  The  amalgam  that  now  remains' on  the  sloping  sides  of  the  vessel  is  so  pasty  as 
to  preserve  the  impression  of  the  fingers.  When  this  is  squeezed  in  a  shamoy  leather 
bag,  it  gives  up  much  mercury ;  and  remains  an  amaUam,  consisting  of  about  33  of  mer- 
eury, and  57  of  gold,  in  100  parts.  The  mercury  which  passes  through  the  bag,  under 
the  pressure  of  the  fingers,  holds  a  good  deal  of  gold  in  solution ;  and  is  employed  in  ma- 
king fresh  amalgam. 

Preparation  of  the  mereurial  tobitian.  The  amalgam  of  gold  is  applied  to  brass,  through 
the  intervention  of  pure  nitric  acid,  holding  in  solution  a  little  mercury. 

100  parts  of  mercury,  and  110  parts  by  weight  of  pure  nitric  add,  specific  gravity  1*33, 
are  to  be  put  into  a  glass  matrass.  On  the  application  of  a  gentle*heat  tlie  mercury  dis- 
solves with  the  disengagement  of  ftunes  of  nitrous  gas,  which  must  be  allowed  to  escape 
into  the  chimney.  This  solution  is  to  be  diluted  with  about  25  times  its  weight  of  pure 
water,  and  bottled  up  for  use. 

1.  ^Annealing, — The  workman  anneals  the  piece  of  bronze^fter  it  has  come  out  of  the 
hands  of  the  turner  and  engraver.  He  sets  it  among  burning  charcoal,  or  rather  peats, 
which  have  a  more  equal  and  lively  flame ;  eovering  it  quite  up,  so  that  it  may  be  oxydized 
as  little  as  possible,  and  taking  care  that  the  thin  parts  of  the- piece  do  not  become  hotter 
Shan  the  thicker.  This  operation  is  done  in  a  dark  room,  and  when  he  sees  the  piece  of 
a  cherry  red  color,  he  removes  the  fuel  from  about  it,  lifts  it  out  with  long  tongs,  and  sets 
it  to  cool  slowly  in  the  air. 

2.  The  deeapage. — ^The  object  of  this  process  is  to  clear  the  surface  from  the  coat  of 
oxyde  which  may  have  formed  upon  it.  The  piece  is  plunged  into  a  bucket  filled  with 
extremely  dilute  sulphuric  acid ;  it  is  le^  there  long  enough  to  allow  the  coat  of  oxyde  to 
be  dissolved,  or  at  least  loosened ;  and  it  is  then  rubbed  with  a  hard  brush.  When  the 
piece  becomes  perfectly  bright,  it  is  washed  and  dried.  Its  surface  may  however  be  still 
a  little  variegated ;  and  the  piece  is  therefore  dipped  in  nitric  acid,  specific  gravity  ]  '33, 
and  afterwards  rubbed  with  a  long-haired  brush.  The  addition  of  a  little  common  salt 
to  the  dilute  sulphuric  acid  would  probably  save  the  use  of  nitric  acid,  which  is  so  apt  to 
produce  a  new  coat  of  oxyde.  It  is  finally  made  quite  dry  (after  washing  in  pure  water), 
by  being  rubbed  well  with  tannen*  dry  bark,  saw-dust,  or  bran.  The  surface  should 
now  appear  somewhat  de-polished ;  for  when  it  is  very  smooth,  the  gold  does  not  adhere 
•o  well. 

Jpplieatvon  of  the  amo/gam^—The  gilder's  •cratdi'bryuh  or  pencil,  made  with 
tmd  brass  wire,  is  to  be  dipped  into  the  solution  of  nitrate  of  mereury,  and  is 
then  to  be  drawn  over  a  lump  of  gold  amalgam,  laid  on  the' sloping  side  of  an  earthen 
vessel,  after  which  it  is  to  be  applied  to  the  surface  of  the  brass.    This  process  is  to  be 
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lepeated,  dipping  Che  lirtish  into  the  toUtioa,  and  drMriag  it  over  the  amalgam,  liU  the 
whole  sorface  to  be  gilded  is  coated  with  its  just  proportion  of  gold.  The  piece  is  then 
washed  in  a  body  of  water,  dried,  and  putto  the  fire  to  volatilize  the  mercury.  If  one 
coal  of  gilding  be  insufficient,  the  piece  is  washed  over  anew  with  amalgam,  and  the  op- 
eration recommenced  till  the  work  prove  satisfactory. 

4.  Volatilization  of  the  mercury, — Whenever  the  piece  is  well  coated  with  amalgam, 
the  gilder  exposes  it  to  glowing  charcoal,  turning  it  about,  and  healing  it  by  degrees 
to  ihe  proper  point ;  he  then  withdraws  it  from  the  fire,  lii\s  it  with  long  pincers,  and, 
seizing  it  in  his  lefl  hand,  protected  by  a  stuffed  glove,  he  turns  it  over  in  every  direc- 
tion, rubbing  and  striking  it  all  the  while  with  a  long-haired  brush,  in  order  to  equalize 
the  amalgam.  He  now  restores  the  piece  to  the  fire,  and  treats  it  in  the  same  way  till 
the  mercury  be  entirely  volatilized,  which  he  recognises  by  the  hissinj?  sound  of  a  drop 
of  water  let  fall  on  it.  During  this  time  he  repairs  the  defective  spots,  taking  care  to 
volatilize  the  mercury  very  slowly.  The  piece,  when  thoroughly  coated  with  gold,  is 
washed,  and  scrubbed  well  with  a  brush  in  water  acidulated  with  vinegar. 

If  the  piece  is  to  have  some  parts  burnished,  and  others  dead,  the  parts  to  be  burnished 
are  covered  with  a  mixture  of  Spanish  white,  bruised  sngar-canilf,  and  gum  dissolved  in 
water.  This  operation  is  called  in  French  epargner  (protecUng).  When  the  gilder  has 
protected  the  burnished  points,  he  dries  the  piece,  and  carries  the  heat  high  enough  to 
expel  the  little  mercury  which  might  still  remain  on  i^.  He  then  plunges  it,  while  still 
a  little  hot,  in  water  acidulated  with  sulphuric  acid,  washes  it,  dries  it,  and  gives  it  the 
burnish. 

5.  The  bumiah  is  given  by  rubbing  the  piece  with  burnishers  of  heihatite  (blood- 
stone). The  workman  dips  his  burnisher  in  water  sharpened  with  vinegar,  and  rubs  the 
piece  always  in  the  same  direction  backwards  and  forwards,  till  it  exhibits  a  fine  polish, 
and  a  eomplete  metallic  lustre.  He  then  washes  it  in  cold  water,  dries  it  with  fine  linen 
cloth,  and  concludes  the  operation  by  drying  it  slowly  on  a  grating  placed  above  a  chafing 
dish  of  burninf?  charcoal. 

6.  The  deatleHing  b  given  as  follows.  The  piece,  covered  with  the  proieclion  on  those 
parts  that  are  to  be  burnished,  is  attached  with  an  iron  wire  to  the  end  of  an  iron  rod, 
and  is  heated  strongly  so  as  to  give  a  brown  hue  to  the  epargne  by  its  partial  carbon- 
isation. The  gilded  piece  assumes  thus  a  fine  tint  of  gold;  and  is  next  coated  over  with 
a  mixtnre  of  sea  salt,  nitre>  and  alum,  fused  in  the  water  of  crystallization  of  the  latter 
salt.  The  piece  is  now  restored  to  the  fire,  and  heated  till  the  saline  crust  which  covers 
it  becomes  homogeneous,  nearly  transparent,  and  enters  into  true  fusion.  It  is  Ihe^  taken 
fipom  the  fire  and  suddenly  plunged  into  cold  water,  which  separates  the  saline  crust,  car- 
rying away  even  the  coal  of  epargne*  The  piece  is  lastly  passed  through  very  weak  nitric 
acid,  washed  in  a  great-  body  of  water,  and  dried  by  exposure  either  to  the  air,  over  a 
drying  stove,  or  with  clean  linen  cloths. 

7.  Of  or-moulu  color. — When  it  is  desired  to  put  a  piece  of  gilded  bronze  into  or^ 
moii/a  color,  it  must  "be  less  scrubbed  with  the  scratch-brush  than  usual,  and  made  to 
come  bade  again  by  heating  it  more  strongly  than  if  it  were  to  be  deadened,  and  allowing 
it  then  to  cool  a  little.  The  or-moulu  coloring  is  a  mixture  of  hematite,  alum,  and 
sea  salt.  This  mixture  is  to  be  thinned  with  vinegar,  and  applied  with  a  brush  so  as  to 
cover  the  gilded  brass,  with  reserve  of  the  burnished  parts.  The  piece  is  then  put  on 
glowing  coals,  urged  a  little  by  the  bellows,  and  allowed  to  heat  till  the  color  begins 
to  blacken.  The  piece  ought  to  be  so  hot  that  water  sprinkled  on  it  may  cause  a  hissing 
noise.  It  is  then  taken  from  the  fire,  plunged  into  cold  water,  washed,  and  next  rubbed 
with  a  brush  dipped  in  vinegar,  if  the  piece  be  smooth,  but  if  it  be  chased,  weak  nitric 
acid  mast  be  used.  In  either  case,  it  must  be  finally  washed  in  a  body  of  pure  water,  and 
diied  over  a  gentle  fire. 

8.  Of  red  gold  color. — ^To  give  this  hue,  the  piece,  after  being  coated  with  amalgam 
and  heated,  is  in  this  hot  state  to  be  suspended  by  an  iron  wire,  and  tempered  with  the 
composition  known  under  the  name  of  gilder's  wax ;  made  with  yellow  wax,  red  ochre, 
verdigris,  and  alum.  In  this  state  it  is  presented  to  the  flame  of  a  wood  fire,  is  heated 
strongly,  and  the  combustion  of  its  coating  is  favored  by  throwing  some  drops  of  the  wax 
mixture  into  the  burning  fuel.  It  is  now  turned  round  and  round  over  the  fire,  so  that  the 
flame  may  act  equally.  When  k\\  the  wax  of  the  coloring  Is  burned  away,  and  when  the 
flame  is  extinguished,  the  piece  is  to  be  plunged  in  water,  washed,  and  scrubbed  with  the 
acratch-brush  and  pure  vinegar.  If  the  color  is  not  beautiful,  and  quite  equal  in  shade, 
the  piece  is  coated  with  verdigris  dissolved  in  vinegar,  dried  over  a  gentle^fire,  plunged 
in  water,  and  scrubbed  with  pure  vinegar,  or  even  with  a  little  weak  nitric  acid  if  the 

giece  exhibit  too  dark  a  hue.    It  is  now  washed,  burnished,  washed  anew,  wiped  with 
oen  cloth,  and  finally  dried  over  a  gentle  fire. 

The  following  is  the  outline  of  a  complete  gilding  factory,  as  now  fitted  up  at 
Paris, 

Fig.  529.  Front  elevation  and  plan  of  a  complete  gilding  workshop. 
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p.  FiuiiBoe  of  apptif  or  dnraght,  wrriiy  «t  the  nme 
rpo^lon  a«  mat), 

529 


tint  to  hcttHke  dmidcrag  pM 


F.  Ashpit  of  this  furnace. 

N.  Chimney  of  this  furnace  constructed  of  bricks,  as  far  as  the  contraction  of  tne 
great  chminey  s  of  the  forge,  and  which  is  terminated  by  a  summit  pipe  rising  2  or  3 
yards  above  this  contraction. 

B.  Forge  for  annealing  the  pieces  of  bronze ;  for  drying  the  gDded  pieces,  &c. 

c.  Chimney  of  communication  between  the  annealinsr  forge  b,*  and  the  space  d  below 
the  forge.  This  chimney  serves  to  carry  the  noxious  fumes  into  the  great  vent  of  the 
factory. 

V.  Backet  for  the  brightening  operation. 

A*  Forsre  for  passing  the  amalgam  over  the  piece. 

X.  Shelf  for  the  brushing  operations. 

£  £.  Coal  cellarets. 

0.  Forg€  for  the  deadening  process. 

G.  Furnace  for  the  same. 

M .  An  opening  into  the  furnace  of  appd,  by  which  vapors  may  be  let  off  from  any  ope- 
ration by  taking  out  the  plug  at  m. 

1.  Cask  in  which  the  pieces  of  gilded  brass  are  plunged  for  the  deadening  process. 
The  vapors  rising  thence  are  carried  up  the  general  chimney. 

J  J,  Casement  with  glass  panes,  which  serves  to  contract  the  opening  of  the  hearths, 
without  obstructing  the  view.  The  cftsement  may  be  rendered  moveable  to  admit  larger 
olgects. 

H  H.  Curtains  of  coarse  cotton  cloth,  for  closing  at  pleasure,  in  whole  or  part,  one  or 
several  of  the  forges  or  hearths,  and  for  quickening  the  current  of  air  in  the  places  whers 
the  curtains  are  not  drawn. 

Q.  Opening  above  the  draught  furnacci  which  serves  for  the  heating  of  the  poiton  a% 
mat  (deadening  pan). 

Gliding  on  polished  tron  and  steeL — If  a  nearly  neutral  solution  of  gold  in  muriatic 
acid  be  mixed  with  sulphuric  ether,  and  agitated,  the  ether  wjll  take  up  the  gold,  and 
float  above  the  denser  acid.  When  this  auriferous  ether  is  applied  by  a  hair  pencil  to 
brightly  polished  iron  or  steel,  the  ether  flies  off,  and  the  gold  adheres.  It  must  be  fixed 
by  polishing  with  the  burnisher.  This  gilding  is  not  very  rich  or  durable.  In  fact,  the 
affinjly  between  gold  and  iron  is  feeble,  compared  to  that  between  gold  and  copper  or 
silver.  But  polished  iron,  steel,  and  copper,  may  be  gilded  with  heat,  by  gold  lei^. 
They  are  first  heated  till  the  iron  takes  a  bluish  tint,  Hi¥i  till  the  copper  has  attained  to 
a  like  temperature ;  a  first  coat  of  gold  leaf  is  now  applied,  which  is  pressed  gently 


GOLD. 


dMrn  with  m  baniitlier,  aad  that  eipoted  to  ii  gentle  heat  iSereral  leaves  either  8Ui§^ 
or  doahle  are  tfaoa  applied  in  sacceasien,  and  the  last  is  barnished  down  cold. 

Cold  gUdimg. — Sixty  grains  of  fine  gold  and  12  of  rose  copper  are  to  be  dissolved  in 
two  ounces  of  aqna  regia.  When  the  sdntion  is  completed,  it  is  to  be  dropped  on  clean 
linen  rags,  of  such  hulk  as  to  absorb  all  the  liquid.  They  are  then  dried,  and  burned  in- 
to ashes.     These  ashes'  contain  the  gold  in  powder. 

When  a  piece  is  to  be  gilded,  after  subjecting  it  to  the  preliminary  operalioas  of  soft- 
ening or  annealing  and  brightening,  It  is  rubbed  with  a  moistened  cork,  dipped  in  the 
above  powder,  till  the  surface  aeems  to  be  sufficiently  gilded.  Large  works  are  there- 
after burnished  with  pieces  of  hematite,  and  small  ones  with  steel  burnishers,  along  with 
soap  water. 

In  gildinir  small  articles,  as  bnttoos,  with  amalgam,  a  portion  of  this  is  taken  equivalent 
to  the  work  to  be  done,  and  some  nitrate  of  mercury  solution  is  added  to  it  in  a  wooden 
trough ;  the  whole  articles  are  now  put  in,  and  well  worked  about  with  a  hard  brush,  till 
their  surfaces  are  equably  coated.  They  are  then  washed,  dried,  and  put  altogether  into 
an  iron  frying-pan,  and  heated  tiH  the  mercury  b^ins  to  fly  off,  when  they  are  turned  out 
into  a  cap,  in  which  they  are  tossed  and  well  stirred  about  with  a. painter's  brush.  The 
operation  must  be  repeated  several  times  for  a  strong  gilding.  The  surfaces  are  finally 
brightened  by  brushing  them  along  with  small  beer  or  ale  grounds. 

Cfoid  win  h  formed  by  drawmg  a  cylindrical  rod  of  the  metal,  as  pure  as  may  be^ 
through  a  series  of  holes  punched  in  an  iron  plate,  diminishing  progressively  in  size.  The 
gold,  as  it  is  drawn  through,  becomes  hardened  by  the  operation,  and  requires  frequent 
annealing. 

Gold  thrtttdy  or  ipun  gold,  is  a  flatted  silver-gilt  wire,  wrapped  or  laid  over  a  thread  of 
yellow  sOk,  by  twisting  with  a  wheel  and  iron  bobbins.  By  the  aid  of  a  mechanism  like 
the  Braiding  Machine,  a  nomber  of  threads  may  thns  be  twisted  at  once  by  one  master 
wheel.  The  principal  nicety  consists  in  so  regulating  the  movements  that  the  successive 
volutions  of  the  flatted  wire  on  each  thread  may  just  touch  one  another,  and  form  a 
cootinnoQS  covering.  The  French  silver  for  gilding  is  said  to  be  alloyed  with  5  or  0 
pennyweights,  and  ours  with  12  pennyweights  of  copper  in  (he  pound  tk'oy.  The  gold 
is  applied  in  leaves  of  greater  or  less  thickness,  according  to  the  quality  of  the  gilt  wire. 
The  smallest  proportion  fontnerly  allowed  in  this  conntry  by  act  of  parliament,  was  100 

Sins  of  gold  to  one  pound,  or  5760  grains  of  silver ;  but  more  or  less  may  now  be  used, 
e  silver  rod  is  encased  in  the  gold  leai^  and  the  compound  cylinder  is  then  drawn  into 
round  wire  down  to  a  certain  size,  which  is  afterwards  flatted  in  a  rolling  miU  snch  as  is 
described  under  Mint. 

The  liquor  employed  by  goldsmiths  to  bring  oat  a  rich  color  upon  the  surface  of  their 
trinkets,  is  made  by  dissolving  1  pajt  of  sea  salt,  1  part  of  alnm,  2  parts  of  nitre,  in  3  or 
4  of  water.  This  pidde  or  sauce,  as  it  is  called,  tsJces  up  not  only  the  copper  alloy,  but 
a  notable  qnantity  of  goU ;  the  total  amount  of  whieh  in  the  Austrian  empire,  has  been 
estimated  annually  at  47,000  francs.  To  recover  this  gold,  the  liquor  is  diluted  with  at 
least  twice  its  balk  of  boiling  water ;  and  a  solution  of  very  pure  green  sulphate  ef  iron 
is  poured  into  it.  The  preciptlate  of  gold  is  washed  upon  a  filter,  dried,  and  purified  by 
melting  in  a  enicilde  along  with  a  miitnre  of  efaal  parts  of  nitre  and  borax. 

G0N6-60NG,  or  tawhtam  of  the  Chinese;  a  kind  of  cymbal  made  of  a  copper  alky, 
described  towards  the  end  of  the  nrticle  Canjot. 

60NI0MET£R  is  the  name  of  a  little  instrument  made  either  on  mechanical  or 
optical  principles,  for  measuring  the  angles  of  orystels.     It  is  indispensable  to  the  mine* 
ralogist. 
ORABUATOR,  called  by  its  contriver,  M.  Wagenmann,  EnigbUder,  which  means 

in  Gerasan,  vinegar-maker,  is  represented  in  fig*  630.  It  is 
an  oaken  tub,  5$  feet  high,  3|  feet  wide  at  top,  and  3  at 
bottmn,  set  upon  wooden  beams,  which  raise  its  bottom 
about  14  inches  from  the  floor.  At  a  distance  of  16  inches 
above  the  bottom,  the  tub  is  pierced  with  a  horizontal  row 
of  8  eqnkUstant  round  holes,  of  an  inch  in  diameter.  At  6 
inches  beneath  the  month  of  the  tub,  a  thick  beech^wood 
hoop  is  made  fast  to  the  inner  surface,  wh\ch  supports  a 
eirenlar  oaken  sheU^  leaving  a  space  round  its  edge  of  1} 
inches,  which  is  stofled  water  tight  with  hemp  or  tow.  la 
this  shelf,  400  holes  at  least  roust  be  bored,  about  |  of  aa 
inch  in  dinmeter  and  1|  inches  apart ;  and  each  of  these 
most  be  loosely  filled  with  a  piece  of  packthread,  or- cotton 
wick,  which  serves  to  filter  the  liquid  sk>wly  downwards. 
Is  the  same  shdf  there  aie  likewise  four  larger  holes  of  1|  inches  dismeter,  and  18 
iiehes  apart,  each  of  whieh  receives  air-tight  a  glass  tube  3  or  4  inches  long,  having  iu 
'    prcQceting  above  and  below  the  shelf.     These  tubes  serve  to  allow  the  air  that 
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enters  by  the  8  circumferential  holes,  to  circulate  iVeely  through  the  graduator.  The 
mouth  of  the  tube  is  coyered  with  a  wooden  lid,  in  whose  middle  is  a  hole  for  the  insertioa 
of  a  funnel,  when  the  liquor  of  aJeetifieation  requires  to  be  introduced.  One  ineh  above 
the  bottom,  a  hole  is  bored  for  receiving  a  syphon-formed  discharge  pipe,  whose  upper 
curvature  stands  one  inch  below  the  level  of  the  holes  in  the  side  of  the  tub,  to  preveni 
the  liquor  from  rising  so  high  as  to  overflow  through  them.  The  syphon  is  so  bent  as  to 
retain  a  body  of  liquor  12  inches  deep  above  the  bottom  of  the  tub,  and  to  allow  the  ex- 
cess only  to  escape  into  the  subjacent  receiver.  In  the  upper  part  of  the  graduator,  but 
under  the  shelf,  the  bulb  of  a  thermometer  is  inserted  through  the  side,  some  way  into 
the  interior,  having  a  scale  exteriorly.  The  whole  capacity  of  the  cask  from  the  bottom 
up  to  within  one  inch  of  the  perforated  shelf,  is  to  be  filled  with  thin  shavings  of  beech 
wood,  grape  stalks,  or  birch  twigs,  previously  imbued  with  vinegar.  The  manner  of  using 
this  simple  apparatus  is  described  nnder  Acetic  Acid. 

GRANIT£  is  a  compound  rock,  essentially  composed  of  quartz,  ieldspar,  and  mica, 
each  in  granular  crystals.  It  constitutes  the  lowest  of  the  geological  formations,  and 
therefore  has  been  supposed  to  serve  as  a  base  to  all  the  rest.  It  is  the  most  duimble 
material  for  building,  as  many  of  the  ancient  Egyptian  monuments  testify. 

'The  obelisk  in  the  place  of  Saint  Jean  de  Lateran  at  Rome,  which  was  quarried  at 
Syene,  under  the  reign  of  Zetus,  king  of  Thebes,  1300  years  before  the  Christian  f^ra ; 
and  the  one  in  ilie  place  of  Saint  Pierre,  also  at  Rome,  consecrated  to  the  Sun  by  a  son 
of  Sesostris,  have  resisted  the  weather  for  fully  SOOO  years.  On  the  other  hand  there  are 
many  granites,  especially  those  in  which  feldspar  predominates,  which  crack  and  crumUe 
down  in  the  course  of  a  few  years.  In  the  same  mountain,  ur  eveh  in  the  same  quarry, 
granites  of  vory  different  qualities  as  to  soundness  and  durability  occur.  Some  of  the 
granites  of  Cornwall-  nnd  Limousin  readily  resolve  themselves  into  a  white  kaolin  or 
argillaceous  matter,  from  which  pottery  and  ]M>rcelain  are  made. 

Granite,  when  some  time  dug  out  of  the  quarry,  becomes  refractory,  and  difficult  to  cut. 
When  this  rock  is  intended  to  be  worked  it  should  be  kept  under  water ;  and  that  variety 
ought  to  be  selected  which  contains  least  feldspar,  and  in  which  the  quarts  or  gray  crys- 
tals predominate. 

GRANULATION  is  the  process  by  which  metals  are  reduced*  to  minute  grains.  It  is 
effected  by  pouring  them,  in  a  melted  st^te,  through  an  iron  cullender  pierced  with  small 
holes,  into  a  body  of  water ;  or  directly  upon  a  bundle  of  twigs  immersed  in  water.  In 
this  way  copper  is  granulated  into  bean  shot,  and  silver  aUoys  are  granulated  preparatory 
to  Parting  ;  which  see. 

GRAPHITE  (PtombaginiylPr. ;  ReUiiblei,  Germ.)  is  a  mineral  substance  of  a  lead  or 
iron  gray  color,  a  metallic  lustre,  soft  to  the  touch,  and  staining  the  fingers  with  a  lead 
gray  hue.  Spec.  grav.  2'0£|  to  2*45.  It  is  easily  scratched,  or  cut  with  a  steel  edge,  and 
displays  the  metallic  lustre  in  its  interior.  Burns  with  great  difficulty  in  the  outward 
liame  of  the  blow-pipe.  It  consists  of  carbon  in  a  peculiar  state  of  aggregation,  with  an 
extremely  minute  and  apparently  accidental  impregnation  of  iron.  Graphite,  called  also 
plumbago  and  bladk  lead,  occurs  in  gneiss,  mica  slate,  and  their  subordinate  clay  slates 
and  lime  stones ;  in  the  form  of  masses,  veins,  and  kidney-shaped  disseminated  pieces; 
as  also  in  the  transition  slate,  as  at  Bospxiale  in  Cumberland,  where  the  most  precious 
deposite  exists,  both  in  reference  to  extent  and  quality,  for  making  pencils,  i  It  has  been 
found  also  among  the  coal  strata,  as  near  Cumnock  in  Ayrshire.  This  substance  is  em- 
ployed for  counteracting  friction  between  rubbing  surfaces  of  wood  or  metal,  for  making 
crucibles  and  portable  furnaces,  for  giving  a  gloss  to  the  surface  of  cast  iron,  &e.  See 
Plumbago,  for  some  remarks  concerning  the  Cumberland  mine. 

GRAUWACKE,  or  GREYWACKE,  is  a  rock  formation,  composed  of  pieces  of  quartz, 
flinty  slate,  feldspar,  and  clay  slate,  cemented  by  a  day-slate  basis ;  the  pieces  varying  in 
size  from  small  grains  to  a  hen's  egg. 

GRAY  DYE.  {Ttintwre  grin,  Fr. ;  Oraufdrbe,  Germ.)  The  gray  dyes,  in  their 
numerous  shades,  are  merely  various  tints  of  black,  in  a  more  or  less  diluted  state,  from 
the  deepest  to  the  lightest  hue. 

The  dyeing  materials  are  essentially  the  tannic  and  gallic  acid  of  galls  or  other 
astringents,  along  with  the  sulphate  or  acetate  of  iron,  and  occasionally  wine  stone. 
Ash  gray  is  given  for  30  pounds  of  woollen  stuff,  by  one  pound  of  gall-nuts,  i  lb.  of  wine 
Stone  (crude  tartar),  and  2|  lbs.  of  sulphate  of  iron.  The  galls  and  the  wine  stone  being 
boiled  with  from  70  to  80  pounds  of  water,  the  stuff  is  to  be  turned  through  the  de- 
coction at  a  boiling  heat  for  half  an  hour,  then  taken  out,  when  l^e  bath  being  re- 
freshed with  cold  water,  the  copperas  is  to  be  added,  and,  as  soon  as  it  is  dissolved,  the 
•toff  is  to  be  put  in  and  fully  dyed.  Or,  for  36  pounds  of  wool;  2  pounds  of  tartar, 
i  pound  of  galls,  3  pounds  of  sumach,  and  2  pounds  of  sulphate  of  iron  are  to  be 
taken.  The  tartar  being  dissolved  in  80  pounds  of  boiling  water,  the  wool  is  to  be 
turned  through  the  solution  for  half  an  hour,  and  then  taken  out.  The  copper  being 
filled  up  to  its  former  level  with  fi-esh  water,  the  decoction  of  the  galls  and  sumach  is  to 
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he  poured  Id,  and  the  wool  boiled  for  half  an  hour  in  the  hath.  The  wool  is  then  taken 
oQt,  while  the  copperas  is  being  added  and  dissolved ;  after  which  it  is  replaced  in  the 
bath,  and  dyed  gray  with  a  gentle  heat. 

If  the  gray  is  to  have  a  yellow  cast,  instead  of  the  tartar,  its  own  weight  of  alum  is  to 
be  taken ;  instead  of  the  galls,  one  pound  of  old  fustic ;  instead  of  the  copperas,  {  of  a 
pound  of  Salizburg  vitriol,  which  consists,  in  22|  parts,  of  17  of  sulphate  of  iron,  and  5| 
of  sulphate  of  copper;  then  proceed  as  above  directed.  Or  the  stuff  may  be  first  stained 
Id  a  bath  of  fustic,  next  in  a  weak  bath  of  galls  with  a  little  alumi  then  the  wool  being 
taken  out,  a  liilTe  vitriol  (common  or  Saltzburg)  is  to  be  put  in,  previously  dissolved  in 
a  decoction  of  logwood ;  and  in  this  bath  the  dye  is  completed. 

Pearl  gray  is  produced  by  passing  the  stuff  first  through  a  decoction  of  sumach  and 
losrwood  (2  lb«.  of  the  former  to  one  of  the  latter),  afterwards  through  a  dilute  solution 
of  sulphate  or  acetate  of  iron ;  and  finishing  it  in  a  weak  bath  of  weld  containing  a  little 
alum.  Mouse-gray  is  obtained,  when  with  the  same  proportions  as  for  ash-gray,  a  small 
quantity  of  alum  is  introduced* 

For  seyeral  other  shades,  as  tawny-gray,  iron-gray,  and  slate-gray,  the  stuff  must  re- 
ceive a  previous  blue  ground  by  dipping  it  in  the  indigo  vat ;  then  it  is  passed  first 
through  a  boiling  bath  of  sumach  with  galls,  and  lastly  through  the  same  bath  at  a  lower 
temperature  after  it  has  received  the  proper  quantity  of  solution  of  iron. 

For  dyeing  silk  gray,  fustet,  logwood,  sumach,  and  elder-tree  bark,  are  employed 
instead  of  galls.  ArchU  and  annotto  are  frequently  used  to  soften  and  beautify  the 
tint. 

The  mode  of  producing  gray  dyes  upon  cotton  has  been  sufficiently  explained  in  the 
articles  Calico  Printing  and  Dyeing. 

GREEN  DYE  is  produced  by  the  mixture  of  a  blue  and  yellow  dye,  the  blue 
being  first  applied.  See  Dyeing;  as  also  Bluk  and  Yellow  Dyes,  and  Calico 
Printing. 

GREEN  PAINTS.  (CouUnn  vertes,  Fr. ;  Griine  pigmeide,  Germ.)  Green,  which  is 
so  cammon  a  color  in  the  vegetable  kingdom,  is  very  rare  in  the  mineral.  There  is  only 
one  metal,  copper,  which  affords  in  its  combinations  the  various  shades  of  green  in 
general  use.  The  other  metals  capable  of  producing  this  color  are,  chromium  in  its  prot- 
oxyde,  nickel  in  its  hydrated  oxyde,  as  well  as  its  salts,  the  seleniate,  arseniate,  and  sul> 
phate ;  and  titanium  in  its  prussiate. 

Green  pigments  are  prepared  also  by  the  mixture  of  yellows  and  blues ;  as,  for  ex- 
ample, the  green  of  Rinman  and  of  Gellert,  obta.ined  by  the  mixture  of  cobalt  blue,  and 
flowers  of  zinc ;  that  of  Barth,  made  with  yellow  lake,  Prussian  blue,  and  clay ;  but 
these  paints  seldom  appear  in  the  market,  because  the  greens  are  generally  extemporaneous 
preparations  of  the  artists. 

Mountain  green  consists  of  the  hydrate,  oxyde,  or  carbonate  of  copper,  either  factitious^ 
or  as  found  in  nature. 

Bremen  or  Brunsvick  green  is  a  mixture  of  carbonate  of  copper  with  chalk  or  lime, 
and  sometimes  a  little  magnesia  or  ammonia.  It  is  improved  by  an  admixture  of  white 
lead.  It  may  be  prepared  by  adding  ammonia  to  a  mixed  solution  of  sulphate  of  copper 
and  alnm. 

Frite  green  is  prepared  with  sulphate  of  copper  and  sal  ammoniac. 

Miltis  green  is  an  arseniate  of  copper ;  roaide  by  mixing  a  solution  of  acetate  or  sul- 
phate of  copper  with  arsenite  of  potash.    It  is  in  fact  Scheele's  green. 

Sap  green  is  the  inspissated  juice'  of  buckthorn  berries.  These  are  allowed  to  fer- 
ment for  8  days  in  a  tub,  then  put  in  a  press,  adding  a  Utile  alum  to  the  juice,  and  con- 
centrated by  gentle  evaporation.  It  is  lastly  put  up  in  pigs*  bladders,  where  it  becomes 
dry  and  hard. 

Sdtwtihfurt  green ;  see  Schweinfurt. 

Vertrna  green  is  merely  a  yariety  of  the  mineral  called  green  earth. 

GREEN  VITRIOL  is  sulphate  of  iron  in  green  crystals. 

GUAIAC  (Gaiac^  Fr.;  Ouajaharz,  Germ.)  is  a  resin  which  exudes  from  the 
tnink  of  the  Gwiiacum  officinale^  a  tree  which  grows  in  the  West  India  islands.  It 
eomes  to  us  in  large  greenish-brown,  semi-transparent  Inmps,  having  a  conchoidal  or 
splintery  fracture,  brittle,  and  easy  to  pulverize..  It  has  an  aromatic  smell,  a  bitterish, 
aerid  taste,  melts  with  heat,  and  has  a  spec.  grav.  of  from  1'20  to  1*22.  It  consists  of 
67-88  carbon;  7*05  hydrogen;  and  25*07  oxygen ;  and  contains  two  different  resins,  the 
one  of  which  is  soluble  in  all  proportions  in  ammonia,  and  the  other  forms,  with  water 
of  ammonia,  a  tarry  oonsistenced  mixture.  It  is  soluble  in  alkaline  leys,  in  alcohol,  in- 
completely in  ether,  still  leas  so  in  oil  of  turpentine,  and  not  at  all  in  fat  oils.  Its  chief 
use  IS  in  medicine. 

GUANO  is  a  substance  of  a  dark  yellow  color;  of  a  strong  ambrosial  smell; 
which  blackens  in  the  fire,  with  the  exhalation  of  an  ammoniacal  odor ;  soluble  with 
eficrreaceoce  in  hot  Bitric  add.    Wkeii  this  lolatioa  i»  eyapoiated  to  dryness,  it  aasnmes 

40 


-> 


1 J    .1 
« - 


*• 

.  r 


■ 


L** 


t:    : 

«     • 


'. 


i?     ",  M 


•       » 

« 


5 


•  . 


•     I 


t  • 

•  * 


'^m. 


-  1  • 


•ill*  ^  'i*-    . '  '^4"  mt 


s         -Mr  -.-t  i  ■  -  »  •    *i  - 


>  I 


[1 

•  1 


'     »• 


»  f 


t 


I. 


r 


■       ft      » ■.  * 


«     *       «  I  • 


»l     •- 


626 


GUM. 


!    ' 


«  » 


* 


V 


■  -    ■          *  •       '      ■     ■     J 

.\ 

* 

• 

• 

1 

■            '.           •         -v' 

} 

n 

.                         • 

1 

"     1 

*                                                                           ♦           '                                            " 

■ 

./ 

.      .  .-  •                            .                  -        . 

' 

I 

•.,••'  J 

«: 

■          -■.'         •     '          1    ^-        ■ 

« 

■        I 


a  fine  red  color,  evincing  the  presence  of  nric  acid.  Gnano  is  found  npon  tlie  eoasts  of 
Pern,  in-  the  islands  of  Chinche,  near  Pisco,  and  several  other  places  more  to  the  south* 
It  forms  a  deposite  50  or  60  feet  thick,  and  of  considerable  extent ;  and  appears  to  be 
the  accnmulation  of  the  excrements  of  innumerable  flocks  of  birds,  especially  herons  and 
flamands,  which  inhabit  these  islands.  It  is  an  excellent  manure,  and  forms  the  object 
of  a  roost  extensive  and  profitable  trade.  ' 

GUM  {Gomme^  Fr. ;  Chimmi,  PftanzensehlHmf  Germ.)  is  the  name  of  a  proximate 
vegetable  product,  which  forms  with  water  a  slimy  solution,  but  is  insoluble  in  alcohol, 
ether,  and  oils ;  it  is  converted  by  strong  sulphuric  acid  into  oxalic  and  mucic  acids. 

There  are  six  varieties  of  gum  :  1.  gum  arabic ;  2.  gum  Senegal ;  3  gum  of  the  cherry 
and  other  stone  fmit  trees  :  4.  gum  tragacanth;  5.  gum  of  Bassora ;  6.  the  gum  of  seeds 
and  roots.  The  first  five  spontaneously  flow  from  the  branches  and  trunks  of  their  trees, 
and  sonfetimes  from  the  fruits,  in  the  form  of  a  mucilage  which  dries  and  hardens  in  the 
air.    The  sixth  kind  is  extracted  by  boiling  water. 

Gum  arable  and  gum  Senegal  consist  almost  wholly  of  the  purest  gum  called  arabine  by 
the  French  chemists ;  onr  native  fruit  trees  contain  some  cerasine,  along  with  arabine ; 
the  gum  of  Bassora  and  gtim  tragacanth  consist  of  arabine  and  bas^orine, 

Chtm  arabic  flows  from  the  acacia  arabica,  and  the  acacia  rera,  which  grow  npon  the 
banks  of  the  Nile  and  in  Arabia.  It  occurs  in  commerce  in  the  form  of  small  pieces, 
rounded  upon  one  side  and  hollow  upon  the  other.  It  is  transpanent,  without  smell, 
brittle,  easy  to  pulverize,  sometimes  colorless,  sometimes  with  a  yellow  or  brownish 
tint.  It  may  be  bleached  by  exposure  to  the  air  and  the  sun-beams,  at  the  temperature 
of  boiling  water.  Its  specific  gravity  is  1'355.  Moistened  gum  arabic  reddens  liimns 
paper,  owing  to  the  presence  of  a  little  superraalate  of  lime,  which  may  be  removed  by 
boiling  alcohol;  it  shows  also  traces  of  the  chlorides  of  potassium  and  calcium,  and  the 
acetate  of  potash.  100  parts  of  good  gum  contain  70*40  of  arabine,  17*60  of  water, 
with  a  few  per  cents,  of  saline  and  earthy  matters.  Gum  arabic  is  used  in  medicine,  as 
also  to  give  lustre  to  crapes  and  other  silk  stufl*s. 

Chim  aentgal  is  collected  by  the  negroes  during  the  month  of  November,  from  the 
acacia  tenegal,  a  tree  18  or  20  feet  high.  It  comes  to  us  in  pieces  about  the  size  of  a 
partridge  egg,  but  sometimes  larger,  with  a  hollow  centre.  Its  specific  gravity  is  1*436. 
It  consists  of  81*10  arabine;  16*10  water;  and  from  2  to  3  of  saline  matters.  The 
chemical  properties  and  uses  of  this  gum  are  the  same  as  those  of  gum  arabic.  It  is 
much  employed  in  calico-printing. 

Ckerry-iree  gum  consists  of  52*10  arabine;  54*90  cerasine;  12  water;  and  1  aaline 
matter. 

Gum  tragacanth  is  gathered  about  the  end  of  June,  from  the  astragalus  tragacantha 
of  Crete  and  the  surrounding  islands.  It  has  the  appearance  of  twisted  ribands ;  is  white 
or  reddish ;  nearly  opaque,  and  a  little  ductile.  It  is  difficult  to  pulverize,  without  heat- 
ing the  mortar.  Its  specific  gravity  is  1*384.  When  plunged  in  water,  it  dissolves  m 
part,  swells  considerably,  and  forms  a  very  thick  mucilage.  100  parts  of  it  consist  of 
53*30  arabine;  33*30  bassorine  and  starch;  110  water;  aiid  from  2  to  3  parts  of  saline 
matters.    It  is  employed  in  calico  printing,  and  by  shoemakers. 

Gum  of  Bassora  ;  see  Bassorine. 

Gum  of  seeds,  as  linseed,  consists  of  52-70  arabinfe ;  28*9  of  an  insoluble  matter ;  10*3 
water;  and  7*11  saline  matter.  Neither  bassorine  nor  cerasine  seems  to  be  present  in 
seeds  and  roots.    For  British  Gum,  see  Stabch. 

GUM  RESINS.  {Gomme-rhines,  Fr. ;  Schleimharze,  Germ.)  When  incisions  are 
made  in  the  stems,  branches,  and  roots  of  certain  plants,  a  milky  juice  exudes,  which 
gradually  hardens  in  the  air ;  and  appears  to  be  formed  of  resin  and  essential  oil,  held 
suspended  in  water  charged  with  gum,  and  sometimes  with  other  vegetable  matters, 
such  as  caoutchouc,  bassorine,  starch,  wax,  and  several  saline  matters.  The  said  con- 
crete juice  is  called  a  gum-resin  ;  an  improper  name,  as  it  gives  a  false  idea  of  the  nature 
of  the  substance.  They  are  all  solid ;  heavier  than  water;  in  general  opaque  and  brittle; 
many  have  an  acrid  taste,  and  a  strong  smell ;  their  color  is  very  variable.  They  are 
partially  soluble  in  water,  and  also  in  alcohol ;  and  the  solution  in  the  former  liquid  sel- 
dom becomes  transparent.  Almost  all  the  gum  resins  are  medicinal  substances,  and 
little  employed  in  the  arts  and  manufactures.  The  following  is  a  list  of  them :  Asa- 
foetida;  gum  anunoniac;  bdellium;  euphorbinm;  galbanum;  gamboge;  myrrh;  oliba- 
num  or  frankincense ;  opoponax ;  and  scammony.  Some  of  these  are  described  in  this 
work  under  their  peculiar  names. 

GUNPOWDER.  The  following  memoir  upon  this  subject  was  published  by  me  m 
the  Journal  of  the  Royal  Institution  for  October,  1830.  It  contains  thfe  results  of  ae- 
veral  carefhl  analytical  experiments,  as  also  of  observations  made  at  the  Royal  Gun- 
powder works  at  Waltham  Abbey,  and  at  some  similar  establishments  in  the  neighbor- 
hood of  London. 

Gi7KrowDBR  is  a  mechanical  combination  of  nitre,  sulphur,  and  charcoal ;  deriTing 
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the  iDtensity  of  its  explosiveness  from  the  pority  of  its  constitoents,  the  proportion  in 
which  they  are  mixed,  and  the  intimacy  of  the  admixture. 

1.  Onikt  nitre. — ^Nitre  may  be  readily  paiified,  by  solution  in  water  and  crystalliza- 
tion, from  the  muddy  particles  and  foreign  salts  with  which  it  is  usually  contaminated. 
In  a  saturated  aqueous  solution  of  nitre,  boiling  hot,  the  temperature  is  240°  F. ;  and 
the  relation  of  the  salt  to  its  solvent  is  in  weight  as  three  to  one,  hj  my  experiments :  not 
five  to  one,  as  MM.  Bottee  and  RiSault  have  stated.  We  must  not,  however,  adopt  the 
general  language  of  chemists,  and  say  that  three  parts  of  nitre  are  soluble  in  one  of  boil- 
ing water,  since  the  liqnid  has  a  much  higher  heat  and  greater  solvent  power  than  this 
expression  implies. 

Water  at  60°  dissolves  only  one  fourth  of  its  weight  of  nitre ;  or,  more  exactly,  this 
saturated  solution  contains  21  per  cent,  of  salt.  Its  specific  gravity  is  M415 ;  100  parts 
in  volume  of  the  two  constituents  occupy  now  97*9 1  parts.  From  these  data  we  may 
perceive  that  little  advantage  could  be  gained  in  refining  crude  nitre,  by  making  a  boiling- 
hot  saturated  solution  of  it;  since  on  cooling,  the  whole  would  concrete  into  a  moist 
saline  mass,  consisting  by  weight  of  2f  parts  of  salt,  mixed  with  1  part  of  water,  holding 
}of  salt  in  solution,  and  in  bulk  of  1|  of  salt,  with  about  Tof  liquid ;  for  Che  specific 
gravity  of  nitre  is  2*005,  or  very  nearly  the  double  of  water.  It  is  better,  therefore,  to 
use  equal  weights  of  saltpetre  and  water  in  making  the  boiling-hot  solution.  When  the 
filtered  liquid  is  allowed  to  cool  slowly,  somewhat  less  than  three  fourths  of  the  nitre  will 
separate  in  regular  crystals ;  while  the  foreign  salts  that  were  present  will  remain  with 
folly  one  fourth  of  nitre  in  the  mother  liquor.  On  redis^olving  these  crystals  with  heat, 
in  about  two  thirds  of  their  weight  of  water,  a  solution  will  result,  from  which  crystalline 
nitre,  fit  for  eTery  purpose,  will  concrete  on  cooling. 

As  the  principal  salfne  impurity  of  saltpetre  is  muriate  of  soda  (a  substance  scarcely 
more  soluble  in  hot  than  in  cold  water),  a  ready  mode  thence  arises  of  separating  that 
salt  from  the  nitre  in  mother  waters  that  contain  them  in  nearly  equal  proportion. 
Place  an  iron  ladle  or  basin,  perforated  with  Small  holes,  on  the  bottom  of  ihe^  b3iler  in 
vhich  the  solution  is  concentrating.  The  muriate,  as  it  separates  by  the  evaporation  of 
the  water,  will  fall  down  and  fill  the  basin,  and  may  be  removed  from  time  to  time. 
When  small  needles  of  nitre  begin  to  appear,  the  solution  must  be  run  ofi'  into  the  crys- 
tallizing cooler,  in  which  moderately  pure  nitre  will  be  obtained,  to  be  refined  by  another 
similar  operation. 

At  the  Waltham  Abbey  gunpowder  works  the  nitre  is  rendered  so  pure  by  successive 
eolations  and  crystallizations,  that  it  causes  no  opalescence  in  a  solution  of  nitrate  of 
silrer.  Such  crystals  are  dried,  fused  in  an  iron  pot  at  a  temperature  of  from  500°  to 
600^  F.,  and  cast  into  moulds.    The  cakes  are  preserved  in  casks. 

About  the  period  of  1794  and  1795,  under  the  pressure  of  the  first  wars  uf  their 
revolation,  the  French  chemists  employed  by  the  government  contrived  an  expeditious, 
economical,  and  sufilciently  effective  mode  of  purifying  their  nitre.  It  must  be  observed 
that  this  salt,  as  brought  to  the  gunpowder-works  in  France,  is  in  general  a  much  cruder 
article  than  that  imported  into  this  country  from  India^  It  is  extracted  from  the 
nitrous  salts  contained  in  the  mortar-rubbish  of  old  buildings,  especially  those  of  the 
lowest  and  filthiest  descriptions.  By  their  former  methods,  the  French  could  not  refin« 
their  nitre  in  less  time  than  eight  or  ten  days ;  and  the  salt  was  obtained  in  great  lumps. 
Very  difficult  to  dry  and  divide  ;  whereas  iii  new  process  was  so  easy  and  so  quick,  that 
in  less  than  twenty-four  hours,  at  one  period  of  pressure,  the  crude  saltpetre  was  con- 
verted into  a  pure  salt,  brought  to  perfect  dryness,  and  in  such  a  state  of  extreme  division 
t*  to  supersede  the  operations  of  grinding  and  sifting,  whence  also  considerable  waste 
was  avoided. 

The  following  is  a  brief  outline  of  this  method,  with  certain  improvements,  as  now 
practised  in  the  establishment  of  the  ^ministration  des  poudres  et  saltpitres,  in  France. 

The  refining  boiler  is  charged  over  night  with  600  kilogrammes  of  water,  and  1200 
kilogrammes  of  saltpetre,  as  delivered  by  the  salp^triers.  No  more  fire  is  applied  than 
is  adequate  to  efiect  the  solution  of  this  first  charge  of  saltpetre.  It  may  here  be  observed, 
that  such  an  article  contains  several  deliquescent  salts,  and  is  much  more  soluble  than 
pure  nitre.  On  the  morrow  mornihg  the  fire  is  increased,  and  the  boiler  is  charged  at 
different  intervals  with  fresh  doses  of  saltpetre,  till  the  whole  amounts  to  3000  kilo- 
grammes. During  these  additions,  care  is  taken  to  stir  the  liquid  very  diligently,  and  to 
skim  ofiT  the  froth  as  it  rises.  When  it  has  been  for  some  time  in  ebullition,  and  when  it 
may  be  presumed  that  the  solution  of  the  nitrous  salts  is  effected,  the  muriate  of  soda  is 
scooped  oat  from  the  bottom  of  the  boiler,  and  certain  ufiusions  or  inspersions  of  cold 
water  are  made  into  the  pot,  to  quicken  the  precipitation  of  that  portion  which  the  boiling 
motmn  may  have  kept  afloat.  When  no  more  is  found  to  fall,  one  kilogramme  of  Flandera 
glue,  dissolTed  in  a  sufficient  quantity  of  hot  water,  is  poured  into  the  boiler ;  the  mix- 
ture is  thoronghly  worked  together,  the  froth  being  skimmed  off,  with  several  successive 
inspersions  of  cold  water,  till  400  additional  kilogrammes  have  been  introdnced,  consti- 
imiag  altogether  1000  kilogrammes. 
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When  the  refining  liqaor  afibidt  no  more  froth,  and  is  grown  perfectly  clear,  all  manip- 
ulation must  cease.  The  fire  is  withdrawn,  with  the  exception  of  a  mere  kindling,  so  aa 
to  maintain  the  temperature  till  the  next  morning  at  about  88°  C.  =  190*4  F. 

This  liquor  is  now  transferred  by  hand-basins  into  the  crystallizing  reservoirs,  taking 
care  lo  cUstuib  the  solution  as  little  as  possible,  and  to  leave  untouched  the  impure 
matter  at  the  bottom.  The  contents  of  the  long  crystallizing  cisterns  are  stirred  back* 
wards  and  forwards  with  wooden  paddles,  ia  order  to  quicken  the  cooling,  and  the 
consequent  precipitation  of  the  nitre  in  minute  crystals.  These  are  raked,  as  soon  as  they 
fall,  to  the  upper  end  of  the  doubly-inclined  bottom  of  the  crystallizer,  and  thence  re- 
moved to  the  washing  chests  or  boxes.  By  the  incessant  agitation  of  the  liquor,  no  large 
crystals  of  nitre  can  possibly  form.  When  the  temperature  has  fallen  to  within  7^  or  8° 
F.,  of  the  apartment,  that  is,  after  seven  or  ei?ht  hours,  all  the  saltpetre  that  it  can  yield 
wUl  have  been  obtained.  By  means  of  the  double  inward  slope  given  to  the  crystallizer, 
the  supernatant  liquid  is  collected  in  the  middle  of  the  breadth,  and  may  be  easily  laded 
out. 

The  saltpetre  is  shovelled  out  of  the  crystallizer  into  the  washing  chests,  and  heaped 
up  in  them  so  as  to  stand  about  six  or  seven  inches  above  their  upper  edges,  in  order  to 
allow  for  the  subsidence  which  it  must  experience  in  the  washing  process.  Each  of  these 
chests  being  thus  filled,  and  their  bottom  holes  being  closed  with  plugs,  the  salt  is  be- 
sprinkled from  the  rose  of  a  watering-can,  with  successive  quantities  of  water  saturated 
with  saltpetre,  and  also  with  pure  water,  till  tbe  liquor,  when  allowed  to  run  off,  indicates 
by  the  hydrometer,  a  saturated  solution.  The  water  of  each  sprinkling  ought  to  remain 
on  the  salt  for  two  or  three  hours;  and  then  it  may  be  suffered  totirain  off  through  the 
plug-holes  below,  for  about  an  hour. 

All  the  liquor  of  drainage  from  the  first  watering,  as  well  as  a  portion  of  the  second, 
is  set  aside,  as  being  considerably  loaded  with  the  foreign  salts  of  the  nitre,  in  order  to 
be  evaporated  in  the  sequel  with  the  mother  waters.  The  last  portions  are  preserved, 
because  they  contain  almost  nothing  but  nitre,  and  may  therefore  serve  to  wash  another 
dose  of  that  salt.  It  has  been  proved  by  experience,  that  the  quantity  of  water  employed 
in  washing  need  never  exceed  thirty-six  sprinklings  in  the  whole,  composed  of  three 
waterings,  of  which  the  first  two  consist  of  fifteen,  and  the  last  of  six  pots  =.  3  gallons  E. ; 
or  in  other  words,  of  fifteen  sprinklings  of  water  saturated  with  saltpetre,  and  twenty- 
one  of  pure  water. 

The  saltpetre,  after  remaining  five  or  six  days  in  the  washing  chests,  is  transported  into 
the  drying  reservoirs,  heated  by  the  flue  of  the  nearest  boiler ;  here  it  is  stirred  up  from 
time  to  time  wiih  wooden  shovels,  to  prevent  its  adhering  to  the  bottom,  or  running  into 
lumps,  as  well  as  to  quicken  the  drying  process.  In  the  course  of  about  four  hours,  it 
gets  completely  dry,  in  which  state  it  no  longer  sticks  to  the  shovel,  but  falls  down  into  a 
soft  powder  by  pressure  in  the  hand,  and  is  perfectly  while  and  pulverulent.  It  is  now 
passed  through  a  brass  sieve,  to  separate  any  small  lumps  or  foreign  particles  accidentally 
present,  and  is  then  packed  up  in  bags  or  barrels.  Even  in  the  shortest  winter  days,  the 
drying  basin  may  be  twice  charged,  so  as  to  dry  700  or  800  kilograounes.  By  this  ope- 
ration, the  net;  produce  of  3000  kilograounes  (3  tons)  thus  refined,  amounts  to  from 
1750  to  1800  kilogrammes  of  very  pure  nitre,  quite  ready  for  the  manufacture  of  gun- 
powder. 

The  mother  waters  arc  next  concentrated  $  but  into  their  management  it  is  needless  to 
enter  in  this  memoir. 

On  reviewing  the  above  process  as  practised  at  present,  it  is  obvious  that,  to  meet  the 
revolutionary  crisi?,  its  conductors  most  have  shortened  it  greatly,  and  have  been  content 
with  a  brief  period  of  drainage. 

2.  On  the  tulpkur.-^The  sulphur  now  imported  into  this  country,  from  the  volcanic 
districts  of  Sicily  and  Italy>  for  our  manufactories  of  sulphuric  acid,  is  much  purer  than 
the  sulphur  obtained  by  artificial  heat  from  any  varieties  of  pyrites,  and  may,  therefore, 
by  simple  processes,  be  rendered  a  fit  constituent  of  the  best  gunpowder.  As  it  is  not 
my  purpose  here  to  repeat  what  may  be  found  in  common  chemical  compilations,  I  shall 
say  nothing  of  the  sublimation  of  sulphur ;  a  process,  moreover,  much  too  wasteful  for 
the  gunpowder-maker. 

Sulphur  may  be  most  easily  analyzed,  even  by  the  manufacturer  himself ;  for  I  find  it 
to  be  soluble  in  one.  tenth  of  its  weight  of  boiling  oil  of  turpentine^  at  316^  Fahrenheit, 
forming  a  solution  which  remains  clear  at  180°.  As  it  cools  to  the  atmospheric  tempera- 
ture, beautiful  crystalline  needles  form,  which  may  be  washed  sufiiciently  with  cold  alco- 
hol, or  even  tepid  water.  The  usual  impurities  of  the  sulphur,  which  are  carbonate  and 
sulphate  of  zinc,  oxyde  and  sulphuret  of  iron,  sulphuret  of  arsenic  and  silica,  will  remain 
unaffected  by  the  volatile  oil,  and  may  be  separately  eliminated  by  the  curious,  thougli 
such  separation  is  of  little  practical  importance. 

Two  modes  of  refining  sulphur  for  the  gunpowder  works  have  been  employed ;  the 
first  is  by  fusion,  the  second  by  distillation.     Since  the  combustible  solid  becomes  ■« 
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limpid  as  wat^,  at  the  temperature  of  abont  230^  Fahrenheit,  a  ready  mode  ofierB  of 
remoTiog  at  once  its  denser  and  lighter  impurities,  by  subsidence  and  skimming.  But 
I  may  take  the  Hbeny  of  observing,  that  the  French  meltin«r  pot,  as  described  in  the 
elaborate  work  of  MM.  Bottle  and  Rifiault,  is  singularly  ill-contriTed,  for  the  fire  is 
kindled  right  under  it,  and  plays  on  its  bottom.  Now  a  pot  for  subsidence  ought  to  be 
cold  set  $  that  is,  should  have  its  bottom  part  imbedded  in  clay  or  mortar  for  four  or  six 
inches  up  the  side,  and  be  exposed  to  the  circulating  flame  of  the  fire  only  round  its 
middle  zone.  This  arrangement  is  adopted  in  many  of  our  great  chemical  works,  and 
is  found  to  be  very  advantageous.  With  such  a  boiler,  judiciously  heated,  I  believe 
that  erode  sulphur  might  be  made  remarkably  pure ;  whereas  by  directing  the  heat 
against  the  bottom  of  the  vessel,  the  crudities  are  tossed  up,  and  incorporated  with  the 
mass.    See  Evaporation. 

The  sulphur  of  commerce  occurs  lu  tliree  prevailing  colors (  lemon  yellow  verging  oa 
green,  dark  yellow,  and  brown  yellow.  As  these  difierent  shades  result  from  the  diifer- 
ent  degrees  of  heat  to  which  it  has  been  exposed  in  its  original  extraction  on  the- great 
scale,  we  may  thereby  judge  to  what  point  it  may  still  be  heated  anew  in  the  refinery 
melting.  Whatever  be  the  actual  shade^f  the  crude  ariicle,  the  art  of  the  refiner  con* 
sists  in  regulating  the  heat,  so  that  af\er  the  operation  it  may  possess  a  brilliant  yellow 
hoe,  incliniug  somewhat  to  green.  . 

In  seeking  to  accomplish  this  purpose,  the  sulphur  should  first  be  sorted  according  to 
its  shades ;  and  if  a  greenish  variety  is  to  be  purified,  since  this  kind  has  been  but  little 
heated  in  its  extraction,  the  fusion  may  be  urged  pretty  smartly,  or  the  fire  may  be  kept 
np  till  everything  Is  melted  but  the  uppermost  layer. 

Sulphur  of  a  strong  yellow  tinge  cannot  bear  so  great  a  heat,  and  therefore  the  fire 
must  be  withdrawn  whenever  three  fourths  of  the  whole  mass  have  been  melted. 

Brown-colored  brimstone,  having  been  already  somewhat  scorched,  should  be  heated 
as  little  as  possible,  and  the  fire  may  be  removed  as  soon  as  one  half  of  the  mass  is 
fused. 

Instead  ol  melting,  separately,  sulphurs  of  difierent  shades,  we  shall  obtain  a  better  re- 
snlt  by  fii-st  filling  up  the  pot  to  half  its  capacity,  with  the  greenish-colored  article,  putting 
over  this  layer  one  quarter  volume  of  the  deep  yellow,  and  filling  it  to  the  brim  with 
the  brown-colored.  The  fire  must  be  extinguished  as  soon  as  the  yellow  is  fused.  The 
pot  must  then  be  closely  covered  for  some  time;  after  which  the  lighter  impurities  will  be 
fonnd  on  the  surfaee  in  a  black  froth,  which  is  skimmed  ofi*,  and  the  heavier  ones  sink 
to  the  bottom.  The  sulphur  itself  must  be  left  in  the  pot  for  ten  or  twelve  hours,  after 
which  it  is  laded  out  into  the  crystallizing  boxes  or  casks. 

Distillation  affords  a  more  complete  and  very  economical  means  of  purifying  sulphur, 
which  was  first  introduced  into  the  French  gunpowder  establishments,  when  their 
importation  of  the  best  Italian  and  Sicilian  sulphur  was  obstructed  by  the  British 
aavy.  Here  the  sulphur  need  not  come  over  slowly  in  a  rare  vapor,  and  be  deposited 
io  a  pnlveralent  form  called  flowers ;  for  the  only  object  of  the  refiner  is  to  bring  over 
the  whole  of  the  pure  sulphur  into  his  condensing  chamber,  and  to  leave  all  its  crudities 
in  the  body  of  the  still.  Hence  a  strong  fire  is  applied  to  elevate  a  denser  mass  of 
vapors,  of  a  yellowish  color,  which  passing  over  into  the  condenser,  are  deposited  in 
a  liquid  state  on  its  bottom,  whilst  only  a  few  lighter  particles  attach  themselves  to  the 
upper  and  lateral  surfaces.  The  refiner  must  therefore  give  to  the  heat  in  this  opera- 
tion very  considerable  intensity;  and,  at  some  height  above  the  edge  of  the  boiler,  he 
should  provkie  an  inclined  plane,  which  may  let  the  first  ebullition  of  the  sulphur  over- 
flow into  a  safety  recipient.  The  condensing  chamber  should  be  hot  enough  to  main- 
tain the  distilled  sulphur  in  a  fluid  state — an  object  most  readily  procured  by  leading 
the  pipes  of  several  distilling  pots  into  it ;  while  the  continuity  of  the  operations  is  se- 
cured, by  charging  each  of  the  stills  alternately,  or  in  succession.  The  heat  of  the  re- 
ceiver most  be  never  so  high  as  to  bring  the  sulphur  to  a  sirupy  consistence,  whereby  its 
color  is  darkened. 

In  the  sublimation  of  sulphur,  a  pot  containing  about  4  cwts.  can  be  worked  oflf  only 
once  in  twenty-four  houn,  from  the  requisite  moderation  of  its  temperature,  and  the  pre- 
caution of  an  inclined  plane,  which  restores  to  it  the  accidental  ebullitions.  But,  by  dis- 
tillation, a  pot  containing  fully  ten  cwts.  may  complete  one  process  in  nine  hours  at  most, 
with  a  very  coBsiderable  saving  of  fuel.  In  the  former  plan  of  procedure,  an  interval 
mast  elapse  between  the  successive  charges ;  but  in  the  latter,  the  operation  must  be 
cootinnoHs  to  prevent  the  apparatus  from  getting  cooled ;  in  sublimation,  moreover,  where 
oommnnication  of  atmospheric  air  to  the  eondensing  chamber  is  indispensable,  explosive 
combustions  of  the  sulphurous  vapors  frequently  occur,  with  a  copious  production  of  suU 
pharoDs  acid,  and  correspondent  waste  of  the  sulphur ;  disadvantages  from  which  the  dis- 
tiliblory  process  is  in  a  great  measure  exempt. 

I  shall  here  deaeribe  briefly  the  form  and  dimensions  of  the  distilling  apparatus 
employed  at  MaiseUles  in  puriiVing  sulphur  for  the  national  gunpowder  works,  which 
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was  foand  adequate  to  sapplf  the  wants  of  Napoleon^s  great  empire.  This  apparatus 
consists  of  only  two  still-pots  of  cast  iron,  formed  like  the  large  end  of  an  egc,  each 
about  three  feet  in  diameter,  two  ftet  deep,  and  nearly  half  an  inch  thick  at  the  bottom, 
but  much  thinner  above,  with  a  horizontal  ledge  four  inches  broad.  A  pot  of  good 
east  iron  is  capable  of  distilling  1000  tons  of  sulphur  before  it  is  rendered  unserviceable, 
by  the  action  of  the  brimstone  on  its  substance,  aided  by  a  strong  red  heat.  The  pot  is 
covered  in  with  a  sloping  roof  of  masonry,  the  upper  end  of  which  abuts  on  the  brickwork 
of  the  vaulted  dome  of  condensation.  A  large  door  is  formed  in  the  masonry  in  front 
of  the  mouth  of  the  pot,  through  which  it  is  charged  and  cleared  out ;  and  between  the 
roof-space  over  the  pot,  and  the  cavity  of  the  vault,  a  large  passage  is  opened.  At  the 
back  of  the  pot  a  stone  step  is  raised  to  prevent  the  sulphur  boiling  over  into  the  con- 
denser. The  vault  is  about  ten  feet  wide  within,  and  fourteen  feet  from  the  bottom  up  to 
the  middle  of  the  dome,  which  is  perforated,  and  carries  a  chimney  about  twelve  feet  high, 
and  twelve  feet  diameter  inside. 

As  the  dome  is  exposed  to  the  expansive  force  of  a  strong  heat,  and  to  a  very  con- 
siderable pressure  of  gases  and  vapors,  it  must  possess  great  solidity,  and  be  therefore 
bound  with  iron  straps.  Between  the  still  and  the  contiguous  wall  of  the  condensing 
chamber,  a  space  must  be  leA  for  the  circulation  of  air ;  a  precaution  found  by  experience 
indispensable;  for  the  contact  of  the  fu/naces  would  produce  on  the  wall  of  the  chamber 
such  a  heat  as  to  make  it  crack  and  form  crevices  for  the  liquid  sulphur  to  escape. 
The  sides  of  the  chamber  are  constructed  of  solid  masonry,  forty  inches  thick,  sur- 
mounted by  a  brick  dome,  covered  with  a  layer  of  stones.  The  floor  is  paved  with 
tiles,  and  the  walls  are  lined  with  them  up  to  the  springing  of  the  dome;  a  square 
hole  being  left  in  one  side,  furnished  with  a  strong  iron  door,  at  which  the  liquid 
sulphur  is  drawn  off  at  proper  intervals.  In  the  roof  of  the  vault  are  two  valve-holes 
covered  with  light  plates  of  sheet-iron,  which  turn  freely  on  hinges  at  one  end,  so  as 
to  give  way  readily  to  any  sudden  expansion  from  within,  and  thus  prevent  dangerous 
explosions. 

As  the  chamber  of  condensation  is  an  oblong  square,  terminating  upwards  in  an  oblong 
vault,  it  consists  of  a  parallelopiped  below,  and  semi-cylinder  above,  having  the  follow- 
ing dimensions : — 

Length  of  the  parallelopiped          •        •        •        • 
Width  

Height 

Radius  of  the  cylinder       ...... 

Height  or  length  of  semi-cylinder  .        •        • 

Whenever  the  workman  has  introduced  into  each  pot  its  charge  of  ten  or  twelve  hun- 
dred weight  of  crude  sulphur,  he  closes  the  charging  doors  carefully  with  their  iron  plates 
andM*ro8s-bars,  and  lutes  them  tight  with  loam.  He  then  kindles  his  fire,  and  makes  the 
sulphur  boil.  One  of  his  first  duties  (and  the  least  neglect  in  its  discharge  may  occasion 
serious  accidents)  is  to  inspect  the  roof-valves  and  to  clean  them,  so  that  they  may  play 
freely  and  give  way  to  any  expulsive  force  from  within.  By  means  of  a  cord  and  chain, 
connected  with  a  crank  attached  to  the  valves,  he  can,  from  time  to  time,  ascertain  their 
state,  without  mounting  on  the  roof.  It  is  found  proper  to  work  one  of  the  pots  a  certain 
time  before  fire  is  applied  to  the  other.  The  more  steadily  vapors  of  sulphur  are  seen  to 
issue  from  the  valves,  the  less  atmospherical  air  can  exist  in  the  chamber,  and  therefore 
the  less  danger  there  is  of  combustion.  But  if  the  air  be  cold,  with  a  sharp  north  wind, 
and  if  no  vapors  be  escaping,  the  operator  should  stand  on  his  guard,  for  in  such  circum- 
stances a  serious  explosion  may  ensue. 

As  soon  as  both  the  boilers  are  in  full  work  the  air  is  expelled,  the  fumes  cease,  and 
every  hazard  is  at  an  end.  He  should  bend  his  whole  attention  to  the  cutting  off  all  com- 
munication with  the  atmosphere,  securing  simply  the  mobility  of  the  valves,  and  a  steady 
vigor  of  distillation.  The  conclusion  of  the  process  is  ascertained  by  introducing  his 
sounding-rod  into  the  pot,  through  a  small  orifice  made  for  its  passage  in  the  wall.  A 
new  charge  must  then  be  given. 

By  the  above  process,  well  conducted,  sulphurs  are  brought  to  the  most  perfect  state 
of  purity  that  the  arts  can  require;  while  not  above  four  parts  in  the  hundred  of  the  sul- 
phur itself  are  consumed  ;  the  crude,  incombustible  residuum  varying  from  five  to  eight 
parts,  according  to  the  nature  of  the  raw  material.  But  in  the  sublimation  of  sulphur,  the 
frequent  combustions  inseparable  from  this  operation  carry  the  loss  of  weight  in  flowers  to 
about  twenty  per  cent    See  Sulphub,  for  a  figure  of  the  subliming  apparatus. 

The  process  by  fusion,  performed  at  some  of  the  public  works  in  this  country,  doet 
not  afford  a  return  at  all  comparable  with  that  of  the  above  French  process,  though  a 
much  better  article  is  operated  upon  in  England.  Af\er  two  meltings  of  rough  sul- 
phur (as  imported  from  Sicily  or  Italy),  dghty-four  per  cent,  is  the  maximum  amoQat 
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obtained,  the  average  being  probably  under  eighty ;  while  the  prodact  is  certainly  inferior 
in  quality  to  that  by  distillation. 

3.  On  the  charcoal, — ^Tender  and  light  woods,  capable  of  affording  a  friable  and  porous 
charcoal,  which  burns  rapidly  away,  leaving  the  smallest  residuum  of  ashes,  and  con- 
taining therefore  the  largest  proportion  of  carbon,  ought  to  be  preferred  for  charring  in 
gunpowder  works. 

AAer  many  trials  made  long  ago,  black  dogwood  came  to  be  preferred  to  every  plant 
for  this  purpose ;  but  modern  experiments  have  proved  that  many  other  woods  afford  an 
equally  suitable  charcoal.  The  woods  of  black  alder,  poplar,  lime-tree,  horse-chestnut, 
and  chestnut-tree,  were  carbonized  in  exactly  similar  circumstances,  and  a  similar  gun- 
powder was  made  with  each,  which  was  proved  by  the  same  proof-mortar.  The  follow- 
ing results  were  obtained : — 


Poplar — ^mean  range             -           -           . 
Black  alder  -           .           .           .           • 
Lime             .           .           .           .           , 
Horse-chestnut          -           -           -           - 
Chestnut-tree            .... 

ToiMt. 

Fe«t. 

113 

no 
no 
no 

109 

2 
4 

3 
3 

By  subsequent  experiments,  confirmatory  of  the  above,  it  has  been  further  found  that 
the  willow  presents  the  same  advantages  as  the  poplar,  and  that  several  shrubs,  such  as 
the  hazel- nut,  the  spindle-treeo,  the  dogberry,  the  elder-tree,  the  common  sallow,  and 
some  others,  may  be  as  advantageously  employed.  But  whichever  wood  be  used,  we 
should  always  cut  it  when  full  of  sap,  and  never  a(\er  it  is  dead ;  we  should  choose 
branches  not  more  than  five  or  six  years  old,  and  strip  them  carefully,  because  the  old 
branches  and  the  bark  contain  a  larger  proportion  of  earthy  constituents.  The  branches 
ought  not  to  exceed  three  quarters  of  an  inch  in  thickness,  and  the  larger  ones  should  be 
divided  lengthwise  into  four,  so  thot  their  pith  may  be  reaidtly  burned  away. 

Wood  is  commonly  carbonized  in  this  country  into  gunpowder-charcoal  in  cast-iron 
cylinders,  with  their  axes  laid  horizontally,  and  built  in  brick-work,  so  that  the  flame  of 
a  famace  may  circulate  round  them.  One  end  of  the  cylinder  is  furnished  with  a  door, 
for  the  introduction  of  the  wood  and  the  removal  of  the  charcoal ;  the  other  end  termi- 
nates in  a  pipe,  connected  with  a  worm-tub  for  condensing  the  pyroligneous  acid,  and  giv- 
iag  vent  to  the  carbureted  hydrogen  gases  tliat  are  disengag<|»l.  Towards  the  end  of  the 
operation,  the  connexion  of  the  cylinder  with  the  pyroligneous  acid  'cistern  ought  to  be 
cut  off,  and  a  very  free  egress  opened  for  the  volatile  matter,  otherwise  the  charcoal  is 
apt  to  get  coated  with  a  fuliginous  varnish,  and  to  be  even  penetrated  wiih  condensable 
matter,  which  materially  injure  its  qualities. 

In  France,  the  wood  is  carbonized  for  the  eunpowder  works  either  in  oblong  visulted 
ovens,  or  in  pits,  lined  with  brick-work  or  cylinders  of  strong  sheet-iron.  In  either  case, 
the  heat  is  derived  from  the  imperfect  combustion  of  the  wood  itself  to  be  charred.  la 
general,  the  product  in  charcoal  by  the  latter  method  is  from  16  to  17  parts,  by  weight, 
from  100  of  wood.  The  pit-process  is  supposed  to  afford  a  more  productive  return,  and 
a  better  article ;  since  the  body  of  wood  is  much  greater,  and  the  fuliginous  vapors  are 
allowed  a  freer  escape.  Th^  surface  of  a  good  charcoal  should  be  smooth,  but  not  glist- 
ening.   See  Charcoal. 

The  charcoal  is  considered  by  the  scientific  manufacturers  to  be  the  ingredient  most 
influential,  by  its  fluctuating  qualities,  upon  the  composition  of  gunpowder;  and, 
therefore,  it  ought  always  to  be  prepared  under  the  vigilant  and  skilful  eye  of  the 
director  of  the  powder  establishment.  If  it  has  been  kept  for  some  time,  or  quenched 
at  first  with  water,  it  is  unsuitable  for  the  present  purpose.  Charcoal  extinguished  in  a 
close  vessel  by  exclusion  of  air,  and  aAerwards  exposed  to  the  atmosphere,^  absorbs  only 
from  three  to  four  per  cent,  of  moisture,  while  red-hot  charcoal  quenched  with  water  may 
lose  by  drying  twenty-nine  per  cent.  When  the  latter  sort  of  charcoal  is  used  for  gun- 
powder, a  deduction  of  weight  must  be  made  for  the  water  present.  But  charcoal  which 
has  remained  long  impregnated  with  moisture,  constitutes  a  most  detrimental  ingredient 
of  gunpowder. 

4.  On  mixing  the  Comiittuntt  and  forming  the  Powder, 

The  three  incredients  thns  prepared  are  ready  for  manufacturing  into  gunpowder. 
They  are,  1.  Separately  ground  to  a  fine  powder,  which  is  passed  through  sorted  silk 
sieves  or  bolting  machines.  2.  They  are  zdized  together  in  the  proper  proportions, 
which  we  shall  aAerwards  discuss.    3.  The  composition  is  then  sent  to  the  gunpowder 
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mill,  irhich  consiRU  of  two  edse-fltones  of  m  calcareous  kind,  tarning  by  means  of  a  hori- 
zontal shafl,  on  a  bed-stone  of  the  same  nattire ;  incapable  of  affording  sparks  by  col- 
lision with  steel,  as  sand-stones  woald  do.  On  this  bed*stone  the  composition  is  spread, 
and  moistened  with  as  small  a  quantity  of  water  as  will,  in  conjunction  with  the  weight 
of  the  revolving  stones,  bring  it  into  a  proper  body  of  eake,bQt  by  no  means  into  a  pasty 
state.  The  line  of  contaet  of  the  rolling  edge-stone  is  constantly  preceded  by  a  hard 
copper  scraper,  which  goes  round  with  the  wheel,  regularly  collecting  the  caking  mass, 
and  bringing  it  into  the  track  of  the  stone.  From  50  to  60  pounds  of  eake  are  nsnally 
worked  at  one  operation,  under  each  millstone.  When  the  mass  has  been  thoroughly 
kneaded  and  incorporated,  it  is  sent  to  the  corning-honse,  where  a  separate  mill  is  em- 
ployed to  form  the  cake  into  grains  or  corns.  Here  it  is  first  pressed  into  a  hard  firm 
mass,  then  broken  into  small  lumps;  after  which  the  corning  process  is  performed,  by 
placing  these  lumps  in  sieves,  on  each  of  which  is  laid  a  disc  or  fiat  cake  of  lignum  vitse. 
The  sieves  are  made  of  parchment  skins,  or  of  copper,  perforated  with  a  multitude  of 
round  holes.  Several  such  sieves  are  fixed  in  a  frame,  which,  by  proper  machinery,  has 
such  a  motion  Riven  to  it  as  to  make  the  lignum  vitse  runner  in  each  sieve  move  about 
with  considerable  velocity,  so  as  to  break  down  the  lumps  of  the  cake,  and  force  its  sub- 
stance through  the  holes,  in  grains  of  certain  sizes.  These  granular  particles  are  afler- 
wards  separated  from  the  finer  dust  by  proper  sieves  and  reels. 

The  corned  powder  must  now  be  hardened,  and  its  rougher  angles  removed,  by  cansing 
it  to  revolve  in  a  cloi^e  reel  or  cask  turning  rapidly  round  its  axis.  This  vessel  resembles 
somewhat  a  barrel-chum,  and  is  frequently  furnished  inside  with  square  bars  parallel  to 
its  axis,  to  aid  the  polish  by  attrition. 

The  gunpowder  is  finally  dried,  which  is  now  done  generally  with  a  steam  heat,  or  in 
some  places  by  transmitting  a  current  of  air,  previou^y  heated  in  another  chamber,  over 
canvass  shelves,  covered  with  the  damp  grains. 

5.  On.theprojtorlion  of  the  ConeiUneiUs, 

A  very  extensive  snite  of  experiments,  to  determine  the  proportions  of  the  constitoents 
for  producing  the  best  gunpowder,  was  made  at  the  Essonne  worics,  by  a  commissioii  of 
French  chemists  and  artillerists,  in  1794. 

Powders  in  the  five  following  proportions  were  prepared  :-— 


-«. 


•   * . 


■      •• 


•  I 


i 


is 


* 

\ 

•  * 

'         , 

• 

• 

/. 

.    ''* 

. 

•      •    "..  • 

• 

♦t 

» 

.  •^ 

1 

■:  ^ 

• 

*   • 

*       ' 

1*     '. . 

m 

r 

\  . 

. 

\       ■      •• 

' 

I 

.1 

* 

\    . 

• 

1 

3 

4 
5 

Nitra. 

Charcoal. 

Sulphur. 

76 

76 

76 

77-32 

77-5 

14 
12 
15 
13*44 

IB 

10        Gunpowder  of  BAle. 

12        G« If! powder  works  of  Crenelle. 

9       M.  Guyton  de  Morveaa. 

9*24   Idem. 

7*5     M.  Riffaoll. 

•  • 


The  result  of  more  than  two  hundred  discharges  with  the  proof-mortar  showed  that 
the  first  and  third  gunpowders  were  the  strongest ;  and  the  commissioners  in  conse- 
quence recommended  the  adoption  of  the  third  proportions.  But  a  few  years  thereaAer 
it  was  thought  proper  to  substitute  the  first  set  of  proportions,  which  had  been  found 
equal  in  force  to  the  other,  as  they  would  have  a  better  keeping  quality,  from  containing 
a  little  more  sulphur  and  less  charcoal.  More  recently  still,  so  strongly  impressed  have 
the  French  government  been  with  the  high  value  of  durability  in  gunpowders,  that  they 
have  returned  to  their  ancient  dosage  of  75  nitre,  12|  charcoal,  and  12|  sulphur.  In 
this  mixture,  the  proportion  of  the  substance  powerfully  absorbent  of  moisture,  viz.,  the 
charcoal,  is  still  farther  reduced,  and  replaced  by  the  sulphur,  or  the  conservative  ingre- 
dient. 

If  we  inquire  how  the  maximum  gaseous  volume  is  to  be  produced  from  the  chemical 
reaction  of  the  elements  of  nitre  on  charcoal  and  sulphur,  we  shall  find  it  to  be  by  the 
cpneration  of  carbonic  oxyde  and  sulphurous  acid,  with  the  disengagement  of  nitrogen. 
This  will  lead  us  to  the  following  proportions  of  these  constituents. 


1  prime  equivalent  of  nitre  - 
1  sulphur 

3  charcoal 


Hydrogm  *=  1< 


102 
16 

18 

136 


Per  cent 


7500 
11*77 
13-23 
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The  nitre  contams  five  primes  dC  oxygen,  of  whieh  three^  combming  with  the  three  of 
diareoal,  will  furnish  three  of  carbonic  oxyde  gas,  while  the  remaining  two  will  convert 
the  one  prime  of  sulphnr  into  solphnrons  acid  gas.  The  single  prime  of  nitrogen  is, 
therefore,  in  this  view,  disengaged  alone. 

The  gaseous  volume,  on  this  supposition,  evolved  from  136  grains  of  gunpowder,  equi 
valent  in  bulk  to  75^  grains  of  water,  or  to  three  tenths  of  a  cubic  inch,  will  be,  at  the 
atmofphcrie  temperature,  ai  fbllows :-« 


Carbonic  oxyde     -        -        -        - 
Sulphurous  acid  -        -        .        • 
Nitrogen       -        -        -        .        - 

Grains.      Cubic  Inches. 

42     =     141-6 
32     -      47-2 
14     =      47-4 

236-2 

beinc  an  expansion  of  one  volume  into  787*3.  But  as  the  temperature  of  the  gases  at 
the  instant  of  their  combnstive  formation  must  be  incandescent,  this  Yolume  may  be 
safely  estimated  at  three  times  the  above  amount,  or  considerably  upwards  of  two  thou- 
sand times  the  bulk  of  the  expbsive  solid. 

Bot  this  theoretical  account  of  the  gases  developed  docs  not  well  accord  with  the 
experimental  products  usually  assigned,  though  these  are  probably  not  altogether  exact. 
Much  carbonic  acid  is  said  to  be  disengaged,  a  large  quantity  of  nitrosen,  a  little  oxyde 
of  carbon,  $leam  of  water,  with  carbwrtted  and  wlphureted  hydrogen.  From  experiments 
to  be  presently  detailed,  I  am  eonyiaced  that  the  amount  of  these  latter  products  printed 
in  italics  must  be  very  inconsiderable  indeed,  and  unworthy  of  ranking  in  the  calenlation; 
for,  in  fact,  fre^h  gunpowder  does  not  contain  above  one  per  cent,  of  water,  and  can 
therefore  yield  little  hydrogenated  matter.  Nor  is  the  hydrogen  in  the  carbon  of  any 
conseqnenee. 

It  is  obvious  that  the  more  sulphur  is  present,  the  more  of  the  dense  sulphurous  acid 
will  be  generated,  and  the  less  forcibly  explosive  will  be  the  gunpowder.  This  is  suf> 
ficiently  confirmed  by  the  trials  at  Essonne,  where  the  gunpowder  that  contained  12  of 
sulphur  and  12  of  charcoal  in  100  parts,  did  not  throw  the  proof-shell  so  far  as  that 
which  contained  only  9  of  sulphnr  and  15  of  charcoal.  The  conservative  property  is, 
however,  so  capital,  especially  for  the  snpply  of  our  remote  colonies  and  for  humid  di- 
mates,  that  it  justifies  a  sKght  sacrifice  of  strength,  which  at  any  rate  may  be  compen- 
sated by  a  small  addition  of  charge. 

Table  of  Composition  of  difirent  Gwnpotcdert. 


Royal  Mills  at  Waltham  Abbey  - 
France,  national  establishment 
French,  for  sportsmen 
French,  for  mining  -        -        - 
United  States  of  America    • 
Prussia  ..... 
Russia       ..... 
Austria  (musqu€t)  ... 
Spain 

Sweden  •        .        .        .        • 
Switzerland  (a  round  powder)    - 
Chinese  ..... 
Theoretical  proportions  (as  above) 


Nitn. 

Chaxeottl. 

Sulphv. 

75 

15 

10 

75 

12-5 

12-5 

78 

12 

10 

65 

15 

20 

75 

12-3 

12-5 

75 

13-5 

11-5 

73-7a 

13-59 

12-63 

72 

17 

16 

76-47 

10-78 

12-75 

76 

15 

9 

76 

14 

10 

75 

14-4 

9-9 

76 

13-23 

11.77 

6.  On  (he  Chmnieal  Examinaiion  of  Gunpowders. 

I  have  treated  fife  different  samples  t  1.  The  government  powder  made  at  Waltham 
Abbey;  2.  Glass  gunpowder  made  by  John  Hall,  Darlford ;  3.  The  treble  strone  gun- 
powder of  Charles  Lawrence  and  Son  j  4.  The  Dartford  aunpowder  of  Pigou  and  Wilks  ; 
5.  Superfine  treble  strong  sporting  gunpowder  of  Curtis  and  Harvey.  The  first  is 
eoarse-erained,  the  others  are  all  of  considerable  fineness.  The  specific  gravity  of  each 
Was  taken  in  oil  of  turpentine :  that  of  the  first  and  Isst  three  was  exactly  the  same, 
being  1-80;  that  of  the  second  was  1*793,  all  being  reduced  to  water  as  unity. 
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The  above  density  for  flpecimen  first,  may  be  calculated  thus  :*— 


75  parts  of  nitre,  specific  graYtty 
15  parts  of  charcoal,  specific  gr. 
10  parts  of  sttlphar,  specific  gr. 


2-000 
M54 
2*000 


The  Tolume  of  these  constituents  is  55*5  (the  volume  of  their  weight  of  water  being 
100) ;  by  which  if  their  weight  100  be  divided,  the  quotient  is  1*80. 

The  specific  gravity  of  the  first  and  second  of  the  above  powders,  including  the  inter- 
stices of  their  srains,  aAer  being  well  shaken  down  in  a  vial,  is  1'02.  .This  is  a  curious 
result,  as  the  size  of  the  grains  is  extremely  different.  That  of  Pigou  and  Wilks,  simi- 
larly tried,  is  only  0*99 ;  that  of  the  Battle  powder  is  1*03  ;  and  that  of  Curtis  and  Har- 
vey is  nearly  1-05.  Gunpowders  thus  appear  to  have  nearly  the  same  weight  as  water, 
under  an  equal  bulk ;  so  that  an  imperial  gallon  will  hold  from  10  pounds  to  10  pounds 
and  a  half,  as  above  shown. 

The  quantities  of  Winter  which  100  grains  of  each  part  with  on  a  steam  bath,  and 
absorb  when  placed  for  24  hours  under  a  moistened  receiver  standing  in  water,  are  as 
follows : — 

100  grains  of  Waltham  Abbey,  lose  1*1  by  steam  heat,  gain  0*8  over  water. 

of  Hall  -  .    0-8       -  -  -  2*2 

Lawrence   -  -    1*0       -■  -  -  1*1 

Pigou  and  Wilks    -    0-6       -  -         .  -  2*2 

Curtis  and  Harvey  -    0  9      -  -  -  1*7 

Thus  we  perceive  that  the  large  grained  govemmant  powder  resists  the  hygrometric 
influence  better  than  the  others ;  among  which,  however,  Lawrence's  ranks  nearly  as 
high.    These  two  are  therefore  relatively  the  best  keeping  gunpowders  of  the  series. 

The  process  most  commonly  practised  in  the  analysis  of  gnnpojwder,  seems  to  be  toler- 
ably exact.  The  nitre  is  first  separated  by  hot  distilled  water,  evaporated  and  weighed. 
A  minute  loss  of  salt  may  be  counted  on,  from  its  known  volatility  with  boiling  water. 
I  have  evaporated  always  on  a  steam  bath.  It  is  probable  that  a  small  portion  of  the 
lighter  and  looser  constituent  of  gunpowder,  the  carbon,  flies  oflf  in  the  operations  of 
coming  and  dusting.  Hence,  analysis  may  show  a  small  deficit  of  charcoal  below  the 
synthetic  proportions  originally. mixed.  The  residuum  of  charcoal  and  sulphur  lefl  on 
the  double  filter-paper,  being  well  dried  1>y  the  heat  of  ordinary  steam,  was  estimated,  as 
usual,  by  the  diflerenee  of  weight  of  the  inner  and  outer  papers.  This  residaam  was 
cleared  oflf  into  a  platina  capsule  with  a  tooth-brush,  and  digested  in  a  dilute  solution 
of  potash  at  a  boih'ng  temperature.  Three  parts  of  potash  are  fully  suflicient  to  dis- 
solve out  one  of  sulphur.  When  the  above  solution  is  thrown  on  a  filter,  and  washed 
first  with  a  very  dilute  solution  of  potash  boiling  hot,  then  with  boiling  water,  and  aAer- 
wards  dried,  the  carbon  will  remain ;  the  weight  of  which  deducted  from  that  of  the  mixed 
powder,  will  show  the  amount  of  sulphur. 

I  have  tried  many  other  modes  of  estimating  the  sulphur  in  gunpowder  more  directly, 
but  with  little  satisfaction  in  the  results.  When  a  platma  capsule,  containing  gunpowder 
spread  on  its  bottom,  is  floated  in  oil)  heated  to  400^  Fahrenheit,  a  brisk  exhalation  of 
sulphur  fumes  rises,  but,  at  the  end  of  several  hours,  the  loss  does  not  amount  to  more 
than  one  half  of  the  sulphur  present. 

The  mixed  residuum  of  charcoal  and  sulphur  digested  in  hot  oil  of  turpentine  gives 
up  the  sulphur  readily;  but  to  separate  again  the  last  portions  of  the  oil  from  the  char- 
coal or  sulphur,  requires  the  aid  of  alcohol. 

When  gunpowder  is  digested  with  chlorate  of  potash  and  dilute  muriatic  acid,  at  a  mod- 
erate heat  in  a  retort,  the  sulphur  is  acidified ;  but  this  process  is  disagreeable  and  slow, 
and  consumes  much  chlorate.  The  resulting  sulphuric  acid  being  tested  by  nitrate  of 
baryta,  indicates  of  course  the  quantity  of  sulphur  in  the  gunpowder.  A  curious  fact 
occurred  to  me  in  this  experiment.  After  the  sulphur  and  charcoal  of  the  gunpowder 
bad  been  quite  acidified,  I  poured  some  solution  of  the  baryta  salt  into  the  mixture,  but 
no  cloud  of  sulphate  ensued.  On  evaporating  to  dryness,  however,  and  redissolving,  the 
nitrate  of  baryta  became  efllective,  and  enabled  me  to  estimate  the  sulphuric  acid  gene- 
rated; which  was  of  course  10  for  every  4  of  the  sulphur. 

The  acidification  of  the  sulphur  by  nitric  or  nitro-muriatic  acid  is  likewise  a  slow  and 
unpleasant  operation. 

By  digestins^  gunpowder  with  potash  water,  so  as  to  convert  its  sulphur  into  a  sulphu* 
ret,  mixing  this  wiih  nitre  in  great  excess,  drying  and  igniting,  I  had  hoped  to  con  veil 
the  sulphur  readDy  into  sulphuric  acid.  But  on  treating  the  fused  mass  with  dilute 
nitric  acid,  more  or  less  sulphurous  acid  was  exhaled.  This  occurred  even  though 
ehlorate  of  potash  had  been  mixed  ^ith  the  nitre  to  aid  the  oxygenation. 
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The  fdlowiBg  are  the  results  of  my  analyses,  conducted  by  the  firct  described 
method : 


100  gniss  afford,  of 

Nitre. 

CbaxooaL 

Salphur. 

Wafer. 

Waltham  Abbey    -    - 
Hall,  Dartford  -    .    . 
Pigou  and  Wilks  -    - 
Curtis  and  Hanrey     - 
Battle  gunpowder 

74-5 
76-2 

77-4 
76-7 
770 

14-4 
14-0 
13-6 
125 
13-5 

10-0 
9-0 
8-5 
9-0 
8-0 

M 

0'$  loss  0-3 

0-6 

M  loss  0-7 

0-8  loss  0-7 

It  is  probable,  for  reasons  already  assigned^  that  the  proportions  mixed  by  the  manu- 
facturers may  differ  slightly  from  the  above. 

The  En^rlish  sporting  gunpowders  have  long  been  an  object  of  desire  and  emulation  in 
France.  Their  great  su  periority  for  fowling  pieces  over  the  product  of  the  French  national 
manufactories,  is  indisputable.  Unwilling  to  ascribe  this  superiority  to  any  genuine  cause, 
M.  Vergnaud,  captain  of  French  artillery,  in  a  little  work  on  fulminating  powders  lately 
published,  asserts  positively,  that  the  English  manufacturers  of  *  poudre  de  chasse'  are 
guUty  of  the  *  charlatanisme'  of  mixing  fulminating  mercury  with  it.  To  determine  what 
truth  was  in  this  allegation,  with  regard  at  least  to  the  above  five  celebrated  gunpowders, 
I  made  the  following  expermients. 

One  grain  of  fulminating  mercury,  in  crystalline  particles,  was  mixed  in  water  with 
200  grains  of  the  Waltham  Abbey  gunpowder,  and  the  mixture  was  digested  over  a 
lamp  with  a  very  little  muriatic  acid.  The  filtered*  liquid  gave  manifest  indications  of 
the  corrosive  sublimate,  into  which  fulminating  mercury  is  instantly  convertible  by  mu 
riauc  acid ;  for  copper  was  quicksiltered  by  it ;  potash  caused  a  white  cloud  in  it  that 
oecame  vdlow,  and  sulphureted  hydrogen  gas  separated  a  dirty  yellow  white  precipi- 
tate of  bisnlphuret  of  mercnr;'.  When  the  Waltham  Abbey  powder  was  treated  alone 
with  dilute  muriatic  acid,  no  effect  whatever  was  produced  upon  the  filtered  liquid  by  the 
sulphureted  hydrogen  gas. 

200  grains  of  each  of  the  above  sporting  gunpowders  were  treated  precisely  in  the 
same  way,  but  no  trace  of  mercury  was  obtained  by  the  severest  tests.  Since  by  this 
process  there  is  no  doubt  but  one  10,000th  part  of  fulminating  mercury  could  be  de- 
tected, we  may  conclude  that  Captain  Vergnaiui's  charge  is  groundless.  The  superiority 
of  our  siK>rting  gunpowders  is  due  to  the  ^me  cause  as  the  superiority  of  our  cotton 
fabrics — the  care  of  our  manufacturers  in  selecting  the  best  materials,  and  their  skill  in 
eombining  them. 

I  shall  subjoin  here  some  miscellaneous  observations  upon  gunpowder. 

In  Bengal,  mixing  is  performed  by  shutting  up  the  ingredients  in  barrels,  which  are 
toned  either  by  hand  or  machinery ;  each  containing  50  lbs.  weight,  or  more,  of  small 
brass  balls.  They  have  ledges  on  the  inside,  which  occasion  the  balls  and  composition 
to  tumble  about  and  mingle  together,  so  that  the  intermixture  of  the  ingredients,  aOfer 
toe  process  has  been  gone  through,  cannot  fail  to  be  complete.  The  operation  is  con- 
tinued two  or  three  hours ;  and  I  think  it  would  be  an  improvement  in  Her  Majesty's 
system  of  manufacture  if  this  method  of  mixing  were  adopted. 

In  England  two  or  three  pints  of  water  are  used  for  a  42  lb.  charge :  but  the  quantity 
is  variable ;  both  the  temperature  and  the  humidity  of  the  atmosphere  influence  it. 

Bramah's  hydrostatic  press,  or  a  very  strong  wooden  press  working  with  a  powerful 
screw,  lever,  and  windlass,  constitutes  the  description  of  mechanism  by  which  density  is 
imparted  to  gunpowder.  The  incorporated  or  mill-cake  powder  is  laid  on  the  bed-  or 
follower  of  the  press,  and  separated,  at  equal  distances,  by  sheets  of  copper,  so  that  when 
the  operation  is  over,  it  comes  out  in  large  thin  9oIid  cakes,  or  strata,  distinguished  by 
the  term  press-cake.  The  mill-cake  powder  at  Waltham  Abbey,  is  submitted  to  a  mean 
theoretic  pressure  of  70  to  75  tons  per  superficial  foot. 

Gunpowder  should  be  thoroughly  dried,  but  not  by  too  high  a  degree  of  heat ;  that 
of  140^  or  150^  of  Fahrenheit's  thermometer  is  sufiicient.  It  appears  to  be  of  no  conse- 
quence whether  it  be  dried  by  solar  heat,  by  radiation  from  red-hot  iron,  as  in  the  gloom 
stove,  or  by  a  temperature  raised  by  means  of  steam.  Her  Majesty's  gunpowder  is  dried 
by  the  last  two  methods.  The  grain  should  not  be  suddenly  exposed  to  the  highest  degree 
oT  beat,  but  gradually. 

The  method  of  trial  best  adapted  to  show  the  real  inherent  strength  and  goodness  of 
gnapowder,  appears  to  be  an  eight  or  ten  inch  iron  or  brass  mortar,  with  a  truly  spherical 
aoUd  shot,  having  not  more  than  one  tenth  of  an  inch  windage,  and  fired  with  a  tow 
charge.  The  eiffht-inch  mortar,  fired  with  two  ounces  of  powder,  is  one  of  the  esUblished 
■lethods  of  proof  at  Her  Majesty's  works.  Gunpowders  that  range  eqtially  in  this  mode 
of  trial,  may  be  depended  on  as  being  equally  strong.  v  u^ 

Another  proof  is  by  four  drachms  of  powder  laid  in  a  small  neat  heap,  on  a  clean,  polished 
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copper  plate;  which  heap  is  fired  at  the  bpez,  hy  a  red  hot  iron.  The  exptosion  should 
be  sharp  and  quick ;  not  tardy,  nor  lingering ;  il  should  produce  a  sudden  concusdon  in 
the  air ;  and  the  force  and  power  of  that  concussion  ought  to  be  judged  of  by  comparison 
with  that  produced  by  powder  of  known  good  quality.  No  sparks  should  fly  off,  nor  should 
beads,  or  globules  of  alkaline  residuum,  be  left  on  the  cbpper.  If  the  copper  be  left 
clean,  i.  e.  without  gross  foulness,  and  no  lights,  i.  e.  sparks,  be  seen,  the  ingredients 
may  be  considered  to  have  been  carefully  prepared,  and  the  powder  to  have  been  well 
manipulated,  particularly  if  pressed  and  glazed ;  but  if  the  contrary  be  the  resnlt,  there 
has  been  a  want  of  skill  or  of  carefalness  manifested  in  the  manufacture. 

«  Gunpowder,"  says  Captain  Bishop,  "  eiplodes  exactly  at  the  600*  of  heat  by  Fah- 
renheit's thermometer ;  when  gunpowder  is  exposed  to  500°  it  alters  its  nature  altoge- 
ther ;  not  only  the  whole  of  the  moisture  is  driven  off,  but  the  saltpetre  and  sulphur  are 
actually  reduced  to  fusion,  both  of  which  liquefy  under  the  above  degree.  The  powder, 
on  cooling,  is  found  to  hare  changed  its  color  from  a  gray  to  a  deep  black ;  the  grain  has 
oecome  extremely  indurated,  and  by  exposure  even  to  very  moist  air,  it  then  suffers  no 
alteration  by  imbibing  moisture." 

The  'mill  for  grinding  the  gunpowder  cake  n^ay  be  understood  from  the  follcwiag 
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representation  (fig.  531) ;  p,  is  the  water  wheel,  which  may  drive  several  pairs  of  stones; 
9,  q,  two  vertical  bevel  wheels,  fixed  iipon  the  axis  of  the  great  wheel ;  r, '",  two  horizontal 
bevel  wheels  working  in  q,  9,  and  turning  the  shafts  «,  9 ;  /,  /,  two  horizontal  spur  wheels 
fixed  to  the  upper  part  of  the  vertical  shafts,  and  driving  the  large  wheels  «,  «•  To 
the  shafts  of  these  latter  wheels  are  fixed  the  runners  0,  v,  which  traverse  upon  the  bed 
stone  w,  w ;  x,  ar,  are  the  curbs  surrounding  the  bed  stone  to  prevent  the  powder  from 
falling  off;  0  is  the  scraper.  Mill  a  represents  a  view,  and  mill  b  a  section  of  the  bed 
stone  and  curb. 

GYPSUM,  Sulphate  of  lime,  JlabasUry  or  Paris  PUuier,  This  substance  is  found  in 
three  geological  positions  in  the  crust  of  the  earth ;  among  transition  rocks ;  in  the  red 
marl  formation;  and  above  the  chalk,  in  the  tertiary  beds. 

1.  The  alpine  gypsums  are  ranged  by  M.  Brochant  among  the  transition  class,  and 
are  characterized  .by  the  presence  of  anthracite  or  stone  coal ;  some  of  them  are  white 
and  pure,  others  gray  or  yellowish,  and  mixed  with  mica,  talc,  steatite,  black  oxyde  (^ 
iron,  pyrites,  compact  carbonate  of  Ihne,  sulphur,  and  common  salt.  Bxamples  of  such 
localities  are  found  in  the  gypsum  of  VaJrCanaria  at  the  foot  of  Saint  Gothaid,  that  of 
Brigg  in  the  upper  Valais ;  of  the  Grilla  in  the  valley  of  Chamouni,  and  of  Saint  Crer- 
vais-les-Bains,  near  Sallenches  in  Savoy. 

2.  The  secondary  gypsum,  or  that  of  the  salt  mine  districts,  belongs  to  the  rtd  gronndy 
immediately  beneath  the  lias  in  the  order  of  stratification,  and  therefore  a  rock  relatively 
ancient.  Near  Nortbwick,  the  red  marl  beds  above  the  great  deposite  of  rock  salt,  ar« 
irregularly  intersected  with  gypsum,  in  numerous  laminae  or  plates.  At  NewlMfigin  in 
Cumberland,  the  gypsnm  lies  in  red  ai^illaceous  marl,  between  two  strata  of  sandstone ; 
and  a  mile  south  of  Whitehaven,  the  subterraneous  workings  for  the  alabaster  extend 
30  yaids  in  a  direct  line;  with  two  or  three  lateral  branches  extending  about  10  yards, 
at  whose  extremities  are  large  spaces  where  the  gypsnm  is  blasted  with  gunpowder.  It 
is  generally  compact,  forming  a  regular  and  eonforaiable  bed,  with  crystals  of  aelenite 
(crystallized  gypsum)  in  drusy  cavities.  Gypsnm  occurs  in  the  red  marl  in  the  isle  of 
Axholme,  and  various  other  places  in  Nottinghamshire.  In  Derbyshire  some  consider- 
nble  deposites  have  been  found  in  the  same  red  sandstone,  several  of  which  are  mined^ 
as  at  Chellaston  hill,  whieh  would  exhibit  a  naked  and  water-worn  rode  of  gypswn. 
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were  it  not  for  a  eovering  of  alluvial  clay.  It  appears  in  general  to  present  itself  chiefly 
in  particular  patches,  occasioning  a  sudden  rise,  or  an  insulated  hill,  by  the  additional 
thickness  which  it  gives  to  the  stratum  of  the  red  ground  in  these  places.  The  prin- 
cipal demand  for  the  pure  white  gypsum,  or  that  faintly  streaked  with  red,  is  by  the  pot- 
ters in  Staffordshire,  who  form  their  moulds  with  the  calcined  powder  which  it  affords; 
only  particularly  fine  blocks  are  selected  for  making  alabaster  ornaments  on  the  turning 
lathe.  Jn  one  of  the  salt  pits  near  Droitwich,  the  strata  sunk  through,  were  vegetable 
mould,  3  feet ;  red  marl,  35  feet;  gypsum,  40  feet;  a  river  of  brine,  22  inches ;  gypsum, 
75  feet ;  a  rock  of  salt,  bored  into  only  5  £eet,  bat  probably  extending  much  deeper.  On 
the  Welsh  side  of  the  Bristol  channel,  gypsum  occurs  in  the  red  marl  cliffs  of  Glamorgan- 
tkire^  from  Peanarth  to  Lavemock.  No  organic  remains  or  metallic  minerals  have  hither- 
to been  found  in  the  gypsum  of  this  formation. 

3.  The  most  interesting  gypsums  in  a  general  point  of  view,  are  certainly  the  tertiary, 
or  those  of  the  plains,  or  hills  of  comparatively  modern  formation.  They  are  characterized 
by  the  presence  of  fossil  bones  of  extinct  animals,  both  mammifira  and  birds,  by  shelly 
and  a  large  proportion  of  carbonate  of  lime,  which  gives  them  the  property  of  effervescing 
wi'h  aeidb,  and  the  title  of  limestone  gypsums.  Such  are  the  gypsums  of  the  environs 
of  Paris,  as  at  the  heights  of  Montmarire,  which  contain  crystallized  sulphate  of  lime  in 
many  forms,  bat  most  commonly  the  lenticular  and  lance-shaped. 

Sulphate  of  lime  occurs  either  as  a  dense  compound  without  water,  and  is  called 
anhydrite  from  that  circumstance ;  or  with  combined  water,  which  is  its  most  ordinary 
state.  Of  the  latter  there  are  6  sub-species ;  sparry  gypsum  or  selenite  in  a  variety  of 
crystalline  fonnss  the  fi>liated  granular;  the  compact;  the  fibrous;  the  scaly  foUated ; 
the  earthy. 

The  prevailing  color  is  white,  with  various  shades  of  gray,  blue,  red,  and  yellow. 
More  or  less  tzanalaeent.  Soft,  sectile,  yielding  to  the  naU.  Specific  gravity  2-2. 
Water  dissolves  about  one  five-hundredth  part  of  its  weight  of  gypsum,  and  acquires 
the  quality  of  haxdaess,  with  the  characteristic  selenitic  taste.  When  exposed  on  red 
hot  coals,  it  decrepitates,  becomes  white,  and  splits  into  a  great  many  brittle  plates.  At 
the  heat  of  a  baker's  oven,  or  about  4O0P  Pahr.,  the  combined  water  of  gypsum  escapes 
with  a  species  of  ebullition.  At  a  higher  temperature  the  particles  get  indurated.  When  , 
rightly  calcined  and  pulverized^  gypsum  is  mixed  with  water  to  the  consistence  of  cream,  * 
and  poured  into  moulds  by  the  manufacturers  of  stucco  ornaments  and  statues.  A 
species  of  rapid  crystallization  ensues,  and  the  thin  paste  soon  acquires  a  solid  consist- 
ence, which  is  increased  by  drying  the  figure  in  proper  stoves.  During  the  consolidation 
of  the  plaster,  its  volame  expands  into  the  finest  lines  of  the  mould,  so  as  to  give  a  sharp 
and  faithful  impression. 

The  plaster  stone  of  the  Paris  basin  contaias  about  12  per  cent,  of  carbonate  of  lime. 
This  body,  ground  and  mixed  with  water,  forms  an  adhesive  mortar  much  used  in 
building,  as  it  fixes  very  speedily.  Works  executed  with  pure  gypsum  never  become  bo 
hard  as  those  made  with  the  calcareous  kind ;  and  hence  it  might  be  proper  to  add  a 
certain  portion  of  white  slaked  lime  to  our  calcined  gypsum,  in  order  to  give  the  stucco 
this  valuable  property.  Colored  stuccos  of  great  solidity  are  made  by  adding  to  a  clear 
solution  of  glue,  any  desired  coloring  tincture,  and  mixing-in  the  proper  quantity  of  the 
calcined  calcareous  gypsum. 

The  compact,  fine-grained,  gypseous  alabaster  is  oflen  cut  into  various  ornamental 
figures,  sueh  as  vases,  statuary  groups,  &c.,  which  take  a  high  polish  and  look  beautiful, 
but  from  their  soflness  are  easily  injured,  and  require  to  be  kept  enclosed  within  a  glass 
shade. 

In  America  and  France,  the  virtues  of  gypsum  in  fertilizing  land  have  been  highly  ex- 
tolled, bat  they  have  not  been  realized  m  the  trials  made  in  this  kingdom. 

Pore  gypsam  consists  of  lime  28 ;  sulphuric  acid  40 ;  water  18 ;  which  are  the  respec* 
tire  weights  of  its  prime  equivalent  parts. 

M.  Gay  Lnssac,  in  a  short  notice,  in  the  JSnnaUa  de  Chimie  for  April,  1829,  on  the  set- 
lio9  of  gypsora,  says  that  the  purest  {^asters  are  those  which  harden  least,  and  that  the 
addition  of  lime  is  of  no  use  toward  promoting  their  solidity,  nor  can  the  heat  proper  for 
boiling  gypsom  ever  expel  the  carbonic  acid  gas  from  the  calcareous  carbonate  present  in 
the  gypsam  of  Montmartre.  He  conceives  that  a  hard  plaster-stone  having  lost  its 
water,  will  resume  more  solidity  in  returning  to  its  first  state,  than  a  plaster-stone  natn- 
rally  tender  or  soft;  and  that  it  is  the  primitive  molecular  arrangement  which  is  regene- 
rated.   See  Alabastxr* 
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HADE  signifies,  among  English  miners,  the  inclination,  or  derialion  from  the  Tcrtical 
of  any  minpral  yein. 

HAIR  {Cheveu,  Crin,  Fr. ;  Haar,  Germ.)  is  of  all  animal  prodacts,  the  one  least 
liable  to  spontaneous  change.  It  can  be  dissolved  in  water  only  at  a  temperatnre  some- 
what  above  230°  F.,  in  a  Papin's  digester,  but  it  appears  to  be  partially  deeomposed  by 
this  heat,  since  some  sulphureted  hydrogen  is  disengaged.  By  dry  distillation,  hair  gives 
off  several  sulphureted  gases,  while  the  residuum  contains  sulphate  of  lime,  common 
salt,  much  silica,  with  some  oxyde  of  iron  and  manganese.  It  is  a  remarkable  fact  that 
fair  hair  affords  magnesia,  instead  of  these  latter  two  oxydes.  Horse-hair  yields  about  12 
per  cent,  of  phosphate  of  lime. 

Hairs.ate  tubular,  their  cavities  being  filled  with  a  fat  oil,  having  the  same  color  with 
themselves.  Hair  plunged  in  chlorine  gas,  is  immediately  decomposed  and  converted  into 
a  viscid  mass ;  but  when  immersed  in  weak  aqneons  chlorine,  it  undergoes  no  change, 
except  a  little  bleaching.  The  application  of  nitrate  of  merenrf  to  hairy  skins  in  the 
process  of  secretagCj  is  explained  under  Peltby. 
For  the  dyeing  of  horse-hair,'^  see  the  next  article. 

Living  hairs  are  rendered  black  by  applying  to  them,  for  a  short  lime,  a  paste  made  by 
mixing  liiliarge,  slaked  lime,  and  bicarbonate  of  potash,  in  various  proportions,  according 
to  the  shade  of  color  desired. 

We  have  no  recent  analysis  of  hair.  Yauqnelin  fonnd  nine  different  substances  in  black 
hair ;  in  red  hair,  a  red  oil  instead  of  a  greenish-black  one. 

The  salts  of  mercury,  lead,  bismuth,  as  well  as  their  oxydes,  blacken  hair,  or  make  it 
of  a  dark  violet,  by  the  formation,  most  probably,  of  metallic  sulphurets. 

Hair  as  an  object  of  manufactures  is  of  two  kinds,  the  curhf  and  the  ttrdighL  The 
former,  which  is  short,  is  spun  into  a  cord,  and  boiled  in  this  state,  to  give  it  the  tortncns 
springy  form.  The  long  straight  hair  is  woven  into  cloth  for  sieves,  and  also  for  orna- 
mental purposes,  as  in  the  damask-hair  cloth  of  chair  bottoms.  For  this  purpose  the  hair 
may  be  dyed  in  the  following  way. 

Forty  pounds  of  tail  hair  about  26  inches  long  are  steeped  in  lime  water  during  twelve 
hours.  Then  a  bath  is  made  with  a  decoction  of  20  pounds  of  logwood,  kept  boiling  for 
three  hours,  aAer  which  time  the  fire  is  withdrawn  from  the  boiler,  and  ten  ounces  of 
copperas  are  introduced,  stirred  about,  and  the  hair  is  immersed,  having  been  washed  from 
the  lime  in  river  water.  The  hair  should  remain  in  this  cooling  bath  for  24  hours,  when 
the  operation  will  be  finished.    For  other  colors,  see  the  respective  dyes. 

The  looms  for  weaving  hair  differ  from  the  common  ones,  only  in  the  templet  and  the 
shutUe.  Two  templets  of  iron  must  be  used  to  keep  the  stuff  equably,  but  li«hihr 
stretched.  These  templets,  of  which  one  is  represented  in  fig.  532,  are  constructed  in 
the  shape  of  flat  pincers ;  the  jaws  c  c  being  furnished  with  teeth  inside.    A  screw  d, 

binds  the  jaws  t(^ether,  and  hinders  the  aelvage 
from  going  inwai^s.    Upon  the  side  cross  beaioD 
of  the  loom,  seen  in  section  at  i,  a  bolt  is  fixed 
which  carries  a  not  r  at  its  end,  into  which  a 
screwed  iron  rod  e  enters,  on  one  of  whose  ends 
is  the  handle  b.    The  other  extremity  of  the 
screw  E  is  adapted  by  a  washer  and  pin  to  the 
back  of  the  pincers  at  the  point  h,  so  that  by 
turning  the  handle  to  the  right  or  the  left,  we 
draw  onwards  or  push  backwards  the  pincers 
and  the  stuff  at  pleasure.    The  warp  of  the  web  is  made  of  black  linen  yam.    The  weft 
is  of  hair,  and  it  is  thrown  with  a  long  hooked  shuttle;  or  a  long  rod,  having  a  catch 
hook  at  its  end.    The  length  of  this  shuttle  is  about  3  feet ;  its  breadth  half  an  inch,  and 
its  thickness  one  sixth.    It  is  made  of  box-wood.    The  reed  is  of  polished  steel ;   the 
thread  warps  are  conducted  through  it  in  the  usual  way.    The  woricmaa  passes  this 
shuttle  between  the  hairs  of  the  warp  with  one  hand,  when  the  shed  or  shuttle  way  is 
opened  by  the  treddles ;  a  child  placed  on  one  side  of  the  loom  presents  a  hair  to  the 
weaver  near  the  selvage,  who  catches  it  with  the  hook  of  his  shuttle,  and  by  drawing  it 
out  passes  it  through  the  warp.    The  hairs  are  placed  in  a  bundle  on  the  side  where  the 
child  stands,  in  a  chest  filled  with  water  to  keep  them  moist,  for  otherwise  they  would  Dot 
have  the  suppleness  requisite  to  form  a  web.   Each  time  that  a  hair  is  thrown  across,  the 
batten  is  driven  home  twice.    The  warp  is  dressed  with  paste  in  the  usual  way.    The 
hair  cloth,  after  it  is  woven,  is  hot  calendered  to  give  it  lustre. 
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HAIR  PENCILS  OR  BRUSHES  for  painting.  Two  sorts  are  made ;  those  with  coarse 
aair,  as  thst  of  the  swine,  the  wiJd  boar,  the  dog^  &c.,  which  are  attached  usually  to  short 
wooden  rods  as  handles ;  these  are  commonly  called  brushes ;  and  hair  pencils,  properly 
so  caJled,  which  are  composed-  of  very  fine  hairs,  as  of  the  minever,  the  marten,  the 
badger,  the  polecat,  &.c.  These  are  mounted  in  a  qnill  when  they  are  small  or  of  mode- 
rate size,  but  when  larger  than  a  quill,  they  are  mounted  in  white-iron  tubes. 

The  most  essential  quality  of  a  good  pencil  is  to  form  a  fine  point,  so  that  all  the  hairs 
without  exception  may  be  united  when  they  are  moistened  by  laying  them  upon  the 
tongue,  or  drawing  them  through  the  lips.  When  hairs  present  the  form  of  an  elongated 
cone  in  a  pencil,  their  point  only  can  be  used.  The  whole  difficulty  consists  aAer  the 
bain  are  deansed,  in  arranging  them  together  so  that  all  their  points  may  lie  in  the  same 
horizontal  plane.  We  must  wash  the  tails  of  the  animals  whose  hairs  are  to  be  used, 
by  scouring  them  in  a  solution  of  alum  till  they  be  quite  free  from  grease,  and  then  steep- 
ing them  for  24  hours  in  Inlce-wann  waters  We  next  squeeze  out  the  water  by  pressing 
them  strongly  from  the  root  to  the  tip,  in  order  to  lay  the  hairs  as  smooth  as  possible. 
They  are  to  be  dried  with  pressure  in  linen  cloths,  combed  in  the  longitudinal  direction, 
with  a  yery  fine-toothed  comb,  finally  wrapped  up  in  fine  linen,  and  dried.  When  per- 
fectly dry,  the  hairs  are  seized  with  pincers,  cut  across  close  to  the  skin,  and  arranged  in 
separate  heaps,  according  to  their  respective  lengths. 

Each  of  these  little  heaps  is  placed  separately,  one  aAer  the  other,  in  small  tin  pans 
with  flat  bottoms,  with  the  tips  of  the  hair  upwards.  On  striking  the  bottom  of  the  pan 
slightly  upon  a  table,  the  hairs  get  arranged  parallel  to  each  other,  and  their  delicate 
points  rise  more  or  less  accordmg  to  their  lengths.  The  longer  ones  are  to  be  picked  out 
and  made  into  so  many  separate  parcels,  whereby  each  parcel  may  be  composed  of  equally 
bng  hairs.  The  perfection  of  the  pencil  depends  upon  this  equality  j  the  tapering  point 
being  produced  simply  by  the  attenuation  of  the  tips. 

A  pinch  of  one  of  these  parcels  is  then  taken,  of  a  thickness  corresponding  to  the  in- 
tend«l  size  of  the  pencil;  it  is  set  in  a  little  tin  pan,  with  lis  tips  undermost,  and.is  shaken 
br  striking  the  pan  on  the  table  as  before'.  The  root  end  of  the  hairs  being  tied  by  the 
lisnerman's  or  seaman*s  knot,  with  a  fine  thread,  it  is  taken  out  of  the  pan,  and  then 
hooped  with  stronger  thread  or  twine;  the  knots  being  drawn  very  tight  by  means  of  two 
little  sticks.  The  distance  from  the  tips  at  which  these  ligatures  are  placed,  is  of  cotirse 
relative  to  the  nature  of  the  hair,  and  the  desired  length  of  the  pencil.  The  base  of  the 
pencil  must  be  trimmed  flat  with  a  pair  of  scissors. 

Nothing  now  remains  to  be  done  but  to  mount  the  pencils  in  quill  or  tin-plate  tubes  as 
above  described.  The  quills  are  those  of  swans,  geese,  ducks,  lapwings,  pigeons,  or  larks, 
according  to  the  size  of  the  pencil.  They  are  steeped  during  24  hours  m  water,  to  swell 
and  soAen  them,  and  to  prevent  the  chance  of  their  splitting  when  the  hair  brush  is  pressed 
into  them.  The  brush  of  hair  is  introduced  by  its  tips  into  the  large  end  of  the  cut  quill, 
having  previously  drawn  them  to  a  point  with  the  lips,  when  it  is  pushed  forwards  with 
a  wire  of  the  same  diameter,  till  it  comes  out  at  the  other  and  narrower  end  of  the  quill. 

The  i^maller  the  pencils,  the  finer  ought  the  hairs  to  be.  In  this  respect,  the  manufacture 
require*  much  delicacy  of  tact  and  experience.  It  is  said  that  there  are  only  four  first-rate 
hands  among  all  the  dexterous  pencil-makers  of  Paris,  and  that  these  are  principally  women. 

HALOGENE  is  a  term  employed  by  Berzelius  to  designate  those  substances  which 
form  compounds  of  a  saline  nature,  by  their  unibn  with  metals ;  such  are  J^romine, 
Chlorine^  Cy/mogvne,  Fhtorine,  Iodine.    Haloid  is  hii  name  oi  the  salt  thereby  formed^ 

HANDSPIKE  is  a  strong  wooden  bar,  used  as  a  lever  to  move  the  windlass  and  cap- 
stan in  heaving  up  the  anchor,  or  raising  any  heavy  weights  on  board  a  ship.  The 
handle  is  smooth,  round,  and  somewhat  taper;  the  other  end }%  squared  to  fit  the  holes  in 
the  head  of  the  capstan  or  barrel  of  the  windlass. 

HARDNESS  (Dureti,  Fr. ;  Harte,  Festigkeit,  Germ.)  is  that  modification  of  cohesive 
attracikm  which  enables  bodies  to  resist  any  efibrt  made  to  aoradc  their  surfaces.  It<  rel* 
ative  intensify  is  measured  by  the  power  they  possess  of  cuiung  or  scratching  other  snV 
atanees.  The  following  table  exhibits  pretty  nearly  the  successive  hardnesses  of  the 
•ercral  bodies  in  the  litti^ 
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Sabstaacas. 

HardnMa, 

Specilie  Gnvitf. 

Diamond  from  Ormus     .... 

20 

3-7 

Pink  diamond          -           -           • 

19 

3-4 

Bluish  diamond               -           -           •  '         - 

19 

3-3 

Yellowish  diamond  .           -           -           - 

19 

3-3 

Cabic  diamond  .           -           -           -           - 

18 

3-2 

Ruby           .           .           .           -           . 

17 

4-2 

Pale  ruby  from  Brazil    - 

16 

3-5 

Deep  blue  sapphire  -           -           - 

16 

3-8 

Diito,  paler        -           -           - 

17 

3-8 

Topaz          ..... 

15 

4-2 

Whitish  topaz 

14 

3-5 

Ruby  spinell           -           -           -           - 

13 

3  4 

Bohemian  topaz .           .           •           «           • 

11 

2-8 

Emerald       -           -           - 

12 

2-8 

Garnet   ..--•• 

12 

4-4 

Agate          .           -           -           .           - 

12 

2-6 

Onyx      .--•-- 

Itt 

2-6 

Sanlonyx      .           -           .           -           - 

12 

2-6 

Occidental  amethyst       .... 

11 

2-7 

Crjslal        ..... 

11 

2-6 

Cornelian           .           -           -           •           - 

11 

2-7 

Green  jasper            .... 

11 

2-7 

Reddish  yellow  do.         - 

9 

2-6 

Schoerl        -           -           -           -           • 

10 

3-6 

Tourmaline        .           -           .           -           - 

10 

3-0 

Quartz         -           -           .        .    - 

10 

2-7 

Opal       ---.-- 

10 

2-6 

Chrj'solite   -           - 

10 

3-7 

Zeolite  -..--- 

8 

21 

Fluor           -           -           -           -           - 

7 

3-5 

Calcareous  spar             .           •           •           • 

6 

2-7 

Gypsum      ..... 

5 

2-3 

Chalk 

3 

2-7 
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HARTSHORN,  SPIRIT  0F»  is  the  old  name  for  water  of  ammonia. 

HATCHING  OF  CHICKENS.    See  Incubation,  Aktiticuh^ 

HAT  MANUFACTURE.  {Varl  de  Chapelier,  Fr. ;  Hutmacherkunst,  Gertn.)  Hat 
is  the  name  of  a  piece  of  dress  worn  upon  the  head  by  both  sexes,  but  principally  by  the 
men,  and  seems  to  have  been  first  introduced  as  a  distinction  among  the  ecdesiastics  in 
the  12th  century,  though  it  was  not  till  the  year  1400  that  it  was  generally  adopted  by 
respectable  laymen. 

As  the  art  of  making  common  hats  does  not  involve  the  description  of  any  curious  ma- 
ehinery,  or  any  interesting  processes,  we  shall  not  enter  into  very  minute  details  upon 
the  subject.  It  will  be  sufficient  to  convey  to  the  reader  a  general  idea  of  the  methods 
employed  in  this  manufacture. 

The  materials  used  in  making  stuff  hats  are  the  furs  of  hares  and  rabbits  freed  from 
the  long  hair,  together  with  wool  and  beaver.  The  beaver  is  reserved  for  the  finer  hats. 
The  fur  is  first  laid  upoa  a  hurdle  made  of  wood  or  wire,  with  longitudinal  openings ; 
•nd  the  operator,  by  means  of  an  instrument  called  the  bow  (which  is  a  piece  of  elastie 
aiJi,  six  or  seven  feet  long,  with  a  catgut  stretched  between  its  two  extremities^  and  made 
u>  vibrate  by  a  bowstick),  causes  the  vibrating  string  to  strike  and  play  upon  the  fur,  so 
as  to  scatter  the  fibres  in  all  directions,  while  the  dust  and  filth  descend  through  the  grids 
<k  the  hurdle. 

Ailer  the  fur  is  thus  driven  by  the  bow  from  the  one  end  of  the  hurdle  to  the  other,  ii 
forms  a  mass  called  a  bat,  which  is  only  half  the  quantity  snfilcient  for  a  haU '  The 
bat  or  capade  thus  formed  is  rendered  compact  by  pressing  it  down  with  the  kardemng 
ifctn  (a  piece  of  half-tanned  leather),  and  the  union  of  the  fibres  is  increased  by  eovering 
them  with  a  cloth,  while  the  workman  presses  them  together  repeatedly  with  his  hands. 
The  cloth  being  taken  ofi",  a  piece  of  paper,  with  its  comers  doubled  in,  so  as  to  give  it 
a  triangular  outline,  is  laid  above  the  bat.  The  opposite  edges  of  the  bat  are  then  fcdded 
over  the  paper,  and  being  brought  together  and  pressed  again  with  the  hands,  they  fonn 
a  oooical  cap.    This  cap  is  next  laid  upon  another  bat,  ready  hardened^  so  that  the  joined 
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e^gw  of  fhe  fint  Iwt  rest  upon  the  new  one.  This  new  bat  is  folded  over  the  other,  and 
ite  edges  joined  by  preesare  as  before ;  so  that  the  joining  of  the  first  conical  cap  it 
opposite  to  that  of  the  second.  This  compound  bat  is  now  wrought  with  the  hands  for  • 
considerable  time  npon  the  hurdle  between  folds  of  linen  cloth,  being  occasionally  sprinkled 
with  dew  water,  till  the  hat  is  basined  or  rendered  tolerably  firm. 

The  cap  is  now  taken  to  a  wooden  receiver,  like  a  very  flat  mill-hopper,  consisting  of 
eight  wooden  planes,  sloping  gently  to  the  centre,  which  contains  a  kettle  filled  with 

water  acidnlated  with  sulphuric  acid.  Tlie 
technical  name  of  this  vessel  is  the  battery.  It 
consists  of  a  kettle  A  $  and  of  the  planks,  b  c, 
which  are  sloping  planes,  usually  eight  in  num- 
ber, one  being  allotted  to  each  workman.  The 
half  of  each  plank  next  the  kettle  is  made  of 
lead,  the  upper  half  of  mahogany.  In  this  liquor 
the  hat  is  occasionally  dipped,  and  wrought  by 
the  hands,  or  sometimes  with  a  roller,  upon  the 
sloping  planks.  It  is  thus  fulled  or  thickened 
dnring  four  or  five  hours ;  the  knots  or  hard  sub- 
stances are  picked  out  by  the  workman,  and  fresh 
felt  is  added  by  means  of  a  wet  brush  to  those 
parts  that  require  it.  The  beaver  is  applied  at 
the  end  of  this  operation.  In  the  manufacture 
of  beaver  hats,  the  grounds  of  beer  are  added  to 
the  liquor  in  the  kettle. 
Stopping,  or  thickening  the  thin  spots,  seen  by  looking  through  the  body,  is  performed 
hf  daubing  on  additional  stuff  with  successive  applications  of  the  hot  acidulous  liquor 
from  a  brush  dipped  into  the  kettle,  until  the  body  be  sufficiently  shrunk  and  made 
oniform.  AAer  drying,  it  is  stifiened  with  varnish  composition  rubbed  in  with  a  brush  | 
the  inside  surface  being  more  copiously  imbued  with  it  than  the  outer ;  while  the  brim  it 
peculiarly  charged  with  the  stiffening. 

When  once  more  dried,  the  body  is  ready  to  be  covered,  which  is  done  at  the  Inttery. 
The  first  cover  of  beaver  or  napping,  which  has  been  previously  botoedy  is  strewed  equably 
ov^r  the  body,  and  patted  on  with  a  brush  moistened  with  the  hot  liquor,  until  it  gets  lA- 
eorporated ;  the  cut  ends  towards  the  root,  being  the  points  which  spontaneously  intrude. 
The  body  is  now  put  into  a  coarse  hair  cloth,  then  dipped  and  rolled  in  the  hot  liquor, 
until  the  root  ends  of  the  beaver  are  thoroughly  worked  in.  This  is  technically  called 
rolling  off,  or  roughing,  A  strip  for  the  brim,  round  the  edge  of  the  inside,  is  treated  la 
the  same  way ;  whereby  every  thing  is  ready  for  the  second  cover  (of  beaver),  which  is 
incorporated  in  like  manner;  the  rolling,  &c.  being  continued,  till  a  uniform,  close,  and. 
well-felled  hood  is  formed. 

The  hat  is  now  ready  to  receive  its  proper  shape.    For  this  purpose  the  workman  turns 
np  the  edge  or  brim  to  the  depth  of  about  Ij^  inch,  and  then  returns  the  point  of  the  coie 
back  again  through  the  axis  of  the  cap,  so  as  to  produce  another  inner  fold  of  the  same- 
depth.     A  third  fold  is  produced  by  returning  the  point  of  the  cone,  and  so  on  til]  the  • 
point  resembles  a  flat  circular  piece  having  a  number  of  concentric  folds.      In  this  state  - 
it  is  laid  upon  the  plank,  and  wetted  with  the  liquor.    The  workman  pulls  out  the  point 
with  his  fingers,  and  presses  it  down  with  his  hand,  turning  it  at  the  same  time  round  on . 
its  centre  upon  the  plank,  till  a  fiat  portion,  equal  to  the  crown  of  the  hat,  is  rubbed  ouL . 
This  flat  crown  is  now  placed  upon  a  block,  and,  by  pressing  a  string  called  a  commander^ 
down  the  sides  of  the  block,  he  forces  the  parts  adjacent  to  the  crown,  to  assume  a  cylin- 
drical figure.     The  brim  now  appears  like  a  puckered  appendage  round  the  cylindrical 
cone;  bot  the  proper  figure  is  next  given  to  it,  by  working  and  rubbing  it.    The  body  is 
rendered  waterproof  and  stiff  by  iKping  imbued  with  a  varnish  composed  of  shellac, 
sudaraeh,  mastic,  and  other  resins  dissolved  in  alcohol  or  naptha. 

The  hat  being  dried,  its  nap  is  raised  or  loosened  with  a  wire  brush  or  card,  and  some- ' 
times  it  is  previously  pounced  or  rubbed  with  pumice,  to  take  off  the  coarser  parts,  and 
afterwards  rubbed  over  with  seal-skin.     The  hat  is  now  tied  with  pack-thread  upon  its 
i43ek,  and  is  aAerwards  dyed.    See  Hat-dyeing,  infra. 

The  dyed  hats  are  now  removed  to  the  stiffening  shop.  Beer  grounds  are  next  applied 
<si  the  inside  of  the  crown,  for  the  purpose  of  preventing  the  glne  from  coming  through ; 
ssd  when  the  beer  grounds  are  dried,  glue  (gum  Senegal  is  sometimes  used)  a  little 
(huiner  than  that  nsed  by  carpenters,  is  laid  with  a  brush  on  the  inside  of  the  crown,  and 
Ihe  lower  surface  of  the  brim. 

The  bat  is  then  softened  by  exposure  to  steam,  on  the  steaming  basin,  and'  is  bmshed' 
sad  ironed  till  it  receives  the  proper  gloss.    It  is  lastly  cut  round  at  the  brim  by  a  knife 
ted  at  tlie  end  of  a  gauge,  which  rests  against  the  crown.    The  brim,  however^  is  not: 
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eat  entirely  through,  bat  is  torn  off  so  as  to  leave  an  edging  of  beaver  lonnd  the  extciMl 
rim  of  the  hat.  The  crown  being  tied  up  in  a  gaaze  paper,  which  is  neatlj  iraaed 
down,  is  then  ready  for  the  last  operations  of  lining  and  binding. 

The  furs  and  wools  of  which  hats  are  manofactared  contain,  in  their  early  stage  of  prep- 
aration, hemps  and  hain,  which  most  be  removed  in  order  to  produce  a  material  for  the 
better  description  of  hats.  This  separation  is  effected  by  a  sort  of  winnowii^  machine, 
which  waAs  away  the  finer  and  lighter  parts  of  the  furs  and  wools  from  the  coarser. 
Messrs.  Parker  and  Harris  obtained  a  patent  in  1822  for  the  invention  and  use  of  such 
an  apparatus,  whose  structure  and  functions  may  be  perfectly  understood,  from  its  analogy 
to  the  blowing  and  scutching  machine  of  the  cotton  manufactore;  to  which  I  therefore 
refer  my  readers. 

I  shall  now  proceed  to  describe  some  of  the  recent  improvements  proposed  in  the  man- 
ufacture of  hats,  but  their  introduction  is  scarcely  possible,  on  acoount  of  the  perfectly 
organized  combination  which  exists  among  journeyman  hatters  throughout  the  kingdom, 
by  which  the  masters  are  held  in  a  state  of  complete  servitude,  having  no  power  to  take  a 
single  apprentice  into  their  Works  beyond  the  number  specified  by  the  Union,  nor  any  sort 
of  machine  which  is  likely  to  supersede  hand  labor  in  any  remarkable  degree.  Henee 
the  hat  trade  is,  generally  speaking,  unproductive  to  the  capitalist,  and  incapable  of  re- 
ceiving any  considerable  development.  The  puUic  of  a  fVee  country  like  this,  ought  to 
counteract  this  disgraceful  state  of  things,  by  renouncing  the  wear  of  stuff  hats,  a  branch 
of  the  business  entirely  under  the  control  of  this  despotic  Canton,  and  betake  themselves 
to  the  use  of  silk  hats,  which,  from  recent  improvements  in  their  fabric  and  dyeing,  are 
not  a  whit  inferior  to  the  beaver  hats,  in  cooiirort,  appearance,  or  durability,  while  they 
may  be  had  of  the  best  quality  for  one  fourth  part  of  their  price. 

The  annexed  figures  represent  Mr.  Ollerenshaw's  niachine,  now  generally  empk>yed 
or  ironing  hats.     Fig,  534  is  the  frame-work  or  standard  upon  w^ch  three  of  these 


lathes  are  mounted,  as  ▲,  b,  c  The  lathe  a  is  intended  to  be  employed  wben  the 
crown  of  the  hat  is  to  be  ironed.  The  lathe  b,  when  the  flat  top,  and  the  upper  side  of 
the  brim  is  ironed,  and  lathe  c,  when  its  under  side  is  ironed ;  motion  being  given  to  the 
whole  >by  means  of  a  band  passing  from  any  first  mover  (as  a  steam-engine,  water-wheel, 
&c.)  to  the  drum  on  the  main  shafl  a  a.  From  this  drum  a  strap  passes  over  the  ligfcer 
b, which  actuates  the  axle  of  the  latbe  a.  On  to  this  lathe  a  sort  of  chuck  is  screwed,  and 
to  the  chuck  Uie  block  e  is  made  fast  by  screws,  bolts,  or  pins.  This  block  is  represent- 
ed in  section,  in  order  to  show  the  manner  in  which  it  is  made,  of  several  pieces  lieU 
fast  by  the  centre  wedge-piece,  as  seen  at  fig,  535. 

The  hat-block  being  made  to  torn  round  with  the  chaek,  at  the  rate  of  about  twenty 
turns  per  minute,  but  in  the  opposite  direction  to  the  revolution  of  an  ordinary  tivning 
lathe,  the  workman  applies  his  hot  iron  to  the  surface  of  the  bat,  and  thereby  amoolbs 
it,  giving  a  beautiful  glossy  appearance  to  the  beaver  j  he  then  applies  a  plash  eashion, 
and  rube  round  the  surface  of  the  hat  while  it  is  still  revolving.  The  hat,  with  its 
Mock,  is  now  removed  to  the  lathe  b,  where  it  is  placed  upon  the  chock  d,  and  made  to 
turn  in  a  horizontal  direction,  at  the  rate  of  about  twenty  revolutions  per  miBui«y  ftr 
the  pwpoat  of  ironing  the  flat4op  of  the  «iown.  This  lathe  b  moves  upon  an  nprigbl 
shaft  e,  and  is  actuated  by  a  twisted  band  passing  from  the  main  shaft,  round  the 
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rig^/.  In  drder  to  ii^ik  the  tipper  surfiicb  of  tlie  brim,  the  block  c  is  removed  from 
the  hLtbe,  aM  taken  out  of  thtfhat,  when  the  block  fl^,  536,  is  mounted  upon  the  chnck 
d,  and  made  to  turn  nnder  the  hand  of  the  workman,  as  before. 

The  hat  is  now  to  be  removed  to  the  lathe  c,  where  it  is  introduced  in  an  inverted 
positioti,  between  the  arms  g  g  supporting  the  rim  h  A,  the  top  surface  of  which  is 
shown  at  Jig.  537*  The  spindle  i  of  the  lathe  turns  by  similar  means  to  the  last,  but 
slower;  only  ten  turns  per  minute  will  be  sufficient.  The  workman  now  smooths  the 
under  aide  of  the  brim,  by  drawing  the  iron  across  it,  that  is,  from  the  centre  outwards. 
The  hat  is  then  carefcdly  examined,  and  all  the  burs  and  coarse  hairs  picked  out,  after 
which  the  smoothing  process  is  performed  as  before,  and  the  dressing  of  the  hat  is  com- 
plete. 

Messrs.  GilUnai  and  Wilson,  of  Manchester,  obtained  a  patent  in  1823,  for  a  peculiar 
kind  of  fabric  to  be  made  of  cotton,  or  a  mixture  of  cotton  and  silk,  for  the  covering  of 
hats  and  bonnbtSrin  imitation  of  beaver.  The  foundation  of  the  hat  may  be  of  felt,  hemp, 
wool,  which  is  to  be  covered  by  the  patent  fabric.  This  debased  article  does  not  seem  to 
have  got  into  use ;  cotton,  from  its  want  of  the  felting  property  and  inelasticity,  being 
very  ifl-adapted^fbr  making  hat-stuff. 

A  more  ingenious  invention  of  John  Gibson,  hatter,  in  Glasgow,  consisting  of  an  elastic 
fabric  of  whalebone^-was  made  the  subject  of  a  patent,  in  June,  1824.  The  whalebone, 
being  separated  into  threads  no  larger  than  hay  stalks,  is  to  be  boiled  in  some  alkaline 
liquid  for  removing  the  oil  from  it,  and  rendering  it  more  elastic.  The  longest  threads 
are  to  be  employed  for  warp,  the  shorter  for  weA ;  and  are  to  be  woven  in  a  hair-cloth 
kKna.  This  fabric  is  to  be  passed  between  rollers,  after  which  it  is  fit  to  be  cut  out  into 
forms  for  making  hats  and  bonnets,  to  be  sewed  togetho-  at  the  joints,  and  stiffened  with 
a  preparation  of  resinous  varnishes,  to  prevent  its  being  acted  upon  by  perspiration  or 
rain.  A  very  eonnderaUe  improrement  in  the  lightness  and  elasticity  of  silk  hats  has 
been  the  result  of  this  invention. 

The  fbnndation  of  men's  hats,  upon  whose  outside  tbe  beaver,  down,  or  other  fine  fcr 
is  laid  to  produce  a  nap,  is,  as  I  have  described,  usually  made  of  wool  felted  together 
by  hand,  and  formed  first  into  conical  caps,  which  are  afterwards  stretched  and  moulded 
upon  blocks  to  the  desired  shape.  Mr.  Borradaile,  of  Bucklersbury,  obtained  a  patent 
in  November,  1825,  for  a  machine,  invented  by  a  foreigner,  for  setting  up  hat  bodies, 
which  seems  to  be  ingeniously  eontrived ;  but  I  shall  decline  describing  it,  as  it  has 
pnbaUj  not  been  svffered  by  the  Union  to  come  into  praeiical  operation,  and  as  I  shall 
presently  give  the  details  of  another  later  invention  for  the  same  purpose. 

SOk  hials,  for  sevonl  years  after  they  were  manufactured,  were  liable  to  two  objec- 
tsDos;  first,  the  body  or  shell  over  whieh  the  silk  covering  is  laid,  was,  from  its  hardness, 
apt  to  hurt  the  head;  second,  the  edge  of  the  crown  being  much  exposed  to  blows,  the 
Silk  nap  seen  got  atosded,  so  as  to  lay  bare  the  cotton  foundation,  which  is  not  capable 
of  taking  so  &ue  a  black  dye  as  the  silk ;  whence  the  hat  assumed  a  shabby  appearance. 
Messrs.  Mayhew  and  White  of  London,  hat-manufacturers,  proposed  in  their  patent  of 
February,  1826,  to  remedy  these  defects,  by  making  the  hat  body  of  stuff  or  wool,  and 
relieviag  the  Miffnesa  of  the  inner  part  round  the  brim,  by  attaching  a  coating  of  beavei 
npoo  the  under  side  of  the  brim,  so  as  to  render  the  hat  pliable.  Round  the  edge  of 
the  lip  or  crown,  a  quantity  of  what  is  called  stop  wool  is  to  be  attached  by  the  ordinary 
operatk>n  of  bowing,  which  will  render  the  edge  soft  and  elastic.  The  hat  is  to  be  after- 
wards dyed  of  a  go«d  black  color,  both  outside  and  inside ;  and  being  then  properly  stiff- 
aaed  and  blocked,  is  ready  lor  the  covering  of  silk. 

The  plush  employed  for  eoverihg  silk  hats,  is  a  raned  nap  or  pile  woven  usually  upon 
n  cotton  fonndation ;  and  the  cotton,  being  incapable  of  receiving  the  same  brilliant 
black  dye  as  the  silk,  renders  the  hat  apt  to  turn  brown  whenever  the  silk  nap  is  partially 
worn  off.  The  patentees  proposed  to  counteract  this  evil,  by  making  the  foundation  of 
tbe  pluah  entirely  of  siUc.  To  these  two  improvements,  now  pretty  generally  introduced, 
the  present  excellence  of  the  silk  hats  may  be,  in  a  good  measure,  ascribed. 

The  apparatus  above  alluded  to,  for  making  the  foundations  of  hats  by  the  aid  of  me- 
efaaaism,  was  rendered  the  subject  of  a  patent,  by  Mr.  Williams,  in  September,  1826 ;  but 
I  fear  it  has  never  obtained  a  footing,  nor  even  a  fair  trial  in  our  manufactures,  on  ac 
eoont  of  the  hostility  of  the  operatives  to  all  labor-saviag  machines. 

Fig.  63^  m  a  side  view  of  the  carding  engine,  with  a  horizontal  or  plan  view  of  the 
lower  part  of  the  eardiag  madiine,  showing  the  operative  parts  of  the  winding  apparatus, 
nn  conneeied  to  (he  cardhig  engine.  The  dofier  cylinder  is  covered  with  fillets  of 
wire  cards,  such  as  are  usually  employed  in  carding  engines,  and  these  fillets  are 
divided  into  two,  three,  or  more  spaces  extending  round  the  periphery  of  the  cylinder, 
Klic  object  of  vrhieh  division  k  to  separate  the  sliver  into  two,  three,  or  more  breadths, 
wUeh  are  to  be  conducted  to^  and  wofoad  vpon  distmct  blodcs,  for  making  so  maaf  sep- 
arate hnis  or  capt. 
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The  principal  cylinder  of  the  carding  engine  ia  made  to  revdve  by  a  rigger  upon  iti 
axle,  actuated  by  a  band  fram  any  first  mover  aa  nsoal.  and  the  subordinate  roUers  or 
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cylinders  belonging  to  the  carding  engine,  are  all  tamed  by  paileys,  and  bands,  and 
as  in  the  ordinary  construction. 

The  wool  or  other  material  is  supplied  to  the  feeding  cloth,  and  carried  tbrongh 
the  engine  to  the  doffer  cylinder,  as  in  other  carding  engines;  the  doffer  comb  ia 
actuated  by  a  revolving  crank  in  the  common  way,  and  by  means  of  Jt  the  slivers  are 
taken  from  the  doffer  cylinder,  and  thence  received  on  to  the  surfaces  of  the  Modes  c  e. 
T%ese  blocks,  of  which  two  only  are  shown  to  prevent  confusion,  are  mounted  upoa 
axles,  supported  by  suitable  bearings  in  a  carriage//,  and  are  made  to  revolve  by  means 
of  a  band  g  g,  leading  from  a  pulley  on  the  axle  of  a  conical  drum  beneath.  The  band  g 
passes  over  a  pulley  A,  affixed  to  the  axle  of  one  of  the  blocks,  while  another  pulley  i^ 
upon  the  same  axle,  gives  motion,  by  means  of  a  band,  to  as  many  other  bk>cks  as  are 
adapted  to  the  machine. 

As  it  is  necessary,  in  winding  the  slivers  on  to  the  blocks,  to  cross  them  in  different 
directions,  and  also  to  pass  the  sliver  over  the  hemispherical  ends  of  the  blocks,  in 
order  that  the  wool  or  other  material  may  be  uniformly  spread  over  the  surface  ia 
forming  the  cap  or  hood  for  the  shell  or  foundation  of  the  intended  hat,  the  carriage  /, 
with  the  blocks,  is  made  to  traverse  to  and  fro  in  lateral  directions  upon  rollers  at  each 
end. 

This  alternating  motion  of  the  carriage  is  caused,  by  a  horizontal  lever  H  (seen  In 
the  horizontal  view  ySg.  538),  moving  upon  a  fulcrum  pin  at  m,  which  lever  is  attached 
to  the  carriage  at  one  extremity  «,  and  at  the  other  end  has  a  weighted  cord  wbich 
draws  the  side  of  this  lever  against  a  cam  wheel  o.  This  cam  is  made  to  revolve  by 
means  of  a  band  and  pulley,  which  turns  the  shaft  and  endless  screw  9,  and  this 
endless  screw  taking  into  a  toothed  wheel  r,  on  the  axle  of  the  cam  0,  causes  the  cam 
to  revolve,  the  periphery  of  which  cam  running  against  a  friction  roller  on  the  side  of 
the  lever  /,  causes  the  lever  to  vibrate,  and  the  carriage  //  attached  to  it,  to  tra verve  to 
and  fro  upon  the  supporting  rollers,  as  described.  By  these  means  the  slivers  are 
laid  in  oblique  directions  (varying  as  the  carriage  traverses)^  over  the  surface  of  the 
blocks. 

The  blocks  being  conically  formed,  or  of  other  irregular  figures,  it  is  neeeaaary,  in 
order  to  wind  the  slivers  with  uniform  tension,  to  vary  their  speed  according  to  the 
diameter  of  that  part  of  the  block  which  is  receiving  the  sliver. ,  This  is  effected  by 
giving  different  relocities  to  the  pulley  on  the  axle  of  the  conical  drum  «,  eoiretponding 
with  e.    There  is  a  similar  conical  drum  <,  placed  in  a  reverie  position  in  the  lo^ 
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put  <^  the  frame,  which  ia  actuated  by  a  band  from  any  convenient  part  of  the  maehine 
passing  over  a  pulley  «,  upon  the  axle  of  /.  From  the  drum  t,  \o  the  drum  «,  there  is  a 
band  v,  which  is  made  to  slide  along  the  drums  by  the  guidance  of  two  rollers  at  the  ena 
of  the  lever  L 

It  will  now  be  seen  that  when  the  larger  diameter  of  the  cam  wheel  o  forces  the  lever 
outwards,  the  band  v  will  be  guided  on  to  the  smaller  part  of  the  conical  drum  /  and  the 
larger  part  of  «,  consequently  the  drum  a  will  at  this  time  receive  its  slowest  motion,  and 
the  band  g  will  turn  the  blocks  slower  also;  the  reverse  end  of  the  lever  I  having,  by  the 
same  movement,  slidden  the  carriage  into  that  position  which  causes  the  suvers  to  wind 
upon  the  larger  diameter  of  the  blocks. 

When  the  smaller  diameter  of  the  cam  is  acting  against  the  side  of  the  lever,  the 
weighted  cord  draws  the  end  of  the  lever  to  the  opposite  side,  and  the  band  v  will  be 
guided  on  to  the  larger  part  of  the  cord  /,  and  the  smaller  part  of  the  cone  5 ;  consequently, 
the  quicker  movement  of  the  band  g  will  now  cause  the  blocks  e  e  to  revolve  with  a  cor* 
responding  speed.  The  carriage/  will  also  be  moved  upon  its  rollers,  to  the  reverse  side, 
and  the  sliver  of  wool  or  other  material  be  now  wound  upon  the  smaller  parts  and  ends 
of  the  blocks,  at  which  time  the  quicker  rotation  of  the  blocks  is  required.  It  may  be 
here  observed,  that  the  cam  wheel  0  should  be  differently  forme^  according  to  the  differ- 
ent shaped  blocks  employed,  so  as  to  produce  the  requisite  movements  of  the  lever  and 
carriage  suited  thereto. 

It  only  remains  to  state,  that  there  are  two  heavy  conical  rollers  10  w,  bearing  upon 
the  peripheries  of  the  blocks  e  e,  which  turn  loosely  upon  their  axles  by  the  frictioa 
of  contact,  for  the  purpose  of  pressing  the  slivers  of  wool  or  other  material  on  the 
blocks  as  it  comes  from  the  doffer  cylinder  of  the  carding  engine,  and  when  the  blocks 
have  been  coated  with  a  sufficient  quantity  of  tlic  sliver,  the  smaller  end  of  the  pressing 
rollers  is  to  be  raised,  while  the  cap  is  withdrawn  from  the  block.  The  process  being 
continued  as  before,  the  formation  of  other  bodies  or  caps  is  effected  in  the  manner  above 
described. 

AAer  the  caps  or  bodies  of  hats,  &c.  are  formed  in  the  above  described  machine,  they 
sre  folded  in  wet  cloths,  and  placed  upon  heated  plates,  where  they  are  rolled  under 
pressure,  for  the  purpose  of  being  hardened.  Fig.  539  represents  the  front  of  three 
fumacea  a  a  a,  the  tops  of  which  are  covered  with  iron  plates  b  b  b.  Upon  these  plates, 
which  are  heated  by  the  furnace  below,  or  by  steam,  the  bodies  wrapped  in  the  wet 
cloths  e  c  Cf  are  placed,  and  pressed  upon  by  the  flaps  or  covers  d  d  d,  sliding  upon 
gnide  rods,  to  which  flaps  a  traversing  motion  is  given,  by  means  of  chains  attached  to 
an  alternating  bar  e  e.  This  bar  is  moved  by  a  rotatory  crank  /,  which  has  its  motion 
by  pulleys  from  any  actuating  power.  When  any  one  of  the  flaps  is  turned  up  to 
remove  the  bodies  from  beneath,  the  chains  bang  loosely,  and  the  flap  remains 
stationary. 

These  eaps  or  hat  bodies,  aAer  having  been  hardened  in  the  manner  above  described, 
■lay  be  felted  in  the  usual  way  by  hand,  or  they  are  felted  in  a  fulling  mill,  by  the  usual 
process  employed  for  milling  cloths,  except  that  the  hat  bodies  are  occasionally  taken  out 
of  the  fulling  mill,  and  passed  between  rollers,  for  the  purpose  of  rendering  the  felt  more 
perfect 

540  543  Mr.    Carey,  of  Basford,   ob- 

tained a  patent  in  October,  1834, 
for  an  invention  of  certain  ma- 
chinery to  be  employed  in  the 
manufacture  of  hats,  which  is 
ingenious,  and  seems  to  be  worthy 
of  notice  in  this  place.  It  con- 
sists in  the  adaptation  of  a  sys- 
tem of  rollers,  forming  a  machine, 
by  means  of  which  the  operation 
of  roughing  or  plaiting  of  hats 
may  be  performed;  that  is,  the 
beaver  or  other  fur  may  be  made 
to  attach  itself,  and  work  into 
the  felt  or  hat  body,  without  the 
necessity  of  the  ordinary  manual 
operations. 
The  accompanying  drawings  represent  the  machine  in  several  views,  for  the  purpose 
^showing  the  construction  of  all  its  parts.  Fig.  540  is  a  front  elevation  of  the  machine ; 
jCg.  541  is  a  side  elevation  of  the  same;  yig.  542  is  a  longitudinal  section  of  the  ma- 
chine ;  and  fig.  543  is  a  transverse  section  $  the  similar  letters  indicating  the  same  parts 
in  all  the  figures. 
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Upon  a  brick  or  other  saitaUe  base,  a  farnace  or  fire-place  a,  is  made,  having  a  descend- 
ing flue  6,  for  the  pnrpose  of  cany* 
ing  away  the  smoke.     A  pan  or 
shaHow  vessel  c  c,  formed  of  lead, 
is  placed  over  the  furnace ;  which 
vessel  is  intended  to  contain  a  soar 
liquor,  as  a  solution  of  vitriolic  acid 
and  water.      On  the  edge  of  this 
pan  is  erected  a  wooden  casing 
dd  d,  which  encloses  three  sides, 
leaving  the  fourth  open  for   the 
purpose  of  obtaining  access  to  the 
working  apparatus  within.  A  series 
of  what  may  be  termed    lantern 
rollers,  e  e  e,  b  mounted  on  axles 
turning  in  the  side  casings;  and 
another  series  of  similar   lantern 
rollers,  f  f  /,  is  in  like  manner 
mounted    above.      These   lantern 
rollers  are  made  to  revolve  by  means 
of  bevel  pinions,  fixed  on  the  ends 
of  their  axles,  which  are  turned 
by  similar  bevel  wheels  on  the  lat- 
eral shafts  g  and  A,  driven  by  a 
winch  i,  and  gear,  as  shown  in 
flgt,  540  and  541. 

Having  prepared  the  bodies  of 
the  hats,  and  laid  upon  their  sur- 
faces the  usual  coatings  of  beaver, 
or  other  fur,  when  so  prepared  they 
are  to  be  placed  between  hair  cloths^ 
and  these  hair  cloths  folded  within 
a  canvass  or  other  suitable  wrapper.  Three  or  more  hats  being  thus  enclosed  in  each 
wrapper,  the  packages  are  severally  put  into  bags  or  pockets  in  an  endless  Innd  of  sack- 
cloth, or  other  suitable  material ;  which  endless  band  is  extended  over  the  lantern  rollers 
in  the  machine. 

In  the  first  instance,  for  the  purpose  of  merely  attaching  the  fure  to  the  Telts  (which  ts 
called  slicking,  when  performed  by  hand),  Mr.  Carey  prefers  to  pass  the  endless  band  kkk^ 
with  the  coviired  hat  bodies,  over  the  upper  series  ///,  of  the  lantern  rollers,  in  order 
to  avoid  the  inconvenience  of  disturbing  the  fbr,  which  might  occur  from  subjecting  them 
to  Immersion  in  the  solution  contained  in  the  pan,  before  the  fur  had  become  attached  to 
the  bodies. 

After  this  operation  of  slicking  has  been  eifected,  he  distends  the  endless  band  kkk^ 
over  the  lower  series  of  lantern  rollers  e  e  e,  and  round  a  carrier  roller  /,  as  shown  inySg. 
542 ;  and  having  withdrawn  the  hat  bodies  for  the  purpose  of  examining  them,  and  chang- 
ing their  folds,  he  packs  them  again  in  a  similar  way  in  flannel,  or  other  suitable  cloths, 
and  introduces  them  into  the  pockets  or  bags  of  the  endless  bands,  as  before. 

On  putting  the  machinery  in  rotatory  motion  in  the  way  described,  the  hats  will  be 
carried  along  through  the  apparatus,  and  subjected  to  the  scalding  solution  in  the  pan,  as 
also  to  the  pressure,  and  to  a  tortuous  action  between  the  ribs  of  the  lantern  rollers,  as  they 
revolve,  which  will  cause  the  ends  of  the  fur  to  work  into  the  felted  bodies  of  the  bats, 
and  by  that  means  permanently  to  attach  the  nap  to  the  body ;  an  operation  which,  when 
performed  by  hand,  is  called  rolling  ofi*. 

The  improved  stifiening  for  hat  bodies  proposed  by  Mr.  Blades,  under  his  patent  of 
January,  1828,  consists  in  making  his  solution  of  shellac  in  an  alkaline  ley,  instead  of 
spirits  of  wine,  or  pyroxylic  spirit,  vulgarly  called  naptha. 

He  prepares  his  water-proof  stifiening  by  mixing  18  pounds  of  shellac  with  1|  pounds 
of  salt  of  tartar  (carbonate  of  potash),  and  5}  gallons  of  water.  These  materials  are  to 
be  put  into  a  kettle,  and  made  to  boil  gradually  until  the  lac  is  dissolved ;  when  the 
lic^uor  will  become  as  clear  as  water,  without  any  scum  upon  the  top,  and  if  left  to 
cool,  will  have  a  thin  crust  upon  its  surface  of  a  whitish  cast,  mixed  with  the  light  ion. 
purities  of  the  gum.  When  this  skin  is  taken  oflf,  the  hat  body  is  to  be  dipped  into 
the  mixture  in  a  cold  state,  so  as  to  absorb  as  much  as  possible  of  it ;  or  it  may  be 
applied  with  a  brush  or  sponge.  The  hat  body,  being  thus  stififened,  may  stand  till  It 
become  dry,  or  nearly  so ;  and  after  it  has  been  brushed,  it  must  be  immersed  in  very 
dilute  sulphuric  or  acetic  acid,  in  order  to  neutralize  the  potash,  and  cause  the  shellnc  to 
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set.    If  the  hats  are  not  to  be  napped  immediatelfy  they  xnaf  be  thrown  into  a  cittern  of 
pare  water,  and  taken  ont  as  wanted. 

Sbonld  the  hat  bodies  have  been  worked  at  first  with  siilphurie  aeid  (as  usual),  they 
puut  be  soaked  in  hot  water  to  eizttaet  the  acid,  and  dried  before  the  stiffening  is  applied: 
care  beioK  taken  that  no  water  falls  upon  the  stiffieoed  body,  before  it  has  been  immersed 
is  the  acid. 

This  iogenions  lehemieal  i^roceis  has  not  been,  to  the  best  of  my  knowledge,  intro- 
duced into  the  hat  manafactnre.  A  varnish  made  by  disstriving  shellac,  mastic,  sand- 
ameh,  and  other  resins  in  alcohol,  or  the  naptha  of  wood  vinegar,  is  generally  employed 
as  the  stiffening  and  water-proof  ingredient  of  hat  bodies.  A  solution  of  caoutchouc  is 
cAen  applied  to  whalebone  and  horse-hair  hat  bodies. 

The  following  recipe  has  been  prescribed  as  a  good  oomposltion  for  stiffening  hats ; 
four  parts  of  sheUac,  one  part  of  mastic,  one  half  of  a  part  of  turpentine,  dissolved  in 
fife  parts  of  alcohol,  by  agitation  and  subsequent  repose,  without  the  aid  of  heat.  This 
stiffening  varnish  should  be  applied  quickly  to  the  body  or  foundation  with  a  8o(\  ob- 
loog  brush,  in  a  dry  and  rather  warm  workshop-;  the  hat  being  previously  fitted  with  its 
mside  turned  outwards  upon  a  block.  The  bcxly  must  be  immediately  aAerwards  taken 
off,  to  prevent  adhesion. 

Hat-Dyeing, — ^The  ordinary  bath  for  dyeing  hats,  employed  by  the  Iiondonmanufactureiii 
consists,  for  12  dozen,  of— 

144  pounds  of  logwood ; 

12  pounds  of  green  sulphate  of  iron,  or  copperas ; 
7^  pounds  of  verdigris.     , 

The  copper  is  usually  made  of  a  semi-cylindrical  shape,  and  should  be  sunroonded  with 
an  iron  jacket  or  case,  into  which  steam  may  be  admitted,  so  as  to  raise  the  temperatura 
of  the  interior  bath  to  190P  F.,  but  no  higher,  otherwise  the  heat  is  apt  to  affect  tht 
stiffeniag  varnish,  called  the  gum^  with  which  the  body  of  the  hat  has  been  imbued. 
The  logwood  having  been  introduced  and  digested  for  some  time,  the  copperas  and 
verdigris  are  added  in  successive  quantities,  and  in  the  above  proportions,  along  with 
every  successive  two  or  three  dozens  of  hats,  suspended  upon  the  dipping  machine. 
£ach  set  of  .hats«  after  being  exposed  to  the  bath  wi|h  occasional  airings  during  40 
minutes,  is  taken  off  the  pegs,  and  laid  out  upon  the  ground  to  be  more  completely 
blackened  by  the  peroxydizement  of  the  iron  with  the  atmospheric  oxygen.  In  3  or  4 
hours  the  dyeing  is  completed.  ,  When  fully  dyed,  the  hats  are  well  washed  in  running 
water. 

Mr.  Buffum  states  that  there  are  four  principal  objects  accomplished  by  his  patent  inven- 
tion for  dyeing  hats. 

1.  in  the  operation ; 

2.  the  production  of  a  better  color; 

3.  the  prevention  of  any  of  the  damages  to  which  hats  are  liable  in  the  dyeing ; 

4.  the  accomplishment  of  the  dyeing  process  in  a  much  shorter  time  than  by  the  usual 
BMthbds,  and  consequently  lessening  the  injurious  effects  of  the  dye-bath  upon  the  textujfe 
of  the  hat. 

Fig,  544  shows  one  method  of  constructing  the  apparatus,    a  a  is  a  semi-cylindrical 
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shaped  copper  vessel,  with  fiat  ends,  in  which  the  dyeing  process  is  carried  on.  fr  6  6  is 
a  wheel  with  several  circular  rims  mounted  upon  arms,  which  revolve  upon  an  axle  c. 
la  the  face  of  these  rims  a  number  of  pegs  or  blocks  are  set  at  nearly  equal  distances 
apart,  upon  each  of  which  pegs  or  blocks  it  is  intended  to  place  a  hat,  and  as  the  whed 
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rcTolTes,  to  pom  it  info  and  «iit  of  tlie  dyeing  liquor  in  the  rat  or  copper.  This  wneei 
may  be  kept  revolving  with  a  very  slow  motion,  either  by  gear  eonnecting  its  axlr,  <^ 
with  any  moving  power,  or  it  may  be  turned  round  by  band,  at  intervals  of  ten  mimites ; 
whereby  the  hats  hung  upon  the  pegs,  will  be  alternately  immersed  for  the  space  of  tea 
minutes  in  the  dyeing  liquor,  and  then  for  the  same  space  exposed  to  the  atmospheric 
air.  In  this  way,  the  process  of  dyeing,  it  is  supposed,  may  be  greatly  facilitated  and 
improved,  as  the  occasional  transition  from  the  dye  vat  ittfo  the  air,  and  from  the  aii 
again  into  the  hath,  will  enable  the  oxygen  of  the  atmosphere  to  strike  the  dye  more  per 
fectly  and  expeditiously  into  the  materials  of  which  the  hat  is  composed,  than  by  a  continued 
immersion  in  the  bath  for  a  much  longer  time.    • 

A  variation  in  the  mode  of  performing  this  process  is  suggested,  and  the  apparatus 
ftg,  545  is  proposed  to  be  employed,  a  a  is  a  square  vat  or  vessel  containing  the  dyeing 
liquor  ,*  6  6  is  a  frame  or  rack  having  a  number  of  pegs  placed  in  it  for  hanging  the  hats 
upon,  which  are  about  to  be  dyed,  in  a  manner  similar  to  the  wheel  above  described. 
This  frame  or  rack  is  suspended  by  cords  from  a  crane,  and  may  in  that  way  be  lowered 
down  with  the  hats  into  the  vat,  or  drawn  up  and  exposed  in  the  air ;  changes  which  may 
be  made  every  10  or  20  minntes. 

I  have  seen  apparatus  of  this  kind  doing  good  work  in  the  hat-dyeing  manufactories 
of  London,  that  being  a  department  of  the  business  with  which  the  Union  has  not  thought 
it  worth  their  while  to  interfere. 

Mr.  William  Hodge's  patent  improvements  in  hat  dyeing,  partly  founded  upon  an 
invention  of  Mr.  Bowler,  consist,  first  in  causing  every  alternate  frame  to  which  the 
suspenders  or  blocks  are  to  be  attached,  to  slide  in  and  out  of  grooves,  for  the  purpose 

of  more  easily  removing  the  said 
suspenders  when  required.  Fig. 
546  represents  the  improved  dye^ 
ing  frame,  consisting  of  two  cir- 
cudar  rims,  a  a,  which  are  con- 
nected together  at  top  and  bottom, 
by  three  fixed  perpendicular  bars 
or  the  frame-work  b  b  h.  Two 
other  perpendicular  frames  c  e, 
similar  to  the  former,  slide  in 
grooves,  dddd, fixed  to  the  upper 
and  lower  rims.  These  grooves 
have  anti-friction  rollers  in  them, 
for  the  purpose  of  making  the 
frames  c  c,  to  slide  in  and  out 
more  freely.  The  suspenders  or 
substitutes  for  blocks,  by  these 
means,  may  be  more  easily  got  at 
by  drawing  out  the  frames  c  c, 
about  half  way,  when  the  suspend- 
ers, which  are  attached  to  the 
frames  with  the  hats  upon  then^ 
may  be  easily  reached,  and  either 
removed  or  altered  in  positkm; 
and  when  it  is  done  on  one  side,  the  sliding  frame  may  be  brought  out  on  the  other,  and 
the  remaining  quantity  of  *<  suspenders"  undergo  the  same  operation. 

The  patentee  remarks,  that  it  is  well  known  to  all  hat  dyers,  that  after  the  hats  have 
been  in  the  dyeing  liquor  some  time,  they  ought  to  be  taken  out  and  exposed  to  the 
action  of  the  atmospheric  air,  when  they  are  again  immersed  in  the  copper,  that  part  of 
the  hat  which  was  uppermost  in  the  first  immersion,  being  placed  downwards  in  the 
second.  This  is  done  for  the  purpose  of  obtaining  a  uniform  and  regular  dye.  The 
patentee's  mode  of  carrying  this  operation  into  effect,  is  shown  in  the  figure :  e  e  are 
pivots  for  the  dyeing-frame  to  turn  upon,*  which  is  supported  by  the  arms  /,  from  a  crane 
above.  The  whole  apparatus  may  be  raised  up  or  lowered  into  the  copper  by  means  <^ 
the  crane  or  other  mechanism.  When  the  dyeing-frame  is  raised  out  of  the  copper,  tlic 
whole  of  the  suspenders  or  blocks  are  reversed,  by  turning  the  apparatus  over  upon  tlie 
pivots  €  e,  and  thus  the  whole  surfaces  of  the  hats  are  equally  acted  upon  by  the  dyeing 
material. 

It  should  be  observed,  that  when  the  dyeing-frame  is  raised  up  out  of  the  copper,  it 
should  be  tilted  on  one  side,  so  as  to  make  all  the  liquor  run  out  of  the  hats,  as  also  to 
cause  the  rims  of  the  hats  to  hang  down,  and  not  stick  to  the  body  of  the  hat,  or  tenve 
a  bad  place  or  uneven  dye  upon  it.  The  second  improvement  described  by  the  patentee* 
11  the  construction  of  <<  suspenders,"  to  be  substituted  instead  of  the  ordinary  bkcks. 
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These  <*  swpeiiders*' are  corapoeed  ot  thin  plates  of  copper,  bent  into  the  re^Aired 
form,  that  in,  nearly  resembling  that  of  a  hat  block,  and  made  in  snch  a  manner  as  to  be 
capable  of  oontractioa  and  expansion  to  salt  different  sized  hats,  and  keep  them 
tonded,  wiuch  may  be  altered  by  the  workmen  at  pleasure,  when  it  is  required  to 
place  the  hats  upon  them,  or  remove  them  therefrom.  The  dyeing-frame  at  fig,  546  is 
ihovD  with  only  two  of  these  **  suspenders,'*  in  order  to  prevent  confusion.  One  of  these 
laspenders  is  represented  detached  at  fig,  547,  which  exhibits  a  side  view ;  and^ig.  548 
a  frooi  view  of  the  same.  It  will  be  seen  by  reference  to  the  figure,  that  the  suspenders 
eoosist  of  two  distinct  parts,  which  may  be  enlarged  or  collapsed  by  a  variety  of  means, 
and  which  means  may  be  sagg ested  by  any  competent  mechanic.  The  two  parts  of  the 
suspenders  are  proposed  to  be  connected'  together  by  arms  g  g,  and  at  the  junction  of 
these  arms  a  key  is  connected  for  torning  them  rovind  when  required.  It  will  be  seen  on 
lefereDce  to  the  front  view,  fig.  548,  thai  the  *<  suspenders''  or  substitutes  for  blocks,  are 
open  at  the  top  or  crown  part  of  the  hat ;  this  is  for  the  purpose  of  allbwing  the  dyeing 
liqaor  to  penetrate. 

From  the  mixture  of  copperas  and  verdigris  employed  in  the  hat-dye,  a  vast  quantity 
or  an  ochreous  muddy  precipitate  results,  amounting  to  no  less  ihan  25  per  cent,  of  the 
weiftht  of  the  copperas.  This  iron  mud  forms  a  deposite  upon  the  hats,  which  not  only 
corrodes  the  fine  filaments  of  the  beaver,  but  causes  both  them  and  the  felt  stuff  to  turn 
speedily  of  a  rusty  brown.  There  is  no  process  in  the  whole  circle  of  our  manufactures 
so  barbarous  as  that  of  dyeing  stuff  hats.  No  ray  of  chemical  science  seems  hitherto  to 
hare  penetrated  the  dark  recesses  of  their  dye  shops.  Some  hatters  have  tried  to  remove 
this  corrosive  brown  ochre  by  a  bath  of  dilute  sulphuric  acid,  and  then  counteract  the 
eril  effect  of  the  acid  upon  the  black  dye  by  an  alkaline  bath ;  but  with  a  most  unhappy 
effect.  Hats  so  treated  are  most  deceptions  and  unprofitable ;  as  they  turn  of  a  dirty 
brown  hue,  when  exposed  for  a  few  weeks  to  sunshine  and  air. 

HEALDS,  is  the  harness  for  guiding  the  warp  threads  in  a  loom ;  that  is,  for  liAing  a 
certain  number  of  them  alternately  to  open  the  shed,  and  afford  passage  to  the  decussat- 
ing wefl  threads  of  the  shuttle.    See  Weaving. 

HEARTH  (Foyer,  Fr. ;  Heirde,  Germ.)  is  the  flat  or  hollow  space  in  a  smelting  fur- 
nace upon  which  the  ore  and  fluxes  are  subjected  to  the  influence  of  flame.  See  Copper, 
IioN,  Metaixurgt,  &c. 

HEAT,  is  that  poweror  essence  called  caloric,  the  discussion  of  whose  habitudes  with 
the  different  kinds  of  matter  belongs  to  the  scienee  of  chemistry. 

HEAT-REGULATOR.  The  name  given  by  M.  Bonnemain  to  an  ingenious  apparatus 
for  regulating  the  temperature  of  his  incubating  stove  rooms.  See  IrrcuBATioN,  Arti- 
nciAL,  for  the  manner  of  applying  the  Heat-Regulator. 

The  construction  of  the  regulator  is  founded  upon  the  unequal  dilatation  of  different 

metals  by  the  same  degree  of  heat.    A  rod  of  iron  x,  fig,  549,  is  tapped  at  its  lower 

549  end  into  a  brass  nut  y,  enclosed  in 

^  leaden  box  or  tube,  terminated 
above  by  a  brass  collet  s.  This 
tube  is  plunged  into  the  water  of 
the  boiler,  alongside  of  the  smoke- 
549*  pipe.    (Fig.  549»  is  a  bird's-eye 

view  of  the  dial,  &c)  The  ex- 
pansion of  the  lead  being  more 
than  the  iron  for  a  like  degree  of 
temperature,  and  the  rod  enclosed 
*  within  the  lube  being  less  easily 

warmed,  whenever  the  heat  rises  to 
the  desired  pitch,  the  elongation 
of  the  tube  puts  the  collet  z  in 
contact  with  the  heel  a,  of  the 
bent  lever  a,  b,  d ;  thence  the 
slightest  increase  of  heat  lengthens  the  tube  anew,  and  the  collet  liAing  the  heel  of 
the  lever  depresses  its  other  end  d  through  a  much  greater  space,  on  account  of  the 
relative  lengths  of  its  legs.  This  movement  operates  near  the  axis  of  a  balance-bar  €y 
sinks  one  end  of  this,  and  thereby  increases  the  extent  of  the  movement  which  is  trans-  ^ 
mitted  directly  to  the  iron  sk^er  v.  This  pushing  down  a  swing  register  diminishes 
or  cuts  off  the  access  of  air  to  the  fire-place.  The  combustion  is  thereby  obstructed,  and 
the  temperature  falling  by  degrees,  the  tube  shrinks  and  disengages  the  heel  of  the  level'. 
The  coanterpoise  g,  fixed  to  the  balance  beam  e,  raises  the  other  extremity  of  this  beam, 
by  raiding  the  end  d  of  the  lever  as  much  as  is  necessary  to  make  the  heel  bear  upon 
the  collet  of  the  tube.  The  swing  regbter  acted  upon  by  this  meanj,  prcsente  a  greater 
sectjon  to  the  passage  of  the  airi  whence  the  combustion  is  increased.    To  counter- 
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HEMATINE. 


MaQce  the  effect  of  atmospheric  ehanges,  the  iron  etem  which  iupporti  ikt  legalator  it 
tenninated  by  a  dial  disc,  couod  the  sluafl  of  the  needle  aboTC  h^  fig.  649f ;  <m  tanifig 
this  needle  the  stem  below  it  tarnS)  as  well  as  a  acrew  at  its  mider  end,  whieh  raises  or 
lowers  the  leaden  tube.  In  the  first  case,  the  hed  Alls,  and  opens  the  swing  register, 
whence  a  higher  temperature  is  required  to  shut  it,  by  the  expansion  of  the  tube.  We 
may  thus  obtain  a  regularly  higher  temperatare.  If,  on  the  contrary,  we  raise  the  tnbe 
by  turning  the  needle  in  the  other  direction,  the  register  presents  a  smaller  opening,  and 
shuts  at  a  lower  temperature ;  in  this  case^  we  obtain  a  regularly  lower  temperature.  It 
is  therefore  easy,  says  M.  Bonnemain,  to  detennine  d  priori  the  degree  of  temperatnre  to 
be  given  to  the  water  circulating  in  the  stove  pipes.  In  order  to  facilitate  the  regulation 
of  the  apparatus,  he  graduated  the  disc  dial,  and  inscribed  upon  its  top  and  bottom  the 
words.  Strong  and  Weak  heat.    See  Thermostat,  for  another  Heat-Regulatxuu 

HEAVY  SPAR,  sulphate  of  Baryta^  or  Cawk  {Spathjiuaiu^  Fr.;  Schwerspatkj 
Oerm.),  is  an  abundant  mineral,  which  acoompanies  vems  of  lead,  silver,  mercury,  Ax., 
but  is  oAen  found,  also,  in  large  masses.  Its  color  is  usually  white,  or  flesh-colored.  It 
occurs  in  many  crystalline  forms,  of  which  the -cleavage  is  a  right  rhomboidal  prism.  It 
is  met  with  also  of  a  fibrous,  radiated,  and  granular  structure.  Its  spec.  grav.  varies 
from  4*1  to  4*6.  It  has  a  strong  lustre^  between  the  fatty  and  the  Titreous.  It  melts  at 
35^  Wedgcw.  into  a  white  opaque  enamel..  Its  constituents  are  6d*j63  baryta,  and  34*37 
sulphuric  acid.  It  is  decomposed  by  calcination  in  contact  with  charcoal  at  a  white  heat, 
into  sulphuret  of  baryta ;  from  which  all  the  baryta  salts  may  be  readily  formed.  Its 
chief  employment  in  commerce  is  for  adulterating  white  lead ;  a  purpose  which  it  readily 
serves  on  account  of  its  density.  Its  presence  here  is  easily  detected  by  dilate  nitric  add, 
which  dissolves  the  carbonate  of  lead,  and  leaves  the  heavy  spar.  It  is  also  a  oseful  in- 
gredient in  some  kinds  of  pottery  and  glass. 

HECKLE  {Serauy  Fr. ;  Meckel,  Germ.)  is  an  implement  for  dissevering  the  filaments 
of  flax,  and  laying  them  in  parallel  stricks  or  tresses.    See  Flax. 

HELIOTROPE  is  a  vaiuety  of  jaspar,  mixed  with  chkrite,  green  earth,  and  dial- 
lage;  occasionally  marked  with  blood-red  points;  whence  its  vnlgar  name  of  Uood- 
etone. 

HEMATINE  is  the  name  given  by  its  discoverer  Chevreul  to  a  crystalline  sobstanee, 
of  a  pale  pink  color,  and  brilliant  lustre  when  viewed  in  a  lens,  which  he  extracted  froin 
logwood,  the  hamatoxyUm  Campechiarmm  of  botanists.  It  is,  in  fact,  the  characteristic 
principle  of  this  dye-wood.  To  procure  hematine,  digest  during  a  few  hours  groond  log- 
wood in  water  heated  to  a  temperature  of  about  130°  F.;  filter  the  liquor,  evaporate  it  to 
dryness  by  a  steam  bath,  and  put  the  extract  in  alcohol  of  0-835  for  a  day.  Then  filter 
anew,  and  aher  having  inspissated  the  alcoholic  solution  by  evaporation,  pour  into  it 
a  little  water,  evaporate  genUy  again,  and  then  leave  it  to  itself  in  ,a  cool  place.  In  this 
way  a  considerable  quantity  of  crystals  of  hematine  will  be  obtained,  which  may  be 
readily  purified  by  washing  with  alcohol  and  drying. 

When  subjected  to  dry  distillation  in  a  retort,  hematine  affords  all  the  usual  products  of 
Tcgetable  bodies,  along  with  a  little  ammonia ;  which  proves  the  presence  of  azote. 
Boiling  water  dissolves  it  abundantly,  and  assumes  an  orange-red  color,  which  passes 
into  yellow  by  cooling,  but  becomes  red  again  with  heat.  Sulphurous  acid  destroys  the 
color  of  solution  of  hematine.  Potash  and  ammonia  convert  into  a  dark  pnrple-red  tint, 
the  pale  solution  of  hematine ;  when  these  alkalis  are  added  in  large  quantity,  they 
make  the  color  violet  blue,  then  brown-red,  and  lastly  brown-yellow.  By  this  time,  the 
hematine  has  become  decomposed,  and  cannot  be  restored  to  its  pristine  state  by  nentnl- 
izing  the  alkalis  with  acids. 

The  waters  of  baryta,  slrontia,  and  lime  exerdkean  analogous  power  of  decompositions 
but  they  eventually  precipitate  the  changed  coloring  matter. 

A  red  solution  of  hematine  subjected  to  a  current  of  sulphureted  hydrogen  becomes 
yellow ;  but  it  resumes  its  original  hue  when  the  sulphureted  hydrogen  is  removed  by  a 
little  potash. 

The  protoxyde  of  lead,  the  protoxyde  of  tin,  the  hydrate  of  peroxyde  of  iron,  the  hy- 
drate of  oxydes  of  copper  and  nickel,  oxyde  of  bismutl^  combine  with  hematine,  and 
color  it  blue  with  more  or  less  of  a  violet  cast. 

Hematine  precipitates  glue  from  its  solution  in  reddish  flocks.  This  substance  has  not 
hitherto  been  employed  in  its  pure  state ;  but  as  it  constitutes  the  active  principla  of 
logwood,  it  enters  as  an  ingredient  into  all  the  colors  mad€  with  that  dye  stuff. 

These  colors  are  principally  violet  and  black.  Chevreiil  has  proposed  hematine  as  aa 
excellent  test  of  acidity. 

HEMATITE  (Fer  OligUUy  Fr. ;  Roiheiteiuteinf  Germ.)  is  a  native  reddish-brown  per- 
oxyde of  iron,  consisting  of  oxygen  30*66 ;  iron  60*34.    It  is  the  kidney  ore  of  Camber* 
and,  which  is  smelted  at  Ulverstone  with  charcoal,  into  excellent  sted  iron. 

HEMP  (CAanvre,  Fr. ;  Han/,  Germ.)  is  the  fibrous  rind  of  the  bark  of  the 


HOP. 


661 


bit  saHva,  whieh  is  spun  mto  strands  or  jarn  for  making  ropes,  saU-dotJiy  ace.  It  is 
prepared  for  spinning  in  the  same  way  as  flax,  which  see.  Hemp-^tfed  contains  an  col 
whieh  is  employed  lor  making  soft  soap,  for  painting,  and  for  burning  in  lampa.  See 
Oils.  .  .     ' 

Importatioa  of  nndressed  hemp  for  homa  eonsnmpUon ;  and  amount  of  doty,  in 

1837.  1838.  1837.  1838. 

Cwts- 6%,994-3.       I       667,017.       |        £2487.        |        £2780 

HEPAR)  which  signifies  liver  in  Latin,  was«  aame  given  hy  the  older  chemists  to 
tome  of  those  compounds  of  sulphur  with  the  metals  which  had  a  Uver-hrowi^  cdlor. 
Thus  the  salphuret  of  potassium  was  called  liver  of  sulphur, 

HEPATIC  AIR;  snlphureted  hydrogen  gas. 

H£EtM£TICAL  SEAL,  is  an  expression  derived  iWm  Hermes,  the  fabulous  pa^ 
rent  of  £fryptian  chemistry,  to  designate  the  perfect  stoppage  of  a  hollow  vessel,  by  the 
cementing  or  melting  af  the  lips  of  its  orifice;  as  in  the  ease  of  a  glass  thermometer, 
or  matrass. 

HIDE  (Psaa,  Fr. ;  J9aic/,  Oerm.),  the  strong  skin  of  an  ox,  horse,  or  other  large  ani- 
maL    See  Leathkr. 

Importation  of  untanned  hides  for  home  ooosumptioB ;  and  amdnnt  of  duty,  in 

1837.  1838.  1837.  1838. 

332,877.       I       301,890,       |      i:46,J90.       I      £36,647. 

hikCINE  ;  from  hircus,  a  ram ;  is  the  name,  given  by  Chevreal  to  a  liquid  fattT 
substance,  which  is  mixed  with  the  oleine  of  mutton  suet,  and  gives  it  its  peculiar  raiifc 
smell.  Hireine  is  much  more  soluble  in  alcohol  than  oleine. .  It  produces  hirdc  acid  by 
saponification. 

HOG'S  LARD;  see  Fats. 

HONEY  {Mdy  Fr. ;  Honig,  Germ.)  is  a  sweet  viscid  liquor,  elaborated  by  bees  from 
the  sweet  juices  of  the  nectaries  of  flowers,  and  deposited  by  them  in  the  waxen  cells  of 
their  combs.  Virgin  honey  is  that  which  spontaneously  flows  with  a  very  gentle  heat  from 
the  comb,  and  common  honey  is  that  which  is  procured  by  the  joint  agency  of  pressure 
and  heat.  The  former  is  whitish  or  pale  yellow,  of  a  granular  texture,  a  fragrant  smei], 
and  a  sweet  slightly  pungent  taste ;  the  latter  is  darker  colored,  thicker,  and  not  so  agree- 
able either  in  taste  or  smell.  Honey  would  seem  to  be  merely  collected  by  the  bees,  for 
it  consists  of  merely  the  vegetable  products ;  such  as  the  sugars  of  grape,  gum,  and  maop 
na ;  alontt  with  roucilave,  extractive  matter,  a  little  wax,  and  acid. 

HONPY-STONE  (MellUe^  Fr.;  Honigtieiny  Germ.)  is  a  mineral  of  a  yellowish  or  red- 
dish color,  and  a  resinous  aspect,  crystallizing  in  octahedrons  with  a  square  base ;  sp^« 
fie  gravity  1*58.  It  is  harder  than  gypsum,  but  not  so  hard  as  calc-spar;  it  is  deeply 
scratched  by  a  6teel  point ;  very  brittle ;  affords  water  by  calcination ;  blackens,  then 
bums  at  the  flame  of  the  blowpipe,  and  leaves  a  white  residuum  which  becomes  blue, 
when  it  is  calcined  after  having  been  moistened  with  a  drop  pf  nitrate  of  cobalt*  It  is  a 
mellate  of  alumina,  and  consists  of: 


Mellitic  acid 

Alumina 

Water 


KknntL 

Wohkr 

46 

44.4 

16 

14*5 

88 

4M 

100 


100*0 


The  honey-stone,  like  amber,  belongs  to  the  geological  formation  of  lignites.  It  has 
been  hitherto  found  clearly  in  oply  one  locality,  at  Artem  in  Thuringia. 

HOP  (HbttUbn,  Fr. ;  Hopfen,  Germ.)  is  the  name  of  a  well-known  plant  of  the 
namral  family  of  Urticie,  and  or  the  dioecia  pentandria  of  Linnaeus.  The  female  flow- 
ers, placed  upon  different  plants  from  the  male,  grow,  in  ovoid  cones  formed  of  oval  leafy 
scales,  concave,  imbricated,  containing  each  at  the  base  an  ovary  furnished  with  two 
tabular  open  styles,  and  sharp  pointed  stigmata.  The  fruit  of  the  hop  is  a  small 
ronoded  seed,  slightly  compressed,  brownidi  colored,  enveloped  in  a  scaly  calyx,  thin 
hot  solid,  which  contains,  spread  at  its  base,  a  granular  yellow  substnnce,  appearing  td 
the  eye  like  a  fine  dust,  but  in  the  microscope  seen  to  be  round,  yellow,  transparent 
grains ;  deeper  colored,  the  older  the  fruit.  This  secretion,  which  constitutes  the  usefhl 
portion  of  the  hop,  has  been  examined  in  succession  by  Ives,  Planche,  Payen,  and  Cheva^ 
fier.  I  have  given  a  pretty  full  account  of  the  results  of  their  researches  in  treating  of 
the  hop,  under  the  article  Beeb.  ' 
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HORN. 


HORDEINE  is  the  name  given  by  Proast  to  the  pecoliar  starchy  matter  of  barley.  If 
seems  to  be  a  mixture  of  the  starch,  ligaine,  and  husks,  which  constitutes  .barley  meaL 
See  Beer. 

HORN  (Eng.  and  Germ. ;  Corm,  Fr.),  particularly  of  oxen,  cows,  goats,  and  sheep,  it 
a  substance  soft,  tough,  semi-transparent,  and  susceptible  of  being  cut  and  pressed  into  a 
Varibcy  of  forms ;  it  is  this  property  that  distinguishes  it  from  bone.  Turtle  or  tortoise 
sheU  seems  to  be  of  a  nature  similar  to  horn,  but  instead  of  being  of  a  uniform  color,  it 
is  variegated  with  spots. 

These  valuable  properties  render  horn  susceptible  of  being  employed  in  a  variety 
of  works  fit  for  the  turner,  snufif-box,  and  comb  maker.  The  means  of  softening 
the  horn  need  not  be  described,  as  it  is  well  known  to  be  by  heat  {  but  those  of  cutting, 
polishing,  and  soldering  it,  so  as  to  make  the  plates  of  large  dimensions,  suitable  to 
form  a  variety  of  articles,  may  be  detailed.  The  kind  of  horn  to  be  preferred  is 
that  of  goats  and  sheep,  fVom  its  being  whiter  and  more  transparent  than  the  horn 
of  any  other  animals.  When  horn  is  wanted  in  sheets  or  plates,  h  must  be  steeped 
in  water,  in  order  to  separate  the  pith  from  the  kernel,  for  about  fiAeen  days  in  sum- 
mer, and  a  month  in  winter ;  and  after  it  is  soaked,  it  must  be  taken  out  by  one  end» 
well  shaken  and  rubbed,  in  oider  to  get  off  the  pith ;  after  which  it  must  be  put  for 
half  an  hour  into  boiling  water,  then  taken  out,  and  the  surface  sawed  even,  length- 
ways ;  it  must  again  be  put  into  the  boiling  water  to  soften  it,  so  as  to  render  it  capable 
of  separating ;  then,  with  the  help  of  a  small  iron  chisel,  it  can  be  divided  into  sheets  or 
leaves.  The  thick  pieces  will  form  three  leaves,  those  which  are  thin  will  form  only 
two,  whilst  young  horn,  which  is  only  one  quarter  of  an  inch  thick,  will  form  only  one. 
These  plates  or  leaves  must  again  be  put  into  boiling  water,  and  when  they  are  sufficiently 
soft,  they  must  be  scraped  with  a  sharp  cutting  instrument,  to  render  those  parts  that  are 
thick  even  and  unifonn;  they  Inust  be  put  once  more  into  the  boiling  water,  and  finally 
carried  to  the  press. 

At  the  bottom  of  the  press  employed,  there  must  be  a  strong  block,  in  which  ^ 
formed  a  cavity,  of  nine  inches  square  and  of  a  proportionate  depth ;  the  sheets  of  horn 
are  to  be  laid  within  this  cavity,  in  the  following  manner  at  the  bottom  :  first  a  sheet  of 
hot  iron,  upon  this  a  sheet  of  horn,  next  again  a  sheet  of  hot  iron,  and  so  on,  taking  care 
to  place  at  the  top  a  plate  of  iron  even  with  the  last.  The  press  must  then  be  screwed 
down  tight. 

There  is  a  more  expeditious  process,  at  least  in  part,  for  reducing  the  horn  into 
sheets,  when  it  is  wanted  very  even.  After  having  sawed  it  with  a  very  fine  and  sharp 
saw,  the  pieces  must  be  put  into  a  copper  made  on  purpose,  and  there  boiled,  until  suffi- 
ciently soft,  so  as  to  be  able  to  split  with  pincers ;  the  sheets  of  horn  must  then  be  put  in 
the  press,  where  they  are  to  bie  plaeed  in  a  strong  vice,  the  chaps  of  which  are  of  iron 
and  larger  than  the  sheets  of  horn,  and  the  vice  must  be  screwed  as  quick  and  tight  as 
possible;  let  them  cool  in  the  press  or  vice,  or  it  is  as  well  to  plunge  the  whole  into  cold 
water.  The  last  mode  is  preferable,  because  the  horn  does  not  shrink  in  pooling.  Now 
draw  out  the  leaves  of  horn,  and  introduce  other  horn  to  undergo  the  same  process. 
The  horn  so  enlarged  in  pressing,  is  to  be  submitted  to  the  action  of  the  saw,  which 
ought  to  be  set  in  an  iron  frame,  if  the  horn  is  wanted  to  be  cut  with  advantage,  in 
sheets  of  any  desired  thickness,  which  cannot  be  done  without  adopting  this  mode.  The 
thin  sheets  thus  produced  must  be  kept  constantly  very  warm  between  plates  of  hot 
iron  to  preserve  their  softness ;  every  leaf  being  loaded  with  a  weight  heavy  enough  to 
prevent  its  warpinsr.  To  join  the  edges  of  these  pieces  of  horn  together,  it  is  necessary 
to  provide  strong  iron  moulds  suited  to  the  shape  of  the  article  wanted,  and  to  place  the 
pieces  in  contact  with  oopper-plates  or  with  polished  metal  surfaces  against  them  ;  when 
this  is  done,  the  whole  is  to  be  put  into  a  vice  and  screwed  up  tight,  then  plunged  into 
boiling  water,  and  after  some  time  it  is  to  be  removed  from  thence  and  immersed  in  cold 
water.  The  edges  of  the  horn  will  be  thus  made  to  cement  together  and  become  perfect- 
ly united. 

To  complete  the  polish  of  the  horn,  the  surface  must  be  rubbed  with  the  snbnitrate  of 
bismuth  by  the  pulm  of  the  hand.  The  process  is  short,  and  has  this  advantage,  that  it 
makes  the  horn  dry  promptly. 

When  it  is  wished  to  spot  the  horn  in  imitation  of  tortoise-shell,  metallic  solutions 
must  be  employed  as  follows : — ^To  spot  it  red,  a  solution  of  gold,  in  aqua  regia,  must  be 
employed ;  to  spot  it  black,  a  solution  of  silver  in  nitric  acid  must  be  used ;  and  for 
brown,  a  hot  solution  of  mercury  in  nitric  acid.  The  right  side  of  the  horn  most  be 
impregnated  with  these  solutions,  and  they  will  assume  the  colors  intended.  The 
brown  spots  can  be  produced  on  the  horn  by  means  of  a  paste  made  of  red  lead,  with  a 
solution  of  potash,  which  must  be  put  in  patches  on  the  horn,  and  subjected  some  time  to 
the  action  of  heat.  The  deepness  of  the  brown  shades  depends  upon  the  quantity  of 
potash  used  in  the  paste,  and  the  length  of  time  the  mixture  Hes  on  the  horn.  A  de- 
coetion  of  Brazil  wood,  or  a  solution  of  indigo,  in  sulphuric  acid,  or  a  deoction  of  saflTrom 
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tnd  Berbary  wood  may  a]80  be  used.    AAer  having  employed  these  materials^  the  horn 
may  be  left  for  half  a  day  in  a  strong  solution  of  vinegar  and  alum. 

In  France,  Hblland,  and  Austria,  the  comb-makers  and  horn-turners  use  the  clippings 
of  horn,  which  are  of  a  Whitish  yellow,  and  tortoise-shell  skins,  out  of  which  they  make 
nroff-boxes,  powder-horns,  and  many  cnrious  and  handsome  things.  They  first  soften  the 
horn  and  shell  in  boiling  water,  so  as  to  be  able  to  submit  them  to  the  press  in  iron 
Dwnki?,  and  by  means  of  heat  form  them  into  one  mass.  The  degree  of  heat  necessary 
to  join  the  horn-dippings  must  be  stronger  than  that  for  shell  skins,  and  it  can  only  be 
fonnd  out  by  experience.  The  heat  must  not  however  be  too  great,  for  fear  of  scorching 
the  horn  or  shell.  Considerable  care  is  required  in  these  operations,  not  to  touch  the 
horn  with  the  lingers,  nor  with  any  sreasy  body,  because  the  grease  will  prevent  the  per- 
fect joining.  Wwsden  instruments  snould  be  used  to  move  them  while  they  are  at  the 
fire,  and  for  carrying  them  to  the  moulds. 

In  making  a  ring  of  horn  for  bell-pulls,  &c.,  the  required  piece  is  to  be  first  cut  out 
ia  the  flat  of  its  proper  dimensions,  and  nearly  in  the  shape  of  a  horse-shoe ;  it  is  then 
pressed  in  a  pair  of  dies  to  give  its  surface  the  desired  pattern ;  but  previous  to  the  pres- 
snre,  both  the  piece  of  horn  and  the  dies  are  to  be  heated ;  the  piece  of  horn  is  to  be  in- 
lioduced  between  the  dies,  squeezed  in  a  vice,  and  when  cold,  the  impression  or  pattern 
will  be  fixed  upon  the  horn.  One  particular  condition,  however,  is  to  be  observed  in  the 
eonstmction  of  the  dies  for  forming  a  ring.  They  are  to  be  so  made,  that  the  open 
ends  of  the  horse-shoe  piece  of  horn,  after  being  pressed,  shall  have  at  one  end  a  nib, 
and  at  the  other  a  recess  of  a  dovetailed  form,  corresponding  to  each  other;  and  the 
second  operation  in  forming  this  ring  of  horn  is  to  heat  it,  and  place  it  in  another  pair 
of  dies,  which  shall  bring  its  open  ends  together,  and  cause  the  dovetailed  joints  to  be 
locked  fast  into  each  other,  which  completes  the  ring,  and  leaves  no  appearance  of  the 
jonction. 

In  forming  the  handles  of  table  knives  and  forks,  or  other  things  which  require  to  be 
made  of  two  pieces,  eaeh  of  the  two  pieces  or  sides  of  the  handle  is  formed  in  a  separate 
pair  of  dies ;  the  one  piece  is  made  with  a  counter-sunk  groove  along  each  side,  and  the 
other  piece  with  corresponding  leaves  or  projecting  edges.  When  these  two  pieces  are 
formed,  by  first  being  eut  out  of  the  flat  horn,  then  pressed  in  the  dies  in  a  heated  state, 
for  the  purpose  of  giving  the  pattern,  the  two  pieces  are  again  heated  and  put  together, 
the  leaves  or  edges  of  the  one  piece  dropping  into  the  counter-sunk  grooves  of  the  other 
piece,  and  being  introduced  between  another  pair  of  heated  dies,  the  joints  are  pressed 
toeether  and  the  two  pieces  formed  into  one  handle. 

In  making  the  knobs  for  drawers  which  have  metal  stems  or  pins  to  fasten  them  into 
the  fomitore,  the  face  of  the  knob  is  to  be  first  made  in  a  die,  as  above  described,  and 
then  the  back  part  of  the  knob  with  a  hole  in  it;  a  metal-disc  of  plate-iron  is  next  pro- 
vided, in  which  the  metal  stem  or  screw  pin  is  fixed,  and  the  stem  being  passed  through 
the  aperture  in  the  back  piece,  and  the  two,  that  is,  the  back  and  front  pieces  of  horn 
pot  together,  they  are  then  heated  and  pressed  in  dies  as  above  described  ;  the  edge  of 
the  back  piece  falling  into  the  counter-sunk  groove  of  the  front  piece,  while  by  the  heat 
they  are  perfectly  cemented  together. 

H0RN8ILVER  {jSrgent  Come,  or  Kerargyrey  Fr. ;  HonuiWer,  Germ.)  is  a  white  or 
brownish  mineral,  sectile  like  wax  or  horn,  and  crystallizing  in  the  cubic  system. 
Its  specific  gravity  varies  from  4>75  to  5*55.  Insoluble  in  water ;  not  volatile ;  fusible 
at  the  blowpipe,  but  difileult  of  reduction  by  it.  It  deposites  metallic  silver  when  rubbed 
with  water  upon  a  pieee  of  dean  copper  or  iron.  It  consists  of  24*67  chlorine,  and  75*32 
sflver. 

Homsilver  is  rare  in  the  European  mines,  but  it  occurs  in  great  quantity  in  the  districts 
of  Zacatecas,  Fresnillo,  and  Catarce,  in  Mexico ;  and  in  Huantajaya,  Tauricocha,  &c., 
in  Pern ;  where  it  is  abundantly  mixed  with  the  ores  of  hydrate  of  iron,  called  Paces 
and  Colorados,  interspersed  with  veins  of  metallic  silver,  which  form  considerable  depos- 
ites in  the  pev^ean  limestones.    There  it  is  profitably  mined  as  an  ore  of  silver. 

H0RNSTON£  is  a  variety  of  rhomboidal  quarts.  Being  both  hard  and  tough,  it  is 
well  adapted  to  form  the  stones  of  pottery  mills  for  grinding  flints ;  it  is  called  chert  in 
Derbyshire,  where  it  abounds. 

Hpmstom  occurs  under  three  modifications;  splintery  ho^nstone,  conchoidal  horn- 
stone,  and  woodstone.  The  colors  of  the  first  two  are  gray,  white,  and  red ;  they  are 
all  massive ;  dull,  or  of  a  glimmering  lustre.  Translucent  only  on  the  thin  edges.  Diffi- 
enh  to  break.  Hornstone  is  less  brittle  than  flint ;  and  by  its  infosibility  before  the  blow- 
pipe it  may  be  diatingnished  from  petroeilex,  whieh  it  resembles  in  external  appearance. 
The  geological  locality  of  hornstone  is  remarkable ;  for  it  occurs  in  both  ancient  and 
recent  formations.  It  is  found  frequently  in  the  veins  that  traverse  primitive  crysUlline 
rocks,  filling  up  the  interstices,  and  enveloping  their  metallic  ores.  In  the  lead  mine  of 
Hndgodt  in  Brittany  it  is  whitish  ;  but  its  prevailing  color  is  gray.  It  occurs  likewise  in 
(be  middle  beds  of  the  coarse  limestone  {ealcain  grostkr)  in  the  Paris  basin,  which  is  a 
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comparatively  modern  formation,  as  well  as  in  the  sand  beds  of  the  upper  parte  of  thii 
district,  near  Saint  Cloud,  Neuilly,  Slc.  The  homstone  which  occurs  in  secoodary  lime- 
stone is  called  chert  by  the  English  miners.  It  is  valaable  for  forming  the  grinding  hlockt 
of  flint  mills  in  the  pottery  manufacture. 

HORSE  POWER,  in  steam  engines,  is  estimated  by  Mr.  Watt  at  32,000  pounds 
avoit-dnpois. lifted  one  foot  high  per  minnte,  for  one  horse.  M.  B'Auboisson,  frum  an 
examination  of  the  work  done  by  horses  in  the  whims,  or  gigs  {machines  d  moUtiee)  for 
raising  ore  from  the  mines  at  Freyberg,  the  horses  being  of  average  size  and  strength, 
has  concluded  that  the  useful  effect  of  a  horse  yoked  during  eight  hourss  by  two  relays 
of  four  hours  each,  in  a  manege  or  mill  course,  may  be  estimated  at  40  kiiogrunmca 
raised  1  m&ire  per  second ;  which  is  nearly  16,440  |9bunds  raised  one  foot  per  miaate; 
being  very  nearly  one  half  of  Mr.  Watt's  liberal  estimate  for  the  work  of  his  steam 
engines. 

HOSIERY  {Bonneteriey  Fr. ;  Slrumpfweberei,  Germ.).  The  etodcing  frame,  which  is 
the  great  implement  of  this  business,  though  it  appears  at  first  sight  to  be  a  complicated 
machine,  consists  merely  of  a  repetition  of  parts  easily  understood,  with  a  moderate  de- 
gree of  attention,  provided  an  accurate  conception  is  first  formed  of  the  nature  of  the 
hosiery  fabric,  lliis  texture  is  totally  different  from  the  rectangular  decnssation  which 
constitutes  cloth,  as  the  slightest  inspection  of  a  stocking  will  show ;  for  this,  instead  of 
having  two  distinct  systems  of  thread,  like  the  warp  and  the  weA,  which  are  woven 
together,  by  crossing  each  other  at  right  angles,  the  whole  piece  is  composed  of  a  single 
thread  united  or  looped  together  in  ft  peculiar  manner,  which  is  called  stocking-stileby 
and  sometimes  chain-work. 
This  is  best  explained  by  the  view  in  fig.  550.     A  single  thread  is  formed  into 

a  number  of  loops  or  waves,  by  arranging  it 
^  over  a  number  of  parallel  needles,  as  shown  at 
a :  these  are  retained  or  kept  in  the  form  oC 
loops  or  waves,  by  being  drawn  or  looped 
through  similar  loops  or  waves  formed  by  the 
thread  of  the  preceding  course  of  the  work,  s. 
The  fabric  thus  formed  by  the  unkm  of  a  num- 
ber of  loops  is  easily  unravelled,  because  the 
stability  of  the  whole  piece  depends  upon  the 
ultimate  fastening  of  (he  first  end  of  the  thread ; 
4^^^  ir  ^  and  if  this  is  undone,  the  loops  formed  by  that 

Ml  ^y^  "  end  will  open,  and  release  the  subsequent  loops, 

one  at  a  time,  until  the  whole  is  unravelled,  and  drawn  out  into  the  single  thread  from 
which  it  was  made.  In  the  saxpe  manner,  if  a  thread  in  a  stocking-piece  fails,  or  breaks 
at  any  part,  or  drops  a  stitch,  as  it  is  called,  it  immediately  produces  a  bole,  and  the  ex- 
tension of  the  rest  can  only  be  prevented  by  fastening  the  end.  It  should  be  obeerved 
that  there  are  many  different  fabrics  of  stocking-stitch  for  various  kinds  of  ornamental 
hosiery,  and  as  each  requires  a  different  kind  of  frame  or  machine  to  produce  it,  we 
should  greatly  exceed  our  limits  to  enter  into  a  detailed  description  of  them  all.  That 
species  which  we  have  represented  in  fig.  550  is  the  common  stocking-stitch  used  for 
plain  hosiery,  and  is  formed  by  the  machine  called  the  common  stocking^frame,  which  is 
the  groundwork  of  all  the  others.  The  operation,  as  we  see,  consists  in  drawing  the 
loop  of  a  thread  successively  through  a  series  of  other  loops,  so  long  as  the  work  is 
continued,  as  is  very  plainly  shown  for  one  stitch  in  fig.  551. 

There  is  a  great  variety  of  dififerent  frames  in  use  for  producing  various  omameotal 
kinds  of  hosiery.  The  first,  which  forms  the  foundation  of  the  whole,  is  that  for  kniiting 
plain  hosiery,  or  the  common  stocking-frame. 

Of  this  valuable  machine,  the  invention  of  Mr.  Lee,  of  Cambridge,  a  side  elevation  it 
given  in  fig.  552,  with  the  essential  parts.  The  framing  is  supported  by  four  upright 
postS)  generally  of  oak,  ash,  or  other  hard  wood.  Two  of  these  posts  appear  at  a  a,  and 
the  connecting  cross  rails  are  at  c  c.  At  b  is  a  small  additional  piece  of  framing,  which 
supports  the  hosier's  seat.  The  iron-work  of  the  machine  is  bolted  or  screwed  lo  the . 
upper  rafls  of  the  frame-work,  and  consists  of  two  parts.  The  first  rests  upon  a  sole  nf 
polished  iron,  which  appears  at  d,  and  to  which  a  great  part  of  the  machinery  is 
attached.  The  other  part,  which  is  generally  called  Uie  carriage,  runs  upon  the  iron 
sole  at  D,  and  is  supported  by  four  small  wheels,  or  trucks,  as  they  are  called  by  the 
workmen.  At  the  upper  part  of  the  back  standard  of  iron  are  joints,  one  of  whieli 
appears  at  ^;  and  to  these  is  fitted  a  frame,  one  side  of  which  is  seen  extending  to  R. 
By  means  of  these  joints,  .the  end  at  #<  may  be  depressed  by  the  hosier's  hand,  and  ii 
returns,  when  relieved,  by  the  operation  of  a  strong  spring  of  tempered  steel,  ^ctiajg 
between  a  cross  bar  in  Uie  frame  and  another  below.  The  action  of  this  spring  in 
very  apparent  in  fig.  553.  In  the  front  of  the  frame,  immediately  opposite  Uf  where 
the  hosier  sits,  are  placed  the  needles  which  form  the  loops.     These  needles,  or  rather 
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books,  are  more  or    less  namerous,  aeeordiftg  to  the  coaneness  or  fineness  of  the 
Mocking;  and  this,  although  unaToidable,  proves  a  very  considerable  abatement  of 

the  valne  of  a  stocking-frame.    In 

almost  every  other  machine  (for 
example,  those  employed  in  spin* 
Ding  or  weaving),  it  is  easy  to 
adapt  any  one  either  to  worir 
coarser  or  finer  trork,  as  it  may 
be  wanted.  Bnt  in  the  mana- 
faetore  of  hosiery,  a  frame  once 
finished,  is  limited  for  ever  in  its 
operation  to  the  same  quality  of 
work,  with  this  exception,  that 
by  changing  the  stuflT,  the  work 
may  be  made  a  little  more  dense 
or  flimsy;  bat  no  alteration  in 
the  sise  or  quantity  of  loops  can 
take  place.  Hence  where  the 
mannfactore  is  extensively  pro- 
secuted, many  frames  may  be 
thrown  idle  by  every  vicissitude 
of  demand;  and  where  a  poor 
mechanic  does  purchase  his  own 
frame,  he  is  for  ever  limited  to 
the  same  kind  of  work.  The 
gauge,  as  it  is  called,  of  a  stock* 
ing-frame  is  regulated  by  the 
number  of  loops  contained  in 
three  inches  of  breadth,  and  varies  very  much ;  the  coarsest  frames  in  common  use  being 
abont  what  are  termed  Fourteens,  and  the  finest  employed  in  great  extent  about 
Forties.  The  needles  are  of  iron  wire,  the  manufacture  of  which  is  very  simple ;  bat 
kmg  practice  in  the  art  is  found  necessary  before  a  needle-maker  acquires  the  dexterity 
which  will  enable  him  both  to  execute  his  work  well,  and  in  sofiicient  quantity  to  render 
his  labor  productive. 

The  process  of  making  the  needles  is  as  follows : — Good  ooond  iron  wire,  of  wt  proper 
fineness,  is  to  be  selected ;  that  which  is  liable  to  split  or  splinter,  either  in  filing> 
pnnehing,  or  bending,  being  totally  unfit  for  the  purpose.  The  wire  is  first  to  be  cat 
into  proper  lengths,  according  to  the  fineness  of  the  frame  for  which  the  needles  are 
designed,  coarse  needles  being  considerably  longer  than  fine  ones.  When  a  sufficient 
number  (generally  some  thousands)  have  been  cut,  the  wire  mast  be  softened  as  mueh 
as  possible.  This  is  done  by  laying  them  in  rows  in  a  flat  irofi  box,  about  an  ineh 
deep^  with  a  close  cover ;  the  box  being  filled  with  charcoal  between  the  strata  of  wires. 
This  box,  being  placed  upon  a  moderate  fire,  is  gradually  heated  until  both  the  wires 
and  charcoal  have  received  a  moderate  red  heat,  because,  were  the  heat  increased  to  what 
smiths  term  the  white  heat,  the  wire  would  be  rendered  totally  unfit  for  the  subsequent 
processes  which  it  has  to  undergo,  both  in  finishing  and  working.  When  the  box  hot 
been  sofficienily  heated,  it  may  be  taken  from  the  fire,  and  placed  among  hot  asbea» 
vntil  both  ashes  and  box  have  gradually  cooled;  for  the  dower  the  wires  cool,  the 
softer  and  easier  wi  ought  Ibey  will  be.  When  perfectly  cool,  the  next  process  is  to 
punch  a  lon^itadinnl  groove  in  the  stem  of  every  needle,  which  receives  the  point  or 
barb^  when  depressed.  This  is  done  by  means  of  a  small'  engine  worked  by  the  power 
of  a  screw  and  lever.     The  construction  of  these  engines  is  various;  but  a  profile 

_  elevation  of  one  <rf  the  most  simple  and  com- 

563    UJ  **^ "  monly  used  wlU  be  fbnnd  in  fig.  553.     It 

consists  of  two  very  strong  pieces  of  malle- 
able iron,  represented  at  a  and  c,  and  these 
two  pieces  are  connected  by  a  strong  well- 
fitted  joint  at  B.    The  lower  piece,  or  sole  of 
the  engine  at  o,  is  screwed  down  by  bolts  to 
a  strong  board  or  table,  and  the  upper  pieee 
A  win  then  rise  or  sink  at  pleasure,  upon  the 
joint  B.    In  order  that  a  may  be  very  steady 
in  rising  and  sinking,  which  is  indispensable 
to  its  correct  operation,  a  strong  bridle  of 
at  K,  is  added  to  confine  it,  and  direct  its  motion.    In 
thi*  upper  part  of  thb  bridle  is  a  female  screw,  through  whidi  the  forcing  screw  passes^ 
is  turned  by  the  handle  or  lever  d.    To  the  sole  of  the  engine  c  is  fixed  a  bolster 
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of  tempered  steel,  with  a  small  groove  to  receive  the  wire,  which  is  to  be  punched ;  aafi 
in  the  upper  or  moving  part  A,  is  a  sharp  chisel,  which  descends  exactly  into  the  groove, 
when  A  is  depressed  by  the  screw.  These  are  represented  at  f,  and  above  h.  At  g  is  a 
strong  spring,  which  forces  up  the  chisel  when  th^  pressure  of  the  screw  is  removed.  ^  The 
appearance  of  the  -groove,  when  the  punching  is  finished,  will  be  rendered  familiar  bj 
inspecting  fig,  554,  p.  657.  When  the  punching  is  finished,  the  wires  are  to  be  brought 
to  a  fine  smooth  point  by  filing  and  burnishing,  the  latter  of  which  should  be  very  com- 
pletely done,  as,  besides  polishing  the  wire,  it  tends  greatly  to  restore  that  spring  and 
elasticity  which  had  been  removed  by  the  previous  operation  of  softening.  The  wire  is 
next  to  be  bent,  in  order  to  form  the  hook  or  barb ;  and  this  is  done  with  a  small  piece 
of  tin  plate  bent  double,  which  receives  the  point  of  the  wire,  and  by  its  breadth  regu- 
lates the  length  of  the  barb.  The  stem  of  the  needle  is  now  flattened  with  a  scdaII 
hammer,  to  prevent  it  from  turning  in  the  tin  socket  in  which  it  is  afterwards  to  be  cast ; 
and  the  point  of  the  barb  being  a  little  curved  by  a  pair  of  small  pliers,  the  needle  is 
completed. 

In  order  to  fit  the  needles  for  the  frame,  they  are  now  cast  into  the  tin  sockets,  or  leads, 
as  they  are  called  by  the  workmen ;  and  this  is  done  by  placing  the  needles  in  an  iron 
mould,  which  opens  and  shuts  by  means  of  a  joint,  and  pouring  in  the  tin  while  in  a 
state  of  fusion.  In  common  operations,  two  needles  are  cast  into  the  same  sockeL  The 
form  of  the  needle,  when  complete  and  fitted  to  its  place  in  the  frame,  will  be  seen  in 

ftg.  555,  which  is  a  profile  section 
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of  the  needle-bar,  exhibiting  one 
needle.  In  this  figure  a  section  of 
the  pressure  is  represented  at  r ; 
the  needle  appears  at  g,  and  the 
socket  or  level  at  k.  At  h,  is  a 
section  of  the  needle-bar,  on  the 
fore  part  of  which  is  a  small  plate 
of  iron  called  a  verge,  to  regulate  the  position  of  the  needles.  When  placed  upon  the 
bar  resting  against  the  verge,  another  plate  of  iron,  generally  lined  with  soft  leather,  is 
screwed  down  upon  the  sockets  or  leads,  in  order  to  keep  them  all  fast.  This  plate  and 
the  screw  appear  at  i.  When  the  presser  at  r  is  forced  down  upon  the  barb,  this  sinks 
into  the  groove  of  the  stem,  and  the  needle  is  shut ;  when  the  presser  rises,  the  barb  opens 
again  by  its  own  elasticity. 

The  needles  or  hooks  being  all  properly  fitted,  the  next  part  of  the  stocking-frame  to 
which  attention  ought  to  be  paid,  is  the  machinery  for  fi)rming  the  loops ;  and  this  con- 
sists of  two  parts.  The  first  of  these,  which  sinks  between  every  second  or  alternate 
needle,  is  represented  at  o,  fig.  552,  and  is  one  of  the  most  important  parts  of  the  whole 
machine.  It  consists  of  two  ihoving  parts ;  the  first  being  a  succession  of  horizontal 
levers  moving  upon  a  common  centre,  and  called  jacks,  a  term  applied  to  vibrating  levers 
in  various  kinds  of  machinery  as  well  as  the  stocking-frame.  One  only  of  these  jacks 
can  be 'represented  in  the  profile  fig,  552;  but  the  whole  are  distinctly  shown  in  a  hori- 
Bontal  position  in  fig,  556 ;  and  a  profile  upon  a  very  enlarged  scale  is  given  in  fig,  557. 
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Hie  jidc  shown  in  fig,  552,  eitends  horixootaUy  from  o  to  i,  and  the  centre  of  motion 
is  at  E.  On  the  front,  or  right  hand  part  of  the  jack  at  o,  19  a  joint  suspending  a  Yerj 
thin  plate  of  polished  iron,  which  is  termed  a  sinker.  One  of  theie  jacks  and  sinkers  is 
allotted  for  every  second  pr  alternate  needle.  The  form  of  the  sinker  will  appear  at  s, 
fig,  557 ;  and  in  order  that  all  may  be  exactly  uniform  in  shape,  they  are  cut  ont  and 
fioisbed  between  two  stout  pieces  of  iron,  which  serve  as  moulds  or  gauges  to  direct  the 
irame-smiih.  The  other  end  of  the  jack  at  i,  is  tapered  to  a  point ;  and  when  the  jacks 
are  in  their  horizontal  position,  they  are  secured  by  small  iron  springs,  one  of  which  is 
represented  fit  i,  fig.  552,  each  spring  having  a  small  obtuse  angled  notch  to  receive  the 
point  of  the  jack,  against  which  it  presses  by  its  own  elasticity.  In^g.  557  the  centre  is 
at  K  i  the  pointed  tfiil  is  omitted  for  want  of  room,  the  joint  is  at  o,  and  the  throat  of  the 
•iaker,  which  forms  the  loop,  is  at  s.  The  standards  at  a,  upon  which  the  jack  moves, 
are  called  combs,  and  consist  of  pieces  of  flat  smooth  brass,  parallei  to,  and  equidistant 
from  each  other.  The  cross-bar  a,  which  contains  the  whole,  is  of  iron,  with  a  perpen* 
dicular  edge  or  rim  on  each  side,  leavintr  a  vacancy  between  them,  or  a  space  to  receive 
the  bottom  part  or  tails  of  the  combs.  The  combs  are  then  placed  in  the  bar,  with  a  flat 
piece  of  brass  called  a  couatercomb,  between  each,  to  ascertain  and  preserve  iheir  distances 
from  each  other.  These  conntereombs  are  exactly  of  the  same  shape  as  the  combs,  but 
have  no  tails.  When  both  combs  and  conntereombs  are  placed  in  the  bar,  it  is  luted 
with  clay  so  as  to  form  a  mould,  into  which  is. poured  a  sufficient  quantity  of  melted  tin. 
When  the  tin  has  had  time  to  cool,  the  countereombs  having  no  tails  are  easily  taken  out, 
and  the  combs  remain  well  fastened  and  secured  by  the  tin,  which  has  been  fused  entirely 
round  them.  Thus  they  form  a  succession  of  standards  for  the  jacks ;  and  a  hole  being 
drilled  through  each  jack  and  each  comb,  one  polished  wire  pot  through,  serves  as  a  com 
mon  centre  for  the  whole. 

The  jack  sinkers  being  only  used  for  every  alternate  or  second  needle,  in  order  to 
complete  this  part  of  the  apparatus,  a  second  set  of  sinkers  is  employed.  These  are,  in 
Ibnn  and  shape,  every  way  the  same  as  the  jack  sinkers,  but  they  are  jointed  at  the  top 
into  pieces  of  tin,  all  of  which  are  screwed  to  the  sinker  bar  h,  fig.  552 ;  and  thus  a 
sinker  of  each  kind  descends  between  the  needles  alternately.  By  these  sinkers  the 
kK>ps  are  formed  upon  all  the  needles,  and  the  reason  of  two  sets  different  in  operation 
being  employed,  will  be  assigned  in  describing  the  mode  of  working  the  frame.  The 
presser  of  the  operation,  of  which  something  has  already  been  said,  appears  at  f;  and 
of  the  two  arms  which  support  and  give  motion  to  it,  one  appears  very  plainly  at  e,  its 
centre  of  sootion  being  at  c.     The  circular  bend  given  to  these  arms,  besides  having  an 
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ornamental  effect,  is  very  useful, 
in  order  to  prevent  any  part  from 
interfering  with  the  other  parts 
which  are  behind,  by  elevating 
them  entirely  above  them.  The 
extremities  of  these  arms  at  the 
termination  of  the  bends  behind, 
are  connected  by  a  cross  bar, 
which  has  also  a  circular  bendi 
in  the  middle,  projecting  down- 
wards, for  a  reason  similar  to  that 
already  assigned.  This  bend  is- 
concealed  in/g.  552,  but  visible 
in  the  front  elevation,  fig.  558. 
From  the  middle  of  the  bend,, 
the  presser  is  connected  with' the 
middle  treadle  by  a  depending 
wire  appearing  at  M,^g.  552,  and^ 
thus,  by  the  pressure  of  that 
treadle,  the  presser  is  forced  doxm 
to  close  the  barbs  of  the  needle. 
The  re-ascent  of  the  presser  is 
sometimes  effected  by  means  of 
a  counterpoising  weight  passing 
over  a  pulley  behind ;  and  some- 
times by  the  reaction  of  a  wooden 
spring,  formed  of  a  strong  hoop 
Uce  that  represented  at  k.  The 
latter  of  these  is  preferred,  espe- 
cially by  the  Nottingham  hosiers, 
iMcause,  as  they  assert,  it  makes 
the  presser  spring  np  with'grtnter' 
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ni))idity,  and  consequently  nyes  time  in  workingr.  How  far  this  raay  be  frtetieallf  die 
case,  it  would  besnperflnoas  here  to  inyestigate;  Imt  it  is  obvious  that  the  wocxlen  tprmg, 
if  very  stiff,  must  add  moch  to  the  hosier's  exertion  of  his  foot,  already  exercised  a|:ainst 
the  onited  spring  of  all  his  barbs;  and  this  inconTenieneeis'mudi  eomplaiBed of  by  those 
who  have  been  aeenstomed  to  work  with  the  counterpoise. 

At  L  are  two  pulleys  or  wheels,  of  different  diameters,  raoring  upon  a  common  eentre^ 
by  which  the  jack  sinkers  are  relieved  from  the  back  springs,  and  thrown  downwards  to 
form  the  loops  upon  the  needles.  About  the  larger  wheel  is  a  band  of  whipcord,  pass> 
ing  twice  round,  the  extremities  of  which  are  attached  to  what  is  called  the  slur,  which 
disengages  the  jacks  from  the  back  springs.  The  smaller  pulley,  by  another  band, 
communicates  with  the  right  and  left  treadle;  so  that  these  treadles,  when  pressed 
alternately,  turn  the  pulleys  about  in  an  inverted  order.  The  directions  of  these  bands 
also  appear  more  plainly  in  the  front  elevation,  fi%,  558.  The  construction  of  the  slur, 
and  its  effect  upon  the  jacks,  will  also  be  rendered  apparent  by  J!g.  559.  In  thb 
figure,  eight  jacks  are  represented  in  section,  the  tail  part  of  three  of  which,  1,  2,  3,  are 
thrown  up  by  the  slur  in  its  progress  from  left  to  right ;  the  fourth  is  in  the  act  of 
rising,  and  the  remaining  four,  5,  6,  7,  and  8,  are  still  unacted  upon,  the  slur  not  yet 
having  reached  them.  As  the  slur  acts  in  the  direction  of  the  dotted  line  x,  x,  fi%.  551^ 
behind  the  centres  of  the  jacks,  it  is  hardly  necessary  to  remark,  that  this  forcing  up  of 
the  tails  must  of  course  depress  the  joints  hy  which  the  sinkers  in  front  are  suspended. 
The  jack  sinkers  falling  soccessively  from  the  loops  on  every  alternate  needle,  in  the  way 

represented  at  fig,  560,  where  both 
kinds  of  sinkers  appear  in  section,  the 
light  part  expressing  what  is  above 
the  point  at  which  the  throat  of  the 
sinker  operates  upon  the  thread,  and 
the  dark  part  what  is  below.  The 
second  set,  or,  as  they  are  called,  the 
lead  sinkers,  from  the  manner  of 
jointing  them,  and  suspending  them  from  the  bar  above,  appear  still  elevated ;  the 
position  of  the  bar  being  represented  by  the  line  a,  b.  But  when  these  are  pulled  down 
to  the  level  of  the  former  by  the  operator's  hands,  the  whole  looping  will  be  completed, 
tnd  the  thread  c,  d,  which  is  still  slack,  will  be  brought  to  its  full  and  proper  degree  of 
tension,  which  is  regulated  by  stop  screws,  so  as  to  be  tempered  or  altered  at  pleasure. 

The  sinking  of  this  second  set  of 
sinkers,  may  be  easily  explained  by 
561  /^^^■"■"^^N^^^--^'^:^^  ^g.  561.    Thedirectk>n  of  the  sink- 

ers is  expressed  by  the  line  x ;  the 
bar  from  which  they  are  suspended 
will  be  at  A ;  the  top  frame  is  in  the 
direction   from  A   to  b;   the   back 
standards  at  d,  and  the  joint  at  b,  is 
the  centre  of  motion.    If  e  is  puUed 
perpendicularly  downwards,  the  spring  c  will  be  contracted,  and  its  upper  extreme  point 
G,  will  be  brought  nearer  to  its  lower  extreme  point  r,  which  is  fixed.    Again,  when  the 
force  which  has  depressed  e  is  removed,  the  spring  c  will  revert  to  its  former  state,  and 
the  sinkers  will  rise.    The  raising  of  the  jack  sinkers  and  jacks  takes  place  at  the  same 
time,  by  the  hosier  raising  his  hands;  and  for  the  cause  of  this  we  must  revert  to  yig. 
556.      The  lead  sinkers  in  rising  lay  hold  of  notches,  which  raise  the  extreme  parts  of 
the  set  of  jacks  z,  z,  which  are  called  half-jacks.    Between  the  extremities  of  these  at  z,  z, 
is  a  cross  bar,  which,  in  descending,  presses,  all  the  intermediate  jacks  behind  the  commoa 
centre,  and  restores  ihem  to  their  originfil  posture^  where  they  are  secured  by  the  back 
springs,  until  they  are  again  relieved  by  the  operation  of  the  slur  recrossing  at  the  next 
course. 

Wwkfn%  of  the  frame, — In  order  to  work  a  frame,  the  whole  apparatus  being  preyi- 
onsly  put  into  complete  order,  the  hosier  places  himself  on  the  seat  b  in  front,  and  pio- 
vides  himself  with  a^  bobbm  of  yam  or  stuff.  This  bobbin  he  places  loosely  on  a  vertical 
pin  of  wire,  driven  into  one  side  of  the  frame  contiguous  to  the  needles,  so  that  it  may 
turn  freely  as  the  stuff  is  unwound  from  it.  Taking  the  thread  in  his  hand,  he  drsiws  it 
loosely  along  the  needles,  behind  the  barbs,  and  under  the  throats  of  the  sinkers.  He 
then  presses  down  one  of  the  treadles  to  pass  the  slur  along,  and  unlock  the  jacks  Irom 
the  back  sprintrs,  that  they  may  fall  in  succession.  When  this  is  done^  the  nuaiber  of 
loops  thus  formed  is  doubled  by  bringing  down  the  lead  sinkers,  and  the  new  Ibnned 
loops  are  lodged  under  the  barbs  of  the  needles  by  bringing  forward  the  sinkers.  The 
.preceding  course,  and  former  &bric,  being  then  again  pushed  back,  the  barbs  are  shut 
by  depressing  the  middle  treadle,  and  forcing  down  the  pressor  upon  the  needles.  The 
former  work  is  now  easily  brcught  over  the  shut  ne^et,  after  wlucb,  hf  nuaiag  the 
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both  8eU  of  sinkers  are  ndied;  the  jadci  are  locked  \ff  the  back  fl|ft1ngs,  and  tb«^ 
hosier  goes  on  to  another  eoaree. 

From  this  it  will  be  apparent,  that  the  remark  made  in  the  oatset  is  well  foanded, 
that  there  are,  in  reality,  no  complicated  or  diffiealt  movements  in  the  stocking-freme. 
Almost  the  whole  are  merely  those  of  levenmoTinft  upon  their  respective  Ailem,  exeeptin^^ 
that  of  ihe  carriage  which  gives  the  horiarontal  motion  to  the  sinkers,  and  that  is  merely 
an  alternate  motion  on  foar  wheels.  Yet  the  frame  is  a  machine  which  reqnires  con- 
siderable experience  and  care,  both  to  work  it  to  advantage,  and  also  to  keep  it  in  good 
order.  This  circiimstance  arises  greatly  from  the  small  compass  in  which  a  number  of 
moving  part^  must  be  included.  Owing  to  this,  the  needles,  unless  cautiously  and  deli- 
cately handled,  are  easily  bent  or  injured.  The  same  circumstance  applies  with  equal 
or  greater  force  to  the  sinkers,  which  must  be  so  very  thin  as  to  be  easily  injured.  Bat 
as  these  mast  work  freely,  both  in  a  perpendicular  and  horizontal  direction  between  the 
needles,  in  a  very  confined  and  limited  space,  the  slightest  variation  in  either,  from  being 
tmly  and  squarely  placed,  unavoidably  injares  the  others.  When  a  hosier,  either  igno- 
rant of  the  mechanical  laws,  of  their  relation  to  each  other,  or  too  impatient  to  wait  for 
the  assistance  of  another,  attempts  to  rectify  defects,  he  in  most  cases  increases  them  ten- 
fold, and  renders  the  machine  incapable  of  working  at  all,  until  repaired  by  some  more 
experienced  person.  This  circumstance  has  given  rise  to  a  set  of  men  employed  in  this 
traide,  and  distinguished  by  the  name  of  upsettersrand  these  people,  besides  setting  new 
irames  to  work,  have  frequently  more  employment  in  repairing  old  ones  injured  by  want 
of  care  or  skill,  than  many  country  apothecaries,  who  live  in  unhealthy  parishes,  find  in 
tampering  with  the  disorders  of  mankind. 

It  seems  unnecessary  to  go  farther  into  detail  respecting  a  machine  so  well  known, 
and  which  requires  practical  attention  even  more  than  most  others.  It  may,  therefore, 
be  sufficient  to  describe  shortly  some  of  its  varieties,  the  most  simple  and  common  of 
which  is  the  rib  stocking-frame. 

J^  stodcing'frame. — This  frame,  which,  next  to  the  common  frame,  is  most  exten- 
sively in  use,  is  employed  for  working  those  striped  or  ribbed  stockings,  which  are  very 
common  in  all  the  different  materials  of  which  hosiery  is  formed.  In  principle  it  does 
not  differ  from  the  common  frame,  and  not  greatly  in  construction.  The  preceding  gen- 
eral description  will  nearly  apply  to  this  machine  with  equal  propriety  as  to  the  former; 
that  part,  however,  by  which  the  ribs  or  stripes  are  formed,  is  entirely  an  addition,  and 
to  the  application  of  this  additional  machinery  it  may  be  proper  to  pay  the  chief  atten- 
tion, referring  chiefly  to  Jig.  558,  which  is  a  front  elevation. 

This  figure  has  been  already  referred  to  for  the  illustration  of  those  parts  of 
the  machinery  whidh  are  common  to  both,  and  those  parts  therefore  require  no  reca- 
pitulation. The  principle  of  weaving  ribbed  hosiery  possesses  considerable  aflinity  to 
that  which  subsists  in  the  weaving  of  that  kind  of  cloth  which  is  distinguished  by  the 
name  of  tweeling,  for  the  formation  of  stripes,  with  some  variation  arising  merely  from 
the  different  nature  of  the  fabric.  In  cloth  weaving,  two  different  kinds  of  yarn  inter- 
secting each  other  at  right  angles,  are  employed ;  in  hosiery  only  one  is  used.  In  the 
tweeling  of  cloth,  striped  as  dimity,  in  the  cotton  or  kerseymere,  and  in  the  woollen  man- 
ufacture, the  stripes  are  produced  by  reversing  these  yarns.  In  hosiery,  where  only  one 
kind  pf  yam  is  nsed,  a  similar  effect  is  produced  by  reversing  the  loops.  To  effect  this 
reversing  of  the  loo^,  a  second  set  of  needles  is  placed-  upon  a  vertical  frame,  so  that 
the  bends  of  the  hooks  may  be  nearly  under  those  of  the  common  needles.  These 
needles  are  cast  into  tin  moulds,  pretty  similar  to  the  former,  but  more 
oblique  or  bevelled  towards  the  point,  so  as  to  prevent  obstructions  in 
working  them.  They  are  also  screwed  to  a  bar  of  iron,  generally  lighter 
than  the  other,  and  secured  by  means  of  plates  :  this  bar  is  not  fixed, 
but  has  a  pivot  in  each  end,  by  means  of  which  the  bar  may  have  a  kind 
of  oscillatory  motion  on  these  pivots.  The  two  frames  of  iron  support  this 
bar ;  that  in  which  it  oscillates  being  nearly  vertical,  but  inclined  a  little 
towards  the  other  needles.  Fig.  562,  which  is  a  profile  elevation,  will 
serve  to  illustrate  the  relative  position  of  each  bar  to  the  other.  The 
lower  or  horizontal  frame,  the  ends  only  of  which  can  be  seen  in  fig. 
558  nnder  a  a,  appears  in  profile  in  fig.  562,  where  it  is  distinguished 
by  d.  The  vertical  frame  at  a  is  attached  to  this  by  two  centre  screws, 
which  serve  as  joints  for  it  to  move  in.  On  the  top  of  this  frame  is  the 
rib-needle  bar  at  /,  in  figa,  562  and  562,  and  one  needle  is  represented 
in  jig.  562  at  /.  At  g  is  a  small  presser,  to  shut  the  barbs  of  the  rib- 
needles,  in  the  same  manner  as  the  large  one  does  those  of  the  frame. 
At  k  is  one  of  the  frame  needles,  to  show  the  relative  position  of  the  one 
set  to  the  other.  The  whole  of  the  rib-bar  is  not  fitted  with  needles 
like  the  other;  for  here  needles  are  only  placed  where  ribs  or  strip«« 
are  to  befbrmed^the  kitervals  being  filled  np  with  blank  leads^tbatis 
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060  HOT-EXOE. 

to  Mj,  vitli  todceU  of  Ihe  iudc  iliape  u  ihe  others  bnt  withnt  dmAIm;  heiag  naclf 

draigned  lo  fill  the  bar  lad  prnerTe  ihe  inletvKla.  Two  imall  haullM  depand  from  the 
needle  bar,  by  whicb  the  otciltalory  molion  ujnib  ihe  upper  eeotrct  is  ;i*(n.  The  niiai 
and  ■[nking  moiian  i>  cmnaiuaicated  to  ihii  micliiDe  by  chaini  which  are  atiaebed  la 
iron  Eliden  below,  and  which  are  wroughl  by  th«  hoaier'B  heel  when  iiriiaiiiif  The 
preuure  luktt  place  parlly  by  Ihe  aclioD  of  the  amall  pretier,  and  partly  by  the  moam 
of  iha  nenllel  in  deieending.  A  amall  iron  ilider  n  plaeed  behind  ibe  rib-needles,  wUth 
rites  aa  they  descend,  and  mitcs  lo  free  the  loop*  perfectly  from  each  other. 

Id  the  weaving  of  ribbed  hofjery,  the  plain  and  rib  course*  ve  wrougfat  alleniatdy. 
When  Ihe  plain  are  finUhed,  the  rib-needle*  are  rniaed  belween  Ue  olhaii,  bnt  no  addi- 
tional stuff  is  lupplied.  Tbe  rib-needlei,  inlenecling  ihe  plain  ones,  merely  lay  bM  of 
the  iaat  Ihread,  and,  by  again  bringing  il  ibrough  that  which  wae  on  the  rib-needle  be- 
fore, give  it  an  additional  looping,  which  reverses  the  line  of  chaining,  nod  raises  the  rib 
above  Ihe  plain  iolerrali,  which  have  only  received  a  single  knitting. 

HOT-fLU£  is  the  name  given  in  England  to  an  apartmenl  healad  by  Hare*  or 
steam  pipes,  in  which  padded  and  printed  calicM*  vet  diied  hard.    Fig.  563  rfpii*iali 
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Ihe  simplett  form  of  «nd>  •  fine,  heated  by  Um  vertical  ronad  in>a  turn  c,  fran  whoM 
lop  a  wide  square  pipe  pnieeedi  upwards  in  a  slightljr  indined  dinetioa,  which  reeeiva 
Ihe  enrrenl  of  air  heated  by  Ihe  body  and  capital  of  the  stove.  In  this  wide  ehanna 
there  arc  puUeii,  with  coeds  or  bud*  which  anqwod  I9  hooki,  and  condnct  the  web  of 
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citieOy  fh>in  the  entrance  at  b,  where  the  operative  sits,  to  near  the  point  a,  and  back 
again.  This  circuit  n»jr  be  repeated  once  or  oAener  till  the  goods  are  perfectly  dried. 
At  D  the  driving  pulley  connected  with  the  main  shaA  is  shown.  Near  the  feet  of  the 
operative  is  the  candroy  or  reel  upon  which  the  moist  goods'  are  rolled  in  an  endless  web; 
so  that  their  circulation  in  the  hot-air  channel  can  be  continued  without  kiterruptioni  a.« 
long  as  may  be  necessary. 
Fig,  564  i$  a  cross  section  of  the  apparatus  of  the  regular  hot-flue,  as  it  is  mounted 

in  the  most  scientific  calico  works  of 
Ensfland,  those  of  James  Thomson,  Esq., 
of  Brimrose,  near  Clitheroe,  Lancashire., 
a  ff  a  a,  is  an  arched  apartment,  nearly  30 
yards  lone,  by  13  feet  high,  and  10  feet 
wide.  Through  about  one  half  of  this 
gallery  there  is  a  horizontal  floor  sup- 
ported on  arches,  above  which  is  the  driest 
space,  through  which  the  goods  are  finally, 
passed  before  they  escape  from  tlie  hot-flue, 
after  they  have  been  previously  exposed  to 
the  hot  but  somewhat  moist  air  of  the 
lower  compartment.  A  large  square  flue 
covered  with  east-iron  plates  runs  along 
the  whole  bottom  of  the  gallery.  It  is 
divided  into  two  long  parallel  vaults, 
whrvse  sections  are  seen  at  «,  u,  Jig,  564, 
covered  with  the  cast-iron  plates  v  v, 
grooved  at  their  ends  into  one  another.  The 
thickness  of  these  plates  is  increased  pro* 
gressively  as  they  come  nearer  to  the  fire- 


place  or  furnace.  There  are  dampers  which  regulate  the  draught,  and  of  course  the  heat 
of  the  stove,  h  h  are  the  air-passaees  or  vent-holes,  left  in  the  side  walls,  and  which  by 
means  of  a  long  iron  rod,  mounted  with  iron  plates,  may  be  opened  or  closed  together 
to  any  degree,  k  k  are  the  cast-iron  supports  of  the  tinned  brass  rollers  which  guide 
the  goods  along,  and  which  are  fixed  to  the  cross  pieces  represented  by  r  r,  Jig,  564. 
II  are  iron  bars  for  supporting  the  veatilators  or  fans  (see  the  fan  under  Foondry). 
These  fans  are  here  enclosed  within  a  wire  grating.  They  make  about  300  turns  per 
minute,  and  expel  the  moist  air  with  perfect  effect.  9  indicates  the  position  of  the  win- 
dows, which  extend  throughout  the  lensth  of  the  building,  t  is  a  gas-light  jei,  placed  at 
the  side  of  each  window  to  supply  illumination  for  night  work. 

The  piece  is  stretched  along  the  whole  extent  of  the  Rallery,  and  runs  through  it  in 
the  course  of  one  minute  and  a  half;  beine  exposed  durinsr  its  passage  to  the  heat  of 
2l2°Fahr.  »         *      i  -        i        e 


In  Jig.  565,  A  is  the  iron  door  of  entrance  to  the  hot-flue  gallery;   at  h  is  the 
ding  machine,  where  the  goods  are  imbued  with  the  general  mordant.      The  speed  of 
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this  machine  may  be  varied  by  means  of  the  two  conical  drums  c  e,  which  drive  it ;  since 
when  the  band  c  c  is  brought,  by  its  forks  and  adjusting  screws,  nearer  to  the  narrow 
end  of  the  lower  drum,  the  cylinder  upon  the  same  shaft  with  the  latter  is  driven 
quicker;  and  vice  versa.  Over  d  d  the  cords  are  shown  for  drawing  the  drum  mechan- 
ism into  gear  with  the  main  shaft  band,  p  f  e;  or  for  thawing  it  out  of  gear.  The 
pulleys  F  F  carry  the  bands  which  transmit  the  motion  to  the  paddiag  machine.  A 
c)'liQdrical  drum  exterior  to  the  hot-flue,  covered  with  flannel,  serves  to  receive  the  end 
of  the  series  of  pieces,  and  to  draw  them  through  the  apartment.    This  mode  of  drying 
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HYDRATE& 


tWe  pidded  calicoes  requires  for  each  piece  of  28  jRards,  3  pounds  of  eoab  for  tbit  fanaee 
when  a  fan  is  employed,  and  4  pounds  without  it. 

HYDRATES  are  compooflds  of  the  oxydes,  salts,  he.  with  water  m  definite  or  cqohr- 
alent  proportions.  Thas  slaked  lime  consists  of  one  atom  of  quick-lime  =  28»  4"  ^^^ 
atom  of  water  ^  9«  of  which  the  sum  is  37  on  the  hydrogen  scale. 

HYDRAULIC  PRESS.    See  Oil,  Press,  and  Steabink. 

HYDRIODIC  ACID  (Jcide  Hydriodique,  Fr. ;  HydrwU&un,  Germ.)  is  an  aeid  form- 
ed  by  the  combination  of  99*21  parts  of  iodine,  and  0*79  hydrogen.  When  pnre,  it  occurs 
in  the  gaseous  state,  but  it  combines  with  water  like  the  hydrochloric  or  mniiatie  aci^ 
gas  into  a  liquid  acid. 

•HYDROCHLORIC  ACID ;  the  new  chemical  name  of  muriatic  aeid,  which  see. 

HYDROGEN  (Eng.  and  Fr. ;  WasHrttoff,  Germ.), an  undeeomponnded  gaseous  body; 
the  lightest  of  all  ponderable  matter,  whose  eiamination  belongs  to  chemistry. 

HYDROMETER;  an  instrument  for  ascertaining  the  specific  gravities  of  liquids. 
Banm^*s  hydrometer,  which  is  much  nsed  in  France,  and  other  countries  of  the  continent 
of  Europe,  when  plunged  in  pure  water,  at  the  temperature  of  68^  Fahr.,  marks  0  upon 
its  scale ;  in  a  solution  containing  16  per  cent,  of  common  salt  (chloride  of  sodium)  and 
85  of  water  by  weight,  it  marks  15® ;  so  that  each  degree  is  meant  to  indicate  a  density 
corresponding  to  one  per  cent,  of  that  salt.  See  Areometer,  for  comparative  tables  of 
hydrometers. 

HYDROSULPHURETS ;  chemical  compounds  of  bases  with  sulphuretcd  hydrogen. 

HYMENGQA  COURBARIL ;  a  tree  growing  in  South  America,  ftom  which  the  resin 
anime  exudes. 

HYOSCIAMUS  NIGER.  Henbane  is  a  plant  nsed  in  medicine,  from  which  modem 
chemistry  has  extracted  a  new  crystalline  vegetable  principle  railed  hyotciamint,  which  is 
very  poisonous,  and  when  applied  in  solution  to  the  eye,  determines  a  remarkable  dHata- 
tion  of  the  pupil ;  as  belladotma  also  does. 

HYPOSULPHATES;  Htposulphitss;  saline  compounds  of  the  hyposulphurie  oi 
hyposulphurous  acid  with  bases. 

HYPEROXYMURIATES;  the  old  and  incorrect  name  of  Chlorates. 
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JACK,  called  also  jadt  in  a  ftor,  and  heaid  jadc^  is  a  portable  mechanical  instrument, 
consisting  of  a  rack  and  pinion,  or  a  pair  of  claws  and  ratchet  bar,  moved  by  a  winch 
handle,  for  raising  heavy  weights,  a  little  way  ofif  the  ground. 

JACK  and  JACK-SINKERS^  are  parts  of  a  stocking  frame ;  see  Hosiery. 

JACK-BACK,  is  the  largest  jack  of  the  brewer. 

JACQUARD.  A  peculiar  and  mosl  ingenious  mechanism,  invented  by  M.  Jac- 
quart  of  Lyons,  to  be  adapted  to  a  silk  or  muslin  loom  for  superseding  the  employment 
of  draw-boys,  in  weaving  figured  goods.  Independently  of  the  ordinary  play  of  the 
warp  threads  for  the  formation  of  the  ground  of  such  a  web,  all  those  threads  which 
should  rise  simultaneously  to  produce  the  figure,  have  their  appropriate  healds,  which  a 
child  formerly  raised  by  means  of  cords,  that  grouped  them  together  into  a  system,  in 
the  order,  and  at  the  time  desired  by  the  weaver.  This  plan  evidently  occasioned  no 
little  complication  in  the  machine,  when  the  design  was  richly  figured ;  but  the  apparatus 
of  Jacquart,  which  subjects  this  manoeuvre  to  a  regular  mechanical  operation,  and  derives 
its  motion  from  a  simple  pedal  put  in  action  by  the  weaver's  feet,  was  generally  adopted 
soon  after  its  invention  in  1800.  Every  common  loom  is  susceptible  of  receiving  this 
beautiful  appendage.  It  costs  in  France,  200  francs,  or  8/.  sterling ;  and  a  little  more 
in  this  country. 

Fig,  566  is  a  front  elevation  of  this  mechanism,  supposed  to  be  let  down.  Fig.  567 
is  a  cross  section,  shown  in  its  highest  position.  Fi^.  568  the  same  section  as  the  pre> 
cedine,  but  seen  in  its  lower  position. 

Aa  is  the  fixed  part  of  the  frame,  supposed  to  form  a  part  of  the  ordinary  loom ;  there 
are  two  uprights  of  wood,  with  two  cross  bars  uniting  them  at  their  upper  ends,  and 
leaving  an  interval  x  y,  between  them,  to  place  and  work  the  moveable  flrame  a,  vibrating 
round  two  fixed  points  a  a,  placed  laterally  opposite  each  other,  in  the  middle  of  the 
spaee  x  y,  fig,  566. 

€,  is  a  piece  of  iron  with  a  peculiar  curvature,  seen  in  front,  fig,  566,  and  in  profile, 
figt,  567  and  568.  It  is  filled  on  one  side  upon  the  upper  cross-bar  of  the  frame  b,  and 
on  the  other,  to  the  intermediate  cross-bar  b  of  the  same  frame,  where  it  shows  an  inclined 
eurvilinear  space  c,  terminated  below  by  a  semi-circle. 

D^  is  a  square  wooden  axis,  moveable  upon  itself  round  two  iron  pivots,  fixed  into  its  two 
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ends;  whidi  axis  ocenpies  the  bottom  of  the  moveable  frame  b.    The  four  faces  of  this 
^aare  axis  are  pierced  with  three  round,  equal,  truly-bored  holes,  arranged  in  a  quio- 


a'  u®  ^  ^'^'  ^^®»  ^^  *^*^^  ^^^  «*ch  face,  and  correspond  to  holes  a,  fig.  573, 
made  la  the  cards  which  constitute  the  endless  chain  for  the  healds ;  so  that  in  the  suc- 
«8»ive  appUcaiion  of  the  cards  to  each  face  of  the  square  axis,  the  holes  pierced  in  one 
cart  may  always  fall  opposite  to  those  pierced  in  the  other. 
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The  right-hand  end  of  the  ^uare  nxis,  of  which  a  section  is  shown  in  doaUe  lise, 
fig»  569,  carries  two  square  plates  of  sheet  iron  d,  kept  parallel  to  eaeh  other  and 
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a  little  apart,  by  four  spindles  e,  passed  opposite  to  the  corners.  This  is  a  kind  of 
lantern,  in  whose  spindles  the  hooks  of  the  levers  ff,  taming  round  fixed  points  g  ^ 
beyond  the  right  hand  upright  a,  catch  hold,  either  above  or  below,  at  the  pleasure  of  the 
weaver,  according  as  he  merely  pulls  or  lets  go  the  cord  jz,  during  the  vibratory  movement 
of  the  frame  b. 

E  is  a  piece  of  wood  shaped  like  a  T,  the  stem  of  which,  prolonged  upwards,  passes 
freely  through  the  cross-bar  5,  and  through  the  upper  cross-bar  of  the  frames,  which  serve 
as  guides  to  it.  The  head  of  the  T  piece  being  applied  successively  against  the  two 
spindles  e,  placed  above  in  a  horizontal  position,  first  by  its  weight,  and  then  by  the  spiral 
spring  A,  acting  from  above  downwards,  keeps  the  square  axis  in  its  position,  while  it  per- 
mits it  to  turn  upon  itself  in  the  two  directions.  The  name  frtsi  is  given  to  the  assemblage 
of  all  the  pieces  which  compose  the  moveable  frame  b  b. 

F  is  a  cross-bar  made  to  move  in  a  vertical  direction  by  means  of  the  lever  g,  in  the 
notches  or  grooves  i,  formed  within  the  fixed  uprights  a. 

H  is  a  piece  of  bent  iron,  fixed  by  one  of  its  ends  with  a  nut  and  screw,  upon  the  cross- 
bar F,  out  of  the  vertical  plane  of  the  piece  c.  Its  other  end  carries  a  friction  roller  J, 
which  working  in  the  curvilinear  space  c  of  the  piece  c,  forces  this,  and  consequently  the 
frame  b,  to  recede  from  the  perpendicular,  or  to  return  to  it,  according  as  the  cross-bar  f 
is  in  the  top  or  bottom  of  its  course,  as  shown  in  jign,  567  and  568. 

I,  cheeks  of  sheet  iron  attached  on  either  side  to  the  cross-bar  f,  which  serve  as  a  safe 
to  a  kind  of  claw  k,  composed  here  of  eight  small  metallic  bars,  seen  in  section ^g.  567 
and  568,  and  on  a  greater  scale  inyig.  570. 

J,  upright  skewers  of  iron  wire,  whose  tops,  bent  down  hook^wise,  naturally  place 
themselves  over  the  little  bars  k.  The  bottom  of  these  spindles,  likewise  hooked  in  the 
same  direction  as  the  upper  ones,  embraces  small  wooden  bars  /,  whose  ofiice  is  to  keep 
them  in  their  respective  places,  and  to  prevent  them  from  twirling  round,  so  that  the 
uppermost  hooks  may  be  always  directed  towards  the  small  metallic  bars  upon  which 
they  impend.  To  these  hooks  from  below  are  attached  strings,  which,  after  having 
crossed  a  fixed  board  m  n,  pierced  with  corres|K)nding  holes  fur  this  purpose,  proceed 
next  to  be  attached  to  the  threads  of  the  loops  destined  to  lift  the  warp  threads,  k  k, 
horizontal  spindles  pr  needles,  arranged  here  in  eight  several  rows,  so  that  each  spindle 
corresponds  both  horizontally  and  vertically  to  each  of  the  holes  pierced  in  the  four  faces 
of  the  square  axis  d.  There  are  therefore  as  many  of  these  spindles  as  there  are  holes  in  one 
of  the  faces  of  the  square. 

F%%>  571  represents  one  of  these  horizontal  spindles.    %  is  an  eyelet  through  which  the 

TO  • 

corresponding  vertical  skewer  passes,  o  another  elongated  eyelet,  through  which  a  small 
fixed  spindle  passes  to  serve  as  a  guide,  but  which  dot>s  not  hinder  it  from  moving  length- 
wise, within  the  limits  of  the  length  of  the  eyelet,  p,  small  spiral  springs  placed  in  each 
hole  of  the  case  q  q^fig'  ^^O-  '^^^y  ^^'^^  ^^^  purpose  of  bringing  back  to  its  primitive 
position,  every  corresponding  needle,  as  soon  as  it  ceases  to  press  upon  it. 

Fig,  572  represents  the   plan  of  the  upper  row  of  horizontal  needles.    Fig,  573  Is  a 
fragment  of  the  endless  chain,  formed  with  perforated  cards,  which  are  made  to  circulate 
572  1^    -I  573 
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9t  tnTel  by  tbe  rolalion  of  the  shaft  d^  In  this  movemenr,  each  of  the  perforated  cards, 
whose  posiUoD,  form,  and  number^  are  determined  by  the  operatfon  of  tying-np  of  the 
warp,  comes  to  be  appUed  in  suecession  against  the  four  faces  of  the  square  axis  or  dram, 
leaving  open  the  corresponding  holes,  and  covering  those  upon  the  face  of  the  axis,  which 
have  no  corresponding  holes  vpon  the  card. 

Now  let  us  suppose  that  the  press  » is  let  down  into  the  vertical  position  shown  in 
Jig.  568;  then  the  card  applied  against  the  left  face  of  the  axis,  leaves  at  rest  or  un- 
touched the  whole  of  the  horizontal  spindles  (skewers),  whose  ends  correspond  to  these 
holes,  but  pushes  back  those  which  are  opposite  to  tbe  un pierced, part  of  tbe  card ;  thereby 
the  corresponding  upright  skewers,  3,  5,  6,  and  8,  for  example,  pushed  out  of  the  perpen- 
dicaiar,  unhook  themselves  from  above  tbe  bars  of  the  claw,  and  remain  in  their  place, 
wheo  this  claw  comes  to  be  raised  by  means  of  the  lever  o ;  and  the  skewers  1,  2, 4,  and 
7,  which  have  remained  hooked  on,  are  raised  along  with  the  warp  threads  attached  to 
them.  Then  by  the  passage  across  of  a  shot  of  the  color,  as  well  as  a  shot  of  the  common 
weH,  and  a  stroke  of  the  lay  after  shedding  the  warp  and  lowering  the  press  b,  an  element 
or  point  in  the  pattern  is  completed. 

The  following  card,  brought  round  by  a  quarter  revolution  of  the  axis,  finds  all  the 
needles  in  their  first  position,  and  as-  it  is  necessarily  perforated  differently  from  the  pre> 
ceding  card,  it  will  lift  another  series  of  warp  threads ;  and  thus  in  succession  for  all  the 
other  cards,  which  compose  a  complete  system  of  a  figured  pattern. 

This  machine,  complicated  in  appearance,  and  which  requires  some  pains  to  be  under- 
itMd,  acts  however  in  a  very  simple  manner.  Its  whole  play  is  dependant  upon  the 
iDOTement  of  the  lever  o,  which  the  weaver  himself  causes  to  rise  and  fall,  by  means  of 
a  peculiar  pedal ;  so  that  without  the  aid  of  any  person,  after  the  piece  is  properly  read 
in  and  mounted,  he  can  ezecnte  the  most  complex  patterns,  as  easily  as  he  could  weave 
plain  goods ;  only  attending  to  the  order  of  his  weft  yarn^  when  these  happen  to  be  of 
iifierent  colors. 

IT  some  warp  yams  should  happen  to  break  without  the  weaver  observing  them,  or 
ihonld  he  mistake  his  colored  shuttle  yams,  which  would  so  far  disfigure  the  pattern, 
he  most  undo  his  work.  For  this  purpose,  he  makes  use  of  the  lower  hooked  lever  f^ 
wboae  purpose  is  to  make  the  chain  of  the  card  go  baekwards,  while  working  the  loom 
as  usual,  withdrawing  at  each  stroke  the  shot  both  of  the  ground  and  of  the  figure.  The 
weaver  is  the  more  subject  to  make  mistakes,  as  the  figured  side  of  the  web  is  downwards, 
tod  it  is  only  with  the  aid  of  a  bit  of  looking-glass  that  he  takes  a  peep  of  his  work  from 
time  to  time.  The  upper  surface  exhibits  merely  loose  threads  in  different  points,  actiord- 
ing  as  the  pattern  requires  them  to  lie  upon  the  one  side  o^  the  other. 

Thus  it  most  be  evident,  that  such  a  number  of  paste-boards  are  to  be  provided  and 
noQDted  as  equal  the  number  of  throws  of  the  shuttle  between  the  beginning  and  end  of 
soy  fignre  or  design  which  is  to  be  woven ;  the  piercing  of  each  paSte-board  individually, 
will  depend  upon  the  arrangement  of  the  lifting  rods,  and  their  connexion  with  tbe  warp, 
which  is  according  to  the  design  and  option  of  the  workman ;  great  care  must  be  taken 
that  the  holes  come  exactly  opposite  to  the  ends  of  the  needles;  for  this  purpose  two  large 
holes  are  made  at  the  ends  of  the  paste-boards,  which  fall  upon  conical  points,  by  which 
Deans  they  are  made  to  register  correctly. 

It  will  be  hence  seen,  that,  according  to  the  length  of  the  figure,  so  must  be  the 
nonber  of  paste-boards,  whieh  may  be  readily  displaced  so  as  to  remount  and  produce 
the  figure  in  a  few  minutes,  or  remove  it,  or  replace  it,  or  preserve  the  figure  for  future 
lie.  The  machine,  of  course,  will  be  understood  to  consist  of  many  sets  of  the  lifting 
nds  and  needles,  shown  in  tbe  diagram,  as  will  be  perceived  by  observing  the  disposition 
of  the  holes  in  the  paste-board;  those  holes,  in  order  that  they  maybe  accurately 
distributed,  are  to  be  piereed  from  a  gauge,  so  Uiat  not  the  slightest  variation  shall  take 
place. 

To  form  these  card-slips,  an  ingenious  apparatus  is  employed,  by  which  the  "proper  steel 
pnnches  reqoired  for  the  piercing  of  each  distinct  card,  are  placed  in  their  relative  situa- 
tions preparatory  to  the  operation  of  piercing,  and  also  by  its  means  a  card  may  be  punched 
wiih  any  number  of  holes  at  one  operation.  This  disposition  of  the  punches  is  effected 
hy  means  of  rods  connected  to  cords  disposed  in  a  frame,  in  tbe  nature  of  a  false  simple, 
oa  which  the  pattern  of  the  work  to  be  performed  is  first  read  in. 

These  improved  pieced  cards,  slips,  or  paste-boards,  apply  to  a  weaving  apparatus^ 
which  is  so  arranged  tkmt  a  figure  to  be  wrought  can  be  extended  to  any  distance  along 
the  hwm,  and  by  that  means  tbe  loom  is  rendered  capable  of  producing  broad  figured 
works;  having  the  long  lever  o  placed  in  sueh  a  situation  that  it  affords  power  to  the 
foot  of  the  weaver,  and  by  this  means  enables  him  to  drait  the  heaviest  morintures  and 
iignred  works,  without  the  assistance  of  a  dmw*boy. 

The  machinery  for  arranging  the  punches,  conslst9  of  a  frame  with  four  upright 
standards  and  cross-pieces,  which  eontains  a  series  of  endless  cords  passing  under  a 
Wooden  rotter  at  bottom,  and  over  poUeys  at  the  top*    These  pulleys  are  mounted  on 
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ftxles  in  two  frames,  plaeed  obliquely  over  the  top  of  the  itaadanl  terns,  wliidi  pvlley- 
frames  constitute  the  table  commonly  used  by  weavers. 

In  order  better  to  explain  theae  endless  eoidjB,  >S;.  574  represents  a  sinfle  eadlecb 
cord  1,  1,  whieh  is  here  shown  in  operation,  and  part  of  another  endless  ooid  2,  2,  shown 

stationary.  There  mast  be  as  many  endlcK  eords 
in  this  frame  as  needles  in  the  weaving-loom,  a  is 
the  wooden  cylinder,  revolving  npon  its  axis  at  the 
lower  part  of  the  standards  j  b  6,  the  two  pulleys  of  the 
pulley*frames  above,  over  which  the  individual  end- 
less cord  passes ;  c  is  a  small  traverse  ring.  To  each 
of  these  rings  a  Weight  is  suspended  by  a  single  thread, 
for  the  purpose  of  giving  tension  to  the  endless  eord. 
<i  is  a  board  resembling  a  common  comber-bar,  whieh 
is  supported  by  the  croas^bats  of  the  standard  frame, 
and  is  pierced  with  holes,  in  situation  and  number, 
corresponding  with  the  perpendicular  threads  tktX 
pass  through  them;  whieh  board  keeps  the  thrrads 
distinct  from  each  other. 

At «,  the  endless  eord  passes  through  the  eyes  of 
wires  resembling  needles,  whieh  are  contained  in  a 
wooden  box  placed  in  front  of  the  maehine,  and  shown 
in  this  figure  in  section  only.  These  wires  are  called 
the  punch'projtctwB  ;  they  are  guided  and  aupported 
by  horizontal  rods  and  vertical  pins,  the  latter  of 
which  pass  through  loops  formed  at  the  hinder  part 
of  the  respective  wires.  At  /  are  two  horizontal 
rods  extending  the  whole  width  of  the  machine,  for 
]the  purpose  of. producing  the  cross  in  the  eords;  g 
is  a  thick  brass  plate,  extending  along  in  front  of  the 
_  machine,  and  lying  close  to  the  box  which  holds  the 

jmnch^projeclors  ;  this  plate  g,  shown  also  in  section,  is  called  the  punck-hoUdtr ;  it  contains 
the  same  number  of  apertures  as  there  are  punch-projeeton^  and<lisposed  so  as  to  oorres- 
pond  with  each  other.  In  each  of  these  apertures,  there  is  a  punch  for  the  purpose  of 
piercing  the  cards,  sllps^  or  pasteboards  with  holes;  ii  is  a  thick  steel  plate  of  the  same 
tize  as  g,  and  shown  likewise  In  sectk>n,  corresponding  also  in  its  noniber  of  apertnres, 
and  their  disposition,  with  the  punch-projectors  and  the  punch-holder.  This  plate  A,  is 
called  the  punch-receiver. 

The  object  of  this  machine  is  to  transfer  such  of  the  punches  as  may  be  required  for 
piercing  any  individual  card. from  the  punch-holder  g,  into  the  punch-receiver  h;  when 
they  will  be  properly  situated,  and  ready  for  piercing  the  individual  card  or  slip,  with 
such  boles  as  have  been  read  in  upon  the  machine,  and  are  required  for  pcrmittiag  the 
warp  threads  to  be  withdrawn  in  the  loom,  when  this  card  is  brought  against  the  ends 
of  the  needles.  The  process  of  transferring  the  patterns  to  the  punches  will  be  effected 
in  the  following  manner. 

The  pattern  is  to  be  read  in,  according  to  the  ordinary  mode,  as  in  a  false  simple, 
upon  the  endless  cords  below  the  rods/,  and  passed  under  the  revolving  wooden  cylinder 
a,  to  a  sufficient  height  for  a  person  in  front  of  the  machiae  to  reach  conveniently.  He 
there  takes  the  upper  threads  of  the  pattern,  called  the  beard,  and  draws  them  forward 
so  as  to  introduce  a  stick  behind  the  cords  thus  advanced,  as  shown  by  dots,  for  the  pur- 
pose of  keeping  them  separate  from  the  cords  which  are  not  intended  to  be  operated 
upon.  All  the  punch-projectors  which  are  connected  with  the  cords  brought  forward, 
will  be  thus  made  to  pass  through  the  corresponding  apertures  of  the  punch-holder  g, 
and  by  this  means  will  project  the  punches  out  of  these  apertures,  into  corresponding 
apertures  of  the  punch-receiver  k.  The  punches  will  now  be  properly  arranged  ler 
piercing  the  required  holes  on  a  card  or  slip,  which  is  to  be  effected  in  the  following 
manner. 

Kemove  the  punch-receivers  from  the  front  of  the  machine ;  and  having  placed  one 
of  the  slips  of  card  or  pasteboard  between  the  two  Ibkling  i^tes  of  metal,  completely 
pierced  with  holes  corresponding  to  the  needles  of  the  loom,  lay  the  punch-receiver  upon 
those  perforated  plates;  to  which  it  mast  be  made  to  fit  by  ODortiBes  and  blodcs,  the 
cutting  parts  of  the  punches  being  downwards.  Upon  the  tmdc  of  the  punch-receiver 
is  then  to  be  placed  a  plate  or  block,  studded  with  perpendicular  pins  corresponding  to 
the  above  described  holes,  into  which  the  pins  will  falL  The  plates  and  the  blocks  thus 
laid  together,  are  to  be  placed  under  a  press,  by  which  means  the  pins  of  the  blochrwill 
be  made  to  pass  through  the  apertures  of  the  punch-reoeiver  $  and  wherever  the  punch 
has  been  deposited  in  the  receiver  by  the  above  process,  the  said  punches  will  be  foreed 
through  the  slip  of  pasteboard,  and  pierced  with  such  holes  as  are  required  for  produeia^ 
the  figured  design  in  the  loom. 
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Each  eard  being  thus  pierced,  tlic  paack  rectiyer  is  retnrtied  td  ils  place  in  fimit  of 
the  machine,  and  all  the  punches  forced  1>ack  again  ipto  the  apertures  of  the  punch- 
holder  as  at  firsL  The  neit  set  of  cords  is  now  drawn  forward  by  the  next  beard,  as 
above  described,  which  sends  out  the  pundi-^rojeetcrM  as  before,  and  disposes  the  punches 
in  the  ponch^receiyer,  ready  for  the  operation  of  piercing  the  next  cimi.  The  process 
being  thus  repeated,  the  whole  pattern  i9>  by  a  number  of  operations,  transferred  to  the 
pQDches,  and  afterwards  to  the  cards  or  slipe»  as  above  described. 

JADE,  axe-stone  (NephrUe^  Ceraumft,  Fr.),  is  a  mineral  commonly  of  a  greenish 
color,  compact,  and  of  a  fatty  lustre.  Spec*  Grav.  2*9&;  scratches  glass,  is  very  tough; 
fuses  into  a  while  enamel.  Its  constitnenis  are^  silica,  50*5 ;  alumina,  10 ;  magnesia,  31 ; 
oxyde  of  iron,  5*50  $  oxyde  of  ehrome,  0*06 }  water,  2*75.  It  comes  from  China,  is  used 
among  rude  nations  foe  malting  hatchets;  and  is  susceptible  of  being  cut  into  any 
form. 

JAPANNING,  is  a  kind  of  varnishing  or  lackering,  practised  with  excellence  by  the 
Japanese,  whence  the  name.    See  Yaakish. 

JASPER  (Jaspe  cakedoime,  Fr. ;  J4i9pi$,  Germ.)  is  a  sub  species  of  caleedony  quartz, 
of  which  there  are  five  varieties.  1.  The  Egyptian  red  and  brown,  with  ring  or  tendril- 
shaped  delineations.  2.  Striped  jasper.  8.  Porcelain  jasper.  4.  Conmion  jasper.  5. 
Agate  jasper.  The  prettiest  specimens  are  cut  for  seals,  and  for  the  inferior  kinds  of 
jewellery  ornaments.    See  I^APIDArt. 

IC&HOUSF ;  (GladUn^  Fr. ;  Eiakam,  GenD.>  Under  the  article  Fre^izing  I  have 
eoomerated  the  different  artificiad  methods  of  producing  cold.  But  for  the  uses  of  com- 
Bon  life,  in  these  climates,  the  most  economical  and  convenient  means  of  refrigeration  in 
kot  weather  may  be  procured  by  laying  up  a  store  of  ice  in  winter,  in  such  circumstances 
as  will  preserve  it  solid  daring  summer. 

An  ice-bouse  should  not  be  regarded 'as  an  object  of  mere  luxury,  for  pleasing  the  pal- 
ates of  gourmands  with  iced  creams  and  orgeats.  In  the  southern  countries  of  Europe 
it  is  considered  among  people  in  easy  circumstances  as  an  indispensable  appendage  to  a 
coBolry  mansion.  During  the  Dog-days,  especially  at  those  periods  and  in  those  dis- 
iricts  where  the  sirocco  blows,  a  lassitude  and  torpor  of  mind  and  body  supervene,  with 
indigestion  or  total  loss  of  appetite,  and  sometimes  dysenteries,  which  are  obviously  oe- 
caiioDed  by  the  excessive  beat,  and  are  to  be  prevented  or  counteracted  chiefly  by  the  use 
of  cold  heverages»  By  giving  tone  to-  the  stomach,  iced  drinks  immediately  restore  the 
fQBctioDs  of  the  nervous  and  muscular  systems  when  they  are  languid ;  while  they  enable 
persons  in  health  to  endure  without  much  inconvenience  an  atmosphere  so  close  and 
nltry  as  would  be  intolerable  without  this  remedy.  Ice-houses,  moreover,  afford  to 
amntry  gentlemen  a  great  advantage  in  enabling  them  to  preserve  their  fish,  butcher 
Beat,  dead  poultry,  and  game^  which  would  otherwise,  in  particular  states  of  the  weather, 
iiDiDcdiately  spoil.  Considering  at  how  little  expense  and  trouble  an  ice-house  can  be 
eonatmcted,  it  is  surprising  that  any  respectable  habitation  in  the  country  should  not  have 
aae  attached  to  it.  .  The  simplest  and  most  scientific  form  is  a  double  cone,  that  is,  two 
cooes  joined  base  to  base ;  the  one  being  of  stones  or  brickwork,  sunk  under  ground  with 
iu  apex  at  the  bottom,  into  which  the  ice  is  rammed ;  the  other  being  a  conical  roof  of 
carpeotiy  covered  with  thaleh,  and  pointed  at  top.  The  entrance  should  be  placed  always 
on  Lbe  noith  aide ;  it  should  consist  of  a  corridor  or  porch  with  double  doors,  and  be 
KTcened  from  the  sunbeams  by  a  small  sbruhbery*  Such  are,  in  general,  the  principles 
opon  which  an  ice-house  should  be  formed ;  but  they  will  be  better  understood  by  the 
foOowioc  eiplanaiion  and  figure. 

A  dry  sandy  soil  should  be  selected,  and,  if  possible,  a  spot  sheltered  by  a  cliff  or  other 
aaioral  barrier  from  the  direct  rays  of  the  sun.  Here  a  cavity  is  to  be  dug  about  16  feet 
ia  diameter,  terminating  below  like  the  point  of  a  sugar  loaf.  Its  ordinary  depth,  for 
I  moderate  family,  may  be  about  24  feet  $  but  the  larger  its  dimensions  are,  the  longer 
^ill  it  preserve  the  ice,  provided  it  be  filled.  In  digging,  the  workman  should  slope  the 
^nd  progressively  towards  the  axis  of  the  cose,  to  prevent  the  earth  falling  in.  This 
conical  slope  should  be  faced  with  brick  or  stone  work  about  one  foot  thick,  and  jointed 
vitb  Roman  cement  so  as  to  be  air  and  water  tight.  A  well  is  to  be  excanrated  at  the 
Witoffi  two  feci  wide  and  fonr  deep,  cotercd  ni  top  with  an  iron  grating  for  supporting 
the  ice,  aad  letting  the  water  drain  away. 

The  upper  cone  may  likewise  be  built  of  brickwork,  and  covered  with  thatch ;  sudi  a 
nK>f  wnuU  prove  the  most  duDabLek  This  is  thd  construction  shewn  in  fig,  575.  What- 
^er  kind  of  roof  be  preferred,  there  must  be  left  in  it  an  oblong  passage  into  the  interior. 
Jfaii  porch  shovld  face  thenocth^  and  be  at  Icnst  8  feet  long  by  ^  feet  wide «,  and  per- 
Mctly  closed  by  a  «ett-fltted< door  at: each  end.  AU  ronnd  the  bottom  of  this  conical 
«>v<r,  a  gutter  should  be  placed  to  tun^  eff  the  rain  to  a  distance  flrom  the  ice-house,  and 
prevent  the  circumjacent  ground  from  getting  soaked  with  moisture. 

I^tg.  575  shows  the  seetkm  of  a  well«eonstracted  ice-house.  Under  the  ice-cham- 
ber a  the  ice  is  rafluned  into  the  space  n.     c  is  the  grate  of  the  drain-sink  d.    Tha 


tn  IMPERMEABLE  CLOTH. 

IKiTtton  I  E  is  ImBt  id  btiek  or  itone  i  the  b«K  i.  of  tbe  {M-chamber  «lop«s  inwirdi  to- 
wardi  the  centre  al  c.      Ttae  upper  part  of  the  brickworii  e  e  h  a  little  way  below  the 
—  leiel   of  the  ground.      The   wooden   tnait  inirk 

F  r  r  r  fomis  the  poor,  and  Ea  coiered  with  thick 
thatch.  G  H  is  the  wooden  work  of  the  dooc  i.  Al 
I  the  bDcket  is  seen  Tor  lining  up  a  ehBi^  oT  ice, 
by  nteaiu  of  the  cord  j  pasting  orer  tlie  pallej  ■, 
which  enablet  (he  seirani  to  nise  it  easily. 

Tbe  ieehoDse  should  have  no  window  lo  admit 
light ;  but  be,  so  to  speak,  hermeticaUT  tealed  ia 
every  point,  eieept  at  itt  cew-pool,  which  maj 
terminate  in  a  water  trap  to  prevent  circnlalkni  of 

A  clear  day  should  be  selected  far  charging  [he 
ieehoute;  but  before  beginning:  to  ISlt,  a  qaantiCT 
of  long  dry  straw  shoald  be  laid  on  the  bollnn 
crosswise;  and  b«  the  ice  is  pn^renirelr  inliDdaccd, 
Straw  is  to  be  spread  against  the  conical  i^ide?,  to  prr 
veot  (he  ice  frran  coming  into  contact  with  the  bridi 
or  stone  work.  The  more  (irmly  compacted  the  in 
is,  the  belter  doea  it  keep  ;  with  which  view  it  shouk 
be  broken  into  pieces  with  mallets  before  beinl 
thrown  in.  No  layers  of  straw  should  be  stratified 
atDong  the  ice,  for  Ibey  would  make  its  bod}  poroot. 
Some  persons  recommend  to  ponr  in  a  litile  watn 
with  the  succeasive  layen  of  ice,  in  order  to  fill  up  itt  small  crevices,  and  convert  th< 

Over  the  top  layer  a  thick  bed  of  straw  should  be  spread,  which  is  to  be  eovem 
with  boards  surmounted  with  heavy  stone*,  to  close  np  (he  int«^ices  in  (he  straw.  Th 
inner  and  outer  doors  Ehould  never  be  opened  at  once;  but  tbeoneshonld  always  be  shn 
before  the  other  is  opened. 

Dry  snow  well  rammed  keeps  equally  well  with  hard  ice,  if  care  be  taken  to  leave  a 
cavities  jn  (he  maes,  and  to  secnre  its  compactness  by  sprinkling  a  little  water  upon  thi 
BQceeesive  charfes. 

To  facilitate  the  extraction  of  the  ice,  a  ladder  is  set  op  against  its  sloping  wall  at  at 
side  of  the  door,  and  left  (here  during  tbe  season. 

JELI.Y,  VEGETABLE,  of  ripe  currants  and  other  berries,  is  a  compoand  oTmocilagi 
and  acid,  which  loses  iti  power  of  gela(inifing  by  prolonged  ebultiliOn. 

JELLY,  AMMAL ;  see  GsiAnn*,  Gldf,  and  [siNctAsa. 

JET  (JaitI  or  jail,  Fr.),  a  species  of  pilch-coal  or  glance-eosl,  which,  being  tixm 
abundantly  in  a  beantifui  compact  form,  in  the  valley  of  Het^  arrondissement  of  Pamien 
department  of  the  Arri^ge,  has  been  worked  op  extensively  (here  from  lime  immemoria] 
jn(o  a  miillilude  of  ornamental  articles.  With  this  black  lignite,  buttons,  crosses,  rosarie; 
necklaces,  ear-drops,  bracelets,  waist-buckles,  ftc.  are  made,  which  were  at  one  (im 
much  worn  by  ladies  for  mournioK  dreases.  The  greater  number  of  (hese  ornaments  sr 
fashioned  upon  grind-stones  which  torn  in  a  horizontal  direction,  and  are  kept  continnatl 
wet  i  others  are  turned  at  the  lathe,  or  shaped  by  Glei. 

Abonl  40  years  ago  this  manufacture  employed  from  1000  to  ISOO  opemtives  ;  at  pretm 
it  gives  bread  to  only  60.  This  falling  off  may  he  ascribed  lo  the  suceessfal  imitntioD  a: 
''  e  jet  articles  by  (hose  of  black  glass,  which  are  equally  beautiful,  and  not  nearly  a 


aptti 


hbyui 


IMPERMEABLE,  is  the  epithet  given  to  any  kind  of  textile  &bric,  lendeied  watei 
proof  by  one  or  other  of  the  following  aiibstanees ) — 

1.  Linseed  oil  lowhichadryisg  quality  has  been  communicated  by  boilinf  with  litharg 
or  sugKr  of  lead,  ftc. 

2.  The  same  oil  holding  in  solution  a  little  Montehonc. 

3.  A  varnish  made  by  diiiolving  caoutchouc  in  i«tti8ed  petroleum  or  naptba,  appHc 
between  two  surfaces  of  ctotb,  at  described  under  Maekintoah's  patent.      See  Caoiti 

4.  Vegetable  or  mineral  pitdi,  applied  bot  with  a  brush,  as  in  making  tarpawling  r<c 
eoveiing  goods  in  ship*. 

5.  A  solution  of  soap  worked  into  cloth,  and  dee«mpo«ed  in  it  by  the  aetim  of 
KdoIlM  of  alum  ;  whence  resnlts  a  mixture  of  acid  fats  and  alnmiaa,  which  insinuate 
iltelf  among  all  the  woolly  filaments,  filii  their  inlarttices,  and  preventt  tbe  pastage  a 


6.  A  tolntion  «f  glne 


'    singkus,  iatiftooed  into  a  ttaff,  and  tbea  ««ed  upon  by 
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dear  inAuioii  of  galls,  wherebj  ihe  fibres  get  impr€|riiat^  with  an  iasoliiUe,  impermear 
Ue,  polverulent  leather. 

7.  Plaster  work  is  rendered  impermeable  by  mixing  artificial  or  natural  asphalt um 
with  it. 
JEWELLERY,  Art  of.    See  Gem  and  Lapidaet.  < 

INCOMBUSTIBLE  CLOTH  is  a  tissue  of  the  fibrous  mineral  called  amianthus  or 
asb«>5to5.  This  is  too  rare  to  form  the  object  of  any  considerable  manufacture.  Cotton 
and  linen  cloth  may  be  best  rendered  incapable  of  taking  fire,  or  burning  with  flame,  by 
beine  imbued  with  a  solution  of  sal  ammoniac. 

INCUBATION,  ARTIFICIAL.  The  Egyptians  have  from  time  immemorial  been 
accustomed  tu  hatch  e^gs  by  artificial  wanalb,  without  the  aid  of  hens,  in  peculiar  stoves, 
called  Mammals.  The  inhabitants  of  the  villaee  Berme  still  travel  through  the  most 
disunt  provinces  of  Egypt  at  certain  seasons  of  the  year,  with  a  portable  furnace,  heated 
by  a  lamp,  and  either  hatch  chickehs  for  sale,  or  undertake  to  hatch  the  eggs  belonging 
to  the  natives  at  a  certain  rate  per  dozen.  M.  de  Reaumur  published  in  France,  about  a 
century  ago,  some  ineenious  observations  upon  this  subject ;  but  M.  Bonnemain  was  the 
first  person  who  studied  with  due  attention  all  the  circumstances  of  artificial  incubafion, 
and  mounted  the  process  successfully  upon  the  commercial  scale.  So  far  back  as  1777 
he  communicated  to  the  Academy  of  Sciences  an  interesting  fact,  which  he  had  noticed, 
upon  the  mechanism  employed  by  chicks  to  break  their  shells ;  and  fur  some  time  prior 
to  the  French  revolution  he  famished  the  Parisian  market  with  excellent  poultry  at  a 
period  of  the  year  when  farmers  had  ceased  to  supply  it.  His  establishment  was  ruined 
at  that  disastrous  era,  and  no  other  has  ever  since  been  constructed  or  conducted  with 
similar  care.  As  there  can  be  no  doubt  however  of  the  practicability  and  profitableness 
of  the  scheme,  when  judiciously  managed,  I  shall  insert  a  brief  account  of  his  ingenious 
arrangements.  I  had  the  pleasure  of  making  the  acquaintance  of  this  amiable  old  man 
at  my  first  visit  to  Paris,  many  years  ago,  and  believe  all  his  statements  to  be  worthy  of 
credtL  Some  imitations  pf  his  plans  have  been  made  in  this  country,  but  how  far  they 
have  succeeded,  in  an  economical  point  of  view,  it  is  diificull  to  determine.  His  appa- 
ratus derives  peculiar  interest  from  the  fact  that  it  was  founded  upon  the  principle  of  the 
circulation  of  hot  water,  by  the  intestine  nwtions  of  its  particles,  in  a  returning  series  of 
connected  pipes ;  a  subject  afterwards  illustrated  in  the  experimental  researches  of  Count 
Rumford.  It  hfts  of  late  years  been  introduced  as  a  novelty  into  this  country,  and  applied 
to  warm  the  apartments  of  many  public  and  private  buildings.  The  following  details 
will  prove  that  the  theory  and  practice  of  hot  water  circulation  were  as  perfectly  under- 
stood by  M.  Bonnemain,  fiAy  years  ago,  as  they  are  by  any  of  our  stave-doctors  at  the 
pcesent  day.  They  were  then  publidy  exhibited  at  his  residence  in  Paris,  and  were 
afterwards  communicated  to  the  world  at  large  in  the  interesting  article  of  the  Dic/toa- 
man  Teeknotogique,  entitled  Incubatum  ArtificieUe, 

The  apparatus  of  M.  Bonnemain  consisted:  1.  of  a  boiler  and  pipes  for  the  circula 
tion  of  water;  2.  of  a  regulator  calculated  to  maintain  an  equable  temperature ;  3.  of 
a  stove-apartment,  heated- constantly  to  the  degree  best  fitted  for  incubation,  which  he 
called  the  hatching  pitch.  .  He  attaehed  to  one  side  a  potuHnUn  or  chick-room,  for  cher- 
ishing the  chickens  during  a  few  days  after  incubation. 

The  boiler  is  represented  in  vertical  section  and  ground  plan,  in  figs*  576  and  677. 

It  is  composed  of  a  doable  cylinder  of  copper  or  cast-iron,  I  /,  having  a  grate,  b  (see 

576  plan),  an  ashpit  at  (i  (section).  The  water  occupies  the  shaded 

space  c,  c.    A,  g,  g,  i,  s,  are  five  vertical  flues,  for  conducting 

the  burnt  air  and  smoke,  which  first  rise  in  the  twa  exterior 

fines  s,  e,  then  descend  in  the  two  adjoining  flues  g,  g,  and 

finally  re^mount  through  the  passages  i,  t,  in  the  central  fine 

A.    During  this  upwards  and  downwards  circulation,  as  shown 

by  the  arrows  in  the  section,  the  products  of  combustion  are 

made  to  impart  nearly  the  whole  of  their  heat  to  the  water  by 

which  they  are  surrounded.     At  the  commencement,  some 

burning  paper  or  wood  shavings  are  inserted  at  the  orifice  m, 

to  establish  a  draught  in  this  circuitous  chimney.    The  air  it 

admitted  into  the  ashpit  at  the  side,  in  regulated  quantities, 

through  a  small  square  door,  moveable  round  a  rod  which  runs 

horiionuUy  along  its  middle  line.    This  swing  valve  is  acted 

npon  by  an  expanding  bar  (see  Heat-Reg uLAToa),  which 

opens  it  more  or  less,  according  to  the  temperature  of  the 

stove  apartment  in  which  the  eggs  are  placed. 

D  is  the  upper  oriilee  of  the  boiler,  by  which  the  hotter  and  consequently  lis^hter  par- 

tides  of  the  water  continnaBy  aseend,  and  are  replaced  by  the  cooled  particles,  which 

eater  the  boiler  near  its  bottom,  as  shown  in  fig.  578,  at  a.    Into  further  details  relative 

lo  the  boiler  it  it  needJets  to  enter ;  for  though  its  fonuy  at  designed  by  M.  Bonnemain, 
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Is  excellent  and  most  economical  of  heat  for  a  charcoal  fire,  it  wonld  not  snu  one 
eoa)«  on  accoant  of  the  obstruction  to  the  pipes  which  would  soon  be  occasioned  9y  it 


In  fig,  578  the  boiler  is  shown  at  r,  with  the  rod  which  regulates  the  air  door  of  the 
ashpit.  D  is  a  stopcock  for  modifying  the  opening  by  which  the  hotter  particles  of 
water  ascend  ;  6  is  the  water-pipe  of  communication,  having  the  heating  pipe  of  distn- 
buiion  attached  between  e  f,  which  thence  passes  backwards  and  forwards  with  a  very 
sHeht  slope  from  the  horizontal  direction,  till  it  reaches  the  pous^ini^e  o  p  q.  It  tmrerses 
this  apartment,  and  returns  by  N  N  to  the  orifice  of  the  boiler  h,  where  it  turns  verljcally 
downwards,  and  descends  to  nearly  the  bottom  of  the  boiler,  discharging  at  that  point 
the  cooled  and  therefore  denser  particles  of  water,  to  replace  those  which  continually  issue 
tipwards  at  d.  l  r  is  a  tube  surmounted  with  a  funnel  for  keeping  the  range  of  pipes 
always  full  of  water ;  and  x  is  a  syphon  orifice  for  permitting  the  escape  of  the  disen- 
gaged air,  which  would  otherwise  be  apt  to  occupy  partially  the  pipes  and  ol»troct  the 
aqueous  circulation. 

The  faster  the  water  gets  cooled  in  the  serpentine  tubes,  the  quicker  its  cireiilatkm 
wfl]  be,  because  the  difference  of  density  between  the  water  at  the  top  and  bottom  of  the 
boiler,  which  is  the  sole  cause  of  its  movement,  will  be  greater,  v  represents  small  sau- 
cers filled  with  water,  to  supply  the  requisite  moisture  to  the  heated  air,  and  lo  place  the 
eggs,  arranged  along  the  trays  m  m,  in  an  atmosphere  analogous  lo  that  under  the  body 
of  the  hen. 

When  we  wish  to  hatch  eggs  with  this  apparatus,  the  fire  is  to  be  kindled  in  the  boiler, 
and  as  soon  as  the  temperature  has  risen  to  about  100^  F.,  the  eggs  are  introduced ;  but 
only  one  twentieth  of  the  whole  number  intended,  upon  the  first  day;  next  day,  a  like 
number  is  laid  upon  the  trays,  and  thus  in  succession  for  twenty  days,  so  that  upon  the 
twenty-first  day  the  eggs  first  placed  may  be  hatched,  for  the  most  part,  and  we  may 
obtain  daily  afterwards  an  equal  ilumber  of  chicks.  In  this  way,  regnlaritv  of  care  m 
established  in  the  rearing  of  them. 

During  the  first  days  of  incubation,  natural  as  well  as  artificial,  a  small  portion  of  the 
water  contained  in  the  egg  evaporates  by  the  heat,  through  the  shell,  and  is  replaced  by 
a  like  quantity  of  air,  which  is  afterwards  useful  for  the  respiration  of  the  animal.  If  the 
warm  atmosphere  sorrounding  the  eggs  were  very  dry,  such  a  portion  of  the  aqueous  part 
of  the  eggs  would  evaporate  through  the  pores  of  the  shells  as  would  endanger  the  future 
life  of  the  chick  in  ovo.  The  transpiration  from  the  body  of  the  hen,  as  she  siu  upon  her 
eggs,  counteracts  this  desiccation  in  general ;  yet,  in  very  dry  weather,  many  hatching 
eggs  fail  from  that  cause,  unless  they  be  placed  in  moist  decomposing  straw.  The  water 
saucers  n  n  are  therefore  essential  to  success  in  artificial  incubation. 

AAer  the  chickens  are  hatched  they  are  transf\?rred  into  the  nursery,  o  q,  on  the  front 
side  of  which  there  is  a  small  grated  trough  filled  witK  millet  seed.  &na]l  divisk>ns  are 
made  between  the  broods  of  successive  days,  to  enable  the  superintendent  to  vary  their 
feeding  to  their  age. 

In  order  to  supply  an  establishment  of  the  common  kind,  where  100  eggs  are  to  be 
hatched  daily,  a  dozen  of  hens  would  be  needed,  and  150  eggs  must  be  placed  under  them, 
as  only  two  thirds  in  general  succeed.  At  this  rate,  4800  mothers  would  be  required  to 
sit.  Now  supposing  we  should  collect  ten  times  as  many  hens,  or  43,000,  we  should  not 
be  able  to  command  the  above  number  of  chickens,  as  th«re  is  seldcoi  «  tenth  part  of 
hens  in  a  brooding  state.  Besides,'  there  wonld  be  in  this  case  no  fewer  than  790  hens 
every  day  coming  out  with  a  fresh  brood  of  chickens,  which  wooM  require  a  regisKnt  of 
superintendents. 

Jrtificial  Incubation  6y  mtam  of  Hot  MkurtU  |9^<BMn.— Thia  ewiottt 
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ucscribed  very  brieiy  ia  a  letter  \ff  M.  D'Arect    Tha  iUIowing  are  eztraetB  from  this 
teller  :— 

^*  la  Jone»  1825, 1  obtained  chicken*  and  pigeons  at  Vichy,  by  artificial  incubation, 
effected  throogh  the  means  of  the  thermal  waters  of  that  place.  In  1827  I  went  to  the 
baths  of  Chandes-Aigues,  principally  for  the  purpose  of  doing  the  same  thins:  there. 
Fiodinz  the  proprietor  a  zealous  man,  I  succeeded  in  making  a  useful  application  of  this 
soarce  of  heat  to  the  production  of  poultry. 

'' The  advantage  of  this  process  may  be  comprehended,  when  it  is  known  that  the 
invalids  who  arrive  at  Vichy,  for  instance  in  the  month  of  May,  find  chickens  only  the 
size  of  quails ;  whereas,  by  this  means,  they  maiy  be  readily  supplied  six  months  old. 

^  The  good  which  may  be, done  by  establishing  artificial  incubation  in  places  where 
hot  springs  exist  is  incalculable ;  it  may  be  introduced  into  these  establishments  without 
at  all  interfering  with  the  medical  treatment  of  patients,  since  the  hatching  would  go 
an  in  winter,  at  a  time  when  the  baths  fbr  other  purposes  are  out  of  use. 

"  There  is  no  other  trouble  required  in  breeding  chickens,  by  means  of  hot  baths,  than 
to  break  the  eg^s  at  the  proper  time ;  for,  when  the  apartments  are  closed,  the  whole  of 
the  interior  wUl  readily  acquire  a  sufiiciently  elevated  and  very  constant  temperature/' 

In  addition  to  these  details  by  M.  D'Arcet,  a  letter  was  received  from  M.  Felgeris,  the 
proprietor  of  the  baths  at  Chaudes-Algue8-(Cantal),  in  which  he  describes  the  success 
he  had  in  following  M.  D'Arcet's  process.  This  consists  in  putting  the  eggs  into  a  small 
basket,  suspending  it  in  one  of  the  stove-rooms  heated  by  the  hot  mineral  water,  and 
toroing  round  the  eggs  evety  day.  The  very  first  trial  was  attended  with  success,  and 
so  failure  was  experienced  in  four  repetitions  of  it. 

IXDIGO.  This  invaluable  blue  dye-stnfif,  for  which  no  tolerable  snbstitnte  has  been 
fottod,  was  known  to  the  ancients  as  a  pigment  under  the  name  of  indicumf  whence  its 
present  denomination.  In  modern  Europe,  it  first  came  into  extensive  use  in  Italy,  but, 
sbout  the  middle  of  the  16th  century,  the  Dutch  began  to  import  and  employ  it  in  con- 
siderable quantities.  Its  general  inirodnetion  into  the  dye-houses  of  both  England  and 
France  was  kept  back  by  absurd  laws,  founded  upon  an  opinion  that  it  was  a  fugitive 
sob$tance,  and  even  prejudicial  to  the  fibie  of  wool.    See  Dyking,  p.  419. 

The  plants  which  afford  this  dye^rug  grow  in  the  East  and  West  Indies,  in  the  mid- 
die  regions  of  America,  in  Africa,  and  Europe.  They  are  all  species  of  the  genera  Ind^ 
P/tra,  I$ati$,  and  Nerium, 

The  following  are  cultivated  :—/iidigq/era  iinetoria  afibrds  in  Bengal,  Malabar, 
Madagascar,  the  Isle  of  France,  and  St.  Domingo,  an  article  of  middling  quality,  but 
in  large  quantity.  The  indigo/era  ditptrmCy  a  plant  cnltivated  in  the  East  Indies 
and  America,  grows  higher  than  the  preceding,  is  woody,  and  furnishes  a  superior 
dye  staff.  The  Gnatimala  indigo  comes  from  this  species.  Indigo/era  Jlnil  grows  in 
the  same  countries,  and  also  in  Uie  West  Indies.  The  Indigo/era  jSrgintta,  which  grows 
^  in  Africa ;  i(  yields  little  indigo,  but  of  an  excellent  quality.  Indigo/era  Pseudo- 
tmUnioy  which  is  cultivated  in  the  East  Indies,  furnishes  the  best  of  all :  the  Indigoftra 
Glauca  is  the  Egyptian  and  Arabian  species.  There  are  also  the  earuUaf  cimrea  enctoy 
hirtutay  glabra^  iiad  several  others.  The  Nerium  tinctariiim  of  the  East  Indies  affords 
some  indigo;  as  does  the  lealii  ^tac/oria,  or  Woad,  in  Europe;  and  the  Polygonum 
tinctorium. 

The  districts  of  Kishenagar,  Jessore,  and  Moorshedabad,  in  Bengal,  ranging  from  88^ 
to  SO*"  E.  L.  and  22^  to  24*"  N.  L.,  produce  the  finest  indigo.  That  from  the  dtstriets 
about  Burdwan  and  Benares  is  of  a  coarser  or  harsher  grain.  Tyroot,  in  lat.  2ff*,  yields 
a  tolerably  good  article.  The  portion  of  Bengal  most  propitious  to  the  eultivation  of 
indigo  lies  between  the  river  I^gly  and  the  main  stream  of  the  Ganges. 

Iq  the  East  Indies,  after  having  ploughed  the  ground  in  October,  November,  and  the 
beginning  of  December,  they  sow  the  seed  of  the  indigo  plant  in  the  last  half  of  March 
>nd  the  beginning  of  April,  while  the  soil,  being  neither  too  hot  nor  too  dry,  is  most  pro- 
pitious to  its  germination.  A  light  mould  answers  best ;  and  sunshine,  with  occasional 
light  showers,  are  most  favorable  to  its  growth.  Twelve  pounds  of  seeds  are  sufficient 
for  sowing  an  acre  of  land.  The  plants  grow  rapidly,  and  will  bear  to  be  cut  for  the 
first  time  at  the  beginning  of  July,  nay,  in  some  distri<^  so  early  as  the  middle  of  June, 
fhe  indications  of  maturity  are  the  bursting  forth  of  the  flower  buds,  and  the  expansion 
of  the  blossoms;  at  which  period  the  plant  abounds  most  in  the  dyeing  principle. 
Another  indication  is  taken  from  the  leaves ;  which,  if  they  break  across,  when  doubled 
flat,  denote  a  state  of  maturity.  But  this  character  is  somewhat  fallacious,  and  depends 
Qpon  the  poverty  or  richness  of  the  soil.  When  miich  rain  falls,  the  plants  grow  too 
npidly,  and  do  not  sufficiently  elaborate  the  blue  pigment.  Bright  sanshine  is  most 
•dvantageons  to  its  production. 

The  first  cropping  of  the  plants  is  the  best;  after  two  months  a  second  is  made ;  after 
IJBoiher  interval,  %  third,  and  even  a  fourth ;  but  each  of  these  is  of  diminished  value. 
There  are  only  two  eroppiogs  in  America* 
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Two  methods  are  panned  to  extract  tht  indigo  lirom  the  plant  i  the  flret  eSetHs  it  bf 
fermentation  of  the  fresh  leaves  and  stems ;  the  second,  by  maceration  of  the  dried 
^eaves ;  the  latter  process  being  most  advantageoiis. 

1.  From  the  recent  leaves, — In  the  indigo  factories  of  Bengal  there  are  two  large 
stone-built  cisterns,  the  bottom  of  the  first  being  nearly  upon  a  level  with  the  top  of 
the  second,  in  order  to  allow  the  liqaid  contents  to  be  run  out  of  the  one  into  the  other. 
The  uppermost  is  called  the  fermenting  vat,  or  the  st«eper ;  its  area  is  20  feet  square, 
and  its  depth  3  feet ;  the  lowermost,  called  the  beater  or  beating  vat.  is  as  broad  as  the 
other,  but  one  third  longer.  The  cuttings  of  the  plant,  as  they  come  from  the  field, 
are  stratified  in  the  steeper,  till  this  be  filled  within  5  or  6  inches  of  its  brim.  In  order 
that  the  plant,  during  its  fermentation,  may  not  swell  and  rise  out  of  the  vat,  beams  of 
wood  and  twigs  of  bamboo  are  braced  tight  over  the  surface  of  the  plants,  afler  which 
water  is  pumped  upon  them  till  it  stands  within  three  or  four  inches  of  the  edge  of  the 
vessel.  An  active  fermentation  speedily  commences,  which  is  completed  within  14  or  15 
hours  ;  a  little  longer  or  shorter,  according  to  the  temperature  of  the  air,  the  prevailing 
winds,  the  quality  of  the  water,  and  the  ripeness  of  the  plants.  Nine  or  ten  hours  after 
the  immersion  of  the  plant,  the  condition  of  the  vat  must  be  examined ;  frothy  bub- 
bles appear,  which  rise  like  little  pyramids,  are  at  first  of  a  white  color,  but  soon 
become  gray-blue,  and  then  deep  purple-red.  The  fermentation  is  at  this  time 
yiolent,  the  fluid  is  in  constant  commotion,  apparently  boiling,  innumerable  bubbles 
mount  to  the  surface,  and  a  copper-colored  dense  scum  covers  the  whole.  As  long  as 
the  liquor  js  agitated,  the  fermentation  most  not  be  disturbed ;  but  when  it  becomes 
more  tranquD,  the  liquor  is  to  be  drawn  off  into  the  lower  cistern.  It  is  of  the  utmost 
oonsequence  not  to  push  the  fermentation  too  far,  because  the  quality  of  the  whole  indigo 
is  deteriorated ;  but  rather  to  cut  it  short,  in  which  case  there  is,  indeed,  a  loss  of  weight, 
but  the  article  is  better.  The  liquor  possesses  now  a  glistening  yellow  color,  which, 
when  the  indigo  precipitates,  changes  to  green.  The  average  temperature  of  the  liquor 
is  commonly  85*'  Fahr. ;  its  specific  gravity  at  the  surface  is  1*0016 ;  and  at  the  bottom, 
1003. 

As  soon  as  the  liquor  has  been  run  into  the  lower  ctstem,  ten  men  are  set  to  work  to 
beat  it  with  oars,  or  shovels  4  feet  long,  called  buequets.  Paddle  wheels  have  also  been 
employed  for  the  same  purpose.  Meanwhile  two  other  laborers  clear  away  the  compres- 
sing beams  and  bamboos  from  the  surface  of  the  upper  vat,  remove  the  exhausted  plant, 
set  it  to  dry  for  fuel,  dean  out  the  vessel,  and  stratify  fresh  plants  in  it.  The  fermented 
plant  appears  still  ereen,  but  it  has  lost  three  fourths  of  its  bulk  in  the  process,  or  from 
12  to  14  per  cent,  of  its  weight,  chiefly  watar  and  extractive  matter. 

The  liquor  in  the  lower  vat  must  be  strongly  beaten  for  an  hour  and  a  half^  when  the 
indigo  begins  to  agglomerate  in  flocks,  and  to  precipitate.  This  is  the  moment  for 
judging  whether  there  has  been  any  error  committed  in  the  fermentation ;  which  must 
be  corrected  by  the  operation  of  beating.  If  the  fermentation  has  been  defective,  much 
froth  rises  in  the  beating,  which  must  be  allayed  with  a  little  oil,  and  then  a  reddish 
tinge  appears.  If  large  round  granulations  are  formed,  the  beating  is  continued,  in 
order  to  see  if  they  will  grow  smaller.  If  they  become  as  small  as  fine  sand,  and  if  the 
water  clears  up,  the  indiso  is  allowed  quietly  to  subside.  Should  the  vat  have  been  over 
fermented,  a  thick  fat-looking  crust  covers  the  liquor,  which  does  not  disappear  by  the 
introduction  of  a  flask  of  oil.  In  such  a  case  the  beating  must  be  moderated.  Whenever 
the  granulations  become  round,  and  begin  to  subside,  and  the  liquor  clears  up,  the  beatiag 
muJt  be  discontinued.  The  froth  or  scum  diffuses  itself  spontaneously  into  separate  minute 
particles,  that  move  about  the  surface  of  the  liquor ;  which  are  marks  of  an  excessive 
fermentation.  On  the  other  hand,  a  rightly  fermented  vat  is  easy  to  work ;  the  froth, 
though  abundant,  vanishes  whenever  the  granulations  make  their  appearance.  The 
color  of  the  liquor,  when  drawn  out  of  the  steeper  into  the  beater,  is  bright  green  ;  but 
as  soon  as  the  agglomerations  of  the  indigo  epmmenee,  it  assumes  the  color  of  Madeira 
wine;  and  speedily  afterwards,  in  the  coarse  of  beating,  a  small  round  grain  is  formed, 
which,  on  separating,  makes  the  water  transparent,  and  falls  down,  when  all  the  turbidity 
and  froth  vanish. 

.  The  object  of  the  beating  is  three-fold :  fiiBt,  it  tends  to  disengage  a  great  quantity 
of  carbonic  acid  present  in  the  fermented  liquor ;  seeondly,  to  give  the  newly  develop^ 
indigo  its  requisite  dose  of  oxygen  by  the  most  extensive  ex|)oSure  of  its  particles  to 
the  atmosphere ;  thirdly,  to  agglomerate  the  indigo  in  distinct  flocks  or  granulations. 
In  order  to  hasten  the  precipitation,  lime-water  is  occasionally  added  to  the  fermented 
liquor  in  the  progress  of  beating,  but  it  is  not  indispensable,  and  has  been  supposed 
capable  of  deteriorating  the  indigo.  In  the  front  of  the  beater  a  beam  is  fixed  upright, 
in  which  three  or  more  holes  are  pierced  a  few  inches  in  diameter.  These  are  closed 
with  plugs  during  the  beating,  but,  two  or  three  hours  after  it,  as  the  indigo  subsides, 
the  upper  t^ug  is  withdrawn  to  run  off  the  anpematant  liquor,  and  then  the  lower 
plugs  in  succession.    The  state  df  this  liquor  btiiig  etaiointfil,  aflMi  in  iaficatloB  of 


•  * 


I  - 


t    ;.-  -'. 


INDIGO. 


'm 


{ke  WKttu  nf  bolh  tlie  praccMM.  Wlien  Che  whole  liquor  is  nm  off,  «  laborer  enters 
the  It,  sweefM  all  the  preeipitate  into  one  comer,  and  empties  the  thinner  part  into  a 
•pont  which  leads  into  a  cistern,  alongside  of  a  boiler,  20  ibet  long,  3  feet  wide,  and  3  deep. 
When  all  this  liqaor  is  once  eollected,  it  is  pumped  throui^h  a  bag  for  retaininsr  the 
imparities,  into  the  boiler,  and  heated  to  ebullition.  The  froth  soon  subsides,  and  shows 
it  oily  hidtiag  film  upon  the  liquor.  The  indigo  is  by  this  process  not  only  freed  from 
the  yellow  extractive  matter,  bat  is  enriched  in  the  intensity  of  its  color,  and  increased  in 
weighL  From  the  boiler  the  mixture  is  run,  aAer  two  or  three  hours,  into  a  general 
reeeiver  called  the  dripping  vaty  or  table,  which,  for  a  factory  of  twelve  pairs  of  prepara- 
tion vats,  is  20  feet  lone,  10  feet  wide,  and  3  feet  deep ;  having  a  false  bottom,  2  feet 
siMier  the  top  edge.  Tbis  cistern  stands  in  a  basin  of  masonry  (made  water  tight  with 
Chunam  hydraolie  cement),  the  bottom  of  which  slopes  to  one  end,  in  order  to  facilitate 
(lie  drainage.  A  thick  woollen  web  is  stretched  alonsf  the  bottom  of  the  inner  vessel, 
to  act  as  a  filter.  As  long  as  the  liquor  passes  throtigh  turbid,  it  is  pumped  back  into 
tbereceiTcr.  Whenever  it  runs  clear,  the  receiver  is  covered  with  another  piece  of 
cbth  to  exclade  the  dust,  and  allowed  to  drain  at  its  leisure.  Nelt  morning  the 
drained  magma  is  put  into  a  strong  bag,  and  squeezed  in  a  press.  The  indigo  is  then 
carefully  taken  out  of  the  bag,  and  cut  with  a  brass  wire  into  bits,  about  3  inches  cube, 
which  are  dried,  in  an  airy  house,  upon  shelves  of  wicker  work.  Daring  the  drying,  a 
whitish  efflorescence  comes  upon  the  pieces,  which  must  be  carefully  removed  with  a 
hrnsh.  In  some  places,  particularly  on  the  coast  of  Coromandel,  the  dried  indigo  lumps 
are  allowed  to  effloresce  in  a  cask  for  some  time,  and  when  they  become  hard  they  are 
wiped  and  packed  for  exportation. 

From  some  experiments  it  would  appear  that  the  gas  disengaged  during  the  middle 
period  of  the  fermentation  is  eompoeed  in  100^  parts  of  27-5  carbonic  acid,  5'8  oxygen, 
and  66*7  azote ;  and  towards  its  end,  of  40*5  carbonic  aeid,  4*5  oxygen,  and  6&'0  azote. 
The  fermenting  leaves  apparently  convert  the  oxygen  of  the  atmosphere  into  carbonic 
add  gas,  and  leave  its  ^ote;  besides  the  quantity  of  carbonic  acid  which  they  spon- 
taneously evolve.  Carbureted  hydrogen  does  not  seem  to  be  disengaged.  That  the 
liioor  in  the  beating  vat  absorbs  oxygen  from  the  air  in  proportion  as  the  indigo  becomes 
flocculent  and  granular,  has  been  ascertained  by  experiment,  as  well  as  that  sunshine 
accelerates  the  separation  of  the  indigo  blue.  Out  of  1000  jiarts  of  the  fermented  liquor 
of  specific  gravity  1*003,  the  blue  precipitate  may  constitute  0*75  of  a  part.  Such  a  pro- 
portion upon  the  great  scale  is  however  above  the  average,  which  is  not  more  than  0*5. 
When  lime  water  is  added,  an  extractive  matter  is  thrown  down,  which  amounts  to  from 
20  to  47  parts  in  1000  of  the  liquor.  It  has  a  dark  brown  tint,  a  viscid  appearance,  an 
unpleasant  smell,  and  a  bitter  taste.  It  becomes  moist  in  damp  air,  and  dissolves  in 
water  without  decomposition.  It  is  precipitated  by  lime,  alkalis,  infusion  of  galls,  and 
acetate  of  lead.  All  indigo  contains  a  little  lime  derived  from  the  plant,  even  though 
aone  has  been  used  in  its  preparation. 

2.  bidigo  from  dried  Ieav€t. — The  ripe  plant  being  cropped,  is  to  be  dried  in  sunshine 
from  9  o'clock  in  the  morning  till  4  in  the  aAemoon,  during  two  days,  and  thrashed  to. 
separate  the  stems  from  the  leaves,  which  are  then  stored  up  in  magazines  till  a  sufficient 
quantity  be  collected  for  manufacturing  operations.  The  newly  dried  leaves  most  be  free 
from  spots,  and  friable  between  the  fingers.  When  kept  dry,  the  leaves  undergo,  in  the 
course  of  4  weeks,  a  material  change,  their  beautiful  green  tint  turning  into  a  pale  biae- 
gray,  previous  to  which  the  leaves  afford  no  indigo  by  maceration  in  water,  but  subse- 
qnently  a  large  quantity.    AAerwards  the  product  becomes  less  considerable. 

The  following  process  is  pursued  to  extract  indigo  from  the  dried  leaves.  They  are 
infused  in  the  steeping  vat  with  six  times  their  bulk  of  water,  and  allowed  to  macerate  for 
two  hours  with  continual  stirring  till  ail  the  floating  leaves  sink.  The  fine  green  liquor 
is  then  drawn  off  into  the  beater  vat,  for  if  it  stood  longer  in  the  steeper,  some  of  the  in- 
digo wouM  settle  among  the  leaves  and  be  lost.  Hot  water,  as  employed  by  some  manu- 
facturers, is  not  necessary.  The  process  with  dry  leaves  possesses  this  advantage,  that 
a  provision  of  the  plant  may  be  made  at  the  most  suitable  times,  independently  of*  the 
vicissitudes  of  the  weather,  and  the  indigo  may  be  uniformly  made ;  and  moreoi^er^  th«t 
the  fermentation  of  the  fresh  leaves,  often  eapricious  in  its  course,  is  superseded  by  a 
much  shorter  period  of  simple  maceration. 

The  process  for  obtaining  indigo  fh>m  the  Nerium  is  altogether  the  same,  but  hot 
water  has  been  generally  applied  to  the  dried  leaves.  For  woad,  hot  water  must  be  em- 
ployed, and  also  lime  water  as  a  precipitant,  on  account  of  the  small  proportion,  of  indigo 
is  the  plant.  Dilate  muriatic  aeid  is  digested  upon  the  woad  indigo  to  remove  the  lime, 
without  which  no  dye  ooold  be  precipitated.  According  to  the  warmth  of  the  summer 
sad  the  ripeness  of  the  plant,  from  2  to  5  ounces  of  indigo  may  be  obtained  fVOm  100 
poaads  of  the  drioi  vroad,  or  upon  an  average  4  ounces  to  the  hundred  weight. 

The  indigo  fijoad  in  European  eommerce  is  imported  from  Bengal,  Coromandel,, 
Madras,  the  Biawitins,  Manilla^  and  Java  ia  the  Eastern  hemisphere  $  from  Senegal, 
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Caraccasy  Goalimala,  Brazil  (Soaih  Carolina  and  LouisiaBa  in  anwH  qwailitf  X  m^  ^* 
merly  from  the  West  India  islands,  especially  St.  Boningo.  Its  quality  depends  apon  tkm 
species  of  the  plant,  its  ripeness,  the  soil  and  climate  of  its  growth,  and  mode  of  maaa- 
facture.  The  East  Indian  and  Brazilian  indigo  comes  packed  in  ^eals,  tiM  GnatianJa 
in  ox-hides,  called  8uron9. 

The  organ  which  affords  the  indigo  is  confined  entirely  to  the  peUide  of  the  learea,  aad 
exists  in  largest  quantity  at  the  commencement  of  maturation  while  the  plant  is  in  ftower. 
The  indigofera  is  remarkable  for  giving  a  blue  tinge  to  the  wine  of  eows  that  feed  npoa 
its  leaves. 

According  to  some  manufacturers,  the  plants  should  be  eut  down  in  dry  weather,  an 
hour  or  two  before  sunset,  carried  off  the  field  ia  bundles^  and  immediately  spread  opoa 
a  dry  floor.  Next  morning  the  reaping  is  resumed  for  an  hour  and  a  half,  before  the  sua 
acts  too  powerAilIy  upon  vegetation ;  and  the  plants  are  treated  in  the  name  way.  Both 
cuttings  become  sufficiently  dry  by  3  o'clock  in  the  afternoon,  so  as  to  permit  the  leaTea 
to  be  separated  from  the  stems  by  thrashing.  They  are  now  thoroughly  dried  in  the 
sunshine,  then  coarsely  bruised,  or  sometimes  ground  to  powder  in  a  mill,  and  packed  up 
for  the  operations  of  manufacture. 

In  the  spring  of  1830  I  subjected  a  variety  of  specimens  of  indigo  to  comparative 
analyses,  by  dissolving  a  few  grains  of  each  in  strong  sulphuric  acid,  dilating  the  solo- 
tions  with  an  equal  volume  of  water,  and  determining  thie  resulting  shade  of  color  in  a 
hollow  prism  of  plate  glass,  furnished  with  a  graduated  scale.  The  following  are  tke 
results,  compared  to  the  shade  pr^^uoed  by  a  like  weight  of  absolote  indigo. 

I.  East  India  Indigos ;  prices  as  at  the  last  October -aales. 


No. 

Price. 

Real  Indigo 
in  100  parts. 

Chaneten  by  the  Broken. 

4. 

d. 

• 

1 

3 

9 

42 

Broken,  middling  violet,  and  coppery  violet  spotted. 
Ditto,  a  little  being  coppery  violet  and  copper. 

2 

3 

6 

56-5 

3 

3 

3 

46-0 

Ditto,  middling  red  violet,  dull  violet  and  lean. 

4 

4 

3 

64-5 

Large  broken,  and  square,  even  middling  red  violeu 

5 

4 

2 

75-0 

Mu^h  broken  and  very  small,  very  crumbly  and  limy,  softy 
good  violet. 

6 

4 

9 

60-0 

Square  and  large  broken,  X  middling  Tiolet,  and  1  good 
coppery  violet.                                                    ' 

7 

5 

3 

70-0 

Large  broken,  very  good;  paste  a  little  limy,  good  Tiolet. 

8 

6 

6 

600 

Square  and  large  broken,  soft,  fine  paste,  fine  violeL 

9 

6 

0 

66( 

Square,  ditto,  sood  red  violet. 

10 

7 

0 

75 

Square,  ditto,  fine  purple  and  blue. 

11 

2 

3 

37-5 

Middling  ordinary  Madras. 

12 

3 

6 

60-0 

Grood  Madras. 

13 

4 

3 

58-0 

Very  fine  ditto. 

14 
15 

2 
2 

0 
4 

Low,  pale  Oude. 
Middling,  ordinary  Oude. 

27f 

16 

3 

3 

54 

Good  Oude. 

17  i 

1 

9 

29 

Lnndy,  very  low  quality. 

n.  American  Indigos ;  wholesale  prices  at  present.    (March,  1830.) 


likdigo. 

Na 

Price. 

Peru 
in  100. 

Indifo. 

No. 

Price. 

Ptato 

mieo. 

s,  d. 

s,  d. 

Caraccas  flor.    •    - 

1 

6    0 

54i 

Guatimala  ... 

6 

5    0 

50 

Guatimala    -    -    - 

2 

5    0 

33( 

— 

7 

5    3 

35 

•». 

3 

3    2 

19 

— 

8 

4    8 

46 

— 

4 

4    6 

32( 

— 

9 

4    8 

33| 

— 

5 

5    4 

60 

-" 

10 

6    4 

50 

Properties  of  Indigo^ — ^It  possesses  a  dark  bine  'Coknr,  passing  iiilo  vialeH>nrpIe,  is  .^.« 
of  taste  and  smell,  dull,  but  by  rubbing  with  a  smooth  hard  body,  it  assumes  the  ivstra 
and  hue  of  copper.  It  occurs  sometimes  less  and  sometimes  more  denac  appmeaU^  thaa 
water,  which  circumstance  depends  upon  its  freedom  from  ibreurn  impurities,  as  w«ll 
as  upon  the  treatment  of  ito  paste  in  the  boiling,  pressing,  and  drying  operations.  It 
is  insoluble  in  water,  eold  alcohol,  ether,  muriatic  acid,  dilate  Mlphflvlc  mtJI,  qqU 
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elhcnoiv  md^ikt  oito;  Imt  IwOlBg  uleoliol  and  oils  disMlve  a  IfHle  of  it,  wbieh  thet 
^tptmve  om  cooling.    Creosote  has  th^  property  ofdistoMtig  indfgo. 

Indigo  is  a  mixture  of  several  dye-staffs,  and  other  substances.  BerzeHus  fonnd  in  It  a 
natter  resembling  vegetable  gluten  or  gliadine,  a  brown,  red,  and  blue  pigment,  besides 
ozyde  of  iron,  elay,  lime,  magnesia,  and  silica. 

I.  Indigo  gluten  or  gliadine  is  dissolved  along  with  the  calcareous  and  magnesian  salts 
by  acids.  If  the  powder  be  treated  with  dilute  sulphuric  acid,  if  the  solution  be  saturated 
with  carbonate  of  lime,  evaporated  to  dr>'ness,  and  its  residuum  treated  with  alcohol ;  the 
folation  thus  formed  leaves,  after  being  evaporated,  a  yellow  transparent  extract,  easily 
soloUe  in  water,  more  difficultly  in  acid  Hqoiids ;  showing  thot  acids  extract  Only  a  portion 
of  the  gliadine  from  the  indigo.  It  yields,  by  dry  distillation,  much  ammonia,  a  fetid  oil. 
Hid  comports  itself  in  other  respects  like  vegetable  gluten. 

^  2.  hdifo-brown  occurs  in  combination  with  lime,  as  also  with  vegetable  acid  in  con- 
lidenhle  quantity,  and  more  abundantly  in  the  coarser  sorts  of  indigo  than  in  the  finer. 
Indigu  purified  by  adds  is  to  be  treated  with  hot  strong  caustic  ley,  whieh  dissolves  the' 
indigo-brown ;  the  liquid  part  of  the  mixture  passes  with  difficulty  throfigb  the  filter, 
is  blaek-browo,  opaque,  and  holds  some  indigo-blue  in  solution,  or  diflbsed  in  fine  powder. 
The  alkali  being  neutralized  with  acetic  acid,  the  liquor  is  to  be  evaporated,  and  alcohol 
ponred  on  the  residuum,  whereby  the  alkaline  acetate  is  dissolved  out  from  the  brown. 

This  pigment  is  a  dark  brown,  almost  black,  but  is  not  yet  entirely  deprived  of  the 
other  constituents  of  indigo.  It  iM  nearly  tastdess,  is  combustible,  afiTords,  by  dry  distilla- 
lioD,  ammonia  and  fetid  oil,  forms  with  acids  combinations  hardly  soluble  in  water,  with 
ilkalis  solnble  ones,  but  with  earths  hardly  soluble.  Lime  possesses  the  property  of  pre- 
cipitating the  indigo-brown  completely  from  its  alkaline  solution.  Chlorine  occasions  a 
pale  yellow  brownish  precipitate,  which  consists  of  indigo  brown  and  muriatic  acid,  but 
cwies  no  further  change.  By  drying,  it  becomes  again  dark  colored.  Indigo-brown 
seems  to  exist  also  in  woad. 

3.  Indigo-red,  or  more  properly  red  resin  of  indigo.  This  may  be  obtained  by  boiling 
■kohol  of  sp.  grav.  0*630  upon  some  indigo  which  has  been  previously  treated  with  acids 
tod  alkalis ;  for  the  red  substance  is  hardly  soluble  in  cold  aleohol.  The  solution  is  dat^ 
red,  opaque,  and  leaves,  by  distillation,  the  indigo-red  in  the  form  of  a  black-brown  pow- 
der, or  a  glistening  varnish,  slightly  soluble  in  aleohol  and  ether.  Alkalis  do  not  dissolve 
it,  but  concentrated  sulphuric  add  forms  with  it  a  dark  yellow  dye,  from  which  water 
eins^  no  precipitation ;  wool'  extracts  the  color  fVom  the  acid  solution,  and  becomes 
of  a  dirty  brown  hue.  Chlorine  does  not  seem  capable  of  destroyintr  the  color,  for  though 
it  makes  it  yellow,  it  becomes  as  dark  as  ever  on  being  dried.  Indigo-red  melts  with 
heat,  burns  with  a  bright  flame,  affords,  when  heated  in  vacuo,  first  a  white  crystalline 
snblnnate,  and  then  unchanged  indigo-ied.  That  white  matter  is  changed  by  nitric  acid 
iato  indigo-red. 

4.  liidtgo-M««,  or  pure  indigo,  remains,  after  treating  the  indigo  of  commerce  with 
(iihite  acM,  alkalis,  and  alcohol ;  it  retains,  however,  still  traces  of  the  matters  thereby 
ettneted,  along  with  some  earthy  substances.  In  order  to  procure  indigo- blue  in  its 
aUBost  purity,  we  must  deoxydize  the  above  blue  residuum,  thus  form  colorless  indigo, - 
which  again  acquires  a  blue  color  from  the  air,  and  constitutes  the  pure  pigment.  For 
this  purpose  the  above  moist  indigo  is  to  be  mixed  with  slaked  lime,  preen  sulphate  of 
iron,  and  hot  water  in  an  air-tight  matrass.  The  indigo  when  deoxjdized  by  protoxyde 
of  iron  being  soluble  in  lime-water,  the  clear  yellow  solution  is  lo  be  poured  off,  and  ex- 
posed to  the  air.  The  indigo  absorbs  oxygen,  and  becomes  again  blue.  By  digestion 
vith  dilute  muriatic  add  the  foreign  matters  are  dissolved,  and  may  then  be  washed  away 
viih  distflled  water,  from  the  ahtoluU  indigo. 

The  indigo-blue  obtained  in  this  manner  has  a  cast  of  purple  red,  displaying  the 
characteristic  copper  lustre  in  a  high  degree,  but  in  powder,  it  is  blue.  It  is  void 
of  taste  and  smell,  is  by  my  experiments  of  specific  gravity  1*60,  affords  at  554° 
F^r.  a  purple  vapor,  and  sublimes  in  shining  purple  scales,  or  slender  needles  in 
an  apparatus  open  to  the  air,  ivhereby,  however,  much  of  it  is  destroyed'.  Some 
CiTboh  remains  after  the  sdbltmation.  A  quick  heat  produces  most  sublimate.  These 
aeedlfs  contain  a  brown  oily  matter,  which  may  be  dissolved  out  by  means  of  hot  alco- 
hol. Their  specific  gravity  is  1*35,  according  to  Mr.  Crum.  The  sublimate  from  com- 
mon indigo  does  not  contain  any  oil,  but  some  indigo-red  and  the  above  white  crystalline 
natter.  According  to  Mr.  Crum,  indigo-blue  consists  of  carbon,  73*22}  oxygen,  12*60; 
•ft'te,  11-26;  hydrogen,  2*92?  while  according  to  Dumas,  crystallized  indigo  consists  of 
«wbon.  73*26;  oxygen,  10*43;  azote,  13-81;  and  hydrogen,  2*50  r  predpifaled  indigo 
consists  of  carbon,  74*81 ;  oxygen,  7*88 ;  azote,  13-98 ;  and  hydrogen,  3*33 ;  sublimed 
n^igo,  of  carbon,  71-71 ;  oxygen,  12-18;  azote,  13-45;  hydrogen,  2-66.  My  own  ana- 
lyw  afforded— carbon, 71-37;  oxygen,  14-25;  azote,  1000;  hydrogen, 4-38.  In  another 
analysis  of  Dumas,  3*93  parts  of  hydrogen  were  obtained.  Hence  we  must  mfer  that 
omsideraUe  differences  exist  in  the  eompoaition  of  indigo  m  its  purest  state.    Reagents 
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aet  npon  it  mvch  u  niNm  eommoB  indigo.    ChkiriM,  iodi»je^  mnd  brnmiiie  ttmreti  it  ml» 

a  reddish  brown  soluble  substance.  Concentrated  sulphuric  acid,  espeeiaUy  the  smdki^ 
or  anhydrous  of  Nordhansen,  dissolves  indigo-blue  with  the  disengagement  of  heat,  bat  it 
makes  it  suffer  some  modification ;  for  though  il  retains  an  intense  dark  Uae  eolor^  it  baa 
become  soluble  in  water,  and  may  be  blanched  by  light,  which  does  not  happen  with  indigo 
itself.  Nitric  acid  destroys  indigo-blae,  forms  indigotic  (carbaxotie)  aoid,  carbonic  acid, 
artificial  re^in,  and  bitter  principle. 

Indigo-blue  may  be  reduced  by  substances  ozydized^  with  the  co-operation  of  alkalis 
or  alkaline  earths;  for  example,  by  such  substances  as  have  a  strong  affinity  for  oxygen, 
and  are  imj^rfectly  saturated  with  this  principle^  as  the  sulphnroas  and  pbosphoroaa 
acids  and  thrir  salts,  the  protoxydes  of  iron  and  manganese,  the  protoxide  salts  of  tin, 
and  the  corresponding  compounds  of  chlorine,  as  the  proto-chlorides  of  tm  and  iron ;  and 
the  solution  of  the  former  in  potash.  "When  in  these  circumstances,  in  the  presence  of 
alkali,  a  deoxydation  or  reduction  of  the  indigo-blue  takes  place,  the  other  bodies  get 
oxydized  by  absorption  of  the  oxygen  of  the  indigo-blue;  the  protoxydes  become  per- 
oxydes,  and  the  acids  in  out  become  acids  in  ic,  Ilc.  Several  metallic  sulphurets  also 
reduce  the  indigo-blue  in  the  same  predicament,  as  the  sulphurets  of  potassium,  of  cal- 
cium, of  antimony,  and  of  arsenic  (orpiment.)  A  similar  infiuence  is  exercised  by  fer* 
menting^  vegetable  substances,  such  as  woad,  madder,  bran,  raw  sugar  (molasses),  starch, 
sirup,  in  consequence  of  the  formation  of  carbonic  and  acetic  acids,  by  absorption  of  the 
oxygen  of  the  indigo-blue,  for  acetic  acid  and  acetic. salts  are  found  in  the  liquor  of  the 
warm  blue  vat,  in  which  indigo  has  been  reduced  by  means  of  woad,  madder,  and  bran. 

Formation  of  colorlut  reductd^  indigo-biut^  or  indigotive. — Purified  indigo^bine  is  to 
be  treated  with  copperas  and  slaked  lime,  as  above  described ;  or  the  clear  wine-yellow 
supernatant  liquor  of  the  cold  blue- vat  mixture  is  to  be  taken,  run  by  a  syphon  into 
a  matrass,  a  few  drops  of  concentrated  acetic  or  sulphuric  acid,  deprived  of  air,  are  to  be 
poured  into  it,  and  the  vessel,  being  made  quite  full,  is  to  be  well  corked.  The  reduced 
indigo  soon  falls  in  white  flocks,  or  crystalline  scales.  They  must  be  edulcorated  upon 
a  filter  with  water  deprived  of  its  air  by  boiling,  then  pressed  between  folds  of  Uottiag- 
jiaper,  and  dried  under  the  receiver  in  vacuo.  Indigo-blue  may  likewise  be  reduced  and 
dissolved  by  solution  of  hydro-sulphuret  of  anmionia  ;  and  the  colorless  indigotine  may  be 
precipitated  by  muriatic  acid. 

The  reduced  indigo  is  sometimes  white  at  the  instant  of  its  elimination,  sometiaea 
grayish,  of  a  silky  lustre,  but  beconies  very  readily  greenish,  blue  green,  and  blue,  in  the 
air;  in  which  case  it  absorbs,  according  to  Berzelius,  4'2  per  cent,  of  oxygen;  but  ac- 
cording to  Liebeg,  11*6  per  cent.  It  in  void  of  taste  and  smell,  is  insoluble  in  water; 
well  boiled  water  free  from  air  is  not  aflfected  by  it,  but  is  turned  blue  by  common  water. 
It  dissolves  in  alcohol  and  ether  into  a  yellow  dye ;  not  in  dilute  acids,  but  in  concen- 
trated sulphuric  acid,  whereby  probably  a  portion  of  this  is  decomposed,  and  some  hypo- 
snlphurous  acid  formed ;  the  color  of  this  solution  is  blue.  Solutions  of  the  caustic  and 
carbonated  alkalis,  even  the  alkaline  earths,  readily  dissolve  reduced  indigo  into  a  wine- 
yellow  liquid ;  but  in  contact  with  air,  oxygen  is  absorbed,  and  indigo-blue  falls,  while 
0i  purple-colored  froth,  passing  into  copper-red,  appears  upon. the  surface,  just  as  in  the 
indigo  vats  of  the  dyer. 

The  reduced  indigo  may  be  combined,  by  means  of  complex  afiSnily,  with  other  bases, 
with  the  exception  of  ihe  oxydes  of  copper,  zinc,  and  mercury,  which  oxydize  il.  These 
combinations  are  while,  in  part  crystal  I  izable,  become  speedily  blue  in  the  air,  and  afford 
by  sublimation  indigo-blue.  Berzelius  formed  with  lime  a  two-fold  combination;  one 
easily  soluble  in  water,  and  another  difficultly  soluble,  of  a  lemon  color,  which  contained 
an  excess  of  lime;  this  is  formed  both  in  the  hot  and  the  cold  blue  vat;  in  the  latter  it  is 
occasioned  by  an  overdose  of  lime. 

When  pure  indigo-blue  is  treated  with  concentrated  sulphuric  acid,  and  particularly  with 
six  times  its  weight  of  the  smoking  dry  acid,  it  dissolves  completely,  and  several  different 
compounds  are  produced  in  the  solution.  There  is  first  a  blue  sulphate  of  indigo;  secondly, 
a  similar  compound  with  the  jcsulting  hypos ulphurous  acid ;  thirdly,  a  comlunatioa  oif 
sulphuric  acid  with  the  purple  of  indigo  (called  Phsnicin  by  Crum),  a  peculiar  sobstancep 
generated  from  indigo-blue.  These  three  compounds  are  here  dissolved  in  an  excess  m 
sulphuric  acid.  The  more  concentrated  the  sulphuric  acid  is,  the  more  blue  hyposulphite 
is  formed.  The  solution  in  sn^oking  acid,  when  diluted  with  water  and  filtered,  affords  a 
considerable  precipitate  of  indigo  purple,.which  that  in  oil  of  vitriol  does  not*  The  vapor 
of  anhydrous  sulphuric  acid  combines  with  indigo-blue  into  a  purple  fluid. 

In  order  to  obtain  from  the  dark  blue  solution  each  of  these  blue  acids  in  a  pure  slate, 
we  must  dilute  it  with  forty  times  its  weight  of  water,  and  immerse  in  the  filtered 
liquor,  well  washed  wool  or  flannel,  with  which  the  blue  acids  combine,  while  most  of  the 
sulphuric  acid  and  some  other  foreign  substances  remain  free  in  the  Uquor.  The  wool 
must  be  then  scoured  with  water  ooataining  about  a  half  per  cent,  of  carbonate  of  am- 
monia, or  potash,  which  neutralizes  both  of  Uie  blue  adds,  and  prodaces  a  blue  compouad. 
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Hut  being  eTaporated  to  dryness  at  the  temperatare  of  140"  F.,  alcohol  of  0*833  is  to  be 
poured  npon  the  residaum^  which  dissolves  the  bloe  hyposalphite,  but  leaves  the  bine 
snlphate  undissolve.  From  either  salt,  by  precipitating  with  acetate  of  lead,  by  acting 
apon  the  precipitate  with  sulphnreted  hydrogen  water,  and  evaporation,  either  of  the 
two  blae  acids  may  be  obtained.  They  may  be  both  evaporated  to  dryness,  especially 
the  blue  snlphate  of  indigo ;  they  both  become  somewhat  moist  in  the  air,  they  are  very 
soluble  in  water,  and  the  blue  sulphate  also  in  alcohol ;  they  have  a  not  unpleasant  smel^ 
and  an  acid  astringent  taste. 

From  these  habitudes,  particularly  in  reference  to  the  baseSj  it  appears  that  indigo-blue 
dots  not  comport  itself  like  a  saline  base  towards  the  acids,  but  rather  like  an  acid,  since 
it  enters  into  the  salts,  just  as  the  empyreumatic  oil  of  vinegar  and  oil  of  turpentine  do 
into  resin  soaps.  The  blue  pigment  of  both  acids  is  reduced  by  zinc  or  iroil  without  the 
dtsengagement  of  hydrogen  gas ;  as  also  by  snlphureted  hydrogen,  tepid  protochloride  of 
tin,  while  the  liquor  becomes  yellow. 

hutigp-htuK  tiUphaie  of  potash,  or  eeruleo-tttlphate  of  potash,  may  be  obtained  by 
extracting  the  blue  Color  from  the  wool  by  water  containing  1  per  cent,  of  car- 
bonate of  potash,  evaporating  nearly  to  dryness,  treating  the  Extract  with  alcohol 
to  remove  the  indigo-blae  hypostUphite,  then  with  acetic  acid  and  alcohol  to 
remove  any  excess  of  carbonate  of  potash.  It  is  found  in  commerce  under  the 
name  of  precipitated  indigo,  indu^o  paste,  blue  carmine,  and  soluble  indigo.  To  prepare 
it  eeonomically,  indigo  is  to  be  dissolved  in  ten  times  its  weight  of  concentrated  sulphuric 
aeid ;  the  solution  af\er  t#enty-four  hours  is  to  be  diluted  with  ten  times  its  weight  of 
water,  filtered,  and  imperfectly  saturated  with  carbonate  of  potash ;  whereby  a  blue  pow- 
der falls  down ;  for  the  resulting  sulphate  of  potash  throws  down  the  ceruleo-sulphate, 
while  the  hyposulphite  of  potash  remains  dissolved.  It  is  a  dark  blue  copper  shining 
powder,  soluble  in  140  parts  of  cold  water,  and  in  much  less  of  boiling  water.  It  is  made 
Bse  of  as  a  dye,  and  to  give  starch  a  blue  tint.  Whert  mixed  with  starch  into  cakes,  it  is 
sold  under  the  name  of  6/iKfor  washerwomen. 

Cemleo-snlphate  of  ammonia  'may  be  formed  in  the  same  way.  It  is  mnoh  more 
•olable  in  water.  Ceruleo-sniphate  of  lime  is  obtained  by  saturating  the  above  dilute 
acid  with  chalk,  filtering  to  separate  the  undyed  gypsum,  and  washing  with  water  till 
the  porple  eolor  be  extracted.  This  liqnor,  evaporated  and  decomposed  by  alcohol, 
affi>id8  a  blaish  Aocky  precipitate,  which  is  more  soluble  in  water  than  common  gypsum, 
and  dries  op  in  a  purple-bhie  film.  Ceruleo-sulphate  of  alumina  may  be  obtained  by 
deuUe  affinity;  it  is  dark  Uoe  while  moist,  but  becomes  black-blue  by  drying,  and  is  sol- 
uble in  water. 

The  blae  present  in  all  these  salts  of  etrtdine  Is  destroyed  by  sunshine,  becomes  greenish- 
gray  by  caustic  alkalis ;  and  turns  immediately  yellow-brown  by  alkaline  earths.  But 
when  the  solution  is  very  dilute,  the  color  becomes  first  green,  then  yellow.  The  car- 
booates  of  alkalis  do  not  produce  these  changes.  Nitric  acid  decomposes  the  color  quickly. 
fir.  Crnm  considers  cemline  to  be  a  combination  of  indigo-blue  with  water. 

PhtMieintjOT  indigo-purple  combined  with  sulphuric  acid,  is  obtained  when  the  solution 
of  indigo-blue  in  concentrated  sulphuric  acid  has  been  diluted  for  a  few  hours  with 
water,  and  then  filtered.  It  seems  to  be  an  intermediate  body  into  which  the  indigo-blue 
passes,  before  it  becomes  soluble  ctruline.  Hence  it  occurs  in  i^reater  quantity  soon  after 
digesting  the  indigo  with  the  acid,  than  afterwards.  It  is  dark  blue,  dissolves  gradually 
ia  water,  afiTords  after  evaporation  a  blue  residuum,  of  the  same  appearance  as  the  above 
blae  acids.  When  a  salt  is  added  to  it  a  purple  precipitate  ensues,  which  is  a  compound 
oT  indigo-purple,  sttlphuric  acid,  and  the  base  of  the  salt.  Indigo-purple  is  reduced  by 
bndies  having  a  strong  attraction  for  oxygen,  if  a  free  alkali  or  alkaline  earth  be  present, 
and  its  Molutkm  Is  yellow,  but  it  becomes  blue  in  the  atmosphere.  According  to  Mr.  Crum, 
Pktmcint  contains  half  as  much  combined  wat^r  as  cemline. 

The  table  which  I  published  in  1830  (as  given  above)  shows  very  dearly  how  much 
tlw  real  qnality  and  value  of  indigo  differ  from  its  reputed  value  and  price,  as  estimated 
IhMn  external  characters  by  the  brokers.  Various  test  or  proof  processes  of  this  drng 
fcaTe  been  propoaed.  That  with  chlorine  water  is  performed  as  follows.  It  is  knowa 
tiiat  chlorine  destroys  the  blue  of  indigo,  bat  not  the  indigo-red  or  indigO'brown,  whicb 
by  the  resolting  mariatte  acid  is  thrown  down  from  the  sulphnrie  solution  in  flocks,  and 
tbe  chlorine  acts  in  the  same  way  on  the  gliadine  or  glnten  of  the  indigo.  Pure  indigo-blue 
ia  to  be  diseolved  in  10  or -12  parts  of  concentrated  sulphuric  ackl,  and  the  solution  is  to 
be  dilated  with  a  given  weight  of  water,  as,  for  example,  1000  parts  for  1  of  indigo-bloe» 
IT  we  then  pat  that  volnme  o$  liquor  into  a  gnidaated  glaas  tube,  and  add  to  it  chlorine 
water  of  a  eefiain  strength  till  its  bine  color  be  destroyed  by  becoming  first  green  and 
then  red-browa,  we  ean  infer  the  quantity  of  color  from  the  quantity  of  chlorine  water 
expended  to  prodoee  the  effect.  Tbe  quantity  of  real  indigo-blae  cannot,  however,  ba 
estimated  with  any  acenracy  in  this  way,  because  tbe  other  coloring  matters  in  the  drug 
aet  ako  npoa  the  ehloriae ;  and,  indesd,  the  indigo  itself  soon  ehangeu  wben  dissolved  ia 
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solpburic  add  even  out  of  access  of  ligkt,  while  the  ehloriae  vater  itself  is  fery  vat^seiASiih 
of  alteration.  Perhaps  a  better  appreciation  might  be  made  by  avoiding  tbe  salpbaiie 
acid  altogether,  and  adding  tbe  finely  powdered  indigo  to  a  definite  volume  of  tbe  cUorine 
■water  till  its  color  ceased  to  be  destroyed,  jnst  as  Prussian-blue  is  decolored  by  solution 
of  potash  in  making  the  ferro-cyanide. 

Another  mode,  and  one  susceptible  of  great  precision,  ia  to  conyert  10  or  100  graina 
of  indigo  finely  powdered  into  its  deozydized  state,  aa  in  the  blue  vat  by  the  proper 
quantity  of  slaked  lime  and  solution  of  green  sulphate;  then  to  precipitate  the  indigo^ 
collect  and  weigh  it.  The  indigo  should  be  ground  upon  a  muller  along  with  the  quidc- 
lime,  the  levigated  mixture  should  be  diluted  with  water,  and  added  to  the  solution  of  the 
copperas.  This  exact  analytical  process  requires  much  nicety  in  the  operator,  and  caa 
hardly  be  practised  by  tbe  broker,  merchant.  Or  manufacturer. 

Employment  of  indigo  in  dyeing.  <— As  indigo  is  insoluble  ia  water,  and  as  it  can  pene- 
trate the  fibres  of  wool,  cotton,  silk,  and  flax,  only  when  in  a  state  of  solution,  the  dyer 
must  study  to  bring  it  into  this  condition  in  the  most  complete  and  economical  maaner. 
This  is  effected  either  by  exposing  it  tp  the  action  of  bodies  which  have  aa  affinity  for 
oxygen  superior  to  its  own,  such  as  certain  metals  and  metallic  oxydes,  or  by  mixing  it 
with  fermenting  matters,  or,  finally,  by  dissolving  it  in  a  strong  acid,  such  as  thesttlphuric 
The  second  of  the  above  methods  ia  called  the  warm  blue,  or  pastel  vat;  and  being  the 
most  intricate,  we  shall  begin  with  it* 

Before  the  substance  indigo  was  known  in  Europe,  woad  haviag  been  used  for  dyeinft 
blue,  gave  the  name  of  woad  vats  to  the  apparatus.  The  vats  arc  sometimes  made  of 
copper,  at  other  times  of  iron  or  wood,  the  last  alone  being  well  adapted  for  the  employ- 
ment of  steam.  The  dimensions  are  very  variable ;  but  the  following  may  be  considered 
as  the  average  size :  depth,  7)  feet;  width  below,  4  feet,  above,  5  feet.  The  rats  are 
built  in  such  a  way  that  the  fire  does  not  affect  their  bottom,  but  merely  their  aides  half 
way  up ;  and  they  are  sunk  so  mnch  under  the  floor  of  the  dyehouse,  that  their  upper 
half  only  is  above  it,  and  is  surrounded  with  a  mass  of  masonry  to  prevent  the  dissipatioii 
of  the  heat.  About  3  or  3|  feet  under  the  top  edge  an  iron  ring  is  fixed,  called  the 
cftamjNKgyie  by  the  French,  to  which  a  net  is  attached  in  order  to  suspend  the  stulls  oat 
of  contact  of  tbe  sediment  near  the  bottom. 

In  mounting  the  vat  the  fdlowing  articles  are  required  :  K  woad  prepared  by  fermea* 
tation,  or  woad  merely  dried,  which  is  better,  because  it  may  be  made  to  fienneat  ia  tiie 
rat,  without  the  risk  of  becoming  putrid,  as  the  former  is  apt  to  do ;  2.  indigo,  previously 
ground  in  a  proper  mill;  3.  madder;  4.  potash;  5.  slaked  quicklime ;  6.  luaa.  Ia 
France,  weld  is  commonly  used  instead  of  potash. 

The  indigo  mill  is  represented  in  figs.  579  and  680.    a  is  a  foor-aided  iroa  aatantf 
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cylindrical  or  rounded  in  the  bottom,  which  rests  upon  gudgeons  in  a  wooden  frame;  it 
has  an  iron  lid  6,' consisting  of  two  leaves,  between  which  the  rod  c  mores  to  and  fia, 
receiving  a  vibratory  motion  from  the  crank  d.  By  this  construction,  a  frame  e^  mhvA 
is  made  fast  in  the  cistern  by  two  points  e  ^,  is  caused  to  vibrate,  and  lo  impart  iia  swing 
movement  to  six  iron  rollers///,  three  being  on  each  side  of  the  frame,  which  triturate 
the  indigo  mixed  with  water  into  a  fine  paste.  -  Whenever  the  paste  is  uaifoiwily  ground, 
it  is  drawn  oflf  by  the  stopcock  g,  which  had  been  previously  fiUed  up  by  a  screwed  plar, 
to  prevent  any  of  the  indigo  from  lodging  in  the  orifice  of  the  cock,  and  thereby  escaping 
the  action  of  the  it>llers.    The  cistern  is  nearly  three  feet  long. 

The  vat  being  filled  with  dear  river  water,  the  fire  is  to  be  kindled,  tbe  iagredieutt 
introduced,  and  if  fermented  woad  be  employed,  less  lime  is  needed  than  with  the  merely 
dried  planL  Meanwhile  the  water  is  to  be  heated  to  the  temperature  of  160^  Fahr^ 
and  maintained  at  thb  pitdi  till  the  deoxydisement  and  sohition  of  the  indigo  beghi 
to  show  themselves,  which,  according  to  the  state  of  the  constituents,  may  happen  in  12 
kouis,  or  not  till  after  several  days.    The  first  characters  of  indpieat  sohukm  are  blic 
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b«Uilc«»  oOM  Ute  flainK%  wbieh  rfM  opoa  the  twTace,  atd  ramaiii  like  a  bead  of  Map. 
suds  for  a  coosidemble  lime  before  tbejr  fall ;  thea  bi«e  ooppery  sbiaiag  veins  appear  with 
a  like  colored  froth.  The  hoe  of  the  Jiquor  now  passes  from-  blee  to  green,  and  an 
aounoaiacal  odor  begins  to  be  exhaled.  Whenever  the  indigo  is  completely  dissolved, 
an  acetic  smelling  acid  may  be  recognised  in  Ibe  vat,  which  neutraliaes  all  the  alkali, 
and  may  occasion  even  an  acid  ejects,  which  should  be  saturated  with  4)uicklime.  The 
lime  for  doing  this  cannot  be  in  general  very  exactly  defined.  When- quicklime  has  beea 
added  at  the  beginning  in  sufficient  quantity,  tbe  liquor  appears  of  a  pale  wine-yellow 
color,  but  if  not,  it  acquires  this  tint  on  the  subsequent  introduction  of  the  lime. 
Experience  has  not  hitlierto  decided  in  favor  ol'  the  one  practice  or  the  other. 

As  soon  as  this  yellow  color  is  formed  in  the  liquor,  and  ils  surface  becomes  blue, 
the  vat  is  ready  for  the  dyer,  and  the  more  lime  it  takes  op  without  h^ing  alkaline,  tbe 
better  is  its  eooditioo.  The  dyeing  power  of  the  vat  may  be  kept  up  during  six  months, 
or  more,  according  to  the  fermentable  property  of  the  woad.  From  time  to  time,  madder 
and  bran  mugt  be  added  to  it,  lo  revive  the  fermeniation  of  tbe  sediment,  along  with  some 
ifldigo  and  potash,  to  replace  what  may  have  been  abstracted  in  the  progress  of  dyeing. 
Tbe  quaniity  of  indigo  must  be  proportional,  of  course,  lo  the  depth  or  lightness  of  the 
tints  required. 

During  tbe  operation  of  this  bine  vat  two  aecidenis  are  apt  to  oceur;  the  first,  which 
is  the  more  common  one,  is  called  tbe  throwing  backf  in  French,  the  cure  nimtif  and  in 
Geroiao,  the  Scharf  or  Schwartsxeerden  (the  becoming  sharp  or  black);  the  second  ii 
the  putre/aciion  of  the  ingredients.  Each  is  discoverable  by  its  peculiar  smell,  which  it 
ii  impossible  to  describe.  The  first  is  occasioned  by  the  employment  of  too  much  quick- 
lime, whereby  the  liquor  becomes  neutral  or  even  alkaline.  This  fault  may  be  reoog* 
nited  by  the  fading  of  tbe  green,  or  by  the  dark  green,  er  nearly  black  appekrance  of  tbs 
liquor ;  and  by  a  doll  blue  froth,  owing  to  a  film  of  lime.  The  remedy  for  a  slight  degree 
of  this  vicious  condition,  is  to  suspend  in  the  liquor  a  quantity  of  bran  ti^  up  in  a  bag^ 
and  to  leave  it  there  till  the  healthy  state  be  restored.  Should  the  evil  be  more  invete* 
rate,  a  decoction  of  woad,  madder»  and  bran  must  be  introduced.  Strong  acids  are  rather 
detrimental.  Sulphate  of  iron  has  been  recosBOBended,-  because  its  acid  precipitates  the 
ane,  while  its  oxyde  reduces  the  indigo  to  the  soluble  state. 

Tbe  decomposition  or  putrefaction  of  the  blue  vat  is  a»  accident  the  reverse  of  the 
preceding,  arising  from  the  transition  of  the  acetous  into  Ihe  putrid  fermentation,  whereby 
tbe  dyeing  faculty  is  destroyed.  Such  a  misfortune  can  happen  only  towards  the  com- 
mencement of  working  the  vat,  whilst  the  woad  is  still  powerful,  and  very  little  indigo 
has  been  dissolved.  Whenever  the  vat  is  well  charged  with  indigo,  that  accident  cannot 
easily  supervene.  In  both  of  these  distemperatores  the  elevatioa  of  the  temperature  of 
tlie  vat  ageravates  the  evil. 

Dyeins  in  the  blue  vat  is  performed  as  follows  :— 

Wool  is  put  into  a  net,  and  pressed  down  into  the  liquor  with  rods;  but  cloth  is  smoothly 
stretched  and  suspended  by  hooks  upon  frames,  which  are  steadily  dipped  into  the  vat, 
with  slicht  motions  throush  the  liquor ;  yarn-hanks  must  be  dipped  and  turned  about  by 
hand.  All  unnecessary  stirring  of  the  liquor  most  however  be  avoided,  lest  tbe  oxygen 
of  the  atmosphere  be  brought  too  extensively  into  contact  with  the  reduced  indigo,  for 
which  reason  mechanical  agitation  with  rollers  in  the  vat  is  inadmissible.  The  stuffs  to 
be  dyed  take  at  the  first  dip  only  a  feeble  color,  though  the  vat  be  strong,  but  ihey  moat 
be  deepened  to  tbe  desired  shade  by  successive  immersions  of  fifteen  minutes  or  more  eneb 
time,  with  intervals  of  exposure  to  the  air,  for  absorption  of  its  oxygen. 

AAer  the  lapse  of  a  certain  time,  if  the  fermentative  power  be  impaired,  which  is  re* 
cognised  by  Ihe  dye  stuffs  losing  more  color  in  a  weak  alkaline  test  ley  than  they  ought^ 
the  vai  should  be  used  up  as  far  as  it  will  go,  and  then  the  liquor  should  be  poured  away, 
(or  tlie  indigo  present  is  not  in  a  reduced  state,  but  merely  mixed  mechanically,  aiid 
therefore  incapable  of  forming  a  chemical  combination  with  textile  fibres.  If  cotton 
scuds  previously  treated  with  an  alkaline  ley  are  to  be  dyed  bine,  the  vat  shouhl  eoniaiii 
very  liitle  lime. 

Theory  of  tkg  Indigo  vat. — ^The  large  quantity  of  extmctive  matter  in  woad  and 
madder,  as  also  the  sugar,  starch,  and  gluten,  ia  the  bran  and  woad,  when  dissolved 
in  warm  waier,  soon  occasion  a  fermentation,  with  an  absoiption  of  oxygen  from  the 
air,  bui  especially  from  the  indigo  of  the  woad,  and  from  that  introduced  in  a  finely 
ground  state.  When  thus  disoxygenatedy  it  becomes  soluble  in  alkaliae  menstrua ;  the 
red-brown  of  the  indigo  being  dissolved  at  the  same  time.  When. lime  is  added,  tbe 
iadieo- blue  dissolves,  and  still  more  readily  if  a  little  potash  is  coi^oined  with  it;  bat 
whatever  indigo-brown  may  have  been  dissolved  by  the  potash,  is  thrown  down  by  the  lime. 
Lime  in  too  large  a  quantity,  however,  forms  an  insoluble  oombiuation  with  the  reduced 
indigo,  and  thus  makes  a  portion  of  the  dye  ineffective ;  at  the  same  time  it  combines 
with  the  extractive.  In  consequeiwe  of  the  feimeatative  acUoa,  carbonic  acid,  acetic 
acid,  and  ammonia  arc  disengaged  s  the  first  two  of  which  neutraliie  a  portion  of  Lhelimei 
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and  require  sdmII  qfiuuititiey  of  thit  earth  to  be  added  ia  sneoeMioa ;  henea  alao  a  eon 
iiderabie  qiantity  of  tae  earboaate  of  lime  is  found  as  a  deposite  on 'the  sides  and  bottom 
(rf*  the  vat.  In  the  sound  condition  of  the  indigo  vat,  no  free  lime  should  be  pereeivedy 
but  on  the  contrury  a  free  aeid.  Yet  when  the  disertgaged  earbonic  and  aeetie  aeids  sat- 
vrate  the  lime  completely,  no  indigo  can  remain  at  solution ;  therefore  a  sufficient  supply 
of  lime  roust  always  be  left  to  dissolve  the  dye,  otherwise  the  indigo  wouM  fall  down 
and  mix  with  the  extractive  matter  at  the  bottom.  Goods  dyed  in  the  blue  vat  are  oeca- 
sionaUy  brightened  by  a  boil  in  a  logwood  batfa^  with  a  moidant  of  sulpbo-muriate  of  tin, 
or  in  a  bath  of  cudbear. 

Another  mode  of  mounting  the  indigo  vat  without  woad  and  lime,  is  by  means  of  mad- 
der, bran,  and  potash.  The  water  of  tbe  vat  is  to  be  heated  to  the  temperature  of  122^ 
F. ;  aiid  for  120  cubic  feet  of  it,  12  pounds  of  indigo,  8  pounds  of  madder,  and  as  mnch 
bran,  are  to  be  added,  with  24  pounds  of  good  potashes ;  at  tbe  end  of  36  honrs,  12 
pounds  more  of  potash  are  introduced,  and  a  third  12  pounds  in  other  12  hours.  In 
the  course  of  72  hours,  all  the  eharacters  of  the  redoctioa  and  solution  of  the  indigo 
become  apparent  f  at  wbich  time  the  fennentation  must  be  checked  by  the  addition  of 
quicklime.  l*be  liquor  has  a  bright  full  -color,  with  a  beautiful  rich  froth.  In  feeding 
the  vat  with  indigo,  an  equal  weight  of  madder,  and  a  double  weight  of  potash,  should 
be  added.  The  odor  of  this  vat,  in  its  mild  but  active  state,  is  necessarily  different  from 
that  of  the  woad  vatf  as  no  ammonia  is  exhaled  in  the  present  ease,  and  the  sediment  is 
much  smaller.  Tbe  reduced  indigo  is  held  iil  solution  by  the  carbonated  potash,  while 
the  small  addition  of  quicklime  merely  serves  to  precipitate  the  indigo-brown. 
•  A  potash  vat  dyes  in  about  half  the  time  of  the  ordinary  warm  vat,  and  penetrates 
fine  cloth  much  better ;  while  the  goods  thus  dyed  lose  less  color  in  alkaline  and  soap 
solutions.  This  vat  may  moreover  be  kept  with  ease  in  good  condition  for  several 
months ;  is  more  readily  mounted ;  and  from  the  minute  proportion  of  lime  present,  it 
cannot  impair  the  soAness  of  the  woollen  fibres.  It  is  merely  a  little  more  expensive. 
It  is  said  that  cloth  dyed  in  the  potash  indigo  vat,  requires  one  tliird  less  soap  in  the 
washing  at  the  fulling  mill,  and  does  not  soil  the  hands  aAer  being  dressed.  At  Elbeuf 
and  Louviers,  in  France,  such  vats  are  much  employed.  Wool,  silk,  cotton,  and  linen, 
may  all  be  dyed  in  them. 

CoUaa/».— The  eoppiroM  or  common  6/«s  vat  of  this  country  is  so  named  because  the 
indigo  is  reduced  by  means  of  the  piotozyde  of  iron.  This  salt  should  therefore  be  as 
free  as  possible  from  the  red  oxyde,  and  espeeially  from  any  sulphate  of  copper,  which 
would  re-ozydise  the  indigo.  The  necessary  ingredients  are :  copperas  f green  sulphate 
of  iron),  newly  slaked  quicklime,  finely  ground  indigo,  and  water ;  to  which  sometimes 
a  little  potaah  or  soda  is  added,  with  a  proportional  diminution  of  the  lime.  The  opera- 
tion is  conducted  in  the  following  way  :  the  indigo,  well  tritnrated  with  wAer  or  an  alka- 
line ley,  must  be  mixed  with  hot  water  in  the  preparation  vat,  then  tbe  requisite  quantity 
of  lime  is  added,  aAer  which  the  solution  of  copperas  most  be  poured  in  with  stirring. 
Of  this  prtparatian  vat,  such  a  portion  as  may  be  wanted  is  laded  into  the  dyeing  vaL 
For  one  pound  of  indigo  three  pounds  of  copperas  are  taken,  and  fonr  pounds  of  lime 
(or  1  of  indigo,  2^  of  copperas,  and  3  of  lime).  If  the  eopperas  be  partially  peroxydtzed, 
somewhat  more  of  it  must  be  used. 

A  vat  containing  a  considerable  excess  of  lime  is  called  a  ^larp  vat,  and  is  not  well 
adapted  for  dyeioa.  A  soft  vat,  on  the  contrary,  is  that  which  contains  too  much  eop- 
peras. Ia  this  case  tbe  precipitate  is  apt  to  rise,  and  to  prevent  uniformity  of  tint  in  the 
dyed  goods.  The  sediment  of  the  copperas  vat  consists,  of  sulphate  of  lime,  oxyde  of 
iron,  lime  with  indigo  brown,  and  lime  with  indigo  blue,  when  too  much  quicklime  has 
been  employed.  The  dear,  dark  wiae  yellow  fluid  contains  indigo  blue  in  a  reduced  sute, 
and  indigo  red,  both  combined  with  lime  and  with  the  gluten  of  indigo  dissolved.  AAer 
using  it  for  some  time  the  vat  should  be  refreshed  Or  fed  with  eopperas  and  lime,  upon 
which  occasion  the  sediment  must  first  be  stirred  up,  and  then  allowed  time  to  aetde 
again  and  become  clear.  For  obtaining  a  series  of  bine  tints,  a  series  of  vats  of  different 
strengths  is  required. 

Linen  and  cotton  yarn,  before  being  dyed,  should  be  boiled  with  a  weak  alkaline  ley, 
then  put  upon  frames  or  tied  up  in  hanks,  and  aAer  removing  the  froth  from  the  vat, 
plunged  into  and  moved  gently  thrpugh  it.  For  pale  blues,  an  old,  nearly  exhausted 
vat  is  used  {  but  for  deep  ones,  a  fresh,  nearly  saturated  vat.  Cloth  is  stretched  upon  a 
proper  squara  di|>ping  frame  made  of  wood;  or  preferably  of  iron,  furnished  with  sharp 
hooks  or  points  of  attachment.  These  frames  are  suspended  by  cords  over  a  pulley,  and 
thus  immersed  and  liAed  out  alternately  at  proper  intervals.'  In  the  eourse  of  8  or  10 
minutes,  the  cloth  is  sufficiently  saturated  with  the  solution  of  indigo,  after  which  it  is 
raised  and  suspended  so  as  to  drain  into  the  vat.  The  number  of  dippings  determines 
the  depth  of  the  shade;  after  the  last,  the  goods  are  allowed  to  dry,  taken  off  the  ftnme, 
plunged  into  a  sour  bath  of  very  dilute  sulphuric  or  muriatic  acid,  to  remove  the  adher- 
iDs  iUne,  and  then  well  rinsed  ia  ruaniag  water.    Instead  of  the  dippiag  firamea,  aome 
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Jyen  vse  a  peenliur  rotter  apffttmtvfl^  oAed  fclftipiri,  limihr  to  what  has  been  described 
uder  Calico  Pbintiho  ;  paitieiilarly  for  pale  blues.  This  coJd  vat  is  applicable  to 
eoUou,  linen,  and  silk  goods. 

When  white  spots  are  to  appear  upon  a  bine  gToand,  resist  pastes  are  to  be  used,  as 
defcribed  under  Cauco  PaiHTiNO. 

TJie  urine  vat  is  prepared  by  digestion  of  the  ground  indigo  in  wanned  stale  urine, 
which  first  disoxygenates  the  indigo,  and  then  dissolves  it  by  means  of  its  ammonia. 
Madder  and  alum  are  likewise  added,  the  latter  being  of  use  to  moderate  the  ferroenta- 
tioo.  This  vat  was  employed  more  commonly  of  oU  than  at  present,  for  the  purpose  of 
dyeing  woollen  and  linen  goods. 

The  mode  of  making  the  China  blae  dye  has  been  described  under  Cauco  Pbintino  ; 
ss  well  as  the  ptaeil  blue,  or  blue  of  application. 

A  bine  dye  may  likewise  be  given  by  a  solution  of  indigo  in  sulphuric  acid.  This  pro- 
cess was  discovered  by  Barth,  at  Grossenhayn,  in  Saiony,  about  the  year  1740,  and  is 
hence  called  the  Saxon  blue  dye.  The  chemical  nature  of  this  process  has  been  already 
folly  explained.  If  the  snsoking  sulphuric  acid  be  employed,  from  4  to  5  parts  are  sufll- 
dent  Tor  1  of  indigo ;  but  if  oil  of  vitriol,  from  7  to  8  parts.  The  acid  is  to  be  poured 
iDto  an  earthenware  pan,  which  in  summer  must  be  placed  in  a  tub  of  cold  water,  to  pre- 
Tent  it  getting  hot,  and  the  indigo,  in  fine  powder,  is  to  be  added,  with  careful  stirring, 
in  small  successive  portions,  If  it  becomes  healed,  a  part  of  the  indigo  is  decom- 
posed, with  the  disengagement  of  sulphurous  add  gas,  and  indigo  green  is  produced. 
Whenever  all  the  indigo  has  been  dissolved,  the  vessel  must  be  covered  up,  allowed  to 
stand  for  48  boufs,  and  then  diluted  with  twice  its  weight  of  clear  nver  water. 

The  undiluted  mass  has  a  black  blue  color,  is  opaque,  thick,  attracts  water  from  the 
sir,  and  is  called  itidigo  compoeitiouy  or  ^mic  bhti*  Ix  must  be  prepared  beforehaod, 
aod  kept  in  store.  In  this  solution,  besides  the  otratti,  there  are  also  indigored,  indigo- 
brown,  and  gluten,  by  which  admixtere  the  pure  blue  of  the  dye  is  rendered  foul,  as- 
suming a  brown  or  a  green  cast.  To  remove  these  comaminations,  wool  is  had  recourse 
to.  This  is  plunged  into  the  indigo  previously  diffused  through  a  considerable  body  of 
water,  brought  to  a  boiling  heat  in  a  copper  kettle,  and  then  allowed  to  macerate  as  it 
ODoh  for  24  hours.  The  wool  takes  a  dark  blue  dye  by  absorbing  the  indigo-blue  sulphate 
aod  hyposulphite,  while  at  the  same  time  the  liquor  becomes  greenish  blue ;  and  if  the 
wool  be  left  longer  immersed,  it  becomes  of  a  dirty  yellow.  It  must  therefore  be  taken 
oot,  drained,  washed  in  running  water  till  this  runs  off  colorless,  and  without  an  acid 
taste.  It  must  next  be  put  into  a  copper  full  of  water,  containing  one  or  two  per  cent. 
of  carbonate  of  potash,  soda,  or  ammonia  (to  about  one  third  the  weight  of  the  indigo), 
and  subjected  to  a  boiling  heat  fur  a  quarter  of  an  hour.  The  blue  salts  forsake  the 
wool,  leaving  it  of  a  dirty  red-brown,  and  dye  the  water  blue.  The  wool  is  in  fact  dyed 
with  the  indigo-red,  which  is  hardly  soluble  in  alkali.  The  blue  liquor  may  now  be  em- 
ployed as  a  fine  dye,  possessed  of  superior  tone  and  lustre.  It  is  cajled  distilled  blue  and 
ioluble  blue.  Sulphuric  acid  throws  down  from  it  the  small  quantity  of  indigo-red  which 
had  been  held  in  solution  by  the  alkidL 

When  wool  is  to  be  dyed  with  this  sulphate  of  indigo-ldue,  it  must  be  first  boiled  In 
•lam,  then  treated  with  the  blue  liquor,  and  thus  several  times  alternately,  in  order  to 
produce  a  uniform  blue  color.  Too  long  continuance  of  boiling  is  injurious  to  the 
heanty  of  the  dye.  In  this  operation  the  woollen  fibres  get  impregnated  with  the  indigo* 
hloe  sulphate  of  alumina. 

With  sulphate  of  indigo,  not  only  bines  of  every  shade  are  dyed,  but  also  green,  olive, 
pay,  as  also  a  fast  ground  to  logwood  blues ;  for  the  latter  purpose  the  preparatory  boil 
U  given  with  alum,  tartar,  sulphates  of  copper  and  iron,  and  the  blue  solution  f  after 
which  the  goods  are  dyed  op  with  a  logwood  bath  containing  a  little  potash. 

SrAnsncAL  Tables  of  Indigo;  per  favor  of  James  Wilkinson,  Esq., 

of  Leadenhall  Street 
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1,141,589 
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1,754,283 

535,845 

3,105,610 
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192,060 
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2,674,317 
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3,179,861 
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5,243,613 
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1812^ 

4,461,793 

364,171 

1,853,916 

1813 
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1814 
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328,881 
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1815 
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4,278,674 

2,774,091 

1816 

7,247,227 

39,275 

4,214,454 
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1817 
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1819 

8,68e,0Ar 

129,682 

8,126,739 

2,033,601       , 

1820 

4,924,222 

161,164 

4,378,857 

2,288,196       ' 

1821 

3,943,902 

119,617  ' 

2,986,364 

1,959,509 

1822 

2,649,284 

374,230 

2,378,948 

2,004,062 

1823 

6,567,296 

664,408 

2,783,504 

2,322,221 

1824 

-      4,695,707 

486,110 

2,795,740 

2,493,350 

1825 

6,233,385     • 

660,296 

3,870,929 

2,381,233 

1826 

7,699,489 

886,312 

4,365,163 

1,901,047 

1827 

6,404,811 

662,936 

8,315,675 

2,399,365 

1828 

9,683,626 

229,384 

4,588,658 

3,064,915 

1829 

6,978,627 

769,767 

4,286,605 

2,113,830 

1830 

7,920,924 

295,516 

4,686,784 

2,676,945 

1831 

7,0044610 

290,089 

4,374,241 

2,490,134 

1832 

6,221,72» 

131,340 

5,346,725 

2,395,653 

1833 

6,804,016 

331^016 

3,664^814 

2,323,300 

1834 

3,798,144 

357,152 

3,928,226 

2,447,827 

1R35 

3,966,233 

183,480 

4,074,598 

2,606,772 

1836 

6,753,898 

418,800 

3,691,951 

2,864,274 

1837 

6,872,601 

673,270 

3,587,561 

2,240,451 

INDIAN  RUBBER  is  Um  TnlKar  une  oreMmteimic  in  Ihis  coantry. 

INK  (Encn^  Fr. ;  TitUt,  Germ.)  it  a  eolared  liquid  for  wriUnis^  on  paper,  pnrchmeni, 
lioen,  tU,  wiib  a  pen. 

Black  tmAc.^NutgaUs,  mlphate  of  iron,  and  gnm,  are  tbe  only  8ob0tanees  tnily  nsefVil 
la  the  preparation  of  ordinary  ink;  the  other  things  often  added  merely  modify  the  shade^ 
tad  eonsiderably  diminish  the  eost  to  the  manufacturer  npon  the  great  scale.  Many  of 
these  inks  contain  little  gallic  acid,  or  tannin,  and  are  therefore  of  inferior  quality.  To 
BMke  12  gallont  of  ink,  we  may  take — 

12  pounds  of  nutgalls, 

6  pounds  of  green  sulphate  of  iron, ' 

6  pounds  of  gum  Senegal, 
12  galkms  of  water. 

The  bruised  nutgalls  ajre  to  be  put  into  a  cylindrical  copper,  of  a  depth  equal  to  itb 
diameter,  and  boiled,  during  Ibree  hours,  with  three  fourths  of  tlie  above  quantity  of 
water,  taking  care  to  add  fresh  water  to  replace  what  is  lost  by  cTaporatioB.  Tbe 
decoction  is  to  be  emptied  into  a  tub,  allowed  to  settle^  and  the  clear  Ikioor  beinf 
drawn  otf,  the  lees  are  to  be  drained.  Some  recommend  the  addition  of  a  little  bnllocki 
blood  or  white  of  egg.  to  remove  a  part  of  the  tannin.  But  this  abstraction  tends  to  lessen 
the  product,  and  will  seldom  be  practised  by  the  manufacturer  intent  upon  a  large  teturn 
for  his  capital.  The  gum  is  to  be  dissolved  in  a  small  qnantity  of  hot  water,  and  the 
mucilage  thns  formed,  being  filtered,  is  added  to  the  clear  decoction.  The  sulphate  of 
iron  must  likewise  be  separately  dissolved,  aad  well  mixed  with  the  above.  The  color 
darkens  by  degrees,  in  consequence  of  the  peroxydizement  of  the  icon,  on  exposing  th* 
ink  to  the  action  of  the  air.  But  ink  affords  a  more  durable  writing  when  used  in  the 
pale  stale,  because  its  particles  are  then  finer,  and  penetrate  the  paper  more  intimatelyk 
When  ink  consists  chiefly  of  tannate  of  peroxyde  of  iron,  however  black,  it  is  merely 
tnperficial,  and  is  easily  erased  or  effaced.  Therefore,  whenever  the  liquid  made  by  the 
ahove  prescription  has  acquired  a  moderately  deep  tiat,  it  should  be  drawn  off  elear  into 
bottles,  and  well  corked  up.  Some  ink-makers  allow  it  to  mouki  a  little  in  the  casks 
before  bottling,  and  suppose  that  it  will  thereby  be  not  so  liable  to  become  mouldy  in  the 
bottles.  A  few  bruised  cloves,  or  other  aromatic  perfume^  added  to  ink,  is  saki  to  pre- 
rent  the  formation  of  mouldiness,  which  is  produced  \>y  the  ova  of  infusoria  animalcules* 
I  prefer  digesting  the  galls  to  boiling  them. 

The  operation  may  be  abridged,  by  peroxydizing  the  copperas  beforehand,  by  moderate 
calcination  in  an  open  vessel;  but,  for  the  reasons  above  assigeed,  ink  made  with  sneh  a 
SQlphate  of  iron,  however  agreeable  to  the  ignorant,  when  inade  to  shine  with  gum  and 
near,  under  the  name  of  japan  ink,  is  neither  the  most  durable  nor  the«moet  pleasant  to 
Write  with. 
From   ihe   comparatively   high   price   of  gall-nuts,  sumach,  logwbod,  and    even 
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ot^  bftrki  are  too  fte^ognUy-wibitinitgii,  to  a  eaotUerslile  degre^i  in  tlie  misiifactiire 

of  ink. 

The  ink  made  by  tbe  prescription  given  above,  ia  mneh  more  rich  and  powerfn]  than 
many  of  (he  inks  commonly  sold.  To  bring  it  to  their  standard,  a  half  more  water  may 
safely  be  added,  or  even  SX)  gallons  of  tolerable  ink  may  be  made  from  that  weight  of 
materials,  as  I  have  ascertained. 

Sumach  and  logwood  admit  of  only  about  one  half  of  the  copperas  that  galls  will  take 
to  bring  out  the  maximum  amount  of  black  dye. 

Cbaptal  gives  a  prescription  in  his  Ckimie  appliqult  ana  arttf  which,  like  many  other 
things  in  that  book,  are  published  With  very  little  knowledge  and  discrimination.  He 
uses  logwood  and  sulphate  of  copper,  in  addition  to  the  galls  and  salphate  of  iron ;  a  ^r- 
nicious  combination,  productive  of  a  spurious  fugitive  black,  and  a  liquor  corrosive  of 
pens.    It  is,  in  fact,  a  modification  of  the  vile  dye  of  the  hatters. 

Lewis,  who  made  exact  experiments  on  inks,  assigned  the  proportion  of  3  parts  of  galls 
to  1  of  sulphate  of  iron,  which,  with  average  galls,  will  answer  very  well ;  but  good  galls 
will  admit  of  more  copperas. 

Gold  ink  is  made  by  grinding  upon  a  porphyry  slab,  with  a  mnller,  gold  leaves  along 
with  white  honey,  till  they  be  reduced  to  the  finest  possible  division.  The  paste  is  ihea 
collected  upon  the  edge  of  a  knife  or  spatula,  put  into  a  large  glass,  and  diffused  through 
water.  The  gold  by  gravity  soon  falte  to  the  bottom,  whUe  the  honey  dissolves  in  the 
water,  wbicK  must  be  decanted  oflU  The  sediment  is  to  be  repeatedly  washed  till  entirely 
freed  from  the  honey.  The  powder,  when  dried,  is  very  brilliant,  and  when  to  be  used 
as  an  ink,  may  be  mixed  up  with  a  little  gnm  water.  AAer  the  writing  becomes  dry,  it 
should  be  burnished  with  a  woITs  tooth. 

Silver  ink  is  prepared  in  the  same  manner. 

Indelible  ink. — A  very  good  ink,  capable  of  resisting  chlorine,  oxalic  acid,  and  ablation 
with  a  hair  pencil  or  sponge,  may  be  made  by  mixing  some  of  the  ink  made  by  the  pre- 
ceding prescription,  with  a  little  gennine  China  ink.  It  writes  well.  Many  other  form- 
vice  have  been  given  for  indeliUe  inks,  but  they  are  all  inferior  in  simplicity  and  useful- 
ness to  the  one  now  prescribed.  Solution  of  nitrate  of  silver  thickened  with  gum,  and 
•written  with  upon  linen  or  cotton  cloth,  previously  imbued  with  a  solution  of  soda,  and 
dried,  is  the  ordinary  permanent  ink  of  the  shops.  Before  the  cloths  are  washed,  the 
writing  should  be  exposed  to  the  snn>baam,  or  to  bright  daylight,  which  bladiens  and  fixes 
the  oxyde  of  silver.    It  is  easily  discharged  by  chlorine  and  ammonia. 

Bid  ink, — This  ink  may  be  made  by  infusing,  for  3  or  4  days  iit  weak  vinegar, 
Brazil  wood  chipped  into  small  pieces ;  the  infusion  may  be  then  boiled  upon  the  wood 
for  an  hour,  strained,  and  thickened  slightly  with  gum  arabic  and  sugar.  A  little 
alum  improves  the  color.  A  decoction  of  cochineal  with  a  little  water  of  ammonia, 
forms  a  more  beautiful  red  ink,  but  it  is  fugitive.  An  extemporaneous  red  ink  of  the 
same  kind  may  be  made  by  dissolving  carmine  in  weak  water  of  ammonia,  and  adding  a 
little  mucilage. 

Green  i«A:.— According  to  Klaprotb,  a  fine  ink  of  this  color  may  be  prepared  by  boiling 
«  mixture  of  two  parts  ^  verdigris  in  eight  parts  of  water,  with  one  of  cream  of  tartar, 
till  the  total  bulk  be  .reduced  one  half.  The  solution  must  be  then  passed  through  a 
doth,  cooled,  and  bottled  for  use. 

Yellow  ink  is  made  by  dissolving  3  parts  of  alum  in  100  of  water,  adding  25  parts  of 
Persian  or  Avignon  berries  bruised,  boiling  the  mixture  for  an  hour,  straining  the  liquor, 
and  dissolving  in  it  4  parts  of  gnm  arabic.  A  solution  of  gamboge  in  water  forms  a  con- 
venient yellow  ink. 

By  examining  tbe  different  dye>iftuffs,  and  considering  the  processes  used  in  dyeing  with 
them,  a  variety  of  colored  inks  may  be  made. 

China  ink. — Proust  says,  that  lamp-black  purified  by  potash  ley,  when  mixed  with 
a  solution  of  glue,  and  dried,  formed  an  ink  which  was  preferred  by  artists  to  that  of 
China.  M.  Merim^e,  in  his  interesting  treatise,  entitled,  De  la  peinture  d  Vhuik^  says, 
that  the  Chinese  do  not  use  glue  in  the  fabrication  of  their  ink,  but  that  they  add 
vegetable  juices,  which  render  it  more  brilliant  and  more  indelible  upon  paper. 
AVben  the  best  lamp-black  is  levigated  with  the  purest  gelatine  or  solution  of  glue,  it 
forms,  no  doubt,  an  ink  of  a  good  color,  but  wants  the  shining  fracture,  and  is  not  so 
permanent  on  paper  as  good  China  ink ;  and  it  stiffens  in  cold  weather  into  a  tremulous 
jelly.  Glue  may  be  deprived  of  the  gelatinizing  property  by  boiling  it  for  a  long  time, 
or  subjecting  it  to  a  high  heat  in  a  Papin's  digester ;  but  as  ammonia  is  apt  to  be  gene- 
imted  in  this  way,  M.  Merim^  recommends  starch  gum  made  by  sulphuric  acid  (British 
gum)  to  be  used  in  preference  to  glue.  He  gives,  however,  the  following  directions  for 
preparing  this  ink  with  glue.  "Into  a  solution  of  glue  he  pours  a  concentrated  solution 
of  gall-nuts,  which  occasions  an  dastic  resinous-looking  precipitate.  He  washes  this 
■latter  with  hot  water,  and  dissolves  it  in  a  spare  solution  of  clarified  glue.    He  filters 
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taew,  uid  conGeatntet  it  to  the  proper  degree  for  being  inearporated  with  the  purified 
VDp-bimek.  The  astringent  priaciple  in  vegetables  does  not  precipitate  gelatine  when 
iU  acid  is  saturated,  as  is  done  by  boiling  the  notgalls  with  limewater  or  magnesia.  Th« 
first  mode  of  making  the  ink  is  to  be  preferred.  The  lamp-black  is  said  to  be  made  in 
China,  by  collecting  the  smoke  of  the  oil  of  sesame.  A  little  camphor  (about  2  per  cent.) 
has  been  detected  in  the  ink  of  China^  and  is  supposed  to  improve  it.  Infusion  of  galla 
renders  the  ink  permanent  on  paper. 
Sfmpathetic  ink.  The  best  is  a  solution  of  muriate  of  cobalt. 
PrinUr't  ink.    See  this  article. 

By  decomposing  vanadate  of  ammonia  with  infusion  of  galls,  a  liquid  is  obtained 
of  a  perfectly  black  hue,  which  fiows  freely  from  the  pen,  is  rendered  blue  by  acids,  ia 
insoluble  in  dilute  alkalis,  and  resists  the  action  of  chlorine.  Whenever  the  metal  vana^ 
diom  shall  become  more  abundant,  as  it  probably  may  ere  k>nff,  we  shall  possess  the 
menas  of  making  an  ink,  at  a  moderate  price,  much  superior  to  the  tanoata  and  gaUate 
of  iron. 

To  prepare  the  above  vanadic  salt  cheaply,  the  cinder  or  hammerschlag  obtained 
from  the  iron  made  at  Ekersholm,  in  Sweden,  or  other  iron  which  contains  vana- 
dium, being  reduced  to  a  fine  powder,  is  to  be  mixed  with  i^  thirds  of  its  weight  of 
nitre,  and  one  third  of  efiloresced  soda.  The  mixture  is  to  be  ignited  in  a  cruciUe;  cooled 
and  lixiviated,  whereby  solutions  of  the  vanadates  of  potash  and  soda  are  obtained,  not 
pure,  Jndeed,  but  sufficiently  so  for  being  decomposed,  by  means  of  sal  ammoniac,  into  a 
fanadate  of  ammonia.  This  being  rendered  nearly  neutral  with  any  acid,  constitutes  an 
excellent  indelible  ink. 

INULINE  (£ng.  and  Fr.)  is  a  substance  first  extracted  from  the  root  of  the  tnnUa-HO^ 
fanvm,  or  Elecampane.  It  is  white  and  pulverulent  like  starch;  and  dififers  from  this 
snbatance  chiefly  because  its  solution,  when  it  cools,  lets  fall  the  inniine  unchanged  in 
powder,  whereas  starch  remains  dissolved  in  the  eold,  aa  a  jelly  or  paste. 

Inoline  is  obtained  by  boiling  the  root  sliced  in  3  or  4  tiines  its  weight  of  water,  and 
setting  the  strained  decoction  aside  till  it  cools,  when  the  pulverulent  inuline  precipitates. 
It  exists  also  in  the  roots  of  colchicpm,  and  pellitory. 

IODINE  {lodi^  Fr.;  Jod^  Germ.)  is  one  of  the  archseal  undeoompounded  chemieal 
bodies,  which  was  discovered  accidentally  in  1812  by  M.  Courlois,  a  manufacturer  of 
saltpetre,  in  the  mother-waters  of  that  salt.  Its  afihiities  for  other  substances  are  so 
powerful  as  to  prevent  it  ftom  existing  in  an  insulated  slate.  .  It  occurs  .combined  with 
potassium  and  sodium  in  many  mineral  waters,  sndi  as  the  brine  spring  of  Ash  by-de-la* 
Zouebe,  and  other  strongly  saline  springs.  .  This  combination  exists  sparingly  in  sea- 
water,  abundantly  in  many  species  of  fnau  or  sea^weed,  and  in  the  kelp  msude  from 
them ;  in  sponges ;  in  several  marine  molhuemy  such  as  the  dorian  the  «eaii«,  oysters,  A&e.  | 
in  several  polyparies  and  sea  plants,  as  the  gergonta,  the  zoatera  marvnay  be, ;  particu* 
krly  in  the  mother-waters  of  the  salt-works  upon  the  Mediterranean  sea ;  and  it  has 
been  found  in  combination  with  silver,  in  some  ores  brought  from  the  neighborhood  of 
Mexico. 

Iodine  is  most  economieally  procured  from  the  mother-water  of  kelp,  as  fbrnished  by 
those  manufacturers  of  soap  in  Scotland  and  ehiewbere  who  em]^oy  this  crude  alkaline 
niatter.  By  pouring  an  excess  of  sulphuric  acid  upon  that  liquid,  and  exposing  the 
aixture  to  beat  in  a  retort,  iodine  rises  in  viokt  vapors  (whence  its  name),  and  condenses 
is  the  receiver  into  black,  briUiant,  soft,  scaly  crystals,  resembling  graphite  or  plombago. 
An  addition  of  the  peroxyde  of  manganese  to  the  above  mixture,  favors  the  production 
of  iodine.'  Souberein  has  proposed  as  a  means  of  extracting  it  in  greater  abundance 
fiom  a  given  quantity  of  the  said  mother- waters,  to  transform  the  iodide  of  potash  or 
soda,  present,  into  an  insoloUe  iodide  of  copper,  by  pouring  into  them  solution  of 
Mdphate  of  copper,  which  precipitates  first  of  all  one  half  of  the  iodine.  He  then 
decsats  the  supernatant  liquor,  and  adds  to  it  a  firesh  quantity  of  the  sulphate  along 
vith  some  iron  filings.  The  latter  metal  seizes  the  oxygen  and  sulphuric  acid  of 
the  cupreous  salt,  sets  the  copper  free,  which  then  seizes  the  other  half  of  tba 
iodine.  To  separate  this  iodide  from  the  remaining  iron  filings,  he  agitates  the 
vbole  with  water,  and  deeants  the  liquor.  The  filings  immediately  subside,  but  the 
iodide  of  eopper  ramains  for  some  time  in  a  state  of  suspension.  This  compound, 
separated  by  a  filter  ckHh,  is  to  be  mixed  with  twice  its  weight  of  the  black  peroxyde 
of  manganese,  and  as  much  sulphuric  acid  as  will  make  the  mixture  into  a  paste ;  which 
nuxture  being  introduced  into  a  retort,  and  distilled,  the  iodine  comes  over  in  its  eha* 
nicteristic  violet  vapon,  which  are  condensed  into  the  glistening  black  substance  in  the 
reeerver. 

Iodine  is  always  solid  at  atmospheric  temperatures,  though  it  slowly  flies  ofif  urith  • 
peculiar  offensive  penetrating  odor  somewhat  like  chh>rine.  Its  specific  gravity  is 
4-M6  at  the  temperatnre  of  68^  Fnhr.    Its  prime  equivalent, 'aoeofding  to  Berzelius,  is 
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dS*983,  one  volvroe  of  hydrogea  beinjr  l-OOO ;  But  t96*566,'ir  two  volames  of  liydroire^ 
be  reckoned  onity,  ai  mbflt  Briitsh  enemistB  eitimete  it,  fVom  the  composition  of  water. 
It  possesses  in  a  high  desrree  electro-neg&tive  properties,  like  oxygen  and  chlorine ;  and 
therefore  makes  ito  appeairance  at  the  positive  pole,  when  its  compounds  are  placed  in  the 
▼ottaic  circuit.  It  stains  the  skin  yeUow;  and  if  applied  for  some  time  to  it,  b  apt  to 
produce  painful  ulceretiona. 

Iodine  melts  only  at  about  390^  Fahr. ;  but  with  the  rapor  of  water  itTolatilizes  at  212^ 
It  has  a  great  affinity  for  hydrogen,  and  constitutes  by  that  union  hydriodic  acid  ;  a  com- 
pound resembling  in  some  respects  muriatic  or  hydrochloric  acid.  It  also  can  be  combin- 
ed with  oxygen,  and  forms  thereby  iodic  acid.  Its  eomponnds  with  carbon,  phosphoms, 
sulphur,  chlorine,  azote,  and  many  metals,  have  not  been  applied  to  any  manufacturing 
purpose,  and  therefore  need  not  be  described  here. 

The  chief  application  of  iodine  in  the  arts,  is  for  the  detection  of  starch,  which  its 
watery  solution,  though  containing  only  one  part  in  6000,  does  readily,  by  the  production 
of  a  deep  purple  color;  this  vanishes  by  exposing  the  starch  to  the  air  for  some  time,  or 
more  quickly  by  heating  it. 

As  a  medicine,  iodine  and  its  compounds,  such  as  the  iodides  of  potassium  and  iron,  are 
supposed  to  possess  rreat  powers  in  resolving  glandular  swellings.  The  periodide  of  mer- 
cury is  a  brilliant  red  pigment,  but  somewhat  evaneieent. 

Chlorine,  bromine,  and  iodine,  are  frequently  associated ;  and  it  has  hitherto  been 
reckoned  a  difficult  problem  to  separate  them  from  one  another.  The  following  plan  is 
proposed  by  Mr.  Ldviir. 

Heat  the  mixture  of  the. dried  chloride  and  bromide  (or  chloride  and  iodide)  while  a 
enrrent  of  chlorine  is  made  to  pass  over  it,  till  no  more  bromine  is  carried  off  by  the 
chlorine.  Receive  the  gases  in  a  solution 'of  potash;  saturate  this  fluid  mixture  of  the 
chloride  of  potassium,  and  the  chlorate  aUd  bromate  of  potash  with  nitric  acid,  adding 
afterwards  nitrate  of  silver.  A  mixture  of  bromate  and  ebtorkle  of  silver  will  precipitate. 
Dry  the  precipitate,'  calcine  it,  and  calculate  the  proportion  of  bromine  from  the  volume 
of  oxygen  gas  now  disengaged.  It  would  be  preferable  to  digest  in  a  vial,  the  precipi- 
tate while  moist,  along  with  water  of  baryta,  which  decomposes  the  bromate  of  silver 
without  acting  upon  the  chloride.  The  excess  of  baryta  being  thrown  down  by  carbonic 
acid,  and  the  liquid  being  evaporated,  a  bromate  of  baryta  is  obtained,  which  may  be 
washed  with  alcohol  of  0*840.  The  solution  of  bromate  of  baryta  may  also  be  neutral- 
ited  by  nitric  acid,  and  the  bromic  acid  may  be  precipitated  by  nitrate  of  silver.  The 
same  method  is  applicable  to  the  separation  of  iodine  from  chlorine. 

After  .throwing  dom  the  solution  of  the  mixed  salts  by  nitrate  of  silver,  Berzelius 
digests  the  washed  precipitate  in  a  etosed  bottle  of  water  of  baryta;  whence  results 
bromate  of  baryta  without  any  chtoride  of  barium.  On  evaporating  the  liquor  we  ob- 
tain crystallised  brabate  of  baryta,  which  may  be  iVeed  from  a  small  accidental  quantity 
•f  chloride,  by  washing  with  akobcA  at  0*840.  By  calcination  we  then  obtain  bromide 
of  barium)  which,  being  distilled  with  sulpbnric  acid  and  peroxyde  of  manganese,  affords 
bromine. 

IRIDIUM  is  a  meUl  discovered  by  Deseotils  in  1803,  as  also,  by  Tenant  in  1804;  and 
is  so  called  because  its  different  solutions  exhibit  all  the  colon  of  the  rainbow.  It  occurs 
only  in  the  ore  of  platinum,  being  found  thero  in  two  states ;  1.  WMted  to  that  metal,  and 
%  as  alloy  of  osmium  and  iridium,  in  the  form  of  small,  insulated,  hard  grains.  Iridium 
is  the  most  refractory  of  all  the  metals ;  and  wpptmn  as  a  gray  metallic  powder.  It  is 
not  fused  by  the  flame  of  the  hydroxygen  lamp. 

IRON  (Fer,  Fr. ;  Eittn,  Germ.)  is  a  metal  of  a  bluish-gray  eolor,  and  a  dull  fibrous 
fracture,  but  it  is  capable  of  acquiring  a  brilliant  surface  by  polishing*  Its  speciie  gravity 
b  7*78.  It  is  the  most  tenacious  of  metals,  and  the  hardest  of  all  those  which  are  malleable 
said  ductile.  It  is  singularly  suseeptlble  of  the  magnetic  virtue,  but  in  its  pure  state  soon 
loses  it.  When  rubbed  it  has  a  sfight  smell,  and  it  imparts  to  the  tongue  a  p^enliar 
astringent  taste,  called  chalybeiite.  In '  a  moist  atmosphere,  iron  speedily  oxydim,  and 
becomes  covered  with  a  brown  coating,  called  mst. 

Every  person  knows  the  manifold  uses  of  this  truly  precious  metal;  it  is  capable  ckf 
being  cast  in  moulds  of  any  form ;  of  being  drawn  out  into  wires  of  any  desired  strenctli 
or  fineness ;  of  being  extended  into  plates  or  sheets ;  of  being  bent  in  every  direction ;  of 
being  sharpened,  hardened,  and  softened  at  pleasure.  Iron  aceoamodates  itself  to  aB 
onr  wants,  our  desires,  and  even  our  caprices ;  it  is  equally  serviceable  to  the  arts,  the 
sciences,  to  agriculture,  and  war;  the  same  ore  Ibrnishes  the  aiaovd,  the  ploughshar^  tli« 
scythe,  the  praning  hook,  the  needle,  the  graver,  the  spring  of  a  wafteh-or  of  a  earriage, 
the  chisel,  the  chain,  the  anchor,  the  compass,  the  cannon,  and  the  bomb.  It  is  a 
medicine  of  much  virtue,  and  the  oniy  melal  friendly  to  Ute  huaum  frame. 

The  ores  of  iron  are  scattered  over  the  crust  of  the  globe  with  a  beneficent- proAmioiu 
proportioned  to  the  utility  of  the  melal ;  they  are  fimnd  under  every  lalitnde,  and  evcfy 
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sooe ;  ilk  every  minentl  tatuMtion,  ud  are  disiemiiHrted  im  every  «oi).  Coneiiiered  in  k' 
purely  mineralogical  point  of  Tiew,  without  referenea  to  tbeir  importance  for  reduction, 
tbey  ni«iy  be  reckoned  to  be  19  in  nttmber;  nnmely,  1.  native  iron  of  three  kinds:  pure, 
Dickeliieroos,  and  steely;  2.  arnenical  iron;  8.  yellow  8iilpharet  of  iron;  4.  white  sut- 
phoret  of  iron;  5.  magnetic  salphuret  of  iron;  6.  blade  oxyde  of  iron,  either  the  load- 
stone, or  suisceptible  of  magnetism)  and  titaniferoos ;  7.  compact /er  olit^Ute,  specular  iron 
ore,  as  of  Elba,  and  scaly  ftroHguU;  8.  hematite^  affording  a  red  powder;  9.  hematite 
or  hydrate  of  iron,  affording  ik yellow  powder,  of  which  thete  are  several  varieties;  10. 
pitchy  iron  ore;  11.  siiiceo^calcareons  iron,  or  yenite ;  12.  sparry  carbonate  of  iron,  and 
the  compact  elay  iron-stone  of  the  ooal  formation ;  13.  phosphate  of  iron ;  14.  sulphate 
of  iron,  native  copperas ;  1.5.  chromate  of  iron ;  16.  arseniate  of  iron ;  17.  mnriate  of 
iron ;  18.  oxalate  of  iron  \  19.  titanate  of  iron. 

Among  all  these  different  species,  ten  are  worked  by  the  miner,  either  for  the  sake  of 
the  iron  which  they  contain ;  for  jsse  in  their  native  state ;  or  for  extracting  some  prin- 
ciples from  them  advantageous  to  the  arts  and  mannfoctores ;  such  are-arsenical  iroui 
sulphate  of  iron,  sulphuret  of  iron,  and  chromate  of  iron. 

1.  Nalive  inn  a.  Pore. — This  species  is  very  rare,  and  its  existence  was  long  matter 
)f  dispute ;  though  it  has  been  undoubtedly  found  not  only  in  volcanic  formations,  but  in 
veins  properly  so  called.  It  is  not  entirely  like  our  malleable  iron ;  but  is  whiter,  more 
dnctile,  more  permanent  or  less  oxydixable  in  the  air,  and  somewhat  less  dense.  Among 
the  best  attested  examples  of  pure  native  iron- is  that  observed  by  M.  Schreber,  in  the 
mountain  of  Oulle  near  Grenoble.  The  metal  was  entangled  in  a  vein  running  through 
gietss,  and  appeared  in  ramifying  stalactite^  enveloped  in  fibrous  brown-oxs'de  of  iron 
nuxed  with  qnarts  and  day. 

B.  The  fuitim  mekdi/eront  or  mtttorie  iron  is  very  malleable,  often  cellular,  but  SMne- 
limcs  compact,  and  in  parallel  plates,  which  pass  into  rhomboids  or  octahedrons.  It  is 
natnrally  maznetic,  and  by  its  nickel  is  distinguishable  from  terrestrial  native  iron.  Mae- 
quart,  in  describing  the  famous  mass  found  at  mount  Eemir  in  Siberia,  says  that  the  iron 
is  perfectly  flexible,  and  fit  for  making  small  inBtramenis  at  a  moderate  heat ;  but  in  toa 
ttrong  a  fire,  the  metal  becomes  short,  brittle,  and  falls  into  grains  under  the  hammer. 
Meteoric  iron  is  covered  with  a  sort  of  varaish  which  preserves  its  surface  from  the  rust- 
ine  action  of  the  air;  bnt  this  preservative  property  does  not  extend  to  the  interior. 
Cbladoi  has  given  a  list  of  masses  of  metebrie  iron,  which  have  been  known  te  foil  at 
different  times  from  the  atmosphere,  and  of  many  specimens  which  indicate  their  atmos- 
pheric origin,  by  their  aspect  and  composition.  A  portion  of  the  mass  of  meteoric  iron 
found  at  Santa-Rosa  near  Santa-Fc-de-Bogota,  was  made  into  a  sword  and  presented  to 
Bolivar. 

c.  Native  tted-iron. — ^This  substance  has  all  the  charaetero  of  cast-«teel ;  it  occnra  in  a 
kind  of  small  button  ingots,  with  a  finely  striated  surface,  and  a  fracture  eiceedingly  fine 
grained.  It  is  hardly  to  be  touched  by  the  file,  and  will  scarcely  flatten  under  the  ham- 
mer. M.  Mossier  found  this  native  sted  at  the  village  of  Bouiche,  near  Nery,  depart- 
ment of  the  Allier,  in  a  spot  where  there  had  existed  a  seam  of  burning  coal.  A  mass 
of  16  pounds  and  6  ounces  of  native  steel  was  discovered  fai  that  place,  besides  a  great 
many  small  globules. 

2.  jirseniaU  iron,  jirttmkkiti,  or  Mitpidcd,  is  a  tin-white  mineral,  which  emits  a  garlic 
soell  at  the  blowpipe,  or  even  when  sparks  are  struck  finom  it  by  ^teelj  accompanied  with 
a  small  train  of  white  smoke.  It  contains  generally  more  or  less  sulphur,  and  sometimes 
a  little  silver,  associated  with  metallic  arsenic  and  iron. 

3.  Yellow  nUphuret  of  iron,  commonly  called  Mareante,  or  Martial  pyrites.  The 
hronxe  or  braas  yellow  color  enables  ns  to  recognise  this  mineral.  At  the  blowpipe  it 
gives  off  its  snlphur,  and  is  converted  into  a  globule  attractable  by  the  blowpipe.  It  is  a 
bisalphuret  of  iron  containing  32  of  sulphur  and  28  of  metal. 

Copper  pyrites  may  be  distingnithed  from  it  by  its  golden  yellow  color,  which  is  fre- 
qiently  iridescent,  and  by  its  inferior  hardness ;  for  it  does  not  strike  fire  with  steel,  like 
tlie  preceding  persnlphuret.  There  is  no  vein,  stratum,  or  mass  of  metallic  ore  which 
does  not  contain  some  iron  pyrites ;  and  it  Is  often  the  sole  mineral  that  fills  the  veins  in 
quartz.    It  sometimes  contains  gold,  and  at  other  times  silver. 

4.  White  nlpkurtt  of  tron.— This  is  distinguishable  (Vom  the  preceding  species  only 
^  .3  color  and  form  of  crystallization,  and  was  hence  till  lately  confounded  with  it  by 
(DiBeralogists.    Its  surface  is  often  radiated. 

5.  Magneiie  wip^nt  of  iron,  the  Magmetkiea  of  the  Germans. — This  ore  is  attract- 
sble  hy  the  magnet  like  common  iron.  Its  color  is  reddish-yellow,  passing  into  brown ; 
its  fracture  is  rongh.    It  consists  of  16  of  snlphur  and  28  of  iron. 

6.  Bloidk  oaeyde  of  iro%,  magnet  ore,  or  native  loaditom. — One  variety  of  this  species 
hss  two  poles  in  each  specimen,  which  manifest  a  repulsive  action  against  the  corres- 
ponding poles  of  a  magnetic  needle.  All  the  varieties  fbrnish  a-  black  powder.  Its 
external  color  is  a  gray  approaching  to  that  of  metallie  iron,  but  somewhat  duller; 
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with  oecMiona]  irideseenoe  of  turfaoe.  Neither  nitrie  acid  nor  t\e  hlowpipe  hu  of 
action  upon  it.  Its  specific  gravity  varies  from  4*24  Id  5*4 ;  and  its  .constitueiiis  are 
71*86  peroxyde,  and  28*14  protoxyde,  aeoording  to  Berselias;  or  in  100  parts,  71 -74  cf 
metallic  iron,  and  28*26  of  oxygen.  Assuming  the  prioie  equivalent  of  iron  to  be  28, 
vith  the  British  chemists,  then  an  ore  consisting,  like  the  above,  of  two  prime  propor- 
tions of  peroxyde,  and  one  of  protoxyde,  would  be  represented  by  the  number  116  =  80 
-f-  36 ;  and  would  consist  in  100  pans,  of  iron  72*4,  oxygen  27*6. 

Magnetic  iron-ore  belongs  to  primitive  rock  formations,  and  occurs  abundantly  in 
Sweden,  Dalecarlia,  Norway,  Siberia,  China,  Siam,  and  the  Philippine  isles;  but  it  is 
rare  in  England  and  France.  It  is  worked  extensively  in  Sweden,  and  famishes  an  ex- 
cellent iron. 

The  litanifcrous  oxyde  of  iron,  or  iron  sand,  is  also  attractable  by  the  magnet.  Its 
color  is  a  deep  black,  with  some  metallic  lustre;  it  is  perfectly  opaque ;  its  fracture  is 
coochoidal ;  it  is  hard  and  difficult  to  grind  under  the  pestle  into  a  dull  black  powder, 
which  stains  the  fingers  when  it  is  very  fine;  it  melts  at  a  high  heat  into  a  black  enamel 
without  lustre.  All  volcanic  rocks  contain  a  greater  or  less  quantity  of  titanic  iron-ore, 
disseminated  through  them,  which  may  be  recognised  by  its  brilliant  metallic  lustre,  and 
Its  perfect  conchoidal  fracture. 

7.  Fer  oligUte,  tron-g/ancs,  ipecular  iron,  and  red  iron  ore. — This  ore  has  the  ei^or  of 
polished  steel ;  and  the  light  transmitted  through  the  thin  edges  of  its  crystals  appears  of 
a  beautiful  red.  Its  powder  is  always  of  a  well  marked  brown-red  hue,  passing  into 
cherry-red,  which  distinguishes  it  from  the  Uack-oxyde  ore.  Its  fracture  is  rough,  or 
vitreous  in  certain  varieties ;  it  breaks  easily ;  but  it  is  hard  enough  to  scratch  glass.  It 
usually  contains  from  60  to  70  of  metallic  iron  in  100  parts ;  the  equivalent  proportion 
of  oxygen  in  the  pure  red  oxyde  of  iron  being  30  parts  combined  with  70  of  metal.  It 
18  a  mistake  to  suppose  any  specular  iron  ore  capable  of  yielding  85  per  cent,  of  iron,  for 
lOOparts  of  even  protoxyde  of  iron  contain  only  77*77  parts  of  metal. 

ite  compact  variety  comprises  the  crystals  of  the  island  of  Elba,  and  of  Framont  in 
the  Vosges,  which  have  a  rough-grained  fracture.  It  exists  in  very  great  masses,  consti- 
tuting even  entire  mountains ;  in  the  cavities  and  fissures  of  these  masses,  the  t>eautifnl 
crystals  so  much  prized  by  collectors  of  minerals,  occur. 

The  island  of  Elba  is  equally  celebrated  for  its  inexhaustible  abundance  of  rich  specular 
iron  ore,  and  for  the  immemorial  antkiuity  of  its  mining  operations.    Fig.  581  is  a  vertical 
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teetion  passing  through  the  three  woriciags,  called  Pietamonte  (d),  Sanguinaccio  (b>| 
Antenna  (f),  Uirough  an  ancient  excavation  a,  through  the  coast  o,  and  the  roole  p,  end- 
ing at  the  canal  of  Piombino.  The  total  height  of  the  metalliferous  mountain  above  the 
level  of  the  sea,  is  no  more  than  180  metres,  or  600  feet. 

The  rock  which  constitutes  the  body  .of  this  little  mountain  d  /,  is  called  biancheita  by 
the  workmen.  It  is  a  white  slaty  talc,  slightly  ochreous,  or  yellowish,  consisting  chiefly 
of  silica  and  alumina,  with  some  magnesia* 

The  ore  of  Antenna  (f)  is  a  very  hard  compact  /er  o2tgif/«,  of  a  brilliant  metallic 
aspect.  The  workable  bed  has  a  height  of  66  feet,  and  consists  of  metalliferous  blocka 
mixed  confusedly  with  sterile  masees  of  the  rock ;  the  whole  covered  with  a  rocky  detri- 
tus, under  i^  brownish  mould.  From  its  metallic  appearance  and  toughness,  this  bed  is 
called  vena /errata,  the  iron  vein.  In  Pietamonte  the  workable  bed  is  composed  entirely 
of  micaceous  specular  iron  ore  ( fer  oligiaie)^  with  its  fissures  filled  with  yellow  ochre. 
This  bed  rests  upon  the  rock  called  biancheUa ;  the  brilliant  aspect  of  ore  in  this  place 
has  gained  for  it  the  name  of  vena  luectoUt. 

The  metalliferous  hill  d  I,  extends  to  the  north-east,  about  a  mile  beyond  the  work- 
ings D  E  F.  The  ore  contains  about  65  per  cent,  of  iron,  and  is  smelted  in  Catalan 
forces.  I 

The  following  description  of  the  figure  will  make  the  structure  of  this  extraordinary 
mine  well  understood,    a,  is  a  great  excavation,  the  result  of  ancient  workings. 

1,  1 ;  2,  2 ;  3, 3,  4,  4, 5,  6,  and  7,  are  roads  for  carrying  ofif  the  rubbish,  in  eorreaposid 
cnce  with  the  several  working  levels. 
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by  bj  fr»  tULun  of  old  rnbbinh  (Mlait)^ 

Cy  e,  ditto,  from  the  present  workings  d,  e,  f. 

dy  tike  rocky  mass  called  bianchetta,  against  which  the  ore  extracted  from  a  abuts. 

«,  the  siufaee  of  a  bed  of  ore,  near  the  stt  camlet  g. 

y,  /,  indication  of  beds  of  iron  pyrites  and  /er  oligitU. 

gf  a  siDali  rivulet  proceeding  from  the  infiltration  ^  rains,  and  which  is  impregnated 
with  acidulous  sulphate  of  iron. 

A,  A,  ravine  which  separates  the  roetalliferons  hill  d  I  from  the  barren  hill  i, 

ky  masaes  of  Klags  from  ancient  smelting  operations;  such  are  very  common  in  this 
island.  None  of  any  consequence  now  exist;  nearly  the  whole  of  the  ore  being  ex- 
ported to  Tuscany,  the  Romagna,   the  Genoese  territories,   Piedmont,   Naples,  and 


/,  a  eonsiderahle  body  of  robbish  from  ancient  workings,  towards  the  summit  of  the 
metalliferous  hill  </,  L 

OT,  m,  part  of  this  hill  covered  with  rubbish,  the  result  of  old  workings. 

«,  the  site  called  Vigneria, 

o,  houses  upon  the  shore  called  Marine  de  Rio^  where  the  workpeople  live,  and  the 
mineral  is  kept  in  store. 

Pj  wooden  pier  (mole)  whence  the  ore  is  shipped ;  terminated  by  a  small  tower,  9. 

Compact  /er  oHgUie  occurs  also  in  the  Vosges,  in  Corsica,  at  Altenberg  and  Freyburg, 
ID  Saxony,  Presnitz,  in  Bohemia,  Norberg  and  Bisberg,  in  Sweden,  &c. 

The  varieties  called  specular  fer  oligitle,  and  scaly J^  oHgistej  or  iron-glance,  do  not 
differ  essentially  from  the  compact.  None  of  them  afiects  the  magnetic  needle,  and  their 
powder  is  a  red  of  greater  or  less  vivacity. 

8.  Rid  oxyde  of  tYtm.~-The  varieties  included  under  this  species  afibrd  a  red  powder, 
do  not  affect  the  magnetic  needle,  and  are  destitute  of  metallic  lustre.  At  the  blowpipe 
they  all  become  black,  or  deep  brown ;  and  then  they  act  on  the  needle.  The  crystal- 
lized variety  consists  of  70  iron  and  30  oxygen  in  100  parts.  The  concretionary  kind, 
or  hematite^  has  a  brown-red  color;  is  solid,  compact,  and  sometimes  very  hard|  its 
surface  may  be  filed  and  polished  so  as  to  acquire  a  lustre  almost  metallic ;  its  internal 
sCmcture  is  fibrous,  and  it  exhibits  sometimes  a  resemblance  to  splinters  of  wood.  Its 
outer  surface  is  constantly  concretionary,  mammelated,  and  pre^nts  occasionally  sections 
cf  a  sphere,  or  cylinders  attached  to  each  other.  This  is  the  blood-stone  of  the  burnisher 
of  metals.  It  is  a  very  common  mineral.  The  ochry  variety  or  red-iron-ochre  is  dis- 
tinguished from  the  solkl  hematite  by  the  brightness  of  its  color.  It  is  used  as  a 
pigment. 

9.  i9fOion  oxyde  0/ iron^  brovm  trDn-«toNs.—This  affords  always  a  yellow  powder, 
without  any  shade  of  red,  which  passes  sometimes  into  the  bistre  brown,  or  velvet  black. 
At  the  blowpipe  this  oxyde  becomcis  brown,  and  very  attractable  by  the  magnet ;  but  after 
calcination  and  cooling,  the  ore  yields  a  red  powder,  which  stains  paper  nearly  as  red 
as  hematite  does,  and  which  is  much  employed  in  polishing  metals.  All  the  yellow  or 
brown  oxydes  contain  a  large  proportion  of  water,  in  chemical  combination  ;  and  hence 
this  species  has  been  called  hydrate  of  iron.  There  are  several  varieties  which  assume 
globular,  reniform,  stalactitic,  and  frutioose  shapes.  As  impure  varieties  of  the  species 
we  must  consider  some  of  the  clay-iron  ores,  such  as  the  granular,  the  common,  the  pisi*- 
funn,  and  the  reniform  day-iron  ore.  According  to  D*Aubuis9on,  the  present  specief 
eotttists  of  pcraxydeaf  iron,  from  SS  to  94  per  om/. ;  water,  14  to  11 ;  oxyde  of  manga- 
nese, 2;  silica,  1  to  2.  It  is  therefore  a  hydrated  peroxyde  of  iron ;  and  ought  by  theohrf 
to  eoDtist,  in  its  absolnle  stale,  of  81-63  peroxyde,  and  18*37  water.  It  occurs  both  »• 
beds  and  veins*  Thtwttiiea  or  eagle-stones  ibnn  a  particular  variety  of  this  ore.  On- 
breaking  the  balls^  so  named,  they  are  observed  to  be  composed  of  concentric  coats,  the- 
outside  ones  being  very  hard,  but  the  interior  becoming  progressively  softer  towards  th& 
centre,  which  is  usually  earthy  and  of  a  bright  yellow  color ;  sometimef,  however,  the- 
centre  is  quite  empty,  or  contains  only  a  few  drops  of  water.  (Elites  occur  in  abundanoe, 
often  even  in  eontimioas  beds  in  secondary  mountains,  and  in  certain  argillaceous  strata. 
These  stones  pre  still. ocasidered  by  the  French  shepherds  as  amulets  or  talismans,  and 
may  be  found  in  the  smaU  bags  which  tb^  suspend  to  the  necks  of  their  favorite  rans ; 
and  thcy«C0  in  such  general  use,  that  a  krge  quantity  is  annually  imported  into  Fvance 
from  the  frontiers  of  Germany,  for  this  superstitious  purpose.  When  smelted,  they  yield 
aiDoadiffon. 

The  variety  called  granular  krowu  asByds,  or  born  ore^  is  merely  a  modification  of 
the  precedflMT*    It  occurs  m  gnuns  nearlf  romid,  vailing  in  sine  from  a  millet  seed  to  a 
pea,  each  being  eompostii  of  concentric  coats,  hard  outnde  and  soft  within.    Tltey  are 
geaerally  aggfaitinated  by  a  calcareous  or  argillacebut  paste ;  but  are  oecasionaUy  quhm* 
hmse.    This  ore  oocuvs  in  calcareous  formatiotts,  and  is  sometimes  aecompaaiad  witki 
sheU^  such  as  twrebratidtt.     The  brittle  quality  of  the  iron  aflbrded  by  it  has  beea, 
ascribed  to  the  phosphorus  derived  from  the  large  ^wplity  of  organic  bodiesi  -widii 
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which  the  ore  is  freqaently  mixed.    The  bog«iron  ore  and  swamp-inm  ore  belong  to  tliif 
species. 

10.  Pitchy  hydrate  of  iron. — This  is  n  rare  minerml  of  «  resinous  aspect,  found  in  a 
▼ein  in  the  mine  of  Braansdorf,  two  leagues  from  Freybeigy  and  se^ns  to  consist  of  red 
oxyde  of  iron  and  water. 

11.  YemU  is  a  mineral  species,  rather  rare,  composed  of  red  oxyde  of  iron,  silica,  and 
lime. 

12.  CarbonaU  of  irmf  tparry  tfoa,  or  brown'tpar, — ^This  important  species  has  been 
divided  into  two  varieties ;  spathose  iron  and  the  compact  carbonate.  The  first  has  a 
sparry  and  lamellar  fractora ;  with  a  color  varying  from  yellowish-gray  to  Isabella  yel- 
low, or  even  to  brownish-red.  It  turns  brown  without  melting  at  the  Udwpipe,  and 
becomes  attractable  by  the  magnet  aAer  being  slightly  roasted  in  the  flame  of  a  caadle. 
Even  by  a  short  exposure  to  the  air,  after,  its  extraction  from  the  mine,  it  also  assumes  the 
same  brown  tint,  but  without  acquiring  the  magnetic  quality.  It  affords  but  a  dight 
effervescence  with  nitric  acid,  changing  merely  to  a  red-brown  color.  Its  specific  gravity 
varies  from  3-00  to  3*67.  Its  primitive  form  is  like  that  of  carbonate  of  lime,  an  obtuse 
rhomboid.  Without  changing  this  form,  its  crystals  are  susceptible  of  containing  varia- 
ble quantities  of  carbonate  of  lime,  till  it  passes  wholly  into  this  mineral.  Manganese 
and  magnesia  enter  also  occasionally  into  its  composition. 

Sparry  carbonate  of  iron  belongs  to  primitive  formations ;  forming  powerful  veins  in 
mountains  of  gneiss,  and  is  associated  in  these  veins  with  quartz,  copper  pyrites,  gray 
copper,  fibrous  brown  oxyde  of  iron,  nnd  a  variety  of  ramose  carbonate  of  lime,  vulgarly 
called  JU>»  ferri.  Thus  it  is  found  at  Allevard  and  Vizille,  near  Grenoble,  at  Saint- 
Grcorge  d'Horetidre,  in  the  Alps  of  Savoy ;  at  Baigorry,  in  the  liower  Pyrenees ;  at  £is- 
enerz,  in  Styria ;  at  Huttenbeig,  in  Carinthia ;  at  Schwartz,  in  the  Tyrol ;  in  Saxony, 
Hungary,  other  places  in  Germany,  as  also  in  Spain,  Sweden,  Ndrway,  and  Siberia.  It 
also  occurs,  along  with  galena  and  other  ores  of  lead,  in  the  mines  of  Lead-Hills  and 
Wanlockhead,  in  Scotland ;  and  in  the  mines  of  Cumberland,  Northumberland,  nnd 
Derbyshire  $  likewise  with  tin-ore,  at  Wheal  Maudlin,  Saint-Just,  and  other  places  in 
Cornwall. 

This  ore,  viewed  as  a  metallurgic  object,  is  one  of  the  most  interesting  and  valuable 
that  is  known ;  it  affords  natural  steel  with  the  greatest  facility,  and  accommodates  itself 
best  to  the  Catalan  smelting  forge.  It  was  owing  in  a  great  measure  to  the  peculiar 
quality  of  the  iron  which  it  produces,  that  the  excellence  long  remarked  in  the  cntlery 
<^  the  Tyrol,  Siyria,  and  Carinthia,  was  due.  It  was  called  by  the  okier  mineralogists 
4teel  ore* 

The  carbonate  of  iron  of  the  eoal  foimation,  is  the  principal  ore  fram  which  iron  is 
smelted  in  £ngland  and  Scotland,  and  it  yiekls  usually  from  80  to  33  per  cent,  of  cast 
metal.  We  are  indebted  to  Dr.  Colquhoun  for  several  elaborate  analyses  of  the  sparry- 
irons  of  the  Glasgow  coal  field ;  ores  which  afford  the  b^t  qualities  of  iron  made  in  that 
district.  -  The  richest  specimen,  out  of  the  nine  which  he  tried,  came  from  the  neighbor- 
hood of  Airdrie;  it 'had  a  specific  gravity  of  3*0533,  and  afforded  in  100  parts,  carbonie 
acid,  35' 17  ;  protoxyde  of  iron,  53H^3;  lime,  3*33 1  magnesia,  1*77 ;  silica,  1*4;  alamina, 
0*63 ;  peroxyde  of  iron,  0*23 ;  carbonaceous  or  bituminous  matter,  3*03 ;  moisture  and 
loss,  1*41.    Its  contents  in  metallic  iron  are  41*25. 

The  compact  carbonate  of  iron  has  no  relation  exteraally  with  the  sparry  variety.  It 
comprehends  most  of  the  day-iron  stones,  and  particularly  that  which  occurs  in  flattened 
spheroidal  masses  of  various  size,  among  the  coal  measures.  The  color  of  this  ore  Is 
<^en  a  yellowish-brown,  reddish-gray,  or  a  dirty  brick-red.  Its  fracture  is  close  grained; 
it  is  easily  scratched,  and  gives  a  yellowish-brown  powder.  It  adheres  to  the  tongue, 
has  an  odor  slightly  argillaceous  when  breathed  upon,  makes  no  effervescence  with  any 
acid,  blackens  at  the  blow-pipe  without  melting,  and  becomes  attractable  by  the  magnet 
with  the  slightest  calcination. 

This  ore  affords  from  30  to  40  per  cent,  of  iron  of  exeellent  quality  $  and  it  is  the 
object  of  most  extensive  workings  in  Great  Britain.  It  ooeun  in  the  slaty  clay  whieh 
serves  as  a  roof  or  floor  to  the  strata  of  coal ;  and  also  in  eontinoons  beds,  from  2  to  18 
inches  thidr,  among  the  eoal  measures,  as  in  SCafilbrdshire,  Shropshire,  and  Wales.  It  is 
remarkable,  that  the  coal-basin  of  Newcnstle  contains  little  day  iron-stone,  while  the 
ooal-basin  of  Dudley  is  replete  with  it. 

13.  Photfhate  of  mm, — ^A  dull  blue  color  is  the  most  remarkable  external  eharaeter 
of  this  spedes,  which  oecura  in  small  masses  composed  of  aggregated^  P^^  sometimes 
in  an  •excessively  fine  powder,  or  giving  other  bodies  a  blue  tinge.  It  assumes  at  the 
blowpipe  a  rusty  hue,  and  is  then  reduced  to  a  button  of  a  metallic  aspect.  It  dissolves 
completely  in  dilute  nitric  add,  as  well  as  in  ammonia,  but  it  does  not  communicate  its 
c^or  to  them,  and  oil  turns  it  Uaek ;  cfaaractera  which  distinguish  it  readily  from  blue 
carbonate  of  copper,  whose  color  is  not  altered  by  ammonia.  It  is  of  no  use  as  a 
smdtingorB. 
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14.  Snlf^ate  of  irouy  Mtive  grun  vtfrtoZ.— This  »  formed  by  the  oxygenation  of  sal- 
l^nret  of  iron,  and  is  unimportant  in  a  metallnrgic  point  of  view. 

15.  Ckromate  of  iron. — For  the  treatment  and  use  of  thisore,  see  Chbome. 

16.  jSrafn\at€  of  tron,  Wurfiltrz. 

17.  Muriatt  of  iron^ 

18.  OxaiaU  of  iron;  JfumboldtUey  found  by  M.  Breithanpt  in  the  lignite  of  Kolaw.  It 
eonsisls  of  protoxyde  of  iron,  53*86 ;  oxalic  acid,  46*14 ;  in  100. 

19.  TiianaU  of  iron  consists  of  protoxyde  and  peroxyde  of  iron,  86 ;  titanic  acid,  8 ; 
oxyde  of  manganese,  2;  gangue,  1  ^  97.    See  Black  Oxydt  of  iron. 

Of  the  assay  of  iron-orts  by  fusion. — In  the  assays  by  the  dry  way,  the  oliject  is  to  sep- 
arate exactly  all  the  iron  which  the  ore  may  contain,  with  (he  view  of  comparing  the  result 
with  the  product  of  smelting  on  the  great  scale.  In  order  to  succeed  in  this  operation, 
we  must  deoxydize  the  iron,  and  produce  at  the  same  time  such  a  temperature  as  will 
melt  the  metal  and  the  earths  associated  with  it  in  the  ore,  and  obtain  the  former  in  a 
dense  button  at  the  bottom  of  a  crucible,  and  the  latter  in  a  lii^hter  glass  or  slag,  above  it. 
Sometime^  the  gangue  of  the  ores,  consisting  mostly  of  a  single  earth,  as  quartz,  alumina, 
or  lime,  is  of  itself  very  retVaetory,  arid  hence  some  flux  must  be  added  to  bring  about  the 
fusion.  The  substance  most  commonly  employed  for  this  purpose  is  borax ;  but  ordinary 
flint  glass  may  be  substituted  for  it.  Sometimes,  also,  instead  of  adding  borax,  which 
always  succeeds,  lime  or  clay  may  be  added  to  the  ore,  according  to  the  nature  of  its 
mineralizer ;  that  is,  lime  for  a  clay  iron-stone,  and  clay  for  a  calcareous  carbonate  of 
iron  ;  and  both,  when  the  gangue  is  silicioos,  as  occurs  with  the  black  oxyde. 

The  ore,  pulverized  and  passed  through  a  silk  sieve,  is  to  be  well  mixed  with  the  flux, 
and  the  mixture  introduced  into  the  smdoth  concavity  made  In  the  centre  of  a  crucible 
lined  with  hard-rammed  damp  chareoaK  dust.  Were  the  mixture  diffused  through  the 
charcoal,  the  reduced  iron  would  be  apt  to  remain  scattered  in  little  globules  through 
the  crucible,  and  no  metallic  button  would  be  formed  at  its  bottom.  The  mingled  ore  and 
ftuz  must  be  covered  with  charcoal.  The  crucible  thus  filled  must  be  shut  with  an  earthen 
lid  luted  on  with  fire-clay ;  and  it  is  then  set  on  its  base,  either  in  an  air  furnace,  or  on 
the  hearth  of  a  forge  urged  with  a  smith's  bellows.  The  heat  should  beVery  slowly  raised, 
not  employing  the  bellows  till  three  quarters  of  an  hour  have  expired.  In  this  way,  the 
water  of  the  damp  charcoal  {hra$qni\  is  allowed  to  exhale  slowly,  and  the  deoxydation  is 
completed  before  the  fusion  begins ;  for  by  acting  otherwise,  the  slags  formed  would  dis- 
solve some  oxyde  of  iron,  and  the  assay  would  not  indicate  the  whole  of  the  iron  to  be 
obtained  from  the  ore.  At  the  end  of  the  above  period,  the  fire  must  be  raised  progres- 
sively to  a  white  heat,  at  which  pitch  it  roust  be  maintained  for  a  quarter  of  an  hour, 
alter  which  the  crucible  should  be  withdrawn.  Whenever  it  has  cooled,  it  is  to  be 
opened,  the  hrasqw  must  be  carefully  removed  or  put  aside,  and  the  button  of  cast-iron' 
taken  out  and  weighed.  The  Inraaqiu  may  sometimes  contain  a  few  globules,  which  must 
be  collected  by  washing  in  water,  or  the  application  of  a  magnetic  bar.  The  quantity 
of  iron  denotes,  of  course,  the  richness  of  the  ore.  These  assays  furnish  always  a  gray 
east-iron;  and,  therefore,  the  quality  of  the  products  can  hardly  be  judged  of,  except  by 
an  experiment  on  the  large  scale.  The  temperature  necessary  for  the  success  of  an  assay 
is  about  150^  of  Wedgewood. 

In  the  assays  by  the  humid  way,  we  may  expect  to  find  manganese,  Silica,  alumina, 
lime,  magnesia,  and  sometimes  carbonic  acid,  associated  with  the  iron.  100  grains  of 
the  ore  in  fine  powder  are  to  be  digested  with  nitro-muriatic-acid  ;  which  will  leave  only 
the  silica  with  perhaps  a  very  little  alumina.  If  an  efife rvescence  takes  place  in  the  cold 
with  a  dilute  acid,  the  loss  of  weight  will  indicate  the  amount  of  carbonic  acid  gas  ex- 
pelled. The  muriatie  solution  contains  the  iron,  the  manganese,  the  lime,  magnesia,  and 
most  ot  the  alumina,  with  a  little  silica.  On  evaporating  to  dryness,  and  digesting  in 
water,  all  the  silica  will  remain  in  an  insoluble  state.  If  the  solution  somewhat  acidu- 
lated be  treated  with  oxalate  of  ammonia,  the  lime  will  fall  down  in  the  form  of  an  ox- 
alate ;  ammonia  will  now  precipitate  the  alumina  and  the  oxyde  of  iron  together,  while 
the  manganese  and  magnesia  will  continue  dissolved  in  the  state  of  triple  salts  (ammonia- 
muriates).  The  alumina  may  be  separated  from  the  ferric  oxyde  by  potash-ley.  The 
manganese  may  be  thrown  down  by  hydrosulphuret  of  potash  ;  and,  finally,  the  magnesia 
nay  be  precipitated  by  carbonate  of  soda.  100  parts  of  the  red  oxyde  of  iron  contain 
69-34  of  metal,  and  30-66  of  oxygen. 

If  phosphorus  be  present  in  the  ore,  the  nitro-muriatie  solution,  being  rendered  nearly 
aeatral,  will  afibrd  with  muriate  of  lime  a  precipitate  of  phosphate  of  lime,  soluble  in  an 
aetm  of  muriatic  acid. 

Wbeli  the  sole  object  is  to  learn  readily  the  per-centage  of  iron,  the  ore  may  be  treated 
with  hot  nitro-mnriatic,  the  acid  solution  filtered  and  supersaturated  with  ammonia, 
which  win  throw  down  only  the  iron  oxyde  and  alumina ;  because  the  lime  is  not  pre- 
dpitaUe  by  that  alkali,  nor  is  magnesia  and  manganese,  when  in  the  state  of  ammonia. 
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muriates.  Tbe  red  precipitate,  being  digested  vitb  some  potash-ley,  inH  lose  its  atemiiiai 
and  ivill  leave  the  ferric  oiyde  nearly  pure.  The  presence  of  sulphar,  phospbcu"ii»,  of 
arsenic,  in  iron  ores,  may  always  be  detected  by  the  blowpipe,  or  ustulation  in  the  as5By 
muffle,  as  described  under  Furnace. 

Of  the  tmelting  of  iron  <nt9, — We  shall  describCi  in  the  first  place,  the  methods  prac- 
tised in  Great  Britain,  and  shall  afterwards  consider  those  pursued  in  other  countries,  in 
the  treatment  of  their  peculiar  ores. 

Iron  is  divided  into  three  kinds,  according  to  the  different  metallic  states  in  which  it 
may  be  obtained ;  and  these  are  called  crude  or  east  iron ;  atul ;  and  bar  or  malleable 
iron.  These  stales  are  determined  essentially  by  the  different  proportions  of  chareoal  or 
carbon  held  in  chemical  combination ;  cast  iron  containing  more  thsn  steel,  and  steel  more 
than  malleable  iron  ;  which  last,  indeed,  ought  to  be  the  pure  meial,  a  point  of  perfec- 
tion, however,  rarely  if  ever  attained.  It  is  impossible  to  assisn  the  limits  between  these 
three  forms  of  iron,  or  their  relative  proportions  of  carbon,  with  ultimate  precision ;  for 
bar  iron  passes  into  steel  by  insensible  gradations,  and  steel  and  cast  iron  make  such 
mutual  transitions  as  to  render  it  difficult  to  define  where  ^be  former  commences,  and  the 
latter  ceases,  to  exist.  In  iact,  some  steels  may  be  called  crude  iron,  and  some  cast  irons 
may  be  reckoned  among  steels. 

Towards  the  conclusion  of  the  last  century  the  manufacture  of  iron  underwent  a  very 
important  revolution  in  Great  Britain,  by  the  substitution  of  piicoal  for  charcoal  of 
wood,  the  only  combustible  previously  used  in  smelling  the  ores  of  this  metal.  This 
improvement  served  not  merely  to  diminish  the  cost  of  redu<dJon,  but  it  furnished  a 
softer  cast  iron,  fit  for  many  new  purposes  in  the  arts.  From  this  ers,  iron  works  have 
assumed  an  immense  importance  in  our  national  itidostry,  and  have  given  birth  |o  many 
ingenious  and  powerful  machines  for  fashioning  the  metal  into  bars  of  every  form,  with 
almost  incredible  economy  and  expedition. 

The  profusion  of  excellent  coal,  and  its  association  in  many  localities  with  iron-stone, 
have  procured  hitherto  for  our  country  a  marked  superiority  over  all  others  in  the  iroD 
trade ;  though  now  every  possible  effort  is  making  by  foreign  policy  to  rival  or  to  limit 
our  future  operations.  In  1802,  M.  de  Boonard,  now  divisionary  inspector  in  the  royal 
corps  of  mines  of  France,  and  secretary  of  the  general  council,  made  a  tour  in  England, 
in  order  to  study  our  new  processes  of  manufacturing  iron,  and  published,  on  his  return, 
in  the  Journal  des  Mines,  tom.  17,  a  meuioir  descriptive  of  them.  Since  the  peace,  many 
French  engineers  and  iron-masters  have  exerted  themselves  in  naturalizing  in  France 
this  species  of  industry ;  and  M.  de  Gallois,  in  particular,  after  a  long  residence  in  Great 
Britain,  where  he  was  admitted  to  see  deliberately  and  minutely  every  department  of  tb« 
iron  trade,  returned  with  ample  details,  and  erected  at  Saint-Etienne  a  large  establish- 
meat  entirely  on  the  English  model.  More  recently,  MM.  Dufrenoy  and  Elie  de  Beau- 
mont, and  MM.  Costs  and  Perdonnet,  have  published  two  very  copious  accounts  of  their 
respective  metallurgic  lours  in  Great  Britain,  illustrated  with  plans  and  sections  of  our 
furnaces,  for  the  instruction  of  the  French  nation. 

The  argillaceous  carbonate  of  iron,  or  clay  iron-stone  of  the  coal  measures,  is  the  chief 
ore  smelted  in  England.  Bome  red  hematite  is  used  as  an  auxiliary  in  certain  works  in 
Cumberland  and  Lancashire ;  but  nowhere  is  the  iron-sand,  or  other  ferroginous  matters 
of  the  secondary  strata,  employed  at  present  for  procuring  the  metal. 

Among  the  numerous  coal-basins  of  England  there  are  two,  in  particular,  which  fur- 
nish more  than  three  fourths  of  the  whole  cast  iron  produced  in  the  kingdom ;  namely, 
ijae  coal  field  of  Dudley,  in  the  south  of  Staffordshire ;  and  the  coal  fields  of  Monmouth- 
shire, in  South  Wales,  along  with  those  of  Gloucestershire  and  Somersetshire. 

Dudley  is  peculiarly  favored  by  nature.  There  are  found  associated  the  coal,  the 
iron  ore,  the  limestone  for  flux,  and  the  refractory  fire-clay  for  constructing  the  interior 
brick- work  of  the  furnaces.  This  famous  clay  is  mined  at  Stourbridge,  and  exported 
to  every  ,part  of  the  kingdom  for  making  cast  steel  crucibles  and  glass-house  melting 
pots. 

At  Merthyr-Tydvil,  the  centre  of  the  iron-works  of  Wales,  the  iron-stone  is  extremely 
plentiful,  forming  16  beds, .  or  rather  constituting  an  integrant  portion  of  16  beds  of 
slate-clay.  Sometimes  it  occurs  in  pretty  long  taUes  adjoining  each  other,  so  as  to 
resemble  a  continuous  stratum ;  but  more  frequently  it  forms  nodules  of  various  sixe  and 
abundance,  placed  in  planes  both  above  and  below  the  coal  seam.  Eight  varieties  of 
ore,  belonging  to  different  beds,  ^ave  been  distinguished  by  the  following  barbarous 
names :  black  balls,  black  pins,  six-inch-wide  vein^  six-inch  jack,  blue  vein,  blue  pins» 
gray  pins,  seven  pins.  The  bed  containing  the  first  quality  of  iron-stone  is  analogous 
to  the  black  ore  of  Staffordshire,  called  gubbin;  it  is  often  cleft  within  like  aeptariOy  and 
its  cavities  are  sometimes  besprinkled  with  crystals  of  carbonate  of  lime  or  quartz.  In 
the  superior  beds  there  are  nodules  decomposing  into  concentric  coat%  of  which  the 
middle  is  clay.    Crystals  of  oxyde  of  titaniumareoccasionally  found  in  the  middle  of 


IRON.  693 

the  balls  of  clay  iron-stone ;  to  which  the  metallic  titanium  observed  in  the  inside  of  the 
dome  of  blast  fnmaces,  piay  be  traced.  Both  at  Dudley  and  South  Wales,  casts  of  shells, 
belonging  to  the  genus  unto,  are  observed  on  the  iroii-stone. 

The  average  richness  of  the  iron-stones  of  South  Wales  is  somewhat  greater  than  that  of 
those  of  Staffordshire.  The  former  is  estimated  at  33  parts  of  cast  iron,  while  the  latter 
rarely  exceeds  3(X  parts  In  100  of  Ore  ;  and  this  richness,  joined  tolhe  superior  quality  or 
cheapness  of  the  coals,  and  the  proximity  of  the  sea,  gives  South  Wales  a  decided  advan- 
tage as  a  manufacturing  district. 

The  number  of  blast  furnaces  in  the  parish  of  Merth'yr-Tydvil  amounts  to  upwards  of 
30.  The  cast  iron  prcxinced  is,  however,  seldom  brought  into  the  market,  but  is  almost 
entirely  converted  into  bar  iron,  of  which,  at  Mr.  Crawshay's  works,  600  tons  are  .manu- 
factured in  a  week.  Numerous  iron  railways,  extending  through  a  lensrth  of  220  miles, 
facilitate  the  transport  of  the  materials  and  the  exportation  of  the  prodiicts.  That  con> 
eurrence  of  favorable  circumstances,  which  we  have  noticed  as  occurring  at  Dudley,  pre- 
Tails  in  an  equal  degree  in  South  Wales. 

The  same  economy  which  the  use  of  coal  has  introduced  into  the  smelting  of  cast  iron 
from  the  ore,  also  extends  to  its  r'efinery  into  bars.  And  this  process  would  supersede  in 
every  iron  work  the  use  of  wood  charcoal,  were  not  the  Iron  produced  by  the  latter  com- 
bustible better  for  many  purposes,  particularly  the  manufacture  of  steel.  In  some  English 
smelting  works,  indeed,  where  sheet  iron  is  prepared  for  making  tin  plate,  a  mixed  refining 
process  is  employed,  where  the  cast  iron  is,  made  into  bar 'iron  by  wood  charcoal,  and 
laminated  by  the  aid  of  a  coal  fire. 

Till  1740,  the  smelting  of  iron  ores  in  England  was  executed  entirely  with  wood  char- 
coal ;  and  the  ores  employed  were  principally  brown  and  red  hematites.    Earthy  iron  ores 
were  also  smelted ;  but  it  does  not  appear  that  the  clay  iron-stones  of  the  coal-basins 
were  then  used,  though  th>y  constitute  almost  the  sole  smelting  material  at  the  present 
day.  '  At  that  era,  there  were  59  blast  furnaces,  wbose  annual  product  was  17,350  tons 
of  east' iron  ;  that  is,  for  each  furnace,  294  tons  per  annum,  and  5|  tons  per  week.      By 
the  year  1788,  several  attempts  had-  been  made  to  reduce  iron  ore  with  coked  coal  *,  and 
there  remained  only  24  charcoal  blast  furnaces,  which  produced  altogether  ]3,QO0  tons 
of  cast  iron  in  the  year;  beins  at  the  rate  of  546  tons  for  ea<!h  per  annum,  or  nearly  11 
tons  per  week.     This  remarkable  increase  of  11  tons  for  5|,  was  due  chiefly  to  the  sub- 
stitution of  cylinder  blowing  machines  worked  with   pistons;  for  the  common  wooden 
bellows.    Already  53  blast  fornaces  fired  with  coke  were  in  activity ;  which  furnished  tn 
toio  48,800  tons  or  iron  in  a  year;  which  raises  the  annual  product  of  each  furnace  to 
907  tons,  and  the  weekly  prodact  to  about  lH  tons.    The  quantity  of  cast  iron  produced 
that  year  (1788)  by  means  of  coal,  was        -        -        -        -        -        -        48,800  tons, 

and  that  by  wood  charcoal,  was         ......        13,100 

Constitoting  a  total  quantity  of  ......        61,900  tons. 

In  1796,  the  wood  charcoal  process  was  almost  entirely  given  up;  when  the  returns  of 
the  iron  trade  made  by  desire  of  Mr.  Pitt,  for  establishing  taxes  on  the  manufacture 
afforded  the  following  results : — 

121  blast  furnaces,  furnishing:  in  whole  per  annum  124,879  tons,  constituting  an  average 
amount  for  each  furnace  of  1032  tons. 

In  1802,  Great  Britain  possessed  168  blast  furnaces,  yielding  a  product  of  about  170,000 
fons;  and  this  product  amounted,  in  1806,  to  250,000  tons,  derived  from  227  coke  fur- 
naces, of  which  only  159  were  in  activity  at  once.  These  blast  furnaces  were  distributed 
follows. 

la  the  principality  of  Wales         .........52 

In  Staffordshire ..42 

In  Shropshire      -♦------.-.        -42 

Ib  Derbyshire      -.-..---..-        17 

In  Yorkshire r 28 

la  the  counties  of  Gloaeester,  ^nmouth,  Leicester,  Lancaster,  Cumber- 
land, and  Northumberland         -        -        -        --        •        -        -        1^ 
UScotUnd 28 

227 
In  1820,  the  iron  trade  had  risen  to  the  amount  shown  in  the  following  table : — 

Tons. 

Wales  manufactured,  per  annum  -------  150,000 

Shropshire  and  Staffordshire          ....--.-,  180,000 

Yorkshire  and  Derbyshire 50,000 

Scotland,  with  some  places  in  England 20,000 

Total 400  000 


■    -    -•. 

■     • 

1 
• 

•         •  ■ 

m 

1     ' 

• 

1 

•      • 

1    1 

'^•■•\ 

.•;v  - 

»   ♦ 

» '» 

• 

.    • 

.• 

m 

" 

• 

■    . 

'    vf- 

.     •    * 

■  *• 

t 

•  • 

♦     < 

* 

• 

*•   • 

*  * 

. 

a 

*    • 

1       « 

•» 

9                               "^ 

i 

«, 

•                » 

* 

■ 

,».• 

J  . 

.: 

• 

-  - 

» 

^ 

.*    t ' 

K 

B 

« 

" 

— .   ► 

•    * 
'1 

*■    \ 

•i- 

■        ■ 

?i- 

t    ^ 

•      •»  . 

- 

vj- 

■     » 
t. 

.-ii    . 

• 

^  1- 

s 

■ 

• 

.  \- 

•       ■ 

*                      '  ' 

•  r 
1    1 

■-    'M 

«        i. 

t 

• 

:• 

t  "; 

■ 

• 

1  - 
1-  •■* 

•IT; 

f 

• 

•*           * 

--'i 

■ 

• » ■- 

*    :' 

1'. 

-I* 

0     ■ 

•  :-i 

•  V. 

■   a            * 

• 

•*    ■ 

n 

*• 

•T;. 

* 

h 


•''91!;  V '::•;-":■■■'' V--''- 


>"  -.  .  •( 


*  •  «>     •  •  ■     ■  * »   . 


.  ♦  .- 


'»    . 


» , 


f     • 


\  i* 


k 


f 

t 

i 


\ 

r 


t 


1 


1 


I 


»  • 


■    •    .  ' 


1 

■ 

\ 


%• 


••  t  . 


« 
I 


•  ' : :  •     '. 


-'.:  ••:•  :-i 

, 

•   '^:  X-^ 

• 

9 

.'•  Y 

5  • 

.   .  / 

\- 

-•^     ••    •  ■ 

! 

-     .-..-'   ,    •>■ 

■*                              « 

k 

\  ' 

.*'..f.'- 

.     '  '    *   "       -       * 

s 

4-       » 


< 


^ 


694 


IRON. 


In  a  statistical  view  given  by  M.  de  Villcfotse,  of  the  French  and  English  iron  woifa 
he  assigns  to  the  latter,  in  1826,  305  blast  furnaces,  distributed  as  follows  ;^ 

In  the  principality  of  Wales    '...«-       ...67 

In  Staffordsbire ...78 

In  Shropshire,  Derbyshire,  Yorkshire,  &c.    ......        84 

In  Scotland ....56 

305 

Out  of  these,  280  were  in  activity  at  the  same  time;  and  if  we  snppose  their  mean 
product  to  have  been  50  tons  a  week,  the  total  product  would  have  been,  m  1826, 728,000 
tons.  But  this  estimate  seems  to  be  somewhat  above  the  truth ;  for,  from  the  information 
communicated  by  Mr.  Philip  Taylor  to  M.  Achille  Chaper,  a  considerable  French  iron- 
master, who,  in  the  summer  of  1826,  inspected  two  thirds  of  the  blast  furnaces  of  Great 
Britain,  their  product  daring  this  year  was  about  600,000  tons. 

The  preceding  details  show  the  successive  increments  which  the  manufacture  of  cast 
iron  has  received ;  and  a  similar  progression  has  taken  place  in  its  refinery  into  wrought 
iron.  This  operation  was  formerly  effected  by  the  agency  of  wood  charcoal  in  refineiies 
analogous  to  those  still  made  use  of  in  France.  But  when  that  kind  of  fud  began  to  be 
scarce  in  this  island,  it  came  to  be  mixed  with  coke  in  various  proportions.  The  bar  iron 
thus  produced  was  usually  hard,  and  required  much  time  to  convert,  so  that  an  establish- 
ment which  could  produce  20  tons  of  bar  iron  in  a  week,  was  deemed  considerable.  At 
that  time,  England  imported  annually  from  Sweden  and  Russia  the  enormous  quantity  of 
70,000  tons  of  iron. 

Mr.  Cort,  to  whom  Great  Britain  is  indebted  for  the  methods  now  pursued  in  this 
country,  succeeded  about  that  time,  aAer  many  unsuccessful  experiments,  in  converting 
cast  iron  into  bar  iron,  by  exposing  it  on  the  hearth- of  a  reverberatory  furnace  to  the  flame 
of  pitcoal.  This  method,  which  possessed  the  advantage  of  employing  this  species  of  com- 
bustible alone,  likewise  simplified  the  treatment,  because  it  required  no  bh^t  apparatus. 
But  this  mode  of  refinery,  consisting  in  the  use  of  a  reverberatory  furnace  alone,  did  not 
produce  altogether  the  desired  result.  It  was  irregular;  sometimes  the  loss  of  iron  was 
small,  but  at  others  it  was  very  considerable ;  and  there  were  great  variations  in  the 
quality  of  the  iron,  as  well  as  in  the  quantity  of  fuel  consumed.  Mr.  Cort  succeeded  in 
removing  this  uncertainty  of  result,  by  causing  the  puddling  in  the  reverberatory  furnace 
to  be  preceded  by  a  kind  of  refinery  with  coke.  The  intent  of  this  operation  was  to  de- 
carburate  the  iron,  and  to  prepare  it  for  becoming  malleable.  The  metal  took  in  that  case 
the  name  offimry  metal,  called,  for  the  sake  of  brevity,  flnt-metal. 

He  also  substituted  the  drawing  cylinders  for  the  extension  under  the  hammer,  an  im- 
provement which  accelerated  greatly  the  manufacture  of  bar  iron.  The  iron  then  yielded 
by  the  operation  of  puddling  was  of  a  very  inferior  quality,  and  could  not  be  directly  em- 
ployed in  the  arts.  In  order  to  give  it  more  consistence,  it  was  subjected  to  a  second  beating 
in  a  reverberatory  furnace ;  and  whenever  this  method  had  arrived  at  a  high  enough  de- 
gree of  perfection  to  afford  products  fit  for  the  market,  it  became  exclusively  employed  in 
Great  Britain.  This  new  method  of  transforming  cast  iron  into  malleable  iron  speedily 
gained  such  an  extension,  that  of  late  years,  a  single  iron-work,  Cyfartha  in  Wales,  man- 
ufactured annually  ^ore  than  twice  as  much  as  was  made  annually  from  1740  to  1750, 
in  the  whole  kingdom* 

In  surveying  the  improvements  which  the  iron  manufacture  has  received  in  England  in 
the  space  of  the  last  60  years,  they  are  seen  to  be  resolvable  into  two ;  the  first  set  re- 
lating to  the  smelting  of  fhe  ores;  the  other,  to  the  conversion  of  the  pigs  into  bar  iron; 
hence  naturally  arise  two  heads  under  which  the  subject  of  iron  must  be  treated. 

1.  Manufacture  of  cast-iron  by  ccke  and  coal. — ^The  cast-iron  produced  by  the  English 
and  Scotch  blast  furnaces  is  in  general  black  and  very  soft ;  but  yet  may  be  distingnished 
into  several  qualities,  of  which  three  are  particularly  noticed. 

No.  1.  Very  black  ctuMron,  in  large  rounded  grains,  obtained  commonly  near  the  com- 
mencement of  the  casting,  when  an  excess  of  carbon  is  present ;  in  flowing,  it  appears 
pasty,  and  throws  out  blue  scintillations.  It  exhibits  a  surface  where  crj'stalline  vegeta- 
tions develop  themselves  rapidly  in  very  fine  branches;  it  eongeals  or  fixes  very  slowly; 
its  surface  when  cold  is  smooth,  concave,  and  often  charged  with  plumbago ;  it  has  but  a 
moderate  tenacity,  is  tender  under  the  file,  and  susceptible  of  a  dull  polish.  When  melted 
over  asrain,  it  passes  into  No.  2,  and  forms  the  best  castings. 

No.  2.  Blade  cast-iron  has  a  somewhat  lighter  shade  than  the  preceding,  and  may 
therf'fore  on  comparison  be  called  blackish-gray.  *  It  presents  less  large  granulations  than 
No.  1 ;  is  tenacious,  easily  turned,  filed,  and  polished ;  excellent  for  casting  when  it  ap- 
proaches to  No.  1,  and  for  the  manufacture  of  bar  iron  when  it  has  on  the  contrary  a 
shade  somewhat  lighter.    If  repeatedly  melted.  It  passes  into  the  next  quality,  or 

No.  3.  White  cast  iron ;  this  is  brittle,  and  indicates  always  some  derangement  in  the 
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woiUaf  of  Ike  farnaee;  it  flows  imperfeeilf,  and  darts  out,  in  easting,  abondaoee  of 
Mliant  white  aclatillations ;  it  fixes  very  qoiekly ;  and  on  cooling:,  exhibits  on  its  surlhce 
irrecQlar  asperities,  which  make  it  eitremely  rou^h.  It  is  easily  broken,  and  presents  a 
lamellar  and  radiated  fracture;  and  is  so  hard  that  tempered  steel  cannot  act  upon  it. 
It  is  east  only  into  weights,  bullets,  or  bombs,  but  never  into  pieces  of  machinery.  When 
exposed  to  the  refinery  processes,  it  aflbrds  a  bad  bar  iron.  It  is  owing  probably  to  the 
different  nature  of  the  cast  iron  obtained  in  different  counties  in  England,  that  Stafford- 
shire and  Shropshire  furnish  the  greater  part  of  the  great  iron  castings,  while  Wales 
manufactures  almost  exclusively  malleable  iron.  The  lower  price  of  coals  in  Wales 
is  perhaps  the  cause  to  a  certain  extent  of  this  difference  in  the  results  of  these  two  iroa 
districts.  It  will  be  interesting,  at  any  rate,  to  dascribe  separately  the  processes  employed 
in  Siaffurdshire  and  Wales. 

Tkt  blast  furnaces  of  8taJfordskirty  in  the  neighborhood  of  Dudley,  Bilston,  and 
Wednesbury,  are  constructed  almost  wholly  of  bricks.  Their  outer  form  is  frequentl}' 
a  cone,  often  also  a  pyramid  with  a  square  base.  They  are  bound  about  with  a  great 
many  iron  hoops,  or  wiih  iron  bars  placed  at  different  heights.  This  powerful  armor 
allows  the  furnaces  to  be  built  much  less  massively  than  they  formerly  were;  and  admits 
lighter  and  more  elegant  external  forms.  They  are  seldom  insulated ;  but  are  usually 
associated  to  the  number  of  two  or  three  in  the  same  line.  A  narrow  passage  is  left 
between  them»  whiteh  leads  to  the  lateral  openings  where  the  tuyeres  are  placed.    At  the 


front  of  the  furnace,  a  large  shed  is  always  iraised.  The  roofs  of  these  sheds  present  in 
general  circular  profiles,  and  being  made  of  cast  or  bar  iron,  they  display  a  remarkable 
lightness  of  construction.  The  cast  iron  columns  likewise,  which  support  the  joists  and 
girders,  give  additional  elegance. 

In  the  Dudley  field,  the  furnaces  are  almost  always  in  the  middle  of  the  plain,  and  an 
inclined  rail-way  must  be  formed  to  reach  their  platform.  These  inclitied  planes,  com- 
posed of  beams  or  rails  placed  alongside  of  each  other,  and  sustained  by  props  and  cross- 
bars, as  indicated  in  Jig.  582,  are  set  up  mostly  against  the  posterior  face  of  the  furnace. 
Two  chains  or  ropes,  passing  over  the  drums  of  gins,  moved  by  a  steam  engine  (commonly 
the  same  that  drives  the  bellows),  draw  up  the  wagons  of  wood  or  sheet  iron  a  a,  which 
contain  the  various  materials  for  supplying  the  furnace.  To  facilitate. this  service,  the 
platform  round  the  furnace  is  sometimes  enlarged  behind  by  a  floors  while  a  balnstrade, 
which  opens  when  the  wagons  arrive  at  the  platform,  prevents  accidents.  This  pro- 
jection is  occasionally  covered  by  a  roof.  For  a  furnace  of  the  largest  sixe,  the  force  ex- 
pended by  this  lifting  apparatus  is  not  more  than  a  two-horse  power. 

Fig,  582  is  a  vertical  section  through  the  furnace  from  front  to  rear,  or  at  right  angles 
to  the  line  of  the  lateral  tuyeres.  The  erectiof^  of  a  pair  of  blast  furnaces,  of  40  feet 
high  each,  costs,  in  the  Dudley  district,  1800  pounds  sterling ;  and  requires  for  building 
each,  160,000  common  bricks  for  the  outside  work,  3900  fire-bricks  for  the  lining  or  shirt 
of  the  furnace,  and  825  fbr  the  boshes.  The  dimensions  of  the  fire-bricks  are  various ;  5 
kinds  are  employed  for  the  lining,  and  9  kinds  for  the  boshes.  They  are  all  6  inches 
thick,  and  are  curved  to  suit  the  voussoirs. 

The  number  of  charges  given  in  12  hours  is  different  in  different  furnaces ;  being 
sometimes  20,  25,  and  even  so  high  as  40 ;  but  ^0  is  a  fair  average.    Kach  charge  is 
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>m  9  to6c«U.  oTeoke,  (or  dowoTS  ttt4  rwti.  of  cmI  with  the  hotblMt)) 
S,  4,  ind  aiiiirliDiffi  6  cwU.  of  the  nMal«il  ame,  ieeordin|i  la  ilB  riehnru  and  the  qnalitT 
of  CMt  iroa  waiiird;  Ibc  limnlone  flax  is  ntBallr  one  third  oT  the  weigfal  of  Ihe  nnsted 
iroB  Uone.  Themre  2  cuti  in  24  bonivi  one  nt  6  in  [be  moniag,  and  another  at  fi  k 
the  enning. 

Tb«  height  of  the  blut  rnnacei  ii  mj  rarisbk ;  «onw  being  onlf  36  tetl  hifh 
jnelnding:  the  chimney,  «taile  othen  hare  an  elevatioa  of  80  feeL  Tbese  eiinnie  limit* 
are' terr  rare:  m  that  the  greater  part  et  the  ranaeea  are  from  45  to  50  Teet  hi^h. 
TVt  are  all  lenDiDBled  bjr  a  eilindriul  chimne}  of  from  8  la  12  feel  long;  beiag  about 
one  fifth  or  ihe  tulal  height  of  the  funiaee.  The  inside  diameter  of  this  ehimneT  is  the 
Muue  as  that  of  ihe  throat  or  mouth  ;  aod  Taiiet  from  4  to  6  feet.  The  chimoer  ii  fre- 
queDlly  formed  uf  a  sio^le  comae  of  bricks,  and  acriuirea  lolidily  from  its  hoops  of  iroa, 
■0  Ihicltl;  placed  that  one  half  uf  Ihe  surface  is  onea  covered  with  them.  At  its  lower 
nd,  the  mouth  preaenls  one  or  two  reelaDiiJar  Dpeninjn,  Ihrouth  which  the  cbartte  il 
firen.  Il  is  built  on  a  basement  circle  of  easi-iroa,  which  foniis  the  circumference  of  the 
throat  i  and  a  iloping  plate  of  cast-iron  b  is  bo  placed  a*  to  make  the  materials  Klide  OTcr 
into  Ihe  fanwce,  ■■  sboarn  in  the  figure. 

The  inside  of  the  blart  furnaces  of  Staflbnlrhire  is  most  frequently  af  a  eircninr  lurm, 
eieepl  the  hearth  and  working  area.  The  inner  apace  is  divided  into  foBr  ponions,  diSerenI 
in  their  fonas,  and  the  functions  wfaieh  they  fulfil  ia  the  smelling  uf  the  Ore. 

The  underuiosi,  called  the  hearth,  oi  crucible,  in  which  the  cast-iron  collects,  ia  a  richi 
rectangular  prism,  elongated  in  a  line  prependicniar  to  the  ajies  of  the  tuyeres.  The 
aides  of  the  hearth  consist  in  general  of  refractory  ssndstone  (Gre-atone),  obtained  mostly 
from  the  bed  of  the  coal  bssin,  called  millitoM  gril ;  and  the  bottom  of  the  hearth  is  fonn- 
ed  of  ■  large  block  of  the  same  nBluTe,laid  on  ■  cul-iron  plnle. 

The  second  portion  is  also  mad;  of  the  aame  refractory  grit  stone.  It  has  the  Ibnn  of 
a  quadrangular  pyramidal,  approaching  considerably  to  a  prism,  from  the  cmallneEs of  the 
angle  included  between  the  sides  and  the  axis. 

The  thinl  portion  or  lower  body  of  the  furnace  ia  conical,  bat  here  the  interior  space 
■nddeniy  expands ;  Ihe  ilope  outwards  at  this  part  seems  lo  hare  a  great  infiuence  oa 
the  quality  nf  Ihe  cast-iron  <iblained  from  the  furnace.  When  Na.  !  of  the  blackest  kind 
is  wanted  for  castings,  the  inclination  of  this  cavity  of  the  furnace  i>  in  general  lets 
considerable  than  .when  No.  2  cast  iron  for  conversion  fnto  bar  iron  ia  required.  The 
inclination  of  this  conical  chamber,  called  the  boshes,  varies  fYom  55  lo  60  degrees  witkthe 
horiion.  The  diameterof  this  part  is  equal  to  that  of  the  belly,  and  i<  from  11  to  13  feet. 
The  boches  are  hoilt  of  maioniT,  ••  shnwn  in  jlsi.  583,  6S4. 


The  fourth  pnrt,  which  constilutei  about  two  thirds  of  the  height  of  the  furnace  btm 
the  base  of  the  hearlti  up  to  the  throat,  presents  the  figure  of  a  anrface  of  rcTototion, 
generated  by  a  curve  whose  concaviiy  is  turned  towards  the  aiii  of  Ihe  furnace,  and 
whose  last  Ungeni  towarils  Ihe  bollom  ia  almost  Vertical.  This  surface  is  skiyed  OlT  witii 
that  of  the  boshee  lilalaget  in  French),  so  that  no  shsrp  angle  may  exist  at  the  belly. 
In  some  foruacesof  considerable  dimension«,as  in  thai  with  three  tayeres,  this  portioB  of 
the  furnace  is  cylindrical  for  a  certain  hi:ighl. 
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The  foDowing  meMaremente   represent  tke  interior  stmctnre  of  two  well-going 
fdnaees. 


No.1. 

No.  a. 

Height  from  the  hearth  to  the  throat  or  month 

Height  of  the  crucible  or  hearth           ••           .           . 

—  of  the  boshes         -           -           -           - 

—  of  the  cone       •           -           •        .    •        .    - 

—  of  the  chimney  or  month    *           •           •      -    • 
Width  of  the  bottom  of  the  hearth 

Ditto  at  its  upper  end        .           •           •           *           • 
Ditto  of  the  boshes      -           -           •         '  • 
Ditto  at  one  third  of  the  belly        .... 
Ditto  at  two  thirds  of  ditto       .... 
Ditto  at  the  mouth             -            .       .     •            •. 
Inclination  of  the  boshes          .            .            J           . 

Feei. 
45 

6t 
8 
30| 
8 

2* 
3 

121 

12 

8f 

4J 
59* 

Feet. 
49 

6 

7 
36 
121 

2 

2» 

13i 

Ilk 

3f 
52»        , 

The  eonical  orifice  called  the  tuyere,  in  which  the  tapered  pipes  are  placed,  for  impart- 
ing the  blast,  is  seen  near  the  bottom  of  the  furnace, ^g.  583,  at  a.  Nose  tubes  of  va- 
rioas  sixes,  from  2  to  4  inches  in  diameter,  are  applied  to  the  extremity  of  the  main 
blast-pipe.  Under  a  is  the  bottom  of  the  hearth,  which,  in  large  furnaces,  may  be  two 
feel  square.  B  is  the  top  of  the  hearth,  about  two  feet  six  inches  square,  a  b  is  the 
height  of  the  hearth,  about  six  feet  six  inches,  b  shows  the  round  bottom  of  the  conical 
or  funnel  part,  called  in  this  country  the  boshes,  standing  upon  the  square  area  of  the 
hearth,  c  is  the  top  of  the  boshes,  which  may  be  about  12  feet  in  'diameter,  and  8  feet 
in  perpendicular  h^ght.  d  is  the  furnace  top  or  mouth  (gueulard  in  French),  at  which 
the  materials  are  charged.  It  may  be  4  J  feet  in  diameter.  The  line  between  c,  d,  is  the 
height  of  the  internal  cavity  of  the  furnace,  from  the  top  of  the  boshes  upwards,  snp« 
posed  to  be  30  feet,  a,  d,  is  the  total  heieht  of  the  interior  of  the  furnace,  reckoned  at 
44|  feet.  £  e  is  the  lining,  which  is  built  in  the  nicest  manner  with  the  best  fire- bricks, 
from  12  to  14  inches  long,  3  inches  thick,  and  curved  to  suit  the  circle  of  the  cone.  A 
▼aeancy  of  3  Inches  wide  is  left  all  round  the  outside  of  the  first  lining  by  the  builder; 
which  is  sometimes  filled  with  c6ke  dust,  but  more  generally  with  sand  firmly  rammed. 
This  void  space  in  the  brick -work  is  for  the  purpose  of  allowing  for  any  expansion  which 
night  occur,  either  by  an  increase  in  the  bulk  of  the  building,  or  by  the  pressure  and 
weight  of  the  materials  when  descending  to  the  bottom  of  the  furnace.  Exterior  to  e  e 
is  a  seeond  lining  of  fire-bricks  similar  to  the  first  At  r,  on  either  side,  is  a  cast-iron 
Imtel,  8)  feet  long,  by  10  inches  square,  upon  which  the  bottom  o|*  the  surches  is  sup- 
ported. F,  G,  is  the  rise  of  the  tuygre  arch,  which  may  be  14  feet  high  upon  the  outside, 
•nd  18  feet  wide.  The  extreme  size  of  the  bottom  or  sole  of  the  hearth,  upon  each 
side  of  a,  may  be  10  feet  square.  This  part  and  the  boshing  stones  are  preferably  made 
from  a  coarse  sandstone  grit,  containing  large  rounded  grains  of  quartz,  united  by  a  sili- 
ceo-argiliaceofns  cement. 
The  bottom  of  the  hearth  consists,  first,  of  a  course  of  the  said  gritstone ;  beneath 

which  is  .a  layer  of  bedding  sand,  having,  in  its  under 
part,  passages  for  the  escape  of  the  vapors  generated 
by  damps ;  the  whole  being  supported  upon  pillars  of 
brick.. 

Fig.  584  represents  the  hearth  and  boshes,  in  a 

vertical  side  section,    a  is  the  tymp  stone,  and  b  the 

tymp  plate  for  confining  the  liquid  metal  in  the  hearth. 

The  latter  is  wedged  firmly  into  the  side-walls  of  the 

hearth ;  c  is  the  dam-stone,  which  occupies  the  whole 

breadth  at  the  bottom  of  the  hearth,  exceptins;  about  6 

inches,  which  space,  when  the  furnace  is  at  work,  is 

filled,  before  every  cast,  with  a  strong  binding  saod. 

This  stone  is  faced  outside  by  a  cast-iron  plate  d,  called 

the  dam-plate,  of  considerable  thickness,  and  peculiar 

shape.    The  top  of  the  dam-stone,  or  rather  the  notch 

of  the  dani-plate,  lies  from  4  to  8  inches  under  the 

le?el  of  the  tuyere  hole.    The  space  under  the  tymp  plate,  for  5  or  6  inches  down,  is 

rammed  full,  for  every  cast,  with  strong  loamy  earth,  or  even  fine  clny ;  a  process  called 

the  tymp  stopping.    The  area  of  the  base  of  this  furnace  being  38  feet,  its  extreme 

height  is  55  feet< 

The  blast  furnaces  of  StaiTordshire  have  always  two  inyfires,  at  least,  placed  on  oppo- 
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site  sideSy  but  so  pointed  thut  the  blaftt  may  not^pvnae  dincdy  opposite  lines.  la  a  furnaee 

aeting  well  in  the  neighborhood  of  Dudley,  the  one  of  the  toyires  was  10  inches  disiast 
from  the  posterior  wall  of  the  hearth,  and  the  other  only  four  inches.  In  other  furnaces 
with  3  tuydres,  the  side  ones  are  placed,  the  one  16|  inches,  and  the  other  6|  inches 
from  the  back.  Three  tuyeres  are  seldom  made  to  blow  simultaneoudy.  The  third  ii 
brought  into  action  only  when  the  furnace  seems  to  be  choked  up,  and  when  il 
becomes  necessary  to  clear  it  up  by  a  powerful  concussion.  Too  much  pains  cannot  be 
bestowed  on  the  masonry  and  brickwork  of  a  blast  furnace,  and  on  the  solidity  of  its 
foundation.  In  a  soA  ground  it  should  rest  on  piles,  so  driven  that  the  channel  left 
beneath  for  the  drainage  of  the  building  may  be  above  any  water  level.  &Dall  passages 
should  likewise  be  leA  throughout  the  body  of  the  work,  for  the  transpiration  of  moisture. 

The  blowing  machines  employed  in  StafTordshire  are  generally  cast-iron  cylinders,  in 
which  a  metallic  piston  is  exactly  fitted  as  for  a  steam  engine,  and  made  in  the  same 
way.  Towards  the  top  and  bottom  of  the  blowing  cylinders  orifices  are  left  covered 
with  valves,  which  open  inside  when  the  vacuum  is  made  with  the  cylinders,  and  aAer- 
wards  shut  by  their  own  weight.  Adjutages  conduct  into  the  iron  globe  or  chest,  the  air 
expelled  by  the  piston,  both  in  its  ascent  and  descent ;  because  these  blowing  machines 
have  always  a  double  stroke. 

The  pressure  of  the  air  is  made  to  vary  through  a  very  considerable  range,  according 
to  the  nature  of  the  fuel  and  season  of  the  year ;  for  as  in  summer  the  atmosphere  is 
more  rarefied,  it  must  be  expelled  with  a  compensating  force.  The  limits  are  from  1| 
pounds  to  3 1  pounds  on  the  inch;  but  these  numbers  represent  extreme  proportions,  the 
average  amount  in  Staffordshire  being  3  pounds.  With  this  pressure  a  furnace  usually 
works,  which  affords  60  tons  of  cast-iron  in  the  week ;  and  the  pressure  may  be  2|  pounds 
on  an  average.  The  orifices,  or  nose-pipes,  through  which  the  air  issues,  also  vary  with 
the  nature  of  the  coke  and  the  ore.  In  Stafibrdshire  they  are  generally  from  2  inches  and 
5  tenths  to  2  inches  and  8  tenths  in  diameter. 

The  blowing  machines  of  Stafifordshire  are  always  impelled  by  steam  engines.  At  Mr. 
Bagnall's  works,  two  blast  furnaces,  40  feet  high,  exclusive  of  the  chimney  or  top,  and 
two  finery  furnaces,  are  worked  by  a  steam  engine  of  40  horses  power ;  and  therefore 
the  power  of  one  horse  corresponds  to  the  production  of  2|  tons  of  cast  iron  per  wedt, 
independently  of  the  finery. 

In  South  Wales,  especially  at  Pontypool,  there  are  slighter  blast  furnaces,  whose  upper 
portion  is  composed  of  a  single  range  of  bricks,  each  of  which  is  20  inches  long,  4  thick, 
and  9  broad.  The  interior  of  the  chimney  represents  an  inverted  cone.  These  furnaces 
derive  solidity,  and  power  to  resist  the  expansions  and  contractions  from  change  of  tem- 
perature, by  being  cased,  as  it  were,  in  horizontal  hoops,  i^aced  3  feet,  or,  even  in  some 
cases,  only  6  inches  asunder.  These  fiat  rings  consist  of  four  pieces,  which  are  joined 
by  means  of  vertical  bars,  that  carry  a  species  of  ears  or  rings,  into  which  the  hoops  enter, 
and  are  retained  by  bolts  or  keys.  Instead  of  these  ears,  screw  nuts  are  also  employed 
for  the  junction.  £ach  hoop  is  alternately  connected  to  each  of  the  eight  vertical  bars. 
The  interior  of  these  furnaces  is  the  same  as  of  the  others ;  being  generally  from  12  to 
14  feet  diameter  at  the  belly,  and  from  50  to  55  feet  high.  Though  eJigbt,  they  last  as 
long  as  those  composed  of  an  outer  body  of  masonry  and  a  double  lining  of  bricks;  and 
have  continued  constantly  at  work  for  three  years.  In  Wales  also  the  blast  furnaces  are 
generally  somewhat  larger  than  in  Stafibrdshire ;  because  there  the  object  being  to  refine 
the  cast  iron,  they  wish  to  procure  as  large  a  smelting  product  as  possible.  But  in  Staf- 
fordshire, a  fine  quality  of  casting  iron  is  chiefly  sought  aAer,  and  hence  their  furnaces 
have  less  height,  but  nearly  the  same  width. 

In  a  blast  apparatus  employed  at  the  Cyfartha  works,  moved  by  a  90  horse  steam 
power,  the  piston  rod  of  the  blowing  cylinder  is  connected  by  a  parallelogram  mechanism 
with  the  opix>site  end  of  the  working  beam  of  the  steam  engine.  The  cylinder  is  9  feet 
4  inches  diameter,  and  8  feet  4  inches  high.  The  piston  has  a  stroke  8  feet  long,  and  it 
rises  13  times  in  the  minute.  By  calculating  the  sum  of  the  spaces  percurred  by  the 
piston  in  a  minute,  and  supposing  that  the  volume  of  the  air  expelled  is  equal  to  only  96 
per  cent,  of  that  sum,  which  must  be  admitted  to  bold  with  machines  executed  with  so 
much  precision,  we  find  that  12,588  cubic  feet  of  air  are  propelled  every  minute.  Hence 
a  horse  power  applied  to  blowing  machines  of  this  nature  gives,  on  an  average,  137  cu- 
bic feet  of  air  per  minute.  The  pressure  on  the  air,  as  it  issues,  rarely  exceeds  two  pounds 
on  the  square  inch  in  the  Welsh  works. 

At  the  establishment  of  Cyfartha,  for  blowing  seven  smelting  furnaces,  and  the  seTen 
corresponding  fineries,  three  steam  engines  are  employed,  one  of  90  horse  power, 
another  of  80,  and  a  third  of  40 ;  which  constitutes  in  the  whole  a  force  of  210  horses, 
or  26  horses  and  -^  per  furnace,  supposing  the  fineries  to  consume  one  eighth  of  the  blast. 

In  the  whole  of  the  works  of  Messrs.  Crawshay,  the  proprietors  of  Cyfartha,  the  power 
of  about  350  horses  is  expended  in  blowing  12  smelting  furnaces,  and  their  subordinate 
fineries ;  which  gives  from  25  to  26  horses  for  each,  allowing  as  before  one  eighth  for  the 
fineries.    As  these  furnaces  produce  each  about  60  tons  of  cast  iron  weekly,  we  find 


that  a  lione  power  eonretpondt  to  SUmsaad  a  tealh  in  that  tine.  Eaeh  oT  the  Amaees 
coDsumes  abont  3567  cnhie  feet  oiT  air  per  minute.  TbeM  works  have  been  greatly 
increased  of  late  yean. 

The  following  analyses  of  the  KngUsh  coal  iionstonca  have  been  made  by  M.  Berthier, 
at  the  school  of  mines  in  Paris.  • 
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Loss  by  ignition  • 
Insolable  residnum 
Lnne  ... 
Peroxyde  of  iron  - 


RiehWelahOra. 


30-00 
8-40 
0-0 

60-00 


PoorWttkh  On. 


27-00 

22*03 

600 

42*66 


RichOreofDiidlay, 


31*00 
7*66 
2*66 

58*33 


On  calculating  the  quantities  of  carbonate  of  iron,  and  metallic  iron,  to  which  the 
above  peroxyde  corresponds,  we  have : — 

Carbonate  of  iron         -       -  1  88*77  i  65-09  i  85-20 

Metallic  iron         -  -  ]  42-15  \  31-38  |  40-45 


The  mean  richness  of  .the  ores  of  carbonate  of  iron  of  these  coal  basins  is  not  far  from 
33  per  cent.    About  28  per  cent,  is  dissipated  on  aii  average,  in  the  roasting  of  the  ores. 

Every  ferruginous  day-stone  is  regarded  as  an  iron  ore,  when  it  contains  more  than  20 
per  cent,  of  metal  $  and  it  is  paid  for  according  to  its  quality,  being  on  an  average  at  12 
shillings  per  ton  in  Staffordshire.  The  gubbin,  however,  fetches  so  high  a  price  as  16 
or  17  Riflings.  The  ore  must  be  roasted  before  it  is  fit'  for  the  blast  furnaee,  a  process 
carried  on  in  the  open  air.  A  heap  of  ore  mingled  with  small  coal  (if  necessary)  is 
pilfd  up  over  a  stratum  of  larger  pieces  of  coal;  and  this  heap  may  be  6  or  7  feet  high, 
by  15  or  20  broad.  The  fire  is  applied  at  the  windward  end,  and  aAer  it  has  burned  a 
certain  way,  the  heap  is  prolonged  at  the  other  extremity,  as  far  as  the  nature  of  the 
ground  or  convenience  of  the  work  requires.  The  quanti^  of  coal  requisite  for  roasting 
tlie  ore  varies  from  one  to  four  hundred  weight  per  ton,  according  to  the  proportion  of 
hitominous  matter  associated  with  the  iron-4tone.  The  ore  loses  in  this  operation  fhim 
25  to  30  per  cent,  of  its  weight.  Three  and  a  quarter  tons  of  crude  ore,  or  two  and  a 
quarter  tons  of  roasted  ore,  are  required  to  produce  a  ton  of  cast-iron ;  that  is  to  say,  the 
crude  material  yields  on  an  average  30*7  per  cent.,  and  the  roasted  ore  44'4  of  pig  metal. 
Id  most  smelting  works  in  Staffordshire,  about  equal  weights  of  the  rich  ore  in  round 
nodules  called  gMin,  and  the  poorer  ore  in  cakes  called  bbte  jUat,  are  employed  together 
m  their  roasted  state  {  but  the  proportions  are  varied,  in  order  to  have  a  unifbrm  mix- 
ture, capable  of  yielding  from  30  to  33  per  cent,  of  metal. 

The  transition  or  carboniferous  limestone  of  Dudley  is  used  as  the  flux ;  it  is  compaet 
and  contains  little  clay.  The  bulk  of  the  flux  is  made  nearly  equiJ  to  that  of  the  ore. 
To  treat  two  tons  and  a  quarter  of  roasted  ore,  which  furnish  one  ion  of  pig  iron,  19 
hundred  weight  of  limestone  are  employed ;  constituting  nearly  1  of  limestone  for  3  of 
unroasted  ore.    The  limestone  costs  6  shillings  the  ton. 

Carbonized  pitcoal  or  coke  was,  till  within  these  few  years,  the  sole  combustible  used 
is  the  blast  furnaces  of  Staffordshire. 

The  coal  is  distributed  in  circular  heaps,  about  5  feet  diameter,  by  4  feet  high;  and 
the  middle  is  occupied  by  a  low  brick  chimney,  piled  with  loose  bricks,  so  open  as  to  leave 
inlerstices  between  them,  especially  near  the  ground.  The  larger  lumps  of  coal  are 
srranged  round  this  chimney,  and  the  smaller  towards  the  circumference  of  the  heap. 
When  every  thing  is  adjusted,  a  kindling  of  coals  is  introduced  into  the  bottom  of  the 
hrick  chimney ;  and  to  render  the  combustion  slow,  the  whole  is  covered  over  with  a  coat 
of  coal  dross,  the  chimney  being  loosely  closed  with  a  slab  of  any  kind.  Openings  are 
occasionally  made  la  the  crust  and  afterwards  shut  np,  to  quicken  and  retard  the  ignition 
St  pleasure,  during  its  continuance  of  24  hours.  Whenever  the  carbonization  has  reached 
the  proper  point  for  forming  good  coke,  the  covering*  of  coal  dross  is  removed,  and  water 
ii  thrown  on  the  heap  to  extinguish  liie  combustion ;  a  circumstance  deemed  useful  to 
the  quality  of  the  coke.  In  this  operation  the  Staffordshire  coal  loses  the  half  of  its 
weight,  or  two  loos  of  coal  produce  one  of  coke. 

As  soon  as  the  Uast  furnace  gets  into  a  regular  heat,  which  happens  about  15  days  or 
three  weeks  after  fires  have  been  put  in  it,  the  working  consists  simply  in  charginsr  it,  at 
the  opening  in  the  throat,  whenever  there  is  a  snfiScient  empty  space;  the  only  rule 
being  to  keep  the  furnace  always  full.  The  coke  is  measured  in  a  basket,  thirteen  of 
which  go  to  the  ton.  The  ore  and  the  flux  (limestone)  are  brought  forwards  in  wheel* 
barrows  of  sheet  iron.  In  24  hours,  there  are  thrown  into  a  ftirnace  such  as>lg. 
582,  J4|  tons  aC  coke,  16  tons  of  roasted  ore,  and  /6|  tons  of  limestone ;  from  whicli 
about  7  tons  of  pig  iron  are  procured.  This  is  run  oif  every  12  hours;  in  some  works 
the  blast  is  suspended  during  the  discharge*    The  metal  intended  to  be  converted  int» 
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bur  iron, '6r  to  be  cast  •giin  iiitofnouldi,  isitm'intO'sman'  fiigi  9  f«et  longr,  and  4  inchet 
dianeter ;  weighbg  each  about  2  h«adr6d  weight  and  a  balT; 

The  disorders  to  which  blast  furnaces  are  liable  have  a  tendency  always  to  prodnce 
white  castpinm.  The  eolor  of  the  slair  or  scoriae  n  the  samt  test  of  these  derange- 
ments, as  it  indicates  the  quality  6f  the  products.  If  the  fnrnaee  it  yielding  an  iron 
proper  for  casting  into  moulds,  the  ehig  has  a  uniform  Titrification,  and  is  slightly  trana- 
hieid.  When  the  dose  of  ore  is  increase^  in  Ofder  to  obtain  a  gray  pig  iron,  fit  for 
fabrication  into  bars,  the  slag  is  opaque,  dull,  and  of  a  greenish-yellow  tint,  with  Une 
enamelled  zones.  Lastly,  when  the  furnace  is  prodocing  a  white  metal,  the  slags  are 
black,  glassy,  full  of  bubbles,  and  emit  an  odor  of  sulphureted  hydrogen.  The  scoric 
from  a  coke  are  much  more  loaded  with  lime  than  those  from  a  charcoal  blast  fornace. 
This  excess  of  lime  appears  adapted  to  absorb  and  ^rry  off  the  sulphur,  which  would 
otherwise  injure  the  quality  of  the  iron.  The  slags,  when  breathed  on,  emit  an  aiigilla- 
ceous  odor. 

A  blast  furnace  of  50  or  60  feet  in  height  gives  commonly  from  60  to  70  tons  of  east- 
iron  per  week ;  one  from  60  to  55  feet  high,  gives  60  tons ;  two  nnited  of  45  feet  produce 
together  100  tuns ;  and  one  of  36  feet  furnishes  from  30  to  40.  A  blast  furnace  should 
go  for  four  or  five  years  without  neeling  restoration.  From  3)  to  4  tons  of  coal,  inclu- 
sive of  the  coal  of  calcination,  are  required  in  StafTordshtre  to  obtain  one  ton  of  cast-iron ; 
and  the  expense  in  workmen's  wages  is  about  15  shillings  on  that  qnantity. 

At  the  Cyfartha  works  of  Messrs.  Crawshay  in  South  Wales,  the  average  price  of  the 
lithoid  carbonate  of  iron,  ready  for  roasting,  is  only  7^.  6d,  a  ton,  and  its  richness  is  about 
83  per  cent.  The  Airnaces  for  roasting  the  ore  in  that  country  are  made  in  the  form  of 
cylinders,  placed  above  an  inverted  cone.  The  cylindrical  part  is  6  feet  high  and  wide, 
and  the  cone  is  about  4  Aset  high,  with  a  base  equal  to  that  of  the  cylinder ;  towards 
the  bottom  or  narrowest  part  of  the  inverted  cone,  there  is  an  aperture  which  terminates 
in  an  outlet  on  a  level  with  the  bottom  of  the  terrace  in  which  the  furnace  i^  buDt. 
Sometimes,  however,  all  the  roasting  furnaces  are  in  a  manner  combined  into  one, 
which  resembles  a  lonsr  pit  about  6  feet  in  width  and  depth,  and  whose  bottom  presents 
a  series  of  inverted  hollow  quadrangular  pyramids,  6  feet  in  each  side,  and  4  deep.  The 
bottom  or  apex  of  each  of  these  pyramids  comnranicates  with  a  mdoth  or  door-way  that 
opens  on  a  lower  terrace^  through  which  the  ore  falls  in  proportion  as  it  is  roasted ;  and 
whence  it  is  wheeled  and  tumbled  into  the  throat  of  an  adjoining  blast  furnace,  on  the 
same  level  with  the  terrace;  for  in  Wales  the  blast  furnace  is  generally  built  up 
against  the  face  of  a  hill,  which  makes  one  of  its  fronts.  The  above  roasting  fur- 
naces, which  closely  resemble  lime-kilns,  after  being  filled  with  alternate  strata  of  smaB 
coal  and  ore,  are  set  on  fire;  and  the  roasted  ore  is  progressively  Withdrawn  below,  as 
already  mentioned. 

The  product  of  coke  from  a  eeirtain  weight  of  coal  is  greater  in  Wales  than  in  Staf- 
fordshire, though  the  mode  of  manufacture  is  the  same.  At  Pen-y-Darran,  for  example, 
5  of  coal  furnish  3|  of  eoke,*  or  100  give  70 ;  at  Dowlais  100  of  coal  afford  71  of  coke, 
and  the  product~would  be  still  greater  if  more  pains  were  bestowed  upon  the  proeess. 
At  Dowlais,  coal  costs  only  2  shillings  a  ton ;  at  Cyfartha,  it  is  worth  from  2f.  6d.  to  5 
shillings.    About  2  tons  of  coke  are  employed  in  obtaining  1  ton  of  cast-iron. 

According  to  M.  Berthier's  analysis,  the  slag  or  cinder  of  Dowlais  consists  of  silica, 
40*4;  liine,  38-4;  mugnesia,  5*2;  alumina,  11*2;  protoxyde  of  iron,  3-8;  and  a  trace  o€ 
sulphur.  He  says  that  the  silica  contains  as  -much  oxygen  a^  all  the  other  bases  united ; 
or  is  equivalent  to  them  in  saturating  power ;  and  to  the  excess  of  lime  he  ascribes  the 
freedom  from  sulphur,  and  the  good  quality  of  the  iron  produced.  The  specimen  exam- 
ined was  from  a  Himace  at  Merthyr-Tydvil.  Other  sla^s  from  the  same  furnace,  and  one 
from  Dudley,  furnished  upwards  of  2  per  cent,  of  manganese.  Those  which  he  analyzed 
from  Saint  Etienne,  in  France,  afforded  about  1  per  cent,  of  sulphur. 

The  consumption  of  coal  in  the  Welsh  smelting  fbmaces  may  be  estimated,  on  an 
average,  at  3  tons  per  ton  of  cast-iron  ;  corresponding  to  2-1  of  their  coke.  From  this 
economy  in  the  quantity  of  fbel,  as  well  as  from  its  cheapness  and  that  of  the  iron  ore, 
the  iron  of  South  Wales  can  be  brought  into  the  market  at  a  much  lower  rate  than  that 
of  any  other  district.  These  blast  furnaces  remain  in  action  from  5  to  10  years ;  at  the 
end  of  which  time,  only  their  interior  surface  has  to  be  repaired.  The  lining  of  the 
upper  part  lasts  much  longer;  for  examples  are  not  wanting  of  its  holding  good  for 
■early  40  years. 

One -of  the  greatest  improvements  ever  made  by  simple  means  In  any  manufheture  is 
the  employment  of  hot  air,  instead  of  the  ordfnary  cold  air  of  the  atmosphere,  in  supply- . 
ing  the  blast  of  furnaces  for  smelting  and  founding  iron.  The  discovery  of  the  supe- 
rior power  of  a  hot  over  a  cold  blast  in  fusing  r^uelory  lumps  of  cast-iron  was  acci- 
dentally observed  by  my  pupil j  Mr.  James  Beaumont  Neilson,  engineer  to  the  Glasgow 
gas  workS)  about  the  year  1827,  at  a  smith's  forge  In  that  city,  and  it  was  made  the 
subject  of  a  patent  in  the  month  of  September  of  the  fbllowing  year.  No  particukur 
oonstraction  of  apparatus  was  described  by  the  inventor  by  which  the  air  was  to  be 
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heated,  aad  eonveyed  to  the  farntce ;  but  it  was  merely  stated  that  the  air  may  be 
healed  in  a  chamber  or  closed  ressel,  having  a  fire  under  it,  or  in  a  vessel  connected  in 
any  convenient  manner  with  the  forge  or  furnace.  From  this  versel  the  air  is  to  be  forced 
by  mean&of  bellows  into  the  furnace.  The  quantity  of  surface  which  a  heating  furnace  is 
required  to  have  for  a  forge,  is  about  1260  cubic  inches ;  for  a  cupola  furnace,  about  10,000 
cubic  inches.  The  vessel  may  be  enclosed  in  brickwork,  or  fixed  in  any  other  manner 
that  may  be  found  desirable,  the  application  of  heated  air  in  any  way  to  furnaces  or 
forges,  for  the  purposes  of  working  iron,  being  the  subject  claim«l  as  constituting  the 
invention. 

Wherever  a  forced  stream  of  air  is  employed  for  combustion,  the  resulting  temperature 
nose  evidently  be  impaired  by  the  coldness  of  the  air  injected  upon  the  fuel.  The  heat 
developed  in  combustion  is  distributed  into  three  portions ;  one  is  communicated  to  the 
remaining  fuel,  another  is  communicated  to  the  azote  of  the  atmosphere,  and  to  the  vo- 
latile products  of  combustion,  and  a  third  to  the  iron  and  fluxes,  or  other  surrounding 
matter  to  be  aAerwards  dissipated  by  wider  diffusion.  This  inevitable  distribution  takes 
place  in  such  a  way,  that  there  is  a  nearly  equal  temperature  over  the  whole  extent  of  a 
fire-place,  in  which  an  eqnal  degree  of  combustion  exists.^ 

We  thus  perceive  that  if  the  air  and  the  coal  be  very  cold,  the  portions  of  heat  ab- 
sorbed by  them  might  be  very  considerable,  and  sufficient  to  prevent  the  resulting  tem- 
perature from  rising  to  a  proper  pilch;  but  if  they  were  very  hot  they  would  absorb 
less  caloric,  and  would  leave  more  to  elevate  the  common  temperature.  Let  us  suppose 
two  furnaces  chaiged  with  burning  fuel,  into  one  of  which  cold  air  is  blown,  and  into 
the  other  hot  air,  in  the  same  quantity.  In  the  same  time,  nearly  equal  quantities  of  fuel 
will  be  consumed  with  a  nearly  equal  production  of  heat ;  but  notwithstanding  of  this, 
there  will  not  be  the  same  degree  of  heat  in  the  two  furnaces,  for  the  one  which  re- 
ceives the  hot  air  wUl  be  hotter  by  all  the  excess  of  heat  in  its  air  above  that  of  the 
other,  since  the  former  air  adds  to  the  heat  while  the  latter  abstracts  from  it.  Nor  are 
we  to  imajrine  that  by  injecting  a  little  more  cold  air  into  the  one  furnace,  we  can  raise 
its  temperature  to  that  of  the  other.  With  more  air  indeed  we  should  burn  more  coals 
IB  the  same  time,  and  we  should  produce  a  greater  quantity  of  heat,  but  this  heat  being 
dtfiused  proportionally  among  more  considerable  maftses  of  matter,  would  not  produce  a 
greater  lemperature ;  we  should  have  a  larger  space  heated,  but  not  a  greater  intentiity 
of  heat  in  the  same  space. 

Thus,  according  lo  the  physical  principles  of  the  production  and  distribution  of  heat, 
fires  fed  with  hot  air  should,  with  the  same  fuel,  rise  to  a  higher  pitch  of  temperature 
than  fires  fed  with  common  cold  air.  This  consequence  is  independent  of  the  masses, 
being  as  true  for  a  small  stove  which  bnrns  only  an  ounce  of  charcoal  in  a  minute,  as 
Ibr  a  furnace  which  burns  a  hundred  weight ;  but  the  excess  of  temperature  produced  by 
hot  air  cannot  be  the  same  in  small  fires  as  in  great ;  because  the  waste  of  heat  is  usually 
less  the  more  fuel  is  bomed. 

This  principle  may  be  rendered  still  more  evident  by  a  numerical  illustration.  Let 
as  take,  for  example,  a  blast  furnace,  into  which  600  cubic  feet  of  air  are  blown  per 
minute ;  suppose  it  to  contain  no  ore,  but  merely  coal  or  coke,  and  that  it  has  been  burn- 
ing long  enoufch  to  have  arrived  at  the  equilibrium  of  temperature,  and  let  us  see  what 
ezcffs  of  temperature  it  would  have  if  blown  with  air  of  300^  C.  (57SP  F.),  instead  of  be- 
ing blown  with  air  at  OP  C. 

600  cubic  feet  of  air  under  the  mean  temperature  and  pressure,  weigh  a  little  more 
than  45  pounds  avoirdupois;  they  contain  10*4  pounds  of  oxygen,  which  would  burn  very 
nearly  4  pounds  of  carbon,  and  disengage  16,000  times  as  much  heat  as  would  raise  by 
one  degree  Cent,  the  temperature  of  two  pounds  of  water.  These  16,000  portions  of  heat, 
prodaced  every  minute,  will  replace  16,000  other  portions  of  heat,  dissipated  by  the  sides 
of  the  famace,  and  employed  in  heating  the  gises  which  escape  from  its  mouth.  This 
Bust  take  place  in  order  to  establish  the  assumed  equilibrium  of  caloric. 

If  the  46  pounds  of  air  be  heated  beforehand  up  to  300°  C,  they  will  contain  about 
the  eishth  part  of  the  heat  of  the  16,000  disengaged  by  the  combustion,  and  there  will 
be  therefore  in  the  same  space  one  eighth  of  heat  more,  which  will  be  ready  to  operate 
■pon  any  bodies  within  its  range,  aud  to  heat  them  one  eighth  more.  Thus  the  blast 
of  300°  C.  gives  a  temperature  which  is  nine  eighths  of  the  bUst  at  zero  C,  or  at  even 
the  ordinary  atmospheric  temperature ;  and  as  we  may  reckon  at  from  2^200°  to  2700°  F. 
(from  1200°  to  1500^  C),  the  lemperature  of  blast  furnaces  worked  in  the  common  way, 
we  perceive  that  the  hot  air  blast  produces  an  increase  of  temperature  equal  to  from  270^ 
tD360°F. 

Now  in  order  to  appreciate  the  immense  effects  which  this  excess  of  temperature  may 
produce  in  metallurgic  operations,  we  must  consider  that  often  only  a  few  degrees  more 
temperature  are  required  to  modify  the  state  of  a  fusible  body,  or  lo  determine  the  play 
of  aflinities  dormant  at  lower  deirrees  of  heat.  Water  is  solid  at  1°  under  32°  F. ;  it 
is  liquid  at  1^  above.    Every  fusible  body  has  a  determinate  melting  point,  a  very  few 
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iegrret  abore  which  it  Ji  quite  fluid,  ihonitb  ii  may  be  pul;  below  it.    The  sune  ob 

lervelion  applies  lo  ordinary  chemical  affiniliei;  chatcoil,  for  ei ample,  which  reduces 
the  greater  part  of  metallic  oxydef,  begins  to  do  &o  only  at  a  delerminate  pilch  ot  tem- 
perature, under  which  it  is  inoperative,  but  a  few  deftrecs  above,  it  is  in  generil  lively 
and  com  pi  el  e.  It  ia  unnetessary,  in  this  article,  to  enter  into  any  mote  dcUils  lo  show 
Ihe  influence  of  a  few  degrees  of  heal,  more  or  itu,  in  a  furnace,  npon  chemical  opeta- 
lionB,  or  merely  upon  physical  changes  of  alate. 

These  consequences  mi?hl  have  been  deduced  long  ago,  and  industry  mighl  thus  have 
been  enriched  with  a  new  application  of  wiencej  but  philosophcn  have  been  and  slU 


inzed  from  the  study  of  Ihe  useful  arls,  and  content  themselves  loo 
lullee  of  (he  laboratory  or  theoretic  abstraclions.  Within  Ihe  apace  of 
r  the  hoi  blast  has  been  so  much  extended  in  Great  Britain,  as  lo  have 
irielurs  of  iron  works  lo  add  50  per  cent,  lo  their  weekly  production  of 
the  expenses  of  ensiling  by  50  per  cent.,  and,  in  maoy  cases,  to  produce 
n  from  indiflEieii'  materials. 
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the  UmI  furnace,  and  all  Ihe  details  of  Ihe  air  heatiag, 
«l  one  view.  Fig.  5R3  is  a  vertical  section  of 
the  furnace  and  the  apparatus;  fig.  585  repre- 
sents the  plan  at  ihe  height  of  the  line  I,  3,  o[ 
fig.  583.  The  bloning  machine,  which  is  not 
■hown  in  Ihis  view,  injects  Ihe  air  through  the 
pipe  A,  into  the  regulator  chamber  a,  fig.  585; 
Ihe  air  Ihence  issuee  by  the  pipe  a,  proceeds  lo 
c,  where  it  is  subdivided  into  two  poilioosi  Ihe 
one  posses  along  Ihe  pipe  c  d  to  )tet  lo  the 
luydre  T,  the  other  passes  behind  Ibe  furnace, 
and  arrivesial  Ihe  luy^re  t'  by  the  pipe  c  s  r. 

These  pipes  are  distributed  in  a  long  fatnace 
or  fluE,  whose  bollom,  sides,  and  top  are  formed 
with  firebrick,  where  they  are  exposed  lo  ihc 
action  of  Ihe  flanie  of  ihe  three  Grcs  i,  t,  i. 
The  flame  of  the  fire  i  plays  round  the  pipe  ■  at 
Its  entrance  into  the  flue,  and  quits  it  only  lo  jco 
into  the  chimney  u  i  thai  of  the  fire  t  acis  from 
the  point  D  to  Ihe  same  chimney,  passing  by  the 
elbow  c  1  ihat  of  the  Ere  z  acts  equally  upm  t 
and  H,  in  passing  by  the  etbow  z. 

Dupailion  o/  llu  fim  and  /wiiatt.—Fig. 
icale   three   limes   larger   than  fig.   585,  t^  teclioa  of  ttat 
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ire  x»  of  which  tbt  plan  is  seen  In  fig.  586,  and  the  elevation  in  fig,  583 ;  as  also  in  the 
MUide  view  of  the  blast  furnacp,  fig.  589. 

The  grate  is  at  l;  the  fuel  is  introdneed  by  the  door  p,  fig,  583  ;  the  flame  rises  above 
the  bridge  i  x,  and  proceeds  along  the  vaulteid  floe  towards  the  cbimnejr  h.  Through  m 
length  of  abont  13  feet,  including  the  grate,  the  furnaee  is  on  each  side  supported  by 
oUoflg  plates  of  cast-iron,  which  are  bound  together  by  4  upright  ribbed  or  feathered 
bare,  also  on  each  side;  these  bars,  n,  bdns  bound  together  by  iron  rods  furnished  with 
screw  nuu  at  their  ends  (figt.  583,  585,  586).  Beyond  this  distance,  the  outside  of  the 
farnace  is  mere  brickwork.. 

The  fires  y  and  z  have  exactly  a  like  disposition  with  the  above. 

Fig,  586  indicates  the  dimensions  and  the  curvature  of  the  arch  above  the  grate,  near 
the  bridge ;  fig.  587  represents  the  section  of  the  furnace  and  of  the  pipe  beyond  the  cast- 
iron  casing. 

I  find  that  the  furnace  is  only  about  3  feet  wide  at  the  bottom,  and  that  the  elevation 
of  the  arch  above  the  bottom  is  no  more  than  30  inches.    Perhaps  it  might  be  made  a 
litUe  wider  with  advantage }  the  combustion  would  be  more  vigorous  and  effective ;  and 
if  the  sides  also  were  a  little  thicker,  the  heat  would  \fe  better  confined. 
The  distance  from  the  fire-place  x  to  the  chimney  h,  is  43}  feet. 

—  —       V  to  the  point  c,  is        13    — 

—  —        z  to  the  chimney,  is     29    —    including    the 

turn  of  the  elbow  x. 

pistrOmtitm  of  the  yipet. — At  b  the  pipe  is  18  inches  diameter  outskle,  and  one  inch 
thick  of  metal,  and  it  tapers  to  c  j  from  c  to  d  and  from  d  to  c  the  pipes  are  only  1 1  inches 
is  external  diameter,  and  three  fourths  of  an  inch  thick ;  they  are  5  feet  long,  and  are 
saited  by  two  kinds  of  joints ;  the  ordinary  ones,  and  those  of  compensation,  to  give 
pUy  for  the  expansion  and  contraction.  One  of  these  is  seen  between  b  and  c,  one  be- 
tween c  and  Dy  one  between  c  and  e,  and  a  fourth  between  b  and  r.  These  pipes  and 
their  sdjostment  are  seen  more  at  large  in  fig.  588 ;  u  v  is  one  of  these  pipes,  its  widened 
iDooth  receives  the  extremity  M  of  the  preceding  pipe.  These  pieces  are  truly  bored  and 
taraed  to  fit  each  other,  and  slide  out  and  in  like  tdescope  tubes,  by  the  efiect  of  dilata- 
tion and  contrnction  of  the  pipes  with  changes  of  temperature. 

At  certain  distances  castors  or  friction-rollers  of  caat-iron  are  placed  to  carry  the  pipes, 
vhich  roll  upon  oblong  plates  of  east-iron  laid  upon  the  floor  of  the  flues.  These  castors 
ue  shown  at  a,  6,  e,  d,  e,  /,  g,  fig,  585;  one  of  them  is  shown  separate  upon  a  larger 
Msle  at  o,  in  fig.  587,  as  also  the  plate  or  rail  s,  on  which  it  runs. 

The  tuyeres  t  t'  are  adjusted  into  the  pipe  behind  them ;  this  is  truly  bored,  so  as  to 
•How  the  thick  end  of  the  tnyire  to  slide  tightly  backwards  and  forwards  in  it,  like  a 
Jiitton  in  the  barrel  of  a  pump;  a  diaphragm  moreover  prevents  the  tuydre  from  being 
drawn  or  forced  entirely  out  of  its  toliie.  At  the  side  of  this  tube  there  is  a  Fmall  orifice, 
which  may  be  shut  or  opened  at  pleasure  with  a  stopcock  or  screw-plug  :  it  serves  to  try 
the  degree  of  beat  of  the  air-blast ;  if  a  lead  wire  does  not  melt  when  held  at  this  hole, 
the  temperature  is  reckoned  too  low;  being  under  the  612th degree  of  Fahrenheit.  The 
nozzles  are  2  inches  in  diameter. 

Near  the  fire-places  of  the  ajr-heating  furnaces  the  pipes  are  at  a  cherry-red  heat ;  and 
lest  they  should  be  burned,  they  are  there  coated  with  a  lute  of  fire-clay,  as  shown  near 
Kf  in  fig.  586.  By  this  means  the  air  is  kept  up  at  the  heat  of  350®  C,  or  662P  F.,  a 
litUe  above  the  boiling  point  of  quicksilver. 

Qson/i/y  of  air  and  pretaure. — The  blowing-machine  belonging  to  the  above  blast- 
rtmaee  is  ntoved  by  a  water  wheel  of  22  horse  power ;  the  pistons  are  4  feet  in  diameter, 
itiTe  a  SJ-feet  stroke,  work  double,  and  expel  1200  cubic  feet  of  air  in  the  minute;  or 
MO  cubic  feet  for  each  nozzle.  The  pressure  of  the  air  is  equivaleni  to  no  more,  than 
2  or  2}  inches  of  mercury ;  formerly  with  cold  air  it  amounted  to  3|  inches.  This  fur- 
naee yields,  upon  an  average,  5}  tons  of  cast-iron  daily,  and  consumes  1|  cwt.  of  coke 
ibr  each  cwt.  of  cast-iron  produced ;  being  7  tons  of  coke  per  dUm. 

The  consumption  of  the  three  flue  fires  is  30  pounds  of  small  coal,  for  100  pounds  of 
cast-iron  produced,  which  may  be  reckoned  equivalent  to  15  pounds  of  coke ;  hence  alto- 
gether each  ton  of  cast-iron  requires  for  its  production  1)  tons  of  coke. 

The  same  furnace  worked  with  the  cold  blast,  the  same  pressure,  and  the  same  ores, 
prodaced  only  3)  tons  of  east-iron  daily,  with  an  expenditure  of  2*55  of  coke  for  1  of 
cut-iron  ;  in  which  case  the  coke  amounted  to  9  tons  daily. 

The  returns  by  the  hot  blast  compared  with  those  by  the  cold,  are  therefore  as  the 
BBmbers  3  and  2,  which  shows  an  advantage  by  the  former  plan  of  60  per  cent.  The 
consumption  of  fuel  in  the  two  cases  is  as  8  to  9,  being  a  saving  in  this  article  of  about 
11  per  cent.     Coke  is  used  on  account  of  sulphur  in  the  coal. 

Hot-blatt  hioied  fry  the  flame  of  the  furriace  mouth. — This  system  is  mounted  in  Staf- 
fordshire. The  heating  apparatus  is  there  set  immediately  upon  the  mouth  of  the  fur- 
;  and  is  composed  of  two  large  cast-iron  cylinders  of  the  same  length,  the  one  within 
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the  other,  leaving  a  space  between  them.  Thn  annular  interval  amonnls  to  16  inehe^ 
and  it  is  closed  at  top  and  bottom :  but  the  innermost  cylinder  is  open  at  both  ends,  und 
forms,  indeed,  the  vent  of  the  chimney  or  furnace.  Ii  carries  nine  rows  of  pipes,  three 
in  each  row,  which  cross  its  interior,  and  open  into  the  annular  space. 

The  flame  of  the  furnace  passes  between  the  intervals  of  the  cross  pipes,  heatinc 
them,  and  also  the  two  upright  cylinders  with  which  they  are  eonneeted.  The  air  of 
the  blowing  machine  arrives  by  a  vertical  pipe,  which  is  placed  at  the  back  of  the  fur- 
nace ;  it  enters  into  the  above  annular  space,  and  thenee  circulates,  with  more  or  )e«s 
velocity,  through  the  27  cross  tubes,  upon  which  the  flame  is  continually  playing ;  lastly, 
it  is  drawn  through  to  the  bottom  of  the  annular  space ;  the  two  tubes  which  conduct  it 
to  the  two  tuyeres,  pass  down  within  the  brickwork  of  the  fomace,  and  thus  prevent  the 
dissipation  of  its  heat. 

Below  this  heating  apparatus  there  is  a  door  for  putting  the  charges  into  the  famaee. 

The  above  arrangement  doefc  not  seem  to  be  the  best  for  obtaining  the  greatest  possi- 
ble heat  for  the  blast,  nor  for  favoring  the  free  action  of  the  furnace ;  but  it  illustrates 
perfectly  well  the  principle  of  this  application.  A  serpentine  movement  in  a  long  bent 
hot  channel  would  be  much  better  adapted  for  communicating  heat  to  so  bad  a  condoctoi 
as  air  is  known  to  be. 

In  the  month  of  July,  1836, 1  paid  a  visit  to  Codner  Park  and  Butterly  works,  in  Derw 
byshire,  belonging  to  the  eminent,  iron-masters,  Messrs.  Jessop  &  Co.,  where  I  was 
kindly  permitted  not  only  to  study  the  various  processes  of  the  manufacture  of  cast  and 
wrought  ironi  hot  to  inspect  the  registers  of  the  products  of  oast  iron  in  their  bla^^t 
furnaces  for  several  years  back.  It  appeared  that  in  the  year  1829,  only  29  tons  of 
cast-iron  were  made  weekly  in  each  of  the  blast  furnaces  at  Codner  Park.  They 
were  then  worked  with  coke,  and  blown  with  cold  air.  Each  ton  of  iron  reqaired 
for  its  production,  at  that  time,  6*82  tons  of  coals,  made  into  coke  for  smelting ;  with 
2*64  of  roasted  iron  ore  (carbonate),  called  mine ;  and  0^87  of  limestone,  the  castine  of 
the  French. 

In  183d  and  1836,  the  same  Airnaces  tamed  out  weekly  49  tons  of  cast-iron  each;  and 
every  ton  of  iron  required  for  its  prodoctioA  ooly  3  tons  of  coal  (not  made  into  coke) ; 
2*72  tons  of  mine ;  and  0*77  of  lime. 

,  In  1829,  and  for  many  years  before,  as  well  as  one  or  two  after,  each  ton  of  coals  is  said 
to  have  cost  for  coking  the  sum  of  6«.,  whence  tlie  6*82  tons  of  coals  then  converted  into 
coke  for  smelting  one  ton  of  iron,  coat  fully  40«.  in  coking  alone,  in  addition  to  their  prime 
cost.  The  saving  in  this  respect,  therefore,  is  40«.>  upon  each  ton  of  iron,  besides  the 
saving  of  fully  half  the  coal,  and  the  increased  produce  of  nearly  60  per  cent,  of  metal 
per  week.  The  iron-master  pays  the  patentee  1«.  upon  every  ton  of  iron  which  he 
niakes,  «ud,  at  the  prices  of  1836,  he  lessened  his  expenses  by  at  least  309.  or  40j.  per 
ton  ^  the  patent  improvement. 

The  follow rntg  tabular  view  of  the  progression  in  the  management  and  results  of  the 
hot  blast,  is  given  by  M.  Dufrftnoy,  alter  visiting  the  varioas  iron  works  in  this  eoantry 
where  it  had  been  ititroduced. ' 

**  At  the  Clyde  iron  works,  near  Glasgow ;  in  1829,  when  the  combustion  was  effected 
bf  the  eold  air  blast, —  q^^ 

Tons.  cwt.  Ihfc 

There  were  consumed,*  for  smelting,  3  tons  of  coke,  equivalent  to        -    6     13    0 
—         for  the  blowing  engine    -  -  - 
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Total  coal  per  ton  of  iron        -    7 
Limestone        -  -  -    O 

In  1831,  with  the  hot  blast  at  450*  F.,  coke  being  still  used  in  smelting, — 

There  were  consumed,  for  smelting,  1  ton,  18  cwt.  of  coke«  equiva- 
lent to  .^-  -  -  -  -  -  -4 

—  for  heating  the  air,  9  cwt.  > 

—  for  the  blowing  engine,  7  cwt.  4  lbs.  ) 


-    0 


Total  coal  per  ton  of  iron 
Limestone        .  .  . 

Ih  Jtily,  1833,  with  the  hot  blast  At  612^  F.,  raw  coal  alone  being  used 
for  smelting, — 

There  were  consumed :  for  smelting       *  .  .  .  . 

•^  for  heating  the  air         - 

—  for. the  blowing  engine  -  .  •  . 
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''At  the  last  period  the  use  of  hot  air  had  increased  the  make  of  the  furnaces  by  more 
than  one  third,  and  had  consequently  produced  a  great  saving  of  expense  in  the  artide 
of  labor.'  The  quantity  of  blast  necessary  for  the  furnaces  was  also  sensibly  diminished ; 
for  a  blowing  engine  of  seventy-horse  power,  TiHiich,  in  1829,  served  only  for  three  blast 
fomaces,  was  now  sufficient  for  the  supply  of  four. 

"  On  comparing  these  several  results,  we  find  that  the  economy  of  fuel  is  in  proportion 
to  the  temperature  to  which  the  air  is  raised.  As  for  the  actual  saving,  it  varies  in 
every  work,  according  to  the  nature  of  the  coal,  and  the  care  with  which  the  operation 
is  conducted. 

"This  process,  though  it  has  been  four  years  in  use  in  the  woiics  near  Glasgow 
(which  it  has  rescued  from  oertain  ruin),  has  scarcely  passed  the  borders  of  Scotland ; 
the  marvefldus  advantages,  however,  which  it  has  produced,  are  beginning  to  triumph 
over  prejudice,  and  gradually  to  extend  its  use  into  the  difierent  English  iron  districts. 
There  are  on&«nd-twenty  woiics,  containing  altogether  sixty-seven  blast  furnaces,  in 
which  hot  air  is  used.  The  pig  iron  run  out  of  these  furnaces  is  generally  No.  1,  and  is 
fit  for  making  the  most  delicate  castings.  This  process  is  equally  applicable  to  forge 
pigs  for  the  manufacture  of  bar  iron ;  since  in  order  to  obtain  this  quality  of  iron,  it  is 
only  necessary  to  alter  the  proportion  of  fuel  and  mineral.  In  the  forges  of  the  Tyne  iron- 
works, near  Newcastle,  and  of  Codner  Park,  near  Derby,  pigs  made  in  furnaces  blown  by 
hot  air,  are  alone  used  in  the  manufacture  of  bar  iron. 

« In  the  side  of  th^  tuyere  pipe  a  small  hole  is  made,  by  means  of  which  the  heat  of 
the  air  may  be  ascertained  at  any  moment.  This  precaution  is  indispensable,  it  being  of 
Importance  to  the  beneficial  use  of  hot  air,  that  it  be  kept  at  a  uniformly  high  temperature. 
With  a  proper  apparatus  the  air  is  raised  to  612  degrees  Fahr.,  whicdk  is  a  greater  heat, 
by  several  degrees,  than  is  necessary  for  the  ftision  of  lead." 

^  At  Calder  works  the  consumption  of  fuel  has  diminished  in  the  proportion  of  7  tons 
17  cwts.  to  2  tons  2  cwts.  There  has  also  been  a  great  diminution  of  expense  in  limestoney 
of  which  only  5^  cwts.  are  now  used,  instead  of  13  cwts.,  which  were  used  in  1828.  This 
decrease  results,  as  I  have  already  said,  from  the  hi^  temperature  which  the  furnace  has 
acquired  since  the  introduction  of  hot  air. 

^*  The  quantlt)'  of  blast  has  been  reduced  from  3500  cubic  feet  per  minute,  to  2627 
cubic  feet ;  the  pressure  also  has  been  reduced  from  3^  to  21  lbs." 

0/  the  refinery  of  ca$t4ran,  or  its  conversion  iiUo  6ar-tron,  in  England* — ^This  operatian 
is  naturally  divisible  into  three  distinct  parts.  The  first,  or  the  finery  properly  speaking^ 
is  executed  in  peculiar  furnaces  called  rwnting  oui  fires  i  the  second  operation  completes 
the  first,  and  is  called  puddling  ,*  and  the  third  consists  in  welding  several  iron  ban  to- 
gether, and  woiking  them  under  forge  hammers,  and  between  rolls. 

1.  The  finery  furnaces  are  composed  tif  a  body  of  brickwork,  about  9  feet  square ;  rising 
but  little  above  the  surface  of  the  ground.  The  hearth,  placed  in  the  middle,  is  two 
feet  and  a  half  deep ;  it  is  rectangular,  heing  in  general,  3  feet  by  2,  with  its  greatest 
side  paraDel  to  the  face  of  the  tuyeres ;  and  it  is  made  of  cast  iron  in  four  plates.  On  the 
side  of  the  tuyeres  there  is  a  single  brick  wall.  On  the  three  other  sides,  sheet  iron  doors 
iffe  placed,  to  prevent  the  external  air  from  cooling  the  metal,  which  is  almost  always 
woiked  under  an  open  shed,  or  in  the  open  air,  but  never  in  a  space  surrounded  by  walls. 
The  chimney,  from  15  to  18  feet  high,  is  supported  upon  four  columns  of  cast  iron;  its 
lintel  is  four  feet  above  the  level  of  the  hearth,  in  order  that  the  laborers  may  work  with* 
out  restraint. 

The  number  of  tuyeres  is  from  two  to  three;  they  are  placed  at  the  height  of  the  lip 
of  the  crucible  or  hearth,  and  distributed  so  as  to  divide  its  length  into  equal  parts; 
their  axes  being  inclined  towards  the  bottom,  at  an  angle  of  from  25P  to  30^,  so  as  to  point 
upon  the  bath  of  melted  metal  as  it  flows.  The  cast-iron  nose-pipe  is  incased,  and  water 
is  made  to  circulate  in  the  hollow  space  by  means  of  cylindrical  tubes;  being  introduced 
by  otm  tube,  4uid  let  ofiT  by  another,  so  as  to  prevent  the  tuydres  from  getting  burned  in 
the  process. 

Two  nozzles  are  usually  placed  in  each  tuyere,  to  render  the  blast  constant  and  uni- 
fyrm ;  and  for  the  same*  end,  the  air  impelled-  by  the  bellows,  is  sometimes  reeeived  at 
ftrst  in  a  regulator.  The  quantity  of  air  blotm  into  the  fineries  is  considerable ;  being 
aearly  400  cubic  feet  per  minute  fbr  each  finery ;  or  about  the  eighth  part  of  the  eonsump* 
lion  oTa  blast  fomace. 

The  finery  furnace,  or  nmning  out  fire,  is  represented  in  figs,  590  and  591.    It  is  a 
smelting  hearth,  in  which  by  fiist  fusing  and  then  cooling  gray  east  iron  in  a  peculiar 
way,  it  is  converted  into  white  east  iron,  called  fine  iron,  or  fine  metal,  of  the  quality  of 
ftrge  pig,  for  making  malleable  iron  by  &e  puddling  process.    The  fhmace  resembles  the  - 
Ibfge  hearth  employed  in  Germany  and  France  for  converting  forge  pig  into  wrought: 
fan ;  but  it  differs,  particularly  in  this,  that  the  fhsed  iron  is  run  out  into  an  oblong  iron 
troogh,  for  sudden  congelation, 
a  is  the  air-chest,  in  communication  with  ths  Homing  cylinder,  or  bellows  j  the  air 
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being  conducted  tbrongli  at  least  two  Uast  pipes  to  the  fire,  and  sometimes  tbnmgb 
eren  4  or  6  pipes.    6  is  the  side  of  the  furnace,  corresponding  to  the  tuyere  plates,  IB 


whieh  are  the  openings  for  the  blast  pipes.  All  the  sides  of  the  furnace  are  hollow,  and 
are  kept  cool  by  the  circulation  of  water  through  the  cavity  between  them,  c  is  the  front 
wall  of  the  furnace,  haying  a  strong  cast  iron  plate  containing  the  tap  holes  fiir  ranning 
off  the  melted  metal,  ddis  the  exterior  wall  of  the  furnace,  which  corresponds  to  the 
contre-^verU  and  ash-hearth  of  the  French  refining  forge,  e,  is  the  top  plate  upon  which  the 
eoke  is  piled  up  in  store.  //,//,  iron  props  of  the  dbimney,  (not  shown  in  this  view),  g, 
cast  iron  trough  into  which  the  fine  iron  is  run  off  in  fusion ;  which  is  sometimes  made 
in  one  piece,  but.more  usually  in  separate  plates  joined  together.  Beneath  this  UKMild 
a  stream  of  water  is  made  to  flow,    h  is  the  bottom  of  the  hearth,  covered  with  sand. 

In  the  finery  process,  the  hearth  or  crucible  of  the  furnace  is  filled  with  coke ;  then  six 
pigs  of  cast  iron  are  laid  horizontally  on  the  hearth,  namely,  four  of  them  parallel  to 
the  four  sides,  and  two  in  the  middle  above ;  and  the  whole  is  covered  up  in  a  d<Hn^ 
form,  with  a  heap  of  coke.  The  fire  is  now  lighted,  and  in  a  quarter  of  an  hour  the 
blast  is  appUed.  The  cast  uroa  flows  down  gradually,  and  collects  in  the  crucible ;  more 
edke  being  added  as  the  first  quantity  bums  away.  This  operation  proceeds  by  itself; 
the  melted  metal  is  not  stirred  about,  as  in  some  modes  of  refinery,  and  the  temperatore 
is  always  kept  high  enough  to  preserve  the  metal  liquid.  During  this  stage  the  coals 
are  observed  contlnuaUy  heaving  up,  a  movement  due  in  part  to  the  action  of  the  blast, 
and  in  part  to  an  expansion  caused  in  the  metal  by  the  discharge  of  gaseous  oxyde  of 
cartv)n.  When  all  the  pig  iron  is  collected  at  the  bottom  of  the  hearth,  whidi  happens 
commonly  at  the  end. of  two  hours,  or  two  and  a  half,  the  tap  hole  is  opened,  and  the 
fine  metfd  flows  out  with  the  slag,  into  the  loam-coated  pit,  on  a  plate  10  feet  long, 
3  broad,  and  from  2  inches  to  H  thick.  A  portion  of  the  dag  fbrras  a  small  cmst  on  thA 
surface  of  the  metal ;  but  most  part  of  it  collects  in  a  basin  scooped  out  at  the  bottom  of 
the  pit,  into  which  the  fine  metal  is  run. 

A  large  quantity  of  water  is  thrown  on  the  fine  metal,  with  the  view  of  rendering  it 
brittle,  and  perhaps  of  partially  oxydizing  it.  This  metal  suddenly  cooled,  is  vuy  whitei, 
■and  possesses  iil  general  a  fibrous  radiated  texture ;  or  sometimes  a  cellular,  including  a 
considerable  number  of  small  spherical  cavities,  like  a  decomposed  amygdaloid  rock.  If 
the  cast  iron  be  of  bad  quality,  a  little  limestone  is  occasionally  used  in  the  abotve 
•operation. 

Three  samples  of  cinder,  analyzed  by  Berthier,  gave. 

Silica  0-276;  protox.  of  iron,  0-612;  alumina,  0*040 ;  phosp.  acid,  0-072,  Dudler. 

—  0-368  —  0-610        —        0-015;  puddling  of  Dowlais. 

—  0-424  -^  0-620        —        0*033  j  ditto. 

The  remarkable  fact  of  the  presence  of  phosphoric  acid,  shows  how  important  this  oper- 
ation is  to  the  purification  of  the  iron.  The  charge  varies  from  a  ton  imd  a  quarter  to  a 
ton  and  a  half  of  pigs ;  and  the  loss  by  the  process  varies  from  12  to  17  per  cent. 

The  fine  metal  is  broken  into  fragments,  and  sent  to  the  puddhng  furnace  ailer  tlw 
product  of  each  operation  has  been  weighed.  .  The  coal  consumed  in  the  fine  metal 
■process  is  from  4  to  5  hundred  weight  for  the  ton  of  cast  iron.  About  10  tons  saaj  be 
lefined  per  diem,  a  quantity  somewhat  greater  than  the  supply  from  a  blast  furnace ;  but 
the  fineries  are  not  worked  on  the  Sundays ;  and  therefiire  a  smelting  fovnaee  just  keeps 
•one  of  them  in  play.  Whatever  care  be  taken  in  this  process,  Uie  bar  iron  finallf 
reaukia^  is  never  so  good  as  if  wood  charcoal  had  been  used  in  the  refinery ;  and  henee 
in  making  sheet  iron  for  the  tin  plate  manufacture,  wood  charcoal  is  substituted  fiir 
>coke  in  one  Welsh  estabUshment.    The  east  iron  treated  with  charcoal,  gets  into  dots 
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m  lompB  in  Ihe  finery  fttmace.  ^ieh  aie  lifted  out,  set  under  the  hammer,  and  Hatteaed 
into  thin  cakes.  ^ 

The  main  efiect  of  the  finery  process,  is  probably  the  separation  of  the  plnmbagi- 
AOQs  part  of  the  charcoal,  which  is  disseminated  through  the  gray  cast  iron  in  a  state 
of  imperfect  chemical  combination.  When  that  is  removed  the  metal  becomes  more 
homogeneoos,  having  no  crystalline  carbon  present  to  counteract  its  transition  into  pure 
iron ;  much  of  the  silica  and  manganese  are  also  vitrified  together,  and  run  ofi*  in  the  finery 
cinder. 

2^The  puddling  Jkmaee  is  of  the  reverberatory  form.  It  is  bound  generally  with  iron, 
as  represented  in  the  side  view,  Jig.  692,  by  means  of  horizontal  and  vertical  bars,  which 

692 


are  joined  together  and  fixed  by  wedges,  to  prevent  them  from  starting  asunder.  Very 
frequently,  indeed,  the  reverberatory  furnaces  are  armed  with  cast-iron  plates  over  their 
whole  sur&ce.  These  are  retained  by  upright  bars  of  cas^  iron  applied  to  the  side  walls, 
•nd  by  honBontal  bars  of  iron,  placed  across  the  arch  or  roof.  The  furnace  itself  is 
divided  interiorly  into  three  parts ;  ihefire^placey  the  htarik,  and  the^ve.  Thefire-plact 
varies  from  3|  to  4|  feet  long,  by  firom  2  feet  8  inches  to  3  feet  4  inches  wide.  The  door 
vay  by  which  the  coke  is  charged,  is  8  inches  square,  and  is  bevelled  off  towards  the  out- 
side of  the  furnace.  This  opening  consists  entirely  of  cast  iron,  and  has  a  quantity  of 
coal  gathoed  round  it.  The  bars  of  the  fire  grate  are  moveable,  to^admit  of  more  readily 
clearing  them  from  ashes. 
Fig.  593  is  a  longitudinal  section  referring  to  the  elevation  j  fig.  692,  and  fig,  594, 
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is  a  ground  plan.  When  the  furnace  is  a  single  one,  a  square 
the  fee-place  opposite  to  the  door  j  through  which  the  rakes  are 
ncatra. 

a  is  the  fire  door ;  6,  the  grate ;  c,  the  fire  bridge ;  d  d,  cast- 
open  cast-iron  beams  t  e,  which  are  bolted  upon  both'  sides 
plate*  of  the  furnace.  /  is  the  hearth  covered  with  cinders 
^^king  door,  which  may  be  opened  and  shut  by  means  of 
inoye  it  up  and  down.  In  this  lat^e  door  there  is  a  hole 
^hich  the  iron  may  be  worked  with  the  paddles  or  rakes; 


hole  is  left  in  the  side  txf 
introduced,  in  order  to  be 

-iron  hearth  plates,  resting 
to  the  cast-iron  binding 
or  sand ;  g,  is  the  main 
a  lever  g',  and  chain  to 
5  inches  square,  through 
it  may  also  be  closed  air 
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tight.    There  is  a  second  workine  door  A,  near  the  fine,  for  introdiicnig  the  castmiBy 

so  that  it  may  soAea  slowly,  till  it  be  ready  for  drawing  towards  the  biidge.    i,  is  the 

chimney^  from  30  to  50  feet  high,  which  receives  commonly  the  flues  of  two  furnaces,  each 

595  provided  with  a  damper  .pkte  or  rtgister.    Fig,  599, 

shows  the  main  damper  for  the  tap  of  the  common 
chimney,  which  may  be  opened  or  shut  to  any  degree  by 
means  of  the  lever  and  chain,    k,  fig,  593,  is  the  tap  or 
floss  hole  for  running  ofi*  the  slag  or  cinder. 
*r  ■  ■'ii.^g^<a  9'         The  sole  is  sometimes  made  of  biicks,  sometanes  of 

east  iron.  In  the  flrst  case  it  is  composed  of  fire-bricks 
set  on  edge,  forming  a  species  of  flat  vault.  It  rests 
immediately  on  a  body  of  brickwork  either  solid  or 
.  arched  below.  When  it  is  made  of  cast  iron,  which  is 
now  beginning  to  be  the  general  practice,  it  may  be 
made  either  of  one  piece  or  of  several.  It  is  commonly 
in  a  single  piece,  which,  however,  causes  the  inconvenience  of  reconstructing  the  furnace 
entirely  when  the  sole  is  to.  be  changed.  In  this  case  it  is  a  litUe  hollow,  as  is  shown  in  the 
preceding  vertical  section ;  but  if  it  consists  of  several  pieces,  it  is  usually  made  flat. 

The  hearths  of  cast  iron  rest  upon  cast  iron  pillars,  to  the  number  of  four  or  &T€  ; 
which  are  supported  on  pedestals  of  cast  iron  placed  on  large  blockis  of  stone.  Such  an 
arrangement  is  shown  ift  the  figure,  where  also  the  square  hole  a,  fig,  592,  for  heating  the 
rake  irons,  may  be  observed.  The  length  of  the  hearth  is  usually  six  feet  |  and  its  br^th 
varies  fVom  one  part  to  another.  Its  greatest  breadth,  which  is  opposite  the  door,  is  four 
feet.  In  the  furnace,  whose  horizontal  plan  is  given  above,  and  which  produces  good  re- 
sults, the  sole  exhibits,  in  this  part,  a  species  of  ear,  which  enters  into  the  mouth  of  the  door. 
At  its  origin  towards  the  fireplace,  it  is  2  feet  10  inches  wide ;  from  the  fire  it  is 
separated,  moreover,  by  a  low  wall  of  bricks  (the  flrc-bridge)  10  inches  thick,  and  from 
3  inches  to  5  high.  At  the  other  extremity  its  breadth  is  2  feet.  The  curvature 
presented  by  the  sides  of  the  sole  or  hearth  is  not  symmetrical ;  for  sometimes  it  makes 
an  advancement,  as  is  observable  in  the  plan.  At  the  extremity  of  the  sole  furthest  from 
the  fire,  there  is  a  low  rising  in  the  bricks  of  2|  inches,  called  the  altar,  for  preventing 
the  metal  from  running  out  at  the  Jloss-hole  when  it  begins  to  fuse.  Beyond  this  shelf 
the  sole  terminates  in  an  inclined  plane,  which  leads  to  the  Jloss,  or  outlet  of  the  slag 
from  the  furnace.  This^ow  is  a  little  below  the  level  of  the  sole,  and  is  hollowed  out  of 
the  basement  of  the  chimney.  The  slag  is  prevented  from  concreting  here,  by  the  flame 
being  made  to  pass  over  it,  in  its  way  to  the  sunk  entry  of  the  chimney ;  and  there  is  a]so 
a  plate  of  cast  iron  near  this  opening,  on  which  a  moderate  fire  is  kept  up  to  preserve  the 
fluidity  of  the  scoriae,  and  to  burn  the  gases  that  escape  from  the  furnace,  as  also  to  quicken 
the  draught,  and  to  keep  the  remote  end  of  the  furnace  warm.  On  the  top  of  this  iron 
plate,  and  at  the  bottom  of  the  inclined  plane,  the  cinder  accumulates  in  a  small  cavity, 
whence  it  afterwards  flows  away ;  wlienever  it  tends  to  congeal,  the  woikman  must  clear 
it  out  with  his  rake. 

The  door  is  a  cast  iron  frame  fllled  up  inside  with  fire-bricks ;  through  a  small  hole  ia 
its  bottom  the  workmen  can  observe  the  state  of  the  furnace.  This  hole  is  at  other  times 
shut  with  a  stopper.    The  chimney  has  an  area  of  from  14  to  16  inches. 

The  hearth  stands  3  feet  above  the  ground.  Its  arched  roof,  only  one  brick  thick,  is 
raised  2  feet  above  the  fire-bridge,  and  above  the  level  of  the  sole,  taken  at  the  middle  of 
the  furnace.  At  its  extreme  point  near  the  chimney,  its  elevation  is  only  8  inches;  and 
the  same  height  is  given  to  the  opening  of  the  chimney. 

In  most  iron  works  the  sole  is  covered  with  a  layer  of  refhictory  sand  from  2)  to  3  inches 
thick,  which  is  lightly  beat  down  with  a  shovel.  At  each  operation  a  portion  of  the  sand 
is  carried  away ;  and  is  replaced  before  another.  Within  these  few  years,  there  has  been 
substituted  for  the  sand  a  body  of  pounded  slags ;  a  substitution  which  has  occasioned,  it 
is  said,  a  great  economy  of  iron  and  fuel. 

The  fine  metal  obtained  by  the  coke  is  puddled  by  a  continuous'operation,  which  caUs 
for  much  care  and  skill  on  the  part  of  the  workmen.  To  charge  the  puddling  furnace, 
pieces  offijie  metal  are  successively  introduced  with  a  shovel,  and  laid  one  over  another  on 
the  sides  of  the  hearth,  in  the  form  of  piles  rising  to  the  roof;  the  middle  being  left  open 
for  puddling  the  metal,  as  it  is  successively  fused.  Indeed,  the  whole  are  kept  as  tar  sepa- 
rate as  possible,  to  give  free  circulation  to  the  air  round  the  piles.  The  working  door  of 
the  furnace  is  now  closed,  fuel  is  laid  on  the  grate,  and  the  mouth  of  the  fireplace,  as  weQ 
as  the  side  opening  of  the  grate,  are  both  filled  up  with  coal,  at  the  same  time  that  the 
damper  is  entirely  opened. 

The  fine  m^al  in  about  twenty  minutes  comes  to  a  white-red  heat,  and  its  thin-edged 
fvagments  begin  to  melt  and  fall  in  drops  on  the  sole  of  the  furnace.    At  this  period  the 
workman  opens  the  small  hole  of  the  furnace  door,  detaches  with  a  rake  the  pieces  o€ 
fine  metal  that  begin  to  melt,  tries  to  expose  new  surfaces  to  the  action  of  the  heat,  aai] 


-   ttT 


»    > 


r 
i. 


f     •■■ 


sV 


iron: 


709 


9k  order  to  prevent  the  metal  fVom  niiimag  ttfgddier  as  it  softens,  he.  removes  it  from  the 
Ticinity  of  the  fire-bridge.  When  the  whole  of  the  fine  metal  has  thus  got  reduced 
to  a  pasty  condition,  he  must  lower  the  temperature  of  the  furnace,  to  prevent  it  from 
becoming  more  fluid.  He  closes  the  damper,  takes  out  a  portion  of  the  fire,  and  the 
libs  of  the  grate,  and  also  throws  a  little  water  sometimes  on  the  semi-fused  moss.  He 
then  works  about  with  his  paddle  the  clolly  metal,  which  swells  up,  with  the  discharge 
of  gaseous  oxyde  of  carbon,  burning  with  a  blue  flame,  as  if  the  bath  were  on  fire.  The 
metal  becomes  finer  by  degrees,  ond  less  fusible ;  or  in  the  language  of  the  workmen,  it 
begins  to  get  dry.  The  disengagement  of  the  oxyde  of  -carbon  diminishes,  and  soon 
stops.  The  workmen  continue  meanwhile  to  puddle  the  metal  till  the  whole  charge  be 
reduced  to  the  state  of  incoherent  sand ;  and  at  that  time,  the  ribs  of  the  grate  are 
replaced,  the  fire  is  restorCii,  and  the  register  is  progressively  opened  up.  With  the 
return  of  the  heat»  the  particles  of  metal  begin  to  agglutinate,  the  chaise  becomes  more 
difficult  to  raise,  or  in  the  laborers'  language,  it  v:^ks  heavy.  The  refining  is  now 
finished,  and  nothing  remains  but  to  gather  the  iron  into  balls.  The  foundei:  with  his 
paddle  takes  now  a  little  lump  of  metal,  as  a  nucleus,  and  makes  it  roll  abont  on  the 
surface  of  the  furnace,  so  as  to  collect  more  metal,  and  form  a  ball  of  about  60  or  70 
pounds  weight.  With  a  kind  of  rake,  called  in  England  a  dolly,  and  which  he  heats 
beforehand,  tiL6  workman  sets  this  ball  on  that  side  of  the  furnace  most  exposed  to  the 
action  of  the  heat,  in  order  to  unite  its  different  particles ;  which  he  then  squeezes 
together  to  force  out  the  scoriae.  When  all  the  balls  are  fashioned,  (they  take  about 
20  minutes  work,)  the  small  opening  of  the  working  door  is  closed  with  a  brick,  to  cause 
the  heat  to  rise,  and  to  facilitate  the  welding.  Each  ball  is  then  lifled  out,  either  with 
tongs,  if  roughing  rollers  are  to  be  used,  as  in  AVales,  or  with  an  iron  rod  welded  to  the 
lump  as  a  handle,  if  the  hammer  is  to  be  employed,  as  in  Staffordshire.  Thus  we  see 
that  the  operation  lasts  in  whole  from  2  hours  to  2| ;  in  a  quarter  of  an  hour,  the  fine 
metal  melts  at  its  edges,  when  the  puddling  begins,  in  order  to  effect  its  division ;  at  the 
end  of  an  hour  or  an  hour  and  a  half,  the  metal  is  entirely  reduced-  to  a  sand ;  a  state 
that  is  kept  up  for  half  an  hour  by  continual  stirring ;  and  finally,  the  balling  .operation 
takes  nearly  the  same  time. 

The  charge  for  each  operation  is  from  3^  to  4  hundred  weight ;  and  sometimes  the 
cuttings  of  bar.«nds  are  introduced,  which  are  puddled  apart.  The  loss  of  iron  is  here 
Ter)-  variable,  according  to  the  degree  of  skill  in  the  workman,  who  by  negligence  may 
Sttfler  a  considerable  body  of  iron  to  scorify  or  to  flow  into  the  hearth  and  raise  the  bot- 
tom. In  good  working,  the  loss  is  from  8  to  10  per  cent.  In  Wales,  the  consumption 
of  coal  is  estimated  at  one  ton  for  every  ton  of  fine  metaL  About  five  puddling  furnaces 
are  reiuired  for  the  service  of  one  smelting  furnace  and  one  finery.  The  liearth  of  the 
puddling  furnace  should  be  exposed  to  heat  for  12  hours  before  the  work  begins  on  the 
Mondays ;  and  on  the  Saturdays,  the  old  sole  must  be  cleared  out,  by  melting  it  ofiT,  and 
nmning  it  out  by  the  floss-hole. 

Mr.  SchaAhault  obtained,  in  May,  1835^  a  patent  for  the  conversion  of  cast  into 
wrought  iron,  by  adding  a  mixture  of  black  oxyde  of  manganese,  common  salt,  and 
potter's  clay,  in  certain  small  portions,  successively,  to  the  melting  iron  in  the  puddling 
furnace. 

The  reheatitLg  /umace$f  balling  fur  uacety  or  millfumacetyttxe^  analogous  to  the  puddling 
foroaces,  bat  only  of  laiger  dimensions. 

The  wood  charcoal  forge  hearth  is  employed  for  working  up  scrap  iron  into  boiler  plate, 
^.  Here  22  bushels  of  charcoal  are  consumed  in  making  one  ton  of  iron  of  that  descrip- 
tion, from  boUer  plate  parings. 

Machiaen  for  forging  and  condewing  the  iron. — In  England  there  are  employed  for  the 
fonring  ami  drawing  out  of  the  iron,  cast-iron  hammers  of  great  weight,  and  cylinders  ol 
diflerent  dimen.^ions,  for  beating  out  the  balls,  or  extending  the  iron  into  bars,  as  also 
powerful  shears.  These  several  mechanisms  are  moved  either  by  a  steam  engine,  as  in 
Staffordshire,  and  in  almost  all  the  other  counties  of  England,  or  by  water-wheels  when 
the  localities  are  favorable,  as  in  many  establishments  in  South  Wales.  We  shall  here 
offer  some  details  concerning  these  machines. 

The  umn  driving  shaft  usually  carries  at  either  end  a  large  toothed  wheel,  which 
cnrnmnnicates  motion  to  the  different  machines  through  smaller  toothed  wheels.  Of 
these,  there  are.  commonly  six,  four  of  which  drive  four  diflerent  systems  of  cylinders, 
and  the  two  others  work  the  hammer  and  the  shears.  The  different  cylinders  of  an  iron 
vork  should  never  be  placed  on  the  same  arbor,  because  they  are  not  to  move  together, 
and  they  most  have  different  velocities,  according  to  their  diameter.  In  order  to  econo- 
nuzc  time  and  facilitate  labor,  care  is  taken  to  associate  on  one  side  of  the  motive  ma^ 
thine  the  hammer,  the  sliears,  and  the  r^ucing  cylinders  \  and  on  the  other  side  to  place 
the  several  systema  of  cylinders  for  drawing  out  the  iron  into  bars.  For  the  same  reason 
the  poddiin;  fumaees  ought  to  be  grouped  on  the  side  of  the  hammer ;  and  the  reheating 
fiinnces  on  the  other  side  of  th£  wprks. 
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The  hammers,  fig»  596,  are  made  entirely  of  cast  iron ;  they  are  nearly  10  feet  long, 
and  consist  usniUly  of  two  parts,  the  helye  c,  and  the  head  or  pane  d.    The  latter  enters 

'6 


with  friction  into  the  former,  and  is  retained  in  its  place  by  wedges  of  iron  or  wood. 
The  head  consists  of  several  faces  or  planes  receding  from  each  other ;  for  the  purpose 
of  giving  different  forms  to  the  ball  lamps.  A  ring  of  cast-iron  a,  called  the  cam-ring  tog, 
bearing  moveable  cams  h  b,  drives  the  hammer  d,  by  lifting  it  np  round  its  fnlcram  /,  and 
then  letting  it  fall  alternately.  In  one  iron  work,  this  ring  was  found  to  be  3  feet  in  diam- 
eter, 18  inches  thick,  and  to  weigh  4  tons.  The  weight  of  the  helve  (handle)  of  the 
corresponding  hanmier  was  3  tons  and  a  half,  and  that  of  the  head  of  the  hammer,  8  hun- 
dred weight. 

The  anvil  e  consists  also  of  two  parts ;  the  one  called  the  pane  of  the  anvil,  is  the  coun- 
terpart of  the  pane  of  the  hammer;  it  likewise  weighs  8  hundred  weight.  Tlie  seeond,gy 
named  the  stock  of  the  anvil,  weighs  4  tons.  Its  form  is  a  parallelopiped,  with  the  edges 
rounded.  The  bloom  or  rough  ball,  from  the  puddle  furnace,  is  laid  and  turned  about 
upon  it,  by  means  of  a  rod  of  iron  welded  to  each  of  them,  called  a  porter,  S&ice  the 
weight  of  these  pieces  is  very  great,  and  the  shocks  very  considerable,  the  utmost  pre- 
cautions should  be  taken  in  setting  the  hammer  and  its  anvil  upon  a  substantial  mass  of 
masonry,  as  shown  in  the  figure,  over  which  is  laid  a  double,  or  even  quadruple  flooring 
of  wood,  formed  of  beams  placed  in  transverse  layers  close  to  each  other,  ^eh  beams 
possess  an  elastic  force,  and  thereby  partially  destroy  the  injurons  reaction  of  the  skodc. 
In  some  works,  a  six-feet  cube  of  cast  iron  is  placed  as  a  pedestal  to  the  anvil. 

Forge  hammers  are  very  frequently  mounted  as  levers  of  the  first  kind,  with  the  eentre 
of  motion  about  one  third  or  one  fourth  of  the  length  of  the  helve  firom  the  earn  iriieeL 
The  principle  of  this  construction  will  be  understood  by  inspection  of  fig.  605.  The  shori 
end  0^  the  lever  which  is  struck  down  by  the  tappet  c,  is  driven  against  the  end  of  an  elastic 
beam  a,  and  immediately  rebounds,  causing  the  long  end  to  strike  a  harder  Idow  upon  the 
anvils. 

The  shears  are  composed  of  two  branches,  the  one  fixed  and  the  other  moveable,  each 
formed  of  two  pieces.  The  fixed  branch  is  a  cast-iron  plate,  which  forms  one  mass  with 
a  horizontal  base  fixed  to  a  piece  of  wood  or  cast  iron  buried  in  the  ground.  A  sharp- 
ened chisel  is  fastened  to  its  upper  part  by  screws  and  nuts.  The  moveable  brancih  is 
likewise  of  cast  iron ;  it  bears  an  axis  round  which  it  turns,  and  this  axis  passes  through 
the  fixed  part.  It  is  also  furnished  with  a  cutting  chisel,  fixed  on  by  nuts  and  screws. 
An  eccentric  or  an  ellipse,  moved  directly  by  a  toothed  wheel,  lifts  the  moveaUe  branch 
of  the  shears,  and  forces  it  to  cut  the  iron  bars  presented  to  it.  The  pressure  exerted  by 
these  scissors  is  such,  that  they  can  cut  without  difficulty,  iron  bars,  one  half  oftwo  thirds 
of  an  inch  thick. 

Cylinders. — ^The  compression  between  cylinders  now  effect^  in  a  few  seconds,  that 
condensation  and  distribution  of  the  fibres,  which,  40  years  ago,  could  not  be  acoom- 
plished  till  after  many  heats  in  the  furnace,  and  many  blows  of  the  hammer.  I'iu 
cylinders  may  be  distinguished  into  two  kinds ;  1.  those  which  sore  to  draw  oat  the 
boll,  called  puddling  rolls,  or  roughing  rolls,  and  which  are,  in  ftict,  reducing  q^linders ; 
2.  tiie  cylinders  of  extension,  called  roUert,  for  drawing  into  bars  the  massive  inm  after 
it  has  received  a  weUing,  to  make  it  more  malleable.    This  second  kind  of  cylinders  is 
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nhdiyided  iato  several  varieties,  according  to  the  patterns  of  bar  iron  that  are  required. 
These  may  Tar>'  from  2  inches  square  to  less  than  .one  sixth  of  an  inch. 

Beneath  the  cylinders  th^e  is  usually  formed  an  oblong  fosse,  into  which  the  scoriae 
tod  the  scales  fall  when  the  iron  is  compressed.  The  sides  of  this  fosse,  constructed  of 
MDne,  are  founded  on  a  body  of  solid  masonry,  capable  of  supporting  the  enormous  load 
of  the  cylinders.  J3eams-of  wood  form  in  some  measure  the  sides  of  this  pit,  to  which 
cylinders  may  be  made  fast,  by  securing  them  with  screws  and  bolts.  Massive  bars  of 
east  iron  are  foand,  however,  to  answer  still  better,  not  only  because  the  uprights  and 
bearers  may  be  more  solidly  fixed  to  them,  but  because  the  basement  of  heavy  metal  is 
more  difficult  to  shatter  or  displace,  an  accident  which  happens  frequently  to  the 
wooden  beams.  A  rill  of  water  is  supplied  by  a  pipe  to  each  pair  of  cylinders,  to 
hinder  them  from  getting  hot;  as  also  to  prevent  the  hot  iron  from  adhering  to  the 
cylinder,  by  cooling  its  surface,  and  perhaps  producing  on  it  a  slight  degree  of 
asydizement. 

The  shafts  are  one  foot  in  diameter  for  the  hammer  and  the  roughing  rolls ;  and  six 
inches  where  they  communicate  motion  to  the  cylinders  destined  to  draw  the  iron  into 
bars. 

The  rou^i$tg  roUt  are  employed  either  to  work  out  the  lump  or  ball  immediately 
after  it  leaves  the  puddling  furnace,  as  in  the  Welsh  f<N*ges,  or  only  to  draw  out  the 
piece,  after  it  has  been  shaped  under  the  hammer,  as  is  practis^  in  most  of  the  Staftud- 
ihire  estabUshments.  These  roughing  cylinders  are  generally  7  feet  long,  including 
the  trunnions,  or  5  feet  between  the  bearers,  and  18  inches  diameter;  and  weigh  in  the 
▼hole  from  4  to  4j^  tons.  They  contain  from  5  to  7  grooves,  commonly  of  ah  elliptical 
form,  one  smaller  than  another  in  regular  progression,  as  is  seen  in  fig.  597.  The  small 
ass  of  each  ellipse,  as  formed  by  the  union  of  the  upper  and  under  grooves,  is  always 
placed  in  the  vertical  direction,  and  is  equal  to  the  great  axis,  or  horizontal  axis  of  the 
noceeding  groove;  so  that  in  transferring  the  bar  from  one  groove  to  another,  it  must 
Keeive  a  quarter  of  a  revolution,  whereby  the  iron  gets  elongated  in  every  direction. 
Sometimes  the  roughing  rolls  serve  as  preparatory  cylinders,  in  which  case  they  bear 
towards  one  extremity  rectangular  grooves,  as  the  figure  exhibits.  Several  of  these 
larve  grooves  are  bestodded  with  small  asperities  analogous  to  the  teeth  of  files,  for 
bitia;  the  lamp  of  iron,  and  preventing  its  sliding.  On  a  level  with  the  under  side  cS 
the  mxwves  of  the  lower  cylinder,  there  is  a  plate  of  cast  iron  with  notches  in  its  edge 
adapted  to  the  grooves.  This  piece,  called  the  apron,  rests  on  iron  rods,*  and  serves  to 
lapport  the  balls  and  bars  exposed  to  the  action  of  the  rollers,  and  to  receive  the  fragments 
of  ill-welded  metal,  which  fadl  ofif  during  the  drawing.  The  housing  franus  in  which  the 
roUen  are  supported  and  revolve,  are  made  of  great  strength.  Tneir  height  is  5  feet ; 
their  thickness  is  1  foot  in  the  side  perpendicular  to  the  axis  of  the  cylinders,  and  10 
inches  in  the  other.  Each  pair  of  bearers  is  connected  at  their  upper  ends  by  two  iron 
rods,  on  whieh  the  workmen  rest  their  tongs  or  pincers  for  passing  the  lump  or  bar  from 
9Dt  side  of  the  cylindera  to  the  other. 

The  cods  or  boshes  are  eadi  composed  of  two  pieces ;  the  one  of  hard  brass,  whieh 
presents  a  cylindrical  noteh,  is  framed  into  the  other  which  is  made  of  cast  iron,  as  is 
clearly  seen  in  fig.  597. 

The  iron  bar  delivered  from  the  square  grooves,  is  cut  by  the  shears  into  short  lengths, 
which  are  colleeted  in  a  bundle  in  order  to  be  welded  together.  When  this  bundle  of 
bars  has  become  hot  enough  in  the  furnace,  it  is  conveyed  to  the  rollers ;  which  differ 
in  their  amngement  according  as  they  are  meant  to  draw  iron  ftx)m  a  large  or  small 
piece.  The  Ibst,  fig,  597,  possess  both  elliptical  and  rectangular  grooves ;  ar^  1  foot 
in  diameter  and  3  feet  long  between  the  bearers.  The  bar  is  not  finished  under  these 
cylindeiv,  but  is  transferred  to  another  pair,  whose  grooves  have  the  dimensions  proper 
for  the  bar,  with  a  round,  triangular,  rectangular,  or  fillet  form.  The  triangular  grooves 
isade  use  of  for  square  iron,  h{ive  for  their  profile  an  isosceles  triangle,  slightly  obtuse, 
•0  that  the  space  left  by  the  two  grooves  together  may  be  a  rhombus,  difiering  little 
fiuD  a  square,  and  whose  smaller  diagonal  is  vertical.  When  the  bar  is  to  be  passed 
nccesgively  through  several  grooves  of  this  kind,  the  larger  or  horizontal  diagonal  of 
each  following  groove  is  mftde  equal  to  the  smaller  or  upright  of  the  preceding  one, 
whereby  the  iron  must  be  turned  one  fourth  round  at  each  successive  draught,  and  thus 
receive  pressure  in  opposite  directions.  Indeed,  the  bar  is  often  turned  in  succession 
thronzh  the  triangular  and  rectangular  grooves,  that  its  fibres  may  be  more  accurately 
Worked  together.  The  decrement  in  the  capacity  of  the  grooves  follows  the  proportion 
«fl5tolJ. 

When  it  is  intended  to  reduce  the  iron  to  a  small  rod,  the  cylinders  have  such  a  diam- 
tter,  that  three  may  be  set  in  the  same  housing  frame.  The  lower  and  middle  cylinders 
are  employed  as  roughing  rollers,  while  the  upper  and  middle  ones  are  made  to  draw  out 
the  rod.  When  a  rod  or  bar  is  to  be  drawn  with  a  channel  or  gutter  in  its  face,  the 
grooves  of  the  rollers  are  suitably  formed. 
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To  draw  out  sqnare  rods  of  a  very  small  size,'  as  nail-rods,  a  system  of  smaU  roQen  m 
employed,  called  slUters,     Their  ridges  are  sharp^ged,  and  enter  into  the  opposite 

"~"  grooves  2J  inches  deep ;  so  that  the  flat  bar  in 

.  passing  between  such  rollers  is  instantaneously 
divided  into  several  slips.  For  this  porpose 
the  rollers   represented  in  fig.  698  may  be 
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put  on  and  removed  from  the  shaft  at  plea- 
sure. 

The  velocity  of  the  cylinders  varies  with 
their  dimensions.  In  one  work,  cylinders  for 
drawing  out  iron  of  from  one  third  to  two 
thirds  of  an  inch  thick,  make  140  revolntiona 
per  minute ;  while  those  for  iron  of  from  two 
thirds  of  an  inch  to  3  inches,  make  only  65. 
In  another  work,  the  cylinders  for  two  inch 
iron,  make  95  revolutions  per  minute ;  thoee 
for  iron  from  two  thirds  of  an  inch  to  an  inch 
and  a  third,  make  128;  and  those  for  bars 
from  one  third  to  two  tliirds  of  an  inch,  150. 
The  rottf^ing  rolUn  move  with  only  one  third 
the  velocity  of  the  drawing  cylinders. 

The  shingling  and  platfr-roDing  mill  is  rep- 
resented in  fig»  697.  The  shingling  mill,  for 
converting  the  blooms  from  the  balling  fur- 
nace into  bars,  consists  of  two  sets  of  grooved 
cylinders,  the  first  being  called  puddling  rUU 
or  roughing  rolU ;  the  second  are  for  reducing 
or  drawmg  the  iron  into  mill-bars,  and  are 
called  simply  rolls, 

a,  a,  a,  a,  are  the  powerfbl  upr^hts  or  stand- 
ards called  hounngfranus,  of  cast  iron,  in  which 
the  gudgeons  of  the  rolls  are  set  to  revolve ; 
b,  b,  by  by  are  boH  rods  for  binding  these  frames 
together  at  top  and  bottom ;  c,  are  the  roughing 
roUs,  having  each  a  series  of  triangular  grooves, 
such  that  between  those  of  the  upper  and 
nnder  cylinder,  rectangular  concavities  are 
formed  in  the  Circumference  vrith  slightly 
sloping  sides.  The  end  groove  to  the  right 
of  c,  diould  be  chann^ed  like  a  rou^h  file,  in 
order  to  take  the  better  hold  of  the  blooms,  or 
to  bite  the  metal,  as  the  workmen  say ;  and  give 
it  the  preparatory  elongation  for  entering  into 
and  passing  th^gh  the  remaining  grooves 
tin  it  comes  to  the  square  ones,  where  it  be- 
comes a  mill-bar.  dy  <f,  are  the  smooth  cyl- 
inders, hardened  upon  the  surface,  or  chilled 
as  it  is  called,  by  being  cast  in  iron  moulds, 
for  rolling  iron  into  plates  or  hoops,  e,  e,  c,  c,  arestrong  screws  with  rectangular  threads, 
which  work  by  means  of  a  wrench  or  key,  into  the  nuts  e'  f'  e'  e',  fixed  in  the  standards ; 
they  serve  to  regulate  the  height  of  the  plummer  blocks  or  bearers  of  the  gudgeons,  and 
thereby  the  distance  between  the  upper  and  under  cylinders.  /  is  a  junction  shafl ;  gr- 
g,  g,  are  solid  coupling  boxes,  which  embrace  the  two  separate  ends  of  the  shafts,  and  make 
them  turn  together,  h,  h,  are  junction  pinions,  whereby  motion  is  Communicated  from  the 
driving  shaft  /,  through  the  under  pinion  to  the  upper  one,  and  thus  to  both  upper  and 
under  rolls  at  once.  i,  t,  are  the  pinion  standards  in  which  their  shafts  run ;  they  arc 
smaller  than  the  uprights  of  the  roUs.  k,  k,  are  screws  for  fhstening  the  head  pieces  I  te 
the  top  of  the  pinion  standards.     AH  the  standards  are  provided  with  sole  plates  m^ 
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Hfhereby  thef  aie  screwed  to  the  foundation  beams  n,  of  wood  or  preferably  iron,  as 
ihown  by  dotted  lines ;  o  o  are  the  binding  screw  bolts.  Each  pair  of  rolls  at  work  is 
kept  oool  by  »«mal]  stream  of  water  let  down  npon  it  from  a  pipe  and  stop-cock. 

la  the  cylinder  dnwing,  the  workman  who  holds  the  ball  in  tongs,  passes  it  into  the 
first  of  the  elliptical  grooves ;  and  a  second  workman  on  the  other  side  of  the  cylinders, 
receives  this  lamp,  and  hands  it  o^er  to  the  fifrst,  who  re-passes  it  between  the  rollers, 
tAer  brimming  them  somewhat  closer  to  each  other,  by  giving  a  turn  to  the  aciiiusting  pres* 
snre  screws.  AAer  the  lump  has  passed  five  or  six  times  through  the  same  groove,  it  has 
got  an  elliptical  form»  and  is  called  in  England  a  bloom.  It  is  next  passed  through  a 
second  groove  of  less  size,  which  stretches  the  iron  bar.  In  this  state  it  is  subjected  to 
s  second  pair  of  eylinders,  by  which  the  iron  is  drawn  into  fiat  bars,  4  inches  broad  and 
half  an  inch  thick.  Fragments  of  the  ball  or  bloom  fall  round  about  the  cylinders ; 
which  are  afterwards  .added  to  the  puddling  charge.  In  a  minute  and  a  half,  the  rude  lump 
is  transformed  into  bars,  with  a  neatness  and  rapidity  which  the  inexperienced  eye  can 
hanlljr  follow.  A  steam  engine  of  thirty-horse  power  can  rough  down  in  a  week,  200  tons 
cf  coarse  iron. 

This  iron,  called  miU-bar  iron,  is  howev«>r  of  too  inferior  a  quality  to  be  employed  iii 
any  machinery;  and  it  is  subjected  to  another  operation,  which  consists  in  welding 
KTeml  pieces  together,  and  working  them  into  a  mass  of  the  desired  quality.  The  iron 
bars,  while  still  hot,  are  cut  by  the  dieanMnto  a  length  proportional  to  the  size  of  iroa 
bar  that  is  wanted ;  and  four  rows  of  these  are  usually  laid  over  each  other  into  a  heap 
or  pile,  which  is  placed  in  the  ^rJieating  furnace  above  described,  and  exposed  to  a  free 
circulation  of  heat ;  one  pile  being  set  crosswise  over  another.  In  a  half  or  three 
quarters  of  an  hour,  the  iron  is  hot  enough,  and  the  pieces  now  sticking  together,  are 
carried  in  successive  piles  to  the  bar-drawing  cylinders,  to  be  converted  into  strong  bars, 
which  are  reckoned  of  middle  quality.  When  a  very  tough  iron  is  wanted,  as  for  anchors, 
another  welding  and  rolling  must  be  given.  In  the  re-heating  ovens,  the  loss  is  from  8 
to  10  per  cent,  on  the  large  bar  iron,  and  from  10  to  12  in  smaller  work.  A  ton  of  iron  con- 
nimes  in  this  process  about  150  lbs.  of  coals. 

It  is  thought  by  many  that  a  purer  iron  is  obtained  by  subjecting  the  balls  as  •they 
eome  out  of  the  paddling  furnace,  to  the  action  of  the  hammer  at  first,  than  to  the 
roughing  rollers ;  and  that  by  the  latter  process  vitrified  specks  remain  in  the  metal,  which 
the  hammer  expels.  Hence,  in  some  works^  the  balls  are  first  worked  under  the  forge- 
hammer;  and  these  atampingt  being  aflen,vards  heated  in  the  form  of  pies  or  cakes  piled 
orer  each  other,  are  passed  through  the  ronghing  rollers. 

Hanng.given  ample  details  concerning  the  manufacturing  processes  used  in  England 
fbr  making  cast  iron,  it  may  be  proper  to  subjoin  a  few  observations  upon  its  chemical 
eonstitation.  It  has  been  generally  believed  and  taught  that  the  dark  gray  cast  iron, 
No.  1  or  No.  '2,  contains  more  carbon  fhan  the  white  cast  iron ;  and  that  the  superior 
quality  of  the  former  in  tenacity  and  softness,  is  to  be  ascribed  to  that  excess.  But 
the  distinguished  German  metallurgist,  M.  Karsten,  in  his  instructive  volume,  "  Hand- 
boch  der  EisenhAttenkunde,''  or  manual  of  the  art  of  smelting  iron  ores,  has  proved,  on 
tbe  contrary,  that  the  white  cast  iron  contains  most  charcoal ;  that  this  substance  exists 
in  it  in  a  state  of  combination  vrith  the  whole  body  of  the  iron ;  that  the  foliated  or  la- 
mellar white  east  iron  contains  as  much  carbon  as  iron  can  absorb  in  the  liquid  state ;.  and 
that  this  constitutes  a  compound  of  4  atoms  of  iron  combined  with  1  of  charcoal,  or  1 12-f-6 ; 
or  5§  per  cent. ;  whereas  the  dark  gray  cast  iron  contains  generally  fttrni  3  to  4  per 
cent.,  in  the  state  of  plumbago  merely  dispersed  through  the  metal.  He  has  further 
confirmed  his  opinion,  by  causing  the  white  variety  to  pass  into  the  gray,  and  recipro- 
esJly.  Thus,  dark  gray  cast  metal  melted  and  suddeidy  cooled,  gives  a  silvery  white 
metal,  hard  fuid  brittle.  On  the  other  hand,  when  the  white  cast  iron  is  cooled  very 
slowly  after  fksion,  the  ebndition  of  the  carbon  in  it  changes,  and  a  dark  gray  cast  iron 
is  obtained.  These  phenomena  show  that  the  graphite  or  jplumbago,  which  requires  a 
hi^h  temperature  for  its  ibrmation,  cannot  be  produced  but  by  a  slow  cooling,  which  al- 
lows the  carbon  to  agglomerate  itself  in  the  iron  in  the  state  of  graphite ;  while  under  a 
lapid  congelation,  the  carbon  remains  dissolved  in  the  mass,  and  produces  a  white  metal. 
Hence  we  may  understand  how  each  successive  ftision  of  dark  gray  iron  hairdens  and  whitens 
it,  though  in  contact  with  coke,  by  completing  that  cKemica)  dissolution  of  the  carbon  on 
which  the  wliite  state  depends. 

In  the  mannftctore  of  the  blackest  No.  1  cast  iron,  it  sometimes  happens  that  a  con- 
siderable quantity  of  a  glistening  carburet  of  iron  appears,  floating  on  the  top  of  the 
metal  as  it  is  run  out  into  the  sand-moulds.  This  substance  is  called  kUh  by  the 
Enelish  workmen ;  and  it  affords  a  sure  test  of  the  good  state  of  the  furnace  and  quality 
of  the  iron. 

The  most  remarkable  fact  relative  to  the  smelting  of  cast  iron,  is  the  diflerence  of  ]iro- 
dnct  between  the  workings  of  the  summer  and  the  winter  season,  though  all  the  materials 
sad  machinery  be  the  same.    In  Act,  no  eold-blast  ftimace  wiU  cany  so  great  a  burden 
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in  summer  as  ki  winter,  that  is,  afford  so  great  a  product  of  metal,  or  bear  so  great  a 
charge  of  ore  with  the  same  quantity  of  coke.  This  difference  is  midoubledfy  due  to  the 
dilated  and  humid  state  of  the  atmosphere  in  the  warm  season.  A  Tery  oampctent  judge 
of  this  matter,  states  the  diminution  in  summer  at  from  one  fifth  to  one  aerenth,  indepen- 
dently of  deterioration  of  quality. 

Some  of  the  foreign  irons,  particularly  certain  Swedish  and  Russian  bars,  are  im- 
ported into  Great  Britain  in  large  quantities,  and  at  prices  much  greater  than  those  of 
the  English  bars,  and  therefore  the  modes  of  manufacturing  such  excellent  metal  deserre 
examination.  AU  the  best  English  cast  steel,  indeed,  is  made  from  the  hoop  L  iron  fitan 
Dannemora,  in  Sweden. 

The  processes  pursued  in  the  smelting  works  of  the  Continent  haTe  frequently  in  rkm 
to  obtain  from  the  ore  malleable  iron  directly,  in  a  pure  or  nearly  pure  state.  The  furnaces 
us<xl  for  this  purpose  are  of  two  kinds,  csilled  in  French,.  1.  Fmtx  jit  JJmjptMj  or  Forfgn 
Catalanet ;  and  2.  Faumeaux  h  yUce,  or  Forg€$  Jilkmtmitt, 

In  the  Catalan,  or  French  method,  the  ore  preriously  roasted  in  a  kiln  is  afterwards 
strongly  torrefied  in  the  forge  before  the  smelting  begins ;  operations  whieh  follow  in 
immediate  succession.  Ores  treated  in  this  way  should  be  yery  fusible  and  Tery  rich ; 
such  as  black  oxyde  of  iron,  hematites,  and  certain  spathose  iron  ores.  From  100 
parts  of  ore,  50  of  metallic  iron  have  been  procured,  but  the  UTerage  product  is  3j^« 
The  furnaces  employed  are  rectangular  hearths,  figf,  599,  and  600,  the  water-blowing 
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machine  being  employed  to  give  the  blast.  See  Metallubot.  There  are  three 
varieties  of  this  forge ;  the  Catalan,  the  Navarrese,  and  the  Biscaymn.  The  dimensions 
of  the  first,  the  one  most  generally  employed,  are  as  follows :  21  inches  long,  in  the 
direction  p  f^fig^  600 ;  18}  broad,  at  the  bottom  of  the  hearth  or  cmutt^  in  the  line 
A  B ;  and  17  inches  deep,/ig.  599.  The  tuyere,  q  p,  is  placed  9)  inches  above  the  bottom, 
so  that  its  axis  is  directed  towards  the  opposite  side,  about  2  inches  above  the  bottom. 
But  it  must  be  moveable,  as  its  inclination  needs  to  be  changed,  according  to  the  stage 
of  the  operation,  or  the  quantity  of  the  ores.  It  is  often  raised  or  lowered  with  peUels 
of  clay ;  and  even  with  a  graduated  circle,  for  the  workmen  make  a  great  mystery  of 
this  matter.  The  hearth  is  lined  with  a  layer  of  bratqw  (loam  and  charcoal  dust 
worked  together),  and  the  ore  after  being  roasted  is  sifted ;  the  small  powder  being  set 
aside  to  be  used  in  the  course  of  the  operation.  The  ore  is  piled  up  on  the  side  opposite 
to  the  blast  in  a  sharp  saddle  ridge,  and  it  occupies  one  third  of  the  furnace.  In  the  re- 
maining space  of  two  thirds,  the  charcoal  is  put.  To  solidify  the  small  ore  on  the  hearth, 
it  is  covered  with  moist  cinders  mixed  with  day. 

The  fire  Is  urged  with  moderation  during  the  first  two  hours,  the  workman  being 
continually  employed  in  pressing  down  more  charcoal  as  the  former  supply  bums 
away,  so  as  to  keep  the  space  full,  and  prevent  the  ore  fW>m  crumbling  down.     By  • 
blast  so  tempered  at  the  beginning,  the  ore  gets  well  i»lcined,  and  partially  reduced  in 
the  way  of  cementation.      But  after  two  hours,  the  fail  foiW  of  the  air  is  given; 
at  wliich  period  the  fusion  ought  to  commence.    It  is  easy  to  tee  whether  the  torr^ 
faction  be  sufficiently  advanced,  by  the  aspect  of  the  flame,  as  well  as  of  the  ore^ 
which  becomes  spongy  or  cavernous ;  and  the  workman  now  completes  the  fusion,  by 
detaching  the  pieces  of  ore  from  the  bottom,  and  placing  them  in  front  of  the  tuyere. 
When  the  fine  siftings  are  afterwards  thrown  upon  the  top,  they  must  be  watered, 
to  prevent  their  being  blown  away,  and  to  keep  them  evenly  spread  over  the  'whole 
surface  of  the  light  fuel.    They  increase  the  quantity  of  the  products,  and  give  a  propel 
fbsibility  to  the  scoriae.    When  the  scorise  are  viscid,  the  quantity  of  sifUnga  mnst  be 
diminished ;  •  but  if  thin,  they  must  be  increased.    The  excess  of  slag  is  allowed  to  nm  off 
by  the  chio  or  fioss  hole.    The  process  lasts  from  five  to  six  hours,  after  which  the  p«sty 
mass  is  taken  out,  and  placed  under  a  hammer  to  be  cut  into  lumps,  whieh  are  afterwnrds 
forged  into  bars. 

Each  mass  presents  a  mixed  variety  of  iron  and  steel  i  in  proportions  whieh  may 
be  modified  at  pleasure  j  for  by  using  much  of  the  siftings,  and  making  the  tuyere  dip 
towards  the  sole  of  the  hearth,  iron  is  the  diief  product ;  but  if  the  operation  be  con 
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diietcd  slowly,  with  a  small  quantity  of  Biftinge,  and  an  upiaised  tnyere,  the  quantity 
U'  steel  is  more  considerable.  Tlus  primitive  process  is  fayorably  spoken  of  by  M. 
Brongniart.  The  wieight  of  the  lump  of  metal  varies  from  200  to  400  pounds.  As  the 
GOttsomption  of  charcoal  is  very  great,  amounting  in  the  Palatinate  or  Rheinkreis  to 
fleven  times  the  weight  of  iron  obtained,  though  in  the>  Pyrenees  it  is  only  thrice,  the 
Catalan  forge  can  be  profitably  employed  only  where  wood  is  exceedingly  cheap  and 
abundant. 

The  Fourneaux  dpQct  of  the  French,  or  Slw^c^fen  of  the  Germans,  resembles  ^g.  313 
(CoFPsa) ;  the  tnydre  (not  shown  there)  having  a  dip  towards  the  bottom  of  the  hearth, 
where  the  smelted  matter  collects.  When  the  operation  is  finished,  that  is,  at  least 
ooce  in  every  24  hours,  one  of  the  sides  of  the  hearth  must  be  demolished,  to  take 
oat  the  pasty  mass  of  iron,  more  or  less  pure.  This  furnace  holds  a  middle  place  in  the 
treatment  of  iron,  between  the  Catalan  forge  and  the  cast-iron  JIoM-q/en,  or  high-blast 
famaces.  The  studc-o/tn  are  from  10  to  15  feet  high,  and  about  3  feet  in  diameter  at 
the  hearth.  Most  usually  there  is  only  one  aperture  for  the  tuyere  and  for  working ; 
with  a  small  one  for  the  escape  of  the  dag ;  on  which  account,  the  bellows  are  removed 
to  make  way  for  the  lifting  out  of  the  lump  o[  metal,  which  is  done  through  an  opening 
left  on  a  level  with  the  sole,  temporarily  closed  with  bricks  and  potters'  day,  while  the 
Aimace  is  in  action. 

This  outlet  being  closed,  and  the  furnace  filled  with  charcoal,  fire  is  kindled  at  the 
bottom.  Whenever  the  whole  is  in  combustion,  the  roasted  ore  is  introduced  at  the  top 
in  alternate  charges  with  charcoal,  till  the  proper  quantity  has  been  introduced.  The  oi« 
falls  down ;  and  whenever  it  conies  opposite  to  the  tuydre  the  slag  begins  to  flow,  and  the 
iron  drops  down  and  collects  at  the  bottom  of  the  hearth  into  the  mass  or  stuck  ;  and  in 
proportion  as  this  mass  increases,  the  flots-kole  for  the  slag  and  the  tuydre  is  raised 
higher.  When  the  quantity  of  iron  accumulated  in  the  hearth  is  judged  to  be  sufi&eien^ 
the  bellows  are  stopped,  the  scorise  aro  raked  ofi",  the  little  brick  wall  is  taken  down,  and 
the  mass  of  iron  is  removed  by  rakes  and  tongs.  This  mass  is  then  flattened  under  the 
haimner,  into  a  cake  from  3  to  4  inches  thick,  and  is. cut  into  two  lumps,  which  are  sub- 
Autted  to  a  new  operation ;  where  it  is  treated  in  a  peculiar  refinery,  lined  with  charcoal 
Snuque,  and  exposed  to  a  nearly  horizontal  blast.  The  above  mass,  seized  in  the  jaws 
€  a  powerful  tongs,  is  heated  before  the  tuyere ;  a  portion  of  the  metal  flows  down  to  the 
bottom  of  the  hearth,  loses  its  carbon  in  a  bath  of  rich  slags  or  fused  oxydes,  and  forms 
thereby  a  mass  of  iron  thoroughly  refined.  The  portion  that  remains  in  the  tongs  fVir- 
nishes  steel,  which  is  drawn  out  into  bars. 

This  process  is  employed  in  Camiola  for  smelting  a  granular  ozyde  of  iron.  The  mass 
or  tluck  amounts  to  from  15  to  20  hundred  weight,  aftex  eaeh  operation  of  24  hours. 
Eight  strong  men  are  required  to  lift  it  out,  and  to  carry  it  under  a  large  hammer,  where 
it  is  cat  into  pieces  of  about  1  cwt.  each.  These  are  afterwards  refined  and  drawn  into 
bars  as  above  described.  These  fUmaces  are  new  almost  generally  abandoned  on  the 
Continent,  in  favor  of  charcoal  Atgh  or  blast  furnaces. 

Fig,  313  represents  a  shaehtofen  (but  without  the  tuy^,  which  may  be  supposed  to  be 
in  the  usual  place),  and  is,  like  all  the  continental  Hauls  Foumeauxy  remarkable  for  the 
excessive  thickness  of  its  masonry.  The  charge  is  put  in  at  the  throat,  near  the  summit 
of  the  octagonal  or  square  concavity,  for  they  are  made  of  both  forms.  At  the  bottom 
of  the  hearth  there  is  a  dam-stone  with  its  plate,  for  permitting  the  overflow  of  the  slag, 
while  it  confines  the  subjacent  fluid  metal ;  as  well  as  a  tymp-stone  with  its  plate,  which 
forms  the  key  to  the  front  of  the  hearth ;  the  boshes  are  a  wide  f\innel,  almost  flat,  to 
obstruct  the  easy  descent  of  the  changes,  whereby  the  smelting  with  charcoal  would  pit>-> 
ceed  too  rapidly.  The  bottom  of  the  hearth  is  constructed  of  two  large  stones,  and 
the  hinder  part  of  one  great  stone,  called  in  German,  rucksiem  (black  stone),  which  the 
French  have  corrupted  into  rustiiie.  In  other  countries  of  the  Continent,  the  boshes  are 
freqaentiy  a  good  deal  more  tapered  downwards,  and  the  hearth  is  larger  than  here  rep- 
resented. The  refractory  nature  of  the  Hartz  iron  ores  is  the  reason  assigned  for  this 
pecidiarity. 

In  Sweden  there  are  b]ast*fumaces,  sdiachtofen,  35  feet  in  height,  measured  firom  the 
boshes  above  the  line  of  the  hearth,  or  creusei.  Their  cavity  has  the  form  of  an  elonga 
ted  ellipse,  whose  small  diameter  is  8  feet  across,  at  a  height  of  14  feet  above  tlie  bottom 
of  the  hearth ;  hence,  at  this  part,  the  interior  space  constitutes  a  .belly,  corresponding 
with  the  upper  part  of  the  boshes.  In  other  respects,  the  details  of  the  construction  of 
the  Swedish  furnaces  resemble  the  one  flgured  above.  Marcher  relates  that  a  furnace  of 
that  kind,  whose  height  was  only  30  feet,  in  which  brown  hydrate  of  iron  (hematite)  was 
smelted,  yielded  47  per  cent,  in  cast-iron,  at  the  rate  of  5  hundred  weight  a  day,  or  36 
hundred  weight  one  week  after  another ;  and  that  in  the  production  A  100  pounds  of 
east-iron,  130  pounds  of  charcoal  were  consumed.  That  furnace  was  worked  wiUi  forgt 
bellow^  mounted  with  leather. 
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The  deeaibnntion  of  cast-iron  is  merely  a  restoratioii  of  the  eaiiMm  to  the  surf  tee,  is 
tracing  inversely  the  same  progressive, steps  as  had  carried  it  mto  the  interior  daring  the 
smelting  of  the  ore.  The  oxygen  of  the  air,  acting  first  at  the  surface  of  the  cast  metal, 
npon  the  carbon  which  it  finds  there,  bums  it :  fresh  diareoal,  ooaing  from  the  interior, 
comes  then  to  occupy  the  place  of  what  had  been  dissipated ;  till,  finally,  the  whole  car- 
bon is  transferred  from  the  centre  to  the  surface,  and  is  there  converted  into  either  cap- 
bonic  acid  gas,  or  ozyde  of  carbon ;  for  no  direct  experiment  has  hitherto  proved  which 
of  these  is  the  precise  product  of  this  combustion. 

This  diffusibUity  of  carbon  through  the  whole  mass  of  iron  constitutes  a  movement  by 
means  of  which  cast-iron  may  be  refined  even  without  undergoing  fusion,  as  is  proved  by 
a  multitude  of  phenomena.  Every  wdrkman  has  observed  that  steel  loses  a  portion  of 
its  steely  properties  every  time  it  is  heated  in  eontact  with  air. 

On  tlbe  above  principle,  cast-iron  may  be  refined  at  one  operation.  Three  lands  of  iron 
are  susceptible  of  this  continuous  process  :<—!.  The  speckled  cast-iron,  which  contains 
such  a  proportion  of  oxygen  and  carbon  as  with  the  oxygen  of  the  air  and  the  carbon  of 
the  fuel  may  produce  sufficient  and  complete  saturation,  but  nothing  in  excess.  2.  The 
dark  gray  cast-iron.  3.  The  white  cast-iron.  The  nature  of  the  crude  metal  requires 
variations  both  in  the  forms  of  the  furnaces,  and  in  the  manipulations. 

Indeed,  malleable  iron  may  be  obtained  directly  from  the  ores  by  one  fusion.  This 
mode  of  working  is  practised  in  the  Pyrenees  to  a  considerable  extent  All  the  ores  of 
iron  are  not  adapted  for  this  operation*  Those  in  which  the  metallic  oxyde  is  mixed  with 
much  earthy  matter,  do  not  answer  well ;  but  those  composed  of  the  pure  black  oxyde^ 
red  oxyde,  and  carbonate,  succeed  much  better.  To  extract  the  metal  from  sudi  ores,  it 
is  sufficient  to  expose  them  to  a  high  temperature,  in  contact  either  with  charcoal,  or 
with  carbonaceous  gases ;  the  metallic  oxyde  is  speedily  reduced.  But  when  several 
earths  are  present,  Uiese  tend  continually,  during  the  vitrification  which  they  suffer,  to 
retain  in  their  vitreous  mass  the  unreduced  oxyde  of  iron.  Were  such  eaithy  ores,  as 
our  ironstones,  to  be  put  into  the  low  fUmaces  called  Caiaiariy  through  which  the  chai^^ 
pass  with  great  rapidity,  and  in  which  the  eontact  with  the  fuel  is  merely  momentary, 
there  would  be  found  in  the  crucible  or  hearth  merely  a  rich  metallic  glass,  instead  of  a 
lump  of  metal..  < 

In  smelting  and  refining  by  a  contiguous  operation,  three  different  stages  may  be  dis- 
tinguished :  1.  The  roasting  of  the  ore  to  expel  the  sulphur,  which  would  be  less 
easily  separated  afterwards.  The  roasting  dissipates  likewise  the  water,  the  carbonic 
acid,  and  any  other  volatile  substances  which  the  minerals  may  contain.  2.  The  deoxy- 
dizement  and  reduction  to  metal  by  exposure  to  charcoal  or  carbureted  vapors.  3.  The 
melting,  agglutination,  and  refining  of  the  metal  to  fit  it  for  the  heavy  hammers  where 
it  gets  nerve.  There  are  several  forges  in  which  these  three  operations  seem  to  be  con 
founded  into  a  single  one,  because,  although  still  successive,  they  are  practised  at  one 
single  heating  without  interruption.  In  other  forges,-  the  processes  are  performed  sepa- 
rately, or  an  interval  elapses  between  each  stage  of  the  work.  Three  systems  of  this 
kkid  are  known  to  exist:—!.  The  Corsican  method;  2.  The  Catalan  with  wood  char- 
coal ;  and  3.  The  Catalan  with  coke. 

The  furnaces  of  Corsica  are  a  kind  of  semicircular  basins,  18  inches  in  diameter,  and 
6  inches  deep.  These  are  excavated  in  an  area,  or  a  small  elevation  of  masonry,  8  or  10 
feet  long  by  5  or  6  broad,  and  covered  in  with  a  chimney.  This  area  is  quite  similar  to 
that  of  the  ordinary  hearths  of  our  blast-furnaces. 

The  tuyere  stands  5  or  6  inches  above  the  basin,  and  has  a  sHght  inclination  down- 
wards. In  Corsica,  and  the  whole  portion  of  Italy  adjoining  the  Mediterranean  shores, 
the  iron  ore  is  an  oxyde  similar  to  the  specular  ore  of  the  Isle  of  Elba.  This  ore  con- 
tains a  little  water,  some  carbonic  acid,  occasionally  pyrites,  but  in  small  quantity.  Be- 
fore deoxydizing  the  ore,  it  is  requisite  to  expel  the  water  and  carbonic  acid  combined 
with  the  oxyde,  as  well  as  the  sulphur  of  the  pyrites. 

The  operations  of  roasting,  redaction,  fusion,  and  agglutination,  are  executed  in  the 
same  f\irnace.  These  are  indeed  divided  into  two  stages,  but  the  one  is  a  continuation 
of  the  other.  In  the  first,  the  two  primaiy  operations  are  performed  at  once ; — the 
reduction  of  a  portion  of  the  roasted  ore  is  begun  at  the  same  time  that  a  portion  of 
the  raw  ore  is  roasted :  these  two  substances  are  afterwards  separated.  In  the  second 
stage,  the  deoxydizement  of  the  metal  is  continued,  which  had  begun  in  the  preceding 
stage ;  it  is  then  melted  and  agglutinated,  so  as  to  form  a  ball  to  be  submitted  to  the 
fbrge-hammer. 

The  roasted  pieces  are  broken  down  to  the  size  of  nuts,  to  make  the  reduction  of  the 
metal  easier.  In  executing  the  first  step,  the  basin  and  area  of  the  furnace  must  be 
lined  with  a  bnuque  of  charcoal  dust,  3,  4,  or  even  5  inches  thick :  over  tlus  hrasque  a 
mound  is  raised  with  lamps  of  charcoal,  very  hard,  and  4  or  5  inches  high.  A  semi- 
circle is  formed  round  the  tuyere,  the  inner  radius  of  which  is  5  or  6  inches.  This  mass 
of  charcoal  is  next  surrounded  with  another  pile  of  the  roasted  and  broken  ores,  which 
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mast  be  cove*^  with.dwrooal  duel.    The  whole  is  sostained  with  Urge  blocks  of  the 
mw  ore,  which  form  extemaUy  a  third  wall. 

These  three  piles  of  charcoal,  with  I'oasted  and  unroasted  ore,  are  raised  in  three  suc- 
cessive bede,  each  7  inches  thick :  they  are  separated  from  each  other  by  a  layer  of  char- 
coal dost  of  about  an.  inch,  which  makes  the  whole  24  inches  high.  This  is  afterwards 
covered  over  with  a  thick  coat  of  pounded  chareoaL 

The  blocks  of  raw  ore  which  compose  the  outward  wall  form  a  slope ;  the  larger  and 
stronger  pieces  are  at  the  boltom,  and  the  smaller  in  the  upper  part.  The  large  blocks 
are  sunk  very  firmly  into  the  charcoal  dust,  to  enable  them  better  to  resist  the  pressure 
froB  within.  ^ 

On  the  bottom  of  the  semicircular  well  formed  within  the  charcoal  lumps,  kindled  pieces 
are  thrown,  and  over  these,  pieces  of  black  charcoal ;  after  which  the  blast  of  a  water- 
blowing  machine  (irompe)  is  given.  The  fire  is  kept  up  by  constantly  throwing  char- 
coal into  the  central  welL  At  the .  beginning  of  the  operation  it  is  thrust  down  with 
wooden  rods,  lest  it  should  affect  the  building ;  but  when  the  heat  becomes  too  intense 
Ibr  the  workmen  to  come  so  near  the  hearth,  a  long  iron  rake  is  employed  for  the  pur- 
pose. At  the  end  of  about  3  hours,  the  two  processes  of  roasting  and  reduction  are  com- 
monly finished  :  then  the  raw  ore  no  longer  exhales  any  ftmies,  and  the  roasted  ore,  being 
softened,  unites  into  lumps  more  or  less  coherent* 

The  workman  now  removes  the  blocks  of  roasted  ore  which  foim  the  outer  casing, 
rolls  them  to  the  spot  where  they  are  to  be  broken  into  small  pieces,  and  pulls  down  the 
kra$qut  (small  diarcoal)  which  surrounds  the  mass  of  reduced  ore. 

The  second  operation  is  executed  liy  cleaning  the  basin,  removing  the  slags,  covering 
the  basin  anew  with  2  or  3  brasques  (coats  of  pounded  charcoal),  and  piling  up  to  the 
rifht  and  the  left,  two  heaps  of  charcoal  dust  Into  the  interval  l>etween  these  conical 
piles  two  or  three  baskets  of  charcoal  are  cast,  and  on  its  top  some  cakes  of  the  reduced 
cmde  metal  being  laid,  the  blast  is  resumed.  The  cakes,  as  tiiey  heat,  undergo  a  sort 
of  liquation,  dr  sweating,  by  the  action  of  the  earthy  glasses  on  the  unreduced  black 
axf de  present.  Very  fusible  slags  flow  down  through  Ste  mass ;  and  the  iron,  reduced 
and  ndted,  passes  finally  through  the  coals,  and  falls  into  the  slaig  basin  below.  To  the 
first  parcel  oif  eakes,  others  are  added  in  succession.  In  proportion  as  the  slags  pro- 
ceeding fVom  these  nm  doi^and  the  melted  iron  &lls  to  the  bottom,  the  thin  slag  is  run 
off  by  an  upper  overflow  or  chio  hole^  and  the  reduced  iron  kept  by  the  heat  in  the  pasty 
eondiiion,  remains  in  the  basin :  all  its  parts  get  agglutinated,  forming  a  soft  mass,  which 
is  removed  by  means  of  a  hooked  pole  in  order  to  be  forged.  Each  lump  or  6Zoofn  of 
Bnlleable  iron  requires  3  hours  and  a  half  for  its  production. 

The  iron  obtained  by  this  process  is  in  general  soft,  very  malleable,  and  but  little 
steely.  In  Corsica  four  workmen  are  employed  at  one  forge.  The  produce  of  their 
kbor  is  only  nbovt  4  owts»  of  iron  from  10  cwts.  of  ore  and  20  of  charcoal,  mingled 
with  wood  of  beech  and  chestnut.  Though  their  ore  contains  on  an  average  65  per  cent, 
of  iron,  only  abont  40  parts  are  extracted}  evincing  a  prodigious  waste,  which  remains 
in  the  slags. 

The  difiierence  between  the  Corsican  and  the  Catalonian  methods  consists  in  the  latter 
Masting  the  ore  at  a  distinet  operation,  and  emi^oying  a  second  one  in  the  reduction, 
igriuinatkn,  and  refining  of  the  metaL  In  the  Catalonian  forges,  100  pounds  of  iron 
are  obtained  from  300  pounds  of  ore  and  310  pounds  of  charcoal ;  being  a  produce  ot 
tttljr  33  per  cent.  It  may  be  concluded  that  there  is  a  notal>le  loss,  since  the  sparry  iron 
ores,  which  «re  those  piiaeipaUy  smelted,  contain  on  an  average  firom  64  to  56  per  cent, 
of  iron.  The  same  ores,  smelted  in  the  ordinary  blast  furnace,  produce  about  45  per  cent 
of  east  iron. 

On  the  Continent,  iron  is  fVeqnently  refined  from  the  cast  metal  of  the  blast  fbr* 
Mces  by  three  operatioai,  in  tkree  ctifferent  ways.  In  one,  the  pig  being  melted, 
vith  aspeitsoB  of  water,  a  cake  is  obtained,  which  is  again  melted  in  order  to  form 
ft  second  eske.  This  being  treated  in  the  refinery  fire,  is  then  worked  into  a  bloom.  In 
saother  system,  the  pig  iron  is  melted  and  cast  into  plates ;  these  are  melted  anew  in 
nder  to  obtain  ccnde  bttUs^  whieh  are  finally  worked  into  blooms.  In  a  third  mode  of 
maaufactare,  the  pi^kim  is  melted  and  cast  into  piatesy  which  are  roasted,  and  then  strongly 
(Mated,  to  form  a  bloom. 

The  French  ihsihle  ores^  sneh  as  the  silicates  of  iron,  are  very  apt  to  smelt  into  white 
cut  iron.  An  excess  of  fluxes,  light  charcoals,  too  strong  a  blast,  produce  the  same  results. 
Asorehar^eof-offte  whl^  demnges  the  furnace  and  afibids  impare  slags  mixed  with 
ODieh  koB,  too  rapid  a  slope  in  the  boshes,  too  low  a  degree  of  heat,  and  too  great  con- 
deasation  of  the  materials  in  the  ^pper  part  of  the  furfkace ;  all  tend  also  to  produce  a 
vhite  east  iron.  In  its  state  of  perfection,  white  cast  iron  has  a  silver  color,  and  a 
hiifl^t  metallic  lustre.  It  is  employed  frequently  in  Germany  for  the  manufacture  of 
Med,  Bad  is  then  called  dedjtots,  or  lamellar  flo8»y  a  title  which  it  still  retains,  though  it 
he  haidly  sQver  vhite,  and  have  ceased  to  be  foliated.    When  its  color  takes  p  bluish- 
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gray  tinge,  and  its  firaetnre  appean  striated  or  splintery,  or  whea  it  exhftits  gray  tpol% 
it  is  then  styled  flower  Jlosi,  In  a  third  species  d*  white  cast  iron  we  observe  still  mnch 
lustre,  but  its  color  verges  upon  gray,  and  its  teztare  is  variable.  Its  fracture  has  been 
sometimes  compared  to  that  of  a  bndcen  cheese.  This  variety  ooeors  very  fireqnently. 
It  is  a  white  cast  iron,  made  by  a  surcharge  of  ore  in  the  furnace.  If  the  irhitt  eokr 
becomes  less  dear  and  turns  bluish,  if  its  fracture  be  contorted,  and  contains  a  great  many 
empty  spaces  or  air-cells,  the  metal  takes  the  name  of  cavemoua-Jtoitf  or  tendar-JIOM.  The 
whitest  metal  cannot  be  employed  for  casting.  When  the  white  is  mixed  with  the  gray 
cast  iron,  it  becomes  riband  or  trout  cast  iron. 
The  German  refining  forge. — Ftg«.  601, 602  represent  one  of  the  nvmeroai  nSmaj 

602 


ftimaces  so  common  in  the  Hartz.  The  example  is  taken  fh>m  the  MandeOuiU  woilcBy 
in  the  neighborhood  of  Elbingerode.  Fig.  60&  is  an  elevation  of  this  forge.  &  is  th« 
refinery  hearth,  provided  with  two  pairs  of  bellows.  Fig.  601  is  a  vertical  seetioa) 
showing  particularly  the  construction  of  the  crucible  or  hearth  in  the  refinery  forge  d. 
c  is  an  overshot  water  wheel,  which  gives  an  alternate  impulsion  to  the  two  beDows  a  b 
by  means  of  the  revolving  shafl  c,  and  the  cams  or  tappets  dfeg. 

D,  the  hearth,  is  lined  with  cast  iron  plates.  Through  the  pipe  2,  ooU  water  may  be 
introduced,  undef  the  bottom  plate  m,  in  order  to  keep  down,  when,  necessary,  the  tem- 
perature of  the  crucible,  and  facilitate  the  solidification  of  the  /oo^  or  bloom.  An  orifice 
»,  figs.  601,  602,  called  the  (^io  (floss  hole),  allows  the  melted  slag  or  cinder  to  flow 
off  from  the  surface  of  the  melted  metal.  The  copper  pipe  or  nose  pieee  j>,  fig»  600, 
conducts  the  blast  of  both  bellows  into  the  hearth,  as  shown  at  6  x,  fig,  602,  and  d  g  ]^ 
fig.  600. 

The  substance  subjected  to  this  mode  of  reflnery,  is  a  gray  carbonaeeoos  east  inm, 
from  the  works  of  Rothehatte.  The  hearth  d,  being  filled  and  heaped  over  with  life 
charcoal,  upon  the  side  opposite  to  the  tuydre  x,  figs.  601,  602,  loi^  ^gigB  of  cast  iron  are 
laid  with  their  ends  sloping  downwards,  and  are  drawn  forwards  saceessively  into  the 
hearth  by  a  hooked  poker,  so  that  the  extremity  of  each  may  be  plunged  into  the  middle  of 
the  fire,  at  a  distance  of  6  or  8  inches  from  the  mouth  of  the  tnydre.  The  workmaa  ]«o* 
eeeds  in  this  way,  tUl  he  has  melted  enough  of  metal  to  form  a  loupe.  The  east  iron,  oa 
melting,  falls  down  in  drops  to  the  bottom  of  the  hearth ;  being  oomed  by  the  ftised  tiglh 
or  vitreous  matters  more  or  less  loaded  with  oxyde  of  iron.  After  mnning  them  off  hf 
the  orifice  n,  he  then  works  the  cast  iron  by  powerful  stirring  with  an  iron  nke  (rtngwii), 
till  it  is  converted  into  a  mass  of  a  pasty  consistence. 

During  this  operation,  a  portion  of  die  carbon  contained  in  the  cast  iron  eomUnes 
with  the  atmospherical  oxygen  supplied  by  the  bellows,  and  passes  off  hi  the  ffann  of 
carbonic  oxyde  and  carbonic  acid.  When  the  lump  is  coagulated  sufficiently,  the  worimma 
turns  it  over  in  the  hearth,  then  increases  the  heat  so  as  to  melt  it  afresh,  meanwhile 
exposing  it  all  round  to  the  blast,  in  order  to  consume  the  remainder  of  the  carbon,  thai 
is,  till  the  iron  has  become  ductile,  or  refined.  If  one  fhsion  should  prove  inadequate  to 
this  effect,  two  are  given.  Bdbre  the  conclusion,  tiie  workman  mns  off  a  seecmd 
stratum  of  vitreous  slag,  but  at  a  higher  level,  so  that  some  of  it  may  remain  upon  the 
metal. 

The  weight  of  such  a  loupe  or  blootn  is  about  2  cwts.,  being  the  prodnet  of  2  cwts.  and 

]^  of  pig  iron;  the  loss  of  weight  is  therefore  about  26  per  cent.  149  pounds  of  ehareoal 
are  consumed  for  every  100  pounds  of  bar  iron  obtained.  The  whole  operation  lasts 
about  5  hours.  The  bellows  are  stopped  as  soon  as  the  bloom  is  ready ;  this  is  immedi- 
ately transferred  to  a  forge  hammer,  such  as  is  represented  fig.  605 ;  the  cast  Iron  head 

of  which  weighs  8  or  9  cwts.    The  bloom  is  greatly  condensed  thereby,  and  di"*^ 

a  considerable  quantity  of  semi-flnid  cinder.    The  lump  is  then  divided  by  ^ 
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IBO  a  efaisd  into  4  or  6  pieces,  which  are  reheated,  one  after  another,  in  the  same  refinery 
fire,  in  order  to  he  finged  into  bars,  while  another  pig  of  cast  iron  is  laid  in  its  place,  to 
prepare  for  the  formation  of  a  new  bloom.  The  aboye  process  is  caUed  by  the  Germans 
Idump^Hicken,  or  lamp-refining.  It  difiers  from  the  durch^rndi'/risdienf  because  in  the 
latter,  the  lump  is  not  turned  over  in  mass,  bnt  is  broken,  and  exposed  in  separate  pieces 
SQccessiTely  to  the  refining  power  of  the  blast  near  the  tnydre.  The  French  call  this  afi 
fimge  par  portiona ;  it  is  much  lighter  work  than  the  other.  * 

llie  qaality  of  the  iron  is  triedf  in  various  ways ;  as  first,  by  raising  a  bar  by  one  end, 
with  the  two  hands  over  one's  head,  and  bringing  it  forcibly  down  to  strike  across  a  nar- 
row aovil  at  its  centre  of  percussion,  or  one  thkd  from  the  other  extremity  of  the  bar ;  after 
which  it  may  be  bent  backwards  and  forwards  at  the  place  of  percussion  several  times ; 
2.  a  heavy  bar  may  be  laid  obliquely  over  props  near  its  end,  and  struck  strongly  with  a 
bunmer  with  a  narrow  pane,  so  as  to  curve  it  in  opposite  directions ;  or  wh&e  heated 
to  redness,  they  may  be  kneed  backwards  and  forwards  at  the  same  spot,  on  the  edge  c€ 
the  an^il.  This  is  a  severe  trial,  which  the  hoop  L,  Swedish  iron,  bears  surprisingly, 
emitting  as  it  is  hammered,  a  phosphoric  odor,  peculiar  to  it  and  to  the  bar  iron  of 
UI?erstone,  which  also  resembles  it,  in  furnishing  a  good  steeL  The  forging  of  a  horse- 
shoe is  reckoned  a  good  criterion  of  the  quality  of  iron.  Its  fireedom  from  flaws  is 
detected  by  the  above  modes ;  and  its  linear  strength  may  be  determined  by  suspending 
a  scale  to  the  lower  end  of  a  haid-drawn  wire,  o£  a  given  size,  and  adding  weights  tiU 
the  wire  breaks.  The  treatises  of  Barlow  and  Tredgold  may  be  consulted  with  advan* 
tage  on  the  methods  of  proving  the  strength  of  different  kinds  of  iron,  in  a  great  variety 
of  circumstances. 

Steel  of  cementation,  or  bUstered  steel  and  east  steel,  are  treated  under  the  article  Steel. 
But  since  in  the  conversion  of  cast  iron  into  wrought  iron,  by  a  very  slight  difierence  in 
the  manipulations,  a  species  of  steel  may  be  produced  called  natural  tUel,  I  shall  describe 
this  process  here. 

Fig,  603  is  a  view  of  the  cdebrated  steel  iron  works,  called  Konigshfitte,  {king'i'forgt), 
in  Upper  Silesia,  being  one  of  the  best  arranged  in  Germany,  for  smelting  iron  ore  by 


means  of  coke.  The  front  shown  here  is  about  400  English  feet  long,  a  a  are  two  blast 
famaces.  A  third  blast  furnace,  all  like  the  English,  is  situated  to  the  left  of  one  of  the 
towers  b.  fr  6  are  the  charging  towers,  into  wMch  the  ore  is  raised  by  machinery  fh>m 
the  level  of  the  storehouses  2  7,  up  to  the  month  of  the  furnaces  aa  ;  c  c  point  to  the 
positions  of  the  boilers  of  the  two  steam  engines,  which  drive  two  cylinder  bellows  at  /. 
t  n  A  n  are  arched  cellars  placed  below  the  store-houses  I  i,  for  containing  materials  and 
took  necessary  for  the  establishment. 
Fig9,  599,  604,  are  vertical  sections  of  the  forge  of  Ednigshatte,  for  making  natural 

steel  f^ig.  599  being  drawn  in  the  line  a  b  of 
the  plan,  fig.  600.  a  is  the  bottom  of  the  hearth, 
consisting  of  a  fire-proof  gritstone ;  6  is  a  space 
filled  with  small  charcoal,  damped  with  water, 
under  which,  at  «,  in  fig,  604,  is  a  bed  of  well 
nmuned  day ;  d  is  a  plate  of  east  iron,  which  lines 
the  side  of  the  hearth  called  mckstein  (backstone) 
in  German,  and  corrupted  by  the  French  into 
rtutin4 ;  /  is  the  plate  of  the  counter-blast  j  g  the 
plate  of  the  side  of  the  tuydre ;  behind,  upon  the 
&ce  d,  the  fire-plaoe  or  hearth  is  only  5)  inches  deep ;  in  fkx>nt  as  well  as  upon  the 
lateral  faces,  it  is  18  inches  deep.  By  means  of  a  mound  made  of  dry  charcoal,  the  pos- 
terior face  d  is  raised  to  the  height  of  the  face  /.  t,  fig,  600,  is  the  fioss-hole,  by  which 
the  slags  are  run  off  from  the  hearth  during  the  working,  and  through  which,  by  removing 
*ome  bricks,  the  lump  of  steel  is  taken  out  when  finished. 

klm  are  pieces  of  cast  iron,  for  confining  the  fire  in  fhmt,  that  is,  towards  the  side  where 
the  workman  stands;  o  is  the  level  of  the  floor  of  the  works ;  p  a  copper  tuydre ;  it  is 
litQated  4|  inches  above  the  bottom  a,  slopes  5  degrees  towards  it,  and  advances  4  inches 
into  the  hearth  or  fire-place,  where  it  presents  an  orifice,  one  half  inch  in  horizontal 
length,  and  one  inch  up  and  down ;  q  the  nose  pipes  of  two  bellows,  like  those  represented 
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iafi^.  602,  and  under  SiLm;  the  nmod  orifice  of  eaeh  of  them  witliifi  the  U^dre  heiag 
one  inch  in  diameter,  r  is  the  Hntd  or  top- arch  of  the  tnydie,  beneath  which  is  seen  the 
eross  section  of  the  pig  of  cast  iron  nnder  operation. 

For  the  production  of  natural  steel,  a  white  cast  iron  is  prei^rred,  which  contains  little 
carbon,  which  does  not  flow  thin,  and  which  being  cemented  otwr  or  above  the  windy  falls 
down  at  once  through  the  blast  to  the  bottom  of  the  hearth  in  the  state  of  steel.  With 
this  i^iew,  a  very  flat  fire  is  used ;  and  should  ^le  metal  run  too  fluid,  some  malleable 
lumps  are  introduced  to  give  the  mass  a  thicker  pasty  consistence. 

If  the  natural  steel  be  supposed  to  eontain  too  little  carbon,  yrhich  is  a  very  rare  case, 
the  metal  bath  covered  with  its  cinder  slag,  is  diligently  stirred  with  a  wooden  pole,  or  it 
may  receive  a  little  of  the  more  highly  carbureted  iron.  If  it  contains  the  right  dose  of 
carbon,  the  earthy  and  other  foreign  -matters  are  made  progressively  to  sweat  out,  into  the 
supernatant  slag.  When  the  mass  is  found  by  the  trial  of  a  sample  to  be  completely  con* 
verted,  and  has  acquired  the  requisite  stiffness,  it  is  lifted  out  of  the  furnace,  by  the  open- 
ing in  front,  subjected  to  the  forge  hammer,  and  drawn  into  bars.  In  Sweden,  the  cast 
iron  pigs  are  heated  to  a  oherry-red,  and  in  this  state  broken  to  pieces  under  the  hammer, 
before  they  are  exposed  in  the  steel  furnace.  These  natural  steels  are  mudi  employed  on 
the  Continent  in  making  agricultural  implements,  on  account  of  their  cheapness.  The 
natoral  steel  of  Styria  is  regarded  as  a  very  good  article. 

Wootz  is  a  natural  steel  prepared  from  a  black  ore  of  iron  in  Hindostan,  by  a  process 
analogous  to  that  of  the  Catalan  hearth,  but  still  simpler.  It  seems  to  contain  a  minute 
portion  of  the  combustible  bases  of  alumina  and  siUca,  to  which  its  peculiar  hardness 
when  tempered  may  possibly  be  ascribed.  It  is  remarkable  for  the  property  of  assuming 
a  damask  surfhce,  by  the  action  of  dilute  sulphuric  acid,  after  it  has  been  forged  and 
polished.  See  Damascus  and  Steix. 
Fig*  605  is  the  Gennan  forge-hammer  $  to  the  left  of  1,  is  the  axis  of  the  rotatory 

cam,  2,  3,  consisting  of  8  sidea^ 
each  farmed  of  a  strong  broad  bar 
of  cast  iron,  which'  are  joined  to- 
gether to  make  the  octagon  wheeL 
4,  5,  6,  are  cast  iron  binding  rings 
or  hoops,  made  fast  by  wooden 
wedges,  b,  b,  are  standards  of  the 
frame-work  e,  /,  in,  in  which  the 
helve  of  the  foige-hammer  has  its 
fulcrum  near  ti.  h,  the  sole  part 
of  the  frame.  Another  cast  iron 
base  or  sole  is  seeft  at  m.  » is  a 
strong  stay,  to  strengthen  the 
flrame-woik.  At  r  two  parallel 
hammers   are  placed,   with 


iion  heads  and  wooden  hdves.  « is  the  anvil,  a  very  massive  piece  of  east  iron.  #  is  tiw 
end  of  a  vibrating  beam,  for  throwing  back  the  hammer  from  it  forcibly  by  reooU.  jr  y  is 
t^ie  outline  of  the  water-whed  whidh  drives  the  whole.  The  cams  or  Ucppeis  are  siiowii 
mounted  upon  the  wheel  6,  g,  6. 

•Analysis  of  irons, — Oxydized  substances  cannot  exist  in  metallic  iron,  and  the  fozd^ 
substances  it  does  contain  are  present  in  such  small  quantities,  that  it  is  somewhat 
difficult  to  detennine  their  amount.  The  most  intricate  point  is,  the  proportion  of 
carbon.  The  free  carbon,  which  is  present  only  in  gray  cast  iron,  may,  indeed,  be  deter- 
mined nearly,  for  most  of  it  remains  afler  solution  of  the  metal  in  acids.  The  combhied 
charcoal,  however,  changes  by  the  actiim  of  muriatic  acid  into  gas  and  oil ;  sulphuric  acid 
also  occasions  a  great  loss  of  carbon,  and  nitric  add  dissipates  it  almost  entirely.  Either 
oitre  or  chloride  of  silver  may  be  employed  to  ascertain  the  amount  of  carbon ;  but  when 
the  iron  contains  chromium  and  muc^  phosphorus,  the  determination  of  the  carbon  is  at- 
tended with  many  difficulties. 

The  quantity  of  sulphur  is  always  so  small,  that  it  can  scarcely  be  ascertained  by  the 
weight  of  the  precipitate  of  sulphate  of  barytes  from  the  solution  of  the  iron  in  nitio- 
muriatic  acid.  The  iron  should  be  dissolved  in  mnriatic  acid ;  imd  the  hydrc^en,  as  it 
escapes  charged  with  the  sulphur,  should  be  passed  through  an  aciduloos  solution  oT 
a^tate  of  lead.  The  weight  of  the  precipitated  sulpbuiet  shows  the  amount  of  sulpbur, 
allowing  13-45  of  the  latter  for  100  of  the  former.  In  this  experiment  the  metal  should 
be  slowly  acted  upon  by  the  acid^  Cast  iron  takes  from  10  to  15  days  to  dissolve,  steel 
firom  8  to  10,  and  malleable  iron  4  days.  The  residuum  of  a  black  color  does  not  contaix^ 
a  trace  of  sulphur. 

Phosphorus  and  chromium  are  determined  in  the  following  way.  The  iron  must  be 
dissolved  in  nilro-muriatie  acid,  to  oxygenate  those  two  bodies.  The  solution  must  b^ 
evaporated  cautiously  to  dryness  in  porcelain  caprales,  and  the  saline  re^uum  heated 
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to  rednOB,  A  little  chloride  of  iron  is  yolatilized,  and  the  remainder  resembles  the 
red-brown  opcfde.  This  mast  be  mixed  with  thrice  its  weight  of  carbonate  of  potash, 
and  ftised  in  a  platintlpi .  emciUe ;  the  quantity  of  iron  being  from  40  to  50  grains  at 
most. 

The  mixture,  afler  being  acted  upon  by  boiling  water,  is  to  be  left  to  settle,  to  allow 
tlie  oxyde  to  be  deposited,  fbr  it  is  so 'fine  as  to  pass  through  a  filter.  If  the  iron  eon- 
tained  manganese,  this  would  be  found  €U  first  in  the  fdkaline  solution;  but  man- 
ganese spontaneously  separates  by  exposure  to  the  air.  The  alkaline  liquor  must  be 
sapersatunited  with  muriatic  acid,  and  evaporated  to  dryness.  The  liquor  acidulated, 
and  (lepriTed  of  its  silica  by  filtration,  is  to  be  supersaturated  with  ammonia;  when 
tlie  alumina  will  precipitate  in  the  state  of  a  subphosphate.  When  the  liquor  is  now 
Sflpersaturated  with  acetic  acid,  and  then  treated  with  acetate  of  lead,  a  precipitate 
of  phosphate  of  lead  almost  always  falls.  There  is  hardly  a  bit  of  iron  to  be  found 
which  does  not  contain  phosphorus.  The  slightest  trace  of  chrome  is  detected  by  the 
yellow  color  of  the  lead  precipitate ;  if  this  be  white  there  is  none  of  the  coloring  metal 
prewQt. 

100  parts  of  the  precipitated  jAosphate  of  lead  contain,  after  calcination,  19*4  parts  of 
phosphoric  acid.  The  precipitate  should  be  previously  washed  with  acetic  acid,  and  thea 
with  water.    These  19*4  parts  contain  8*525  parts  of  phosphorus. 

Cast  iron  sometimes  contains  calcium  and  barium,  which  maybe  detected  by  their 
weU-koown  reagents,  oxalate  of  ammonia,  and  sulphuric  acid.  In  malleable  iron  they 
are  seldom  or  never  presents 

The  charcoad  found  in  the  residuum  of  the  nitro-muriatic  solution  is  to  be  burned  away 
aader  a  muffle.  Tlie  solution  itself  contains  along  with  the  oxyde  of  iron,  protoxyde  of 
manganese,  and  other  oxydes,  as  well  as  the  earths,  and  the  phosphoric  and  arsenic  acids. 
Tartaric  acid  is  to  be  added  to  it,  till  no  precipitate  be  formed  by  supersaturation  with 
caustic  ammonia.  The  ammoniaeal  liquor  must  be  treated  with  hydrosulphuret  of  ammo- 
nia as  long  as  it  is  clouded,  then  thrown  upon  a  filter.  The  precipitate  is  usually  very 
Tolnminous,  and  must  be  well  washed.  The  liquor  which  passes  through  is  to  be  satu- 
rated with  muriatic  acid,  to  decompose  all  the  sulphurets. 

The  solution  still  contains  all  the  earths  and  the  oxyde  of  titanium,  besides  the  phos- 
phoric acid.  It  is  to  be  evaporated  to  dryness,  whereby  the  ammonia  is  expelled,  and 
the  carbonaceous  residuum  must  be  burned  under  a  muffle.  If  the  iron  contains  much 
phosphorus,  the  ashes  are  strongly  agglutinated.  They  are  to  be  flised  as  ahready 
described  along  with  carbonate  of  potash,  and  the  mass  is  to  be  treated  with  boiling 
water.  The  residuum  may  be  eiamined  for  silica,  lime,  barytes,  and  oxyde  of  titanium. 
Muriatic  acid  being  digested  on  it,  then  evaporated  to  dryness,  and  the  residuum  treated 
with  water,  will  leave  the  silica.  Canstie  ammonia,  poured  into  the  solution,  will  sepa- 
rate the  alumina,  if  any  be  present,  and  the  oxyde  of  titanium ;  but  the  former  almost 
never  occurs. 

Manganese  is  best  sought  for  by  a  distinct  operation.  The  iron  must  be  dissolved 
at  the  heat  of  boiling  water,  in  nitro-muriatic  acid;  and  the  solution,  when  very 
cold,  is  to  be  treated  with  small  successive  doses  of  solution  of  carbonate  of  am- 
monia. If  the  iron  has  been  oxydized  to  a  maximum,  and  if  the  liquor  has  been 
rafficiently  acid,  and  diluted  with  water,  it  will  retain  the  whole  of  the  manganese. 
This  process  is  as  good  as  that  by  succinate  of  ammonia,  which  requires  many 
precautions. 

The  liquor  is  often  tinged  yellow  by  carbon,  alter  it  has  ceased  to  contain  a  single  trace 
of  iron  oxyde.  As  soon  as  litmus  paper  begins  to  be  blued  by  carbonate  of  ammonia,  we  • 
should  stop  adding  it ;  immediately  throw  l£e  whole  upon  a  filter,  and  wash  continuously- 
whh  cold  water.  What  passes  tlmmgh  is  to  be  neutralized  with  muriatic  acid,  and  con-> 
oentrated  by  evaporation.  It  may  contain,  besides  manganese,  some  lime  or  barytes.  It 
rikodd  therefore  be  precipitated  with  hydro-sulphuret  of  ammonia,  the  hydrosulphuret  of 
mansanese  shoukl  be  ec^ected,  dissolved  in  strong  muriatic  add,  filtered,  and  treated,  at? 
a  boiling  heat,  with  carbonate  of  potash.  The  preeipitate,  well  washed  and  cakined,. 
contains,  in  100  parts,  72*76  parts  of  metallic  manganese. 

The  copper,  airsenic,  lead,  tin,  bismuth,  antimony,  or  silver,  are  best  separated  by  a 
itream  of  anlphweted  hydfogen  gas  passed  through  the  solution  in  nitro-muriatic  aeid, 
sAcr  it  is  largely  dfluted  with  water.  Hie  precij^tate  must  be  cautiously  roasted  in  a 
pcvedain  test,  lo  bum  away  the  large  quantity  of  sulphur  which  is  deposited  in  con- 
sequence of  the  conversion  of  the  peroxyde  of  iron  into  the  protoxyde.  If  nodiing^ 
renains  upon  the  test,  neneuf  these  metals  is  present.  If  a  residuiun  be  obtained,  it 
nrast  be  dinobred  bk  iiitro-muriatie  add,  and  subjected  to  examinatioii.  But,  in  faeL 
cirtak,  salpk«r,  phosphomsy  sUiooa,  and  manganese,  are  the  chief  eontaminaton  of 


Chloride  of  silver  afibrds  the  means  of  determining  the  proportion  of  carbon  eentaJned  i 
IB  iIm^  and  of  ascartidsiiig  this  stettB  which  that  sobstaace  exists  in  the  me^     Fused 
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chloride  of  a  pale  yellow  color  most  be  employed.  The  operatUA  is  to  be  petfotmed 
in  c\>se  vessels,  vith  the  addition  of  a  great  deal  of  water,  and  a  few  drops  of  moriatie 
acid.  The  carbonaceous  residnnm  is  occasionally  slightly  acted  upon.  We  may 
judge  of  this  circumstance  by  the  gases  disengaged,  as  well  as  by  the  appearance  of  the 
charcoal. 

Ductile  iron  and  soft  steel,  as  well  as  white  cast-iron  which  has  been  rendered  gray 
by  roasting,  when  decomposed  by  chloride  of  silver,  afford  a  blackish-brown  nnmagnetic 
charcoal,  and  a  plumbaginous  substance  perfectly  similar  to  what  is  extracted  from  the 
same  kinds  of  iron,  by  solution  in  acids.  A  portion  of  this  plumbago  is  also  converted 
into  charcoal  of  a  blackish  brown  color,  by  the  action  of  the  chloride.  Hence  this 
agent  does  not  afford  the  means  of  obtaining  what  has  been  called  the  poly-carburet,  till 
h  has  produced  a  previous  decomposition.  But  we  obtain  it,  in  this  manner,  purer  and  in 
greater  quantity  than  we  could  by  dissolving  the  metal  in  the  acids.  The  only  subject 
of  regret  is,  that  we  possess  no  good  criterion  for  judging  of  the  progress  of  this  analytical 
operation. 

Gray  cast  iron  leaves,  besides  the  poly-carburet,  a  residuum  of  plumbago,  and  carbon 
which  was  not  chemically  combined  with  the  iron ;  while  tempered  steel  and  white  cast 
iron  afford  merely  a  blackish  brown  charcoal ;  but  the  operation  is  extremely  slow  with 
the  latter  two  bodies,  because  a  layer  of  charcoal  forms  upon  the  surface,  which  oIh 
structs  their  oxydizement.  For  this  reason  the  white  cast  iron  ought  to  be  previously 
changed  into  gray  by  fusioa  in  a  crucible  lined  with  charcoal,  before  being  subjected  to  the 
chloride  of  silver ;  jf  this  process  be  employed  for  tempered  steel,  the  combined  caibon 
becomes  merely  a  poly-carburet.  It  would  not  be  possible  to  operate  upon  more  than 
15  grains,  which  require  from  60  to  80  times  that  quantity  of  the  chloride,  and  a  period 
of  15  days  for  the  experiment. 

The  residuum,  which  is  separable  from  the  silver  only  by  mechanical  means,  should  be 
dried  a  long  time  at  the  heat  of  boiling  water.  It  contains  almost  always  iron  and  silica. 
After  its  weight  is  ascertained,  it  is  to  be  burned  in  a  crucible  of  platinum  till  the  ashes 
no  longer  change  their  color,  and  are  not  attractable  by  the  magnet.  The  difference  be- 
tween the  weights  of  the  dried  and  <»lcined  residnum  is  the  weight  of  the  charcoal.  The 
oxyde  of  iron  is  afterwards  separated  from  the  silica  by  muriatic  acid. 

In  operating  upon  gray  cast  Iron,  we  should  ascertain  separately  the  proportion  of 
graphite  or  plumbago,  and  that  of  the  combined  charcoal.  To  determine  (he  former, 
we  dissolve  a  second  quantity  of  the  cast  iron  in  nitric  acid,  with  a  little  muriatic ;  the 
residuum,  which  is  graphite,  is  separated  from  the  silica  and  the  combined  carbon  by  the 
action  of  caustic  potash.  Afler  being  washed  and  dried,  it  must  be  weighed.  The  weight 
of  the  graphite  obtained  being  deducted  from  the  quantity  of  carbon  resulting  from  the  de- 
composition  effected  by  the  chloride  of  silver,  the  remainder  is  the  amount  of  the  ehemi- 
c41y  combined  carbon. 

By  employing  muriatic  acid,  we  could  dissipate  at  once  the  combined  carbon ;  but  this 
method  would  be  inexact,  because  the  hydrogen  disengaged  would  carry  off  a  portioa  of 
the  graphite. 

According  to  Earsten,  Mushet's  table  of  the  quantities  of  carbon  contained  in  different 
steels  and  cast  irons  is  altogether  erroneous.  It  gives  no  explanation  why,  with  equal 
proportions  of  charcoal,  cast  iron  constitutes  at  one  time  a  gray,  soft,  granular  metal,  and 
at  another,  a  white,  hard,  brittle  metal  in  lamellar  facets.  The  incorrectness  of  Mnshet^ 
statement  becomes  most  manifest  when  we  see  the  white  lamellar  cast  iron  melted  in  a 
crucible  lined  with  chareoal,  take  no  increase  of  weight,  while  the  gray  east  iron  treated 
in  the  same  way  becomes  considerably  heavier. 

Analysis  has  never  detected  a  trace  of  carbon  unaltertd  or  of  graphite  in  white  cast  irony 
if  it  did  not  proceed  from  small  quantities  of  the  gray  mixed  with  it;  while  pofect  gray 
cast  iron  affords  always  a  much  smaller  quantity  of  carbon  altered  by  combination,  and  a 
much  greater  quantity  of  graphite.  Neither  kind  of  cast  iron,  however,  betrays  thie  pres- 
ence of  any  oxygen.  Steel  affords  merely  altered  carbon,  without  graphite ;  the  same 
thing  holds  true  of  malleable  iron ;  while  the  iron  obtained  by  fusion  with  25  per  eent.  of 
scales  of  iron  contains  no  carbon  at  all. 

The  graphite  of  cast  iron  is  obtained  in  scales  of  a  metallic  aspect,  whereas  the  com* 
bined  carbon  is  obtained  in  a  fine  powder.  When  the  white  cast  iron  has  been  roasted, 
and  become  gray,  and  is  as  malleable  as  the  softest  gray  cast  iron,  it  still  affords  no  gra- 
phite as  the  latter  does,  though  in  appearance  both  are  alike.  Yet  in  theb  praperties 
they  are  still  essentially  dissimilar. 

With  4^  per  cent,  d  carbon,  the  white  cast  iron  preserves  its  lamellar  texture ;  bnt 
with  less  carbon,  it  becomes  granular  and  of  a  gray  color,  growing  paler  as  the  dose 
of  carbon  is  dbnini&bed,  while  the  metal,  after  passing  timragh  an  indefinite  nuinb^ 
of  gradations,  becomes  steely  cast  iron,  very  hard  sted,  soft  steel,  and  steely  nmught 
iron. 

The  steels  of  the  forge  and  the  cast  steds  examined  by  Kameo,  afoded  him 
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1^3  to  1}  per  cent,  of  cart)on;  in  the  steel  of  cementation  (hUstered  steel),  he  never 
found  above  1|  of  carbon.  Some  wrought  irons  which  onght  to  contain  no  charcoal^  hold 
as  mnch  as  |  per  cent,  and  they  then  approach  to  steel  in  nature.  The  softest  and  purest 
irons  contain  still  0*2  per  cent,  of  carbon. 

The  quantity  of  graphite  which  gray  cast-iron  contains,  varies,  according  to  Karsten's 
experiments,  from  2*57  to  3*75  per  cent.  ^  but  it  contains,  besides,  some  carbon  in  a  state 
of  alteration.  The  total  contents  in  carbon  varied  from  3*15  to  4*65  per  cent.  When 
the  congelation  of  melted  iron  is  very  slow,  the  carbon  separates,  probably  in  conse- 
quence of  its  crystallizing  force,  so  as  to  form  a  gray  cast-iron  replete  with  plumbago. 
If  the  gray  do  not  contain  more  charcoal  than  the  white  from  which  it  has  been  formed, 
and  if  it  contain  the  charcoal  in  the  state  of  mechanical  mixture,  then  it  can  have  little 
or  none  in  a  state  of  combination,  even  much  less  than  what  some  steels  contain.  Hence 
we  can  account  for  some  of  its  peculiarities  in  reference  to  white  cast-iron ;  such  as  its 
granalar  texture,  its  moderate  hardness,  the  length  of  time  it  requires  to  receive  anneal- 
ing colors,  the  modifications  it  experiences  by  contact  of  air  at  elevated  temperatures,  the 
high  degree  of  heat  requisite  to  fuse  it,  its  liquidity^  and  finally  its  tendency  to  rust  by 
porosity,  much  fhster  than  the  white  cast-iron. 

We  thus  see  that  carbon  may  combine  with  iron  in  several  manners ;  that  the  gray 
cast-iron  is  a  mixture  of  steely  iron  and  plumbago;  that  the  white,  rendered  gray  and  soft 
by  roasting,  is  a  compound  of  steely  iron  and  a  carburet  of  iron,  in  which  the  carbon  pre- 
dominates ;  and  that  untempered  steel  is  in  the  same  predicament. 

For  the  following  analyses  of  cast-irons,  we  are  indebted  to  MM.  Gay  Lussac  and 
Wilson. 

TABLB.-^In  100  parts. 


CMt-iron. 


I 


White  cast  from  Siegen 

Do.  Coblentz    - 

Do.  a.  d.  Champ 

Do.  Isdre     -    - 

Gray  Nivemais  - 

Do.  Berry    -    - 

Do.  a.  d.  Chflonp 

Do.  Creusot 

Do.  a.d.Franehe 
Comte    - 

Do.  Wales  -    - 

Do.  Do.  -    -    - 

Do.  Do.  -    -    - 


Iron. 

Carbon. 

Silica. 

Pho». 
phonit. 

Mnngap 
n«M. 

94*338 

2*690 

0*230 

0*162 

2*590 

94*654 

2*441 

0*230 

0*185 

2*490 

96*133 

2*324 

0*840 

0*703 

a  trace 

94*687 

2*636 

0*260 

0*280 

2*137 

95*673 

2*254 

1*030 

1*043 

a  trace 

95*573 

2*319 

1*920 

0*188 

do. 

95*971 

2*100 

1*060 

0*869 

do. 

93*385 

2*021 

3*490 

0*604 

do. 

95-689 

2*800 

1*160 

0*351 

do. 

94-842 

1*666 

3-000 

0*492 

do. 

95*310 

2*550 

1*200 

0*440 

do. 

95*150 

2*450 

1*620 

0*780 

do. 

Ramaiks. 


By  wood  charcoal. 

do. 

do. 

do. 

do. 

Mixt'e  of  coke  &.  do. 

Charcoal. 

Coke. 

do, 
do. 
do. 
do.     - 


Karsten  has  given  the  following  results  as  to  carbon,  in  100  parts  of  gray  cast-iron. 


r 

,              Gray  cast-iron. 

Combined 
carbon. 

Free 

carbon. 

Total, 
c&ibon. 

Renmrka. 

'  Siegen,  from  brown  iron  stone    - 

'  Siegen  ( Widderstein),  from  brown 

and  sparry  iron  -    -    -    -    - 

Malapane,  from  spherosiderite    - 

Kdnigshutte,  from  brown  ore     - 

.  Do.  at  a  lower  smelting  heat  -    - 

0-89 

1-03 
0*76 
0*58 
0*95 

3-71 

3-62 
3-15 
2-57 
2-70 

4*60 

4*65 
3*90 
3'15 
3*65 

By  wood  charcoal. 

do. 

do. 

coke. 

do. 

Fig,  607  represents  in  section,  and^g.  606  in  plan,  the  fkmous  cupola  furnace  for  cast- 
ing iron  employed  at  the  Royal  Foundry  in  Berlin.  It  rests  upon  a  foundation  a,  fW>m  18 
to  24  inches  high,  which  supports  the  basement  plate  of  cast-iron,  ftimished  with  ledges, 
for  binding  the  lower  ends  of  the  upright  side  plates  or  cylinder,  e.  Near  the  mouth 
there  is  a  top-plate  d,  made  In  several  pieces,  which  serves  to  bind  the  sides  at  their 
Bppcr  end,  as  also  to  cover  in  the  walls  of  the  shaft.  These  plates  are  most  readily  se- 
cured in  their  places  by  screws  and  bolts.  Within  this  iron  case,  at  a  little  distance  from 
it,  the  proper  furnace-shaft  e  is  built  with  fire-bricks,  and  the  space  between  this  and  the 
iron  is  filled  up  with  ashes.  The  sole  of  the  hearth  /,  over  the  basement-plate,  is  com- 
posed of  a  mixture  of  fire-day  and  quarto-sand  firmly  beat  down  to  the  thidcness  of  6  or 
8  inches,  with  a  slight  slope  towards  the  discharge-hole  for  running  ofi"  the  metaL    g 
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ii  tbc />nn  o[  the  tuyere  (there  are  EOinetinies  oneon  emeh  lide);  AthnoMpipei  tto 
discharge  (penuii!  i  is  12  inches  vide  and  15  inches  high  g  aeroM  whidi  tbe  i^  of  tte 
health  a  rammed  down.  During  the  Eoeliing  operation,  this  opening  is  filled  np 
vith  fire-clay ;  when  it  is  completed,  a  small  hole  merely  is  pierced  throagb  it  at  tba 
lowest  point,  for  ruoaing  off  the  liquid  metal.    Tbe  hoUorw  thaft  ahonld  be  « 


wider  at  bottom  than  at  top.    Its  dimensions  vary  with  the  magnitude  of  the  fonndir- 

Wlien  5  feel  high,  its  width  at  Ihe  Icrel  of  the  Iny^re  or  blast-hole  may  be  from  20  to  !9 
inches.  .From  250  to  300  cubic  feet  of  air  per  minute  are  required  for  the  woiting  rf 
such  a  cupola.  For  running  down  100  pounds  of  Iroa,  after  the  furnace  has  been 
bronchi  lo  its  heal,  48  pounds  of  ordinary  coke  are  used  j  but  with  the  hot  blast  much 
less  will  suffice.  The  furnace  requires  feeding  with  alternate  charges  of  ctdce  and  iron 
every  H  or  10  minutes.  The  waste  of  iron,  by  oijdization  and  slag,  amaunla  in  mod 
foundries  to  fully  5  per  cent.  For  carrying  off  the  bniDt  air,  a  chininey-hciod  is  commonlr 
erected  oTer  the  cupola.    See  Foundpy. 

The  double-arched  air  or  wind-fumace  need  in  the  ibundries  of  Staffordshire  for  mdt< 
iiig  cast-iron  has  been  fonnd  advantageous  in  saving  fuel,  and  preventing  wsste  b;  alag. 
It  requires  fire-bricks  of  great  size  and  tbe  best  composition. 

The  main  central  key-stone  is  eonslnicted  of  large  fire-bricks  made  on  purpose ;  against 
that  icey-Etone  the  two  arches  press,  having  their  abutments  at  the  sides  against  tbe  walk. 
The  highest  point  of  the  roof  is  only  8  inches  above  tbe  melted  metal.  Tbe  sole  of  the 
hearth  is  composed  of  a  layer  of  sand  8  inches  thick,  resting  upon  a  bed  of  iron  or  <if 
bricltwork.    The  edge  of  the  fire-bridge  is  only  3  inches  above  the  fluid  iron. 

In  from  2  lo  4  hours  from  1  to  3  tons  of  metal  may  be  founded  in  snch  a  faiamt^ 
Bceonliug  to  its  sixe ;  but  it  ought  always  to  be  heated  lo  whiteness  before  the  iron  it 
introduced.  100  pounds  of  cast-iron  require  from  1  to  1^  cubic  foot  of  coal  to  melt  them. 
The  wnsle  varies  from  5  lo  9  per  cent. 

I  shall  eonclnde  the  subject  of  iron  with  a  few  miscellaneous  observations  and  statist!- 
cai  tables.  Previoasly  to  the  discovery  by  Mr.  Corl,  in  1785,  of  the  methods  trf  puddling 
and  rolling  or  shingling  iron,  this  country  imported  70,000  Ions  of  this  melal  from  Russia 
and  Sweden  ;  an  enormous  quantity  for  the  time,  if  we  consider  thai  the  cotton  and  other 
automatic  manufactures,  which  now  consume  so  vast  a  quantity  of  iron,  were  then  in 
their  infancy;  and  that  two  years  ago,  the  whole  of  our  importation  from  these  conntriei 
did  not  exceed  40,000  tons.  From  (he  following  table  of  the  prices  of  bar  iron  in  sne- 
cessive  year^  we  may  infer  the  successive  rates  of  improvEment  and  ecoaomy,  with  tli|M 
vicissitudes. 
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V.«.. 

I>BTm. 

£  t.           £  : 

£  >.    £  «. 

1824 

9  0  to  10  0 

fi  B  —  6  0 

1823 

10  0  —  U  0 

1831 

8  5  —  6  10 

8  10  —  10  0 

1832 

B  0  —  6  10 

1827 

8  0—90 

1633 

B  10  —  6  0 

'    1828 

7  10  —  8  0 

1834 

6  0  —  6  10 

1    >«» 

5  10  —  7  0 

183S 

B  10  -  7  0 
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^  The  export  of  iron  that  year,  in  balrs,  rods,  pigs,  castings,  i^rire,  andiors,  hoops,  nails, 
and  old  iron,  amounted  to  189,390  ton?;  in  unwiqught  steel  to  3,014,  and  in  cutlery,  to 
2l>072 ;  in  whole  to  213,478 :  leaving  apparently  for  internal  consumption,  776,522  tons, 
£rom  which  however  one  tenth  probahly  should  he  deducted  fbr  waste,  in  the  conversion 
of  the  har  iron.  Hence  700,000  tons  may  be  taken  as  the  approximate  quantity  of  iron 
made  use  of  in  the  United  Kihgdom,  in  the  year  1836. 

The  years  1835  and  1836  being  those  of  the  railway  mania  over  the  world,  produced  a 
considerable  temporary  rise  in  the  price  of  bar  iron;  but  as  this  increased  demand  caused 
the  construction  of  a  great  many*  more  smelting  and  refining  furnaces,  it  has  tended  event- 
ually to  lower  the  prices;  an  effect  also  to  be  ascribed  to  the  more  general  use  of  the  hot 
blast. 

The  relative  cost  of  nmkftig  east  iron  at  Merthyr  Tydvil  in  South  Wales,  and  at 
Glasgow,  was  as  follows,  eight  or  nine  years  ago. 

MMerOiyr. 

9.  Tons,    Cwi$,  Qr$,  £  8.  d. 

Raw  mine  at  10  per  ton,        3         7        0 113    6 

Coal  at    6  2        16        0 0  16    6 

Limestone  1  52------014 

Other  charges    -        --        -        -        -        -        -        -        -        -        091 

Total  Coet 305 

MGUugow, 

$.  d,  jTom.  *  Cic/j.  £.  i,      a. 

Raw  mine  at  46        3        10 0  16    3 

Splint  coal  at  2    5        5        15-        --        -        .        -        -        -        0  14    0 

Limestone  at  03        0        14-        -        -        -        •        -        -        -036 

Coals  for  the  engine     1        10-       -       -       -       -       -       -       -       030 

Othek*  charges        -*-       ..•        •        •        .        .        -        -110 

Total  cost      •-       '--w^^,.,.        ..        2  17    9 

•  ... 

The  cost  is  stiU  nearly  the  same  at  Merthyr,  but  it  has  been  greatly  decreased  at 
Glasgow. 

The  saving  of  fhel  by  the  hot-blast  is  said  to  be  in  fact  so  great,  that  blowing  cylinders, 
which  were  adequate  merely  to  work  three  furnaces  at  the  first  period,  were  competent 
to  wotk  four  furnaces  at  the  last  period.  The  sanng  of  materials  has  moreover  been 
accompanied  by  an  increase  t>f  one  fourth  in  the  quantity  of  iron,  in  the  same  time ;  as  a 
furnace  which  turned  out  only  60  tons  a  week  with  the  cold  blast,  now  turns  out  no  less 
than  80  tons.  That  the  iron  so  made  is  no  worse,  but  probably  better,  when  judiciously 
smelted,  would  appear  [h>m  the  folkndng  statement. .  A  considerable  order  was  not  long 
since  given  to  fbur  iron-work  compani^  in  England,  to  supply  pipes  to  one  of  the  London 
water-compiuueB.  Three  of  these  supplied  pipes  made  from  the  cold-blast  iron ;  the 
fooith,  it  is  said,  supplied  pipes  made  with  the  hot-blast  iron.  On  subjecting  these 
several  sets  of  pipes  to  the  requisite  trials  by  hydraulic  pressure,  the  last  lot  was  found 
to  stand  the  proof  far  better  than  any  of  the  former  three. — That  iron  was  made  with 
rawcoaL 

I  have  been  since  told  by  eminent  Iron-masters  of  Merthyr,  that  this  statement  stands 
in  need  of  confirmation,  or. is  probably  altogether  apocryphal,  and  that  as  they  find  the 
hot-blast  weakens  the  iron,  they  will  not  adopt  it. 

Between  theeast  irons  made  in  different  parts  of  Great  Britain,  there  are  characteristic 
differences.  The  Staffordshire  metal  runs  remarkably  fluid,  and  makes  fine  sharp  castings. 
The  Welsh  is  strong,  less  fluent,  but  produces  bar  iron  of  superior  quality.  The  Derby- 
shire iron  also  forms  excellent  castings,  and  may  be  worked  with  care  into  very  good  bar 
iron.  The  ^otch  iron  is  very  valuable  for  casting  into  hollow  wares,  as  it  affords  a  beau- 
tiful smooth  skin  from  the  moulds,  so  remarkable  in  the  castings  of  the  Carron  company, 
in  Stirlingshire,  and  of  the  Phsnix  foundry,  at  Glasgow.  The  Siropshire  iron  resembles 
the  Staffonldure  in  its  good  qufdities. 

The  average  quantity  of  fine  metal  obtainable  from  the  forge-pigs  at  Merthyr  Tydvil, 
from  the  finery  fiumace,  is  one  ton  for  22)  cwts.  of  cast  Iron,  with  a  consamptkm  of  abont 
9|  ewts.  of  coal  per  ton. 
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726  IRON. 

JEMtnaU  if  <ke  atwrage  cot/  of  enctUig  three  Uadjkmae$9, 

BUILDING  KZPEWBES. 

Foundations     .....•..•••••  £480 

Masoniy  of  hewn  grit-stones         .*.       .....••  600 

Common  bricklayers'  work        -.....••••  1200 

X«ming  of  the  fomace,  hearth,  ke.,  in  fire-hricks    ......  1140 

Fire-clay  for  building ...••.80 

Lime  anid  sand      -...•-....••  800 
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CAST  IROK. 
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Cast  iron  pieees,  such  as  dam-plates,  tyxnp-plates,  beemi^  tvydre-pkteiy  Ac, 
weighing  about  24  tons  for  each  Airnace  j— in  whole      •       .       •       • 


WKOUGRT  IIOK. 

For  the  binding-hoops^  keys,  &c.;  5  tons  for  each  - 

COST  OF  LABOA. 

Bricklayers,  masons,  and  laborers  in  building    . 


VA&IOUS  xiPBirsu. 


Scaffolding 
Tools 


Shed  in  front  of  each  furnace 
Terracing,  cost  of  ground,  fcc.  - 


Total  cost  of  erecting  the  furnaces 


INCIDKirTAL  CHAnOIS. 

Blowing  machinery,  and  steam  engine  of  80  horse  poww 
Inclined  railway  for  mounting  the  ehaiges     .       .       • 
Gallery  for  charging         •••••• 

Steam  engine  |iouse      ...•••• 

Chimneys,  boilers,  &c      --•--• 
Roasting  kilns       ...•••-• 
Coke  kilns        ...••••- 

Dwelling-houses  for  workmen        .       -       •       •       • 

Total  cost  of  three  furnaces  complele     .       •       • 


1140 


300 


1080 


48 

160 

480 

.     2400 

9908 


•  6400 
120 
160 
400 
480 
480 
800 
800 

jei9,548 


M 


Estimate  from  ike  Neath  Mtey  Worke  tn  S.  Walee^  qfihecoti  of  mod^tnei  nqmuiU  far 
a  forge  and  ihinglvng-miU,  capable  of  tmnmg  tMt  120  tcm  of  bar  vxmper  loedc 

1.  Steam  engine  upon  Bolton  and  Watt's  construetions  of  40  inchei  diameter 

in  the  cylinder,  and  8  fbet  str^e;  with  boilers,  pipes,  grate,  bars,  fire- 
doors,  &c.,  &c.,  complete  ---•-• 

2.  System  of  great-gearing  for  transmitting  the  erank4&oti<m  of  the  engine  to 

the  mill  work,  with  fly-wheels,  &c.  -  -  -  -  - 

3.  A  s>'steip  of  roughing  rolls,  with  pinions,  uprights,  and  every  thing  die 

necessary  ......•• 

4.  Two  pairs  of  fnisher-rolls,  with  all  their  accessoriei    ... 

5.  Two  pairs  of  shear  machines,  at  170/.  apiece       .... 

6.  One  pair  of  rolls  of  10  inches  diameter,  for  making  small  bar  iron,  with  all 

their  accessories       ....... 

7.  Forge  hammer,  including  the  anTil,  the  cam-shafts,  and  aB  the  eCher 

requisites  ...•-... 

8.  A  complete  turning  lathe  ..••«• 


9.  To  the  above  must  be  added,  spare  cylinders  weighing  about  00  tons 

10.  Duplicate  articles  for  the  steam-engine 

1 1.  150  tons  of  cast-iron  plates,  to  cover  the  floor  of  the  mill  . 

12.  Eight  tons  of  cast-iron  pieces  for  a  reverberatory  furnace 

13.  Tools  of  malleable  iron ;  rakes,  oars,  &c.  .  •  • 

14.  Castings  for  mounting  a  cupola  furnace  ... 

*  5.  Blowing  machine  for  the  cupola    -  .  .  .  • 


jeiGoo 

1090 

625 
525 
340 


185 
200 


960 
t 

900 
52 


50 
flO 
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EHimaie  from  Neath  Jhbty  Woiks.'-^oKtnmtd. 

16.  Pieces  of  iron  for  a  small  forge,  with  two  fires,  two  bellows,  two  anvils,  iron 

tools  faced  with  steel,  and  common  iron  tools,  &c.  -  -  -       £100 

17.  Eight  tons  of  cast-iron  pieces,  and  wrought-iron  pieces  for  14  puddling  fur- 

naces        ...  .  .  .  _  gg3 

18.  Seven  tons  of  cast-iron  pieces,  and  wrought-iron  for  4  re-heating  furnaces  262 

19.  Tools  for  the  puddlers  and  other  workmen  -----  15 

20.  Iron  mountings  for  two  cranes,  partly  made  of  wood  .  .  .  5q 

Total  cost  of  machines  and  pieces  of  iron    -  -  -  .  .     £8165 

To  the  above,  the  cost  of  the  steam  engine  house  is  to  be  added,  that  of  another  ibrge 
hammer,  and  incidental  expenses. 

In  Staffordshire,  the  following  estimate  has  been  given : 
A  steam  engine  of  60-horse  power         -  -  -  -  -  -  •      2016 

Rolls,  with  the  iron  work  of  the  furnaces,  &c.,  to  make  120  tons  of  bar  iron 
weekly  -----.-..        2572 

£4588 
The  Neath  Abbey  estimate  is  greater,  but  that  company  has  a  high  character  for  making 
substantial,  well-finished  machinery. 

Bar  iron,  made  entirely  from  ore  without  admixture  of  cinder,  or  vitrified  oxyde,  is 

always  reckoned  worth  lOt,  a  ton  more  than  the  average  iron  in  the  market,  which  is 

frequently  made  by  smelting  25  per  cent  of  cinder  with  75  of  ore  or  fnine,  as  it  is  called. 

Imimrtation  d  iron  in  bars  or  unwrought,  for  home  oonsumptiun ;  and  amount  of  duty,  m 

1836.  1837.  1836.  1837 

18,978  tons  18  cwts.    |      13,470  tons  4  cwts.    |     £28,450       |         £20,065 

M.  VirUt^s  StatMcal  TabU  of  theprodue$  of  Iron  in  Europe. 

QninUls. 


England  (1827) 

France  (1834)        .  .  .  •  . 

Russia  (1834)         .  .  .  «  . 

Austria  (1829)        ..... 

Sweden  (1825)       -  .  •  .  • 

Prussia       ------ 

The  Hartx  Mountaini        .  .  .  - 

Holland  and  Belgium         .... 

Elba  and  Italy        -.»..- 
Piedmont    -•».-. 
Spain  --...« 

Norway      --.--- 
Denmark    -•«•-- 
Bavaria      --.••. 
Saxony       --..-- 
Poland        ...... 

Switzerland  ..... 

Savoy         -  ..... 

Total  -  .  .  -  - 

For  additional  statistics  of  iron,  see  Pitcoal,  at  the  end. 


.  7,098,000 

-  2,200,000 

-  1,150,000 

-  850,000 
•   850,000 

-  800,000 

-  600,000 

-  600,000 

-  280,000 

-  200,000 

-  180,000 

-  150,000 

-  135,000 

-  130,000 

80,000 
75,000 
30,000 
25,000 

- 13,433,000     (equal 
to  about  672,000  tons). 


Broming  of  politked  iron.— >The  barrels  of  fowling-pieces  and  rifles  are  occasionally 
bronzed  and  varnished,  to  relieve  the  eye  of  the  sportsman  from  the  glare  of  a  polished 
metal,  and  to  protect  the  surface  from  rusting.  The  liquid  used  for  browning  the  barrels 
is  made  by  mixing  nitric  acid  of  specific  gravity  1-2,  with  its  own  weight  of  spirit  of  nitric 
ether,  of  alcohol,  and  tincture  of  muriate  of  iron ;  and  adding  to  that  mixture  a  quantity 
of  sulphate  of  copper  equal  in  weight  to  the  nitric  acid  and  ethereous  spirit  taken  together. 
The  sulphate  must  be  dissolved  in  water  before  being  added ;  and  the  whole  being  diluted 
vrith  about  10  times  its  weight  of  water,  is  to  be  bottled  up  for  use.  This  liquid  must  be 
applied  by  friction  with  a  rag  to  the  clear  barrel,  which  must  then  be  rubbed  with  a  hard 
brush ;  processes  to  be  alternated  two  or  three  times.  The  barrel  should  be  afterwards 
dipped  in  boiling  water,  rendered  feebly  alkaline  with  carbonate  of  potash  or  soda,  well 
dried,  burnished,  and  heated  slightly  for  receiving  several  coats  o£  tin-smith's  lacker, 
coftsifting  of  a  solution  of  shellac  in  alcohol,  colored  with  dragon's  blood. 

iblNGLASS,  ox  Fish-glue,  called  in  Latin  ichthyocoUa,  is  a  whitish,  dry,  tough»  iemi- 
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transparent  substance,  twistel  into  different  8ha|»e8,  often  in  the  form  of  a  lyre,  and 
consisting  of  membranes  rolled  together.  Good  iringhua  is  unchangeable  in  the  air,  has 
a  leathery  aspect,  and  a  mawkish  taste  nearly  insipid ;  when  steeped  in  cold  water,  it 
swells,  softens,  and  separates  in  membranous  laminse.  At  the  boiling  heat  it  dissolves 
in  water,  and  the  solution,  on  cooling,  forms  a  white  jelly,  which  is  semi-transparent, 
soluble  in  weak  acids,  but  is  precipitated  from  them  by  alkalis.  It  is  gelatine  nearly 
pure ;  and  if  not  brittle,  like  other  glue,  this  depends  on  its  fibrous  and  elastic  texture. 
The  whitest  and  finest  is  preferred  in  commerce.  Isinglass  is  prepared  from  the  air- 
bladders  of  sturgeons,  and  especially  the  great  Murgeon,  the  accipenser  kuso ;  which  is 
fished  on  the  shores  of  the  Caspian  sea,  and  in  the  rivers  flowing  into  it,  for  the  sake 
chiefly  of  its  swim  bladder. 

The  preparation  of  isinglass  in  this  part  of  Russia,  and  particularly  at  Astraean,  con- 
sists in  steeping  these  bladders  in  water,  removing  carefully  their  external  coat,  and  the 
blood  which  oflen  covers  them,  putting  them  in  a  hempen  bag,  squeezing  them,  softening 
them  between  the  hands,  and  twisting  them  into  smaU  cylinders,  which  are  afterwards  bent 
into  the  shape  of  a  lyre.  They  are  ready  for  the  market  immediately  after  being  dried  in 
the  sun,  and  whitened  with  the  fumes  of  burning  sulphur. 

In  some  districts  of  Moldavia,  another  processes  followed.  The  skin,  the  stomacl^ 
the  intestines,  and  the  swim  bladder  of  the  sturgeon  are  cut  in  small  pieces,  steeped  in 
cold  water,  and  then  gently  boiled.  The  jelly  thus  obtained  is  spread  in  thin  layers  to 
dry,  when  it  assumes  the  appearance  of  parchment.  This  being  softened  in  a  little  water, 
then  rolled  into  cylinders,  or  extended  into  plates,  constitutes  an  inferior  article. 

The  swim  bladder  of  the  cod  and  many  other  fishes  also  furnishes  a  species  of  isin- 
glass, but  it  is  much  more  membranous,  and  less  soluble,  than  that  of  the  sturgeon. 

The  properties  of  isinglass  are  the  same  as  those  of  gelatine  or  pure  glue ;  and  its  uses 
are  very  numerous.  It  is  employed  in  considerable  quantities  to  clarify  ale,  wine,  liqueurs, 
and  coffee.  As  an  article  of  food  to  the  luxurious  in  the  preparation  of  creams  and  jel- 
lies, it  is  in  great  request.  Four  parts  of  it  convert  100  of  water  into  a  tremulous  jdly, 
which  is  employed  to  enrich  many  soups  and  sauces.  It  is  used  along  with  gum  as  a 
dressing  to  give  lustre  to  ribands  and  other  silk  articles.  Tlie  makers  of  artificial  pearls 
employ  it  to  fix  the  essence  d' Orient  on  the  glass  globules  which  form  these  pearls,  and 
the  Turks  set  their  precious  stones  or  jewellery  by  means  of  isinglass  dissolved  in  alco- 
hol along  with  gum  ammoniac ;  a  combination  which  is  also  employed  in  this  country  to 
join  broken  pieces  of  China  and  glass,  under  the  name  of  diamond  cement.  That  setting 
preserves  its  transparency  ailer  it  solidifies^  if  it  be  well  made. 

It  is  by  covering  taffety  or  thin  silk  with  a  coat  of  isinglass  that  court  plaster  is  made. 
A  solution  of  isinglass  colored  with  carmine  forms. an  excellent  injection  liquor  to  the 
anatomist.  M.  Rochen  has  made  another  pretty  application^  of  isinglass.  He  plunges 
into  a  limpid  solution  of  it,  made  by  means  of  a  water  bath,  sheets  of  wire  gauze  set  in 
window  or  lamp  frames,  which,  when  cold,  have  the  appearance  of  glass,  and  answer  in- 
stead of  it  for  shades  and  other  purposes.  If  one  dip  be  not  sufficient  to  make  a  proper 
transparent  plate  of  isinglass,  several  may  he  given  in  succession,  allowing  each  film  to 
harden  in  the  interval  between  the  dips.  The  outer  surface  should  be  varni^ed  to  pro- 
tect it  from  damp  air.  These  panes  of  gelatine  are  now  generally  used  for  lamps  instead 
of  horn,  in  the  maritime  arsenals  of  France. 

Isinglass  imported  for  home  consumption,  and  duties  paid,  in 
1835.  1836.  1835.  1836. 

1,814  cwts.      I      1,735  cwts.    |     £4,290         |       £4,125 

ISLAND  MOSS  {Lickm  d'Islande,  Fr. ;  FUchte  Isl,  Germ.)  is  a  Uchen,  the  Cetraria 
Ulandica,  which  contains  a  substance  soluble  in  hot  water,  but  forming  a  jelly  when  it 
Cools,  styled  /icAenme  by  M.  Guerin.  Lichenine  has  a  yellowish  tint  in  the  dry  state,  is 
transparent  in  thin  plates,  insipid,  inodorous,  and  difficult  to  pulverize.  Cold  water  makes 
it  swell,  but  does  not  dissolve  it.  It  is  precipitated  in  white  flocks  by  alcohol  and  ether. 
Iodine  tinges  it  of  a  brownish-green.  Sulphuric  acid  converts  it  into  sugar ;  and  the 
nitric  into  oxalic  acid.  Lichenine  is  prepared  by  extracting  first  of  all  from  the  plant  a 
bitter  coloring  matter,  by  digesting  1  pound  of  it  in  16  pounds  of  cold  vrater,  containing 
1  ounce  of  pearlash ;  then  draining  the  lichen,  edulcorating  with  cold  water,  and  boiling 
it  in  9  pounds  of  boiling  water  till  3  pounds  be  evaporated.  The  jeUy  which  forms,  upon 
cooling  the  filtered  solution,  is  dark  colored,  but,  being  dried  and  redissolved  in  hot  water, 
it  becomes  clear  and  colorless.  Lichenine  consists  of  39*33  carbon,  7*24  hydrogen,  and 
56*43  oxygen.  With  potash,  lime,  oxyde  of  lead,  and  tincture  of  gadls,  the  habitudes  of 
lichenine  and  starch  are  the  same.  The  mucilage  of  island  moss  is  preferred  in  Ger- 
many to  common  paste  for  dressing  the  warp  of  tvebs  in  the  loom,  because  it  remains 
soft,  fVom  its  hygrometric  quality.  It  is  also  mixed  with  the  pulp  for  sizing  paper  in 
the  vat. 

IVORY  ilvoirt,  Fr. ;  ElfnbHn^  Germ.)  is  the  osseous  matter  of  the  tusks  and 
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teeth  of  the  elephant,  the  hippopotamue,  or  morse,  wild  boar,  sereral  species  of  phooie^ 
tts  well  as  the  horn  or  tooth  of  the  narwhal.  Ivory  is  a  white,  fine-grained,  dense  snb- 
itanee,  of  considerable  elasticity,  in  thin  plates,  and  more  transparent  than  paper  of  equal 
thickness.  The  outside  of  the  tusk  is  covered  by  the  cortical  part,  which  is  softer  and 
less  compact  tluin  the  interior  substance,  with  the  exception  of  the  brown  plate  that 
sometimes  lines  the  interior  cavity.  The  hardest,  toughest,  whitest,  and  most  translucent 
ivory,  has  the  preference  in  the  market ;  and  the  tudcs  of  the  sea-horse  are  considered 
to  aflTord  the  best.  In  these,  a  rough  glassy  enamel  covers  the  cortical  part,  of  such 
hardness,  as  to  strike  sparks  with  steel.  The  horn  of  the  narwhal  is  soinetimes  ten  feet 
long,  and  consists  of  an  ivory  of  the  finest  description,  as  hard  as  that  of  the  elephant, 
and  susceptible  of  a  better  polish ;  but  it  is  not  in  general  so  much  esteemed  as  the 
latter. 

Ironr  has  the  same  constituents  as  the  teeth  of  animals,  three  fourths  being  phosphate 
with  a  little  carbonate  of  lime ;  one  fourth  cartilage.    See  Bones. 

It  is  extensively  employed  by  miniature  painters  for  their  tablets;  by  turners,  in 
making  numberless  useful  and  ornamental  objects ;  by  cutlers,  for  the  handles  of  knives 
and  forks ;  by  comb-makers ;  as  also  by  philosophical  instrument  makers,  for  constructing 
the  scales  of  thermometers,  ^.  The  ivory  of  the  sea-horse  is  preferred  by  dentists  Oir 
making  artificial  teeth ;  tlmt  of  the  East  India  elephant  is  better  than  of  the  African. 
When  it  shows  cracks  or  fissures  in  its  substance,  and  when  a  splinter  broken  off  has  a 
^all  aspect,  it  is  reckoned  of  inferior  value.  Ivory  is  distinguishable  from  bone  by  its 
peculiar  semi-transparent  rhombohedral  net-work,  which  may  be  readily  seen  in  slips  of 
ivory  cut  transvers^. 

Ivory  is  very  apt  to  take  a  yellow-brovm  tint  by  exposure  to  air.  It  may  be  whitened 
or  bleached,  by  rubbing  it  first  with  pounded  pumice-stone  and  water,  then  placing  it  moist 
under  a  glass  shade  luted  to  the  sole  at  the  bottom,  and  exposing  it  to  sunshine.  The 
sunbeams  without  the  shade  would  be  apt  to  occasion  fissures  in  the  ivory  The  moist 
rubbing  and  exposure  may  be  repeated  several  times. 

For  etching  ivory,  a  ground  made  by  the  foUowing  recipe  is  to  be  applied  to  the  polish- 
ed surface : — ^Take  of  pure  white  wax,  and  transparent  tears  of  mastic,  each  one  ounce ; 
asphalt,  half  an  ounce.  The  mastic  and  asphalt  having  been  separately  reduced  to  fine 
powder,  and  the  wax  being  melted  in  an  earthenware  vessel  over  the  fire,  the  mastic  is 
to  be  first  slowly  strewed  in  and  dissolved  by  stirring ;  and  then  the  asphalt  in  like  man- 
ner. This  compound  is  to  be  poured  out  into  lukewarm  water,  well  kneaded,  as  it  coois» 
by  the  hand,  into  rolls  or  balls  about  one  inch  in  diameter.  These  should  be  kept  wrap> 
pel  round  with  taffety.  If  white  rosin  be  substituted  for  the  mastic,  a  cheaper  composition 
will  be  obtained,  which  answers  nearly  as  well ;  2  oz.  asphalt,  1  oz.  rosin,  j^  oz.  white 
wax^  being  good  proportions.  Callot's  etching  ground  for  copper  plates,  is  made  by  dis* 
solving  with  heat  4  oz.  of  mastic  in  4  oz.  of  very  fine  linseed  oil ;  filtering  the  varnish 
through  a  rag,  and  bottling  it  for  use. 

Either  of  the  two  first  grounds  being  appUed  to  the  ivory,  the  figured  design  ii 
to  be  traced  through  it  in  the  usual  way,  a  ledge  of  wax  is  to  be  applied,  and  the 
surface  is  to  be  then  covered  with  strong  sulphuric  acid.  The  effect  comes  better  out 
wiih  the  aid  of  a  little  heat;  and  by  replacing  the  acid,  as  it  becomes  dilute  by  absorp- 
tion of  moisture,  with  concentrated  oil  of  vitriol.  Simple  wax  may  be  employed  instead 
of  the  copperplate  engraver's  ground ;  and  strong  muriatic  acid  instead  of  sulphuiic.  If 
an  acii  solution  of  silver  or  gold  be  used  for  etching,  the  design  will  become  purple  or 
black,  on  exposure  to  sunshine.  The  wax  may  be  washed  away  with  oil  of  turpentine. 
Acid  nitrate  of  silver  affords  the  easiest  means  of  tracing  pennanent  black  Unes  upon 
irory. 

frory  may  be  dyed  by  using  the  following  prescriptions : — 

1.  Black  dye. — If  the  ivory  be  laid  for  several  hours  in  a  dilute  solution  of  neutral 
nitrate  of  pure  silver,  with  access  of  light,  it  will  assume  a  blade  color,  having  a  slightly 
c[reen  cast.  A  still  finer  and  deeper  black  may  be  obtained  by  boiling  the  ivory  for  some 
time  in  a  strained  decoction  of  logwood,  and  then  steeping  it  in  a  solution  of  red  sulphate 
or  red  acetate  of  iron. 

^  2.  Blue  dye, — When  ivory  is  kept  immersed  for  a  longer  or  shorter  time  in  a  dilute  solu- 
tion of  sulphate  of  indigo  (partly  saturated  with  potash),  It  assumes  a  blue  tint  of  greater 
or  less  intensity. 

3.  Green  dye. — This  is  given  by  dipping'  blued  ivory  for  a  little  while  in  solution  of 
Aitro-muriate  of  tin,  and  then  in  a  hot  decoction  of  fustic. 

4.  Yellow  dye  is  given  by  impregnating  the  ivory  first  with  the  above  tin  mordant,  and 
then  digesting  it  with  heat  in  a  strained  decoction  of  fustic.  The  color  passes  mto 
orange,  if  some  Brazil  wood  has  been  mixed  with  the  i\istic  A  very  fine  unchangeable 
}eUow  may  be  communicated  to  ivory  by  steeping  it  18  or  24  hours  in  a  strong  solution 
of  the  neutral  chromate  of  potash,  and  then  plunging  it  for  some  time  in  a  boiling  hot 
solution  of  aceUte  of  lead. 
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5.  Jt«l  dye— may  be  given  by  iraboing  the  ivory  fiist  vith  tbe  tui  mordaDt,  then 
plunging  it  in  a  bath  of  Branl  wood,  cochineal,  or  a  mixture  of  the  two.  Lac-dye  may 
be  used  with  still  more  advantage,  to  produce  a  scarlet  tint.  If  the  scarlet  ivory  be 
planged  for  a  little  in  a  solution  of  potash,  it  will  become  cherry  rod. 

6.  VioUt  dy — is  given  in  the  logwood  bath  to  ivory  previoijoly  mordanted  for  a  shore 
time  with  solution  of  tin.  When  the  bath  becomes  exhausted,  it  imparts  a  lilach  hue. 
Violet  ivory  is  changed  to  pur|de-red  by  steeping  it  a  little  while  ia  water  containing  a 
few  drops  of  nitro-mnriatic  acid. 

With  regard  to  dyeing  ivory,  it  may  in  general  be  obeerved^  that  the  colors  penetrmte 
better  before  the  surface  is  polished  than  afterwards,  fihoold  any  dari£  spots  appear,  they 
may  be  cleared  up  by  rubbing  them  wUh  chalk ;  aller  which  tiie  ivory  should  be  dyed 
once  more  to  produce  perfect  uniformity  of  shade.  On  taking  it  oqt  of  the  boiling  hot 
dye  bath,  it  ought  to  be  immediately  plunged  into  cold  water,  to  prevent  the  chance  of 
fissures  being  caused  by  the  heat. 

If  the  borings  and  chips  of  the  ivory-tamer^  called  ivory  dust,  be  boiled  ia  water,  a 
kind  of  fine  size  is  obtained. 

The  importation  of  elephants'  teeth  for  home  consumption  was,  i&  1834,  4^282  cwts. ; 
in  1835,  3,698;  and  in  1836,  4,584  cwts. ;  duty,  11.  per  cwt. 

IVORY  BLACK  (Noir  dHvoire,  Fr. ;  KohU  von  ElfetAein^  Germ.)  is  prepared  from 
Ivory  dust,  by  calcination,  in  the  very  same  way  as  is  described  under  Bone  Black. 

The  calcined  matter,  being  ground  and  levigated  on  a  porphyry  slab,  affords  a  bean* 
tiful  velvety  black,  much  used  in  copperplate  printing.  Ivory  Uack  may  be  pre> 
pared  upon  the  small  scale,  by  a  weU  regulated  ignition  of  the  ivoiy  dust  in  a  covered 
crucible. 


K. 

aALI.  The  Arabs  gave  this  name  to  an  annual  plant  which  grows  near  the  sea- 
shore ;  now  known  under  the  name  of  salsola  today  and  from  whose  ashes  they  extracted 
a  substance,  which  they  called  aUcalif  for  making  soap.  The  term  kali  is  used  by  Ger- 
man chemists  to  denote  caustic  potash }  and  kaliumy  its  metallic  basis ;  instead  of  our 
potassa  and  potassium,  of  preposterous  pedigree,  being  derived  from  the  words  poi  ashes, 
that  is,  ashes  prepared  in  a  pot. 

KAOLIN  {Terr$  a  porcelaine,  Fr. ;  PorzeUanerde,  Germ.)  is  the  name  given  by  the 
Chinese  to  the  fine  white  clay  with  which  they  fabricate  the  biscuit  of  their  porcelains. 
See  Clay.    Berthier's  analyses  of  two  porcelain  earths  are  as  follows : — 


AnalyMB. 


Silica 

Alumina 

Lime 

Oxyde  of  iron 

Potass 

Water 


•  •        • 

•        •        • 

•        •        •        • 

•  •        • 


From  Paatau. 


45*06 

3200 

0-74 

0*90 

18*0 


96-7 


From  Sunt  Tri«z. 


I 


46-8 
87-3 


2-5 

13-0 


90-6 


-\ 


EARABE',  a  name  of  amber,  of  Arabic  origin,  in  use  upon  the  Continent. 

KELP  (VareCj  Fr. ;  Wareckj  Germ.)  is  the  crude  alkaline  matter  produced  by  inciner- 
ating various  species  of  fuci,  or  sea-vieed.  They  are  cut  with  sickles  from  the  rocks  in 
the  summer  season,  dried  and  then  burned,  with  much  stirring  of  the  pasty  ask.  I  have 
analyzed  many  specimens  of  kelp,  and  found  the  quantity  ot  soluble  matter  in  lOO  pa.rta 
of  the  best  to  be  from  53  to  62,  while  the  insolnble  was  firom  47  to  38.  The  soluble  coq- 
sisted  of— 


Sulphate  of  Soda  • 

Soda  in  carbonate  and  sulphuret 

Muriate  of  soda  and  potash 


8*0 

19H> 

8-6 

5-5 

8M 

37» 

53-0 


62^ 


Hie  lAsdliible  matter  wmiigtfd  o^ 

Carbonate  of  Ume            •           .           .          •  «   SM 

Sdica   .-..--.  8*0 

Alumina  tinged  "wiHh  iron  osyde      •       •          •  -      9*0 

SuU»hate  of  lime           .           •           •           •           .  0*0 

Sulphur  and  loes      -       •           -           •      ^    •  •6*0 

100*0 
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The  first  of  tlMse  speeimeni  "was  from  Heidcer,  tha  second  fiom  Rona,  both  in  the 
isle  of  Skye,  upon  the  property  of  Lord  MacdonaM.  From  these,  and  many  other  analyses 
which  I  have  made,  it  appears  that  kelp  is  a  substance  of  r&j  variable  composition,  and 
hence  it  was  yery  apt  to  produce  anom^ons  results,  when  employed  as  the  chief  alkaline 
flu  of  crown  glaas,  wfaieh  it  wasfor  a  very  long  period.  They^ow  MMCu^otttjandy^ieM 
wdonu  are  reckoned  to  afford  the  beat  kelp  tif  incineration  i  but  all  the  spedes  yield  a 
better  product  when  they  are  of  two  or  three  years  growth,  than  idien  cut  younger.  The 
vane,  made  on  the  shores  of  Normandy,  contains  almost  no  carbonate  of  soda,  but  much 
tnlphate  of  soda  and  potash,  some  hyposnlphate  of  potash^  chloride  of  sodium,  iodide  of 
potasuom,  and  chloride  of  potassium ;  the  average  composition  of  the  soluble  salts  being, 
sccocding  to  M.  Gay  Lussac,  66  of  chlcnide  of  sodium,  25  of  chloride  of  potassium,  and  a 
little  sulphate  of  potash.  The  very  low  price  at  which  soda  ash,  the  dry  crude  carbonate 
from  the  decomposition  of  sea  salt,  is  now  sold,  has  nearly  superseded  the  use  of  kelp,  and 
rendered  its  manufacture  utterly  unprofitable — a  great  misfortune  to  the  Highlands  and 
UUnds  of  Scotland. 

KERMfiS.  There  are  two  sobstanees  so  called,  of  totally  different  natures.  JEmties 
wmnl  is  merely  a  faetitioos  sulphuret  of  antimony  in  a  state  of  impalpable  comminution, 
prepared  in  the  moist  way.  Its  minute  examination  belongs  to  pharmaceutical  chemistry, 
it  may  be  obtained  perfectly  pure,  by  diluting  the  proto-chloride  of  antimony  with  solntioii 
of  tartaric  acid,  and  precipitating  the  metal  with  snl^nreted  hydrogen ;  or  by  exposing 
the  finely  levigated  native  sulphuret  to  a  boiling  solution  of  carbonate  of  potash  for  some 
time,  and  filtering  the  liquor  while  boiling  hot.  The  kennes  fidls  down  in  a  brown-red 
powder,  as  the  liquor  cools. 

Kerme^-gromsy  aOeenmt,  are  the  dried  bodies  of  the  female  insects  of  the  species  coeem 
i^icii,  which  lives  upon  the  leaves  of  the  qmtrcut  Hex  (prickly  oak).  The  word  ktrmet 
k  Arabic,  signifies  little  worm.  In  the  middle  ages,  this  dye  stuff  was  therefore  called 
vtrmieuims  in  Latin,  and  vtrmUion  m  French.  It  is  curious  to  consider  how  the  name 
ttrmiHn  has  been  since  transferred  to  red  snlphnret  of  mercury. 

Kermes  has  been  known  in  the  East  since  the  days  of  Moses ;  it  has  been  employed 
from  time  immemorial  in  India  to  dye  silk ;  and  was  used  also  by  the  ancient  Greek 
and  Roman  dyers.  Pliny  spedks  of  it  under  the  name  of  eocdgnmum,  and  says  that 
there  grew  upon  the  osk  in  AiUea,  Kdly,  &c.  a  small  exaescenee  like  a  bud,  called 
ctuaUmm ;  that  the  Spaniards  paid  with  these  grains,  half  of  their  tribute  to  the 
Romans ;  that  those  produced  in  Sicily  were  the  worst ;  that  they  served  to  dye  purple  | 
nd  that  thoee  from  the  neighboriiood  of  £m«rita  in  Lnsitama  (Portugal)  were  the 
he>L 

In  (Germany,  during  the  ninth,  twelilh,  thirteenth,  and  fourteenth  oenturies,  the  mral 
serfs  were  boond  to  deliver  annually  to  the  convents,  a  certain  quantity  of  kermes,  the 
toecut  polcnietUy  among  the  other  products  <^  husbandry.  It  was  collected  irom  the  trees 
spon  Saint  John's  day,  between  eleven  o'clock  and  noon,  with  religious  ceremmiies,  and 
was  therefore  called  JohamnMU  (Saint  John's  blood),  as  also  German  cochineaL  At  the 
shore  period,  a  great  deal  of  the  (yerman  kermes  was  consumed  in  Venice,  for  dyeing  the 
Mariet  to  which  that  city  gives  its  name.  AAer  the  discovery  of  America,  cochineal  hav* 
v^  been  introduced,  began  to  supersede  kermes  for  all  brilliant  red  dyes. 

The  principal  varieties  of  kermes  are  the  eoccut  quercua,  the  coccut  poUmiau,  the  coccus 
frofarim,  and  the  eoecu$  uvu  urti.  , 

The  eoccut  ^mercmt  insect  lives  in  the  south  of  Europe  upon  the  kermes  oak.  The 
female  has  no  wings,  hi  of  the  size  of  a  small  pea,  of  a  brownishrred  color,  and  ii  covered 
with  a  whitish  dust.  From  the  middle  of  May  to  the  middle  of  June  the  eggs  are  collected, 
sod  exposed  to  the  vapor  of  vinegar,  to  prevent  their  incubation.  A  portion  of  eggfl 
i>  left  upon  tiie  tree  lor  the  maintenance  of  the  brood.  In  the  department  of  the  Bouches- 
dn-Rhone,  one  half  of  the  kermes  crop  Ib  dried.  It  amounts  annually  to  about  60  quintals 
or  cvts.,  and  iB  warehoused  at  Avignon. 

The  kermes  of  Poland,  or  oocoa»  polomctu,  is  found  upon  the  roots  of  the  tcUrmithMM 
ptrtmua  and  the  wcUramihMa  amnmt,  in  sandy  soils  of  that  country  and  the  Ukraine.  This 
*pcaes  has  the  same  properties  as  the  preceding;  one  pound  of  it,  according  to  WoU^ 
heing  capable  of  dyeing  10  pounds  of  wool ;  but  Hermstaedt  could  not  obtain  a  fine 
eokr,  ahhoogh  he  tmptoyed  5  times  as  much  of  it  at  of  oochineaL    The  Turks,  Arme- 
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nians,  and  Cossacks,  dye  with  kermes  their  moroeeo  leather^  dotki  tOk^  as  well  as  tiie 
manes  and  tails  of  Ifaeir  horses. 

The  kermes  called  coccut/ragariay  is  found  principally  in  Siberia,  upon  the  root  of  the 
common  strawberry* 

The  coccus  uva  wrn  is  twice  the  size  of  the  Polish  kermes,  and  dyes  with  alum  a  fine 
red.    It  occurs  in  Russia. 

Kermes  is  found  not  only  upon  the  lycopodium  complanatum  in  the  Ukraine,  bat  uptm 
a  great  many  other  plants. 

Good  kermes  is  plump,  of  a  deep  red  color,  of  an  agreeable  smell,  and  a  rough  and 
pungent  taste.  Its  coloring  matter  is  soluble  in  water  and  alcdiol ;  it  becomes  ydAowish 
or  brownish  with  acids,  and  violet  or  crimson  with  alkalis.  Sulphate  of  iron  blackens  it 
With  alum  it  dyes  a  blood-red ;  with  copperas  an  agate  gray ;  with  coppens  and  taitar, 
a  lively  gray ;  with  sulphate  of  copper  and  tartar,  an  oUve  green;  with  tartar  and  salt 
of  tin,  a  lively  cinnamon  yellow ;  with  more  alum  and  tartar,  a  lilachi  with  sulphate  of 
zinc  and  tartar,  a  violet.  Scarlet  and  crimson  dyed  with  kermes,  were  called  grain  colon ; 
and  they  are  reckoned  to  be  more  durable  than  Uiose  of  cochineal,  as  if  proved  by  the  hdl' 
Uancy  of  the  old  Brussels  tapestry. 

Hellot  says  that  previous  to  dyeing  m  the  kermes  bath,  he  threw  a  handful  of  wool  into 
it,  in  order  to  extract  a  blackish  matter,  which  would  have  tarnished  the  color.  The  red 
caps  for  the  Levant  are  dyed  at  Orleans  with  equal  parts  of  kermes  and  madder ;  and  oc- 
casionally with  the  addition  of  some  Brazil  wood. 

Cochineal  and  lac-dye  have  now  nearly  superseded  the  use  of  kermes  as  a  tinctorial 
substance,  in  England. 

KILLAS  is  the  name  by  which  clay-slate  is  known  among  the  Cornish  miners. 

KILN  (Four,  Fr. ;  Of  en.  Germ.)  is  the  name  given  to  various  fonns  of  furnaces 
and  stoves,  by  which  an  attempered  heat  may  be  applied  to  bodies;  thus  there  are  brick- 
kilns, hop-kilns,  lime-kilns,  malt-kins,  and  pottery-kilns.  Hop  and  malt4d]ns,  being 
designed  merely  to  expel  the  moisture  of  the  vegetaUe  matter,  may  be  constructed  in 
the  same  way.  See  Brick,  LiMXsroKE,  Malt,  and  PoTTxar,  for  a  description  of  their 
respective  kilns. 

KINIC  ACID ;  a  peculiar  acid  extracted  by  Vauquelin  from  cinchona. 

KINO  is  an  extractive  matter  obtained  from  the  nauclea  gaminr,  a  shrub  which 
grows  at  Bancoul  and  Sumatra,  but  principally  in  Prince  of  Wales'  island.  It  is  of  a 
reddish-brown  color,  has  a  bitter  styptic  taste,  and  consists  chiefly  of  tannin.  It  is 
used  only  as  an  astringent  in  medicine.  Kino  is  often  called  a  gam,  but  most  im- 
properly. 

KIRSCHWASSER  is  an  alcoholic  liquor  obtained  by  fermenting  and  distiHing  braised 
cherries,  called  kirschen  in  German.  The  cherry  usually  employed  in  Switzerland  and 
Germany  is  a  kind  of  moreUo,  which  on  maturation  becomes  bUtek,  and  has  a  kernel 
very  large  in  proportion  to  its  pulp.  When  ripe,  the  fruit  being  made  to  fall  by  switching 
the  trees,  is  gathei^ed  by  children,  thrown  promiscuously,  unripe,  ripe,  and  rotten  into 
tubs,  and  crushed  either  by  hand,  or  with  a  wooden  beater.  Tlie  mashed  materials  are 
set  to  ferment,  and  whenever  this  process  is  complete,  the  whole  is  transferred  to  an  old 
still  covered  with  verdigris,  and  the  spirit  is  run  <^  in  the  rudest  manner  possibly  by 
placing  the  pot  over  the  conmion  fire-place. 

The  fermented  mash  is  usually  mouldy  before  it  is  put  into  the  alembic,  the  capital 
of  which  is  luted  on  with  a  mixture  of  mud  and  dung.    The  liquor  has  accandiiigly, 
for  the  most  part«  a  rank  smell,  and  is  most  dangerous  to  health,  not  only  from  its  own 
crude  essential  oil,  but  from  the  prussic  acid,  derived  from  the  distillation  of  the  chary 
stones. 

There  is  a  superior  kind  oT  kindiwaaHr  made  in  the  Black  Forest,  prepared  with  fewer 
kernels,  from  choice  fruit,  properly  pressed,  fermented,  and  distilled. 

KNOPPERN  are  excrescences  produced  by  the  puncture  of  an  insect  upon  the 
flower-cups  of  several  species  of  oak.  They  are  eompreiraed  or  flat,  iiiegularly  pointed, 
generally  prickly  and  hard ;  brown  when  ripe.  They  abound  in  Styria,  Croatia,  Sdavonia, 
and  Natolia ;  those  from  the  latter  count^  being  the  best.  They  contain  a  great  deal 
of  tannin,  are  much  employed  in  Austria  for  tanning,  and  in  Germany  for  dyeing  fawn, 
gray,  and  black.  Wool,  with  a  mordant  of  sulphate  of  zinc,  takes  a  grayish  niankeen 
color.    See  Gallb, 

KOUMISS  is  the  name  of  a  liquor  which  the  Calmucs  make  by  fermenting  mare's 
milk,  and  from  which  they  distil  a  favorite  intoxicating  spirit,  called  rods  or  rocfcy. 
Cow's  milk  is  said  to  produce  only  one  third  as  much  spirit,  ftom  its  containing  probably 
Jess  saccharine  matter. 

The  milk  is  kept  in  bottles  made  of  hides,  till  it  becomes  sour,  is  shaken  till  it  casts 
up  its  cream,  and  is  then  set  aside  in  earthen  vessels  in  a  warm  place  to  ferment,  no 
yeast  being  required,  though  sometimes  a  little  old  koumiss  is  added.  21  pounds  of  nilk 
put  into  the  still  afford  14  ounces  of  low  wines,  from  which  6  ounces  cf  pretty  strong 
alcohol,  of  an  unpleasant  flavor,  are  obtained  by  rectificatiou. 
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LABDANUM,  or  Ladanum,  is  an  unctuotis  resin,  of  an  agreeable  odor,  foxtnd  be- 
smearing the  leaves  and  twigs  of  the  cysius  creticusy  a  plant  which  grows  in  the  island 
of  CaiuUa,  and  in  Syria.  It  is  naturally  a  dark-brown  soft  substance,  but  it  hardens  on 
keeping.  Its  specific  gravity  is  1*186.  It  has  a  bitter  taste.  Its  chief  use  is  in  surgery 
for  making  plasters. 

LABRADORITE,  opaline,  or  Labradore  feldspar,  is  a  beautiful  mineral,  with  brilliant 
cliuigiag  colors^  bine,  red,  and  green,  &«•  Spec.  gray.  2*70  to  2*75.  Scratches  glass ; 
affoids  no  water  by  ealcinatioo  ;  fusible  at  the  blowpipe  into  a  frothy  bead ;  soluble  in 
muriatic  acid ;  solution  affords  a  copious  precipitate  with  oxalate  of  ammonia.  Cleav- 
tges  of  93|°  and  86^°  $  one  of  which  is  brilliant  and  pearly.  Its  constituents  are  silica, 
^'75 ;  alumina,  26-5;  lime,  11  $  soda,  4 ;  oxyde  of  iron,  1*25 ;  water,  0*5. 

LABYRINTH,  in  metallurgy,  means  a  series  of  canals  distributed  in  the  sequel  of 
a  stamping-mill  $  through  which  canals  a  stream  of  water  is  transmitted  for  suspend- 
ing, carrying  off,  and  depositing,  at  different  distances,  the  ground  ores.    See  Metajl* 

LCKGT. 

LAC,  LAC*DY£  {LaqtUy  Fr. ;  Lacky  Ladefarben,  Germ.).  Stick-lac  is  produced  by 
the  puncture  of  a  peculiar  female  insect,  called  coccut  lacea  or  fieua,  upon  the  branches 
of  several  plants ;  as  the  ficus  religiosa,  the  ficut  tadicoy  the  rhammu  jujuba^  the  crctom 
larcifenmy  and  the  butea  frondosa,  which  grow  in  Siam,  Assam,  Pegu,  Bengal,  and  Mal- 
abar. The  twig  becomes  thereby  incxusted  with  a  reddish  mammelated  resin,  having  a 
crystalline-looking  fracture. 

The  female  lac  insect  is  of  the  size  of  a  louse  {  red,  round,  flat,  with  12  abdominal 
circles,  a  bifurcated  tail,  antennae,  and  6  daws,  half  the  length  of  the  body.  The  male  is 
twice  the  above  size,  and  has  4  wings  i  there  is  one  of  them  to  5000  females.  In  Novem- 
ber or  December  the  young  brood  ooakes  its  escape  fram  the  eggs,  lying  beneath  the  dead 
body  of  the  mother;  they  crawl  about  a  little  way,  and  fasten  themselves  to  the  bark  of 
the  shrubs.  About  this  period  4he  branches  often  swarm  to  such  a  degree  with  this  ver- 
min, that  they  seem  covered  with  a  red  dust;  in  this  case,  they  are  apt  to  dry  up, 
by  being  exhausted  of  their  juices.  Many  of  these  insects,  however,  become  the 
prey  o[  others,  or  are  carried  off  by  the  feet  of  birds,  to  which  they  attach  themselves, 
and  are  transplanted  to  other  trees.  They  soon  produce  small  nipple-like  incrusta- 
tions upon  the  twigs,  their  bodies  being  apparently  glued,  by  means  of  a  transparent 
liquor,  which  goes  on  increasing  to  the  end  ii  March,  so  as  to  form  a  cellular  texture* 
At  this  time,  the  animal  resembles  a  small  oval  bag,  without  life,  of  the  size  of  coduneaL 
At  the  commencement,  a  beautiful  red  liquor  only  is  perceived,  afterwards  egga  make 
their  appearance  j  and  in  October  or  November,  when  the  red  liquor  gets  exhausted,  20 
or  30  young  ones  bore  a  hole  through  the  back  of  their  mother,  and  come  forth.  Ilie 
MDpty  cells  remain  upon  the  branches.  These  are  composed  of  the  milky  juice  of  the 
i^t,  which  serves  as  nourishment  to  the  insects,  and  which  is  afterwards  transfoimed 
or  elaborated  into  the  red  coloring  matter  that  is  found  mixed  with  the  resin,  bat  in 
sreater  quantity  in  the  bodies  of  the  insects,  in  their  eggs,  and  still  more  copiously  in  the 
rod  liquor  secreted  for  feeding  the  young.  After  the  brood  escapes,  the  cells  contain 
much  less  coloring  matter.  On  this  account,  the  branches  should  be  broken  off  before 
ihtf  happens,  and  dried  in  the  sun.  In  the^ast  Indies  this  operation  is  performed  twice 
a  the  year;  the  first  time  m  March,  the  second  in  October.  The  twigs  incrnsted  wiA 
ii»  radiated  cellular  substance  constitute  the  9tick4ac  of  oonunerce.  It  is  of  a  red 
color,  more  or  less  deep,  nearly  transparent,  and  haid,  with  a  brilliant  conchoidal  fracture. 
The  stick-lac  of  fiiam  is  the  best ;  a  piece  of  it  presented  to  me  by  Mr.  Rennie,  of  Fen- 
ehurch-etreet,  having  an  incrustation  fully  one  quarter  of  an  indi  thick  all  round  the 
iwig.  The  8tick4ac  of  Assam  ranks  next;  andlast,  tiiat  of  Bengal,  in  whidi  the  resinous 
coat  is  scanty,  thin,  and  iixegular.  According  to  the  analysis  of  Br.  John,  stick-lac 
tOBsists,  in  120  parts,  <^— 


An  odonms  common  resin    -  •  • 

A  resin  insoluble  in  ether     •  •  • 

Coloring  matter  analogous  to  that  of  cochineal 
Bitter  balsaouc  matter 

Dna  yelJbw  extract  .... 
Add  of  the  stick-lac  (laoeie  acid)    - 
Fatty  matter,  like  wax         ... 
&3un  of  the-insecti  and  coloriiig  matter 


80*00 
20*00 
4*50 
3-00 
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Salts 

Earths 

Loss 


l-2b 

,0-75 
4-75 

120-00 


-.  >» 


%• 


•;■•  %■: 


1 

*  ■ 


According  to  Franke,  the  constituents  of  stick-lac  are,  resin,  65*7 ;  substance  of  the 
la :,  28*3  j  coloring  matter,  0*6. 

Secd-lac. — When  the  resinous  concretion  is  taken  off  the  twigs,  coarsely  pounded,  and 
triturated  wilh  water  in  a  mortar,  the  greater  part  of  the  coloring  matter  is  dissolTed,  and 
the  granular  portion  which  remains,  being  dried  in  the  sun,  constitutes  9eed4ac.  It  con- 
tains of  course  less  coloring  matter  than  the  stick-lac,  and  is  much  less  soluble.  John 
found  in  100  parts  of  it,  resin,  66*7 ;  wax,  1-7 ;  matter  of  the  lac,  16*7 ;  bitter  balsamic 
matter,  2*5 ;  coloring  matter,  3*9 ;  dun  yellow  extract,  0*4 ;  envelopes  of  insects,  2-1 ; 
laccic  acid,  0*0 ;  salts  of  potash  and  lime,  1-0 ;  earths,  6-6 ;  loss,  4*2. 

In  India  the  seed4ac  is  put  into  oblong  bags  of  cotton  cloth,  which  are  held  over  a 
charcoal  fire  by  a  man  at  each  end,  and,  as  soon  as  it  begins  to  melt,  the  bag  is  twisted 
so  as  to  strain  the  liquefied  resin  through  its  substance,  and  to  make  it  drop  upon  smooth 
stems  of  the  banyan  tree  (mvua  paradisa).  In  this  way,  the  resin  spreads  into  thin 
plates,  and  constitutes  the  substance  known  in  commerce  by  the  name  of  ihellac^ 

The  Pegu  stick-lac,  being  very  dark-colored,  furnishes  a  shellac  of  a  correspoDdlng 
deep  hue,  and  therefore  of  inferior  value.  The  palest  and  finest  shellac  is  brought  fttmi 
the  northern  Circar,  It  contains  very  little  coloring  matter.  A  stick-lac  of  an  interme- 
diate kind  comes  from  the  Mysore  country,  which  yields  a  brilliant  lac-dye  and  a  good 
shellac. 

Lac-dye  is  the  watery  infusion  of  the  ground  stick-lac,  evaporated  to  dryness,  and 
formed  into  cakes  about  two  inches  square  and  half  an  inch  thick.  Dr.  John  found  it 
to  consist  of  coloring  matter,  50 ;  resin,  25 ;  and  solid  matter,  composed  of  alumina, 
plaster,  chalk,  and  sand,  22. 

Dr.  Macleod,  of  Madras^  informs  me  that  he  prepared  a  very  superior  lac-dye  from 
stick-lack,  by  digesting  it  in  the  cold  in  a  slightly  alkaline  decoction  of  the  dried  leaves 
of  the  Memecylon  tinctorium  (perhaps  the  M,  capiteUalnm^  from  which  the  natives  of 
Malabar  and  Ceylon  obtain  a  saffron-yellow  dye).  This  solution  being  used  along  with 
a  mordant,  consisting  of  a  saturated  solution  of  tin  in  muriatic  acid,  was  found  to  dye 
woollen  cloth  of  a  very  brilliant  scarlet  hue. 

The  cakes  of  lac-dye  imported  fVom  India,  stamped  with  peculiar  marks  to  designate 
their  different  manufacturers,  are  now  employed  exclusively  in  England  for  dyeing 
scarlet  cloth,  and  are  found  to  yield   an  equally  brilliant  color,  and  one  less  easily 
affected  by  perspiration  than  that  produced  by  cochineal.    When  the  lac-dye  was  first 
introduced,  sulphuric  acid  was  the  solvent  applied  to  the  pulverized  cakes,  but  as  mu- 
riatic acid  has  been  found  to  answer  so  much  better,  it  has  entirely  supplanted  it.     A 
good  solvent  (No.  1)  for  this  dye-stuff  may  be  prepared  by  dissolving  three  pounds  of  tin 
in  60  pounds  of  muriatic  acid,  of  specific  gravity  1*19.     The  proi)er  mordant  for  the 
cloth  is  made  by  mixing  27  pounds  of  muriatic  acid  of  sp.  grav.  1-17,  with  1|  pounds 
of  nitric  acid  of  1*19 ;  putting  this  mixture  into  a  salt-glazed  stone-bottle,  and  adding 
to  it,  in  small  bits  at  a  time,  grain  tin,  till  4  pounds  be  dissolved.    Thi4  solution  (No.  2) 
may  be  used  within  twelve  hours  after  it  is  made,  provided  it  has  become  cold  and  dear. 
For  dyeing,  three  quarters  of  a  pint  of  the  solvent  No.  1  is  to  he  poured  upon  each 
pound  of  the  pulverized  lac-dye,  and  allowed  to  digest  upon  it  for  six  hoars.    The  cloth, 
before  being  subjected  to  the  dye  bath,  must  be  scoured  in  the  mill  with  fullers'  earth. 
To  dye  100  pounds  of  pelisse  cloth,  a  tin  boiler  of  300  gallons  capacity  should  be  filled 
nearly  brimful  with  water,  and  a  fire  kindled  under  it.      Whenever  the  temperature 
rises  to  150^  Fahr.,  a  handfhl  of  bran  and  half  a  pint  of  the  solution  of  tin  (No.  2) 
are  to  be  introduced.     The  froth,  which  rises  as  it  approaches  ebullition,   must   be 
skimmed  off;  and  when  the  liquor  boils,  10|  pounds  of  lack-dye,  previoudy  mixed  with  7 
pints  of  the  solvent  No.  1,  and  3(  pounds  of  solution  of  tin  No.  2,  must  be  poured  in. 
An  instant  afterwards,  10^  pounds  of  tartar,  and  4  pounds  of  ground  sumach,  both  tied  up 
in  a  linen  bag,  are  to  be  suspended  in  the  boiling  bath  for  five  minutes.    The  fire  bein^ 
now  withdrawn,  20  gallons  of  cold  water,  with  10]^  pints  of  solution  of  tin,  being  poured 
into  the  bath,  the  cloth  is  to  be  immersed  in  it,  moved  about  rapidly  during  ten  minutes  - 
the  fire  is  to  be  then  rekindled,  and  the  cloth  winced  more  slowly  through  the  bath' 
which  must  be  made  to  boil  as  quickly  as  possible,  and  maintained  at  that  pitch  for  an 
hour.    The  cloth  is  to  be  next  washed  in  the  river ;  and  lastly,  with  water  only,  in  the 
fulling  mill.     The  above  proportions  of  the  ingredients  produce  a  brilliant   scarlet 
tint,  with  a  slightly  purple  cast.    If  a  more  orange  hue  be  wanted,  white  Florence  nrgal 
may  be  used,  instead  of  tartar,  and  some  more  sumach.    Lac-dye  may  be  substituted  Ibr 
cochineal  in  the  orange-scarlets;  but  for  the  more  delicate  pink  shades^  it  does   not 
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Kosmt  SO  weD,  ts  the  lustre  is  apt  to  be  impaired  hy  the  large  quantity  of  add  necessary 
to  dissolTe  the  coloring  matter  of  the  lac. 

ShellaCy  by  Mr.  Hatchett's  analysis,  consists  of  resin,  90*5;  eoloring  matier,  0*5; 
\nLX,  4*0;  glnten,  2-8;  loss,  1*8;  in  100  parts. 

The  resin  may  be  obtained  pure  by  treating  shellac  with  cold  alcohol,  and  filtering 
the  solution  in  order  to  separate  a  yellow  gray  pnlverulent  matter.  When  the  alcohol 
is  asrain  distilled  off,  a  brown,  translucent,  hard,  and  brittle  resin,  of  specific  gravity 
1*139,  remains.  It  melts  into  a  viscid  mass  with  heat,  and  diffuses  an  aromatic  odor. 
Anhydrous  alcohol  dissolves  it  in  all  proportions.  According  to  John,  it  consists  of  two 
renins,  one  of  which  dissolves  readOy  in  alcohol,  ether,  the  volatile  and  fat  oils ;  while 
the  other  is  little  soluble  in  cold  alcohol,  and  is  insoluble  in  ether  and  the  volatile  oils. 
Unrerdorben,  however,  has  detected  no  less  than  four  different  resins,  and  some  other 
substances,  in  shellac.  Shellac  dissolves  with  ease  in  dilute  muriatic  and  acetic  acids ; 
hot  not  in  concentrated  sulphuric  acid.  The  resin  of  shellac  has  a  great  tendency 
to  combine  with  salifiable  bases ;  as  with  caustic  potash,  which  it  deprives  of  its  alkaline 
taste. 

This  solution,  which  is  of  a  dark  red  color,  dries  into  a  brilliant,  transparent,  reddish 
brown  mass ;  which  may  be  re-dissolved  in  both  water  and  alcohol.  By  passing  chlorine 
in  excess  through  the  dark-colored  alkaline  solution,  the  lac-resin  is  precipitated  in  a 
colorless  state.  When  this  precipitate  is  washed  and  dried,  it  forms,  with  alcohol,  an 
excellent  pale-yellow  varnish,  especially  with  the  addition  of  a  little  turpentine  and  mastic. 

With  the  aid  of  heat,  shellac  dissolves  readily  in  a  solution  of  borax. 

The  substances  which  Unverdorben  found  in  shellac  are  the  following ; 

1.  A  resin,  soluble  in  alcohol  and  ether ; 

2.  A  resin,  soluble  in  alcohol,  insoluble  in  ether ; 

3.  A  resinous  body,  little  soluble  in  cold  alcohol ; 

4.  A  crystallizable  resin ; 

5.  A  resin,  soluble  in  alcohol  and  ether,  but  insoluble  in  petroleiun,  and  vncrTi- 
tillizable. 

6.  The  unsaponified  fat  of  the  eocau  insect,  as  well  as  oleic  and  margarie  adds. 

7.  Wax. 

8.  The  laceine  of  Dr.  John. 

9.  An  extractive  coloring  matter. 

Statisticai.  Table  of  Lac-I>ts  and  Lac-Laxs,  per  fiivor  of  James  WlHrinami,  Esq.. 

of  Leadenhall  street. 
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Statisticai.  Tabub  o£  Lao-Dte  and  Lac^Lake. — conHmuid, 


Import. 

Export. 

Home 
ConsunipCton. 

FaoBs. 

SUMfa. 

Ws. 

lbs. 

lbs. 

8,    d. 

8, 

a. 

Che8U. 

1827 

756,315 

76,875 

448,270 

1     9 

4 

0 

11,538 

1828 

512,874 

54,999 

397,867 

1    3 

3 

9 

11,085 

1829 

475,632 

39,344 

433,851 

1    3 

3 

6 

11,976 

1830 

534,341 

78,099 

548,865 

0    9 

3 

3 

11,834 

1831 

913,562 

175,717 

597,568 

0    4 

2 

6 

12,559 

1832 

378,843 

69,842 

504,155 

0    4 

2 

3 

11,420 

1833 

326,894 

66,447 

426,460 

0    9 

2 

4 

11,457 

1834 

708,959 

89,229 

398,832. 

0  11 

2 

4 

11,928 

1835 

528,564 

203,840 

573,288 

0  11 

3 

0 

10,454 

1836 

642,436 

200,975 

642,615 

1    0 

4 

0 

9,492 

1837 

1,011,674 

133,959 

427,890 

1    0 

3 

9 

8,780 

The  fftock  inoludes  2,200  chests  of  Lac-lake 

• 

LACCIC  ACID  cryBtallizes^  Kas  a  vine-yellow  color,  a  aonr  taste»  is  adlnble  in  water, 
alcohol,  and  ether.    It  was  extracted  from  sticklac  by  Dr.  John. 

LACCINE  is  the  portion  of  sheUacirhich  is  insoluble  in  boiling  alcohol.  It  is  brown, 
brittle,  translucid,  consisting  of  agglomerated  pellicles,  more  like  a  resin  than  any  thing 
else.    It  is  insoluble  in  ether  and  oils.    It  has  not  been  applied  to  any  use. 

LACE  MANUFACTURE.  The  pillow-made,  or  bone-lace,  which  formerly  gave 
occupation  to  multitudes  of  women  in  their  own  houses,  has,  in  the  progress  of  me- 
chanical invention,  been  nearly  superseded  by  the  bobbin-net  lace,  manufactared  at  first 
by  hand-machines,  as  stockings  are  knit  upon  frames,  but  recently  by  the  power  of 
water  or  steaift.  This  elegant  texture  possesses  all  the  strength  and  regularity  of  the 
old  Buckingham  lace,  and  is  far  superior  in  these  respects  to  the  point-net  and  warp  lace, 
which  had  precfted,  and  in  some  measure  paved  the  way  for  it.  Bobbin-net  may  be 
said  to  surpass  every  other  branch  of  human  industry  in  the  complex  ingenuity  of  its 
machiner}';  one  of  Fisher's  spotting  frames  being  as  much  beyond  the  most  curious 
chsooomelec,  in  muhiplicity  of  mechanical  device^  as  that  is  beyond  a  common  roasting- 
jack. 

The  threads  in  bobbin^net  lace  form,  by  their  intertwisting  and  deccussation,  regular 
hexagonal  holes  or  meshes,  of  which  the  two  opposite  sides,  the  upper  and  under,  are 
directed  along  the  breadth  of  the  piece,  or  at  right  angles  to  the  selvage  or  border. 

Fig^  608  shows  how,  by  the  crossing  and 
twisting  of  the  threads,  the  regular  six- 
sided  mesh  is  produced,  and  that  the  tex- 
ture resulta  from  the  union  of  three  sepa- 
rate sets  of  threads,  of  which  one  set  pro- 
ceeds   downwards  in  serpentine    lines,  a 
second   set  proceeds  from  the  left  to  the 
right,  and  a  third  from  the  right  to  the 
leh,  both    in   slanting   directions.    These 
oblique  threads  twist  themselves  round  the 
vertical  ones,  and  also  cross  each  other  be- 
twixt them,  in  a  peculiar  manner,  which 
may  be  readily  understood  by  examining 
the  representation.    In  comparing  bobbin- 
net  with  a  'eommon  web,  the  perpendicular 
threads  in  the  figure,  which  are  parallel  to 
the  border,  may  be  regarded  as  the  warp, 
and  the  two  sets  of  slanting  threads,  as  the 


fl06 


weft. 

These  warp  threads  are  extended  up  and  down,  in  the  original  mounting  of  the  piece, 
between  a  top  and  bottom  horizontal  roller  or  beam,  of  which  one  is  cidled  the  warp 
beam,  and  the  other  the  lace  beam,  because  the  warp  and  finished  lace  are  wound  upon 
them  respectively.  These  straight  warpthreads  receive  their  contortion  from  the  tensioa 
of  the  weft  threads  twisted  obliquely  round  them  alternately  to  the  right  and  the  left 
hand.  Were  the  warp  threads  so  tightly  drawn  that  they  became  inflexible,  like 
fiddle-strings,  then  the  lace  would  assume  the  appearance  shown  in  fig  609 ;  and 
although  this  condition  does  not  really  exist,  it  may  serve  to  illustrate  the  stmctnre  oT 
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the  web.     The  warp  threads  stand  in  the  positiotts  a  a,  a*  a\  and  of'  a!'  \  the  one  half 
of  the  wefl  proceeds  in  the  direetion  h  by  b'  k\  and  b"  b'* ;  and  the  second  crosses  the 

'"*^  fii«   by  running  in  the  direction  c  c,  oi 

cf  cfy  towards  the  opposite  side  of  the  fab> 
ric.  If  we  pursue  the  path  of  a  wef) 
thread,  we  finid  it  goes  on  till  it  reaches 
the  outermost  or  last  warp  thread,  which  it 
twists  about ;  not  once,  as  with  the  others, 
but  twice;  and  then  returning  towards  the 
other  border,  proceeds  in  a  reverse  direc- 
tion. It  is  by  this  double  twist,  and  by  the 
return  of  the  wefl  threads,  that  the  selvage 
is  made.         ^ 

The  ordinary  material  of  bobbin-net  is 
two  cotton  yarns,  of  from  No.  180  to  No. 
250,  twisted  into  one  thread;  but  some- 
times strongly  twisted  single  yam  has  been 
used.  The  beauty  of  the  fabric  depends 
upon  the  quality  of  the  material,  as  well  as 
the  regularity  and  smallness  of  the  meshes. 
The  number  of  warp  threads  in  a  yturd  in 
breadth  is  from  600  to  900 ;  which  is  equivalent  to  from  20  to  30  in  an  inch.  The  size 
of  the  holes  cannot  be  exactly  inferred  from  that  circumstance,  as  it  depends  partly  upon 
the  obtiqne  traction  of  the  threads.  The  breadth  of  the  pieces  of  bobbin-net  varies 
from  edgings  of  a  quarter  of  an  inch,  to  webs  12,  or  even  20  qnartears,  that  is,  5  yards 
wide. 

Bobbin-net  lace  is  manufactured  by  means  of  yery  costly  and  complicatea  machines, 
ctUed  frames.  The  limits  of  this  Dictionary  will  admit  of  an  explanaticm  of  no  more 
than  the  general  principles  of  the  manufacture.  The  threads  for  crossing  and  twisting 
nnind  the  wsrp,  being  previously  gassed,  that  is,  freed  from  loose  fibres  by  singeing  with 
gas,  are  wound  ronnd  small  pulleys,  called  bobbins,  which  are,  with  this  view,  deeply 
grooved  in  th^  periphery.    Figs*  610, 611  exhibit  the  bobbin  alone,  an^jwith  its  carriage. 

611 


610 
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In  the  section  of  the  boU)in  (hfig*  ^^^9  the  deep  groove  is  shown  in  which  the  thread  is 
wound.  The  bobbin  consists  of  two  thin  discs  of  brass,  cut  out  in  a  stamp-press,  in  the 
middle  of  each  of  which  there  is  a  hollow  space  c  These  discs  are  rireted  together,  leaving 
an  interval  between  their  edge  all  round,  in  which  the  thread  is  coiled.  The  round  hole 
in  the  centre,  with  the  little  notch  at  top,  serves  fbr  spitting  them  upon  a  feathered  rod, 
in  order  to  be  filled  with  thread  by  the  rotation  of  that  rod  in  a  species  of  reel,,  called 
the  bobbin-filling  machine.  Each  of  these  bobbins  (about  double  the  size  of  the 
figure),  is  inserted  into  the  vacant  space  o,  of  the  carriage,  fig.  611.  This  is  ai  small 
broD  frame  (also  donUe  the  size  of  the  figure),  which,  at  e  «,  embraces  the  grooTod 
border  of  the  bobbin,  and  by  the  pressure  of  the  spring  at  /,  prevents  it  from  faffing  out. 
This  spring  serves  likewise  to  apply  sufficient  friction  to  the  bobbin,  so  as  to  prevent  it 
from  riving  off  its  thread  at  g  by  its  rotation,  unless  a  certain  small  force  of  traction  be 
employed  upon  the  thread.  The  curvilinear  groove  k  A,  sunk  in  each  face  or  side  of 
the  carnage,  has  the  depth  shown  in  the  section  at  h.  This  groove  corresponds  to  the 
interval  b^w^een  tiie  teeth  of  the  comb,  or  bars  of  the  bolt,  in  which  each  carriage  is 
placed,  and  has  its  movement.  A  portion  of  that  bolt  or  comb  is  shown  at  a,.>2g.  619; 
in  plan,  and  obe  bar  of  a  circular  bolt  machine  at  6,  in  section.  If  we  suppose  two 
such  combs  or  bolts  i^aeed  with  the  ends  of  the  teeth  opposite  each  other,,  but  a  little 
apart,  to  let  the  warp  threads  be  stretched,  in  one  yeitical  plane,  between  their  ends  or 
tips,  we  shifl  hnveanidea  of  "the  skeleton  of  a  bobbin-net  mnddne.     One  e£  thesetwo 
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eombe,  in  the  doable  bolt  machine,  has  an  occasional  lateral  morement  eafied  ^ihoggmgg 
equal  to  the  interval  of  one  tooth  or  bolt,  by  which,  aAer  it  has  received  the  bobbiitt, 

with  their  carnages,  into  its  teeth,  it 
can  shift  that  interval  to  the  one 
Bide,  and  thereby  get  into  a  position 
to  return  the  bobbins,  with  their 
carriages,  into  the  next  series  of  in- 
terstices or  gates,  in  the  other  bolt. 
By  this  means  the  whole  series  of 
carriages  receives  snccesaive  side 
steps  to  the  right  in  one  bolt,  and  to 
the  left  in  the  other,  so  as  to  per- 
form a  species  of  ooontermare^  in 
the  coarse  of  which  they  are  made 
to  cross  and  twist  round  about  the 
vertical  warp  threads,  and  thus  to 
form  the  meshes  of  the  net. 

The  number  of  movements  re- 
quired to  form  a  row  of  meshes  in 
the  double  tier  machine,  that  is,  in  a 
ihime  with  two  combs  or  bars,  and 
2  rows  of  bobbins,  is  six ;  that  is, 
the  whole  of  the  carriages  (with  their  bobbins)  pass  ftom  one  bar  or  comb  to  the  other 
six  times,  during  which  passages  the  different  divisions  of  bobbin  and  warp  threads 
change  their  relative  positions  12  times. 

This  interchange  or  traversing  of  the  carriages  with  their  bobbins,  which  is  the  most 
difficult  thing  to  explain,  but  at  the  same  time  the  most  essential  principle  of  the  kce- 
machine,  may  be  tolerably  well  understood  by  a  careful  study  of  fig,  613,  in  which  thp 
12  3  4  5  6  7  8  9 
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simple  line  I  represents  the  bolts  or  teeth,  the  sign  f  the  back  line  of  carriages,  and  the 
sign  ip  the  front  ^line  of  carriages,  h  is  the  front  comb  or  bolt  bar,  and  i  the  back  bolt 
bar.  The  former  remains  always  fixed  or  stationary,  to  receive  the  carriages  as  they  may 
be  presented  to  it  by  the  shogging  of  the  latter.  There  must  be  always  one  odd  carriage 
at  the  end ;  the  rest  being  in  pairs. 

No.  1  represents  the  carriages  in  the  front  comb  or  bar,  the  odd  carriage  being  at  the 
left  end.  The  back  line  of  carriages  is  first  moved  on  to  the  back  bar  i,  the  odd 
carriage,  as  seen  in  No.  1,  having  been  left  behind,  there  being  no  carriage  opposite  to 
drive  it  over  to  the  other  comb  or  bar.  The  carriages  then  stand  as  in  No.  2.  The  bar 
I  now  shifts  to  the  left,  as  shown  in  No.  3;  the  front  carriages  then  gt)  over  into  the 
back  bar  or  comb,  as  is  represented  by  No.  4.  The  bar  i  now  shifts  to  the  right,  and 
gives  the  position  No.  5.  The  front  carriages  are  then  driven  over  to  the  frcmt  bar,  and 
leave  the  odd  carriage  on  the  back  bar  at  the  right  end,  for  the  same  reason  as  before 
described,  and  the  carriages  stand  as  shown  in  No.  6.  The  bar  i  next  shifts  to  the  left, 
and  the  carriages  stand  as  in  No.  7  (the  odd  carriage  being  thereby  on  the  back  bar  to 
the  left.)  The  back  carriages  now  come  over  to  the  front  bar,  and  stand  as  in  No.  8. 
The  back  bar  or  comb  z  shifts  to  the  right  as  seen  in  No.  9,  which  completes  the  traverse. 
The  whole  carriages  with  their  bobbins  have  now  changed  their  position,  as  will  be  seen 
by  comparing  No.  9  with  No.  1.  The  odd  carriage.  No.  1  ^  has  advanced  one  step  to 
the  right,  and  has  become  one  of  the  fit)nt  tier;  one  of  the  back  tier  or  line  ^  has 
advanced  one  step  to  the  left,  and  has  become  the  odd  carriage ;  and  one  of  the  front 
ones  6  has  gone  over  to  the  back  line.  The  bobbins  and  carriages  throughout  the  whole 
width  of  the  machine  have  thus  crossed  each  other's  eourse,  and  completed  the  mesh  of 
net. 

The  carrii^es  with  their  bobbins  are  driven  a  certain  way  firom  the  one  comb  to  the 
other,  by  the  pressure  of  two  long  bars  (one  for  each)  placed  above  the  level  of  the  comb^ 
until  they  come  into  such  a  position  that  their  projecting  heels  or  catches  i  hfig'  611,  are 
moved  off  by  two  other  long  flat  bars  below,  called  the  locker  plates,  and  thereby  carried 
aompletely  over  the  interval  between  the  two  combs. 

There  are  six  diflerent  systems  of  bobbin-net  machines.      1.  Heathcoate's  pateai 
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flBcftme.  2.  BrofWft's  traverse  warp.  3.  Morley's  straight  bolt.  4.  Clarke's  pusher 
phnciple,  single  tier.  5.  Leaver's  machine,  single  tier.  6.  Morley's  circular  bolt.  AH 
the  others  are  mere  variations  in  the  oonstmction  of  some  of  their  parts.  It  is  a  remark- 
aUe  fact,  highly  honorable  to  the  meehanieal  judgment  of  Mr.  Morley  of  Derby,  that  no 
onchines  except  those  upon  his  drenlar  bolt  principle,  have  been  found  capable  of  work- 
ing snocessfttUy  by  mechanical  power. 

Tkc  areolar  boh  maehine  (comb  with  curved  teeth)  was  used  by  Mr.  Morley,  lor 
BiakiDg  narrow  breadths  or  edgings  of  lace  immediately  after  its  first  invention,  and  it 
has  been  regularly  used  by  the  trade  for  that  purpose  ever  since,  in  consequence  of  the 
inventor  having  declined  to  secure  the  monopoly  ti  it  to  himself  by  patent.  At  that  time 
the  lodcer  bars  for  driving  across  the  carriages  had  only  one  plate  or  blade.  A  machine 
so  mounted  is  now  called  <'  the  single  locker  circular  bolt.**  In  the  year  1824,  Mr, 
Morley  added  another  plate  to  each  of  the  locker  bars,  which  was  a  great  improvement 
on  the  machines  for  making  plain  net,  but  an  obetruction  to  the  making  of  narrow 
breadths  upon  them.  This  machine  is  now  distinguished  from  the  former  by  the  term 
«  double  locker."* 

A  reek  of  lace,  is  a  certain  length  of  work  counted  perpendicularly,  and  contains  240 
meshes  or  holes.  Well-made  lace  has  the  meshes  a  little  elongated  in  the  direction  of 
the  selvage. 

The  term  gauge,  in  the  lace  manufacture,  means  the  number  of  gates,  slits,  or  in* 
terstices,  in  one  inch  of  the  bolt-bar  or  comb ;  and  corresponds  therefore  to  the  number 
of  bobbins  in  an  inch  length  of  the  double  tier.  Thus,  when  we  say  <<  gauge  nine 
points,''  we  mean  that  there  are  nine  gates  with  nine  bobbins  in  one  inch  of  the  comb 
or  bolt-bar.  Each  of  such  bobbins  with  its  carriage  is  therefore  no  more  than  one  ninth 
of  an  inch  thick.  The  common  proportion  or  gauge  up  and  down  the  machine  is  16 
holes  in  the  inch  for  ten  bobbins  transversely.  Circular  bolt  donble  tier  machines  can 
torn  off  by  steam  power  fully  360  racks  each  day  of  18  hours,  with  a  relay  of  superin- 
tendents. 

The  number  of  new  mechanical  contrivances  to  which  this  branch  of  manufecture  has 
given  rise,  is  altogether  unparalleled  in  any  other  department  of  the  arts.  Since  Mr. 
Heatheotci's  first  successAil  patent,  in  1809,  a  great  many  other  patents  have  been  granted 
for  making  lace.  In  the  year  1811,  Mr.  Morley,  then  of  Nottingham,  invented  his 
straight  Mt  frame,  more  simple  in  construction,  better  combined,  and  more  easy  in  its 
movements,  than  the  preceding  machines ;  but  the  modest  inventor  did  not  secure  it,  as 
he  might  have  done,  by  pacr  th.  Xhe  pusher  machine  was  invented  in  the  same  year,  by 
Samuel  Mart  and  James  Clark,  also  of  Nottingham.  The  following  year  is  remarkable 
in  the  history  of  the  lace  trade,  for  the  invention  of  the  circular  bolt  machine,  by  Mr. 
Morley — a  mechanism  possessing  all  the  advantages  of  his  straight  bolt  machine,  without 
its  disadvantages. 

Nearly  at  the  same  time  Mr.  John  Leaver  brought  forward  the  lever  machine,  con- 
jointly with  one  Turton,  both  of  New  Radford,  near  Nottingham.  About  the  year  1817 
or  1818,  Mr.  Heathcote  applied  the  rotatory  movemement  to  the  circular  bolt  machine, 
and  mounted  a  manufactory  on  that  plan,  by  mechanical  power,  at  Tiverton,  aAer  he  and 
Ms  partner,  Mr.  Boden,  had  been  driven  from  Loughborough,  in  1816,  by  the  atrocious 
Tiolence  of  the  frame-destroying  Luddites. 

Sncfa  has  been  the  progress  of  improvement  and  economy  in  this  manufacture,  that  the 
eost  of  labor  in  making  a  ratk,  which  was,  twenty  years  ago,  3<.  6(2.,  or  42  pence,  is  now 
not  more  than  one  penny.  The  prices  of  this  beautiful  fabric  have  fallen  in  an  equally 
remarkable  manner.  At  the  former  period,  a  24  rack  piece,  five  quarters  broad,  fetched 
17/.  sterling,  in  the  wholesale  market ;  the  same  is  now  sold  for  Is,  I  The  consequence 
ii,  that  in  lace  decoration,  the  maid  servant  may  be  now  more  sumptuously  arrayed  than 
her  mutress  could  afford  to  be  twenty  years  ago. 

LACKER,  is  a  varnish,  consisting  chiefly  of  a  solution  of  pale  shellac  in  alcohol 
tini^ed  with  saffron,  annotto,  or  other  coloring  matter.    See  VAnNisM. 

LACTIC  ACID.  {Jade  Lactique,  Fr.;  MUchsaiire,  Oerm.)  This  acid  was  discovered 
by  Scheele  in  buttermilk,  where  it  exists  most  abundantly ;  but  it  is  present  also  in  fresh 
oiilk  in  small  quantity,  and  communicates  to  it  the  property  of  reddening  litmus.  Lactic 
acid  may  be  detected  in  all  the  fluids  of  the  animal  body ;  either  free  or  saturated  with 
alkaline  matter. 

Seheele  obtained  this  acid  by  evaporating  the  sour  whey  of  clotted  milk  to  an  eighth 
part  of  its  bulk,  saturating  this  remainder  with  slaked  lime,  in  order  to  throw  down  the 
subphosphate  of  lime  held  in  solution,  filtering  the  liquor,  diluting  it  with  thrice  its  weight 
ef  water,  and  predpitating  the  lime  eurenmspeetly,  by  the  gradual  addition  of  oxalic  add. 

'  Pf  londiii^  the  above  brief  BCOount  of  Bobbin-net,  in  cmmexion  with  the  more  detailed  description  of  it 
«  nkf  i'lTTOM  Maivvpactobi  OP  Oksat  Biitain,  a  tolerahlj  clear  conception  of  the  nature  of  thii  intricate 
«aattf«ctiii<t  maj  be  ohMtned. 
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He  next  filtered,  evaporated  to  dryneto  on  a  wmter  baiUiy  and  digested  the  lesidinim  in 
fltroDg  alcohol,  which  dissoKed  the  lactic  acid,  and  left  the  sngar  of  milk.  On  evapoia* 
ting  off  the  alcohol,  the  acid  was  obtained.  As  thus  procured,  it  requires  to  be  parificd 
by  sataration  with  carbonate  of  lead  (pure  white  kad),  and  precipitating  the  eolation  cf 
this  lactate  with  sulphate  of  zinc,  not  added  fin  excess.  Sulphate  of  1^  falls,  and  the 
supernatant  lactate  of  zinc  being  evaporated  affords  crystals,  at  first  brown,  but  which 
become  colorless  on  being  dissolved  and  re^rystaUized  twice  or  thrice.  If  the  snlphniic 
acid  of  the  dissolved  salt  be  thrown  down  by  water  of  baryta,  the  liquid  when  filtered  and 
evaporated  yields  a  pUre  lactic  acid,  of  a  sirupy  consistence,  colorless  and  void  of  smelL 
It  has  a  pungent  acid  taste,  which  it  loses  almost  entirely  when  moderately  diluted  with 
water.  It  does  not  crystallize.  Its  salts,  with  the  exception  of  those  of  magnesia  and 
zinc,  have  a  gummy  appearance,  and  are  very  soluble  in  akohol,  unless  they  hold  an  ex- 
cess of  base.  Lactic  acid  consists  of  44-92  caibon ;  6-&6  hydrogen ;  48*53  oxygen,  h 
contains  9-92  per  cent,  of  water.  It  has  not  hitherto  been  applied  to  any  use  in  the  arts, 
except  by  the  Dutch  in  their  old  process  of  bleaching  linen  with  sour  milk. 

LACTOMETER  is  the  name  of  an  instrument  for  estimating  the  quality  of  milk, 
called  also  a  GaiactomUery  which  see.  The  most  convenient  form  of  apparatus  would  be 
a  series  of  glass  tubes  each  about  1  inch  in  diameter,  and  12  inches  long,  graduated 
through  a  space  of  10  inches,  to  tenths  of  an  inch,  having  a  stop-cock  at  the  bottom,  and 
suspended  upright  in  a  fVame.  The  average  milk  of  the  cow  being  poured  in  to  the 
height  of  10  inches^  as  soon  as  the  cream  has  all  separated  at  top,  the  thickness  of  its 
body  may  be  measured  by  the  scale ;  and  then  the  skim  milk  may  be  run  oflf  below 
into  a  hydrometer  glass,  in  order  to  deteimine  its  density,  or  relative  richness  in  caseoos 
matter. 

LAKES.  Under  this  title  are  comprised  all  those  colors  which  consist  of  a  vegetable 
dye,  combined  by  precipitation  with  a  white  earthy  basis,  which  is  usually  alumina.  The 
general  method  of  preparation  is  to  add  to  the  colored  infbsion  a  solution  of  common 
alum,  or  rather  a  solution  of  alum  saturated  with  potash,  especially  when  the  infusion 
has  been  made  with  the  aid  of  acids.  At  first  only  a  slight  precipitate  falls,  consisting 
of  alumina  and  the  coloring  matter ;  but  on  adding  potash,  a  copious  precipitation  ensnes, 
of  the  alumina  associated  with  the  dye.  When  the  dyes  are  not  injured,  but  juv  rather 
brightened  by  alkalis,  the  above  process  is.  reversed ;  a  decoction  of  the  dye-stuff  is  made 
with  an  alkaline  liquor,  and  when  it  is  filtered,  a  solution  of  alum  is  poured  into  it.  The 
third  method  is  practicable  only  with  substances  having  a  great  affinity  for  subsnlphate 
of  alumina ;  it  consists  in  agitating  recently  precipitated  If'tolna  with  the  decoction  of 
the  dye.  .-.l 

Yellouo  lake*  are  made  with  a  decoction  of  Persian  or  French  berries,  to  which  some 
potadi  or  soda  is  added ;  into  the  mixture  a  solution  of  aliui  is  to  be  poured  as  long  as 
any  precipitate  falls.  The  precipitate  must  be  filtered,  washed,  and  formed  into  cakes, 
and  dried.  A  lake  may  be  inade  in  the  same  way  with  quercitron,  taking  the  precaution 
to  purify  the  decoction  of  the  dye-stuff  with  buttermilk  or  glue.  After  filtering  the  lake 
it  may  be  brightened  with  a  solution  of  tin.  Annotto  lake  is  formed  by  dissolving  the 
dye-stuff  in  a  weak  alkaline  ley,  and  adding  alum  water  to  the  solution.  Solution  of  tin 
gives  this  lake  a  lemon  yellow  cast  \  acids  a  reddish  tint. 

Red  lakes. — The  finest  of  these  is  carmine. 

This  beautiful  pigment  was  nccidentally  discovered  by  a  Franciscan  monk  at  Pisa.  He 
formed  an  extract  of  cochineal  with  salt  of  tartar,  in  order  to  employ  it  as  a  mediciae, 
and  obtained,  on  the  addition  of  an  acid  to  it,  a  fine  red  precipitate.  Homberg  published 
a  process  for  preparing  it,  in  1656.  Carmine  is  the  coloring  matter  of  cochineal,  pre- 
pared by  precipitation  from  a  decoction  of  the  drug.  Its  composition  varies  acccvding  to 
the  mode  of  making  it.  The  ordinary  carmine  is  prepared  with  alum,  and  consists  of 
carminium  (see  Cochineal),  a  little  animal  matter,  alumina,  and  sulphuric  acid.  See 
Carminr. 

Carminated  lake,  called  lake  of  Florence,  Paris,  or  Vienna.  For  making  this  pigment, 
the  liquor  is  usually  employed  which  is  decanted  from  the  carmine  process.  Into  this, 
newly  precipitated  alumina  is  put ;  the  mixture  is  stirred,  and  heated  a  little,  but  not  too 
much.  Whenever  the  alumina  has  absorbed  the  color,  the  mixture  is  allowed  to  settle, 
and  the  liquor  is  drawn  off. 

Sometimes  alum  is  dissolved  in  the  decoction  of  cochineal,  and  potash  is  dien  added, 
to  throw  down  the  alumina  in  combination  with  the  oc^ring  matter  j  but  in  this  way  su& 
indifferent  pigment  is  obtained.  OeeasionaUy,  solution  of  tin  is  added,  to  brighten  tlie 
dye. 

A  lake  may  be  obtained  from  kermes,  in  the  same  way  as  from  cochineal ;  but  now  it 
is  seldom  had  recourse  to. 

Brazil-wood  lakes.— Bnni  wood  is  to  be  boiled  in  ^  proper  quantity  of  water  lor  15 
minutes ;  then,  alum  and  solution  of  tin  being  added,  the  Uquor  is  to  be  filtered,  ainl  i^ 
solution  of  potash  poured  in  as  long  as  it  occasions  a  precipitate.    This  is  separateo  bj 
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the  filter,  washed  m  pure  -water,  mixed  witk  a  littie  gun  water,  and  made  into  caJces 
Or,  the  Brazil  wood  may  be  boiled  along  with  a  little  vinegar,  the  decoction  filtered,  ainm 
and  salt  of  tin  added,  and  then  potash-ley  ponred  in  to  precipitate  the  lake.  For  I  pound 
of  Brazil  wood,  30  to  40  pounds  of  water,  and  from  1|  to  2  pounds  of  alnm,  may  be  taken, 
in  producing  a  deep  red  lake ;  or  the  same  proportions  with  half  a  pound  of  solution  of 
tin.  If  the  potash  be  added  in  excess,  the  tint  will  become  violet.  Cream  of  tartar 
occasions  a  brownish  cast. 

Madder  lake, — ^A  fine  lake  may  be  obtained  from  madder,  by  washing  it  in  cold  water 
as  long  as  it  gives  out  color ;  then  sprinkling  some  solution  of  tin  over  it,  and  setting  ic 
aside  in  some  days.  A  gentle  heat  may  also  be  applied.  The  red  liquor  must  be  then 
separated  by  the  filter,  and  decomposed  by  the  addition  of  carbonate  of  soda,  when  a  fine 
red  precipitate  will  be  obtaified.  Or,  the  reddish  brown  coloring  matter  of  a  decoction 
of  madder  may  be  first  separated  by  acetate  of  lead,  and  then  the  rose-red  color  with  alum. 
Or,  madder  tied  up  in  a  bag  is  boDed  in  water ;  to  the  decoction,  alum  is  added,  and  then 
potash.  The  precipitate  should  be  washed  with  boiling  water,  till  it  ceases  to  tinge  it 
yellow;  and  it  is  then  to  be  dried. 

The  following  process  merits  a  preference : 

Diffuse  2  pounds  of  ground  madder  in  4  quarts  of  water,  and  after  a  maceration  of  10 
minutes,  strain  and  squeeze  the  grounds  in  a  press.  Repeat  this  maceration,  &c.  twice 
upon  the  same  portion  of  madder.  It  will  now  have  a  fine  rose  color.  It  mu«t  then  be 
mixed  with  .*>  or  6  pounds  of  water  and  half  a  pound  of 'bruised  alum,  and  heated  upon 
a  water  bath  for  3  or  4  hours,  with  the  addition  of  water,  as  it  evaporates,  nftcr  which 
the  whole  must  be  thrown  upon  a  filter  cloth.  The  liquor  which  passes  is  to  be  filtered 
through  paper,  and  then  precipitated  by  carbonate  of  potash.  If  the  potash  be  added  in 
three  successive  doses,  three  Cerent  lakes  wfll  be  obtained,  of  successively  diminishing 
beauty.    The  precipitates  must  be  washed  till  the  water  comes  ofiT  colorless. 

Slue  Udees  are  hardly  ever  prepared,  as  indigo,  Prussian  blue,  cobalt  blue,  and  nltra^ 
marine^  answer  every  purpose  of  bine  pigments. 

Green  lakes  are  made  by  a  mixture  of  yellow  lakes  With  blue  pigments ;  but  chrome 
Tellows  mixed  with  blues  produce  almost  all  the  requisite  shades  of  green. 

LAMINABLE  is  said  of  a  metal  which  may  be  extended  by  passing  between  steel  or 
hardened  (chilled)  cast>iron  rollers. 

For  a  description  of  metal  roUing  presses,  see  Is  on  and  Mint  ;  and 

For  a  table  of  the  relative  bminability  of  metals,  see  Ductility. 

LAMIUM  ALBUM,  or  the  dead  nettle,  is  said  by '  Leuchs  to  afiford  in  its  leaves  a 
greeuish-yeUow  dye.  The  L.  purpureum  dyes  a  reddish-gray  with  salt  of  tin,  and  a 
greenish  tint  with  iron  liquor.  ^ 

LAMPS  differ  so  much  in  principle,  form,  and  construction,  as  to  render  their  descrip- 
tion impossible,  as  a  general  subject  of  manufaetnre.  In  fact,  the  operations  of  the 
lampist,  like  those  of  the  blacksmith,  cabinet-maker,  cooper,  coppersmith,  tinman, 
turner,  fcc,  belong  to'  a  treatise  upon  handicraft  trades.  I  shall  here,  however,  intro- 
duce a  tabular  view  of  the  relative  light  and  economy  of  the  lamps  most  generally 
known. 


Kind  of  Lamps. 

Intensity  of  light  during 

Mean  of 
7  hours. 

Consump- 
tion per 
•hour  in 

Light  from 
lOO  parts 

1 

s 

3 

4 

5 

6 

hoar 

hours 

hoars 

hours 

boars 

hours 

grammes. 

of  oil. 

1.  Mechanical  lamp  of 

Carecl 

k 

100 

42 
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2.  Fountain    lamp,  ^ 

• 

and  a  chimney   > 
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98 

98 

97 

96 

96 

125 

11 
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above 
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70 
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41 

32 

85 

43 
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6.  Do.    with  another 

beak- 
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97 

95 

92 

89 

86 

41 

18 

227 

7.  Girard's  hydrostatic 
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81 

76 

70 

63*66 

34-714 

m 
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100 

94 

92 

90 
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la  the  ibore  table,  for  the  pnrpoM  of  eoMpuing  the  _ „ 

100  leprcseats  the  meui  intenulT  of  light  duriog  the  £nt  hour.    The  qnoatily  of  oil  eo<i' 

lODKd  p«r  hour  U  given  ia  gramme*,  oT  1C|  gnins  each.    The  last  column  exprr '*-- 

qifaolilr  of  light  produced  with  ■  like  coninimplioB  of  oil,  which  wu  in  all  c 
grammes.    See  Cahduu. 

The  followinf  table  of  M.  Pedet  is  perhaps  m 


Sinn  of  th*  Ufhu 

iDtoUi^. 

Couuiip- 
kouMn 

C-. 

FMpn- 

IwklH. 

imkito- 

"'K 

/««.. 

<«u 



«Mt 

100 

42 

1-40 

5-8' 

42 

5-8 

2.  Flat-wick  meeban.  do. 

1205 

11 

1« 

IB 

12-3 

3.  Hemispherieal    dome 

Uunp    .        -        . 

31-0 

26-714 

1-40 

3-7 

86-16 

13-0 

4.  Sinumbra  baaf 

85 

43 

1-40 

60 

50-58 

7-0 

5.  So.  with  a  lateial  foun- 

tain orvase- 

41 

18 

1-40 

2-5 

43-90 

6-1 

6.  Do.  with  a  fonntatn 

above  -        -        - 

90 

43 

1-40 

6-0 

47-77 

6-6 

7.  Oirard'B    hydrOBtatic 

lamp    -        .        - 

«3-66 

34-71 

1-40 

4-8 

64-62 

7-6 

8.  Tbilorier'.orParfcer'i 

lamp    -        .        . 

107-66 

Sl-143 

1-40 

7-1 

47-B 

6-6 

9.  Candle,  6  in  lb. 

10-66 

8-51 

1-40 

1-2 

70-35 

9-8 

10.      Da.    8  in  lb. 

8-74 

7-61 

1-40 

1-0 

85-92 

12-0 

11.      Do.     ewithsmaUer 

wick  - 

7-50 

7-42 

2-40 

1-7 

9893 

23-7 

12.  Wax  candle,  5  in  lb. 

13-61 

8-71 

760 

5-7 

6404 

48  6 

13.  Sperm  candle,      do. 

14-40 

8-92 

7-60 

5-8 

61-94 

47-8 

14.  Stearine  caadle,   do. 

14-30 

9-35 

6-00 

5-5 

65-24 

37-1 

15.  Coal  gas  - 

127 

ISeUtres 

50 

I071ilreE 

3-9 

16.  Oil  ;bb     ■ 

127 

136  io. 

6-0 

30 

3-9 

The  light  of  the  mechanical  lamp  is  greatly  ovei-raied  relatively  M  that  of  gaa,    Tht 
coet  of  the  formei  is  at  least  G  times  greater  than  that  of  the  latter,  in  London. 
IiAMP   OF  DAVY  eonaitts  of  a  common  oil  lamp,  surmounted  with  a  covered 
014  cylinder  of  wire  gauze,  for  traDBmilting  light  to  the  miner  without 

endangering  the  Idndling  of  the  atniosphere  of  fire-damp  which 
may  mrround  him ;  because  eaibureled  hydrogen,  in  p«"'"c 
through  the  meshet  of  the  cylindric  cover,  gets  cooled  by  the  con- 
ducting power  of  the  metallic  ganxe,  bdow  the  point  of  iu 


The  apertures  in  the  gauze  should  not  be  more  than  l-20th  of 
an  inch  square.  Since  the  fire  damp  is  not  inflamed  by  ignited 
wire,  the  thickaess  of  the  wire  is  not  of  importance,  but  wire  from 
l-40lb  to  I-60th  of  an  inch  in  diameter  is  the  most  coDvenient. 

The  cage  or  cylinder  should  be  made  by  double  joinings,  the 
gauze  being  folded  over  in  such  a  manner  as  to  leave  no  apertures. 
When  it  is  cylindrical,  it  should  not  be  more  than  two  inches  in 
diameter  ;  because  in  larger  cylinders,  the  combnstion  of  the  fire. 
damp  reoderv  the  top  inconveniently  hot ;  a  double  top  is  always 
a  proper  precaution,  fixed  |  or  J  of 
^'^  an  inch  above  the  first  top.     See 

Jig-  614. 

The  gaoze  cylinder  should  be 
fastened  to  the  lamp  by  a  screw  6, 
fig.  615,  of  four  or  five  tarns,  aod 
fitted  to  the  screw  by  a  tight  ring. 
All  joinings  in  the  lamp  should  ba 
made  with  htid  solder;  asthe  secu- 
rity depends  upon  the  circnmstanc* 
that  no  aperture  exists  in  the  appB> 
Tatus  Uigca-  than  in  the  wii«.gmiu& 
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Tlie  parte  of  the  lamp  are» 

1.  The  brass  cistern  a,  dyfig,  615,  which  contains  the  oiL  It  is  pierced  at  one  side  of 
Che  centre  with  a  vertical  narrow  tube,  nearly  filled  with  a  wire  which  is  recurved  above, 
at  the  level  of  the  burner,  to  trim  the  wick,  by  acting  on  the  lower  end  of  the  wire  e  with 
the  liageFS.    It  is  called  the  safety-trimmer.' 

2.  The  r&n  h  is  the  screw  neck  for  fijung  on  the  gauze  cylinder,  in  which  the  wire- 
gauze  cover  is  fixed,  and  which  is  fastened  to  the  cistern  by  a  3crew  fitted  to  6. 

3.  An  aperture  c  for  supplying  oil.  It  is  fitted  with  a  screw  or  a  cork,  and  communi- 
cites  with  the  bottom  of  the  cistern  by  a  tube  at/.    A  central  aperture  for  the  wick. 

4.  The  wire-gauze  eylinderj^g.  614,  which  should  not  have  less  than  625  apertures  to 
the  square  inch. 

5.  The  second  top,  {  of  an  inch  above  th£  first,  surmounted  by  a  brass  or  copper  plate, 
to  which  the  ring  of  suspension  may  be  fixed.  It  is  covered  with  a  wire  cap  in  the 
figure. 

6.  Four  or  six  thick  vertical  wires,  f^  %'  f^  g\  joining  the  cistern  below  with  the  top 
plate,  and  serving  as  protecting  pillars  round  the  cage,  g  is  a  screw-pin  to  fix  the  cover, 
•0  that  it  shall  not  become  loosened  by  accident  or  carelessness.  The  oil-cistern  Jig,  612^ 
is  drawn  upon  a  larger  scale  than^Sg.  614,  to  show  its  minuter  parts. 

When  the  wire-gauze  safe-lamp  is  lighted  and  introduced  into  an  at^iosphere  gradually 
mixed  with  fire-damp,  the  first  efiect  of  the  fire-damp  is  to  increase  the  length  and  size 
of  the  flame.  When  the  inflammable  gas  forms  so  much  as  l-12th  of  the  volume  of  the 
air,  the  cylinder  becomes  filled  with  a  feeble  blue  flame,  while  the  flame  of  the  wide 
appears  burning  brightly  within  the  blue  flame.  The  light  of  the  wick  augments  till  the 
fire4amp  increases  to  l-fith  or  ]-5th,  when  it  is  lost  in  Uie  flame  of  the  fire^lamp,  which 
in  this  case  fills  the  cylinder  with  a  pretty  strong  light.  As  long  as  any  explosive  mixture 
af  gas  exists  in  contact  with  the  lamp,  so  long  it  will  give  light ;  and  when  it  is  extinguished, 
which  happens  whenever  the  foul  air  constitutes  so  much  as  l-3d  of  the  volume  of  the 
atmosphere,  the  air  is  no  longer  proper  for  respiration ;  for  though  animal  life  will  con- 
Ifflue  where  fiome  is  extinguished,  yet  it  is  always  with  suflfering.  By  fixing  a  coil  of 
platinum  wire  above  the  wick,  ignition  may  be  maintained  in  the  metal  when  the  lamp 
itself  is  extinguished;  and  from  this  ignited  wiie  the  wick  may  be  again  rekindled,  on 
eaiiying  it  into  a  less  inflammable  atmosphere. 

"  We  have  frequently  used  the  lamps  where  the  explosive  mixture  was  so  high  as  to 
beat  the  wire-gauze  rol-hot ;  but  on  examining  a  lamp  which  has  been  in  constant  use 
for  three  months,  and  occasionally  subjected  to  this  degree  of  heat,  I  cannot  perceive  that 
the  gauze  cylinder  of  iron  wire  is  at  all  impaired.  I  have  not,  however,  thought  it  pru- 
dent, in  our  present  state  of  experience,  to  persist  in  using  the  lamps  under  such  circum- 
stances, because  I  have  observed,  that  in  such  situations  the  particles  of  coal  dust  floating 
ia  the  air,  fire  at  the  gas  burning  within  the  cylinder,  and  fly  oflf  in  small  lumipous  sparks. 
This  appearance,  I  must  confess,  alarmed  me  in  the  first  instance,  but  experience  soon 
proved  that  it  was  not  dangerous. 

**  Besides  the  facilities  albrded  by  this  invention  to  the  working  of  coal-mines  abound- 
ing in  fire-damp^  it  has  enabled  the  directors  and  superintendents  to  ascertain,  with  the 
ntmost  precision  and  expedition,  both  the  presence,  the  quantity,  and  correct  situation  of 
the  gas.  Instead  of  creeping  inch  by  inch  with  a  candle,  as  is  usual,  along  the  galleries 
of  a  mine  suspected  to  contain  fire-damp^  in  order  to  ascertain  its  presence,  we  walk  firmly 
on  with  the  safe-lamps,  and,  with  the  utmost  confidence,  prove  the  actual  state  of  the 
mine.  By  observing  attentively  the  several  appearances  upon  the  flame  of  the  lamp,  in 
an  examination  of  this  kind,  the  cause  of  accidents  which  happened  to  the  most  experienced 
and  cautious  miners  is  completely  developed ;  and  this  has  hitherto  been  in  a  great  meas- 
ure matter  of  mere  conjecture. 

"  It  is  not  necessary  that  I  should  enlarge  upon  the  national  advantages  which  must 
necessarily  result  from  an  invention  calculated  to  prolong  our  supply  of  mineral  coal, 
becaose  I  think  them  obvious  to  every  reflecting  mind ;  but  I  cannot  conclude  without 
expressing  my  highest  sentiments  of  admiration  for  those  talents  which  have  developed 
the  properties,  and  controlled  the  power,  of  one  of  the  most  dangerous  elements  which 
homan  enterprise  has  hitherto  had  to  encounter.'' — See  Letter  to  Sir  H.  Davy,  in  Journal 
of  Science,  vol.  i.  p.  302,  by  John  Bud^e,  Esq.,  geperaHy  and  justly  esteemed  one  of  the 
most  scientific  coal-miners  in  the  kingdom. 

Mr.  Buddie,  in  a  letter  dated  21st  August,  1835,  which  is  published  m  Dr.  Davy's  life 
of  His  brother  Sir  Humphrey,  says  : — 

**  In  the  evidence  given  in  my  last  examination  before  a  committee  of  the  House  of 
Commons,  I  stated  thiat  after  nearly  twenty  years'  experience  of  '  the  Davy'  with  from 
1000  to  1500  lamps  in  daily  use,  in  all  the  variety  of  circumstances  incidental  to 
coal  mining,  without  a  single  accident  having  happened  which  could  he  attributed  to 
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a  defect  in  its  principle,  or  even  in  the  rules  for  its  practical  application,  as  laid  down  Vy 
Sir  Humphrey-^I  maintained  that  *  tlie  Davy^  approximated  perfection,  as  nearly  as  an; 
instrument  of  human  invention  could  be  expected  to  do.  We  have  ascertained  distinctly 
that  the  late  explosion  did  not  happen  in  thi^t  part  of  the  mine  where  the  Davys  were 
used.  They  were  all  found  in  a  perfect  state  aAer  the  accident — many  of  them  in  the 
hands  of  the  dead  bodies  of-  the  sufferers." 
LAMP-BLACK.    See  Black. 

LAMPATES  and  LAMPIC  ACID.  When  a  spirit  of  wine  lamp  has  its  cotton  wick 
surmounted  with  a  spiral  coil  of  platinum  wire,  aAer  lighting  ^  it  for  a  little,  it  may  be 
blown  out,  without  ceasing  to  burn  the  alcohol ;  for  the  coU  continnes  ignited,  and  a  cur- 
rent of  hot  vapor  continues  to  rise,  as  long  as  the  spirit  lasts.  This  vapor  was  first  con- 
densed and  examined  by  Professor  Daniell,  who  called  it  lampic  acid.  It  has  a  peculiar, 
strongly  acid,  burning  taste,  and  a  spec.  grav.  of  1*015.  It  possesses  in  an  eminent  de- 
gree the  property  of  reducing  certain  metallic  solutions ;  such  as  those  of  platinum,  gold, 
and  silver.  The  lampatea  maybe  prepared  by  saturating  the  above  acid  with  the  alkaline 
and  earthy  carbonates. 

LAPIDARY,  Jrt  of.  The  art  of  the  lapidary,  or  that  of  cutting,  polishing,  and 
engraving  gems,  was  known  to  the  ancients,  many  of  whom  have  left  admirable  specimens 
of  their  skill.  The  GreeUs  were  passionate  lovers  of  rings  and  engraved  stones ;  and  the 
most  parsimonious  among  the  higher  classes  of  the  Cyrenians  are  said  to  have  worn  rings 
of  the  value  of  ten  minae  (about  30^  of  our  money.)  By  far  the  greater  part  of  the  antique 
gems  that  have  reached  modern  times,  may  be  considered  as  so  many  models  for  forming 
the  taste  of  the  student  of  the  fine  arts,  and  for  inspiring  his  mind  with  correct  ideas  of 
what  is  truly  beautiful.  With  the  cutting  of  the  diamond,  however,  the  ancients  were 
unacquainted,  and  hence  they  wore  it  in  its  natural  state.  Even  in  the  middle  ages,  this 
art  was  still  unknown ;  for  the  four  large  diamonds  which  enrich  the  clasp  of  the  imperial 
mantle  of  Charlemagne,  as  now  preserved  in  Paris,  are  uncut,  octahedral  crystals.  But 
the  art  of  working  diamonds  was  probably  known  in  Hindostan  and  China,  in  very  remote 
periods.  AAer  Louis  de  Berghen's  discovery,  in  1476,  of  polishing  two  diamonds  by  their 
mutual  attrition,  all  the  finest  diamonds  were  sent  to  Holland  to  be  cut  and  polished  by 
the  Dutch  artists,  who  long  retained  a  superiority,  now  no  longer  admitted  by  the  lapida- 
ries of  London  and  Paris. 

^  The  operation  of  gem  cutting  is  abridged  by  two  methods ;  1.  by  cleavage ;  2.  by  cut- 
ting off  slices  with  a  fine  wire,  coated  with  diamond  powder,  and  fixed  in  the  stock  of  a 
hand-saw.  Diamond  is  the  only  precious  stone  which  is  cut  and  polished  with  diamond 
powder,  soaked  with  olive  oil,  upon  a  mill  plate  of  very  soA  steel. 

Oriental  rubies,  sapphires,  and  topazes,  are  cut  with  diamond  powder  soaked  with  oliw 
oil,  on  a  copper  wheel.  The  facets  thus  formed  are  aAerwards  polished  on  another  cop- 
per wheel,  with  tripoli,  tempered  with  water. 

Emeralds,  hyacinths,  amethysts,  garnets,  agates,  and  other  soAer  stones,  are  cut  at  a 
lead  wheel,  with  ^roerj' and  water;  and  are  polished  on  a  tin  wheel  with  tripoli  and 
water,  or,  still  better,  on  a  zinc  wheel,  with  putty  of  tin  and  water.        * 

The  more  tender  precious  stones,  and  even  the  pastes,  are  cut  on  a  mill-wheel  of  haid 
wood,  with  emery  and  water;  and  are  polished  with  tripoli  and  water,  on  another  wheel 
of  hard  wood. 

Since  the  lapidary  employs  always  the  same  tools,  whatever  be  the  stone  which  he  cots 
or  polishep,  and  since  the  wheel  discs  alone  vary,  as  also  the  substance  he  uses  with  them, 
we  shall  describe,  first  of  all,  his  apparatus,  and  then  the  manipulations  for  diamond-cut- 
ting, which  are  applicable  to  ever)'  species  of  stone. 
The  lapidar)'s  mill,  or  wheel,  is  shown  in  perspective  in  fig.  616.    It  consists  of 
616  a  strong  frame  made  of  oak  carpentry,  with 

tenon  and  mortised  joints,  bound  together 
with  strong  bolts  and  screw  nuts.  Its  form 
is  a  paralleiopiped  6f  from  8  to  9  feet  long,  by 
from  6  to  7  high ;  and  about  2  feet  broad. 
These  dimensions  are  large  enough  to  con- 
tain two  cutting  wheels  alongside  of  each 
other,  as  represented  in  the  figure. 

Besides  the  two  sole  bars  b  b,  we  perceive 
in  the  breadth,  5  cro^s  bars,  c,  d,  e,  r,  g. 
The  two  extreme  bars  c  and  o,  are  a  port  of 
the  frame-Work,  and  ser\'e  to  bind  it.  The 
two  cross-bars  d  and  r,  carry  each  in  the 
middle  of  their  length,  a  piece  of  wood  as 
thick  as  themselves,  but  only  4J  inches  long 
(tee  Jig.  617)9  joined  solidly  by  mortifles  and  tenons  with  that  cross  bar,  as  well  as 


i 


LAPIDARY. 


745 


with  the  one  placed  opposite  on  the  other  parallel  faee.     These  two  pieces  are  called 
nmmtrt  (tintels) ;  the  one  placed  at  d  is  the  tipper ;  the  one  at  r,  the  lower. 

In  fig.  617  this  faceis  shown  inside,  In  order  to  explain  how  the  mill  wheel  is  placed 
fend  supported.     The  same  letters  point  out  the  same  objects^  both  in  the  preceding  and 
the  foliowin?  figures. 
In  each  of  these  aummert  a  square  bole  is  cnt  ont,  exactly  opposite  to  the  other;  in 

which  are  adjusted  by  friction,  a  square  piece  of  oak  a,  a,  fig, 
617,  whose  extremities  are  perforated  with  a  conical  hole, 
which  receives  the  two  ends  of  the  arbor  h  of  the  wheel  i, 
and  forms  its  socket.  The  square  bar  is  adjusted  at  a  conve- 
nient  height,  by  a  double  wooden  wedge  b  b. 

The  cross  bar  in  the  middle  e  supports  the  table  i:  c,  a 
strong  plank  of  oak.  It  is  pierced  with  two  large  holes  whose 
centres  coincide  with  the  centre  of  the  conical  holes  hollow- 
ed out  at  the  end  of  the  square  pins.  These  holes,  of  about 
6  inches  diameter  each,  are  intended  to  let  the  arlx^r  pass 
freely  through,  bearing  its  respective  wheel.  (See  one  of 
these  holes  at  i,  in  fig,  621  below.) 

Each  wheel  is  composed  of  an  iron  arbor  h,  fig.  618,  of  a 
grinding-wheel  i,  which  differs  in  substance  according  to 
circumstances,  as  already  stated,  and  of  the  pulley  J,  furnish- 
ed with  several  grooves  (see^ig.  619),  which  has  a  square 
fit  upon  the  arbor.  The  arbor  carries  a  collet  d,  on  which 
are  4  iron  pegs  or  pins  that  enter  into  the  wheel  to  fasten 
it. 

The  wheel  plate,  of  which  the  ground  plan  is  shown  at  k, 
is  hollowed  out  towards  its  centre  to  half  its  thickness ;  when 
it  is  in  its  position  on  the  arbor,  as  indicated  in  fig.  619,  a 
washer  or  ferrule  of  wrought  iron  is  put  over  it,  and  secured 
in  its  place  by  a  double  wedge.  In  fig.  619  the  wheel-plate 
is  represented  in  section,  that  the  connexion  of  the  whole 
parts  may  be  seen. 

A  board  g  (see  fig.  6 16  mid  fig.  624),  about  7)  inches  high, 
a  fixed  to  the  part  of  the  frame  opposite  to  the  side  at  which 
the  lapidary  works,  and  it  prevents  the  substances  made  use 
of  in  the  cutting  and  polishing,  from  being  thrown  to  a  dis- 
tance by  the  centrifugal  force  of  the  wheel-plate. 

Behind  this  apparatus  is  mounted  for  each  grinding-plate, 
a  large  wheel  l  (see  fig.  616),  similar  to  a  cutler's,  but  placed 
horizontally.  This  wheel  is  grooved  round  its  circumfer- 
ence to  receive  an  endless  cord  or  band,  which  passes  round  one  of  the  grooves  of  the 
pnlley  j,  fixed  below  the  wheel-plate.  Hence,  on  turning  the  fly-wheel  l,  the  plate  re- 
volves with  a  velocity  relative  to  the  velocity  commtmicated  to  the  wheel  l,  and  to  the  dif- 
ference of  diameter  of  the  wheel  l  and  the  pulley  j.  Each  wheel  l,  is  mounted  on  an 
iron  arbor,  with  a  crank  (see  m,  fig,  620.) 

The  lower  pivot  of  that  arbor  h  is  conical,  and  turns  in  a  socket  fixed  in  the  floor.  The 
CTcat  wheel  l  rests  on  the  collet  i,  furnished  with  its  4  iron  pins,  for  securing  the  con- 
nexion. Above  the  wheel  an  iron  washer  is  laid,  and  the  whole  is  fixed  by  a  double  wedge, 
which  enters  into  the  mortise  /,  fig.  620. 

Fig.  621  exhibits  a  ground-plan  view  of  all 
this  assemblage  of  parts,  to  explain  the  structure 
of  the  machine.  Every  thing  that  stands  above 
the  upper  sumtntr-har  has  been  suppressed  in  this 
representation.  Here  we  see  the  table  c  c ;  the 
upper  aummer  m ;  the  one  wheel-plate  /,  the  other 
having  been  removed  to  show  that  the  endless  cord 
does  not  cross  j  the  two  large  wheels  l  l,  present 
in  each  machine,  the  crank  bar  n,  seen  separate 
in  fig.  622^  which  serves  for  turning  the  wheel  u 

622 


This  bar  is  formed  of  3  iron  plates, n,  o;  p^q;  and  g, r;  (fig,  622.)    The  first  k 
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bent  round  at  the  point  %  to  emlnrmee  the  stud  «;  the  seeond,  p  f»  is  of  the  same  hreedln 
and  thickness  as  the  first ;  and  the  third  is  adjusted  to  the  latter  with  a  binge  joints  at 
the  point  9,  where  they  are  both  turned  into  a  circular  fonoy  to  embrace  the  crank  iL 
When  all  these  pieces  are  connected,  they  are  fixed  at  the  proper  lengths  by  the  buddes 
or  square  rings  t  i  t,  which  embrace  these  pieces  as  is  shown  in  fig,  621. 

The  stud  a,  seen  in  fig,  622,  is  fixed  to  the  point  9  by  a  wedge  key  upon  the  arm  p, 
represented  separately,  and  in  perspective  in  fig,  623.  The  laborer  seizing  the  two  up- 
right pegs  or  handles  x  x,  by  the  alternate  forward  and  backward  motion  €£  his  arm,  he 
communicates  the  same  motion  to  the  crank  rod,  which  transmits  it  to  the  crank  of  the 
arbor  m,  and  impresses  on  that  arbor,  and  the  wheel  whieh  it  bears,  a  rotatory  more 
ment. 
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Fig,  624  shows  piece-meal  and  in  perspective,  a  part  of  the  lapidary's  wheel-milL 
There  we  see  the  taile  c  c^  the  grind-plate  i,  whose  axis  is  kept  in  a  vertiod  position  by 
the  two  square  plugs  a  a,  fixed  into  the  two  tummert  by  the  wedges  h  b.  On  the  two 
sides  of  the  wheel-plate  we  perceive  an  important  instrument  called  a  dial,  which  serves 
to  hold  the  stone  during  the  cutting  and  polishing.  This  instrument  has  received  lately 
important  ameliorations,  to  be  described  in  fig,  626,  The  lapidary  holds  this  instrument 
in  his  hand,  he  rests  it  upon  the  iron  pins  u  u  fixed  in  the  table,  lest  he  should  be  afiected 
by  the  velocity  of  the  revolving  wheel-plate.  He  loads  it  sometimes  with  weights  e,  e, 
to  make  it  take  better  hold  of  the  grinding  plate. 

One  of  the  most  expert  lapidaries  of  Geneva  works  by  means  of  the  following  improved 
mechanism,  of  his  own  invention,  whereby  he  cuts  and  polishes  the  (acets  with  extreme 
regularity,  converting  it  into  a  true  dial. 

Fig.  625  shows  this  improvement.  Each  of  the  two  jaws  bears  a 
large  condioidal  cavity,  into  which  is  fitted  a  brass  ball,  which  carries 
on  its  upper  part  a  tube  e,  to  whose  extremity  is  fixed  a  dial-plate/^ 
engraved  with  several  concentric  circles,  divided  into  equal  parts,  like 
the  toothed-wheel  cutting  engine*plate,  according  to  the  number  of 
facets  to  be  placed  in  each  cutting  range.  The  tube  receives  with 
y,  ^^  >■>  1  moderate  friction  the  handle  of  the  cement  rod,  which  is  fixed  at  the 
aT®       !'^  I     proper  point  by  a  thumb-screw,  not  shown  in  the  figure,  being  coa- 

y  cealed  by  the  vertical  limb  d,  about  to  be  described. 

A  needle  or  index  g,  placed  with  a  square  fit  on  the  tail  of  the  cement  rod,  marks  by 
its  point  the  divisions  on  the  dial  plate  //.  On  the  side  m  »  of  the  jaw  a,  there  is  fixed 
by  two  screws,  a  limb  d,  forming  a  quadrant  vhose  centre  is  supposed  to  be  at  the  centre 
of  the  ball.  This  quadrant  is  divided  as  usual  into  90  degrees,  whose  highest  point  is 
marked  0,  and  the  lowest  would  mark  about  70 ;  for  the  remainder  of  the  arc  down  to 
90  is  concealed  by  the  jaw.    The  two  graduated  plates  are  used  as  follows . — 

When  the  cement  rod  conceals  zero  or  0  of  the  limb,  it  is  then  vertical,  and  serves  to 
cut  the  table  of  the  brilliant ;  or  the  point  opposite  to  it,  and  parallel  to  Oxe  table.  On 
making  it  slope  a  little,  5  degrees  for  example,  all  the  fkcets  will  now  lie  in  the  same 
zone,  provided  that  the  indkiation  be  not  allowed  to  vary.  On  turning  round  the 
cement  rod  the  index  g  marks  the  divisions,  so  that  by  operating  on  the  circle  with  16 
divisions,  stopping  for  some  time  at  each,  16  facets  will  have  been  formed,  of  perfect 
equality,  and  at  equal  distances,  as  soon  as  the  revolution  is  completed. 

Diamonds  are  cut  at  the  present  day  in  only  two  modes ;  into  a  rose  diamond,  and  a 
brilliant.    We  shall  therefore  confine  our  attention  to  these  two  forms. 

The  rose  diamond  is  flat  beneath,  like  all  weak  stones,  while  the  upper  face  rises  jntc 
a  dome,  and  is  cut  into  facets.     Most  usually  six  facets  are  put  on  the  central  regioi^ 
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are  in  the  form  of  triangkty  and  unite  at  tlMir  sommits;  their  baaes  ahat  upon 
another  range  of  triangles^  which  being  set  in  an  inverse  position  to  the  preceding,  present 
their  bases  to  theni,  while  their  summits  terminate  at  the  sharp  margin  of  the  stone.  The 
latter  triangles  leave  spaces  between  them  which  are  likewise  cut  each  into  two  facets. 
By  this  distribution  the  rose  diamond  is  cut  into  24  facets ;  the  surface  of  the  diamond 
being  divided  into  two  portions,  of  which  the  upper  is  called  the  crown,  and  that  forming 
the  contour,  beneath  the  former,  is  called  denieiU  (lace)  by  the  French  artists. 

According  to  Mr.  Jefines,  in  his  Treatise  on  Diamonds,  the  r^ular  rose  diamond  is 
funned  by  inscribing  a  regular  octagon  in  the  centre  of  the  table  side  of  the  stone,  and 
bordering  it  by  eight  right-angled  triangles,  the  bases  of  which  correspond  with  the  sides 
of  the  octagon ;  beyond  these  is  a  chain  of  8  trapeaums,  and  another  of  16  triangles. 
The  collet  ^e  also  consists  of  a  minute  central  octagon,  from  every  angle  of  which  pro- 
ceeds a  ray  tQ  the  edge  of  the  girdle,  forming  the  whole  surface  into  8  trapesiums,  each 
of  which  is  again  subdivided  by  a  salient  angle  (whose  apex  touches  the  girdle)  into  one 
irregular  pentagon  and  two  triangles. 

To  fashion  a  rough  diamond  into  a  brilliant,  the  first  step  is  to  modify  the  faces  of  the 
original  octahedron,  so  that  the  plane  formed  ^  the  junction  of  the  two  pyramids  shall 
be  an  exact  square,  and  the  axis  of  the  crystal  precisely  twice  the  length  of  one  of  the 
sides  of  the  square.  The  octahedron  being  thus  rectified,  a  section  is  to  be  made  paralld 
to  the  common  base  or  girdUj  so  as  to  cut  o£f  6  eighteenths  of  the  whole  height  Ihim  the 
upper  pyramid,  and  1  eighteenth  from  the  lower  one.  The  superior  and  larger  plane 
thus  produced  is  called  the  ttMe,  and  the  inferior  and  smaller  one  is  called  the  collit ;  in 
this  state  it  is  termed  a  con^pUte  gquart  taklU  diamond.  To  convert  it  into  a  brilliant, 
two  triangular  facets  are  placed  on  each  side  of  the  table,  thus  changing  it  from  a  square 
to  an  octagon ;  a  lozenge-shaped  facet  is  also  placed  at  each  of  the  four  comers  d  the 
table,  and  another  lozenge  extending  lengthwise  along  the  whole  of  each  side  of  the  ori- 
ginal square  of  the  table^  which  with  two  triangular  facets  set  on  the  base  of  each 
lozenge,  completes  the  whole  number  of  facets  on  the  table  side  of  the  diamond ;  viz.,  8 
lozenges,  and  24  triangles.  On  the  collet  side  are  formed  4  irregular  pentagons,  alter- 
nating with  as  many  irregular  lozenges  radiating  from  the  collet  as  a  centre,  and  bordered 
by  16  triangular  faeets  adjoining  the  girdle.  The  brilliant  being  thus  completed,  is  set 
with  the  taUe  side  uppermost,  and  the  collet  side  implanted  in  the  cavity  made  to  receive 
the  diamond.  The  brilliant  is  always  three  times  as  thick  as  the  rose  diamond.  In 
France,  the  thickness  of  the  brilliant  is  set  off  into  two  unequal  portions ;  one  third  is 
reserved  for  the  upper  part  or  table  of  the  diamond,  and  the  remaining  two  thirds  for  the 
lower  part  or  collet  (atkuse).  The  table  has  eight  planes,  and  its  circumference  is  cut 
into  facets,  of  which  some  are  triangles,  and  others  lozenges.  The  collet  is  also  cut  into 
beets  called  paviUom,  It  is  of  consequence  that  the  pavilions  lie  in  the  same  order  an 
the  upper  facets,  and  that  they  correspond  to  each  other,  so  that  the  symmetry  be  perfect, 
for  otherwise  the  play  of  the  fig^t  would  be  false. 

Although  the  rose-diamond  projects  bright  beams  of  light  in  more  extensive  proportion 
often  than  the  brilliant,  yet  the  latter  shows  an  incomparably  greater  play,  from  the  differ- 
ence of  its  cutting.  In  executing  this,  there  are  formed  32  faces  of  different  figures,  and 
inclined  at  different  angles  all  round  the  table,  on  the  upper  side  of  the  stone.  On  the 
toUet  (culssse)  24  other  fiices  are  made  round  a  small  table,  which  converts  the  culasse 
into  a  truncated  pyramid.  These  24  facets,  like  the  32  above,  are  differently  inclined  and 
present  different  figures.  It  is  essential  that  the  faces  of  the  top  and  the  bottom  corres- 
pond together  in  sufilciently  exact  proportions  to  multiply  the  reflections  and  refractions, 
•0  as  to  produce  the  colors  of  the  prismatic  spectrum. 

Ilie  other  precious  stones,  as  wdl  as  their  artifietal  imitations,  caJHeA.  patUsy  are  cnt  in 
die  same  fashion  as  the  brilliant ;  the  only  difference  consists  in  the  matter  constituting 

the  wheel  plates,  and  the  grinding  and  polishing  powders, 
as  already  stated. 

In  cutting  the  stones,  they  are  mounted  on  the  cement- ' 
rod  B,y!g.  626,  whose  stem  is  .set  upright  in  a  socket  placed 
in  the  middle  of  a  sole  piece  at  a,  which  receives  the  stem 
of  the  cement-rod.  The  head  of  the  rod  fills  the  cup  of  ▲. 
A  melted  alloy  of  tin  and  lead  is  poured  into  the  head  of  the 
cement-rod,  into  the  middle  of  which  the  stone  is  immediately 
|n     ^  ^      plunged  i  and  whenever  the  solder  has  become  solid,  a  por- 

l3^  tioi'  of  it  is  pared  off  fh)m  the  top  of  the  diamond,  to  give 

the  pyramidid  form  shown  in  the  figure  at  b. 

There  is  an  instrument  employed  by  the  steel  polishers  for  pieces  of  dock  work,  and 

by  the  manufhcturers  of  watch-glasses  for  pc^shing  their  edges.     It  consists  of  a 

solid  oaken  uble,  fig.  627.    The  top  is  perforated  with  two  holes,  one  for  passing 

through  the  pulley  and  the  arbor  at  the  wheel-plate  b,  made  either  of  lead  or  of  haii 
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.'wood,  according  to  circvmstances ;  and  the  other  o  for  receiving  the  upper  part  of  the 
arbor  of  the  large  pulley  d.  The  upper  pulley  of  the  "wheel  piale  is  supported  by  an  iron 
prop  E,  fixed  to  the  table  by  two  wooden  screws.  The  inferior  pivots  of  the  two  pieces 
ore  supported  by  screw-sockets,  working  in  an  iron  screw-ntit  sunk  into  the  summer-bar 
F.  The  legs  of  the  table  are  made  longer  or  shorter,  according  as  the  workman  chooses 
to  stand  or  sit  at  his  employment.  Emery  with  oil  is  used  for  grinding  down,  and  tin- 
putty  or  colcothar  for  polishing.  The  workman  lays  the  piece  on  the  flat  of  the  wheel- 
plate  with  one  hand,  and  presses  it  down  with  a  lump  of  cork,  while  he  turns  round  the 
handle  with  the  other  hand. 

The  Sapphire,  Rutn/y  Oriental  jtmethytt^  Oriental  Emerald,  and  Oriental  Topaz^  are 
gems  next  in  value  and  hardness  to  diamond ;  and  they  all  consist  of  nearly  pure  alumina 
or  clay,  with  a  minute  portion  of  iron  as  the  coloring  matter.  The  following  analyses 
show  the  affinity  in  coBoposition  of  the  most  precious  bodies  with  others  ill  little  relative 
eatiination. 


'      «  ' 


Alumiaa  or  clay 
SUica     -           .           . 
Oxyde  of  iron    - 
Lune     - 

Smpphiro.            |     Corunduin  Stone. 

Emeiy. 

98-5 
O-O 
1-0 
0-6 

89*60 
5-50 
1*26 
0-00 

86*0 
3*0 
4*0 
0*0 

100*0 

96*25 

93-0 
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Salamatatie  is  a  variety  which  consists  of  small  transparent  crystals,  generally  six-sided 
prisms,  of  i)ale' reddish  and  bluish  colors.  The  corundum  of  Battagammana  is  freqncntly 
found  in  large  six-sided  prisms :  it  is  commonly  of  a  brown  color,  whence  it  is  called  by 
the  natives, rurutWu  galli,  cinnamon  stone.  The  hair-brown  and  reddish-brown  crystals 
are  called  adamantine  spar.  Sapphire  and  salamstooe  are  chiefly  met  with  in  secondary 
repositories,  as  in  the  sand  of  rivers,  &.C.,  accompanied  by  crystals  and  grains  of  octohe- 
di'al  iron-ore  and  of  several  species  of  gems.  Corundum  is  found  in  imbedded  crystals  in 
a  rock,  consisting  of  indianite.    Adamantine  spar  occurs  in  a  sort  of  granite. 

The  finest  varieties  of  sapphire  come  from  Pegu,  where  they  occur  in  the  Capdan 
mountains  near  Syrian.  Some  have  been  found  also  at  Hohenstein  in  Saxony,  Bilin  in 
Bohemia,  Puy  in  France,  and  in  several  other  countries.  The  red  variety,  the  ruby,  is 
most  highly  valued.  Its  color  is  between  a  bright  scarlet  and  crimson.  A  perfect  ruby 
above  3^  carats  is  more  valuable  than  a  diamond  of  the  same  we^^t«  If  it  weigh  I 
carat,  it  is  worth  10  guineas;  2  carats,  40  guineas;  3  carats,  150  guineas;  6  carats, 
above  iOOO  guineas.  A  deep  colored  ruby,  exceeding  20  carats  in  weight,  is  generally 
called  a  carbuncle;  of  which  108  were  said  to  be  in  the  throne  of  the  Great  MoruI, 
weighing  from  100  to  200  carats  each;  but  this  statement  is  probably  incorrect.  The 
lars^est  oriental  ruby  known  to  be  in  the  world  was  brought  from  China  to  Prince  Gar- 
garin,  governor  of  Siberia.  It  Came  afterwards  into  the  possession  of  Prince  Menzikoff, 
and  constitutes  now  a  jewel  in  the  imperial  crown  of  Russia. 

A  good  blue  sapphire  of  10  carats  is  valued  at  50  guineas.     If  it  weighs  20  carats,  its 
value  is  200  guineas ;  but  under  10  carats,  the  price  may  be  estimated  by  multiplying  the 
square  of  its  weight  in  carats  into  half  a  guinea ;  thus,  one  of  4  carats  would  be  worth 
49  X  i  C^*  =  8  guineas.     It  has  been  said  that  the  blue  sapphire  is  superior  in  hardness 
to  the  red,  but  this  is  probably  a  mistake  arising  from  confounding  the  corundum  ruby 
with  the  spinelle  ruby.     A  sapphire  of  a  barbel  blue  color,  weighing  6  carats,  was  dis- 
posed of  in  Paris  by  public  sale  for  701.  sterling ;  and  another  of  an  indigo  blue,  weighing 
6  carats  and  3  grains,  brought  60/. ;  both  of  which  sums  much  exceed  what  the  preceding 
rule  assigns,  from  which  we  may  perceive  how  far  fancy  may  go  in  such  matters.     The 
sapphire  of  Brazil  is  merely  a  blue  tourmaline,  as  its  specific  gravity  and  inferior  haul. 
ness  show.     White  sapphires  are  sometimes  so  pure,  that  when  properly  cut  and  polished 
they  have  been  passed  for  diamonds. 

The  yellow  and  green  sapphires  are  much  prized  under  the  names  of  Oriental  topax 
and  emerald.  The  specimens  which  exhibit  all  these  colors  associated  in  one  stone  are 
highly  valued,  as  they  prove  the  mineralogical  identity  of  these  varieties. 

Besides  these  shades  of  color,  sapphires  often  emit  a  beautiful  play  of  colors,  or 
chatoiementf  when  held  in  different  positions  relative  to  the  eye  or  incident  light ;  and 
some  likewise  present  star-like  radiations,  whence  they  are  called  star-stones  or  asierias  § 
sen'linsr  forth  e  or  even  12  ravs,  that  change  their  place  with  the  position  of  the  stone. 
This  property,  so  remarkable  m  certain  blue  sapphires,  is  not,  however,  peculiar  to  thes« 
gems.     It  seems  to  belong  to  transparent  minerals  which  have  a  rhomboid  for  their 
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oiideiis>  and -arises  frooi  tke  eonhiBatioii  of  certain  circumBtances  in  their  cutting  and 
(Uuctare.  Lapidaiiea  oCten  expoee  the  light-bine  variety  of  sapphire  to  the  action  of 
fire,  in  ofder  to  render  it  white  and  more  brilliants  but  with  regard  to  those  found  at 
ExpaiUj,  in  Franee^  fire  deepens  their  color. 

3.  Ckrysaberifly  called  by  Haiky,  Cymophane,  and  by  others.  Prismatic  corundum,  ranks 
oext  in  hardness  to  sapphire,  being  8*5  on  the  same  scale  of  estimation.  Its  specific  grav- 
ity is  3*754.  It  usually  occurs  in  rounded  pieces  about  the  size  of  a  pea,  but  it  is  also 
found  crystallized  in  many  forms,  of  which  8-sided  prisms  with  8-sided  summits  are  per- 
haps the  most  frequent.  Lustre  vitreous,  color  asparagus  green,  passing  into  greenish- 
white  and  olive-green.  It  shows  a  bluish  opalescence,  a  light  undulating,  as  it  were,  in 
tlie  stone,  when  viewed  in  certain  directions ;  which  property  constitutes  its  chief  at- 
tiaction  to  the  jeweller.  When  polished,  it  has  been  sometimes  mistaken  for  a  yellow 
diamond ;  and  from  its  hardness  and  lustre  is  considerably  valued.  Good  specimens 
of  it  are  very  rare.  It  has  been  found  only  in  the  alluvial  deposites  of  rivers,  along  with 
othei  species  of  gems.  Thus  it  occurs  in  Brazil,  along  with  diamonds  and  prismatic  to- 
paz ;  also  in  Ceylon.  Its  constataents  are  alumina,  68-66 ;  glucina,  16-00 ;  silica,  6*00 ; 
protoxyde  of  iron,  4*7 ;  oxyde  of  titaaium,  2*66 ;  moisture,  0-66 ;  according  to  Seybert's 
analysis  of  a  specimen  from  Brazil.  It  is  difficultly  but  perfectly  fusible  before  the  blow- 
pipe, with  borax  and  salt  of  phoq>horus.  In  composition  it  differs  entirely  from  sapphire, 
or  the  rhombohedral  corundum. 

4.  SpineUe  BiUnfj  called  Dodeeahedral  corundum,  by  some  mineralogists,  and  Bales 
ruby,  by  lapidaries.  Its  hardness  is  8.  Specific  gravity,  3*523.  Its  fundamental  form  is 
the  hezahedson,  but  it  ocenrs  crystallized  in  many  secondary  forms :  octahedrons,  tetra- 
hedrons, and  rlMimbohedrons.  Fracture,  conchoidal ;  lustre,  vitreous ;  color,  red,  passing 
iato  blue  and  green,  yellow,  brown,  and  black ;  aUd  sometimes  it  is  nearly  white.  Red 
spi&elle  consists  of  alumina,  74*5;  silica,  15*.5}  magnesia,  8*25;  oxyde  of  iron,  1*5;  lime^ 
0-75.  Vaoquelin  discovered  6*18  per  cent,  of  chromic  add  in  the  red  spinelle.  The 
red  varieties  exposed  to  heat  become  black  and  opaque;  on  cooling,  they  appear  first 
greea,  then  almost  colorless,  but  at  last  resume  their  red  eolor.  Pleontiste  is  a  variety 
which  yields  a  deep  green  globule  with  borax. 

Crystals  of  spinelle  from>CeyloD  have  been  observed  imbedded  in  limestone,  mixed 
wiih  mica,  or  in  rooks  containing  adularia,  which  seem  to  have  belonged  to  a  primitive 
<listrict.  Other  varieties  like  the  pleonaste  occur  in  the  drusy  cavities  of  rocks  ejected 
by  Vesuvius.  Crystals  of  it  are  ohen  found  in  diluvial  and  alluvial  sand  and  gravel, 
«h»^  with  true  sapphires,  pyramidal  zircon,  and  other  gems ;  as  also  with  octahedral  iron 
ore,  in  Ceylon.  Blue  and  pearl-gray  varieties  occur  in  Sudermannland,  in  Sweden,  imp 
betUed  in  granular  limestone.  Pleonaste  is  met  with  also  in  the  diluvial  sands  of  Cey- 
h)a.  Clear  and  finely  colored  specimens  of  spindle  are  highly  prized  as  ornamental 
itoaes.  When  the  weight  of  a  good  spindle  exceeds  4  carats,  it  is  said  to  be  valued  at 
half  the  price  of  a  diamond  of  the  same  weight.  M.  Brard  has  seen  one  at  Paris  which 
weighed  215  grains. 

5.  Ziram  or  Hyacinih,  Its  fundamental  form  is  an  isoscdes  4-dded  pyramid ;  and 
the  seoondary  forms  have  all  a  pyramidal  character.  Fracture^  conchoidal,  uneven; 
lostre,  more  or  less  perfectly  adamantine j  edors,  red,  brown,  yellow,  gray,  green,  white; 
which,  with  the  exception  of  some  red  tints,  are  not  bright.  Hardness,  7*5.  Specific 
gnvity,  4*5.  Zireon  and  hyacinth  consist,  according  to  Klaproth,  of  almost  exactly  the 
tame  constituents;  namdy,  zirconia,  70 ;  silica,  25 ;  oxyde  of  iron,  5.  In  the  white 
areonia  there  is  less  iron  sdid  moire  silica.  Before  the  blowpipe  the  hyacinth  loses  its 
c(dor,  but  does  not  melt.  The  brighter  zircons  are  often  worked  up  into  a  brilliant  fomiy 
for  ornamenting  watch  cases.  As  a  gem,  hyacinth  has  no  high  value.  It  has  been  often 
unfounded  with  other  stones,  but  its  very  great  specific  gravity  makes  it  to  be  readily 
tecognised. 

6.  Topn,  The  fundunental  fonn  is  a  scalene  A-mded  pyramid ;  but  the  secondary 
fenns  have  a  priamatic  chameter ;  and  are  iireqnently  observed  in  oblique  4-8ided  prisms^ 
•cuninated  by  4  planes;  The  lateral  planes  of  the  prism  are  longitudinally  striated. 
Fracture,  conchoidal,  uneven  ;  lustre,  vitreous;  colors,  white,  yellow,  green,  blue;  gd^ 
«ndly  of  pale  shades.  Hardness,  8 ;  specific  gravity,  3*5.  Prismatic  topaz  consists,  ao- 
ttnttng  to  Bevaelius,  of  alnmina,  57*46;  silica,  34*24;  fluoric  acid,  7*75.  In  a  strong 
ittat  the  iaoes  of  crystallization,  but  not  those  of  cleavage,  are  covered  with  small  blis- 
tes,  whidi  however  immediatdy  erack.  With  borax,  it  melts  skywly  into  a  transparent 
Kia»t.  lis  potrder  eohns  the  tincture  of  violets  green.  Those  crystals  which  possess 
^SatM  ftces  of  crjBtaBizatioii  on  opposite  ends,  acquire  the  opposite  dectricities  on 
hdagheat^    By  irietbu,  it  adqnires  positive  deetricity.  ^ 

Most  perfect  crystals  of  topaz  have  been  found  in  Sflieria,  of  green,  blue,  and  white 
•skn^  along  with  herylt  in  the  Uralian  and  Altai  tnountains,  as  also  in  Kamchatka ;  in 
Brazil,  where  they  generally  occur  in  loose  crystals,  and  pebble  forms  of  bright  yel- 
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low  colors ;  and  in  Mnela,  in  Asia  Minor,  in  pale  straw-yellofir  regular  erystak.  They 
are  also  met  with  in  the  granitic  detritus  of  Caimgonn,  in  Aberdeenshire.  The  blue 
\'arieties  are  absurdly  called  oritnttd  aquamarine^  by  lapidaries.  If  eiposed  to  heat,  the 
Saxon  topaz  loses  its  color  and  becomes  white ;  the  deep  yellow  Brazilian  Tarietics  as- 
sume a  pale  pink  hue ;  and  are  then  sometimes  mistaken  for  spinelle,  to  whieh,  however, 
they  are  somewhat  inferior  in  hardness.  Topaz  is  also  distinguishable  by  its  doable 
refractive  property.  Tavemier  mentions  a  topaz,  in  the  possession  of  the  Great  Mogul, 
which  weifrhed  157  carats,  and  cost  20,000/.  sterling.  There  is  a  speeimenin  themEQseom 
of  natural  history  at  Paris  which  weighs  4  ounces  2  ^os. 
Topazes  are  not  scarce  enough  to  be  much  valued  by  the  lapidary. 

7.  Emerald  and  Beryl  are  described  in  their  alphabetical  places.  Emerald  loses  its 
lustre  by  candle-light ;  but  as  it  appears  to  most  advantage  when  in  the  company  of  dia- 
monds, it  is  frequently  surrounded  with  brilliants,  and  occasionally  with  pearls.  Boryl  u 
the  aquamarine  of  the  jewellers,  and  has  very  little  estimation  among  lapidaries. 

8.  Garnet,    See  this  stone  in  its  alphabetical  place. 

9.  Chrysolitey  called  Pefidoi,  by  HaQy ;  probably  the  topaz  of  the  ancients,  as  our  topaz 
was  their  chrysolite.  It  is  the  soiflest  of  the  precious  stones,  being  scratched  by  qnartz 
and  the  file.    It  refhicts  double. 

10.  Quartz,  including,  as  sub-species,  ^metkyet,  Rock-erydaly  Rote^quariZy  Pnut,  or 
Chrysoprase,  and  several  varieties  of  calcedony,  as  CaVe-eyt,  Platma,  Chryaopraeey  Omyx, 
Sardonyx,  &.c.  Lustre,  vitreous,  inclining  sometimes  to  resinous ;  colors,  very  various ; 
fracture,  conchoidal ;  hardness,  7 ;  specific  gravity,  2*69. 

11.  Opal,  or  uncleavable  quartz.  Fracture,  conchoidal ;  lustre,  vitreous  wc  restnons ; 
colors,  white,  yellow,  red,  brown,  green,  gray.  Lively  play  of  light ;  hardnees,  5-5  to 
6-5;  specific  gravity,  2*091.  It  occurs  in  smal>  kidney-shaped  and  stalactitic  shapes, 
and  large  tuberose  concretions.  The  phenomena  of  the  play  of  colors  in  precioas 
opal  has  net  been  satisfactorily  explained.  It  seems  to  be  connected  with  the  regular 
structure  of  the  mineral.  Hydrophane,  or  ocnlis  mundi,  is  a  variety  of  opal  without 
transparency,  but  acquiring  it  when  immersed  in  water,  or  in  any  transparent  fluid. 
Precious  opal  was  found  by  Elaproth  to  consist  of  silica,  90 ;  water,  10 ;  which  is  a 
very  curious  combination.  Hungary  has  been  long  the  only  locality  of  precious  opal, 
where  it  occurs  near  Caschau,  along  with  common  and  semi-opal,  in  a  kind  of  porphyry. 
Fine  varieties  have,  however,  been  lately  discovered  in  the  Faroe  islands ;  and  moat  beau- 
tiful ones,  sometimes  quite  transparent,  near  Gracias  a  Dios,  in  the  province  of  Hondu- 
ras, America.  The  red  and  yellow  bright  colored  varieties  of  fire-opal  are  found  near 
Zimajmn,  in  Mexico.  Precious  opal,  when  fashioned  for  a  gem,  is  generally  cut  with  a 
convex  surface ;  and  if  large,  pure,  and  exhibiting  a  bright  play  of  colors,  is  of  consid- 
erable value.  In  modern  times,  fine  opals  of  moderate  bulk  have  been  frequently  sold 
at  the  price  of  diamonds  of  equal  size  :  the  Turks  being  particularly  fond  of  them.  The 
estimation  in  which  opal  was  held  by  the  ancients  is  hardly  credible.  They  called  it 
Paideros,  or  Child  beautiful  as  love.  Nonius,  the  Roman  senator,  preferred  banishment 
to  parting  with  his  favorite  opal,  which  was  coveted  by  Mark  Antony.  Opal  which  ap- 
pears quite  red  when  held  against  the  light,  is  called  giraaol  by  the  French;  a  name  alao 
given  to  the  sapphire  or  corundum  asterias  or  star-stone. 

12.  TurquMi  or  Calaite.  Mineral  turquois  occurs  massive;  fine-grained,  impalpable; 
iVacture,  conchoidal ;  color,  between  a  blue  and  a  green,  soft,  and  rather  bright ;  opaqne; 
hardness,  6 ;  spec,  grov.,  2-83  to  3-0.  Its  constituents  are  alumina,  73 ;  oxyde  of  copper, 
4'5 ;  oxyde  of  iron,  4 ;  water,  18 ;  according  to  Dr.  John.  But  by  Berzelius,  it  consists 
of  phosphate  of  alumina  and  lime,  silica,  oxydes  of  copper,  and  iron,  with  a  little  water. 
It  has  been  found  only  in  the  neighborhood  of  Nichabour  in  the  Khorassan,  in  Per»a ; 
and  is  very  highly  prized  as  an  ornamental  stone  in  that  country.  There  is  a  totally  de- 
ferent kind  of  turquois,  called  botie  turquois,  which  seems  to  be  phosphate  of  lime  colored 
with  oxyde  of  copper.  When  the  oriental  stone  is  cut  and  polished,  it  forms  a  pleasing 
gem  of  inferior  value.  Malachite,  or  mountain  green,  a  compact  carbonate  of  eopper, 
has  been  substituted  sometimes  for  turquois,  but  their  shades  are  different.  Mala^ite 
yields  a  green  streak,  and  turquois  a  white  one. 

13.  Lapis  lazuli  is  of  little  value,  on  account  of  its  softness. 

LEAD  {Plomb,  Fr. ;  Blei,  Germ.),  lliis  is  one  of  the  metals  most  anciently  knoiwut 
being  mentioned  in  the  books  of  Moses.  It  has  a  gray-blue  color,  with  a  bright 
metsdlic  lustre  when  newly  cut,  but  it  becomes  soon  tarnished  and  earthy  looking  in  the 
air.  Its  texture  is  close,  without  perceptible  cleavage  or  appearance  df  structure ;  the 
specific  gravity  of  common  lead  is  11*352;  but  of  the  pure  metal,  from  11-38  to 
11*44.  It  is  very  malleable  and  ductile,  but  sofl  and  destitute  of  elasticity ;  fusible 
at  612P  Fahr.,  by  Crighton,  at  634°  by  Kupfer,  and  crystallizable  on  eooling,  into 
octahedrons  imphmted  into  each  other  so  as  to  form  an  assemblage  of  fooMided 
pyramids* 
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Tbere  are  four  oxydes  cif  lead.  1.  The  suboxydey  of  a  gimyish-bhie  color,  which 
knta  a  kind  of  crust  upon  a  plate  of  lead  long  exposed  to  the  air.  It  is  procuredin  a 
perfect  state  by  calcining  oxalate  of  lead  in  a  retort ;  the  dark  gray  powder  which  re- 
DBios,  is  the  pnre  saboxyde»  2.  The  protoxyde  is  obtained  by  exposing  melted^ead  to 
the  atmosphere,  or,  more  readily,  by  expelling  the  add  from  the  nitrate  of  lead  by  heat  in 
a  plaUnnm  crucible.  It  is  yellow,  and  was  at  one  time  prepared  as  a  pigment  by  cal- 
eiuing  lead ;  but  is  now  superseded  by  the  chromate  of  this  metal.  Litharge  is  merely 
this  oxyde  in  the  form  of  small  spangles,  from  having  undergone  fusion ;  it  is  more  or 
less  contaminated  with  iron,  copper,  and  sometimes  a  little  silver.  It  contains  likewise 
some  carbonic  acid.  The  above  oxyde  consists  of  104  of  metal,  and  8  of  oxygen,  its 
prime  equivalent  being  112,  upon  the  hydrogen  scale;  and  it  is  the  base  of  all  Uie  salts 
of  lead.  3.  The  plumbeous  suroxyde  of  Berzelius,  the  sesquioxyde  of  some  British  chem- 
ists, is  the  well-known  pigment  called  r£d  lsad  or  minium.  It  consists  jof  100  parts  of 
loetal  and  10  of  oxygen.  4.  The  plumbic  suroxyde  of  Berzelius,  or  the  peroxyde  of  the 
British  chemists,  is  obtained  by  putting  red  lead. in  chlorine  water,  or  in  dilute  nitric  acid. 
It  is  of  a  dark  brown,  almost  black  color,  which  gives  out  oxygen  when  heateil,  and  be- 
comes yellow  oxyde.  It  kindles  sulphur  when  triturated  with  it.  This  oxyde  is  u^  by 
the  analytical  chemist  to  separate,  by  condensation,  the  sulphurous  acid  existing  in  a 
gaseoQs  mixture. 

Among  the  ores  of  lead  some  have  a  metallic  aspect ;  are  black  in  substance,  as 
well  as  when  pulverized ;  others  have  a  stony  appearance,  and  are  variously  colored, 
with  usually  a  vitreous  or  greasy  lustre.  The  specific  ^vity  of  the  latter  ores  is 
tlwars  less  than  5.  The  whole  of  them,  excepting  the  chloride,  become  more  or  less 
speedily  black,  with  sulphureted  hydrogen  or  with  hydrosulphurets ;  and  are  easily 
reduced  to  the  metallic  state  upon  charcoal,  with  a  flux  of  carbonate  of  soda,  aAer  they 
have  been  properly  roasted.  They  diffuse  a  whitish  or  yellowish  powder  over  the 
eharcoal,  which,  according  to  the  manner  in  which  the  flame  of  the  blowpipe  is  directed 
upon  it,  becomes  yellow  or  red ;  thus  indicating  the  two  characteristic  colors  of  the  oxydes 
of  lead. 

We  shall  not  enter  here  into  the  controversy  concerning  the  existence  of  native  lead^ 
which  has  been  handled  at  length  by  M.  Brongniart  in  the  Dictiomutire  da  Sdmeu  Nat» 
itniitMy  article  Plotnb^  Mimtralogit, 
The  lead  ores  most  interesting  to  the  arts  are : — 

1.  Galena,  sulphuret  of  lead.  TMs  ore  has  the  metallic  lustre  of  lead  with  a  crystal- 
line structure  derivable  from  the  cube.  When  cheated  cautiously  at  the  blowpipe  it  is 
decomposed,  the  sulphur  flies  off,  and  the  lead  is  left  alone  in  fusion ;  but  if  the  heat  be 
ocmtiuued,  the  colored  surface  of  the  charcoal  indicates  the  conversion  of  the  lead  into 
its  oxydes.  Gralena  is  a  compound  of  lead  and  sulphur,  in  equivalent  proportions,  and 
therefore  consists,  in  100  parts,  of  86}  of  metal,  and  13^  of  sulphur,  with  which  numbers 
the  analysis  of  the  galena  of  Clausthal  by  Westramb  exactly  agrees.  Its  specific  grav- 
ity, when  pure,  is  7-56.  Its  color  is  blackish  gray,  without  any  shade  of  red,  and  its  pow- 
der is  black,  characters  which  distinguish  it  flrom  blende  or  sulphuret  of  zinc.  Its  stmo- 
tore  in  mass  is  lamellar,  passing  sometimes  into  the  fibrous  or  granular,  and  even  compact. 
It  is  brittle.  The  specular  galena,  so  called  from  its  brightly  polished  aspect,  is  remark- 
able for  forming  the  tUdeeniidet  of  Derbyshire — ^thin  seams,  which  explode  with  a  loud 
noise  when  accidentally  scratched  in  the  mine. 

The  argentiferous  galena  has  in  general  all  the  external  characters  of  pure  galena, 
fhf*  proportions  of  silver  vary  from  one  fifth  part  of  the  whole,  as  at  Tamowitz,  in  Sile- 
m,  lo  three  parts  in  ten  thousand,  as  in  the  ore  called  by  the  German  miners  Weisgulti- 
f  erz ;  but  it  most  be  observed,  that  whenever  this  lead  ore  contains  above  6  per  cent,  of 
ulver,  several  other  metals  are  associated  with  it.  The  mean  proportion  of  silver  in 
calena,  or  that  which  makes  it  be  considered  practieally  as  an  argentiferous  ore,  because 
the  silver  may  be  profitably  extracted,  is  about  two  parts  in  the  thousand.  See  Silver. 
The  above  rich  silver  ores  were  first  observed  in  the  Freyberg  mines,  called  Himmels- 
furst  and  Beschertgluck,  combined  with  sulphuret  of  antimony ;  but  they  have  been  no- 
ticed «incc  in  the  Hartz,  in  Mexico,  and  several  other  places. 

The  antimonial  galena  (Baumonite)  exhales  at  the  blowpipe  the  odor  peculiar  to  anti- 
mony, and  coats  the  charcoal  with  a  powder  partly  white  and  partly  red.  It  usually  con« 
tains  some  arsenic. 

2.  The  SeJeniuret  of  lead  resembles  galena,  but  its  tint  is  bluer.  Its  chemical  cluu> 
acters  are  the  only  ones  which  can  be  depended  on  for  distinguishing  it.  At  the 
blowpipe  it  exhales  a  very  perceptible  smell  of  putrid  radishes.  Nitric  acid  liberates 
the  selenium.  When  heated  in  a  tube,  oxyde  of  selenium  of  a  carmine  red  rises  along 
with  selenic  acid,  white  and  deliquescent.  The  specific  gravity  of  this  ore  varies  fbom 
«•«  to  7-69. 

3.  Native  minium  or  red  lead  has  an  earthy  aspect,  of  a  lively  and  nearly  pure  red 
color,  but  aometimes  inclining  to  orange.     It  occurs  pulverulent,  and  also  compact. 
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with  a  fracture  somewhat  lamdlar.  When  heated  at  the  hlowiiipe  upon  diBieoid,  it  ii 
readily  reduced  to  metallic  lead.  Its  specific  gravity  varies  from  4*6  to  8*9.  This  ore 
IS  rare. 

4.  Pitfn6-gomme.-^This  lead  ore,  as  singular  in  appearance  as  in  composttioB,  is 
of  a  dirty  brownish  or  orange-yellow,  and  occurs  under  the  form  of  globular  or  giim*like 
concretions.  It  has  also  the  lustre  and  trosslucency  of  gum ;  with  somevbat  of  a 
pearly  aspect  at  times.  It  is  harder  than  fluor  spar^  It  consists  of  oxyde  of  lead,  40 ; 
alumina,  37;  water,  18*8;  foreign  matters  and  loss,  4*06;  in  100.  Hitherto  it  has 
been  found  only  at  Hnelgoet,  near  Poullaouen,  in  Brittany,  covering  with  its  tears  ot 
small  concretions  the  ores  of  white  lead  and  galena  which  compose  the  veins  of  that 
lead  mine. 

5.  Whiit  UaAy  carbonate  of  lead. — ^This  ore,  in  its  purest  state^  is  colorless  and  tians* 
parent  like  glass,  with  an  adamantine  lustre.  It  may  be  recognised  by  the  foUowing 
oharacters : — 

Its  siiecific  gravity  is  from  6  to  6*7 ;  it  dissolves  with  more  or  less  ease,  and  with 
eifervescenee,  in  nitric  acid ;  becomes  immediately  black  by  the  action  of  sulphureted 
hydrosren,  and  melts  on  charcoal  before  the  blowpipe  into  a^  button  of  lead.  According  to 
Klaproth,  the  carbonate  of  Leadhills  contains  82  parts  of  oxyde  of  lead,  and  16  of  car- 
bonic acid,  in  98  parts.  This  mineral  is  tender,  scarcely  scratches  cak-spar,  and  breaks 
easily  with  a  waved  conchoidal  flacture.  It  possesses  the  double  refracting  property  in  a 
very  high  degree ;  the  double  image  being  very  visible  on  looking  through  the  flat  facet 
of  the  prismatic  crystals.  Its  crystalline  ibrms  are  very  numerous,  and  are  refenible  to 
the  octahedron,  and  the  pyramidal  prism. 

6.  Vitreotti  lead,  or  sulphate  of  lead. — ^This  mineral  closely  resemUea  carbonate  of 
lead ;  so  that  the  external  characters  are  inadequate  to  distinguish  the  two.  Bat  the 
followins:  are  sufficient.  When  pure,  it  has  the  same  transparency  and  lustre.  It  does 
not  effervesce  with  nitric  acid ;  it  is  but  feebly  blackened  by  sulphureted  hydrogen ;  it 
first  decrepitates  and  then  melts  before  the  Uowptpe  into  a  transparent  glass,  which  be> 
comes  milky  as  it  cools.  By  the  combined  action  of  heat  and  charcoal,  it  passes  first  into 
a  red  pulverulent  oxyde,  and  then  into  metallic  lead.  It  consists,  accotding  to  Klaproth, 
of  71  oxyde  of  lead,  25  sulphuric  acid,  2  water,  and  1  iron.  That  specimen  was  irom 
Anglesea ;  the  Wanlockhead  mineral  is  free  from  iron.  The  prevailing  form  of  crystal- 
lization is  the  rectangular  octahedron,  whose  angles  and  edges  are  variously  modified. 
The  sulphato-carbonate,  and  snlphato  tri-carbonate  of  lead,  now  called  LeadkilUte^  are 
rare  minerals  which  belong  to  this  head. 

7.  Phosphate  of  lead. — This,  like  all  the  combinations  of  lead  with  an  aeid,  exhibits  no 
metallic  lustre,  but  a  variety  of  colors.  Before  the  blowpipe  upon  charcoal,  it  melts  into 
a  globule  externally  crystalline,  which,  by  a  continuance  of  the  heat,  with  the  addition  of 
iron  and  boracic  acid,  affords  metallic  lead.  Its  constituents  are  80  oxyde  of  lead,  18  phos- 
phoric acid,  and  1*6  muriatic  acid,  according  to  Klaproth^s  analysis  of  the  mineral  from 
Wanlockhead.  The  constant  presence  of  muriatic  acid  ^in  the  various  specimens  exam- 
ined is  a  remarkable  circumstance.  The  crystalline  forms  are  derived  from  an  obtuse 
rhomboid.  Phosphate  of  lead  is  a  little  harder  than  white  lead ;  it  is  easily  scratched, 
and  its  powder  is  always  gray.  Its  specific  gravity  is  6*9.  It  has  a  vitreous  lustre,  some- 
what adamantine.  Its  lamellar  texture  is  not  very  distinct ;  its  fracture  is  wav)',  and  it 
is  easily  frangible.  The  phosphoric  and  arsenic  aeids  being,  according  to  M.  Mitschcr- 
lich,  isomorphous  bodies,  may  replace  each  other  in  chemical  combinations  in  every  pro- 
portion^  so  that  the  phosphate  of  lead  may  include  any  proportion,  from  the  smallest  frac- 
tion of  arsenic  acid  to  the  smaUest  fraction  of  phosphoric  acid,  thus  graduating  indefi* 
nitdy  into  arseniate  of  lead.  The  yellowish  variety  indicates,  for  the  most  part,  the 
presence  oC  arsenic  acid. 

8.  Muriate  of  lead,  Hom-leady  or  mwiO'earbonate.'^TYas  ore  has  a  pale  yellovr  cokir, 
19  reducible  to  metallic  lead  by  the  agency  of  soda,  and  is  not  altei'ed  by  the  hydrosul- 
phnrets.  At  the  blowpipe  it  melts  fint  into  a  pale  yellow  transparent  globule,  with  salt 
of  phosphorus  and  oxyde  of  copper ;  and  it  manifests  the  presence  of  muriatic  acid  by  a 
bluish  flame.  It  is  fragile,  tender,  softer  than  carbonate  of  lead,  and  is  sometimes  almost 
colorles!s,  irith  an  adamantine  lustre.  Spec,  grav.,  606.  Its  constituents,  according  to 
Berzeliu<>,  are  lead,  25*84 ;  oxyde  of  lead,  57-07 ;  carbonate  of  lead,  6*25;  chlorine,  8*84 ; 
silica,  1-46;  water,  0*54 ;  in  100  parts.  The  carbonate  is  an  accidental  inaredient,  not 
being  in  equivalent  proportion.  Klaproth  found  chlorine,  13*67 ;  lead,  39*98  ;  oxyde  of 
lead,  22-57;  carbonate  of  lead,  23*78. 

9.  .Arseniate  of  lead. — Its  color  of  a  pretty  pure  yellow,  bordering  slightly  on  the 
greenish,  and  its  property  of  exhaling  by  the  joint  action  of  fire  and  charcoal  a  very 
distinct  arsenical  odor,  are  the  only  eharetters  which  distinguish  this  ore  ftom  the  phos- 
phate of  lead.  The  form  of  the  arseniate  of  lead,  when  it  is  crystallized,  is  a  prism  with 
six  faces,  of  the  same  dimensions  as  that  of  phosphate  of  lead.  When  pure,  it  is  redu- 
cible upon  charcoal,  before  the  blowpipe,  into  metallic  lead,  with  the  copioaa  exhalatioD 
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cf  arsenical  fumes;  but  oaly  in  part,  and  leaving  a  crystalline  globule,  when  it  contains 
any  phosphate  of  lead.  The  arseniatc  of  lead  is  tender,  friable,  sometimes  even  pulve- 
mlent,  and  of  specific  gravity  5-04.  That  of  Johann-Georgenstadt  consists,  according  to 
Rose,  of  oxyde  of  lead  77*0;  arsenic  acid  12*5;  phosphoric  acid  7*5,  and  muriatic 
acid  1*5. 

10.  Rtd  had,  or  Chromate  of  lead. — This  mineral  is  too  rare  to  require  consideration 
in  the  present  work. 

1 1.  Plomb  vauquelinite,    Chromate  of  lead  and  copper, 
22.   Yellow  lead.     Molybdateof  Uad, 

13.  TungstiUe  of  Uad. 

Having  thus  enumerated  the  several  species  of  lead  ore,  we  may  remark,  that  galena 
is  the  only  one  which  occurs  in  sufficiently  great  masses  to  become  the  object  of  mining 
and  metallurgy.  This  mineral  is  found  in  small  quantity  among  the  crystalline  primitive 
rocks,  as  granite.  It  is  however  among  the  oldest  talc*schists  and  clay  slates,  that  it  usu- 
ally occurs.  But  galena  is  much  more  abundant  among  the  transition  rocks,  being  its 
principal  locality,  where  it  exists  in  interrupted  beds,  masses,  and  more  nuely  in  veins. 
The  blackish  transition  limestone  is  of  all  rocks  that  which  contains  most  galena ;  as  at 
Pierreville  in  Normandy ;  at  Clausthal,  Zellerfeldt,  and  most  mines  of  the  Harz ;  at  Fahlur^ 
in  Sweden ;  in  Derbyshire  and  Northumberland,  &.c.  In  the  transition  graywacke  of  /ue 
sooth  of  Scotland,  the  galena  mines  of  LeadhUls  occur.  The  galena  of  the  primitive 
formations  contains  more  silver  than  that  of  the  calcareous. 

The  principal  lead  mines  at  present  worked  in  the  world,  are  the  following:  1. 
PottUaouen  and  Huelguet  near  Carhaix  in  France,  department  of  Finisterre,  being  veins 
of  galena,  which  traverse  a  clay  slate  resting  upon  granite.  They  have  been  known  for 
upwards  of  three  centuries ;  the  workings  penetrate  to  a  depth  of  upwards  of  300  yards, 
and  in  IS  16  furnished  500  tons  of  lead  per  annum,  out  of  which  1034  pounds  avoirdu- 
pois of  silver  were  extracted.  2.  At  Yfflefbrte  and  Viallaz,  department  of  the  Lozire. 
are  galena  mines  said  to  produce  100  tons  of  lead  per  annuniy  with  400  kilogrammes  m 
silver  (880  lbs.  avoird.).  3.  At  Pezey  and  Macot,  to  the  east  of  Moutiers  in  Savoy,  a 
galena  mine  exists  in  talc-schist,  which  has  produced  annually  200  tons  of  lead,  and 
about  600  kilogrammes  of  silver  (1320  lbs.  avoird.).  4.  The  mine  of  Yedrin,  near 
Namur  in  the  Low  Countries,  is  opened  upon  a  vein  of  galena,  traversing  compact  lime- 
stnne  of  a  transition  district ;  it  has  Aimished  200  tons  of  lead,  from  which  385  pounds 
avoird.  of  silver  were  extracted.  5.  In  Saxony  the  galena  mines  are  so  rich  in  silver  as 
to  make  the  lead  be  almost  overlooked.  They  are  enumerated  under  silver  ores.  6.  The 
lead  mines  of  the  Harz  have  been  likewise  considered  as  silver  ores.  7.  Those  of  Bley- 
ben?  in  the  Eifel  are  in  the  same  predicament.  8.  The  galena  mines  of  Bleyberg  and 
Villach  in  Carinthia,  in  compact  limestone.  9.  In  Bohemia,  to  the  south-west  cf  Prague. 
10.  The  mines  of  Joachimsthal,  and  Bleystadt,  on  the  southern  slope  of  the  £rzgcbirge| 
produce  argentiferous  galena.  11.  There  are  numerous  lead  mines  in  Spain,  the  most 
important  being  in  the  granite  lulls  of  Linards,  upon  the  southern  slope  of  the  Stem 
Morena,  and  in  the  district  of  the  small  town  of  Ganjagar.  Sometimes  enormous  masses 
of  galena  are  extracted  from  the  mines  of  Linards.  There  are  also  mines  of  galena  in 
Catelonia,  Grenada,  Murcia,  and  Almeria,  the  ore  of  the  last  locality  being  generally  poor 
in  silver.  12.  The  lead  mines  of  Sweden  are  very  argentiferous,  and  work«l  chiefly  with 
a  view  to  the  silver.  13.  The  lead  mines  of  Daouria  are  numerous  and  rich,  lying  in  a 
transition  limestone,  which  rests  on  primitive  rocks ;  their  lead  is  neglect^  on  account 
of  the  silver. 

14.  Of  afl  the  countries  in  the  worid,  Great  Britain  is  that  which  annually  produces  the 
in^atest  quantity  of  lead.    Accord*'  ig  to  M.  Tillefosse,  m  his  Richesse  MtMraUy  published 
in  1810,  we  had  furnished  every  .ear  12,500  tons  of  lead,  whilst  aU  the  rest  <^  Europe 
taken  together,  did  not  produce  so  much ;  but  fhMu  more  recent  documents,  that  estimates- 
seems  to  have  been  too  low.    Mr.  Taylor  has  rated  the  total  product  of  the  United  King— ^ 
dom  per  ammm  at  31,900  tons,  a  quantity  fully  2|  times  greater  than  the  estimate  of. 
▼illefosse  (see  Conybeare  and  Phillips's  Geology,  p.  354).     Mr.  Thylor  distributes  tfaii^ 
product  among  the  different  districts  as  fbUows  i^ 

Toof, 

Wales,  (Flintshire  and  Denbigshire) 7,500 

Seotlan4  (in  transition  graywacke)        ......  2,800 

Durham,  Cumberland,  and  Yorkshire,  dn  carboniferous  Ume)   -       -  19,000 

Derbyshire,  (probably  in  carboniferous  lime)          ....  1,000 

Shropshire 800 

Devon  and  Cornwall,  ^transition  and  primitive  xocks)   •       -       .  800 

Total     - 31,900' 

Wefltasteeditt  CHaabMaid;  and  thea^H^eent  parts  cf  the  Moiiticiof  DmhaBoid 
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York,  furnish  of  themselves  nearly  three  fifths  of  the  total  prodaet  DerVyihtre 
formerly  much  more  productive.  In  Cornwall  and  Devonshire,  the  lead  ore  is  found  la 
veins  in  kilkUf  a  clay-slate  passing  into  graywacke.  In  North  Wales  and  the  adjacent 
counties,  as  well  as  in  Cumberland  and  Derbyshire,  the  lead  occurs  in  the  earbooiferoiis 
limestone. 

The  English  lead>miners  distinguish  three  different  kinds  of  deposites  of  lead  ore; 
rake-veins,  pipe-veinsy  and  JUtt-veiiu.  The  English  word  vein  corresponds  to  the  French 
term  fihn ;  but  miners  make  use  of  it  indiirerentiy  in  England  and  France^  to  indicate 
all  the  deposites  of  this  ore,  adding  an  epithet  to  distinguish  the  difierent  forms ;  thus, 
rake  veins  are  true  veins  in  the  geological  acceptation  of  the  word  vein ;  pipe~vtvn»  are 
masses  usually  very  narrow,  and  of  oblong  shape,  most  frequently  paraUel  to  the  plane 
of  the  rocky  strata ;  and  JUU-veins  are  small  beds  of  ores  interposed  in  the  midifle  of 
these  strata. 

Rake-veins  are  the  most  common  form  in  which  lead  ore  occurs  in  Cumberland. 
They  are  in  general  narrower  in  the  sandstone  which  covers  the  limestone,  than  in  the 
calcareous  beds.  A  thickness  of  less  than  a  foot  in  the  former,  becomes  suddenly  3  or 
4  feet  in  the  latter ;  in  the  rich  vein  of  Uudgillbum,  the  thickness  is  17  feet  in  the 
Great  limestone^  while  it  does  not  exceed  3  feet  in  the  overlying  WaiersUl  or  sandstone. 
This  influence  exercised  on  the  veins  by  the  nature  of  the  enclosing  rock,  is  instructive ; 
it  determines  at  the  same  time  almost  uniformly  their  richness  in  lead  ore,  an  observation 
{similar  to  what  has  been  made  in  other  countries,  especially  in  the  veins  of  Kongsbui^ 
in  Norway.  T^  Cumberland  veins  are  constantly  richer,  the  more  powerful  they  are,  in 
the  portions  which  traverse  the  calcareous  rocks,  than  in  tue  beds  of  sandstone,  and  more 
particularly  the  schistose  rocks.  It  is  rare  in  the  rock  called  plaie  (a  solid  slaty  clay) 
for  the  vein  to  include  any  ore ;  it  is  commonly  filled  with  a  species  of  potter's  earth. 
The  upper  calcareous  beds  are  also  in  general  more  productive  than  the  lower  ones.  In 
most  of  these  mines,  the  veins  were  not  worked  till  lately  below  the  fifth  calcareous  bed 
hhe  four-fathom  limestone),  which. is  307  yards  beneath  the  mill-stone  grit;  and  as  the 
nrst  limestone  stratum  is  108  yards  beneath  it,  it  follows  that  the  thicluiess  of  the  part 
of  the  ground  where  the  veins  are  rich  in  lead  does  not  in  general  exceed  200  yards.  It 
appears  however  that  veins  have  been  mined  in  the  neighborhood  of  Alston  Moor,  down- 
wards to  the  eleventh  calcareous  stratum,  or  Tyne  bottom  limestone,  which  is  418  yards 
under  the  millstone-grit  of  the  coal  formation,  immediately  above  the  whin-sill ;  and  that 
they  have  been  followed  above  the  first  limestone  stratum,  as  high  as  the  grindstone  sill, 
which  is  only  83  yards  below  the  same  stratum  of  mill-stone  grit ;  so  that  in  the  total 
thickness  of  the  plumbiferous  formation  there  is  more  than  336  yards.  It  has  been 
asserted  that  lead  veins  have  been  traced  even  further  down,  into  the  Menwrby  scar  lime- 
stone ;  but  they  have  not  been  mined. 

The  greatest  enrichment  of]  a  vein  takes  place  commonly  in  the  points  where  its  two 
sides,  being  not  far  asunder,  belong  to  the  same  rock  ;  and  its  impoverishment  occurs 
when  one  side  is  calcareous  and  the  other  a  schistose  clay.  The  minerals  which  most 
frequently  accompany  the  galena,  are  carbonate  of  lime,  fluate  of  lime,  sulphate  of 
baryta,  quartz,  and  pyrites. 

The  pipe-veins  {amas  in  French)  are  seldom  of  great  length ;  but  some  have  a  con- 
siderable width ;  their  composition  being  somewhat  similar  to  that  of  the  rofte-Mui*. 
They  meet  commonly  in  the  neighborhood  of  the  two  systems,  sometimes  being  in  evident 
communication  together ;  they  are  occasionally  barren ;  but  when  a  wide  pipe-vein  is 
metalliferous,  it  is  said  to  be  very  productive. 

The  fiat  veins,  or  strata  veins,  seem  to  be  nothing  else  than  expansions  of  the  matter 
of  the  vein  between  the  planes  of  the  strata;  and  contain  the  same  ores  as  the  veins  in 
their  vicinity.  When  they  are  metalliferous,  they  are  worked  abng  with  the  adjacent 
rake  vein ;  and  are  productive  to  only  a  certain  distance  from  that  vein,  unless  they  get 
enriched  by  crossing  a  rake  vein.  Some  examples  have  been  adduced  of  advantageous 
workings  in  flat  veins  in  the  great  limestone  of  Cumberland,  particularly  in  the  mines  of 
Coalcleugh  and  Nenthead.  The  rake  veins,  however,  furnish  the  greater  part  of  the 
lead  which  Cumberland  and  the  adjacent  counties  send  every  year  into  the  market.  Mr. 
Forster  gives  a  list  of  165  lead  mines,  which  have  been  formerly,  or  are  now,  worked  in 
that  district  of  the  kingdom. 

The  metalliferous  limestone  occupies,  in  Derbyshire,  a  length  of  about  25  miles  from 
north-west  to  south-east,  under  a  very  variable  breadth,  which  towards  the  south, 
amounts  to  25  miles.  Castleton  to  the  north,  Buxton  to  the  north-west,  and  Matlock 
to  the  south-east,  lie  .nearly  upon  its  limits.  It  is  surrounded  on  almost  idl  sides  by  the 
mill-stone  grit  which  covers  it,  and  whidh  is,  in  its  turn,  covered  by  the  coal  strata. 
The  nature  of  the  rocks  beneath  the  limestone  is  not  known.  In  Cumberiand  the 
metalliferous  limestone  includes  a  bed  of  trap,  designated  under  the  name  of  tohmnlL 
In  Derbyshire  the  trap  is  much  more  abundant,  and  it  is  thrice  interposed  between  the 
iimestoae.    These  two  rocks  eonsUtnte  of  themselves  the  whc^  minenl  nam,  tiuough  « 
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lidtneM  of  about  550  yanby  measurizig  from  the  millstoiie  grit ;  ontf  in  the  upper  portkniy 
t]nt  is,  near  the  miUstone  grit,  there  is  a  pretty  considerable  thidcness  of  argiUo-cakaieons 
schists. 

Four  great  bodies  or  beds  of  limestone  are  distinguishable,  which  alternate  with  three 
masses  d*  trap,  called  toadstone.  The  lead  veins  exist  in  the  calcareous  strata,  but  disap- 
pear at  the  limits  of  the  toadstone.  It  has  now  been  ascertained,  howerer,  that  they  re- 
car  in  the  limestone  underneath. 

Treatment  of  the  Ona  of  Lead. 

The  mechanical  operations  performed  upon  the  lead  ores  in  Great  Britain,  to  bring  them 
to  the  degree  of  purity  necessary  for  their  metallurgic  treatment,  may  be  divided  into  three 
classes,  whose  objects  are, — 

1.  The  totting  and  cleansing  of  the  ore$ ; 

2.  The  grinding ; 

3.  The  teashingy  properly  so  called. 

The  apparatus  subservient  to  the  first  objects  are  sieves,  running  buddies,  and  gratings. 
The  large  sieves  employed  in  Derbyshire  for  sorting  the  ore  at  the  mouth  of  the  mine, 
into  coarse  and  fine  pieces,  is  a  wire  gauze  of  iron ;  its  meshes  are  square,  and  an  inch 
ion?  in  each  side.  There  is  a  lighter  sieve  of  wire  gauze,  similar  to  the  preceding,  for 
vashing  the  mud  from  the  ore,  by  agitating  the  fragments  in  a  tub  filled  with  water. 
Bat  in  Derbyshire,  instead  of  using  this  sieve,  the  pieces  of  ore  are  sometimes  merely 
stirred  about  with  a  shovel,  in  a  trough  filled  with  water.  This  is  called  a  standing  huddle ; 
a  most  defective  plan. 

The  running  fmddle  serves  at  once  to  sort  and  cleanse  the  ore.  It  consists  of  a  plane 
«arface  made  of  slabs  or  planks,  very  slightly  inclined  forwards,  and  provided  behind 
and  on  the  sides  with  upright  ledges,  the  back  one  having  a  notch  to  a^nit  a  stream  of 
water.  The  ore  is  merely  stirred  about  with  a  shovel,  and  exposed  on  the  slope  to  the 
stream.  For  thb  apparatus,  formerly  the  only  one  used  at  the  mines  of  Alston  Moor, 
the  following  has  been  substituted,  called  the  grat^*  It  is  a  gridy  composed  of  square 
bars  of  iron,  an  inch  thick,  by  from  24  to  32  inches  long,  placed  horizontally,  and 
parallelly  to  each  other,  an  inch  apart..  There  is  a  wooden  canal  above  the  grate,  which 
conducts  a  stream  of  water  over  its  middle ;  and  an  inclined  plane  is  set  beneath  it,  which 
leads  to  a  hemispherical  basin,  about  24  inches  in  diameter,  for  collecting  the  metallic 
powder  washed  out  of  the  ore. 

The  apparatus  subservient  to  grinding  the  ore  are,-** 

1.  The  bucker,  or  beater,  formed  of  a  cast-iron  plate,  3  inches  square,  with  a  socket 
in  its  upper  suiface,  for  receiving  a  wooden  handle.  In  the  neighborhood  of  Alston- 
Moor,  crushing  cylinders  have  been  substituted  for  the  beating  bucker ;  but  even  now, 
in  Derbyshire,  buckers  are  generally  employed  for  breaking  the  pieces  of  mixed  ore,  called 
knork-9tone'^tuff. 

At  the  mines  of  this  county,  the  knocher^s  workshop,  or  striking  fiooty  is  provided 
either  with  a  strong  stool,  or  a  wall  3  feet  high,  beyond  which  there  is  a  fiat  area  4  feet 
brood,  and  a  little  raised  behind.  On  this  area,  bounded,  except  in  front,  by  small 
walU,  the  ore  to  be  bruised  is  placed.  On  the  stool,  or  wall,  a  very  hard  stone  slab,  or 
ca«(.iron  plate  is  laid,  7  feet  long,  7  inches  broad,  and  \\  inches  thick,  called  a  fcnocA^ 
I  orvf.  The  workmen  seated  before  it,  break  the  pieces  of  mixed  ore,  caUed  hoiwse  in  Der- 
byshire, with  the  bucker. 

Crushing  machinei  are  in  general  use  at  Alston  Moor,  to  break  the  mingled  ores, 
vhich  they  perform  with  great  economy  of  time  and  labor.  They  have  been  employed 
there  for  nearly  forty  years. 

This  machine  is  composed  of  one  pair  of  fluted  cylinders,  a;  Xyftg.  628,  and  of  two  pairs 
of  smooth  cylinders  z  z,  z'  z',  which  serve  altogether  for  crushing  the  ore.  The  two 
cylinders  of  each  of  the  three  pairs  turn  simultaneously  in  an  inverse  direction,  by 
means  oC  two  toothed  wheels,  as  at  m,  fig.  629,  upon  the  shaft  of  every  cylinder,  which 
work  by  pairs  In  one  another.  The  motion  is  given  by  a  single  water  wheel,  of  which 
the  circle  a  a  a  represents  the  outer  circumference.  One  of  the  fluted  cylinders  is 
placed  in  the  prolongation  of  the  shaft  of  this  wheel,  which  carries  besides  a  cast-iron 
toothed  wheel,  geared  with  the  toothed  wheels  e  e,  fixed  upon  the  ends  of  two 
of  the  smooth  cylinders.  Above  Uie  fiuted  cylinders,  there  is  a  hopper,  which  dis- 
charges down  between  them,  by  means  of  a  particular  mechanism,  the  ore  brought 
forwards  by  the  wagons  a.  These  wagons  advance  upon  a  railway,  stop  above  the 
hopper,  and  empty  their  contents  into  it  through  a  trapJiole,  which  opens  outwardly  in 
the  middle  of  their  bottom.  Below  the  hopper  there  is  a  small  bucket  called  a  dioe, 
into  which  the  ore  is  shaken  down,  and  which  throws  it  without  eeasing^iupon  the 
cylinders,  in  consequence  of  the  constant  jolts  given  it  by  a  ccank-vod  i  (fig.  629) 
tttached  to  it,  and  moved  by  the  teeth  of  the  wheel  tn*  The  shoe  is  so  fegnlated,  that 
too  much  ort  eaa  never  fall  upon  the  cylinders,  and  obfltmct  their  movement.    A  small 
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stream  of  water  is  likewise  la.  into  ihe  shoe,  wMch  apreads  oTtf  the  eflinder^  ant 
nreventt  them  from  growing  hot.     The  ore,  after  paning  hetween  the  ftnted  roiOera 
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fiills  upon  the  inclined  planes  n,  v,  which  tun  h  over  to  one  or  other  of  the  pairs  of 
smooth  rolls. 

These  are  the  essential  parts  of  this  machine ;  they  are  made  of  iron,  and  the  smooth 
ones  are  case-hardened,  or  chUUdy  by  being  cast  in  iron  moolds.  The  gudgeons  of 
both  kinds  move  in  brass  bushes  fixed  upon  iron  supports  k^  made  fast  by  bolts  to  the 
strong  wood-work  basis  of  the  whole  machine.  Each  of  the  horizontal  bars  has  an 
oblong  slot,  at  one  of  whose  ends  is  solidly  fixed  one  of  the  plummer-blocks  or  bearers 
of  one  of  the  cylinders  /,  and  in  the  rest  of  the  slot  the  plummer-biock  of  the  other 
cylinder  g  slides;  a  construction  which  permits  the  two  cylinders  to  come  into  con- 
tact, or  to  recede  to  such  a  distance  from  each  other,  as  circumstances  may  require. 
The  moveable  cylinder  is  approximated  to  the  fixed  one  by  means  of  the  iron  levers  x  x, 
which  carry  at  their  ends  the  weights  p,  and  rest  upon  wedges  m,  which  may  be  slidden 
upon  the  inclined  plane  n.  These  wedges  then  press  the  iron  bar  o,  and  make  it  ap- 
proach the  moveable  cylinder  by  advancing  the  plummer  block  which  supports  its  axis. 
When  matters  are  so  arranged,  should  a  very  large  or  hard  piece  present  itself  to  one  of 
the  pairs  of  cylinders,  one  of  the  rolleis  would  move  away,  and  let  the  piece  pass  without 
doing  ii^ury  to  the  mechanism. 

Besides  the  three  pairs  of  cylinders  which  constitute  essentially  each  cmshing  machines 
there  is  sometimes  a  fourth^  which  serves  to  crush  the  ore  when  not  in  large  fragments, 
for  example,  the  chats  and  cuttings  (the  moderately  rich  and  poorer  pieces),  produced 
by  the  first  sifting  with  the  brake  sieve,  to  be  presently  described.  The  cylinders  com. 
posing  that  accessory  piece,  which,  on  account  of  their  ordinary  use,  are  called  (Aais-roilersy 
are  smooth,  and  similar  to  the  rollers  z  z,  and  z'  z\  The  one  of  them  is  usually  placed 
upon  the  prolongation  of  the  shafl  of  the  water-wheel,  of  the  side  opposite  to  the  princi- 
pal  machine ;  and  the  other,' which  is  placed  alongside,  receives  its  motion  from  the  first, 
by  means  of  toothed  wheel-work. 

The  stamp  mill  is  employed  in  concurrence  with  the  crushing  cylinders.  It  serves  par- 
ticularly to  pulverize  those  ores  whose  gangue  is  too  hard  to  yield  readily  to  the  roHerSy 
and  also  those  which  being  already  pulverized  to  a  certain  degree,  require  to  be  ground 
still  more  finely.  The  stamps  employed  in  the  neighborhood  of  Alston  Moor  are  moved 
by  water  wheels.    They  are  similar  to  those  described  under  Tin. 

Proper  sifting  or  jigging  appmraiiu, — ^The  hand  sieve  made  of  iron  wire  meshes,  of 
various  sizes,  is  shaken  with  the  two  hands  in^a  tub  of  water,  the  ort  vat,  being  held 
sometimes  horizontally,  and  at  others  in  an  inclined  position.  This  sieve  is  now  in 
general  use  only  for  the  euttingt  that  have  passed  through  the  grating,  and  which  though 
not  poor  enough  to  require  finer  grinding)  are  too  poor  for  the  brake  sieve.  When  the 
workman  h«*<<ollected  a  snfiicient  quantity  of  these  smaller  pieces,  he  puts  them  in  his 
round  hand  sieve^  shakes  it  in  the  ore  vat  with  much  itipidity  and  a  dextenms  ton,  till 
haha«  separated  the  very  poor  portions  called  cuffjngt,  firom  the  mingled  parts  called 
ihatM,  as  well  as  tr^n  the  pure  ore.    He  then  lemoves  the  first  two  q«slitie%  with  « 
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Aeet-iron  aereper  called  a  Ump,  and  he  finds  beneath  them  a  eertain  portion  cf  ore  which 
ke  reckons  to  be  pure. 

The  hrake  sieve  is  rectangular^  as  -wdl  as  the  cistern  in  which  it  is  agitated.  The 
meshes  are  made  of  strong  iron  wire,  three  eighths  of  an  inch  square.  This  sieve  is  sus- 
pended at  the  extremity  of  a  forked  lever,  or  brake,  turning  upon  an  axis  by  means  of 
two  aprigbt  arms  about  5  feet  long,  which  are  pierced  with  holes  for  connecting  them 
Tith  bolts  or'  pins,  both  to  the  sieve-frame  and  to  the  ends  of  the  two  branches  of  the 
lever.  These  two  arms  are  made  of  wrought  iron,  but  the  lever  is  made  of  wood ;  as  it 
receives  the  jolt.  A  child  placed  near  its  end,  by  the  action  of  leaping,  jerks  it  snmrtly 
up  and  down,  so  as  to  shake  effectually  the  sieve  suspended  at  the  other  extremity. 
Each  jolt  not  only  makes  the  fine  parts  pass  through  the  meshes,  but  changes  the  rela- 
tiTe  position  of  those  which  remain  on  the  wires,  bringing  the  pnrer  and  heavier  pieces 
eventually  to  the  bottom.  The  mingled  fragments  of  galena,  and  the  stony  substances 
called  ckah  lie  above  them ;  while  the  poor  and  light  pieces  called  cuitinga,  are  at  topb 
These  are  first  scraped  ofi*  by  the  lirnpy  next  the  mixed  lumps,  or  ehatSf  and  lastly  the  pure 
ore,  which  is  carried  to  the  bing  heap.  The  ctUHngs  are  handed  to  a  particular  class  of 
workmen,  who  by  a  new  sifting,  divide  them  into  mere  stones,  or  second  cuttinga,  and  into 
mixed  ore  analogous  to  chats. 

The  poor  ore,  called  chats,  is  carried  to  a  crushing  machine;  where  it  is  bruised 
between  two  cylinders  appropriated  to  this  purpose  under  the  name  of  chats  rollers;  after 
which  it  is  siAed  afresh.  During  the  sifting  many  parcels  of  small  ore  and  stony  snb» 
stances  pass  through  the  sieve,  and  accumulate  at  the  bottom  of  the  cistern.  When  it 
is  two  thirds  filled,  water  is  run  slowly  over  it,  and  the  sediment  called  smitkam  is  taken 
oat,  and  piled  up  in  heaps.  More  being  put  into  the  tub,  a  child  lifts  up  the  smitham^ 
and  lays  it  on  the  sieve,  which  retains  still  on  its  meshes  the  layer  of  fine  ore.  The  sifter 
now  agitates  in  the  water  nearly  as  at  first,  from  time  to  tune  removing  with  the  Hmp 
the  lighter  matters  as  they  come  to  the  surface ;  which  being  fit  for  washing  only  in 
boxes,  are  called  bwWer^s  offal,  and  are  thro%vn  into  the  huddie  hole. 

Mr.  Petherick,  the  manager  of  Lanescot  and  the  Fowey  Consol  mines,  has  contrived 
an  in!;enious  jigging  machine,  in  which  a  series  of  8  sieves  are  fixed  in  a  stationary  cir- 
cular frame,  connected  with  a  plunger  or  piston  working  in  a  hollow  cylinder,  whereby 
a  body  of  water  is  alternately  forced  up  through  the  crushed  ore  in  the  sieves,  and  then 
left  to  descend.  In  this  way  of  operatinj^,  the  indiscriminate  or  premature  passage  of  the 
finer  pulverulent  matter  through  the  meshes  is  avoided,  because  a  regulated  stream  of 
water  is  made  to  traverse  the  particles  up  and  down.  This  mode  has  proved  profitable  in 
Washing  the  copper  ores  of  the  above  mentioned  copper  mines. 

Proper  voashing  apparatus. — For  washing  the  ore  after  sifting  it,  the  running  bnddle 
already  described  is  employed,  along  with  several  chests  or  bnddles  <rf*  other  kinds. 

1.  The  tnink  huddle  is  a  species  of  German  chest  (see  Metallurgy  and  Tin)  com- 
posed of  two  parts ;  of  a  cistern  or  box  into  which  a  stream  of  water  flows,  and  of  a  large 
tank  with  a  smooth  level  bottom.  The  ore  to  be  trunked  being  placed  in  the  box,  the 
workman  furnished  with  a  shovel  bent  up  at  its  sides,  agitates  it,  and  removes  fVora  time 
to  time  the  coarser  portions ;  while  the  smaller  are  swept  off  by  the  water  and  deposited 
upon  the  lei-el  area. 

2.  The  stirring  bnddle,  or  chest  for  freeing  the  schlamms  or  slimy  stuff  from  clay,  is 
analogous  to  the  German  chests,  and  consists  of  two  parts;  namely,  1.  a  trough  which 
receives  a  stream  of  water  through  a  plug  hole,  which  is  tempered  at  ^pleasure,  to  admit  a 
greater  or  less  current ;  2.  a  settling  tank  with  a  horizontal  bottom. '  The  metallic  slimB 
being  first  floated  in  the  water  of  the  trough,  then  flows  out  and  is  deposited  in  (he  tank ; 
the  parest  part?  falling  first  near  the  beginning  of  the  run. 

3.  The  nicking  huMle  is  analogous  to  the  tables  called  dormantes  or  jumelUs  by  the 
French  miners.  See  METALLunoY.  They  have  at  their  upper  end  a  cross  canal  or 
spout,  equal  in  length  to  the  breadth  of  the  table,  with  a  plug  hole  in  its  middle  fbr 
admitting  the  water.  Alongside  of  this  channel  there  is  a  slighUy  inclined  plank,  called 
nicking  board,  corresponding  to  the  head  of  the  twin  table,  and  there  is  a  nearly  level 
plane  below.  The  operation  consists  in  spreading  a  thin  layer  of  the  slime  upon  the 
nicking  board,  and  in  running  over  its  surface  a  slender  sheet  of  water,  which  in  its  pro- 
gress is  subdivided  into  rills,  which  gradually  carry  oflT  the  muddy  matters,  and  strew 
them  over  the  lower  flat  surface  of  the  tank,  in  the  order  of  their  density. 
^1  4.  The  dolly  tub  or  rinsing  bucket,  fig.  690,  has  an  upright  shaft  which 

bears  the  vane  or  dolly  a  b,  turned  by  the  winch  handle.  This  apparatus 
serves  to  bring  into  a  state  of  suspension  in  water,  the  fine  ore,  already 
nearly  pure ;  the  separation  of  ttie  metallic  particles  from  the  earthy  ones 
by  repose,  being  promoted  by  the  sides  of  the  tub  being  struck  ft«qaently 
during  the  subsidence. 
5.  Slime  pits. — ^In  the  several  operations  of  cleansing  ores  from  mod, 
b  grindmg^  and  washing^  where  a  stream  of  water  is  used,  it  is  impossible  to*  prtrent 
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tome  of  the  finely  attenuated  portions  of  the  galena  called  dudg^  floating  in  the  vatei^ 
irom  being  carried  ofi'  with  it.  Slime  pits  or  labyrinths^  called  buddle  holes  in  Derbyshire^ 
are  employed  to  collect  that  matter,  by  receiving  the  water  to  settle,  at  a  little  distance 
from  the  place  of  agitation. 

These  basins  or  reservoirs  are  about  20  feet  in  diameter,  and  firom  24  to  40  inches 
deep.  Here  the  suspended  ore  is  deposited,  and  nothing  but  clear  water  is  allowed  to 
escape. 

The  workmen  employed  in  the  mechanical  preparation  of  the  ores,  are  paid,  in  Cum- 
berland, by  the  piece,  and  not  by  day's  wages.  A  certain  quantity  of  crude  ore  is  deliv- 
ered to  them,  and  their  work  is  valued  by  the  hing,  a  measure  containing  14  cwts.  of  ore 
ready  for  smelting.  The  price  varies  according  to  the  richness  of  the  ore.  Certain  quali- 
ties are  washed  at  the  rate  of  two  and  sixpence,  or  three  shillings  the  bing ;  while  others 
are  worth  at  least  ten  shillings.  The  richness  of  the  ore  varies  from  2  to  20  hings  of 
galena  per  shift  of  ore ;  the  shift  corresponding  to  8  wagon  loads. 

1.  The  cleansing  and  sorting  of  the  ores  are  well  performed  in  Cumberland.  These 
operations  seem  however  to  be  inferior  to  the  cleansing  on  the  grid  steps,  griUes  d  gradm, 
of  Saxony  (See  Metallurgy),  an  apparatus  which  in  cleaning  the  ores,  has  the  advan- 
tage of  grouping  them  in  lots  of  different  qualities  and  dimensions. 

2.  The  breaking  or  bruising  by  means  of  the  crushing  machine,  is  much  more  expedi- 
tious than  the  Derbyshire  process  by  buckers ;  for  the  machine  introduces  not  only  great 
economy  into  the  breaking  operation,  but  it  likewise  diminishes  considerably  the  loss  of 
galena;  for  stamped  ores  may  be  often  subjected  to  the  action  of  the  cylinders  without 
waste,  while  a  portion  of  them  would  have  been  lost  with  the  water  that  runs  from  the 
stamp  mill.  The  use  of  these  rollers  may  therefore  be  considered  as  one  of  the  happiest 
innovations  hitherto  made  in  the  mechanical  preparation  of  ores. 

3.  The  brake  sieves  appear  to  be  preferable  to  the  hand  ones. 

4.  The  system  of  washing  used  in  Cumberland  differs  essentially  from  that  of  Bnt- 
tany.  The  slime  pits  are  constructed  with  much  less  care  than  in  France  and  Germany. 
They  never  present,  as  in  these  countries,  those  long  windings  backwards  and  forwards^ 
whence  they  have  been  called  labyrinths ;  probably  because  the  last  deposites,  which  are 
washed  with  profit  in  France  and  Germany,  could  not  be  so  in  Cumberland.  There  is 
reason  to  believe,  however,  that  the  introduction  of  brake  tables  {tables  d  seamsses,  see 
Metallurgy)  would  enable  deposites  to  be  saved,  which  at  present  ran  to  waste  in 
England. 

5.  From  what  we  have  now  said  about  the  system  of  washing,  and  the  basins  of  de- 
posite  or  settling  cisterns,  it  may  be  inferred  that  the  operation  foUowed  in  Cumberland  is 
more  expeditious  than  that  used  in  Brittany,  but  it  furnishes  less  pure  ores,  and  occasioas 
more  considerable  waste ;  a  fact  sufficiently  obvious,  since  the  refuse  stuff  at  Poullnouen  is 
often  resumed,  and  profitably  ^ibjected  to  a  new  preparation.  We  cannot  however  ven- 
ture to  blame  this  method,  because  in  England,  fuel  being  cheap,  and  labor  dear,  there 
may  possibly  be  more  advantage  in  smdting  an  ore  somewhat  impure,  and  in  losing  a  little 
galena,  than  in  multiplying  the  number  of  washing  processes. 

6.  Lastly,  the  dolly  tub  ought  to  be  adopted  in  all  the  establishments  where  the  galena 
is  mixed  with  much  blende  (sulphuret  of  zinc) ;  for  schlich  (metallic  slime)  which  appears 
very  clean  to  the  eye,  gives  off  a  considerable  quantity  of  blende  by  means  of  the  doOy 
tub.  While  the  vane  is  rapidly  whirled,  the  sludge  is  gradually  let  down  into  the  revolv- 
ing water,  til]  the  quantity  is  sufficiently  great.  Whenever  the  ore  is  thoroughly  dissem- 
inated in  the  liquid,  the  dolly  is  withdrawn.  The  workmen  then  strike  on  the  sides  of 
the  tub  for  a  considerable  time,  with  mallets  or  wooden  billets,  to  make  the  slime  fall  fast 
to  the  bottom.  The  lighter  portions,  consisting  almost  entirely  of  refuse  matter,  fall  only 
after  the  knocking  has  ceased :  the  water  ib  now  run  away;  then  the  very  poor  sUmeupon 
the  top  of  the  deposite  is  skinmied  off,  while  the  pure  ore  found  at  the  bottom  of  the  tab 
is  lifted  out,  and  laid  on  the  bingstead.  In  this  way  the  blende,  which  always  accompa- 
nies galena  in  a  greater  or  smaller  quantity,  is  well  separated. 

Smelling  of  lead  ores, — ^The  lead  ores  of  Derbyshire  and  the  north  of  England  were 
anciently  smelted  in  very  rade  furnaces,  or  boles,  ui^ed  by  the  natural  force  of  the  wind, 
and  were  therefore  placed  on  the  summits  or  western  slopes  of  the  highest  hills.  More 
recently  these  furnaces  were  replaced  by  blast  hearths,  resembling  smiths'  forges,  bat 
larger,  and  were  blown  by  strong  bellows,  moved  by  men  or  water-wheels.  The 
principal  operation  of  smelting  is  at  present  always  executed  in  Derbyshire  in  revcr^ 
heratory  furnaces,  and  at  ySlston  Moor  in  furnaces  similar  to  those  known  in  France  by 
the  name  of  Scotch  furnaces.  Before  entering  into  the  detail  of  Uie  founding  processes, 
we  shall  give  a  description  of  the  furnaces  essential  for  both  the  smelting  ami  accessory 
operations. 

1.  The  reverberatory  furnace  called  cupola,  now  exclusively  used  in  Dobyshire  for 
the  smelting  of  lead  ores,  was  imported  thither  firom  Wales,  about  the  year  1747,  by  «. 
company  of  Quakers.  The  first  establishment  in  this  country  was  boilt  at  Kalstedge/  in. 
thft  diKti  let  of  Ashover, 
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In  the  works  wkere  the  oonstrection  of  these  furnaces  is  most  impTOTed^  they  are 
isteriorly  8  feet  hmg  by  6  wide  in  the  middle,  and  two  feet  high  at  the  centre.  The 
fire,  placed  at  one  of  the  extremities,  is  separated  from  the  body  of  the  furnace  by  a  body 
of  masonry,  called  the  fire^idge,  which  is  two  feet  thiok,  leaving  only  from  14  to  18 
inches  between  its  upper  sorface  and  the  vault.  From  this,  the  highest  point,  the  vault 
^xidaally  sinks  towards  the  farther  end,  where  it  stands  only  6  inches  above  the  sole. 
At  this  extremity  of  the  furnace,  there  are  two  openings  separated  by  a  triangular  prism 
of  ySrB-«IOAe, 'which  lead  to  a  fine,  a  foot  and  a  half  wide,  and  10  feet  long,  which  is 
reenrved  towards  the  top,  and  runs  into  an  upright  chimney  55  feet  high.  The  above 
flue  is  covered  with  stone  slabs,  carefully  jointed  with  fire-«lay,  which  may  be  removed 
when  the  deposite  formed  under  them  (which  is  apt  to  melt)  requires  to  be  cleaned  out. 
One  of  the  sides  of  the  furnace  is  called  the  laborers'  side.  It  has  a  door  for  throwing 
ootl  upon  the  fire-gnttey  besides  three  small  apertures  each  about  6  inches  square. 
These  are  dosed  with  moveable  plates  of  east  iron,  which  are  taken  off  when  the  working 
requires  a  freer  circulation  of  air,  or  for  the  stirring  up  of  the  materials  upon  the  hearth. 
On  the  opposite  side,  called  the  working  side,  there  are  five  apertures ;  namely,  three  equal 
snd  opposite  to  those  just  described,  shutting  in  like  manner  with  cast  iron  plates,  and 
beneath  them  two  other  openings,  one  of  which  is  for  running  out  the  lead,  and  another 
for  the  seorise.  The  ash  pit  is  also  on  this  side^  covered  with  a  little  water,  and  so  dis- 
posed as  that  the  grato-bars  may  be  easily  cleared  from  the  cinder  slag. 

The  hearth  of  the  furnace  is  composed  of  the  reverberatory  furnace  slags,  to  which  a 
proper  diape  has  been  given  by  beating  them  with  a  strong  iron  rake,  before  their 
entire  solidification*  On  the  laborers'  side,  this  hearth  rises  Jiearly  to  the  surface  of 
the  three  openings,  and  falls  towards  the  working  side,  so  as  to  be  18  inches  below  the 
middle  aperture.  In  this  point,  the  lowest  of  the  furnace,  there  is  a  tap>hole,  tbrough 
which  the  lead  is  run  ofi*  into  a  lai^e  iron^  boiler  (lea-pan),  placed  in  a  recess  left  out- 
side in  the  masonry.  From  that  lowest  pomt,  the  sole  gradually  rises  in  all  directions, 
fimning  thus  an  inside  bai»n,  into  which  the  lead  runs  down  as  it  is  smelted.  At  the  usual 
lerel  of  the  metal  bath,  there  is  on  the  working  side,  at  the  end  furthest  from  the  fire,  an 
tperture  for  letting  off  the  slag 

In  the  middle  of  the  arched  roof  tnere  is  a  small  apenure,  called  the  crovm4itolej  which 
is  covered  up  during  the  working  with  a  thick  cast  iron  plate.  Above  this  aperture  a 
larce  wooden  or  iron  hopper  stands,  leading  beneath  into  an  iron  cylinder^  through 
which  the  contents  of  the  hopper  may  fall  into  the  furnace  when  a  trap  or  valve  is 
opened. 

2.  The  roasting  furn(ice, — This  was  introduced  about  30  years  ago,  in  the  neigh- 
borhood of  Alston  Moor,  for  roasting  the  ore  intended  to  pass  through  tbe<  Scotch  furnace, 
a  process  which  greatly  facilitates  that  operation.  Since  its  first  establishment  it  has  suc- 
cessi?ely  received  considerable  improvements. 

Figs.  631, 632|  633,  represent  the  cupola  furnace  at  the  Marquess  of  Westminster's 
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lead  smelting  works,  two  miles  from  Holywell.    The  Iiearth  is  hollowed  out  below  the 
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middle  door  of  the  ftmmee  {  it  slopes  ffom  the  hack  and  eodt  towaids  this  hasia.  Die 
distance  from  the  lowest  point  of  this  concavity  up  to  the  sill  of  tiie  dooTy  is  usnaUy  24 
inches,  but  it  is  sometimes  a  little  less,  according  to  the  quality  of  the  ores  to  be  smelted* 
This  furnace  has  no  hole  for  mnning  off  the  slag,  above  the  level  of  the  top  hole  for  the 
lead  i,  like  the  smelting  famace  of  Lea,  near  Matlock.  A  single  chimney  stalk  serves 
for  all  the  establishments ;  and  receives  all  the  flues  of  the  various  roasting  and  inducing 
furnaces.  Fig,  633  gives  aa  idea  of  the  distribution  of  these  flues,  a  aoy  Jkc  are  the 
furnaces;  6,  the  flues,  18  inches  square ;  these  lead  from  each  furnace  to  the  principal 
conduit  c,  which  is  5  feet  deep  by  2|  wide  \  d  is6  feet  deep  by  3  wide ;  e  is  a  rcaiDd 
chamber  15  feet  in  diameter ;  /  is  a  conduit  7  feet  high  by  5  wide ;  g  another^  6  feet 
high  by  3  wide.  The  chimney  at  h  has  a  diameter  at  bottom  of  30  feet,  a  top  of  12 
feet,  including  the  thickness  of  its  sides,  forming  a  truncated  cone  100  feet  high ;  whose 
base  stands  upon  a  hill  a  little  way  from  the  furnaces,  and  62  feet  above  their  level. 

a,  figs,  631,  632,  is  the  grate ;  ^,  the  door  of  the  fire-plaoe  $  c,  the  fire-bridge ;  dy  the 
arched  roof ;  e,  the  hearth ',  fff,  &c.,  the  working  doors ;  g  g,  flues  running  into  one 
conduit,  which  leads  to  the  subterranean  condensing  chamber,  e,  and  thence  to  the  genial 
chimney ;  ft,  a  hopper-shaped  opening  in  the  top  of  the  fumaoe,  for  supplying  it  with 
materials. 

This  magnifleent  structure  is  not  destined  solely  for  the  reduction  of  the  ores,  but  for 
dissipating  all  the  vapors  which  mi^t  prove  noxious  to  the  health  of  the  woik-people  and 
to  vegetation. 

The  ores  smelted  at  Holywell  are  very  refractory  galenas,  mixed  with  blende,  calamine, 
pyrites,  carbonate  of  lime,  &c.,  but  without  any  fluate  of  lime.  They  serve  mutually  as 
fluxes  to  one  another.  The  coal  is  of  inftrior  quality.  The  sole  of  each  furnace  is 
formed  of  slags  obtained  in  the  smelting,  and  they  are  all  of  one  kind.  In  constructing 
it,  7  or  8  tons  of  these  slags  are  first  of  all  thrown  upon  the  brick  area  of  the  hearth ;  are 
nuuie  to  melt  by  a  brisk  fire,  and  in  their  stiffening  state,  as  they  cool,  they  permit  the 
bottom  to  be  sloped  and  hollowed  Into  the  desired  shape.  Four  workmen,  two  at  each 
side  of  the  furnace,  perform  this  task. 

The  ordinary  charge  of  ore  for  one  smelting  operation  is  20  cwts.,  and  it  is  introduced 
through  the  hopper ;  see  CoppBR,^g.  304.  An  assistant  placed  at  the  back  doors  spreads 
it  equally  over  the  whole  hearth  with  a  rake ;  the  furnace  being  meanwhile  heated  only 
with  the  declining  fire  of  the  preceding  operation.  No  regular  fire  is  made  during  the  first 
two  hours,  but  a  gentle  heat  merely  is  kept  up  by  throwing  one  or  Two  shovelfuls  of  small 
coal  upon  the  grate  from  time  to  time.  All  the  doors  aro  closed,  and  the  register-plate  of 
the  chimney  is  lowered. 

The  outer  basin  in  front  of  the  ibrnace  is  at  this  time  fiUed  with  the  lead  derived  from 
a  former  process,  the  metal  being  covered  with  slags.  A  rectangular  slit  above  the  tap 
hole  is  \eh  open,  and  remains  so  during  the  whole  time  of  the  operation,  unless  the  lead 
should  rise  in  the  interior  basin  above  the  level  of  that  orifice }  in  which  case  a  little  mound 
must  be  raised  before  it. 

The  two  doors  in  front  furthest  firom  the  fire  being  soon  opened,  the  head-smelter 
throws  in  through  them,  upon  the  sole  of  the  furnace,  the  slags  swimming  upon  the  bath 
of  lead,  and  a  little  while  afterwards  he  opens  the  tap-hole,  and  runs  off  the  metallic 
lead  reduced  from  these  slags.  At  the  same  time  his  assistant  turns  over  the  ore  with 
his  paddle,  through  the  back  doors.  These  being  again  closed,  while  the  above  two  front 
doors  are  open,  the  smelter  throvrs  a  shovelful  of  small  coal  or  coke  cinder  upon  the  lead 
bath,  and  works  the  whole  together,  turning  over  the  ore  with  the  paddle  or  iron  oar. 
About  three  quarters  of  an  hour  after  the  commencement  of  the  operation,  he  throws 
back  upon  the  sole  of  the  hearth  the  fresh  slags  which  then  float  upon  the  bath  of  the 
outer  basin,  and  which  are  mixed  with  coaly  matter.  He  next  turns  over  these  slags,  as 
well  as  the  ore  with  the  paddle,  and  shuts  all  the  doors.  At  this  time  the  smelter  runs  off 
the  lead  into  the  pig-moulds. 

The  assistant  now  turns  over  the  ore  once  more  through  the  back  doors.  A  little 
more  than  an  hour  ailer  the  operation  began,  a  quantity  of  lead  proceeding  from  the 
slag  last  remelted,  is  run  off  by  the  tap ;  being  usually  in  such  quantity  as  to  fin  one 
half  of  the  outer  basin.  'Both  the  workmen  then  turn  over  the  ore  with  the  paddles,  at 
the  several  doors  of  the  furnace.  Its  interior  is  at  this  time  of  a  dull  red  heat ;  the 
roasting  being  carried  on  rather  by  the  combustion  of  the  sulphurous  ingredients,  than 
by  the  action  of  the  small  quantity  of  coal  in  the  grate.  The  smelter,  after  shutting 
the  front  doors,  with  the  exception  of  that  next  the  fire-bridge,  lifts  off  the  fresh  slags 
lying  upon  the  surface  of  the  outside  bath,  drains  them,  and  throws  them  back  into  the 
ibmaoe. 

An  hour  and  a  half  after  the  commencement,  the  lead  b^ns  to  ooze  out  in  small 
quantities  from  the  ore ;  but  little  should  be  suffered  to  flow  before  two  hours  have  ex- 
pired. About  this  time  the  two  workmen  open  all  the  doors,  and  turn  over  the  ore, 
each  at  his  own  side  of  the  furnace.    An  hour  and  three  quarters  after  the  beginning. 
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there  tre  few  T«pon  in  the  fnmace,  its  tempeiature  being  very  moderate.  No  more 
kill  is  Uien  seen  to  flow  npon  the  sloping  heuth.  A  litUe  coal  being  thrown  into  the 
giate  to  raise  the  heat  sUghtly,  the  woikmeD  tun  over  the  ore,  and  then  close  all  the 
doors. 

At  the  end  of  two  hours,  the  fini  fin  or  roasting  being  completed,  and  the  doors 
shot,  the  register  is  to  be  lifted  a  little,  and  ooal  thrown  npon  the  grate  to  give  the 
mxnd  firtf  which  lasts  during  25  minutes.  When  the  doors  are  now  opened,  the  inside 
of  the  furnace  is  of  a  pretty  vivid  red,  and  the  lead  flows  down  from  erery  side  towards 
the  inner  basin.  The  smelteir  with  his  rake  or  paddle  pushes  the  slags  upon  that  basin 
back  towards  the  upper  part  of  the  sole,  and  his  assistant  spreads  them  uniformly  over 
the  surface  through  the  back  doors.  The  smelter  next  throws  in  by  his  middle  door,  a 
few  shovelfuls  of  quicklime  upon  the  lead  bath.  The  assistant  meanwhile,  for  a  quarter 
of  an  hour,  works  the  ore  and  the  slags  together  through  the  three  back  doors,  and  then 
spreads  them  out,  while  the  smelter  pushes  the  slags  fVom  the  surface  of  the  inner  basin 
back  to  the  upper  parts  of  the  sole.  The  doors  being  now  left  open  for  a  little,  while 
the  interior  remains  in  repose,  the  metallic  lead,  which  had  been  pushed  back  with  the 
slags,  flows  down  into  the  basin.  This  occasional  cootmg  n(  the  fUmace  is  thought  to  be 
necessary  for  the  better  separation  of  the  products,  especially  of  the  slags,  flrom  the  lead 
bath. 

In  a  short  time  the  workmen  resume  their  rakes,  and  turn  over  the  slags  along  with 
the  ore.  Three  hours  after  the  commencement,  a  little  more  fuel  is  put  into  the  grate^ 
merely  to  keep  up  a  moderate  heat  of  the  furnace  during  the  paddling.  After  three 
hoars  and  ten  minutes,  the  grate  being  charged  with  fuel  for  the  third  fire,  the  register 
is  completely  opened,  the  doors  are  all  shut,  and  thef^irhace  is  left  in  this  state  for  three 
qioarters  of  an  hour.  In  nearly  fbur  hours  from  the  commencement,  aU  the  doors  being 
opened,  the  assistant  levels  the  surfaces  with  his  rake,  in  order  to  favor  the  descent  of 
nxy  drops  of  lead ;  and  then  spreads  the  slags,  whieh  are  pushed  back  towards  him  by 
the  smelter.  The  hitter  now  throws  in  a  firesh  quantity  of  lime,  with  the  view  not 
merely  of  covering  the  lead  bath  and  preventitag  Its  oxydizement,  but  of  rendering  the  slags 
less  fluid. 

Ten  minutes  after  the  third  fire  is  completed,  the  smelter  puts  a  new  charge  of  fuel 
in  the  grate,  and  shuts  the  doors  of  the  furnace  to  give  it  the  fourth  fire.  In  four  hours 
sod  forty  minutes  from  the  commencement,  this  fire  being  finished,  the  doors  are 
opened,  the  smelter  pierces  the  tap  hole  to  discharge  the  lead  into  the  otiter  basin,  and 
throws  some  quicklime  upon  the  slags  in  the  inner  basin.  He  then  pushes  the  slags 
thos  driid  up  towards  the  upper  part  of  the  hearth,  and  his  assistant  rakes  them  out  by  the 
back  doors. 

The  whole  operation  of  a  amdting  tkifl  takes  about  four  hours  and  a  half,  or  at  most 
five  hours,  in  which  four  periods  may  be  distinguished. 

1.  The  firti  firt  for  roasting  the  ores,  requires  very  moderate  firing  and  lasts  two 
hoars. 

2.  The  second  fire,  or  the  smelting,  requires  a  higher  heat,  with  shut  doors ;  at  the  end 
the  slags  are  drUd  up  with  lime,  and  the  furnace  is  also  allowed  to  cool  a  little. 

3, 4.  The  last  two  periods,  or  the  third  and  fourth  fires,  are  likewise  two  smeltings  or 
foundings,  and  differ  from  the  first  only  in  requiring  a  higher  temperature.  The  heat 
is  greatest  in  the  last.  The  form  and  dimensions  of  the  fuihace  are  calculated  to  cause 
t  uniform  di8lrfl>ution  of  heat  over  the  whole  sorfhce  of  the  hearth.  Sometimes  billets 
of  green  wood  are  plunged  into  the  metallic  lead  of  the  outer  basin,  causing  an  ebullition 
which  favors  the  separation  of  the  slags,  and  oonsequently  the  production  of  a  purer  lead; 
but  no  more  metallic  metal  is  obtained. 

Ten  cwts.  of  coal  are  consumed  at  Hidywell  in  smelting  one  ton  of  the  lead-ore  sehlich 
or  sludge ;  but  at  Grassington,  near  Skipton  in  Yorkshire,  with  a  similar  furnace  worked 
with  a  slower  heat,  the  operation  taking  from  seven  hours  to  seven  hours  and  a  half, 
instead  of  five,  only  7^  cwts.  of  eoal  are  consomed.  But  here  the  ores  are  less  refractory, 
have  the  benefit  of  floor  spar  as  a  flux,  and  are  more  exhausted  of  their  metal,  being  smelt- 
ed upon  a  less  sl(q>iag  hearth. 

Theory  of  ths  oftoM  opero/um.— At  Holywell,  Orassington,  and  in  Cornwall,  the 
result  of  the  first  graduated  roasting  heat,  is  a  mixture  of  undecomposed  sulphuret  of 
lead,  with  sulphate  and  oxyde  of  lead,  in  proportions  whieh  vary  with  the  degree  of  care 
bestowed  upon  the  process.  After  the  roasting,  the  heat  is  raised  to  convert  the  sludge 
into  a  pasty  mass ;  in  which  the  oxyde  and  snlphate  react  upon  the  sulphnret,  so  as  to 
produce  a  sub-sulphnret,  which  parts  with  the  metal  by  liquation.  The  cooling  of  the 
furnace  facilitates  the  liquation  every  time  that  the  snb-«ulphuret  is  formed,  and  the  ore 
has  passed  by  increase  of  temperature  from  the  pasty  into  the  liquid  state.  Cooling 
brings  bade  the  sludge  to  the  pasty  eonditlon,  and  is  therefore  necessary  for  the  due 
separation  of  the  difierent  bodies.  The  dryii^  up  of  the  thin  dags  by  lime  is  intended 
to  liberate  the  oxyde  of  lend,  and  aUew  it  to  reaet  upon  any  aulphuret  which  may  have 
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resisted  roasting  or  decomposition.  It  is -also  useful  as  a  Mtcfceiier,  in  a  mechanical  pomt 
of  view.  The  iron  of  the  tools,  which  wear  away  rery  fast,  is  also  serviceable  in  re- 
dncing  the  sulphuret  of  lead.  The  small  coal  added  along  with  the  lime  at  Grassington, 
and  also  sometimes  at  Holywell,  aids  in  reducing  the  oxyde  of  lead,  and  in  transforming 
the  sulphate  into  solphuret. 

3.  The  smelting  furnace  or  ort  Asaft^.-^This  fomace,  called  by  the  French  ecoetaU,  is 
from  22  to  24  inches  in  height  and  1  foot  by  1|  in  area  inside ;  bat  its  horizontal  section, 
always  rectangukur,  varies  mnch  in  its  dimensions  at  different  levels,  as  shown  in 
fig.  634, 


The  hearth  and  the  sides  are  of  cast  iron  \  the  sole-plate  a  b  is  also  of  cast  iron,  2)  inches 
thick,  having  on  its  back  and  two  sides  an  upright  ledge,  a  c,  2|  inches  thidc  and  4J 
high.  In  front  of  the  hearth  there  is  another  cast  iron  plate  m  k,  called  the  irorfe 
stone,  surrounded  on  every  side  excepting  towards  the  sole  of  the  furnace,  by  a  ledee 
one  inch  in  thickness  and  height.  The  phite  slopes  from  behind  forwards,  and  its  pos- 
terior ledge,  which  is  about  4^  inches  above  the  surface  of  the  hearth,  is  separated  from 
it  by  a  void  space  q,  which  is  filled  with  a  mixture  of  bone  ash  and  galena,  both  in  fine 
powder,  moistened  and  pressed  down  to|ether.  The  melted  lead  cannot  penetrate  into 
this  body,  but  afler  filling  the  basin  at  the  bottom  of  the  Aunace,  flows  naturally  ont 
by  the  gutter  (nearly,  an  inch  deep)  through  a  groove  in  the  teorksione;  and  then 
passes  into  a  caldron  of  reception  p,  styled  the  meUing^poiy  placed  below  the  front  edge 
of  the  work-stone. 

The  posterior  ledge  of  the  sole  is  snrmonnted  by  a  piece  of  cast  iron  c  d,  called  the 
hack^to>ne^  28  inches  long,  and  6^  high;  on  which  the  tuyire  or  blast-pipe  is  placed.  It 
supports  another  piece  of  cast  iron  e,  called  pipe^Ume,  scooped  out  at  its  under  part,  in 
the  middle  of  its  length,  for  the  passage  o(  the  tuyhre.  This  piece  advances  2  inches  into 
the  interior  of  the  furnace,  the  back  wall  of  which  is  finally  crowned  by  another  piece  of 
cast  iron  e  h,  called  also  back-stone. 

On  the  ledges  of  the  two  sides  of  the  sole,  are  placed  two  pieces  of  cast  iron,  called 
bearers,  each  of  which  is  5  inches  in  breadth  and  height,  and  26  inches  long.  They 
advance  an  inch  or  two  above  the  posterior  and  highest  edge  of  the  toork-stone,  and  con- 
tribute effectually  to  fix  it  solidly  in  its  place.  These  bearers  support,  through  the  in- 
tervention of  several  ranges  of  fire-brides,  a  piece  of  cast  iron  called  a /ore-s/one,  which 
has  the  same  dimensions  as  the  piece  called  the  batk^tome,  on  which  the  base  of  the 
blowing-machine  rests.  This  piece  is  in  contact,  at  each  of  its  extremities,  with  another 
mass  of  cast  iron,  6  inches  cube,  called  the  key-stone,  supported  on  the  masonry.  Lastly, 
the  void  spaces  lefl  between  the  two  hey^stones  and  the  back  part  of  the  fbmace  are  filled 
up  with  two  masses  of  cast  iron  exactly  like  the  key-stones. 

The  front  of  the  furnace  is  open  for  about  12  inches  froip  the  lower  part  of  the  flronl 
cross-piece  called  yore-«tonc,  up  to  the  superior  part  of  the  vfork-sUme,  It  is  throagh  thi^ 
opening  that  the  smelter  operates. 

The  gaseous  products  of  the  combustion,  on  escaping  flrom  this  ore-hearth,  arc  fre- 
quently made  to  pass  through  a  long  fine,  sloped  very  slightly  upwards,  in  which  they 
deposite  all  the  particles  of  ore  that  they  may  have  swept  along ;  these  flues,  whose  lenf>th 
is  sometimes  more  than  100  yards,  are  usually  5  feet  high  and  3  feet  wide  in  the  inside, 
and  always  terminate  in  the  chinmey  stalk.  The  matters  deposited  near  the  commence- 
ment of  the  flue  require  to  be  washed;  but  not  the  other  dusty  deposites.  The  whole 
may  then  be  carried  back  to  the  roasting  furnace,  to  be  calcined  and  reagglutinated,  or 
introduced  without  any  preparation  into  the  slag-hearth, 

4.  Figi,  635,  636  represent  a  slag-hearth,  Xhtfoumeaia  d  mandu  (elbow  furnace)  of  the 
French,  and  the  krummofen  (crooked  furnace)  of  the  Germans ;  such  as  is  used  at  Alston 
Moor,  in  Cumberland,  for  the  reduction  of  the  lead-slag.  It  resembles  the  Scotch 
furnace.  The  shaft  is  a  parallelopiped,  whose  base  is  26  inches  by  22  in  area  inside,  and 
whose  height  is  3  feet ;  the  sole-plate  a,  of  cast  iron,  slopes  slightly  down  to  the  basin 
of  reception,  or  the  fore-hearth  b.  Upon  both  ot  the  long  sides  of  the  sole-plate  there  are 
cast  iron  beams,  called  bearers  c  c,  of  great  strength,  which  support  the  side  walls  built 
of  a  coarse  grained  sand-stone,  as  wdl  as  the  cast  iron  plate  d  {firt  ttonc),  which  forms 
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the  froat  of  the  shaft.  This  stands  7  inches  off  from  the  sole-plate,  leaving  an  empty 
space  between  them.  The  back  side  is  made  of  cast  iron,  from  Uie  sole-pUte  to  the 
boiizontal  tuyere  in  its  middle ;  hut  above  this  point  it  is  made  of  sand-stone.    The 
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tuyere  is  from  ](  to  2  inches  in  diameter.  In  front  of  the  fore-hearth  b,  a  cistern  e  is 
placed,  through  which  water  continually  flows,  so  that  the  slags  which  spontaneously 
overflow  the  fore-hearth  may  become  inflated  and  shattered,  whereby  the  lead  dissemi- 
nated tlirough  them  may  be  readily  separated  by  washing.  The  lead  itself  flows  from 
the  fore-hearth  b,  through  an  orifice,  into  an  iron  pot  /,  which  is  kept  hot  over  a  fire. 
The  metal  obtained  fh>m  this  slag-hearth  :s  much  less  pure  than  that  extracted  directly 
from  the  ore. 

The  whole  bottom  of  the  furnace  is  filled  to  a  height  of  17  inches,  that  is,  to 
within  2  or  3  inches  of  the  tuyere,  with  the  rubbish  of  coke  reduced  to  coarse  powder 
and  beat  strongly  down.  At  each  smelting  shift,  this  bed  must  be  made  anew,  and  the 
interior  of  the  furnace  above  the  tuyere  repaired,  with  the  exception  of  the  front,  con- 
sisting of  cast  iron.  In  advance  of  the  furnace  there  is  a  basin  of  reception,  which  is 
also  filled  with  coke  rubbish.  Farther  off  is  a  pit,  full  of  water,  replenished  by  a  cold 
stream,  which  incessantly  runs  in  through  a  pipe.  The  scorioe,  in  flowing  out  of  the  fur« 
nace,  pass  over  the  coke  bed  in  the  basin  of  reception,  and  then  fall  into  the  water,  whose 
coolness  makes  them  fly  into  small  pieces,  after  which  they  are  easily  washed,  so  as  to 
separate  the  lead  that  may  be  entangled  among  them. 

These  fnmaces  are  urged.  In  genml,  by  wooden  bellows ;  fig,  637.   But  at  the  smelting 


works  of  Lea,  near  Matlock,  the  blowing-machine  consists  of  two  casks,  which  move 
upon  horizontal  axes.  Each  of  these  casks  is  divided  into  two  equal  parts  by  a  fixed 
phme  that  passes  through  its  axis,  and  is  filled  with  water  to  a  certain  height.  The  water 
of  one  side  conrnmnicates  with  that  of  the  other  by  an  opening  in  the  lower  part  of  the 
division.  Each  cask  possesses  a  movement  of  oscillation,  produced  by  a  rod  attached  to 
a  crank  of  a  bucket-wheel.  At  each  demi<oscillation,  one  of  the  compartments,  being  in 
communication  with  the  external  air,  is  filled ;  while  the  other,  on  the  contrary,  communi- 
cates with  the  nozzle,  and  supplies  wind  to  the  furnace. 

5.  R^niug  or  eupdiationfumact.    See  Silver. 

6.  Smelting  by  the  reveriftratcry  furnace  is  adopted  exclusively  in  Derbyshbre,  and  in 
some  works  at  Alston  Moor.  The  charge  in  the  hopper  consists  commonly  of  16  cwts., 
each  weiirhing  120  lbs.  avoirdupois,  composed  of  an  intimate  mixture  of  5,  6, 7,  or  even 
8  kinds  of  ore,  derived  from  different  mines,  and  prepared  in  different  ways.  The  pro- 
portions of  the  mixture  are  determined  by  experience,  and  are  of  great  consequence  to  the 
success  of  the  work. 

The  ore  is  rather  in  the  form  of  grains  than  of  a  fine  edUidi ;  it  is  sometimes  very  pure, 
and  affords  75  per  cent. ;  but  usually  it  is  mixed  up  with  a  large  proportion  of  carbonate 
and  fluate  of  lime ;  and  its  product  varies  from  66  to  23  per  cent. 

After  scnping  Uie  slaggy  matters  out  of  the  ftimace,  a  fresh  smelting  shift  is  intro- 
duced at  an  interval  of  a  few  minutes ;  and  thus,  by  means  of  two  alternate  work- 
men, who  relieve  each  other  ^rery  seven  or  eight  hours,  the  weekly  operations  continue 
without  interruption.  The  average  product  in  lead  of  the  reverberatory  fVimaces  in 
Derbyshire,  during  several  years,  has  been  66  per  cent,  of  the  ore.  Very  fine  ore  has, 
however,  afforded  76. 

7.  Smelting  of  the  drawn  alag,  on  the  tlag-4mU  A^orft.— The  Idack  slag  of  the  reverbe- 
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ratory  furnace  is  broken  by  hamtaers  into  small  pieces,  «nd  inixed  in  proper  pnix>urunni 
with  the  coal  cinders  that  fall  through  the  grate  of  the  reverlieratory  fire.  The  leaden 
nuUta  that  float  on  the  stuface  of  the  bath,  and  the  dust  deposited  in  the  chitnne}', 
are  added,  along  with  some  poor  ore  containing  a  gangue  of  fluor  spar  and  limestone, 
which  had  been  put  aside  during  the  machanical  prepai'ation.  With  such  a  mixture,  the 
slag-hearth,  already  described  y/g5.  635,  636,  is  charged.  By  the  action  of  heat  and  coal, 
the  lead  is  revived,  the  earthy  matters  flow  into  very  liquid  scoriae,  and  the  whole  is 
made  to  pass  across  the  body  of  fire  into  a  basin  of  reception  placed  beneath.  The 
scoriae  are  thickened  by  throwing  quicklime  upon  them,  and  they  are  then  raked 
away.  At  the  end  of  the  operation  the  lead  is  cast  into  pigs  or  ingots  of  a  peculiar 
form.  This  is  called  slag-lead.  It  is  harder,  more  sonorbus  ^an  the  lead  obtained  from 
the  reverbenitory  furnace,  and  is  preferred  for  the  manufacture  of  minium,  lead  shot,  and 
some  other  purposes. 

8.  Treatment  qf  lead  ores  by  the  Scotch  furnace,  or  ore^earth, — This  ftimace  is  gener- 
ally employed  in  the  counties  of  Northumberland,  Cumberland,  and  Durham,  for  the 
smelting  of  lead  ores,  which  were  formerly  carried  to  them  without  any  preparation, 
but  now  they  are  exposed  to  a  preliminary  calcination.  The  roasted  ore  yields  in  the 
Scotch  furnace  a  more  considerable  product  than  the  cnide  ore,  because  it  forms  in  the 
furnace  a  more  porous  mass,  and  at  the  same  time  it  works  drier,  to  use  the  fotrader's  ex- 
pression ;  that  is,  it  allows  the  stream  of  air  iinp^Ued  by  the  bellows  to  diffuse  itself  more 
completely  across  the  matters  contained  in  the  furnace. 

The  charge  of  the  roasting  furnace.  Jigs,  631,  632,  633,  is  from  9  to  llcwts.  of  orp, 
put  into  the  furnace  without  any  addition.  Three  such  shifls  are  usually  passed  through 
in  eight  hours.  The  fire  should  be  urged  in  such  a  manner  as  to  produce  constantly  a 
dense  smoke,  without  letting  any  part  of  the  ore  melt  and  form  a  slag ;  an  accident 
which  would  obstruct  the  principal  end  of  the  process,  which  is  to  bum  ofl"  the  sulphur  and 
antimony,  and  to  expel  the  carbonic  acid  of  the  carbonate  of  lead.  The  ore  must  be  fre- 
quently turned  over,  by  moving  it  fVom  tlie  bridge  to  the  other  end  and  back  again.  To 
prevent  the  ore  from  running  into  masses  as  it  cools,  it  is  made  to  fall  out  of  the  furnace 
into  a  pit  full  of  water,  placed  below  one  of  the  lateral  doors. 

Smelting  of  the  lead  ores  in  the  Scotch  furnace^ — When  a  smelting  shift  has  been 
finished  in  the  Scotch  furnace,  a  portion  of  the  ore,  called  browse,  remains  in  a  semi- 
reduced  slate,  mixed  with  coke  and  cinders.  It  is  found  of  more  advantage  to  prescrie 
the  browse  for  beginning  the  following  operation,  than  to  take  raw  or  even  roasted 
ore.  To  set  the  furnace  in  action,  the  interior  of  it  is  filled  with  peats,  cot  into  the 
form  of  bricks.  The  peats  towards  the  posterior  part  are  heaped  up  without  order, 
but  those  near  the  front  are  piled  up  with  care  in  the  form  of  a  wall.  A  kindled  peat 
is  now  placed  before  the  nozzle  of  the  bellows,  which  are  made  to  blow,  and  the  blast 
spreads  the  combustion  rapidly  throush  the  whole  mass.  To  increase  the  heat,  and  to 
render  the  fire  more  steady  and  durable,  a  few  shovelfuls  of  coals  are  thrown  over  the 
turf.  A  crrtain  quantity  of  the  browse  is  to  be  next  introduced ;  and  then  (or  some- 
times before  all  the  browse  is  put  in)  the  greater  part  cf  the  matters  contained  in  the 
furnace  is  drawn  over  on  the  work-stone,  by  means  of  a  large  rake  called  a  gowelodt ;  the 
refuse  of  the  ore  called  gray  slag,  which  a  skilful  smelter  knows  by  its  shining  more 
than  the  browse,  is  taken  off  with  a  shovel,  and  thrown  to  the  right  hand  into  a  comer 
outside  of  the  furnace.  The  browse  left  on  the  work^tone  is  to  be  now  thrown  back 
into  the  furnace,  with  the  addition  of  a  little  coal,  if  necessary.  If  the  brow^se  be  net 
well  cleaned  from  the  slag,  which  is  perceived  by  the  whole  mass  being  in  a  soil  stale, 
and  showing  a  tendency  to  fuse,  quicklime  must  be  added,  which  by  its  affinity  for  the 
argillaceous,  silicious,  and  ferraginous  substances,  dries  up  the  materials  as  the 
smelters  say,  and  gives  to  the  earthy  parts  the  property  of  concreting  into  lumps  or 
balls ;  but  if,  on  the  other  hand,  the  silicious,  argillaceous,  or  ferraginous  parts  con- 
tained in  the  ore  be  too  refractoiy,  lime  is  also  to  be  added,  but  in  smaller  quantity, 
which,  by  rendering  them  more  fusible,  communicates  the  property  of  concretinir  into 
bails.  These  lumps,  called  gray  slag,  contain  from  one  tenth  to  one  fifteenth  of  the 
lead  which  was  present  in  the  ore.  They  must  be  smelted  afterwards  at  a  higher  tem- 
perature in  the  slag  hearth,  to  extract  their  lead.  After  the  browse  has  been  thrown 
back  into  the  furnace,  as  has  been  said,  a  few  shovelfuls  of  ore  iire  to  be  strewed  over 
it ;  but  before  doing  this,  and  after  removinsr  the  scoris,  there  must  be  always  plftc^l 
before  the  tuyorc  half  a  peat,  a  substance  which  being  extremely  porous  and  eombustible, 
not  only  hinders  any  thing  from  entering  the  nozzle  of  the  bellows,  but  spreads  the  hla«t 
throujyh  all  the  vacant  parts  of  the  furnace.  After  an  inten*al  of  from  10  to  15  minutes, 
according  to  circumstances,  the  materials  in  the  ftimace  are  drawn  afresh  upon  the  work- 
stone,  and  the  gray  slag  is  removed  by  the  rake.  Another  peat  being  placed  before  the 
tuyere,  and  coal  and  quicklime  being  introdoced  in  suitable  proportions,  the  browse  is 
thrown  back  into  the  furnace,  a  fVesh  portion  of  ore  is  charged  above  it,  and  left  in  the 
furnace  for  the  above-mentioned  time. 
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Hus  mode  of  woduagy  oontinned  for  14  or  15  hous,  fonns  what  is  called  a  imtUing 
Aift  i  in  which  tixne  firaim  20  to  40  cwU.  of  lead,  and  even  more,  are  produced. 

By  Uiifl  proceas  the  purest  part  of  the  lead,  as  well  as  the  silyer,  are  sweated  out,  as  it 
were,  from  the  materials  with  which  they  are  mixed,  without  anything,  entering  into 
fusion  except  these  two  metals  in  the  state  of  alloy.  It  is  probable  that  the  moderate 
teospeiature  employed  in  the  Scotch  furnace  is  the  main  cause  of  the  purity  of  the  lead 
vhich  it  yields. 

9.  Smelting  of  the  scoria  of  the  Scotch  furnace  on  the  slag  A«aW&.— Before  putting  fire  to 
theskg  hearth  already  described,  /lg«.  626,  636,  its  empty  space  is  to  be  filled  with  peats, 
sod  a  lighted  one  being  placed  before  the  tuyere,  the  bellows  are  made  to  play.  A  layer 
of  coke  is  to  be  now  thrown  upon  the  burning  peats,  and  as  soon  as  the  heat  is  sufficiently 
high,  a  layer  of  the  gray  »lag  is  to  be  introduced,  or  of  any  other  scoriae  that  are  to 
be  reduced*  From  time  to  time,  as  the  fit  moment  arrives,  alternate  strata  of  coke  and 
slag  are  to  be  ackied.  In  this  operation,  though  the  slag  and  the  lead  are  brought  to  a 
state  of  perfect  fluidity,  the  metal  gets  separated  by  filtering  down  through  the  bed  of 
peat  cinders,  which  the  slag  cannot  do  on  account  of  its  viscidity.  Whenever  that  coke 
bed  becomes  covered  with  fluid  slag,  the  workman  makes  a  hole  in  it,  of  about  an  inch 
diameter,  by  means  of  a  kneed  poker ;  and  runs  it  oflf  by  this  orifice,  as  it  cannot  sink 
down  into  |iie  hard  rammed  cinders,  which  fill  the  basin  of  reception.  The  slag  flows 
over  it  in  a  glowing  stream  into  the  pit  filled  with  water,  where  it  gets  granulated  and 
ready  for  washing. 

When  lead  is  obtained  from  galena  without  the  addition  of  combustible  matter,  we 
have  an  example,  on  the  great  scale,  of  the  mutual  decomposition  of  the  oxydes  and  sul- 
phates formed  during  the  roasting  heat,  by  the  still  undecomposed  galena,  especially  when 
this  action  is  facilitated  by  werkSig  up  and  skilfully  mingling  the  various  matters,  as  hap- 
pens in  the  leverberatory  and  Scotch  furnaces.  It  is  therefore  the  sulphuret  of  lead  itsdf 
which  serves  as  the  agent  of  reduction  in  regard  to  the  oxyde  and  sulphate,  when  little 
or  no  charcoal  has  been  added.  Sometimes,  however,  towards  the  end  of  the  operation 
in  the  reverberatory  hearth,  it  becomes  necessary  to  throw  in  some  wood  or  chaicoal,> 
because  the  oxydiEement  having  become  too  complete,  there  does  not  remain  a  sufiicient 
body  of  sulphuret  of  lead  to  efiect  the  decompositions  and  reductions  just  mentioned,  and 
therefore  it  is  requisite  to  regenerate  some  galena  by  means  of  carbonaceous  matter, 
which  immediately  converts  the  sulphate  of  lead  into  the  sulphuret.  The  sulphur  and 
oxygen  are  eventually  aU  separated  in  the  form  of  sulphurous  add.  Roasted  galena 
contains  sometimes  no  less  than  77  per  cent,  of  sulphate  of  lead. 

At  Viconago,  in  the  Valais,  the  process  of  smelting  lead  ore  in  the  reverberatory  fur- 
nace, with  the  addition  of  iron,  as  practised  at  Vienne,  on  the  Isdre,  was  introduced  i 
but  the^difficulty  of  procuring  a  sufiicient  supply  of  old  iron  has  led  to  an  interesting 
modification. 

On  the  hearth  of  the  reverberatory  ftumace,  10  quintals  of  moderately  rich  ore  are 
spread;  these  are  heated  temperatdy  for  some  time^  and  stirred  about  to  promote  the 
snUiuiation  of  the  sulphur.  After  three  or  four  hours,  when  the  ore  seems  to  be  sufi^ 
ciently  desulphureted,  the  heat  is  raised  so  as  to  melt  the  whole  materials,  and  whei^ 
ever  they  flux  into  a  metallic  glass,  a  few  shovelfuls  of  bruised  charcoal  or  cinders  are 
thrown  in,  which  soon  thicken  the  liquid,  and  cause  metallic  lead  to  appear.  By  this 
means  three  fourths  of  the  lead  contained  in  the  ore  are  usually  extracted ;  but  at  lengUi 
the  snbstance,  becoming  less  and  less  fluid,  yields  no  more  metal.  Stamped  and  washed 
carbonate  of  iron  (sparry  iron  ore)  is  now  added,  in  the  proportion  of  about  10  per  cenL 
of  the  lead  ore  primarily  introduced. 

On  stirring  and  working  together  this  mixture,  it  assumes  the  consistence  of  a  stiff 
paste,  which  is  raked  out  of  the  furnace.  When  this  has  become  cold,  it  is  broken  into 
pieces,  and  thereafter  smelted  in  a  slag-hearth,  without  the  addition  of  flux.  By  this 
operation  almost  the  whole  lead  present  is  obtained.  100  quintals  of  schlich  yidd  45 
of  argentiferous  lead ;  and  in  the  production  of  100  quintals  (cwts.)  of  marketable  leai^ 
140  cubic  feet  of  beech-wood,  and  357|  quintals  of  charcoal  are  consumed. 

This  process  is  remarkable  for  the  use,  of  iron-ore  in  smelting  galena. 

10.  deduction  ilm  thB  rtveirberaiory  furnace  of  the  litharge  Mtined  in  the  refining  of 
lead,— The  litharge,  of  Alstoii  Moor  is  seldom  sold  as  such,  but  is  usually:  converted  into 
lead,  in  a  reverberatory  furnace. 

In  commencing  this  reduction,  a  bed  of  coal  about  2  mches  thick  is  first  of  all  laid 
on  the  hearth ;  which  is  soon  kindled  by  the  flame  of  the  fire-place,  and  in  a  little  while 
is  reduced  to  red  hot  cinders.  Upon  these  a  certain  quantity  of  a  mixture  of  litharge 
and  small  coal  is.fini^rmly  spread ;  the  heat. of  the  fire-place  being  meanwhile  so  man- 
aged as  to  maintain  in  the  furnace  a  suitable  temperature  for  enabling  the  combustible  to 
deprive  the  litharge  of  its  oxygen,  and  to  convert  it  into  lead.  The  metal  is  run  out  by 
the  tapJiole  into  an  iron  pot ;  and  being  cast  into  pigs  of  half  a  hundred  weight,  is  sold 
voder  the  name  of  refined  lesd  at  a  superior  price. 
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The  quantity  of  small  coal  mixed  with  the  litharge  should  be  somewhat  less  than  what 
may  be  necessary  to  effect  the  reduction,  because  if  in  the  coarse  of  the  process  a  defi- 
ciency of  it  is  perceived  in  any  part  of  ibe  furnace,  more  can  always  be  added ;  whereas 
a  redundancy  of  coal  necessarily  increases  the  quantity  of  slag,  which,  at  the  end  of  the 
shift,  must  be  removed  from  the  furnace  before  a  new  operation  is  begun,  whereby  lead 
is  lost.  In  the  reverberatory  furnace,  six  fodders  of  lead  may  be  revived  in  nine  or  ten 
hours  i  during  the  first  six  of  which  the  mixture  of  litharge  and  coal  is  added  at  short 
intervals.    A  fodder  is  from  21  to  24  cwts. 

It  deserves  to  be  remarked  that  the  work  does  not  go  on  so  well  nor  so  quick  when 
the  coal  and  litharge  are  in  a  pulverulent  form ;  because  the  reduction  in  this  case 
takes  place  only  at  the  surface,  the  air  not  being  able  to  penetrate  into  the  body,  and  to 
keep  up  its  combustion,  and  the  mutual  action  of  the  litharge  and  carbon  in  the  interior. 
But,  on  the  other  hand,  when  the  litharge  is  in  porous  pieces,  as  large  as  a  hen's  egg, 
the  action  pervades  the  whole  body,  and  the  sooty  fumes  of  the  coal  effect  the  redoetion 
even  in  the  centre  of  the  fragments  of  the  litharge,  penetrating  into  every  fissure  and 
carrying  off  the  oxygen.  The  heat  ought  never  to  be  urged  so  far  as  to  meh  the 
litharge. 

'  The  grounds  of  the  cupel,  and  the  slag  of  the  reduction  furnace,  being  a  mixture  of 
small  coke,  coal  ash,  and  oxyde  of  iron,  more  or  less  impregnated  with  lead,  are  smelted 
upon  the  slag  hearth,  along  with  coke,  and,  by  way  of  flux,  with  a  certain  quantity  of  the 
black  scoriiB  obtained  from  the  same  furnace,  prepared  for  this  purpose,  by  running  it 
out  in  thin  plates,  and  breaking  it  into  small  pieces.  The  lead  thus  obtainei  is  nsnally 
very  white,  very  hard,  and  not  susceptible  of  refinement. 

MM.  Dufrenoy  and  Beaumont  consider  the  smelting  of  lead  ore  by  the  reverberatory 
furnace,  as  practised  in 'Derbyshire,  as  probably  preferable  to  that  with  the  slag  hearth 
as  carried  on  in  Brittany ;  a  process  which  seldom  gives  uniform  products,  while  it  occa- 
sions a  more  considerable  waste  of  lead  and  consumption  of  fUel. 

The  mixed  process  employed  in  Cumberland  of  roasting  the  ore,  and  allerwards 
smelting  it  in  a  small  ^furnace  resembling  that  called  the  Scotch,  apparently  yields  a 
little  less  lead  than  if  both  operations  were  executed  in  the  reverberatory  furnace ;  but 
according  to  Mr.  Forster  (see  his  TreatUe  on  a  Section  of  the  Strata  from  NewcaitU 
upon  Trpity  &c.),  this  slight  loss  is  more  than  compensated  by  the  smaller  eonsomptioa 
of  fuel,  the  increased  rapidity  of  the  operation,  and  especially  by  the  much  greater 
purity  of  the  lead  obtained  from  the  Scotch  furnace.  When  it  comes  to  be  reiui«l,  the 
loss  is  only  about  one  twelfth  or  one  thirteenth,  whereas  the  lead  revived  in  the  rever- 
beratory furnace  loses  frequently  a  ninth.  Moreover,  the  lead  furnished  by  the  first 
method  admits  of  being  refined  with  profit,  when  it  yields  only  6  ounces  of  silver  per 
fodder  of  20  quintals,  poidt  de  marc,  while  that  produccMl  by  the  reverberatory  furnace 
cannot  be  cupelled  unless  it  gives  10  ounces  per  fodder ;  and  as  in  the  English  cupel- 
lation  lead  is  constantly  added  anew  without  skimming,  the  litharge  obtained  in  the 
second  case  can  never  he  brought  into  the  market,  whereas  the  Utharge  of  the  leads  frcm 
the  Scotch  furnace  is  of  good  quality.  See  the  new  method  of  enriching  lead  for  cap^ 
lation,  under  Silver. 
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As  the  smelting  of  galena^  the  principal  ore  of  lead,  is  not  a  little  complex,  the  fblloiw- 
ing  tabular  view  of  Uie  difilerent  processes  may  prove  acceptable  to  the  m< 


I.  Class. 
Treated  in  re- 
verberatory 
furnaces. 


Treatment  of 

f  U  Pure  ores. 
2.  Ores  mixed  with 
saline  gangues. 

8,  Ores  mixed  with 
earthy  gangues. 


Procaasof 

Pesey,  Spain,  Ac. 

)  England,  in  gen- 

5     eral. 

^Ticenago,  in 
Italy,  and  Red- 
ruth, in  Corn- 
wall. 


ing. 


Comhuied  with 
the  above. 


A 

Desulphnra- 

tionbyroast-^  4.  Ores  mixed  with 

several    sulphu- 
rets. 

6.  Ores  with  earthy, 
saline,    and    sul- 
phurous    gan- 
gues. 

6.  Ores  with  mattes,  Wienne,  P011II&- 
as  at  y  ienne,  in  >  ouen,  and  1W^ 
Dauphiny.  )     nowiti. 


B 

Desnlphunu 
tion  by  iron* 


LEil>-SBDT. 

7«r 

TrMim«lof                    FrocHof 

^ 

Mattes,  with  nw 
lead. 

Ma^    pU- 

FonndiDf  lAer 

TOMtmgk, 

■iliemtei. 

Workable     lead, 
withom  mattes. 

■ViUeTort. 

Clasa. 

heap,  or  in  > 

Mattes  and  work- 

Sewalpla- 

ted  in  the 

reverbera- 

8.  Ores  prodating 

able  lead. 

;     ees. 

U-slng- 

toi7. 

compoiind     1^ 

PontGibaod 

rth,   the 

(*teel»gs. 

Workable  lead. 

and  Scotch 

rwio   a 

B 

fntnaee. 

Fonnding  -nOi 

9.  Ores  producing 

Malles  and  work- 
able lead. 

Baad-Ems 

Mch    fnr- 

direct  de- 

Blags    emnposcd 

Harti, 

salpharalion, 
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e  annual  production  of  lead  in  Europe  may  be  estimated  at  about  60,000  too* ;  of 
h  fonr  scTenths  are  prodnced  in  England,  two  sevenths  in  Spain,  the  remainder  in 
lanj  and  Russia.  France  does  not  prodoce  more  than  one  fiv^iiundredth  part  of  the 

:  LiTHAKGE,  M[Niuu,  oT  Bid  Ltad,  SoLoiB,  Soius  orJttlaU  or  Lead,  Type 

AL,  and  WHrrr.  Lkad, 

;aD-SHOT  (P/wni  dt  ekaut,  Fr.j  Stint,  FlitittiuArci,  Germ.).  Tie  origin  oT 
or  the  imperfectkins  in  the  manufactore  of  lead-shot  is  the  too  rapid  cooling  of  tha 
-utes  by  their  bein;  dropped  too  hot  into  Ihc  water,  whereby  their  surfaces  form  a 
crust,  while  their  iaierior  remains  Said,  and,  in  its  subsequent  concretion,  shrinks, 
lo  produce  the  irregalorities  of  Ihe  shot. 

le  patent  ahot  lowers  ariginallf  constmeted  in  England  obviate  this  evil  b;  exposing 
ised  spherules  aAer  they  pass  throngh  the  cullender,  to  a  large  body  of  air  during 
descent  into  the  water  lub  plaeed  on  Ihe  ground.  The  gresteet  erection  of  this  Idnd 
ibably  Bl  Villach,  in  Carinthia,  being  240  Vienna,  or  249  English  feet  high. 
IE  qaaolily  of  atsenic  added  to  the  mass  of  melted  lead,  varies  according  to  the 
ly  of  this  metal ;  the  harder  and  leu  ductile  the  lead  is,  the  more  arsenic  moil  be 
].  About  3  pounds  of  either  white  arsenic  or  orpimeul  is  enough  for  one  Ibonsand 
of  soft  lead,  sod  about  8  for  the  coarser  kinds.  The  latter  are  employed  preferably 
lol,  as  they  are  cheaper  and  answer  sufficiently  well.  The  arsenical  alloy  is  made 
r  by  introdudni;  some  of  this  substance  at  each  melting,  or  by  making  a  qnantily  of 
ompound  considerably  suonger  at  once,  and  adding  a  certain  portion  of  tlijs  to  each 
;e  of  lead.  If  the  particles  of  the  shot  appear  lens  shaped,  it  la  a  proof  that  Ihe 
jrtion  of  atscnic  has  been  too  great;  but  if  they  are  Battened  upon  one  side,  if  they 
loUowed  in  their  middle,  called  capping  by  the  vrorkman,  or  drag  with  a  lail  behind 
,  the  proportion  cd'  artenic  is  loo  smalL 

le  following  is  Ihe  procesa  prescribed  by  the  patentee*,  Ackerman  and  Martin.  Hell 
I  of  wfl  lead,  and  sprinkle  round  its  sides,  in  the  iron  pert,  about  two  shovelfDl*  of 
I  ishes,  taking  care  to  leave  the  centre  clear;  then  put  into  the  middle  about  40 
ds  of  arsenic  lo  form  a  rich  alloy  with  the  lead.  Cover  the  pot  with  an  iron  lid,  and 
the  joints  quickly  with  loom  or  mortar,  to  confine  the  artenical  vapors,  keeping  np 
demle  fire  to  maintaia  the  miilure  fluid  for  three  or  four  hours;  after  which  skim 
iiUy,  and  mu  the  alloy  into  moulds  to  Ibnn  jikgots  or  pigs.  The  ccmposition  thn* 
:  is  to  be  put  in  the  proportion  of  one  [og  or  ingot  into  1000  pounds  of  melted  okU- 
leajj.  When  Ihe  whole  is  well  combined,  take  a  perforated  skimmer  and  let  a  few 
I  of  it  fall  from  some  height  into  a  tub  of  water.  U  they  do  not  appear  globular, 
more  arsenical  alloy  must  be  added. 

ad  which  contains  a  good  deal  of  pewter  or  tin  must  b«  rejected,  becauM  il'tendi  U 
ice  elongated  drops  or  taik. 

cHQ  two  lo  three  tons  are  usually  melted  at  mice  is  the  large  establiihnients.  Hie 
ce  of  the  lead  gets  covered  with  a  otM  of  oxyde  oC  a  white  spongy  nature,  aom^ 
I  called  trtam  b</  the  Workmen,  lAich  is  of  use  to  eoal  over  the  bottom  of  the  ctd- 
r,  because  willunt  such  abed  the  heavy  melted  lead  would  nn  too  rapidly  tbrotlgh 
oles  for  the  gtanolating  i»oees»,  and  would  Ibmt  oUong  spheroidt.  The  mounting 
LI  filter,  or  lining  of  the  enllender,  ii  reelconed  to  be  a  nice  operatiDD  by  the  work- 
aud  is  regarded  nstuUy  at  a  valtuilde  leeret. 

>c  cullenders  are  hallow  hemit[AeTet  of  sheet  iron,  about  10  inchea  in  diameter,  pac~ 
ed  with  holes,  which  duxild  be  perftetly  nrand  and  free  from  bun.  Theae  most  b« 
□nifonn  size  in  each  cnlleaderi  bat  of  courte  a  teriea  itf  different  cnllendas,  with 
d  holes  for  every  different  eiie  of  lead  shot,  must  be  prepared,  llie  bole*  ban 
y  the  following  diameleie  for  the  ■^''Tur'Tid  number*  of  shot. 
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From  No.  5  to  No.  9  the  diameter  decreaaes  by  regular  gradatioiu^  the  latter  being  ooiy 
Jkj^  of  an  inch. 

The  operation  is  always  carried  on  with  three  cullenders  at  a  time ;  which  are  sap- 
ported  upon  projecting  grates  of  a  kind  of  chafing  dish  made  of  sheet  iron  somewhat  like 
a  triansrle.  This  cha£ng  dish  should  be  placed  immediately  above  the  fall ;  while  at  its 
bottom  there  must  be  a  tub  half  filled  with  water  for  receiving  the  granulated  lead«  The 
cullenders  are  not  in  contact,  but  must  be  parted  by  burning  charcoal,  in  order  to  keep  the 
lead  constantly  at  the  proper  temperature,  and  to  prevent  its  solidifying  in  the  filter.  The 
temperature  of  the  lead  bath  should  vary  with  the  size  of  the  shot ;  for  the  largest,  it 
should  be  such  that  a  bit  of  straw  plunged  into  it  will  be  scarcely  browned,  but  for  aU  it 
should  be  nicely  regulated.  The  height  iVom  which  the  particles  should  be  let  ftll  varies 
likewise  with  the  size  of  the  shot  1  as  the  congelation  is  the  more  rapid,  the  smaller  they 
are.  With  a  fall  of  33  yards  or  100  feet,  from  No.  4  to  No.  9  may  be  made ;  but  for 
larger  sizes,  150  feet  of  height  will  be  required. 

Every  thing  being  arranged  as  above  described,  the  workman  puts  the  filter-stuff  into 
the  cullender,  pressing  it  well  against  the  sides.  He  next  pours  lead  into  it  with  an  iron 
ladle,  but  not  in  too  great  quantity  at  a  time,  lest  it  should  run  through  too  fast.  The 
shot  thereby  formed-  and  found  in  the  tub  are  not  all  equal. 

The  centre  of  the  cullender  being  less  hot  affords  larger  shot  than  the  sides,  which  are 
constantly  surrounded  with  burning  charcoal.  Occasionally,  also,  the  three  cullenden 
employed  together  may  have  holes  of  different  sizes,  in  which  case  the  tub  may  contain 
shot  it  very  various  magnitudes.  These  are  separated  firom  each  other  by  square 
sieves  of  different  fineness,  10  inches  broad  and  16  inches  long,  theb  bottoms  being  of 
sheet  iron,  pierced  with  holes  of  the  same  diameters  as  those  of  the  cullenders.  These 
sieves  are  suspended  by  means  of  two  bands  above  boxes  for  receiving  the  shot ;  one 
sieve  being  usually  set  above  another  in  consecutive  numbers,  for  instance,  1  and  2.  The 
shot  being  put  into  the  upper  sieve.  No.  0  will  remain  in  it.  No.  1  will  remain  in  the 
lower  sieve,  and  No.  2  will,  with  all  the  others,  pass  through  it  into  the  chest  below.  It  is 
obvious  that  by  substituting  sieves  of  successive  fineness,  shot  of  any  dimension  may  be 
sorted. 

In  the  preceding  process  the  shot  has  been  sorted  to  size ;  it  must  next  be  sorted  tn 
form,  so  as  to  separate  all  the  spheroids  which  are  not  truly  round,  or  are  defective  in  any 
respect.  For  this  purpose  a  board  is  made  use  of  about  27  inches  long  and  16  broad, 
Aimished  partially  with  upright  ledges ;  upon  this  tray  a  handful  or  two  of  the  shot  to  be 
sorted  being  laid,  it  is  inclined  very  slightly,  and  gently  shaken  in  the  horizontal  direction, 
when  the  globular  particles  run  down  by  one  edge,  into  a  chest  set  to  receive  them,  while 
those  of  irregular  forms  ronain  on  the  sides  of  Uie  tmy,  and  are  reserved  to  be  remelted. 

After  being  sorted  in  this  way,  the  shot  requires  still  to  be  smoothed  and  polished 
bright.  This  object  is  effected  by  putting  It  into  a  small  octagonal  cask,  through  a  door 
In  its  side,  turning  upon  a  horizontal  iron  axis,  which  rests  in  plummer  boxes  at  its  endte, 
and  is  made  to  revolve  by  any  mechanical  power.  A  certain  quantity  of  plumbago  or 
black  lead  in  put  in  along  with  the  shot. 

LAZULITE  (Eng.  and  Fr. ;  LatvliOi^  Germ.)  is  a  blue  vitreous  mineral,  crystallizing 
in  rhomboidal  dodecahedrons;  spec,  grav.,  2*76  to  2*94;  scratches  glass ;  affords  a  little 
water  by  calcination  $  AisiUe  into  a  white  glass;  dissolves  in  acids  with  loss  of  color; 
solution  leaves  an  alkaline  residuum,  after  being  treated  with  carbonate  of  ammonia,  fil- 
tered, evaporated,  and  lealrined.  It  consists  of  silica,  35*8;  alumina,  34*8;  soda,  23-2  ; 
sulphur,  3-1 ;  carbonate  of  lime,  3*1.  This  beautfful  stone  affords  the  native  nUramarine 
pigment,  which  was  very  costly  till  a  mode  of  making  it  artificially  was  lately  discovered. 

Sec  ULTRAMARINE. 

LEATHER  (Cntr,  Fr. ;  Oenn.)  Xeckr)  is  the  skin  of  animals,  so  modified  by  chemical 
means  as  to  hafve  become  unalterable  by  the  external  agents  which  tend  to  decompose  it 
in  its  natural  state.  The  preparation  in  a  rude  manner  of  this  valuable  substance,  baa 
been  kne^n  from  the  most  aneient  times,  but  it  was  not  till  the  end  of  the  last,  and  the 
beginning  of  the  present  century,  that  it  began  to  benanuflictared  upon  rig^t  principles, 
in  consequence  of  the  researches  of  Macbride,  Deyeux,  Seguin,  and  Davy.  There  ar« 
several  varieties  of  leather,  such  a»sdt  leather,  boot  or  opper  leather,  shamoy  leather 
kid  or  glove  leather,  fce.  Skins  may  be  converted  into  leather  either  with  or  witlKmt 
their  hairy  coat. 

We  shall  treat  first  of  sole  and  upper  laathen,  bdng  the  moat  inportaat.  and  moA 
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CMtl;  and  difficult  to  prepare  in  a  proper  manner.  Thete  kinds  eontigt  of  oifaniied 
Sbroos  Kelaiine  or  skin,  combined  irilh  the  proximate  vegetable  principle,  tannin,  and 
probably  also  some  vegetable  eitnctive.  Under  the  articles  Giiuj  and  TANHrtt,  will 
beroun^  an  accoant  or  the  properties  or  this  siibslance,  and  the  means  oTDbtainiDi;  il  in  a 
stale  of  purity.  Cair  tealher  qoiclilf  tanned  by  an  infusioa  of  rails,  consists  of  61  parts 
of  skin,  aad  39  of  Testable  matter  in  100  by  weight ;  by  solutioD  of  catechu,  it  consists 
of  80  of  skin,  and  20  of  vegetable  matter ;  by  infusion  of  Leicester  willow,  of  7«-5  skin, 
■□d  25-5  vegetable  matter;  and  b;  infasioa  of  oak  bark,  of  T3-2  skin,  and  26-S  vegetable 
matter.  Bj  the  slow  process  of  tanning,  continued  for  three  monlbi,  the  increase  of 
\reighl  npoa  the  slcin  in  Its  eonversion  into  leather,  is  ereatly  less ;  (he  vegetable  consti- 
taenH  being  from  Leicester  willow  only  13  per  cent,  of  the  leather,  and  from  oak  bark 
IS  per  cent.  Sole  leather,  however,  general! j  contains  no  less  than  40  per  cent,  of  vege- 
table mailer.  In  every  astringent  bark,  the  inner  white  part  neil  to  the  albunntm,  con- 
tains the  Largest  quantity  of  tannin,  and  the  middle  colored  part  contains  most  extractive 
tnatter.  The  outer  snrihce  or  epidermis  seldom  furnishes  either  tannin  or  eitraetive 
matter.  Young  trees  abound  most  in  the  white  cortical  layers,  and  are  hence  more  pro- 
ductive of  tannin  under  equal  weights,  than  the  barks  of  old  trees.  In  no  case  ii  there 
anf  reason  to  believe  that  the  gallic  acid  of  astringent  vegetables  is  absorbed  in  the  pro- 
cess of  making  leather ;  hence  Seguin's  theory  of  the  agency  of  that  substance  in  disoij- 
genating  skin,  falls  to  the  ground.  The  different  qnalilies  of  leather  made  with  the 
some  kind  of  skin,  seem  (o  depend  very  much  upon  the  diflerent  quantities  of  extractive 
matter  i(  may  have  absorbed.  The  leather  made  with  infusion  of  galls,  is  generally 
harder  and  more  liable  to  crack  than  the  leather  obtained  fhim  infUsiong  of  barksi  and 
it  always  contains  a  much  larger  proportion  of  tannin,  and  a  tmaller  proportion  of  eilmc- 
tive  matter. 

When  calf  skin  is  slowly  tanned  in  weak  sotnlions  of  the  bark,  or  of  caleehu,  it  com- 
bues  with  a  good  deal  of  extractive  matter,  and  thongli  the  increase  of  the  weight  of  the 
skin  be  comparatively  small,  yet  it  has  become  perfectly  insoluble  in  water,  forming  a 
•oft,  bnl  at  the  same  time  a  strong  leather.  The  saturated  infusions  of  astringent  barice 
contain  much  less  extractive  matter  in  proportion  to  their  tannin,  than  the  weak  iaih- 
■ioDs;  and  when  skin  is  qnickly  tanned  in  the  former,  it  prodnces  a  woive  and  leas 
durable  leather  than  when  slowly  tanned  in  the  latter.  In  quick  tanning,  a  eoiuiiderabla 
inantity  of  vegetable  extractive  matter  is  thus  lost  to  the  manufacturer,  which  mig-hl 
bave  been  made  to  enter  as  a  useful  constituent  into  the  leather.  These  observationi 
ihow  thai  there  is  suHicient  foundation  for  the  opinion  of  the  common  workmen,  con- 
ireming  what  is  technically  called  fading  or  leather,  in  the  alow  method  of  tanning; 
lod  thio<u:h  the  processes  of  this  art  have  been  nnneceasarily  protracted  by  defective 
nethoda  of  steeping,  and  wont  of  progressive  infiltration  of  the  astringent  liqaor  tbrmigh 
[he  skins,  yel  in  general  they  appear  to  have  arrived,  in  consequence  of  old  elperienee,  at 
1  degree  of  perfection  in  the  quality  of  the  leather,  which  cannot  be  far  exceeded  by 
means  of  any  theoretical  suggestions  which  have  been  advanced. 

On  the  first  view  it  may  appear  surprising,  that  in  those  Cases  of  qniek  ta'Ding, 
irhero  eitmclive  matter  forms  a  certaia  portion  of  the  leather,  (he  increase  of  weight  it 
era  than  when  the  skin  is  combined  with  (he  pure  tannin  j  bat  (he  fact  is  easily  aceonnt- 
sl  for,  when  we  consider  that  the  attraction  of  skin  for  tannin  must  be  probably  weak- 
■nvd  by  its  union  with  extractive  matter;  and  whether  we  snppoee  that  the  tannin  and 
rxtractive  matter  enter  together  into  combination  with  the  matter  of  skin,  or  unite  with- 
lepaiale  portions  of  it,  s(ill,  in  either  case,  the  primary  attraction  of  skin  for  tan  mast  be 
U>  a  certain  extent  diminished. 

In  examining  astringent  vegetaUcs  in  relation  to  their  power  of  making' leather,  it  is 
leeessary  to  take  into  account  nD(  only  the  quantity  they  may  eon(ain  of  the  labitme* 
irecipitable  by  gelatine,  but  likewise  the  quantity  and  the  natore  of  the  extradive  matter ; 
lod  in  eases  of  comparison,  it  is  essential  to  employ  inRiiionB  of  the  same  degree  of  con- 
xritration. 

Of  all  astringent  substances  hitherto  examined,  eateeha  is  that  which  contains  the 
ari^est  proportion  of  tannin ;  and  in  sappoeing,  according  to  the  usual  estimation,  that 
Tom  four  to  Ave  poitnda  of  common  oak  bark  are  required  to  produce  one  pound  of 
«ather,  it  appears,  from  the  various  synthetical  eiperintents,  that  about  half  a  poubd  of 
atecho  would  amiwer  the  same  purpose.  Mr.  Purkis  found,  by  the  results  of  different 
Kcurate  experiments,  that  I  pound  of  catecbn  was  equivalent  to  T  or  S  of  oak  bark. 
Por  the  common  purposes  of  the  tanner,  1  pound  of  it  wouhl  be  equivalent  also  to  2} 
mnnds  of  galla,  to  7]  of  the  Leicester  willow,  to  1 1  of  the  balk  of  the  Spanish  chestnut, 
o  IS  of  the  baric  of  the  common  elm,  to  31  of  the  bark  of  the  common  wiUow,  and  to  S 
wands  oftomach. 

Various  menstnu  have  been  proposed  fbr  the  purpose  of  expediting  and  imptovinfl  the 
proeeai  of  tanning,  among  othars,  limr  water,  and  solution  of  pearl-ash ;  bnt  as  these 
tw»  «nb«la>ew  fonn  oaonpoandi  wtlh  tuiun  wlueh  are  not  dacwnpDMhle  by  gelatiii^  -I 
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IbUowB  that  thai  cffecU  miut  be  {vqudkiaL  Ttme  it  very  little  naaon  ic  sat^oae  (hat 
any  bodies  will  be  rouod  wliich,  at  the  same  lime  thai  they  increaae  the  lolubilil;  of  laii- 
nia  in  water,  will  not  likewise  ^jtniniiih  iu  ■tciaetion  for  ildn. 

In  this  counlTT  all  taoned  leathet  if  diEtiogui^hed  into  two  kioda,  called  Au£u  and 
ikiiu  I  the  former  term  being  appropriated  to  that  made  &om  the  larger  animals,  is 
balls,  buffaloea,  oxen,  and  cows,  into  thick  strong  sole  leather;  and  the  latter  to  that 
nuule  from  calves,  irals,  be.,  into  ihionei  and  more  flexible  upper  leather.  Sometimes 
the  hides  are  brought  into  the  market  merely  dried,  as  from  Buenos  Ayres ;  or  dried  and 
aalted,  as  from  Bahia  and  Femambaeo  {  but  the  greater  part  are  fresh  from  recently 
slaughtered  animaU.  The  heaviest  ox-hides  are  preferred  for  forming  biUli  or  bada, 
which  are  manufactured  as  followa  : — 

The  wasbinft  process  must  be  more  or  lew  elaborate,  according  to  the  etale  of  the  skins. 
Those  that  are  raited  aod  dry  require  to  be  steeped,  beaten,  and  rubbed  several  times  aU 
lemately,  to  bring  them  to  the  fresh  condition. 

Afler  removing  the  horns,  the  softened  or  recent  hides  are  laid  In  ■  heap  for  two  m 
three  days,  after  which  they  are  euspended  on  poles  in  a  close  room  called  a  smoke- 
boose,  healed  somewhat  above  the  common  temperatDre  by  a  smouldering  Gre.  lo  these 
circumstances,  a  slight  putrefaction  superrenea,  which  loosens  the  epidermis,  and  renden 
the  bair  easily  deiachable  by  the  /(jAt'ng  ktii/e  ;  a  large  two  haodled  implement,  with  ■ 
blunt  edge,  and  bent  lo  suit  the  curvalore  of  the  rounded  beam  of  the  wooden  borae  upoo 
which  Ibe  bide  is  scraped.    See  Cuervinc. 

The  aeit  step  is  immersion  in  a  pit  contaiaing  wata  impregnated  with  about  ■  lOOOlb 
part  of  sulphuric  acid.  This  process  is  called  raiting',  because  it  distends  the  pores,  and 
makes  the  fibres  swell,  so  as  lo  render  the  skins  more  susceptible  of  the  action  of  the  tan- 
ning infusions.  Focly-eigbt  hours  in  general  suffice  for  this  operation,  but  more  lime  may 
be  safety  taken. 

When  the  bides  are  found  to  be  sufficiently  raised,  they  are  transferred  to  a  pit,  in 
which  they  are  stratified  with  oak  bajk,  ground  by  a  proper  mill  into  a  coarse  powder. 
The  pil  is  then  filled  up  with  an  infosion  aC  oak  hairk  called  ooie,  and  the  hides  are 
allowed  to  remain  in  il  lor  about  a  month  or  six  weeks.  By  this  lime  the  tannin  and 
extractive  matter  of  the  bark  having  combicied  intimately  with  the  animal  fibre,  Ihc 
pit  is  exhausted  of  its  virtue,  and  most  be  renewed,  by  talcing  out  the  spent  bark,  and 
Bobjecling  the  skins  to  a  fresh  dose  of  oak  bark  and  oose.  The  hides  which  wen 
placed  near  the  top  of  the  first  pit,  musl  be  placed  near  the  bottom  of  the  next.  In  thil 
millurc  they  remain,  upon  the  oU  practice,  nboul  three  monlha.  The  last  process 
being  repealed  twice  or  thrice,  perfectly  tanned  leather  is  the  result.  The  hides  are  noi^ 
removed  from  (he  pit,  and  hung  up  in  a  shed.  In  the  progress  of  drying,  which  duwld 
be  slow,  they  are  compressed  with  «  steel  tool,  and  beaten  smooth,  to  reader  Ihem  more 
firm  and  dense- 
Some  manufacturers  place  on  the  bottom  of  the  pit  5  or  6  inches  of  spent  buk,  over 
it  2  inches  of  fresh  bark,  then  a.  skin  ;  and  so,  allemately,  a  layer  of  new  lark  nod  askio, 
efll  the  pit  is  nearly  full,  reserving  a  small  space  a(  top  for  a  thicker  layer  of  bark,  over 
which  weighted  boards  are  laid,  lo  condense  the  whole  down  into  the  tanning  infusion. 

The  operation  of  tanning  fole  leather  ia  ihe  above  way,  lasts  a  year  or  a  year  and  a 
half,  according  to  the  quality  wanted,  and  the  nature  of  (be  hides- 

A  perfect  leather  is  recognised  by  its  section,  which  should  have  a  glistening  marbled 
appearance,  without  any  white  streaks  in  the  middle. 

Cnp  hidtj  are  manufactared  by  immersion,  during  three  or  four  days,  ia  pits  contaia- 
ing miUc  of  lime  ;  in  which  (hey  are  occasionally  moved  up  and  down  in  ordo'  to  expose 
them  equally  to  the  action  of  this  menstrunm.  They  are  then  removed,  and  cleared 
fh>m  hair  and  impurilies,  by  using  the  fleshing  knife  upon  the  horse  ;  alter  which  they 
must  be  completely  (reed  from  the  lime  by  a  thorough  washing.  They  are  next 
plunged  in  pits  containing  a  weak  ooie  or  infusion  of  oak  bark,  from  which  they  are 
successively  transferred  into  other  pits  with  stronger  ooze;  all  the  while  being  daily 
lutndltd,  thai  is,  moved  np  and  down  in  the  infusion.  This  practice  is  conlinoed  for 
about  a  monlh  or  six  weeks.  They  are  now  ready  to  be  subjected  to  a  mixture  of  ground 
oak  bark  and  stronger  ooze  in  other  pits,  lo  a  series  of  which  they  aie  progreasi*^  sub- 
jected during  two  or  three  months. 

'  The  biles  are  next  put  inlo  lai^  vats,  called  loyrri,  in  which  tbsy  are  smoothly  strati- 
fied with  more  oak  bark,  and  a  strongei  infusion  of  it.  After  six  w«eks  they  are  takes 
ont  of  Aese  vats,  and  sabjected  lo  a  new  charge  of  the  same  materials  for  two  months. 
This  simple  process  is  repealed  twice  or  thrice,  at  the  option  of  the  QtanofactDrer,  till 
the  hides  are  thoroughly  tanned.  They  are  then  slowly  dried,  and  condensed  in  the  man- 
ner above  described.  These  crop  hides  form  the  principal  part  of  the  sole  leather  used 
for  home  consumption  in  England. 

lite  process  of  tanning  ikta*  (as  of  calvea,  seals,  Jtc.)  it  in  some  respects  peculiar. 
Thar  an  left  in  th«  lime  piis  fw  abotrt  twelvs  diaj^  when  tlur  aie  ttdffti  tC  Ikw 
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lir,  Tuhed  in  nter,  then  immenol  in  a  liiiTinm  of  pigeoB**  dnag,  sailed  ■  gronwr,  of 
L  tlktline  Dalure.     Here  Iher  remain  (ram  ei^ht  to  ten  dajs,  according  lo  ibe  alate  of 

e  ilmoaphere,  during  which  time  (he;  are  frequenllf  haadled,  and  scraped  dd  bath 
l«  Dpon  a  i»Hivex  voodcn  beam.  Tbii  scraping  or  vrorking,  as  it  is  Irnned,  joined  to 
e  letion  of  Ibe  gratur,  terves  to  separate  the  lime,  oil,  and  gludnoui  matter,  and  lo 
Dderlhesbin  pliant,  ran,  and  readf  to  imbibe  the  lurnins  principle.  The;  are  with 
a  view  transTerred  into  pits  containing  a  weak  solution  oC  bark,  in  which  the;  luidergo 
»r\i  the  same  treatment  as  described  aboTC  for  crop  bides ;  bat  they  are  not  COm- 
id);  itialiSed  in  (he  layers.  The  lime  occupied  in  tanning  them  la  usually  limited 
three  months.  They  are  then  dried,  and  disposed  of  to  the  currier,  who  dresset  and 
ickens  them  for  tlie  upper  leathers  of  boots  and  shoes,  for  harness,  and  other 
rposes.    The  light  and  thin  sorli  of  cow  and  horse  hides  are  often  treated  like  calf 

In  ill  the  above  processes,  ai  the  animal  ibtet  on  the  inrface  of  the  skin  absorb  moU 
idil;  the  tanning  principles,  and  thereby  obstruct,  in  a  cerUia  degree,  their  patsaga 
D  the  interior  fibres,  especially  of  thick  hides,  it  becomes  an  object  of  importance  to 
ilrire  some  method  of  overcoming  that  obstacle,  and  promoting  the  penetration  of 
:  tan.  The  first  manufacturer  who  appears  (□  hnve  employed  elticacious  mechanical 
ms  of  favoring  the  chemical  action  was  Francis  G.  Spilsbury,  wlio  in  April,  1823, 
ained  a  patent  for  the  following  operation ; — Aftei  the  hiilea  are  freed  from  the 
n,  ke.  in  the  usual  way,  they  are  minutely  inspected  as  to  their  soundness,  and  if 
I  holes  be  foond,  they  arc  carefully  sewed  up,  so  as  to  be  water  light.  Three  frBmes 
Kuod  are  provided  of  equal  dimensions,  filled  to  each  other,  with  the  edges  of 
fiBines  held  together  by  screw  bolts.  A  skin  abDut  lo  be  tanned  is  now  laid  upon 
fnme,  aod  stretched  over  its  edges,  then  the  second  frame  is  lo  be  placed  upon 
w  Ihal  the  edges  of  the  two  frames  may  pinch  the  skin  all  round  and  hold  it  seeurelyi 
ilher  such  skin  is  then  stretched  over  the  upper  surface  of  the  second  frame,  in  like 
uner,  and  e.  Ihiid  fi-ame  being  set  upon  this,  confines  the  second  skin.  The  three 
nn  are  then  pinched  tightly  together  by  a  series  of  screw  bolts,  passing  through  earx 
round  their  outer  edges,  which  fix  the  skin  in  a  proper  manoer  for  being  operated  upon 
Ihe  tanning  liquor. 

L  space  has  been  thus  formed  between  the  two  ikios,  into  which,  when  the  IVames 
set  aprigbt,  the  infusion  is  introduced  by  means  of  a  pipe  from  the  cistern  above, 
le  the  air  is  permitted  lo  escape  by  a  siopcoclt  below.  This  cock  most  of  course  be 
I  whenever  the  bag  is  filled,  but  the  one  above  is  left  open  lo  maintain  a  commanica- 
I  wilh  (he  liquor  cistern,  and  lo  allow  the  hydrostatic  pressure  to  force  the  liquor 
luih  Ibe  cntaoeuus  jiorca  by  a  slow  infiltration,  nnd  thus  lo  bring  the  tannin  into  con- 
.  vith  all  the  fibres  indiscriminately.  The  action  of  this  pressure  is  evinced  by  a  con- 
il  perspinitiua  on  the  outer  surfaces  of  the  skins. 

'hen  the  tanning  is  compieled,  the  upper  stopcock  is  closed,  and  the  nnder  is  opened 
Tin  off  the  liquor.  The  IVames  are  now  removed,  (he  bolts  are  unscrewed,  and  the 
:hed  edges  of  the  skins  pared  off;  aAer  which  Ihey  are  lo  be  dried  and  Anished  in  the 

.  mollification  of  this  int{Vnious  and  effeelual  process  WRS  made  the  subject  of  ■ 
M,  by  William  Drake,  of  Bedminster,  Uaner,  in  Oclober,  1831.     The  hides,  aAer 

usual  preparatory  processes,  are  immersed  in  a  weak  (an  liquor,  and  by  fVequcnt 
JliDK  or  Inming  over,  receive  an  incipient  tanning  before  being  submitted  to  tbe 
Iration  plan.  Two  hides,  as  nearly  of  the  same  size  and  shape  as  pos5ible,aTe  placed 
a  lo  i;min,  when  their  corresponding  edges  are  sewed  Armly  together  all  round 
hoemakers'  waxed  Ihreaii,  so  as  lo  form  a  hag  sufficiently  light  to  hold  tan  liquor. 
{  bag  must  then  be  suspended  by  means  of  loops  sewed  lo  its  shoulder  end,  upon 
i,  in  such  a  manner  tha[  it  may  hang  within  a  wooden-barred  rack,  and  be  confined 
rally  inlo  a  book  form.  About  an  inch  of  Ihe  bag  is  lefl  unsewed  at  the  upper  end, 
he  purpose  of  introducing  a  funnel  through  which  the  cold  tan  liquor  is  poured  into 
bag  till  it  be  full.  After  a  certain  interval  which  varies  with  the  quality  tJ  the  hides, 
ouler  Butface  becomes  moist,  and  drops  begin  to  form  at  the  bottom  of  the  b^.  These 
received  in  a  proper  vessel,  and  when  they  accumulate  sufficiently  may  be  poured 
L  inlo  the  funnel ;  the  ^  being  thus,  aa  well  as  by  a  fresh  supply  from  above,  kept 
Innlty  distended. 

'hen  the  hides  are  observed  to  ftel  hard  and  firm,  while  every  part  of  Ihem  feel* 
illy  damp,  the  air  of  the  tanning  apartment  having  been  alwaj-s  well  ventilate:!,  is 
lo  he  heated  bj  proper  means  to  a  temperature  gradually  increosina  from  70* 
50°  of  Fahrenheit's  scale.  This  heat  is  to  be  maintained  till  Ihe  hides  become 
er  and  harder  in  all  parts.  When  Ihey  begin  lo  assume  a  black  appearance  in  some 
s,  and  when  tbe  Inn  liquor  undergoes  little  diminution,  the  hides  may  be  considered 
le  tanned,  and  Ihe  bair  may  be  emjitied  by  cutting  a  few  slilches  at  its  bottom. 

oaler  edge*  being  pared  oS,  the  bidet  are  to  be  finished  in  the  usual  way.    Dariof 
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tbek  sospeiuion  within  the  ndu,  the  hides  should  be  shifted  a  little  sideways,  ta 
prerent  the  finrmation  of  Airrows  by- the  bars,  and  to  facilitate  the  equable  action  of  the 
liquor. 

By  this  process  the  patentee  says,  that  a  hide  may  be  tanned  as  completely  in  ten 
days  as  it  could  be  in  ten  months  by  the  usual  method.  I  haTe  seen  a  piece  of  sole  leather 
thus  rapidly  tanned,  and  it  seemed  to  be  perfect.  How  it  may  wear,  compared  with  that 
made  in  the  old  way,  I  cannot  pretend  to  determine. 

Messrs.  Knowlys  and  Dnesbury  obtained  a  patent  in  August,  1826,  for  accelerating 
the  impregnation  of  skins  with  tannin,  by  suspending  them  in  a  dose  vessel,  from  which 
the  air  is  to  be  extracted  by  an  air  pump,  and  then  the  tanning  infusion  is  to  be  admitted. 
In  this  way,  it  is  supposed  to  penetrate  the  hide  so  effectually  as  to  tan  it  uniformly  in  a 
short  time. 

About  32  years  ago,  a  similar  vacuum  scheme  was  employed  to  impregnate  vnth 
weavers'  paste  or  starch,  the  cops  of  cotton  weft,  for  the  dandy  loonu  of  Messrs.  RadcUff 
and  Ross,  of  Stockport. 

Danish  leather  is  made  by  tanning  lamb  and  kid  skins  with  willow  bark,  whence  it  de* 
rives  an  agreeable  smell.    It  is  chiefly  worked  up  into  gloves. 

Of  the  tawing  or  dntting  of  $kins  for  gloves,  and  vihite  skeep  leather. 

The  operations  of  this  art  are :  1.  washing  the  skins ;  2.  properly  treating  them  with 
lime  i  3.  taking  off  the  fleece ;  4.  treatment  in  the  leather  steep. 

A  shed  erected  upon  the  side  of  a  stream,  with  a  cistern  of  water  for  washing  the 
skins;  wooden  horses  for  cleaning  them  with  the  back  of  the  fleshing  knife;  pincers 
for  removing  the  fibres  of  damaged  wool ;  a  plunger  for  depressing  the  skins  in  the 
pits ;  a  lime  pit ;  a  pole  with  a  bag  tied  to  the  end  of  it ;  a  two-handed  fleshing  knife ; 
a  rolling  pin,  from  15  to  18  inches  long,  thickened  in  the  middle ;  such  arc  some  of  the 
utensils  of  a  tawing  establishment.  There  must  be  provided  also  a  table  for  applying  the 
oil  to  the  skins ;  a  fulling  mill,  worked  by  a  water-wheel  or  other  power ;  a  dressing  peg ; 
a  press  for  squeezing  out  the  fatly  filth ;  a  stove ;  planks  mounted  upon  legs,  for  stretch- 
ing the  skins,  &c. 

Fresh  skins  must  be  worked  immediately  after  being  washed,  and  then  dried,  other- 
wise they  ferment,  and  contract  either  indelible  spots,  or  get  tender  in  certain  points,  so 
as  to  open  up  and  tear  under  the  tools.  When  received  in  the  dry  state  the}'  should 
be  steeped  in  water  for  two  days,  and  then  treated  as  fresh  skins.  They  are  next  strongly 
rubbed  on  the  convex  horse-beam  with  a  round-^ged  knife,  in  order  to  make  them  pli- 
ant. The  rough  parts  are  removed  by  the  fleshing  knife.  One  workman  can  in  this  way 
prepare  200  skins  in  a  day. 

The  flesh  side  of  each  being  rubbed  with  a  cold  cream  of  lime,  the  skins  are  pDrd 
together  with  the  woolly  side  of  each  pair  outermost,  and  the  flesh  sides  in  contact. 
They  are  left  in  this  state  for  a  few  days,  till  it  is  found  that  the  wool  may  be  easOy  re- 
moved by  plucking. 

They  are  next  washed  in  running  water,  to  separate  the  greater  part  of  the  lime, 
stripped  of  the  wool  by  small  spring  tweezers,  and  then  fteeced  smooth  by  means  of  the 
rolling-pin,  or  sometimes  by  rubbing  «iith  a  whetstone.  Unless  they  be  fleeced  soon 
after  the  treatment  with  lime,  they  do  not  well  admit  of  this  operation  subsequently,  as 
they  are  apt  to  get  hard. 

They  are  now  steeped  in  the  milk  of  lime-pit,  in  order  to  swell,  soften,  and  cleanse 
them;  afterwards  in  a  weak  pit  of  old  h'me- water,  from  which  they  are  taken  out  and 
drained.  This  steeping  and  draining  upon  inclined  tables,  are  repealed  frequently  during 
the  space  of  3  weeks.  Only  the  skins  of  young  animals,  or  those  of  inferior  value,  are 
tawed.    Sometimes  the  wool  is  left  on,  as  for  housings,  &c. 

The  skins,  after  having  been  well  softened  in  the  steeps,  are  rubbed  on  the  outside 
with  a  whetstone  set  in  a  wooden  case  with  two  handles,  in  order  to  smooth  them 
completely  by  removing  any  remaining  filaments  of  wool.  Lamb  skins  are  rubbed 
with  the  pin  in  the  direction  of  their  breadth,  to  give  them  suppleness ;  but  sheep  skim 
are  fulled  with  water  alone.  They  are  now  ready  for  the  branning,  which  is  done  by 
mixing  40  lbs.  of  bran  with  20  gallons  of  water,  and  keeping  them  in  this  fermentable 
mixture  for  three  weeks — with  the  addition,  if  possible,  df  some  old  bran  water.  Hera 
they  must  be  frequently  turned  over,  and  carefully  watched,  as  it  is  a  delicate  operation. 
In  the  course  of  two  days  in  summer,  and  eight  in  winter,  the  skins  are  said  to  be 
raised,  when  they  sink  in  the  water.  On  coming  out  of  the  bran,  they  are  ready 
for  the  white  stuff;  which  is  a  bath  composed  of  alum  and  sea-salt.  Twelve,  fourteen, 
and  sometimes  eighteen  pounds  of  alum  for  100  skins,  form  the  basis  of  the  bath ;  to 
which  two  and  a  half  pounds  of  salt  are  added  in  winter,  and  three  in  summer.  These 
ingredients  are  introduced  into  a  copper  with  twelve  gallons  of  water.  The  salt  aids 
in  the  whitening  action.    When  the  solution  is  about  to  boO^  three  gallons  of  it  are 
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uted  throash  the  culkndei  uio abasia;  in  thu 26 skiuueworiiedawKner another, 
id,  aflcr  drainii^,  they  are  put  together  into  the  bath,  and  left  in  it  for  ten  minutes  to 
iW  ihe  lalts.  They  are  now  ready  to  receive  the  paste.  For  100  skins,  Trom  13  la 
i  i«undE  of  wheal  flour  are  nsed  alon);  with  the  yolks  of  50  e^s.  After  havinf  warmed 
e  alum  bath  through  which  the  skins  hare  beea  passed,  the  flower  is  dusted  , -into  il, 
iih  careful  stiiiing.  The  paste  is  well  kneaded  by  the  gradual  addition  of  the  solution, 
I'l  pasKd  through  the  cullender,  whereby  il  becomes  as  clear  as  honey.  To  this  llie 
Jts  being  added,  the  whole  is  incorporated  wilh  moch  manual  labor.  The  skins  are 
iikel  OIK  aOer  another  in  this  paste  ;  and  aRerwards  the  whole  together  are  left  im- 
rrsed  in  il  for  a  day.  They  are  now  stretched  and  dried  upon  poles,  in  a  proper  nf^art- 
;iil,  during  from  8  to  15  days,  according  to  the  season. 

The  eflecis  of  the  paste  are  to  whiten  the  skins,  to  soften  them,  and  to  protect  them 
im  the  hardening  influence  of  the  nlmospbere,  which  would  naturally  render  them 
illle.  They  would  not  bear  working  upon  the  lojtening  iron,  but  for  the  emulsion 
lich  has  been  introduced  into  their  substance.  With  this  view  they  ate  dipped  in  a  tub 
dear  water  during  five  or  six  minutes,  anrl  Ihen  spread  and  worked  upon  the  board, 
icy  are  increased  by  this  means  in  leni^Ih,  in  the  proportion  of  5  to  3.  No  hard  points 
itt  be  le/t  in  them.  The  whiteness  is  also  belter  brought  out  by  this  operation,  which 
perfurmed  uiion  the  flesh  side.  The  scAening  tool  is  an  iron  plate,  about  one  loot 
oad,  rounded  over  above,  mounted  upon  an  upright  beam,  30  inches  hizh,  which 
flied  to  the  end  of  a  strong  horizontal  pbink,  3^  feel  lone,  and  1  broad.  I'his  plank 
heavily  loaded,  to  make  it  immoveable  upon  the  floor.  Sometimes  the  skins  arc  next 
read  over  an  undressed  clean  skin  upon  the  horse,  and  worked  well  with  the  two-hnndled 
ife,  fur  the  purpose  of  removing  the  £r>;t  and  second  epidermis,  called  the  Jleiir  and 
'ifre-^tuT  by  the  French  megUiieri.  TTiey  ore  then  dried  while  stretched  by  hooks  and 
in^.  When  dry  they  are  worked  on  the  alrtlching  iron,  or  they  are  occasionally  pol- 
ed with  pumice  stone.  A  delicate  ycUaw  tint  is  given  by  a  composition  made  of  two 
ris  of  whitening,  and  one  of  ochre,  applied  in  a  moistened  state,  and  well  worked  in 
aa  the  grain  side.  After  being  polishnl  with  pumice,  they  are  smoothed  with  a  hot 
a,  as  the  laundresses  do  linen,  whereby  thejr  acquire  a  degree  of  lustre,  and  are  ready 
be  delivered  to  the  gloMT. 

Pot  AmuiMfi,  the  best  sheepskins  are  selected,  and  such  as  ore  covered  with  the  Inngesl 
1  moal  beaatiful  fleece.  They  are  steeped  in  water,  in  order  to  be  cleansed  and  soft- 
rA  i  ailer  which  they  are  thinned  inside  by  the  fleshing  knife.  They  are  now  steeped 
an  old  bran  pit  for  3  or  4  da^s,  when  they  are  taken  out  and  washed.  They  are  next 
ijccted  to  the  white  or  alum  hath,  the  wool  being;  carefully  folded  within;  about  18 
Juds  oT  alum  being  used  for  100  skins.  The  paste  is  made  as  for  the  fleeced  skins,  bnl 
»  merely  spread  upon  their  flesh  si  le,  and  left  upon  them  for  IB  hoars,  ro  ns  lo  stiiTcn. 
ey  are  then  hung  up  to  dry.  Tliey  are  next  moistened  by  sprinklin.g  cold  water 
in  Ihem,  folded  up,  piled  in  >  heap,  and  covered  with  boards  weighted  with  heavy 
nes;  in  which  state  they  remain  for  two  days.  They  are  ne.it  opened  with  a  round 
1  upon  the  horse,  and  subjected  to  the  strelchini;  iron,  bein^  worked  broadwise.  The' 

dried  with  the  fleece  outermosL  in  the  sun  if  possible  i  and  are  finished  upon  :je 
■tdier. 

rsif  and  Iamb  skins  with  their  hair  and  wool  are  worked  nearly  in  the  same  manner ; 
y  the  thicker  the  skin,  the  stronger  the  elum  bath  ou^ht  to  be.  One  ponnd  of  alum 
I  one  of  salt  are  required  for  a  single  calf  skin.  It  is  left  four  days  in  this  balh,  after 
ich  il  is  woiied  upon  the  stretdur,  then  fulled  ;  when  half  dry  the  skins  are  opened 
)D  ihe  horse.  In  eight  days  of  ordinary  weather,  they  may  be  completely  dresstd. 
nb  skins  are  sometimes  steeped  during  eieht  days  in  a  bath  prepared  with  unbolted 

flour  and  cold  water,  in  which  they  are  daily  moved  nbout  iwo  or  three  limes, 
ey  ore  then  dried,  stretched  upon  ihe  iron,  and  switched  upon  Ihe  fleecy  'vXr. 
YhatnoU  or  Shamoy  lealher. — The  skins  lU'e  first  washed,  limed,  fleeced,  and  branned 
ihove  described.  They  are  neil  iffloatred,  that  is,  deprived  of  their  epidermis  by  a 
cave  knife,  blunt  in  its  middle  pari,  upon  the  convex  horse-beam.  The  cuttina  part 
'es  to  remove  all  excrescences,  and  to  equnUzc  the  thickness,  while  the  blunt  part 
ens  and  smooths.  The  skins  of  |;oat"i  does,  and  chamois,  are  always  treated  in  this 
1,  They  are  next  subjected  to  the  fermenting  bran  steep  for  one  or  two  days,  in 
inary  weather  j  but  in  hot  weather  for  a  much  shorter  time,  sometimes  only  moving 
m  in  the  sour  bran  liquor  for  a  few  minutes.  They  are  lastly  wrung  at  the  peg,  and 
jected  to  Ihe  inlUng  mill. 

V'hrn  the  skins  have  been  sulflcieotly  swelled  and  suppled  by  the  branninp,  they  maj 
:ive  the  first  oil  as  follows  ;  a  dozen  skins  being  stretched  upon  the  table,  the  fingers 
dipped  in  the  oil,  and  shaken  over  Ihe  skins  in  different  places,  m  as  to  impart 
ueh  of  it  lo  imbue  the  whole  surface  slightly,  by  friction  with  the  palms  of  Ihe 
ds.  It  ia  to  the  outside  or  ^ruin  that  the  oil  is  applied.  Tbe  skins  are  fblded  foar 
:ther,  w  as  to  foru  balls  of  the  size  of  a  h<^s  bladder,  and  thrown  into  the  trough 
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of  the  fulling  mill,  to  the  number  of  twelve  dozen  at  once.  Here  thejr  remt  a  cxpoied 
to  the  beater  for  two,  three,  or  four  hours,  according  to  their  nature  and  the  state  c^  the 
.weather.  They  are  taken  out,  aired,  oUed,  and  again  foiled.  The  airing  and  fulling 
are  repeated  several  times,  with  more  or  less  frequent  oilings.  Any  cheap  animal  oil  is 
employed. 

Afler  these  operations,  the  skins  require  to  be  subjected  to  a  fermenting  process,  to  dilate 
their  pores,  and  to  facilitate  iheir  combination  with  the  oil.  This  is  peiformed  in  a  cham- 
ber only  6  feet  high,  and  10  or  12  feet  square.  Poles  ar^  suspended  horizontally  a  few 
inches  fi-om  the  ceiling,  with  hooks  fixed  in  them  to  which  the  skins  are  attached.  A 
somewhat  elevated  temperature  is  maintained,  and  by  a  stove  if  need  be.  Tliis  opera- 
tion requires  great  skill  and  experience. 

The  remainder  of  the  epidermis  is  next  removed  by  a  blunt  concave  knife  and  the 
horse ;  whereby  the  surface  is  not  cut,  but  rather  forcibly  scraped. 

The  skins  are  now  scoured  to  carry  off  the  redundant  oil ;  which  is  effected  by  a  pot- 
ash ley,  at  two  degrees  Baum6,  heat«i  no  hotter  than  the  hand  can  bear.  In  this  Uiey  are 
stirred  briskly,  steeped  for  an  hour,  and  lastly  wrung  at  the  peg.  The  soapy  liquor  thus 
expelled  is  used  for  inferior  purposes.  The  clean  skins,  afler  being  dried,  are  finished 
first  on  the  airetcher-iron,  and  then  on  the  hertt  or  stretching  frame. 

Leather  of  Hungary. — ^This  is  manufactured  by  impregnating  strong  hides  with  ahm, 
common  salt,  and  suet ;  by  a  rapid  process  which  is  usually  completed  in  the  space  of 
two  months.  The  workshop  is  divided  into  two  parts :  1.  A  shed  on  the  side  of  a 
stream,  furnished  with  wooden  horses,  fleshing  knives,  and  other  small  tools.  In  one 
comer  is  a  furnace  with  a  boiler  for  dissolving  the  alum,  a  vat  for  inmiersing  the  hides 
in  the  solution,  and  several  subsidiary  tubs.  2.  A  chamber,  6  feet  high,  by  15  feet 
square,  capable  of  being  made  very  tight,  for  preserving  the  heat.  In  one  eomer  is  a 
copper  boiler,  of  sufficient  size  to  contain  170  pounds  of  tallow.  In  the  middle  of  the 
stove  is  a  square  stone  slab,  upon  which  an  iron  grate  is  placed  about  a  yard  square. 
This  is  covered  with  charcoal.  At  each  side  of  the  stove  are  large  tables,  which  occupy 
its  whole  length,  and  on  which  the  leather  is  spread  to  receive  Uie  grease.  The  upper 
part  below  the  ceiling  is  filled  with  poles  for  hanging  the  leather  upon  to  be  heated. 
The  door  is  made  to  drat  perfectly  close. 

The  first  operations  are  analogous  to  those  of  tanning  and  tawing ;  the  skins  being 
washed,  cut  in  halves,  shaved,  and  steeped  for  24  hours  in  the  river.  They  are  then 
cleaned  with  5  or  6  pounds  of  alum,  and  3|  pounds  of  salt,  for  a  piece  of  hide  which 
weighs  from  70  to  80  pounds.  The  common  salt  softens  the  effect  of  the  alum,  attracts 
the  moisture  of  the  air,  and  preserves  the  suppleness  of  the  skin.  When  the  alom  and 
salt  are  dissolved,  hot  water  is  poured  upon  the  hides  placed  in  a  vat,  and  they  are  tramped 
upon  by  a  workman  walking  repeatedly  from  one  end  of  the  vat  to  the  other.  They  are 
then  transferred  into  a  similar  vat  containing  some  hot  water,  and  similarly  tramped  upon. 
They  are  next  steeped  for  eight  days  in  alum  water.  The  same  round  of  operations  is 
repeated  a  second  time. 

The  skins  are  now  dried  either  in  the  air,  or  a  stove  room ;  but  before  being  quite  dry, 
they  are  doubled  together,  well  stretched  to  take  out  the  wrinkles,  and  piled  up.  When 
dry,  they  are  again  tramped  to  open  the  pores  as  well  as  to  render  the  skin  pliant,  after 
which  they  are  whitened  by  exposure  to  the  sun. 

Tallow  of  inferior  quality  is  employed  for  greasing  the  leather.  With  this  view  the 
hides  are  hung  upon  the  poles  in  the  close  stove  room,  then  laid  upon  the  table,  and  be- 
smeared with  the  tallow  melted  till  it  begins  to  crackle.  This  piece  is  laid  on  another 
table,  is  there  covered  with  a  second,  similarly  greased,  and  so  forth.  Three  pounds  of 
idtt  are  commonly  employed  for  one  pjece  of  leather. 

When  the  thirty  strips,  or  fifteen  hides  passed  through  the  grease  in  one  operation 
are  completed,  two  workmen  take  the  first  piece  in  their  hands,  and  stretch  it  over  the 
Muming  charcoal  on  the  grate  for  a  minute,  with  the  fiesh  side  to  the  fire.  The  rest 
ore  passed  over  the  flame  in  like  manner.  After  Jlami'ng,  the  pieces  are  successively 
laid  on  an  inclined  table  exposed  to  the  fire,  where  they  are  covered  with  a  cloth.  They 
are  finally  hung  upon  poles  in  the  air  to  dry ;  and  if  the  weather  be  warm,  they  are 
suspended  only  during  the  night,  so  as  to  favor  the  hardening  of  the  grease.  Instead 
of  the  alum  bath,  M.  Curaudau  has  employed  with  advantage  a  steep  of  dilute  sulphuric 
•cid« 

Morocco  leather, — ^The  true  morocco  leather  is  goat  skin  tanned  and  then  dyed  on  the 
side  of  the  grain.  Sheep  skins  are  treated  in  the  same  ¥ray.  1  he  skins  are  steeped  first 
in  a  fermenting  mixture  of  bran  water  for  a  few  days,  they  are  ihen  worked  upon  the 
horse,  steeped  in  fresh  water  for  12  hours,  and  rinsed  in  the  same.  They  are  next  drained, 
steeped  in  weak  lime  pits  for  a  proper  time,  till  the  hairs  can  be  readily  detached.  They 
are  now  subjected  to  the  action  of  a  blunt  knife  upon  the  horse-beam,  in  order  to  strip 
off  their  hair,  after  which  they  are  cleansed  in  running  water.  Any  excrescences  most 
be  carefully  removed  with  the  fleshing  knife,  and  their  edges  neatly  pared.     The  next 
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{■oeeai  it  nbbing  them  itron^lr  with  a  piece  oT  bud  Kbiit,  wt  in  a  irooden  fjnmie,  ii 
trdet  U>  expel  bf  the  preseure  any  time  whldi  ma;  Eiil]  adher*,  and  to  saflen  the 
grain.  They  are  now  vorbed  upon  the  horse-beam  with  the  bJuat  Imife,  and  lub- 
jecled  to  a  ipecies  of  fulling,  by  beini;  agiutcd  by  pegs  in  a  revoliing  cask  alonf;  witli 
water.     Many  nunufaclurera  prefer  a  weak  alkaline  ley,  or  putrefied  uhnr,  to  the  lime 

The  Ekim  aie  iEomereed  lor  a  ni^hl  and  a  day,  in  ■  bran  bath,  in  a  certain  ilate  of 
rcrmenUlion,  [hen  worked  on  the  horte,  and  wiled,  to  pregcrve  them  till  they  are  to  be 
dyed. 

Frepaiatoty  to  being  dyed,  each  Bkio  is  sewed  (ogetber  edgewise,  with  the  gtaia  on 
the  oulside,  and  il  ii  then  moidanled  either  with  s  solution  of  tin,  or  with  alum  water. 
The  iMlor  is  given  by  cochineal,  of  which  from  10  to  12  ounce*  are  required  for  a  doien 
of  skin.  Tbe  cochineal  being  boiled  in  water  along  with  a  little  tartar  or  alum  for  a  few 
mianie*,  forms  h  red  liquor,  which  is  filtered  through  a  linen  doth,  and  put  into  a 
eiraa  cnsk.  The  skins  are  iini^iersed  in  this  bath,  and  agitated  in  it  for  about  half 
an  bom  i  Ibey  are  taken  oat  and  beaten,  and  then  tubjecled  to  a  second  ioimenion  in 
the  cuchiaeel  balh.  Aller  being  thus  dyed,  ihpy  are  rinsed  and  tanned  with  Sicilian 
sumach,  at  (be  rale  of  two  pounds  for  a  skin  of  moderate  size.  Thie  process  is  per- 
foriDed  in  a  Urge  lub  made  of  white  wood,  in  the  liquor  of  which  the  stdns  are  floated 
like  so  many  bladders,  and  moved  about  by  omnual  labor  daring  four  hoars.  They 
aic  then  taken  out,  drained,  and  again  subjected  to  the  tanning  liquor;  the  whole  pro- 
cess repairing  n  space  of  twenty-four  hours.  The  shins  are  now  unstitched,  rinsed, 
fulled   with  beclles,  drained,  rubbed  hard  with  a  copper  blade,  and   hutly  hang   np 

Sooic  manafactiiren  brighten  the  color  by  applying  to  the  surface  of  tbe  shins,  in  a 
damp  state,  a  solution  of  carmine  in  ammonia  with  a  sponge ;  others  apply  a  decoction 
of  saffron  toeoliren  the  scarlet  lint.  At  Poris  the  morocco  leather  is  tanned  by  agitation 
with  a  decoction  of  samach  in  large  casks  Djade  to  rerolve  upon  a  hmiiontal  axis,  like  a 
barrel  chom.  While  galls  are  sometimes  substituted  for  sumach  ;  a  pound  being  used 
for  a  skin.     The  skin*  must  be  finally  cleaned  with  the  utmost  care. 

The  black  dye  is  given  by  applying  with  the  brush  a  solntion  of  red  ncetale  of  iron  to 
the  gtatn  side.  Blue  is  commanicated  by  the  common  cold  indigo  val;  violets,  with  ■ 
licht  blae  followed  by  cochineal  red ;  green,  by  Saion  blue  foDowed  by  a  yellow  dye, 
Qfually  made  with  the  chopped  roots  of  the  barberiy.  This  plant  serves  also  for  yellows. 
To  dye  olive,  the  skins  are  first  posted  through  a  weak  solution  of  green  vitriol,  and 
then  through  the  decoction  of  barberry  root,  eontaioing  a  little  Saxon  blue.  Puce 
color  is  communicated  by  lot:wood  with  a  little  alum ;  which  may  be  modified  by  the 
addition  of  a  litlle  BraiQ  wood.  In  all  these  cases,  whenever  the  skins  are  dyed,  Ihrj 
should  be  rinsed.  Wrung  or  rather  drained,  siretehed  Upon  a  table,  then  besmeared 
on  the  grain  ride  with  a  film  of  linseed  oil  applied  by  means  of  a  sponge,  in  order  to 
promote  their  glossineas  when  carried,  and  to  prevent  them  becoming  horny  by  too 
rapid  drying. 

The  last  process  in  preparing  ntorocco  leather  i*  the  currying,  which  brings  out  the 
lualie,  and  restore*  the  original  «npplenes*.  This  operation  is  praelised  Id  different 
roannera,  aeeoiding  to  the  purpose  tbe  skins  are  to  serve.  For  pocket-books,  portfotios, 
and  case  making  in  general,  they  must  be  thinned  as  much  ss  possible  upon  the  flesh 
aide,  [noislenrd  slightly,  then  stretched  upon  the  table,  lb  smooth  them ;  dried  again, 
BMiistened,  and  laJ^tlf  pested  two  or  three  times  Ihmagh  the  cylinder  press  in  diflTerenl 
directions,  to  produce  the  crossing  of  the  grain.  The  skins  intended  for  the  shoemaker, 
the  saiidler,  the  bookbinder,  &c.,  require  more  pliancy,  and  must  be  differently  curried. 
Afler  being  thinned,  they  are  glazed  with  a  polisher  while  still  moist,  and  a  grain  is  form- 
ed opon  the  ftesh  side  with  the  roughened  lead  plate  or  grainer  of  the  curriers,  called  in 
French  pomimtU  ;  they  are  glazed  anew  to  remove  the  roughness  produced  by  the  pom- 
iDcl,  and  finally  grained  on  the  flesh  side  with  a  surface  of  coik  applied  under  a  pommel 
of  white  wood. 

Rmtiia  Itallur. — The  Russian*  have  long  been  i«Messed  of  a  nwthod  of  making  a 
peculiar  leather,  called  by  them  jade*,  dyed  red  with  the  aromalJc  saunders  wood.  This 
kriiele  has  been  much  sought  after,  on  account  of  not  being  subiecl  to  mould  in  damp 
sitoatioDS,  being  proof  against  insects,  and  even  repelling  ihem  from  the  vicinity  of  its 
odor.  The  skins  are  freisd  from  the  hair  or  Heece,  by  sleeping  in  on  n^h-ley  loo  weak  to 
•el  upon  the  animal  fibres.  They  are  then  rinsed,  fulled  for  a  longer  or  shorter  time 
according  to  their  nature,  and  fermented  in  a  proper  steep,  ijler  havini?  been  Washed  in 
hot  water.  They  are  taken  out  at  the  end  of  a  week,  hot  (hey  may  be  steeped  a  second 
time  if  deemed  necessary,  to  open  their  pores.  They  arc  now  cleaned  by  working  them 
■1  tbe  horse  on  iMMh  the  flesh  and  grain  side*. 

A  paste  is  next  composed,  for  300  skins,  of  38  pounds  of  rye  floor,  which  is  set  to 
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fenueul  with  lemrtii.  This  doufh  i»  worked  np  with  >  Enffidenl  qniDtily  of  mter  to 
fonn  a  bath  for  the  ikias,  in  which  the;  are  loBked  for  48  hours  ;  they  are  then  traot- 
fcTTcd  into  tnull  tuba,  where  thrf  remain  during  fiiteeo  dn^g,  ailer  which  they  &re  washed 
at  the  river.  These  opemlioni  serre  to  prepare  the  skins  for  absorbing  the  astringent 
jniceg  with  uaiTarmily.  A  decoction  of  willow  bark  {laluc  dnerta  and  lalix  caprat')  be- 
in;  maile,  the  skins  are  immersed  in  the  boiler  whenever  the  temperature  of  the  liquor  is 
Buf&cienlly  Isweied  not  to  injure  the  animal  fibres,  end  handled  and  pressed  for  tmlf  in 
hour,  'i'his  inanipnlation  is  repeated  twice  daily  during  the  period  of  a  wi;ek.  The 
tanning  infusion  is  then  renewed,  and  applied  to  the  same  skins  for  nnolher  wtek  ;  afler 
which,  being  exposed  to  the  air  to  dry,  they  are  read;  for  being  d^ed,  and  then  curried 
with  the  empyreumatic  oil  of  the  bark  of  the  birch  tree.  To  this  suttslanee  the  Russia 
leather  owes  ita  peculiarities.  Man;  modes  have  been  ptescrilied  for  preparing  it ;  but 
the  following  is  the  one  pracliaed  in  Kussia. 

The  whitish  membranous  epidermis  of  the  birch,  stripped  of  all  woody  parts  >^  inlro- 
duced  into  an  iron  boiler,  which,  when  stulfed  fall,  is  covered  tiifht  with  a  vaolled  iron  lid, 
havii^  a  pipe  rising  from  its  cenlre,  A  second  boiler  into  which  Ihis  pipe  passes  without 
reaching  its  bottom,  ii  set  over  the  first,  and  is  luted  10  it  at  the  edges,  aHer  the  two  are 
boiled  together.  They  are  then  inverted,  so  that  the  upper  one  contains  the  birch  baik. 
The  under  half  of  tbis  apparatus  is  sunk  in  the  earth,  the  surface  of  the  upper  boiler  is 
coated  over  with  a  clay  lute,  then  mrrounded  with  ■  fire  of  wood,  and  exposed  to  a  red 
beat,  till  the  ilistillation  be  completed.  This  operation,  thou«h  nidc  in  appearance,  and 
waateful  of  wood,  answere  its  purpose  perfectly  welt.  The  iron  cylinder  apparatus  used 
in  Britain  for  distilling  wood  Tinegar,  would,  bowever,  he  mach  more  convenient  and  pro- 
ductive. When  the  above  boilers  are  onluted,  there  is  found  in  the  upper  one  a  very  liihl 
powder  of  charcoal,  and  in  the  nnder  one  which  served  as  a  receiver,  there  is  an  oil;, 
brown,  en^yreumalic  fluid,  of  a  very  strong  smell,  which  is  mixed  with  the  tar,  and  which 
floats  over  a  small  quantil;  of  crude  vinegar.  The  former  matter  is  the  oil  employed  to 
impregnate  the  skins,  by  working  it  into  the  fle»b  side  with  the  currier's  tools.  It  is  diffi- 
cult to  make  this  oil  penetrate  with  uniformity  ;  and  the  Russians  do  not  always  Succeed 
in  this  process,  for  they  turn  oat  amn;  skins  in  a  spotted  stale.  This  oil  is  at  present 
obtained  in  France  by  disliiling  the  birch  bark  in  copper  stills,  and  condensing  the  pro- 
ducts by  means  of  a  pipe  pluaged  in  cold  water.  About  HO  per  cent,  of  the  weight  of 
the  bark  is  extracted. 

The  skins  imbibe  this  oil  most  eqoall;  before  they  are  fully  dry.  Care  must  be  taken 
not  to  apply  too  much  of  it,  for  fear  of  its  passing  through  and  staining  the  grain  side  of 
the  leather.  Chevreul  has  investigated  the  chemical  nature  of  this  odoriferous  substance, 
and  finding  it  lo  be  a  peculiar  compound,  has  called  it  btitlini. 

LEUUM  PALUSraE.  This  plant  is  employed  in  Russia  to  tan  the  skins  of  eoals, 
calves,  and  shee^,  into  a  reddish  leather  of  an  agreeable  smetl ;  as  also  in  the  preparation 
of  the  oil  of  birch,  for  makiug  what  is  commonly  called  Kussia  leather. 

LEGUMlNt:    is   the  name  of  a   vegeto.aIkali  supposed   to  exist   in    legDminont 

LGItfONS.    See  Ciraic  Acid,  and  Oiu,  Essentul. 

I.EVIGATION  is  the  mechanical  process  whereby  hnn]  labstanees  are  redooed  to  a 
very  fine  powder. 

LEUCITK  is  a  hard  Vesuiian  ndttetal,  eoutisttng  of  silica,  54  )  alamina,  23 ;  pol- 
uh,23. 

.LEUCINE  is  a  while  crystalline  snbatance  prodaced  by  acting  npon  flesh  with  snlphn- 

LEWIS  is  the  name  of  one  kind  of  shears  used  in  cropping  woollen  cloth. 

LIAS  is  a  Gne-grained  argillaceous  limestone,  whose  geological  poeitiOD  is  onder  the 
oolile;  it  is  the  proper  lithographic  stone. 

LIBAVIUS,  Li«uoa  or,  is  the  bichloride  of  tin,  piepared  by  dissotvin;  that  metal,  with 
the  aid  of  heal,  iu  aqua  rtgia,  or  by  passing  chlorine  gas  through  a  sohilion  of  muriate 
of  tin  till  no  more  gas  be  abeorbed,  evaporating  the  solution,  and  setting  it  aside  lo  ery»- 
tallize.  The  anhydrous  hichkiriik  is  best  preptu^  by  midng  foar  parts  of  corrosive  sub- 
limate with  one  part  of  tin,  previously  amalgamated  wilii  just  so  mqch  mercury  as  to 
render  it  pulverixable  (  and  bf  distilling  this  mixture  with  a  gentle  heat.  A  colorless 
fluid,  the  dry  hichloiide  of  tin,  or  the  proper  fnming  liquor  of  libavius,  coroes  over. 
When  it  is  mixed  with  one  third  of  ita  weight  of  water  it  beoHnca  solid.  The  fin) 
bjchlotide  of  tin  is  used  in  calieo-piinting. 

UCHb:N.    SeeAKCHii. 

LIGNEOUS  MATTER  is  vegetable  fibre.    See  Fiaaotrs  Hatteb. 

LIGNITE  is  one  of  the  most  recent  geological  formations,  being  the  carbODaeeoDi 
remains  of  forest  trees.  From  this  substance,  as  found  in  the  neighborhocd  of  Cologne, 
the  brown  colors,  called  umber  and  tartk  0/  Cologiu,  are  prepared. 

m^CH  DYE.    See  Caugo-funtdig  akd  Dixiho. 


LIMESTONE  (Calcairt,  Fr.  |  Eabfcifetn.GennO,  ma;  be  daued  under  the  rollcwinf 

I.  Calcartomt  ipar  ocean  in  colorless  eiyBtBli  or  eryttaUine  inasses;  dissolves  with 
fTervescence  in  niurialie  scid ;  is  scratched  by  soft  iron,  but  not  by  the  nail ;  specific 
ravitr  2-7  I  loses  46  per  cent,  hj  th«  expulsion  oTrau-bonic  acid,  and  calcines  into  quick- 

'I.  CaletinitT,  or  wtajaditic  carbonate  o^Itnre,  called  also  eonerelionary  limestone  because 
•nned  or  zones  more  or  less  ondulated,  and  nearly  parallel.  These  zones  have  a  fibrous 
iraclnre,  arising  from  the  reccesaive  depocites  of  the  crystalline  limestone  from  its  sol- 
enl  water.  The  Ion;  eonical  pieces  cidled  stalactites,  show  Ebies  conventin^  u>  the 
lis.  The  InbercalareiMsists  of  irregular  lamps  often  sprinkled  over  with  small  crystals, 
nd  associated  so  as  to  e^bil  the  appearance  of  eaulifiowei.  The  stratiform,  commonly 
sited  st«larniite,  or  alabaster  limestone,  represents  zones  not  concentric,  but  spread  out, 
'arin;,  and  parallel ;  its  texture  is  mmetimes  lamellar,  and  sometimes  fibrous.  These 
'avins  strata  are  dbtini;uishable  from  one  another  by  their  different  densities,  and  by 
leirdeerecs  oflninslacency.  This  stala^milic  mass  bears  the  name  of  oriental  alabaster, 
■hen  it  is  reddish-yellow  with  distinct  zones,  and  is  susceplible  of  a  fine  polish.  Slalac- 
le«  are  formed  in  the  lai^e  eicsTnlions  of  calcareous  rocks.  The  water  percolating 
mra  through  Ihem,  and  dropping  from  the  roofs  of  the  caverns,  is  usually  charged  with 
irboDBte  of  lime  held  in  suspension  by  an  excess  of  carbonic  acid.  The  exposure  lo  air, 
ie  motion,  and  the  conseqncnt  diminution  of  pressure,  cause  the  precipitation  of  the  car- 
Dnale  of  lime  in  the  solid  state.  Each  drop  of  water,  on  falling  through  the  vault,  aban- 
}ns  a  small  film  of  limestone,  which  enlai^es  by  degrees,  and  forms  either  s  cylinder  or 
ilid  mass.  This  alabaster  differs  from  marble  in  its  parallel  and  waving  layers,  and  its 
lint  decree  of  Iransparency. 

This  alabaster  serves  for  the  decoralion  of  public  buildings,  and  is  occasionally  intro- 
aeed  into  certain  pieces  of  furniture.  The  fine  Egyptian  alabaster  was  anciently 
nHii{lit  from  the  moantains  of  the  Thebaid,  between  the  Nile  and  the  Red  Sea,  near 
town  called  Atabastron,  whence  probably  the  name.  Very  fine  red  alabaster,  of  great 
ardness,  was  found  at  one  time  in  the  qiwrriea  of  Hontmartre,  but  the  stock  was  soon 
diaosled. 

Tkt  incrntling  tonentieitaTy  Hmtitont  differs  little  from  the  preceding  except  in 
le  rapidity  of  its  formation,  and  in  being  mould^  upon  some  body  whose  shape  it 
nnmes.  These  deposites  from  calcareous  springs,  farm  equally  on  vegetable  bodies,  on 
jiites,  metals,  within  pipes  of  cast  iron,  wood,  or  lead.  The  incrustations  on  vegetable 
nd  aoimal  substances  are  vulgarly  called  petrifactions,  as  the  organic  fibres  are  replaced 
J  stone.  One  of  the  most  curious  sprinj^S  of  this  nature  is  at  the  baths  of  Saint  Philip, 
I  Tnscany,  where  the  water  flows  in  almost  a  boiling  state,  over  an  enormous  mass  of 
labfuler  which  il  has  prodnced.  The  carbonate  of  lime  seems  to  be  held  in  solution 
pre  by  (ulpbnreled  hydrogen,  which  Hies  off  when  the  water  issues  to  Ibe  day.  Dr. 
e^ny  has  taken  advantage  of  this  property  of  the  spring,  to  obtain  basso-relievo  figure* 
f  great  whiteness  aad  solidity.     He  makes  use  of  sulphur  moulds. 

Caicarrau  Ivf  consists  of  similar  incrustations  made  by  petrifying  rivulets  mnning 
rer  mnd,  sand,  vegelaUe  remains,  kc.  It  is  ponius,  even  cellular,  somewhat  soft, 
opnre,  and  of  a  dirty  gray  color.  Its  surface  is  wavy,  rough,  and  irregular.  These 
icrustations  or  depoaites  are,  however,  sometimes  so  abundant,  and  the  resulting  stony 
Litters  so  hard  that  buildings  may  be  Ganstructcd  with  them.  I'he  stone  wilh  which  Ihe 
>wn  of  Pasti,  io  Italy,  is  built  has  been  called  jn-pt-ttmu  by  the  Italians ;  and  it  has  ap- 
arenlly  derived  its  origin  from  incrustations  upon  large  reeds. 

The  tratrtTlina,  which  served  to  construct  all  Ihe  monuments  of  Rome,  ap|>ears  to 
are  been  formed  by  the  depoaites  of  the  Anio  end  the  soUatara  of  Tivoli.  The  lemplel 
r  Paalum,  which  are  of  extreme  antiquity,  have  been  built  with  a  iravtrlina  formed 
J  the  sediment  of  the  waters  which  still  flow  in  this  territory.  All  these  stones  acquire 
real  hmrdnesi  in  the  air,  and  M.  de  Breislak  thinks  that  it  is  to  the  happy  union  of 
ravertino  and  pouzzolana  in  the  same  spot,  that  the  monuments  of  Rome  owe  their  great 
riidity- 

SpoKn  timatimt,  usuaUy  called  Agaric  mintrat,  stone  morrow,  Ac.,  belongs  to  thii 
ind  of  loniiBtion.  Il  has  a  very  while  color,  a  very  fine  grain,  is  soft  to  Ihe  touch,  very 
ender,  and  light  enough  to  fioat  for  an  instant  on  water.  Il  occurs  in  rather  thin  layers, 
a  the  crevices  of  caleareoat  rocks,  and  is  so  common  in  Switzerland  as  to  be  employed 
br  wbileniuK  houses.  i 

grain  more  or  lew  Sne,  does  not  polish,  nor  aflbrd  large 
a  conchoidal,  or  uneven  scaly  fracture.  Colors  very 
"ariooa.  Its  varieties  are;  a.  The  mA^meUar,  compact,  with  some  appearance  of  a 
idiaXed  teilnre.  b.  Cam/wet  flnt-graitifd  limtitmt,  the  zechstein  of  the  Germans,  la 
rbicb  M.  Braagiuart  idert  the  lithographia  stone  in  bis  classification  of  rocks  ( Dietkn- 


Ill  rraclurr  ia  coachoblnl ;  color  from  gnjr  to  irhitkh ;  c.  Compart  eommam  Utnulon 
Grain  oC  middle  size;  earlhr  upecli  unevea  rraclnrct  perfectly  op&qoe ;  colo 
whitish  to  pale  gny,~yellow,  oi  reddish.  The  limesConeB  of  the  Jam  fonnalioD  u 
referred  to  this  head,  ns  well  ns  [no«l  of  those  interspersed  among  the  coal  itnla.  d,Jl 
coarit  compacl,  or  Cornbrash  j  texture  loDienhBt  open,  earthy  wpeet,  rough  to  the  toac. 
ragsed  fracture,  color  yellow,  gray,  or  dirty  red.  t,  Cotnpacl  cilbilnT,  Ijie  RBuchekal 
and  Holekalk  of  the  Gennani,  on  account  <rf  the  numennu  holei  or  caveiiu  distribati 
tbrODgh  it. 

4.  OotiU  or  rotslou. — It  coniiita  of  spherical  grains  of  various  siie,  frain  a  mill' 
seed,  lo  a  pen,  or  even  an  eggj  texture  compact ;  fracture  eren  i  colors,  whitiah,  yelkn 
gray,  reddish,  brownish.    The  larger  balls  tuve  almost  always  a  foreigit  body  for  the 

'  centre  or  nudeus. 

5.  .Chalk !  textore  earthy  i  grains  fine,  tender,  friable )  colors  white,  grayish,  or  pa 
yellowish. 

6.  Coarjt'graintd  limtitone  i  an  earthy  texliire,  in  lar^  par  tides,  often  loose;  fra 
ture  foliated,  uneveni  color  paie  and  dirty  yellow.  Coarse  lias  has  been  refemd  to  tb 
liead. 

T.  Marly  limaloiu ;  lake  and  fresh  water  limestone  fonoalion  i  texture  Gne-aninc 
more  or  less  dense ;  apt  to  cnunble  down  in  the  ait  [  color  white  or  pale  yellow ;  fracin: 
lOugh-grained,  sometimes  conchoidal  1  somewhat  tmacioug.  Texture  occasionally  catir 
ous;  with  cylindrical  windini:  cavities.  This  true  limestone  must  not  be  confoutided  wi 
the  lime-mBrl,  eompoEed  of  calcarcDUe  matter  and  clay. 

h.  Silicioni  limtslont  I  of  a  compscl  texture;  scratching  steel,  and  acralched  by  t 
leaves  a  silicious  residuum  after  the  action  of  mnriatic  acid. 

9.  Calpi  leilure  compact;  fine-grained  i  schistose  slruclurc ;  hard,  as  the  pr 
ceding;  not  burning  into  quicklime,  affoiding  to  dilute  muriatic  acid  a  copious  nsidnu 
of  ckiy  and  silica ;  color  blackish ;  found  in  beds  in  the  transition  district  aei 
DnbUn. 

10.  XucnUi/t  or  stinkslone ;  texture  compact  or  sub-lamellar,  color  grayi^  i  naita  tl 
unell  of  sulphureled  hydrogen  by  friction  or  a  blow.  It  occnrs  at  Assyst,  in  Sutherlan 
shire;  in  Derbyshire  ;  counties  of  Kilkenny,  Cork,  and  Gatway. 

11.  Biluminotii  limitlone ;  black  or  blackish  color;  diffusing  by  th«  action  (d' fire 
bituminous  odor,  and  becoming  white. 

Of  all  common  limesloaes  the  purity  may  most  readily  be  detennined  by  the  qnantj 
of  cartenic  acid  which  is  evolved  during  their  solution  in  dilute  nitric  or  muriatic  ac> 
Perfect  carbonate  of  lime  loses  in  this  way  46  per  ctnt. ,-  and  if  any  partieolar  limestoi 
loses  only  23  ptr  cent.,  we  may  infer  that  it  contains  only  one  half  its  weight  of  calcareoi 
carbonate.  This  method  is  equally  applicable  to  marli,  which  are  miilnrcs  in  varioi 
proportions  of  carbonate  of  lime,  day,  and  sand,  and  may  all  be  recognised  by  their  effe 
veseinc  wiih  acids. 

The  chief  use  of  calcareous  stones  is  for  procuring  quicklime  by  calcination  in  propi 
furnaces;  and  they  are  all  adapted  to  this  purpose  provided  thc^  are  not  miied  with  u 
large  a  proportion  of  sand  and  ferruginous  clay,  whereby  they  acquire  a  vilrescn 
texture  in  a  high  heat,  and  Vfill  not  hum  into  lime.  Limestone  used  to  be  ealdned  i 
a  very  rude  kiln,  formed  by  endosing  a  circular  space  of  10  or  15  feet  diameter,  by  rod 
stone  walls  4  or  5  feet  high,  and  filling  tite  cylindrical  cavity  with  alternate  layeis  c 
turf  or  coal  and  timeslone  broken  into  moderate  pieces.  A  bed  of  brushwood  wi 
DEually  placed  al  the  bottom,  lo  facilitate  the  kindling  of  the  kiln.  Whenever  the  coi 
bnstion  was  l^irly  commenced,  the  top,  piled  into  a  conical  form,  was  covered  in  wi 
Bods,  to  render  the  caldnation  slow  and  regular.  This  method  being  found  reUlive 
Inconvenient  and  iueSectnal,  was  succeeded  by  a  permanent  kiln  built  of  stones  or  brie 
work,  in  the  shape  of  a  truncated  cone  with  the  narrow  end  tmdermost,  and  eloMd 
bottom  by  an  iron  grate.  Into  this  kiln,  the  fad  and  limestone  were  introduced  at  tl 
lop  in  alternate  layers,  beginning  of  course  with  the  former ;  and  the  choree  was  eilb< 
allowed  to  bum  out,  when  the  lime  whs  alttntether  removed  at  a  door  near  the  bottom,  i 
the  kiln  WIS  successively  fed  with  fresh  materials,  in  alternate  beds,  as  the  former  supp 
sunk  down  by  the  calcination,  while  the  thoroughly  burnt  lime  at  the  bottom  was  sncce 
sively  rsked  out  by  a  side  door  immediately  above  the  grate.  The  interior  of  the  limetl 
has  been  changed  of  late  years  from  the  conical  to  the  elliptical  form  ;  and  probably  tl 
best  is  that  of  an  ^g  placed  with  its  narrow  end  undermost,  and  tmncaled  both  abo' 
•nd  below  ;  the  ground  plot  or  bottom  of  the  kiln  bdng  compresaed  so  as  to  give  ■ 
elliptical  section,  with  an  e^  or  draft-hole  towards  each  end  i^  that  ellipae.  A  Id 
thus  arched  in  above  gives  a  reverberatory  heat  to  the  upper  mataiols,  anil  also  fom 
their  fhlling  freely  down  in  proportion  aa  the  finished  lime  h  raked  out  below ;  mdn 
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gta  which  the  conical  Tonn  doe»  not  afford.  The  liie  of  the  di«ft-ao(««  for  cxtneli^ 
e  quiclilime,  should  be  praporlionBte  to  the  size  o[  the  kiln,  in  order  to  idinil  a  luffi- 
em  carr«ntofiir  10  uccod  nith  the  raiokc  and  Dune,  which  is  found  to  facilitate 
e  eTtrieation  of  the  carbonic  acid.  The  kilns  are  called  perptlval,  heanx  the  operatim 
Fsnied  on  continaously  as  long  as  the  buikliiig  lasts;  andi^u-fci/w,  from  the  mode  oT 
^charging  them  by  raking  out  the  lilne  into  cai^  placed  agaioBt  (he  draft-holei.  Three 
i>hc]s  of  calcined  limntoDe,  or  lime-afaclU,  are  prodneed  on  an  sTerage  for  every  bushel 
'cuals  consumed.  Such  kilns  shonld  be  built  up  against  (he  lace  ofa  cliff,  so  that  easy 
■eets  may  be  gained  to  the  month  for  charging,  by  making  a  iloping  cart  road  to  the  top 
'  the  bank. 


Fig*-  638,  639,  640,  641,  repretent  the  linH-Jnln  of  Radersdorf  near  Berlin,  upon  the 

intianooB  plan,  exctdlently  eanstmeted  for  eeonomlxing  fuel.  It  is  liiple,  and  ;ieldR  a 
reefuld  product.  Fig.  640,  is  a  view  of  it  as  seen  from  above  ;  ^«.  64],  the  elevation 
ul  general  appearance  of  one  side ;  fig.  638,  a  vertical  section,  and  fig,  639,  the  grontu] 
■■iin(helineiiicDor/g.  639.  The  innershafl^g.  63B,has  tberonnof  two  Imneated 
men,  wilh  Lhetr  larger  circular  enda  applied  to  each  other ;  it  has  the  greatest  width  at 
e  level  of  the  Sre-door  b,  where  it  is  9  feet  in  diameter ;  it  is  narrower  below  it  the 
schance  door,  and  at  the  top  orifice,  where  it  is  about  6  feet  in  diame(er.  1'be  interior 
ail  d,  of  the  upper  ahafl  is  built  with  hewn  ■(ones,  to  the  height  of  38  feet,  and  below 
aL  tor  2^  feet,  with  Gre-brieks  d'  d',  laid  stepwise.  This  inner  waUia  surrounded  wilh  ■ 
antic*,  of  limesiones,  but  between  (be  two  there  is  a  small  vacant  ipac«of  afew  inchei 
led  with  ashes,  in  order  to  allow  of  (be  expansiim  of  the  interior  with  heat  taking  place 
ithool  Bhaltering  the  maai  of  (he  building. 

The  Bre-^nu  b,  consists  of  fire-lilea,  which  at  the  middle,  where  the  single  pieces 
-cfs  toi(e(her,  lie  upon  an  arched  support/.  The  fire-door  is  also  arched,  and  js  secured 
f  fiie-liles.  g  is  the  iron  door  in  flont  of  that  oiilice.  The  tiles  which  form  the  grate 
ire  3  or  4  sUts  of  an  inch  wide  for  admitting  the  air,  which  enters  through  the  canal  k, 
he  andct  part  of  the  shall  from  (he  fire  to  the  hearth,  is  7  feet,  and  the  outer  enehxiBg 
oil  is  constructed  of  lime«(aDe,  (he  lining  being  of  fire-bricks.  Here  are  the  ash-pit  t, 
It  discharge  oatlet  a,  and  the  canal  it,  in  fhmt  of  the  outlet.  Each  ash-pit  is  ahat  with 
I  iron  door,  which  is  opened  only  when  the  space  i  becomes  filled  with  oshca.    ThtM 
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indeed  are  aiowed  to  remaia  till  they  get  cool  enough  to  be  removed  without  inoon- 
venience. 

The  discharge  outlets  are  also  furnished  with  iron  doors,  which  are  opened  only  for 
taking  out  the  lime,  and  are  carefully  luted  with  loam  during  the  burning.  The  outer 
walls  /  m  n  of  the  kiln,  are  not  essentially  necessary,  but  convenient,  because  they  afford 
ibom  for  the  lime  to  lie  in  the  lower  floor,  and  the  fuel  in  the  second.  The  several  stories 
are  formed  of  groined  arches  o,  and  platforms  p,  covered  over  with  limestone  slabs.  In 
the  third  and  fourth  stories  the  workmen  lodge  at  night.  See  fig,  641.  Some  enter  their 
apartments  by  the  upper  door  q  ;  others  by  the  lower  door  «.  r  is  one  of  the  chimneys  for 
the  several  fire-places  of  the  workmen,    tuv  are  stairs. 

As  the  limestone  is  introduced  at  top,  the  mouth  of  the  kiln  is  surrounded  with  a 
strong  iron  bcdustrade  to  prevent  the  danger  of  the  people  tumbling  in.  The  platform  is 
laid  with  rails  tc,  for  the  wagons  of  limestone,  diiiwn  by  horses,  to  run  upon,  x  is 
another  rail-way,  leading  to  another  kUn.  Such  kilns  are  named  aAer  the  number  of  their 
fire-doors,  sin^e,  twofold,  threefold,  fourfold,  &c. ;  from  three  to  five  being  the  most  usual. 
The  outer  form  of  the  kiln  also  is  determined  by  the  number  of  the  fomaces ;  being  a 
truncated  pyramid  of  equal  sides ;  and  in  the  middle  of  each  alternate  side  there  is  a  fire- 
place, and  a  discharge  outlet.^  A  cubic  foot  of  limestone  requires  for  burning,  one  and  five 
twelfths  of  a  cubic  foot  of  wood,  and  one  and  a  half  of  turf. 

When  the  kiln  is  to  be  set  in  action,  it  is  filled  with  rough  limestones,  to  the  height 
c  D,  or  to  the  level  of  the  firing ;  a  wood  fire  is  kindled  in  a,  and  kept  up  till  the  lime  is 
calcined.  Upon  this  mass  of  quicklime,  a  fresh  quantity  of  limestones  is  introduced,  not 
thrown  in  at  the  mouth,  but  let  down  in  buckets,  till  the  kiln  be  quite  full ;  while  over 
the  top  a  cone  of  limestones  is  piled  up,  about  4  feet  high.  A  turf-fire  is  now  kindled 
in  the  furnaces  b.  Whenever  the  upper  stones  arc  well  calcined,  the  lime  under  the 
fire-level  is  taken  out,  the  superior  column  falls  in,  a  new  cone  is  piled  up,  and  the 
process  goes  on  thus  without  interruption,  and  without  the  necessity  of  once  putting  a  fire 
into  a ;  for  in  the  space  c  b,  the  lime  must  be  always  well  calcined.  The  discharge  of 
lime  takes  place  every  12  hours,  and  it  amounts  at  each  time  in  a  threefold  kiln,  to  from 
20  to  24  Prussian  tonnes  of  6  imperial  bushels  each ;  or  to  130  bushels  imperial  upon 
the  average.  It  is  found  by  experience,  that  fresh-broken  limestone  which  contains  a 
little  moisture,  calcines  more  readily  than  what  has  been  dried  by  exposure  for  some 
tune  to  the  air ;  in  consequence  of  the  vapor  of  water  promoting  the  escape  of  the 
carbonic  acid  gas;  a  fact  well  exemplified  in  distilling  essential  oils,  as  oil  of  tur- 
pentine and  naptha,  which  come  over  with  the  steam  of  water,  at  upwards  of  100  degrees 
F.  below  their  natural  term  of  ebullition.  Six  bushels  of  Rudersdorf  quicklime  weigh 
from  280  to  306  pounds. 

When  coals  are  used  for  f\iel  in  a  well^onstnicted  perpetual,  or  draw  kiln,  about  1 
measure  of  them  shoukl  suflice  for  4  or  5  of  limestone. 

The  most  extensive  employment  of  quicklime  is  in  agriculture,  on  which  subject  in- 
structive details  are  given  in  Loudon's  Encyclopedias  of  Agriculture  and  Gardening. 

Quicklime  is  employed  in  a  multitude  of  preparations  subservient  to  the  arts ;  for 
clarifying  the  juice  of  the  sugar-cane  and  the  beet-root;  for  purifying  coal  gas;  for 
rendering  the  potash  and  soda  of  commerce  caustic  in  the  soap  manufacture,  and  in  the 
bleaching  of  linen  and  cotton ;  for  purifying  animal  matters  before  dissolving  out  their 
gelatine ;  for  clearing  hides  of  their  hair  in  tanneries ;  for  extracting  the  pure  voIatOe 
aUcali  from  muriate  or  sulphate  of  ammonia ;  for  rendering  confined  poKions  of  air  very 
dry ;  for  stopping  the  leakage  of  stone  reservoirs,  when  mixed  with  clay  and  thrown  into 
the  water ;  for  making  a  powerful  lute  with  white  of  e^g  or  serum  of  blood ;  for  pre- 
paring a  depilatory  pommade  with  sulphuret  of  arsenic,  &c.  Lime  water  is  used  in 
medicine,  and  quicklime  b  of  general  use  in  chemical  researches.  Next  to  agriculture 
the  most  extensive  application  of  quicklime  is  to  MoRTAa-CEiiENTs,  which  see. 

LINEN.    See  Flax,  and  Textile  Fabrics. 

LINSEED  (  Graine  de  lin,  Fr. ;  Leintame,  Germ.)  contains,  in  its  dry  state,  1 1-265 
of  oil;  0-146  of  wax;  2*488  of  a  soft  resin;  0-650  of  a  coloring  resinous  matter} 
0*926  of  a  yellowish  substance  analogous  to  tannin ;  6-154  of  gum ;  15-12  of  vegetable 
mucilage;  1*48  of  starch ;  2*932  of  gluten ;  2*782  of  albumine ;  10-884  of  saccharine 
extractive ;  44*382  of  envelopes,  including  some  vegetable  mucilage.  It  contains  also 
firee  acetic  acid;  some  acetate,  sulphate,  and  muriate  of  potash,  phosphate  and  sulphate  of 
lime ;  phosphate  of  magnesia ;  and  silica.    See  Oils,  Ukctuous. 

LIQUATION  (Eng.  and  Fr. ;  SaigertMg,  Germ.)  is  the  process  of  sweating  out, 
by  a  regulated  heat,  from  an  alloy,  an  easily  fusible  metal  from  the  interstices  of  a  metal 
difilcult  of  fusion.  Lead  and  antimony  are  the  metals  most  commonly  subjected  to  liqua- 
tion ;  the  former  for  the  purpose  of  carrying  off  by  a  superior  afilnity  the  silver  present  in 
any  complex  alloy,  a  subject  discussed  under  Silveb  {  the  latter  will  be  eonsidered  here, 
at  referred  to  firom  the  article  AicTiiioirT. 


LIQUATION.  781 

Figi.  642,  643,  644,  repreaent  the  eelebmted  mntimonial  liquation  rnmaces  of  Mulbosc, 
JQ  the  departmeni  aV  Ardeche,  in  France,  Fig. 
642  is  B  groand  plan  Uken  at  (he  level  of  the 
dnraghl  holes  g^  g,  fig.  643,  and  or  the  dotted  lice 
■  F  i  fig.  643  is  k  vertical  section  tbroueh  Ihe 
'^  644 


icnti  line  a  a,o(fig.  642;  and  fig.  644  b  ■ 

vertical  »ectioD  through  the  dotted  line  en  it 

fig.  642.     In  the  three  tgam,  the  same  letters 

denote  like  objects,    a  b  c  are  three  grates  npon 

the  same  lerel  above  the  Hoor  of  the  -works,  4^ 

feel  long,  by  10^  ioehes  broad  \  between  which 

are  two  rectangular   galleries,  d  t,  nhieh   past 

transvereely  throngh  the  whole  furnace,  and  lie 

at  a  level  of  12  inches  above  the  ground.    They 

wparalcd   bj-  two  walls  from  Ihe  three  fire-places.    The  walla  have  three  open- 

*./  g  A,  alteruatelr  placed  for  the  flames  to  play  through.     The  ends  of  thcM  galleries 

shut  in  with  iron  door*  i  t,  containing  peep  ho1«.     In  each  gallery  are  two  conical 

I-iron  crucibles  fc  k,  into  which  the  tiiqualing  eulphuret  of  anciinany  drops.     Their 

Kht  is  from  12  to  14  inches,  the  width  of  the  mouth  is  10  inches,  that  of  the  bottom  is 

ind  the  thickoeas  jbur  tenths  of  an  inch.     They  are  coaled  over  with  fire-clay,  to  pre- 

II  the  sulphuret  from  acting  upon  ihem  ;  and  they  stand  npon  cast-iron  pedestals  with 

jecling  eara,  to  facilitate  their  retnond  from  the  gallery  or  platform.    Both  of  theie 

leries  are  lined  with  tiles  of  fire-clay  1 1,  which  alto  serve  as  sapporls  to  the  vertical 

latton  tubes  m  m,  made  of  the  same  day.    The  tiles  are  somewhat  curved  towards  the 

Idle,  for  the  purpose  of  receiving  the  lower  eoda  of  these  tt^bes,  and  have  a  small  hole 

I,  through  which  the  liquid  sulphuret  Sowi  down  into  the  crucible. 

rhe  liquation  tube*  are  conical,  the  iotemsl  diameter  at  top  being   10  inches,  at 

loin  S  ;  the  length  fully  40  inches,  and  the  thidiness  six  tenths  of  an  inch.     I'hey  have 

iheir  lower  ends  notches  or  slits  o,  fig.  644,  from  3  to  B  inehra  long,  which  look  out- 

rda,  to  make  them  accessible  from  the  front  and  back  part  of  the  furnaces  through 

ill  conical  openinfi  p  |i,  in  the  walls.    I'heee  are  ckned  during  the  operation  with 

J  stoppers,  and  are  openKl  only  when  the  gangue,  rubbish,  and  cinders  are  to  be  raked 

•    The  liquation  tubes  pass  across  Ihe  arch  of  the  furnace  q  g,  Ihe  apace  of  the  arch 

ng  wider  than  Ihe  tubes ;  they  are  shut  in  at  top  with  fire-cover«  r  r.     1 1,  Ihe  middia 

1  of  the  arch,  itnmediatdy  under  Ihe  middle  grate,  is  barrel-shaped,  so  that  both 

ha  are  abutted  together.    The  flames,  after  playing  round  about  Ihe  aides  of  the 

ulion  tubes,  pass  (rff  through  three  openings  and  flues  iulo  the  chimney  I,  about  13 

t  high;  •   being  Ihe  one  opening,  and  v  Uie  two  others,  which  are  provided  with 

itter  plates.     In  front  of  Ihe  furnace  is  a  sonke  flue  k,  to  carry  off  the  sulphureous 

■us  exhaled  during  Ihe  clearing  out  of  Ihe  rubbish  and  slag ;   another,  x,  ttegim 

T  )r ),  at  the  top  of  Ihe  tabea ;  a  wall  i,  sepBreles  the  smoke  flue  into  halves,  to 

t  the  workmen  upon  Ihe  one  side  may  not  be  incommoded  by  the  fumea  of  the  other. 

is  wall  connects  at  the  same  time  the  front  Que  tc  with  the  chimney  I.    a'  a  and 

'  are  iron  and  wooden  bearer  beams  aitd  rods  for  sirengthening  the  smoke-flue,    c'  c" 

srchea  upon  both  side*  of  Ihe  furnace,  which  become  narrower  irom  without  inward^ 
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Each  tube  being  chaiged  with  about  GOO  I1w.  of  tbe  Bnlimoiiial  ore,  prerionslf  irannei 
RpOD  the  roof  of  the  farnace,  in  a  short  time  the  sulphurel  of  a  blue  color  begins  lo  fl<n 
out.  Whenever  the  liqantion  eeaBea,  the  cinders  are  raked  oat  hj  the  side  opening,  an 
the  lubes  are  charged  sfreBh.  The  luted  iron  crucibles  are  suffered  lo  become  Ihir 
fourths  full,  ar»  then  drawn  out  from  the  galleries,  lefl  lo  cool,  uid  emptied.  I'be  ingot 
weigh  about  8G  pounds.  The  charging  ia  renewed  every  three  honrf,  and,  when  the  pro 
cess  is  in  good  train,  100  Ibi.  of  lulphuret  of  antimony  are  obtained  every  hour.  Tb' 
average  duisiion  of  the  tubes  is  3  weeki,  though  in  eome  eases  it  may  be  40  dsyti.  Th 
product  from  the  ore  1<  from  40  to  60  per  cedI.  Hie  above  plan  of  operation  is  remaili 
able  for  the  small  consumption  of  lUel,  the  economy  of  labor,  and  the  eomplete  eihaustioi 
of  the  ore. 

LIQUEURS,  LtQUORIETE;  names  given  by  the  French  lo  liquors  compounded  of  al 
L-obol,  water,  sugar,  and  different  aromatic  lubslances;  and  to  the  person  who  compaond 
them.    I  shall  insert  here  a  few  of  their  most  approved  recipes. 

Ii^uiiaaof  Ikt  pteli  of  frvilL—Tlie  outer  skin,  pared  off  with  a  sharp  knife,  is  to  b 
dropped  iolo  a  batd  glazed  jar,  containing  alcohol  of  34°  B.,  diluted  with  half  its  bul; 
of  water,  and  the  whole  is  to  be  transferred  into  well-corked  carboys.  After  an  infufio 
of  six  weeks,  wilh  occaeionnl  agitation,  the  aromatized  spirit  is  lo  be  distilled  off.  I: 
this  way  are  prepared  the  liquors  of  cedrat,  lemons,  orvnges,  HmtOtM  (a  sort  of  swec 
tenma),  poneina  (Ihe  large  citron],  bergamots,  Ac. 

At/wiOR  of  oTOmatie  tadi. — These  must  be  pounded,  put  into  a  carboy,  along  with  al 
eohol  diluted  as  above,  infused  with  agitation  for  six  weeks,  and  then  distilled. 

Infmiom  offfromatic  vooda  are  made  in  the  same  way. 

The  liquorist  should  not  bring  his  infhsian*  and  tinctures  into  the  market  liU  six  month 
after  their  distillation. 

Liqueurs  have  different  titles,  according  to  tbeirmode  of  fabrication. 

Thus  teo/rrt  are  liquora  apparently  devoid  of  viscidity  ;  cream*  and  oiU  po«sees  it  in 
high  degree. 

Water  of  eedrai,  is  made  by  dissolving  six  pounds  of  sugar  in  seven  qnarls  of  wuef 
adding  two  fjuarls  of  spirit  of  cidrat,  and  one  of  spirit  of  citron.  Boil  the  whole  for 
mhiate,  and  filler  hot  through  a  proper  bag.  Set  it  for  a  consklervble  time  aside  in 
corked  carboy,  before  it  be  bottled. 

OH  or  (Team  of  cedrat. — Take  eight  quarts  of  liver  water,  two  of  spirit  of  cedrat,  on 
of  spirit  of  citron,  and  as  much  rich  sirup  as  is  necessary  to  give  the  miilure  aa  oily  cor 
listenee.  Stir  it  well  and  set  it  aside  in  carboys.  Should  it  be  at  all  clouded,  it  most  b 
filtCTed  till  it  be  perfectly  pellucid. 

Bairn  of  Mobutca,  is  made  by  infusing  for  ten  days,  in  a  carboy  capable  of  holding  full 
four  gallons,  10  potinds  of  spirits  of  IS°  B.,  4  pottnds  of  white  sugar,  4  pounds  of  rivt 
water,  4  drachms  of  pounded  cloves,  and  4S  grains  of  pounded  maee.  The  miltore  is  t 
ba  shaken  3  or  4  times  daily,  colored  with  caramel  (Inirni  sagar),  filtei«d  at  Ihe  end  o 
ten  days,  and  set  aside  in  bottles. 

Ttart  of  Iht  vridoiB  of  StiMiar,  are  compounded  with  the  preceding  quantity  of  spirit: 
ti^rar,  and  water,  adding  4  drachms  of  ground  cinnamon,  46  grains  oif  clovei,  and  ■  lik 
qtianlily  of  mace,  twlh  in  powder.    It  may  be  slightly  cokned  viih  caramel. 

Tht  dtligit  of  Hit  Mandariia. — Take  spirit,  sugar,  and  water,  as  above,  adding 
drachms  of  aviatm  CkniiE,  (Otngi),  as  much  airibrtUt  (seeds  of  the  hibueiu  aMmouk%. 
£m.),  all  in  powder  ;  3  drachms  of  safflower. 

Tilt  tight  of  fotrf.— Take  spirits,  water,  and  sugar,  as  above.  Peifbme  wilh  emeu 
(ottol  of  roses;  give  a  very  pale  pink  hue  with  tinetore  of  cochineal,  filler  and  bottle  u] 

CrtiM  dt  macanra: — Add  lo  Ihe  spirit,  sugar,  and  Water  as  above,  half  a  pound  t 
tutler  almonds,  blanched  and  pounded;  cloves,  cinnamon,  and  mace  in  powder,  of  ear 
4S  grains.     A  violet  lint  is  given  by  the  tinctures  of  tutnsole  and  cochineal. 

C^raooa. — Put  into  a  large  bottle  nearly  fliU  of  alcohol  t£  Imti-nx  (34°  Baume 
the  peels  of  sii  smooth  Portagal  oranges,  (SevUle  ?)  and  let  them  infhMi  ftn-  15  dan 
tlien  put  into  a  carboy  10  pounds  of  spirits  of  18°  B.,  4  pounds  of  white  sugar,  and 
pooDds  of  river  water.  When  the  sugar  is  dissolved,  add  a  sufficient  qnantity  of  it 
oranfe  talta  lo  give  flavor,  then  spice  the  whole  wilh  48  grains  of  cinnamon,  an 
aa  much  mace,  both  in  powda-.  Lastly  introduce  an  ounce  of  griHrad  Brazil  wood,  an 
tnfiise  during  10  days,  agitating  3  or  4  timea  daily.  A  jHVttydeep  bne  ougitt  lo  be  give 
wilh  caramel. 

Striti  txtracl  of  wormmaod  is  cconpotinded  at  fbUowi  t — 
Tops  of  the  absintlunm  majus  4  pounda  g 
Dittob  abninthiam  minus  2  poondSi 
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gregnltr  tdgM  of  th*  rerttngnhr  lableB  or  phteg.  Oueoflhe  broad  fuealiUieiidren 
and  eoirevty  unoolhed.  The  thkkDcu  of  thete  ttoata  ii  Dcarlf  propntkHu]  to  Uic 
other  dimenEioDB  ;  and  TuieB  from  an  inch  and  two  thirds  to  3  incheg. 

In  each  litha^raphk  establishmenl,  [he  ilonra  reeeiTf  thnr  SnishinK,  dmun^i  ai 
polishiam  vhich  are  prriotmol  like  iJic  grinding  and  polishiag  of  mirror  plale.  TI 
work  ii  done  by  hand,  by  nibbin;  circulaity  a  moveable  slab  OTrr  another  cemented  in 
horiioDtal  poBilioD,  with  fine  sined  sand  and  water  interpose]  between  the  two.  TI 
style  of  work  that  the  stone  is  iTrtended  to  produce  determines  the  bind  of  polish  that 
should  get.  For  crayon  drawing  the  stone  should  be  merely  grained  more  or  less  ^i 
according  to  the  finey  of  the  draughtsman.  The  higher  the  Gnisb  of  the  snrikee,  tl 
■olUr  are  Ihe  drawings ;  but  the  printing  process  becomes  sooner  patty,  and  a  small 
number  of  impressions  can  be  taken.  Worki  in  ink  require  the  stone  to  be  more  col 
■ncd  down,  and  finally  polished  withpotnice  and  a  little  water.  The  stones  thusprepar 
are  packed  for  use  with  white  paper  interposed  between  their  fscea. 

Lithograjiiie  crayoHM. — Fine  lithographic  prints  cannot  be  obtained  unless  the  crayo 
possess  every  requisite  quality.  The  ingredients  composing  them  ought  to  be  dT  sui 
a  nature  as  to  adhere  strongly  to  the  stone,  both  after  the  drawing  bas  undergone  tJ 
preparation  of  the  acid,  and  during  the  press-work.  They  shoald  be  hard  enough 
■dmit  of  a  fine  point,  and  trace  delicate  lines  without  risk  of  breaking.  The  followii 
comT)Deition  has  been  successfully  employed  for  (zayons  by  MM.  Bematd  and  Delam 
at  Puis  >- 

Pore  wai,  (first  quality)  .       ■        4 

Dry  while  tallow  soap  -       .        .  2  - 

White  tallow        -        -  .        .        2 

Gnm  lac        •        -  -  -  S 

Lamp  Uack,  enough  to  give  a  daric  tint      1 
Ocaisioaelly  copal  varush        -  -    1 

The  wax  is  to  be  melted  over  a  gentle  fire,  and  the  lac  broken  to  bits  is  then  to  I 
added  by  degrees,  stirring  all  Ihe  while  with  a  tpatula  j     '  ..... 

fine  shavings  ;  and  when  the  miiture  of  these  substances 
the  copal-varnish,  incorporated  with  the  lamp  black, 
■gilalion  are  continued  tilt  the  paste  hu  acquired  a  >i 
be  recOKnised  by  Inking  ont  a  little  of  it,  letting  it  i 
quality  with  a  penknife.  This  composition,  on  being 
The  boiling  may  be  quickened  by  setting  the  rising  vaj 
temperature,  and  renders  the  exhalations  less  offensive, 
into  a  brass  mould,  made  of  two  semi-cylinders  joined  tog 
between  them  a  cylindric  tube  of  the  crayon  site.  T 
■meared  with  a  greasy  doth. 

M.  Lasteyiie  prescribes  a  more  omple  compooition,  nid  to  be  equally  fit  for  tl 
lithogiapher't  use ; — 

Dried  white  tallow  loap      .        .        -        6  parts. 
White  wax 6  — 

Lamp  black        ....       -         i  — 

The  soap  and  tsiloware  to  be  put  into  a  mall  goblet  and  covered  up.  When  the  who 
is  thoroughly  fused  by  heat,  and  no  dots  remain,  (he  blnck  is  graduallj  vprinkled  in  «i1 
earefnl  stirring. 

Lithographic  ink  is  prepared  oeariy  nn  tke  ■ama  princ^lM : — 

Wu       ......  lepatta. 

Tallow «  — 

Hard  talloir  Man     ....      6  — 

Shellac IS — 

Mattie  in  tean  •  .  -  -  8  — 
Venice  turpentiiia  ...  I  — 
Lamp  black     -        .        .       .        -      4  — 

The  mastic  and  lac,  previooEly  gronud  ti^tber,  are  to  be  heated  with  care  in  il 
turpentine ;  the  wax  and  tallow  are  to  be  added  after  they  are  taken  off  the  fire,  ai 
when  Ihcir  solution  is  eSecled,  the  soap  shavings  are  to  be  thrown  in.  Lastly,  the  Ian 
black  IB  lo  be  well  intermixed.  Whenever  ibe  union  is  accomplished  hy  beat,  the  oper 
tion  is  finished  ;  the  liquor  is  leH  to  cool  a  little,  then  poured  out  on  tables,  and,  when  col 
cut  into  square  rods. 

Lithographic  ink  d*  good  quality  ought  to  be  susceptible  of  forming  an  emulsion  \ 
attenuated,  that  it  mny  appear  to  be  dissolved  when  rubbed  upon  a  hard  body  in  di 
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immedialelf  transfeired  to  ths  itone,  while  traces  drawn  od  f»fa  with  the  tact  ink  bi 
come  defective  aAcr  4  or  5  d&;a. 

IMhograpliic  paptT.^Laj  oQ  the  paper,  3  sacceeaive  coats  of  sheep-feel  Jdlr, 
1  layer  of  while  ataicli, 
1  la^er  of  gambi^e. 

The  first  layer  U  applied  irith  a  spools  dipped  in  Ibe  solution  of  the  hot  jeQy,  ve; 
equally  otct  the  whole  surface,  but  thini  and  if  the  leaf  be  stretched  upon  a  coid,  tl 
gelatine  will  be  mote  uniform.  The  next  two  coats  are  to  be  laid  on,  onlQ  each  is  dr 
The  layer  of  starch  is  (hen  to  be  applied  mth  a  sponge,  and  it  will  also  be  very  thin  ai 
equal.  The  coat  of  gamboge  is  lastly  to  be  applied  in  the  aanie  nrajr.  When  the  pap 
is  dry,  it  must  be  smoothed  by  passing  it  through  the  lithographic  pre»i  and  the  mo 
polished  it  is,  the  better  does  it  take  on  the  ink  in  fine  lines. 

Traat/er. — When  the  paper  is  moistened,  the  transfer  of  the  ink  ftom  the  gunbc^ 
perfect  and  infallible.  The  st*rch  separates  from  the  gelatine,  and  if,  after  taking  tl 
paper  off  the  stoae,  we  place  it  on  a  white  slab  of  stone,  and  pour  hot  water  over  it, 
will  resume  its  primitive  state. 

The  coat  of  gamboge  ought  to  be  laid  on  the  same  day  it  is  dissolved,  as  by  keeping 
becomes  of  an  oily  ualure  ;  in  this  state  it  does  not  obstruct  the  tranter,  bnt  it  gives 
gloss  to  the  paper  which  renders  the  drawing  or  tradng  more  diffienll,  especially  to  pt 
sons  little  habituated  to  lithography. 

The  starch  paste  can  be  employed  only  when  cold,  the  day  after  it  is  msde,  and  aft 
having  the  skin  removed  from  its  surface. 

A  leaf  of  siich  lithographic  paper  may  be  made  in  two  minntes, 

In  transferring  a  writing,  an  ink  drawing,  or  a  lithographic  crayon,  even  the  impressii 
of  a  copper-plate,  to  the  elone,  it  is  necessary,  1.  that  the  impressions  be  made  upon  a  th 
and  slender  body  like  eammoa  paper ;  2.  that  they  may  be  detached  and  Eied  totally  • 
the  stone  by  means  of  pressure ;  hut  as  the  ink  of  a  drawing  sinks  to  a  certain  depth 
paper,  and  adheres  pretty  strongly,  it  would  be  dilEcult  to  detach  all  its  parts,  were  the 
not  previously  put  between  the  paper  and  the  traces,  a  body  capable  of  being  separat 
from  the  paper,  and  of  losing  its  adhetion  to  it  by  means  of  the  water  with  which  it 
damped.  In  order  to  produce  this  effect,  the  paper  gets  a  certain  preparation,  which  Co 
sists  in  coating  it  over  with  a  kind  of  paste  ready  to  receive  every  delineation  wilho 
tnffering  it  to  penetrate  into  the  paper.  There  are  different  modes  of  eommnnicating  tl 
property  to  paper.  Besides  the  above,  the  following  may  be  tried.  lUe  an  nnni 
paper,  rather  strong,  and  cover  it  with  a  vamiih  composed  of: — 

Starch            .....  120  parts 

Gumarahic  -            -            .           -            .  40   — 

Alum 20   ~ 

A  paste  of  EDodemle  consistence  must  be  made  with  the  starch  and  some  water,  wi 
the  aid  of  heat,  into  which  the  gum  and  alnm  are  to  be  thrown,  each  previously  disaolv 
in  separate  vessels.  When  the  whole  is  well  mixed,  it  is  to  he  applied,  still  hot,  on  I 
leaves  of  paper,  with  a  fiat  smooth  brush.  A  tint  of  yellow  color  may  be  given  to  I 
varnish,  with  a  decoction  of  the  berries  of  Av^on,  commonly  called  French  berries 
our  dyers.  The  paper  is  to  be  dried,  and  smoothed  by  passing  onder  the  scraper  of  L 
lithographic  press. . 

Steel    pens   are   employed   for   writing  and    drawing  with   ink  on   the   litbc^rapl! 

LITMUS  (.TounKioI,  Fr.  t  Lackimu,  Germ.)  is  [aepared  in  Holland  from  the  sped 
of  Hchen  called  Lecanora  tarlarta,  RocctUa  tarlarta,  by  a  prricriSB  which  has  been  ke 
secret,  but  which  is  undoubtedly  analogous  to  that  for  making  archil  and  cudbear.  T: 
grpnnd  lichens  are  first  treated  with  urine  containing  a  little  potash,  and  allowed  to  fi 
ment,  whereby  they  produce  n  purple-red ;  the  colored  liquor,  treated  with  quidilime  a 
some  more  urine,  is  set  again  to  ferment  during. two  or  three  weeks,  then  it  is  mixed  wi 
chalk  or  gvpsum  into  a  paste,  which  is  formed  into  small  cubical  pieces,  and  dried  in  t 
shade.  Litmus  has  a  violet-blue  color,  is  easy  to  pulverise,  is  partially  soluble  in  mi 
and  dilnte  alcohol,  leaving  a  residuum  consisting  oT  carbonate  of  lime,  of  clay,  suit 
gypsum,  and  oxyde  of  iron  eomlHned  with  the  dye.  The  ocJoi  of  litmus  is  not  altered 
alkalis,  hut  is  reddened  by  acids  ]  and  is  therefore  nted  in  chanistryas  a  delieale  test  i 
acidity,  either  in  the  state  of  solution  or  «funnzod  paper  stained  wM  it.  It  is  employ 
to  dye  martile  blue, 

LIXmATION  (Ltitivagt,  Pr. ;  Jmlagen,  Germ.)  ngnifiea  the  absttactkm  by  wat 
(f  the  soluble  alkaline  or  taLne  matters  presmt  in  any  earthy  admixtnre ;  as  from  tt 
at  quicklime  and  potashes  to  make  potash  ley,  from  that  t£  effloraaced  alnm  schist 
make  aluminous  liqnors,  Ac. 

I,OAD?rONE,    MAGNETIC    mON.«T0IFE'   <nr    t^Jall,   Fr-i    MmgmtiMm 
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>,  Derm.) ;  an  inm  ore  consiitlii;  of  the  pretaxyde  and  peroiydc  or  iron  in  a  «t>le  of 
ibiaatioa 

^AM  (TtmJimantutt,  Fr.;  Lehm,  Germ.);  a  native  clay  miied  wilh  quarli  land 
iron  ochre,  and  occnsionally  wilh  some  carbofialeof  lime. 

.ODE,  i>  the  name  given  by  the  Cornisb  miners  to  a  vein,  whether  it  be  filled  with 
illic  or  earthy  matter. 

.OGWOOD  (Bait  dt  Canipietu,  Boil  bltK,  Fr. ;  BlavMs,  Germ.)  is  the  wood  of 
//«nifl(Orjr/rjB  CaffiptcUamini,  a  native  tree  of  central  America,  ?ro we  in  Jamaica  since 
5.  tt  was  Gral  introduced  into  Ent[1and  in  the  rei;n  of  Elizabeth,  hut  as  it  afforded 
he  nDskilfol  dyer^  of  her  time  a  fugitive  color,  it  was  not  only  prohibited  (rum  being 
i,  oadei  severe  penalties,  bat  was  ordered  lo  be  burned  wherEver  found,  by  a  law  pass- 
a  the  23d  year  of  her  rei^.  The  same  prejudice  piisted,  and  (he  same  law  was  en- 
id  agaioit  indigo.  At  length,  afler  a  century  of  absntd  prohibition,  these  two  most 
table  liuetorial  matters,  by  which  all  our  hat!,  and  the  greater  part  of  our  woollen 
Itf,  are  dyed,  were  allowed  to  be  used. 

lid  wood,  with  black  bark  and  with  little  of  the  white  alburnum,  is  preferred.  Lt^wood 
roKr  than  water,  very  haid,  of  a  Gne  compact  grain,  and  almost  indeslruclible  by  the 
ospherie  elements ;  it  has  a  sweet  and  astringent  taste,  and  a  peculiar  not  inoffensive 

or  its  chemical  composition,  see  Heuatih. 

Fhen  chipped  logwood  is  for  some  time  eiposed  lo  the  air,  it  loses  a  portion  of  ils  dye- 
power.  .  lis  decoclioa  absorbs  the  oxygen  of  the  atmosphere,  and  then  acquires  the 
lerly  of  precipitating  wilh  gelatine,  which  il  had  not  before.  The  dry  extract  of  log- 
d,  made  from  an  old  deeoction,  affords  only  a  fhgiiire  color. 

or  ils  applications  in  dyeing,  see  Black  Dyb;  Bbown  Dte  j  Calico  Phintihi;; 
iTHGj  Hat  Dteihg,  tc. 

lie  importa  of  li^wood  for  home  use  were,  in  I83(>,  13,^80  Ions,  13  cwls. ;  in  I83T, 
77  Ions,  13  cwls.  And  Ihe  amount  of  duty  received  was,  in  1836,  2M0I. ;  in  1837, 
<2J. 

OOM  (Mtlier  i  lUar,  Fr.  [  WtbtriMiI,  Gerra.)  is  Ihe  ancient  and  well-known  ma- 
efor  weaving  clolh  by  the  decussation  of  a  series  of  parallel  threads,  which  run  length- 
',  called  Ihe  warp  or  chain,  with  other  threads  thrown  transversely  with  Ihe  shuttle, 
Ml  [he  woof  or  wcR.    See  Jac<)uard  Loom  and  Weaving. 

UBRICATION.  The  Ibllowing  simple  and  efficacious  plan  of  lubricating  the  joints 
t)earines  of  machinery  by  capillary  atlracdon,  has  been  kindly  communicalcd  lo  me 
Isingeniouaintenlor,  Edwaid  Woolsey,  Esq.!  — 

ig.  $45,  represents  a  tin  cup,  which  has  a  small  tin  tube  A,  which  passes  (hrongh  the 
cm,  as  shown  by  the  dotted  lines.    It  may  have  a  tin  cover  to  keep  out  Ibe  dust. 
'>.  646,  ia  a  plan  of  (he  same. 

ig.  647,  is  a  seetion  of  the  same.  Oil  is  poared  into  tha  cup,  and  one  end  of  ■ 
lied  or  cotton  Ihremd  is  dipped  into  the  oil,  and  the  other  end  passed  through  the 
'-  The  capillary  attraction  causes  the  oil  to  ascend  and  pass  over  Ihe  orilice  of  the 
S  whence  it  gradually  descends,  and  drops  slower  or  quicker,  according  to  the  length 
he  thread,  or  its  thickness,  until  every  pnnicle  of  oil  is  drawn  over  by  this  capillary 
ion.  'Hie  lobe  is  intended  to  be  put  into  Ihe  bearings  of  shafts,  &c.,  and  is  made 
ay  site  that  may  be  wished.  If  oil,  or  other  liquids,  is  desired  lo  he  dropped  opon  a 
dsloae  or  other  surface,  this  cup  can  have  a  handle  lo  it,  or  be  hung  from  the 

ig-  64S.  Il  is  fr^aently  required  to  stop  the  capillary  aclion  when  the  machinery  is 
joing;  and  this  has  been  effected  by  meansof  a  tighlenin^  screw,  which  passe"  through 
rtw  boss  in  Ihe  cover  of  the  cup,  and  presses  againsl  the  internal  orifice  of  Ihe  lube, 
'enline  the  oil  Horn  passing. 
Ig.  649.   As  I  find  when  these  screw  caps  (^g.  1)48)  are  used  upon  brams  of  engines 

morinj  bearings,  that  Ihe  screw  is  apt  to  be  tightened  by  the  motion  ;  and  also,  as 
ink  the  action  of  the  screw  is  ancerlaia,  from  the  workman  neglecling  lo  screw  It 
n  SDfficiently,  it  answers  best  lo  take  oat  the  capillary  thread  when  Ihe  lubrication 
It  required ;  and  to  effect  this  easily,  I  have  a  tin  lop  to  the  cup.  with  a  round 
'  soldered  to  it:  this  pipe  has  a  slit  in  it,  like  a  pencil  Case,  and  allows  a  bolt  n 
lide  easily  in  it.  In  J!f .  6»,  the  boll  is  down;  in  ;ig,  651,  the  bolt,  which  is  a 
F  oT  bran  wire,  is  drawn  up,  hnd  there  is  no  capillary  action  between  the  thread  and 
oil.  In  Jig.  651,  il  will  be  observed,  that  Ihe  boll  is  kept  in  ils  place  by  ils  head  c, 
in;  in  a  lateral  slilin  Ihe  pipe,  and  it  cannot  be  drawn  out  on  account  of  Ihe  pin  i, 

end  of  iheihreadtsftstened  to  the  eye-hole  at  the  bottom  of  the  bolt,  and  the  other 
is  lied  to  ■  small  wire  which  crosses  the  lower  orifice  of  the  lube  at  c,  and  which  i« 
m  in  plan  fig.  662. 

I  Ihis  simple  contrivance  the  capillary  aetiOD  can  be  stopped  or  renewed  in  a  second. 
on  remofing  the  lop  ef  the  Ivbrleatn. 


"  I  lend  ycm  the  drawiofi  of  Ihr  Inbrioaton,  with  a  detailed  explanatioB.  I  hi 
omitud  to  nala,  that  the  WTing  b  labor  it  eonaideiable  where  there  tat  mmaj  jor 
to  ke«p  oiled  three  or  fau  timet  a  dar  t  "^  Iha'  the  workmui  docs  aol  with  t 
apparatus,  mn  the  liak  of  bein;  caught  bf  the  machineiy.  Feibapa  toot  friends  m 
he  at  a  loea  how  to  tie  on  the  cotttm  or  wonted  thread.  I  pass  a  long  thread  thron 
the  ej^'hole  x  of  the  bolt,  and  then  draw  the  two  ends  through  the  tube  bj  a  fine  w 
with  ahook  to  it,  one  end  on  ime  side  of  the  cross  wire  c,  and  the  other  end  on  the  oU 
■idc.  I  then  pat  the  cover  on,  and  the  boll  in  the  poeitkm  shoTn  in  fig.  651 ;  when 
drawing  the  two  ends  of  the  thread,  and  Irtn;  (hem  across  the  wire  d,  joq  haire  the  en 
length  required.  When  yon  wikh  to  see  the  quanlitr  of  oil  remaLniiif  in  the  labriat 
the  boll  most  be  dropped  as  in  fig.  650,  and  you  cnn  then  lift  tiie  coTer  a  little  way  i 
wlthont  breaking  the  thread,  and  replenish  with  oil.  The  ciM  of  fig.  8B0,  in  tin  plate, 
9d,    Tha  fignrei  in.  the  wood  cats  are  one  third  of  the  full  size. 

"  Bdiere  me  to  be  yonn  ilneerely, 

"  E.  J.  WOOUZT.* 

LUPININE,  i«a  inbtunceofa  gnrnmy  app««[«nee,  w  wuDodbrM.  Cawola,  bew 
it  was  obtained  (hun  Lupines. 

LUPULINE,  Irom  HvmaUa  lAtp%Uu ;  is  the  pnmliaj  bitia  arooMtie  prine^ta  of 
hop.    See  Bees. 

LUTE  (from  ^ahiin,  clay  i  Lul,  Fr.  (  Kiltt,  Buddagt,  Oerm.)  vt  a  puty  or  hM 
matter  employed  to  close  tha  joints  of  ohemical  ai^aratns,  or  to  eoat  their  snrfkces,  i 
protect  them  from  the  direct  action  of  flame.  Lutes  difitr  according  to  the  natore  of 
vapors  which  they  are  destined  to  eonllnsf  and  the  degree  of  heat  which  they  are  to 

1.  ImU  oflHuuimtal,  made  into  «  mA  plajtie  dough  with  vato-,  and  immediately 
plied  pretty  thick  to  junctions  of  glass,  or  stoae-watcv  make*  ttieni  perlMly  tight,  haid 
ipeodily,  resists  add  and  ammoaiaaal  yapon,  as  alio  a  moderMe  degree  <k  heal.  It 
tomes  stronger  when  the  meal  is  kneaded  with  inilh,  liaK-water,  at  tolutioa  of  iriue. 

!.  Lute  tit  thick  gum-water,  kneaded  with  clay,  and  iron  filings,  serrta  well  for  ] 
manant  jnuetionB,  at  it  becoaet  extremely  solid. 

3.  By  softening  in  water  a  piece  of  thick  brown  papar,  kaaadiof  it  fint  with  i 
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IT  paste,  and  tbeo  witb  some  potter's  elay,  till  it  acquire  tbe  proper  coniisteBee,  ■ 

:  U  formed  wliich  does  not  readily  crack  or  scale  oS. 

1.  Lnle,  coDsistiDg  of  a  strong  wilntioa  of  ghie  kneaded  into  a  donf  h  with  new  alabed 

t,ir  a  poweifnl  ccmenl,  and  vilh  (he  addition  of  white  of  egg,  foncs  the  W  (foat  ,— 

Dinpoiiiion  adapted  to  mend  broken  vessels  of  porcelain  and  stone-ware. 

I.  Skim-milk  cheese,  boiled  for  some  time  iniTBlei,  anflthen  triturated  into  paste  with 

ih-slaked  time,  rorms  also  a  good  lute, 

'.  Caiciaed  gypeiun,  diffused  ttlrough  milk,  solnlion  of  gtne  or  itarch,  is  a  Taloable 

.  A  lute  made  with  linseed,  melted  caoutchouc,  and  pipe-clay,  incorporated  into  ■ 

lolh  dough,  tnaj  be  kept  long  soft  trhen  corered  in  a  cellar,  and  serres  admirably  to 

fine  Hcid  vapors.     As  it  does  not  harden,  it  may  iherefbre  be  applied  and  taken  off  a« 

D  as  we  please. 

.  Ciouicbouc  iisetr,  aHer  bein^  meltrd  in  a  spoon,  may  be  adrantageooslf  used  for 

iring  joints  against  chlorine  and  acid  vapors,  in  emergencies  when  nothing  else  w^raid 

■Seclunl.     It  bear?  Ihe  heat  at  which  inlphuric  acid  boils. 

.  The  best  lute  for  joining  crucibles  inverted  inlo  each  other,  is  h  doneh  made  with  a 

lure  of  fresh  Gre-claj',  and  gronnd  fire-bricks,  worked  with  water.      Thai  eement  if 

Ic  with  solution  of  borax  answers  still  belter,  upon  some  occasions,  as  it  becomes  a 

>iscl  vilreons  mass  in  (he  Arc.    See  C^^hents. 

UTEOLINE,  is  ■  yellow  coloring  mailer  discovered  by  Chevreul  in  weld.      'WbeB 

limed,  it  crjBlalliies  in  needles.  ' 

TCOPODIUM  CLAVATUM.      The  seeds  of  tbe  lyeopodinm  ripen  in  September. 

J  are  employed,  on  account  of  their  great  combustibility,  in  theatres,  to  imjlate  the 

len  flash  of  lightning,  by  throwing  a  quantity  of  them  fiom  a  powder  puff,  or  bellowB, 

I9S  Ihe  dame  of  a  candle. 

YDIAN  STONE  is  fliot-date. 


lACARONI  is  a  drmgh  of  fine  wheat  Sour,  made  intoa  Inbolar  or  pipeform,  of  Uii. 
kness  of  goose-qnills^  which  was  first  prepared  in  Italy,  and  intiodaccd  into  commerce 
erihe  nameof  Italian  or  Genoese  paste.  The  wheal  for  this  purpose  mwst  be  ground 
(  Foante  flour,  called  gmatt  or  ttmimlt,  by  the  French,  by  meaBB  of  a  pair  of  light 
-&lon>s,  placed  at  a  somewhat  greater  distance  than  usual.  This  itimmlt  is  the  sub- 
ire  employed  for  making  the  dough.      For  the  mode  of  maaufacturing  it  into  pipes. 

lACE  is  a  somewhat  thick,  tough,  unctuous  membrane,  retieolaled  or  chapt,  of  a 
3Vifh-brown  or  orange  color.  II  forms  the  envelop  of  the  shell  of  the  fruil  of  Ihc 
ittica  mojcAa/o,  which  contains  the  nutmeg.  It  is  dried  in  the  sun,  after  beins 
«d  in  brine ;  sometimes  it  is  sprinkled  over  wilh  a  little  brine,  before  packing,  to 
'enl  Ihe  risk  of  monlding.  Mace  has  a  more  agreeable  flavor  than  nutmeg; 
1  a  warm  and  pungent  taste.  It  contains  two  kinds  of  oil;  the  one  of  which  is 
Inous,  bland,  and  of  the  consistence  of  butter;  the  other  is  volatile,  aromatic,  and 
oer.    The  membrane  is  used  as  a  condiment  in  cookery,  and  the  aromatic  oil  in 

lACPRATION  (Gng.  and  Fr. ;  CinueiCAn,  Germ.),  is  a  preparatory  sleep  lo  which 
tin  vecelable  and  animal  substances  are  submitted,  wilh  Ihe  view  of  distending  their 
^  or  pores,  and  causing  Ihem  to  be  penetrated  by  such  menstrua  as  are  best  adapted 
ilract  their  soluble  pstts.  Waler  alone,  or  mixed  with  acids,  aUcalis,  or  nmsj  alcohol 
ether,  are  the  liquids  Usually  employed  for  that  purpose. 

lACLE  is  the  name  of  certain  diagonal  black  spots  In  minerals  like  the  ace  of 
iiand<  in  caids,  supposed  lo  proceed  tnat  some  disturbance  of  tbe  particles  in  the  act 

[ADDIIIR  (Garaact,  Fr. ;  FajterrSlht,  Oerm.),  a  snfaataitce  very  exttwively  used  in 
as,  is  Ihe  root  of  the  tiMa  tiuttortm,  a  plant,  of  which  two  species  are  distingniik- 
ly  LinniEus. 

■he  beat  toots  are  those  which  have  the  size  of  a  writing  quill,  or,  at  roost,  of  the 
elin^er.  They  are  lemi-transparent,  and  reddish;  have  a  strong  odor,  and  a  Mnoodl 
>'.    They  should  be  of  two  or  three  years'  growth. 

'be  madder,  taken  (W>m  the  ground  and  picked,  must  be  dried  in  order  to  be  gnmad 
preserved.    In  warm  climates  it  is  dried  in  the  open  air ;  bnt,  elNWhere,  stovea  matt 
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Hu)  BUingy  filamenti  mod  epideimis  are  lo  be  remoied,  tailed  rmlli ; 
no  a?  to  leiiTe  nnthine:  buL  the  ligneoua  fibres. 
The  preparation  of  mwideis  it  cturied  on  in  the  department  at  Iht  Rhone,  in  the  KJ 

The  roots  aie  dried  in  a  Glove  heated  hj  means  of  a  furnace,  fiom  which  the  air  i 
allowed  to  isiue  only  at  intervals,  at  the  momeot  when  it  is  judged  to  be  saturated  wiU 
moisture.  The  fumBce-flue  occupies  a  great  portion  of  the  floor;  above  are  three  dos 
graliogs,  od  which  the  roots  a^  distributed  in  Isj'ers  of  about  two  decimetres  (aeertf  : 
inches).  At  the  end  of  24  hours,  those  which  are  on  the  %st  grated  floor  directly  abov 
the  stove  are  dry,  when.  Ihej  are  taken  away  and  replaced  by  thoce  of  the  superior  floon 
This  operation  is  repeated  whenever  the  loots  over  the  stove  are  dry.  The  dry  roots  ar 
thrashed  with  a  Jlail,  passed  Ihrongh  fooners  similar  lo  those  employed  for  com,  and  the: 
shaken  upon  a  very  coarse  sieve.  What  passes  throngh  is  farther  winnowed  and  siAo 
throDgh  a  finer  sieve  than  the  first.  These  operations  are  repeated  five  times,  proceedin 
(nceecsively  to  sieves  still  finer  and  finer,  and  setting  aside  every  time  what  remains  <r 
the  sieve.  What  passes  through  the  fillh  sieve  is  rejected  as  sand  and  dust.  After  thes 
operations,  the  whole  fibrous  matters  remaining  on  the  sieve  are  cleaned  with  comma 
fanners,  akd  women  separate  all  the  foreign  matters  which  had  not  been  removed  befon 
For  dividing  the  rt>ot£,  aflerorards,  into  diAerent  qualities,  a  braM  sieve  is  made  use  a 
whose  meshes  wte  from  six  to  three  milUmeires  in  diameter  (from  jlh  to  )Ih  ioch  E. 
What  posse*  through  the  finest  is  rejected ;  and  what  passes  through  the  coarsest  is  n 
garded  as  of  the  best  quality.  These  roots,  thus  separated,  are  carried  into  a  stove,  of 
construction  somewhat  different  Oom  the  first.  They  are  spread  out  in  layers  of  abov 
a  decimetre  in  thickness  (nearly  4  inches  E.),  on  large  lattice-work  ftajnes,  and  the  dry 
iag  is  known  to  be  complete,  when  on  taking  up  a  handful  and  squeezing  it,  the  root 
break  easily.  On  quilting  the  stove,  the  madder  is  carried,  still  hot,  into  a  macbini 
where  it  is  minced  small,  and  a  sieve  separates  the  portion  of  the  bark  reduced  lo  powdei 
This  operation  is  repeatai  three  or  four  times,  and  then  the  bolter  is  had  recourse  to 
What  passes  through  the  sieve,  or  the  brass  meshes  of  the  bolter,  is  regaided  as  com 
mon  madder  ;  and  what  issues  at  the  extremity  of  the  bolter  is  called  the  flour.  Lastly 
the  madder  which  passes  Ihrougfa  the  bolter  ts  ground  in  a  mill  with  vertical  stones,  an 
then  passed  through  sieves  of  different  liies.  What  remains  above  is  always  better  thai 
what  goes  ihroujib. 

The  madder  OC  Alsace  is  reduced  to  a  very  fine  powder,  and  its  coloring  matter  is  cs 
tcacted  by  a  much  longer  ebuUilion  than  is  necewary  for  the  lizari  of  the  LevanL  Th 
prepared  madder*  ouf^bl  to  be  carefully  preserved  Irom  humidity,  because  thej  easily  im 
bibe  maiiture,  in  which  case  fermentation  spoils  their  color. 

D'Amboumey  and  Beckman  have  ageen«],  thai  it  is  more  advantageous  lo  employ  tit 
fresh  root  of  madder  than  what  has  been  submitted  to  desiccation,  especially  by  mean 
of  stoves.  But  in  its  Gtatea  of  freshness,  its  volume  becomes  troublesome  in  the  dyeini 
bath,  and  uniform  observation  seems  to  prove  that  i1  ameliorates  by  age.  Beaidei,  i 
mutt  be  rendered  suceptiblo  of  keeping  and  carrying  easily. 

It  appears  that  madder  may  be  considered  as  composed  of  two  coloring  substances,  on< 
of  which  is  dun  (tawny),  and  the  other  is  red.  Both  of  these  substanees  may  combini 
with  the  stulT.  It  is  of  consequence,  however,  lo  fix  only  Ihe  red  part.  The  dun  pnrlioi 
appears  lo  be  more  soluble,  but  its  fixity  on  sIufTi  may  possibly  be  increased  by  the  affinir 
which  it  lias  for  the  red  portion. 

The  different  additions  made  lo  madder,  and  the  multiplied  processes  to  nhicli  it  i 
tometimes  exposed,  have  probably  this  separation  for  their  chief  object. 

The  red  portion  of  madder  is  soluble,  but  in  small  qnanlity,  in  Water.  Hence  bnl  i 
limited  concentration  can  be  given  lo  its  solution.  If  the  portion  of  this  substance  b 
too  mnch  increased,  so  far  from  obtaining  a  greater  effect,  we  merely  augment  the  pre 
portion  of  the  dun  part,  which  is  the  more  soluble  of  the  two. 

Jn  consequence  of  Ihe  Societe  Industrielle  of  Mulhansen  having  offered  in  the  yea 
IS26  large  premiums  to  Ihe  authors  of  the  best  analytical  investigation  of  madder,  eigb 
memoirs  were  transmitted  to  it  in  the  year  1827.  They  were  examined  with  the  grealci 
eare  by  a  committee  consisting  of  able  scientific  and  practical  men.  None  of  the  con: 
petilors  however  fhlfilled  the  conditions  of  the  programme  issoed  by  the  society;  but  fou 
of  them  received  a  tribute  of  esteem  and  gratitude  from  it ;  MM.  Robiquet  and  Colin  a 
Paris,  Kuhlmann  at  Lille,  and  Houton-LibtUardicre.     Fresh  premiums  were  offered  fo 
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ETeiy  real  discovery  made  c< 


ling  this  precious  root,  would  be  of  vast  conseqnenc 


to  dyers  and  calico-printerB.  Both  M.  Kuhlmann,  and  Robiquet  and  Colin,  c 
that  they  had  discovered  a  new  principle  in  mndder,  to  which  they  gave  Ibe  nam 
aHiariitt.  The  latter  two  chemists  treated  the  powdered  madder  with  sulphuric  aci<i 
taking  care  to  let  jt  heat  as  little  as  possible.  By  this  action  the  whole  is  corbonizeii 
except  perhaps  Ihe  red  matter.      The  cbareoal  thus  obtained  is  pnlveriied,  mixed  will 
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The  tempemtiiK  of  from  50^  to  00°  R.  (145*  to  167"  F.)>  is  the  beat  adapted  to  the 
iolntion  of  the  ooloriag  matter,  and  to  its  combination  with  the  mordants ;  and  thus  a 
boiling  heat  may  be  retraced  advantageously  by  the  long  continuance  of  a  lower  tempera^ 
tore.  A  large  excess  of  the  dye-stuff  in  the  bath  is  nnfhrorable  in  two  points  of  view ; 
it  causes  a  waste  of  coloring!  matter,  and  renders  the  tint  dull.  It  Is  injurious  to  allow 
the  bath  to  cool,  and  to  heat  it  again. 

In  a  memoir  published  by  Uie  Society  of  Mulhausen.  in  September,  1835,  some 
interesting  experiments  upon  the  growth  of  madders  in  factitious  soils  are  related  by 
MM.  Koechlin,  Persoz,  and  Schlumberger.  A  patch  of  ground  was  prepared  contain- 
ing from  6Q  to  80  per  cent,  of  chalky  matter,  and  nearly  one  fifth  of  its  bulk  of  good 
hor8&4ung.  Slips  of  Alsace  and  Avignon  madders  were  planted  in  March,  1834,  and 
a  part  pf  the  roots  were  reaped  in  November  following.  These  roots,  though  of  only  six 
months  growth,  produced  tolerably  fast  dyes,  nor  was  any  difference  observable  between 
the  Alsace  and  the  Avignon  species ;  whilst  similar  slips  or  cuttings,  planted  in  a  natural 
non-calcareous  soil,  alongside  of  the  others,  yielded  roots  which  gave  fugitive  dyes. 
Others  were  planted  in  the  soil  of  Palud,  transported 'from  Avignon,  which  contained 
more  than  90  per  cent,  of  carbonate  of  lime,  and  they  produced  roots  that  gave  still  faster 
dyes  than  the  preceding.  Three  years  are  requisite  to  give  the  full  calcareous  impregnaF 
tion  to  the  indigenous  madders  of  Avignon. 

As  to  the  function  of  the  chaUc,  valuable  observations,  made  long  ago  by  M.  Daniel 
Koechlin,  have  convinced  him,  that  the  combination  of  two  different  bases  with  a  coloring 
matter,  gave  much  more  solidity  to  the  dye,  in  consequence,  undoubtedly,  of  a  greater 
insolubility  in  the  compound.  JSxperiments  recently  made  by  him  and  his  colleagues 
above  named,  prove  that  in  all  cases  of  madder  dyeing  under  the  influence  of  chalk,  a 
certain  quantity  of  lime  becomes  added  to  the  aluminous  mordant.  In  the  subsequent 
clearing  with  a  soap  bath,  some  of  the  alumine  is  removed,  and.  there  remains  upon  the 
fibre  of  the  cloth  a  combination  of  these  two  earths  in  atomic  proportions.  Thus  the 
chalk  is  not  for  the  purpose  of  saturating  the  acid,  as  had  been  supposed,  but  of  forming 
a  definite  compound  with  alumina,  and  probably  also  with  the  fatty  bodies,  and  the  color- 
iBg  matter  itself. 

The  red  mordants  are  prepared  commonly  in  Alsace,  as  foUows : — ^The  crushed  alum 
and  acetate  of  lead '  being  weighed,  the  former  is  put  into  a  deep  tub,  and  dissolved  by 
adding  a  proper  quantity  of  hot  water,  when  about  one  tenth  of  its  weight  of  soda  crystals 
is  introduced  to  saturate  the  excess  of  acid  in  the  alum.  The  acetate  of  lead  is  now  mix- 
ed in ;  and  as  this  salt  dissolves  very  quickly,  the  reaction  takes  place  almost  instantly. 
Care  must  be  taken  to  stir  for  an  hour.  The  vessel  should  not  be  covered,  lest  its  con- 
tents should  cool  too  slowly. 

The  different  mordants  most  generally  employed  for  madder,  are  detailed  under  Colon, 
in  Calico-Prxntino  and  Mordant. 

Much  mordant  should  not  be  prepared  at  once,  for  sooner  or  later  it  will  deposite  some 
sub-acetate  of  alumina.  This  decomposition  takes  place  even  in  corked  vials  in  the  cold ; 
and  the  precipitate  does  not  readily  dissolve  again  in  acetic  acid.  All  practical  men  know 
that  certain  flduminous  mordants  are  decomposed  by  heating  them,  and  restored  on  cooling, 
as  Gay  Lussac  has  pointed  out.  He  observed,  that  by  adding  to  pure  acetate  of  alumina, 
some  alum  or  sulphate  of  potash,  the  mixture  acquires  the  property  of  forming  a  precipi- 
tate with  a  heat  approaching  the  boiling  point,  and  of  re-dissolving  on  cooling.  The  pre- 
cipitate is  alumina  nearly  pure,  according  to  M.  Gay  Lussac ;  but^  by  M.  Koechlin's  more 
recent  researches,  it  is  shown  to  be  sub-sulphate  of  alumina,  containing  eight  times  as 
much  base  as  the  neutral  sulphate. 

Madder  dye. — On  account  of  the  feeble  solubility  of  its  coloring  matter  in  water,  we 
cannot  dye  with  its  decoction ;  but  we  must  boil  the  dye-stuff  along  with  the  goods  t0  be 
dyed ;  wherebpr  the  water  dissolves  fresh  portions  of  the  dye,  and  imparts  it  in  succession 
to  the  textile  fibres.  In  dyeing  with  madder,  we  must  endeavor  to  fix  as  little  of  the  dun 
matter  as  possible  upon  the  cloth. 

Dyeing  on  wool, — Alumed  wool  takes,  in  the  madder  bath,  a  red  color,  which  is  not 
so  bright  as  cochiheal  red,  but  it  is  faster ;  and  as  it  is  far  cheaper,  it  is  much  used  in 
England  to  dye  soldiers'  cloth.  A  mordant  of  alum  and  tartar  is  employed ;  the  bath  of 
madder,  at  the  rate  of  from  8  to  16  ounces  for  the  pound  of  cloth,  is  heated  to  such  a  de- 
gree that  we  can  just  hold  our  hand  in  it,  and  the  goods  are  then  dyed  by  the  wince,  with- 
out heating  the  bath  more  till  the  coloring  matter  be  fixed.  Vitalis  prescribes  as  a  mor- 
dant, one  fourth  of  alum,  and  one  sixteenth  of  tartar ;  and  for  dyeing,  one  third  of  madder, 
with  the  addition  of  a  24th  of  solution  of  tin  diluted  with  its  weight  of  water.  He  raises 
the  temperature  in  the  space  of  an  hour  to  200®^  and  afterwards  he  boils  for  3  or  4  min- 
utes ;  a  circumstance  which  is  believed  to  contribute  to  the  fixation  of  the  color.  The 
bath,  after  dyeing,  appears  much  loaded  with  yellow  matter,  because  this  has  less  affinity 
for  the  alum  mordant  than  the  red.  Sometimes  a  little  ardiil  is  added  to  the  madder,  to 
(^ve  the  dye  a.pink  tinge}  but  this  is  fugitive. 
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SIk  IB  tddom  dyad  intk  madder,  bMMMe  eoehinMl  aibrii  brighWr  dnti. 

Di/exsg  on  eottat  taut  jtaca. — Tbe  moat  Ivilliant  and  fastnl  madder  red  it  tbe  Tvrlte;  oi 
IdriiDople.  The  comnon  madder  reds  an  dven  In  the  following  vajr  :^1ie  yam  or 
'inb  is  boiled  in  a  veak  alkaline  'badi,  wa«faed,  dried,  and  galled,  b;  sleepin;  the  cotton 
nadeeoction  of  hruised  galls  or  of  nim&ofa.  Alter  di^in^,  it  is  twireahimed;  forvhich 
nupose,  for  eTcry  4  paru  of  the  goodi,  one  part  of  nlam  is  taken,  mixed  vith  l'16lh  of 
la  weight  of  chailu  Tbe  good*  are  dipped  into  a  varm  i^ulioB  o[  Ibe  alam,  wrong  oat, 
liied,  and  alamed  afreth,  with  half  the  qnantity.  The  acetatp  of  BlnminB  mardmit,  de- 
eiibcd  abore,  aniwoi  mocb  better  than  eommoa  ahim  for  cotton.  AAer  the  gooAt  are 
Iried  and  rinsed,  they  are  paiaed  through  the  dye-baifa,  which  is  formed  of  )  lb.  of  good 
oaddci  ftr  everr  pouid  of  eoUoa ;  and  it  i>  raued  to  the  boiling  point  by  degrees,  in  the 
face  of  60  or  60  minnlea.  Wl)enerer  tfc«  ebuUilioD  hae  eonlinned  a  few  miirnles,  the 
loodi  mtut  be  Temoro^  washed  lightly,  and  dyed  a  eeeond  time  in  the  same  way,  with 
t  mach  naddei.  They  are  then  washed  and  passed  throngh  a  warm  soap  bath,  which 
CDKiTes  the  don  a^nog  tDatter. 

Hollerhoff  prescribes  lor  ordinary  madder-nd  the  following  praportions :— SO  pounds 
{  cotton  yam ;  U  pounds  of  Dutch  madder;  3  ponwlB  of  nnt-^Us ;  5  pound*  of  alum  g 
It  which  I  lb.  of  acetate  of  lead  has  been  first  added,  and  then  a  qaartcr  of  a  pound  of 
InJk. 

ti  the  calico-priat  wodcs  the  loadder  goods  are  pawed  Ihroagh  a  bran  bath  fim,  im- 
icdiaiely  alter  dyeii^  i  next,  alter  sereral  days  eapoaure  to  the  air,  when  the  dun  dye  has 
lecomc  Diydized,  and  is  more  easily  remored.  An  addition  of  chalk,  on  the  principles 
iplained  above,  la  tcanetimeauadul  in  thenutdder  bath.  If  bran  be  added  to  tbe  madder 
alb,  tbe  color  beconMs  much  lighter,  and  of  an  agreeaHe  shade.  Sometimes  bran-water 
■  added  to  the  madder  batta,  instead  of  bian. 

.AlrtmDplc  or  ToHtsy  red.— This  is  the  most  complicated  and  ledions  operation  in  tbe 
lit  ofdyeuigj  bnl  it  luvdnceathe  fastest  color  which  is  known.  '  This  dye  was  discoTer- 
d  in  India,  and  remained  long  a  process  peculiar  to  that  country.  It  was  aAcrward* 
netised  in  other  parts  of  Asia  and  in  Greece.  In  IT4T,  Ferqaet  and  Oondard  broagbt 
rrcek  dyera  iato  France,  and  moonted  near  Rouen,  and  in  Langaedoc,  Turliey-ted 
!je  VDika.  En  1T6S,  the  fVeneh  goTenuSent,  convinced  of  the  importance  of  this 
losinesa,  csnaed  the  processes  to  be  pablished.  In  1B08,  Rebcr,  at  Mariakirch,  ninush- 
d  the  finest  yarn  at  this  dye,,  and  H.  Kochlin  became  celebrated  for  his  Turkey-red 
loth. 

Procai  /br  TttHutf^rtd, — The  flnt  step  eonaisti  in  clearing  the  yam  or  cloih  in  alka- 
ine  hatha,  and  dipping  them  in  oily  liquors,  to  which  sheep's  dung  was  formerly  added, 
rhit  operolioD  is  repealed  sereral  times,  the  goods  being  dried  ader  each  immenion. 
rh«re  next  IbUows  the  cleaosing  with  alkaline  liqnort  to  reiQore  the  excess  of  oil,  the 
vlliiut,  the  alnmiuE,  the  madderinR,  the  brlBhlCBing  or  remoring  the  dun  part  of  the  dye 
T  boilina,  at  a  high  temperatore,  wilhalkaline  liquid,  and  the  rosing  by  boiling  in  a  bath 
f  nil  «f  tin.  We  shall  give  some  details  concerning  this  tedious  manipulation,  and 
be  differences  which  exist  in  it  in  the  principal  dye-works- 

AI  Bouen,  where  the  proceaa  was  first  brongbt  to  perfection,  two  methods  are  pursued, 
ailed  tbe  gray  and  the  yellow  conree  or  tnarch.  In  the  gray,  the  dye  is  given  immediately 
flcr  the  cotton  has  received  tbe  oily  mordant,  the  gall,  and  the  alum,  as  it  has  then  a 
yty  cokff.  In  the  yellow  eenise,  it  is  pasaed  (hroogh  fresh  oils,  alom,  and  galls  before 
be  madderlng,  the  eoUon  having  then  a  yellov  tint. 

Different  views  have  been  taken  of  Che  principles  of  the  Turkey-red  dye,  and  the  ob- 
ieet  and  ntility  of  the  Various  steps.  The  most  ancient  notion  is  that  of  animalizing 
be  union  by  dang  and  blood,  but  experience  has  proved  thai  withont  any  animal  mailer 
he  fineri  color  may  be  obloiaed.  Aoccrdisg  to  Dingier,  the  collon  is  imbued  with  oil  by 
leeping  it  in  eombinaliong  of  oil  and  soda;  iheoil  is  altered  by  repealed  dryings  at  a  high 
empecature;  i(  altmcts  oxygen  from  the  afa',  and  thereby  combines  intimately  wi I h  ihe 
Dtloo  fibre,  so  as  lo  Increoae  the  weight  of  tbe  stuff.  The  dung,  by  a  kind  of  l^rmenta- 
ion,  accelerates  the  oxydizement,  and  henco  erude  oil  is  preferable  to  pure.  In  England, 
he  mncilaginoiu  oil*  of  QalUpoli  are  prefriied,  and  in  Malabar,  oils  more  or  less 
aacid.  The  drying  oils  do  not  answer.  The  subsequent  treatment  with  the  alkaline 
iquoTB  renwres  Ihe  eiceas  of  oil,  which  has  not  been  oxydized  and  combined  ;  a  hard 
liyinit  completely  changes  that  which  remains  in  the  'fibres ;  Ihe  alnming  which  followt 
mbioes  alumina  with  the  eotum ;  the  galling  tans  the  fbres,  producing  a  triple  com- 
nvod  of  oil  and  alum,  which  fixes  the  coloring  matter.     The  object  of  the  other  steps 

According  lo  Wattieh,  the  treatment  with  oil  opens  the  cotton  so  as  to  admit  Ihe  mor- 
laol  and  the  eoloriag  matter,  but  Ibe  oil  and  soap  do  not  combine  with  the  fibrc«> 
n  the  alkaline  hatha  which  toBow,  the  oil  la  tronslbrmed  into  soap  and  removed ; 
rheaee  the  cottM  IhODU  mf  inoMMa  in  weigM  in  UtegBlUngand  ahuning;  the  cotton 


saSeis  ■  kind  of  iMnnlng,  tad  the  tmUue  p*tU  of  the  Uood  ■ 
dye. 

The  Gennan  praceit  improvtd,  according  to  Dingier,  codbUU  of  the  folloving  opera- 
tions :  mordaat  of  &a  oily  soap  or  a  «oapy  Uniment,  hud  dryiDg ;  aUuline  ball),  drying, 
sleeping,  rinsing  swb;  of  Ihe  aneoaibiDed  moiduit,  drringj  galling,  drying;  alnmiag, 
drying,  sleeping  in  water  containing  cbalk,  rinuug ;  madderiog,  airing,  rinsing  ;  brishl- 
ening  with  an  alkaline  boil,  and  aflerwaida  in  a  bath  conHiinitig  Mlt  oT  tin  j  theo  »uh- 
ing  and  dryji^. 

The  yarn  or  Ihe  clolb  mn«t  be  fiiM  well  wotted  in  •  bath  of  aheep*!  dang  and  oil,  com- 
pounded as  follows : — 25  pound*  of  sheep's  dung  arc  to  be  bruiaed  in  a  solalion  of 
pure  caustic  potash  of  hydrometer  Btrength  3°,  and  the  mixed  liqaor  is  to  be  passed 
through  a  sieve.  Two  pounds  of  fine  oil  are  now  to  be  poured  into  16  pounds  of  bis  ley, 
oAer  which  30  pounds  of  coarse  oil  are  to  be  added,  with  si;ilatIon  for  {  of  an  hour. 
Other  i  pounds  of  hot  ley  ore  to  be  well  stirred  in,  till  the  whole  is  homogeneous.  Thu 
proportion  of  mordant  is  sufficient  for  100  pounds  of  cotton  yam,  Ibr  90  ponods  of  an< 
bleached  or  100  pounds  of  bleached  cotton  goods-  The  cotton  Ituff,  aAer  being  well 
wrune  out,  is  to  be  laid  in  a  chest  and  covered  with  a  lid  lo^ed  with  weights,  in  whidi 
stale  it  should  remain  for  five  days.  At  the  end  of  24  hours,  the  cotton  becomes  bat  witl 
fermentation,  gets  imbupd  with  Itie  mordant,  and  the  oil  becomes  rapidly  altered.  Tb< 
goods  are  oeil  exposed  l>eely  to  the  air  duriog  Ihe  day,  and  in  the  CTcning  they  are  dried 
in  a  hot  chamber,  exposed  to  a  temperature  of  158^  F.,  fbr.6'0r  S  boon,  which  pramom 
the  oxydizemenl  of  the  oil. 

The  goods  are  now  passed  the  second  time  through  a  soapy-oil  mordant  similar  to  tbi 
first,  then  dried  in  Ihe  air  by  day,  and  in  Ihe  hot  stova  by  night.  The  third  and  fonrd 
oil-soap  steeps  arc  given  in  the  same  way,  hutwithonl  the  dung.  The  GAh  steep  is  eoo^ 
posed  of  a  ley  al  2?,  alter  which  the  goods  most  also  be  dried.  Indeed,  flom  the  first  In 
Ihe  fourth  steep,  Ihe  cotton  stuff  should  be  put  each  time  into  a  chambtt  heated  to  149 
F.  for  12  or  15  hours,  and  during  IS  hours  after  the  fillh  steep. 

The  uncombined  oil  must,  in  the  next  place,  be  withdrawn  by  the  difraUiagt,  whicl 
eonsisis  in  sleeping  the  goods  for  6  honrs  in  a  very  weak  alkaline  ley.  Alter  rinsing  bik 
wringing,  they  arc  dried  in  the  air,  and  then  put  into  Ihe  hot  stave. 

The  sooii  arc  now  ealled  in  a  bath  formed  of  36  ponnds  of  Sicilian  somach,  boiled  fbi 
3  hours  in  260  pounds' of  water,  and  filtered.  The  residonm  is  Created  with  190  fred 
pounds  of  water.  This  decoction  is  heated  with  12  ponnds  of  ponnded  nut-galls  lo  tin 
boiling  point,  allowed  to  cool  during  the  night,  and  nied  next  morning  as  hot  as  the  banc 
can  bear  j  the  goods  being  well  worked  through  it.  They  are  again  dried  in  the  air,  ani 
afterwards  placed  in  a  stove  moderately  heated.  They  an  next  passed  Ihroneh  a  teiw 
alum  bath,  containing  a  little  chalk  ;  left  afterwards  in  a  heap  during  the  a\%hi,  dried  ii 
the  air,  and  next  in  Ihe  stove.  The  dry  goods  are  finally  passed  through  hot  water  eon 
taining  a  little  chalk,  wrung  ont,  rinsed,  and  then  maddered. 

For  dyeing,  the  copper  is  filled  with  water,  Ihe  fire  is  kindled,  and  an  ounce  and  i 
half  of  chalk  is  added  for  every  pound  of  madder;  a  pound  and  ■  qnarter  of  madde 
being  lakcn  for  every  pound  of  cotton  ynm.  The  goods  are  now  passed  through  the  bath 
so  that  they  penetrate  lo  near  its  bottom.  The  fire  must  be  so  regulated,  Ihat  the  eoppe 
will  be^in  to  boil  in  the  coarse  of  from  21  to  3  hours;  and  the  ebollition  mast  b 
continued  for  an  hour ;  after  which  the  yam  is  aired  and  rinsed.  Cloth  »ihoa)d  be  pa 
into  the  dye-bath  when  its  temperature  is  77°  and  winced  at  a  heat  of  from  100°  ti 
122°  during  the  first  hour ;  al  16T°  during  the  second ;  and  al  the  bcdliog  point  when  thi 
third  hour  begins.  It  is  to  be  kept  boilil^;  for  half  an  hour;  so  that  the  roadderinl 
lasts  four  hours.  Dingier  does  not  add  sumach  or  galls  lo  the  madder  bath,  becansi 
their  effect  is  destroyed  in  the  subsequent  bti^tening,  and  he  hai  no  fhith  in  the  uliKt 
of  blood. 

After  being  dyed,  the  goods  are  washed,  pressed,  and  subjected  lo  a  soapy  alkaline  ball 
al  a  high  heal,  in  a  close  boiler,  by  which  the  dan  ports  of  the  galls  and  the  nudder  an 
dissolved  away,  and  the  red  color  remains  in  alt  its  lustre.  This  operation  is  calla 
brightening.  It  is  repeated  in  a  similar  liqoor,  to  which  some  mnriate  of  tin  is  added  fo 
the  pnrpose  of  enlivening  the  color  and  giving  il  a  rosy  tint.  Lail  of  all,  the  goods  an 
rinsed,  and  dried  in  the  shade. 

The  Etber/eld  process  consists  fbr  100  Jbt.  of  the  following  steps  ;— 

1.  Cleaning  Ihe  collon  bj  boiling  it  fbr  four  boors  in  a  we^  alkaline  bath,  eooling  aiii 

2.  Wotking  it  thoroughly  loui  times  over  in  a  steep,  coadsting  of  300  ponnds  of  watei 
IS  pounds  of  potash,  1  pailful  of  sheep's  dang,  and  lU  ponnds  at  olive  oil,  in  which  i 
should  remsin  during  the  nighL  Next  day  it  is  drained  ibr  an  hour,  wmng  oat  and  dried 
This  Irealment  with  the  dung  steep,  and  drying,  is  repealed  3  timet, 

3.  It  is  now  worked  in  a  bath  eontaiaing  120  qnaiti  of  walar,  18  pouMta  of  potn^ 


id  6  qnwto  of  oUts  oil;  thtii  wning  cmt  mad  dried.    Tbi«  ttaep  ii  aba  repcBted  4 

4.  Sleeping  Tor  ■  night  in  the  liver  it  the  next  pioesu ;  n  slight  rinsing  without  nring- 
g,  and  drying  in  the  air. 

D.  Bath  made  of  a  warm  decoction  (I0O°  F.)  of  swnach  and  nut-galla,  in  which  the 
oU  remain  during  the  night ;  they  are  then  Mning];  "ming,  and  dried  in  the  sir. 

6.  Aluming  irith  addition  of  potash  and  chalk;  wringing;  working  it  well  through 
is  baih,  where  it  is  left  during  the  night. 

7.  Dniniog,  and  strong  riosing  the  foUowkig  daj ;  piling  np  in  a  water  cistern. 

6.  Rinung  repeated  next  day,  and  steeping  in  water  lo  remoTe  any  excess  oT  Hiom 
am  the  fibres ;  the  goods  conLiaue  in  the  water  till  they  are  taken  to  the  dyeing-bath. 

9.  The  madderiog  is  made  with  (he  addition  of  btood,  aamseh,  and  nul-galts ;  the  bath 
brouiibt  to  the  boil  in  1  hour  and  I,  and  kepi  boiling  for  half  an  hour. 

10.  The  yam  is  rinsed,  dried,  boiled  from  24  to  36  houis  in  a  corered  copper,  with  an 
ly  alkaline  liquid  g  (hen  rinsed  twice,  hud  for  two  dayt  in  clear  water,  and  dried. 

11.  Finally,  the  greatest  br^htoess  is  obtained  by  bailing  lor  three  or  four  hours  in  a 
ap  bath,  containing  muriate  of  tin ;  aller  which  the  yam  is  rinsed  twice  over,  steeped 

water,  and  dried. 

Procui  0/  Haiuimami. — He  treats  cotton  twice  or  4  times  in  a  solution  of  aluminated 
itash,  mixed  with  one  thirty-eighth  part  of  linseed  <hL  The  solution  is  made  by  adding 
ustic  potash  lo  alum.  He  dries  and  riues  each  time,  and  dries  aAer  thelast  operation. 
!  tbvn  rinses  and  proceeds  to  the  madder  bath.    For  the  rote  color,  he  lakes  one  pound 

madder  for  one  pound  of  cotton ;  for  Carmine  red,  he  takes  from  2  to  3  pounds)  and 
r  the  deepest  red,  no  less  than  4  pounds.  It  is  said  that  the  color  Ihos  obtained  sur- 
sses  Turkey  red. 

Tht  Frnch  procui,  by  KtJalts  of'  BtMtn. — First  operation.  Seooring  with  a  soda 
I,  of  l"  BaontB,  lo  which  there  is  usually  added  the  remainder  of  the  vAUe  prepaia- 
n  bath,  which  consists  of  oil  aitd  soda  wUh  water.  II  it  Iben  washed,  wrung  out,  and 
ied. 

In  the  second  operation,  he  states  that  Ihun  25  to  30  pounds  of  sheep's  dang  are 
nunooly  osed  for  IQO  pounds  of  cotton  yam.  The  dang  is  first  steeped  lor  some  days 
a  ley  of  soda,  of  8°  to  10°  B.  This  ii  afterwaids  diluted  with  abont  500  pints  of  S 
laker  ley,  and  at  the  same  time  braised  with  the  hand  in  a  copper  basin  whose  bottom 

pierced  with  small  holes.  The  liquor  is  then  poured  into  a  vat  containing  fi  or  6 
iQods  or  fat  oiL  (GallipoU),  and  the  whole  are  well  mixed.  The  cotton  is  washed  in 
is,  and  the  hanks  of  yarn  are  then  stretched  on  perches  in  the  open  air,  and  turned  (Vom 
oe  lo  time,  so  as  to  make  it  dry  equably.  After  receiving  thus  a  certain  degree  of  de- 
:cation,  it  i*  carried  into  the  drying  house,  which  is  healed  lo  50°  Reaumur  (14^ 
ihienheit],  where  it  loses  the  remainder  of  its  moisture,  which  would  ha>e  prevented 
from  combining  with  the  other  mordants  which  it  is  afterwards  to  receive.  What  is 
[I  of  the  bath  is  called  avanca,  and  is  added  to  the  follawing  bath.  Two,  or  even  three 
ing  baths  are  given  to  the  cotton,  when  it  is  wished  to  have  very  rich  colors.  When 
c  cotton  tuu  received  the  dung  baths,  care  most  be  token  not  to  leave  it  lying  in  heaps 
r  any  length  of  time,  lest  it  should  take  flrej  an  accident  which  has  occasionally 

The  white  bath  is  prepared  by  pouring  6  pounds  of  fat  oil  into  SO  pints  of  soda  water, 

1°  or  somelimea  less,  accoiding  as,  by  a  preliminary  trial,  the  oil  requires.    This  bath 
gbl  lo  be  repeated  two,  three,  or  even  a  greater  number  of  times,  as  more  or  less  body 
lo  be  given  to  the  color. 
To  what  renaioR  of  the  while  bath,  and  which  is  also  styled  ovanest,  abont  100  pint* 

soda  ley  of  two  or  three  degrees  are  added.  Through  this  the  cotton  is  passed  as 
ua!.  Formerly  it  was  the  piaetioe  to  gire  two,  or  three,  or  even  four  <nls.  Now,  two 
e  found  to  be  snfficienl. 

The  cotton  is  steeped  for  £ve  oi  six  hours  in  a  tepid  solDtian  of  wda,  of  1'  at  most ; 
is  set  lo  drain,  is  then  sprinkled  with  water,  and  at  the  end  of  an  hour  is  washed,  hank 

hank,  to  purge  it  entirely  than  the  oil.  What  remains  of  the  water  of  degraissage, 
rves  for  the  scouring  or  first  Operation. 

For  100  pounds  of  cotton,  from  SO  to  ZS  pounds  of  galls  in  sort)  must  be  taken,  which 
e  bruised  and  boiled  in  abont  100  ^ts  cf  water,  till  they  cmmble  easily  between  (he 
igers.  The  galling  majr  be  done  at  two  operations,  dividing  the  above  quantity  of  galls 
^tween  them,  which  is  thought  to  give  a  richer  and  more  unifbnn  color. 
The  alumii^  of  100  pounds  of  oolion  requb«g  fVnm  Iweoiy-flve  to  thirty  pounds 
'  pure  alum,  that  is,  alum  entirely  free  from  fermginous  salts.  Tbe  alum  should 
:  dissolved  without  boillag,  in  about  100  pints  of  river  or  rain  water.  When  the 
um  is  dissolved,  there  is  to  be  poured  in  a  solution  of  soda,  made  with  tbe  sixteenth 
lit  of  the  wei^  of  the  alum.  A  second  portion  of  the  alkaline  ntjation  mutt  not 
!  pound  in  till  tbe  eflerreaeeote  cawed  bf  the  flrsl  postioo  has  entirely  ceased — and 


•oim  iMwewidu.  Tke  1m A  of  MtnniUd  Blam  Mag  iiMr^tetAI,ae  cotton  la  puMl 
thnniKh  it,  u  in  the  gall  bath,  u  u  lo  impregnatG  it  wdl,  and  it  i«  drial  with  the  pre- 
cantloDi  Tteeaaaeaiei  «boTe.  Tkt  dyen  who  gaH  M  two  limct,  ■Imn  Bin  twice,  Tc 
like  reaKiiia. 

For  26  poundi  of  eotton,  2ft  pints  of  btixid  ire  ]mn:ribed,  and  400  pints  of  water. 
Wbeaere)'  the  bath  begins  to  waim,  AO  poands  of  madder  are  diffused  tbnniich  [be 
Wb ;  thoogh  eometinw  the  madderinK  ia  giren  at  two  operationa,  by  dividing  the  mad- 
der into  two  portions. 

The  brif  htming  bath  ia  prepared  atwaya  fin  lOD  ponnda  of  eotton,  with  fhnn  Ibnr  U 
five  pou&da  of  lich  oil,  mi  penndi  of  Mineillet  white  nap,  and  6DD  litre*  of  soda  watci 
of2°B. 

Thero^g  i«giv«n  with  Mhitioii  of  tin,  mbed  withnap  w»tn. 

TlSe  Turkey-red  dje  of  MeMrs.  Montrith  and  Co.,  of  Qla^ow,  b  cdebrated  all  ore) 
jthe  world,  and  meriu  a  brief  daacription  here. 

The  calico  is  taken  as  it  cones  (Vom  the  kxiat  without  Ueacbing,  for  the  natnral  cola 
of  the  cotion  woo)  hanoooiiea  well  with  tho  dye  about  lo  be  given ;  It  is  subjected  to  i 
fermentative  iieef  for  24  hours,  like  that  prcllmiBafT  to  Meaehing,  after  which  it  is  wash- 
ed al  the  diieh  wheel.  It  is  then  boiled  in  a  ley,  cootaining  about  I  pound  of  soda  cry* 
tals  for  12  pounds  of  cloth.  The  oilisg  proeeas  now  begins.  A  bath  i>  made  with  ID 
gaUons  of  GallipoU  oil,  10  gallon  measures  of  sheep^  dnng  not  indurated  t  40  irallons  of 
Mdation  of  aoik  crystals,  of  1-06  specific  giatily  ;  10  gallons  of  golntion  of  pearl-ash  of 
■pec.  gnv,  1-04 1  and  140  lallons  af  water  i  constituting  a  miOi-whke,  soapy  solnlion  of 
about  spec  grav.  1-022.  This  liqnor  is  pnt  into  a  large  CTlindrieal  vat,  and  constantly 
agitated  by  the  rotation  of  woaden  yanes,  whid  are  best  construeted  on  the  plan  of  the 
mashing  apparatus  of  a  brewery,  but  far  slighter.  This  saponaceous  compound  is  let  off 
as  wanted  by  a  nopcoch  into  the  trough  of  ■  padding  machine,  in  order  to  imbue  ever) 
£bre  of  the  cloth  in  its  passage.  This  impregnation  is  stiU  more  fhlly  ensured  by  laying 
the  padded  cloth  aside  in  wooden  troughs  during  16  or  IS  days.  The  sheep's  dnn«  bai 
been  of  late  yean  disused  by  many  Tiukey-red  dyers,  both  in  England  and  France,  but  i1 
is  found  to  be  advantageoBS  in  prodaciag  the  very  Mperior  color  of  (he  Glasgow  estate 
lidunenl.  Il  is  supposed,  also,  to  promote  the  subaequenl  Ueaehiag  daring  the  eiposort 
-on  the  greeu!  which  is  the  next  proeen  in  farorable  weather,  bat  in  bad  weather  tht 
goods  axe  dried  over  a  hot-dae. 

The  cloth  is  padded  again  with  the  Mponaceous  liquor )  and  again  spread  on  the  grass 
or  dried  hard  in  the  stove.  TUl  ahoiiBtiOD  is  repeated  a  third  tine,  aod  occasKmally 
even  a  fourth. 

The  dolh  by  this  lime  is  vamiibed  >a  il  were  with  oil,  and  mnK  be  eleansed  in  a  eer 
lain  degree  by  being  passed  Ihruugh  a  weak  solutioa  of  pearl-ash,  at  the  temperatare  at 
about  122°  F.     It  is  then  aqneoed  by  the  rollers  a»l  dried. 

A  second  system  of  oiling  bow  oommences,  with  the  following  liquet : — 10  gaUonl 
of  GoUipoli  oil ;  30  gallou  of  soda  cryMals  ley,  of  spec.  grar.  1-06 ;  and  10  gallons  of 
caustic  potash  ley,  of  specific  gravity  1-04,  tboronghly  diffused  ihrovgh  170  gallons  of 
water.  With  this  saponaecmu  liquor  the  doth  is  padded  as  bHbre,  and  then  passed  be- 
tween aquceiiDg-rolleis,  which  return  the  sepfrflnons  liqwn  into  the  padding-troogh 
The  cloth  may  be  now  laid  on  the  grass  if  convenient )  but  at  any  rate  it  must  be  hari 
dried  in  the  stove. 

These  saponifying,  grassing,  and  drying  proeenea,  are  repeatad  thre«  tintes ;  whereby 
the  cloth  becomes  once  nore  very  oleaginons,  and  mast  be  cleaased  again  by  Meeping 
in  a  compound  ley  of  soda  crystals  and  pearl-ash  of  the  spec  giav.  l*Ott,  at  the  tempet^ 
lure  of  122^,  The  cloth  is  taken  out,  aqneeised  between  rollers  to  save  the  liqnor,  anii 
washed.  A  considerable  portion  ct  the  mingled  alkalis  disappear  in  this  operation,  as  if 
they  entered  into  combiiution  with  the  oil  ia  the  interior  of  the  cotton  fllamcDts.  Tbt 
cloth  is  now  hard  dried. 

Gn/Jiar  is  tbe  naxt  great  step  ia  theTwkey-iedpvparatiaBt  aadAr  itssoeeesaall  lh< 
oil  should  have  been  pcrlectly  saponified. 

From  18  to  SO  pounds  of  Aleppo  gaUs  (for  each  100  lbs.  of  cloth)  are  to  be  bntset 
and  boiled  for  :l  or  4  honrs,  in  35  gaUons  of  water,  till  6  gallons  he  evaporated ;  ant 
the  decoction  is  to  be  then  passed  through  a  searee.  Two  poandsof  snnech  may  b< 
substituted  for  every  pound  of  galls.  Tlie  Koodsmastbe  well  padded  with  this  decoction, 
kept  at  90°  F.,  passed  through  Bqneeiing-rollers,  and  dried.  Tturyare  then  passed  throogli 
a  solution  of  alum  of  th*  spec  ginv.  1-04,  to  which  a  certain  portion  of  chalk  ia  added  tc 
saturate  the  acid  excess  of  that  sapnsall  i  and  in  this  eretaeeoius  mixture,  heated  to  1 10> 
the  dolh  is  winced  and  steeped  for  12  hooia.  It  b  then  passed  between  BqDeeiiag.*ollers| 
and  dried  in  the  stove. 

The  Buiddtriag  comes  next. 

From  two  lo  three  pounds  of  madder,  ground  to  powder  is  a  proper  miH,  are  tahn 
G>r  every  pound  of  doth.    The  doll^  as  mus'  '  


•m 

Mk,  mod  vinccd  Hf  tte  mtMNIk  red  imiag  me  howr  1^  tlic  Utk  uIm*  to  boil,  and 
\atiaf  u  AnlUtioB  of  two  honim  tftmrardi.  One  gaUon  of  bullock's  blood  u  adiled  to 
lie  cold  bstfa  Tor  ereiT  36pomidlof  elolh)  being  Uiequmntily  opented  upon  in  one  batb. 
Phe  utility  of  the  blood  in  itDpronnjc  the  color  hu  been  iMuibed  to  Et«  eoloHng  paiticles ; 
■ot  it  ii  more  prabably  owing  to  iti  ■Ibnminoiu  matter  etmiluDing  with  the  margaislet  of 
oda  and  potaih  eondenMd  in  Ike  fibret. 

At  madder  contains  a  dingy  brown  coloring  matter  aasoeialed  with  the  fin«  red,  the 
;mds  must  be  (ub)eeted  to  a  clearing  {RriceM  to  remors  ibe  fbmer  tinge,  which  is  mote 
CH:itive  thin  the  lattCT.  Every  hmidred  ponad*  of  cloth  are  thtiefore  hoiled  during  iSt 
■oois  (1  iMit,  with  water  containing  6  ponndi  of  aoda  cryMals,  8  ponnda  of  wap,  and 
6  RBllons  of  theresidoai  pear1-a>h  and  *oda  ley  of  the  but  cieamin!;  operation.  By  thia 
Krverdil  meaiu  the  dun  matter  is  well  nigh  reaio?Bd ;  bat  it  is  completely  so  by  a  aecond 
■oil,  Bl  a  beat  of  SSff'  F.,  in  a  light  globular  copper,  along  with  6  ponndi  of  soap,  and  1 
lODnd  of  muriate  of  tin  cryitala,  diMoWed  in  a  sufficient  body  of  water  for  100  ponndi 
€  cloth.  The  mnriale  oT  tin  serrra  to  raise  the  madder  red  to  a  scarlet  hne,  A  maN 
[arate  of  Itn  is  probably  Aud  upon  the  cloth  in  this  operalian. 

When  the  weather  peimlls,  the  goods  iboold  be  now  laid  out  for  a  few  dayi  on  Uia 
jun.  Some  mnnnfactarert  ^re  then  a  final  brighleiuDg  with  a  weak  bath  of  a  chloride 
£  lime ;  but  it  is  apt  Rt  impoVerisli  the  edor. 

According  to  the  latelt  imjxDTCoienti  of  the-  Treaeh  dyert,  each  of  the  Ibur  [iiiii  mil 
if  oiling,  mordanting,  dyeii^,   aod   brigbtening   diAea,  in  aaae   respecti,  &om  the 

1.  Their  fint  step  ii  boiling  the  cloth  for  four  hours,  in  water  containing  one  pound  of 
enp  for  erery  four  pieces.  Their  sapnaaceona  bath  of  a  creamy  aspect  is  nsed  at  a  teia- 
■eraturc  of  75°  F. ;  and  it  is  applied  by  the  padding  machine  6  times,  with  the  grassing 
ind  drying  attemations.'  in  winteiv  when  the  goods  caanet  be  exposed  on  the  grass,  no 
ess  tfaaa  ii  ahematloiis  of  the  «apa«ae*«nt  cr  white  bath  are  employed,  and  8  in  spring, 
rhey  coniideT  the  action  of  the  sKD-beams  to  aid  greatly  in  hnfihlenng  this  dye  i  bot  U 
nidsumlDcr,  if  it  be  continued  more  than  4  bonri,  the  inifet  tuior  pcodncqd  b^ns  to  bn 
Bpaiivd. 

They  eoaeeive  that  the  oiling  oyaratifln  impregnates  the  fibres  with  snper-margarMe  of 
■otash  or  Nth,  iniriBbte  salts  wUefa  attract  aad  omdsose  the  alttmina,  and  the  red  aolai. 
ng  partidea  of  the  madder,  ao  Arnly  that  they  can  reaiat  the  clearing  boiL 

2.  Their  second  step,  the  motdMiliu,  eoasiaU  flnt  in  padding  the  pieces  throogh  a  d»< 
Dcrion  of  falls  mixed  with  a  sohitioti  of  an  aqaal  weight  of  ahun  {  and  aller  dicing  ia 
he  hot-flue,  ke^  again  padding  tbAn  in  a  sohitloB  of  an  acetate  of  alumian,  made  hw 
Icconponnir  a  solatioa  of  18 IW.  af  ahnn  with  16  lbs,  of  acetate  of  lead,  for  6  pieoea  of 
iloth,  each  32  oanu  long. 

3.  Tbe  maddering  is  glren  at  two  miilinmln  operatiDas  ;  with  4  pounds  of  AvigtMia 
nadder  per  piece  at  each  time. 

4.  The  MfUenbig  is  pnfomed  by  a  13  bents'  boil  in  water  with  soda  crystals,  soap, 
lod  salt  of  tin  ;  and  the  fOHsg  by  a  10  hotus*  boil  with  soap  and  salt  of  tin.  Occasion. 
illy,  the  i;oods  sre  passed  through  a  weak  solution  of  chloride  of  potash.  Wheo  the  red 
■■  loo  much  of  a  crimaon'  east,  the  pieces  are  eipoaed  (ht  two  dsjs  oa  the  giaas,  which 
im  them  a  bright  scarlet  tint. 

Process  of  M.  Werdel  to  dye  broadcloth  aad  wool  by  madder  j— 

"  Preparation  for  24  ponmb  of  scoured  wool : 

(■Take  4}  pounds  of  cream  of  tartar,  4|  pounds  of  pure  alian t  boil  the  wool  gently 
or  2  honra,  transfer  it  into  a  coot  place,  and  wash  it  next  day  in  clear  water. 

»  Dy*iyif^l2  pounds  of  Arignon  madder,  infdsed  half  aa  bout  at  30°  R.  (100°  F.) 
>at  into  the  balh  1  pound  nf  muriate  of  tin,  let  the  colra  rose  for  three  quartets  of  an 
nqral  the  tame  heat,  and  drain  or  ttnecM  the  madder  thraogh  canvass.  The  whole  of 
he  red  dve  will  remain  upon  the  filler,  bat  Ibe  water  which  bra  passed  through  will  be 
IS  deep  a  yellow  as  a  wdd  balh.  The  boiler  wiA  the  dye  must  now  be  filled  up  with 
dear  river  water,  and  heated  to  100°  F.  Two  oumm  cT  the  solaUoa  of  the  lartar  and 
ilnin  must  be  poured  into  it,  and  the  wool  most  be  tntaed  over  in  it  for  an  hour  and  a 
lalf,  while  the  heal  Is  gmduaUy  raised  lolhe  boiling  paint.  The  wool  i«  then  removed 
uut  washed.     It  mutt  be  roaed  the  Mlowing  day. 

"Aw'nr.—DiSKilve  in  hot  water  I  pamrfof  irtite  MarseiUassaapi  let  the  bath  cool, 
md  pass  the  wool  through  it  till  it  has  acqnired  the  desired  shadeg  Ifi  or  SO  minales  ai« 
wBicient.     On  coming  out  of  this  bath  it  should  be  washed. 

"  fiidalioa  of  dtMlo-mmriati  of  lia . — 

«2oaaeiMi)f  parcDiBiiaticacia;  4  dradun*  of  pure  nitric  aoid(  1  ounce  of  duUUed 
raler.  Dissolve  in  it,  by  small  portioaa  at  ■  time,  3  drackm*  of  grain  tin,  in  a  larga 
■otUe  (rf*  white  glass,  shutting  it  after  putting  in  the  tin.  This  solution  may  be  preserved 
nr  years,  wilhMit  losing  its  vstee."  _ 

■         ■        .--T^^'     --  -  --^-' by  the  FcMch  minister  (feo^. 


Madden  imported  da  home  conmmption.  Gron  unount  oT  Dutf  paid  in 

1836.  1837.  IS36.  IS3T. 

Cwls.  106,172         I      ewts.  79,228         |  £10,810      |  i3.081 

MADREPORES  are  calcareous  inenulations  pnidaeed  b;  polypi  coalained  is  e«llt  of 
greater  or  lesa  depth,  placed  at  tbe  surface  of  ealearaoiu  ramiGcalioai,  which  ai«  ftxed  al 
their  base,  and  perfomtcd  with  a  ^real  many  porei.  The  mode  of  tlw  increwe,  repro- 
daelion,  and  death  of  these  animals  is  «till  unknown  to  nalimliita.  Living  madrepmrec 
are  Dov-a-daTS  to  be  obserred  only  ia  Ihe  Saath  Araericaa,  tbe  Indian,  and  the  Red  iwat; 
but  nllhongh  their  polypi  aie  not  found  in  our  climate  al  preaenl,  there  can  be  no  donbi 
of  their  having  existed  in  these  nortbeni  latiludei  in  former  times,  since  fossil  madrepore* 
oeenr  in  both  ihe  older  and'newer  aeeondarr  strata  of  Enrope. 

MAG[3T£RY  is  an  old  chemie&l  term  to  designate  white  pnlvenilent  cnbMances, 
sponlaneoQsly  precipilaled  in  making  certain  metallic  solutions  t  u  magisterj  of 
bimnth. 

MAGE^RAL,  in  the  language  of  the  Spanirii  tmellers  of  Meiieo  and  Sovth 
America,  is  the  roasted  and  pnlverised  copper  pyrites,  which  is  added'  to  the  giaand 
ores  oT  silver  in  tbeir  paiio,  or  amalgnmatioa  magma,  for  the  poipoM  of  decomposing 
the   horn  silver  present.      See  Silvkb,   for  an   acconnt  of  this  curious  process  cf 


MAGMA  is  Ute  generic  name  of  any  cmde  mixture  of  mineral  or  oi^uie  matters,  in 
a  thin  pasty  slate. 

MAGNANIER  is  the  name  given  in  the  sontbera  depaitnents  of  France  to  the  pro- 
prietor of  a  nnrsery  [n  which  siUt-worms  are  reared  upon  the  great  scale,  or  to  the  manager 
of  the  establishment.  The  word  is  derived  from  mojAoiu,  which  signifies  sUk'WOnns  is 
Ihe  lam^tage  of  the  conntry  people.     See  Silk. 

MAGNESIA  (Eng.  and  Fr. ;  Biiltrtrdt,  TaOurdt,  Germ.)  ia  one  of  the  printiltvc 
earths,  first  proved  by  Sir  H.  Itavy  la  be  the  oxyde  of  a  metal,  which  he  called  mtg- 
mmm.  It  is  a  Gne,  light,  while  powder,  without  taile  or  smelj,  which  requires  SIM) 
parts  of  cold  water  and  no  less  than  36,000  parts  of  boiling  water  for  its  solution.  Its 
specific  gravity  is  2-3.  It  is  Risible  only  hy  the  heat  of  Ihe  hydroiypen  blowpipe.  A 
natural  hydrate  is  said  to  exist  which  oontains  30  per  cent,  of  water.  Magnesia  changes 
the  purple  infhiion  of  red  cabbage  to  a  bright  green,  ll  attracts  carbonic  acid  from  Ihe 
air,  but  much  more  slowly  than  quicklime.  It  coniiMs  of  6t-21  parts  of  metallic  basis, 
and  38'7n  of  oxygen ;  and  has,  therefore,  20  for  its  prime  equivalent  upon  the  hydro^n 
scale.  Its  only  emi^meul  in  die  arts  is  for  tbe  puiifieation  of  fine  oil,  in  Ihe  prepara- 
tion of  varnish. 

Magnesia  may  be  obtained  by  precipitation  with  potash  or  soda,  from  its  snlphale, 
commonly  called  Epsom  sallj  but  it  it  nsaally  prt>cured  by  calcining  Ihe  artificial  or 
natural  carbonale.  The  former  is,  properly  spesJiing,  a  snhcarbonate,  consisting  of  44-69 
inagne!ii,  39-86  carbonic  acid,  and  19-4d  water.  It  is  prepared  by  adding  to  the  solmioa 
of  the  sulphate,  or  the  muriate  (the  bitttm  of  sea-rail  evaporation  works),  ■  solulion  of 
carbonate  of  soda,  or  of  carbonale  of  ammonia  distilled  from  bones  in  iron  cylinden. 
The  sulphate  of  magnesia  is  generally  made  by  acting  upon  magnesian  limestotic  with 
somewhat  dilute  snlphuric  acid.  Tlie  aniphale  of  lime  precipitates,  wbile  the  snlphate 
of  magnesia  remains  in  solution,  and  may  be  made  to  cryslalliie  in  quadrangular  prima, 
by  suitable  evaporation  and  slow  cooling.  Where  muriatic  acid  may  be  had  in  profnsioo 
for  the  trouble  of  collecting  it,  as  in  the  soda  works  in  which  sea  salt  is  decomposed  by 
sulphuric  acid,  the  msgnesian  limestone  should  be  first  acted  upon  with  as  mnch  of  tb« 
former  acid  a»wiU  dissolve  out  the  lime,  and  then,  Ihe  residuum  being  treated  wilh  the 
taller  acid,  will  aSbrd  a  sulphate  at  the  cheapest  possible  rate ;  from  which  magnesia  and 
■11  its  other  preparations  may  he  readily  made.  Or,  if  Ihe  equivalent  quantity  of  calcined 
magnesian  limestone  be  boiled  for  some  time  in  bittern,  the  lime  of  the  former  will  dis- 
place the  magnesia  from  the  muriatic  acid  of  the  latter.  This  is  tbe  most  economical 
process  for  manufactnring  magnesia.  The  snbcarboBale,  or  mefmaia  alba  of  the  apoth- 
ecary, has  been  proposed  by  Mr.  E.  Davy  to  be  added  by  the  bdter  to  damaged  Boor,  to 
cminteract  its  acescency. 

MAGNESIAN  LIMESTONE  (Oolimri*,  Fr. ;  Bmirtalk,  Talktpalk,  Oerm.)  is  a  mk- 
eral  which  crystallizes  in  the  rhombohedral  system.  Spec  giav.  2-66;  scratches  calc- 
flpar ;  does  not  fail  spontaneously  into  powder,  when  calcined,  as  canmoo  Umestoae  does. 
II  consists  of  1  prime  equivalent  of  carbonate  of  lime  =  90,  asaoetaled  with  1  o£  earboo- 
■le  of  magnesia  z^  42. 

Matiivt  magntiiaa  limatime,  is  yellowish-brown,  cream  ysHow,  and  ydlowish-giay  ; 
brittle.    It  dissolves  slowly  and  with  fecblo  effcrveseokce  in  ^ote  nndnlie  add ;  w^ncr 


II  cmlkd  Obtain  Imt  doltmu  b;  the  Fiencb  mkeralDeitti.    Specific  gitiTh;  £-6 

2-7. 

Nnr  Amdn-land,  it  is  found  ia  flciible  Elabg.  The  principBl  range  o[  hills  com- 
mn?  Lhi«  eenkniical  ronniilion  ia  England  extends  rrom  Sunderland  on  the  nartheut 
*sl  to  Notlinghun,  and  its  beds  are  defwiibed  as  being  about  300  feel  thick  on  the  cast 

Ibe  coil  field  in  Derbyshire,  which  is  near  ite  sonlhcm  eiliemity.  On  the  weslern 
le  of  IheCnmberland  monntainB  magnesian  limeslone  overlies  (he  ccal  measares  near 
hileluTeii.  The  BtralificalioD  of  Ihw  rodi  is  very  dietinet,  the  individiiHl  conreeB  of 
me  not  eiceeding  in  general  the  Ihickneea  of  a  common  brick.  - 
Tbe  lime  resulling  from  the  calcination  of  tnagnecian  limestone  ippears  to  have  an 
iutious  action  en  vegetation,  unlega  applied  in  quactilies  considerably  lefs  than  com- 
in  lime,  when  it  ii  found  (o  ferliliie  the  soil.    AAer  two  years,  its  hurllhl  influence 

the  Ground  seems  to  become  exhausted,  even  vilien  used  in  undue  quantity.  Great 
■nlities  of  it  are  annually  brought  from  Sunderiand  lo  Seolland  by  the  Fifesture 
inera,  and  employed  beneficially  by  Ihem  ■■  a  maDUre,  in  preference  (o  other  kinds 

lime.    Il  luu  been  unfaiily  denounced,  by  Mr.  Tennent  and  Sir  H.  Davy,  as  a 

This  rock  is  used  in  many  places  for  building ;  indeed,  onr  most  splendid  monument  of 
illiic  aichitecture,  Yorii  Minster,  is  conslruettil  of  magnesian  limestone. 
MAG.NESIA,  NATIVE  (Brucili;  GaJtr-magntsieii,  Jr.;  Waiatrlalk,  Geim.),  ia  a 
lite,  ismellar,  pearly-looking  mineral,  sdl  to  the  toneh.  Spec,  f^rav.  2-336;  lender; 
Glebed  by  cslc-spar;  afTording  water  by  calcinBlion  ;  leaving  a  white  subslance  which 
iirns  larmeiic  paper;  and,  by  calcination  with  nitrate  of  cobalt,  becoming  of  a 
Kb  hue.  Il  consists  of  69-75  magnesia,  and  30-2fi  water.  It-  occurs  in  veins  in  the 
-fientine  at  Hobokui,  in  Hew  Jersey,  aa  also  at  Swinaness,  id  lh«  island  oT  Unit, 
elland. 

MAGNESTTE,  Giebtrlitti  oalive  earbonate  of  magnesia  occdcs  in  while,  hard,  stony 
isf**,  in  the  presidency  of  Madras,  and  in  a  few  other  localities.  It  dissolves  \tTj 
ivly  in  marialic  acjd,  and  gives  out  carbonic  acid  in  the  proportion  of  !2  parls  1^ 
i^tal  lo  42  of  the  mipeni,  according  to  my  eiperiments,  and  is  therefore  an  atomic  car- 
nate.  It  forms  an  ejcelleni  and  beantiful  mortar  cement  for  terraces;  a  purpose  lo 
iich  il  has  been  beneficially  applied  in  India  by  Dr.  Macleod. 

MAGNET,  NATIVE,  is  a^mineral  consialing  of  the  pioloxyde  and  peroiyde  of  iron 
ubinni  in  equivalent  praportiona.    See  Ikon. 

MAHALEB.  The  fmit  of  this  shrub  affords  a  violet  dye,  as  well  as  a  fermented 
nor  like  Kirschtctuitr.  Il  is  a  species  of  cheiry  cullivaled  in  onr  gardens. 
Malachite,  or  nwrnnlam  grun,  is  native  carbonate  of  copper  of  a  beauliAil  green 
br,  with  vaiiegnled  radiations  and  zones ;  spec  grav.  3-5 ;  it  scratches  calc-spar,  bnt 
t  fluor;  by  calcination  it  affords  water  and  turns  black.  Its  solation  in  Che  acids  de- 
sites  capper  upon  a  plate  qf  iron  pimped  inio  it.  Il  consiita  of  carbonic  acid  18'fi) 
iiloijde  of  copper  72-2 ;  water  8-3, 
MALATES  ar«  saline  compounds  of  the  bases,  with 

MALIC  ACID.  (JcW(  maliqiu,  Fr.j  ^(R/Wmnre,  Germ.)  This  acid  eiists  in  the 
en  of  many  fniils  and  plants,  alone,  or  assaciated  with  ihe  citric,  tartaric,  and  oxalic 
ids ;  and  occaaionally  combined  wilb  potaih  or  lime.  Unripe  apples,  sloes,  barherrie*, 
■  berries  of  the  monplain  ash,  elder  berries,  eurranls,  gooseberries,  strawberries,  ntsp- 
riies,  bilberries,  bra^bleberries,  whortleberries,  cherries,  ananas,  afford  malic  acidt 
;  house-)eek  and  purslane  contain  the  malale  of  lime. 

The  acid  may  be  obtained  nwsl  conveniently  from  ihe  joice  of  the  berries  of  the  moun- 
n  a»h,  or  bsrlierriea.  This  must  be  clariled,  by  mixing  with  while  of  egg,  and  healiu 
!  miilure  to  ebullition;  then  filtering,  digesting  the  clear  liquor  with  carbonate  of 
id,  liJI  il  becomes  neutral ;  and  evaporating  the  saline  ^oltitioD,  lilt  crj'slals  of  malata 
lead  be  obtained.  These  are  lo  be  washed  with  cold  water,  and  purified  by  re-crya- 
liiation.  Oh  diMdlving  the  while  salt  in  water,  and  passing  a  slream  of  sulphureted 
diD^ei  through  (he  solation,  the  lead  will  be  all  separated  in  the  form  of  a  sulrhuret, 
d  the  liquor,  after  fillradan  and  evaporation,  will  yield  yellow  gianolar  crystals,  or 
nliflower  concretions,  of  malic  acid,  which  may  be  blanched  by  re-dissolution  and 
rrslion  with  bone-black,  and  re-cry  stallixation. 

Malic  acid  has  no  smell,  but  a  very  sour  taste,  deliquesces  by  absorption  of  moisture 
im  Ihe  air,  is  soluble  in  alcohol,  fuses  at  150°  Fahr.,  is  decomposed  at  a  heal  of  348'^ 
d  aflbrds  by  distillation  a  peculiar  acid,  the  pyromalic.  It  consists  in  100  parts,  of 
■47  carbon ;  3-51  hydrogen ;  and  S5'02  oxygen ;  having  nearly  Ihe  some  composition 
citric  acid.  A  cmde  nuilic  acid  might  be  economically  extracted  from  Ibe  fruil  of  the 
ntnlain  asb,  applicable  lo  many  purposes ;  but  il  has  not  hitherto  been  manufactured 

MALLEABTLITY  is  the  properly  belonging  lo  certain  metals,  oT  being  extended  nn- 
r  the  hammer.    A  table  of  maUeabiUly  is  given  in  Ihe  article  Dncriunr. 


Vicimtj,  from  Oclobet  10,  1836,  to  October  10,  1837. 

Bn«n. 

'     tm. 

Bnw«i>. 

an. 

BarclBf  >nd  Co. 

100005 

Jonea 

9sa 

Hknburf  w>d  Co. 

8ST1H 

Ufford  and  (Hdenha* 

9S3 

Whitbread  ud  Co.      • 

47012 

Blogf,B.     - 

943 

Reid  mod  Co.  ■ 

13U5 

In?. 

900 

Combe  lod  Co. 

40366 

Kaep            .            .            . 

886 

Hove  .nd  Co. 

B2M7 

Sonlbr         - 

881 

Cd»ert  ud  Co. 

32336 

Clarke,  R.  . 

834 

Mem  and  Co. 

30670 

Jennrr         . 

833 

EUiol  >ad  Co. 

24IM 

Manwll       - 

824 

Taylor  and  Co. 

M'teods      . 

820 

18St2 

799 

Tliome  and  Son 

16404 

Addiaon       ■ 

768 

Ganln^r 

18206 

Tnraer        - 

7GS 

16227 

Holt 

756 

J.  ftC.  Oodiiig<lliiioiilh*>  - 

1«K3 

Chorrh        . 

742 

BricKeno         ,            .            . 

M63 

Claike,&    .           .           . 

741 

Coara^  and  Co. 

9384 

Mann,Jo«J. 

733 

Wood  and  Co. 

7834 

Tnnwr        . 

718 

Oodiiui,  Tboa. 

7095 

Mantdl       . 

693 

Hazard            ... 

6674 

Lock           .            .            . 

651 

Mann,  Jai.      - 

6088 

Rood 

649 

Harria,  Tho*.  - 

604S 

Pmk,A.      - 

63« 

More  .            -            -            . 

60K 

Comu        . 

698 

M'Leod.B.      - 

4960 

Vfi\sM       . 

688 

rarren  and  Till 

47SS 

WeM          .          .          . 

665 

Manners  and  Co. 

4662 

Abbott        . 

560 

Hale,  Gmn^e  • 

4647 

Hett(6monihi>      - 

592 

Halford  and  Tophfin  - 

3786 

Well. 

520 

SUias  and  Foi 

6783 

Hi^t 

475 

Lwnont  and  Co. 

3600 

Harris,  SoH. 

470 

Uiton 

3B83 

WoodwBid  . 

462 

Aiehmond        ■ 

3174 

Wick. 

441 

Marnaid 

3133 

BeU    -        . 

440 

M'Leod  and  TbompwiD 

2834 

ThompMn  - 

406 

Tnbb  .... 

sm 

Mattaln^  . 

400 

Johnson  and  Wratt     - 

2809 

MIntoA     - 

S97 

Dng^n  and  Co. 

2666 

Tharlby       - 

392 

Hodlton 

2400 

Griffith!        ■ 

391 

SherboraaiMlCo.         ■ 

2347 

K«r         -        .        . 

360 

Griffith 

2221 

TidmMi        . 

832 

Ooi,John       • 

2161 

Lindtay      - 

I»14 

Cocpar       . 

315 

mU  and  Rice  ■ 

1863 

Wert           . 

306 

Gray  and  Dacre 

1760 

Carpent*    -            - 

299 

Plimmer 

1747 

Qreen          .            •            . 

299 

Rayward 

1737 

Chapman    . 

280 

Verey,  W.  and  C.        - 

1673 

Bra^T^    . 

268 

WillUmiooaadCo.     • 

1566 

Clarit 

248 

Honeyball        - 

1S12 

AUen           .            .            . 

246 

Satchel!  and  Son 

1441 

238 

Clarke,  C.       . 

1330 

Oamett       .           .            I 

232 

Colyer 

1299 

HOI             .            -            . 

122 

FUmer  «id  Wall 

1298 

OUey 

214 

Nicholls  and  Co. 

1240 

vrJi        , 

206 

Haean 

1143 

Bye              . 

20] 

Hame 

1126 

NewtoB       . 

175 

Backley  and  Co. 

1025 

Chadwick    ... 

169 

T.rey,J. 

1017 

Prosier        - 

168 

Collins,!.       - 

960 

Smith 

IM 

MALT  kiln: 
^atle  of  tlie  CoDBomptioii  of  Hall.— CoaftiWKt. 


Bnwen. 

Qn. 

Bn**n. 

(Jn. 

EAwtrdt 

166 

Whiltaker   - 

76 

Pugh  . 

155 

Begbie 

76 

flBinstodc         - 

155 

Carter         . 

75 

Lloyd - 

154 

Priddle 

74 

RfTioW" 

151   . 

Coomber      - 

73 

Ulhun 

142 

Slaliwood     . 

71 

Mraton 

140 

Jones 

71 

135 

ROBG 

67 

tirling 

133 

Noms 

67 

Ambler 

130 

Remnant      - 

62 

'otter. 

122     . 

Kearney 

62 

huxpion        . 

121 

Smith  '       .           .           . 

62 

IJltr- 

115 

Woodroffe   - 

60 

^W.ril 

108 

Koighl 

60 

JWon 

105 

Gravea 

54 

Hffilbs 

105 

Sheppanl     - 

62 

OpkiM 

91 

Field            - 

51 

ndtcm 

90 

Bradfleld     -           ,        .    . 

61 

rhotpf            -            .           . 

89 

Webb- 

•      CO 

nrt    -                        .            . 

8S 

ClupmBa     ■ 

48 

Igwdcn 

88 

Price 

45 

kll     . 

84 

Godfrey       - 

46 

hiUipa            .           .            . 

83 

Hobbs 

32 

twit  . 

82 

Deaman      - 

31 

Tl.r. 

76 

Qr$. 

QiunUtr  Died 

1836,               764,313 

QuwuilT  nwd 

1837,               714,488 

DeeroM 

1837,                 39,826 

John  Slate*,  Cmk  huptdor. 

Hqp-IMy,  1837 

<0U)       . 

■    £178,578.    3t.    did. 

Table  of  the  Qntntity  of  Malt  from  Barley,  wbidi  paid  Bnty  in 


y™ 

E«gl»d.                           ««tl«rf. 

Inlud. 

BMjltb.                                 Bkutili 

1,776,883 

36,078,856                     3,604,816 

1,825,300 

37,196,998                     4,168,854 
AmoDDtorXNltieipaid: 

1,872,104 

£                                £ 

£ 

1834. 

4,449,745          i             462,614 

229,514 

4,804,612          1             538,477 

HALT  KILN  {Dam,  Germ.)  Tlie  unprored  malt  kiln  of  Piitoriiu  ii 
••  653,  in  a  top  view ;  fif.  654,  in  a  langltadinal  view  and  eection ;  and  fig.  666,  U 
<amne  •eclton.  0  a  are  two  qnadningal&r  imoke  flneg,  constructed  of  Gre-tile^  «r 
Mtmea,  and  coTcird  with  iron  plnlea,  otct  which  a  peat-home  roof  is  laid)  th« 
lole  bonnd  by  the  cross-pieces  b  (jifi.  654,  665.)  These  flnee  are  built  aboie  ■  grating 
,  whkh  canmence*  at  c';  in  fhmt  of  f  then  is  s  bridge  of  bricks.  Initead  of  iach  « 
iek  flne  corered  with  plates,  iron  pipes  may  be  nsed,  cnvBred  with  seDu^ef-liB. 
cat  tiles,  to  prevent  the  malt  that  may  happen  to  fall  Oom  Jieing  borned.  d  d  ar* 
:  breast  walls  of  the  kiln,  3  feet  high,  (hmished  with  two  npertiires  sBnt  wiOi  iroK 
an,throa|A  which  the  nnlt  that  drope  down  may  be  remored  from  time  to  tunv^ 
I  a  beam  of  wood  lying  on  the  breast  wall,  against  which  the  hnidles  are  laid  dowa 
51 
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nurkcL  In  ftct,  the  i\to  iide«  oT  tbe  rollGf  of  Carrnni  may  be  regBrded  si  monO' 
n  of  9l>tnu7  nurble  of  the  finest  qniilily. 

TrpHons  BjBbmler  may  he  readily  dUtinsiaishni  from  marblcf,  bec&UEC  il  ilo«a  not 
'iince  with  acids,  and  is  tofl  enoa^h  to  be  screlchnl  by  (he  nail ;  stalat^ilic  alabuter 
omewhat  banter  than  marble,  (ranslueeni,  and  variegated  wilh  regular  stripes  or  nnda- 

lone  granalar  marbles  are  flexible  in  thin  slabo,  or,  at  leasl,  beeorae  lo  by  bein;  dried 

:he  Gre ;  which  shovs,  ni  Dolamiea  Buepd^ed,  thnl  this  property  arises  from  ■  diminu- 

1  oT  the  attracliTe  force  ■[nong  the  particles,  by  the  loss  of  the  moielure. 

rhe  Tarions  tints  of  omamenlal  marbles  iei>er«llf  proceed  from  oiydea  of  iron  ;  but 
bine  and  green  tints  are  sometimes  caased  by  minale  particles  of  hornblende,  as  in 
jlale-blue  tariely  called  Turchino,  and   in  some  green  marbles  of  Germany.     The 

ck  marbles  are  colored  by  charcoal,  mixed  occasionally  with  sulphur  and  bilnmroi 

en  they  conslilnle  stinhslone. 

(nrddiijdes  marbles,  according  to  iBeir  localities,  into  classes,  each  of  which  conluns 

M  snbdivisioni ; — 

.  Uni-colored  marbles  ;  including  only  the  white  and  the  black. 

'-  Variegated  marbles ;  those  with  irregnlar  spots  or  veins. 

.  Madreporic  marbles,  presenting  nnimal  remains  in  the  shape  of  white  or  gray  spots, 

h  reenlariy  disposed  dots  and  stars  in  the  centre. 

,  Shell  marbles ;  with  only  a  few  shells  interspersed  in  the  calcareous  base. 

I.  Lumachella  marbles,  entirely  composed  of  iiells. 

i.  Cipolin  marbles,  containing  veins  of  greenish  laic. 

.  Breccia  marbles,  formed  of  a  number  of  angular  fragment*  of  different  marbles, 

'.  Puddingslone  marbles ;  n  conglomerate  of  ronnded  pieces. 

Hliqnf  viarilu. — The  most  remaiiable  of  these  are  the  following  : — Porta*  tnoTtfc, 
led  iyduiiUt  by  the  ancients,  becanse  its  quarries  woe  worked  by  lampa  ;  it  has  a  yel- 
ish-white  colore  and  a  textnre  composed >«r  fine  shining  scales,  lying  in  all  diiections. 
t  celebrated  Amndelian  tables  at  Oxford  consist  of  Parian  marble,  as  well  as  tbe 
ditean  VenDs.  Penttlic  marttt,  ftata  Mount  Penteles,  near  Athens,  resembles  the 
"ian,  but  is  somewhat  denser  and  finer  grained,  with  occasional  greenish  zones,  pnK 
eit  by  greenish  tale,  whence  il  is  called  by  the  Italians  Cipoliao  itatiuiTii.  '■  The 
ihenon,  Propylenm,  the  Hippodrome,  and  other  principal  monnmenls  of  Athens, 
re  of  Pentelic  marble  j  of  which  fine  specimens  may  be  seen  among  the  Elgin  eol- 
lion,  in  the  British  Museum.  Marmo  Gnco,  or  Greek  *hite  marble,  is  of  a  very 
•\t  snow  while  color,  rather  harder  than  the  preceding,  and  sbsceplible  of  a  Tery  fine 
ish.  It  was  obtained  from  several  islands  of  the  Archipelago,  as  Scio,  Samos,  Lesbos, 
Tranttuetnt  ahilt  ntarbU,  Marmo  ilalnario  of  the  Italians,  is  very  much  like  the 
rian,  only  not  so  opaque.  Columns  and  altais  of  this  marble  exist  in  Venice,  aiul 
erel  towns  of  Lombardy ;  but  the  quarries  are  quite  anknown.  FluMt  icAifc  marUt, 
»iicb  ive  or  six  tables  are  preserved  in  the  house  of  Prince  Borghese,  at  Rome.  The 
He  marbU  of  iMoi,  on  the  coast  of  Tnscany,  was  preferred  by  the  Greek  sculplMS  lo 
h  the  Parian  and  Pentelic  WhUt  marbtt  of  Carrara,  between  Specia  and  Lucca,  is 
a  fine  white  color,  but  often  Iravened  by  gray  veins,  so  thai  it  is  difficult  to  procure 
ilentely  Urge  pieces  free  fmn  them.  It  is  not  so  apt  to  titru  yellow  as  the  Parian 
rble.  This  qnarry  was  worked  by  the  ancients,  having  been  opened  in  the  lime  of 
int  CKsar.  Many  antique  statues  remain  of  (his  marble.  Its  two  principal  qnanies 
:hp  present  day  are  those  of  Fianello  and  Polvazzo.  In  the  centre  of  its  blocks  very 
pid  rock-crystals  are  sometimes  found,  which  are  called  Carrara  diamonds.  As  Ihe 
M  qualities  are  becoming  excessively  rare,  it  has  risen  in  price  to  aboat  3.  guineas  the 
lie  foot.  The  Vihiit  morWs  of  Mount  Hymettus,  in  Greece,  wiu  not  of  a  very  pure 
he,  but  ioclincd  a  little  lo  gray.  The  sUlue  of  Heleager,  in  Ihe  Frencb  Museum,  \» 
this  marble. 

Bbrh  aaft^w  marMe,  the  Sen  aidieo  of  the  Italtans.  This  ■«  more  inleucely  black 
n  any  oT  our  modem  marUes,;  it  is  extremely  scarce,  occnrriog  only  in  sculptured 
ees.  The  red  anliqiu  mariiU,  Egyptum  of  the  ancients,  and  /JoiM  aniuo  of  the  Italians, 
I  heautifol  marUe  of  a  deep  blood-red  color,  interspersed  with  white  veins  aad  with 
7  iBiBDte  white  dots,  as  if  strewed  over  with  giBint  of  sand.  There  is  in  the  Gr^ 
ni  palace  st  Venice,  a  colosssl  stalue  of  Marcus  Agrippa  in  rouo  ttiiica,  which  was 
merly  preserved  in  the  Pantheon  at  Kome.  Green  anliqut  marbtt,  vtrdt  anlUo,  is  s 
id  of  breccia,  whose  paste  is  a  mixture  of  tale  and  Umestoae,  while  tbe  dark  groen 
gments  consist  of  serpentine.  Very  beautifnl  specimens  of  il  are  preserved  at  Parma, 
e  best  qnslity  has  n  grass-green  paste,  with  black  spots  of  noble  serpentine,  but  is 
rer  minried  wilh  red  spots.  Rrd  ipoittd  green  anii^tu  marblt,  bos  a  dark  green  gnnud 
rkcd  with  small  red  and  black  spots,  wilh  fragments  of  eiUrodU  changed  into  white 
rUe.     It  is  ktwwa  only  in  small  tablets.      Ltdc  inarhU ;  a  rare  variety  of  that  color, 
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oT  which  there  i*  ■  lahle  in  the  Mint  «1  Paris.    Mtrmo  trrie  pafUottom  of  ■  felkwu 

ir»n  color,  and  is  fonad  only  in  the  ruins  of  ancient  Rooie.  Cctbc/oi  mtuhU  of 
eep  r«d,  with  numerons  gmy  and  white  veins,  is  said  to  be  found  in  Africa,  and  high! 
esteemed  in  commerce. .  YtUew  antigut  marilt,  giatlo  tmtico  of  the  Ilaliam;  color  a 
the  yolk  of  an  e^,  either  uniform  or  marked  with  black  or  deep  yellow  lings.  It 
rare,  but  may  be  replaced  by  Sienna  marble.  Rid  and  mbilt  anli^mt  martla,  found  on! 
amoni;  the  ruins  of  ancient  Rome.  Grand  aaUiqu*,  a  breccia  marUe,  containing  shell 
eoosistf  of  Urge  fra^CBts  of  a  black  marble,  traversed  by  veins  or  lines  of  a  diinir 
white.  There  are  four  eolnmna  of  it  in  the  Museum  at  Paris,  jtiiiigut  Ci^ina  tnorU 
Cipolin  is  a  name  given  to  all  sach  marUes  as  have  greenish  zones  piodoced  by  grec 
talc ;  their  fracture  is  granular  and  shining,  and  displays  here  and  Oxn  plate*  oT  tal 
PurpU  antiiftu  bnccia  marble,  is  very  variaUe  in  the  color  and  size  of  it*  qnt 
.Jnfifw  J/rican  brrteia  has  a  black  ground,  variegated  with  lai^  {rmgmenl*  oT  a  gn, 
ish-white,  deep  red,  or  purplish  wine  color  ;  and  is  one  of  the  most  beaotifol  nkarUe 
Sott-eaiortd  aniiqu*  bmxia  marble  is  very  scarce,  occurring  only  Ja  (anil  tablet 
There  are  various  other  kinds  of  ancient  breccias,  which  it  wotdd  be  tedioo*  to  pa 
ticularize. 

Modem  marbUi. — 1.  British.  Black  marble  is  found  at  Ashford,  Matlock,  n 
Honaaldaie  in  Derbyshire  ;  black  and  white  in  the  north  put  of  Devonshire ;  the  vaii 
gated  miLrbles  of  Devonshire  are  gearrally  reddish,  brownish,  and  grayish,  varioDa 
veined  with  white  and  yellow,  or  the  colors  are  oHen  intimately  bleuled  ;  the  marbii 
ftom  Tortiay  and  Babbacombe,  display  a  great  variety  in  the  miiture  of  their  c«lon 
the  Plymouth  marble  is  either  ash-colored  with  black  veins,  or  Uackish-gny  and  whit 
shaded  with  black  veia* ;  the  clitls  near  Marychurch  exhibit  marble  qnarriea  not  ool 
of  great  eitent,  but  of  superior  beauty  to  any  other  in  Devtmsh ire,  being  either  «/ 
dove-colored  ground  with  reddish-purple  and  yellov  veins,  or  of  a  black  gronml  mottle 
with  purplish  globule*.  The  green  marble  <rf'  Anglesea  is  not  unlike  the  ttri*  aatiai 
its  colors  being  greenish-black,  leek-green,  and  sometimes  doll  porplish,  irrcgularl 
blended  with  while.  The  white  pert  is  limestone,  the  green  ^ade*  proceed  fhji 
serpentine  and  asbestos.  There  are  several  fine  varieties  of  marble  in  Derbyshire ;  tl 
motlled-|;niy  in  the  neighborhood  of  Hoaeyash,  the  light  gray  being  rendered  eitnmel 
beautiful  by  the  number  of  purple  veins  wluch  spread  npon  its  polished  iniface  in  elegai 
irrcgQlnr  branches ;  bat  its  chief  ornament  is  the  maltitade  of  enlrochi,  with  whkk  th 
tranailian  limestone-marble  abonnds.  Much  of  the  transition  and  carbonifermu  lim 
stone  of  Wales  and  Westmoreland  is  capable  of  being  worked  up  into  ^reealde  dai 
marbles. 

In  Scotland,  a  particularly  fine  variety  of  white  marble  is  found  in  immense  beds,  i 
Assynt  in  Sutherlandshire.  A  beantifnl  ash-gray  marble  of  ■  very  unifcom  grain,  ■* 
susceptible  of  a  line  polibb,  occurs  on  the  north  side  of  the  ferry  of  Ballachnlisb  in  Ii 
vernesshire.  One  of  the  most  beautiful  varieties  is  that  from  the  hill  of  Belephetridi  i 
Tiree,  one  of  the  Hebrides.  Its  colors  are  pale  blood-red,  light  flesh-red,  and  reddid 
while,  with  dark  green  particles  of  hornblende,  or  rather  sahlile,  diffused  Ifanxigh  tl 
general  teise.  The  compact  marble  of  lona  is  of  a  line  grain,  a  dull  white  color,  soom 
what  resembling  pure  compart  feldspar.  Itis  said  by  Boumon,  to  consist  of  an  iotimat 
mixture  of  iremolile  and  carbonate  of  lime,  sometimes  with  yellowish  or  grrenidi-yplkr 
spots.  The  ctrhoniferoDs  limestone  of  many  of  the  coal  basins  in  the  lowlands  irf"  Seoi 
land  mar  be  worked  into  a  tolerably  good  marble  for  chimney-pieoes. 

In  Ireland,  the  Kilkenny  marble  is  the  one  best  known,  having  a  Idack  ground  more  C 
less  varied  with  while  marks  produced  by  petrifactions.  The  spar  which  occupies  Ih 
place  of  the  shells,  oometimes  aasamee  a  greenish-yellow  color.  An  exceedingly  fin 
black  marble  hai  also  been  raised  at  Crayleaih  in  the  county  of  Down.  At  LoQlhloaghr 
in  the  county  of  Tippenry,  a  line  porple  marble  is  found,  which  when  polished  k>ol 
very  beautiful.  The  county  of  Keny  aSbrds  several  variegated  marbles,  not  onlilre  tli 
Kilkenny. 

France  possesses  a  great  many  marble  quarries  which  have  been  described  by  Bran 
and  <rf'  which  a  copious  abstract  is  given  under  the  article  marble — Rtei'  Cyclopedia. 

The  territory  of  Gene  i  fhmishes  several  beauliful  varieties  of  marble,  the  tnoat  ri 
nariiaUe  of  which  is  the  polatrera  di  Genoa,  called  in  French  the  wrf  d'E^pte  and  i«; 
dt  mer,  [|  is  a  miilure  of  grannlar  limestone  with  a  talcose  and  serpenlioe  sabMani 
disposed  in  veins ;  and  it  is  sometimes  mixed  with  a  reddish  body.  This  marble  was  fo 
■erly  much  employed  in  Italy,  France,  and  England,  for  chimney-pieeea,  but  its  sombi 
appearance  has  pat  it  out  of  fashion. 

Corsica  possesses  a  good  statuary  marble  of  a  fine  close  grain,  and  pure  milky  whib 
■ess,  quarried  at  OmofHo ;  it  will  bear  comparison  with  that  of  Carrara ;  also  a  grs 
Biarbte  {b<irdiglio),  a  eipolin,  and  some  otiier  varietiei.  The  ialand  ot  Elba  has  immen 
quarries  of  a  white  narble  with  blackish -green  veins. 
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Amcmg  th«  iBWunerable  nrjetin  of  ItaU>D  marblei,  the  foUowiag  deseire  npeeU 

The  TOrigio,  a  white  marble  IbpDd  Kt  Padiut ;  the  while  marblE  of  St.  Julien,  at  Fin, 
ri' aliicb  the  cathedral  and  celebrated  tlantins  tower  are  built;  the  Biancone  marble, 
rhile  with  a  tinge  of  ifraf ,  quarried  at  Ma^urtga  for  altan  and  lambs.  Near  Merfoznt 
be  wbite  saline  maible  with  Kray  veins  a  rouod ;  with  which  the  cathedral  of  lUiWn  il 
■dill.  The  black  marble  of  Ber^mo  is  called  pars  gone,  from  its  black  color,  like  touch- 
toar;  it  has  •  pure  inlenBe  tint,  and  is  susceptible  of  a  fine  polish.  The  pare  black 
urble  of  Comu  is  also  much  esteemed.  The  polttnao  of  Pistoya,  is  a  black  marble 
prinkled  with  dotsj  and  the  beautiful  while  marble  uilh  hkck  spots,  from  the  La$o 
ManiorF,  has  been  employed  for  decoraling  Iheinlerioruf  manyeharchesin  tbeMilnDese. 
rhe  Mar^orre  mnrblc  found  in  several  paria  of  the  MiUaefe,  is  bluish  Tcinnl  with  brown, 
lod  composes  purt  of  the  dame  of  the  cathedral  of  Milan.  The  greeo  marble  of  Florenee 
iwes  its  color  to  a  eopiouB  sdmiiiluie  of  slenlile.  Another  green  marble,  calJed  venit  di 
"rado,  occurs  in  Tuscany,  near  the  little  town  of  Prado.  Il  is  narked  with  spots  of  a 
eeper  green  than  the  rest,  passing  even  iolo  hlackish-b!ue.  The  beauliful  Sienna 
wrUe,  ur  bncaitllo  di  Siaia,  has  a  yellow  color  L*ke  the  yolk  of  an  egg,  which  ii  dia- 
osnl  in  large  irregular  spots,  surrounded  wilh  reins  of  bluish-red,  paning  sometime* 
nlo  purple.  At  Montarentj,  two  leagues  from  Sienna,  another  yellow  marble  is  met 
rilh,  which  is  traversed  by  black  and  purplish-black  veins.  The  Brema  marble  is  yellow 
lilh  white  spots.  The  tnandilaia  of  the  Italians  is  a  lighl  red  marble  wilh  yellowish- 
rhiie  spute,  found  ai  Lnggezzana,  in  ihe  Veronese.  The  (wl  nmrble  of  Verona  is  of  a 
ed  nlher  inclining  to  yellow  or  hyacinth  ;  a  second  variety  at  a  dark  red,  composes  the 
ut  amphitheatre  of  Verona.  Anolhei  marble  is  found  near  Verona,  with  large  while 
pals  ia  a  reddish  and  ireenish  paste.  Very  line  columoa  have  been  made  of  it.  The 
trhio  H!  purone  is  an  Italian  shell  raai'ble,  in  which  the  shells  fonn  large  orbicular  Spots. 
ed,  while,  and  bluish.  A  madreporic  marble  known  under  the  name  of  pkira  tltUaria, 
inch  employei]  in  Italy,  is  entirely  composed  of  slar  miulrepores,  converted  into  a  gray 
ml  while  substance,  and  is  susceptible  of  an  eieellent  palish.  The  vitlBRe  of  Brelonieo, 
D  the  Veronese,  furnishes  a  splendid  breccia  marble,  composed  of  yellow,  steel-graji  ""1 
He-colored  spots.  That  of  Bergamo  consists  of  black  and  grey  fragments  in  a  greenish 
ement.     Florence  piarble,  called  also  ruin  and  landscape  marble,  is  an  indurated  colea- 

Sicily  abounds  in  marbles,  the  most  valuable  of  which  is  thai  called  by  Ihs  En^fah 
tone-cutlers,  Sicilian  jasper;  it  is  red  with  large  stripes  Uka  ribands,  white,  red,  and 
ooieliuies  zreen,  which  run  zigzag  with  pretty  acute  angles. 

Amoni  the  Genoese  marbles  we  ma;  notice  the  highly  esteemed  variety  called  forlor, 
D  accouiil  of  Ihe  brilliant  yellow  veins  in  a  deep  bladi  ground.  The  most  beautifU 
iod  enmes  from  Porto-Veaese,  and  l<ouis  XIV.  caused  a  great  deal  of  il  to  be  wraked  np 
«  the  decoration  of  Versailles.    It  costs  now  two  pounds  per  cubic  foot. 

0/  calling  aiut  poliihing  maiblt.—Tbe  marble  saw  is  o  thin  plate  of  soA  iron,  eontiiia- 
Uy  suppliei)  during  ils  sawing  motion,  wilh  water  and  the  sharpest  sand.  The  sawing 
f  maieratc  pieces  is  performed  by  band,  bul  thai  of  large  slabs  Is  most  eeonomically 
one  by  a  proper  milL 

The  first  subilance  used  in  Ihe  polishing  process  is  Ihe  sharpest  sand,  which  mast  be 
rorkeil  wilh  till  the  sarEue  becomes  perTeelly  flat.  Then  a  seecul,  and  even  a  third 
\nA  of  increasing  fineness  i«  lo  bp  applied.  The  neit  substance  is  emery  of  progressive 
ezrees  of  fineness,  afler  which  Iripoli  is  employed  ;  and  the  last  polish  is  given  with 
.B-pntty.  llie  body  with  which  Ihe  sand  ^  rubbed  upon  the  marble,  is  usually  a  plate 
f  iron ;  bnt  for  the  subtequeni  process,  a  plate  of  lead  is  used  with  hue  sand  and  emery, 
'he  polishinz  rubbers  are  coarse  linen  cloths,  or  bo^ng,  wedged  Lght  into  an  inm 
Unini  tool.     In  every  step  of  (he  operation,  a  constant  trickling  supply  of  water  'a 

Visiters  of  Derby  may  have  an  apportunity  of  iospecling  Brown's  rilensive  machinery 
M  cutting  marble  into  many  oraamental  forms,  which  has  been  well  described  in  Ree^ 

Sir  James  Jelf  patented,  in  1822,  a  eombinalion  of  maehinerr  for  cutting  any  detcrip- 
ion  of  parallel  muulilings  upon  marble  slabs,  for  ornamental  porpoMt ;  in  ortuch  loMs^ 
applied  wilh  sand  and  water,  are  made  to  traverse  lo  and  fro. 

Mr.  Tullock  obtained  a  patent,  in  1824,  fur  improvements  in  machinery  fof  sawinf  mmI 
rooving  marble  ;  ihe  power  being  applied  by  means  rf  toothed  wheela  bearing  auks, 
ihich  save  the  sec-saw  motion  to  Ihe  catting  iron  plates. 

In  November,  1829,  Mr.  Gibbs  secured,  by  palent,  an  invention  for  vorkins  oma- 
lenlal  devices  in  marble,  by  means  of  a  travelling  tbill,  guided  by  a  mould  of  wood, 
tc.,  in  counter  relief;  and  in  April,  1833,  Mr.  G.  W.  Wilds  obtained  a  palent  for 
lachinety,  which  consists  of  a  Itries  of  circular  cultet^  for  separatiag  slabs  tnm  m. 
lock  of  marble^  the  block  beio;  advanced  slowly  to  meet  the  cnttert,  by  the  progromTe 
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novemcnl  oT  «  plktTonn  upoD  vhedi,  driven  hy  the  agency  of  ■  tack  and  pinimi,  m  in 

Ihe  cylinder  boring  machine  OC  the  Etenm-en^ine  mSDurBclurer.  Sand  and  water  must 
be  BOppliad,  of  coune,  from  b  hopper,  to  these  smooth  cutting  discs  of  irnn  or  eoppo'. 
See  Glass- CcTTi NO.  .  He  proposes  also  to  mould  and  polish  marble,  by  applying  a  rota- 
toij  wheel  or  cylinder  of  any  shape  to  it,  i^  its  carninE^  fruae, 

MABCASITE  is  a  variety  of  iron  pyrites,  containing  generally  a  little  ancnic. 

MARGARATES  are  saline  compounds  of  margaric  acid  vith  Ihe  bue*. 

MARGARIC  ACID  is  one  uT  the  acid  fats,  prodaced  by  saponifying  tallow  with 
alkaline  matter,  and  decomposing  the  soap  with  dilate  acid.  The  teim  Hargaiic  signi6ei 
pEARLv-Iooking. 

The  physical  properties  of  the  mnigaric  and  stearic  acids  are  very  nmUoi';  Ihe  ehiel 
diSerence  is  that  the  former  is  more  fusible,  melting  al  140°  F.  The  readiest  mode  ot 
obtaining  pure  margaric  acid,  is  to  dissolve  olive  oil  soap  in  water,  to  poor  into  the  uia- 
tion  a  solution  of  neutral  acetate  of  lead,  to  wash  and  dry  the  precipitate,  and  then  to 
remove  its  aleale  of  lead  by  etfaer,  which  does  not  affect  its  maigaiate  of  lead.  Tht 
residuum  being  decomposed  by  boiling  hot  muriatic  acid,  affords  margaric  acid.  When 
healed  in  a  retort  this  acid  boils.  li  Is  insoluble  in  water,  very  soluble  in  alcohol  and 
ether  ;  it  reddens  litmus  paper,  and  decomposes,  with  the  aid  of  heat,  the  carbonates  of 
■oda  and  potash. 

MARINE  ACID.    See  Mcbiatic  Aan. 

MARINE  SALT.     See  Salt. 

MARL  (Mam,  Fr. ;  Mtrgel,  Germ.)  is  a  mixed  earthy  substance,  consisting  of  car- 
bonate of  lime,  clay,  and  silicions  sand,  in  very  variable  proportions ;  it  is  sooielimes  com- 
pact, sometimes  pulverulent.  According  to  the  predominance  of  one  or  other  of  tbeM 
thne  main  iagredieats,  maris  may  be  distributed  into  calcareons,  clayey,  and  tandy.    Sec 

LmEBTOKE. 

Marquetry  is  a  peculiar  Innd  of  cabinet  work,  in  which  the  surface  of  wood  it 
ornamenled  with  inlaid  pieces  of  various  colors  and  forms.  The  miirfuefmr  puts  gold, 
silver,  copper,  tortoise  eh eU,  mothtr-of-pearl,  ivory,  bom,  kc.  under  contribulion. 
These  subetances,  being  reduced  to  laminat  of  proper  thinness,  are  cut  out  into  the  desired 
forms  by  punches,  which  produce  at  once  the  fuU  paltem  or  monid,  and  the  empty  one, 
which  enclosed  it ;  and  both  serve  their  separate  purposes  in  marquetry.  For  Oie  melh. 
ods  of  dyeing  the  woods,  8lc.  see  Ivoav. 

MARTIAL  signifies,  belonging  to  iron;  Ihnn  Mar^lhc  mythological  name  of  thit 

Massicot  is  the  yellow  oiyde  of  lead. 

MASTIC  (Eng.  and  Fr. ;  Afoifii,  Gtm.)  is  a  resin  prodnced  by  making  incisions  in 
the  Pufuria  imWacui,  a  tree  cultivated  in  the  Levant,  and  chiefly  in  the  island  of  Chios. 
It  comes  to  ns  in  yellow,  brittle,  transparent,  rounded  (ears  ;  which  soften  between  ihe 
teeth ;  with  hittcrish  tasle  and  aromalic  smell,  and  a  specific  gravity  of  I'd?.  Mastii 
ConsisU  of  two  resins  ;  one  solable  in  dilute  alcohol ;  bot  both  dissolve  in  strong  alcohol. 
Its  solution  in  spirit  of  wine  constitntes  a  good  varnish.  It  dissolvesalso  in  oil  of  turpen- 
tine.    See  VAaKiBH. 

MATRASS  is  a  bottle  with  a  thin  egg-shaped. bottom,  much  ased  ibrd^estions  ii 
chemical  researches. 

MATTE  is  a  crtide  black  copper  reduced,  but  not  refined  from  sulphur  and  other  hete- 
rogeneous substances. 

MEADOW  ORE  js  eonehoidat  bog  iron  ore. 

MEDALS.     For  their  composition,  see  BnoNZT  and  Cofpu. 

MEERSCHAUM  (Germ. ;  Ko-fntk,  Tm^.  ;  Ecvmt  dt  Mrr,  Magafm  earbo»aUi 
tilicifirt,  Fr.)  is  a  white  mineral,  of  a  somewhat  earthy  appearance,  always  soA,  but  dry 
lo  the  touch,  and  adhering  to  Ihe  tongue.  Specific  gravity,  2-6  to  3'4 ;  affords  water  b] 
calcination  i  fuses  with  diiSculIy  at  the  blowpipe  into  a  white  enamel ;  and  is  acted  upoi 
by  acids.  It  consists,  according  to  Klaproth,  of  pilica,  4M^ ;  magnesia,  18-25 ;  water  anc 
carbonic  acid,  39.  Other  analysts  give,  silica  60,  magnesia  2S,  water  25.  ll  occurs  ir 
veins  or  kidney-shaped  nodules,  amon^  rocks  of  serpentine,  at  Eghbos,  in  the  island  of 
Negropont,  Eski-Schchir  in  Anntolia,  Bmssa  al  the  foot  of  Mount  Olympus,  at  Baldissen 
in  Piedmont,  in  the  serpentine  veins  of  Cornwall,  Slc. 

When  first  dug  np,  it  is  soft,  greasy,  and  lathers  like  soap;  and  is  on  that  account  nsci: 
Vl  the  Tartars  in  washing  (heir  linen.  The  well-known  Tarkey  lohacco-pipes  are  madi 
from  it,  by  a  process  aniUogous  to  that  for  making  potteiT  ware.  The  bowts  of  thi 
pipes,  when  imported  into  Germany,  are  prepared  (br  sale  by  toaking  them  fliat  in  tallow, 
then  in  wai,  and  finally  by  polishing  them  with  shave-enws. 

MELLTTE.    (Eng.  and  Fr. ;  Honigttein,  Germ.)    Bee  Hoketrohe. 

MELLTTIC  ACID,  which  is  associated  with  alnniDa  in  the  preceding  mineral 
ciystatliies  in  small  colodess  needles,  is  without  smell,  of  a  strongly  acid  taste,  per 
maneni  in  the  air,  sdable  in  ymta  and  alcohol,  m  nlM  in  boiling  hot  concentratei 
•olphniic  acid,  but  is  decompowd  by  hot  nitric  acid,  and  conutti  of  50-21  carbon,  tm 


UERCURY. 

4^79  oincn.    It  U  cait^iicd  at  ■  nd  heat,  withoot  th«  pradoetioa  vt  mm  ii 
UeoiL 

MELLOK  is  a  new  compound  of  carbon  and  aiote,  dueoreral  by  M.  Liebig,  by  heating 
bi-iulpha-cfanide  of  nMreory.  The  mellan  ramaiag  at  the  bottom  of  the  retort  under  the 
fona  of  a  yellow  powder. 

MENACHANITE,  an  ore  oT  litexivm,  (bond  in  the  bed  of  a  nTVlel  which  Oowi  into 
the  vallef  Menacan,  in  Cornwall. 

MERCURy  or  QUICKSILVER.  This  metal  ia  dittingnnhed  by  iU  finiditj  at  earn- 
DOn  temperalares;  ilideniiil7^13'6;  its  silrer blue laitre ;  andilg  extreme  mobility.  A 
cold  oT  39°  below  lero  oT  Pahienbeil,  or  — 40°  Cpdl,  ia  required  Tor  iU  congelation,  in 
which  slate  ill  deniily  ii  increued  in  the  proportion  of  10  to  9,  or  it  bectHnes  of  tpec. 
grar.  15'0.  Al  a  temperature  of  656°  F.  it  boiliand  distill  off  in  an  elastic  vapor  i  which, 
being  condensed  by  eald,  form*  purified  mercury. 

Mercury  combines  with  great  readiness  with  certain  metals,  as  gold,  sUver,  zinc,  tin, 
and  bismalh,  formin;,  in  certain  proportions,  fluid  solutions  of  these  metali.  Such  mer- 
CDiial  alloys  are  called  amidfamt.  This  properly  ii  extensively  employed  in  many  arU; 
as  in  exlraclinggold  and  silver  fmni  their  ores;  in  pbiing,  plating,  msJung  looking-glasses, 
&c.  Humboldt  estimates  al  16,000  quintals,  of  100  lie.  each,  the  qnanlily  of  mercury 
■nnoallj  employed  at  his  visit  to  America,  in  the  treatment  of  the  mines  t^  Mew  Spain  g 
three  fourths  of  which  came  from  European  minea. 

The  mercurial  ores  may  be  divided  into  four  species : — 

1.  Natit*  qviduiiptr.—U  occnn  in  moal  of  the  mines  of  the  other  nterenrial  ores,  in 
the  form  of  small  drops  attached  to  the  rocka,  or  lodged  in  the  crevieea  of  other  ores. 

2.  .^gtaial  nurniry,  or  tiaiive  lilver  amatfam. — It  has  a  silver  white  color,  and  U 
mare  or  less  soH,  acrording  to  the  proportion  which  the  mercury  heara  to  the  silver. 
Its  density  is  sometimes  so  high  as  14.  A  moderate  heat  dinipaies  the  mercury,  aad 
le*vea  th*  ailver.  Klaproth  states  its  constituent*  at  silver  36,  and  mercury  64,  in  100 ) 
but  Coidier  makes  them  to  be,  274  silver,  and  TSJ  mercury.  It  occurs  crystallized  in  a 
variety  ol  forms.  It  has  been  found  in  the  territory  of  Deui-Pont*,  al  Soieuan  and 
Niderslana,  in  Hungary,  in  a  canton  of  Tyrol,  al  Saiilberg  in  Bweden,  at  Kolyvan  in 
Siberia,  and  at  Allemont  in  Dauphiay;  in  small  quantity  at  Almaden  in  Spain,  and  at 
Idria  in  Caraiola.  By  the  chemical  union  of  the  mercury  with  the  silver,  the  amalgam, 
irhicb  ihocld  by  eaiculstion  have  a  spec.  grav.  of  only  IS'S,  acquires  that  of  14-11,  ac- 
cording to  M.  Cordier. 

3.  Sniplmnl  of  tntrmry,  commonly  called  Cinnabar,  is  a  red  mineral  of  varioua 
■hadcaj  burning  at  the  blowpipe  with  a  blue  flame,  volatiliiinf  entirety  with  the  smell 
of  burning  aulphur,  and  giving  a  quicksilver  coaling  to  a  plate  of  copper  held  in  the 
fumes.  Even  Ihe  powder  of  cinnabar  rubbed  on  copper  whitena  il.  Its  density  varies 
from  6'9  to  10-2.  It  becomes  negatively  electrical  by  friction.  Analyied  by  Klaproth, 
il  was  found  to  consist  of  mercury  64'5,  iulphur  14-76.  lis  compoeilion,  viewed  as  a 
bisulphurel  of  mercury,  is,  mercury  86-2,  sulphur  13-8.  The  finest  cryatals  of  gulphuret 
of  meicnry  come  from  Chioa,  and  Almaden  in  Spain.  These  contain,  according  to  Klap- 
roth, 85  per  cent,  of  mercury, 

A  bilimtinoui  luljJiimt  of  nKrniry  appears  to  be  Ihe  boae  of  the  great  exploration  of 
Idria;  il  is  of  a  dark  liver-red  hne  i  and  of  a  slaty  texture,  with  straight  or  twisted  plates. 
It  exists  in  large  masses  in  the  biluminons  ichials  of  Idria.  M.  ^urard  mentions  also 
tbc  locality  of  Mnnsler-Appel,  in  the  dulchy  of  Deui-Ponts,  where  the  ore  includea  im- 
pressions of  fishes,  curiously  spotted  with  cinnabar. 

The  eompact  variety  of  Ihe  Idria  ore  seema  very  complex  in  composition,  aeeoiding 
to  the  following  analysis  of  Klaprolh :— Mertury,  81-S;  sulphur,  13-75;  carbon,  S-S ; 
silica,  0-6(i ;  alumina,  0'55  ;  oiyde  of  iron,  0-20  j  copper,  0-02 1  water,  0'T3  ;  in  100  parts. 
H.  Beurard  meationa  another  variety  from  the  Palatioale,  which  yield*  a  large  qoanlity 
of  bitumen  by  distillation ;  and  it  was  present  in  all  the  *pecimenio>r  these  oresutalyted 
by  me  for  the  German  Mines  Company.  Al  Idria  and  AInwden  the  solphnrels  are  ex- 
tremely rich  in  mercury. 

4.  M»rialtd  mercury,  or  the  Chloride  of  nurmry,  commooly  called  Horn  mercury. 
This  ore  occur*  in  very  smaL  crystals  of  a  pearl-gray  or  greeninh-gray  color,  or  in  small 
nipples  which  atod,  like  crystals,  the  cavities,  Gsaure*,  or  geodea  among  the  ferruginona 
gangaes  of  the  olber  orea  erf' mercury.  It  is  brittle,  aad  entirely  volatile  at  the  blow-pipe, 
characters  which  dislingnish  il  from  horn  silver. 

The  geological  position  of  Ihe  mercurial  ores,  in  all  parU  of  Ihe  world,  ia  in  the  stivU 
which  commence  the  series  of  secondsiry  formations.  Sometimes  they  are  found  in  Ihe 
red  BaDdstone  above  Ihe  coal,  as  at  Menildot,  in  the  oU  dotchy  of  Deux-Ponts,  at 
Dnrasno  in  Meiico,  al  Coenfa  in  New  Granada,  at  Cerroa  de  Ganun  and  Upar  in 
Peru  i  in  the  subordinate  porphyries,  as  at  Deui-Poni*,  San  Juan  de  la  Chica  in  Faro, 
and  at  CerTO-del-Fraile,  near  the  town  of  Son  Felipei  they  occur  also  among  the  smt« 
below,  or  inbordinaU  t«  the  ealcareoos  formation,  called  ctchsl«tn,  in  Germanj,  a* 
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%Bumg  Uie  ■cecniWDj'ii^  Ununinoiu  schisU,  u  nt  Una  in  Cani^     *nd,  IsMIt,  (bn 

tonn  masses  in  the  zecheteia  itself.  Thu>,  it  appears  that  tlie  mercaiial  depoiitn  aiv 
confined  ivilhin  very  narrow  geologieal  limits,  between  the  ealcamns  liedl  of  iirhstein, 
and  'Jie  red  nndstone.  They  occur  at  limes  id  carbaaaeeoiu  nodnin,  denied  rroni  the 
decomposition  of  mosses  of  varioas  kinds  ;  and  the  whale  mercniia]  depositc  is  oeealioa- 
allf  covered  witii  beds  of  charcoal,  at  at  Dorasoo. 

They  are  even  soraelimee  accompanied  with  the  Temaina  of  cu^nic  bodies,  «Dcb  n 
easl«  or  fisheF,  foaeil  Khelli,  nlidfed  wood,  and  troe  cobI.  The  last  fact  hu  beea 
observed  at  Polzbcrg,  in  ibe  worbs  of  Drey-Koenigszug,  bj  M.  Broo^iart.  Tbe«e 
sanditones,  bilumiaous  schists,  and  indurated  days,  contain  mennry  both  in  the  Male  <t 
■niphuret  and  in  the  native  fbnn.  They  are  more  or  lest  pmelraled  with  the  ore,  fmn- 
iog  lometimes  numerous  beds  of  very  great  thickness  i  while,  in  Ibe  more  ancicDt  or 
the  primitive  formations,  these  ores  exist  only  in  very  small  quantity  associated  with  tin. 
Jilercury  is,  generally  speaking,  a  metal  sparingly  distributed  in  nature,  and  its  mines  are 
wry  rare. 

The  great  exploitations  of  Idria  in  Friuti,  in  the  county  of  Goriti,  were  discovered  ia 
149T,  and  the  principal  ore  mined  thirre  is  the  bitnmintiBS  snlpburel.  Tlie  workings 
oC  this  mine  have  been  pushed  to  the  depth  of  280  yards.  The  product  in  qaicksilver 
night  easily  amount  annually  to  6000  metric  quinlals^eoo  tons  British  r  but,  in  order  la 
uphold  the  price  of  the  metal,  the  AuMrian  govonment  has  restricted  the  pToduMion  to 
150  Ions.  The  memorable  6ie  of  1S03  wis  most  disaxtrims  to  these  mines.  It  was  ex- 
tinguished, only  by  drowning  all  the  ondergronnd  workings.  The  sublimed  mercury  in 
this  catastrophe  occasioned  diseases  and  nervous  tremblings  to  more  than  900  persons  in 
the  neighborhood. 

Pliny  has  recorded  two  interesting  facts:  1.  that  the  Greeks  imported  red  cinnabar 
ttom  Almaden  TOO  year*  before  the  Christian  era  ;  and  2,  (bat  Home,  in  his  lime,  annu- 
ally received  TUO,Q()0  poondg  fWm  the  same  mines.  Since  182T,  they  have  produced 
22^00  cwU.  of  mercury  every  year,  with  a  corps  of  TOO  miners  and  200  smelters ;  and, 
indeed,  the  veins  are  so  extremely  rich,  that  though  Ihey  have  been  n-orked  pretty  con- 
Maolly  during  so  many  centuries,  the  mines  have  hardly  reached  the  depth  of  330  yards, 
or  something  less  thnn  1000  feet.  The  lode  actually  ujider  exploration  is  from  ]4  to  16 
yards  thick;  and  it  becomes  thicker  Hill  at  the  crossing  of  the  veins.  The  totality  of  the 
ore  is  eitracled,  II  yields  in  their  smelling  works  only  10  per  cent,  upon  an  avenge, 
but  there  is  no  donbt,  from  the  analysis  of  the  ore9,lhnl  nearly  one  half  of  the  quicksilver 
is  lost,  and  dispersed  in  the  air,  to  the  (treat  injury  of  the  workmen's  health,  in  conse- 
quence of  the  barfaaroos  appwatus  of  alodehi  employed  in  its  sublimation  ;  an  apparatus 
which  has  remained  without  any  material  change  for  the  better  rince  The  days  of  the 
Moorish  dominion  in  Spain.  M.  Le  Play,  the  eminentiiigeRtrtir^i  JIftvej,  who  published, 
in  a  receni  volume  of  the  Anuales  des  Mines,  his  KinfTnire  to  Almaden,  Fays,  that  the 
mercurial  contents  of  the  ores  are  nolablemml  ji/uj  elcrfri  than  the  product. 

These  veins  extend  all  the  way  from  the  town  of  Chillon  to  Almsdenejos.  Upon 
the  borders  of  the  streamlet  Balde  Asoeues,  a  black  slate  is  also  mined  which  is  abun- 
dantly impregnated  with  metallic  mercury.  The  ores  nre  treated  in  13  double  fur- 
naces, which  I  shall  presently  describe.  "  Le  mercure,"  says  M.  LePIay,  "a  snr  la 
mole,  des  onvriers  la  plus  l^neste  inllnenee,  el  1'  on  ne  peul  se  d^fendre  d'  on  senliment 
pentble  en  voyani  1'  empressemeni  avec  lequel  des  jeunes  gens,  pleins  de  force  et  de 
sant^,  se  dispntent  la  faveur  d'  slier  chercher  dans  les  mines,  des  maladies  cruelles,  et 
touvent  Une  mori  prematur^e.  La  population  des  mineurs  d'  Almaden  merilent  le  pins 
haut  inlerft."  These  victims  of  a  deplorable  mismanagement  are  described  as  being  a 
laborious,  simple-minded,  virtuous  race  of  beings,  who  are  thus  condentned  to  brcalbe 
an  almosphere  impregnated  far  and  near  wilh  the  ilimes  of  a  volalile  poison,  which 
the  lessons  of  science,  as  1  shall  presently  demonstrate,  might  readily  repress,  wilh  the 
effect  of  not  only  protecting  the  health  of  the  population,  but  of  vastly  augmenting  the 
revenues  of  the  stale. 

These  celebrated  mines,  near  to  which  lie  those  of  Lat  CvAas  and  of  ^Imadeiujot, 
were  knows  to  the  Romans.  After  having  been  the  property  of  the  religious  knights  of 
Calalrava,  who  liad  aasisled  in  expelling  llie  Moors,  they  were  farmed  off  lo  the  celebrated 
Fmfger  merchants  of  Angsbourg;  and  aflerwards  explored  on  account  of  the  government, 
from  the  dale  of  1645  till  the  present  time.  Their  produce  was,  till  very  lately,  enlirely 
appropriated  lo  the  Ireatmenl  of  the  gold  and  silver  ores  of  the  new  world. 

ThemincsoftheParoftnafe,  situated  on  the  left  bank  ofthe  Rhine,  thoneh  they  do  not 
approach  in  richness  and  importance  to  those  of  Idria  and  Almaden,  merit,  however,  all 
the  Bltentton  of  the  Kovemment  that  farms  them  out.  They  are  numerous,  and  varitil  in 
gaolocical  position.  Those  of  Drey-Koenigszug,  at  Potzbei^,  near  Kussel,  deserve  par- 
ticular notice.  The  workings  have  reached  a  depth  of  more  than  220  yards  i  Ibe  ore  be* 
ing  a  sandstone  strongly  impregnaled  with  sulphnrel  of  mercury.  The  produce  of  thest 
mteci  is  estimated  at  about  30  tons  per  aonnm.  ' 
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Tticr;  uc  nbo  in  Hangw?,  SoLnnik,  awl  lereral  alfacr  pMU  i^  fl«i«wiT,  Mna  Iiimb- 
tiderable  eiploUatioDB  of  marcury,  the  toUl  ptoiutK  of  which  is  valued  al  abont  30  or  40 
tons  on  an  aieiage  oT  Mveral  Jan. 

The  mJDFS  of  GuancavelicH,  in  Pem,  are  the  more  interetting,  u  Iheir  prodocU  are 
directly  enployed  ia  Ireatin^  the  orei  of  gold  and  silver,  which  sbotiDd  io  that  portion 
or  Ameiica.  These  quieliNlTcr  taiiie a,  explored  tiaee  1370,  produced,  up  to  1800, 63,700 
lonft  of  that  metal ;  bat  the  actual  prodace  oC  the  eiploraiionft  of  these  eountiiet  was, 
BccordiDg  to  Helms,  about  the  befiniiiiig  of  this  eenturr,  fhuu  170  to  180  tons  per 

la  1782,  iMoune  wa>  had  by  the  South  Amerieaa  minen  to  the  roercurr  extracted  ia 
the  provioce  of  Yan-aan,  in  China. 

The  nKlallurgic  trealmeal  of  the  qaiekmlver  oret  ii  tolerably  simple.  In  ^oeral, 
when  the  itilphurel  of  meicury,  the  most  coDUDOa  ore,  ha*  been  pulveriied,  and  lome- 
lime*  tnubed,  it  ia  iairoduced  into  retorts  of  caal-iroo,  theet-iroa,  or  even  stoneware,  io 
mizlare  with  an  equal  veigbt  of  quicklime.    These  ictorli  are  arranged  in  various 

Prior  to  the  17lh  eealury,  the  method  called  ptr  dataattm  ns  the  only  one  in  we 
lor  distilling  mercury;  and  it  was  effected  by  means  of  two  earthen  poll  adjusled  over 
each  other.  I'be  upper  pot,  Slled  with  ore,  and  cIdshI  at  the  top,  was  covered  over  with 
bumiog  Aielj  and  the  mercnrial  vapOn  eipelled  by  the  heat,  passed  down  through  small 
bales  in  the  bottom  of  the  pot,  to  be  condensed  in  another  leesel  placed  below. 
However  eonveoieot  this  apparatus  might  be,  on  account  of  the  facility  of  transporting 
it,  wheever  the  ore  was  found,  its  inefficiency  and  the  losses  it  occasioned  were  crentu- 
■llf  recognised.  Hence,  before  1635,  some  smelting  woHis  of  the  Palatinate  had  given 
up  the  method  pir  daetnnun,  which  was,  however,  still  retained  in  Idria  ;  and  they  sub- 
slitnted  for  it  the  fanmce*  called  galltria.  At  Erst,  earthenware  retorts  were  employed 
in  thcM  furaaees ;  but  they  were  soon  succeeded  by  iron  retorts.  In  the  Palatinate  thii 
iDode  uf  operating  is  stiU  in  use.  Al  Idria,  in  the  year  1790,  a  great  distillatory  appa- 
ratus was  establuhed  for  the  trealment  of  the  mercurial  ores,  in  imitation  of  those  which 
previooaly  existed  at  Almaden,  in  Epain,  and  called  a/add/anuMi.  Bnl,  since  1794, 
the»e  aludels  have  been  suppresaed,  and  new  distillatory  apparatus  have  been  constructed 
at  Idria,  remarkable  only  for  their  magnitude ;  exceeding,  in  this  respect,  every  other 
metiUur^  erection. 

There  eiisl,  therefore,  three  kinds  of  apparatus  for  the  distillation  of  mercury :  I.  the 
faruaee  called  a  gailtrif;  2.  the  furnace  with  ttiudtU;  and  3.  the  large  apparatlu  of 
Idria.     I  shall  describe  each  of  these  briefly,  in  succession. 

1.  Fanucf  catitd  Gailtry  of  tht  Palalinalt.—Tbc  construction  of  this  furnace  is  dis. 
posed  so  as  to  ooatain  four  ranges,  a  a',  b  A',  of  large  retorts,  styled  euenrbils,  of  cast-iron, 
in  which  the  ore  of  mercury  is  subjected  to  distillation.  This  arrangement  is  shown  in 
Jig.  656,  which  presents  a  vertical  section  in  the  line  n  6  of  the  ground  plaa,/g.  657.  In 
the  ground  plan,  the  roof  1 1'  of  the  fnmace  {fig.  656)  is  supposed  to  be  lifted  off,  in 
Older  to  show  the  disposition  of  the  four  ranges  of  cucurbits  upon  the  giale  c  /, 
Jigi.  656,  657,  which  receives  the  pil-coal  employed  as  fuel.  Under  this  grate  extends 
■n  ash-pit  d.  Fif.  65S,  which  exhibits  an  elevation  of  the  furnace,  points  out  this 
ash-pit,  as  well  as  one  of  the  two  doors  c,  by  which  the  ftael  is  throim  upon  the  grato 

656  657  c  /.     Openings  1 1,  (Jig.  656,)  are 

left  over  the  top  arch  of  the  Itar- 

nace,  whereby  the  draught  of  air 
may  receive  a  suitable  direction. 
The  grate  of  the  fireplace  extends 
over  the  whole  length  of  Ihc  fur- 
nace, Jig.  657,  from  Ihc  door  c  to 
the  door  /,  situated  at  the  opposite 
extremity.  The  furnace  called  gal- 
Itry  includes  commonly  30  cucurbits, 
and  in  some  establishments  even 
62.  Into  each  are  inlrodaecd  fVom 
66  to  70  pounds  of  ore,  and  15  to 
18  pounds  of  quicklime,  a  mixture 
which  fills  no  more  than  two  thirds 
of  the  cucurbit;  to  the  neck  • 
stoneware  receiver  is  adapted,  con- 
taining water  to  half  iW  hMgkL 
1  till  the  cucurbits  are  rfd  hot    The 

Bpnainn  armn  conciuuea,  me  conicnts  oi  ine  received  are  poured  out  into  a  Wdodea 
bowl  placed  upon  a  plank  above  a  bucket ;  the  qoicksilvcr  falls  to  the  bottom  of 
tte  bowl,  and  the  water  draws  over  the  black  mtratiy,  for  so  the  substance  that  teats 
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M,  goe*  ia  Ik*  itite  of  *«pcr,  into  n  chamber  k ,-  bnt  in  pudn;  nnder  a 
partilion  1 1,  a  eeruin  poition  u  deposited  in  a  ciclern  i,  filled  with  vater.  The  greater 
part  of  Ibe  vapon  diffnwd  ia  the  chamber  Jb'  is  thereby  candemed,  and  the  mercury 
falls  down  upon  the  two  inclined  planes  which  form  it<  botlom.  What  maj  Blill  exist 
as  vapor  pastes  into  an  upper  chamber  k',  by  a  small  chimney  n.  On  one  of  itae  tides 
of  (his  chamber  there  ia  a  shutter  vhich  may  be  opened  at  pleasure  from  belov  upwards, 
and  beneath  this  shutter,  thae  is  a  gutter  into  which  a  notable  quantity  of  mercury 
eoUecls.  Much  c^it  is  also  fonnd  condensed  in  the  aludels.  These  facts  prove  that  tliis 
ptneesa  has  ineon leniences  which  have  been  tried  to  be  reo^edied  by  the  more  eitensive 
but  rather  uDcfaemical  grand  apparatus  of  Idria. 

Details  of  the  aludel  apparatus :  25  ore  set  in  each  of  the  13  ranges,  seen  in  Jig.  661, 
ecmalilutiai:  30U  pear-shaped  stoneware  leasels,  open  at  both  ends,  being  merely  thrust  into 
one  another,  and  luted  with  loam.  What  a  maltilude  of  joints,  of  which  a  great  many 
most  be  eontianally  giving  way  by  the  shrinllage  of  the  luting,  whereby  the  mercurial 
nunes  will  escape  with  great  Ima  of  prodnct,  to  poison  the  air  I 

a,  is  the  door  of  the  fire-place  j .  c,  the  perforated  arches  upon  which  the  ore  is  piled  in 
the  chamber  (,  through  the  door  d,  and  an  orifice  at  top  ;  the  latter  being  closed  during 
the  didillalion;  y/ are  vents  for  conducting  the  mercurial  vapors  into  two  ehambert  i, 
•epwBled  by  a  iriangular  body  d*  tDBSODry  m  n  ,'  A  is  the  smoke  chimney  of  the  fire-place; 
0  0,  are  the  ranges  of  aludels,  in  connexion  with  the  chamber  t,  which  are  laid  slantingly 
towards  the  gutter  g,  upon  the  double  inclined  plane  terrace,  and  tenninate  in  the 
ehamber  li  q  ;  this  being  sarmoanted  by  two  chimneys  (.  The  mercury  is  collected  in 
these  aludels  and  in  the  basins  at  q  aiid  p,  fig.  661,  r  is  a  thin  stone  partition  set  up 
between  the  two  principal  walls  of  each  of  the  furnaces,  v  a  the  stair  of  the  aludel  ter- 
race, leading  to  the  platform  which  sunnounts  the  fumacG  ;  i  is  a  gutter  for  condaeting 
away  the  laini  which  may  fall  upon  the  buildings. 

Gnat  apparalui  of  Idria. — Before  entering  into  details  of  this  labomtory,  it  will  not 
be  useless  to  recapitulate  the  metalluigic  classification  of  the  ores  treated  in  it.  1.  the 
ores  in  Urge  blucks,  (Vagments,  or  ihiven,  whoee  size  varies  from  n  cubic  foot  to  that  of 
a  nut.     2.  The  smaller  ores,  ttom  the  site  of  a  nut  to  that  of  grains  of  dust. 

The  lirst  clan  oTIargt  ores  comprises  three  sobdivisions,  namely  ;  a,  blocks  of  metal- 
Uferous  rocks,  vbich  is  the  most  abundant  and  the  poorest  species  of  ore,  affording  only 
one  per  cnl,  of  mercury  j  b,  the  massive  sulphurel  of  mercury,  the  richest  and  rarest  ore, 
yietdiog  80  per  eerd.  when  it  is  picked  ;  r,  tbe  fragments  or  splinters  proceeding  from  the 
breaking  and  sorting,  and  which  vary  in  value,  from  I  to  40  per  cnU. 

The  second  class  of  small  ores  comprises :  d,  the  fragments  or  shivers  extracted  from  the 
mine  in  tbe  slate  of  tittle  pieces,  affording  from  10  Co  13  per  ant. ;  t,  the  kernels  of  an 
•eparaled  on  the  sieve,  yielding  32p(r  cenl.  ,-/(he  sands  and  paste  c^ed  ictftcA,  obtain- 
ed in  the  treatment  of  the  poorest  ores,  by  means  of  the  stamps  and  washing  tablet ) 
100  parts  of  this  tdiUA  give  at  least  S  of  quicksilver. 

Hie  general  aspect  of  the  apparatus  is  inlicated  byjSgi.  663,  664,  and  665.     Fig.  66S, 


r.g.6e6, 
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exactly  the  other,  which  is  not  shown. 
In  these  three  figures  the  following  o^ 
jeou  may  be  distinguished;  fig:  663, 
664,  a,  door  of  the  Gre-|Jace;  i,  the 
furnace  in  which  beech-wood  is  burned 
mixed  with  a  little  fir-wood;  c,  Aoar 
of  the  asb-pit,  extended  beneath ;  d, 
a  space  in  which  tbe  ores  are  depoailed  upon  the  seven  arches,  1  to  7,  as  indicated  in 
jlgf.  663,  and  666 ;  1 1,  brick  lunneds,  by  which  the  smoke  of  the  f\iel  and  the  vapoia  of 
moeary  pais,  on  the  one  tide,  Into  snc««aaive  chambers/  k. 
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^ningl  on  cseh  siJe  of  the  same  fnniBCe,  and  in  each  half  of  Ihe  appontw,  wUA  m 
orMe,  as  fis.  f>44  shuwa;  the  e paces  wilhaal  lellen  beiag  in  ever;  mpecl  similar  Utke 
paces  menlioned  below.     Fig.  664  ia  double  the  scalr  oC  fig,  963, 

m  m;  fif.  664,  are  basins  of  reception,  digtribated  before  Ihe  ioan  of  each'  of  the 
hambers/Jt/"  If.  The  coadetued  mrnmij  which  Sows  onloflhe  ehamben  i«  awTcyad 
hither,  n  n'  is  a  trench  into  which  the  mercury,  afler  being  lilUd  into  tlie  banns  m^  is 
•anred,  k>  thai  it  may  run  tofraftlB  a  common  chamber  a,  in  the  slopin;  directioa 
ndleated  bf  Che  arrows,  a  leads  la  the  chamber  where  the  mercorf  i»  mseived  into  a 
lorphyry  trough ;  out  of  which  it  is  laded  and  packed  up  in  portions  of  60  or  100  lb*, 
n  shFCp-skius  prepared  with  alum,  pp',  fig.  663,  are  vaulted  arches,  throng  which  ■ 
ircoladon  (nay  go  on  round  the  furnace  ob  c  d,oatia  gronnd  level.  ;  f'  are  the  tsuIU 
if  the  apper  stories,  r  i",  fig.  B6ti,  vauHa  which  permit  access  to  the  tonneU  ('  f, 
If.  663. 

•  »■  and  ( I, fig.  66S,  are  the  doors  of  the  chambera/fc  and/"  *■.  Theae  opeainfs  are 
hill  during  the  distillalion  by  wooden  doors  faced  with  iron,  and  tnled  with  a  nurtar  of 
Ibt  and  lime,  u  u'  is  the  door  of  Ihe  vaults  1  to  T  of  the  farnace  repreaeated  ia 
ig.  663.  Tliesa  op«iini?s  are  hermetically  shot,  like  the  preemiing.  v  v,  fig.  6^  are 
uperior  openings  of  Ihe  chambers,  closed  doing  the  operation  by  Inled  plagi ;  Iber  are 
pened  aRerwards  to  facilitate  the  cooling  of  the  apparalus,  and  to  mllect  the  mercnrial 
oM.    X  y  >,  fig.  666,  are  floors  whieh  eorreapraid  to  the  doors  h  «'  of  Ihe  vaults  1  lo  T, 


1;.  669,  These  Hooi*  are  reached  by  itairt  set  up  in  the  different  parts  of  the  building, 
'hich  conlainB  the  whole  apparalns. 

On  the  lower  arehes  the  laritest  blocks  of  mctalliferoni  rock  are  laid  ;  over  Ihese  the 
■ss  bulky  fra^menls  are  arranged,  which  are  covered  wilh  the  shivers  and  pieces  of  lets 
imen^ion.  On  the  middle  vaults,  the  smalt  ore  is  placed,  distrihgted  into  cylindrical  pip- 
ing of  earthenware,  of  10  Inches  diameter  and  5  inches  depth.  The  upper  vaults  receive 
kewise  pipkins  filled  with  Ihe  sands  and  pastes  called  iMich, 

In  3  hours,  br  the  labor  of  40  men,  Ihe  two  double  sets  of  apparalns  are  charged,  and 
U  the  apertures  are  closed.  A  qnick  fire  of  beech-wood  is  then  kindled ;  aad  when  the 
rhole  mass  hag  become  saflleiently  heated,  the  sulphoret  of  mercury  begios  to  vapor- 
le;  comini;  Into  eontacl  wilh  the  portion  of  oxygen  which  had  not  been  carbonated, 
J  combustion,  iU  sulphur  bums  into  sulpharous  acid,  while  the  mercury  becomes  free, 
a»et  with  Ihe  other  vapors  into  the  chambers  for  coudeusiug  it,  and  precipitate*  in  Ihe 
iqaid  form  at  a  greater  or  less  distance  from  Ihe  lire-place.  The  walls  of  the  chambers 
nd  the  floors,  wilh  which  their  lower  portion  is  covered,  are  soon  coaled  over  with  a 
lade  mercuriid  aoot,  which,  being  treated  anew,  fhmjAes  60  ptr  etnl.  of  mercoiy.  The 
illillation  lasts  from  10  to  13  boors ;  during  which  time  the  whole  furnace  is  kept  at 

cherry-red  heal.  A  complete  charge  for  the  two  double  apparatus,  consists  of  from 
000  lo  1300  quintals  of  ore,  which  prodoee  fVom  SO  to  90  quinliUa  of  running  mercury. 
"ha  furnace  takes  from  S  to  6  days  to  cool,  according  (o  the  stale  of  Ihe  wealher ;  and 
''  to  Ihut  period  be  added  the  lime  requisite  for  withdrawing  the  residnnms,  nnd^ltend- 
ig  to  such  repaira  as  the  furnace  may  need,  it  is  obvious  that  only  one  distillation  can  be 
Conned  in  the  course  of  a  week. 

Id  the  works  of  Idria,  in  IS  12,  56,686  quintals  and  a  half  of  quicksitvar  ores  were  di*- 
illed,  after  unde^oing  a  very  carefol  mechanical  preparation.  They  afforded  4S32  quin- 
lis  of  running  mercury ;  a  quantity  corresponding  to  aboutS^  per  ceil,  of  the  ore.  These 
melting  works  are  abont  180  feet  long  and  30  feet  high. 

Upon  Ihe  preceding  three  systems  of  tmelcing  mercnrial  ores,  I  shall  now  make  sune 
baervaliona. 

It  has  been  long  well  known,  that  qnickiilver  may  be  most  readily  extracted  tttm 
Imubor,  by  heating  il  in  eontacl  wilh  quicklime.    The  sniphur  of  th«  cinnabar  eoift- 
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Ham,  by  Wrtae  of  a  superior  affinity  with  tlie  lime^  to  the  exclusion  of  tke  quicksilvery 
to  focm  sidphurets  of  lime  and  ealciom,  both  of  which  being  fixed  keparsy  remain  in  the 
retort  while  the  mercury  is  volatilized  by  the  heat.  In  a  few  places,  hamroerschlag,  or 
the  iron  cinder,  driven  off  from  the  blooms  by  the  tilting  hammer,  has  been  used  instead 
of  lime  in  the  reduction  of  this  mercurial  ore,  whereby  sulphurous  acid  and  sulphuret  of 
iron  are  formed. 

The  annual  production  of  the  Bavarian  Rhine  provinces  has  been  estimated  at  from 
400  to  550  quintals ;  that  of  Almaden,  in  the  year  1827,  was  22,000  quintals;  and  of 
Idria,  at  present,  is  not  more  than  1600  quintals. 

All  the  plans  hitherto  prescribed  for  distilling  the  ore  along  with  quicklime,  are  re- 
markably rude.  In  that  practised  at  Landsberg  by  Obermoschel,  there  is  a  great  waste 
of  labor,  in  charging  the  numerous  small  cucurbits ;  there  is  a  great  waste  of  fuel  in  the 
mode  of  heating  them ;  a  great  waste  of  mercury  by  the  imperfect  luting  of  the  retorts 
to  the  receivers,  as  well  as  the  imperfect. condensation  of  the  mercurial  vapors;  and 
probably  a  considerable  loss  by  pilfering. 

The  modes  practised  at  Almaden  and  Idria  are,  in  the  greatest  degree,  barbarous ;  the 
ores  being  heated  upon  open  arches,  and  the  vapors  attempted  to  be  condensed  by  enclo- 
sing? them  within  brick  or  stone  and  mortar  walls,  which  can  never  be  rendered  either 
sufficiently  tight  or  cooL 

To  obviate  all  these  inconveniences  and  sources  of  loss,  the  proper  chemical  arrange* 
ments  suited  to  the  present  improved  state  of  the  arts  ought  to  be  adopted,  by  which 
labor,  fuel,  and  mercury,  might  all  be  economized  to  the  utmost  extent.  The  only 
apparatus  fit  to  be  employed  is  a  series  of  cast-iron  cylinder  retorts,  somewhat  like 
those  employed  in  the  coal  gas  works,  but  with  peculiarities  suited  to  the  condensation 
of  the  mercurial  vapors.  Into  each  of  these  retorts,  supposed  to  be  at  least  one  foot 
square  in  area,  and  7  feet  long,  6  or  7  cwts.  of  a  mixture  of  the  ground  ore  with  the 
quicklime,  may  be  easily  introduced,  from  a  measured  heap,  by  means  of  a  shovel. 
The  specific  gravity  of  the  cinnabar  .being  more  than  6  times  tiiat  of  water,  a  cubic  foot 
of  it  will  weigh  more  than  3|  cwts. ;  but  supposing  the  mixture  of  it  with  quicklime 
(when  the  ore  does  not  contain  the  calcareous  matter  Itself)  to  be  only  thrice  the 
density  of  water,  then  four  cubic  feet  might  be  put  into  each  of  the  above  retorts,  and 
still  leave  1|  cubic  feet  of  empty  space  for  the  expansion  of  volume  which  may  take  place 
in  the  decomposition.  The  ore  should  certainly  be  ground  to  a  moderately  fine  powder, 
by  stamps,  iron  cylinders,  or  an  edge  wheel,  so  that  when  mixed  with  quicklime,  the  cin^ 
nabar  may  be  brought  into  intimate  contact  with  its  decomposer,  otherwise  much  of  it  will 
be  dissipated  unproductively  in  fumes,  for  it  is  extremely  volatile. 

Figi,  667,  668,  669,  represent  a  cheap  and  powerful  apparatus  whieh  I  contrived  at 
the  request  of  the  German  Mines  Company  of  London,  and  which  ti  now  mounted  at 
Landsberg,  near  Obermoschel,  in  the  Bavarian  Rhein-Kreis. 

Ftg.  667,  is  a  section  parallel  to  the  front  elevation  of  three  arched  benches  of  retorts, 
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of  the  sixe  above  specified.  Each  beneh  contains  3  letoits,  of  the  form  represented  by 
a  a  A.  I,  is  the  single  fire-place  or  furnace,  capable  of  giving  adequate  ignition  by 
conl  or  wmid,  to  the  three  retorts.  The  retorts  were  built  up  in  an  excellent  manneri 
by  an  English  mason  perfectly  acquainted  with  the  best  modes  of  erecting  coal-gas 
retorts,  who  was  sent  over  on  purpose.  The  path  of  the  flame  and  smoke  is  precisely 
^Biilar  to  that  re|>re6ented  in  fig,  483,  page  655,  whereby  the  uppermost  retort  b 
■Bmersed  in  a  bath  of  uniformly  ignited  air,  while  the  currents  reverberated  flom  the 
topi  play  round  the  two  undermost  retorts,  in  their  way  to  the  Tent-fiuet  beneath 
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them.  The  bottom  oT  the  uppermott  relral  is  protected  from  the  direct  impnbe  ef  flii 
lUme  by  fire-lUe«.  The  dotl^  linn  e  k,  show  the  path*  of  the  chimneTs  which  lue  m 
the  back  ends  of  the  retorts. 

In  the  section,  Jig.  668,  a  is  the  bodr  of  the  retort ;  its  mooth  at  the  right  hand  ent 

6S8  is  shnt,  rk  usual,  by  a  lated  iiun  lid,  secum 

with  a  crose-bar  and  screw-bolts ;  its  othn 
end  ii  prolonged  bj*  a  slopini;  pipe  of  ras 
iron,  4  inches  in  diameter,  faraisheil  with  i 
Doule  hole  at  l,  closed  with  a  screw  plug 
Through  this  hole  a  wire  rammer  rhi< 
be  introduced,  to  ascertain  that  the  tnbe  i 
pervious,  and  to,  cleanse  it  from  the  mer 
corial  soot,  when  thought  necessujy.  c,  i 
a  cross  section  of  the  main  coudenser,  showi 
in  a  longitudinal  section  at  c  c,  fig.  669 
This  pipe  is  18  inches  in  diameler,  an 
aboat  20  feet  loni.  At  a  a,  he.,  the  bad 
end*  of  the  retorts  are  seen,  with  Ih> 
alanling  tubes  b  b,  kn.,  descending  Ihrongl 
orifices  in  the  upper  surface  uf  the  con 
denser  pipe,  and  dipping  their  ends  jns 
below  the  water-line  K  i.  g,  is  the  cap  of 
n  water  ralvc,  which  removes  all  risk  fron 
sadden  expansion  or  condensation.  Thi 
rectangular  trough,  made  either  of  wood  or  slone,  Ihrougi 
r  water  imssea  to  keep  it  perfectly  cool,  and  repress  eren 
ipor,  and  il  is  laid  with  a  slight  inclination  fron   '      " 
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sufficient  stream  of 


MUdensed  quicksitver  may  spontaneonsly  Qow  along 


,nd  pass  throngh  Ihi 


vertical  tube  d  into  the  locked  up  Iron  chest,  or  magazine  (.  This  tube  d  is  from  the 
beginning  closed  at  bottom,  by  immersion  in  a  shallow  iron  cap,  alwaj's  filled  with  mer- 
Gury.  k  is  a  graduated  gouge  rod,  to  indicate  the  progressive  accumulation  of  qnipksilva 
in  the  chesi,  without  being  under  the  necessity  ofunlocking  it. 

This  nir-ttchi  apparatus  was  erected  about  a  year  ago,  and  has  been  found  to  acl 
perfectly  well ;  I  regret,  hoircTer,  that  my  professional  engagements  at  borne  have  noi 
hitherto  permitted  me  to  conduct  its  opeialions  personally  for  some  days.  The  average 
■amples  of  cinnaliar  ore  from  Obennoschel  are  ten  times  poorer  than  those  of  Almaden. 
Were  such  an  apparatus  as  the  above,  with  some  slight  modifications  which  have  latel] 
occurred  to  me,  mounted  for  the  Spanish  mines,  I  am  confident  that  their  produce  ii 
quicksilver  might  be  nearly  doubled,  wiih  a  vast  economy  of  fuel,  labor,  and  humar 
life.  The  whole  cost  of  the  9  large  retorts,  with  their  condensing  apparatus,  iita 
magazine,  tu!.,  was  very  little  more  than  flco  hv.ndrtd  jioundi .'  As  the  retorts  are  bepi 
In  a  stale  of  nearly  uniform  ignition,  like  those  of  the  !;as  works,  neither  ihey  noi 
the  furnaces  are  liable  to  be  injured  in  their  joints  by  Ibe  alternate  contractions  anc 
expansions,  which  they  would  incvitnbly  snlTer  if  nllowed  to  coo! ;  and  being  alwayn 
ready  healed  to  the  proper  pilch  for  decompoi^inK  the  mercurial  ores,  they  are  capaUi 
cT  working  oti'  a  charge,  under  skilful  management,  in  the  course  of  3  hours.  Thus, 
in  Z4  hours,  with  a  relay  of  laborers,  8  charges  of  at  least  5  cwls.  of  ore  each, 
might  be  sme1led=2  tons,  with  3  retorts,  and  6  tons  with  9  relortsj  with  a  dail] 
product  from  the  rich  ores  of  Almaden,  or  even  Idria,  of  from  12  cwls.  to  20  ewts. 
Instead  of  3  benches  of  3  retorts  each,  I  would  reciimmend  15  benches,  CDDlaining  4S 
retorts,  to  be  erected  for  either  the  Almaden  or  Idria  mines  ;  which,  while  they  wodU 
amelt  all  Iheir  ores,  could  be  got  for  a  sum  not  much  exceeding  lOOOI.,  an  outlay  whicb 
they  would  reimbnrse  within  a  month  or  two. 

Quicksilver  is  a  substance  of  paramount  value  to  acimce.  Its  great  density  and  its 
regular  rate  of  expansion  and  conltaction  by  incrcaw  and  dimiautioii  <if  lempsatoi^ 
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five  it  tiie  preferenee  over  all  liquids  for  filling  barometric  and  therroometric  tubes.    In 
.  sbemistry  it  faroishes  the  only  means  of  collecting  and  manipulating,  in  the  pneumatic 
Iroagh,  such  gaseous  bodies  as  are  condensable  over  water.      To  its  t^d,  iu  this  respect, 
tlw  modern  advancement  of  chemical  discovery  is  pre-eminently  due. 

This  metal  alloyed  with  tin-foil  forms  the  reflecting  surface  of  looking  glasses,  and  by 
its  ready  solution  of  gold  or  silver,  and  subsequent  dissipation  by  a  moderate  heat,  it  be- 
comes the  great  instrument  of  the  arts  of  gilding  and  silvering  copper  and  brass.  The 
6ame  property  makes  it  so  available  in  extracting  thc.*e  precious  metals  from  their  ores. 
The  anatomist  applies  it  elegantly  to  distend  and  display  the  minuter  vessels  of  the 
lymphatic  system,  and  secretory  systems,  by  injecting  it  with  a  syringe  through  all  their 
eonvolutions.  It  is  the  basis  of  many  very  powerful  medicines,  at  present  probably  too 
indiscriminately  used,  to  the  great, detriment  of  English  society;  for  it  is  far  more 
sparingly  prescribed  by  practitioners  upon  the  continent  of  Europe,  not  otherwise  superior 
m  skill  or  science  to  those  of  Great  Britain. 

The  nitrate  of  mercury  is  employed  for  the  seeretage  of  rabbit  and  hare-skins,  that  is, 
for  communicating  to  the  fur  df  these  and  other  quadrupeds  the  faculty  of  felting,  which 
they  do  not  naturally  possess.  With  this  view  the  solution  of  that  salt  is  applied  to  them 
Ughtly  in  one  direction  with  a  sponge.  A  compound  amalgam  of  zinc  and  tin  is  probably 
the  best  exciter  which  can  be  applied  to  the  cushions  of  electrical  machines.  Mercury 
imported  for  home  consumption  in  1836,  286,808  lbs. ;  in  1837,  314,036  lbs. 

The  only  mercurial  compounds  which  are  extensively  used  in  the  arts,  are  factitious 
cinnabar  or  Vermiliok,  and  corrosive  sublimate. 

MERCURY,  BICHLORIDE  OF;  CorroHve  svUimate  (Deutochlorure  de  mercure,  Fr. ; 
Jeizendes  quecksilber  tiMimai,  Germ.),  is  made  by  subliming  a  mixture  of  equal  parts  of 
persulphate  of  mercury,  prepared  as  above  described,  and  sea-salt,  in  a  stoneware  cucur- 
bit. The  sublimate  rises  in  vapor,  and  incrusts  the  globular  gUss  capital  with  a  white 
mass  of  small  prismatic  needles.  Its  specific  gravity  is  5*14.  Its  taste  is  acrid,  stypto- 
metallic,  and  exceedingly  unpleasant.  It  is  soluble  in  20  parts  of  water,  at  the  ordinary 
temperature,  and  in  its  own  weight  of  boiling  water.  It  dissolves  in  2^  times  its  weight 
of  cold  alcohol.  It  is  a  very  deadly  poison.  Raw  white  of  egg  swallowed  in  profusion, 
is  the  best  antidote.  A  solution  of  corrosive  sublimate  has  been  long  employed  for  pre- 
serving soft  anatomical  preparations.  By  this  means  the  corpse  of  Colonel  Morland  was 
embalmed  in  order  to  be  brought  from  the  seat  of  war  to  Paris.  His  features  remained 
unaltered,  only  his  skin  was  brown,  and  his  body  was  so  hard  as  to  sound  like  a  piece  of 
wood  when  struck  with  a  hammer. 

In  the  valuable  work  upon  the  dry  rot,  published  by  Mr.  Knowles,  secretary  of  the 
committee  of  inspectors  of  the  navy,  in  1821,  corrosive  sublimate  is  enumerated  among 
the  chemical  substances  which  had  been  prescribed  for  preventing  the  dry  rot  in  timber; 
and  it  is  well  known  that  Sir  H.  Davy  had,  several  years  before  that  date,  used  and. 
recommended  to  the  Admiralty  and  Navy  Board,  corrosive  sublimate  as  an  anti-dry  rot 
application.  It  has  been  since  extensively  employed  by  a  joint-stock  company  for  the. 
same  purpose,  under  the  title  of  Ryan's  patent. 

MERCURY,  PROTOCHLORIDE  OF;  Calonul ;  (Protochlorure  de  mercurey  Fr.; 
Ven'uistes  quecksilber,  Germ.)  This  compound,  so  much  used  and  abused  by  medical 
practitioners,  is  commonly  prepared  by  triturating  four  parts  of  corrosive  sublimate  along 
with  three  parts  of  running  quicksilver  in  a  marble  mortar,  till  the  metallic  globules 
entirely  disappear,  with  the  production  of  a  black  powder,  which  is  to  be  put  into  a  glass 
balloon,  and  exposed  to  a  subliming  heat  in  a  sand  bath.  The  calomel,  which  rises  ia 
vapor,  and  attaches  itself  in  a  crystalline  crust  to  the  upper  hemisphere  of  the  balloon, 
is  to  be  detacKed,  reduced  to  a  fine  powder,  or  levigated  and  elutriated.  200  lbs.  of  mer- 
cury yield  236  of  calomel  and  272  of  corrosive  sublimate. 

The  following  more  economical  process  is  that  adopted  at  the  Apothecaries''  Hall, 
London.  140  pounds  of  concentrated  sulphuric  acid  are  boiled  in  a  cast  iron,  pot  upon 
100  pounds  of  mercury,  till  a  dry  persulphate  is  obtained.  Of  this  salt,  124  pounds  are 
triturated  with  81  pounds  of  mercury,  till  the  globules  disappear,  and  tiU  a  protosulphate 
be  formed.  This  is  to  be  intimately  mixed  with  68  pounds  of  sea-salt,  and  the  mixture, 
being  put  into  a  large  stone-ware  cucurbit,  is  to  be  submitted  to  a  subliming  heat.  See 
Calomel. 

From  190  to  200  pounds  of  calomel  rise  in  a  crystalline  cake,  as  in  the  former  process, 
into  the  capital ;  while  sulphate  of  soda  remains  at  the  bottom  of  the  alembic.  The 
ea]<miel  must  be  ground  to  an  impalpable  powder,  and  elutriated.  The  vapors,  instead 
of  being  condensed  into  a  cake  within  the  top  of  the  globe  or  in  a  capital,  may  be  allowed 
to  diffuse  themselves  into  a  close  vessel,  containing  water  in  a  state  of  ebullition,  where- 
by the  calomel  is  obtained  at  once  in  the  form  of  a  washed  impalpable  powder.  Calomel 
b  tasteless  and  insolable  in  water.    Its  specific  gravity  is  7*176. 

For  the  compound  of  mercury  with  fulminic  acid,  see  Fulmikate.  Periodide  qf 
■Mrcvry  is  a  bright  but  fugitive  red  pigment.    It  is  easily  prepared  by  dropping  a  solntioa 
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af  iodida  of  patamam  into  a  solBtion  of  coiTDUTe  lablimit^  u  ^OBg  ma  aar  prceipitatka 

takes  place,  decanting  off  the  ■npernaUnt  mnriale  of  potaih,  irailung  aiid  drying  Ihi 
precipitate. 

METALLURGY  {EnkmnJ*.  Genu.)  b  the  art  of  extraelinj;  metab  from  tbcir  ona 
This  arljUhicb  supplies  industry  nitli  the  instruments  most  essential  to  its  waau,  i 
alike  dependant  upon  the  sciences  of  cbemistrf  and  mecbanics;  upon  the  frnmer,  a 
directing  (he  emelting  processes,  best  adapted  to  disenlangle  each  metal  bom  iU  mineia] 
iier ;  upon  the  latter,  as  IWniahijig  the  means  of  griodtug  tho  ores,  and  sepanting  thi 
light  stony  parts  from  ibe  rich  metallic  matter. 

Nolirilhstandin^  the  striking  anoli^  which  exilU  between  commoo  chemical  aai 
melallutgic  operations,  since  both  ere  employed  to  intoUte  certain  bodies  from  oUien 
there  are  esaenlial  differences  which  should  be  carefully  nol^.  In  the  first  place,  tit 
quantity  of  materials  being  always  very  great  in  metallurgy,  require*  correspoadins  adap 
lalions  of  appantxiB,  and  often  produces  peculiar  phenomena ;  in  the  second  place,  tb 
agents  to  be  employed  for  treating  great  masses,  most  be  selected  with  a  view  to  econotn] 
as  well  as  to  chemical  action.  In  analjtical  diemistry,  the  main  object  being  eiadnes 
of  result,  and  purity  of  product,  little  attention  is  bestowed  upon  die  value  of  the  rca 
gents,  on  account  of  the  small  quantity  required  for  any  putjcular  process.  Bnl  i 
smelling  melaJs  upon  the  great  scale,  profit  being  the  sole  object,  cheap  materials  an 
easy  operations  alone  are  admissible. 

The  metallic  ores  as  presented  by  nature,  are  almost  always  mixed  with  a  considerab) 
number  of  foreien  substances ;  and  could  not  therefore  be  advantageously  sabmilted  t 
netallurgic  operations,  till  they  are  purified  and  coBceniraled  to  a  eertun  degree  b 
various  methods. 


There  are  two  kinds  of  preporoitm;  the  one  termed  mechanical,  from  the  means  em 
ploved,  and  the  results  obtained,  consists  in  processes  for  breaking  utd  grinding  the  orei 
and  for  washing  them  so  as  (o  separate  the  vein-Btones,  gangues,  or  oUier  mixed  earth 
matters,  in  order  to  insulate  or  concentrate  the  metallic  parts. 

Another  kind  of  preparation,  called  chemical,  has  for  its  object  to  sepaiate,  by  toean 
of  fire,  various  volatile  substances  combined  in  the  ores,  and  which  it  is  reqnisile  t 
dear  away,  at  least  in  a  certain  degree,  before  trying  10  extract  the  metals  they  ma 
contain. 

Lastly,  an  indispensBble  operation  in  several  circumstances,  is  to  discover,  by  tinpl 
and  cheap  methods,  called  owayi,  the  qnaolity  of  metal  contained  in  the  different  specie 
of  ores  to  be  treated. 

This  head  of  our  subject,  therefore,  falls  Tinder  three  subdivisions: — 

§  I.  The  mechanical  preparation  of  ores,  indnding  jncfeing,  ilavqiag,  and  differn 
modes  of  washing, 

i  2.  The  chemical  preparalion,  consisting  especially  in  the  roasting  or  caldMlion  a 
the  ores. 

§  3.  The  assay  of  ores,  comprehending  (he  mechanical  part :  that  is,  by  waahing;  th 
chemical  part,  or  assays  by  the  dry  tuay ;  and  the  asuys  by  the  moat  may. 

Section  I.  Of  Iht  irifcAanicuI  yttpoTttiiim  or  dreiting  of  ora. — 1.  The  first  picking  d 
•orting  takes  place  in  the  interior,  or  underground  workings,  and  consists  in  sepvatin 
the  fragments  of  rocks,  that  apparently  contain  no  metallic  mailer,  from  those  that  cm 
tain  more  or  less  of  it.  The  external  aspect  guides  this  sejMratum  g  as  also  the  feclin, 
of  density  in  the  hand. 

The  substances,  when  turned  out  to  the  day,  undergo  another  Mrting,  with  greater  o 
less  care,  aceoidiag  to  the  value  of  the  included  metal.  This  operation  consists  i 
lireakii^  Ibe  lumps  of  ore  with  the  hammer,  into  fragments  of  greater  or  less  size,  usual! 
as  large  as  the  fist,  whereby  all  the  pieces  may  be  picked  out  and  throirn  away  thi 
«ontain  no  metal,  and  even  such  as  contain  too  lilUe  to  be  smelted  with  advuitagi 
Tliere  is,  fbr  the  most  part,  a  building  erected  near  the  ontpul  of  the  mine,  in  which  th 
breaking  and  picking  of  the  ores  are  performed.  In  a  covered  gallery,  or  under  a  sbei 
'banks  of  earth  are  thrown  up,  and  divided  into  separate  beds,  on  each  of  which  a  Ihie 
llale  of  cast  iron  is  laid.  Oh  this  plate,  elderly  workmen,  women,  and  children,  bnm. 
the  ores  with  hand  hammers,  then  pick,  and  sort  them  piece  by  piece.  The  matters  s 
tnated,  are  usually  sepaialol  into  three  parts ;  1.  the  rodt  or  sterile  gangae,  which  i 
thrown  away  ;  2.  the  ore  for  the  stamping  mill,  which  presents  too  intimate  a  mixtiu 
of  rock  and  metallic  substance  to  admit  of  separation  by  breaking  and  pickings  an 
3.  the  pure  ore,  or  at  least  the  very  rich  portion,  called  tbe  torUd  miiu  or  the  fat  on 
On  the  sorting  floors  there  remains  much  small  rubbish,  which  might  form  a  fourt 
SDblivision  of  ore,  since  it  is  treated  in  a  peculiar  manner,  by  sifting,  as  will  be  prcaeoll 
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nu  in  ecttainldadmbiM,  pieces  oT  the  gangnei  are  Ihrown  sirar,  vhich  judged  bf  ^^ 
tft  miy  coDlain  3  per  cent,  of  iialena,  iMcauae  it  it  known  thil  tbe  greiler  portion  <£ 
in  vDikU  be  loat  in  Um  waabingi  reqaiml  Tor  MpumtUg  the  9T  parta  oT  the  gmagne, 
ud  ihil  the  remunder  woaM  noC  p>f  the  expenses. 

II.  Tke  verj  simple  operations  at  picking  sre  comman  to  almolt  all  ores;  but  there 
aie  other  operations  reqniring  more  skill,  care,  and  expense,  which  are  employed  in  their  ■ 
IbmI  itste  or  perfeclion  only  upon  ores  of  metals  poateaiinj  ■  certain  Talue,  as  Ihoae  of 
kad,  silver,  &c.     We  allude  to  the  waaking  of  ores. 

liie  most  simple  and  eeoaomieal  washings  are  those  that  certain  iron  ores,  parliculaiir 
Ibc  >]lnTisl,  are  snbjeclcd  to,  as  they  are  foand  near  the  sarfsce  of  the  gronnd  ag^lnti- 
Dalcdin  neat  or  little  pieces.  It  is  oAea  uBefal  to  clean  these  pieces,  in  order  to  pick  out 
the  etrth;  lumps,  which  would  be  altogether  injurious  in  tbe  furnaces. 

nis  crude  washing  is  performed  sometimes  b;  men  stirring  in  the  midst  of  a  stream 
of  water,  with  iron  lakes  or  sborels,  the  lumps  of  ore  placed  in  lar^  chests,  or  basins  of 
vood  or  iron. 

Id  other  aitaalions,  ibis  washing  is  executed  mora  economically  b;  a  machine  called 
aisiUlt  or  dollj-inb  by  oar  miaers.  A  troai;b  of  wood  or  iron,  with  a  concave  battom, 
■I  Bled  with  the  ore  to  be  washed.  Within  the  tub  or  trough,  arms  or  irou  handles 
are  iwiTcd  round  about,  being  attached  to  the  arbor  of  a  hydraulic  wheel.  The  trough 
itksft  alwaya  fall  of  water,  which  as  it  is  renewed  carries  off  the  earthy  mailers,  diSnsed 
Iknngh  it  by  the  motion  of  the  machine,  and  the  friction  among  the  pieces  of  the  ore. 
Whfo  the  washing  is  finished,  a  door  in  one  of  the  sides  of  the  trongh  is  opened,  and  the 
eirretit  removes  the  ore  into  a  more  spacions  basin,  where  it  is  subjected  to  a  kind  of 
tMdag.  It  is  flvquentlf  indeed  passed  through  sieves  tn  difierent  modes.  See  Lead  and 
Tim,  lot  fibres  of^MdiUn  aad  deUiu. 

m.  5famping.     Before  deseribina  the  refined  methods  of  washing  the  more  valpaUe 

on  1^  copper,  silver,  lead,  &.C.,  it  is  proper  to  point  out  the  means  of  reducing  them 

islDa  powder  of  greater  or  less  fineness,  bj  stamping,  so  colled  from  the  name  liampt  of 

tke  pestles  employed  for  that  purpose.     Its  usefulness  is  not  restricted  to  preparing  the 

•nsj  fbr  it  i«  employed  in  almost  every  smelling  house  for  ponnding  claj-s,  charcoal. 

Mam,  Ice.       A  Bt*m[diig  mill  or  poanding  machine.  Jig.  970,  consists  of  several 

moveable  pillars  of  wood  I  I  L 

placed  vertically,  and  supported 

in  this  position  between  fmmes 

ofearpentry  k  K  K.     These  piece* 

■re  each  armed  at  their  under  end 

with  amaisof  iron  rn.     An  arbor 

or  axle  a  a,  moved  by  water,  and 

turning   horizontally,   losses   up 

these  wooden  pestles,  by  means 

of  wipers   or    cams,  which   lay 

bold  of  ihe  shoaldars  of  the  pes- 

lh»  at  i  /  /.    These  are  raised  in 

succession,  and  fall  into  sn  ob- 

loag  trongh  behnr  m  m,  soooped  out  in  tbe  ground,  having  its  bottom  covered  either 

•ilh  plates  of  iron  or  hard  stones.    In  this  trongh,  beneath  these  pcst[cs,  the  ore  to  be 

Ramped  is  allowed  to  fbll  fVom  a  hopper  above,  which  is  kept  constantly  full. 

Tbe  tniagh  is  closed  in  at  the  sides  by  two  partitions,  and  indudes  three  or  four  pe*- 
Un;  which  the  French  miners  ealt  a  battery.  They  arc  so  disposed  that  their  ascent  Mid 
desMnl  lake  plaoe  at  equal  intervals  of  time. 

Usaally  a  stamping  maeUne  is  composed  of  several  batteries  (two,  three,  or  four),  and 
Ike  arraagement  of  the  wipers  on  the  arbor  of  Ihe  hydraulic  wheel  is  such  that  there  i* 
coiMantly  a  like  nnmber  of  pestles  liAed  at  a  lime ;  a  drcumstance  important  for  malu- 
Itiaiag  the  aBtlorm  going  of  the  machine. 

The  maRert  that  are  nM  to  be  exposed  to  subsequent  washing  are  stamped  dry,  Qnl 
i^  without  leading  water  into  Ihe  trongh ;  and  the  same  thing  i*  sometimes  done  wil^  the 
rich  ores,  whose  lighter  pans  might  otherwise  be  losL 

Most  osoallr,  especially  for  ores  of  lead,  silver,  copper,  *«.,  the  trough  of  the  stamper 
■  placed  in  Ihe  middle  of  a  correnl  of  water,  of  greater  or  less  fwce ;  which,  sweeping 
off  tbe  ponndad  ««b«wiees,  depoailes  them  at  a  greater  m-  less  distance  onwards,  in  the 
radsr  oT  the  tat  and  richneai  of  the  grain  g  conmitnliBg  a  first  washing,  as  they  e«e«pe 
frooi  beneath  Ihe  pestlea. 

In  th«  drr  stamping,  the  flnenest  of  the  powder  depends  on  the  weight  of  the  pestles, 
the  haghl  of  their  fall,  and  the  psriod  of  their  action  upon  the  ore ;  but  in  the  stampers 
etresed  to  a  stream  of  water,  the  retention  of  the  matters  in  Ihe  trough  is  longer  or 
ikantr,  according  to  tbe  Ikcilily  given  for  their  escape.  Sometimes  these  malteis  flow 
oil  of  the  ehest  over  its  edges,  and  the  height  of  the  line  they  must  surmount  has  an 
niMMacm  tha«i««rtlH  tfttli)<at  odier  >.ne),llie  water  aitd  the  pounded  matKt 
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which  it  evrin  off,  are  atde  to  jwh  ihrough  ■  graliag,  eaniis;  ■  Idnd  of  liAan;  it  li 
Mine  dme.  There  an,  howerer,  same  diflerenee*  ia  the  result!  of  these  two  method; 
LMllr,  the  qmulilr  of  water  Chat  traTerses  the  IroQEh,  as  well  «■  it*  Telodtr,  hu  ■ 
iaSuenee  on  the  dischaf'ge  of  Ihe  pouoded  matters,  and  eonseqacDtlj  on  the  products  o 
the  stamper*. 

The  size  of  the  psirticles  of  Ihe  ponnded  ore  being  diOerent,  according  to  the  miabl 
hardoess  of  the  matters  which  compose  Ihem,  suggests  Ihe  means  of  elaiain;  them,  an 
ilillribating  Ihem  nearlf  in  the  order  of  their  size  and  specific  gravily,  bj  Enaking  It 
water,  as  it  escape*  Ih>m  Ihe  slamping  Irongh,  circnlnle  in  a  ifslcm  oif  canals  called 
laiyrinlh,  where  it  deposites  anccesaivelf,  in  proportion  u  it  loses  its  velocity,  Ihe  earlt 
and  metallic  mailers  it  had  Boated  along.  These  melBlIiferons  portions,  especially  wh< 
tliey  have  n  great  specific  grant!  like  galeas,  would  be  deposited  in  the  first  passage 
were  it  not  that  from  their  hardness  being  inferior  to  that  of  the  gangiu,  ihey  are  reduo 
to  a  much  finer  powder,  or  into  thin  plates,  which  seem  to  adhere  to  both  the  waterf  ai 
earthy  particles  j  whence  Ibey  hare  to  be  soughl  for  among  Ike  fiaest  portions  of  the  pi 
rerized  gangue,  called  slime,  ichlidi,  or  ichlammt. 

There  are  several  melhods  of  conducting  Ihe  stamps;  ia  refarence^  lo  Lhe  siie  of  11 
grains  wished  lo  be  obtained,  and  which  is  previously  determined  agreeably  lo  ll 
nature  of  Ihe  ore,  and  of  the  gangue  j  its  richness,  Jtc.  The  height  of  the  slit  Ih 
lets  Ihe  poundedmatlersescape,  orlhediametersof  thehoiesin  the  grating,  their  distant 
the  qnaatily  of  water  Sowing  in,  its  Telocity,  lie,  modify  Ihe  result  of  the  stamping  op< 

When  it  is  requisite  lo  obtain  powder  of  an  extreme  fineness,  as  for  ores  thai  are  to 
subjected  lo  the  process  of  amalgamation,  they  are  passed  ander  millstones,  as  in  conmi 
com  mills ;  and  hCier  grinding,  Ihey  are  boited  so  as  lo  fonn  a  specie*  of  flour ;  oi  lb 
are  crushed  between  rolls.     See  Lead  and  Tin. 

Waihiiig  of  orti. 

IV.  The  ores  pounded  under  the  stamps  are  next  eiposed  to  Tery  delicate  op«ratioi 
both  tedious  and  cosily,  which  are  called  Ihe  uoiliiiigi.  Their  purpose  is  lo  sepan 
mechanically  the  earthy  matters  from  Ihe  metallic  portion,  which  must  therefore  havt 
much  higher  specific  gravity  j  for  otherwise,  Ihe  washing  would  be  impracticable. 

The  medium  employed  to  diminish  the  difference  of  specific  gravity,  and  to  more  alo 
the  lightest  matters,  is  water  ;  which  is  made  to  flow  with  greater  or  less  Telocity  > 
abundance  over  the  schlich  or  pasty  mud  spread  on  a  table  of  various  inclination. 

Bui  as  this  Dpeialian  always  occasians,  nol  only  considerable  expense,  but  a  certs 
loss  of  metal,  il  is  right  to  calculate  what  is  the  degree  of  richness  below  which  wxshi 
is  unprofitable  {  and  on  the  other  hand,  whal  is  the  degree  of  purification  of  the  icUtVA 
which  il  is  proper  lo  stop,  because  loo  much  metal  would  be  lost  comparatively  with  I 
expense  of  Rising  a  small  addilionsl  quantity  of  gangue.  There  cannot,  indeed,  lie  a 
fixed  rule  in  this  respect,  since  lhe  elements  of  these  calcalalions  vary  for  every  wort. 

Before  describing  the  iliiTerent  modes  of  washing,  we  must  treal  of  [he  sining 
riddling,  whose  purpose,  like  that  of  the  labyrinth  succeeding  Ihe  stamps,  is  to  distribc 
and  to  separate  the  ores  (which  have  not  pnssed  through  the  water  stamps)  tn  Ihe  oid 
of  the  coarseness  of  grain.  This  operation  is  practised  particularly  upon  the  debris  i 
Ihe  mine,  and  Ihe  rubbish  produced  in  breaking  the  ores.  These  substances  are  put  in 
a  riddle,  or  species  of  round  or  square  sieve,  whose  bottom  Is  formed  of  a  grating  inste 
of  a  plate  of  metal  pierced  with  holes.  This  riddle  is  plunged  suddenly  and  repealeil 
into  a  tub  or  cistern  filled  with  water.  This  liquid  enters  through  Ihe  bottom,  raiSFS  i 
the  mineral  particles,  aeparalcs  them  and  keeps  them  suspended  for  an  inslaot,  all 
which  they  fall  down  in  nearly  the  order  of  their  specific  gravities,  and  are  thus  class 
with  a  certain  degree  of  regularity.  The  sieve  is  soDielimes  dipped  by  Ibe  itnmedi: 
effort  of  the  washer  \  sometimes  it  is  suspended  lo  a  swing  which  the  workman  idoti 
in  order  that  the  riddling  may  be  rightly  done,  the  sieve  should  recelTC  but  a  sin: 
movement  from  below  upwards  \  in  this  case  Ihe  ore  is  separated  from  Ihe  giDgne,  a 
if  there  be  different  specific  itravllies,  there  are  formed  iuthe  aiereas  many  diitiact  stra 
which  the  workman  Can  easily  lake  out  with  a  ipalala,  throwing  the  upper  part  a* 
when  it  is  too  poor  to  be  re-sihed.  This  operation  by  Ihe  hand-sieve,  is  called  riJtU, 
in  ll\c  iai,  or  riddling  by  deposite. 

We  may  observe,  that  durini;  the  sifling,  the  particles  which  can  pass  acron  Ihe  ho 
of  the  bottom,  fall  into  the  tub  and  settle  dovn  there  ;  whence  Ihey  are  aflerwanls  ga 
ered  out,  and  eipoEed  lo  washing  when  Ihey  are  worth  lhe  trouble. 

Sometimes,  as  at  Ponlloouen,  the  sieves  are  conical,  and  held  by  means  of  two  hand 
by  a  workman ;  and  instead  of  receiving  a  single  piovement,  as  in  the  preceding  meth 
lhe  sifter  himself  gives  them  a  variety  of  dexterous  movements  in  sncceuioD.  Hia  ol^ 
is  to  separate  the  poor  portions  of  Ihe  ore  from  Ihe  richer ;  in  oiikr  to  sabject  the  fan 
to  the  stamp  mill. 

Among  the  liAingi  and  washing*  which  ores  an  m^  to  onderia,  we  ~'a=*  ube 
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•aioag  Ae  moat  hmM  and  Infcnioiis,  tho»e  praetiBcd  by  irm  gratingi,  MUed  on  the  Con- 
tmCDt  gritUi  oHglauet,  and  the  tltp-VHuhingM  of  Hangniy,  lavtriti  d  gradiiu.  These 
■netbodi  of  freein;  the  orea  ftom  the  pnlTernlent  esith]'  matters,  consiBl  m  placing  them, 
at  their  oat-put  ftom  the  mine,  upon  ^ralinin,  and  bringing  over  them  e  (tieam  cf  water, 
which  merelf  take*  down  thnmsh  (he  ban  the  small  rragmenti,  bat  carrin  oS  the  palver- 
vlenl  portion^.  The  latter  are  received  in  CLSterng,  vhere  they  are  allowed  to  rest  long 
enough  to  settle  to  the  bottom.  The  washio);  by  itept  is  an  eitension  of  the  preceding 
plan.  To  fona  an  idea,  let  ns  tmBBJne  a  series  o(  {trates  placed  saeeen^ivel]'  h1  ditTerenl 
lerels,  so  thai  the  water,  arriTing  oh  the  highest,  where  (he  ore  for  waehinj  lies,  came* 
off  a  portion  of  it,  Ihrongh  this  first  grate  npon  a  second  closer  in  its  bus,  thence  to  a 
third,  &e.,  and  finally  into  labyrinths  or  cielerns  of  deposition. 

The  gniUi  ong-loiMi  ate  sitnilar  to  the  tUtfiing  labUmaeA  at  Idria.     The  system  of  IheM 
M  gmdiiu  is  repretenied  in  Jig,  67 1 .    There  are  O  each  systems  in  the  works  at  Idria,  for 


lii^in 


the  sorting  oTthe  small  morsels  of  qnicluilTci 
G'agmeolB  are  bat  moderately  rich  in  metal,  a 
from  thai  of  the  fist  to  a  grain  of  dust. 

These  ore«  are  placed  in  the  chest  a,  below  the  level  of  which  T  grate«  are  diatribated, 
so  that  the  fragmenta  which  pass  Ihroagh  the  first  b,  proceed  by  an  inclined  condait  on  10 
the  second  grale  c,  and  so  in  saccession.  (See  the  conduits  t,  o,  p).  In  front,  and  on  a 
level  with  each  of  the  grates  b,  c,  d,  kc,  a  child  is  stationed  on  one  of  Ihe  floors,  1,  2  3, 
to  7. 

A  current  of  water,  which  falls  into  the  cheat  a,  carries  the  rragmenis  of  ore  npon  the 
grates.  The  pieces  which  remain  upon  the  two  grates  b  and  c,  are  thrown  on  the  adjoin- 
ing table  T,  where  they  unclertni  a  sorting  by  hand ;  there  the  pieces  are  ciassifled,  I.  into 
gangne  to  be  thrown  nwsy  \  S.  into  ore  for  the  stamp  mill ;  3.  into  ore  to  he  sent  directly 
to  the  furnace.  The  pieces  which  remain  on  ench  of  the  succeeding  ^les,  d,  t,f,  g,  h, 
are  deposited  on  those  of  the  floors  3  to  7,  in  front  of  each.  Before  every  one  of  these 
Ehelrcs  a  deposite-siece  is  established,  (see  /,  u,}  and  the  workmen  in  charge  of  ii  stand 
in  one  of  the  corresponding  boxea,  marked  S  to  13,  The  sieve  is  represented  only  in  front 
oTlhe  chest  A,  for  the  sakeoTclearnesa. 

Each  of  the  workmen  placed  in  8,  9,  10,  II,  12,  operates  on  the  heap  before  him;  the 
tipper  layer  of  Ihe  deposjte  formed  in  his  aieve,  ii  sent  to  the  atampii^  house,  and  the  in- 
terior layer  directly  [a  the  furnace. 

As  to  Ihe  grains  which,  after  irarersing  the  five  grates,  have  arrived  at  the  chest  x, 
they  are  washed  in  the  two  chests  jr,  which  are  analogous  lo  the  Gennan  chests  to  be 
presently  described.  The  upper  layer  of  what  is  deposited  in  v  is  sent  to  the  furnace ; 
the  rest  is  treated  anew  an  three  tables  of  percnasion,  similar  lo  the  English  brake-sieve*, 
also  lo  be  presently  described. 

Ailer  several  successive  manipulations  on  these  tables,  an  upper  stralum  of  iMidi  is 
obtained  St  for  the  furnace ;  an  intermediate  sliatum,  which  is  washed  anew  by  the  tame 
process  i  and  an  inferior  stratum,  that  is  sent  to  the  system  of  stamps,  Jig,  672. 


This  flgnre  represents  the  genera)  ground  plan  of  a  stamping  and  washing  miH.  The 
jtamps  r  are  eranposed  of  two  batteries  similar  to  Jig.  670.  The  ore  passes  in  euceeasion 
tutder  three  peistles  of  eaat  irin,  ench  d*  which  is  heavier  the  nearer  it  is  to  the  sieve 
tbrongh  which  the  land  or  pounded  malter  escapes. 

la  die  upperport  of  the  figure  we  see  issuing  from  the  stamps,  two  ctmdutls  destined 
to  receive  tbe  water  and  the  metalliferous  sand  with  which  it  is  loaded.  The  first,  marked 
r  (,  w,  i«  used  only  when  a  certain  qoalitj  of  ore  is  Uamptd,  richer  in  metal  than  if 
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u «f  UkC  *«C0Bd  wwdoit,  the  tral  bcug  oloae^  TheKeoadcM. 
dnili  or  llial  employed  for  ocdinuy  iranipalatioD  when  the  olhei  u  sbut,  JB  indicaled  bj 
r,  O'l,  B  )  Itaea  bf  0-58  uiil  0-29.  These  numben  eiprett  the  depth  of  the  eurespoailiBg 
poTtioaB  ur  tbia  condnit.  From  r  lo  b,  the  eonduil  or  water-ooiine  is  dirided  into  Ihnc 
poitioas  much  shallowti:,  called  the  jicli  amdMii,  the  middJi  rondttit,  and  the  im/iriar. 
Beyond  the  buin  B,  Ibe  Miiduii  laiim  the  nune  ot  Ubyriolb.  There  (be  moddjr  Mdi- 
mcnt«  of  ore  nre  deposiledi  being  the  finer  (he  further  Ihey  ore  from  4he  slamp*  r. 
D&rU  indicate  the  direction  of  (he  Btream  in  the  Ubyrinlk.  On  the  Genoa*  dutlt,  ptaced 
>t  3,  the  BBod  derived  from  Ihe  rich  and  middle  cooduitt  it  trfealed,  in  order  to  obbui 
three  dislinci  qnBUtiea  of  idilidi,  as  already  mentioned,  f  Ib  a  doUi-coveiH]  table,  fci 
treating  tli«  deposile  of  the  German  chesla  at  3.  m  n  are  two  aveep  tablet  (d  toJaOi  fix 
treating  the  ore  collected  in  Ibe  lower  conduit,  which  precede!  the  midmost  ot  the  ibice 
German  chesli.  Upon  Ibe  three  unilar  lableB  a  T  v,  ar«  treated  in  lilts  raaaaer  the  maddr 
depDsiles  or  the  labyrinth,  which  forms  mite  lo  three  pusUel  German  chests  situated  al3, 
not  shown  for  want  oT  room  in  the  figure,  bnt  connected  k  three  reetangnlai  zigngt 
with  each  other,  ai  well  as  by  a  tranirerse  branch  lo  the  poinb  0-T  and  r.  At  the  apper 
part  of  these  five  sweep  table*,  the  materials  which  are  to  Dndergo  wwhii^  are  agilated 
in  two  boxes  a  o,  by  small  paddle-wheetl. 

We  shall  now  describe  the  pereuitiOB-taiUi  ased  in  thfe  Haiti,  for  treating  the  nud  of 

ure  obtained  fram  the  conduits  represented  above. 

Figi.  673,  674,  and  STB,  exhibit  a  plan,  a  Tertical  sectkni,  and  deration,  oT  one 

673  of  these   tables,  tUuo   in  tbe 

direction  of   its  length.      The 

ortor  Or  great  shaft  in  jnxilongi- 

tion    from  the  stamps  mill,  ii 

shown  in  section  perpendiculaHy 

to  its  axis,  at  a.    The  camj  or 

wipers  are  shown  ronnd  its  cir- 

cumfereace,  one  of  them  having 

674  just  acted  on  a. 

^1^  These  cams,  by  the  lerala- 

^^^  lion   of  Ibe    arbor,  canae   the 

alternating  moTements  of  a 
horizontal  bar  id'  wood  o,  a, 
whieb  strikes  at  the  point  a 
Bgaiall  a  table  d,  b,  t,  u,  Thia 
table  is  suspended  by  two  chains 
f,  at  its  superior  end,  and  by 
two  rods  at  its  lower  end. 
Aner  baTing  been  pnshed  by 
Ibe  piece  o,  u,  it  rebounds  to 
strike  againsl  a  block  or  bracket 
B.  A  lever  p,  q,  serves  to  adjost 
the  inclination  of  the  moveaUe 
table,  the  pivots  g  being  point* 
of  suspension. 

Tbe  ore-sand  to  be  washed, 
is  placed  in  the  che^I  a,  into 
which  a  curreDt  of  water  runs. 
The  ore  floated  onwards  b;  the 
water,  is  carried  tbrongh  a 
sieve  on  a  sloping  small  tahle 
X,  under  which  is  eoncpaled 
Ihe  higher  end  of  the  moveable 
Uble  d,  b,  c,  s ;  and  it  Iheoce 
falls  on  this  table,  ditfnsing  itself 
uniformly  over  itssorfaee.  The 
particles  deposited  on  this  taUe 
form  an  oblon;  laj«i  (slope) 
npoo  it;  Ibe  succenive  per- 
cassions  that  it  reaeives,  deter- 
nine  the  weightier  raatters,  anA 
consequently  those  richeil  i» 
metal,  lo  aecnmolate  towards 
its  upper  end  at  *.  Now  the 
workman  by  means  of  Ihe  lever 
p,  raises  tbe  lower  end  d  a  little 
in  order  to  prcserre  the  saoM 


HETALLUROT.  823 

<tyrea  «f  inellMtiM  to  -the  taiftee  an  vhich  the  depotile  it  4mnd.  AocanUn;  m  tin 
HhatatMM  art  tmtpl  (Jon;  bf  the  water,  he  U  urernl  to  removt  them  fVoB  (he  middle 
■Tlhe  table  l«wsrda  the  top,  1^  mean*  of  >  wooden  roller.  With  this  intent,  he  walluoa 
tb*  tablr  diet,  where  the  sandf  wdiment  hu  tofficient  coaaistcace  to  bear  him.  When 
Uw  table  it  abandaallr  ebac^  with  the  waahcd  ore,  the  deposite  is  divided  into  three 
buds  or  seipnents  db,b  c,  c*.  Each  of  Ihete  bands-  ii  removed  separately  and  thrown 
into  the  iMrtienlar  heap  ini^ned  to  it.  Erery  one  of  [be  heaps  thus  rormed  become* 
ailerwards  the  object  of  a  aeparali  Dianipalatioa  on  a  percufsion  cable,  but  alwayi  accoid- 
iilT  to  the  lame  procednre.  It  ii  sufficient  in  general  to  pass  twice  over  this  table  tbe  mat- 
ters eonlainedin  the  heap,  proeeedinK  from  the  saperior  band  cu,  in  order  to  obtain  a  pure 
tdUieh !  hot  the  heap  proceadint  rrDO  the  inter*>ediate  belt  6  r,  reqnirra  always  a  greater 
namber  of  nanipalalioni,  and  the  lower  band  d  6  still  more.  These  successive  manipu- 
lUioDs  are  so  associated  thai  eventually  Mih  heap  rumisbes  pure  lotficA,  vliich  is  obtained 
front  (he  superior  band  c  o.  As  lo  the  lightest  particles  which  the  water  sweeps  away 
beyond  the  lower  end  of  the  percussion  table,  Ihcy  fall  into  conduits  j  whence  they  are 
liflett  to  undergo  a  new  manipulation. 

Fif.  676  is  a  proile  oT  a  plan  which  has  been  advaniueously  substituted,  in  the 
Haiti,  Tot  that  pail  oT  the  precedinfc  appwatas  which  causes  (he  jolt  of  the  piece  a  • 
■^ainil  the  table  db  cv.  Bf  meaa*  of  thia  plan,  it  is  easy  to  vary,  acconliBit  to  the 
cireomslances  of  a  manipulation  alwafi  delicate,  the  force  of  percussion  which  a  bar 
X  y,  ounht  to  commonieate  by  its  exlremily  y-  With  this  Tiew,  a  slender  piece  of  wood 
■  ia  made  to  alide  in  an  upriiht  piece,  >  x,  adjusted  upon  an  axis  al  v.  To  the  piece  a 
a.  rod  of  iron  is  connected,  hy  means  of  a  himc  z  ;  Ihis  rod  is  capable  of  entering  more 
M-  less  into  a  case  or  ahcdth  in  the  middle  of  the  piece  v  z,  and  of  being  stopped  at  the 
proper  point,  by  a  Ihofflb-screw  which  presses  a^inst  this  piece.  IT  it  be  wished  to 
iaerease  the  force  of  permission,  we  must  lower  the  point  1 1  if  to  diminish  it,  we  must 
taiie  it.    In  the  fint  cue,  the  extretaiiy  of  the  piece  a,  advances  so  much  further  oodci 

677 
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the  «am  at  tbe  dn*in;  shaft  ( ;  in  the  second,  it  goes  so  much  less  forwards ;  whereby 
tbe  adjastmeut  is  prodnced. 

t'lgi.  677  Bild  ST8  represent  a  complete  system  of  >Ze:^iig  ^iMr'.  (nffn  dormantu  i 
678  such     M    are     moanted    in    Idria. 

Fig.  678  is  the  plan,  and  fig.  677  a 
vertical  section.    The  mercurial  ores, 
reduced   to   a   sand  by   stamp*  lika 
those  at  fig.  672,  pasa  into  ■  serie* 
of  Bonduils  a  a,bb,cc,  which  form 
three  successive  Soors  Mow  tbelevd 
of  the  Boor  of  the  works.    Tbe  sand 
taken  out  of  these  conduits  is  thrown 
into  the   cells  q;   whence  they  are 
transferred   into   the    irouch  t,  and 
water  is  tun  span  Ihem  by  loming 
two  stopcocks  for  each  trough,    Tha 
sand  thus  diffused  upoo  eaoi  table, 
mna  off  with  the  water  by  a  groove  /,  comes  upon  a  sieve  A,  spreads  itself  apon  the 
board  t,  aadlhencefallsinlo  (be  slanting  chest,  or  iileeping  table  ifc.    The  under  surface 
fc  of  this  chest  is  pierecd  with  bolea,  which  may  he  stopped  at  pleasure  with  wooden 
pings.     There  is  a  cooduit  m,  at  the  iosrer  end  of  each  table,  to  catch  the  light  par- 
ticles esrried  oir  by  the  waior  oat  of  the  chest  i  k,  through  the  holes  properly  opened, 
while  lite  ileaser  parts  are  deposited  upon  the  bottom  of  this  chest.    A  general  eonduil 
■  passes  across  at  the  fool  of  all  the  ehailB  i  fc ,-  it  receives  the  refuse  of  the  washinc 
opera)  ions.  ^ 

Fig.  679  is  a  set  of  slampuiij  and  washing  works  for  the  ores  of  argentiferous  galena, 
aa  moBBted  at  Bodcwint,  in  the  district  cf  Zellerfeklt,  in  the  Harti. 
A  it  the  slBMp  aull  and  in  subsidiary  parts;  asMBg  whteb  are  a,  the  diMng  o 
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Mun  ihalt  I  b,  Ibe  «*eraboI  water-wheel ;  e  c,  ui  Urmg  riog*  m  boopt  if  cmI  ao^ 

fcr  reMiving  eacb  ■  Mm  or  tappel ;  g,  Ibe  brake  oT  the  nudune )  k,k,k,  tbe  three 
679  lUuktaidt  of  the  itampi ;  1 1,  Jke.  lii  pnlleii  of  foe 

wood,  shod  with  lump*  of  cut  inn.  There  ait 
two  choali,  out  of  which  the  ore  lo  be  ^roand  bHi 
^mntaamusly  into  the  two  tronghg  of  the  Munp*. 
Of  late  yearg,  however,  the  ore  u  moMly  mpplied 
by  hand  i  the  waler-coiuie  tenninaln  a  abort  dia- 
tance  at>OTe  the  middle  of  the  wheel  b.  There  ia 
a  itream  of  water  ior  the  aerriee  of  the  atampc, 
and  conduita  proceeding  from  it,  to  lewl  the  wato 
into  the  two  itamp  Ironghi ;  Uie  conduil  of  dia- 
char^  ia  %onin>on  (o  the  two  balleriea  or  aela  of 
atampe  thron^h  which  the  water  carriea  off  the 
sand  or  atamped  ore.  There  ii  a  marcAble  table 
of  aeparation,  loannted  with  two  sines.  lie 
■andi  paaa  immediately  into  the  coDdoit  placed 
upon  r  lerel  with  the  floor,  and  aeparated  into 
two  eompurtnieDta,  the  &itl  of  which  empliea  tU 
water  into  the  aecond.  There  aie  two  boaida  ct 
aeparation,  or  lablea,  laid  upon  the  groand,  with 
a  very  alight  ilopeof  onlf  13  inehas  fnmi  their 
top  to  their  bottoia.  Each  of  these  boards  ia 
divided  into  four  caset  with  edges;  the  whole 
being  arranged  ao  that  it  is  possible,  by  meana  nf 
a  Sood-gate  or  slnice,  to  cause  the  saperflinM 
water  of  the  case  to  paaa  into  the  fbllowiag  oaea^ 
Thus  the  work  can  go  on  without  inlermptiM, 
and  altemately  upon  the  two  boards.  There  are 
winding  canals  in  the  labyrinth,  K,  M,  n,  in  which 
are  deposited  tbe  particles  carried  along  by  the 
water  which  has  passed  npon  the  boards.  The  depth 
of  these  canals  gradually  increases  from  12  to  SO 
iiwbes,  to  give  a  suitable  descent  for  maiDtaiDing 
the  water-flow.  At  D,  two  perensaion  tables  are 
placed,  r  o  are  two  German  chests.  H  J  are  two 
percussion  tables,  which  are  driven  by  the  cams  1 1, 
fixed  upon  the  main  sha(lj;y.  k  k'  are  two  sloping 
sweep  tables  {i  balai). 

The  OemtoN  ehetU  are  rectangular,  beiaft 
about  3  yards  long,  half  a  yard  iMvad,  wilh  edge* 
half  a  yard  high ;  and  their  inclination  is  aneh 
that  the  tower  end  is  about  15  inches  benntt 
the  level  of  the  upper.  At  their  upper  end, 
usually  called  the  bolster,  a  kind  of  tnn^h  OT 
box,  without  anv  edge  at  the  side  next  the  chest,  is  placed,  containing  the  ore  to  be  washed. 
The  water  is  allowed  to  fall  upon  the  bolster  in  a  thin  sheet. 

The  ilupiag  lailit  have  upright  edges ;  they  are  from  4  to  S  yards  Itmg,  nearly  2  yaidi 
wide,  and  have  ftUly  a  yard  of  inclination. 

The  preceding  tables  nre  somelimes  covered  with  cloth,  particularly  in  treating  area 
that  contain  gold,  on  a  supposition  that  the  woollen  or  linen  fibres  would  retain  man 
tnrely  the  metallic  particles ;  but  this  metfaod  appears  on  trial  to  merit  no  confidence,  for 
it  prodnen  a  very  impure  tdilich. 

Fig,  680  is  a  swing-sieve  employed  in  the  Hariz,  for  siding  the  small  fragmeou  of 
the  ore  of  argentiferous  lead.  Snch  an  appaiatui  Is  usually  set  up  in  the  outside  nt 
a  stamp  and  washing  mtlli  its  place  being  denoted 
by  the  letter  a,  in;!g.  672.  The  two  moveable  chests  or 
boies  1  B,  of  the  sieve,  are  connected  together,  at  their 
lower  ends,  with  an  upright  rod,  which  terminates  at 
one  of  the  arma  of  a  small  balance  beam,  movnled  be- 
tween the  driving  shaft  of  the  stamps  and  tbe  sierr, 
perpeadiculariy  to  the  length  of  both.  The  opposite 
arm  of  this  beam  carries  another  npiight  rod,  which 
ears  (cams  or  mmtomiiit),  placed  on  porpoae  upon  tke 
driving  shaft,  may  push  down.  During  this  moTC- 
E  raised ;  and  when  the  peg-cani  of  the  shaft  quits  the 
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•ra  Bade  to  Tibmle  altematdy  upon  their  axes.  The  small  ore  is  put  into  the  upper 
part  of  the  ehest  A,  over  which  a  stream  of  water  falls  from  an  adjoining  conduit.  The 
fragments  which  cannot  pass  thnnigh  a  cast  iron  grid  in  the  bottom  of  that  chest,  are 
sorted  by  hand,  upon  a  table  in  front  of  a,  and  they  are  classed  by  the  workman,  either 
among  the  ores  to  be  stamped,  whether  dry  or  wet,  or  among  the  rubbiBh  to  be  thrown 
away,  or  among  <  the  copper  ores  to  be  smelted  by  themselves.  As  to  the  small  partides 
which  fall  through  the  grid  upon  the  chest  b,  supplied  also  with  a  stream  of  water,  they 
descend  successively  upon  two  other  brass  wire  sieves^  and  also  through  the  iron  wire  r, 
in  the  bottom  of  b. 

In  certain  mines  of  the  Harts,  tables  called  d  balaUy  or  twteping  tabUa,  are  employed. 
The  whole  of  the  process  consists  in  letting  flow,  over  the  sloping  table,  in  successive 
currents,  water  charged  with  the  ore,  which  is  deposited  at  a  less  or  greater  distance,  as 
also  pore  water  for  the  purpose  of  washing  the  deposited  ore,  aderwaids  carried  off  by 
means  of  this  sweeping  operation. 

At  the  upper  end  of  these  «t0eep-/aMM,  the  matters  for  washing  are  agitated  in  a 
chest,  by  a  small  wheel  with  vanes,  or  flap-boards.  The  conduit  of  the  muddy  waters 
opens  above  a  little  table  or  shelf;  the  conduit  of  pure  water,  which  adjoins  the  preceding, 
opens  below  it.  At  the  lower  part  of  each  of  these  tables,  there  is  a  transverse  slit,  cov- 
ered by  a  small  door  with  hinges,  opening  outwardly,  by  falling  back  towards  the  foot  of 
the  table.  The  water  spreading  over  the  table,  may  at  pleasure  be  let  into  this  slit,  by 
raising  a  bit  of  leather  which  is  nailed  to  the  table,  so  as  to  cover  the  small  door  when  it 
is  in  the  shut  position;  but  when  this  is  opened,  the  piece  of  leather  then  hangs  down 
into  it.  Otherwise  the  water  may  be  allowed  to  pass  freely  above  the  leather,  when  the 
door  is  shut.  The  same  thing  nuiy  be  done  with  a  similar  opening  placed  above  the  con- 
duit. By  means  of  these  two  slits,  two  distinct  qualities  a£»dUich  may  be  obtained,  which 
are  deposited  into  two  distinct  conduits  or  canals.  The  refuse  of  the  operation  is  turned 
into  another  conduit,  and  aAerwards  into  ulterior  reservoirs,  whence  it  is  lifted  out  to  un- 
dei^o  a  new  washing. 

In  the  i)ercussion  tables,  the  water  for  washing  the  ores  is  sometimes  spread  in  slender 
streamlets,  sometimes  in  a. full  body,  so  as  to  let  two  cubic  feet  escape  per  minute.  The 
number  of  shocks  communicated  per  minute,  varies  from  15  to  36 ;  and  the  table  may  be 
pnshed  out  of  its  settled  position  at  one  time,  three  quarters  of  an  inch,  at  another  nearly 
8  inches.  The  coarse  ore-sand  requires  in  general  less  water,  and  less  slope  of  table,  than 
the  fine  and  pasty  sand. 

The  nucKanieal  operations  which  ores  undergo,  take  place  commonly  at  their  out-put 
fVom  the  mine,  and  without  any  intermediate  operation.  Sometimes,  however,  the  hard- 
ness of  certain  gangu^  (vein-stones),  and  of  certain  iron  ores,  is  diminished  by  subjecting 
them  to  calcination  previously  to  the  breaking  and  stamping  processes. 

When  it  is  intended  to  wash  certain  ores,  an  operation  founded  on  the  difference  of  their 
specific  gravities,  it  may  happen  that  by  slightly  changing  the  chemical  state  of  the  sub- 
stances that  compose  the  ore,  the  earthy  parts  may  become  more  easily  separable,  as  also 
the  other  foreign  matters.  With  this  view,  the  ores  of  tin  are  Subjected  to  a  roasting, 
which  by  separating  the  arsenic,  and  oxydizing  the  copper  which  are  intermixed,  furnishes 
the  means  of  obtaining,  by  the  subsequent. washing,  an  oxyde  of  tin  much  purer  than  could 
be  otherwise  procured.  In  general,  however,  these  are  rare  cases ;  so  that  the  washing 
almost  always  immediately  succeeds  the  picking  and  stamping  j  and  the  roasting  comes 
next,  when  it  needs  to  be  employed. 

The  operation  of  roasting  is  in  general  executed  by  various  processes,  relatively  to  the 
nature  of  the  ores,  the  quality  of  the  fuel,  and  to  the  object  in  view.  The  greatest 
economy  ought  to  be  studied  in  the  fuel,  as  well  as  the  labor ;  two  most  important  cir- 
cmnstances,  on  account  of  the  great  masses  operated  upon. 

Three  principal  methods  may  be  distinguished ;  1.  the  roasting  in  a  heap  in  the  open 
air,  the  most  simple  of  the  whole ;  2.  the  roasting  executed  between  little  walls,  and 
which  may  be  called  case-roasting  (ro$Ustadelny  in  Gennan);  and  3.  roasting  in 
furnaces. 

We  may  remark,  as  to  the  description  about  to  be  given  of  these  different  processes, 
that  in  the  first  two,  the  fuel  is  always  in  immediate  contact  with  the  ore  to  be  roasted, 
whilst  in  furnaces,  this  contact  may  or  may  not  take  place. 

1.  The  roasting  in  the  open  air,  and  in  heaps  more  or  less  considerable,  is  practised 
upon  iron  ores,  and  such  as  are  pyritous  or  bituminous.  The  operation  consists  in  general 
in  spreading  over  a  plane  area,  oAen  bottomed  with  beaten  clay,  billets  of  wood  arranged 
like  the  bars  of  a  gridiron,  and  sometimes  laid  crosswise  over  one  another,  so  as  to  form  a 
uniform  flat  bed.  Sometimes  wood  charcoal  is  scattered  in,  so  as  to  fill  up  the  interstices, 
and  to  prevent  the  ore  from  falling  between  the  other  pieces  of  the  fueL  Coal  is  also 
employed  in  moderately  small  lumps ;  and  even  occasionally  turf.  The  ore,  either  simply 
hroken  into  pieces,  or  even  sometimes  under  the  form  ottdUidi,  is  piled  up  over  the  Aiel| 
jnost  usually  alternate  beds  of  fuel  and  ore  are  formed. 
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The  Gtb,  biodted  in  ecBoal  at  the  Icfwv  part,  Irat  Mnetiaim,  bo'weTa',  at  U«  nlUk 
chimncf ,  gpreadg  from  «poI  lo  spot,  paltii^  tke  operation  in  tiaiR.  The  combattioa 
nnuTbe  so  cooducted  M  to  be  ilov  and  enffiicatcd,  to  froloBg  the  nstnlalkin,  and  let  tke 
wbole  IDBW  be  eqaaUy  penetrated  witli  heat.  Tbe  means  nn)dored  to  <&recl  Ibe  Ire, 
im  lo  cover  oulwardl;  with  earth  tbe  poitionl  where  too  much  aelintf  la  displaced, 
and  lo  pierce  with  holes  or  to  give  air  to  thoae  whore  it  ii  imperfecllT  doveloptd.  Kaiaa, 
winds,  variable  seasans,  and  especially  food  inimarj  airaaigements  ot  a  eakinatiaD,  have 
much  influence  on  thit  proccM,  which  reqniiea,  basidn,  aa  alBoat  iacesaaat  iaipeelioo  »t 
the  bcginnia([. 

Nothing  in  general  can  be  laid  u  to  the  eoaannption  of  hd,  becaaae  it  Taries  with 
ill  qoelil)',  as  well  as  with  the  ores  and  Ibe  parpoae  in  view.  Bnt  it  may  be  laid  down 
as  a  good  rule,  lo  empio;  no  more  Aid  than  is  Mriellr  neceaaary  for  the  kied  at  eaki- 
natioD  in  hand,  and  far  Eopportiag  the  oooibuMion  i  for  an  eiecM  of  faal  would  prodoce, 
betides  an  expense  useleuly  incurred,  the  ineonTCniance,  at  timea  tbij  lenoua,  of  aach 
s  nay  melt  or  vitrify  the  ores )  a  remit  entirely  the  reverts  oT  «  well-eoDdaeted 


Fig:  681, 682, 683,  repreaeU  the  rcaiting  in  moandi,  as  praetiaed  near  Godar  ta  the 


Hariz,  and  at  Cheesy  in  the  department  of  the  Rhone.    Fig\  6S1  it  a  Tertical  tectiw 

in  the  line  ^  c  o{  figi.  682  and  683.    In  fig.  662  there  is  shown  in  plan,  only  a  little 

more  than  one  half  of  the  qDadrangnlar  trnncaled  pyramid,  which  conslitQtes  the  heap. 

Fig.  683  shows  s  little  more  than  one  tinirth  of  a  bed  of  wood,  arranged  at  the  bottom 

of  the  pynmid,  as  shown  by  a  a,  fig.  681,  and  c  g  h,  fig.  663.     c  is  a  wooden  chimn^, 

formed  within  the  heap  of  ore,  at  wboK  bottom  c 

3   there  it  a  little  parcel  of  charcoal;  d  d  aie  large 

lumps  of  ore  distributed  upon  the  wooden   pile 

a  a;  e  (  are  smaller  fiagmenls,  to  cover  the  lai$cr; 

//is  rubbish  and  clay  laid  smoothly  in   aslope 

over  the  whole,    g,  fig.   683,  a  passage  for  air 

left  under  the  bed  of  billets ;   of  which  there  is 

B  siniilBi  one  in  each  of  the  four  sides  of  the  bate 

a  a,  sO  that  two  principal  enrrenU  of  air  crati:  under 

the  upright  axis  c  c,  <rf'  Ihe  truncated  pyramid  iadi' 

I  cated  in^;.  681. 

"  The  kindling  it  thrown  in  by  tbe  chimney  c 

The  charcoal  c,  and  the  wood  a  a,  lake  Gre  j  the 

salphnreons  ores  d  (  /  are  heated  to  such  a  high 

temperature  as  lo  vaporize  the  snlphur.    In  the 

Lower  Hartz,  a  heap  of  Ihts  kind  continues  roasting  during  four  months. 

S.  The  second  method.  The  difficulty  of  mana^ng  the  fire  in  the  roasting  of  rab- 
itances  containing  liltle  sulphur,  with  the  greater  difficulty  of  arranging  and  supporting 
in  their  place  the  tdilidn  to  be  roasted,  and  last  of  all,  the  necessity  of  giving  saccessixe 
firea  to  tbe  same  ores,  or  lo  inconsidemble  quantities  at  a  time,  have  led  to  the  contrlTance 
of  turrounding  the  area  on  which  the  roasting  takes  place  with  three  Utile  walls,  or  with 
four,  leaving  a  door  in  the  one  in  fhint.  This  is  what  it  called  a  icalUd  area,  ai>d  some- 
Iim«t,  improperly  enough,  a  roasliag  fnmace.  Inside  of  these  liltle  walls,  about  3  feet 
high,  there  are  ol\cn  vertical  conduits  or  chimneys  made  to  correspond  with  an  opening 
on  Ibe  eround  level,  in  order  to  excite  a  dreufjht  of  air  in  the  adjacent  parts.  When  tbe 
ToaatinR  is  once  set  apoing,  these  chimncyt  can  be  opened  or  shot  at  their  upper  ends,  ac- 
cording to  the  necessities  of  the  process. 

Several  such  rnrnaces  ara  usually  erected  in  connexion  with  each  other  by  their  lateral 
walls,  and  all  tenninsted  by  a  common  wall,  which  forms  Iheir  posterior  part  j  sometimes 
they  are  covered  with  b  shed  supported  partly  by  the  back  wall,  hnilt  sufficienOy  high  Ibe 
this  purpose.  These  dispoeiliont  are  snilable  for  the  roasting  of  aMxcki,  and  in  general 
of  all  matters  which  are  to  have  several  fires  ;  a  circumttance  oflen  indispensable  to  a 
due  separation  of  ibe  sulphnr,  aiaenie,  Ac. 
ii    The  (iirnaces  employed  for  roasting  the  ores  and  the  maitei  differ  much,  acctirdinx 
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lo.tlie  iMtarerof  tlie.Qnt».-»iid  tke  mt  of  the  haep^     We  jImD  ooiiteiit«iinelTei  idf^ 
icfenring  to  the  prinoipol  forms. 

When  iron  ores  are  to  be  Joa«ted»  which,  require  bat  a  simple  calftination  te  disengage 
the  eomhiAed  water  and  earhoi|iQ  acid,  :egg-shapeA  fimaoes,  similar  to  those  in  which 
limestone  is- burned  in  contact  with  fuel^may  be  eonvenienlly  employed;  and  they  pre- 
sent the  advantage  of  ah  operatioa  which  is  eontinnoas  with  a  never-cooUng  apparatus. 
The  analogy  in  the  effects  to  be  produced  is  so  perfect,  that  the  same  furnace  may  be 
used  for  either  object.  Greater  dimensions  may)  however,  be  given  to  those  destined  for 
the  ealcination  of  iron  ores.  But  it  mast  be  remembered  that  this  process  is  applicable 
only  to  ores  broken  into  lumps,  and  not  to  ores  in  grains  or  powder. 

It  has  been  attempted  to  employ  the  same  method  a  little  modified,  for  the  roasting  of 
ores  of  sulpharet  of  copper  and  pyrites,  with  the  view  of  extractiiur  a  part  of  the  sulphur. 
More  or  less  success  has  ensued,  but  without  ever  eormounting  all  the  obstacles  arising 
fixMn  the  great  fusibility  of  the  sulphoret  of  iron.  For  sometimes  it  runs  into  one  masi^ 
or  at  least  into  lumps  agglutinated  together  in  certain  parts  4)f  the  furnace,  and  the«pera^ 
tion  is  either  stopped  altogether,  or  becomes  more  or  less  languid ;  the  air  not  being  able 
to  penetrate  into  all  the  parts,  the  roasting  becomes  consequently  imperfect.  This  incon* 
venience  is  even  more  serious  than  might  at  first  sight  appear ;  for,  as  the  ill-cMtsted  ores 
now  contain  loo  UtUe  sulphur  to  support  their  conibastion,  and  as  they  sometimes  fiill 
into  small  fragments  in  the  cooling^  they  cannot  be  passed  again  through  the  same  furnace^ 
and  it  becomes  necessary  to  finish  the  roasting  in  a  reverb^tory  hearth,  which  is  much 
JBore  expensive. 

In  the  Pyrenees,  the  roasting  of  iron  ores  is  executed  in  a  circular  furnace,  so  disposed 
that  the  fuel  is  contained  and  burned  in  a  kind  of  interior  oven,  above  which  lie  the 
pieces  of  ore  to  be  calcined.  S(xnetimes  the  vault  of  this  oven,  which  sustains  the  ore;^ 
is  formed  of  bricks,  leaving  between  them  openings  for  the  passage  of  the  flame  and  the 
smoke,  and  the  apparatus  then  resembles  certain  pottery  kilns ;  at  other  times  the  vault 
is  formed  of  large  lumps  of  ore^  carefully  arranged  as  to  the  intervals  requisite  to  be  left 
for  draught  over  the  arch.  The  broken  ore  is  then  distributed  above  this  arch,  care  being 
taken  to  place  the  larger  pieces  undermost.  This  process  is  simple  in  the  construction 
of  the  furnace,  and  economicali  as  branches  of  trees,  without  value  in  the  forest,  may  be 
employed  in  Jthe  roasting.    See  LhM4eibk  figures. 

In  some  other  countries,  the  ores  are  roasted  in  furnaces  very  like  those  in  which 
poKelain  is  baked ;  that  is  to  say,  the  fuel  is  placed  exteriorly  to  the  body  of  the  furnace 
in  a  kind  of  brick  shafts,  and  the  flame  traverses  the  broken  ore  with  which  the  furnace 
is  filled.    In  such  an  apparatus  the  calcination  is  continuous. 

When  it  is  proposed  to  extract  the  sulphur  firom  the  iron  pyrites,  or  from  pyrltous  min 
trih^  different  furnaces  may  be  employed,  among  which  that  used  in  Hungary  deserves 
notice.  It  is  a  rectangular  parallelepiped  of  four  walls,  each  of  them  being  perforated 
with,  holes  and  vertical  conduits  which  lead  into  chambers  of  condensation,  whero  the 
sulphur  is  collected.  The  ore  placed  between  the  four  waUs  on  billets  of  wood  arranged 
as  in  y!g«.  681,  682,  683,  for  the  great  roastings  in  the  open  air,  is  calcined  with  the  dis- 
engagement of  much  sulphur,  which  finds  more  facility  in  escaping  by  the  lateral  conduits 
in  the  walls,  than  up  through  the  whole  mass,  or  across  the  upper  surface  covered  over 
with  earth  ^  whence  it  passes  into  the  chambers  of  condensation.  In  this  way  upwards 
of  a  thousand  tons  of  pyrites  may  be.  roasted  at  once,  and  a  lai^e  quantity  of  sulphur 
obtained. — See  CoFFEn. 
Boatiing  qf  PyriUt,^-Figi^  684,  685»  represent  a  furnace  which  has  been  long  em- 

ployed  at    Fahlun  in    Sweden,  and 

684  ilflb         several  other. parts  of  that  kingdom, 

^ £__tl^^H         ^^^  xoasUng  iron  pyrites  in  order  to 

'     ■!    iiifc===SHai^^ail^H^^n.        obtain  sulphur.     This  apparatus  was 

construct^  by  the  celebrated  Grahn. 
Fig.  684  is  a  vertical  section,  in  the 
line  k  d  n  0  of  Jig,  685,  which  is 
a  plan  of  the  furnace ;  the  .top  being 
supposed  to  be  taken  off.  In  both 
figures  the  conduit  maybe  imagined 
*  to  be  broken  off  at  «;  its  entire 
length  in  a  straight  line  is  43  feet 
beyond  the  dotted  line,  e  n,  before  the  bend,  which  is  an  ex^nsion  of  this  conduit  Upon 
the  slope  a  6  of  a  hillock  a  6  c,  lumps  r  pf  iron  pyrites  aro  piled  upon  the  pieces  of  wood 
1 1  for  roasting.  A  conduit  d/e  forms  the  continuation  of  the  space  denoted  by  r,  which 
is  covered  hy  stone  slabs  so  far  as/;  and  firom  this  point  to  the  chamber  ^  it  is  constructed 
ia  hoards.  At  the  bwinning  of  this  conduit,  there  ia  a  recipient  g.  The  chamber  A  is 
divided  into  &ve  chambers  by  horizontal  partitions,  which  permit  tho  ciroulation  of  the 
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Tapon  from  one  compartment  to  another.  The  ores  r  being  distrtlmted  upon  the  hiDeli 
of  wood  1 1,  whenever  these  are  fairly  kindled,  they  are  ooTered  with  small  ore,  and  thc9i 
with  rammed  earth  1 1,  Towards  the  point  m,  for  a  space  of  a  foot  sqnare,  the  ores  are 
covered  with  moveable  stone  slabs,  by  means  of  which  the  fire  may  be  regulated,  by  the 
displacement  of  one  or  more,  as  may  be  deemed  necessary.  The  liquid  snlphvr  runs  into 
the  recipient  g,  whence  it  is  laded  out  from  time  to  time.  The  sublimed  sulphur  passes 
into  the  conduit  /  e  and  the  chamber  h,  from  which  it  is  taken  out,  and  washed  with 
water,  to  free  it  from  sulphuric  add,  with  which  it  is  somewhat  impregnated ;  it  is  after- 
wards distilled  in  cast-tron  retorts.  The  residuum  of  the  pyrites  is  turned  to  account  in 
Sweden,  for  the  preparation  of  a  common  red  color  much  used  as  a  pigment  for  wooden 
buildings. 

The  reverberatory  furnace  affords  one  of  the  best  means  of  ustidation,  where  it  is 
requisite  to  employ  the  simultaneous  action  of  heat  and  atmospherical  air  to  destroy 
eertain  combinations,  and  to  decompose  the  sulphurets,  arseniurets,  &c.  It  is  likewise 
evident  that  the  facility  thus  otfered  of  stirring  the  matters  spread  out  on  the  sole,  m 
order  to  renew  the  surfaces,  of  observing  their  appearances,  of  augmenting  or  diminish- 
ing the  degree  of  heat,  ^.,  promise  a  success  much  surer,  a  roasting  far  better  executed, 
than  by  any  other  process.  It  is  known,  besides,  that  flame  mingled  with  much  unde- 
composed  air  issuing  from  the  furnace,  is  highly  oxydizing,  and  is  very,  fit  for  burning 
away  the  sulphur,  and  oxydizing  the  metals.  Finally,  this  is  almost  the  only  method  of 
rightly  roasting  ores  which  are  m  a  very  fine  powder.  If  it  be  not  employed  constantly 
and  for  every  kind  of  ore,  it  is  just  because  more  economy  is  found  in  practising  calcina- 
tion in  heaps,  or  on  areas  enclosed  by  walls ;  besides,  in  certain  mines,  a  very  great  num- 
ber of  these  furnaces,  and  many  workmen,  would  be  required  to  roast  the  considerable 
body  of  ores  that  must  be  daily  smelted.  Hence  there  would  result  from  the  constmctioa 
of  such  apparatus  and  its  maintenance  a  very  notable  outlay,  which  is  saved  in  the  other 
processes. 

But  in  every  case  where  it  is  desired  to  have  a  very  perfect  roasting,  as  for  blende  from 
which  zinc  is  to  be  extracted,  for  sulphuret  of  antimony,  3tc.,  or  even  for  ores  reduced  to 
a  very  fine  powder,  and  destined  for  amalgamation,  it  is  proper  to  perform  the  operation 
in  a  reverberatory  furnace.  When  very  fusible  sulphurous  ores  are  treated,  the  workmsn 
charged  with  the  calcination  'must  employ  much  care  and  experience,  chiefly  in  the  man- 
agement of  the  fire.  It  will  sometimes,  indeed,  happen,  that  the  ore  partially  fuses; 
when  it  becomes  nec^sary  to  withdraw  the  materials  from  the  furnace,  to  let  them  cod 
and  grind  them  ^new,  in  order  to  recommence  the  operation.  Hie  construction  of  these 
fbmaces  demands  no  other  attention  than  to  give  to  the  sole  or  laboratory  the  suitable 
size,  aud  so  to  proportion  to  this  the  grate  and  the  chimney  that  the  heating  may  be 
eflfected  with  the  greatest  economy. 

The  reverberatory  furnace  is  always  employed  to  roast  the  ores  of  precious  metals,  and 
especially  those  for  amalgamation ;  as  the  latter  ofren  contain  arsenic,  antimony,  and  other 
volatile  substances,  they  must  be  disposed  of  in  a  peculiar  manner. 

The  sole,  usually  very  spacious,  is  divided  into  two  parts,  of  which  the  one  farthest 
ofi*  from  the  furnace  is  a  little  higher  than  the  other.  Above  the  vault  there  is  a  space 
or  chamber  in  which  the  ore  is  deposited,  and  which  communicates  with  the  laboratoiy 
by  a  vertical  passage ;  which  serves  to  allow  the  ore  to  be  pushed  down,  when  it  is  dried 
and  a  little  heated.  The  flame  and  the  smoke  which  escape  from  the  sole  or  laboratoiy 
pass  into  condensing  chambers,  before  entering  into  the  chimney  of  draught,  so  as  to 
deposite  in  them  the  oxyde  of  arsenic  and  other  substances.  When  the  ore  on  the  part 
of  the  sole  farthest  from  the  grate  has  sufiered  so  much  heat  as  to^  begin  to  be  roasted, 
has  become  less  fusible,  and  when  the  roasting  of  that  in  the  nearer  part  of  the  sole  ii 
completed,  the  former  is  raked  towards  the  fire-bridge,  and  its  ustnlation  b  finished  by 
stirring  it  over  frequently  with  a  paddle,  skilfully  worked,  through  one  of  the  doors  left 
in  the  side  for  this  purpose.  The  operation  is  considered  to  be  finished  when  the  vapors 
and  the  smell  have  almost  whoUy  deased;  its  duration  depending  obviously  on  the  nature 
of  the  ores. 

When  this  furnace  is  employed  to  roast  very  arsenical  ores,  as  the  tin  ores  of  Schlack- 
enwald  in  Bohemia,  and  at  Ehrenfriedensdorf  in  Saxony,  the  arsenical  pyrites  of  Geyer 
(in  Saxony),  ^.,  the  chambers  of  condensation  for  the  arsenious  acid  are  much  molt 
extensive  than  in  the  furnaces  commonly  used  for  roasting  gklena,  copper,  or  even  silver 
ores. 

Figs,  686,  687,  688  represent  a  reverberatory  furnace  employed  ih  the  smdtiiig 
works  of  Lautenthal,  in  the  Hartz,  for  roasting  the  schlichs  of  lead  ores,  which  contain 
much  blende  or  sulphuret  of  zinc.  Inyfg.  686  we  see  that  the  two  parts  A  b,  b  c,  are 
absolutely  like,  the  two  furnaces  being  built  in  one  body  of  brickwork.  Fig,  687  is 
the  plan  of  the  frimaee  b  c,  taken  at  the  level  e  f  of  ^g.  686.  Fig,  688  is  a  vertiod 
section  of  the  similar  furnace  &  b,  taken  in  the  prolongation  of  the  line  o  H  in 
fig.  687. 
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MbHi  e  escape  of  the  emoke  of  Ihe  fire-place  a, 

(Iter  is  the  cbarging  door,  wilb  a  liook  han^ng 

in  front  lo  rest  the  Ions  ■">"  rake  upon,  with  vhich 
the  materials  are  lamed  eVer;  /,  chamber  eoDtain- 
ing  B  quBDtitr  of  schlich  destined  for  roaiting ;  thli 
chamber  communicates  with  the  vaulted  corridor 
(^Ilery)  d,  seen  in  y!g.  686 ;  g,  orifice  through 
which  the  sehlich  is  thrown  into  tbe  famace ;  h, 
vea  or  hearth  of  the  reverberatory  furnace,  of  vhich 
the  roof  is  certainly  much  too  hi?h ;  i,  channels  for 
the  escape  of  the  watery  vapor* ;  ft,  /,  front  arcade, 
between  which  and  the  fjiroace,  properly  speahiog, 
are  the  two  orifices  of  the  conduits,  which  termi- 
nate at  the  channds  m,m'.  m  is  the  channel  for 
carrying  towards  (he  chimney  d,  the  vapors  which 
escape  by  the  door  ('.  n  is  a  waUed-up  door,  which 
is  opened  from  time  lo  time,  to  take  out  of  the 
chambers  c,  c,  the  substaucet  that  may  be  deposited 
in  Ihem. 

Al  the  smelling  works  of  Laulenthal,  in  sncb  a 
roasting  furnace,  from  6  to  9  quialnia  (cwts.)  of 
scblich  are  treated  at  a  lime,  and  it  is  stirred  frequent- 
ly with  an  iron  rake  upon  Ihe  allai  h.  llie  period 
<^  this  operation  is  from  6  to  12  hours,  according  at 
the  scfaLch  may  l>e  more  or  less  dry,  more  or  lea* 

rich  in  lead,  or  more  or  leas  chained  with  hlendt 

When  the  latter  substance  is  abdndant,  the  process  requires  12  hoars,  with  about  60 
enbic  feet  of  cleft  billets  for  fuel. 

In  sach  furnaces  are  roasted  the  cobalt  ores  of  Schoeeberg  in  Saiony,  (he  tin  ores  of 
Sehlackenwald  in  Bohemia,  of  Ehrenfriedendoif  in  Saionj,  and  elsewhere;  as  also  tha 
utenical  pyrites  at  Geyer  in  Saxony.      But  there  are  poison  towers  and  extensive  con- 
densing chambers  attached  in  (he  latter  case.     See  Absehic. 
fig*.  689,  690,  691  represent  the  reverbenitory  furnace  generally  employed  in  Iha 
Hartz,  in  the  district  of  Mansfeldt,  Saxony, 
Hungary,  lie.,  for  the  trealment  of  black  cop- 
per, and  for  refining  rose  copper  upon  (he  great 
scale.   An  analogous  furnace  is  used  at  Anilreav 
ber;  for  the  liquefaction  or  puriGcatioa  of  tba 
mattes,  and  for  workable  lead  when  it  is  much 
loaded  with  araenic. 

fig.  689  presents  the  elevation  of  the  fui- 
naee  parallel  lo  the  line  i  c,  of  the  plan  fif.  690 1 
which  plan  ia  taken  al  the  level  of  the  tuytrea. 
a  Jig.  691 ;  ^g.  691  it  averiical  section  in  the  line  l  h,  ;tg.  690.  k  represents  one  of 
twobannsof  reception,  braaqued  with  clay  and  charcoal;  a,  n,  (wo  tuyeres,  (hrongh  whick 
enien  the  blaK  of  two  pairs  of  bellows,  like  those  shown  at  Copellation  of  Silvui  ;  q, 
door  by  which  the  matter  to  be  melted  it  laid  upon  the  lole  of  (he  furnace ;  v,  o,  (wo 
poinu  where  the  sole  is  petforXed,  when  necessary  to  mn  off  tbe  melted  matter  into 
dlher of  the  batini  hi  x,  door  thioiigb  which  tbe  tlags  or  ciodera  Boating  upon  (ha  tor- 
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Am  or  the  rodted  iMtal  tre  rnbed  onl ;  ;r,d(nrof  ibe  flrc'place.  Thefbriklud  bpMa 
grate  abave  an  a^-pil,  and  beloW  the  arch  Of  a  Teverberalorj*  vbich'  ii  contiguani  to  tbe 
dome  or  cap  of  the  rurnace  properljr  lo  called.  In  the  aection.  Jig.  691,  the  following 
parts  may  be  noted  ;  I,  !,  3,  mason-work  of  the  foondalion ;  4,  Tapor  channeli  or  cOA* 


dnjta,  for  tbe  eaeape  of  the  homiditr;  0,  bed  of  «layt  6,  tnaaqua 
ebareoal,  which  forma  the  concavity  of  the  hearth. 


d  of  daf  ai 


,  694,  show  the 
iplojed  for  UqnatUm  ia 
one  <£  the  pHneipal  wwltuig  wo^ 
of  the  Hnrlz.  Fig.  694  exhibit* 
tbe  working  area  cbarged  with  the 
liqaalEon  cakn  and  chairoal,  sap- 
ported  by  iherts  of  wmaght  irani 
being  an  image  of  the  proceca  in 
aeiion.    Fir.  693  ii  tbe  Dlan.  in  the 


Black  copper  holding  at  leact  9 
OieiolA,  (2|  or  3  01.)  of  siltrr  p«r 
cwl.,  and  weighing  90  to  96  lbs. 

Lead  obtained  fran  litharge,  1 
cwts.    Litharge,  )  cwt. 

From  30  to  32  cakea  an  ne- 
cesBively  worked  in  one  opentioo, 
which  lull  abont  6  hour« ;  tbe  fur- 
nace ia  bronght  into  aetioo,  aa  nsnal, 
with  tbe  aid  of  slags ;  then  ■  little 
litban;e  is  added;  when  the  lead 
begins  to  flow,  tbe  copper  ii  iatro- 
duced,  nod  when  the  copper  Sows, 
lead  is  addod,  eo  that  (he  loixtnrc 
of  tbe  metals  may  beeffected  in  the 
best  way  posaibla. 

From  8  to  16  of  these  cakes  (  paiai)  are  Dfoalljr  placed  in  the  liqnation  ftaniaee,  figt, 
092,693,894.  The  operation  taste  3  or  4  boms,  in  whieb  time  abont  1|  qninialaof  char- 
coal are  coninmed.  The  cakea  are  covered  with  burning  charcoal,  mpporled,  as  I  have 
eaid,  by  the  iron  plate*.  Tbe  workable  lead  obtained  Sows  ofl^  towards  tbe  basin  in  (rnat 
at  tbe  fomace  j  whence  it  is  laded  onl  into  monlds  set  alongtide.  See  fig.  693.  ]f  tbe 
lead  thus  obtained  be  not  sufficiently  rich  in  gilver  to  be  worth  capellation,  it  is  employed 
to  form  new  liqaalion  cakes.  When  it  contains  from  5  to  6  lotba  of  silver  per  ewt.,  tt  it 
nhmiltsd  to  enpelkilion  in  tbe  said  smelting  works.    See  Sn-VEi. 

The  Irompt,  or  water  blowing  engine,  figt.  695,  696,  69T.  ^ig.  695  is  the  elVTatnn  ; 
Or.  696  is  a  vertical  section,  made  at  ri^t  armies  to  the  elevation.  The  machine  is  foTmed 
■  two  cylindrical  pipes,  the  bodies  of  lhe(n>fiip(6A,  set  upright,  called  the  ffanneli^  which 
le  above  in  a  water  eiiteni  a,  and  below  in  a  cIdk  baitn  vaAa  e,  eaDJsd  the  M  «r 
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1. 


pi|>e  in  TiUiDf ,  bat  be  JiTJded  inlo  mam  itreamleta.  Bdow  this  narrtM  nart,  eight  holet, 
f  f,  are  peifoTBled  obUqnelj  Ihron^h  the  sabstance  cf  the  trompe,  called  the  Tent-holei 
or  Duatrili,  for  admitting  the  air,  whjeh  the  vater  cBiries  with  it  in  its  desceaL  The  air 
•ftenrardi  ports  from  the  Vater,  by  dashing  npon  a  cuBl-iron  sbb,  placed  in  the  drum 
opoa  the  pedestal  d.  An  apeitnre  i,  at  the  bottom  of  the  dnuo,  allows  the  water  to  flow 
iway  after  its  fall ;  but,  to  prevent  the  air  from  escaping  ali>ng  with  it,  the  water  as  it 
ivoa  is  received  la  a  chest  J  m  n  o,  divided  into  two  parts  by  a  vertical  slide-plate  be- 
hreen  m  n.  By  raisiai;  or  lowering  this  plate,  the  water  may  be  maintained  at  any  desi- 
Rd  level  within  the  dratn,  to  as  to  give  the  ineladed  atr  any  determinate  degree  of  pressure. 
Tbe  snperflncnis  water  then  flows  <^  by  the  hole  o. 

Hie  air-pipe  t,  fif.  896,  is  fitted  to  the  npper  part  of  the  drum ;  it  is  divided,  at  the 
poiat  /,  into  three  tubes,  rf  irtich  the  principal  one  is  destined  for  the  fomace  of  copel- 
Jtlion,  while  the  other  two  g  g,  serre  for  different  melting  flimices.  Each  of  these 
tubes  ends  in  a  leather  pocket,  and  an  iron  noee-pipe  k,  adjusted  in  the  tnj'ere  of 
the  fmnace.  At  Peiey,  and  ta  the  whole  of  Savoy,  a  floodgate  fa  fllled  into  the  upper 
ciileni  a,  to  regnlate  the  adiairaion  of  water  into  the  trompe)  bnl  in  Carniola,  the  funnel 
p  is  closed  with  a  wooden  plog,  Bospended  to  a  eon),  which  goes  round  a  pulley  moanled 
■pan  a  horixontal  axis,  aH  shown  in  flg,  697.  By  the  ping  a  being  raised  more  or  lesi, 
Bterety  the  (jnaatity  of  water  reqaired  for  the  operation  is  admitted.  The  plug  is  pier- 
eed  lengthwise  with  an  obUqne  hole  c  e,  in  which  the  small  lube  c  is  inserted,  with  its  lop 
■ome  way  above  the  water  level,  through  which  air  may  be  admitled  into  the  heart  of  tttt 
cnlamn  descending  into  the  Irompe  p  g. 

The  ordinary  height  of  the  trompe  apparatns  is  about  S6  or  27  feet  to  the  upper  lard 
of  the  water  ctalem  i  its  total  length  is  1 1  metres  (30  feet  6  inches),  and  its  width  2  fea^ 
to  give  room  for  the  drams.  It  is  ntoatfld  lOmitres  (33)  feet)  from  the  melting  fuman. 
TUi  is  Ike  eMe  at  flie  smelting  works  of  Jaaerberg,  In  Upper  Cftraiola. 

Aaar*  owghl  t*  MOopT  an  iaportaat  plaee  In  HMtallnrgk  iartraMtoUt  and  there  is 
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reason  to  belieye  that  the  knowledge  of  assaying  is  not  soifictently  diffused,  smee  ifti 
IKractice  is  so  oflen  neglected  in  smelting  houses.  Not  only  ought  the  assays  of  the 
ores  under  treatment  to  he  frequently  repeated,  because  their  nature  is  subject  to  vary ; 
but  the  different  products  of  the  furnaces  should  be  subjected  to  reiterated  assays,  at  the 
several  periods  of  the  operations.  When  silver  or  gold  ores  are  in  question,  the  doci- 
mastic  operations,  then  indispensable,  exercise  a  salutary  control  over  the  metallaisic 
processes,  and  afford  a  clear  indication  of  the  quantities  of  precious  metal  which  they 
ought  to  produce. 

By  the  title  Assays,  in  a  metallurgic  point  of  view,  is  meant  the  method  of  ascertain- 
ing for  any  substance  whatever,  not  only  the  presence  and  the  nature  of  a  metal,  but  its 
proportional  quantity.  Hence  the  operations  which  do  not  lead  to  a  precise  determi- 
nation of  the  metal  in  question,  are  not  to  be  arranged  among  tlie  assays  now  under 
consideration.  Experiments  made  with  the  blow-pipe,  although  capable  of  yielding  most 
useful  indications,  are  like  the  touchstone  in  regard  to  gold,  ai^  do  not  constitute  genuine 
assays. 

Three  kinds  of  assays  may  be  practised  in  different  circumstapces,  and  with  more  or 
less  advantage  upon  different  ores.  1.  The  mechanical  assay ;  2.  the  assay  by  the  dry 
way ;  3.  the  assay  by  the  humid  way. 

1.  Of  mechanical  assays, — These  kinds  of  assays  consist  in  the  separation  of  the 
substances  mechanically  mixed  in  the  ores,  and  are  performed  by  a  hand-washing,  in  a 
small  trough  of  an  oblong  shape,  called  a  sebilla,  AAer  pulverizing  with  more  or  less 
pcuns  the  matters  to  be  asskyed  by  this  process,  a  determinate  weight  of  them  is  put  into 
this  wooden  bowl  with  a  little  water;  and  by  means  of  certain  movements  and  some 
precautious,  to  be  learned  only  by  practice,  the  lightest  substances  may  be  pretty  exactly 
separated,  namely,  the  earthy  gangues  from  the  denser  matter  or  metallic  particles,  with- 
out losing  any  sensible  portion  of  them.  Thus  a  scklich  of  greater  or  less  purity  will  be 
obtained,  which  may  afford  the  means  of  judging  by  its  quality  of  the  richness  of  the  as 
sayed  ores,  and  wliich  may  thereafter  be  subjected  to  assays  of  another  kind,  whereby  the 
whole  metal  may  be  insulated. 

Washing,  as  an  assay,  is  practised  on  auriferous  sands ;  on  all  ores  from  the  stampsy  and 
even  on  schlichs  already  washed  upon  the  great  scale,  to  appreciate  more  nicely  the  degree 
of  purity  they  have  acquired.  The  ores  of  tin  in  which  the  oxyde  is  often  disseminated 
in  much  earthy  gangue,  are  well  adapted  to  this  species  of  assay,  because  the  tin  oxyde 
is  very  dense.  The  mechanical  assay  may  also  be  employed  in  reference  to  the  ores 
whose  metallic  portion  presents  a  uniform  composition,  provided  it  also  possesses  con- 
siderable specific  gravity.  Thus  the  ores  of  sulphuret  of  lead  (galena)  being  susceptible 
of  becoming  almost  pure  sulphurets  (within  1  or  2  per  cent,)  by  mere  washing  skilfully 
conducted,  the  richness  of  that  ore  in  pure  galena,  and  consequently  in  lead,  may  be  at 
once  concluded ;  since  120  of  galena  contain  104  of  lead,  and  16  of  sulphur.  The  sai- 
phuret  of  antimony  mingled  with  its  gangue  may  be  subjected  to  the  same  mode  of  assay, 
and  the  result  will  be  still  more  direct,  since  the  crude  antimony  is  brought  into  the  mar- 
ket aAer  being  freed  from  its  gangue  by  a  simple  fusion. 

The  assay  by  washing  is  «lso  had  recourse  to  for  ascertaining  if  the  scoria  or  other 
products  of  the  furnaces  contain  some  metallic  grains  which  might  be  extracted  from 
them  by  stamping  and  washing  on  the  great  scale ;  a  process  employed  considerably  with 
the  scoria  of  tin  and  copper  works. 

0/  assays  by  the  dry  way, — The  assay,  by  the  dry  way  has  for  its  object,  to  show 
the  nature  and  proportion  of  the  metals  contained  in  a  mineral  substance.  To  make  a 
good  assay,  however,  it  is  indispensably  necessary  to  know  what  is  the  metal  associated 
with  it,  and  even  within  certain  limits,  the  quantity  of  the  foreign  bodies.  Only  one 
metal  is  commonly  looked  after ;  unless  in  the  case  of  certain  ai^ntiferous  ores.  The 
mineralogical  examination  of  the  substances  under  treatment,  is  most  commonly  sufficient 
to  afford  data  in  these  respects;  but  the  assays  may  always  be  varied  with  different  views^ 
before  stopping  at  a  definite  result;  and  in  every  instance,  only  such  assays  can  be  con- 
fided in,  as  have  been  verified  by  a  double  operation. 

This  mode  of  assaying  requires  only  a  little  experience,  with  a  simple  apparatus ;  and 
is  of  such  a  nature  as  to  be  ^practised  currently  in  the  smelting  works.  I'he  air  furnace 
and  crucibles  employed  are  described  in  all  good  elementary  chemical  books.  These 
assays  are  usually  performed  with  (he  addition  of  a  flux  to  the  ore,  or  some  agent  for 
separating  the  earthy  from  the  metallic  substances ;  and  they  possess  a  peculiar  advan- 
tage relative  to  the  smelting  operations,  because  they  offer  many  analogies  between 
results  on  the  great  scale  and  experiments  on  the  small.  This  may  even  enable  ua  oflea. 
to  deduce,  from  the  manner  in  which  the  assay  has  succeeded  with  a  certain  flux,  and  at 
a  certain  degree  of  heat,,  valuable  indications  as  to  the  treatment  of  the  ore  in  the  grenl 
way.    See  Furnace. 

In  the  smelting  houses  which  purchase  the  ore,  as  in  Germany,  it  is  necessary  to 
bestow  much  attention  upon  the  assays,  beeanae  they  serve  to  regulate  the  quality  and 


the  price  of  the  schlichs  to  be  deU««rH.  TImm  ft9s«yi^«re  tiot  lUf  any  niettM  ttte  ftom 
diffleiilties,  eipecnUy  when  ores  eoiitaining  seveml  useful  netals  are  treated^  and  iwhich 
are  to  be  dosed  or  proportioned';  eres,  fbr  exatttplej  inekidihg  a  notable  quantity  of  lead, 
copper,  and  silver,  mixed  together. 

In  the  central  works  of  the  Hartz,  as  well  as  in  those  of  Saxony,  the  tcklick*  as  de- 
livered are  subjected  to  docimastic  assays,  which  are  verified  three  times,  and  by  three 
different  DersonSy  one  of  whom  is  engaged  for  the  interests  of  the  mining  partners, 
another  io:Pthat  of  the  smelting  house,  and  a  third  as  arbiter  in  case  of  a  difi'erence*  If 
the  first  two  results  of  assaying  diJQer  by  J  loth  (or  J  ounce)  of  silver  per  cwt.  of  tehlichf 
the  operations  must  be  resumed;  but  this  rarely  happens.  T\' hen  out  of  the  three  assays, 
the  one  differs  from  the  two  others  by  no  more  than  }  loth  of  silver  per  cwt.,  but  by 
more  io  one,  and^^y  less  in  another,  the  mean  result  is  adopted.  As  (o  the  contents  of  the 
tchlick  in  lead,  the  mean  results  of  the  assays  must  be  taken.  The  differences  allowed 
are  three  pounds  for  the  schlich,  when  it  contains  from  12  to  30  per  cent,  of  lead,  increas* 
iog  to  six  pounds  for  schlich,  when  it  contains  less  than  55  per  cent,  of  that  metal. 

Assaying  forms,  in  great  establishments,  an  important  object  in  reference  to  time  and 
expense.  Thus,  in  the  single  work  of  Franckenscham,  in  the  Hartz,  no  less  than  300 
assays  have  to  be  made  in  a  threefold  way,  every  Monday,  without  taking  into  account 
the  several  assays  of  the  smelling  products  which  take  place  every  Thursday.  Formerly 
fluxes  more  or  less  compound  were  employed  for  these  purposes,  and  every  assay  cost 
about  fiAeen  pence.  At  present  all  these  assays  are  made  more  simply,  by  much  cheaper 
methods,  and  cost  a  penny  farthing  each  upon  an  average. 

0/  the  assays  by  the  humid  tcayi — The  assays  by  the  humid  way,  not  reducible  to  very 
simple  processes,  are  true  chemical  analyses,  which  may  in  fact  be  applied,  with  much, 
advantage,  either  to  ores,  or  to  the  products  of  the  furnace ;  but  which  cannot  be  expected 
to  be  practised  in  smclting-houses,  on  account  of  the  complication  of  apparatus  and 
reagents  they  require.  Moreover,  an  expert  chemist  is  necessary  to  obtain  results  that 
can  be  depended  on.  The  directors  of  smelting-houses,  however,  should  never  neglect  any 
opportunities  that  may  occur  of  submitting  the  materials  operated  upon,  as  w.ell  as  their 
products,  to  a  more  thorough  examination  than  the  dry  way  alone  can  effect.  One  of  the 
great  advantages  of  similar  researches  is  to  discover  and  appreciate  the  minute  quantities 
of  injurious  substances  which  impair  the  malleability  of  the  metals,  whidi  give  them  seve- 
ral bad  qualities,  about  whose  luaure  and  cause  more  or  less  error  and  uncertainty  prevail* 
Chemical  analysis,  rightly  applied  to  metallurgy,  cannot  fail  to  introduce  remarkal^ 
improvements  into  the  processes.    See  the  difl'erent  metals,  in  their  alphabetical  places. 

For  assays  in  the  diy  way,  both  of  stony  and  metallic  minerals,  the  process  of  Dr. 
Abich  deserves  recommendation.  It  consists  in  mixing  the  pulverized  mineral  with  4  or 
6  times  its  weight  of  carbonate  of  baryta  in  powder,  Aising  the  mixture  at  a  white  heat, 
and  then  dissolving  it,  afler  it  cools,  in  dilute  muriatic  acid.  The  most  refractory  mine- 
rals, even  corundum,  cyanate,  staurolite,  zircon,  and  feldspar,  yield  readily  to  this  treat- 
ment. This  process  may  be  employed  with  advantage  upon  poor  refractory  ores.  The 
platinum  crucible,  into  which  the  mixed  materials  are  put  for  f\ision,  should  be  placed  in 
a  Hessian  crucible,  and  surrounded  with  good  coke. 

The  following  tabular  view  of  the  metallic  produce  of  the  British  mines  is  given  by 
two  very  skilful  observers,  in  a  work  published  in  1827,  entitled  Voyage  MetaUurgiftie  en 
Jhgkttrrty  par  MM,  Dufrenoy  et  Elie  de  Beaunumt  .>«- 
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The  DHtnguiefte  nised  in  England  ezceeds  2000  Ions. 

M.  Heron  de  YiUefoeM  inserted  in  the  last  number  of  the  jJtimaUt  du  JffMt  fiv  1SS7, 
the  following  statistical  view  of  the  metallie  products  of  France  >— 


Lead  in  pigs  (faamoni)  ......         103 

Litharge  ........        6i3 

Salphnret  of  lead,  gronnd  galena  (olgvifoax)    .  -  •  -         112 

Black  copper    ........]64 

Antimony  .  '.  .  •  ..  .  .  91 

Manganese       ..•^....        765 

Cmde  cast-iron  .......    25,606 

Bar  iron 127,643 

Steel     -  .  - 3,500 

Silver  in  ingots  -  ...  .  .  .  .  il 

The  total  value  of  which  is  estimated  at  80  millions  of  francs;  or  about  3,400/)00  poimds 
sterling. 

METALS  (Metaux,  Fr. ;  MdaXU^  Germ.)  are  by  far  the  most  numerous  class  of  unde- 
eompounded  bodies  in  chemical  arrangements.  They  amount  to  41 ;  of  which  7  fbnn, 
with  oxygen,  bodies  possessed  of  alkaline  properties :  these  are,  1.  potassium ;  2.  so- 
dium; 3.  lithium;  4.  barytium,  or  barium;  5.  strontium;  6.  calcium;  7.  magnesium; 
for  even  magnesia,  the  last  and  feeblest  base,  tinges  turmeric  brown,  and  red  cabbage 
green.  The  next  5  metals  form,  with  oxygen,  the  earths  proper;  they  are,  8.  yttrium; 
9.  glucinum;  10.  alumium;  11.  zirconium;  12.  thorinum.  The  remaining  29  maybe 
enumerated  in  alphabetical  order,  as  they  hardly  admit  of  being  grouped  into  subdivisioas 
with  any  advantage.  They  are  as  follows:  13.  antimony;  iA,  arsenic;  15.  bismuth; 
16.  cadmium;  17.  cerium;  18.  chromium;  19.  cobalt;  20.  copper;  21.  gold;  22.  iri- 
dium; 23.  iron;  24.  lead;  25.  manganese;  26.  mercury;  27.  molydenum;  28.  nickel; 
29.  osmium;  30.  palladium;  3L  platinum;  32.  rhodium;  33.  sflver;  34.  tantalum; 
35.  tellurium;  36.  tin;  37.  titanium;  38.  tungstenium;  39.  vanadium;  40.  uzanium; 
41.  zinc. 

1.  They  are  all,  more  or  less,  remarkable  for  a  peculiar  lustre,  called  the  metallic. 
This  property  of  strongly  reflecting  light  is  connected  with  a  certain  state  of  aggregation 
of  their  particles,  but  is  possessed,  superficially  at  least,  by  mica,  animal  charcoal,  sele- 
nium, polished  indigo ; — Iradies  not  at  fdl  metallic. 

2.  The  metals  are  excellent  conductors  of  caloric,  and  most  of  them  also  of  electricity^ 
though  probably  not  all.  According  to  Despretz,  they  possess  the  power  of  conducting 
heat  according  to  the  following  numbers : — Gold,  1000 ;  platinum,  981 ;  silver,  973 ;  cop- 
per, 898 ;  iron,  374 ;  zinc,  363 ;  tin,  304 ;  lead,  179*6. 

Bfcquerel  gives  the  following  table  of  metals,  as  to  electrical  conduction : — 
Copper,  100;  gold,  93*6;  silver,  73-6;  zinc,  28*5;  platina,  16*4;  iron,  15-8;^  tin,  15-5; 
lead,  8*3  ;  mercury,  3*5 ;  potassium,  1*33. 

The  metals  which  hardly,  if  at  all,  conduct  electricity,  are  zirconium,  alumium^  tanta- 
lum in  powder,  and  tellurium. 

3.  Metals  are  probably  opaque ;  yet  gold  leaf,  as  observed  by  Newton,  seems  to  timns- 
mit  the  green  rays,  for  objects  placed  behind  it  in  the  sunbeam  appear  green.  This  phe- 
nomena has,  however,  been  ascribed  to  the  rays  of  light  passing  throu^  an  in&uie 
number  of  minute  fissures  in  the  thinly  hammered  gold. 

4.  All  metals  are  capable  of  combining  with  oxygen,  but  with  affinities  and  in  qoanti- 
ties  extremely  different.  Potassium  and  sodium  have  the  strongest  affinity  for  it ;  arsenic 
and  chromium,  the  feeblest.  Many  metals  become  acids  by  a  sufficient  dose  of  oxygen, 
while  with  a  smaller  dose  they  constitute  salifiable  bases. 

5.  Metals  combine  with  each  other,  forming  a  class  of  bodies  called  alloys,  ezoepc 
when  one  of  them  is  mercury,  in  which  case  the  compound  is  styled  an  amalgam. 

6.  They  combine  with  hydrogen  into  Kydrwntt  f  with  carbon,  into  earimrtUs  with  sol- 
phur,  into  nUphmreU ;  with  phosphorus,  into  photphureU  ,*  ivith  selenium,  into  teknimtt*  ; 
with  boron,  into  Utrurett  (boride*?);  with  chlorine,  into  ddoridu;  with  iodine,  into 
iodides ;  with  cyanogen,  into  eytandu!  with  sUicon,  into  aiUcidtsi  and  with  fluorine,  into 
Jlmoridu, 

7.  Metallic  salts  are  definite  compounds,  mostly  orystaUine,  of  the  metallic  oxydes  with 
the  acids.    See  Haloid. 

METEORITES  {Afoliihu^  Fr.)  are  atones  of  a  peculiar  aspect  and  compoeitioii,  wlikfa 
have  fallen  from  the  air. 

METHYLE'NE,  a  peculiar  liquid  compound  of  carbon  and  hydrogen,  eztmeted  fron 
pyroxylic  spirit,  which  is  reckoned  to  be  a  bi-hydrate  of  mtOvyUn/t, 

MICA  is  a  'finely  foliated  minoal,  of  a  pearly  metallic  lustre.  It  is  haidar  tham 
gypsum,  bat  not  so  hard  as  cale-spar;  flexible  and  elastic;  spec  grav.  2HS5.     It  ii 
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u  .Agredient  of  granite  and  gneiss.  The  large  sheets  of  mica  erposed  for  sale  in  London, 
•re  mostly  brought  from  Siberia.  They  are  used,  instead  oi  glass,  to  enclose  the  fire, 
without  concealing  the  flame,  in  certain  stoTes. 

The  mica  of  Fahlnn,  analyzed  by  Rose,  afibrded,  silica,  46*22 ;  alumina,  34*52 ;  peros- 
]rdeT  of  iron,  6'04;  potash,  8*22;  magnesia,  with  oxyde  of  manganese,  2*11;  flnoric 
add,  1*09;  water,  0*98. 

MICROCOSMIC  SALT;  a  term  given  to  a  satt  extracted  from  human  nrine, 
because  man  was  regarded  by  the  alchemists  as  a  miniature  of  the  world,  or  the  micro- 
eosm.  It  i»  a  phosphate  of  soda  and  ammonia;  and  is  now  prepared  by  mixing 
oniindent  proportions  of  phosphate  of  soda  and  phosphate  of  ammonia,  each  in  soln- 
tion,  evaporating  and  crystallizing  the  mixture.  A  small  excess  of  ammonia  aids  the 
crystalfization. 

MILK  (LatV,  Fr. ;  itiUkt,  Oerm.)  owes  its  whiteness  and  opacity  to  an  emulsion  com- 
posed of  the  caseous  matter  and  butter,  with  sugar  of  milk,  extractive  matters,  salts,  and 
free  bctic  acid ;  the  latter  of  which  causes  fVesh  milk  to  redden  litmus  paper.  Milk,  in 
general,  contains  from  10  to  12  per  cent,  of  solid  matter,  on  being  eyaporated  to  dryness 
by  a  steam  heat.  The  mean  specific  gravity  of  cows'  milk  is  1*030,  but  it  is  less  if 
the  milk  be  rich  in  cream.  The  specific  gravity  of  the  skimmed  milk  is  1*035 ;  and  of 
the  cream  is  1*0244.     100  parts  of  creamed  milk  contain-^ 

Caseous  matter,  containing  some  butter,      ...       .       .        .        .  2*600 

Sugar  of  milk 3*500 

Alcoholic  extract,  lactic  acid,  and  lactates   -        v        .        .        .        .  0-600 

Salts;  muriate  and  phosphate  of  potash,  and  phosphate  of  lime    -        -  0*420 

Water 92*875 

Cream  consists  of — Butter  separated  by-  churning        ....  4*5 

Caseous  matter  precipitated  by  the  coagulation  of  the  milk  of  the  butter  3*5 

Bnttcr-milk -  920 


100*0 

When  milk  contained  in  wire-corked  bottles,  is  heated  to  the  boiling  point  in  a  water 
hath,  the  oxygen  of  the  included  small  portion  of  air  under  the  cork  seems  to  be  carbon- 
ated, and  the  milk  will  afterwards  keep  fresh,  it  is  said^for  a  year  or  two;  as  green 
gooseberries  and  peas  do  by  the  same  treatment. 

MILL-STONE,  or  Buhr-^tone.  This  interesting  form  of  silica,  which  occurs  in  great 
masses,  has  a  texture  essentially  cellular,'  the  cells  being  irregular  in  number,  shape,  and 
nze,  and  are  often  crossed  by  thin  plates,  or  coarse  fibres  of  silex.  The  Buhr-stone  has 
a  straight  fracture,  but  it  is  not  so  brittle  as  flint,  though  its  hardness  is  nearly  the  same. 
It  is  feebly  translucent ;  its  colors  are  pale  and  dead,  of  a  whitish,  grayish,  or  yellowish 
cast,  sometimes  with  a  tinge  of  blue. 

The  Bohr-stones  usually  occur  in  beds,  which  are  sometimes  continuous,  and  at  others 
interrupted.  These  b«ls  are  placed  amid  deposites  of  sand,  or  argillaceous  and  ferni. 
ginoas  marls,  which  penetrate  between  them,  filling  their  fissures  and  honeycomb  cavities. 
Bohr-stones  constitute  a  very  rare  geological  formation,  being  found  in  abundance  only  in 
the  mineral  basin  of  Paris,  and  a  few  adjoining  districts.  Its  place  of  superposition  is 
well  ascertained :  it  forms  a  part  of  the  lacustrine,  or  (Vesh-water  formation,  whieb,  in 
the  locality  alluded  to,  lies  above  the  fossil-bone  gypsum,  and  the  stratum  of  sand  and 
marine  sandstone  which  covers  it.  Buhr-stone  constitutes,  therefore,  the  uppermost  solid 
stratum  of  the  crust  of  the  globe ;  for  above  it  there  is  nothing  but  alluTial  soil,  or  diluvial 
gravel,  sand,  and  loam. 

Buhr-stones  sometimes  contain  no  organic  forms,  at  others  they  seem  as  if  stuffed  full 
of  fresh-water  shells,  or  land  shells  and  vegetables  of  inland  growth.  There  is  no  excep- 
tion known  to  this  arrangement ;  but  the  &ells  have  assumed  a  silicious  nature,  and  their 
cavities  are  often  bedecked  with  crystals  of  quartz.  The  best  Buhr-stones  for  grinding 
com,  have  about  an  equal  proportion  of  solid  matter,  and  of  vacant  space.  The  finest 
qnairy  of  them  is  upon  the  high  ground,  near  La  Fertesotu-Jouarre.  The  stones  are 
(piarried  in  the  open  air,  and  are  cut  out  iii  cylinders,  from  one  to  two  yards  in  diameter, 
hy  a  series  of  iron  and  wooden  wedges,  gradually  but  equally  inserted.  The  pieces  of 
Inhr-Btones  are  afterwards  cut  in  parallelopipeds,  called  pafie«,  which  are  bound  with  iron 
hoops  into  large  millstones.  These  pieces  are  exported  chiefly  to  England  and  America. 
Good  millstones  of  a  bluish  white  color,  with  a  regular  proportion  of  cells,  when  six  feet 
and  a  half  in  diameter,  fetch  1200  fhincs  a-piece,  or  48/.  sterling.  A  coarse  conglom 
erate  sandstone  or  breccia  is,  in  some  eases,  used  as  a  substitute  for  buhr-stones ;  buf 
it  is  a  poor  one. 

MINERAL  WATERS.    See  Soda  Watek,  and  Watbks,  Minxral. 

MIKES,  {Bergwerke,  Germ.)  Amidst  the  variety  of  bodies  apparently  infinite,  which 
annpose  the  crust  of  ihe  globe,  geologists  have  deoionstrated  the  prevalence  of  a  few 
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general  Bystema  of  roeki,  to  whieli  Ihey  iuire  given  the  name  of  fimuUum$or  doodles. 
A  large  proportion  of  the«e  mineral  systems  consistf  of  paralld  planes,  whose  length  and 
breadth  greatly  exceed  their  thickness ;  on  which  account  they  are  called  stratified  cocks; 
oUiers  occur  in  very  thick  Idocks,  without  any  parallel  stratification^  or  horizontal  seams 
of  considerable  extent. 

The  stratiform  deposites  are  subdivided  into  two  great  classes;  the  primar)'  and  the 
secondary.  The  former  seem  to  have  been  called  into  existence  before  the  creation  of 
organic  matter,  because  they  contain  no  exuvim  of  vegetable  or  animal  beings ;  while 
the  latter  are  more  or  less  interspersed,  and  sometimes  replete  with  organic  remaics. 
Tlie  primary  strata  are  characterized,  moreover,  by  the  nearly  vertical  or  highly  indiaed 
position  of  their  planes ;  the  secondary  lie  for  the  most  part  in  a  nearly  horizontal 
position. 

Where  the  primitive  mountains  graduate  down  into  the  plains*  rocks  of  an  intermediate 
character  appear,  which,  though  possessing  a  nearly  vertical  position,  contain  a  few 
vestiges  of  animal  beings,  especialiy  shells.  These  h&ve  been  called  /ronn/ton,  to  indicate 
their  being  the  passing  Unks  between  the  first  and  second  systems  of  ancient  deposites; 
they  are  distinguished  by  the  fractured  and  cemented  texture  of  their  planes,  fox  which 
reason  they  are  sometimes  called  conglomerate. 

Between  these  and  the  truly  secondary  rocks^  another  very  valuable  series  is  interposed 
in  certain  districts  of  the  globe ;  namely,  the  coal-measures,  the  paramount  ibrtnation  of 
Great  Britain.  The  coal  strata  are  disposed  in  a  baSin-ibrm,  and  aMtmate  with  {Muallel 
beds  of  sandstone,  slate-clay,  iron-stone,  and  occasionally  limestone.  Some  geologists 
have  called  the  coal-measures  the  medial  formation. 

In  every  mineral  plane,  the  inclination  anddireetion  are  to  be  noted;  the  ibrmer  being 
the  angle  which  it  forms  with  the  horizon,  the  latter  the  point  of  the  azimuth  or  borizoo, 
towards  which  it  dips,  as  west,  north-east,  south,  ftc.  The  direction  Of  the  bed  is  that 
of  a  horizontal  line  drawn  in  its  plane ;  and  which  is  also  denotftd  by  the  point  of  the 
com))ass.  Since  the  lines  of  direction  and  inclination  are  at  right  angles  to  eadi  other, 
the  first  may  always  be  inferred  from  the  second ;  for  when  a  stratum  is  said  to  dip  to  the 
east  or  west,  this  implies  that  its  direction  is  north  and  south. 

The  smaller  sinuosities  of  the  bed  are  not  taken  into  account,  just  as  the  windings  of 
a  river  are  neglected  in  stating  the  line  of  its  course. 

MatMi  are  mineral  deposites,  not  extensively  spread  in  parallel  planes,  but  irrecrular 
heaps,  rounded  or  oval,  enveloped  in  whole  or  in  a  great  measure  by  rocks  of  a  different 
kind.  Lenticular  masses  being  frequently  placed  between  two  horizontal  or  incUned 
strata,  have  been  sometimes  supposed  to  be  stratiform  themselves,  and  have  been  accord- 
ingly denominated  by  the  Germans  liegmde  atodce,  lying  heaps  or  blocks. 

The  orbicular  masses  often  occur  in  the  interior  of  unstratified  mountains,  or  in  the 
bosom  of  one  bed. 

Nesta,  concretions,  noduZes,  are  small  masses  found  in  the  middle  of  strata;  the  first  be- 
ing commonly  in  a  friable  state;  the  second  often  kidney-shaped,  or  tuberous;  the  third 
nearly  round,  and  incrusted,  like  the  kernel  of  an  almond. 

Lodes,  or  large  veins,  are  flattened  masses,  with  their  opposite  surfaces  not  paraUsly 
which  consequently  terminate  like  a  wedge,  at  a  greater  or  less  distance^  and  do  not  ran 
parallel  with  the  rocky  strata  in  which  they  lie,  but  cross  them  in  a  direction  not  far 
fVom  the  perpendicular ;  often  traversing  several  different  mineral  planes.  The  lodee  are 
sometimes  deranged  in  their  course,  so  as  to  pursue  for  a  little  way  the  space  between 
two  contiguous  strata ;  at  other  times  they  divide  into  several  branches.  The  matter 
which  fills  the  lodes  is  for  the  most  part  entirely  different  from  the  rocks  they  pass 
through,  or  at  least  it  possesses  peculiar  features. 

This  mode  of  existence,  exhibited  by  several  mineral  substances,  but  which  has 
been  long  known  with  regard  to  metallic  ores,  suggests  the  idea  of  clefts  or  rents 
having  been  made  in  the  stratum  posterior  to  its  consolidation,  and  of  the  vacoiUes 
Having  been  filled  with  foreign  matter,  either  immediately  or  after  a  certain  intervaL 
there  can  be  no  doubt  as  to  the  justness  of  the  first  part  of  the  proposition,  for  there 
may  be  observed  round  many  lodes  undeniable  proofs  of  the  movement  or  dislocatioa  of 
the  rock ;  for  example,  upon  each  aide  of  the  rent,  the  same  strata  are  no  longer  attnated 
in  the  same  plane  as  before,  but  make  greater  or  smaller  angles  with  it;  or  the  stratom 
upon  one  side  of  the  lode  is  raised  considerably  above^  or  depressed  considerably  below» 
its  counterpart  upon  the  other  side.  With  regard  to  the  manner  in  which  the  rent  has 
been  filled,  different  opinions  may  be  entertained.  In  the  lodes  which  are  widest  near 
the  surfiice  of  the  ground,  and  graduate  into  a  thin  wedge  below,  the  fbreign  matter 
would  seem  to  have  been  introduced  as  into  a  funnel  at  the  top,  and  to  have  carried 
along  with  it  in  its  fluid  state  portions  of  rounded  gravel  and  organic  remains*  I& 
other  cases,  other  conoeptions  seem  to  be  more  pMbabia;  siace  many  lodes  are  largest 
at  their  wider  pdrt,  and  beemne  progrensively  narrower  as  they  i^yproach  the  smtee ; 
ffon  which  oiraiiBMlaBfls  it  has  beea  iaieried  that  the  rent  hm  been  eanscd  hr  •m 
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exptnsiTe  force  aeting  (torn  wHhiathe  earth,  and  that  the  forcMfn  matter,  hai^ag  been 
hjected  in  a  fluid  state,  has  aAerwards  slowly  crystallized.  This  hypothesis  aecouats 
moch  better  than  the  other  for  most  of  the  phenomena  observable  in  mineral  veins,  for 
the  alterations  of  the  rock  at  their  sides,  for  the  crystallization  of  the  different  substances 
interspersed  in  them,  for  the  cavities  bestudded  with  little  crystals,  and  for  many  minute 
peculiarities.  Thus,  the  large  crystals  of  certain  substances  which  line  the  walls  of 
ftoHow  veins,  have  sometimes  their  under  snrlkces  besprmlcled  with  small  c^stals  of 
snlphurets,  ar^niurets,  &c.,  while  their  upper  surfaces  are  quite  smooth ;  suggestmii 
the  idea  of  a  slow  sublimation  of  these  volatile  matters  from  below,  by  the  residual 
heat,  and  their  condensation  upon  the  under  faces  of  the  crystalline  bodies,  already 
cooled.  This  phenomenon  affords  a  strong  indication  of  the  igneous  Qrigm  of  metaJIi- 
fecous  veins. 

In  the  lodes,  the  principal  matters  which  fill  them  are  to  be  distinguished  from  the 
accessory  substances ;  the  latter  being  distributed  irregularly,  amidst  the  mass  of  the.  first, 
in  crystals,  nodules,  grains,  seams,  &c.  The  non-metalliferous  exterior  portion,  which  is 
often  the  largest,  is  called  gangue,  from  the  German  gangy  vein.  The  position  of  a  vein 
is  denoted,  like  that  of  the  strata,  by  the  angle  of  inclination,  and  the  point  of  the  horizon 
towards  which  they  dip,  whence  the  direction  is  deduced, 

Vehuy  are  merely  small  lodes,  which  sometimes  traverse  the  great  ones,  ramifying  in 
various  directions,  and  in  different  degrees  of  tenuity. 

A  metalliferous  substance  is  said  to  be  distemiiuUed,  when  it.  is' dispersed  in  crystals, 
spangles,  scales,  globules,  &c.,  through  a  large  mineral  mass. 

Certain  ores  which  contain  the  metals  most  indispensable  to  human  necessities,  have 
been  treasured  up  by  the  Creator  in  very  bountiful  deposites ;  constituting  either  great 
masses  in  rocks  of  different  kindsj  or  distributed  in  lodes,  veins,  nests,  concretions,  or  beds 
with  stony  and  earthy  admixtures ;  the  whole  of  which  become  the  objects  of  mineral  ex- 
ploration. These  precious  stores  occur  in  different  stages  of  the  geological  formations ; 
bat  their  main  portion,  after  having  existed  abundantly  in  the  several  orders  of  the^pri- 
mary  strata,  suddenly  cease  Ao  be  found  towards  the  middle  of  the  second^*.  Iron  ores 
sure  the  only  ones  which  continue  among  the  more  modem  deposites,  even  so  high  as  the 
beds  immediately  beneath  the  chalk,  when  they  also  disappear,  or  exist  merely  as  color- 
ing matters  of  the  tertiary  earthy  beds. 

The  strata  of  gneiss  and  mica-slate  constitute  in  Europe  the  grand  metallic  domain. 
There  is  hardly  any  kind  of  ore  which  does  not  occur  there  in  sufficient  abundance  to 
become  the  object  of  mining  operations,  and  many  are  found  nowhere  else.  The  tran 
silion  rocks,  and  the  lower  part  of  the  secondary  ones,  are  not  so  rich,  neither  do  they 
contain  the  same  variety  of  ores.  But  this  order  of  things,  which  is  presented  by  Great 
Britain,  Germany,  France,  Sweden,  and  Norway,  is  far  from  forming  a  general  law ;  since 
in  equiaoctial  America  the  gneiss  is  but  little  metalliferous ;  while  the  superior  stiata, 
snch  as  the  day-schists,  the  sienitic  porphyries,  the  limestones,  which  complete  the  tran- 
aitioa  aeries,  as  also  several  secondary  deposites,  include  the  greater  portion  of  the  immense 
mineral  wealth  of  that  region  of  the  globe. 

All  the  substances  of  which  the  ordinary  metals  form  the  basis,  are  not  equally  abundant 
IB  nature ;  a  great  proportion  of  the  numerous  mineral  species  which  figure  in  our  classi- 
fications, are  mere  varieties  scattered  up  and  down  in  the  cavities  .of  the  great  masses  or 
lodes.  The  workable  ores  are  few  in  number,  being  mostly  sulphurets,  some  oxydes,  and 
carbonatea.  These  occasionally  form  of  themselves  very  large  masses,  but  more  frequent- 
ly they  are  blended  with  lumps  of  quarts,  feldspar,  and  carbonate  of  lime,  which  form  the 
main  body  of  the  deposite ;  as  happens  always  in  proper  lodes.  The  ores  in  that  case  are 
arranged  in  small  layers  parallel  to  the  strata  of  the  formation,  or  in  small  veins  whieh 
traverse  the  rock  in  all  directions,>or  in  nests  or  concretions  stationed  iiregularly,  or 
finally  disseminated  in  hardly  visible  particles.  These  deposites  sometimes  contain  appa- 
rently only  one  apecies  of  ore,  sometimes  several,  which  moat  be  mined  together,  as  they 
seem  to  be  of  contemporaneous  formation ;  whilst,  in  other  cases,  they  are  sepairabk, 
hayiag  been  probably  formed  at  different  epochs.  In  treating  of  the  several  metals  in 
their  alpbabetieal  order,  I  have  taken  care  to  describe  their  peculiar  geological  poeitions. 
tad  the  rocks  which  accompany  or  mineralize  them. 

In  mining,  as  in  architecture,  the  best  method  of  imparting  instruction  is  to  display 
the  master-pieces  of  the  respe<kive  arts,  which  speak  clearly  to  the  mind  through  the 
medium  of  the  eye.  It  is  not  so  easy,  however,  to  represent  at  once  the  general  effect  «r 
a  miae,  as  it  is  of  an  edifice ;  because  there  is  no  point  of  sight  from  which  the  former 
can  be  sketched  at  once,  like  the  latter.  -The  subterraneous  structures  certainly  affo|d 
Mne  of  the  finest  examples  of  the  aseful  labors  of  man,  continued  for  ages,  under  the 
guidance  of  scienee  and  ingenuity ;  but,  however  curious,  beautiful^  and  grand  in  them- 
selves, they  cannot  become  objects  of  a  panoramic  view.  It  is  only  by  the  lights  of  ge 
Mnetry  and  geology  that  mines  can  be  eonteroplated  and  surveyed,  either  as  a  whole  or  in 
details ;  and,  therefore,  these  marvelloufl  subterraaean  rag ipns»  in  whieh  made  are  eat 


manj  hnndred  milca  kng,  ire  mltofcllier  unknosrn  or  dbr^ardcd  by  men  of  tbe  wori^ 
SbooU  •a;  of  them,  pereh&ace,  fiom  curioiilf  oi  iateiesl,  descead  into  tl)e»e  imA 
recesses  ofthenith,  ihef  are  prepared  to  diMOTci  only  n  Tew  iawlatcd  object*  which  they 
awy  think  Mrui^e  or  powibly  hideous  ;  but  they  cannot  recognise  either  Ihe  Rymmelriul 
diipoiition  of  mineml  bodies,  oi  the  laws  whicli  govern  geotogical  phenomena,  aud 
terre  as  sure  gai>l«t  to  the  sikiUiil  miner  in  his  advenlnroos  search.  It  is  by  exact 
plana  and  sections  at  sabterroneoas  workings,  llial  a  knowledge  of  the  nature,  citent, 
and  dittribnlioa  of  miae-ml  wealth  can  be  acquired. 

698.    -i  gmeral  virw  of  minag  optmtioia. 


As  there  i»  no  ennnlry  in  the  world  so  Iraly  rich  and  powerful,  by  Tirlne  of  ita  minai] 
stores,  as  Great  Britain,  so  there  are  no  people  who  ought  to  take  a  deeper  tnlertsi  ia 
their  scientific  illuitniion.  I  have  endearored  in  the  present  article  to  collect  fnjai 
tbe  most  authentic  sources  the  mosl  interesting  and  iaslrticliTC  enunples  of  miung 
operations. 

To  the  magnificent  work  of  Ville-Fosse,  Sur  la  Riditat  Mtatralt,  no  longer  on  tak, 
I  have  to  acknowledge  weighty  oUi)nliaDs ;  many  of  tbe  figures  being  copied  fnun  hit 
great  Atlas. 

Lodes  or  mineral  veins  are  usually  distingoiihed  by  English  miners  into  at  least  (ini 
speeiei.  1.  The  rake  vein.  2.  The  pipe  vein.  3.  Tbe  Sat  or  dilated  vein ;  and  4. 
The  inlerlaeed  mas*  (ifocft-utfrJn),  indicating  the  onion  of  a  multitude  of  small  reiai 
mixed  in  every  possible  direction  with  eaeh  other,  and  with  the  rock. 

1.  The  mfcr  vein  is  a  perpendicular  mineral  lissnre ;  and  a  the  form  best  known 
auoDf;  practical  miners.  It  eommoaly  runs  in  a  etniixhl  line,  beginning  at  the  super- 
ficies of  tbe  strata,  and  cnttiog  them  downwards,  generally  fnrthet  than  can  be  reached. 
This  vrin  lomelimes  stands  quite  perpendicular  i  but  it  more  nsnally  inclines  or  ban^i 
over  al  a  greater  or  smaller  angle,  or  slope,  which  is  called  by  the  miners  tbe  tiaJM  or 
fading  of  the  vein.    The  line  of  directiDa  in  which  the  fissure  runs,  is  caUed  the  btarmg 

2.  The  pipe  vein  resembles  in  many  respects  a  huge  urcRular  cavern,  piishiag  forward 
■into  Che  body  of  the  earth  in  a  sloping  direillion,  under  varioas  inelinatioD*,  from  on 
angle  of  a  few  degrees  to  the  horizon,  to  a  dip  of  AS',  or  more.  Tbe  pipe  does  not  in 
Ceaeral  cut  the  strata  across  like  the  rake  vein,  but  insinuates  itself  between  them  ;  so 
that  iflhe  plane  of  the  strata  be  nearly  horizontal,  the  bearing  of  the  pipe  vein  will  be 
eonlbrmabte;  but  if  the  strata  stand  up  at  a  hieh  angle,  the  pipe  shoots  down  nearly 
headlong  like  n  shall.  Some  pipes  are  very  wide  and  high,  others  are  very  low  and 
narrow,  somelinin  not  largel  than  a  common  mine  or  drift. 

3.  Thtjlal  iir  dOaM  vein,  is  a  space  or  opening  between  two  strata  or  beds  of  nose, 
lh«  wie  of  which  lies  above,  and  the  other  beliiw  thia  rein,  lilie  a  stralOBi  of  eoai 
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Wtveea  its  rasf  «Bd  pavemeiit ;  to  tbat  the  Tein  and  the  strata  are  placed  in  the  same 
pltne  of  incUnatioD.  These  veios  are  subjecty  like  coal,  to  be  interrapted,  broken,  and 
Ihmwn  ap  or  down  by  sUps^  dikes,  or  other  interraptioDS  of  the  regular  strata.  In  the 
eaae  of  a  metallic  vein,  a  slip  often  increases  the  chanee  of  finding  more  treasure.  6aeh 
veins  do  not  preserve  the  porallelisai  of  their  beds,  charaetenstie  of  coal  seams ;  but 
varjr  exeessiTcly  in  thickness  within  a  moderate  space.  Flat  Tcins  occar  fireqnently  in 
Uraestone,  either  in  a  horizontal  or  declining  direction.  The  flat  or  strata  veins  open  and 
dose,  as  the  rake  veins  also  do. 
4.  The  interlaced  mass  has  been  already  defined. 

To  these  may  be  added  the  accuniMiated  vein,  or  irregular  mass  (Mxunofrfet),  a  great 
deposite  placed  without  any  order  in  the  bosom  of  the  rocks,  apparently  filling  up  cavern* 
ODS  spsces. 

The  interlaced  masses  are  more  frequent  in  primitive  formations,  ttiaa  m  the  others ; 
sad  tin  is  the  ore  which  most  commonly  affects  this  locality.    See  figure  of  Tin  mine. 

The  study  of  the  mineral  substances,  called  gangtte*  or  vein-stones,  which  usually 
accompany  the  dilferent  ores,  is  indispensable  in  the  investigation  and  working  of  mines. 
These  gangnes,  such  as  quartz,  calcareous,  spar,  flaor  spar,  heavy  spar,  &c.,  and  a  great 
number  of  other  substances,  although  of  little  oir  no  value  in  themselves,  become  of  great 
consequence  to  the  miner,  either  by  pointing  out  by  their  presence  that  of  certain  usefbl 
minerals,  or  by  characterizing  in  their  several  associations,  different  deposites  of  ores  of 
which  it  may  be  possible  to  follow  the  tracte,  and  to  discriminate  the  relations,  often  of  a 
complicated  kind,  provided  we  observe  assiduously  the  accompanying  gangues. 

Mineral  veins  are  subfcct  to  derangements  in  their  coune,  which  are  called  shifts  or 
faults.  Thus,  when  a  transverse  vein  throws  out,  br  intercepts,  a  longitudmal  one,  we 
most  commonly  look  for  the  rejected  vein  on  the  side  of  the  obtuse  angle  which  the 
direction  of  the  latter  makes  with  that  of  the  former.  When  a  bed  of  ore  is  deranged 
by  a  fault,  we  mast  observe  whether  the  slip  of  the  strata  be  upwards  or  downwards  j  for 
is  either  circumstance,  it  is  only  by  pursuing  the  itirection  of  the  fault  that  we  can 
recover  t^e  ore ;  in  the  former  case  by  mounting,  in  the  latter  by  descending  beyond 
the  dislocation. 

When  two  veins  intersect  each  other,  the  direction  of  the  offeaat  is  a  subject  of  interest, 
both  to  the  miner  and  the  geologist.  In  Saxony  it  is  considered  as  a  general  fact  that 
the  portion  thrown  out  is  always  upon  the  side  of  the  obtuse  angle,  a  circumstance  which 
holds  also  IB  Cornwall ;  and  the  more  obtuse  the  angle,  the  out-throw  is  the  more  oon- 
sidenble.  A  vein  may  be  thrown  out  on  meeting  another  vein,  in  a  line  which  approaches 
either  towards  its  inclination  or  its  direction.  The  Coroish  miners  use  two  different 
terms  to  denote  these  two  modes  of  rejection;  for. the  first  case,  they  say  the  vein  is 
heaved ;  for  the  second,  it  is  ttarted. 
The  great  copper  lode  of  Carharaek,  d,ySg.  699,  in  the  parish  of  &wenap,  is  one  of  the 
599  most  instructive  examples  of  intersection.    The  power 

or  thickness  of  this  vein  is  8  feel;  its  direction  is 
nearly  due  east  dnd  west,  and  it  dips  towards  the 
north  at  an  inclination  of  two  feet  per  fathom;  its 
upper  part  being  in  the  kUUu  ^a  greenish  clay-slate) ; 
its  lower  part  in  the  granite.  The  lode  has  suffered 
two  intersections;  the  first  produced  by  meeting  the 
vein  hy  called  Steven'^  Jiuekany  which  runs  from  north- 
east to  south-west,  and  which  throws  the  lode 
several  fathoms  out-;  the  second  is  producxl  by 
soother  vein  t,  almost  at  right  angles  with  the  first,  and  which  occasions  another  out- 
throw  of  20  fathoms  to  the  right  side«  The  fall  of  the  vein  occurs  therefore  in  the  one 
case  to  the  right,  and  in  the  other  to  the  left ;  but  in  both  it  is  towards  the  side  of  the 
obtuse  angle.  This  distribution  is  very  singular;  for  one  part  of  the  vein  appears  to 
have  mounted  while  the  other  has  descended,  n.  s.  denotes  North  and  South,  d  u 
the  copper  lode  running  east  and  west.  A,  t,  are  systems  of  cfaiy-slate  veins  called 
fluckans ;  the  line  over  s,  represents  the  down  shift,  and  d'  the  up-shift. 

General  oburvations  an  the  JoealUiet  of  om,  and  on  the  indications  of  metaUie  mints. 

1.  Tin  exists  principally  in  primitive  rocks,  appearing  either  in  interlaced  masses,  in 
beds,  or  as  a  constituent  part  of  the  rock  itself,  and  more  rarely  in  distinct  veins.  Tia 
ore  is  found  indeed  sometimes  in  alluvial  land,  filling  up  low  situations  between  lofty 
OMuntains. 

2.  Gold  occurs  either  in  beds  or  in  veins,  frequently  in  primitive  rocks ;  though  in 
other  formations,  and  particularly  in  alluvial  earth,  it  is  also  found.  When  this  metal 
exists  in  the  bosom  of  primitive  rocks,  it  is  particularly  in  schists ;  it  is  not  found  in  serpen- 
tine,  but  it  is  met  with  in  gnywucke  in  Transylvania.    The  goki  of  alluvial  districts, 
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fdled  goM  of  washing  or  timiiipovt,  oecars,  as  wdl  as  attnrial  Itn,  mmxmg  tlw  dcbiis  of 
the  more  ancient  roeks. 

3.  Silver  is  fonnd  particularly  in  veins  and  beds,  in  piiinitive  and  transition  fonnalionit; 
thongh  some  veins  of  this  metal  oeeur  in  seeondary  strata.  The  rocks  richest  in  it  are, 
gneiss,  mica-slate,  clay-slate,  graywacke,  and  old  alpine  Umestene.  Localities  of  aihrar- 
ore  itself  are  not  numerous,  at  least  in  Europe,  among  secondary  formations;  hot  it 
occurs  in  combination  with  the  ores  of  copper  or  of  lead. 

4.  Copper  exists  in  the  three  mineral  epochas ;  1 .  in  primitive  rocks,  principally  in  the 
state  of  pyritous  copper,  in  beds,  in  masses,  or  in  veins ;  2.  in  transition  districts,  some- 
times in  masses,  sometimes  in  veins  of  copper  pyrites ;  3.  in  secondary  strata,  especially 
in  beds  of  cupreous  schist. 

6.  Lead  occurs  also  in  each  of  the  three  mineral  epochas ;  abounding  particularly  in 
primitive  and  transition  grounds,  where  it  usually  constitutes  veins,  and  occasionally  beds 
of  sulphureted  lead  (galena).  The  same  ore  is  found  in  strata  or  in  veins 
secondary  rocks,  associated  now  and  then  with  ochreous  iron-ox)'de  and 
(carbonate  of  zinc) ;  and  it  is  sometimes  disseminated  in  grains  through  more  recent 
strata. 

6.  Iron  is  met  with  in  four  different  mineral  eras,  but  in  different  ores.  Among  primi- 
tive rocks,  magnetic  iron  ore  and  specular  iron  ore  occur  chiefly  in  beds,  sometimes  of 
enormous  size ;  the  ores  of  red  or  brown  oxyde  of  iron  (hematite)  are  found  generally  in 
veins,  or  occasionally  in  masses  with  sparry  iron,  both  in  primitive  and  transition  rodu; 
as  also  sometimes  in  secondary  strata ;  but  more  frequently  in  the  coal-measure  strata,  as 
beds  of  day-ironstone,  of  globular  iron  oxyde,  and  carbonate  of  iron.  In  alluvia]  districts 
we  find  ores  of  clay-ironstone,  granular  iron-ore,  bog-ore,  swamp^re,  and  meadow-ore. 
The  iron  ores  which  belong  to  the  primitive  period  have  almost  always  the  metallic  aspect, 
With  a  richness  amounting  even  to  80  per  cent,  of  iron,  while  the  ores  in  the  postericr 
formations  become  in  general  more  and  more  earthy,  down  to  those  in  alluvial  soils,  some 
of  which  present  the  appearance  of  a  common  stone,  and  afford  not  more  than  20  per 
cent,  of  metal,  though  its  quality  is  often  excellent. 

7.  Mercury  occurs  principally  among  secondary  strata,  in  disseminated  .masses,  along 
with  combustible  substances;  though  the  metal  is  met  with  occasionally  in  primitive 
countries. 

8.  Cobalt  belongs  to  the  three  mineral  epochas ;  its  most  abundant  depositee  are  veins 
in  primitive  rocks ;  small  veins  containing  this  metal  are  found,  however,  in  secondary 
strata. 

9.  jSntimony  occurs  in  veins  or  beds  among  primitive  and  transition  rocks. 

10.  11.  Bismuth  and  nickel  do  not  appear  to  constitute  the  predominating  substance 
of  any  mineral  deposites ;  but  they  often  accompany  cobalt. 

12.  Zinc  occurs  in  the  three  several  formations :  namely,  as  sulphuret  or  blende,  paitie- 
nlarly  in  primitive  and  transition  rocks ;  as  calamine,  in  secondary  strata,  usually  ahmg 
with  oxyde  of  iron,  and  sometimes  with  sulphuret  of  lead. 

An  acquaintance  with  the  genenff  results  collected  and  classified  by  geology  most  be 
our  first  guide  in  the  investigation  of  mines.  This  enables  the  observer  to  judge  whether 
any  particular  district  should,  from  th»  nature  and  arrangement  of  its  rocks,  be  suscepti* 
ble  of  including  within  its  bosom,  beds  of  workable  ores ;  it  indicates  also,  to  a  certain 
degree,  what  substances  may  probably  be  met  with  in  a  given  series  of  rocks,  and  what 
loodity  these  substances  will  preferably  affect.  For  want  of  a  knowledge  of  these  faet% 
many  persons  have  gone  blindly  into  researches  equally  absurd  and  ruinous. 

Formerly,  indications  of  mines  were  taken  from  very  unimportant  circumstances; 
iVom  thermal  waters,  the  heat  of  which  was  gratuitously  referred  to  the  decomposition  of 
pyrites ;  from  mineral  waters,  whose  course  is  however  oAen  from  a  far  distant  source ; 
firom  vapors  incumbent  over  particular  mountain  groups ;  from  the  snows  melting  taster 
in  one  mineral  district  than  another ;  from  the  different  species  of  forest  trees,  and  from 
the  greater  or  li*ss  vigor  of  vegetation,  &c.  In  general,  all  such  indications  are  equally 
fidlacions  with  the  divining  rod,  and  the  compass  made  of  a  lump  of  pyrites  suspended  by 
a  thread. 

Greognostic  observation  has  substituted  more  rational  characters  of  metallic  depoaifees, 
some  of  which  may  be  called  negative  and  others  poeiiive. 

The  negative  indications  are  derived  from  that  peculiar  geological  constitution,  which 
from  experience  or  general  prineiples  excludes  certain  metallic  matters ;  for  example, 
granite,  and  in  general  every  primitive  formation,  forbids  the  hope  of  finding  within  them 
oombustible  fossils  (pit-coal,)  unless  it  be  beds  of  anthracite ;  there  also  it  would  be  vain 
to  seek  for  sal  gem.  It  is  very  seldom  that  granite  rocks  include  silver ;  or  limestonesy 
OBSS  of  tin.  Volcanic  territories  never  afford  any  metallic  ores  worth  the  working ;  nor 
do  extensive  veins  usually  run  into  secondary  and  alluvial  fbrmations.  The  richei  ores 
of  iron  do  not  occur  in  secondary  strata ;  and  the  ores  of  this  metal  peculiar  to  theie 
localities,  do  not  exist  among  primary  rocks. 
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Amoa?  p9nift0$  indiMttoM,  tome  are  pnudUMte  *iid'  otheit  remote.  The  prasi«i«te 
tre,  an  efflorescence,  so  to  speak,  of  the  subjacent  metaUk  masses;  magaeiic  attraotion 
for  iron  ores  ^  bitumlaona  atoneyOr  infiammable  9i&£>r  pit^oal ;  the  frequent  occarrence 
of  Aaipnents  of  partieular  ores,  &c.  The  i emote  indicatioas  consist  in  the  geological 
epocha,  and  nature  of  the  rocks.  From  the  examples  prnvioosly  adduced,  macks  of 
this  kind  acquire  new  importance  when  in  a  distriet  soaceptible  of  including  deposites  €iC 
workable  ores,  the  f^anguu  or  vein-stones  are  met  with  which  usually  accompany  any 
particular  metal.  The  general  aspect  of  mountains  whose  Aanks  present  gentle  and 
continuous  slopes,  the  frequency  of  sterile  veins,  the  presence  of  metalliferous  sands,  the 
neighborhood  cf  some  known  locality  of  an  ore,  for  instance,  that  of  iron-stone  in 
reference  to  coal,  lastly,  the  existence  of  salt  springs  and  mineral  waters,  may  furnish 
some  indications ;  but  when  ferruginous  or  cupreous  waters  issue  firom  sands  or  days, 
such  characters  merit  in  general  little  attention,  because  the  waters  may  flow  from  a  great 
distance.  No  greater  importance  can  be  attached  to  metalliferous  sands  and  saline 
springs. 

In  speaking  of  remote  indications,  we  may  remark  that  in  several  places,  and  partk- 
alarly  near  Clausthal  in  the  Hartz,  a  certain  ore  of  red  oxyde  of  iron  occurs  aboVe  tke 
most  abnndant  deposites  of  the  ores  of  lead  and  silver  j  whence  it  has  been  named  by 
the  Germans  the  ircmJiat.  If  appears  that  the  iron  ore  rich  in  silver,  which  is  worked 
in  America  under  the  name  of  ^ooot,  has  some  analogy  with  this  substance ;  but  iron  ore 
is  in  general  so  plentifully  diffused  on  the  surface  of  the  soil,  that  its  presence  can  be  re- 
gard^ as  only  a  remote  indication,  relative  to  <vther  mineral  substances,  except  in  tlie 
ease  of  clay  iron-stone  with  coal. 

Of  the  huirumenU  and  operatumi  <tf  gyhttrranum  operaUom^^-AX  is  by  the  aid  of  ge- 
ometry in  the  first  place  that  the  miner  studies  the  situation  of  the  mineral  deposites,  on 
the  surface  and  in  the  interior  of  the  ground ;  determines  the  several  relations  of  the 
veins  and  the  rocks ;  and  becomes  capable  of  directing  Che  perforations  towards  a  suital4e 
end. 

The  instruments  are,  1.  the  magnetic  compass,  which  is  employed  to  measure  the 
direction  of  a  metallic  ore,  wherever  the  neighborhood  of  iron  does  not  interfere  with  its 
fonetions ;  2.  the  graduated  semi-cirele,  which  serves  to  measure  the  inclination,  which  is 
also  called  the  clinometer. 

3.  The  chain  or  eord  for  measuring  the  distance  of  one  point  from  another. 

4.  When  the  neighborhood  of  iron  renders  the  use  of  the  magnet  uneertain,  a  plate  or 
plane  table  is  employed. 

The  dials  of  the  compasses  generally  used  in  the  most  celebrated  mines,  are  graduated 
into  hours ;  most  commonly  into  twice  12  hours.  Thus  the  whole  limb  is  divided  into 
24  spaces,  each  of  which  contains  15^  =  1  hour.  Each  hour  is  subdivided  into  8 
parts. 

Means  6/ penetrating  into  the  ifiterior  of  the  eorffi. — ^In  order  to  penetrate  into  the  raie> 
rior  of  the  earth,  and  to  extract  from  it  the  objects  of  his  toils,  the  miner  has  at  his  dis- 
posal several  means,  which  may  be  divided  into  three  classes)  1.  manual  toohy  2.  giw- 
powder,  and  ^.fire. 

The  tools  used  by  the  miners  of  Cornwall  and  Devonshire  are  the  following : 

Ftg.  700.  The  ^^uk.    It  is  a  light  tool,  and  somewhat  varied  in  shape  aecordtng  to  ci^ 
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Constances.  One  side  used  as  a  hammer  h  called  the  poU^  and  is  employed  to  drive  in 
the  ga<2t,  or  to  loosen  and  detach  prominences.  The  point  is  of  steel,  carefully  tempered, 
tnd  drawn  inder  the  hammer  to  the  proper  form,    llie  French  oUl  it  poinieroUU* 


Fig»  701.  The  gad.  It  is  a  wedge  of  steel,  driven  into  cterieet  of  vodOy  or  into  bmG 
fypenings  made  with  the  point  of  the  pick. 

Fig.  702.  The  nUner*t  thotel.  It  has  a  pointed  form,  to  enable  it  to  penetnte  ameiis 
the  coarse  and  hard  fragments  of  the  mine  rabbiBh.  Its  handle  being  somewhat  bent,  a 
man's  power  may  be  conveniently  applied  without  bending  his  body. 

The  6^/tng  or  AooHng  tools  are  :-— 

A  sledge  or  mallet fig.  703. 

Borer —704. 

Claying  bar —705. 

Needle  or  naa —706. 

Scraper        ----.--  —707. 

Temping  bar —  708. 

Besides  these  tools  the  miner  requires  a  powder-horn,  mshes  to  be  filled  with  gnnpow- 
der,  tin  cartridges  for  occasional  use  in  wet  groand«  and  paper  rubbed  over  with  gunpow- 
der or  grease,  for  the  tmifls  or  fuses. 

The  borer,  fig,  704,  is  an  iron  bar  tipped  with  steel,  formed  like  a  thick  chisel,  and 
is  used  by  one  man  holding  it  straight  in  the  hole  with  constant  rotation  on  its  axis,  while 
another  strikes  the  head  of  it  with  the  iron  sledge  or  mallet,  >Sg.  703.  The  hole  is  beared 
out  from  time  to  time  by  the  scraper,  ySg.  707,  which  is  a  flat  iron  rod  turned  up  at  one 
end.  If  the  ground  be  very  wet,  and  the  hole  gets  full  of  mud,  it  is  cleaned  out  by  a  stick 
bent  at  the  end  into  a  fibrous  brush,  called  a  stoah-^tick. 
Fig,  709  represents  the  plan  of  blasting  the  rock,  and  a  section  of  a  hole  ready  for 

firing.  The  hole  must  be  rendered  as 
dry  as  possible,  which  is  effected  very 
simply  by  filling  it  partly  with  tenaci- 
ous clay,  and  then  driving  into  it  a 
tapering  iron  rod,  which  nearly  fills  its 
calibre,  ^led  the  claying  l>ar.  This 
being  forced  in  with  great  violence, 
condenses  the  clay  into  all  the  crevices 
of  the  rock,  and  secures  the  dryness  of 
the  hole.  Should  this  plan  fail,  re- 
course is  had  to  tin  cartridges  furnish- 
ed with  a  stem  or  tube,  (see  fig.  710,) 
through  which  the  powder  may  be  in- 

flamed.     When  the   hole  is  dry,  and 

the  charge  of  powder  introduced,  the  naU,  a  small  taper  rod  of  copper,  is  inserted  so  as 
to  reach  the  bottom  of  the  hole,  which  is  now  ready  for  tamping.  By  this  difficult  and 
dangerous  process,  the  gunpowder  is  confined,  and  the  disruptive  eflfect  produced. 
Diflferent  substances  are  employed  for  tampingj  or  cramming  the  hole,  the  most  usual 
one  being  any  soil  species  of  rock  free  from  silicious  or  flinty  particles.  Small  quan- 
tities of  it  only  are  introduced  at  a  time,  and  rammed  very  hflird  by  the  tamptng-bar, 
which  is  held  steadily  by  one  man,  and  struck  with  a  sledge  by  another.  The  hole 
being  thus  filled,  the  nail  is  withdrawn  by  putting  a  bar  through  its  eye,  and  striking 
it  upwards.  Thus  a  small  perforation  or  vent  is  left  for  the  rush  which  communicates 
the  fire. 

Besides  the  improved  tamping-bar  faced  with  hard  copper,  other  contrivances  have 
been  resorted  to  foir  diminishing  the  risk  of  those  dreadful  accidents  that  frequently  occur 
in  this  operation.  Dry  sand  is  sometimes  used  as  a  tamping  material,  but  there  are  many 
rocks  for  the  blasting  of  which  it  is  ineffective.  Tough  clay  will  answer  better  in  seversl 
situations. 

For  conveying  the  fire,  the  large  and  long  green  rushes  which  grow  in  marshy 
ground  are  selected.  A  slit  is  made  in  one  side  of  the  rush,  along  which  the  sharp 
end  of  a  bit  of  stick  is  drawn,  so  as  to  extract  the  pith,  when  the  skin  of  the  rush  closes 
again  by  its  own  elasticity.  This  tube  is  filled  up  with  gunpowder,  dropped  into  the 
vent-hole,  and  made  steady  with  a  bit  of  clay.  A  paper  anU/t,  adjusted  to  bum  a  proper 
time,  is  then  fixed  to  the  top  of  the  rush-tube,  and  kindled,  when  the  men  of  the  mine  n*- 
tire  to  a  safe  distance. 

In  fig.  709  the  portion  of  the  rock  which  would  be  dislodged  by  the  explosion,  ii 
that  included  between  a  and  b.  The  charge  of  powder  is  represented  by  the  white  part 
which  fills  the  hole  up  to  c ;  from  which  point  to  the  top,  the  hole  is  filled  with  tampimg. 
The  mi/t  is  shown  at  d. 

Fig,  711  is  an  iron  bucket,  or  as  it  is  called  in  Cornwall^  a  kibble,  in  which  the  ore 
Ii  xiised  in  the  shafts,  by  machines  called  tahimt,  worked  hj  horses.    The  best  kibUas 
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made  of  dieel^iroii^'  uid  hdd  etch  aboat  three  hniidred  weight  of  ore. 
supposed  to  dear  a  cuhie  fathom  of  rock. 
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Fig,  712  represents  the  wheelbarrow  used  under  gronnd  for  conveying  ore  and  waste 
to  the  foot  of  the  shaAs.  It  is  made  of  light  deal,  except  the  wheel,  which  has  a  narrow 
rimofiron«  •  '  . 

Fig.  713  represents  Mr.  Taylor's  ingenious  ventilator,  or  machine  for  renewing  fresh 
air  in  mines. ,  It  is  so  simple  in  construction,  so  complete  in  its  operation,  requires  so 
little  power  to  woric  it,  and  is  so  little  liable  to  injury  from  wear,  that  nothing  further 
of  the  kind  can  be  desired  in  ordinary  metallic  mines.  The  shaft  of  the  mine  is  repre- 
sented at  A ;  at  either  the  top  or  bottom  of  which  the  machine  may  be  placed,  as  is 
foQod  most  convenient,  but  the  foul  air  must  be  discharged  into  a  floor,  furnished  with 
a  valve-door  to  prevent  its  return  into  the  mine,  b  is  the  air-pipe  from  the  mine,  pass- 
ing through  the  bottom  of  the  filed  vessel  or  cylinder  c,  which  is  formed  of  timber,  and 
bound  with  iron  hoops.  It  is  filled  with  water  nearly  to  the  top  of  the  pipe  b,  on  which 
is  fixed  a  valve  opening  upwards  at  d.  b,  the  air,  or  exhausting  cylinder  of  cast-iron, 
open  at  bottom,  and  spspended  over  the  air-pipe,  but  immersed  some  way  in  the  water. 
It  is  ftumiahed  with  a  wooden  top,  having  an  aperture  fitted  with  a  valve  likewise  open- 
ing upwards  at  f.  This  exhausting  cylinder  is  moved  up  and  down  by  the  6ofr,  o,  brought 
into  connexion  with  an^  engine,  by  the  horizontal  rod  h  ;  the  Aveight  of  the  cylinder 
being  balanced,  if  necessary,  by  the  counterpoise  i.  The  action  is  as  follows :  —  When 
the  cylinder  rises,  the  air  from  the  mine  rushes  up  through  the  pipe  and  valve  d  ;  and 
when  it  descends,  this  valve  shuts,  and  prevents  the  return  of  the  air,  which  is  expelled 
through  the  valve  f.  With  a  cylinder  two  feet  in  diameter  and  six  ibel  long,  working 
from  two  to  three  strokes  per  minute,  200  gallons  of  air  may  be  dischai^^ed  in  the 
lame  time. 

Gunpowder  is  the  most  valuable  agent  of  excavation ;  possessing  a  power  which  has 
BO  limit,  and  which  can  act  everywhere,  even  under  water.  Its  introduction,  in  1615, 
caused  a  great  revolution  in  the  mining  art. 

It  is  employed  in  mines  in  different  manners,  and  in  different  quantities,  according  to 
eircnmstanees.  In  all  cases,  however,  the  process  resolves  itsdf  into  borinsr  a  hole,  and 
enclosing  a  cartridge  in  it,  whieh  is  afterwards  made  to  explode.  The  hole  is  always 
cylindrical,  and  is  usually  made  by  means  of  the  borer,ySg.  704,  a  stem  of  iron,  termi- 
nated by  a  blutit-edged  chisel.  It  sometimes  ends  in  a  cross,  formed  by  two  chisels  set 
transversely.  The  workman  holds  the  stem  in  his  left  hand,  and  strikes  it  with  an  iron 
mallet  held  in  his  right.  He  is  careful  to  turn  the  punch  a  very  little  round  at  every 
stroke.  Several  punches  are  employed  in  succession,  to  bore  one  hole ;  the  first  shorter, 
the  latter  ones  longer,  and  somewhat  thinner.  The  rubbish  is  withdrawn  as  it  accumu- 
latesy  at  the  bottom  of  the  hole,  by  means  of  a  picker,  whieh  is  a  sipall  spoon  or  dise 
of  iron  fixed  at  the  end  of  a  slender  iron  rod.    When  holes  of  a  large  size  are  to  be 
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made,  MTeral  men  bhuI  be^iijitoyriA }  0n«  to.holiithe  p«^  «umI  one  cr  nmn  to  wiM 
the  iron  maUet.  The  perforations  are  seldom  leap  thaa  ui  mih  iadismeter,  tad  iS^udMt 
deep ;  but  they  are  sometimes  two  inches  wide^with  a  depth  of  50  inches. 

The  gunpowder,  when  used,  is  most  commonly  put  up  in  paper  cartridges.  Into  the 
side  of  the  cartridge,  a  smaU  cylindrical  spindle  or  piercer  is  pudied.  In  this  state  the 
caitridge  is  forced  down  to  the  bottom  of  the  hole,  which  is  then  stuffed,  by  means  of  the 
tamping  bar,y!g.  708,  with  bits  of  dry  day,  or  friable  stones  coarsely  pounded.*  The 
piercer  is  now  withdrawn,  which  leayes  in  its  place  a  channel  through  which  fire  may  be 
conveyed  to  the  charge.  This  is  executed  either  by  pouring  gunpowder  into  that  -passage, 
or  by  inserting  into  it  reeds,  straw  stems,  quills,  or  tubes  of  paper  filled  with  gunpowder. 
This  is  exploded  by  a  long  match,  which  the  workmen  kindle,  and  then  retire  to  a  place 
of  safety. 

As  the  piercer  must  not  only  be  slender,  but  stiff,  so  as  to  be  easily  withdrawn  when 
the  hole  is  tamped,  iron  qHudltiS  are  usually  employed,  though  they  occasionally  sdTe 
rise  to  sparks,  and  consequently  to  dangerous  accidents,  by  their  friction  against  the  sides 
of  the  hole.  Brass  piercers  have  been  sometimes  tried ;  but  they  twist  and  break  Uw 
readily. 

Each  hole  bored  in  a  mine,  should  be  so  placed  in  reftrence  to  the  schistose  stmctiire 
of  the  rock,  and  to  its  natural  fissures,  as  to  attack  and  Uow  up  the  least  resisting  mtmsmm 
Sometimes  the  rock  is  prepared  beforehand  for  splitting  in  a  certain  direction,  by  means 
of  a  narrow  channel  excavated  ^th  the  small  hammer. 

The  quantity  of  gunpowder  should  be  proportional  to  the  depth  of  the  hole,  and  the  re- 
sistance of  the  rock,  and  merely  sufiicient  to  split  it.  Anj-thing  additional  wcnild  serve  no 
other  purpose  than  to  throw  the  fragments  about  the  mine,  without  increasing  the  useful 
effect.  Into  the  holes  of  about  an  inch  and  a  quarter  diameter,  and  18  inches  deep,  only  two 
ounces  of  gunpowder  are  put. 

It  appears  that  the  effect  of  the  gunpowder  may  be  augmented  by  leaving  an  empty 
space  above,  in  the  middle  of,  or  beneath  the  cartridge.  In  the  mines  of  Silesia,  the  con- 
sumption of  gunpowder  has  been  eventually  reduced,  without  diminishing  the  p«x>- 
duct  of  the  blasts,  by  mixing  sawdust  with  it,  in  certain  proportions.  The  hole  has  also  been 
filled  up  with  sand  in  some  eases,  according  to  Mr.  Jessop's  plan,  instead  of  being 
packed  with  atones,  which  has  removed  the  tfauigea'  af  the  tamping  opeiation.  The  ex- 
periments made  in  this  way  have  given  results  very  advantageous  in  quarry  Uasls 
with  great  chai^ges  of  gunpowder ;  but  less  favorable  in  the  small  barges  employed 
in  mines. 

Water  does  not  oppose  an  insurmountable  obstade  to  the  employment  of  gaapowider ; 
but  when  the  hole  cannot- be  made  dry,  a  cartridge  bag  impezmeable  to  water  must  be  had 
recourse  to,  provided  witii  a  tube  also  impenneable,  in  which  the  piercer  is  placed. 

After  the  explosion  of  each  mining  charge,  wet^es  and  levers  are  employed,  to  diag 
away  and  break  down  what  has  been  shattered. 

Wherever  the  rock  is  tolerably  hard,  the  use  of  guapowiler  is  more  eeoaomical  and 
more  rapid  than  any  tool-work^  and  is  therefore  always  preferred.  A  gallery,  fcr 
example,  a  yard  and  a  half  high,  and  a  yard  wide,  the  piercing  of  which  by  the  hMnmer 
formerly  cost  from  five  to  ten  pounds  sterling  the  running  yard,  in  Germany,  is 
executed  at  the  present  day  by  gunpowder  at  from  two  to  three  pounds.  When,  hov- 
ever,  a  predous  mass  of  ore  is  to  be  detached,  when  the  rode  is  cavernous,  which  nearly 
nullifies  the  action  of  gunpowder,  or  when  there  is  reason  to  apprehend  that  the  shock 
caused  by  the  explosion  may  produce  an  injurious  fall  of  rubbish,  hand<-tools  alone  nnat 
be  employod. 

In  certain  rodcs  and  ores  of  .extreme  hardness,  the  use  both  of  tools  and  gunpowder 
becomes  very  tedious  and  costly.  Examples  to  this  effect  are  seen,  ia  the  masa  ol 
quartz  mingled  with  copper  pyrites,  worked  at  Rammelsberg,  in  the  Harts,  in  the 
masses  of  stanniferous  granite  of  Geyer  and  Altenberg  in  the  Erzgebirge  of  Saxony, 
Jtc.  In  these  circumstances,  fortunately  very  rare,  Uie  action  of  fire  is  used  with 
advantage  to  dhninish  the  cohesion  of  the  rocks  and  the  ores.  The  empk>yment  of  this 
agent  is  not  necessarily  restricted  to  these  difi&cult  cases.  It  was  formerly  applied  very 
oiiten  to  the  working  of  hard  substances;  but  the  introduction  of  gimpowder  into  the 
mining  art,  and  the  increase  in  the  price  of  wood,  occasion  fire  to  be  little  used  as  an 
onlinary  means  of  excavation,  except  in  places  where  the  scantiness  af  the  poalatkm  hmm 


*  Sir  Rose  Prico  invented  a  cap  of  bronxa  alloy,  to  tip  the  i«i7«r  ^Mlof  the  iron  rod ;  a  coatiii    

nuw  generally  used  in  Cornwall.  Bafore  the  Geological  Societv  of  that  county  introdnced  thia  invcatioi. 
Into  practica,  scarcely  a  month  etajised  without  aome  drcaduil  exploaion  sending  the  miner  to  an  tin- 
timely  graTO,  or  so  injuring  him  by  blowing  out  his  eyea,  or  diattering  his  liiatef  ••  to  »mi«r  Jmb  a 
viaeraUe  object  of  charity  for  the  rest  of  his  dava.  Scarcely  has  aa^  aocideat  ha^MBad  aiace  the  tiia 
ploymcnt  of  the  new  tamping-bar.  When  the  whole  bar  was  made  of  the  tin  and  copper  alloy  it  wae  ex<- 
penaire,  and  apt  to  bend  :  but  the  iron  rod  tipp^d  with  the  bronze  is  both  cheap  and  eAi^al.  An  ingeaiooa 
taiirument,  called  the  ahiftiag  outvidB«,  wan  jnrented  by  Mr  Chlnalle,  and  ia  deeeribed  in  the  TnaMctaa«B 
flf  the  above  Moety. 
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left  a  great  extent  of  forest  timber,  aa  happens  i^t  Kongsberg  in  Norway,  at  Daonenoia. 
in  Sweden,  at  Felsobanya  in  Transylvania,  A-c 

The  action  of  fire  may  1)e  applied  to  the  piercing  of  a  gallery,  or  to  the  advancement 
of  a  horizontal  cnt,  or  to  the  crumbling  down  of  a  mass  of  ore,  by  the  successive 
npraising  of  the  roof  of  a  gallery  already  pierced.  In  any  of  these  cases,  the  process 
consists  in  forming  bonfires,  the,  flame  of  which  is  made  to  play  upon  the  parts  to  be 
attacked.  All  the  workmen  must  be  removed  from  the  mine,  during,  and  even  for 
some  time  alter,  the  combustion.  When  the  excaivations  have  become  suiiiciently  cool 
to  allow  them  to  enter,  they  break  down  with  levers  and  wedges,  or  even  by  means  of 
gunpowder,  the  masses  which  have  been  rent  and  altered  by  the  fire. 

To  complete  our  account  of  the  manner  in  which  man  may  penetrate  into  the  interior 
of  the  earth,  we  must  point  out  the  form  of  the  excavations  that  he  should  make  in  it. 

In  mines,  three  principal  species  of  excavations  may  be  distinguished ;  viz.,  Mo/Is, 
gaUeries,  and  the  cavitua  of  greater  or  less  magnitude  which  remain  in  the  room  of  the 
old  workings. 

A  shaft  or  pU  is  a,  prismatic  or  cylindrical  hollow  space,  the  axis  of  which  is  cither 
vertical  or  much  inclined  to  the  horizon.  The  dimension  of  the  pit,  which  is  never  less 
than  32  inches  in  its  narrowest  diametear,  amounts  sometimes  to  several  yards.  Its  depth 
may  extend  to  1000  feet,  and  more.  Whenever  a  shaA  is  opened,  means  must  be  pro- 
Tided  to  exti-act  the  rubbish  which  continually  tends  to  accumulate  at  its  bottom,  as  well 
as  the  waters  which  may  percolate  down  into  it  j  as  ahu)  to  facilitate  the  descent  and 
ascent  of  the  woricmen.  For  some  time  a  wheel  and  axle  erected  over  the  mouth  of  the 
opening,  which  serve  to  elevate  one  or  two  buckets  of  proper  dimensions,  may  be  sufii- 
cieat  for  most  of  these  pnrposes.  But  such  a  machine  becomes  ere  long  inadequate. 
Horse-whims,  or  powerful  steam-engines,  most  then  be  had  recourse  to ;  and  efl'ectttal 
methods  of  support  must  be  employed  to  prevent  the  sides  of  the  shaft  £rom  crumbling 
and  falling  down. 

A  Gallery  is  a  prismatic  spaoe^  the  stmight  or  winding  axis  of  which  does  not  usually 
deviate  much  from  the  horizontal  line.  Two  principal  species  are  distinguished ;  thd 
gaUerifes  of  eUmgaiion^  which  follow  the  direction  of  a  bed  or  a  vein ;  and  the  tranaverm 
galleries,  which  intersect  this  direction  under  an  angle  not  much  different  from  90^. 
The  most  ordinary  dimensions  of  galleries  are  a  yard  wide,  and  two  yards  high ;  but 
many  still  lander  may  be  seen  traversing  thick  deposites  of  ore.  There  are  few  whose 
width  is  less  than  24  inches,  and  height  less  than  40 ;  snch  small  driAs  serve  merely  as 
temporary  expedients  in  workings.  Some  galleries  are  several  leagues  in  length.  We 
shall  describe  in  the  sequel  the  means  which  are  for  Uie  most  paYt  necessary  to  support 
the  roof  and  the  walls.  The  rubbish  is  removed  by  wagons  or  wheelbarrows  af 
various  kinds.    See  fig.  712. 

It  is  impossible  to  adva^e  the  boring  of  a  shaft  or  gallery  beyond  «  eertain  rate,  beeaiiae 
tmly  a  limited  set  of  workmen  can  be  made  to  bear  upon.  it.  There  are  some  galleries 
which  have  taken  more  than  30  years  to  perforate.  The  only  expedient  for  accelerating 
the  advance  of  a  gallery,  is  to  commence,  at  several  points  of  the  line  to  be  pursued, 
pQftk>ns  of  galleries  which  may  be  joined  together  on  thdr  completioa. 

Whether  tools  or  gunpowder  be  used  in  making  the  excavations,  they  should  be  89 
applied  as  to  reader  the  labor  a»  easy  and  quiek  as  possible,  by  disengaging  the  mass 
out  of  the  rock  at  two  or  three  of  its  faces.  The  effect  of  gunpowder,  wedges,  or  piak% 
is  then  much  more  powerful.  The  greater  the  excavatioo,  the  more  important  is  it  to 
observe  this  rule.  With  this  intent,  the  working  is  disposed  in  the  form  of  stepiy 
(gro^tiu),  placed  like  those  of  a  stair ;  eficfa  step  being  removed  in  successive  portions, 
the  whole  of  which,  except  the  last,  are  disengaged  on  three  sides,  at  the  instant  of  their 
being  attacked. 

The  substances  to  be  mined  ocfcnr  in  the  bosom  of  the  earth,  under  the  form  of 
sUuvial  deposites,  beds,  pipe-veins, -or  masses,  threads  or  small  veins,  and  rake-veins. 

When  the  existence  of  a  d(q[>osite  of  ore  is  merely  suspected,  without  positive  prooft^ 
reoDurse  must  be  had  to  labors  of  research,  in  order  to  ascertain  the  richness,  nature, 
and  disposition  of  a  supposed  mine.  These  are  divided  into  three  kinds ;  open  workmgMf 
nkkrranean  toorMngt,  a^id  boring  operatums. 

1.  The  working,  bp  an  x^pen  trtnehy  has  for  its  object  to  discover  the  ootcropptng  or 
bssset  ed^es  of  strata,  or  veins*  It  consists  in  opening  a  fosse  of  greater  or  less  vriidth, 
which,  after  removing  the  'vegetable  mouM,  the  alluvial  deposites,  and  the  matters  dis* 
integrated  by  the.atmoaphere,  discloses  the  native  rocks,  and  enables  us  to  distinguish 
the  beds  which  are  interposed^  as  well  as  the  veins  that  traverse  them.  The  trench  onght 
always  to  be  opmed  in  a  direction  perpcndicolar  to  the  line  of  the  supposed  deposite. 
This  mode  of  investigation  costs  little,  but  it  seldom  gives  maoh  insight.  It  is  chiefly 
euployed  forTeriiying  the  existence  of  a  supposed  bed  or  vein. 

The  wMerraman  vmkmga  nSasd  much  nnre  mtisflictory  knowledge.  They  are 
enentad  by  diffemt Unds  of  pcdbrationsj  via**  by  longUudiMU  guXkrUa  boUowed  out 
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fif  th«  mass  of  the  beds  or  teins  themselves,  in  following  their  course ;  by  trantv^m 
gaUtriesy  pushed  at  right  angles  to  the  direction  of  the  veins ;  by  tnelined  thafU^  which 
pursue  the  slope  of  the  deposites,  and  are  excavated  in  their  mass;  or,  lastly,  by  perpa^^ 
dicular  jriU, 

If  a  vein  or  bed  unveils  itself  on  the  flank  of  a  mountain,  it  may  be  explored,  aceording 
to  the  greater  or  less  slope  of  its  inclination,  either  by  a  longitudinal  gallery  opened  in 
its  mass,  from  the  outcropping  surface,  or  by  a  transverse  gallery  falling  upon  it  in  a  cer- 
tain point,  from  which  either  an  oblong  gallery  or  a  sloping  shaft  may  be  opened. 

If  our  object  be  to  reconnoitre  a  highly  inclined  stratum,  or  a  vein  in  a  level  country, 
we  shall  obtain  it  with  sufficient  precision,  by  means  of  shafts,  8  or  10  yards  deep,  dug 
at  30  yards  distance  from  one  another ;  excavated  in  the  mass  of  ore,  in  the  direction  of 
its  deposite.  If  the  bed  is  not  very  much  inclined,  only  4^,  for  example,  vertical  shafts 
must  be  opened  in  the  direction  of  its  roof,  or  of  the  superjacent  rocky  stratum,  and 
galleries  must  be  driven  from  the  points  in  which  they  meet  the  ore,  in  the  line  of  its 
direction. 

When  the  rocks  which  cover  valuable  minerals  are  not  of  very  great  hardness,  as 
happens  generally  with  the  coal  formation,  with  pyritous  and  aluminous  slates,  sal  gem, 
and  some  other  minerals  of  the  secondary  strata,  the  6orer  is  employed  with  advantage  to 
ascertain  their  nature.  This  mode  of  investigation  is  economical,  and  gives,  in  such 
cases,  a  tolerably  exact  insight  into  the  riches  of  the  interior.  The  method  of  using  the 
borer  has  been  described  under  Artesian  Wells. 

or  MINING  IN  PABTICVLAa. 

The  mode  of  working  mines  is  two-fold ;  by  open  excavations,  and  Mi6/«rTaiieaii. 

Workings  in  the  open  air  present  few  difficulties,  and  occasion  little  expense,  unless 
when  pushed  to  a  great  depth.  They  are  always  preferred  for  working  deposites  little 
distant  from  the  surface;  where,  in  fact,  other  methods  cannot  be  resorted  to,  if  the 
substance  to  be  raised  be  Covered  with  incoherent  matters.  The  only  rules  to  be 
observed  are,  to  arrange  the  workings  in  terraces,  so  as  to  facilitate  the  cutting  down  of 
the  earth ;  to  transport  the  o^es  and  the  rubbish  to  their  destination  at  the  least  possible 
expense ;  and  to  guard  against  the  crumbling  down  of  the  sides.  With  the  latter  view, 
they  ought  to  have  a  suitable  slope,  or  to  be  propped  by  timbers  whenever  they  are  not 
quite  solid. 

Open  workinga  are  employed  for  valuble  clays,  sands,  aH  also  for  the  alluvial  soils  of 
diamonds,  gold,  and  oxyde  of  tin,  bog  iron  ores,  &c.,  limestones,  gypsums,  building  stones, 
roofing  slates,  masses  of  rock  salt  in  some  situations,  and  certain  deposites  of  ores,  partic- 
ularly the  specular  iron  of  the  island  of  Elba ;  the  masses  of  stanniferous  granite  of 
Oayer,  Mtenberg,  and  Seyffen,  in  the  Ertzgeberge,  a  chain  of  mountains  between  Saxony 
and  Bohemia ;  the  thick  veins  or  masses  of  black  oxyde  of  iron  of  Nordmarch,  Danne- 
mora,  &c.,  in  Sweden ;  the  mass  of  cupreous  pyrites  of  Rsraas,  near  Drontheim  ii 
Norway ;  several  mines  of  iron,  copper,  and  gold  in  the  Ural  mountains,  kc. 

Subterranean  workings  may  be  conveniently  divided  into  five  classes,  vie. : — 

1.  Veins,  or  beds,  much  inclined  to  the  horizon,  having  a  thickness  of  at  least  two 
yards. 

2.  Beds  of  slight .  inclination,  or  nearly  horizontal,  the  power  or  thickness  of  whieh 
does  not  exceed  two  yards. 

3.  Beds  of  great  thickness,  but  slightly  inclined. 

4.  Veins,  or  beds  highly  inclined,  of  great  thickness. 

5.  Masses  of  considerable  magnitude  in  all  their  dimensions. 

Subterranean  mining  requires  two  very  distinct  classes  of  worldngs;  the  preparmim-ff^ 
and  those  for  extraction. 

The  .preparatory  consist  in  galleries,  or  in  pits  and  galleries  destined  to  conduct  the 
miner  to  the  point  most'  proper  for  attacking  the  deposite  of  ore,  for  tracing  it  all  round 
this  point,  for  preparing  chambers  of  excavation,  and  for  concerting  neasures  with  a 
view  to  the  circulation  of  air,  the  discharge  of  waters,  and  the  transport  of  the  extracted 
minerals. 

If  the  vein  or  bed  in  question  be  placed  in  a  mountain,  and  if  its  direction  forms  a 
very  obtuse  angle  with  the  line  of  the  slope,  the  miner  begins  by  opening  in  its  side,  at 
the  lowest  possible  level,  a  gallery  of  elongation,  which  serves  at  once  to  give  issue  to 
the  waters,  to  explore  the  deposite  through  a  considerable  extent,  and  then  to  foUow  it 
in  another  direction;  but  to  commence  the  real  mining  operations,  he  pierces  either 
shafts  or  galleries,  according  to  the  slope  of  the  deposite,  across  the  first  gallery. 

For  a  stratum  little  inclined  to  the  horizon,  placed  beneath  a  plain,  th«  first  thing  is 
to  pierce  two  vertical  shafts,  which  Are  usuaUy  made  to  arrive  at  two  points  in  the  same 
line  of  slope,  and  a  gallery  is  driven  to  unite  them.  It  is,  in  the  fiirst  place,  for  the  sake 
of  circulation  of  air  that  these  two  pits  are  sunk ;  one  of  them,  whidi  is  also  destined 
for  the  drainage  of  the  waters,  should  reach  the  fewest  point  of  the  intended  woridnga. 
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If  •  TcU  U  iatanectcd  b;  tnncreiK  com,  tbe  (bKAt  we  pUccd  ao  u  lo  follow,  or,  «l 
Icut,  U  eat  throngb  the  intertectioni.  When  the  mineral  ore*  lie  in  neailf  'ertie*] 
BUK*,  it  U  right  to  avDid,  u  Tv  u  poMible,  unking  pita  into  tbeir  interior.  Theae 
•bould  rather  be  peifonled  Btone  side  of  their  Boor,  erea  at  some  considerable  dtatance,  to 
SToid  all  riik  of  crumbling  the  ores  into  a  heap  of  rubbish,  and  oTerwhelming  the  workmen. 

With  a  *ein  of  teas  than  twu  yardi  Ihiek,  as  soon  as  the  preparatory  labors  have 
brought  the  miners  to  the  point  of  the  vein  from  which  the  ulterior  workings  are  to 
lamify,  wheneier  a  circulation  of  air  baa  been  secured,  and  an  outlet  to  Ihe  water  and 
Ihe  mattrra  mined,  the  fint  object  is  to  divide  the  mass  of  ore  into  large  paiallelopi- 
peda,  b]  means  cd*  oblong  galleries,  pierced  !0  or  25  yards  below  one  another,  with  pita 
of  eommaitieation  opened  op,  30,  40,  or  50  yaida  asunder,  which  Tallow  the  slope  of 
tte  Tcin.  These  galleries  and  BhaiU  are  usually  of  the  same  breadth  as  the  vein,  unless 
when  it  is  very  narrow,  ia  which  caae  it  is  rcqoisile  to  cat  oat  a  portion  of  Ihe  roof  or 
Ihe  door.  Saeh  workings  serve  at  once  the  purposes  of  mining,  by  afiording  a  portion 
(if  ore,  and  the  complete  iaveatigation  of  the  nature  and  riches  of  the  vein,  a  certain 
extent  of  which  ia  (has  prepared  before  remoTing  the  cubical  masses.  Il  is  proper  to 
advance  first  of  all,  in  this  manner,  to  the  greatest  distance  from  the  central  point  which 
can  be  mined  with  economy,  and  aherwards  to  remove  the  parallelapiped  blocks,  in  work- 
il^  back  to  that  point. 

This  latter  operation  may  be  carried  on  ia  two  difierent  ways ;  of  which  one  consists 
in  Bttackina  the  ore  from  above,  and  another  from  below.  In  either  case,  the  excava- 
tions are  dupoBed  in  steps  similar  to  a  stair  upon  their  upper  or  under  side.  The  firat  is 
styled  a  icorking  in  direct  or  descending  atepa )  and  Ihe  second  a  worfctng  in  nvtnt,  w 
•Mending  atepa. 

I.  Suppose,  for  example,  that  the  post  rr,fig,  714,  included  between  the  boiiiqnlal 


galkry  a  c  and  the  shaft  a  >,  is  -to  b«  excavated  by  dit«et  steps,  a  woHcman  stationed 
tipan  a  scaSiJd  at  the  point  a,  whiefa  forms  tbe  angle  between  Ihe  shaft  nnd  Ibe  elong- 
ated drih,  attacks  the  rock  in  front  of  him  and  beneath  hia  feet.  Whenever  he  haa  cat 
Data  parallelopiped  (a  reetangnlar  maas),  offrnn  fonr  to  «ix  yards  broad,  and  two  yards 
high,  a  second  miner  ia  set  to  work  upon  a  teaSbld  at  a',  two  yards  beneath  the  fint, 
wlia,  in  like  manner,  excavates  the  rock  noder  his  feet  and  before  him.  As  soon  as  the 
leoofid  miner  hat  removed  a  post  of  four  or  six  yards  in  width,  by  two  in  height,  a  third 
hj,lni  dpoD  a  scaffold  at  a"  to'  work  out  a  Ihiid  step.  Thus,  as  many  workmen  are 
empk^ed  as  there  are  steps  to  be  made  between  the  two  oblong  borliontal  galleries 
rtidi  extend  above  and  below  the  mass  to  be  eieavited ;  and  since  they  alt  proceed 
iiniallauaeonsly,  they  continue  working  in  similar  poaltions,  in  floors,  over  each  other,  as 
npmi  a  atair  with  rery  long  wide  stepa.  Aa  they  advance,  the  miners  constmet  before 
OicB  wooden  floors  c  c  c  r ,  Ibr  the  purpose  of  supporting  the  rubbish  which  each 
eeriunan  extraeit  irom  his  own  step.  This  floor,  which  ahonld  be  very  solid,  aervet 
aba  for  wheeling  ont  bla  barrow  filled  with  ore.  The  round  billets  which  sup- 
port tbe  planks  snstain  the  roof  or  the  wall-  of  the  mineral  vein  or  bed  under 
opention.  If  the  mbbish  be  very  considerable,  as  Is  comraoiily  the  caae,  Ihe  floor 
planks  arc  knt.  However  strongly  they  may  be  made,  as  they  cannot  be  repaired, 
they  sooner  ov  later  give  way  under  the  enormous  pressure  of  the  rubbish ;  ead  as  all 
the  weight  is  borne  by  the  roof  of  Ihe  oblong  gallery  nndemealh,  this  mnac  be  anffi 
deuly  timbered.  By  this  ingenioaa  [dan,  a  great  many  miners  may  go  to  work 
UgMher  npoo  a.veiB  without  mutnal  interfiirencei  aa  Ihe  portions  which  they  detach 
km  khnja  two  facM  at  leaK  free,  (hey  are  coDseqnently  more  easily  tepaiable,  either 


«tUi  ■[onpowder  or  wilb  the  pkk.  8hMU  fhe  «tin  be  bwr  tlnii  «  Tard  fliick,  or  r(t* 
nb«i>ii«e  be  Terr  refractory,  iwo  miners  are  Kt  upon  each  nej<.  bibb  indime  Uw 
qudranfEnlBr  toasMa  that  are  cut  onl  saeeesehPelr  downvards ;  end  1  1,  2  £,  3  3,  for- 
wardi ;  the  line*  oTimall  circlet  are  Ue  tecllona  <rf'the  endi  of  the  billets  wbkh  mppon 
the  floors. 
2.  To  attack  imaMT.jIg.  715,  a  scafftAlinU  erected  in  one  of  its  terminal  iriu  r  * 


*t  the  level  of  the  ceiling  of  the  (tnllery  r  b',  where  it  leminales  below.  A  juna 
placed  on  this  scaAbId,  cuts  olT  nl  Ihe  angle  oT  thia  msis  a  paraUelopiped  J,  from  on* 
to  two  yards  high,  by  sii  or  eisht  long.  When  he  has  advanced  Ihns  far,  tbere  it 
placed  in  the  wme  pit,  upon  another  Ktiflbld  m',  a  second  miner,  who  Mlacks  the  vein 
above  the  roof  of  the  first  cutting,  and  hews  down,  ahove  the  parol] elopiped  1,  a  panl- 
lelopiped  of  Ihe  same  dimensions  1',  while  the  first  is  taking  oat  another  2,  in  advance  of 
I.  When  Ihe  second  miner  has  gone  forward  6  or  S  yards,  a  third  is  placed  also  in  the 
same  pit.  He  commencei  the  third  step,  while  the  first  two  miners  are  pntbing  forwanls 
theirs,  and  so  in  succession. 

In  this  mode  of  working,  as  well  as  in  Ihe  preceding,  it  is  requisite  to  support  the 
mhbish  and  the  walls  of  the  vein.  For  Ihe  first  object,  a  single  floor  n  n  n,  may  be  inf- 
ficient,  consinicled  above  Ihe  lower  gallery,  lubstanlial  enough  to  bear  all  the  rubbish, 
as  well  as  the  minera.  In  certain  cases,  an  arched  roof  may  be  subStilQlnJ ;  and  in 
others,  several  floors  are  laid  at  difierent  heights.  The  tides  of  the  vein  are  snppoited 
by  means  of  pieces  of  wood  fixed  between  tbem  perpendicularly  to  Iheir  planes.  Some- 
limes,  in  the  middle  of  Ihe  rubbish,  tmaH  pits  are  left  at  regular  distances  apart,  through 
which  the  workmen  throw  the  ore  coarsely  picked,  down  into  the  lower  gallery.  The 
rubbish  occasionally  forms  a  slope///,  so  high  that  minen  placed  npon  it  can  wtnk 
conveniently.  When  the  rich  portions  are  to  abundant  as  to  leave  too  little  rubbish  to 
make  such  a  sloping  platform,  the  miners  plant  themselves  upon  moveable  flooia,  which 
they  carry  forward  along  wilh  the  eicavations. 

These  two  modes  of  working  in  the  ilrp-form,  have  peculiar  adrantages  and  disadvao- 
leges  ;  and  each  is  preferred  to  the  other  accoiding  to  circomslances. 

In  the  dticmdirtg  uwfcingi,  or  in  dinct  ilrpi,Jig.  714,  the  miner  is  placed  on  the  very 
rbais  or  subitance  of  the  vein  ;  he  wSrlts  coanaodiauriy  betbre  him  ;  be  fs  not  expend 
to  the  splinters  which  may  fly  off  from  the  roof;  but  by  this  plan  he  ia  obliged  to  tmjklf 
a  great  deal  of  timber  to  sustain  the  rubbish  ;  and  the  wood  is  fixed  fbr  ever. 

In  the  oinnJtag  woHdngi,  or  in  Trntntd  iltpi,fig.  715,  the  miner  is  compelled  to  work 
In  the  r&enlering  angle  formed  between  the  roof  and  the  fmnt  wall  of  his  excaraliaB,  a 
posture  sometimes  oppressive;  hut  Uie  weight  of  the  ore  eon ifiirvs  with  Ids  efforts  M 
make  it  fUl.  He  employs  less  timber  than  in  the  worHrtng*  with  dirtet  «<«p>.  The  ssr*- 
iitg  of  the  ore  is  more  difficult  than  in  the  deicflnfiag  axirfcnig,  beeauae  the  rich  on  i* 
mnetiines  confoonded  wilh  the  heap  of  rubbish  on  which  it  falls. 

When  teams  of  diluvium  or  gravel-mud  occur  oa  one  of  lUe  ndei  of  the  ti 
both,  ihey  render  Ihe  qnarrying  of  the  ore  more  easy,  by  bT    " 
ing  the  mass  In  be  cul  down,  upon  an  additioaal  face. 

Should  Ihe  vein  be  very  narrow,  it  it  aeceasary  to  remoive  a  ponioa  of  the  sierile  radi 
which  encloses  it,  in  order  to  give  the  work  a  sidlicieni  width  to  eaaUe  tbemiaer  to  ad- 
vance. If,  in  this  case,  the  vein  be  quite  distinct  fVom  the  rock,  the  labor  may  be  fheili- 
tated,  as  well  as  the  separation  of  the  ere,  hy  disengaging  the  vcu,  on  one  of  its  fteeL 
IbrouEh  a  certain  exteai,  Ihe  rock  being  attacked  separately.  This  operation  i«  caUe4 
tlrippivglluttHt.  When  it  is  thui  oncotered,  a  shot  of  gunpewder  is  snIEeieDt  to  det*di 
a  great  mnss  of  it,  unmixed  with  sterile  stoues. 

By  the  methods  now  described,  only  those  puallelopipedi  are  cut  atk,  eiUer  in  wbola 
or  in  part,  which  present  indications  of  riehnesa  adeqaaie  to  yieW  a  prospect  of  beacft. 
In  other  cases,  it  is  eamigfa  to  foUow  out  the  Ihrctdt  of  ore  irtkk  Mcai^  h^  wotkiu* 
nadt  in  their  dircctioa.  " 


MIKES.  840 

Hie  miiMr,  in  wurrhfny  witlaB  tke  era«t  of  the  earth  ibr  the  riehes  which  It  conocalSy 
if  eiposed  to  nuuiy  dangers.  The  rocks  amidst  whkh  he  digs  are  seldom  or  never  entire, 
hot  are  almost  alwajrs  traversed  by  clefts  in  Yarioas  directions,  so  that  impending  ftag* 
meats  threaten  to  fiJl  and  emsh  him  at  every  instant.  He  is  even  obliged  at  times  to  cat 
throQgh  rotten  friable  rocks  or  alluvial  loams.  Freeh  atmospheric  air  foQows  him  with 
difficalty  in  the  narrow  clumnels  which  he  lays  Open  before  him^  and  the  waters  whicli 
dicalate  in  the  sabterranean  seams  and  fissures  filter  incessantly  into  his  excavation,  and 
tend  to  fill  it.  Let  ua  now  take  a  view  of  th^  means  he  employs  to  escape  firom  these 
three  classes  of  dangers. 

I,  0/  the  timbering  of  sxeniwrftbiu.— The  excavations  of  mines  are  divisiUe  into 
thiee  principal  species ;  ^tafts,  galleries^  and  chancers.  When  the  width  of  these  ezoa- 
vatioBS  is  ineonsiderabie,  as  is  commonly  the  case  with  shhfts  and  galleries,  their  sides 
eaa  sometimes  stand  upright  of  themselves ;  but  more  frequently  tiiey  require  to  be 
propped  or  stayed  by  billets  of  wood,  or  by  walls  built  with  bricks  or  stones ;  or  even 
by  stufiiag  the  space  with  rubbish.  These  three  kinds  of  support  are  called  timbering, 
miflmg,  and  ^U^ng  up, 

Timberiag  is  most  used.  It  varies  in  form  for  the  three  spedes  of  excavations,  accord- 
ing to  the  solidity  of  the  walls  which  it  is  destined  to  sustain. 

la  a  gallery,  for  example,  it  may  be  sufficient  to  support  merely  the  roof,  by  means 
of  joists  placed  across,  bearing  at  their  two  ends  in  the  rock;  or  the  roof  and  the  two 
widls  by  means  of  an  upper  joist  s,  fig,  716,  which  is  then  called  a  cap  or  cornice  beam, 

resting  on  two  lateral  upright  posts  or  etandiiont,  a  b, 
to  which  a  slight  inclination  towards  each  other  is  given, 
so  that  they  approach  a  little  at  the  top,  and  rest  entirely 
upon  the  floor.  At  times,  only  one  of  the  walls  and  the 
roof  need  support.  This  case  is  of  frequent  occurrence 
in  pipe  veins.  Pillars  are  then  set  up  only  on  one  side, 
and  on  the  other  the  joists  rest  in  holes  of  the  rock.  It 
may  happen  that  Uie  floor  of  the  gallery  shall  not  be 
sufficiently  firm  to  afford  a  sore  foundation  to  the  stand- 
ards ;  and  it  may  be  necessary  to  make  them  rest  On  a 
horizontal  piece' called  the  <ofe.  This  is  timbering  with 
complete  framea.  The  upright  ]M>sts  are  usually  set 
directly  on  the  sole ;  but  the  extremities  of  the  cap  w 
ceiling,  and  the  upper  ends  of  the  tiamdarde^  are  mortised 
in  such  a  manner  that  these  cannot  come  nearer,  whereby 
the  cap  shall  possess  its  whole  force  of  resistance.  In 
friable  and  shivery  rocks  there  is  put  behind  these  beams,  both  upon  the  ceiling  and  the 
ndesy/octng  boardsy  which  are  planks  placed  horizontally,  or  spars  of  cleft  wood,  set  so 
close  together  as  to  leave  no  interval.  They  are  called /otctacs  in  French.  In  ordinary 
gnrand,  the  miner  puts  up  these  planks  in  proportion  as  he  goes  forwards ;  but  in  a  loose 
soil,  such  as  sand  or  gravel,  he  must  mount  them  a  little  in  advance.  He  then  drives 
uto  the  mass  behind  the  wooden  freme-work,  thick  but  sharp-pointed  planks  or  stakes, 
tad  which,  in  fact,  form  the  sides  of  the  cavity,  which  he  proceeds  to  excavate.  Their 
one  extremity  is  thus  supported  by  the  earth  in  which  it  is  thrust,  and  their  other  end  by 
the  last  framing.  Whenever  the  miner  gets  sufficiently  on,'he  sustains  the  trails  by  a 
new  frame.  The  size  of  the  timber,  as  well  as  the  distance  between  the  frames  or  tfoa* 
ddons,  depends  on  the  degree  of  pressure  to  be  resisted. 

^  When  a  gallery  is  to  serve  at  once  for  several  distinet  purposes,  a  greater  height  is 
given  to  it ;  and  a  flooring  is  laid  on  it  at  a  certaia  level.  If,  for  example,  a  gallery  it 
to  be  employed,  both  for  the  transport  of  the  ores  and  the  discharge  of  the  waters,  a 
floor  e  e^ftg,  715,  is  constructed  above  the  bottom,  over  which  the  carriages  are  wheeled, 
tad  under  which  Uie  waters  are  discharged. 

The  timbering  of  shafts  varies  in  form,  as  well  as  that  of  galleries,  according  to  the 
natore  aad  the  locality  of  the  ground  which  they  traverse,  and  the  purposes  which 
they  are  meant  to  serve.    The  shafts  intended  to  be  st^yeiT'with  timber  are  usually 
•qaare  or  rectangular,  because  this  form,  in  itself  more  cohvenient  for  the  miner,  renders 
the  execution  of  the  timbering  more  easy.      The  wood-woric  consists  generally  of 
ledangular  frames,  the  spars  of  which  are  about  eight  inches  in  diameter,  and  placed 
at  a  distance  asnnder  of  from  a  yard  to  a  yard  and  a  half.    The  spars  are  never  placed 
ia  contact,  except  when  the  pressure  of  the  earth  and  the  waters  is  very  great    The' 
pieces  composing  the  frames  are  commonly  united  by  a  haIfU:heck,  and  the  longer  of 
the  two  pieces  extends  often  beyond  the  angles,  Co  be  rested  in  the  rock.    Whether  the- 
ihift  is  vertical  or  inclined,  tfie  frame-work  is  always  phieed  so  tiiat  its  plane  may  be* 
perpendicular  to  the  axis  of  the  pit.    It  happens  sometimes  in  inclined  shafts  that  there- 
are  oaly  two  sides,  or  even  a  ahigle  one,  which  needs  to  be  propped.    These  are  stayed! 
by  meant  of  crott  beam^  whldi  vett  at  their  two  endt  in  the  lotk.    When  the  fhuatr 
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do  not  loach  one  uwtlicr,  iUong  pknlc*  or  eUImb  tat  futened  bekind  fbcm  lo  mkia 
Uie  gnnimd.  To  tbcM  planki  Ihe  frames  are  Srmly  cooneclpd,  to  Ibit  Uief  cannot  did*. 
Id  thit  ewe  Ibe  wbole  limbrring  will  be  ■npporled,  wbea  the  loirer  fmtie  ia  loliiDjr  fixed, 
in  vbeD  Ihe  piece*  from  above  pass  Iqf  ill  angles  to  be  abiittect  npon  tbc  groaiid. 

Id  the  tar^  rectaagulw  ahafti,  which  scire  at  once  for  eilractin;  the  oret,  for  the  dk- 
charge  of  the  waten,  and  Ihe  descent  of  the  workmen,  the  tpaeei  dettined  foi  these  tew- 
cral  pnrpotes  are  in  general  separated  "by  partitions,  which  alio  Berre  to  increue  the 
streogtb  of  the  linberiDgs,  by  acting  as  balCreeses  lo  the  planks  in  the  lon^  sides  of  the 
frame-work.  OccHiionally  a  parlilioD  separeles  Ihe  ascending  from  the  descendng  hw 
ket,  to  prevenl  their  jostling. — Lastly,  particular  passages  are  lelt  for  Yentillalion. 

At  il  is  desirable  that  the  wood  ihall  retain  its  whole  force,  only  ihoae  pieces  «k 
•qnared  which  absolntel)'  require  it.  The  spars  of  the  frames  in  staaAs  and  galleriea  aie 
deprited  merely  of  Iheir  bark,  which  by  holding  moisture,  would  accelerate  the  deconyV' 
siljon  of  the  wood.    The  alburnum  of  oak  is  also  remored. 

Besinons  woods,  like  the  pine,  litt  oiuch  ehorler  than  Ihe  oak,  the  beech,  and  the 
cherry-tree  i  though  the  larch  ii  used  with  advantiige.  The  oak  has  been  known  lo  last 
npwaidi  of  10  years ;  while  the  resinous  woods  decay  freqaentlr  in  10.  The  fresher  the 
air  in  mineB,  the  more  durable  is  Ihe  timbering. 

The  marginal  Jigs.  717,  716  represent  two  rertica]  sectioos  of  a  shaA,  Ihe  one  at  right 


angles  lo  Ihe  other,  with  the  view  of  showing  the  mode  of  inslaining  the  walls  oT  Iha 
excavation  by  timbering.  It  js  copied  from  an  actual  mine  in  the  Haiii.  There  we  may 
'  718  observe  Ihe  spaces  allotted  to  the  descent  of  the  minora  by 
ladders,  to  the  drainage  of  the  waters  by  pumps  r,  and  rods  (, 
anil  to  the  eilrttction  of  the  mineral  substances  by  the  basket* 
B.  a,  b,  c,/,h,  k,  various  cross  limbers;  a,  c,  k,  upriaht  do.j 
»,  pump  cistern.;  v,  w,  corve-ways.  The  shalU  here  shown, 
are  excavated  in  the  line  of  the  vein  ilself, — the  rock  enclosing 
il  being  leen  in  the  second  figure. 

In  a  great  man;  niines  it  is  foond  advanlageons  to  sn|^«t 
the  excHvatiuns  by  brick  or  stone  buildings,  constructed 
either  with  or  without  mortar.  These  constructions  sie 
onen  more  costly  than  wooden  ones,  but  Ihey  tasl  much 
longer,  and  need  fewer  repairs.  Tbey  are  employed  instead 
of  timberings,  lo  support  Ihe  walls  and  roof  oT  galleries,  lo 
line  Ihe  sides  of  thalts,  and  to  bear  ap  the  roofs  of  extavi- 

Sometimes  the  two  sides  of  a  gallery  are  lined  with  ver- 
tical walls,  RHd  its  roof  is  suf^rted  hy  ao  ogee  vault,  or  as 
arcli.  If  Ihe  sides  of  the  mine  are  solid,  a  simple  arch  ia 
sufficient  to  sustain  the  roof,  and  el  other  times  the  whole  surface  of  a  gallery  is  formed  (J 
a  single  elliptic  vault,  the  ifreat  axis  of  which  is  vertical;  and  Ihe  bottom  is  sormonnted 
by  a  wooden  plank,  under  which  the  waters  run  off;  see  jig.  719. 

Walled  shalts  also  are  sometimes  construeled  in  a  circular  or  elliptic  form,  which  ia 
better  adapted  lo  resist  the  pressure  of  the  earth  and  waters.  Reetaj^lar  sbails  of  ad 
dimensions,  however,  are  frequently  walled. 

The  sides  of  an  exeavalioii  may  also  be  supported  by  filling  il  completely  with  Tubbiah. 
Wherever  Ihe  sides  need  to  be  supported  for  some  lime  without  the  necessity  of  pasiiag 
along  chem,  it  is  otlen  more  economical  lo  slulf  them  up  with  rubbish,  than  to  keep  np 
their  sopports.  In  the  territory  of  Liege,  for  example,  there  have  been  shafts  thus  filled 
Dp  for  several  centuries ;  and  which  are  found  to  be  quite  entire  when  they  are  emptied. 
The  mbbish  is  alio  useflil  for  fonniog  roads  among  steep  strata,  for  closing  air-holes,  aad 
Arming  canals  of  ventilation. 

Figa.  719,  720,  721  represent  the  principal  kinds  of  mason-work  employed  in  the 
galleries  and  shads  of  mines.  Fig.  722  exhibits  the  walling  in  of  the  cage  of  an  over- 
■hot  WBla  wheel,  as  monnted  within  a  mine.    Before  beginning  to  boild,  an  exea. 


h^h  Tor  die  workmen  to  stand  in,  ifter  the  lirick-irdrlt  is  cooipleled.  Between  the 
two  opposite  sid«,  croes  beams  of  wood  mnal  be  fixed  >t  ceftain  distuiceB,  u  chords 
ef  the  Tinlt,  over  which  the  rock  must  be  holloned  ont  to  receive  the  arch-stones, 
and  the  centring  mult  then  be  placed,  covered  with  deals  to  receive  the  vmuioin, 
beginniDg  at  the  flanks  and  ending  with  the  ke^-stone.  When  the  vanlt  la  finished 
through  a  certain  extent,  the  interval  between  the  arch  and  Ihc  rock  most  be  rammed 
fnll  at  rnhbiab,  teaving  passages,  if  necessary,  through  it  and  the  arch,  for  enrrents 
of  water. 

In  walling  galleries,  attention  must  be  paid  to  the  direclioh  of  the  prcsmre,  and  to 
bldkl  vertieallr  or  with  a  ^ope  accordingly.  Should  the  pressure  be  eqnal  in  all 
directicras,a  closed  vault,  like /g.  719,  should  be  rormed-  For  walls  not  far  IVoDi  the 
vertica],  salient  or  bultreised  arches  are  employed,  as  shown  in  fig.  790,  called  in 
0«m>a  lAtnpriHgaiit  bogen;  for  other  cases,  twin-arches  are  preferred,  with  an  upright 
v«ll  between. 

Fig.  T2I  is  ■  transverse  section  oT  a  walled  drain^Uerf,  from  the  grand  gallerf  of 
tke^rtx;  seealsoylg.  722.    a  is  the  rodi,  which  needs  to  be  supported  only  at  the  sides 
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■ud  top ;  b,  the  masonwoili,  a  curve  formed  of  the  three  ebcnlar  arcs  upon  one  level  i 
c,  the  floor  for  (he  water-course,  fig.  T19  is  ■  cross  section  of  a  walled  ^llerj',  as  al 
Sehoeeben;,  Rothenburs,  Idria,  &^. ;  d,  is  the  rock,  which  is  not  solid  either  at  the  flunks, 
roof,  or  Boor ;  (,  the  elliplic  mssonwork  ;  f,  the  wooden  floor  for  the  wagon!',  which  is 
lonieliineB,  however,  arched  in  brick  to  allow  of  a  water-conrse  beneath  il. 

Fig.  720  shows  two  vertical  projections  of  a  portion  of  a  walled  shaft  with  bullresses, 
a*  tnult  at  the  mine  Vattr  Jliraltam,  near  Marienberg.  j  is  a  section  in  the  direction  of 
Ihe  vein  gh,  to  show  the  roof  of  the  shaA.  i,  a  section  exhibiting  the  elope  of  (he  vein 
gk,  into  which  the  ahail  is  sunk  ;  m  is  the  wall  of  Ihe  vein  ;  k  is  the  roof  of  the  same 
vein;  a,  buttresses  resting  npon  the  flanks  of  Ihe  shaft;  g,  great  ai'cs  on  which  the  but- 
tresses bear;  y,  vertical' masonwork ;  z,  a  wall  which  divides  the  shaR  into  two  compart- 
tncBts,  of  which  the  larger,  p,  is  that  for  exlracling  the  ore,  and  the  smaller  for  the  drain- 
iag  and  descent  of  the  miners. 

Fig.  722,  c  D  is  the  shaft  in  which  the  vertical  ciank-rods  c  g,td,  move  up  and 
down,  r,  is  a  doiible  hydraulic  wheel,  whkh  can  be  slopped  at  pleasure  by  a  brake 
moonted  upon  the  machine  of  extraction,  c,  is  the  drum  of  the  gig  or  whim  for  raising 
Ibe  ODrru  or  tubs  (Iortki)  ;  H,  is  the  level  of  the  grotmd,  with  the  carpentry  which  sup- 
pKts  the  whim  and  its  roof,  k,  is  the  key-stone  of  the  ogu  arch  which  covers  the 
water-wheel;  a,  is  the  opening  or  window,  traversed  by  the  extremity  of  the  driving 
■haft,  DpOD  each  side  of  the  water-wheel,  throogh  which  a  workman  may  enter  to  adjust 
or  rqxui  it  g  <.b,  line  of  conduits  lor  the  streams  of  water  which  ttU  apoo  the  hydraolit 


wheel ;«,  f,  doaUe  ennk  with  rodi,  vbow  motion  It  uien  off  tke  kit  ride  of  tht  whed  I 
(,  d,  the  tanc  npoo  the  ri^bt  side.    The  dUunce  from  h  lo  r  ia  tboaC  22  yards. 

Fw«.  723,  754  presenl  two  TMtical  sections  of  the  shaft  of  ■  mioe  walled,  like  the  roof 
ofa  CHTem,  eoDunanicKting  with  the  gallerlei  of  the  roof  and  tha  wall  of  the  Tcin,  ud 
well  airanged  for  both  the  eitiaclioo  of  the  ore,  uid  the  descent  ef  the  minen.  The 
vertical  partition  of  the  shaft  for  separaling  the  passage  for  Ihe  Carres  or  taba  fraa  4lw 
ladden  is  omitted  in  Ibe  Ggnie,  for  the  sake  of  cleamesa. 

In^g-.  723,  A,  >  4[e  the  side  walls  snppoiled  apon  the  bnttiesse*  c  and  d  )  iafif.  734, 
r  is  the  masonry  of  the  wall,  borne  upon  Ihe  arch  r  al  the  enumnce  lo  a  galleij ;  tke 
oontinualion  being  at  o,  which  is  sustained  b;  a  similar  arch  buill  lower. 

L,  is  the  vault  arch  i^  the  roof,  supported  apoa  aaolher  vault  h,  which  preieBta  a  doabk 
earvalure,  at  the  entrance  of  a  gallery' ;  at  h  is  the  conlinualion  of  the  arch  or  Tanll  l, 
which  underneath  is  supported  in  like  manner  at  the  euliaoee  of  a  lower  gaUay. 

ab,  cd,^f.T33,  are  small  upright  gnide-bars  or  rods  for  aue  of  the  eonet,  or  IdbtlM. 

*A  S  K  *"  similar  guide-bari  far  the  other  coif. 

t  i,  are  cross-bars  of  wood,  which  support  the  rtayaof  the  ladden  of  deaeeat. 

ilt  k,  are  also  cross-bars  by  which  the  guide-rods  are  secured. 

/,  a  txyrf,  or  eilraciion  kibble,  fumipbed  with  friction  rollers  j  the  other  c<vf  ias« 
10  be  drawn  up  to  a  higher  lerel,  in  the  other  Teitlcal  pttssag*. 
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Figi.  726,726  repreMut  Ir  a  Tertital  seetkn  the  mode  oT  limbering  the  gBOeriea  of  tte 
iilver  and  lead  mines  at  AHdreasberg  in  the  Harti.  Fig.  7!S  shows  the  plan  viewed 
from  above.  Upon  the  roof  of  the  timberii^,  the  workiMn  throws  the  waste  mbbbh, 
and  in  the  empty  space  below,  which  is  shaded  bladi,  he  transporto  in  hia  wagoni  or 
wheelbarrows  the  ores  lowaids  the  month  of  the  uiae.  Fig.  726  is  the  crou  nectioa  of 
the  gallery.  I»  the  two  figures,  a  repments  the  rodt,  and  b  the  tinberii^ ;  nnwd  which 
there  is  a  gamitore  of  imiill  iparS  or  lathes  for  the  pnrpove  of  drainage  and  TCMOatka, 
with  the  Tiew  of  promoting  the  dtuability  of  the  wood-woik. 


MINES.  853 

The  wDckieg  oT  minenls  t?  the  mow  ii  Well  exemplified  a  fine  Imsiiei  to  tbt  north  or 
Segen,  near  the  Tillige  of  H«««n,  in  a  mine  of  iron  and  otker  metak,  ealled  StakOtrg, 
which  foniu  the  rniin  wealth  of  the  eoDBtry.  The  [daa  of  woriiing  it  termed  Ue  txiuro- 
ftn  q/"  a  dinet  or  tTauvtru  mati.  It  tbowi  in  its  npper  part  the  danger  of  bad  mining, 
■nd  in  its  inferior  portion,  (he  regular  workinfi,  by  wboae  meant  arc  i»s  evenluaUf  pre- 
Tnled  the  detlruclion  of  a  precions  mineral  depotite. 

Fig.  727  U  a  verlical  wction  of  the  bed  of  ore,  which  ii  a  dinct  naw  ol  tpathOK 
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■ran,  contained  in  traatition  rock  (giaywacke).  a,  a,  a,  are  pillara  of  the  tparrr  ore, 
reaerred  to  support  the  BncceMive  slagei  or  floors,  which  are  nnmhered  1,  2,  3,  Jtc. ; 
b,b,b,aie  eicavalions  worked  m  the  ore ;  which  exhibit  bI  the  preset  day  lereral 
fiorara  of  arches,  ef  greater  or  lew  magnitnde,  acconting  (o  the  loealitiei.  It  may  be 
roDailled,  ihst  where  the  metallic  deposile  fOTnu  one  entire  mass,  rich  in  spathose  iron 
oie  of  good  quality,  there  is  generally  given  lo  the  vaults  a  bright  of  three  fathoms  i 
leaving  a  thickness  over  the  roof  of  two  fatboms,  on  account  of  the  namerous  fiwurei 
which  pervade  the  mass.  But  where  this  mass  is  divided  into  three  principal  branches, 
Ibe  roof  of  the  vaolls  has  only  a  fathom  and  a  half  of  thieknem,  while  the  eieavation  is 
tttrec  fathoms  and  a  half  high.  In  Ihe  actual  slate  of  the  workinirs,  t(  may  be  eMknated 
tiwt  from  all  ibis  direct  mass,  there  is  obtained  no  more  oat  of  every  floor  than  one 
third  of  the  mineral.  Two  thiids  remain  as  labors  of  reserve,  which  may  be  resumed 
at  Botne  fulnre  day,  in  conseqaenee  of  the  regularity  and  the  continnalion  o(  the  sabter- 
ranean  workings.  <  is  a  shall  for  extraction,  eommunicalirtg  below  with  Ihe  gallery  of 
<tf  m  fc  ;  i  is  an  upper  eaUery  of  dnina)[e,  which  rani  in  different  directions  (one  only 
beini  visible  in  this  section)  over  a  length  of  400  fathoms.  The  lower  gallery  Ic  runs 
Mfl  fathoms  in  a  straighl  line.  The  mine  of  Stahlberg  has  famished  annually  on  an 
average  since  ITfiO  about  25,000  cubic  feet  (French)  of  an  excellent  spalhoae  ore  of  iron. 
*•  m,  represents  the  mass  oTspairy  iron. 

Figt.  728,  729,  730  represent  the  eroM  system  of  minin*,  which  consists  in  forming 

'L      galleries  through  «  mineral  deposite,  from  its  wall  or  floor 

B      towards  its  roof,  and  not,  as  usual,  in  the  direction  of  its 

9      length.    This  mode  was  contrived  towards  the  middle  ol' 

B      Ibe    18th  century,  for  working  Ihe  very  thick  veins  of  the 

.  f      Sehemniti  mine  in  Hungary,  and  it  is  now  employed  with 

a      advantage  in  many  places,  particularly  al  Idria  in  Caraiola. 

I        In  the  two  sections  Jigi.  738,  730,  as  wdl  as  in  the  ground 

B      plan^g.  729,  the  wall  is  denoted  by  mm,  and  the  roof  by  if. 

^      A  flrat  gallery  of  prolongation  i  t,  Jig.  730,  bemg  formed  lo 

the  wan,  transvene  cuts,  a  a,  are  next  established  at  right  angles  to  Ihis  gallery,  bo  that 

betweea  every  two  there  may  be  room  enough  to  place  three  others,  A,  c,  b,  fig.  729.     Prom 

each  of  the  cats  a,  ore  is  procnred  by  advancing  with  the  help  of  limbering,  till  the 

roof  (  be  reached.    When  this  is  done,  these  first  cuts  u,  are  filled  up  with  rnbUsh,  laid 

vpon  piecea  of  timber  with  which  the  ground  la  covered,  so  that  if  eventually  it  should 

be  «^d>ed  b)  miae  Bndemealh,  no  downfall  of  detritus  is  to  be  feared.    Theae  heaps 

ef  mhbbh  rise  only  to  wiibin  a  few  inches  oT  ibe  top  of  the  cuu  a,  in  order  that  the 

woridng  of  Ibe  upper  itorr  may  he  easier,  the  bed  of  ore  being  there  already  laid  open 

■jMM  its  knrer  face. 

In  proportion  as  the  cuts  a,  oi  the  first  story  k  r,  are  thus  filled  np,  the  greater  part 
if  the  timbering  is  withdtiwn,  and  made  nse  of  elsewhere.  The  intermediate  cntt 
I,  e,  h,  are  next  mined  in  like  manner,  either  beginning  with  the  enis  e,  or  the  enis  h,  ae- 
eetdiBK  to  the  localities.  From  fig.  729  it  appears  that  the  working  may  be  to  ai- 
Mi^X^  thai  ia  eaaa  vt  neccnity,  Ihoe  nay  be  always  between  two  cuts  in  activity  tht 


The  exfiloratlon  of  the  upper  noriM  ■'  r", «  rt,  e>  rt,  U  no*  prepued  in  ■  AaSlat 
maaDert  with  which  view  thafli  A  ^  ft  A*,  are  formed  fnnn  below  opwards  in  the  wall 
ID  of  the  deposite,  nnd  from  thesa  BhaAi  obton;  salleries  proceed,  e*tab1i«hed  racccMiTelT 
on  »  level  with  the  itoricB  thus  railed  over  one  another.  See  fig.  730.  The  foUowing 
oltjeels  may  be  specified  in  the  figures : — 


a  a,  die  first  cut*  filled  up  with  rubbish,  upon  the  fint  atory  ■  r,flg.  729, 

b  i,  other  cuta  aDbaequentlj  filled  up,  upon  Ihe  same  etor;, 

e,  Um  cut  acluallf  working. 

i,  the  front  of  the  cut,  or  place  oV  actual  eieavation  of  the  mineral  depoaite^ 

t,  maaiea  of  the  barren  rock,  reaerved  in  the  eutliag,  a»  pillart  of  nfetf. 

/,  galleriei,  bf  meant  of  which  the  workmen  maf  turn  round  the  man  a,  in  prder  M 
fbrn,  in  the  roof  i,  tin  exovation  in  the  direction  of  the  deposite. 

g,  rubbith  behind  the  mass  t. 

k  It,  two  shaAa  leading  from  the  first  ator;  a  r,  to  the  upper  ttories  of  the  w^kingt,  m 
already  stated. 

m,  the  wall,  and  i  the  roof  of  the  mineral  bed. 

In  the  second  Mory  e'  r',  the  ^nlleiy  of  prolongation  r',jIgi.T2S  and  730,  is  not  entirely 
perforated ;  but  it  is  farther  adinnced  than  that  of  the  tbiid  story,  which,  in  its  ton,  is 
more  than  the  gallery  of  the  fourth. 

From  thii  arraagemeiit  there  is  produced  uponjfj.  730  Ihe  general  aspect  of  a  woiUnf 
by  rcvened  steps. 

Whenever  the  woricings  of  the  cuts  c  In  the  first  story  are  finished,  those  of  the  second, 
tt  a',  may  be  begun  in  the  second  ;  and  thus  by  mounting  from  story  to  story,  the  whole 
deposite  of  ore  maybe  taken  out  and  replaced  with  rubbish.  One  crcat  advantage  of  Ihii 
method  in,  that  aothing  is  lost ;  but  it  is  not  Ihe  only  one.  The  bcililies  oflered  by  the 
system  of  emit  aorkingi  for  dispoeini[  of  the  rubhish,  most  frequently  a  nuisance  to  the 
miner,  and  expensive  to  get  rid  of,  the  solidity  which  it  procures  by  (he  banbinE  up,  tbe 
ConseqiUDt  economy  of  limbering,  and  saving  of  expense  in  the  eieavation  of  the  nick, 
reckoning  from  Ihe  second  story,  are  so  many  importJiDt  circumslances  which  recommeDd 
this  mode  of  mining.  Sometimes,  indeed,  rubbish  may  be  wanted  to  fill  np,  but  Ihis  may 
always  be  procured  by  a  few  accessor)  perforations ;  il  being  easy  to  establish  in  Ihe 
vicinity  nf  the  workings  a  vast  eieavation  in  Ihe  form  of  a  vault,  or  kindof  aabterraneoDS 
qaarry,  which  may  be  allowed  to  fall  in  with  proper  pcecanlions,  and  where  rubbiih  will 
thus  accumulate  in  a  short  lime,  at  little  coat. 

Fig.  731  represents  a  section  of  Ihe  celebrated  lead  mines  of  Bleyberg  in  Caiiothia,  not 
far  from  Villach. 

i,  c,  is  the  ridge  of  tbe  mountains  of  compact  limestone,  in  whose  boaom  the  workiDgs 

(,  is  the  metalliferQiu  valley,  numing  from  eait  to  weit,  between  the  two  parcUd 
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«^dl«T«  of  tte  Oftil  «nd  Ihe  Dnre,  but  al  •  lerel  cooBideniblj  above  U>e  waten  of  then 

y  f  ii  Ibe  directkni  of  a  great  naaj  Tntical  beill  of  metalliferoui  limeitone. 
On  eontidering  the  dtreclioa  and  dip  of  the  marly  schist,  and  metalliferous  limestone, 
731  in  [be  space  vi,  ib,  to   (he  west  of 

the  Hne  1,  i,  it  would  appear  that 
a  great  portion  of  thii   system  of 
monnlains  hassulfered  a  slip  between 
],  ),  and   a  parallel  one  towards   the 
ea«tj   whereby,  probably,  that  ver- 
tical position  of  the  slrola  has  been 
produced,   which    exists    throush    ■ 
considerable  extent.    The  meiallifer. 
OQS  limestone  is  covered  to  a  certain 
Ibickness  with  a  marly  Gchisl,  and 
other    more   recent  rocki.       It    is   in 
this  schist  tbat  (he  fine  marble  known 
ander  the  name  of  the  tainackelio  of 
SUybtTg  is  quarried. 
The  galena  occurs  in  the  boaom  of  (his  rock  in  Battened  masses,  or  blocks  of  a  coa- 
•idenble  volume,  which  are  not  separated  from  the  rest  of  Ihe  colcareous  bells  by  any 
■cam.      It  is  accompanied  by  line  ore  (cuJmniw),  especially  in  Ihe  upper  parts  of  the 
BKtnntain. 

Several  (d*  (be  workable  masses  are  indicated  by  r,  rs ;  each  presents  itself  m  a 
•^  analogous  to  a  very  elongated  ellipse,  whose  axis  dipis  not  according  to  the  inclina- 
tion of  the  surronndin;  rock,  but  to  an  obliiue  or  intermediate  line  between  this  inclina- 
tion, and  (he  direction  of  tlie  beds  of  limestone;  as  shown  by  r  to,  r' u.  Every  thing 
indicates  the  coatcmpoTsneous  formation  of  the  limestone,  aad  the  lying  beds  of  the 
lead  ore. 

The  accidents  or  faults  called  kla/l  [rtid)  al  Bleyber^  are  visible  on  the  surftce  of  the 
ground.  Experienced  miners  have  remarked  that  the  rich  masses  occur  more  freqnenlljt 
in  Ihe  direction  of  (hese  accidents  than  elsewhere. 

It  is  in  Reneral  by  galleries  col  horizontally  in  the  body  of  the  mountain,  and  al  differ- 
ent levels,  J,  g,  tf,  that  the  miner  advances  towards  (be  masses  of  ore  r,  T>.  Many  of 
these  galleries  are  500  fathoms  long  before  they  reach  a  workable  mass.  The  several 
galleries  are  placed  in  communicalion  by  a  few  shafts,  such  as  J ;  but  few  of  these  are 
•ank  deeper  (han  the  level  of  the  valley  t. 

The  lotat  lenith  of  the  mines  of  Bleyber^  is  abont  10,000  yards,  parallel  to  the 
valley  t  in  which  space  thera  are  600  concessions  granted  by  the  government  (o  varioni 
indiridnals  or  joint  sEock  societies,  either  by  (hemselve*  or  associated  with  the  govem- 

Tbe  metalliferoos  valley  eontains  5000  inhabitants,  all  deriving  subsistence  from  the 
mines;  300  of  whom  are  occupied  in  the  government  works. 

Each  concession  has  a  number  and  a  name  ;  as  Antoni,  Chrisloph,  MatthRUi,  Oswnldi, 
2,  8,  36,  See. 

Fig.  732  is  a  section  in  thtt  quicksilver  m 
a  blackish  shite ;  9.  is  a  grayish  slate.  Im 
bed  containing  the  ores  called  eoralltnerz,  which  c 

■    "  .       ■..  ...  'mrliich  four  men  can  cut  out,  in  a  month, 

Fif.  733  represents  a  section 
of  part  of  Ihe  copper  mine  of 
Mansfeldt ;  containing  the  cellular 
limestofle,  called  TauAuiackt,  al- 
ways wilh  the  compact  marl-lone- 
stone  called  leehsteinj  the  eupre- 
ons  schist,  or  kup/trKhiefer  i  the 
wall  of  grayish-white  sandstone, 
called  the  weiiii  litntnit ;  and  the 
wall  of  red  aand  stone,  or  the 
nahelU  ftfuU.  The  thin  dotted 
stratum  al  top  is  vegetable  moald; 
the  large  dotted  portim  to  tin 
rlgbl  of  the  figure  i*  ooUie ;  the 
vein  at  ilatife  iannd;  nezt  is  raacitMclM ;  and  lastly,  the  main  body  of  fetid  limestone. 
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tilcrf  nan  of  orct,  among  the  liedi  of  the  kA  wtAA  euMtitnte  that  oioonUin.  Tha 
miDenl  depo«ite  U  lilnated  in  (he  etrth,  like  an  eiu»inoiiB  laveiled  ved^,  m  that  tU 
ttudcaeM  (pDTcr),  ineooiideraUF  near  IhrBorfaee  of  the  pvand,  inemsesai  it  dmcendi. 
At  about  100  yanli  from  its  ontcrop,  reckoning  in  the  direclkis  of  tbr.  dope  of  the  dr> 
podtc,  it  is  divided  into  two  portions  or  branchei,  wbidi  are  lefiareted  from  each  other, 
throufihoat  the  whole  knom  depth,  by  a  mass  of  Ttrf  hard  elar  ilate,  which  psMei  into 
flinlj  tiale.  The  Babilances  emnpo^Dg  the  vorkable  mam  are  copper  anil  iron  prrjlei 
with  anlphur^  of  lead  (galena),  aeeotnpanied  by  qiartt,  carbonate  of  lime,  coinpael  ml- 

Ke  oT  baryta,  and  tomelimea  gray  copper  ore,  saliAaret  of  tine,  and  araenical  pyritei. 
Mn  of  lead  and  copper  contain  ulrcr  and  gold,  bnt  ia  mail  proportion,  partienlarly 
■•to the  IBM, 

A  Diine  so  ancient  at  that  of  RammeUbtsy,  and  which  wa*  ftimerly  dirided  among 
Beveral  adventnrooB  companies,  cannot  Ail  to  present  a  great  many  shafts  and  excavv 
tioDi ;  bnt  oat  oT  the  15  pits,  only  two  are  embayed  for  the  i»e«nt  workings  ;  namely, 
tfaose  marlced  A  b  and  e  r,  in  Jig.  73S,  by  which  the  whole  ezlraelkm  and  drainage  ara 


csceoled.    The  tteneral  (yitcm  of  exploitation  by  fire,  u  practited  In  this  mine,  eonalMi 
«r  the  following  opeiatbMt  t— 

1.  An  advance  is  madetowsidi  the  depositet  of  ore,  laecessiTcly  at  different  lereh^ 
by  tranivene  galleries  which  proceed  troa  the  shaft  of  extraction,  and  icrminale  at  the 
Mil  of  the  stratiform  maia. 

2.  There  is  fbrmed  ia  the  IctbI  to  be  worind,  lai^e  Taalti  in  the  heart  of  (he  or^  bj 
neant  of  fire,  as  we  shall  preaenlly  describe. 

3.  The  floor  of  these  vanlis  is  raised  op  by  means  of  terraces  Ibrmed  from  the  mbbiih, 
In  pnipMtiaa  as  the  roof  is  scooped  onl. 

4.  The  ores  detached  by  the  fire  Irom  thcii  bed,  are  picked  and  gathered ;  sometinMM 
Ac  laiger  blocks  are  blasted  with  gunpowder. 

5.  Lastly,  the  ores  iho*  obtained  are  wheded  towanlt  tha  ihaA  of  extraction,  and 
tamed  oot  to  the  day. 

Let  n«  now  see  bow  the  sxcatation  by  fire  Is  pneHsed  |  and  ia  that  Tiew,  let  ns  tern- 
nder  the  state  of  the  workings  in  the  mines  of  Hammriibc^in  1809.  We  may  remalfc 
ill  Jig.  T36  the  regolarily  of  Ihe  vaulls  prerionsly  scooped  oot  above  the  level  b  c,  and 
tte  other  'ranlts  which  are  in  (Vill  activity  of  operation.  It  is,  therefore,  toward*  the 
lower  levels  that  the  new  workings  must  be  directed.  For  this  purpose,  the  tranaverse 
gsDery  being  already  completed,  there  is  inepared  on  the  first  of  these  floors  a  vanll  of 
exploitation  at  b,  which  cventaally  Is  to  become  similar  to  thoee  of  the  goperior  levels. 
At  Hie  same  time,  there  is  commenced  at  the  itartinf  point  below  it,  reached  by  a  small 
wen  dn;  in  the  line  of  the  mineral  deposite,  a  traasmse  galloy  in  the  rock,  by  meant 
of  blasting  irith  gnnpowder.  He  rodi  is  also  attacked  al  the  starting-point  t^  a  similar 
<mt,  which  advances  to  meet  the  first  perlbrallon.  In  this  way,  whenever  the  vanlis  of 
Ihe  level  c  are  exbamsted  of  ore  and  temced  up  with  rubbish,  thoae  of  the  level  beneath 
it  wtH  be  in  fliU  activity. 

Otheis  win  then  be  prepared  at  a  lower  lereli  and  Ihe  exploitation  may  attirwaids  b« 
driven  below  this  level  by  partaing  the  niM  pfain,  by  which  th«  Mtna]  depth  of  exeava* 
tin*  has  been  gained. 

In  workings  by  fire  we  mnst  distinguish,  I.  The  ease  wtiere  it  is  neecenary  to  open 
a  VBOlt  immediately  Itom  the  Boor  |  S.  The  case  where  the  vaolt  baviiut  already  a 
certain  elevation,  it  is  neoestary  to  heifbten  iti  raof.  In  tW  Ibrmer  case,  the  wall  or  floof 
cf  the  mineral  deposite  is  But  penelnted  by  blasting  irith  ganpowder.  As  soon  as  this 
penetralioD  h  effected  over  a  certain  length,  parallel  to  the  d^ectJon  of  the  fiitarv 
vaalt,  as  happens  at  b,  there  is  arranged  on  the  bottom  a  horizontsl  layer  of  hillela  of 
firwDod,  over  which  other  KUets  are  piled  in  nearly  a  vertical  position,  which  test  upoa 
the  ore,  M  that  the  Bum  In  ta  expansion  comes  tn  {day  against  the  ndneiBl  mat*  to  b« 
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After  11  pottB  of  obftmate  labor,  oeeapying  altogether  88  hours,  the  workaiaii,  being 
Tigilantly  raperintended,  had  been  able  to  advance  the  h<de  to  a  depth  of  no  more  than 
4  inches ;  in  doing  which  he  had  rendered  entirely  unserviceable  126  punches  or  borers, 
besides  26  others  which  had  been  re-tipped  with  steel,  and  201  which  had  been  sharp- 
ened ;  6}  pounds  of  oil  had  been  consumed  in  giving  him  Ueht ;  and  half  a  pound  of 
iraQpowder  was  required  for  blasting  the  bore.  It  was  found  from  a  calculation  made 
UfioQ  these  facts  by  the  administration  of  mines,  that  every  inch  deep  of  this  hole  cost, 
at  their  low  price  of  labor,  nearly  a  florin,  value  two  shillings  and  sixpence. 

It  is  therefore  evident  that  though  the  timber,  of  which  the  consumption  is  prodigiously 
great,  were  much  less  abundant  and  dearer  than  it  still  is  at  Rammelsberg,  mining  by 
fire  would  be  preferable  to  every  other  mode  of  exploitation.  It  is  even  certain,  that 
on  any  supposition,  the  employment  of  gunpowder  would  not  be  practicable  for  every 
part  of  the  mine ;  and  if  fuel  came  to  fail,  it  would  be  requisite  to  renounce  the 
workings  at  Rammelsberg,  although  this  mountain  still  oontains  a  large  quatitity  of 
metals. 

If  in  all  mines  the  free  circulation  of  air  be  an  object  of  the  highest  importance,  we 
must  perceive  how  indispensable  it  must  be  in  every  part  of  a  mine  wh^re  Uie  mode  of 
exploitation  maintains  the  temperature  of  the  air  at  1 12°  Fahr.,  when  the  workmen  return 
into  it  after  the  combustion  of  the  piles,  and  in  which  besides  it  is  necessary  that  ths 
combustion  be  effected  with  activity  in  Uieir  absence.  But  in  consequence  of  the  extent 
and  mutual  ramifications  of  the  workings,  the  number  of  the  shafts,  galleries,  and  their 
differences  of  level,  the  ventilation  of  the  mine  is  in  a  manner  spontaneously  maintginf^l. 
The  high  temperature  is  peculiarly  fhvorable  to  it.  The  aid  of  art  consists  merely  in 
placing  some  doors  judiciously,  which  nuiy  be  opened  or  shut  at  pleasure,  to  cany  on 
the  circulation  of  the  air. 

In  considering  the  Rammdsberg  fVom  its  summit,  which  rises  about  400  yaids 
above  the  town  of  Goslar,  we  observe,  first,  beds  of  slaty  sandstone,  which  become  the 
more  horizontal  the  nearer  they  approach  to  the  surface.  At  about  160  yards  below 
the  top  level  there  occurs,  in  the  bosom  of  the  slaty  graywacke,  a  powerful  stratum  of 
shells  impasted  in  a  ferruginous  sandstone.    See  d,  Jig.  730.    In  descending  towards  the 

ftce  of  the  ore,  the  parallel  stratification  of  the  clay-slate 
which  forms  its  waUs  and  roof  grows  more  and  more 
manifest.  Here  the  slate  is  black,  compact,  and  thinly 
fitliated.  The  inclination  of  the  different  beds  of  rock 
is  indicated  at  b.  The  substance  of  the  workable  mass 
is  copper  and  iron  pyrites,  along  with  siUphuret  of  lead, 
accompanied  by  quartz,  carbonate  of  lime,  compact  sul- 
phate of  baryta,  and  occasionally  gray  copper  (/aKUrz), 
sulphuret  of  zinc,  and  arsenical  pyrites. 

The  ores  are  argentiferous  and  auriferous,  but  very 
slightly  so,  especially  as  to  the  gold.  It  is  the  ores  of 
lead  and  copper  which  contain  the  sflver,  and  in  the  latter 
the  gold  is  found,  but  without  its  being  well  ascertained  in 
what  mineral  it  is  deposited.  Sometimes  the  copper 
occurs  in  the  native  state,  or  as  copper  of  cementation. 
Beautiful  crystals  of  sulphate  of  lime  are  found  in  the  old 
workings. 

In  yigt.  736,  737,  A  b  is  the  shaft  of  extraction,  called 
the  KahnenkuhUr ;  n  is  the  ventilation  shaft,  called  Bnit' 
lingenreitersdiachi ;  p  is  the  extraction  shaft,  called  /imter- 
tchacht, 

E  p,  is  a  new  extraction-shaft,  called  Netier  treibsihackt, 
by  which  also  the  water  is  pumped  up  {  by  a  b,  and  e  f, 
the  whole  extraction  and  draining  are  carried  on.  The 
ores  are  raised  in  these  shafts  to  the  level  of  the  wagon* 
gallery  (galerie  dt  roulage)  i,  by  the  whims  1,  q,  provided 
with  ropes  and  buckets.  1,  2,  3,  4,  ylg.  736,  represent 
the  positions  of  four  water-wheels  for  working  the  whims  | 
the  first  two  being  employed  in  extracting  the  ores,  the 
last  two  in  draining.  The  driving  stream  is  led  to  the 
wheel  1,  along  the  drift  / ;  whence  it  (alls  in  succession 
upon  the  wheels  2,  3,  4.  The  general  system  of  working  consists  of  the  following 
operation: — 

i.  The  bed  of  ore  is  got  at  by  the  transverse  galleries,  m,  n,  o,  g,  a,  t,  which  branch 
eff  from  the  extraction  shaft,  and  terminate  at  the  wall  of  the  main  bed ; 
2.  Great  vaulu  are  scooped  out  at  the  level  of  the  workings,  by  means  of  fire  i 
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When  OMO  penetrate  by  narrow  paatages-  into  the  interior  of  the  earth,  then*  reepir* 
Biion,  joined  to  the  comboetion  of  candle  and  gunpowder,  are  not  long  of  vitiating 
the  ah.  The  decomposition  of  wood  contributee  to  the  same  effect,  as  also  the 
mineral  bed  itself,  especially  in  coal  mines,  by  the  carburetted  hydrogen  and  carbonic 
add  ert^Ted,  and  from  the  absorption  of  oxygen  by  pyrites.  In  many  casss,  aisenieal 
tad  merBiirial  Tiponn  are  diaengsged.    Hence  the  neoessity  of  maintaining  in  inh* 
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lemaean  eavitiee  «  cantmnal  drenlalioD  of  ajr,  whicb  may  renew  the  atmoapbere  nnnd 
the  miners.  The  whole  ot  the  meani  em^yed  to  produce  thii  eOecl,  conitilnlea  wliat 
u  called  the  vmiUatioH  of  miatt. 

These  means  are  divided  into  lularoJ  and  artifiiM.  The  natural  mtani  are  the  cor- 
rem*  produced  by  the  difference  of  deaiity  between  the  air  of  miiMS  and  the  extenuJ 
air ;  the  arlifinial  are  air-exhausters  or  condensers,  fires,  tc. 

The  teutpentture  of  the  air  of  the  BablerraneBn  workings  sorpane*  the  mean  icid- 
perature  of  the  place  in  which  the  mine  is  opened.  Hence  it  is  lighter  in  viDta-, 
bat  in  summer  oRen  heavier  than  the  air  of  the  atmosphere.  For  this  reason,  whm  ihe 
mine  presents  two  openings  at  diSereat  levels,  the  air  nalnra]ly  Sows  oat  by  the  most 
elevated  in  winter,  and  by  the  lowest  in  summer.  We  may  take  adrantiise  of  this 
circnmslance,  to  lead  the  nir  into  the  bottom  of  even  a  vfty  long  gallery,  opeoing  into 
the  side  of  the  mountain,  by  piercing  a  shaft  into  its  roof  at  some  distance  from  the 
entrance,  and  dividing  the  gallery  by  a  horizontal  floor  into  two  parts,  which  have  no 
mutual  communiCBtion,  except  at  the  furthest  eilremily — the  upper  part  conunnnica 
ting  with  the  shaft,  and  the  under  with  the  month  of  the  gallery.  If  the  two  coinp«t- 
ments  have  difierent  dimensions,  the  air  in  the  imaller  sooner  comes  into  an  equililniiun 
of  lemperslure  with  the  rock ;  and  the  diderence  of  temperature  i^  the  two  compart 
menls  is  sufficient  to  produce  a  current.  If  a  streamlet  of  water  flows  Ihron^b  this 
gallery,  it  facilitates  the  How  of  the  air  along  ihe  lower  compartment.  If  a  mine  has 
several  openings  situated  on  the  same  level,  it  rarely  happens  but  some  peculiar  circnm- 
stancc  destroys,  during  the  colds  of  winter  and  the  heats  of  somroer,  the  equilibrinm  of 
the  air.  Bui  in  spring  and  autumn,  when  the  eitGrnal  air  is  nearly  of  the  same  tem- 
perature with  that  of  tliC  mines,  the  above-named  causes  are  almost  always  too  feeble  lo 
excite  an  issuing  current.  This  effect  is,  tiowever,  frequently  obtained  by  laising  over 
one  ot  the  sfaans  a  chimney  20  or  3(t  yards  high,  which  alone  produces  the  eflect  of  an 
opening  at  a  different  level.  It  has  been  remarked  that  stormy  weather  usnally  deranges 
every  system  of  ventilation.    See  PrrcoAi  aiid  Vektilatioh. 

IMINIOM.  (Eng.  andfr.  I  Rtdiiai;  Mamge,  Germ.]  This  pigment  is  ■  pecaliv 
oxyde  of  lead,  consisting  of  two  atoms  of  the  proloxyde  and  one  of  Ihe  peroxyde  (  but,  as 
(baikd  in  commerce,  it  always  contains  a  little  extra  protaxyde,  or  yellow  massicot,  h 
it  prepared  by  calcining  lead  apon  a  reverberatory  hearth  with  ■  glow  fiie,  and  frequent 
renewal  of  the  surface  with  a  rake,  till  it  becomes  an  oxyde,  taking  care  not  lo  fuse  it. 
The  cslcined  mass  is  triturated  into  a  fine  powder  in  a  paint  mill,  where  it  is  elnlrialed 
wilh  a  stream  of  water,  to  carry  oS"  Ihe  finely  levigated  particles,  and  to  deposile  them 
afterwanis  in  tanks.  The  powder  thas  obtained,  being  dried,  is  culled  massicot.  It  t; 
converted  into  minium,  by  beinjc  put  in  quantities  of  about  50  pounds  into  iron  trays, 
1  foot  square,  and  4  or  5  inches  deep.  These  are  piled  up  upon  the  reverberatmy  hcanh, 
and  exposed  during  Ihe  night,  for  economy  of  fuel,  lo  the  residuary  heal  of  the  furnace, 
whereby  the  massicot  absorbs  more  oxygen,  and  becomes  partially  red  lead.  This,  aner 
being  stirred  about,  and  snbjEcled  to  a  aimdar  low  calcining  heat  once  and  again,  will  be 
foQod  to  form  a  marketable  red  lead. 

The  best  minium,  however,  called  orange  mint,  is  made  by  Ihe  slow  ealcinatioa  of 
good  white  lead  (carbonate)  in  iron  trays.  If  the  lead  contaiat  either  iron  or  copper. 
It  affords  a  minium  which  cannot  be  employed  wilh  advantage  in  the  manufacliire  of 
flint-glass,  for  pottery  glaaes,  or  for  house-painting. 

Dumas  found  several  samples  of  red  lead  which  he  examined  lo  consist  of  Ihe 
chemical  sesquioxyde  and  the  pcotoxyde,  in  proportions  varying  from  50  of  the  fomier 
knd  50  of  the  latter,  to  95  3  of  Ihe  former  and  4-7  of  the  latter.  The  more  oiygea 
gas   it  gives   out  when  healed,  Ihe  better  it  is,   generally  speaking.      See  Natlh 

MXrrr.  (_XormaU,  Fr. ;  Jifunn,  Germ.)  The  chief  use  of  gold  and  silver  is  lo 
■erve  for  the  medium  of  exchange  in  the  sale  and  purchase  of  commodities,  a  function 
for  which  they  are  pre-eminently  fitted  by  their  scarcity,  by  being  unallerable  by  eom- 
mon  agents,  and  condensing  a  creat  value  in  a  small  volume.  It  would  be  very  ineon- 
fenient  in  general  lo  barter  obj  sets  of  consumption  against  each  other,  because  their 
carriage  would  be  expensive,  and  their  qualities,  in  many  cases,  easily  injured  by 
external  agents,  Ac  Gold  is  exempt  from  sponlaneous  change,  and  little  costly  in 
conveyance.  Blankind  at  a  very  early  period  recognised  how  much  easier  it  was  lo 
exchange  a  certain  weight  of  gold  or  silver  for  objects  of  commerce,  than  to  barter  thew 
objects  themselves  ;  and  thenceforth  all  agreed  to  pay  for  their  pnrcbases  in  bars  or  ingots 
of  these  precious  metals.  Bui  as  their  intrinsic  value  depends  upon  their  parity,  it  bc- 
CaiM  necessary  to  slamp  on  these  bars  their  standard  quality  and  their  weight. 

The  inconvenience  of  using  ingots  in  general  trade,  on  account  of  Ihe  difficulty  of 
defining  fractional  values,  has  detertnined  governments  to  coin  piece*  of  money,  thai 
is,  quantities  of  metal  whose  weight  and  standard  were  made  known  and  guaisntied  by 
Ihe  effi^es  of  the  prince.    It  is  true,  indeed,  that  kjnp  have  become  fteqitently  coinan 
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d*  tase  moaey,  hf  altering  the  weight  and  purity  of  the  pieees  apparently  guarantied 
by  their  impresa.  By  anch  reductions,  modem  coina  represent  less  of  the  preciovs  metal 
than  they  did  long  ago.  The  ordoimance  of  755,  for  the  coining  of  aott»  in  France,  proves 
that  there  was  then  as  mnch  fine  silver  in  a  single  aoiu  as  there  is  now  in  a  piece  of  5 
francs.  During  the  last  two  centuries,  indeed,  silver  coina  have  been  diminished  two 
thirds  in  weight. 

But  since  knowledge  has  become  more  generally  diffused,  it  has  been  shown  that  these 
iraods  are  equally  injurions  to  the  prince  and  to  public  faith.  A  sovereign  may,  it  is 
true,  declare  by  a  decree  that  a  shilling-piece  is  to  be  held  worth  five ;  but  let  us  consider 
the  consequences  of  this  decree.  All  the  individuals  who  have  rents  or  capital  sums  to 
receive  wdl  be  mined,  by  getting  in  metallic  value  only  one  fiAh  of  what  is  due  to  them ; 
for  although  the  nominal  value  should  be  the  same  as  what  they  are  entitled  to,  the 
intrinaie  value  would  be  but  a  fifth  of  the  former  ;>  so  that  when  they  go  to  purchase  the 
necessaries  or  comforts  of  life,  the  dealer  who  sells  them  will  at  once  raise  their  price 
five-fold.  Each  article  of  merchandise  would  thus  acquire  a  nominal  price  5  times 
greater  |  and  he  who  had  received  i)ayment  of  a  debt  in  that  money  could  not  with  it 
pioeure  more  than  one  fifth  of  the  goods  he  could  have  previously  commanded.  That 
firaudnlent  law  would,  therefore,  fhvor  the  debtors  at  the  expense  of  the  creditors ;  and 
as  the  state  is  commonly  a  great  debtor,  especially  when  it  has  recourse  to  the  deprecia- 
tioii  of  the  currency,  it  is  obvious,  that  however  illicit  the  gain  which  it  makes,  it  still 
does  gain ;  and  this  is  the  reason  why  princes  have  so  often  tampered  with  the  mint. 
But  let  us  examine  the  other  consequences  of  this  decree. 

If  the  sovereign  is  a  debtor,  he  is  also  a  creditor  and  consumer,  and  even  the  most 
considerable  of  any.  The  taxes  which  he  imposes  are  paid  him  in  this  deteriorated 
money,  returned  to  him  at  its  nominal  value;  and  the  purveyors  of  his  amiies,  h-s 
buildings,,  and  his  household,  sell  him  their  conunodities  only  at  the  actual  market 
price.  We  may  infer  from  this  simple  development  that  the  coin  with  which  he  pays 
for  any  object  has  the  same  intrinsic  value  as  the  object ;  and  that  the  name  given  to 
the  coin  is  of  no  consequence.  The  prince  may  call  it  a  crown,  a  ducat,  or  a  rix-dollai 
at  his  pleasure ;  and  he  may  assign  any  value  to  it  that  his  caprice  may  suggest,  yet  this 
will  not  affect  its  value ;  for  this  is  fixed  beyond  his  control  by  the  general  nature  of 
things.  The  prince  may,  indeed,  at  the  outset,  have  profited  by  defrauding  his  creditors, 
and  by  authorizing  each  debtor  to  imitate  him,  but  he  will  soon  lose  whatever  he  lAay 
have  gained ;  and  he  will  thus  learn  to  his  cost  that  it  was  bad  policy  to  sacrifice  his 
character  by  giving  an  example  of  a  fraud  so  truly  unprofitable  in  the  issue.  More- 
over, he  will  lose  stiU  as  mnch  in  the  following  years,  because  his  treasury  will  receive 
only  one  fifth  part  of  the  taxes,  unless  he  has  quintupled  the  imposts.  It  may  be  said^ 
indeed,  that  he  might  do  the  one  thing  along  with  the  other.  But  every  one  knows  that 
this  power  is  neither  generally  permitted  to  princes,  nor,  if  it  were,  could  it  be  safely 
exerdsed.  Serious  political  crises  would  combine  to  endanger  the  stability  of  the  govern- 
ment ;  which  besides,  as  the  main  consumer  in  the  nation,  must  lose  always  as  much  as 
it  seems  to  gain. 

It  is  therefore  manifest,  that  the  alteration  of  the  standard  and  weight  of  the  coinage 
is  at  once  a  crime  and  a  ruinous  action  for  the  sovereign  power  to  commit ;  and  hence 
such  disastrous  measures  have  been  long  abandoned  ip  all  well-regulated  states.  A  gold 
toTcreign  is  intrinsically  worth  20  shillings,  minus  the  cost  of  coinage ;  for  were  it  worth 
more,  idl  our  sovereign  pieces  would  be  exported  or  melted  down,  to  obtain  the  difference 
of  viBdue,  however  trifling  it  might  be ;  and  were  it  worth  less,  it  would  be  the  source  of 
h>s8  similar  to  what  the  state  occasions  when  it  depreciates  the  coin. 

To  comprehend  the  trae  value  of  a  coin,  we  must  regard  this  piece  as  an  article  of 
merchandise,  whoee  value  depends,  as  that  of  every  thing  else,  on  its  usefulness,  the 
esteem  in  which  it  is  held^  and  the  demand  for  it  in  the  market.  Grain  increases  in 
value  when  there  are  few  sellers  and  many  buyers ;  gold  and  sUver  are  in  the  same  pre- 
dieament.  The  value  of  these  metals  is  much  augmented,  indeed,  by  the  universal  cur- 
rency they  obtain  when  strack  into  modey ;  a  value  additional  to  what  they  possess  as 
objeds  of  the  arts.  This  value  of  the  precious  metals  changes  with  time  and  place,  like 
that  of  every  merchandise ;  their  abundance,  since  the  discovery  of  America,  has  greatly 
lowered  their  value ;  that  is,  with  the  same*weight  of  metal,  we  cannot  at  the  present 
day  purchase  the  same  quantity  of  com,  land,  wool,  &c.  as  formerly.  In  the  countries 
where  silver  abounds,  this  metal  has  less  value,  or,  in  other  terms,  commodities  are 
dearer.  Hence  the  metal  tends  to  resume  its  equilibrium  in  flowing  into  those  places 
where  it  is  rarer ;  which  means,  that  the  consumer  prefers  purchasing  his  commodities 
there,  rather  than  in  another  place,  if  he  can  easily  transport  them  to  where  they  are 


It  was  fonnerly  believed  that  a  country  is  rich  when  it  has  a  great  deal  of  goU  and 
nlrer ;  but  this  popular,  illusion  has  passed  away.  Spain  has  never  been  poorer  than 
aiiiee  the  diaeofvery  of  America,  because  its  national  industry  has  been  rained,  and  the 
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capilili  nnrelT  pMMd  throogli  id  hsadi  to  Bprcad  over  tke  ml  cf  EoMpo,  tnm  vfcx 
it  wu  oblifted  to  import  everr  Ihiag  that  ita  waat  of  home  BannfiKtwet  nnile  it  aeec 
M17  to  procnre  frmn  gbroad.  We  mar  *^^  ("  tbeie  tbe  ^vxUfralilici  of  the  court,  ^id 
■apposing  its  wealth  iaexbaulible,  tried  to  eornipt  ail  iLe  miaitten  of  tite  other  power 
in  rurtberance  of  the  chimera  of  aniTenal  dominion.  The  richsM  Mate  i*  that  in  whic 
there  is  most  industry,  whereby  the  inhabitants  ma;  procnir  every  Ihina  iadiapeiuable  1 
the  i^onTenienees  and  comTorti  of  life.  Gold  ai  a  nirfnl  awtal,  aad  a  aMdiam  of  exchaaf 
it  nndonbtedlr  very  precioui,  and  an  adequate  qnanttty  for  Ihaae  exchangea  mnst  be  hv 
but  as  it  is  Rood  for  rerT  litUe  beaidea,  nafi  "■  *a  «ieeu  is  eren  hutAi),  it  aoiia  begii 
(o  fly  of  itself  towanh  the  placra  where  it  is  mor«  needed  or  k«  cooiBio*. 

With  refTird  to  the  relative  Talue  of  gold  and  lilyer,  serend  detaib  Imtc  already  bet 
Hiyen  in  oar  view  of  tbe  mineral  wealth  of  the  ^otie.  Three  cenlariea  a^o,  an  oaar 
«r  gold  was  worth  at  London  or  Paris  10  ooneea  of  nlTeri  now  it  nay  be  eii^anged  f 
is  onace*  and  a  half. 

The  par  of  two  coini  mnlla  fnnn  the  eonpariKni  of  their  weight  and  itandaid  fin 
ness.  Let  ns  take  for  an  example  the  eooTerMoa  of  Ea^iah  irald  toTereigna  w«ith  I 
fhilUngs  or  a  pound  iterliag,  in  relation  to  the  French  louu  of  20  firanc*.  The  standa 
c^  the  MTei«i|;n  pild  ii  0-917,  fine  gcrid  being  1000 ;  its  wctfht  is  135,356  gr.  Engb 
or  T'980855  gnuomei ;  by  mnltiplying  this  wei^t  into  its  itandard,  we  baTC  a  prodn 
of  T-3 18444035;  this  is,  in  graoMnes,  the  quantity  of  pure  gold  contained  in  the  Boverni 
piece.  The  piece  of  20  franca  has  a  legal  Mandard  of  0-9  ;  and  mnhiplying  this  anmb 
by  [he  weit^ht  of  the  loois  6-45161  grammes,  we  find  that  it  eoatains  5-806449  of  pn 
metal.    We  then  make  this  proportion  : — 

As  fi'806449  ;  W  francs  : :  T-31844  :  25-SOT9  francs  <  ot  the  yalne  of  the  Engtish  ttn 
reign  is  nearly  25-21  francs,  in  French  gold  coin.  A  similar  calculation  may  1^  made  1 
silver  coins.  The  French  rule  for  finding  the  par  of  a  foreign  gold  coin,  or  its  Intriaf 
valne  in  francs,  is  to  mnttiply  ita  weight  if  its  standard  or  litre,  and  that  prodnet  by  3 
Hie  par  of  foreign  silver  money,  or  ils  intrinsic  value  in  francs,  i*  obtained  by  mnltiplyii 
its  n-ei^hl  in  grammes  by  its  standard  in  thousand  parts,  and  by  j.  The  French  iCftmi 
piece  hss  its  standard  or  titre  at  0-9,  and  weighs  25  grammes. 

The  assajine  of  gold  for  coin  and  trinkets  requires  very  delleale  nanaJtement.  Tl 
French  take  half  a  gramme  at  most  (about  7}  grains)  of  gold,  and  lUse  it  with  thrice  i 
weight  of  sUver,  as  already  described  under  Assay.  The  parting  is  the  next  operatio 
For  this  purpose  (he  button  of  gold  and  silver  alloy  is  first  hammered  flat  on  a  piece  1 
steel,  and  then  made  feebly  red  hot  in  burning  charcoal  or  over  a  lamp  flame.  Aft 
being  thus  annealed,  the  meMl  is  passed  through  the  rolling  press,  till  it  be  ro 
verted  into  a  plate  about  ^  of  an  inch  thick.  Ailer  annealing  Ais  ritand,  it  is  coili 
into  a  spiral  form,  introduced  immediately  into  a  small  matrass  of  a  pear  shape,  an  assi 
malrasa,  and  about  500  grains  of  nitric  acid,  sp.  grav.  1-185,  are  poured  over  it.  He 
being  now  applied  to  the  vessel,  the  solution  of  the  silver  and  copper  alloys  ensues,  ai 
after  22  minutes  of  constant  ebnllilion,  the  liquid  is  poured  off  and  replaced  by  an  equ 

giantity  of  nitric  acid,  likewise  very  pure,  but  of  the  density  1-28.  This  is  made  to  b( 
r  about  10  minutes,  and  is  then  poured  ofl^  when  the  matrasa  is  filled  np  with  dislilli 
water  to  the  brim.  In  cDnelnsioa,  a  small  annealiog  crucible  is  invcited  as  a  cup  ov 
the  month  of  the  matrass,  which  is  now  turned  upside  down  with  a  steady  handj  tl 
slip  of  metal  falls  into  the  crucible  through  the  water;  which  by  sustaining  a  part  of  i 
weight  soflent  its  descent  and  prcTcnls  its  tearing.  The  matrass  is  then  dciteroni 
removed,  without  letting  ils  water  overflow  the  crneible.  The  water  is  gently  decanli 
ttota  the  crucible,  whi<ji  is  next  covered,  placed  in  tbe  middle  of  burning  charcoal,  ai 
withdrawn  whenever  it  beccsnes  red  hot.  After  coaling,  the  metal  slip  is  weighed  le 
exactly,  whence  the  weulhl  of  flne  gold  in  the  alloy  is  known.  Stronger  ackf  than  ih 
prescribed  above  would  be  apt  to  tear  the  melallic  riband  to  pieces,  and  tt  wonld  be  dil 
cull  to  gather  the  fine  particles  of  gold  together  again.  The  nelaltic  plate  becomes 
last  merely  a  golden  sieve,  with  very  little  coheaion.  When  copper  is  to  be  separat 
from  gold  by  cupeKalion,  tt  higher  temperature  is  requisite  than  in  cupelling  silver  coin 

The  coining  apparatus  of  the  Royal  Mint  of  London  is  justly  esteemed  a  masterpie 
of  mechanical  skill  and  workmanship.  It  w«s  erected  in  IBM,  under  the  direction  of  L 
inventor,  Mr.  Boutton;  and  has  since  been  kept  in  almost  constant  employment. 

The  melting  pots  (fig.  738}  are  made  of  cast-iron,  and  hold  conveniently  400  jNnin 
of  metal.  They  are  furnished  with  a  spont  or  lip  for  pouring  oat  the  metal,  and  wi 
two  ears,  on  which  the  tongs  of  the  crane  lay  hi^  in  lifting  them  ont  of  the  flimac 
The  pot  rests  on  pedestals  on  the  grate  of  (he  funiace,  and  haa  a  ring  tast  00  its  edi 
to  prevent  the  fuel  falling  into  it.  Whenever  it  becfKoes  red  hot,  the  metal  pnq«rly  pr 
pared  and  mixed,  ro  as  to  produce  an  alloy  containing  0-915  parts  of  gold,  is  put  in,  ai 
daring  the  melting,  which  occupies  some  hoar%  it  is  oceasionaily  itined.  The  maul 
are  meanwhile  prepared  by.  warming  them  in  a  ttov^  and  tlureafter  by  mbhing  thi 


«  better  nirikce.    fig,  T39  nprcMnt* 
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«lMh  dipped  in  oil,  hj  wUcA 


meaHg  th«  ingoU  cut  in  them  fat 
«r  tbe  carriage,  chanml  with  iU 


Monldl.     WhcB  Ihe  proper  number  of  moulds  is  introduced,  the  Krem  at  tlie  end, 
pK*cnied  at  1 1,  are  screwed  Tut,  to  fix  them  all  t^ht. 
The  pot  oT  fused  metal  is  liJUd  out  oT  the  furnace  b  i  the  crane  (fig,  740)  tl 


twnng  round,  and  lowered  dovu  into  the  cradle  I,  m,  n,  o  of  the  pouring  machine, 
until  the  rin^  on  the  edge  of  it  rests  on  the  iron  troop  ■,  which,  being  screwed  tight  np, 
holds  it  secure,  and  the  crane-toogt  are  lemoTed.  One  of  the  assisuuts  now  takes  the 
winch  hanlle  >  in  one  hand,  and  y  in  the  other.  By  tomiag  y  he  movei  the  car- 
riage forward,  eo  as  to  bring  the  fini  mould  beneath  the  lip  of  tbe  melting  pot ;,  and  by 
turning  s,  he  inclines  the  pot,  and  pours  the  metal  into  the  mould.  He  then  fills  the 
ether  moulds  in  successioo.     Tho  first  portion  of  liquid  melal  is  received  in  a  small  iron 

rnn,  and  is  reserved  foi  tho  assay-maftei  i  a  «etond  sample  is  taken  from  the  eeatm 
the  pot,  and  a  third  from  the  bottom  pari.    Each  of  these  is  examined  as  to  its  quality. 
The  ineols,  which  are  abaot  10  inches  long,  T  brood,  and  6  tenths  of  an  inch  thidc,  are 
MW  carried  to  the  rolliug  mill, 
Fig.  741,  wbero  a  lepreaenti  a  targe  spur  wheel,  fixed  on  the  extremity  of  a  lonf. 
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horiioMal  ilMfl  ■  ■,  tjMaUag  beneath  the  whole  mOI.  Thii  wheel  and  ibuft  arc  Mna 
bf  a  tnaller  wheel,  Sied  on  the  nulD  or  flr-whcel  shaft  t£  a  iteam  engine  oTSS-hone 
power.  The  main  shafl  n  ot  the  rolling  mill  ha!  wheels  c,  d,  k  fixed  upon  it,  to  gire 
■DOIion  to  the  respective  roUeri,  which  are  monDled  at  r  and  c,  in  Mrong  iron  IJamei, 
boiled  to  the  iron  silla  a  t,  which  extend  through  the  whole  length  of  the  mill,  and  i«tt 
npon  Ibr  tnasonry,  JA  which  the  wheels  are  concealed.  The  two  targe  wheels  c  and  i 
give  motion  to  the  wheels  h,  i,  which  are  snpported  un  bearings  between  two  standu^ 
ft,  ft,  bulled  down  to  the  groand  lilli.  On  ihe  ends  ef  the  axes  of  Ihue  wheels  are  heads 
for  the  reeeplion  or  eonpling  boxes  d,  d,  which  unite  ibem  lo  thort  coanecling  iihaAs 
K  L  j  and  Ibese  again,  by  menns  of  coupling  boxes,  convej'  motion  to  the  npper  rollers 
t,  (,  of  each  pair,  at  r  and  o.  The  middle  wheel  d  npoo  the  main  sbafl  a  ([ivet  molion 
Vi  the  lower  rollers  in  a  similar  manner.  Thnsbolh  Ihe  rollen  c,  /  of  esch  frame  receire 
their  motion  from  Ihe  main  shaft  with  eqnal  Telocity,  bf  means  of  wheels  oflante  radios, 
which  act  wilh  much  more  certainly  than  the  smaU  pinions  nsnally  employed  in  mlliitg 
mills  lo  connect  the  upper  and  lower  rollcn,  and  cause  them  to  move  logelher. 

The  rolling  mill  contains  fonr  pairs  of  rollers,  each  driren  by  its  tnin  of  wbeel  worir ; 
the  mill,  therefore,  consists  of  two  such  sets  of  wheels  and  rollers  as  art  represented  in 
out  Sgure.  The  two  shafts  are  sitnated  parallel  lo  each  olber,  and  receive  their  motion 
from  Ihe  same  steam  engine.  This  admirable  rolling  mill  waa  erected  by  John 
Rennie,  Esq. 

The  ingots  are  beated  to  redness  in  a  rnmaee  before  they  are  nriled.  The  two  fnr- 
nacet  for  Ihis  purpose  are  silnated  before  two  pairs  of  rollers,  which,  ftom  being  used  lo 
eonsolidale  the  metal  by  rolling  whilst  hot,  are  termed  brealiing.dawn  rollers.  IVv 
inen  are  employed  in  this  operation  ;  one  tailing  the  metal  from  the  furaace  with  a  pair 
of  tongs,  introdnces  it  between  the  roller* ;  and  Ihe  other,  catching  it  as  it  comes 
IhroDgh,  lifts  it  over  the  top  roller,  and  relums  il  to  his  fellow,  who  pats  it  through 
742  again,   having   previonsly  approximated  the 

roller*   a   lillle  by    their  adjusting   screwa. 
Aller  having  been  rolled  in  this  manner  foot 
or  fire  times,  they   arc  reduced  lo   nearly 
two  tenths  of  an  inch   thick,  and  increased 
lengthwise  lo  about  foai  times  the  breadth  of 
the  ingot     These  plate*,  while  still  warm, 
are  mbbed  orer  with  a  dilole  acid  or  fUMt, 
to  remove  Ihe  color  produced  by   ihe  beat, 
and  are  then  cut  up  into  narrow  slips  acro« 
the  breadth  of  the  plate,  by  means  of  the  cir- 
onUr  shears  Jig.  742. 
This  machine  is  worked  by  a  spar-wheel  at  Ihe  extremity  of  the  main  shaft  a  of  the 
rolling  mill  (Jl*,  7<  1.)    It  consists  of  a  ftaming  of  iron  A  A,  supporting  two  shafts  a  >, 
which  are  parallel  to  each  other,  and  move  together  by  means  of  two  equal  spur-wheels 
c  c,  the  lower  one  of  which  works  with  the  leelh  of  the  great  wheel  above  mentionnl, 
npon  the  main  shaft  of  Ihe  rolling  mill.     At  the  eilremiiies  of  the  two  shafts,  wheels 
at  circular  cullers  are  fixed  with  their  edges  overlapping  each  other  a  lillle  way. 
p  represenls  a  shelf  on  which  the  plate  is  laid,  and  advanced  forward  lo  present  it  lo  the 
culler  i  and  o  is  n  ledge  or  guide,  screwed  down  on  it,  lo  condoct  the  metal  and  to  regu- 
late Ihe  breadth  of  Ihe  piece  to  be  cut  off.    Hence  the  screws  which  fasten  down  Ihe 
ledge  are  fitted  in  oblong  holes,  which  admil  of  adjustment.    The  woricman  holds  the 
plate  fial  upon  Ihe  surface  r,  and  pashing  it  towards  the  sheers,  ihey  will  lay  hoH  of  it, 
and  draw  it  through  until  Ihey  have  cut  Ihe  whole  length.     The  divided  p^ls  are  alsc 
prevented  from  carling  up  into  scrolls,  as  Ihey  do  when  cul  by  a  common  pair  of  shears  ; 
because  small  shonlders  on  e  and  D,  behind  the  culling  edge,  keep  them  straishl.     Be- 
hind the  standard,  supporting  the  back  pivots  of  the  shafts  n  b  of  Ihe  cutler,  is  a  riaine  I 
with  a  screw  m  tapped  through  il.    This  is  used  lo  draw  the  axis  of  the  upper  catler  i 
'endwise,  and  keep  its  edge  in  dose  contact  with  the  edge  of  the  other  culler  b.     Th( 
-slips    r  ribands  of  plate  are  now  carried  to  the  other  two  psin  of  rollers  in  the  n>nin)i 
ibill,  which  are  made  of  case-hardened  iron,  and  better  poliahed  than  Ihe  breakiDg-down 
rollers.    The  plates  are  passed  cold  between  these,  to  bring  them  to  exactly  the  samf 
thickness!  whence  they  are  called  adjusting  or  planishing  rollers.     The  workman  hen 
tries  every  piece  by  a  common  gauge,  as  it  comes  Ibmugb.    This  is  a  piece  of  slee! 
having  a  notch  in  it;  the  inside  tines  of  which  are  very  straight,  and  inclined  to  ont 
:«nother  at  a  very  acute  angle.    They  are  divided  by  fine  lines,  so  that  the  edge  of  thi 
plate  being  pressed  into  the  notch,  will  have  its  thickness  truly  determined  by  the  deptl 
to  which  it  enlen,  the  divisions  showing  the  thickness  in  IVaGtions  of  an  inch. 

In  rolling  the  ptale  the  second  time,  all  Ihe  plates  are  suCeesalTely  passed  through  th< 
.rollen;  then  the  rollers  being  adjusted,  they  are  passed  through  another  time.  The 
is  repeated  thrice  or  even  four  times ;  after  which  they  are  all  tried  by  the  sange,  sm 
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An*  BWtcd  into  u  mtn;  pucds  u  there  ore  different  tliicbnesMS.  It  ii  a  carious  cir- 
CEintbuice,  that  though  the  lollcis  are  no  less  Ibaa  14  inches  in  diameter,  and  their  rrune 
proporlitiDany  ilroo^  Ihej'  will  yield  in  some  liegrce,  so  as  to  reduce  a  thick  plale  in  a 
leas  degree  than  a  thjn  one  )  thus  the  plates  wbieli  have  all  passed  thraa^h  Ihe  some 
ralleri,  may  be  of  3  or  4  diflereni  degrees  of  thickness,  which  being  sorted  by  the  gauge 
IdIO  as  many  parcels,  are  next  reduced  lo  the  exact  ilioienBion,  by  adapling  the  rollers  ID 
each  parcel.  The  £rsl  of  the  parcel  which  now  comes  tlirough  is  tiinl,  by  cutting  out  a 
drcalar  piece  with  n  small  haTid  machine,  and  neighing  it.  IT  it  provps  either  too  light 
or  too  heavy,  the  rollers  are  adjusted  accordingly,  tiU  by  a  Tew  such  trials  they  are  found 
to  be  correct  when  all  the  psieel  is  tolled  through.  The  trial  plates  which  turn  out  to 
be  too  thin,  are  returned  as  waste  to  the  melting -house.  By  thet^e  nuincrons  precautions, 
the  Uajilu  or  circular  discs,  when  cut  out  by  the  next  machiue,  will  be  very  ncEirly  of  the 
■ame  weight ;  which  they  would  scarcely  be,  even  if  the  gauge  delerniiiicd  all  Ihe  plates 
lo  Ihe  same  thiclcness,  because  some  being  more  condensed  than  others,  they  would  weigh 
differently  under  the  same  volume. 

A  great  improvement  has  been  made  on  that  mode  of  lamination,  b]  the  late  Mr. 
Barton's  machine  for  e(|ualizing  Ihe  tliickness  of  slips  of  metal  for  makint;  coin,  which 
has  been  lor  levend  years  introduced  into  Ihe  British  mint.  A  side  elevation  is  shown 
injSg.  743,  and  a  plan  injlg.  744.  It  operates  in  Ihe  same  way  as  wire-drawing  mechan- 
iafns;  namely,  pulls  the  slips  of  metal  forcibly  through  an  oblong  opening,  left  between 
two  sacfaees  of  hardened  steel.  The  box  or  case  which  conlnios  the  sleel  dies,  compoted 
erf"  two  hardened  cylinders,  is  represented  at  c  in  Jig.  743.  The  pincers  employed  lo  hold 
the  metal,  and  draw  it  through,  are  shown  at  i  r. 
743 


The  slip*  of  metal  lo  be  operated  on  by  the  drawing  machine,  are  first  rendered 
thinner  at  one  end,  that  tliey  majr  be  introduced  between  the  dies,  and  also  between  Ihe 
ja<m  of  Ihe  pincers.  This  thinning  of  the  ends  is  effected  by  another  machine,  con- 
•isting  of  a  small  pair  of  rollera,  mounted  in  an  iron  frame,  similar  to  a  rolling-mill. 
The  upper  roller  is  cylindrical,  but  the  lower  is  formed  with  3  flat  sides,  leaving  merely 
portions  of  the  cylinder  entire,  between  these  fiat  sides.  The  distance  between  Ihe 
centres  of  the  rollers  is  regalated  by  screws,  fumiBhed  with  wheels  on  their  upper  ends, 
similar  to  what  is  seen  in  the  drawing  dies  at  c.  The  two  rotlers  have  pinions  on  tbeii 
axe*,  which  make  them  revolve  loselhrr;  they  are  set  in  motion  by  an  endless  strap 
paseing  round  n  drum,  ajwn  whose  axis  is  a  pinion  working  into  the  teeth  of  a  wheel 
fixed  upon  Ihe  axis  of  the  lower  roller. 

The  end  of  n  slip  of  metal  is  presented  between  the  rollers  while  they  are  in  motion, 
aol  on  that  side  of  the  roller  which  would  operate  to  draw  in  the  slip  between  ihem,  as 
ID  the  Tolline-press  above  described,  but  on  the  contrary  side,  so  that  when  one  of  the 
Sal  (idea  of  the  under  roller  fronts  horizontally  the  circumference  of  the  upper  roller,  an 
opening  is  formed,  through  which  the  slip  of  metal  is  to  be  inserted  nntil  it  bears  againit, 
allied  slop  at  the  back  of  Ihe  rollers.  As  the  rollers  contiaue  to  turn  round,  Ike' 
tflindricat  portions  come  opposite  to  each  other,  and  press  the  metal  between  them, 
forcing  it  outwards,  and  rendering  Ihe  part  which  has  been  introduced  between  Ihe 
rollers  ae  thin  as  the  space  between  their  cylindrical  sorfoces.  Thus  Ibe  end  of  the  slip 
of  metal  becomes  attenuated  enough  to  pass  between  the  dies  of  Ihe  drawing  maebine, 
and  to  be  seized  by  the  pincers. 

In  using  the  drawing  machine,  a  boy  takes  hold  of  Ihe  handle  (  of  the  pincers,  their 
book  of  connexion  with  the  endless  chain  4  ',  not  shown  in  Ihe  present  figure,  being  di«- 
eagaged,  and  be  moves  Ihem  upon  their  wheels  towards  the  die-box  c.  In  this  move-  . 
neat  the  jaws  of  the  pincen  gel  opened,  and  they  are  pushed  up  so  close  lo  the 
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truncated  cone  of  tempered  steel,  which  enters  into  an  eye  of  the  moveable  piece  p,  d. 
This  cone  is  kept  on  the  plate  of  the  metal  n  n,  which  bears  the  whole  machine,  by  a 
nnt,  whose  screw,  by  being  tightened  or  slackened,  gives  as  much  freedom  as  is  requisite 
(or  the  movement  of  rotation,  or  removes  the  shake  which  hard  service  gives  to  the  cone 
in  its  eye.  The  middle  thickness  of  the  hole  of  the  moveable  piece  p,  d,  and  the  axis  of 
the  lever  p,  which  terminates  it,  are  exactly  on  a  level  with  the  engraved  letters  of  the 
dble,  so  that  no  strain  can  derange  the  moveable  piece,  or  disturb  the  centre  by  its  oscil- 
lations. 

At  a  is  a  vertical  tube,  containing  a  pile  of  blanks  for  milling.  It  is  kept  constantly 
full ;  the  tube  being  open  at  both  ends,  a  little  elevated  above  the  circular  space  a, 
K,  b,  which  separates  the  dies,  and  fixed  by  a  tail  m  wilh  a  screw  to  the  jnolionless 
piece  A,  B.  The  branch  i,  c,  moveable  with  the  piece  f,  d,  passes  under  the  tube,  and 
pushes  before  it  the  blank  at  the  bottom  of  the  column,  which  is  received  into  a  small 
excavation  in  the  form  of  a  eircular  step,  and  carried  forwards.  Matters  are  thus  so 
arranged  as  to  regulate  the  issue  of  the  blanks,  one  by  one,  on  the  small  step,  called  the 
po$(>ir  (bed.) 

As  soon  as  the  blaink  is  pushed  forwards  into  contact  wilh  the  lower  edge  of  the 
engraved. grooves,  it  is  seised  by  them,  and  carried  on  by  the  strain  of  milling,  without 
exposing  the  oipper  or  under  surfaces  of  the  blank  to  any  action  which  may  obstruct  the 
printing  on  its  edge. 

The  blank  is  observed  to>  revolve  between  the  two  dies  according  as  the  lever  p  com- 
pletes its  course,  and  this  blank  passing  from  a  to  k,  then  to  6,  meets  a  cirpular  aperture 
b,  through  which  it  falls  into  a  drawer  placed  under  the  sill. 

The  range  of  the  moveable  lever  p  is  regulated  by  four  pieces,  r,  f,  f,  f,  solidly  sunk  in 
the  plate  k,  n,  which  bears  the  whole  apparatus.  A  stud  placed  on  this  lever  towards  d, 
makes  the  arm  of  the  posoir  i  c  retire  no  farther  than  is  necessary  for  the  little  blank  to 
issue  from  the  column ;  and  a  spring  fixed  to  the  centre  c,  and  supported  on  a  peg,  brings 
back  the  p9$oir  $  so  that  when  a  screw  i  comes  to  strike  against  the  column,  the  posoir 
stops,  and  the  moveable  die  d,  which  continues  its  progress,  finds  the  blank  in  a  fit 
position  for  pressing,  seizing,  and  carrying  it  on,,  by  reaction. of  the  fixed  die  £•  Thus 
the  e4ge  of  the  blank  is  lettered  in  half  a  second.  A  hundred  may  easily  be  marked  in 
about  three  minutes. 

The  coining  press  is  the  most  beautiful  part  of  the  whole  mechanism  in  the  British 
mint ;  but  the  limits  of  this  volume  will  not  allow  of  its  being  figured  upon  an  adequate 
scale*     An  engraving  of  it  may  be  seen  in  the  Encyclopedia  Britannica. 

The  only  attention  which  this  noble  machine  requires  is  that  of*  a  little  boy,  who  stands 
in  a  sank  place  before  the  press,  and  always  keeps  the  tube  full  of  blanks.  He  has  two 
strings,  one  of  which,  when  pulled,  will  put  the  press  in  motion  by  the  concealed  me- 
chanism in  the  apartment  above ;  and  the  other  string,  when  snatched,  stops  the  press. 
This  coining  operation  goes  on  at  the  rate  of  60  or  70  strokes  per  minute;  and  with 
very  few  interruptions  during  the  whole  day.  The  press-room  at  the  Royal  Mint 
contains  eight  machines,  all  supported  on  the  same  stone  base ;  and  the  iron  beams  be- 
tween the  columns  serve  equally  for  the  presses  on  each  side.  The  whole  has  therefore 
a  magnificent  appearance.  The  eight  presses  will  strike  more  than  19,000  coins  in  an 
hour,  with  only  a  child  to  supply  each.  The  grand  improvement  in  these  presses  con- 
sists; 1.  in  the  preciiuon  with  which  they  operate  to.  strike  every  coin  with  equal  force, 
which  could  not  be  ensured  by  the  old  press  impelled  by  manual  labor ;  2.  The  rising 
collar  or  steel  ring  in  which  they  are  struck,  keeps  them  all  of  one  size,  and  makes  a  fair 
edge,  which  was  not  the  case  with  the  old  coins,  as  they  were  oilen  rounded  and  defaced 
by  the  expansion  of  the  metal  under  the  blow ;  3.  The  twisting  motion  of  the  upper 
die  is  thought  to  produce  a  better  surface  on  the  flat  parts  of  the  coin ;  but  this  is  some- 
what doubtful ;  4.  The  feeding  mechanism  is  very  complete,  and  enables  the  machine 
to  work  much  quicker  than  the  old  press  did,  where  the  workman,  being  in  constant 
danger  of  having  his  fingers  caught,  was  obliged  to  proceed  cautiously,  as  well  as  to  place 
the  coin  true  on  the  die,  which  was  seldom  perfectly  done.  The  feeding  mechanism  of 
the  above  press  is  a  French  invention ;  but  Mr.  Boulton  is  supposed  to  have  improved 
ipon  it. 

MIRRORS.    See  Copper  and  Glass. 

MlSPtCKEL  is  arsenical  pyrites. 

MOHAIR  is  the  hair  of  a  goat  which  inhabits  the  mountains  in  the  vicinity  of  Angora, 
m  Asia  Minor. 

MOIRE'E  M£TALLIQUE>  called  in  this  country  crystallized  tin-plate,  is  a 
variegated  primrose  appearance,  produced  upon  the  surfa(fe  of  tin-plate,  by  applying  to  it 
in  a  heated  state  scnne  dilute  nitro-muriatic  acid  for  a  few  seconds,  then  washing  it 
with  water,  drying,  and  coating  it  with  lacker.  The  figures  are  more  or  less  beau- 
tiful and  (Uversified,  according  to  the  degree  of  heat,  and  relative  dilution  of  the  acid. 
This  mode  of  ornamenting  tin-plate  is  much  less  in  vogue  now  than  it  was  a  few  years  ago, 
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wiUiont  much  variation.  But  whenever  the  mordant  is  itself  colored,  it  will  cause  the 
dje  to  take  a  compound  color  qaite  diBferent  from  its  own.  If,  as  is  usually  said,  the 
mordant  enters  into  a  real  chemical  union  with  the  vtuff  to  be  dyed,  the  application  of 
the  mordant  should  obviously  be  made  in  such  circumstances  as  are  known  to  be  most 
favorable  to  the  combination  taking  place ;  and- this  is  the  principle  of  every  day's  prac- 
tice in  the  dye-house. 

In  order  that  a  combination  may  result  between  two  bodies,  they  must  not  only  be  in 
contact,  but  they  must  be  reduced  to  their  ultimate  molecules.  The  mordants  that  are 
to  be  united  with  studs  are,  as  we  have  seen,  insoluble  of  themselves,  for  which  reason 
their  particles  must  be  divided  by  solution  in  an  appropriate  vehicle.  Now  this  solvent 
or  menstruum  will  exert  in  its  own  favor  an  affinity  for  the  mordant,  which  ^1  prove 
to  that  extent  an  obstacle  to  its  attraction  for  the  stuff.  Hence  we  must  select  such 
solvents  as  have  a  weaker  alRnity  for  the  mordants  than  the  mordants  have  for  the  stuffs. 
Of  all  the  acids  which  can  be  employed  to  dissolve  alumina,  for  example,  vinegar  is  the 
one  which  will  retain  it  with  least  energy,  for  which  reason  the  acetate  of  alumina  is 
now  generally  substituted  for  alum,  because  the  acetic  acid  gives  up  the  alumina  with 
such  readiness,  that  mere  elevation  of  temperature  is  sufficient  to  effect  the  separation  of 
these  two  substances.  Before  this  substitution  of  the  acetate,  alum  alone  was  employed ; 
bat  without  knowing  (he  true  reason,  all  the  French  dyers  preferred  the  alum  of  Rome^ 
simply  regarding  it  tu  be  the  purest ;  it  is  only  within  these  few  years  that  they  have 
understood  the  real  grounds  of  this  preference.  This  alum  has  not,  in  fact,  the  same  com- 
position as  the  alums  of  France,  England,  and  Germany,  but  it  consists  ehiefly  of  cubic 
alum  having  a  larger  proportion  of  base.  Now  this  extra  portion  of  base  is  held  by  the 
sulphuric  acid  more  feebly  than  the  rest,  and  hence  is  more  readily  detached  in  the  form 
of  a  mordant.  Nay,  when  a  solution  of  cubic  alum  is  heated,  this  redundant  alumina 
falls  down  in  the  state  of  a  subsulphate,  long  before  it  reaches  the  boiling  point.  This 
difference  had  not,  however,  been  recognised,  because  Roman  alum,  being  usually  soiled 
with  ochre  on  the  surface,  gives  a  turbid  solution,  whereby  the  precipitate  of  subsulphate 
of  alumina  escaped  observation.  When  the  liquid  was  filtered,  and  crystallised  afresh, 
common  octahedral  alum  alone  was  obtained ;  whence  it  was  most  erroneously  concluded, 
that  the  preference  given  to  Roman  alum  was  unjustifiable,  and  that  its  only  superiority 
was  in  being  freer  from  iron. 

Here  a  remarkable  anecdote  illustrates  the  necessity  of  extreme  caution,  before  we 
venture  to  condemn  from  theory  a  practice  found  to  be  Useful  in  the  arts,  or  set  about 
changing  it.  When  the  French  were  masters  in  Rome,  one  of  their  ablest  chemisis 
was  sent  thither  to  inspect  the  different  manufactures,  and  to  place  them  upon  a  level 
with  the  state  of  chemical  knowledge.  One  of  the  fabrics,  which  seemed  to  him  Aulhest 
behindhand,  was  precisely  that  of  alum,  and  he  was  particularly  hostile  to  the  constme- 
tion  of  the  furnaces,  in  which  vast  boilers  received  heat  merely  at  their  bottoms,  and 
could  not  be  made  to  boil.  He  strenuously  advised  them  to  be  new  modelled  upon  a 
plan  of  his  own ;  but,  notwithstanding  his  advice,  which  was  no  doubt  very  scientific,  the 
old  routine  kept  its  ground,  supported  by  utility  and  reputation,  and  very  fortunatehr 
too,  for  the  manufacture ;  for  had  the  higher  heat  been  given  to  the  boilers,  no  more 
genuine  cubical  alum  would  have  been  made,  since  it  is  decomposed  at  a  temperature 
of  about  120°  F.,  and  common  octahedral  alum  would  alone  have  been  produced.  The 
adJition  uf  a  little  alkali  to  common  alum  brings  it  into  the  same  basic  state  as  the  alum 
of  Rome. 

The  two  principal  conditions,  namely,  extreme  tenuity  of  particles,  and  liberty  of 
action,  being  found  in  a  mordant,  its  operation  is  certain.  But  as  the  combination  lo 
be  effected  is  merely  the  result  of  a  play  of  affinity  between  the  solvent  and  the  stuff  to 
be  dyed,  a  sort  of  partition  mast  take  place,  proportioned  to  the  mass  of  the  solvent,  as 
well  as  to  its  attractive  force.  Hence  the  stuff  will  retain  more  of  the  mordant  when 
its  solution  is  more  concentrated,  that  is,  when  the  base  Uaiused  through  it  is  not  so 
nach  protected  by  a  large  mass  of  menstruum ;  a  fact  applied  to  very  valuable  uses  by 
the  practical  man.  On  impregnating  in  calico  printing,  for  example,  different  spots  of 
the  same  web  with  the  same  monUnt  in  different  degrees  of  concentration,  there  is 
obtained  in  the  dye-bath  a  depth  of  color  upon  these  spots  intense  in  proportion  to  the 
strength  of  their  various  mordants.  Thus,  with  solution  of  acetate  of  alumina  in  dif* 
ferent  grades  of  density,  aad  with  madder,  every  shade  can  be  produced,  from  the  fullest 
red  to  the  lightest  pink ;  and,  with  acetate  of  iron  and  madder,  every  shade  from  blade 
to  pale  violet. 

We  hereby  perceive  that  recourse  must  indispensably  be  had  to  mordants  at  different 
stages  of  concentration ;  a  circumstance  readily  realized  by  varying  the  proportions  of 
the  watery  vehicle.  See  Calico-printiko  and  MADoea.  When  these  mordisnts  are  to 
be  topically  applied,  to  produce  partial  dyes  upon  eloth,  they  must  be  thickened  with 
starch  or  gum,  to  prevent  their  spreading,  and  to  permit  a  sufficient  body  of  them  to 
attsched  to  the  stuff.    Starch  answers  best  for  the  more  neutral  mordants,  and 
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gmn  for  the  acidulous ;  but  so  much  of  them  should  neTer  be  used,  as  to  impede  tlie 
attraction  of  the  mordant  for  the  cloth.  Nor  should  the  thickened  mordants  be  of  toi* 
desiccative  a  nature,  lest  they  become  hard,  and  imprison  the  chemical  agent  before  it 
has  had  an  opportunity  of  combining  with  the  cloth,  during  the  slow  evaporation  of  its 
water  and  acid.  H^nce  the  mordanted  goods,  in  such  a  case,  should  be  hung  up  to 
dry  in  a  gradual  manner,  and  when  oxygen  is  necessary  to  the  fiixation  of  the  base,  they 
should  be  largely  exposed  to  the  atmosphere.  The  foreman  of  the  factory  ought,  there- 
fore, to  be  thoroughly  conversant  wilh  all  the  miniitise  of  chemical  reaction.  In  cold 
and  damp  weather  he  must  raise  the  temperature  of  his  dr}'ing-house,  in  order  to  com- 
mand a  more  decided  evaporation;  and  When  the  atmosphere  is  unusually  dry  and 
warm,  he  should  add  deliquescent  correctives  to  his  thickening,  as  I  have  particularized 
in  treating  of  some  styles  of  calico-printing.  But,  supposing  the  application  of  the 
mordant  and  its  desiccation  to  have  been  properly  managed,  the  operation  is  by  no 
means  complete ;  nay,  what  remains  to  be  done  is  not  the  least  important  to  succcfv, 
nor  the  least  delicate  of  execution.  Let  us  bear  in  mind  that  the  mordant  is  intended 
to  combine  not  only  with  the  organic  fibre,  but  afterwards  also  with  the  coloring 
matter,  and  that,  consequently,  it  must  be  laid  entirely  bare,  or  scraped  clean,  so  to 
speak,  that  is,  completely  disengaged  from  all  foreign  substances  which  might  iavest  it, 
and  obstruct  its  intimate  contact  with  the  coloring  matters.  This  is  the  principle  and 
the  object  of  two  operations,  to  which  the  names  of  dunging  and  clearing  have  b^ea 
^ven. 

If  the  mordant  applied  to  the  surface  of  the  cloth  were  completely  decomposed,  and 
the  whole  of  its  base  brought  into  chemical  union  with  it,  a  mere  rinsing  or  scouring  in 
water  would  suffice  for  removing  the  viscid  substances  added  to  •  it,  but  this  never 
happens,  whatsoever  precautions  may  be  taken;  one  portion  of  the  mordant  remains 
imtouched,  and  besides,  one  part  of  the  base  of  the  portion  decomposed  does  not  enter 
into  combination  with  the  stuff,  but  continues  loose  and  superfiaous.  All  these  par- 
ticles, therefore,  must  be  remored  without  causing  any  injury  to  the  dyes.  If  in  this 
predicament  the  stuff  were  merely  immersed  in  water,  the  free  portion  of  the  mordant 
would  dissolve,  and  would  combine  indiscriminately  with  all  the  parts  of  the  cloth  not 
mordanted,  and  which  should  be  carefally  protected  from  such  combination,  as  well  as 
the  action  of  the  dye.  We  must  therefore  add  to  the  scouring  water  some  substance 
that  is  capable  of  seizing  the  mordant  as  soon  as  it  is  separated  from  the  cloth,  and  of 
forming  with  it  an  insoluble  compound ;  by  which  means  we  shall  withdraw  it  Irom 
the  sphere  of  action,  and  prevent  its  affecting  the  rest  of  the  stuff,  or  interfering  wilh  the 
other  dyes.  This  result  is  obtained  by  the  addition  of  cow-dung  to  the  scouring  bath ;  a 
substance  which  contains  a  sufficiently  great  proportion  of  soluble  animal  matters,  and  of 
coloring  particles,  for  absorbing  the  aluminous  and  ferruginous  salts.  The  heat  given  to 
the  dung-bath  accelerates  this  combination,  arid  determines  an  insoluble  and  perfectly 
inert  coagulum. 

Thus  the  dung-bath  produces  at  once  the  solution  of  the  thickening  paste ;  a  more 
intimate  union  between  the  alumina  or  iron  and  the  stuff,  in  proportion  to  its  elevation 
of  temperature,  which  promotes  that  union;  an  effectual  subtraction  of  the  undecomposed 
and  superfluous  part  of  the  mordant,  and  perhaps  a  commencement  of  mechanical  separa- 
tion of  the  particles  of  alumina,  which  are  merely  dispersed  among  the  fibres ;  a  separa- 
tion, however,  which  can  be  completed  only  by  the  proper  scouring,  which  is  done  by  the 
dash-wheel  with  such  agitation  and  pressure  (see  Bleaching  and  Dvxgikg)  as  vastly 
facilitate  the  expulsion  of  foreign  particles.    See  also  Bran. 

Before  concluding  this  article,  we  may  say  a  word  or  two  about  astringents,  and 
especially  gall-nuts,  which  have  been  ranked  by  some  writers  among  mordants.  It  is 
rather  difficult  to  account  for  the  part  which  they  play.  Of  course  we  do  not  allude  to 
their  operation  in  the  black  dye,  where  they  give  the  well  known  purple-black  color 
with  salts  of  iron ;  Dui  lo  J.2  circumstance  of  their  employment  for  madder  dyes,  and 
especially  the  Adrianople  red.  All  that  seems  to  be  clearly  established  is,  that  the 
astringent  principle  or  tannin,  whose  peculiar  nature  in  this  respect  is  unknown,  com- 
bines like  mordants  with  the  stuffs  and  the  coloring  substance,  so  as  to  fix  it ;  but  as  this 
tannin  has  itself  a  brown  tint,  it  will  not  suit  for  white  grounds,  though  it  answers  quite 
well  for  pink  grounds.  When  white  spots  are  desired  upon  a  cloth  prepared  with  oil  and 
galls,  they  are  produced  by  an  oxygenous  duKharge,  effected  either  through  chlorine  ot 
chromic  acid. 

MORDANT  is  also  the  name  sometimes  given  to  the  adhesive  matter  by  which 
gold-leaf  is  made  to  adhere  to  surfaces  of  wood  and  metal  in  gilding.  Paper,  vellum, 
taffety,  &c.,  are  easily  gilt  by  the  aid  of  different  mordants,  such  as  the  following  :  1. 
beer  in  which  some  honey  and  gum  arabic  have  been  dissolved ;  2.  gum  arable,  sugar, 
and  water;  3.  the  viscid  juice  of  onion  or  hyacinth,  strengthened  with  a  UttJe  gum 
arable.  When  too  much  gum  is  employed,  the  silver  or  gold  leaf  is  apt  to  cradk  in 
the  drying  of  the  mordant.    A  little  carmine  should  be  mixed  with  the  above  colorlcia 
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liquids,  to  mark  the  places  where  they  are  applied.  The  foil  is  applied  hy  means  of  a 
dossil  of  cotton  wool,  and  when  the  mordant  has  become  hard,  the  foil  is  poUslied  with 
the  hume. 

The  best  medium  for  sticking  gold  and  silver  leaf  to  wood  is  the  following,  called  mvc- 
iion  by  the  French  artists  t — 1  pound  of  amber  is  to  be  fused,  with  4  ounces  of  mastic  in 
tears,  and  1  ounce  of  Jewish  pitch,  arid  the  whole  dissolved  in  1  pound  of  linseed  qil  ren- 
dered drjing  by  litharge. 

Painters  in  distemper  sometimes  increase  the  effect  of  their  work,  by  patches  of  gold 
leaf,  which  they  place  in  favorable  positions;  they  employ  the  above  mordant.  The 
manufacturers  of  paper  hangings  of  the  finer  kinds  attach  gold  and  silver  leaf  to  them  by 
the  same  varnish. 

MOROCCO.    SeeLEATHEB. 

MORPHIA  (Morphine,  Fr. ;  Morphin,  Germ.)  is  a  vegeto-alkali  which  exists  asso- 
ciated with  opian,  codeine,  narcotine,  meconine,  meconic  acid,  resin,  gum,  bassorinc,  lig- 
nine,  fat  oil,  caoutchouc,  extractive,  &c.  in  opium.  Morphia  is  prepared  as  follows: 
Opium  in  powder  is  to  be  repeatedly  digested  with  dilute  muriatic  acid,  slightly  heated, 
and  sea-salt  is  to  be  added,  to  precipitate  the  opian.  The  filtered,  liquid  is  to  be  super* 
saturated  with  ammonia,  which  throws  down  the  morphia,  along  with  the  meconine,  resin, 
and  extractive.  The  precipitate  is  to  be  washed  with  water,  heated,  and  dissolved  in 
dilute  muriatic  acid ;  the  solution  is  to  be  filtered,  whereby  the  foreign  matters  are  sepa- 
rated from  the  salt  of  morphia,  which  concretes  upon  cooling,  while  the  meconine  remains 
in  the  acid  liquid.  The  muriate  of  morphia  having  been  squeezed  between  folds  of  blot- 
ting paper,  is  to  be  sprinkled  with  water,  again  squeezed,  next  dissolved  in  water,  and 
decomposed  by  water  of  ammonia.  The  precipitate,  when  washed,  dried,  dissolved  in 
alcohol,  and  cr}'stallized,  is  morphia. 

These  crystals,  which  contain  6*32  per  cent,  of  combined  water,  are  transparent,  color- 
less, four-sided  prisms,  without  smell,  and  nearly  void  of  taste,  fusible  at  a  moderate  heat, 
and  they  concrete  into  a  radiated  translucent  mass,  but  at  a  higher  temperature  they 
grow  purple-red.  Morphia  consists  of  72*34  of  carbon  ;  6*366  of  hydrogen  j  5  of  azote ; 
and  16*3  of  oxygen.  It  burns  with  a  red  and  very  smoky  flame,  is  stained  red  by  nitric 
acid,  is  soluble  in  30  parts  of  boiling  anhydrous  alcohol,  in  500  parts  of  boiling  water,  but 
hardly  if  at  all  in  cold  water,  and  is  insoluble  in  ether  and  oils.  The  solutions  have  a 
strong  bitter  taste,  and  an  alkaline  reaction  upon  litmus  paper.  The  saline  com- 
pounds have  a  bitter  taste,  are  mostly  crystallizable,  are  soluble  in  water  and  alcohol 
(but  not  in  ether),  and  give  a  blue  color  to  the  peroxyde  salts  of  iron.  It  is  a  very  poi- 
sonous substance.  Acetate  of  morphia  is  sometimes  prescribed,  instead  of  opium,  in 
medicine. 

MORTAR,  HYDRAULIC,  called  also  Rotmn  Cement,  is  the  kind  of  mortar  used  for 
building  piers,  or  walls  under  or  exposed  to  water,  such  as  those  of  harbors,  docks,  &c. 
The  poorer  sorts  of  limestone  are  best  adapted  for  this  purpose,  such  as  contain  from  8  to 
25  per  cent,  of  foreign  matter,  in  silica,  alumina,  magnesia,  &c.  These,  though  calcined, 
do  not  slake  when  moistened ;  but  if  pulverized  they  absorb  water  without  sweliihg  up  or 
heating,  like  fat  lime,  and  aflbrd  a  paste  which  hardens  in  a  few  days  under  water,  but 
in  the  air  they  never  acquire  much  solidity.  Smeaton  first  discovered  these  remarkable 
factf!,  and  desciibed  them  in  1759. 

The  following  analyses  of  difierent  hydraulic  limestones,  by  Berthier,  merit  con- 
fidence : — 


A.  ,^nalyH$  of  limestones* 
Carbonate  of  lime 
Carbonmte  of  magnesia  • 
Carbonate  of  protoxyde  of  iron 
Carbonate  of  manganese 
Silica  and  alnmina 
Oxyde  of  iron        -r        - 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

97*0 
2-0 

10 

98-5 
1-5 

74-5 
23-0 

1-2 

76-5 
3-0 
3-0 
1-5 

I     15-2 

80-0 
1-5 

I     18-0 

100-0 

100-6 

100*0 

100-0 

100-0 

B.  Jnahfses  of  the  burnt  lime. 
Lime   -        -      ,-        -        -    ' 
Magnesia     .        «        •        . 
Ahimina       -        -        ..       - 
Oxyde  of  iron       -        •        . 

96-4 
1-8 
1-8 

97-2 
2'$ 

20-a 

20 

68-3 
2*0 

240 
5-7 

70-0 

1-0 

29-0 

1000 

100-0 

100-0 

100-0 

1000 
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No.  1  is  from  the  fresh-water  lime  formation  of  Chateaa-Landon,  sear  Nemovrs.  No. 
2,  the  large-grained  limestone  of  Paris ;  both  of  these  afford  a  fat  lime  vhen  burnt. 
Doiomite  affords  a  pretty  fat  lime,  though  it  contains  42  per  cent,  of  carbonate  of  mag- 
nesia ;  No.  3  is  a  limestone  from  the  neighborhood  of  Paris,  which  yields  a  poor  Kme, 
possessing  no  hydraulic  property ;  No.  4  is  the  secondary  limestone  of  Metx ;  No.  5  is 
the  lime  marl  of  Senonches,  near  Dreux ;  both  the  latter  have  the  property  of  hiidening 
under  water,  particularly  the  last,  which  is  much  used  at  Paris  on  this  account. 

All  good  hydraulic  mortars  must  contain  alumina  and  silica;  the  oxydes  of  iron  and 
manganese,  at  one  time  considered  essential,  are  rather  prejudicial  ingredients.  By 
adding  silica  and  alumina,  or  merely  the  former,  in  certain  circumstances,  to  fat  lime,  a 
water-cement  may  be  artificially  formed ;  as  also  by  adding  to  lime  any  of  the  following 
native  productions,  which  contain  silicates;  puzzolana,  trass  or  tarras,  pumice-stone, 
basalt-tuff,  slate-clay.  Puzzolana  is  a  volcanic  product,  which  forms  hills  of  consider- 
able extent  to  the  soutk-west  of  the  Appenines,  in  the  district  of  Rome,  the  Pontine 
marshes,  Viterbo,  Bolsena,  and  in  the  Neapolitan  region  of  Puzzuolo,  whence  the  name. 
A  similar  volcanic  tufa  is  found  in  many  other  parts  of  the  world.  According  to  Ber- 
thier,  the  Italian  puzzolana  consists  of  44*5  silica ;  15*0  alumina ;  8*8  lime ;  4-7  magne- 
sia ;  1-4  potash ;  4-1  soda ;  12  oxydes  of  iron  and  titanium ;  9*2  water;  in  100  parts. 

The  tufa  stone,  which  when  ground  forms  trcLsty  is  composed  of  57*0  silica,  16-0  clay, 
2*6  lime,  1-0  magnesia,  7*0  potash,  1*0  soda,  5  oxydes  of  iron  and  titanium,  9-6  water. 
This  tuff  is  found  abundeCntly  filling  up  valleys  in  beds  of  10  or  20  feet  deep,  in  the  north 
of  Ireland,  among  the  schistose  formations  upon  the  banks  of  the  Rhine,  and  at  Moo- 
heim  in  Bavaria. 

The  fatter  the  lime,  the  less  of  it  must  be  added  to  the  ground  puzzolana  or  trass,  to 
form  a  hydraulic  mortar^  the  mixture  should  be  made  extemporaneously,  and  must  at  any 
rate  be  kept  dry  till  about  to  be  applied.  Sometimes  a  proportion  of  common  sand  mor- 
tar instead  of  lime  is  mixed  with  the  trass.  When  the  hydraulic  cement  hardens  too 
soon,  as  in  12  hours,  it  is  apt  to  crack ;  it  is  better  when  it  takes  8  days  to  concrete. 
Through  the  agency  of  the  water,  silicates  of  lime,  alumina,  (magnesia,)  and  oocyde  of 
iron  are  formed,  which  assume  a  stony  hardness. 

Besides  the  above  two  volcanic  products,  other  native  earthy  compounds  are  used  in 
making  water  cements.  To  this  head  belong  all  limestones  which  contain  from  20  to 
30  per  cent,  of  clay  and  silica.  By  gentle  calcination,  a  portion  of  the  carbonic  acid  Is 
expelled,  and  a  little  lime  is  combined  with  the  clay,  while  a  silicate  of  clay  and  lime 
results,  associated  with  lime  in  a  subcarbonated  state.  A  lime-marl  containing  less  clay 
will  bear  a  stronger  calcining  heat  without  prejudice  to  its  qualities  as  a  hydraulic 
cement ;  but  much  also  depends  upon  the  proportion  of  silica  present,  and  the  physical 
structure  of  all  the  constituents. 

The  mineral  substance  most  used  in  England  for  making  such  mortar  is  vulgarly 
called  cement-stone.  It  is  a  reniform  limestone,  which  occurs  distributed  in  single  nodules 
or  rather  lenticular  cakes,  in  beds  of  clay.  They  are  mostly  found  in  those  argillaceoos 
fetrata  which  alternate  with  the  limestone  beds  of  the  oolite  formation,  as  also  in  the 
clay  strata  above  the  chalk,  and  sometimes  in  the  London  clay.  On  the  coasts  of  Kent, 
in  the  isles  of  Sheppey  and  Thanet,  on  the  coasts  of  Yorkshire,  Somersetshire,  and  the 
Isle  of  Wight,  &c.,  these  nodular  concretions  are  found  in  considerable  quantities,  having 
been  laid  bare  by  the  action  of  the  sea  and  weather.  They  were  called  by  the  older 
mineralogists  Septaria  and  Ludtu  Htlmontii  (Van  Helmont's  coits.)  When  sawn  across, 
they  show  veins  of  calc-spar  traversing  the  silicious  clay,  and  are  then  sometimes  i^ced 
in  the  cabinets  of  virtuosi.  They  are  found  also  in  several  places  on  the  Continent,  as 
at  Neustadt-Eberswalde,  near  Antwerp,  near  Altdorf  in  Bavaria ;  as  also  at  Boidogne- 
sur-mer,  where  they  are  called  Boulogne-pebbles  (galets).  These  nodules  vary  in  size 
from  that  of  a  fist  to  a  man's  head ;  they  are  of  a  yeUow-gray  or  brown  color,  inter- 
spersed with  veins  of  calc-spar,  and  sometimes  contain  cavities  bestndded  wi$h  crystals. 

Their  specific  gravity  is  2*59. 

Analyses  of  several  cement-stones,  and  of  the  cement  made  with  them>— 


No.  1. 

No.t. 

No.S. 

No.  4. 

No.  5. 

A.  Constituents  of  the  eemenUttones, 

Carbonate  of  lime 

66*7 

61*6 

_ 

82^ 

63-8 

—       magnesia 

0*5 

^ 

-_ 

— 

1-5 

—        protoxyde  of  iron     - 

6*0 

6-0 

— 

I    4*3 

11-6 

—       manganese  - 

1-6 

— 

-. 

Silica        .... 

18-0 

16*0 

.. 

13*0 

14*0 

Alumina  or  clay   ... 

6-6 

4-8 

-    - 

trace 

6-7 

1 

• 
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1 

No.  I. 

No.S. 

No.  3. 

No.  4. 

No.S. 

Oxydeofiron       -           .           - 
Water      .           -           -           - 

B.  ContiihiiiiUi  qf  the  Cement, 
Lime        - 

Magnesia             ... 
Ahimina  or  clay   ... 
Ozyde  of  iron       ... 

1-2 

56-4 

36-0 
8-6 

3-0 
6-6 

04*0 

31-0 
16-0 

55-0 

38-0 
13*0 

1    1    1    1             1 

3-4 

56*6 

M 

210 

13*7 

No.  1.  English  cement-stone,  iinalyzed  by  Berthier;  No.  2.  Boulogne  stone,  by  Dra- 
piez ;  No.  3.  English  ditto,  by  Dayy ;  No.  4.  reniform  limestone  nodules  from  ib-kona, 
by  Huhnefeld ;  No.  5.  cement-stone  of  Avallon,  by  Dumas.. 

In  England  the  stones  are  calcined  in  shafVkilns,  or  sometimes  in  mound-kilns,  then 
ground,  siAed,  and  packed  in  casks.  The  color  of  the  powder  is  dark-brown-red.  When 
made  into  a  thick  paste  with  water,  it  absorbs  little  of  it,  evolves  hardly  any  heat,  and 
soon  indurates.  It  is  mixed  with  sharp  sand  in  various  proportions,  immediately  before 
using  it ;  and  is  employed  in  all  marine  and  river  embankments,  for  securing  the  seams 
of  stone  or  brick  floors  or  arches  from  the  percolation  of  moisture,  and  also  for  facing 
walls  to  protect  them  fVom  damp. 

The  cement  of  Pouilly  is  prepared  from  a  Jurassic  (secondary)  limestone,  which  con. 
tains  39  per  cent,  of  silica,  with  alumina,  magnesia,  and  iron  oxyde.  Vicat  forms  a  fac- 
titious Roman  cement  by  making  bricks  with  a  pasty  mixture  of  4  parts  of  chalk,  and  1 
part  of  dry  clay,  drying,  burning,  and  grinding  them.  River  sand  must  be  added  to  this 
powder ;  and  even  with  this  addition,  its  efficacy  is  somewhat  doubtful ;  though  it  has, 
for  want  of  a  better  substitute,  been  much  employed  at  Paris. 

The  cement  of  Dihl  consists  of  porcelain  or  salt-glaze  potsherds  ground  fine,  and 
mixed  with  boiled  linseed  oil. 

Hamelin's  mastic  or  lithic  paint  to  cover  the  facades  of  brick  buildings,  &c.,  is  com. 
posed  of  oO  measures  of  silicious  sand,  50  of  lime-marl,  and  9  of  litharge  or  red-lead 
ground  up  with  linseed  oil. 

MOSAIC  GOLD.  For  the  composition  of  this  peculiar  alloy  of  copper  and  zinc, 
called  also  Or-molu,  Messrs.  Parker  and  Hamilton  obtained  a  patent  in  November,  1825. 
Equal  quantities  of  copper  and  zinc  are  to  be  <*  melted  at  the  lowest  temperature  that 
copper  will  fuse,"  which  being  stirred  together  so  as  to  produce  a  perfect  admixture  of 
the  metals,  a  further  quantity  of  zinc  is  added  in  small  portions,  until  the  alloy  in  the 
melting  pot  becomes  of  the  color  required.  If  the  temperature  of  the  copper  be  too  high, 
a  portion  of  the  zinc  will  fly  off  in  vapor,  and  the  result  will  be  merely  spelter  or  hard 
solder ;  bift  if  the  operation  be  carried  on  at  as  low  a  heat  as  possible,  the  alloy  will 
assume  first  a  brassy  yellow  color ;  then,  by  the  introduction  of  small  portions  of  zinc,  it 
will  take  a  purple  or  violet  hue,  and  will  ultimately  become  perfectly  white ;  which  is 
the  appearance  of  the  proper  compound  in  its  fused  state.  This  alloy  may  be  poured 
into  ingots ;  but  as  it  is  difficult  to  preserve  its  character  when  re-melted,  it  should  be 
east  directly  into  the  figured  moulds.  The  patentees  claim  the  exclusive  right  of  com. 
pounding  a  metal  consisting  of  from  52  to  55  parts  of  zinc  out  of  100. 

Motaic  gold,  the  aurum  musivum  of  the  old  chemists,  is  a  sulphuret  of  tin. 

MOSAIC.  {Mosaique,  Fr. ;  Motauch,  Germ.)  There  are  several  kinds  of  mosaic, 
bat  all  of  them  consist  in  imbedding  fragments  of  different  colored  substances,  usually 
glass  or  stones,  in  a  cement,  so  as  to  produce  the  effect  of  a  picture.  The  beautiful  cha- 
pel of  Saint  Lawrence  in  Florence,  which  contains  the  tombs  of  the  Medici,  has  been 
greatly  admired  by  artists,  on  account  of  the  vast  multitude  of  precious  marbles,  jaspers, 
a^tes,  avanturincs,  malachites,  &c.,  applied  in  mosHic  upon  its  walls.  The  detailed 
discussion  of  this  subject  belongs  to  a  treatise  upon  the  fine  arts. 

MOTHRR  OF  PEARL  (Nacre  de  Perles,  Fr. ;  PerUn  mutter,  Germ.)  is  the  hard, 
■flvery,  brilliant  internal  layer  of  several  kinds  of  shells,  particularly  oysters,  which 
is  oAen  variegated  with  changing  purple  and  azure  colors.  The  large  oysters  of  the 
Indian  seas  alone  secrete  this  coat  of  sufficient  thickness  to  render  their  shells  available 
to  the  purposes  of  manufactures.  The  genus  of  shell  fish  called  peniadin€e  furnishes 
the  finest  pearls,  as  well  as  mother  of  pearl ;  it  is  found  in  greatest  perfection  round  the 
coasts  of  Ceylon,  near  Ormus  in  the  Persian  Gulf,  at  Cape  Comorin,  and  among  some 
of  the  Australian  seas.  The  brilliant  hues  of  mother  of  pearl  do  not  depend  upon  the 
nature  of  the  substance,  but  upon  its  structure.  The  microscopic  wrinkles  or  furrows 
which  run  across  the  surface  of  every  slice,  act  upon  the  reflected  light  in  such  a  way  as 
to  produce  the  chromatic  effect  i  for  Sir  David  Brewster  has  shown,  that  if  we  take,  with 
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portions,  and  into  the  other,  a  bent  glass,  or  stone-ware  tube,  is  fixed^  for  conducting  the 
disengas^ed  ranriatic  gas  into  a  series  of  large  globes  of  bottle  glass,  one  third  tilled  with 
water,  and  laid  on  a  sloping  sand-bed.  A  week  is  commonly  employed  for  working  off 
each  pot ;  no  heat  being  applied  to  it  till  the  second  day. 

The  decomposition  of  sea-salt  by  sulphuric  acid,  was  at  one  time  carried  on  by  some 
French  manufacturers  in  large  leaden  pans,  10  feet  long,  5  feet  broad,  and  a  foot  deep, 
covered  with  sheets  of  lead,  and  luted.  The  disengaged  acid  gas  was  made  to  circulate 
in  a  conduit  of  glazed  bricks,  nearly  650  yards  long,  where  it  was  condensed  by  a  sheet 
of  water  exceedingly  thin,  which  flowed  slowly  in  the  opposite  direction  of  the  gas  down 
a  slope  of  1  in  200.  At  the  end  of  this  canal  nearest  the  apparatus,  the  muriatic  acid 
was  as  strong  as  possible,  and  pretty  pure ;  but  towards  the  other  end,  the  water  was 
hardly  acidulous.  The  condensing  part  of -this  apparatus  was  therefore  tolerably  com- 
plete ;  but  as  the  decomposition  of  the  salt  could  &ot  be  finished  in  the  leaden  pans,  the 
acid  mixture  had  to  be  drawn  out  of  them,  in  order  to  be  completely  decomposed  in  a 
reverberatory  furnace ;  in  this  way  nearlj  5fi  per  cent,  of  the  muriatic  acid  was  lost. 
And  besides,  the  great  quantity  of  gas  given  off  during  the  emptying  of  the  lead-chambers 
n'as  apt  to  suffocate  the  workmen,  or  seriously  injured  their  lungs,  causing  severe 
hemoptysis.  The  employment  of  muriatic  acid  is  so  inconsiderable,  and  the  loss  of  it 
incurred  in  the  preceding  process  is  of  so  little  consequence,  that  subsequently,  both  in 
France  and  in  England,  sulphate  of  soda,  for  the  soda  manufacture,  has  been  procured 
with  the  dissipation  of  the  muriatic  acid  in  the  air.  In  the  method  more  lately  resorted 
to,  the  gaseous  products  are  discharged  into  extensive  vaults,  where  currents  of  water 
condense  them  and  carry  them  off  into  the  river.  The  surrounding  vegetation  is  thereby 
saved  in  some  measure  (Vom  being  burned  up,  an  accident  which  was  previously  sure  to 
happen  when  fogs  precipitated  the  floating  gases  upon  the  ground.  At  Newcastle, 
Liverpool,  and  Marseilles,  where  the  consumption  of  muriatic  acid  bears  no  proi)orlion 
to  the  manufacture  of  soda,  this  process  is  now  practised  upon  a  vast  scale. 

The  apparatus  for  condensing  muriatic  acid  gas  has  been  modified  and  changed,  of 
late  years,  in  many  different  ways. 

The  Boitringue  apparatus.  At  the  end  of  a  reverberatory  furnace,  (see  Copper, 
SMELTING  OF,  and  Soda,  manufacture  or,)  a  rectangular  lead  trough  or  pan,  about  1  foot 
deep,  of  a  width  equal  to  that  of  the  interior  of  the  furnace,  that  is,  about  5  feet  wide, 
and  6^  feet  long,  is  incased  in  masonry,  having  its  upper  edges  covered  with  cast-iron 
plates  or  fire  tiles,  and  placed  upon  a  level  with  the  passage  of  the  flame,  as  it  escapes 
from  the  reverberatory.  The  arch  which  covers  that  pan  forms  a  continuation^f  the 
roof  of  the  reverberatory,  and  is  of  the  same  height.  The  flame  which  proceeds  from 
the  farnace  containing  the  mixture  of  salt  and  sulphuric  acid  is  made  to  escape  between 
the  vault  and  the  suiface  of  the  i^on  plates  or  fire  tiles,  through  a  passage  only  4  inches 
Id  height.  When  the  burned  air  and  vapors  reach  the  extremity  of  the  pan,  they  are 
reflected  downwards,  and  made  to  return  beneath  the  bottom  of  the  pan,  in  a  flue,  which 
is  oAerwards  divided  so  as  to  lead  the  smoke  into  two  lateral  flues,  which  terminate  in 
the  chimney.  The  pan  is  thus  surrounded  as  it  were  with  the  heat  and  flame  discharged' 
from  the  reverberatory  furnace.  See  Evaporation.  A  door  is  opened  near  the  end  of 
the  pan,  for  introducing  the  charge  of  sea-salt,  amounting  to  12  bags  of  2  cwts.  each,  or 
24  cwls.  This  door  is  theh  luted  on  as  tightly  as  possible,  and  for  every  100  parts  of  salt, 
110  of  sulphuric  acid  are  poured  in,  of  specific  gravity  1*594,  containing  57  per  cent,  of 
diy  acid.  This  acid  is  introduced  through  a  funnel  inserted  in  the  roof  of  the  furnace. 
Decomposition  ensues,  muriatic  acid  gas  mingled  with  steam  is  disengaged,  and  is  con- 
ducted through  4  stone-ware  tubes  into  the  refrigerators,  where  it  is  finally  /condensed. 
The^e  refrigerators  consist  of  large  stone- ware  carboys,  called  dame-ieans  in  France,  to 
the  number  of  7  or  8  for  each  pipe,  and  .arranged  so  that  the  neck  of  the  one  communi- 
cates with  the  body  of  the  other ;  thus  the  gas  must  traverse  the  whole  series,  and  gets 
in  a  good  measure  condensed  by  the  water  in  them,  .before  reaching  the  last. 

When  the  operation  is  finished,  the  door  opposite  the  pan  is  opened,  and  the  residuum 
in  it  is  discharged,  in  the  form  of  a  fluid  magma,  upon  a  square  bed  of  bricks,  exterior 
to  the  farnace.  This  paste  speedily  concretes  on  cooling^  and  is  then  broken  into  Oag- 
ments  and  carried  to  the  soda  manufactory.  The  immense  quantity  of  gas  exhaled  in 
discharging  the  pan,  renders  this  part  of  the  operation  very  painful  to  the  workmen ; 
and  waMeful  in  reference  to  the  production  of  muriatic  acid.  The  difficulty  of  luting 
securely  the  cast-iron  plates  or  fire  tiles  which  cover  the  pan,  the  impossibility  of  com- 
pleting the  decomposition  of  the  salt,  since  the  residuum  must  be  run  off  in  a  liquid 
state,  finally,  the  damage  sustained  by  the  melting  and  corrosion  of  the  lead,  &c.,  are 
iffiODg  the  causes  why  no  more  than  80  or  90  parts  of  muriatic  acid  at  1*170  are  collected, 
equivalent  to  25  per  cent,  of  real  acid  for  every  IQO  of  SHsdt  employed,  instead  of  much, 
Doore  than  double  that  qoantityj  which  it  may  be  made  to  yield  by  a  well-conducled 
chemical  process. 

The  cylinder  apparatus  is  now  much  esteemed  by  many  manufacturers     Fig.  747 
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MUSLIN  is  a  fine  cotton  fabric,  luted  for  ladies'  robes;  which  is  Wioni  either  white, 

dyed,  o;-  printed. 

MUST  is  the  sweet  juice  of  the  grape. 

MUSTARD  {MotUarcUy  Ft.  j  Senfy  Gerpa.)  is  a  plant  which  yields  the  well-known 
seed  used  as  a  condiment  to  food.  M.  Lenormand  gives  the  following  prescription  for 
preparing  mustard  for  the  table. 

With  2  pounds  of  very  fine  Aour  of  mustard,  mbi  half  an  ounce  of  each  of  the  follow- 
ing fresh  plants ;  parsley,  chervil,  celery,  and  tarragon,  along  with  a  clove  of  garlic^  and 
twelve  salt  anchovies,  all  well  minced.  The  whole  is  to  be  triturated  with  the  floor  of 
mustard  till  the  miiLture  becomes  uniform.  A  little  grape-must  or  sugar  is  to  be  added, 
to  give  the  requisite  sweetness ;  then  one  ounce  of  salt,  with  sufficient  water  to  form  a 
thinnish  paste  by  rubbing  In  a  mortar.  With  this  paste  the  mustard  pots  being  nearly 
filled,  a  redhot  poker  is  to  be  thrust  down  into  the  contents  of  each,  which  removes  (it 
is  said)  some  of  the  acrimony  of  the  mustard,  and  evaporates  a  little  water,  so  as  to  make 
room  for  pouring  a  little  vinegar  upon  the  surface  of  the  paste.  Such  table  mustard  not 
only  keeps  perfectly  well,  but  improves  with  age. 

The  mode  of  preparing  table  mustard  patented  by  M.  Soyes,  consisted  in  steeping 
mustard  seed  in  twice  its  bulk  of  weak  wood  vinegar  for  eight  days,  then  grinding  the 
whole  into  paste  in  a  miU,  putting  it  into  pots,  and  thrusting  a  redhot  poker  into 
each  of  them. 

MUTAGE  is  a  process  used  in  the  south  of  France  to  arrest  the  progress  of  fermenta^ 
tion  in  the  must  of  the  grape.  It  consists  either  in  diffusing  sulphurous  acid,  from  burn- 
ing sulphur  matches  in  the  cask  containing  the  must,  or  in  adding  a  little  sulphite  (no! 
sulphate)  of  lime  to  it.    The  last  is  the  best  process.    See  Fermentation. 

MYRICINE  is  a  vegetable  principle  >vhich  constitutes  from  20  to  30  per  cent,  of 
the  weight  of  bees-wax,  being  the  residuum  from  the  solvent  action  of  alcohol  upon  that 
substance.  It  is  a  grayish-white  solid,  which  may  be  vaporized  almost  without  alter- 
ation. 

MYRRH  is  a  gum-resin,  which  occurs  in  tears  of  difierent  sizes  $  they  are  reddish- 
brown,  semi-transparent,  brittle,  of  a  shining  fracture,  appear  as  if  greasy  under  the 
pestle,  they  have  a  very  acrid  and  bitter  taste,  and  a  strong,  not  disagreeable,  smdl. 
Myrrh  flows  from  the  incisions  of  a  tree  not  well  known,  which  grows  in  Arabia  and 
Abyssinia,  supposed  to  be  a  species  of  atnyru  or  mimosa.  It  consists  of  resin  and  gum  in 
proportions  stated  by  Pelletier  at  31  of  the  former  and  66  of  the  latter ;  but  by  Braconot 
at  23  and  77.    It  is  used  only  in  medicine. 


N. 

NACARAT  is  a  term  derived  from  the  Spanish  word  nacar,  which  signifies  mothei  of 
pearl ;  and  is  applied  to  a  pale  red  color,  with  an  orange  cast.  See  Calico-printing. 
The  nacarat  of  Portugal  or  Bezetta  is  a  crape  or  fine  linen  fabric,  dyed  fugitively  of  the 
above  tint,  which  ladies  rub  upon  their  countenances  to  give  them  a  roseate  hue.  The 
Turks  of  Constantinople  manufacture  the  brightest  red  crapes  of  this  kind.     See  Rocge. 

NAILS,  MANUFACTURE  OF.    (Clou,  Ft.  ;  Nagel,  Germ.) 

The  forging  of  nails  was  till  of  late  years  a  handicraft  operation,  and  therefore  belonged 
to  a  book  of  trades,  rather  than  to  a  dictionary  of  arts.  But  several  combinations  of 
machinery  have  been  recently  employed,  nnder  the  protection  of  patents,  for  making  these 
useful  implements,  with  litUe  or  no  aid  of  the  human  hand ;  and  these  deserve  to  be 
noticed,  on  account  both  of  their  ingenuity  and  importance. 

As  naiH  are  objects  of  prodigious  consumption  in  building  their  block-houses,  the 
cijtizensof  the  United  States  very  early  turned  their  mechanical  genius  to  good  account  in 
the  construction  of  various  machines  for  making  them.  So  long  since  as  the  year  1810,  it 
appears,  from  the  report  of  the  secretary  of  their  treasury,  that  they  possessed  a  machine 
which  performed  the  cutting  and  heading  at  one  operation,  with  such  rapidity  that  it 
could  turn  out  upwards  of  100  nails  per  minute.  *'  Twenty  years  ago,^  says  the  secretary 
of  the  state  of  Massachusetts,  in  that  report,  **  some  men,  then  unknown,  and  then  in 
obscurity,  began  by  cutting  slices  out  of  old  hoops,  and,  by  a  common  vice  griping  these 
pieces,  headed  them  with  several  strokes  of  the  hammer.  By  progressive  improvements, 
slltting-mills  were  built,  and  the  shears  and  the  heading  tools  were  perfected ;  yet  much 
labor  and  expense  were  requisite  to  make  nails.  In  a  little  time  Jacob  Perkins,  Jona- 
than Ellis,  and  a  few  others,  put  into  execution  the  thought  of  cutting  and  of  heading  nails 
by  water  power ;  but,  being  more  intent  upon  their  machinery  than  upon  their  i>ecuniary 
affairs,  they  were  unable  to  prosecute  the  business.  At  diflferent  times  other  men  haire 
spent  fortunes  in  improvements  and  it  may  be  said  with  truth  that  more  than  one  mil- 
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Hon  ef  diDilw»hi»bMn  ekf^frfed  rbvt  at  icAf^  th«8e  joint  efibrts  arecroT^ed  tilth  coaw 
plete  saccess,  fod  we  are  now  able  to  maaufaetara,  at  about  one  tbird  of^the  expense 
that  wroaght  nails  can  be  manufactured  for,  nails  which  are  niperior  to  them  for  at  least 
three  fourths  of  the  purposes  to  which  nail$  are  appliP^  an^  tor  most,of  those  purposes 
they  are  full  as  good.  The  machines  made  use  of  if  Odior^ci  those  invented  by  Jonathan 
Ellis,  and  a  few  others,  present  very  fine  spe<iimens  of  Amjerfcan  genius. 

<<To  noi*thern  carpenters,  it  is  well  known  that  in  alm(ist  iail  instances  it  is  unneces- 
sary to  bore  a  hole  before  drivin^'a  c^t  nail ;  all  that  is  requisite  is,  to  place  the  cutting 
edge  of  the  nail  across  the  grain  oT  the  wY>od ;  it  is  also  trCie,  that  cut  nails  will  hold  bet- 
ter in  the  wood.  These  qualities  are,  in  ^me  fough  boildihg  work^  -^orth  twenty  per 
cent,  of  the  value  of  the  article,  which  is  equal  to  the  whole  expense  of  manufacturing, 
Forsheathmg  and  drawlns;,  cut  nails  are  full  as  good  as  wrought  nails;  only  in  one 
respect  are  the. best  wrought  nails  a  little  superior  to,cut  nails,  and  that  is  where  it  is  ne- 
cessary they  should  be  clinched.  The  manuifacture  of  cut  naUs  was  bom  in  oiir  country, 
and  has  advanced,  ^ithin  its  bosom,  through  all  the  various  stages  of  infiincy  to  manhood; 
and  no  doubt  we  shall  soon  be  able^  by  receiving  proper  jencouragement,  to  render  them 
taperior  to  wrought  nails  in  every  particular. 

'<  The  principal  business  of  rolling  and  fitting-mills,  is  rolling  nail  plates ;  they  also 
serve  to  make' nail  rods,  hoops,  tires,  sheet  iron,  and  sheet  copper.  In  this  State  we 
have  not  less  than  twelve.  -  ^ 

^  These  mills  coii^d  roll  and  slit  7000  tons  of  iron  a  year ;  they  now,  it  is  presumed, 
roll  and  slit  ea^h  year  about  3500  tons,  2400  tons  of  which,  probably,  are  cut  up  into 
nails  and  bnub,  of  such  a  quality  that  they  are  good  substitutes  for  hammered  nails,  and, 
in  fact,  hare  the  preference  with  most  people,  for  the  following  reasons ;  tIz.,  on  account 
of  the  sharp  corner  and  true  taper  with  which  cut  nisula  are  formed ;  they  may  be  driren 
into  harder  wood  without  bending  or  breaking,  or  hazard  of  splitting  the  wood,  by  which 
the  labor  of  boring  is  saved,  the  nail  one  way  being  of  the  same  breadth  or  thickness  from 
head  to  point."  >  ' 

Since  the  year  1820,  the  following  patents  haye  been  obtained  in  England  for  making 
nails ;  many  of  them  of  American  origin  :-— 

Alexander  Law,  September,  1821,  for  naib  and  bolts  for  ships'  fasieoings,  made  in  a 
twisted  form,  by  hand  labor. 

CrUucott  «Mi  MUckiU,  December,  1823,  for  ship  nails  with  ronnded  heads,  by  hand 
lahbr. 

Wiiks  arid  Ecroyd,  November,^  1826,  for  an  engine  for  cutting  wedg&Jbrm  pieces  from 
plates. 

Ledtom  awl  Jmiet,  December  11,  1827,  fbr  machinery  for  cutting  brads  and  sprigs  frum 
plates ;  it  does  not  form  heads. 

The  first  nail  apparatus  to  which  I  shall  particularly  adyert,  is  due  to  Dr.  Chunfh ;  it 
was  patented  in  his  absence  by  his  correspondent,  Mr.  Thomas  Tyndall,  of  Birmingham, 
in  December,  1827.  It  consists  of  two  parts ;  the  first  is  a  mode  of  forming  nails,  and 
the  shads  of  screws,  by  pinching  or  pressing  ignited  rods  of  iron  between  indented  rol- 
lers ;  the  second  produces  the  threads  on  the  shafts  of  the  screws  previously  pressed. 
The  metalfie  rods,  by  being  passed  between  a  pair  of  rollers,  are  rudely  shaped,  and  then 
eut  asunder  between  a  pair  of  shears ;  after  which  they  are  pointed  and  headed,  or  other- 
wise brought  to  their  finished  forms,  by  the  agency  of  dies  placed  in  a  revolving  cylinder. 
The  several  parts  of  the  mechanism  are  worked  by  toothed  wheels,  cams,  and  leyers. 
The  second  part  of  Dr.  Church's  invention  consists  of  a  mechanism  for  cutting  the  threads 
of  screws  to  any  degree  of  obUqaity  or  form.* 

Mr.  L.  W.  Wright's  (American)  apparatus  should  have  been  mentioned  before  the  pre- 
ceding, as  the  patent  for  it  was  sealed  in  March  of  the  same  year;  though  an  amended 
patent  was  obtained  in  September,  1828.  Its  object  was  to  form  metal  screws  for  wood. 
I  have  seen  the  machinery,  but  consider  it  much  too  complex  to  be  described  in  the 
present  work.  ^ 

1^.'  Edward  Hancorne,  of  SBcinner  street,  London;  nail  manuftcturer,  obtained  a 
patent  in  October,  1828,  f^r  a  nail  making-machine,  of  which  a  brief  description  may 
give  my  readiers  a  conception  Of  this  kind  of  manufacture.  Its  principles  are  similar  to 
those  oir  Dr.  Church's  more  eleborate  apparatus. 

The  rods  or  bars  hayiiig  been  prepared  in  the  umial  way,  either  by  rolling  or  hammer- 
ing, or  by  cutting  from  sheets  or  plates  of  iron,  called  slitting,  are  then  to  be  made  red- 
hot,  and  in  that  state  passed  through  the  following  machine,  whereby  they  are  at  once  cut 
into  suitable  lengths,  pressed  into  wed^e  forms  for  pointing  at  the  one  end,  and  stamped 
at  the  other  end  to  produce  the  head.  A  longitudinal  view  of  the  machine  i^  shown  ill 
fig.  749.  A  strong  iron  fttime-work,  of  which  one  side  is  shown  at  o  o^  support*  th« 
i^le  of  the  ipechan^.    6  is  a  table  capable  of  sliding  to  and  fro  horizontally.    tTpon 
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liik  tMt  ire  (he  ckmpt,  which  lay  hold  of  the  Mmot  the  rod 
the  thcen  which  eat  the  rod  into  mul  lengths. 
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These  dunps  or  holders  consist  of  a  fixed  piece  and  a  moveable  piece ;  the  latter  being 
broaght  into  action  hj  a  lever.  The  rod  or  bar  of  iron  shown  at  e,  haying  been  made 
redhot,  is  introduced  into  the  machine  by  sliding  it  forwnrd  npon  the  table  ft,  when  the 
table  is  in  its  most  advanced  position ;  rotatory  motion  is  then  given  to  the  crank  diaft  d, 
by  means  of  a  band  passing  round  the  rigger  pnlley  €,  which  causes  the  table  6  to  be 
drawn  back  by  the  crank  rod  /:  and  as  the  table  recedes,  the  horizontal  lever  is  acted 
upon,  which  closes  the  clamps.  By  these  means  the  clamps  take  fast  hold  of  the  sides  of 
the  heated  rod,  and  draw  it  forward,  when  the  moveable  chap  of  the  shears,  also  acted 
upon  by  a  lever,  slides  laterally,  and  cuts  off  the  end  of  the  rid  held  by  the  damps :  the 
piece  thus  separated  is  destined  to  form  one  nail. 

Suppose  that  the  nail  placed  at  g,  having  been  thus  brought  into  «he  machine  and  cut 
off,  is  held  between  clamps,  which  press  it  sideways  (these  clamps  are  not  visible  in  this 
view) ;  in  this  state  it  is  ready  to  be  headed  and  pointed. 

The  header  is  a  steel  die  h,  which  is  to  be  pressed  up  against  the  end  of  the  nail  by  a 
cam  i,  upon  the  crank-shaft ;  which  cam,  at  tJiis  period  of  the  operation,  acts  against  the 
end  of  a  rod  fr,  forming  a  continuation  of  the  die  A,  and  forces  up  the  die^  thus  oompresi- 
ing  the  nietal  into  the  shape  of  a  nail-head. 

The  pomting  is  performed  by  /two  rolling  snail  pieces  or  spirals  f,  /.  Theae  pieces  are 
somewhat  broader  than  the  breadth  of  the  nail ;  they  turn  upon  axles  in  the  side  frames. 
As  the  table  6  advances,  the  racks  m,  on  the  edge  of  this  table,  take  into  the  toothed 
segments  a,  n,  upon  the  axles  of  the  spirals,  and  eause  them  to  turn  round. 

These  spirals  pinch  the  nail  at  first  close  under  its  head  with  very  little  force ;  but  as 
they  turn  round,  the  longer  radius  of  the  spiral  comes  into  operation  upon  the  nail,  so  as 
to  press  its  substance  very  strongly,  and  squeeze  it  into  a  wedge  form.  Thus  the  nail 
is  completed,  and  is  immediately  discharged  from  the  clamps  or  holders.  The  carriage  is 
then  again  put  in  motion  by  the  rotation  of  the  crank-shaft,  which  brings  another  portkm 
of  the  rod  c  forward,  cuts  it  off,  and  then  forms  it  into  a  nail. 

Richard  Pfo$ier,  July,  1S3I,  for  making  tacks  for  ornamental  furniture,  by  aolderinie  or 
wedging  the  spike  into  the  head.    This  also  is  the  invention  of  Dr.  Church. 

Dr,  William  Churchy  February,  1832,  for  improvements  in  machinery  for  making 
nails.  These  consist,  first,  in  apparatus  for  forming  rods,  bars,  or  plates  of  iron,  or  other 
metals ;  secondly,  in  apparatus  for  converting  the  rods,  &«.,  into  nails ;  thirdly,  in  im- 
provements upon  Prosser's  patent.  The  machinery  consists  in  laminating  rollers,  and 
compressing  dies. 

The  method  of  forming  the  rods  from  which  the  nails  are  to  be  made,  is  very  advanta- 
geous. It  consists  in  passing  the  bar  or  plate  iron  through  pressing  rollers,  which  have 
indentations  upon  the  peripheries  of  one  or  both  of  them,  so  as  to  form  the  bar  or  plate 
into  the  required  shape  for  the  rods,  which  may  be  afterwards  separated  into  rods  of  any 
desired  breadth,  by  common  slitting  rollers. 

The  principal  object  of  rolling  Uie  rods  into  these  wedge  forms,  is  to  measure  out  a 
quantity  of  metal  duly  proportioned  to  the  required  thickness  or  strength  of  the  naU  in  its 
several  parts ;  which  quantity  corresponds  to  the  indentations  of  the  rollers. 

Thomtu  John  FfUler,  February  27,  1834,  for  an  improved  apparatus  for  making  scniarfr- 
pointed,  and  also  flat-pointed  nails.  He  claims  aS  his  invention,  the  application  of  vcr- 
tind  and  horizontal  hammers  (mounted  in  his  laachine)  fnmhined  ix  the  pmpo>a  of 
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tapeting  mud  forming  the  pointf  of  the  naite ;  which,  being  made  to  net  alternately,  re- 
semble hand  work,  and  are  therefore  not  so  apt  to  injure  the  fibronfe  texture  of  the  iroOy 
he  imagines,  as  the  rolling  machinery  is.    He  finishes  the  points  by  rollers. 

MU€9  Berry y  February  19,  1834,  for  machinery  for  forming  metal  into  bolts,  riTcts, 
nails,  and  other  articles;  being  a  communication  from  a  foreigner  residing  abroad.  He 
employs  in  his  machine  holding  chaps,  heading  dies,  toggle  joints,  cams^  k,e.y  mechan- 
isms apparently  skilfully  contrived,  but  too  complex  for  admission  under  the  article  wiU 
m  this  volume. 

WilUam  Southioood  Stodcer,  July,  1836.  This  is  a  machine  apparently  of  American 
parentage,  as  it  has  the  same  set  of  features  as- the  old  American  mechanisms  of  Perkins 
and  Dyer,  at  the  Britannia  Nail-works,  Birmingham,  and  all  the  other  American  machines 
since  described,  for  pressing  metal  into  the  forms  of  nails,  pins,  screw-shafts,  rivets,  &c. ; 
for  example,  it  possesses  pressers  or  hammers  for  squeezing  the  rods  of  metal,  and  form- 
ing the  shadks,  which  are  all  worked  by  a  rotatory  action ;  cutters  for  separating  the  ap- 
propriate lengths,  and  dies  for  forming  the  heads  by  compression,  also  actuated  t^  revolv- 
ing cams  or  cranks. 

Mr.  Stocker  intends,  in  fact,  to  effect  the  saine  sorts  of  operations  by  automatic  me- 
chanisms as  are  usually  performed  by  the  hands  of  a  nail-maker  with  his  hammer  and  anvil ; 
viz.,  the  shaping  of  a  nail  from  a  heated  rod  of  iron,  cutting  it  off  at  the  proper  length,  and 
then  compressihg  the  end  of  the  metal  into  the  form  of  the  head.  His  machine  may  be 
said  to  consist  of  two  parts,  connected  in  the  same  frame ;  the  one  for  shaping  the  sluuik 
of  the  nail,  the  other  for  cutting  it  off  and  heading  it.  The  frame  consists  of  a  strong 
table  to  bear  the  machinery.  Two  pairs  of  hammers,  formed  as  levers,  the  one  pair 
made  to  approach  each  other  by  horizontal  movements,  the  other  pair  by  vertical  move^ 
ments,  are  the  implements  by  which  a  portion  at  the  end  of  a  redhot  rod  of  iron  is 
beaten  or  pressed  into  the  wedge-like  shape  of  the  shaft  of  a  nail.  This  having  been 
done,  and  the  rod  being  still  hot,  is  withdrawn  from  the  beaters,  and  placed  in  the  other 
part  of  the  machine,  consisting  of  a  pair  of  jaws  like  those  of  a  vice,  which  pinch  the 
shank  of  the  nail  and  hold  it  fast.  A  cutter  upon  the  side  of  a  wheel  now  comes  round, 
and,  by  acting  as  the  moving  chap  of  a  pair  of  shears,  cuts  the  nail  off  from  the  rod. 
The  nail  shank  being  still  firmly  held  in  the  jaws  of  the  vice,  with  a  portion  of  its  end 
projecting  outwardly,  the  heading  die  is  slidden  laterally  until  it  comes  opposite  to  the 
end  of  the  nail ;  the  die  is  then  projected  forward  with  great  force,  for  the  purpose  of 
what  is  termed  upsetting  the  metal  at  the  projecting  end  of  the  nail,  and  thereby  blocking 
ont  the  head.  * 

A  main  shaft,  driven  by  a  band  and  rigger  as  usual,  brings,  as  it  revolves,  a  cam  into 
operation  upon  a  lever  which  carries  a  double  inclined  plane  or  wedge  in  its  front  or  acting 
part.  This  werlge  being  by  the  rotatory  cam  projjected  forwards  between  the  tails  of 
one  of  the  pairs  of  hammers,  causes  the  faces  of  these  hammers  to  approach  each  other, 
and  to  beat  or  press  the  redhot  iron  introduced  between  them,  so  as  to  flatten  it  upon 
two  opposite  sides.  The  rotatory  cam  passing  round,  the  wedge  lever  is  relieved,  when 
springs  instantly  throw  back  the  hammers ;  another  cam  and  wedge-lever  now  brings 
the  second  pair  of  hammers  to  act  upon  the  other  two  sides  of  the  nail  in  a  similar  way. 
This  is  repeated  several  times,  until  the  end  of  the  redhot  iron  rod,  gradually  advanced  by 
the  hands  of  the  workman,  has  assumed  the  desired  form,  that  is,  has  received  the  bevel 
and  point  of  the  intended  nail. 

The  rod  is  then  withdrawn  ftx)m  between  the  hammers,  and  in  its  heated  state  is  in- 
troduced between  the  jaws  of  the  holders,  for  cutting  off  and  finishing  the  nail.  A  bevel 
pinion  upon  the  end  of  the  main  shaft,  takes  into  and  drives  a  wheel  upon  a  transverse 
shaft,  which  carries  a  cam  that  works  the  lever  of  the  holding  jaws.  The  end  of  the 
tod  being  so  held  in  the  jaws  or  vice,  a  cutter  at  the  side  of  a  wheel  upon  the  transverse 
shaft  separates,  sis  it  revolves,  the  nail  from  the  end  of  the  rod,  leaving  the  nail  firmly 
held  by  the  jaws.  By  means  of  a  cam,  the  heading  die  is  now  slidden  laterally  opposite 
to  the  end  of  the  nail  in  the  holding  jaws,  and  by  another  cam,  upon  the  main  shift,  the  die 
is  foreed  forward,  which  compresses  the  end  of  the  nail,  and  spreads  out  the  nail  into  the 
form  of  a  head.  As  the  main  shaft  continues  to  revolve,  the  cams  pass  away,  and  aUow 
the  spring  to  throw  the  jaws  of  the  vice  open,  when  the  nails  fall  out;  but  to  guard 
against  the  chance  of  a  nail  sticking  in  the  jaws,  a  picker  is  provided,  which  pushes  the 
nail  ont  as  soon  as  it  is  finished. 

In  order  to  produce  round  shafts,  as  for  screw  blanks,  bolts,  or  rivets,  the  faces  of  the 
hammers,  and  the  dies  for  headhig,  must  be  made  with  suitable  eoncavities. 

In  1835,  6,180,  and  in  183^,  5,580  tons  of  iron  nails  were  exported  flrom  the  Umted 
Kingdom. 

NANKIN  is  a  peculiarly  colored  cotton  cloth,  originally  manufactured  in  the  above 
lamed  ancient  capital  of  China,  from  a  native  cotton  of  a  brown  yellow  hue.  Nankin 
eloth  has  been  long  imitated  in  perfection  by  our  own  manufacturers ;  and  is  now  ex- 
ported in  considerable  quantities  from  England  to  Canton.  The  following  is  the  process 
for  dyeing  calico  a  nankin  color. 
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ttrntaiffhig  mveh  pyrites.  Each  tpring  yields  annually  173  c^aalts  of  960  pounds  each. 
Petroleain  is  also  found  at  Amiano  in  the  dutohy  of  Parma,  at  Saint  Zibio  in  the  grand 
datchy  of  Modena,  at  Nenfcbatel  in  Switiaiand,  at  Clermont  in  France,  upon  some 
points  of  the  banks  of  the  Iser,  at  Gabian,  a  village  near  Bezieres,  at  Tegernsee  in 
Bavaria,  at  Yal  di  Noto  in  Sicily,  in  Zante,  Gallicia,  Wallachia,  Trinidad,  Barbadoes, 
the  Waited  States,  Rangoon,  near  Ava,  Sue.:  What  is  found  in  the  nuiiket  comes  mostly 
from  Trinidad.    The  city  of  Parma  is  lighted  with  naptha. 

The  Perslati  rock-oil  is  colorless,  limpid,  very  fluid,  of  a  penetrating  o4or,a  hot  taste, 
and  a  specific  gravity  of  0*75$  ;  it'  is  said  to  boil  at  160^  F,  The  common  petroleum  has 
a  reddish-yellow  color,  which  appe^  blue  by  reflected  light,  is  transparent^  has  a  spec, 
grav.  of  ^'836,  and  contains^  aeeerding  to  Unverdorb^n,  several  oils  a(  difierent  degrees 
of  volattlitjs  a  little  olein^  and^steaTine,  resin,  with  a  l>rown  indifferent  substance  held  in 
solation.  By  repeated 'reccificiifions  its  density  mtijf  be  reduced  to  0*75$  at  60°  F. 
Native  naptba,  of  specific  gravity  0*749,  is  siiid  by  Fdnte  to  boil  at  201^  F<-  The  con- 
densed vapor  consists  of  ■SS'O&carbon,  and  M'30  hydrogen. 

The  naptha  procured'  by  distilling  the  coal  oil  of  the  gas-works,  is  of  specific  gravity 
0*857,  boils  at  316^^,  and  consists  of,  carbon  83  04,  hydrogen  12*31,  and  oxygen 
4*65,  by  my  experiments. 

Rock-oil  is  very  inf  ammable  ;^  its  vapor  forms  with  UAygeA  ga»  tt  mixture  which 
violently  detonates,  an<  produces!  water  and  carbonic  af  id  gas.  It  does  not  unite  with 
water,  but  it  imparts  a  )eculiar  smell  and  taste  to  it ;  it  leoMbiaop  in-all  pcoportions  with 
strong  alcohol, :with^etnerand^Qils>'V>th  essential  and  unctuous;  it  dissolves  sulphur, 
phosphorus,  iodine,  camphor,  mo^  of  the  resins,  wax,  fats,  and  softens  caoutchouc  into 
a  i^ry  vnrnish.  ■  When  aduHeriited  with  oil  of  turpentine,  it  becomes  thick  and  reddish 
brown,  on  being  agitated  in  contact  with  strong  sulphuric  acid.  A  very  fine  black  pig- 
ment may  be  prepa^  /irom  the  ioot  of  petroleum  lamps. 

NAFTHALtlfEis  tt  peculiar  white  crystallizable  substance,  which  may  be  extract- 
ed by  distillation  from  coal  tar.  It  has  a  pungent  aromatic  smell  and  taste,  and  a  specific 
gmviiy  of  1*048.  It  is  a  solid  bicaxburet  of  hydrogen,  consisting,  by  my  experiments,  of 
92-9  c3r  carbon,  and  7*1  of  hydrogen.    It  has  not  been  applifed  to  any  use. 

NAXRO^  is  the  name  of  the  native  sesquicarbonate  of  soda,  which  occurs  in  Esrypt, 
in  the  west  of  the  Delta  {  alspin  the  neighborhood  of  Fessan,  iA  the  province  of  Snkena 
in  Northern  Africa,  where  it  exists  under  the  name  of  Trona,  crystallized  along  wifh  suU 
phate  of  SQ^a;  nearSymma,  in  Tartary*  Siberia,  Hungary,  Hindostan,  and  Mexico.  In 
the  last  country,  there  are  several  natron  lakes,  a  little  to  the  north  of  Zucatecas,  as  well 
u  in  many  other. provinces.  In  Columbia,  48  miles  from  Merida,  native  mineral  natron 
is  dug  up  from  the  bottom  of  lakes  iti  large  quantities,  under  the  name  of  Urao. 

According  to  Laugier,  the  Egyptian  natron  consists  of  carbonate  of  soda  22*44,  sulphate 
of  Mda  18*^5,  muriate  of  soda  38*64,  water  14*0,  insoluble  matter  6*0.  Trona  is  com- 
posed of  carbonate  of  soda  65*75,  sulphate  ot  soda  7*65,,  muriate  of  soda  2*63,  water  24, 
insoluble  matter  1.  The  sesquicarbonale  may  be  artificially  prepared  by  boiling  for  a 
short  time  a  solution  of  the  bicarbonate. 

NEALING.    See  Ajinealino. 

NEB-NEB  is  the  East  Indian  name  of  Bablah. 

NEEDLE  MANUFACTURE.  When  we  consider  the  simplicity,  smallness,  and 
moderate  price  of  a  needle,  we  would  be  naturally  led  to  suppose  that  this  li(tle  instru- 
ment reiuires  neither  much  labor  nor  complicated  manipulations  in  its  construction  ;  but 
when  we  learn  that  every  sewing  needle,  however  inconsiderable  its  size,  passes  through 
the  hands  of  120  different  operatives,  before  it  is  ready  for  sale,  we  cannot  fail  to  be 
surprised. 

The  best  steel,  reduced  by  a  wire-drawing  machine  to  the  suitable  diameter,  is 
the  material  of  which  needles  are  formed.  It  is  brouehl  in  bundles  to  the  needle  fac- 
tory, and  carefully  examined.  For  this  purpose,  the  ends  of  a  few  wires  in  each  bundle 
are  cut  off,  ignited,  and  hardened  by  plunging  them  into  cold  water.  They  are  now 
snapped  between  the  fingers,  in  order  to  judge  of  their  quality ;  the  bundles  belonging 
to  the  most  brittle  wires  are  set  aside,  to  be  employed  in  making  a  peculiar  kind  of 
needles. 

AAer  the  quality  of  the  steel  wire  has  been  properly  ascertained,  it  is  calibred  by  means 
of  a  gauge,  to  see  if  it  be  equally  thick  and  round  throughout,  for  which  purpose  merely 
some  of  the  coils  of  the  bun^e  of  wires  are  tried^  Those  that  are  too  thick  are  returned 
to  the  wire-drawer,  or  set  apart  for  another  size  of  needles. 

The  first  operation,  properly  speaking,  of  the  needle  factory,  is  unwinding  the  bandies 
of  wires.  With  this  view  the  operative  places  the  coil  upon  a  somewhat  conical  reel, 
Jig'  750,  whereon  he  may  fix  it  at  a  height  proportioned  to  its  diameter.  The  wire  is 
wound  ctf  upon  a  wheel  n,  formed  of  eight  equal  arms,  placed  at  equal  distances  round 
a  nave,  which  is  supported  by  a  polished  round  axle  of  irOn,  made  fast  to  a  strong 
jpright  c,  fixed  to  the  fioor  of  the  workshop.     Each  of  the  arms  is  54  inches  long ;  and 


NEEDI£  MANUFACTURE. 

iMoT  tWQiMTtti  cf  BD  upper  part,  which  bean  Uw  ckm  bu  ■,  la 
lied ;  and  oC  ui  under  pain,  eonaeetcd  with  the  dbtc.  Tbc  part  s 
Axed  put  r,  and  it  Made  Dim  to  it  -by  a  peg  at  a  proper  heigbt  for 


1  the  ipokee  in  the  eircBmferenee  cf  a  drcle.    Thii  anangcment  b 

:he  wire  to  be  readily  taken  off  the  reel,  after  being  woond  light 

lie*.      The  peg  it  then  remored,  the  branch  puthed  down,  and  the 

Fig.  791  ihows  the  wheel  in  profile.      It  it  driren  bf  the  windk- 

it  eat  In  two  poiati  diamelricallT  oppotite,  eitber  hj  band  ifaeait^ 
tnehet  is  fixed  in  a  block  b;  a  holt  and  a  not,  at  thowa  in  jlg.  75S, 
«hanical  theara,  repretenled  in  Jig.  763.  The  crank  a  is  axiTed  bj 
steam  power,  acd  rises  sod  fiilli  altenistel]'.  The  extretutr  cf 
a  mortise  cat  in  the  arm  ■  of  a  bent  lerer  ■  o  i^  and  it  nmie  tut 
ron  rad  d  r,  hinged  at  one  oT  its  exttemitie*  to  the  end  oT  the  am 
the  tail  of  the  sheara  or  chisel  b,  Ibrcet  it  [o  open  and  shnl  aher- 
e  placed  upon  the  floor  nnder  r  presents  the  coil  to  the  action  of  the 
nto  two  bandies,  composed  each  of  90  or  100  wires,  opwatdf  of  t 
I  strikes  21  blows  in  the  minele. 

ifterward*  cot  with  the  tame  thcari  into  the  dnired  needle  leoglhs 
bj  the  diameter.  For  this  purpose  the  wim  ate  pot  into  a  semi- 
length,  with  their  ends  at  the  bottom  of  it,  and  are  all  cat  acnos 
wires,  thus  cut,  are  deposited  into  a  box  placed  alongside  of  the 

itiont  are  required  to  cot  100  wires,  the  third  it  lost ;  henee  the 
iwt  in  a  minute,  cat  in  10  hourt  fnUf  400,000  endt  oT  steel  wire, 
han  800,000  needlet.  The  wires  thos  cut  are  more  or  less  bent, 
ightened.  This  operation  is  e:iecnted  with  great  pnwnplitude,  bj 
lie  inslrumenl.  In  two  strong  iron  rings  a  b,  fig.  7M,  of  which 
Tiew  at  c,  9600  or  6000  wires,  closely  packed  together,  are  pnl ; 
ed  upon  a  flat  smooth  bench  l  h,  fig.  797,  corcred  with  a  catt^rna 
ere  are  two  grooves  of  suffidenl  depth  for  receiving  the  two  ring 

0  openings  like  the  rule  f,  fig.  797,  upon  which  is  placed  the  open 
front  in  Jig.  796  upon  a  greater  scale.    The  two  rings  must   be 

tervals  of  (he  nde.  By  making  this  rule  came  and  go  five  or  tii 
ire  upon  the  bundles  of  wires  as  causes  it  to  turn  upon  ita  axis,  all 
med  almost  inslantaneonsly. 

r  Ibe  machine,  represent^  in  fig.  767,  may  require  eiplasniion. 
le  UI  the  form  of  a  table,  of  which  l  v  is  the  top ;  the  cast- 
Tted  solidly  into  it.      Above  the  (able,  teen  in  fig.  795  in  plan. 

1  c  H,  to  tupport  the  cross  bar  a  a,  whieli  is  held  in  fbrha  cut  oal 
r  the  two  uprighlt.      Thit  erott  bar  a  a,  enters  tightlr  into  • 
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e«i  in  the  ywiog  pieee  if,  aC  the  point  k,  where  it  is  fixed  by  a  strong  pin,  so  that 

the  horizontal  traverse  communicated  to  the  cross 
bar  A  A  affects  at  the  same  time  the  swing  piece  N. 
At  (he  bottom  of  this  piece  is  fixed,  as  shown  in  the 
figfnre,  the  open  rule  r,  seen  upon  a  greater  scale 
in  yii(.  756. 

When  the  workman  wishes  to  introduce  the 
bundle  b,  he  raises,  by  means  of  two  chains  i  k, 
Jig,  757,  and  the  lever  g  q,  the  swing  piece  and 
the  ci*oss  bar.  For  this  purpose  he  draws  down  the 
chain  i;  and  when  he  has  placed  the  bundle 
properly,  so  that  the  two  rings  enter  into  the  groove 
E  i>yfig»  755,  he  allows  the  swing  piece  to  fall  back, 
so  that  the  same  rings  eriter  the  open  clefts  of  the 
rule  F ;  he  then  seizes  one  of  the  projecting  arms 
of  the  cross  bar  a,  alternately  pulling  and  pushing 
it  ih  the  horizontal  direction,  whereby  he  effects,  as 
already  stated,  the  straightening  of  the  wires. 

The  wires  are  now  taken  to  the  pointing-tools, 
which  usually  consist  of  about  30  grindstones 
arranged  in  two  rows,  driven  by  a  water-wheel. 
Each  stone  is  about  18  inches  in  diameter,  and  4 
inches  thick.  As  they  revolve  with  great  velocity, 
and  are  liable  to  fly  in  pieces,  they  are  partially  incased  by  iron  plates,  havinir  a  proper 
slit  in  them  to  admit  of  the  application  of  the  wires..    The  workman  seated  in  front 

of  the  grindstone,  seizes  50  or  60  wires, 
between  the  thumb  and  forefinger  of  his 
right  hand,  ahd  directs  one  end,  of  the 
bundle  to  the  stone.  By  means  of  a  bit  of 
stout  leather  called  a  thumb-piece,  of 
which  a,  fig,  758,  represents  the  profile, 
and  B  the  plan,  the  workman  presses  the 
wires,  and  turns  them  about  with  his  fore- 
finger, giving  them  such  a  rotatory  rno^ 
tion  as  to  make  their  points  conical.  This 
operation,  which  is  called  roughing  iown^ 
is  dry  grinding ;  because,  if  water  were 
made  use  of,  the  points  of  the  needles  would  be  rapkily  rusted.  It  has  been  observed 
kmg  ago,  that  the  silicious  and  sted  dust  thrown  off  by  the  stones,  was  injurious  to  the 
eyes  and  lungs  of  the  grinders;  and  many  methods  have  been  proposed  for  preventing 
its  bad  effects.  The  machine  invented  for  this  purpose  by  Mr.  Prk>r,  for  which  the 
Society  of  Arts  voted  a  premium,  deserves  to  be  generally  known. 

a  a,  fig.  759,  is  the  fly-wheel  of  an  ordinary  lathe,  round  which  the  endless  cord  B  B 
passes,  and  embraces  the  pulley  c,  mounted  upon  the  axle  of  the  grindstone  d.  The  fly* 
wheel  is  suppoited  by  a  strong  frame  £  e,  and  may  be  turned  by  a  winch-handle,  as  usua!, 
or  by  mechanical  power.  In  the  needle  factories,  the  pointing-shops  are  in  general 
very  large,  and  contain  several  grindstones  running  on  the  same  long  horizontal  shaft, 
placed  near  the  floor  of  the  apartment,  and  driven  by  water  or  steam  power.  One  of  the 
extremities  of  the  shaft  of  the  wheel  a  has  a  kneed  or  bent  winch  f,  which  by  means  of 
an  intermediate  crank  o  o,  sets  in  action  a  double  bellows  h  i,  with  a  continuous  blast, 
consisting  of  the  air  feeder  h  below,  and  the  air  regulator  i  above.  The  first  is  ocm 
posed  of  two  flaps,  one  of  them,  a  a,  being  fast  and  attached  to  the  floor,  and  the  other, 
t  e,  moving  with  a  hinge-joint  j  both  being  joined  by  strong  leather  nailed  to  their  edges. 
This  flap  has  a  tail  g,  of  which  the  end  is  forked  to  receive  the  end  of  the  crank  o. 
Both  flaps  are  perforated  with  openings  furnished  with  valves  for  the  admission  of  the 
air,  which  is  thence  driven  into  a  horizontal  pipe  k,  placed  l>eneath  the  floor  of  the  work- 
shop, and  may  be  aAerwards  dire<Aed  in  an  uninterrupted  blast  upon  the  grindstone,  by 
means  of  the  tin  tubes  n  o  o,  which  embrace  it,  and  have  longitudinal  slits  in  them.  A 
brass  socket  is  supposed  to  be  fixed  upon  the  ground ;  it  communicates  with  the  pipe  K, 
by  means  of  a  small  copper  tube,  into  which  one  of  the  extremities  of  the  pipe  n  is  fit- 
ted ;  the  other  is  supported  by  the  point  of  a  screw  q,  and  moves  round  it  as  a  pivot.  So 
as  to  allow  the  two  upright  branches  o  o,  to  t>e  placed  at  the  same  distance  fVom  the 
grindstone.  These  bnunehes  are  soldered  to  the  horizontal  pipe  n,  and  connected  at  their 
top  by  the  tube  p. 

The  wind  which  escapes  through  the  slits  of  these  pipes,  l>k>ws  upon  the  grindstone^ 
and  carries  off  its  dust  into  a  conduit  r,  fig,  759,  which  may  be  extended  to  s,  beyoad 
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if'theoneeblMii^l  or  gh)6te,  unotber  anpilar  die,  thftt  of  the  other,  both  befng  in  r^iefi 
tli«e  beiii^  worlred  bf  the  kver  peda},  finish  the  grooving  of  the  eye  at  a  single  blow,  by 
striking  against  each  Other,  with  the  head  of  the  needle  between  them. 

The  whole  of  the  needles  thus  prepared  are  thrown  pell-mell  into  a  sort  of  drawer  or 
box,  in  which  (hey  are,  by  a  few  dexterous  jerks  of  the  workman's  hand,  made  to  arrange 
themselves  paTalle!  to  teeh  other. 

The  needles  are  noW  ready  for  the  ttsmpenng;  for  which  purpose  they  are  weighed  otrt 
in  quantities  of  abdut  30  povnds,  which  contain  (Vom  ^250,000  to  500,000  needles,  and  are 
earri(>d  in  boxes  to  the  temperer.  He  arranges  these  upon  sheet-iron  plates,' about  10 
inches  long,  and  5  inches  broad,  having-  borders  only  upon  the  two  longer  sides.  These 
plates  are  hcfated  in  a  proper  furnace  to  bright  redness  for  the  larger  needles,  and  to  a 
less  intense  degree  for  the  smaller;  they  are  tidten  out,  and  inyerted  smartly  over  a  dafi 
tera  of  water,  so  tharaD  the  needlies  may  hb  immersed  at  the' same  moment,  yet  distmct 
froB  one  another.  The  water  being  Yun  off  from  the  cistern,  the  needles  are  removetf, 
and  arranged  by  agitation  in  a  box,  a»  above  described.  Instead  of  heating  the  needlei 
in  a  foniace,  some  mannfoeturera  heat  them  by  toeans  of  a  bath  of  melted  lead  in  a  state 
of  ignition. 

AQer  being  suddenly  plunged  in  the  cold  water,  they  are  very  hard  and  excesrively 
brittle.  The  following  mode  of  tempering  them  is  practised  at  Neustadt.  The  needlei 
are  thrown  into  a  sort  of  frying-pan  along  with  a  quantity  of  grease.  The  pan  being 
placed  on  the  fire,  the  fatty  matter  soon  inflames,  and  is  allowed  to  bum  out;  the 
needles  are  now  found  to  be  sufficiently  '^ell  tempered.  They  must,  hbwever,  b^ 
re-adjusted  upon  the  steel  anvil,  because  many  of  them  get  twisted  in  the  hardening  and 
tempering. 

PoHihint^  if  the  longest  and  not  the  least  expensive  process  in  the  needle  manufacture. 
This  is  done  upon  bundles  eontaining  500,000  needles ;  and  the  same  machine,  midet 
the  guidance  of  one  man; polishes  from  20  to  80  bundles  at  a  time ;  either  by  waters 
steam  power.  The  needles  are  rolled  up  in  canvass  along  with  some  quartaose  sand 
intersiratified  between  their  layers,  and  the  mixture  is  b^meared  with  rape-«efd  oiL 
Fig.  762  represents  one  of  the  tolls  or  packets  of  needles  12  inches  long, ;  strongly 
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bound  with  cords.  These  packets  are  exposed  to  the  to-and4ro  pressure  of  wooden 
tables,  by  which  they  are  rolled  about,  with  the  effect  of  causing  every  needle  in  the 
bamlle  to  rub  against  its  fellow,  and  against  the  silicious  matter,  or  emery,  enclosed 
in  the  bag.  Fig,  763  represents  an  improved  table  for  polishing  the  needles  by  attri- 
tioD-bags.  The  lower  table  m  m  is  moveable,  whereas  in  the  old  constructions  it  was' 
ixed ;  the  table  c  has  merely  a  vertical  motion,  of  pressure  upon  the  bundles,  whereas 
ibrmerly  it  had  both  a  vertiosl  mnd  horizontal  motion.  Seveml  bundles  may  obviously 
be  polished  at  once  in  the  present  machine.  The  table  M  m  may  be  of  any  length  tfaat- 
is  required,  and  irom  24  to  27  inches  broad ;  resting  upon  the  wooden  rollers  b,  b,  b^- 
placed  at  suitable  distances,  it  receives  a  horisontal  motion,  either  by  hand '  or  other' 
convenient  power;  the. packets  of  needles  a,  A,^nre  laid  upon  it,  and  over  them  the 
tables  c,  c,  c,  Which  are  HAed  by  means  of  the  chains  k,  k,  k,  and  the  lovers  l,  l,  l,  in 
order  to  allow  thr  needles  to  be  introdused  or  iremoved.  The  see-saw  motion  forces- 
the  rouUanx  to  turn  upon  their  own  axes,  and  thereby  creates  such  attrition  amott|r 
-heir  contents  as  to  polish  them.    The  wiodunnn  hm  merely  .to  distribute  these  rolls 
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small  btUuiee  tke  «qmakiit  weight  of  100  btedka,  and  so  meararing  them  out  without 
the  trouble  of  eonnting  them  indlvidintlly. 

The  bhur  receires  these  packets,  and  taking  25  of  their  needles  at  a  time  between  the 
forefinger  and  thumb,  he  presses  their  points  against  a  very  small  hone-stone  of  compact 
micaceous  schist,  mounted  in  a  little  lathe,  as  shown  in  fig,  769,  he  turns  them  bxi^y 
luood,  giving  the  points  a  bluish  cast,  while  he  polishes  and  improves  them.  This  partial 
pulish  is  in  the  direction  of  the  axis ;  that  of  the  rest  of  the  needle  is  transverse,  which 
distinguishes  the  boundaries  of  the  two.  The  little  hone-stone  is  not  cylindrical,  but 
qnadrangular,  so  that  it  strikes  successive  blows  with  its  comers  upon  the  needles  as  it 
rerolves,  producing  the  effect  of  filing  lengthwise.  Whenever  these  angles  seem  to  be 
blunted,  they  are  set  again  by  the  bluer. 

It  is  easy  to  distinguish  good  English  needles  from  spurious  imitations;  because  the 
former  have  their  axis  coincident  with  their  points,  whith  is  readily  observed  by  turning 
them  round  between  the  finger  and  thumb. 

The  construction  of  a  needle  requires,  as  already  stated,  about  120  operations;  but 
they  are  rapidly  and  uninterruptedly  successive.  A  child  can  trim  the  eyes  of  4000 
neoUes  per  hour. 

When  we  survey  a  manufacture  of  this  kind,  we  cannot  fail  to  observe,  that  the  diver- 
sity of  operations  which  the  needles  undergo  bears  the  impress  of  great  mechanical  rdine- 
ment.  In  the  arts,  to  divide  labor,  is  to  abridge  it ;  to  multiply  operations,  is  to  simplify 
them ;  and  to  attach  an  operative  exclusively  to  one  process,  is  to  reader  him  much  more 
economical  and  productive. 

NEROLI  is  the  name  given  by  perfumers  to  the  essential  oil  of  orange  flowers.  It  is 
procured  by  distillation  with  water,  in  the  same  way  as  the  other  volatile  oils.  Since  in 
distilling  water  ftom  neroli,  an  aroma  is  obtained  different  from  that  of  the  orange-flower, 
it  has  been  concluded  that  the  distilled  water  of  orange-flowers  owes  its  scent  to  some 
principle  different  from  an  essential  oil. 

NET  (Filet,  rtseauy  Fr. ;  Netz,  Germ.)  is  a  textile  fabric  of  knotted  meshes,  for 
catching  fish,  and  other  purposes.  Each  mesh  should  be  so  secured  as  to  be  incapable  of 
enlargement  or  diminution.  The  French  government  offered  in  1802  a  prize  of  10,000 
franca  to  the  person  who  should  invent  a  machine  for  making  nets  upon  automatic 
principles,  and  adjudged  it  to  M.  Buron,  who  presented  his  mechanical  invention  to  the 
Cauervatoire  dee  jSrte  et  Mftiers,  It  does  not  appear,  however,  that  this  machine  has 
accomplished  the  object  in  view ;  for  no  establishment  was  ever  mounted  to  carry  it  into 
execution.  Nets  are  usually  msiide  by  the  fishermen  and  their  (amilies  during  periods  of 
leisure.  The  formation  of  a  mesh  is  too  simple  a  matter  to  require  description  in  this 
Dictionary. 

NEUTRALIZATION  is  the  state  produced  when  acid  and  alkaline  matters  are  conv- 
bincd  in  such  proportions  that  neither  predominates,  as  evinced  by  the  color  of  tincture 
of  litmus  and  cabbage  remaining  unaffected  by  the  combination. 

NICARAGUA  WOOD  is  the  wood  of  the  Caealpinia  ec&tno/a,  a  tree  which  grows  in 
Nicaraca.  It  is  used  with  solution  of  tin  as  a  mordant  to  dy^  a  bright  but  fugitive  red. 
It  is  an  inferior  sort  of  Brazil  wood. 

NICKEL  is  a  metal  rather  spiiringly  found,  and  in  few  localities ;  being  usually  asso- 
ciated with  cobalt.  Native  nidcel  occurs  at  Westerwald  in  the  Erzegebirge,  in  Bohemia, 
combined  with  arsenic,  under  the  significant  name  of  Kupfemickd ;  with  cobalt,  iron,  ana 
copper,  as  jSreenic-mickel,  in  the  Harz  ;  at  Riechelsdorf  in  Hessia ;  as  an  oxyde,  in  NickeU 
KhoSrize ;  as  a  sulphuret  of  nickel  in  Haarkiee ;  as  a  sulphuret  and  arseniate  of  nickel 
in  Nickel glanz ;  and  with  sulphur  and  antimony  in  Nickelspieee  glamerz  at  Siecen. 
Nickel  is  always  present  in  meteoric  stones.  Knpfernickel  occurs  in  numerous  external 
shapes ;  as  roiiform,  globular,  botroidal,  arborescent,  massive,  and  disseminated ;  fracture, 
coarse  or  fine  grained,  with  metallic  lustre ;  color,  copper  red,  occasionally  brown  and 
fray ;  in  silver  and  cobalt  veins,  in  gneiss,  sienite,  mica-slate,  kupfer-schiefer,  accompa- 
nied by  speisse  cobalt,  native  silver,  quartz,  &c.  It  is  found  in  Westphalia  near  Olpe,  in 
Hessia  at  Riechelsdorf,  and  Biber,  in  Baden ;  in  the  Saxon  Erzegebirge  near  Schnecberg, 
and  Freiberg ;  in  Bohemia,  at  Joachimsthal ;  in  Thuringia,  at  Saalfeld ;  in  Steyermark 
near  Schladming;  in  Hungary,  France,  and  England. 

Since  the  manufhcture  of  German  silver,  or  Jrgtnianey  became  an  object  of  commercial 
importance,  the  extraction  of  nickel  has  been  undertaken  upon  a  considerable  scale.  The 
cobalt  ores  are  its  most  fruitful  sources,  and  they  are  now  treated  by  the  method  of 
Wdhler,  to  effect  the  separation  of  tiie  two  metals.  The  arsenic  is  expelled  by  roasting 
the  powdered  speise,  fiVst  by  itself,  next  with  the  addition  of  charcoal  powder,  till  the  garlic 
smell  be  no  longer  perceived.  The  residuum  is  to  be  mixed  with  three  parts  of  sulphur 
and  one  of  potash,  melted  in  a  crucible  with  a  gentle  heat,  and  the  product  being  eduU 
eorated  with  water,  leaves  a  powder  of  metallic  lustre,  which  is  a  sulphuret  of  nickel 
free  from  arsenic ;  while  the  arsenic  associated  with  the  sulphur,  and  combined  with  the 
resulting  sulphuret  of  potassium,  remains  dissolved.     Should  any  arsenic  still  be  fimad 
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been  smid,  [■  n^y,  that  at  secondary  limefCopes  contain  remains  of  animal  mattersy 
the  oxygen  of  the  atmosphere,  absorbed  in  virtue  of  the  porous  structure,  will  com- 
bine with  their  azote  to  form  lutric  aoid;  whence  nitrate  of  lime  will  result.  Where 
potash  is  present  in  the  ground,  a  nitrate  of  that  base  will  be  next  formed.  The  generation 
of  oitre  is  in  all  cases  limited  to  a  very  small  distance  from  the  surface  of  porous  stones; 
nofurther^  indeed,  than  where  atmospherical  air  and  moisture  can  penetrate;  and  none 
is  ever  produced  upon  the  surface  of  C9mpact  stones,  such  as  marble  and  quartz,  or, of 
argillaceous  minerals.  Dr.  John  Davy  and  M.  Longchamp  have  advanced  an  opinion, 
that  the  presence  of  azotized  matter  is  not  necessary^  for  the  generation  of  nitric  acid  oi 
nitrous  salts,  but  that  the  oxygen  and  azote  of  the  atmosphere,  when  condensed  by  capilr 
larity,  will  combine  in  such  proportions  as  to  form  nitric  acid,  through  the  agency  of 
inoistore  and  of  neutralizing  bases;  such  as  lime,  magnesia,  potash,  or  soda.  They  conceive 
that  as  spongy  platina  serves  to  combine  oxygen  and  hydrogen  into  water,  or  the  vapor 
of  alcohol  and  oxygen  into  acetic  acid,  and  as  the  peroxydeas  well  as  the  hydrate  of  iron, 
and  argillaceous  minerals,  serve  to  generate  ammonia  from  the  oxygen  of  the  air  and  the 
hydrogen  of  water;  in  like  manner,  porous  limestones,  (hfough  the  agency  of  water, 
operate  upon  the  constituents  of  the  atmosphere  to  produce  nitric  acid,  without  the  pies- 
ence  of  animal  matter.  This  opinion  may  certainly  be  maintained;  for  in  India,  Spain, 
and  several  other  countries,  at  a  distance  from  all  habitations,  immense  quantities  of  salt- 
petre are  reproduced  in  soils  which  have  been  washed  the  year  before.  But,  on  the 
other  hand,  it  is  known  that  the  production  of  this  salt  may  be  greatly  facilitated  and  in- 
creased by  the  admixture  of  animal  offals  with  calcareous  earths. 

The  spontaneous  generation  of  nitre  in  Spain,  Egypt,  and  especially  in  India,  is  suffi- 
cient to  supply  the  wants  of  the  whole  world.  There  this  salt  is  observed  to  form  upon 
the  surface  of  the  ground  in  silky  tufls,  or  even  in  slender  prismatic  crystals,  porticu- 
laily  during  the  continuance  of  the  hot  weather  that  succeeds  copious  rains.  These  saline 
efflorescences,  aAer  being  collected  by  rude  besoms  of  broom,  are  lixiviated,  allowed  to 
settle,  evaporated,  and  crystallized.  In  France,  Germany,  Sweden,  Hungary,  &c.,  vast 
({iiantities  of  nitrous  salts  are  obtained  by  artificial  arrangements  called  nt/rtariej,  or 
nitre-beds.  Very  little  nitrate  of  potash,  indeed,  is  obtained  in  the  first  place;  but  the 
nitrates  of  lime  and  magnesja^  which  being  deliquescent,  remain  in  the  nitrous  earths  in 
a  semi-liquid  state.  The  operation  of  converting  these  salts  into  good  nitre  is  oAen  suf- 
ficiently complex,  in  consequence  of  the  presence  of  several  muriates,  which  are  difficult 
to  eliminate. 

The  following  instructions  ha^e  been  given  by  the  consulting  committee  of  poudru  tt 
ulpetre^  in  France,  for  the  construction  of  their  niiri}ru  artificitUes,  The  permeability 
of  the  materials  to  the  atmospherical  air,  being  found  to  be  as  indispensable  as  is  the 
presence  of  a  base  to  fix  the  nitric  acid  at  the  instant  of  its  formation,  the  first  measure 
is  to  select  a  light  friable  earth,  containing  as  much  oarbonate  of  lime  or  old  mortar- 
rubbish  as  possible ;  and  to  interstratify  it  with  bed&.of  dung,  five  or  six  inches  thick, 
till  a  considerable  heap  be  raised  in  the  shape  of  a  truncated  pyramid,  which  should  be 
placed  under  an  open  shed,  and  kept  moist  by  watering  it  from  time  to  time.  When 
the  whole  appears  to  be  decomposed  into  a  kind  of  mould,  it  is  to  be  spread  under  sheds 
in  layers  of  from  two  to  three  feet  thick  ;  which  are  to  be  watered  occasionally  with 
urine  and  the  drainings  of  dunghills,  taking  care  not  to  soak  them  too  much,  lest  they 
should  be  rendered  impermeable  to  the  air,  though  they  should  be  f4ways  damp  enough 
to  favor  the  absorption  and  mutual  action  of  the  atmospherical  gases.  Moist  gazden 
mould  aflbrds  an  example  of  the  physical  condition  most  favorable  to  nitre-beds.  The 
compost  should  be  turned  ovei*,  and  well  mixed  with  the  spade  once  at  least  in  every 
iortnisht,  and  the  sides  of  the  shed  should  be  partially  closed ;  for  although  air  be  essen- 
tial, wind  is  injurious,  by  carrying  off  the  acid  vapors,  instead  of  allowing  them  to  rest 
incumbent  upon,  and  combine  with,  the  bases.  ^  The  chemical  reaction  is  slow  and 
KQccessive,  and  ■  can  be  made  eflective  only  by  keeping  the  agents  and  materials  in  a 
stale  of  quiescence.  The  whole  process  ksts  two  years ;  but  since  organic  matters 
would  yield  in  the  lixiviation  several  fo|uble  substances  detrimental  to  the  extraction  of 
saltpetre,  they  must  not  be  added  during  the  operations  of  the  latter  six  months ;  nor 
muft  any  thing  except  clear  water  be  used  for  watering  during  this  period ;  at  the  end 
of  which  the  whole  organic  ingredients  of  the  beds  will  be  totally  decomposed.  Where 
dang  is  not  sufiSciently  abundant  for  the  above  stratifications,  a  nitre-bed  should  be 
formed  in  a  stable  with  friable  earth,  covered  with  a  layer  of  litter ;  aAer  four  months 
the  litter  is  to  be  liAed  off^  the  earth  is  to  be  turned  over,  then  another  layer  of  fresh 
earth,  8  or  9  inches  thick,  is  to  be  placed  over  it,  and  a  layer  of  the  old  and  fresh  litter 
over  all.  At  the  end  of  other  four  months,  this  operation  is  to  be  repeated ;  and  in  the 
coarse  of  a  year  the  whole  is  ready  to  be  transferred  into  the  regular  aitre-bcds  under  a 
shed,  as  above  described.  Such,  are  the  laborious  and  disagreeable  processes  practised 
^  the  peasants  of  Sweden,  each  of  whom  is  bound  by  law  to  have  a  nitre-bed,  and  to 
punish  a  certain  quantity  of  mtie  to  tbe  state  every  year.    Hia  nifrtarjr  eommonly  eon- 
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a  eoolins,  liilterisli-piiBgent  teste,  is  Toid  of  smell,  pennanent  in  the  air  when  pure, 
fuses  at  \  heat  of  about  662,  into  an  oily-looking  liquid,  and  concretes  upon  cooling 
ioto  a  solid  mass,  with  a  coarsely  radiating  fracture.  This  has  got  the  unmeaning 
names  of  sal-pmnelle  and  mineral-  crystaL  At  a  red  beat,  nitre  gives  out  at  first  a 
great  deal  of  pretty  pure  oxygen  gas ;  but  afterwards  nitrous  acid  fumes,  while  potash 
remains  in  the  retort.  It  is  soluble  in  7  parts  of  water  at  32^ ;  in  about  3)  at  60"  F., 
in  less  than  half  a  part  at  194*',  and  in  four  tenths  at  '212°.  It  is  very  slightly  soluble 
io  q>irit  of  wine,  and  not  at  all  in  absolute  alcohol.-  It  causes  a  powerful  deflagration 
when  thrown  upon  burning  coals;  and  when  a  mixture  of  it  with  sulphur  is  thrown  into 
a  red-hot  crucible,  a  very  vivid  light  is  emitted.  Its  constituents  are,  46*55  potash,  and 
53*45  nitric  acid. 

Nitre  is  applied  to  many  purposes: — 1.  to  the  mannfaeture  of  gunpowder;  2.' to  that 
of  sulphuric  acid;  3.  to  that  of  nitric  acid,  though  nitrate  of  soda  or  eubic  nitre  has  lately 
superseded  this  use  of  it  ta  a  considerable  extent ;  4.  to  that  of  flint-4:lass ;  5.  it  is  used 
in  medicine ;  6.  for  many  chemical  and  pharmaceutical  preparations ;  7.  for  procuring 
by  deflagration  with  charcoal  or  cream  of  tartar,  pure  carbonate  of  potash,  as  also  black 
and  white  fluxes  ^  8.  for  mixing  with  salt  in  curinig  butcher  meat ;  9.  in  some  countries 
for  sprinkling  in  solution-  upon  grain,  to  preserve  it  from  insects ;  10.  for  tanking  fire- 
works.   See  Fiax-woRKS. 

An  account  of  the  quantities  of  Saltpetre  and  Cubic  Nitre  imported  into,  exported  from 
and  retained  for  consumption  in  the  United  Kingdom.    Duty  64.  per  cwt : — 

Imported  in  Export«d  in  Retained  for  canfumption  hi 

1835.         1836.         1837.        1835.       1836.       1837.      1835.         1836.         1837. 
cwts,  264,338;  279,902;  349,993.  73,379;  38,414;  93,024.204,580;  242,131;  256,969* 
Duty  received  in  1837,  £6,424. 

NITRATE  OF  SILVER  (NUraU  d^argmU,  Fr.;  SilberMalpiUr,  Germ.),  is  pre- 
pared by  satnrating  pure  nitric  acid  of  specifie  grav.  1*25  with  pure  silver,  evaporating 
the  solution,  and  crystallising  the  nitrate.  When  the  drained  crystab  are  fbsed  in  a 
platina  capsule,  and  cast  into  slender  cylinders  in  silver  moulds,  they  constitute  the 
lonar  caustic  of  the  surgeon.  This  should  be  white,  and  unchangeable  by  light.  It  is 
deliquescent  in  moist  air.  The  crystals  are  colorless,  transparent  4  and  6  sided  tables ; 
they  possess  a  bitter,  acrid,  and  most  disagreeable  metallic  taste ;  they  dissolve  in  their 
own  weight  of  cold,  and  io  much  less  of  hot  water ;  are  soluble  in  four  parts  of  boiling 
alcohol,  but  not  in  nitric  acid ;  they  deflagrate  on  redhot  coals,  like  all  the  nitrates ; 
and  detonate  with  phosphorus  when  the  two  are  struck  together  upon  an  anvil.  They 
consist  of  68*2  of  oxyde,  and  31*8  of  acid.  Nitrate  of  silver,  when  swallowed,  is  a  very 
energetic  poison ;  but  it  may  be  readily  counteracted,  by  the  administration  of  a  dose 
of  sea-salt,  which  converts  the  corrosive  nitrate  into  the  inert  chloride  of  silver. 
Animal  matter,  immersed  in  a  weak  solution  of  neutral  nitrate  of  silver,  will  keep 
onchanged  for  any  length  of  time;  and  so  will  polished  iron  or  steel.  Nitrate  of 
silver  is  such  a  delicate  reagent  of  hydrochloric  or  muriatic  acid,  as  to  show  by  a 
sensible  cloud,  the  presence  of  one  1 13  millionth  part  of  it,  or  one  7  millionth  part  of 
sea-salt  in  distilled  water.  It  is  much  used  under  the  name  of  indelible  ink,  for 
writing  upon  linen  with  a  pen  ;  for  which  purpose  one  drachm  of  the  fused  salt  should  be 
dissolved  in  three  quarters  of  an  ounce  of  water,  adding  to  the  solution  as  much  water 
of  anunonia  as  will  re-dissolve  the  precipitated  oxyde,  with  sap-green  to  color  it,  and 
^m-water  to  make  the  volume  amount  to  one  ounce.  Traces  written  with  this  liquid 
should  be  first  heated  before  a  fire  to  expel  the  excess  of  anmionia,  and  then  exposed  to 
the  sun-beam  to  blacken.  Another  mode  of  using  nitrate  of  silrer  as  an  indelible  ink, 
is  to  imbue  the  linen  first  with  solution  of  carbonate  of  sodsy  to  dry  the  spot,  and  writ« 
apon  it  vrith  a  solution  of  nitrate  of  silver,  thickened  with  gum,  and  tinted  with  sap- 
green. 

NITRATE  OF  SODA,  CMeal  NUre  (NUrate  de  $oude,  Fr. ;  WUrfehalpetir, 
Germ.),  occurs  under  the  nitre  upon  the  lands  in  Spain,  India,  Chile,  and  remarkably 
in  Peru,  in  the  districts  of  Atacama  and  Taraeapa,  where  it  forms  a  bed  several  feet 
thick.  It  appears  in  several  places  upon  the  surfrice,  uomI  extends  over  a  space  of  more 
than  40  leagues,  approaching  near  to  the  frontiers  of  Chile.  It  is  sometimes  efllo- 
rescent,  sometimes  crystallized,  but  ofrener  confusedly  mixed  with  clay  and  sand. 
This  immensely  valuable  deposite  is  only  three  days'  journey  from  the  port  of  Con- 
ception in  Chile,  and  (torn  Iquiqui,  another  harbor  situated  in  the  southern  part  of " 
Peru. 

Nitrate  of  soda  may  be  artiflcidly  prepared  by  neutralising  nitric  acid  with  soda,  and 
crystallizing  the  solution.  It  crystallizes  in  rhomboids,  has  a  cooling,  pungent,  bitterish 
taste,  less  disagreeable  than  nitre ;  it  becomes  moist  in  the  air ;  dissolves  in  3  parts  of 
water  at  60^  F.,  in  less  than  1  part  of  boiling  water ;  deflagrates  more  slowly  than  nitre, 
tad  with  an  orange  yellow  flame.    It  ooosisis,  in  iu  dry  state,  of  36-6  soda  and  63-4  nitric 
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,{  but  iU  crystals  contain  one  prime  equvklent  of  vattt;  h—ct  they  a»»  4om^fom4 

of,  acid  66-84,  base  33-68,  water  9'47. 

It  is  susceptible  of  the  same  applications  as  nitre,  with  the  exception  of  makin;  gu^ 
powder;  for  which  it  is  not  adapted,  on  account  of  its  deliquescent  property. 

NITRATE  OK  STR0NT4A,  (Mtraie  de  Strcnliant^  Fr. }  SafptlerHtiirtr  ^trontian^ 
Germ.)  This  salt  is  usaally  prepared  from  the  tulphuret  of  strontinm,  Stained  by  de- 
composing sulphate  of  strontia  with  charcoal^  by  strong  ignition  of  the  mix\kl  powders  in 
a  crucible.  This  sulphuret  being  treated  with  water,  and  the  solution  being  filtered,  is 
to  be  neutralized  with  nitric  acid,  as  indicated  bv  the  test  of  turmeric  paper ;  care  being 
taken  to  avoid  breathing  the  noxious  sulphureted  hydrogen  gas,  which  is  copiously  disen- 
gaged. The  neutral  nitrate  being  properly  evaporated  and  set  aside,  affords  colorless^ 
transparent,  slender  octahedral  cr}'stal8.  It  has  a  cooling,  yet  somewhat  acrid  taste ;  is 
soluble  in  5  parts  of  cold,  and  in -one  half  part  of  boiling  water,  as  also  in  alcohol ;  is 
permanent  in  the  air,  deflagrates  upon  burning  coals,  gives  off  oxygen  when  calcined, 
and  leaves  caustic  strontia.  The  salt  consists  of  48<9  strontia  and  61*1  nitric  aeid.  That 
salt  is  anhydrous ;  but  there  is  another  variety  of  it,  which  eon  tains  nearly  40  per  cent. 
of  water  of  cr}'stalIization,  which  occurs  in  large  octahedrons.  This  is  jHreferred  for  fire- 
works, because  by  efflorescence  it  is  easily  obtained  in  a  fine  powder,  which  mixes  more 
intimately  with  the  chlorate  of  potash  and  charcoal,  for  the  composition  of  the  brilliant 
red  fires,  now  so  much  admired  in  theatrical  conflagrations. 

NITRIC  ACID,  jSqua/oriii  (jScidt  nt/riflM,  Fr. ;  Salpetemmrt,  Genn.),  exists,  in  eom 
bination  with  the  bases,  potash,  soda,  lime,  magnesia,  in  both  the  mineral  and  vegetable 
kingdoms.  This  aeid  is  never  found  insulated.  It  was  distilled  (Vom  saltpetre  so  long 
ago  as  the  13th  century,  by  igniting  that  salt,  mixed  with  copperas  or  clay,  in  a  retort. 
Nitric  acid  is  eenerated  when  a  mixture  of  oxygen  and  nitrogen  gases,  confined  over 
water  or  an  alkaline  solution,  has  a  series  of  electrical  explosions  passed  through  It.  In 
this  W4>'  the  salubrious  atmosphere  may  be  converted  into  corrosive  aquafortis.  When 
a  little  hydrogen  is  introduced  into  the  mixed  gases,  standing  over  water,  the  chemical 
agency  of  the  electricity  becomes  more  intense,  and  the  acU  is  mdn  rapidly  Ibrmed  from 
ite  elements,  with  the  production  of  some  nitrate  of  ammonia. 

Nitric  acid  is  usually  made  on  the  small  scale  by  distilling,  whh  the  heat  of  a  sand- 
bath,  a  mixture  of  3  parts  of  pure  nitre,  and  2  ports  of  strong  sulphuric  acid,  in  a  large 
glass  retort,  connected  by  a  long  glass  tube  with  a  globular  receiver  surrounded  by  cold 
water.  By  a  ^ell-regulated  distillation,  a  pure  acid,  of  specific  gravity  1*500,  may  be 
thus  obtained,  amounting  in  weight  to  about  two  thirds  of  Uie  nitre  employed.  To 
obtain  easily  the  whole  nitric  acid,  equal  weights  of  nitre  and  concentrated  sulphurit 
acid  may  be  taken ;  in  which  case  but  a  moderate  heat  need  be  applied  to  the  retort, 
lite  residuunt  will  be  bisulphate  of  potash.  When  only  the  single  equivalent  propor- 
tion of  sulphuric  acid  is  used,  namely,  48  parts  for  100  of  nitre,  a  much  higher  heat  is 
required  to  complete  the  distillation,  whereby  more  or  less  of  the  nitric  acid  is  decomposed, 
wbile  a  compact  neutral  sulphate  of  potash  is  left  in  the  retort,  very  difficirft  to  remove 
by  solution  in  water,  and  therefore  apt  to  destroy  the  vessel. 

Aquafortis  is  manufactured  upon  the  great  scale  in  iron  pots  or  cylinders  of  the  same 
eonstruQtion  as  I  have  described  under  muriatic  acid.  The  more  concentrated  the  sul- 
phuric acid  is,  the  less  corrosively  will  it  act  upon  the  metal ;  and  it  is  commonly  nsed^ 
in  the  proportion  of  one  part  by  weight  to  twv>  of  nitre.  The  salt  being  introduced  into 
the  cool  retort,  and  the  lid  being  luted  tight,  the  acid  is  to  be  skrwly  poured  in  through 
the  aperture  /,  fig.  748 ;  while  the  aperture  g  is  connected  by  a  long  glass  tube  with  a 
nnge  of  balloons  inserted  into  each  other,  and  laid  upon  a  sloping  bed  of  sand.  The 
bottle  t,  with  3  tubulures  partly  filled  with  water,  which  is  required  for  condensing 
muriatic  acid  gas,  must,  for  the  present  purpose,  be  replaced  4)y  a  series  of  empty  receiv- 
ers, either  of  );lass  or  salt-glazed  stoneware.  The  cylinders  should  be  only  half  filled, 
and  be  worked  off  by  o  gradually  raised  heat. 

Commercial  aquafbrtis  is  very  generally  contaminated  with  sulphuric  and  muriatic 
acids,  as  also  with  alkaline  sulphates  and  muriates.  The  quantity  of  these  salts  may  be 
readily  ascertained  by  evaporating  in  a  glass  capsule  a  given  weight  of  the  aquafortis ; 
while  that  of  the  muriatic  acid  may  be  determined  by  nitrate  of  silver ;  and  of  sulphuric 
acid,  by  nitrate  of  baryta.  Aquafbrtis  may  be  purified  in  a  great  measure,  by  re-distilla- 
tion at  a  gentle  heat ;  rejecting  the  first  liquid  which  comes  over,  as  it  contains  the 
chlorine  Impregnation ;  receiving  the  middle  portiou  as  genuine  nitric  acid ;  and  leaving 
a  residuum  in  the  retort,  as  being  contaminated  with  snlpihui^ic  acid. 

Since  nitrate  of  soda  has  been  so  abundantly  imported  into  Europe  from  Peru,  it  has 
been  employed  by  many  manufacturers  in  piefierenee  to  nitre  ibr  the  extraction  of  nitric 
acid,  because  it  is  cheaper,  and  because  the  residuum  of  the'  distillation,  bein^  sulphate 
of -soda,  is  more  readily  removed  by  solution  from  glass  i^torts,  When  a  range  of  these 
set  in  a  galleiy  furnace  is  the  apparatus  employed.  Nitrk  add  of  specific  gravity  1*47 
may  be  obtained  colorless ;  but  by  fbrther  coneentration  a  portion  of  it  is  deeompOisd 
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wlierelrr  Mme  nitit>iM  bM  it  produced,  wUdi  gira  it  a  stmw-jrcOow  tinge.  At  thii 
ftrens^th  it  exhales  w4kite oromiige  fones,  which  have  m  peculiar,  though  not  very  (Um^ 
greeable  smell ;  and  even  vrheu  largely  diluted  with  water,  it  tastes  extremely  sour.  The 
greatest  density  at  which  it  can  be  obtaiaed  is  1*51  or  perhaps  1*52,  at  60°  F.,  in  which 
state,  or  even  when  much  weaker,  it  powerfhlly  oorrodes  all  aniaml,  vegetable,  and  most 
metidlic  bodies.  When  sHiphtly  diluted  it  is  applied,  with  many  precautions,  to  silk  and 
woollen  staffs,  to  stain  them  of  a  bright  yellow  hue.    See  CAuco-razNTiNO,  page  246. 

In  the  dry  state,  as  it  exists  in  nitre,  this  aeid  eonsists  of  96*16  paits  by  weight  of  aaote^ 
and  73*85  of  oxygen ;  or  of  2  volumes  of  the  first  gas,  and  5  volumes  of  the  second. 

When  of  specific  irravity  1-5,  it  boils  at  about  210*  Fahr. ;  of  1-45,  it  boils  at  about 
240° ;  of  1*42,  it  boils  at  253"* ;  and  of  1*40,  at  246°  F.  if  in  aeid  stroager  than  1*420 
be  distilled  In  a  retort,  it  gradually  becomes  weaker;  and  if  weaker  than  1-42,  it  gradu* 
ally  becomes  stronger,  till  it  assumes  that  standard  density.  Acid  of  specific  gravity 
1*485  has  no  more  action  upon  tin  than  water  has,  though  when  either  stronger  or 
weaker  it  oxydizes  it  rapidly,  and  evolves  Aimes  of  nitrous  gas  with  explosive  violence* 
In  my  two  papers  upon  n^rie  acid  published  in  the  fourth  and  sixth  volumes  of  the 
Journal  of  Science  (1818  and  1819),  I  investigated  the  chemical  relations  of  these  phe- 
nomena. Acid  of  1*420  consist  ci  1  atom  of  dry  acid,  and  4  of  water ;  acid  of  1*485, 
of  1  atom  of  dry  acid,  and  2  of  water ;  the  latter  compound  possesses  a  stable  equi- 
librium as  to  chemical  agency ;  the  former  as  to  calorific.  Acid  of  specific  gravity  1-334, 
consisting  of  7  atoms  of  water,  and  1  of  dry  acid,  resists  the  decomposing  agency  of 
light.  Nitric  acid  acts  with  great  energy  upoir  most  combustible  substances,  simple  or 
compound,  giving  up  oxygen  to  them,  and  resolvhig  itself  into  nitrous  gas,  or  even  aaote. 
Such  is  the  result  of  its  action  upon  hydrogen,  phosphorus,  sulphur,  charcoal,  sugar, 
gum,  starch,  silver,  mercury,  copper,  iron,  tin,  and  most  other  metals. 

A  Table  of  Nitric  Acirl,  by  Dr.  Ure. 


Specific  ,  ^  Jj 


1*5000 
1'4980 
1-4960 
1*4940 
1-4910 
1*4880 
1*4850 
1*4820 
1*4790 
1*4760 
1*4730 
1*4700 
1*4670 
1*4640 
1-4600 
1-4570 
1-4530 
1*4500 
1-4460 
1-4424 
1-4385 
1*4346 
1-4306 
1*4269 
1-4228 


100 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 


Dry  acid 
lalOO 


79-700 
78-903 
78- 106 
77-309 
76-512 
75-715 
74*918 
74-121 
73-324 
72-527 
71*730 
70-933 
70-136 
69-339 
68-542 
67-745 
66-948 
66-155 
65-354 
64*557 
63*760 
62-963 
i  62- 166 
161*369 
160-572 


Specific 
gtmvitjr. 


1-4189 

1-4147 
1*4107 
1-4065 
1-4023 
1-3978 
1-3945 
1-3882 
1*3833 
1-3783 
1-3732 
1-3681 
1-3630 
1*3579 
1-3529 
1-3477 
1-3427 
1-3376 
1-3323 
1*3270 
1*3216 
3163 
3110 
3056 
3001 


Liq 

Acid 
in  |{>0 


75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
62 
61 


Dry  Mid 
in  100 


59-775 
58-978 
58-181 
57-384 
56-587 
55-790 
54*993 
54*196 
53*399 
52*602 
51*805 
51-068 
50*211 
49-414 
48-617 
47-820 
47-023 
46-226 
45-429 
44-632 
43-835 
43-038 
42-24 1 
41-444 
40-647 


Sp«;ific 
Krav  ty. 


1*2947 
1-2887 
1*2826 
1*2765 
1*2705 
1*2644 
1*2583 
1*2523 
1*2462 
1-2402 
1-2341 
12271 
1*2212 
1*2148 
1*2084 
1-2019 
1-1958 
11895 
1*1833 
1-1770 
1*1709 
1*1648 
1*1587 
1526 
1*1465 


Liq. 

Acid 
in  100 


50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 


Dry  aridl  Specific 

t&  ISO.    gTATIty. 


39*850 

39*053 

38-256 

37-459 

36-662 

35-865 

35-068 

34-271 

33-474 

32-677 

31-880 

31*083 

30-286 

29-489 

28-692 

27-895 

27-098 

26-301 

25-504 

24-707 

23-900 


M403 
I -1345 
1*1286 
1*1227 
1*1168 
1.1109 
1*1051 
1-0993 
1-0935 
1-0878 
1*0821 
1*0764 
1*0708 
1-0651 
1-0595 
1-0540 
1-0485 
1*0430 
1*0375 
1-0320 
1-0267 
23*113|1-0212 
22*316|1-0159 
21-5I9»10I06 
20-722  1*0053 


Liq. 

Actd 

inJOO 


Dry  acid 
mIOO. 


25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 


19*925 

19*128 

18*331 

17*534 

16*737 

15*940 

16-143 

14*346 

13-549 

12-762 

11-956 

11-158 

10-361 

9-564 

8-767 

7-970 

7-173 

6-376 

5-579 

4*782 

3-985 

3*188 

2*391 

1-594 

0-797] 


NITROGEN,  DEDTOXYDE  OF;  NUroua  goj.  Nitric  oxyde  {DeutoxytU  d^atUt,  Fr.*j 
Stidutqffbxydy  Germ.)  is  a  iraseous  body  which  may  be  obtained  by  pouring  upon  copper 
or  mercury,  in  a  retort,  nitric  acid  of  moderate  strength.    The  nitrous  gas  comes  over  fin 
abundance  without  the  aid  of  heat,  and  may  be  received  ever  water  freed  from-  air,  or 
over  mercury,  in  the  pneumatic  trough.    It  is  elastic  and  colorless ;  what  taste  and  smeQ 
h  possesses  are  unknown,  because  the  moment  it  is  exposed  to  the  mouth  or  nostrils,-  it 
absorbs  atmospherical  oxygen,  and  becomes  nitrous  or  nitric  acid.    Its  specific  gravity  is 
1*0393,  or  1*04;  whence  100  cubic  Inches  weigh  36*66  gr.    Water  condenses  not  more- 
than  J^  of  its  volume  of  this  gas.    It  extinguishes  animal  life,  and  the  flamed  many- 
combustibles ;  but  of  phosphorus  well  kindled,  it  brightens  the  flame  in  a  most'  reroavhV- 
able  degree.    It  consists  of  47  parts  of  nitrogen  gas,  and  53  of  oxygen  gas,  byt  weighli 
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and  of  equal  ])art8  in  bulk,  vitlioat  any  eoadensatkHi ;  so  that  the  specifie  sntntyof 
dentoxyde  of  nitrogen  is  the  arithmetical  mean  of  the  two  constitueBtK.  The  constitu- 
tion of  this  gas,  and  tue  play  of  affinities  which  it  exercises  in  the  formation  of  sulphuric 
acid,  are  deeply  interesting  to  the  diemical  manufacturer. 

The  Hyponitrous  acid  {SalpetrigetaHrty  Germ.),  like  the  preceding  compound,  deserres 
notice  here,  on  account  of  the  part  it  plays  in  the  conversion  of  sulphur  into  sulphuric 
acid,  by  the  agency  of  nitre.  It  is  formed  by  mingling  four  volumes  of  deutox)'de  of 
nitrogen  with  one  volume  of  oxygen ;  and  appears  as  a  dark  orange  vapor  which  is  con- 
densable into  a  liquid  at  a  temperature  of  4® —  zero,  Fahr.  When  distilled^  this  liquid 
leaves  a  dark  yellow  fluid.  The  pure  hyponitrous  acid  consists  of  37*12  nitrogen,  and 
62*88  oxygen ;  or  of  two  volumes  of  the  first,  and  three  of  the  second.  Water  converts 
it  into  nitric  acid  and  deutoxyde  of  nrtrogen;  the  latter  of  which  escapes  with  efferves- 
cence. This  acid  oxydizes  most  combustible  bodies  with  peculiar  energy ;  and  thoush 
its  vapor  does  not  operate  upon  dry  sulphurous  acid,  yet,  through  the  agency  of  steam, 
it  converts  it  into  sulphuric  acid,  itself  being  simultaneously  transformed  into  deutoxyde 
of  nitrogen ;  ready  to  become  hyponitrous  acid  again,  and  to  perform  a  circulating  series 
of  important  metamorphoses.    See  Sulphuric  Acid. 

NITROGEN  GAS,  or  AZOTE  (Eng.  and  Fr.;  Slicksioffgaty  Germ.),  constitutes 
about  79  hundredths  of  the  bulk  of  the  atmospheric  airj  it  is  copiously  disengaged  from 
several  mineral  springs,  as  from  the  natural  basins  of  hot  water  which  supply  the  baths 
of  Leak,  near  the  Gkmmi  in  Switzerland,  and  from  other  springs,  in  the  Pyrenees,  in 
Ceylon,  South  and  North  America^  &.c.  It  exists  also  in  flesh  and  most  animal  rub- 
stances,  as  well  as  in  some  vegetable  products,  being  one  of  their  essential  constituents. 
When  phosphorus- is  burnt  within  a  jar  filled  with  air,  standing  over  water  in  the  pneu- 
matic trough,  it  consumes  or  absorbs  the  oxygen,  and  leaves  nitrogen,  which  may  be  ren- 
dered pure  by  agitation  with  water.  By  exposing  nitrite  of  ammonia  to  heat  in  a  retori, 
nitrogen  comes  over  alone  in  great  abundance ;  for  the  hydrogen  of  the  ammonia  is  suf- 
ficient to  saturate  the  oxygen  of  the  acid,  and  to  convert  it  into  water ;  while  the  nitro- 
gen of  both  constituents  is  set  at  liberty.  By  transmitting  chlorine  through  water  of 
ammonia,  or  digesting  lean  flesh  in  warm  nitric  acid,  nitrogen  may  also  be  obtained. 
This  permanently  elastic  gas  is  destitute  of  color,  taste,  and  smell ;  it  has  a  specific  gra- 
vity of  0*976,  air  being  1*000.  Hence  100  cubic  inches  of  it  weigh  29*7  gr.  It  extin- 
iniishes  all  burning  bodies,  and  when  respired  without  oxygen  is  fatal  to  animal  life. 
~  NITROGEN,  PROTOXYDE  OF,  Nitrous  oxyde  (Proioxyde  d'azote,  Fr. ;  S/idtj/o/- 
txyduly  Germ.))  is  ^  g&s  which  displays  remarkable  powers  when  breathed,  causing  in 
many  persons  unrestrainable  feelings  of  exhilaration,  whence  it  has  been  called  the  laugh- 
ing or  intoxicating  gas.  It  is  prepared  by  exposing  cr}'stallized  nitrate  of  ammonia  to  a 
heat  of  about  350°  Fahr.  in  a  glass  retort.  It  is  much  denser  than  the  air  of  the  atmo- 
sphere, having  a  spec.  grav.  of  1*527;  whence  100  cubic  inches  weigh  46*6  grains.  It 
consists  of  63-64  parts  of  nitrogen,  and  36*36  of  oxygen,  by  weight ;  or  of  two  volumes  of 
nitrogen  and  one  volume  of  oxygen,  condensed  by  reciprocal  attraction  into  two  volumes. 
It  is  colorless,  and  possesses  all  the  mechanical  properties  of  the  atmosphere.  Water 
previously  freed  from  air  absorbs  its  own  Volume  of  this  gas ;  and  thus  affords  a  ready 
'Criterion  for  estimating  its  freedom  from  incondensable  gases,  as  oxygen,  nitrogen,  and 
dts  deutoxyde.  Several  combustibles  bum  in  this  gas  with  an  enlarged  blue  and  very 
-vivid  flame ;  and  it  relumes  a  taper  which  has  been  blown  out,,  provided  its  tip  be  red> 
Itot.     By  powerful  pressure  it  may  be  liquefied.    See  Gas. 

NITRO-MURIATIC  ACID,  Jqua  regia  (Jcide  rdtro-muriaiiqiu,  Fr. ;  Salpeter  saU- 
9al!re,  Kimigswassery  Germ.)  is  the  compound  menstruum  invented  by  the  alchemists  foi 
dissolving  gold.  If  strong  nitric  acid,  orange-colored  by  saturation  with  nitrous  gas 
(deutoxyde  of  azote),  be  mixed  with  the  strongest  liquid  muriatic  add,  no  other  effect  is 
produced  than  might  be  expected  from  the  action  of  nitrous  acid  of  the  same  strength 
upon  an  equal  quantity  of  water;  nor  has  the  mixed  acid  so  formed  any  power  of 
acfing  upon  gold  or  platina.  But  if  colorless  aquafortis  and  ordinary  muriatic  acid  be 
mixed  together,  the  mixture  immediately  becomes  yellow,  and  acquires  the  power  of 
dissolving  these  two  noble  metals.  When  gently  heated,  pure .  chlorine  gas  rises 
from  it,  and  its  color  becomes  deeper ;  when  farther  heated,  chlorine  still  rises,  but  now 
mixed  with  nitrous  acid  gas.  If  the  process  has  been  very  long  continued,  till 
liie  color  becomes  very  dark,  no  more  chlorine  can  be  procured,  and  the  liquor  has  lost 
the  power  of  dissolving  gold.  It  then  consists  of  nitrous  and  muriatic  acids.  It  appears, 
theiefore,  that  aqua  regia  owes  its  peculiar  properties  to  the  mutua]  decomposi- 
tion of  the  nitric  and  muriatic  acids;  and  that  water,  chlorine,  and  nitrous  acid  gas  are 
the  results  of  that  reaction.  Aqua  regia  does  not,  strictly  speaking,  oix>'dize  gold 
^and  platinum ;  it  causes  merely  their  combination  with  chlorine.  It  may  be  composed 
4>f  very  different  proportions  of  the  two  acids ;  the  nitric  being  commonly  of  specific 
gnr.ity  1*34;  the  muriatic,  of  specific  gravity  1*18  or  M9.  Sometimes  3  parts,  and 
at  others  6  parts  of  the  muriatic  acid  are  mixed  with  1  of  nitric ;  and  occasionally  mu- 
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DMty  be  easOy  renderol  red  or  reddish  bcowa  liy 
whieh  oxydizes  their  iron  to  a  higher  degree. 

Native  red  ochre  is  called  red  chalk  and  reddle  in  England.  It  is  an  intimate  mixtore 
of  clay  and  red  iron  ochre :  is  massive ;  of  an  earthy  fracture ;  is  brownish-red,  blood- 
red,  stains  and  writes  red.  The  oxyde  of  iron  is  sometimes  so  considerable^  that  the 
ochre  may  be  reckoned  an  ore  of  that  metal. 

The  ochre  beds  of  England  are  in  the  iron  sand,  the  lowest  of  the  formations  which 
intervene  between  the  chalk  and  oolites.  Beds  of  fuller's  earth  alternate  with  the  iron 
sand.    The  following  is  a  section  of  the  ochre  pits  at  Shotover  Hill,  near  Oxford : — 


Beds  of  highly  ferruginous  grit,  formiug  the  summit  of  the  hOl 

Gray  sand 

Ferruginous  concretions 

Vellow  sand 

Cream  colored  loam    .••..... 
Ochre 


6  feet. 

3  do. 

1 

6 

4 

0  6  inches. 


Beneath  this,  there  is  a  second  bed  of  ochre,  separated  by  a  thin  bed  of  clay. 

Bole,  or  Armenian  bole ;  called  also  Lemniao  earth,  and  terra  sigillata,  becaase  when 
refined  it  was  stamped  with  a  seal ;  is  massive,  with  a  concboidal  fracture^  a  feeble  lustre, 
reddish-yellow  or  brown,  a  greasy  feel ;  adheres  to  the  tongue,  spec.  grav.  1*4  to  2-0. 
It  occurs  in  the  island  Stalimene  (the  ancient  Lesbos),  and  in.  several  other  places, 
especially  at  Sienna ;  whence  the  brown  pigment  called  terra  di  Siena, 

OILS  {HuUeSj  Fr. ;  Oele,  Germ.))  are  divisible  into  two  great  classes:  the  fat  or  fixed 
oils,  huilea  groMU,  Fr. ;  Fette  oele.  Germ. ;  and  the  essential  or  volatile  oils,  HuUet  vola- 
tiUs,  Fr. ;  FludUige,  aeiheriache  oele.  Germ.  The  former  are  usually  bland  and  mild  to 
the  taste ;  the  latter  hot  and  pungent.  The  term  distilled,  applied  also  to  the  last  class, 
is  not  so  correct,  since  some  of  them  are  obtained  by  expression,  as  the  whole  of  the  first 
class  may  be,  and  commonly  are. 

All  the  known  fatty  substances  found  in  organic  bodies,  without  reference  to  their 
vegetable  or  animal  origin,  are,  according  to  their  consistence,  arranged  under  the  chemical 
heads  of  oils,  butters,  and  tallows.  They  all  possess  the  same  ultimate  constituents, 
carbon,  hydrogen,  and  generally  oxyeen,  and  in  nearly  the  same  proportions. 

The  fat  oils  are  widely  distributed  through  the  organs  of  vegetable  and  animal  nature. 
They  are  found  in  the  seeds  of  many  plants,  associated  with  mucilage,  esp^ially  in  those 
of  the  bicotyledinous  class,  occasionally  in  the  fleshy  pulp  surrounding  some  seeds,  as 
the  olive ;  also  in  the  kernels  of  many  fruits,  as  of  the  nut  and  almond  tree,  and  finely 
in  the  roots,  barks,  and  other  parts  of  plants.  In  animal  bodies,  the  oily  matter  occurs 
enclosed  in  thin  membraneous  cells,  between  the  skin  and  the  flesh,  between  the  muscular 
fibres,  within  the  abdominal  cavity  in  the  omentum,  upon  the  intestines,  and  round  the 
kidneys,  and  in  a  bony  receptacle  of  the  scull  of  the  spermaceti  whale ;  sometimes  in 
special  organs,  as  of  the  beaver ;  in  the  gall-bladder,  &c.,  or  mixed  in  a  liquid  state  with 
other  animal  matters,  as  in  the  milk. 

Braoonnot,  but  particularly  Raspail,  have  shown  that  animal  fats  consist  of  small 
microscopic,  partly  polygonal,  and  partly  reniform  particles,  associated  by  means  of  their 
containing  sacs.  These  may  be  separated  from  each  other  by  tearing  the  recent  fat  asunder, 
rinsing  it  with  water,  and  passing  it  through  a  sieve.  The  membranes  being  thus  retain- 
ed, the  granular  particles  are  observed  to  float  in  the  water,  and  aflerwards  to  separate, 
like  the  globules  of  starch,  in  a  white  pulverulent  semi  crystalline  form.  The  particles 
consist  of  a  strong  membraneous  skin,  enclosing  stearine  and  elaine,  or  solid  and  liquid  fat, 
which  may  be  extracted  by  trituration  and  pressure.  These  are  lighter  than  water,  but 
sink  readily  in  spirit  of  wine.  When  boiled  in  strong  alcohol,  the  oily  principle  dissolves^ 
but  the  fatty  membrane  remains.  These  granules  have  diflferent  sixes  and  shapes  in  dif- 
ferent animals ;  in  the  calf,  the  ox,  the  sheep,  they  are  polygonal,  and  from  JL  to  ^^ 
of  an  inch  in  diameter;  in  the  hog  they  are  kidney-shaped,  and  from  -«V  ^  -*  Jtt  <M  <ui 
inch ;  in  man,  they  are  polygonal,  and  from  JL  to  ,X^  of  an  inch ;  in  inseets  tJhey  are 
usually  spherical,  and  not  more  than  ^X^  of  an  inch. 

The  following  is  a  list  of  the  Plants  which  yield  the  ordinary  Unctuous  Oils  of  < 


No. 

1. 
2. 
3. 
4. 
5. 

Plants. 

Oils. 

8p«c  fivntjr. 

Linum  usitatissum  et  pereoae  -    D. 
Corylcus  avellana  >      -           ^    j. 
Jnglans  regia         J      -           .    ""* 
Papaver  somniftnim     -           •    D. 
Cannabis  aativa           -           -    D. 

Linseed  oil   - 

NutoU 

Poppy  oil      - 

Hemp  oil       ... 

0-9347 

0-9200 

0-9243 
0-9276 
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Oleine  may  also  be  procured  by  digestinfr  the  oil  with  a  quantity  of  caustic  soda  equal 
to  one  hair  of  what  is  requisite  to  saponify  the  whole ;  the  stearine  is  first  transformed 
into  soap,  then  a  portion  of  the  oleine  undergoes  the  same  change,  but  a  great  part  of 
it  remains  in  a  pure  state.  This  process  succeeds  only  with  recently  expressed  or  very 
fresh  oils.  The  properties  of  these  two  principles  of  tlie  fat  oils  vary  with  the  nature  of 
the  respective  oils,  so  that  the  sole  difference  does  not  consist,  as  many  suppose,  in  the 
different  proportions  of  these  two  bodies,  but  also  in  peculiarities  of  the  several  stearines 
and  oleines,  which,  as  extracted  from  different  seeds,  solidify  at  very  different  tempera- 
tures. 

In  close  vessels,  oils  may  be  preserved  fresh  for  a  very  long  time,  bat  with  contact  of 
air  they  undergo  progressive  changes.  Certain  oils  thicken  and  eventually  dry  into  a 
transparent,  yellowish,  flexible  substance ;  which  forms  a  skin  upon  the  surface  of  the 
oil,  and  retards  its  further  alteration.  Such  oils  are  said  to  be  diying  or  siccative,  and 
are  used  on  this  account  in  the  preparation  of  varnishes  and  paintexV  colors.  Other  oils 
do  not  grow  dry,  though  they  turn  thick,  become  less  combustible,  and  assume  an  ofien- 
sive  smell.  They  are  then  caUed  rancid.  In  this  state,  they  exhibit  ah  acid  reaction, 
and  irritate  the  fauces  when  swallowetl,  in  consequence  of  the  presence  of  a  peculiar 
acid,  which  may  be  removed  in  a  great  measure  by  boiling  the  oil  along  with  water  and 
a  little  common  magnesia  for  a  quarter  of  an  hour,  or  till  it  has  lost  the  property  of  red- 
dening litmus.  While  oils  undergo  the  above  changes,  they  absorb  a  quantity  of  oxygen 
equal  to  several  times  their  volume.  Saussure  found  that  a  layer  of  nut  oil,  one  quarter 
of  an  inch  thick,  enclosed  along  with  oxygen  gas  over  the  surface  of  quicksilver  in  the 
shade,  absorbed  only  three  times  its  bulk  of  that  gas  in  the  course  of  eight  months ;  but 
when  exposed  to  the  sun  in  August,  it  absorbed  60  volumes  additional  in  the  course  of 
ten  days.  This  absorption  of  oxygen  diminished  progressively,  and  stopped  altogether  at 
the  end  of  three  months,  when  it  had  amounted  to  145  times  the  bulk  of  the  oil.  No 
water  was  generated,  but  21*9  volumes  of  carbonic  acid  were  disengaged,  while  the  oil 
was  transformed  in  an  anomalous  manner  into  a  gelatinous  mass,  which  did  not  stain 
papen.  To  a  like  absorption  we  may  ascribe  the  elevation  of  temperature  which  happens 
when  wool  or  hemp,  besmeared  with  olive  or  rapeseed  oil,  is  lefl  in  a  heap ;  circumstances 
under  which  it  has  frequently  taken  fire,  and  caused  the  destruction  of  both  cloth-miUs 
and  dock-yards. 

In  illustration  of  these  accidents,  if  paper,  linen,  tow,  wool,  cotton,  mats,  straw,  wood 
shavings,  moss,  or  soot,  be  imbued  slightly  with  linseed  or  hempseed  oil,  and  placed  in 
contact  with  the  sun  and  air,  especially  when  wrapped  or  piled  in  a  heap,  they  very  soon 
become  spontaneously  hot,  emit  smoke,  and  finally  burst  into  flames.  If  linseed  oil  and 
ground  manganese  be  triturated  together,  the  soil  lump  so  formed  w^ill  speedily  become 
firm,  and  ere  long  take  fire. 

The  fat  oils  are  completely  insoluble  in  water.  When  agitated  with  it,  the  mixture 
becomes  turbid,  but  if  it  be  allowed  to  settle  the  oil  collects  by  itself  upon  the  surface. 
This  method  of  washing  is  often  employed  to  purify  oils.  Oils  are  little  soluble  in 
alcohol,  except  at  high  temperatures.  Castor  oil  is  the  only  one  which  dissolves  in  cold 
alcohol.  Ether,  however,  is  an  excellent  solvent  of  oils,  and  is  therefore  employed  to 
extract  them  from  other  bodies  in  analysis;  aAer  which  it  is  withdrawn  by  dis- 
tillation. 

Fat  oils  may  be  exposed  to  a  considerably  high  temperature,  without  undergoing 
much  alteration  ;  but  when  they  are  raised  to  nearly  their  boiling  point,  they  begin  to  be 
decomposed.  The  vapors  that  then  rise  are  not  the  oil  itself,  but  certain  products  gene- 
rated in  it  by  the  heat.  These  changes  begin  somewhere  under  600^  of  Fahr.,  and  re- 
quire for  their  continuance  temperatures  always  increasing.  The  products  consist  at  first 
in  aqueous  vapor,  then  a  very  inflammable  volatile  oil,  which  causes  boiling  oil  to  take 
fire  spontaneously ;  and  next  carbureted  hydrogen  gas,  with  carbonic  acid  gas.  In  a 
lamp,  a  small  portion  of  oil  is  raised  in  the  wick  by  capillarity,  which  being  heated,  boils 
and  burns.    See  Rosin-gas. 

Several  fat  oils,  mixed  with  one  or  two  per  cent,  of  sulphuric  acid,  assume  instantly 
a  dark  green  or  brown  hue,  and,  when  allowed  to  stand  quietly,  deposite  a  coloring 
matter  aAer  some  time.  It  consists  iA  a  chemical  combination  of  the  sulphuric  acid, 
with  a  body  thus  separated  fVom  the  oil,  which  becomes  in  consequence  more  limpid, 
and  burns  with  a  brighter  flame,  especially  after  it  is  washed  with  steam,  and  clarified  by 
repose  or  filtration.  Any  remaining  moisture  may  be  expeUed  by  the  heat  of  a. water 
bath. 

The  oils  combine  with  the  salifiable  bases,  and  give  birth  to  the  substance  called 
glycerine  (the  sweet  principle),  and  to  the  margaric,  oleic,  and  stearic  acids.  The  genera) 
product  of  their  combination  with  potash  or  soda,  is  Soap,  which  see.  Caustic 
ammonia  changes  the  oQs  very  diflScultly  and  slowly  into  a  soap ;  but  it  readily  unites 
with  them  into  a  milky  emulsion  called  volatile  liniment,  used  as  m  mbeikcieDt  in 
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nMdieine.  Upon  muing  water  wilh  this  liquor,  the  oil  separates  in  an  unnhnngrd 
state.  By  longer  coDtact>  ammonia  acts  upon  oils  like  the  other  alkalis.  Sea  salt  dis* 
tolves  in  small  quantity  in  the  pils,  and  so  does  verdigris.  The  latter  solution  is  green* 
Oils  dissolve  also  several  of  the  vegetable  alkalis,  as  morphia,  cinchonia,  quinia,  strychia^ 
and  delphia. 

Olive  oil  consists  of  77*2  carbon,  13 '4  hydrogen,  and  .9*4  oxygen,  in  100  parts.    Sperm^ 
aceti  oil,  by  my  analysis^  of  78-9  carbon,  10*97  hydrogen,  and  10*13  oxygen. 


Castor  oil     do.  ... 

74-0 

ip-3 

15*7 

azote, 

Stearine  of  olive  oil 

82-17 

11*23 

6*30 

0-30  Sau8tuft. 

Oleine  of    do.    - 

J6*p3     . 

11*54 

12-07 

0*35    do. 

Xiinseed  oil      -        -        - 

76-01 

11-35 

12-64 

do. 

Nut  oil       -        -        .  ,     - 

79*77 

10-57 

9*12 

0*54    do. 

Oil  of  almonds 

77-40 

11*48 

10*83 

0-29 

De  Saussure  concludes  that  the  less  fusible  fats  contain  more  carbon  and  less  oxygeni 
and  that  oils  are  mgre  soluble  in  alcohol,  the  more  oxygen  they  contain. 

I  shall  now  take  a  short  view  of  the  peculiarities  of  the  principal  expressed  oils. 

Oil  of  almond*,  accoiiling  to  Gusseron,  contains  no  stearine ;  at  least  he  could  obtain 
none  by  cooling  it  and  squeezing  it  successively  till  it  all  congealed,  Braconnot  had,  on 
the  contrary,  said,  that  it  contains  24  per  cent,  of  steai'ine.  I  believe  that  Gusseron  is 
right,  and  that  Bracoanot  had  made  fallacious  experiments  on  an  impure  oil. 

Oil  of  colza  is  obtained  from  the  seeds  of  bmasica  campesirU,  to  the  amount  of  39  per 
cent,  of  their  weight.     It  forms  an  excellent  lamp  oil,  and  is  much  employed  in  France. 

The  corylus  avellana  furnishes  in  oil  60  per  cenL  of  the  weight  of  the  nuts. 

Hempseed  oil  resembles  the  preceding,  but  has  a  disagreeable  smell,  and  a  mawkish 
taste.     It  is  used  extensively  for  making  both  soA  soap  and  varnishes. 

Linseed  oil  is  obtained  in  greatest  purity  by  cold  pressure ;  but  by  a  steam  heat  of 
aboat  200°  F.  a  very  good  oil  may  be  procured  in  larger  quantity.  The  proportion  of 
oil  usually  stated  by  authors  is  22  per  cent,  of  the  weight  of  the  seed ;  but  Mr.  Blundell 
informs  me,  that,  by  hjs  plan  of  hydraulic  pressure,  he  obtains  from  26  to  27.  In  the 
Encyclopedia  Metropolitana,  under  Oil  Press,  a  quarter  of  seed  (whose  average  weight 
is  400  lbs.)  is  said  to  yield  20  gallons  of  oil.  Now  as  the  gallon  of  linseed  oil  weighs 
9*3  lbs.,  the  total  product  will  be  186  Ibs.^which  amounts  to  more  than  45  per  cent. — an 
extravagant  statement,  about  double  the  d^dinai^'  product  in  oil  mills.  Even  supposing 
the  (gallons  not  to  be  imperial,  but  old  English,  we  should  have  upwards  of  38  per  cent. 
of  oil  by  weight,  which  is  still  an  impossible  quantity.  Such  are  the  errors  introduced 
into  respectable  books,  by  adopting  without  practical  knowledge,  the  puffing  statements 
of  a  patentee.  It  dissolves  in  5  parts  of  boiling  alcohol,  in  40  parts  of  cold  alcohol,  and 
in  1  -6  parts  of  ether.  When  kept  long  cool  in  a  cask  partly  open,  it  deposites  masses  of 
white  stearine  along  with  a  brownish  powder.  That  stearine  is  very  difficult  of  saponi- 
fication. 

Mustard-seed  oiL  The  white  or  yellow  seed  affords  36  per  cent,  of  oil,  and  the  black 
seed  18  per  cent.    The  oil  concretes  when  cooled  a  little  below  32^  F. 

Nut  cil  is  at  first  greenish  colored,  but  becomes  pale  yellow  by  time.  It  congeals  at  the 
same  low  temperature  as  linseed  oil,  into  a  white  mass,  and  has  a  more  drying  quality 
than  it. 

Oil  of  olives  is  sometimes  of  a  greenish  and  at  others  of  a  pale  yellow  color.  A  few 
degrees  above  32^  F.  it  begins  to  deposite  some  white  granules  of  stearine,  especially  if 
the  oil  have  been  originally  expressed  with  heat.  At  22°  it  deposites  28  per  cent,  of  its 
weight  in  stearine,  which  is  fusible  asain  at  68°,  and  affords  72  per  cent,  of  oleine. 
Aceordias  to  Kerwych,  oleine  of  singular  beauty  may  be  obtained  by  mixing  2  parts  of 
olive  oil  with  1  part  of  caustic  soda  ley,  and  macerating  the  mixture  for  24  hours  with 
frequent  agitation.  Weak  alcohol  must  then  be  poured  into  it,  to  dissolve  the  stearine 
soap,  whereby  the  oleine,  which  remains  meanwhile  unsaponified,  is  separated,  and  floats 
on  the  surface  of  the  liquid.  This  being  drawn  off,  a  fresh  quantity  of  spirits  is  to  be 
poured  in,  till  the  separation  of  all  the  oleine  be  completed.  It  has  a  slightly  yellowish 
tint,  which  may  be  removed  by  means  of  a  little  animal  charcoal  mixed  with  it  in  a  warm 
place  (or  24  hours.  By  subsequent  filtration,  the  oleine  is  obtained  limpid  and  colorless, 
of  such  quality  that  it  does  not  thicken  with  the  greatest  cold,  nor  does  it  affect  either 
iron  or  copper  instruments  immersed  in  it. 

There  are  three  kinds  of  olive  oil  in  the  market.  The  best,  called  virgin  salad  oil,  is 
obtained  by  a  gently  pressure  in  the  cold;  the  more  common  sort  is  procured  by 
stronger  pressure,  aided  with  the  heat  of  boiling  water ;  and  thirdly,  an  inferior  kind, 
by  boiling  the  olive  residuum  or  marc,  with  water,  whereby  a  good  deal  of  mucilaginous 
oil  rises  and  floats  on  tlie  surface.  The  latter  serves  chiefly  for  making  soaps.  A  stfll 
wone  oil  is  got  .by  allowing  the  mass  of  bruised  olives  to  ferment  before  subjecting  it  to 
vessore. 
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Oil  of  ogives  is  refifted  for  the  watchmakers  hy  the  following  simple  process.  Into  a 
bottle  or  vial  containing  it,  a  slip  of  sheet  lead  is  immersed,  and  the  hottle  is  placed  at 
a  window,  where  it  may  receive  the  rays  of  the  snn.  The  oi!  by  degree?  gets  covered 
with  a  curdy  mass,  which  aAer  some  time  settles  to  the  bottom,  while  itself  becomes  lim- 
pid and  colorless.  As  soon  as  the  lead  ceases  to  separate  any  more  of  that  white  sab- 
stance,  the  oil  is  decanted  off  into  another  vial  for  use. 

Palm  oU  melts  at  117*5°  F.,  and  is  said  to  contsist  of  31  parts  of  stearine  and  69  of 
oleine  in  100.  It  becomes  readily  rancid  by  exposure  to  air,  and  is  whitened  at  the 
same  time. 

The  oil  extracted  from  the  plucked  tops  of  the  pinut  obit*,  in  the  Black  Forest  in 
Germany,  is  limpid,  of  a  golden  yellow  color,  and  resembles  in  smell  and  taste  the  oil  of 
turpentine.    It  answers  well  for  the  preparation  of  varnishes. 

The  oU  of  pluni'Stones  is  made  chiefly  in  Wurtemberg,  and  is  found  to  answer  very  well 
for  lamps. 

Poppy-seed  oU  has  none  of  the  narcotic  properties  of  the  poppy  juice.  It  is  soluble  in 
ether  in  every  proportion. 

Rapc-iied  oil  has  a  yellow  color,  and  a  peculiar  smell.  At  25°  F.  it  becomes  a  yellow 
mass,  consisting  of  46  parts  of  stearine,  which  fuses  at  50°,  and  54  of  oleine,  in  which 
the  smell  resides. 

The  oils  of  belladonna  seeds,  and  tobacco  seeds,  are  perfectly  bland.  The  former  is 
much  used  for  lamps  in  Swabia  and  Wurtemburg.  The  oil-cakes  of  both  are  poi- 
sonous. 

Oil  of  wine-stoties  is  extracted  to  the  amount  of  10  or  11  per  cent,  from  the  seeds  of 
the  grape.  Its  color  is  at  first  pale  yellow,  but  it  darkens  with  age.  It  is  used  as  an 
article  of  diet. 

FAT  OIL  MANUrACTURE. 

It  is  the  practice  of  almost  all  the  proprietors  in  the  neighborhood  of  Aix,  in  Pro- 
vence, to  preserve  the  olives  for  15  days  in  bams  or  cellars,  till  they  have  undergone 
a  species  of  fermentation,  in  order  to  facilitate  the  extraction  of  their  oil.  If  this  prac- 
tice were  really  prejudicial  to  the  product,  as  some  theorists  have  said,  would  not  the  high 
reputation  and  price  of  the  oil  of  Aix  have  long  ago  suffered,  and  have  induced  them  to 
change  their  system  of  working  ?  In  fact,  all  depends  upon  the  degree  of  fermentation 
excited.  They  must  not  be  allowed  to  mould  in  damp  places,  to  lie  in  heaps,  to  soAen  so 
as  to  stick  to  each  other,  and  discharge  a  reddish  liquor,  or  to  become  so  hot  as  to  raise  a 
thermometer  plunged  into  the  mass  up  to  96°  F.  In  such  a  case  they  would  aflbrd 
an  acrid  nauseous  oil,  fit  only  for  the  woollen  or  soap  manufactories.  A  slight  fermenta- 
tive action,  however,  is  useful,  towards  separating  the  oil  from  the  mucilage.  The  olives 
are  then  crushed  under  the  stones  of  an  edge-mill,  and  next  put  into  a  screw-press,  being 
enclosed  in  bulrush-mat  bags  (cabas),  laid  over  each  other  to  the  number  of  eighteen. 
The  oil  is  run  off  from  the  channels  of  the  ground-sill,  into  casks,  or  into  stone  cisterns 
called  pizeSf  two  thirds  filled  with  water.  The  pressure  applied  to  the  cabas  should  be 
slowly  graduated. 

What  comes  over  first,  without  heat,  is  the  virgin  oil  already  mentioned.  The  cabas 
being  now  removed  from  the  press,  their  contents  are  shovelled  out,  mixed  with  some 
boiling  water,  again  put  in  the  bags,  and  pressed  anew.  The  hot  water  helps  to  carry 
off  the  oil,  which  is  received  in  otiher  casks  or  pizes.  The  oil  ere  long  aceumlates  at  the 
surface,  and  is  skimmed  off  with  large  flat  ladles  ;  a  process  which  is  called  lever  Phnile, 
When  used  fresh,  this  is  a  very  good  article,  and  quite  fit  fbr  table  use,  but  is  apt  tc 
get  rancid  when  kept.  The  subjacent  water  retains  a  good  deal  of  oil,  by  the  inter\'en 
tion  of  the  mucilage ;  but  by  long  repose  in  a  large  general  cistern,  called  Penfer,  it 
parts  with  it,  and  is  then  drawn  off  from  the  bottom  by  a  plug-hole.  The  oil  which  re- 
mains aHer  the  water  is  run  off,  is  of  an  inferior  quality,  and  can  be  used  only  for 
factory  purposes. 

The  marc  being  crushed  in  a  mill,  boiled  with  water,  and  expressed,  yields  a  stiU 
coarser  article. 

All  the  oil  must  be  fined  by  keeping  in  clean  tuns,  in  an  apartment  heated  to  the  60th 
degree  Fahr.  at  least,  for  twenty  days ;  after  which  it  is  run  off  into  strong  casks,  which 
are  cooled  in  a  cellar,  and  then  sent  into  the  m^irk^t. 

Oil  of  almonds  is  manufactured  by  agitating  the  kernels  in  bags,  so  as  to  separate 
their  brown  skins,  grinding  them  in  a  mill,  then  enclosing  them  in  bags,  and  squeezing 
them  strongly  between  a  series  of  cast  iron  plates,  in  a  hydranlTc  press ;  without  heat 
at  first,  and  then  between  heated  plates.  The  first  oil  is  the  purest,  and  least  apt  to 
become  rancid.  It  should  be  refinwi  by  filtering  through  porous  paper.  Next  to  olive 
oil,  this  species  is  the  most  easy  to  saponify.  Bitter  almoiids,  being  cheaper  than  the 
sweet,  are  used  in  preference  for  obtaining  this  oil,  and  they  afford  an  article  equally 
bland,  wholesome,  and  inodorous.  But  a  strongly  scented  ofl  may  be  procured,  accord- 
ing to  M.  Planch^,  by  macerating  the  almonds  in  hot  water,  to  as  to  blanch  them. 
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ftti  ^Tin;  Atxa  in  ■  it<m,  uid  aAn'WaTdB  lubjectin^  them  to  prassare.  The  voUtilt 
til  of  tlMawU  i*  otatuoed  1^  diatillin;  the  marc  or  bitter  akaond  cake,  along  with  irater. 
Sk  Fan*  HTDaADLic,  and  SraAHHE. 

Lhund,  i«p«wed,  poppTteed,  and  other  oleirennig  seeds  were  (brmpriy  treated  Tor 
tkc  ciDMtioa  of  their  <nl,  bf  ponoding  in  hard  wooden  mortan  wilh  pestles  shod  irtlh 
itw,  let  in  motion  bf  earns  drivei\.by  a  sbsA  Inmed  with  horse  <a  water  power,  then 
Ibe  thtnraled  seed  was  pnt  into  woollen  bags  which  were  wrapped  up  in  hair-clolhs, 
isd  aqneeied  betweea  upright  wedges  ia  press-boies  by  the  impulsion  of  Tertical  rams 
driTen  also  by  a  cam  mechanism.  In  the  best  mills  npon  the  old  construction,  the  cake* 
obuised  by  this  flm  wedge  pressure  were  thrown  apon  the  bed  ot  an  edge-mill^  ^oand  anew 
ud  sahjscled  to  a  second  pressure,  aided  hy  heal  now,  as  in  the  Snl  cose.  These  mor- 
lui  aid  pnta-bnies  constitute  whst  are  called  Dutch  mills.  They  are  ^lill  in  rerj 
geneial  use  both  in  this  coanttr  and  on  the  Continent ,-  and  are  bf  many  persons  sup- 
pOMd  to  be  pretersble  to  the  hydraulic  presses. 

Theroller-inill.far  merely  brnislDg  the  linseed,  3cc.,prevtoas  to  grindin|:  it  under  edge- 
Rmes,  and  to  heating  and  cru^ing  it  in  ■  Dntcfa  or  d  brdrantjc  oil-milt,  is  represented 
in  Jigs.  TTO,  and  TTI.  The  iron  shaft 
o,  has  a  winch  at  each  end,  with  ■ 
hi«Ty  4y-wheel  apon  the  one  of  them, 
when  the  machine  is  to  be  worked  Vy 
hand.  Upon  the  opposite  end  is  a  pn  - 
ley,  with  an  endless  cord  which  passis 
round  a  pulley  on  the  end  of  the  fluted 
roller  ft,  and  thereby  drives  it.  This  fluted 
roller  b,  lies  across  the  hopper  c,  and  hy 
its  agitation  causes  the  seeds  to  descend 
equably  through  the  hopper,  between  the 
crashing  rollers  d,  t.  Upon  the  shaft  a, 
there  is  also  a  pinion  which  works  into 
two  toothed  wheels  on  the  shaHs  of  the 
crushing  cylinders  d  and  t,  thus  comma- 
nicaling  to  lliese  cylinders  motion  in 
opposite  directions.  /,ffarBlwoscraper. 
blades,  which  by  means  of  the  two 
weights  A,  A,  hanging  upon  IcTcrs,  are 
pressed  aeainst  the  surfaces  of  the  cyl- 
inders, and  remove  any  aeed-cahe  from 
them.  The  bruised  seeds  fall  through  the 
slit  i  of  the  case,  and  are  received  into  • 
chest  which  stands  upon  the  board  k. 

Machines  of  this  kind  are  now  usually 
driven  by  power.  Hydraulic  presses  have 
been  of  late  years  introduced  into  many 
»ee(i.oil  mills  in  this  country;  bat  it  is 
Mill  a  matter  of  dispute  whether  they,  or 
the  old  Dutch  oil-mill,  with  bags  of  seed 
TTO  compressed  between  wedges,  driven  by 

cam-stampB,  he  the  preferable;  that  is, 
afford  the  laniest  product  of  oil  with  the 
same  eipenditure  of  capital  and  power. 
For  figures  of  hydraulic  presses,  see 
Press,  and  Stearink. 

This  bruising  of  the  seed  is  merely  a 
preparation  for  itsproper  grindinKander 
a  pair  of  heavy  edge-stones,  of  granite,  from  5  to  7  feel  in  diameter ;  because  nnbraised 
•eat  is  apt  to  slide  away  before  the  vertical  rolling  wheel,  and  thus  escape  Irilnmlion. 
The  edge-mill,  lor  grinding  seeds.  Is  quite  analogous  to  the  gunpowder-mill  represented 
ia  fig.  ~A3I,  page  636.  Some  hoop  the  stones  with  an  iron  rim,  but  others  prefer,  and  I 
think  justly,  ths  rough  surfhce  of  granite,  and  dress  it  from  lime  to  time  with  hammers, 
•«  it  becomes  irregular.  These  stones  make  fVom  30  to  36  revolutions  upon  their 
hctixoaul  bed  of  motonry  or  iron  in  a  minute.  The  centre  of  the  bed,  where  it  is  per- 
foratMi  for  the  passage  of  the  strong  vertical  shaft  which  turns  the  stones,  is  enclosed  by 
a  circular  box  of  cast  iron,  firmly  bolted  to  the  bed-stone,  and  furnished  M-ith  a  cover. 
This  box  serves  to  prevent  any  seeds  or  powder  getting  into  the  step  or  socket,  and 
obslrncting  the  movement.  The  circumference  of  the  mill-bed  is  formed  of  an  upright 
rim  of  oak  plank,  bound  with  iron.  There  is  a  rectangular  notch  left  in  the  edge  of  the 
bed,  and  corrcspMdiag  part  of  the  rim,  which  is  usually  closed  with  a  slide-plate,  and 
'  le  ^  of  the  opouiMi,  to  let  the  paaty  Kid-eake  be  tuned  oat  b7 


«  epened  <m1  j  at  the  ei 
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Uie  oblique  arm  of  the  bottom  acraper.  The  twp  parallel  stooes^  which  are  set  near  mA 
other,  and  travel  round  their  circular  path  upon  the  bed,  grind  the  seeds  not  merely  by 
their  weight,  of  three  tons  each,  but  also  by  a  rubbing  JTioUoa,  or  attrition ;  becaoae  their 
periphery  being  not  conical,  but  cylindrical,  by  its  ruling  upon  a  plane  surface,  must  at 
every  instant  turn  round  with  friction  upon  their  resting  points.  Strong  oast<4ron  boxes 
are  bolted  upon  the  centre  of  the  stones,  which  by  means  of  screw  clamps  seize  firmly  tlie 
horizontal  iron  shaCls  that  traverse  and  drive  them,  by  passing  into  a  slit-groove  the 
vertical  laming  shaft  This  groove  is  lined  with  strong-  pdatesiof  steel,  which  wear  rap* 
idly  by  the  friction,  and  need  to  be  frequently  renewed. 

The  seeds  which  have  been  burst  between  the  rolls,  or  in  the  mortars  of  the  Dateh 
mills,  are  to  be  spread  as  equably  as  possible  by  a  shovel  upon  the  circular  path  of  the 
edge-stones,  and  in  about  half  an  hour  the  charge  will  be  sufficiently  ground  into  a  paste. 
This  should  be  put  directly  into  the  press,  when  fine  cold-drawn  oil  is  wanted.  Bat  in 
general  the  paste  is  heated  before  being  subjected  to  the  pressure.  The  pressed  cake  is 
again  thrown  under  the  edge-stones,  and,  after  being  ground  the  second  time,  should  be 
exposed  to  a  heat  of  212P  Fahr.,  in  a  proper  pan,  called  a  steam-kettle,  before  being 
subjected  to  the  second  and  final  pressure  in  the  woollen  bags  and  hair-cloths. 
Fig.  772,  is  a  vertical  section  of  the  steam-kettle  of  Hallette,  and^g.  773  is  a  view  of 

the  seed-stirrer.  a,  is  the  wall  of  ma- 
sonry, upon  which,  and  the  iron  piUars 
bf  the  pan  is  supported.  It  is  enclosed 
in  a  jacket,  for  admitting  steam  into  the 
intermediate  space  d,  d^  d,  at  its  sides 
and  bottom,  c,  is  the  nuddle  of  the 
pan  in  which  the  shaft  of  the  stirrer  is 
planted  upright,  resting  by  its  lower 
end  in  the  step  e ;  /,  is  an  opening,  by 
which  the  contents  of  the  pan  may  be 
emptied;  g,  is  an  orifice  into  wiiich 
the  mouth  of  the  hair  or  worsted  bag 
is  inserted,  in  order  to  receive  the 
healed  seed,  when  it  is  turned  out  by 
the  rotation  of  the  stirrer  and  the  with* 
drawal  of  the  plug/ from  the  dischai^ 
aperture;  A,  is  the  steam  induction 
pipe;  and  /,  the  eduction  pipe,  which 
serves  also  to  run  ofi*  the  condensed 
water. 

The  hydraulic  oil-press  is  generally 
double ;  that  is,  it  has  two  vertical  lans 
placed  parallel  to  each  other,  so  thst 
while  one  side  is  under  pressure,  tbe 
other  side  is  being  discharged.  The  bags  of  heated  seed-paste  or  meal  are  put  into 
cast-iron  cases,  which  are  piled  over  each  other  to  the  number  of  6  or  8,  upon  the  press 
sill,  and  subjected  to  a  force  of  300  or  400  tons,  by  pumps  worked  with  a  steam  engine. 
The  first  pump  has  usually  2  or  2|  inches  diameter  for  a  ram  of  10  inches,  and  the  second 
pump  one  inch.  JIach  side  of  the  press,  in  a  well-going  establishment,  should  work  38 
pounds  of  seed-fiour  every  5  minutes.  Such  a  press  will  do  70  quarters  of  linseed  in 
the  days'  work  of  one  week,  with  the  labor  of  one  man  at  205.  and  three  boys  at  5«. 
each ;  and  will  require  a  12-horse  power  to  work  it  weU,  along  with  the  rolls  and  the 
edge-stones. 

1  am  indebted  to  my  excellent  friend  Mr.  £.  Wooisey,  for  the  following  most  valuable 
notes,  taken  by  him  at  sundry  mills  for  pressing  oil ;  and  remarks  upon  the  subject  of 
seed-crushing  in  general. 

<<  The  chief  point  of  difference  depends  upon  the  quality  of  seed  employed.  Heavy 
seed  will  yield  most  oil,  and  seed  ripened  under  a  hot  sun,  and  where  the  flax  is  not 
gathered  too  green,  is  the  best.  The  weight  of  linseed  varies  from  48  to  52  lbs.  per 
imperial  bushel;  probably  a  veiy  fair  average  is  49  lbs.,  or  392  lbs.  per  imperial 
quarter.  I  inspected  one  of  the  seed-crusher's  books,  and  the  average  of  15  trials  of  a 
quarter  each  of  different  seeds  in  the  season  averaged  14)  galls,  of  7)  lbs.  each ;  say, 
109  lbs.  of  oil  per  quarter.  This  crusher,  who  uses  only  the  hydraulic  press,  and  one 
pressing,  informed  me  that — 


Archangel  seed  wiO  yield  fh>m    .        .       . 
Best  Odessa       ...... 

Good  crushing-seed    -        .        .        .        . 

Low  seed,  such  as  weighs  48  lbs.  per  bushel 


•  15  to  16  galls,  (of  7| lbs.  each) 

•  18  and  even  19  galls. 

-  15i  do. 

-  t3i  do. 
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^Ths  average  of  the  seed  he.  bas  wotked,  whkfti  he  represents  to  be  of  an  inferior 
gnftlity,  for  the  sake  of  its  cheapness,  yields  14)  galls,  per  quarter.  I  had  some  Ameri- 
can seed  which  weighed  52}  lbs.  per  imperial  bushel,  ground  and  pressed  under  my 
own  observation,  and  it  gaye  me  111  lbs.  oil;  that  is  to  say,  418  lbs.  of  seed  gave  111 
lbs.  oil:^26JUL  per  cent. .  A  friend  of  mine,  who  is  a  London  crusher,  told  me  the  oil 
varied  accoraing  to  the  seed  from  14  to  17  galls,  f  and  when  you  consider  the  relative 
value  of  seeds,  and  remember  that  oil  and  cake  from  any  kind  of  seed  is  of  the  aame  vahUj 
it  will  be  apparent  that  the  yield  is  very  different ;  for  example, 

9R*k  T  1     iQOis  (  ^-  Iq^k  linseed  worth  52^.  per  quarter, 

^tn  July,  lMt>,  ^  ^^xm\}XttZ  iinseed       48   to  62         do. 
prices  of  seed.  ^Qj^^        .        .        52        -^        - 

The  difference  of  4«.  must  be  paid  for  in  the  quantity  of  oil,  which  at  38j.  6(2.  per  cwt. 
(the  then  price)  requires  about  \\\  lbs.  more  oil  expressed  to  pay  for  the  difference  in 
the  market  value  of  the  seed.  Another  London  crusher  informed  me  that  East  India 
linseed  will  produce  17  gallons,  and  he  seemed  to  think  that  that  was  the  extreme  quan- 
tity that  could  be  expressed  from  any  teed.  The  average  of  last  year's  Russian  seed 
woold  be  about  14  galls,  i  Sicilian  seed  16  galls. 
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*^  Rape-^eid. — ^I  have  not  turned  my  attention  to  the  quantity  of  oil  extracted  from  this 
seed;  but  a  French  crusher  (M.  Geremboret),  on  whom  I  think  one  may  place  consider- 
ahle  dependance,  told  me  that 

3|  lbs.  of  best  CamkNmy  rape-seed  yielded      -  •  -        1  ib.  oil. 

3|  — *-        common  rape-seed  -  -  -  -        1  Jb.  oil. 

4  J  —  —     poppy-seed  -  -  -  -        1  lb.  oil. 

^  Rape-seed  weighs  from  52  to  56  lbs.  per  imperial  bushel." 
The  following  are  the  heads  of  a  reference  of  machinery  for  a  seed  oil-mill : — 

1.  Two  pairs  of  cast-iron  rollers,  19  inches  long,  and  10  ioches  in  diameter,  fixed  in  a 
cast-iron  frame,  with  brasses,  wheels,  shafts,  bolts,  scrapers,  hoppers,  shoes,  &c. 

2.  Two  pairs  of  edge-slones,  7  feet  diameter  each,  with  two  bottom  stonesj  6  feet 
diameter  each,  cast-iron  upright  shaAs,  sweepers,  wheels,  shafts,  chairs,  brasses,  bolts^ 
and  scrapers,  with  driving  spur-wheels,  &C. 

3.  Five  steam  kettles,  with  wheels,  shafts,  and  brasses,  bolts,  breeches,  and  steam 
pipes,  an  upright  cast-iron  shaft,  with  chairs  and  brasses  at  each  end;  and  a  large  bevel 
vheel  upon  the  bottcHU  end  of  upright  shaft,  and  another,  smaller,  upon  fly-wheel  shaft, 
for  the  first  motions. 

4.  Tiye  stamper  presses,  with  press  plates  of  cast-tron,  cast-iron  stamper  shaft  with  10 
arms  and  10  rollers,  with  bosses,  brasses,  bolts,  driving  bevel-wheels. 

A  well  made  oil-mill,  consisting  of  the  above  specified  parts,  wiU  manufacture  200 
qaarters  of  seed  per  week. 

I  have  been  assured  by  practical  engineers,  conversant  in  oil-mills,  that  a  double 
hydraulic  press,  with  2  ten-inch  rams,  will  do  the  work  of  no  more  than  two  of  the 
8tam|)er  presses;  that  is  to  say,  it  will  work  22  quarters  in  24  howrs;  while  three 
stamper  presses  will  work  33  quarters  in  the  same  time,  and  produce  one  half  more  oiL 
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Catioroily  quantity  ttf. 


Year. 

1835. 

.  1836, 


Impoxted. 


CwU. 
1,109,307 
981,585 


Rotajnod  for  coammpCioa. 


CtaU. 

670,205 

809,559 


CvU. 

61,296 
68,515 


.  iOOU,  9QA,UOil  aUSTyiJO^  00,471V 

Duty,  from  British  possessions,  2s.  6d.  per  cwt. ;  fhim  foreign,  Is.  per  lb. 

Cocoa-nut  oily  quasUiiy  of^ 


~\              • 

Impoited. 

Retained  for  covampUoa. 

Exported. 

Year. 
1835. 
1836. 
1837. 

Cwts. 
19,838 
26,058 
41,218 

Ctets, 
14,015 
26,062 
28,836 

Cwts. 
2,238 
3,158 

Olive  oil,  quaniiiy  of, 


Imported. 

Retained  for  oaneamption. 

Exported. 

Year. 
1835. 
1836. 
1837. 

Galls. 

606,166 
2,682,016 
1,720,397 

OalU. 

554,196 
1,844,622 
1,499,122 

GalU. 
283,734 
150,561 

Duties  on  olive  oil,  not  of  Naples  and  Sicily,  4<£. ;  of  Naples  and  Sicily,  8d. ;  and  if  ia 

ships  of  these  countries^  lOd.  per  gallon.  • 

Train  oil,  spermaceti,  and  blubber,  quantity  of. 


Imported. 

Retained  for  consumptir 

Exported. 

Year. 
1836. 
1836. 
1837. 

Tuns. 
24,197 
19,489 
21,823 

Tuns. 
16,114 
18,722 
21,286 

Tuns. 
8,035 
1,365 

Duties  on  oil  taken  by  British  ships,  Is. ;  by  foreign  fishers,  £26  I89.  per  tun* 

OILS,  VOLATILE  OR  ESSENTIAL;  Manufacture  of.  The  volatile  oils  occur  in 
every  part 'of  odoriferous  plants,  whose  aroma  they  diffuse  by  their  exhalation ;  but  in 
Afferent  organs  of  different  species.  Certain  plants,  such  as  thyme  and  the  scented 
labiatsB,  in  general  contain  volatile  oil  in  all  their  parts ;  but  others  contain  it  only  in  the 
blossoms,  the  seeds,  the  leaves,  the  root,  or  (he  bark.  It  sometimes  happens  that  differ- 
ent parts  of  the  same  plant  contain  different  oils ;  the  orange,  for  example,  furnishes 
three  different  oils,  one  ^f  which  resides  in  the  flowers,  another  in  the  leaves,  and  a  third 
in  the  slda  or  epidermis  of  the  fruit.  The  quantity  of  oil  varies  not  only  with  the  spe- 
cies, but  also  in  the  same  plant,  with  the  soil,  and  especially  the  climate ;  thus  in  hot 
countries  it  is  generated  most  profusely.  In  several  plants,  the  volatile  oil  is  contained 
in  peculiar  orders  of  vessels,  which  confine  it  so  closely  that  it  does  not  escape  in  the 
drying,  nor  is  dissipated  by  keeping  the  plants  for  many  years.  In  other  species,  and 
pfliiticularly  in  flowers,  it  is  formed  continually  upon  their  surface,  and  flies  off  at  the 
moment  of  its  fonnation. 

Volatile  oils  are  usually  obtained  by  distillation.  For  this  purpose  the  plant  is  intro- 
duced into  a  still,  water  is  poured  upon  it^  and  heat  being  applied,  the  oil  is  volatilised  by 
the  aid  of  the  watery  vapor,  at  the  temperature  of  212°,  though  when  alone  it  woidd 
probably  not  distil  over  unless  the  heat  were  lOO'  more.  This  curious  fact  w«is  first 
explained  in  my  New  Researches  upon  Heat,  published  in  the  Philosophical  Transactions 
for  1818.  Most  of  the  essential  oils  employed  in  medicine  and  perfumery  are  extracted 
by  distillation  from  dried  plants;  only  a  few,  such  as  those  of  the  rose  and  orange 
flower,  are  obtained  from  fresh  or  succulent  salted  plants.  When  the  mingled  va- 
pors of  the  oil  and  water  are  condensed  into  the  liquid  state,  by  the  refrigerator  of  the 
gtill,  the  oil  separates,  and  either  floats  on  the  suiface  or  sinks  to  the  bottom  of  the 
water.  Some  oils  of  a  less  volatile  nature  require  a  higher  heat  than  212^  to  raise  them 
in  vapor,  and  must  be  dislodge  by  adding  common  salt  to  the  water,  whereby  the 
heat  being  augmented  by  15^,  they  readily  come  over.    If  in  such  distillations  too  inu<^ 
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witer  be  added,  no  oil  will  be  obtained,  becjiuse  it  is  partially  soluble  in  water;  and  thus 
merely  an  aromatic  water  is  produced.  If  on  the  other  hand  too  little  water  he  used,  the 
pknt  may  happen  to  adhere  to  the  bottom  of  the  stilly  get  partially  charred,  and  thus  im- 
part an  empyrcumatic  odor  to  the  product.  But  as  the  quality  of  water  distilled  depends 
less  upon  the  quantity  epaployed,  than  upon  that  of  the  surface  exposed  to  the  heat,  it  is 
obvious  that  by  giving  a  suitable  form  to  the  still,  we  may  get  rid  of  every  inconvenience. 
Hence  the  narrower  and  taller  the  alembic  is,  within  certain  limits,  the  greater  will  be 
the  proportion  of  oil  relative  to  that  of  the  aromatic  water,  from  like  proportions  of  aque- 
ous and  vegetable  matter  employed.  Some  place  the  plants  in  baskets,  and  suspend  these 
unmediately  over  the  bottom  of  the  still  under  the  water,  or  above  its  surface  in  the  steam. 
Bat  the  best  mode  in  my  opinion  is  to  stuff  an  upright  cylinder  full  of  the  plants,  and  to 
drive  down  through  them,  steam  of  any  desired  force ;  its  tension  and  temperature  being 
further  regulated  by  the  size  of  the  outlet  orifice  leading  to  the  condenser.  The  cylinder 
should  be  made  of  strong  copper  tinned  inside,  and  incased  in  the  worst  conducting  species 
of  wood,  such  as  soft  deal  or  sycamore* 

The  distillation  is  to  be  continued  as  long  as  the  water  comes  over  of  a  milky  appear- 
ance. Certain  plants  yield  so  little  oil  by  the  ordinary  processes,  notwithstanding  every 
eare,  that  nothing  but  a  distilled  water  is  obtained.  In  this  case,  the  same  water  must 
be  poured  upon  a  fresh  quantity  of  the  plants  in  the  still ;  which  being  drawn  over,  is 
again  to  be  poured  upon  fresh  plants ;  and  thus  repeatedly,  till  a  certain  dose  of  oil  be 
aeparated.    This  being  taken  off,  the  saturated  water  is  reserved  for  a  like  distillation. 

The  refrigeratory  vessel  is  usually  a  worm  or  serpentine  plunged  in  a  tub  of  water, 
whose  temperature  should  he  generally  cold;  but  for  distilling  the  oils  of  anise-seed, 
fennel,  &€.,  which  become  concrete  at  low  temperatures,  the  water  should  not  be  cooler 
than  45®  F. 

The  liquid  product  is  commonly  made  to  run  at  the  worm  end,  into  a  vessel  called  an 
Italian  or  Florentine  receiver,  which  is  a  conical  matrass,  standing  on  its  base,  with 
a  pipe  rising  out  of  the  side  close  to  the  bottom,  and  recurved  a  little  above  tlie  middle 
of  the  flask  like  the  spout  of  a  coffee-pot.  The  water  and  the  oil  collected  in  this 
vessel  soon  separate  from  each  other,  according  to  their  respective  specific  gravities ;  the 
one  floating  above  the  other.  If  the  water  be  the  denser,  it  occupies  the  under  portion 
of  the  vessel,  and  continually  overflows  by  the  spout  in  communication  with  the  bottom, 
arbile  the  lighter  oil  is  lefl.  When  the  oU  is  the  heavier  of  the  two,  the  receiver  should 
be  a  large  inverted  cone,  with  a  stopcock  at  its  apex  to  run  off  the  oil  from  the  water 
when  the  separation  has  been  completed  by  repose.  A  funnel,  having  a  glass  stopcock 
attached  to  its  narrow  stem,  is  the  most  convenient  apparatus  for  freeing  the  oil  finally 
from  any  adhering  particles  of  water.  A  cotton  wick  dipped  in  the  oil  may  also  serve 
the  same  purpose  by  its  capillary  action.  The  less  the  oil  is  transvased  the  better,  as  a 
portion  of  it  is  lost  at  every  transfer.  It  may  occasionally  be  useful  to  cool  the  distilled 
water  by  surrounding  it  with  ice,  hecause  it  thus  parts  with  more  of  the  oil  with  which  it 
is  impregnated. 

There  are  a  few  essential  oils  which  may  be  ohtained  by  expression,  fVom  the  sub- 
stances which  contain  them ;  such  as  the  oils  of  lemons  and  bergamot,  found  in  the 
pellicle  of  the  ripe  fruits  of  the  citnu  aurantium  and  medica  ;  or  the  orange  and  the 
dtron.  The  oil  comes  out  in  this  case  with  the  juice  of  the  peel,  and  collects  upon  its 
surface. 

For  collecting  the  oils  of  odoriferous  flowers  which  have  no  peculiar  organs  for  impri- 
soning them,  and  therefore  speedily  let  them  exhale,  such  as  violets,  jasmine,  tuberose, 
tnd  hyacinth,  another  process  must  be  resorted  to.  Alternate  layers  are  formed  of  the 
fresh  flowers,  and  thin  cotton  fleece  or  woollen  cloth-wadding,  previously  soaked  in  a  pure 
and  inodorous  fat  oil.  Whenever  the  flowers  have  given  out  all  their  volatile  oil  to  the 
fixed  oil  upon  the  fibrous  matter,  they  are  replaced  by  fresh  flowers  in  succession,  till  the 
fiu  oil  has  become  saturated  with  the  odorous  particles.  The  cotton  or  wo<j1  wadding  be- 
ing next  submitted  to  distillation  along  with  wuter,  gives  up  the  volatile  oil.  Perfumers 
abne  nse  these  oils;  they  employ  them  cither  mixed  as  above,  or  dissolve  them  out  by 
means  of  alcohol.  In  order  to  extract  the  oils  of  ceitain  flowers,  as  for  instance  of  white 
hh'es,  infusion  in  a  fat  oil  is  sufficient. 

Essential  oils  differ  much  from  each  other  in  their  physical  properties.  Most  of  them 
ve  yellow,  others  are  colorless,  red,  or  brown ;  some  again  are  green,  and  a  few  are  hlue. 
They  have  a  powerful  smell,  more  or  less  agreeable,  which  immediately  afler  their 
distillation  is  occasionally  a  little  rank,  but  becomes  less  so  by  keeping.  The  odor  is 
seldom  as  pleasant  as  that  of  the  recent  plant.  Their  taste  is  acrid,  irritating,  and  heating, 
or  merely  aromatic  when  they  are  largely  diluted  with  water  or  other  substances.  They 
•re  aot  greasy  to  the  touch,  like  the  fat  oils,  but  on  the  contrary  make  the  skin  feel 
loogh.  They  are  almost  all  lighter  than  water,  only  a  very  few  falling  to  the  bottom  of 
this  liquid;  their  specific  gravity  lies  between  0*847  and  1*096;  the  first  number 
denoting  the  density  of  oil  of  citron,  and  the  second  that  of  oU  of  siissafras.    Although 
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Btyled  volatile  oils,  the  tension  of  their  vapor,  as  well  as  its  specific  heat,  is  mti^  less 
than  that  of  water.  The  boiling  point  differs  in  different  kinds,  but  it  is  usually  about 
316^  or  320°  Fahr.  Their  vapors  sometimes  render  reddened  litmus  paper  blue,  although 
Ihey  contain  no  ammonia.  When  distilled  by  themselves,  the  volatile  oils  are  partially 
decomposed ;  and  the  gaseous  products  of  the  portion  decomposed  always  carry  off  a  little 
of  the  oil.  When  they  are  mixed  with  clay  or  sand,  and  exposed  to  a  distilling  heat,  they 
are  in  a  great  measure  decomposed  j  or  when  they  are  passed  in  vapor  through  a  redbot 
tube,  combustible  gases  are  obtained,  and  a  brilliant  porous  charcoal  is  deposited  in  the 
tube.  On  the  other  hand,  they  distil  readily  with  water,  because  the  aqueous  vapor 
formed  at  the  surface  of  the  boiling  fluid  carries  along  with  it  the  vapor  of  the  oil  produ- 
ced in  virtue  of  the  tension  which  it  possesses  at  the  2 1 2th  degree  Fahr.  In  the  open 
air,  the  volatile  oils  bum  with  a  shining  flame,  which  deposites  a  great  deal  of  soot.  The 
congealing  point  of  the  essential  oils  varies  greatly ;  some  do  not  solidiiV  till  cooled  below 
32^,  others  at  this  point,  and  some  are  concrete  at  the  oixlinai}'  temperature  of  the  atmos- 
phere. They  comport  themselves  in  this  respect  like  the  fat  oils ;  and  they  probably  con- 
sist, like  them,  of  two  different  oils,  a  solid  and  a  fluid ;  to  which  the  names  steariptija 
and  deoptlne,  or  stearessence  and  oleiessence,  may  be  given.  These  may  be  separated 
from  each  other  by  compressing  the  cooled  concrete  oU  between  the  folds  of  porous  paper; 
the  stearessence  remains  as  a  solid  upon  the  paper ;  the  oleiessence  penetrates  the  paper, 
and  may  be  recovered  by  distilling  it  along  with  water. 

When  exposed  to  the  air,  the  volatile  oils  change  their  color,  become  darker,  and 
gradually  absorb  oxygen.  This  absorption  commences  whenever  they  are  extracted 
from  the  plant  containing  them ;  it  i«  at  first  considerable,  and  diminishes  in  rapidity  as 
it  goes  on.  Light  contributes  powerfblly  to  this  action,  during  which  the  oil  disensrages 
a  little  carbonic  acid,  but  much  less  than  the  oxygen  absorbed ;  no  water  is  formed. 
The  oil  turns  gradually  thicker,  loses  its  smell,  and  is  transformed  into  a  resin,  which 
becomes  eventually  hard.  Dc  Saussure  found  that  oil  of  lavender,  recently  distilled, 
bad  absorbed  in  four  winter  months,  and  at  a  temperature  below  54**  F.,  52  times  its 
vohime  of  oxygen,  and  had  disengaged  twice  its  volume  of  carbonic  acid  gases ;  nor  was 
it  yet  completely  saturated  with  oxygen.  The  stearessence  of  anise-seed  oil  absorbed  at 
its  liquefying  tempera;ture,  in  the  space  of  two  years,  166  times  its  volume  of  oxygen  gas, 
and  disengaged  26  times  its  volume  of  carbonic  acid  gas.  An  oil  which  has  begun  to 
experience  such  an  oxydizement  is  composed  of  a  resin  dissolved  in  the  unaltered  oil ;  and 
the  oil  may  be  Separated  by  distilling  the  solution  along  with  water.  To  preserve  oils  in 
an  unchanged  state,  they  must  be  put  in  vials,  filled  to  the  top,  closed  with  ground  glass 
stopples,  and  placed  in  the  dark. 

Volatile  oils  are  little  soluble  in  water,  yet  enough  so  as  to  impart  to  it  by  agitation 
their  characteristic  smell  and  taste.  The  water  which  distils  with  any  oil  is  in  general 
a  saturated  solution  of  it,  and  as  such  is  used  in  medicine  under  the  name  of  distilled 
water.  It  often  contains  other  volatile  substances  contained  in  the  plants,  and  hence  is 
apt  to  putrefy  and  acquire  a  nauseous  smell  when  kept  in  perfectly  corked  bottles ;  but  in 
vessels  partially  open,  these  parts  exhale,  and  the  water  remains  sweet.  The  waters, 
however,  which  are  made  by  agitating  volatile  oil  with  simple  distilled  water,  are  not  apt 
to  spoil  by  keeping  in  well-corked  bottles. 

The  volatile  oils  are  soluble  in  alcohol,  and  the  more  so  the  stronger  the  spirit  is. 
Some  volatile  oils,  devoid  of  oxygen,  such  as  the  oils  of  turpentine  and  citron,  are  very 
sparingly  soluble  in  dilute  alcohol ;  while  the  oils  of  lavender,  pepper,  &c.  are  considera- 
bly  so.  De  Saussure  has  inferred  from  his  experiments  that  the  volatUe  oils  are  the  more 
soluble  in  alcohol,  the  more  oxygen  they  contain.  Such  combinations  form  the  odorifer- 
ous spirits  which  the  perfumers  incorrectly  call  waters,  as  lavender  waier^  tau  de  Cologne, 
tan  de  jasmin,  &c.  They  become  turbid  by  admixture  of  water,  which  seizes  the  alcohol, 
and  separates  the  volatile  oils.    Ether  also  dissolves  all  the  essential  oils. 

These  oils  combine  with  several  vegetable  acids,  such  as  the  acetic,  the  oxalie,  the 
succinic,  the  fat  acids  (stearic,  margaric,  oleic),  the  camphoric,  and  suberic. 

With  the  exception  of  the  oil  of  cloves,  the  volatile  oils  do  not  combine  with  the 
salifiable  bases.  They  have  been  partially  combined  with  caustic  alkali,  as  in  the  case 
of  Starkey's  soap.  This  is  prepared  by  triturating  recently  flised  caustic  soda  in  a 
mortar,  with  a  little  oil  of  turpentine,  added  drop  by  drop,  till  the  mixture  has  acquired 
the  consistence  of  soap.  The  compound  is  to  be  dissolved  in  spirits  of  wine,  filtered,  and 
distilled.  What  remains  afler  the  spirit  is  drawn  off,  consists  of  soda  combined  with  a 
resin  formed  in  the  oil  during  the  act  of  trituration. 

The  volatile  oils  in  general  absorb  six  or  eight  times  their  bulk  of  ammoniacal  gas; 
but  that  of  lavender  absorbs  47  times. 

The  essential  oils  dissolve  all  the  fat  oils,  the  resins,  and  the  animal  fats. 

In  commerce  these  oils  are  oflen  adulterated  with  fht  oils,  resins,  or  balsam  of  capivi 
dissolved  in  volatile  oil.  This  fraud  may  be  detected  by  putting  a  drop  of  the  oil  on  paper, 
and  exposing  it  to  heat.    A  pure  essential  oil  evaporates  without  leaving  any  reodnnm. 
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wiiilat  an  oil  mixed  with  any  of  the  above  mtetanccs  leaves  a  traoalacent  stain  upon  the 
papisr.  If  fat  oU  be  present,  it  will  remain  undissolYed,  on  mixing  the  adcUterated  essen- 
tial oil  with  thrice  its  volume  of  spirit  of  wine  of  specific  gravity  0-840.  Resinous  matter 
mixed  with  volatile  oil  is  easily  detected,  being  lefl  in  the  alembic  aAer  distillation.  Oil 
dilated  with  spirit  of  wine,  forms  a  milky  emulsion  on  the  addition  of  water ;  the  alcoholic 
part  is  absorbed  by  the  water,  and  the  oil  afterwards  found  on  the  surface^  in  a  graduated 
glass  tube,  will  show  by  its  quantity  the  amount  of  the  adulteration. 

But  it  is  more  difficult  to  detect  the  presence  of  a  cheap  essential  oil  in  a  dear  one, 
whieh  it  resembles.  Here  the  taste  and  smell  are  our  principal  guides.  A  few  drops  of 
the  suspected  oil  are  to  be  poured  upon  a  bit  of  cloth,  which  is  to  be  shaken  in  the  air, 
and  smeUed  to  from  time  to  time.  In  this  way  we  may  succeed  in  distinguishing  the  odor 
of  the  oil  which  exhales  at  the  beginning,  and  that  which  exhales  at  the  end ;  a  method 
which  serves  perfectly  to  detect  oil  of  turpentine  in  the  finer  essential  oils.  Moreover, 
when  the  debased  oil  is  mixed  with  spirits  of  wine  at  sp.  gr.  0*840,  the  oil  of  turpentine 
remains  in  a  great  measure  undissolved.  If  an  oil  heavier  than  water,  and  an  oil  lighter 
than  water,  be  mixed,  they  may  be  separated  by  agitation  for  some  time  with  that  liquid, 
and  then  leaving  the  mixture  at  rest;  Essential  oils  may  also  be  distinguished  by  a  care- 
ful examination  of  their  respective  densities. 

Oil  of  bitUr  almonds  is  prepared  by  exposing  the  bitter  almond  cake,  from  which  the 
bland  oil  has  been  expressed,  in  a  sieve  to  the  vapor  of  water  rising  within  the  still.  The 
steam,  as  it  passes  up  through  the  bruised  almond  parenchyma,  carries  off  its  volatile  oil, 
and  condenses  along  with  it  in  the  worm.  The  oil  which  &r8t  comes  over,  and  which 
falls  to  the  bottom  of  the  water,  has  so  pungent  and  penetrating  a  smell,  that  it  is  more 
like  cyanogen  gas  than  hydrocyanic  or  prussic  acid.  This  oil  has  a  golden  yellow  color, 
it  is  heavier  than  water ;  when  much  diluted,  it  has  an  agreeable  smell,  and  a  bitter 
buraing  taste.  When  exposed  to  the  air,  it  absorbs  oxygen,  and  lets  fall  a  heap  of  crys- 
tals of  benzoic  acid.  This  oil  consists  of  a  mixture  pf  two  oils ;  one  of  whieh  is  volatile^ 
contains  hydrocyanic  acid,  and  is  poisonous ;  the  other  is  less  volatile,  is  not  poisonous, 
absorbs  oxygen,  and  becomes  benzoic  acid.  If  we  dissolve  100  parts  of  the  oil  of  bitter 
almonds  in  spirit  of  wine,  mix  with  the  solution  an  alcoholic  solution  of  potash,  and  then 
precipitate  the  oil  with  water,  we  shall  obtain  a  quantity  of  cyanide  of  potash,  capable  of 
prodaeing  22|  parts  of  Prussian  blue.  Oil  of  bitter  almonds  combines  with  the  alkalis. 
Perfomers  employ  a  great  quantity  of  this  oil  in  scenting  their  soaps.  One  manufacturer 
in  Paris  is  said  to  prepare  annually  3  cwts.  of  this  oil.  A  similar  poisonous  oil  is  obtained 
by  distilling  the  following  substances  with  water : — the  leaves  of  the  peach  (amygdalvs 
per»iea)i  the  leaves  of  the  bay-laurel  (pntnut  lattnyceraaus),  the*  bark  of  the  plum-tree 
(prmmif  padua),  and  the  bruised  kernels  of  eherry  and  plumstones.  All  these  oils  con- 
tain hydrocyanic  acid,  which  renders  them  poisonous,  and  they  also  generate  benzoic  acid, 
by  absorbing  oxygen  on  exposure  to  air. 

OU  of  aniH-aeed  is  extracted  by  distillation  from  the  seeds  of  the  pimpmeUa  anisum.  It 
is  either  colorless,  or  has  merely  a  fhint  yellow  color,  with  the  smell  and  taste  of  the  seed. 
It  concretes  in  lamellar  crystals  at  th^  temperature  of  50^,  and  does  not  melt  as^ain  till 
heated  to  64^  neariy.  Its  specific  gravity  at  61"  is  0-9968,  and  at  77^  0-9857.  It  is  sol 
nUe  in  all  proportions  in  alcohol  of  0-806 ;  but  only  to  the  extent  of  42  per  cent,  in  alco- 
hol of  0*84.  When  it  becomes  resinous  by  long  exposure  to  the  air.  it  loses  its  congeal- 
ing property.  It  consists  of  two  oils ;  a  solid  stearessence,  and  a  liquid  oleiessence,  which 
may  be  separated  by  compression  of  the  cold  concrete  oil. 

Oil  of  bergamot  is  extracted  by  pressure  from  the  rind  of  the  ripe  fruit  qf  the  citrut 
btrgamium  and  aurantium.  It  is  a  limpid,  yellowish  fluid,  having  a  smell  resembling  that 
of  oranges.  Its  specific  gravity  varies  from  0*888  to  0*885.  It  becomes  concrete  when 
cooled  a  little  below  32<». 

Oil  ofcajepmt  is  prepared  in  the  Moluccas,  by  distilling  the  dry  leaves  of  the  melalMuea 
Itmeadtndrvn,  Cajeput  is  a  native^  word,  signifying  merely  a  white  tree.  This  oil  if 
green ;  it  has  a  burning  taste,  a  strong  smell  of  camphor,  turpentine,  and  savine.  It  is 
very  fluid,  and  at  48°  has  a  specific  gravity  of  0*948.  The  color  seems  to  be  derived  from 
the  copper  vessels  in  which  it  is  imported,  so  that  it  is  removed  by  distillation  with  water, 
which  also  separates  the  oil  into. two  sorts ;  the  first  which  comes  over  having  a  density 
rf  0-897,  the  last  of  0*920.    This  has  a  green  color. 

The  oil  of  earatoay  is  extracted  from  the  seeds  of  the  earum  carui.  It  has  a  pale  yellow 
color,  and  the  smell  and  taste  of  the  plant.  Its  specific  gravity  is  0*960.  The  seeds  of 
the  cvrntaam  cyminum  (cumin)  afford  an  oil  similar  to  the  preceding,  but  not  so  agreeable. 
Its  specific  gravity  is  0*975. 

The  oU  of  cassia,  from  the  loMrtu  cassia,  is  yellow  passing  into  brown,  has  a  specific 
gravity  of  1-071,  and  aflfords  a  crystalline  stearessence  by  keeping  in  a  somewhat  open 
vessel. 

The  oil  of  (hamomiU  is  extracted  by  distillation  from  the  flowers  of  the  matricaria 
iftawoinfffii.    It  has  a  deep  blue  eolor,  is  almost  opaque,  and  thick ;  and  possesses  the 
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peculiar  ^inell  of  the  plant.    In  the  atmospftere  it  becomes  brown  ftnd  wictaoiis.    If 
onpee  of  oil  of  lemons  be  added  to  3  pounds  of  this  oil,  they  make  it  separate 
readily  from  the  adhering  waterw 

Other  blue  oils,  having  mueh  analogy  with  oil  of  chamomile,  are  obtained  by  distilling 
the  fbllowing  plants :  Roman  chamomile  (oMtiumii  ndrilis),  the  flowers  of  arnica 
and  those  of  milfoil  (acAi/iisa  mUUfolia\    The  last  has  a  spec.  grar.  of  0*852. 

OH  of  cinnamon  is  extracted  by  distillation  firom  the  bark  of  the  laur%s 
It  is  produced  chiefly  in  Ceylon,  from  the  pieces  of  bark  unfit  for  exportation.  It  is 
distilled  over  with  difficulty,  and  the  process  is  promoted  by  the  addition  of  salt  water, 
and  the  use  of  a  low  still.  It  has  at  first  a  pale  yellow  color,  but  it  becomes  brown 
with  a«e.  ft  possesses  in  a  high  degree  both  the  sweet  burning  taste,  and  the  agreeable 
smell  of  cinnamon.  It  is  heavier  than  water ;  its  specific  gravity  being  1'035.  It  con- 
cretes below  32P  F.,  and  does  not  fuse  asrain  till  heated  to  .4  P.  It  is  very  sparingly 
soluble  in  water,  and  when  agitated  with  it  readily  separates  by  repose.  It  dissolves 
abundantly  in  alcohol,  and  combines  with  ammonia  into  a  viscid  mass,  not  decompooed 
on  exposure  to  air. 

When  oil  of  cinnamon  is  kept  for  a  long  time,  it  deposites  a  stearessence  in  large 
regular  colorless  or  yellow  crystals,  which  may  be  pulverized,  and  which  melt  at  a  very 
gentle  heat  into  a  colorless  liquid,  which  crystallizes  on  ooolii^.  It  has  an  odor  inter- 
mediate between  that  of  cinnamon  and  vanilla ;  and  a  ta^te  at  first  greasy,  but  aJler- 
wards  burning  and  aromatic.  It  crackles  between  the  teeth.  It  requires  a  high  temper- 
ature for  distillation,  and  becomes  then  brown  and  empyreumatic.  It  is  very  soluble  in 
alcohol. 

Tke  oil  of  clove»  is  extracted  from  the  dried  flower  buds  of  the  earyophyUus  aromai" 
tcut.  It  is  colorless,  or  yellowish,  has  a  strong  smell  of  the  dovesi,  and  a  burning 
taste.  Its  specific  gravity  is.  1*061.  It  is  one  of  the  least  volatile  oils,  and  the  most 
difficalt  to  distil.  At  the  end  of  a  certain  time  it  deposites  a  crystalline  concrete  oil.  A 
similar  stearessence  is  obtained  by  boiling  the  bruised  cloves  in  alcohol,  and  letting  the 
solution  cool.  The  crystals  thus  formed  are  brilUant,  white,  grouped  in  globules,  with- 
out taste  and  smell.  Oil  of  cloves  has  remarkable  chemical  properties.  It  dissolves  ia 
alcohol,  ether,  and  acetic  acid.  It  does  not  solidify  at  a  temperature  of  4®  under  0^  F., 
even  when  exposed  to  that  cold  for  several  hours.  It  absorbs  chlorine  gas,  becomes 
green,- then  brown,  and  turns  resinous.  Nitric  acid  makes  it  red,  and  if  heated  upon  it, 
converts  it  into  oxalic  acid.  If  mixed  by  slow,  degrees  with  one  third  of  its  weight  of 
sulphuric  acid,  an  acid  liquor  is  formed,  at  whos^  bottom  a  resin  of  a  fine  purple  color  is 
found.  AAer  being  wftshed,  this  resin  becomes  hard  and  brittle.  Alcohol  disaoives  it, 
and  takes  a  red  color ;  and  water  precipitates  it  of  a  blood  red  hue.  It  dissolves  also  ia 
ether.  When  we  agitate  a  mixture  of  strong  caustic  soda  ley  and  oil  of  cloves  in  equal 
parts,  the  mass  thickens  very  soon,  and  forms  delicate  lamellar  crystals^  If  we  then  poar 
Water  upon  it,  and  distil,  there  passes  along  with  the  water,  a  small  quantity  of  an  oil 
which  differs  from  oil  of  cloves  both  in  taste  and  chemical  properties.  During  the  cool- 
ing, the  liquor  led  in  the  retort  lets  fall  a  quantity  of  crystalline  needles,  which  beiog 
separated  by  expression  from  the  alkaline  liquid,  are  almost  inodorous,  but  possess  au 
alkaline  taste,  joined  to  the  burning  taste  of  the  oiL  These  crystals  require  for  soluiioa 
firom  10  to  12  parts  of  cold  water.  Potash  ley  produces  similar  effects.  Ammoniacal 
gas  transmitted  through  the  oil  is  absorbed  and  makes  it  thick.  Tbe  concrete  combifta- 
tion  thus  formed  remains  solid  as  long  as  the  vial  containing  it  is  corked,  but  when  open- 
ed, the  compound  becomes  liquid ;  and  these  phenomena  may  be  reproduced  as  many  times 
us  we  please.  Such  oombinations  are  decomposed  by  acids,  and  the  oil  set  at.  liberty  has 
tbft  same  taste  and  smell  as  at  first,  but  it  has  a  deep  red  color.  The  alkalis  enaUe  us 
to  detect  the  presence  of  other  oils,  as  that  of  turpentine  or  sassafras,  in  that  of  clovesy 
because  they  fix  the  Itftter,  while  the  former  may  be  volatilized  with  water  by  distilling 
the  mixture.  Tbe  oil  of  cloves  found  in  commerce  i^  not  pure,  but  contains  a  mixture  of 
the  tincture  of  pinks  or  clove-gillyflowers,  whose  acrid  resin  is  thereby  introdueed.  It 
is  sometimes  sophisticated  with  other  oils. 

The  oil  of  elder  is  extracted  by  distillation  from  the  flowers  of  the  sawbiscus  ittgr«.  It 
has  the  consistence  of  butter.    The  watery  solution  is  used  in  medicine. 

Oil  of  fennel  is  extracted  by  distillation  from  the  seeds  of  the  anelhumfmmadum.  It  is 
either  colorless  or  of  a  yellow  tint,  has  the  smell  of  the  plant,  and  a  specific  gravity  of 
0*997.  When  treated  with  nitric  acid,  it  affords  benzoin.  It  congeals  at  the  tempera- 
ture of  14°  F.,  and  then  yields  by  pressure  a  solid  and  a  liquid  oil ;  the  former  appearii^t 
in  crystalline  plates.     It  is  used  in  this  country  for  scenting  soap. 

Oils  of  fermented  liquors.  The  substances  usually  fermented  contain  a  small  quantity 
of  esseatial  oils,  which  become  volatile  along  with  the  alcoholic  vapors  in  distiUatiMi, 
and  progressively  increase  as  the  spirits  become  weaker  towards  the  end  of  the  process. 
The  vapors  then  condense  into  a  milky  liquor.  These  oils  adhere  strongly  to  the 
akohoU  and  give  it  a  peculiar  acrid  taste«    Thev  «Ktffer  socopliiig  to  the  Twomm 


OILS,  VOLATILE  OE  ESSENTIAL.  m 

ftom  wAeh  tiiey  tre  obtained,  and  combine  with  greater  or  less  fhcUtty  with  canstie 
alkalis. 

1.  Oil  of  grain  apiriU.  At  the  ordinary  temperature  it  is  partially  a  white  solid; 
when  cooled  lower  it  assumes  the  aspect  of  soet,  and  therefore  coasiste  chiefly  of  stear- 
essence.  Its  taste  and  smell  are  most  offensive  ^  it  swims  upon  the  surface  of  water, 
and  even  of  spirit  ooataitiiag  30  per  cent,  of  aicohol.  It  sometimes  derives  a  green 
color  from  the  copper  worm  of  the  stUL  When  heated  it  fuses  and  turns  yellow. 
When  it  has  become  resinous  by  the  agency  of  the  atmosphere,  it  gives  a  greasy  stain  to 
paper.  It  dissolves  in  6  parts  of  anhydrous  alcohol,  aod  in  two  of  ether ;  and  is  said  to 
crystallize  when  the  spirit  solution  has  been  saturated  with  it  hot,  and  is  allowed  to 
cooL  By  exposure  to  a  freezing  mixture,  the  whiskey  which  contains  it  lets  it  f€dl. 
Caustic  potash  dissolves  it  very  slowly,  and  forms  a  soap  soluble  in  60  parts  of  water 
It  is  absorbed  by  wood  charcoal,  and  still  better  by  bone  black ;  whereby  it  may  be  com- 
pletely abstracted  from  bad  whiskey*  According  to  Buchner,  another  oil  may  also  be  ob- 
tained from  the  residuum  of  the  second  distillation  of  whiskey,  if  saturated  with  sea  salty 
and  again  distUled.  Thus  we  obtain  a  pale  yellow  fluid  oil,  which  does  not  concrete  with 
cold,  possessed  of  a  disagreeable  smell  and  acrid  taste.  Its  specific  gravity  is  0*835.  It 
is  soluble  in  alcohol  and  ether. 

2.  The  oil  from  potato  spirits  has  properties  quite  differeot  from  the  preceding.  It 
is  obtained  in  considerable  quantity  by  continuing  the  distillation  after  most  of  the  al- 
cohol has  come  over,  and  it  appears  in  the  form  of  a  yellowish  oil,  mixed  with  water 
and  spirits.  After  being  agitated  first  with  water,  then  with  a  strong  solution  of  mu- 
riate of  lime,  and  distilled  afresh,  it  possesses  the  following  properties ;  it  is  coloriess, 
limpid,  has  a  peculiar  smell,  and  a  bitter  hot  taste  of  considerable  permanence.  It 
leaves  no  greasy  stain  upon  paper,  remains  liquid  at  (P  F.,  but  cooled  below  that  point 
it  crystallizes  like  oil  of  anise-seei.  When  pure  it  boils  at  257®  F. ;  but  at  a  lower 
degree,  if  it  contains  alcohoL  Its  specific  gravity  is  0*821,  or  0*823  when  it  contains  a 
little  water.  It  burns  with  a  clear  flame  without  smoke,  but  it  easily  goes  out,  if  not 
burned  with  a  wick.  It  dissolves  in  small  quantity  in  water,  to  which  it  imparts  its 
taste  and  the  properties  of  forming  a  lather  by  agitation.  It  dissolves  in  all  proportions 
in  alcohol.  Chlorine  renders  it  green.  Concentrated  sulphuric  acid  converts  it  into  a 
crimson  solution,  from  which  it  is  precipitated  yellow  by  water.  It  dissolves  in  all  pro- 
portions in  acetic  acid.  Concentrated  caustic  leys  dissolve  it,  but  give  it  up  to  water.  It 
does  not  appear  to  be  poisonous,  like  the  oil  of  com  spirits ;  b^ause,  when  given  by 
spoonfhls  to  dogs,  it  produced  no  other  effect  but  vomiting. 

3.  The  oil  of  brandy  or  grape  spirils  is  obtained  durimc  the  distillation  of  the  fermented 
residuum  of  expressed  grapes ;  being  produced  immediately  after  the  spirituous  liquor 
has  passed  over.  It  Is  very  fluid,  limpid,  of  a  penetrating  odor,  and  an  acrid  disagree- 
able taste.  It  grows  soon  yellow  in  the  air.  When  this  oil  is  distilled,  the  first  portions 
of  it  pass  unchanged,  but  afterwards  it  is  decomposed  and  becomes  empyreumatic.  It  dis- 
solves in  1000  parts  of  water,  and  communicates  to  it  its  peculiar  taste  and  smell.  One 
drop  of  it  is  capable  of  giving  a  disagreeable  flavor,  to  ten  old  English  gallons  of  spirits. 
It  combines  with  the  caustic  alkalis,  and  dissolves  sulphur. 

Oil  of  jumper  is  obtained  by  distilling  juniper  berries  along  with  water.  These  should' 
be  bmised,  because  their  oil  is  contained  in  small  sacs  or  reservoirs,  which  must  be  laid: 
open  before  the  oil  can  escape.  It  is  limpid  and  colorless,  or  sometimes  of  a  faint 
greenish  yellow  color.  Its  specific  gravity  is  0*911.  It  has  the  smell  and  taste  of  the^ 
juniper.  Water,  or  even  alcohol,  dissolves  very  little  of  it.  Gin  contains  a  very  minute- 
quantity  of  this  oil.  Like  oil  of  turpentine,  it  imparts  to  the  urine  of  persons  who  swallowv 
it,  the  smell  of  violets.  Oil  of  juniper  is  frequently  sophisticated  with  oil  of  turpentine 
introduced  into  the  still  with  the  berries ;  a  fraud  easily  detected  by  the  diminished  den- 
sity of  the  mixture. 

The  oU  of  lavender  is  extracted  from  the  flowering  spike  of  the  lavandtUa  spica,  ft  is 
yellow,  very  fluid,  has  a  strong  odor  of  the  lavender,  and  a  burning  taste.  The- 
specific  gravity  of  the  oil  found  in  commerce  is  0*898  at  the  temperature  of  72^  F.,  and 
of  0*877  when  it  has  been  rectified.  It  is  soluble  in  all  proportions  in  alcohol  of  0*830, 
but  alcohol  of  0-887  dissolves  only  42  per  cent,  of  its  weight.  The  fresh  oil  detonates 
slightly  when  mixed  with  iodine,  with  the  production  of  a  yellow  cloud.  There  occars 
in  eommeroe  a  kind  of  oil  of  lavender  known  under  the  name  of  oil  of  aspic  or  oil  of^spike, 
extracted  by  distillation  from  a  wild  variety  of  the  lavandula  spica,  which  hes  large 
leaves,  and  is  therefore  called  kUifoHa.  This  oil  is  manufactured  in  the  south  of  Europe. 
Its  odor  is  less  characteristic  than  that  of  the  lavender,  resembling  somewhat  that  of 
ofl  of  turpentine,  with  which  it  is  indeed  often  adulterated.  It  is  also  ao  cheap  as 
to  be  sometimes  used  instead  of  the  latter  oil.  Oil  of  lavender  deposites,  when  partially^ 
exposed  to  the  air,  a  oonorete  oU,  which  resembles  camphor,  to  the  amount  oTone  fourth . 
if  its  weight. 

of  kmem  is  extraeled  by  preMure  from  the  yeUow  peel  of  the  Ihiit  otthelmamif  <mt 
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ntnu  medica,  In  this  state  it  is  a  yellowish  Anid,  hamg  a  specific  gravity  or%*85I7  $ 
bat  when  distilled  along  with  water  till  three  fifths  of  the  oil  have  come  over,  it  is  ob» 
tained  in  a  colorless  state,  and  of  a  specific  gravity  of  0*847  at  72?  F.  This  oil  does  not 
become  concrete  till  cooled  to  4**  below  0^  F« 

The  oil  of  lemons  has  a  very  agreeable  smell  of  the  fniit,  which  is  injured  by  distilla- 
tion. It  is  soluble  in  all  proportions  in  anhydrous  alcohol,  but  only  14  parts  dissolve  m 
100  of  spirits  of  wine  of  specific  gravity  0*837.  Tliis  oil,  especially  when  distilled,  foims 
with  muriatic  acid  similar  camphorated  compounds  with  oil  of  turpentine,  absorbing  m» 
less  than  280  volumes  of  the  acid  gas. 

Oil  of  lemons  kept  long,  in  ill-corked  bottles,  generates  a  quantity  of  stearessence, 
which  when  dissolved  in  alcohol,  precipitated  by  water,  and  evaporated,  affords  brilliant, 
colorless,  transparent,  needles.    Some  acetic  acid  is  also  generated  in  the  oldoiL    Accord 
ing  to  Brandes,  the  specific  gravity  of  oil  of  lemons  is  0*8786. 

Th^  oil  of  mace  lets  fall,  after  a  certain  time,  a  concrete  oil  under  the  Ibnn  of  a  cr|»- 
talline  crust,  called  by  John  myrUiicine, 

The  oil  of  nutmegs  is  extracted  chiefiy  from  mace,  which  is  the  inner  epidermis  ot 
these  nuts.  It  is  colorless,  or  yellowish,  a  little  viscid  with  a  strong  aromatic  odor 
of  nutmegs,  an  acrid  taste,  and  a  specific  gravity  of  0*948.  It  consists  of  two  oils,  which 
may  be  easily  separated  from  each  other  by  agitation  with  water ;  for  one  of  them,  which 
is  more  volatile  and  aromatic,  comes  to  the  surface,  while  the  other,  which  is  denser, 
white,  and  of  a  buttery  consistence,  falls  to  the  bottom.  The  latter  liquefies  by  the  heat 
of  the  hand. 

Tke  oil  of  orange  Jlowere,  called  neroli,  is  extracted  from  the  fresh  flowers  of  the  eiimt 
aurantium.  When  recently  prepared  it  is  yellow ;  but  when  exposed  for  two  hours  to 
the  rays  of  the  sun,  or  for  a  longer  time  to  diffuse  daylight,  it  becomes  of  a  ydlowish- 
red.  It  is  very  fluid,  lighter  than  water,  and  has  a  most  agreeable  smell.  The  aqueous 
solution  known  under  the  name  of  orange-flower  water,  is  used  as  a  perfume.  It  is 
obtained  either  by  dissolving  the  oil  in  water,  or  by  distilling  with  water  the  leaves  either 
fresh  or  salted  ;  the  first  being  the  stronger,  but  the  last  being  the  more  firagrant  prepar- 
ation. Orange-flower  water  obtained  by  distillation,  contains  besides  the  oU,  a  principle 
which  comes  over  with  it,  of  a  nature  hitherto  unknown ;  it  possesses  the  property  of  im- 
parting to  water  the  faculty  of  becoming  red  with  a  few  drops  of  sulphuric  acid.  The 
water  formed  from  the  oil  alone,  is  destitute  of  this  property.  The  intensity  of  the  rose- 
color  is  a  test  in  some  measure  of  the  richness  of  the  water  in  oil. 

The  oil  of  parsley  is  extracted  from  the  apium  petroselinum.  It  is  of  a  pale  yellow 
color,  having  the  smell  of  the  plant,  and  consists  of  two  oils  separable  by  agitation  in 
water.  Its  liquid  part  floats  upon  Uie  surface  in  a  very  fluid  form ;  its  stearessence, 
which  falls  to  the  bottom,  is  butyraceous  and  crystallizes  at  a  low  temperature.  This 
concrete  oil  melts  at  86®  F.  • 

The  oil  of  pepper  is  extracted  from  the  piper  nigrum.  In  the  recent  state  it  is  limpid 
and  colorless,  but  by  keeping  it  becomes  yellow.  It  swims  upon  the  surface  of  water. 
In  odor  it  resembles  pepper,  but  is  devoid  of  its  hot  taste. 

The  oil  of  peppermint  is  extracted  from  the  mentha  piperita.  It  is  yellowish,  and  endued 
with  a  very  acrid  burning  taste.  Its  specific  gravity  is  0*920..  At  6^  or  7°  below  (P  F., 
it  deposites  small  capillary  crystals.  After  long  keeping  it  affords  a  stearessence  resem- 
bling camphor,  provided  the  oil  had  been  obtained  from  the  dry  plant  gathered  in  flower, 
but  not  from  distillation  of  the  fresh  plant.  When  artificially  cooled,  it  yields  6  per  cent, 
of  stearessence,  which  cr}'stallize8  in  prisms  with  three  sides,  has  an  acrid,  somewhat  rank 
taste,  is  soluble  in  ether  and  alcohol,  and  is  thrown  down  from  the  latter  solution  by  water 
in  the  form  of  a  white  powder.  Peppermint  water  is  characterized  by  the  sensation  of 
coolness  which  it  diffuses  in  the  mouth. 

The  oil  of  pimento  is  extracted  from  the  envelopes  of  the  fruits  Of  the  myrttu  pimeniOy 
which  afford  8  per  cent,  of  it.  It  is  yellowish,  almost  colorless,  of  a  smell  analogous  to 
that  of  cloves,  an  acrid  burning  taste,  and  a  specific  gravity  greater  than  water.  Nitric 
acid  makes  it  first  red,  and  after  the  effervescence,  of  a  rusty  brown  hue.  It  combines 
with  the  salifiable  bases,  like  oil  of  cloves. 

The  oil  of  rhodium  is  extracted  from  the  wood  of  the  convolvohu  scoparius.  It  is  very 
fluid,  and  has  a  yellow  color,  which  in  time  becomes  red.  It  has  somewhat  of  the  rose 
odor,  and  is  used  to  adulterate  the  genuine  otto.  Its  taste  is  bitter  and  aromatic,  which 
it  imparts  to  the  otto  as  well  as  its  fluidity. 

The  oil  of  rosesj  called  also  the  attar  or  ottOy  is  extracted  by  distillation  from  the  petals 
of  the  rosa  centifolia  and  sempervirens.  Our  native  roses  furnish  such  small  quantities 
of  the  oil,  that  they  are  not  worth  distilling  for  the  purpose.  The  best  way  of  operating 
is  to  return  the  distilled  water  repeatedly  upon  fresh  petals,  and  eventually  to  oool  the 
saturated  water  with  ice ;  whereby  a  little  butyraceous  oil'  is  deposited.  Bat  the  oil 
thus  obtained  has  not  a  very  agreeable  odor,  being  injured  by  the  action  of  the  air  ia 
^be  repeated  distillations.    In  the  East  Indies,  the  attar  is  obtained  by  stratifying  rose 
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leares  in  earthen  pans  in  alternate  layers,  with  the  oleiferous  seeds  of  a  species  of  digi- 
talis, called  gen^eli,  for  several  days,  in  a  cool  situation.  The  fat  oil  of  the  seed  absorbs 
the  essential  oil  of  the  rose.  By  repeating  this  process  with  fresh  leaves  and  the  same 
seed,  this  becomes  eventually  swollen,  and  being  then  expressed  furnishes  the  oil.  The 
turbid  liquid  thus  obtained  is  leA  at  rest,  in  well-closed  vessels,  where  it  gets  clarified. 
The  layer  of  oil  that  floats  on  the  top  is  then  drawn  off  by  a  capillary  cotton  wick,  and 
subjected  to  distillation  along  with  water,  whereby  the  volatile  otto  is  separated  from  the 
fiit  seed-oil. 

The  oil  of  roses  is  colorless,  and  possesses  the  smell  of  roses,  which  is  not  however 
agreeable,  unless  when  diffused,  for  in  its  4:onc^ntrated  state  it  is  far  from  pleasant  to  the 
nostrils,  and  is  apt  to  occasion  headaches.  Its  taste  is  bland  and  sweetish.  It  is  lighter 
than  water,  and  at  the  temperature  of  92^,  its  specific  gravity  compared  to  that  of  water 
at  60^  is  0*832.  At  lower  temperatures  it  becomes  concrete  and  butyraceous ;  and  after- 
wards fuses  at  90°.  It  is  but  slightly  soluble  in  alcohol ;  1000  parts  of  this  liquid  at  0*806 
dissolving  only  7}  parts  at  58°  F.  This  oil  consists  of  two  parts,  the  stearessence  and 
oleiessence ;  the  latter  being  the  more  volatile  odoriferous  poction. 

Thi  oil  of  rosemary  is  extracted  from  the  rosmarinus  officialise  It  is  as  limpid  as  water, 
has  the  smell  of  the  plant,  and  in  other  respects  resembles  oil  of  turpentine.  The  oil 
found  in  commerce  has  a  specific  gravity  of  0*911,  which  becomes  0*8886  by  rectification. 
It  boils  at  320°  F.  (occasionally  at  329°).  It  is  soluble  in  all  portions  in  alcohol  of  0-830. 
When  kept  in  imperfectly  closed  vessels,  it  deposites  a  stearessence  to  the  amount  of  one 
tenth  of  its  weight,  resembling  camphor.  It  is  sometimes  adulterated  with  oil  of  turpen- 
tine, a  fraud  easily  detected  by  adding  anhydrous  alcohol,  which  dissolves  only  the  oil  of 
rosemary. 

The  oil  of  saffron  is  extracted  from  the  stigmata  of  the  crocus  sativus.  It  is  yellow, 
very  fluid,  falls  to  the  bottom  of  water,  difiuses  the  penetrating  odor  of  the  plant,  and  has 
an  acrid  and  bitter  taste.     It  is  narcotic. 

The  oil  of  sassafras  is  extracted  from  the  woody  root  of  the  lauras  sassafras.  It  is 
colorless,  but  at  the  end  of  a  certain  time  it  becomes  yellow  or  red.  It  has  a  peculiar, 
sweetish,  pretty  agreeable,  but  somewhat  burning  taste.  Its  speciflc  gravity  is  1'094. 
According  to  Bonastre,  this  oil  separates  by  agitation  with  water  into  an  oil  lighter  and 
an  oil  heavier  than  this  fluid.  When  Ion?  kept,  it  deposites  a  stearessence  in  transparent 
and  colorless  crystals,  which  have  the  smell  and  taste  of  the  liquid  oD. 

The  oil  of  savine  is  extracted  from  the  leaves  of  the  juniperus  sabina.  It  is  limpid, 
and  has  the  odor  and  taste  of  the  plant,  which  is  one  more  productive  of  volatile  oil  than 
an  J  other. 

The  oil  of  tansy  has  a  specific  gravity  of  0*946,  the  penetrating  odor  of  the  tanaceium 
vuigare,  with  an  acrid  and  bitter  taste. 

Oil  of  turpentine,  commonly  called  essence  of  turpentine.  It  is  extracted  from  several 
species  of  turpentine,  a  semi-liquid  resinous  substance  Which  exudes  from  certain  trees 
of  the  pine  tribe,  and  is  obtained  by  distilling  the  resin  along  with  water.  This  oil  is 
the  cheapest  of  all  the  volatile  species,  and,  as  commonly  sold,  contains  a  little  resin, 
from  which  it  may  be  freed  by  re-distillalion  with  water.  It  is  colorless,  limpid,  very 
fluid,  and  has  a  very  peculiar  smell.  Its  specific  gravity  at  60°  is  0*872 ;  that  of  the 
spirit  on  sale  in  the  shops  is  0*876.  This  oil  always  reddens  litmus  paper,  because  it  con- 
tains a  little  succinic  acid. 

100  parts  of  spirits  of  wine,  of  specific  gravity  0*84,  dissolve  only  131  of  oil  of  turpen- 
tine at  72^  F.  When  aj?itafed  with  alcohol  at  0*830  the  oil  retains  allerwards  one  fifth 
of  its  bulk  of  the  spirit;  hence  this  proposed  method  for  purifying  oil  of  turpentine  is 
defective.  The  oil,  if  left  during  four  months  in  contact  with  air,  is  cai)able  of  absorbing 
20  times  its  bulk  of  oxygen  gas.  One  volume  of  rectified  oil  of  turpentine  absorbs  at 
the  temperature  of  72°,  and  under  the  common  atmospheric  pressure,  163  times  its  vol- 
ume of  muriatic  acid  j;ns,  provided  the  vessel  be  kept  cool  with  ice.  This  mixture  being 
allowed  to  repose  for  24  hours,  produces  out  of  the  oil  from  26  to  47  per  cent,  of  a  white 
erystalline  substance,  which  subsides  to  the  bottom  of  a  brown,  smoking,  translucent 
liquor.  Others  say  that  100  parts  of  oil  of  tui-pentine  yield  110  of  this  crystalline 
matter,  which  was*called  by  Kind,  its  discoverer,  artificial  camphor,  from  its  resemblance 
in  smell  and  appearance  to  this  substance.  Both  the  solid  and  the  liquid  are  combina- 
tions of  muriatic  acid  and  oil  of  turpentine ;  indicating  the  existence  of  a  stearine  and  an 
oleine  in  the  latter  substance.  The  liquid  compound  is  lighter  than  water,  and  is  not 
decomposed  by  it,  nor  does  it  furnish  any  more  solid  matter  when  more  muriatic  gas  ie 
passed  through  it.  The  solid  compound,  after  being  washed  first  with  water  containing 
a  little  carbonate  of  soda,  then  with  pure  water,  and  finally  purified  by  sublimation  with 
some  chalk,  lime,  ashes,  or  charcoal,  appears  as  a  white,  translucent,  crystalline  body,  in 
the  form  of  flexible,  tenacious  needles.  It  swims  upon  the  surface  of  water,  diffuses  a 
faint  smell  of  camphor,  commonly  mixed  with  that  of  oil  of  turpentine,  and  has  rather 
an  aromatic  than  a  camphorated  taste.      It  does  not  redden  litmus  paper.     Water 
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dissolres  a  very  minute  quantity ;  but  cold  alcohol  of  0*806  dissolves  fully  one  third  of 
its  weight,  and  Lot  much  more,  depositing,  as  it  cools^  this  excess  in  the  form  of  crystals. 
The  solution  is  not  preeipitated  by  nitrate  of  silver,  which  shows  that  the  nature  of  the 
muriatic  acid  is  perfectly  masked  by  the  combination.  It  is  composed,  in  100  parts,  of 
76*4  carbon,  9*6  hydrogen,  and  14  muriatic  acid.  The  muriatic  acid,  or  chlorine,  may  be 
separated  by  distiUing  an  alcoholic  solution  of  the  artificial  camphor  12  or  14  times  in 
succession  with  slaked  lime. 

Oil  of  turpentine  is  best  preserved  in  casks  enclosed  within  others,  with  water  between 
the  two.    Its  principal  use  is  for  making  Varnishes,  and  as  a  remedy  for  the  tape-wonn. 

Tke  oil  of  thyme  is  extracted  from  the  thymus  itrpyllum.  It  is  reddish  yellow,  has  an 
agreeable  smell,  and,  after  being  long  kept,  it  lets  fall  a  crj'stalline  stearessence.  It  is 
used  merely  as  a  perfume. 

The  oil  of  vjormwood  is  extracted  from  the  artemUia  absinthium.  It  is  yellow,  or 
sometimes  green,  and  possesses  the  odor  of  the  plant.  Its  taste  resembles  that  of 
wormwood,  but  without  its  bitterness.  Its  specific  gravity  is  0*9703,  according  to  Brisson, 
and  0*9725,  according  to  Brandes.  It  detonates  with  iodine  when  it  is  fresh.  Treated 
with  nitric  acid  of  1*25  specific  gravity,  it  becomes  first  blue,  and  after  some  time 
brown. 

OIL  OF  VITRIOL  is  the  old  name  of  concentrated  Sulphuric  Acid. 

OLEATES  are  saline  compounds  of  oleic  acid  with  the  bases. 

OLEFIANT  GAS  is  the  name  originally  given  to  bi-carbureted  hydrogen. 

OLEIC  ACID  is  the  acid  produced  by  saponifying  olive  oil,  and  then  separating  the 
base  by  dilute  sulphuric  or  muriatic  acid.    See  Fats,  and  Steahine. 

OLEINE  is  the  thin  oily  part  of  fats,  naturally  associated  in  them  with  glycerine, 
margarine,  and  stearine. 

OLIBANUM  is  a  gum-resin,  used  only  as  incense  m  Roman  Catholic  churches. 

OLIVE  OIL.    See  Oils,  ukctuous. 

ONYX,  an  ornamental  stone  of  little  value ;  a  subspecies  of  quartz. 

OOLITE  is  a  species  of  limestone  composed  of  globules  clustered  together,  commonly 
without  any  visible  cement  or  base.  These  vary  in  size  from  that  of  small  pin-heads  to 
peas ;  they  sometimes  occur  in  concentric  layers,  at  others  they  are  compact,  or  radiated 
from  the  centre  to  the  circumference ;  in  which  case,  the  oolite  is  called  roogertstein  by  the 
German  mineralogists.  In  geology  the  oolitic  series  includes  all  the  strata  between  the 
iron  sand  above  and  the  red  marl  below.  It  is  the  great  repositor}'  qf  the  best  architect- 
aral  materials  which  the  midland  and  eastern  parts  of  England  produce ;  it  is  divided  into 
three  systems  : — 

1.  The  upper  oolite,  including  the  argillo^calcareous  Purbeck  strata,  which  separate  the 
iron  and  oolitic  series ;  the  oolitic  strata  of  Portland,  Tisbury,  and  Aylesbury  ;  the  calca- 
reous sand  and  concretions,  as  of  Shotover  and  Thame;  and  the  argillo-calcareous  forma- 
tion of  Kimmeridge,  the  oak  tree  of  Smith. 

2.  The  middle  oolite  ;  the  oolitic  strata  associated  with  the  coral  rag ;  calcareous  sand 
and  grit ;  great  Oxford  clay,  between  the  oolites  of  this  and  the  following  system. 

3.  The  lower  oolite ;  which  contains  numerous  oolitic  strata,  occasionally  subdiTided  by 
thin  argillaceous  beds ;  including  the  cornbrash,  forest  marble,  schistose  oolite,  and  sand 
of  Stonesfield  and  Hinton,  great  oolite  and  inferior  oolite ;  calcareo-silicious  sand  passing 
into  the  inferior  oolite ;  great  argillo-calcareous  formation  of  lias,  and  lias  marl,  constitu- 
ting the  base  of  the  whole  series. 

These  formations  occupy  a  zone  30  miles  broad  in  England. 

OOST,  or  OAST ;  t ae  trivial  or  provincial  name  of  the  stove  in  which  the  picked  hops 
are  dried. 

OPAL ;  an  ornamer.tal  stone  of  moderate  value.     See  Lapidabt. 

OPERAMETER  is  the  name  given  to  an  apparatus  patented  in  February,  1829,  by 
Samuel  Walker,  cloth  manufacturer,  in  the  parish  of  Leeds.  It  consists  of  a  train  of 
toothed  wheels  and  pinions  enclosed  in  a  box,  having  indexes  attached  to  the  central 
arbor,  like  the  hands  of  a  clock,  and  a  dial  plate ;  whereby  the  number  of  rotations  of  a 
shaft  projecting  from  the  posterior  part  of  the  box  is  shown.  If  this  shaft  be  connected 
by  any  convenient  means  to  the  working  parts  of  a  gig  mill,  shearing  frame,  or  any  other 
machinery  of  that  kind  for  dressing  cloths,  the  number  of  rotations  made  by  the  operating 
machine  will  be  exhibited  by  the  indexes  upon  the  dial  plate  of  this  apparatus.  In  dress- 
ing cloths,  it  is  often  found  that  too  little  or  too  much  work  has  been  expended  upon  them, 
in  consequence  of  the  unskilfulness  or  inattention  of  the  workmen.  By  the  use  of  the 
operameter,  that  evil  will  be  avoided,  as  the  master  may  regulate  and  prescribe  beforehand 
by  the  dial  the  number  of  turns  which  the  wheels  should  perform. 

A  similar  clock-work  mechanism,  called  a  counteTy  has  t>een  for  a  great  many  yean 
employed  in  the  cotton  factories  to  indicate  the  number  of  revolutions  of  the  main  shaft 
of  the  mill,  and  of  course  the  quantity  of  yarn  that  might  or  should  be  spun,  or  of  cloth 
that  might  be  woven  in  the  power  looms.     A  common  pandiflum  or  spring  dock  k 


OPIUM.  917 

commQiily  set  up  alongside  of  the  coanter ;  and  sometimes  the  indexes  of  both  are  rog^i^ 
faUed  to  go  together,  when  the  mill  performs  its  average  work. 

OPIUM,  is  the  juice  which  exudes  from  incisions  made  in  the  heads  of  ripe  poppies, 
{papaver  somni/erum,)  rendered  concrete  by  exposure  to  the  air  and  the  sun.  The  best 
opium  which  is  found  in  the  £uropean  markets  comes  from  Asia  Minor  and  £gypt ; 
what  is  imported  from  India  is  reckoned  inferior  in  quality.  This  is  the  most  valuable  of 
all  the  vegetable  products  of  the  gum-resin  family  i  and  very  remarkable  for  the  complexity 
of  its  chemical  composition.  Though  examined  by  many  able  analysts,  it  still  requires 
farther  elucidation. 

Opium  occurs  in  brown  lumps  of  a  rounded  form  about  the  size  of  the  fist,  and 
often  larger ;  having  their  surface  covered  with  the  seeds  nnd  leaves  of  a  species  of 
rumex,  for  the  purpose  of  preventing  the  mutual  adhesion  of  the  pieces  in  their  semi- 
indurated  state.  These  seeds  are  sometimes  introduced  into  the  interior  of  the  masses 
to  increase  their  weight ;  a  fraud  easily  detected  by  cutting  them  across.  Good  opium 
is  hard  in  the  cold,  but  becomes  flexible  and  doughy  when  it  is  worked  between  the  hot 
hands.  It  has  a  characteristic  smell,  which  by  heat  becomes  stronger,  and  very  offensive 
to  the  nostrils  of  many  persons.  It  has  a  very  bitter  taste.  Water  first  softens,  and 
then  reduces  it  to  a  pasty  magma.  Proof  spirit  digested  upon  opium  forms  laudanum, 
being  a  better  solution  of  its  active  parts  than  can  be  obtained  by  either  water  or  strong 
alcohol  alone.  Water  distilled  from  it  acquires  its  peculiar  smell,  but  carries  over  no 
volatile  oil. 

Opium  was  analyzed  by  Bucholz  and  Braconnot,  but  at  a  period  anterior  to  the 
knowledge  of  the  alkaline  properties  of  morphia  and  opian  (narcotine).  Bucholz 
found  in  100  parts  of  it,  9-6  of  resin  ;  30-4  of  gum ;  35-6  of  extractive  matter ;  4*8  of 
caoutchouc ;  11*4  of  gluten;  2*0  of  ligneous  matter,  as  seeds,  leaves,  &c. ;  6*8  of  water 
and  loss.  John,  who  made  his  analysis  more  recently,  obtained  2*0  parts  of  a  rancid 
nauseous  fat ;  12*0  of  a  brown  hard  resin ;  10*0  of  a  soft  resin ;  2  of  an  elastic  substance ; 
12-0  of  morphia  and  opian ;  1*0  of  a  balsamic  extract ;  25*0  of  extractive  matter;  2*5  of 
the  meconates  of  lime  and  magnesia ;  18*5  of  the  epidermis  of  the  heads  of  the  poppy ; 
15  of  water,  salts,  and  odorous  matter. 

In  the  Numbers  of  the  Quarterly  Journal  of  Science  for  January  and  June,  1830, 
I  published  two  papers  upon  opium  and  its  tests,  containing  the  results  of  researches  made 
upon  some  porter  which  had  been  fatally  dosed  with  that  drug ;  for  which  crime,  a  man 
and  his  wife  had  been  capitally  punished,  about  a  year  before,  in  Scotland.*  From  the 
first  of  these  papers  the  following  extract  is  made : — 

*'  Did  the  anodyne  and  soporific  virtue  of  opium  reside  in  one  definite  principle, 
chemical  analysis  might  furnish  a  certain  criterion  of  its  powers.  It  has  been  pretty 
generally  supposed  that  this  desideratum  is  supplied  by  Serturner's  discovery  of  morphia. 
Of  this  narcotic  alkali  not  more  than  7  parts  can  be  extracted  by  the  most  rigid 
analysis  from  100  of  the  best  Turkey  opium ;  a  quantity,  indeed,  somewhat  above  the 
average  result  of  many  skilful  chemists.  Were  morphia  the  real  medicinal  essence  of 
the  poppy,  it  should  display,  when  administered  in  its  active  saline  state  of  acetate,  an 
operation  on  the  living  system  commensurate  in  energy  with  the  fourteen-fold  concen- 
tration which  the  opium  has  undergone.  But  so  far  as  may  be  judged  from  the  most 
authentic  recent  trials,  morphia  in  the  acetate  seems  to  be  little,  if  any,  stronger  as  a 
narcotic  than  the  heterogeneous  drug  from  which  it  has  been  eliminated.  Mr.  John 
Murray's  experiments  would,  in  fact,  prove  it  to  be  greatly  weaker;  for  he  gave  2 
drachms  of  superacetate  of  morphia  to  a  cat,  without  causing  any  poisonous  disorder. 
This  is  perhaps  an  extreme  case,  and  may  seem  to  indicate  either  some  defect  in  the 
preparation,  or  an  uncommon  tenacity  of  lile  in  the  animal.  To  the  same  effect 
La^saigne  found  that  a  dog  lived  12  hours  after  36  grains  of  acetate  of  morphia  in 
watery  solution  had  been  injected  into  its  jugular  vein.  The  morphia  meanwhile  was 
entirely  decomposed  by  the  vital  forces,  for  none  of  it  could  be  detected  in  the  blood 
drawn  from  the  animal  at  the  end  of  that  period.  Now,  from  the  effects  produced  by  5 
grains  of  watery  extract  of  opium,  injected  by  Orfila  into  the  veins  of  a  dog,  we  may  con- 
clude that  a  quantity  of  it,  equivalent  to  the  above  dose  of  the  acetate  of  morphia,  would 
have  proved  speedily  fatal. 

^  Neither  can  we  ascribe  the  energy  of  opium  to  the  white  crystalline  substance  called 
narcoiinei  or  opiauj  extracted  from  it  by  the  solvent  agency  of  sulphuric  ether ;  for  Orfila 
assures  us  that  these  crystals  may  be  swallowed  in  various  forms  by  man,  even  to  the 
amount  of  2  drachms  in  the  course  of  12  hours,  with  impunity ;  and  that  a  drachm  of  it 
dissolved  in  muriatic  or  nitric  acid  may  be  administered  in  the  food  of  a  dog  without 
fModncing  any  inconvenience  to  the  animal.    It  appears,  however,  on  the  same  authority, 

*  A  eonntry  mcrehftat  tmvelUngr  ia  a  •teuB-boa(  npim  the  river  Clyde,  w1w>  bed  inoeatioualy  divpUrad 
a  good  deal  of  moaeyt  ^"^a*  poisoned  witli  fwrter  chai^^ed  with  la^danam.  The  contents  of  the  dead  maa*e 
■*"iifi*h  were  sent  to  me  for  analysis. 
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that  30  grains  of  it  dissolved  in  acetic  or  sulphuric  acid  caused  dogs  that  had  swaBoweil 
the  dose  to  die  under  conTulsions  in  the  space  of  24  hours,  while  the  head  was  thrown 
backwards  on  the  spine.  Oil  seems  to  be  the  most  potent  menstruum  of  narcotine ;  foi 
3  grains  dissolved  in  oil  readily  kill  a  dog,  whether  the  dose  be  introduced  into  the  stom- 
ach or  into  the  jugular  vein. 

"  Since  a  bland  oil  thus  seems  to  develop  -the  peculiar  force  of  narcotine,  and  sinct 
opium  affords  to  ether,  and  also  to  ammonia,  an  unctuous  or  fatty  matter,  and  a  reaw 
(the  caoutchouc  of  Bucholz)  to  absolute  alcohol,  we  are  entitled  to  infer  that  the  activity 
of  opium  is  due  to  its  state  of  composition,  to  the  union  of  an  oleate  or  margarate  of  nar- 
cotine with  morphia. '  The  meconic  acid  associated  with  this  salifiable  base  has  no  nar> 
cotic  power  by  itself,  but  may  probably  promote  the  activity  of  the  morphia." 

Opian  or  narcotine,  and  morphia,  may  be  well  prepared  by  the  following  process. 
The  watery  infusion  of  opium  being  evaporated  to  the  consistence  of  an  extract,  every 
3  parts  are  to  be  diluted  with  one  and  a  half  parts  in  bulk  of  water,  and  then  mixed  in 
a  retort  with  20  parts  of  ether.  As  soon  as  5  parts  of  the  ether  have  been  distilled 
over,  the  narcotic  salt  contained  in  the  extract  will  be  dissolved.  The  fluid  contents  of 
the  retort  are  to  be  poured  hot  into  a  vessel  apart,  and  the  residuum  being  wash^  with 
5  other  parts  of  ether,  they  are  to  be  added  to  the  former.  Crystals  of  narcotine  will  be 
obtained  as  the  solution  cools.  The  remaining  extitict  is  to  be  diluted  in  the  retort 
with  a  little  water,  and  the  mixture  set  aside  in  a  cool  place.  After  some  time,  some 
narcotine  will  be  found  crystallized  at  the  bottom.  The  supernatant  liquid  thus 
freed  from  narcotine  being  decanted  off,  is  to  be  treated  with  caustic  ammonia;  and 
the  precipitate  thrown  upon  a  filter.  This,  when  well  washed  and  dried,  is  to  be 
boiled  with  a  quantity  of  spirit  of  wine  at  0*84,  equal  to  thrice  the  weight  of  the 
opium  employed,  containing  6  parts  of  animal  charcoal  for  every  hundred  parts  of  the 
drug.  The  alcoholic  solution  being  filtered  hot,  affords,  on  cooling,  colorless  crystals 
of  morphia. 

This  alkali  may  be  obtained  by  a  more  direct  process  without  alcohol  or  ether.  A  solu- 
tion of  opium  in  vinegar,  is  to  be  precipitated  by  ammonia ;  the  washed  precipitate  is  to 
be  dissolved  in  dilute  muriatic  acid,  the  solution  is  to  be  boiled  along  with  powdered  bone 
black,  filtered,  and  then  precipitated  by  ammonia.  This,  when  washed  upon  a  filter  and 
dried,  is  white  morphia,  which  may  be  dissolved  in  hot  alcohol,  if  fine  crystals  be  wanted. 
See  Morphia. 

Opium,  quantity  of, 


Imported. 

AeUined  fat  eon- 
Bumption. 

Ezportod. 

Ymr, 
1835. 
1836. 

Lbs. 
85,481 
130,794 

Us, 
31,181 
38,943 

Ut. 

74,126 

70,824 

Duty,  at  present.  Is,  per  lb. 

OPOBALSAM  is  the  balsam  of  Peru  in  a  dry  state. 

OPOPONAX  is  a  gum-resin  resembling  gum  ammoniac.     It  is  occasionally  used  in 
medicine. 

ORANGE  DYE  is  given  by  a  mixture  of  red  and  yellow  dyes  in  various  proportions. 
Annotto  alone  dyes  orange ;  but  it  is  a  fugitive  color. 

ORCINE  is  the  name  of  the  coloring  principle  of  the  lichen  deaUHttus,  The 
lichen  dried  and  pulverized  is  to  be  exhausted  by  boiling  alcohol.  The  solution 
filtered  hot,  lets  fall  in  the  cooling  c(}'stal]ine  flocks,  which  do  not  belong  to  the 
coloring  matter.  The  supernatant  alcohol  is  to  be  distilled  off,  the  residuum  is  to 
be  evaporated  to  the  consistence  of  an  extract,  and  triturated  with  water  till  this  liquid 
will  dissolve  no  more.  The  aqueous  solution  reduced  to  the  consistence  of  simp,  and 
leh  to  itself  in  a  cool  place,  lets '  fall,  at  the  end  of  a  few  days,  long  brown  brittle 
needles,  which  are  to  be  freed  by  pressure  from  the  mother  water,  and  dried.  That 
water  being  treated  with  animal  charcoal,  filtered  and  evaporated,  will  yield  a  second 
crop  of  crystals.  These  are  orcine.  Its  taste  is  sweet  and  nauseous ;  it  melts  readily 
in  a  retort  into  a  transparent  liquid,  and  distils  without  undergoing  any  changes.  It  is 
soluble  in  water  and  alcohol.  Nitric  acid  colors  it  blood-red ;  which  color  aAerwards 
disappears.  Subacetate  of  lead  precipitates  it  completely.  Its  conversion  into  the  archU 
red  is  effected  by  the  action  of  an  alkali,  in  contact  with  the  air.  When  dissolved, 
for  example,  in  ammonia,  and  exposed  to  the  atmosphere,  it  takes  a  dirty  brown  red 
hue ;  but  when  the  orcine  is  exposed  to  air  charged  with  vapors  of  ammonia,  it  assomes 
by  degrees  a  fine  violet  color.  To  obtain  this  result,  the  orcine  in  powder  should  be 
placed  in  a  capsule,  alongside  of  a  saucer  containing  water  of  ammonia ;  and  both 
should  be  covered  by  a  large  bell  glass;  whenever  the  orcine  has  acquired  a  dark 
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brown  cast,  it  must  be  withdrawn  from  under  the  bell,  and  the  excess  of  ammonia  be 
allowed  to  volatilize.  As  soon  as  the  smell  of  ammonia  is  gone,  the  orcine  is  to  be  dis- 
SQlved  in  water ;  and  then  a  few  drops  of  ammonia  being  poured  into  the  brownish 
liquid,  it  assumes  a  magnificent  reddish-violet  color.  Acetic  acid  precipitates  the  red 
lake  of  lichen. 

ORES  (Mtnea,  Fr. ;  Erze^  Germ.),  are  the  mineral  bodies  which  contain  so  much 
metal  as  to  be  worth  the  smelting,  or  being  reduced  by  fire  to  the  metallic  state.  The 
substances  naturally  combined  with  metals,  which  mask  their  metallic  characters,  are 
chiefly  oxygen,  chlorine,  sulphur,  phosphorus,  selenium,  arsenic,  water,  and  several  acids, 
of  which,  the  carbonic  is  the  most  common.  Some  metals,  as  gold,  silver,  platinum,  often 
occur  in  the  metallic  state,  either  alone,  or  combined  with  other  metals,  constituting  what 
are  called  native  alloys. 

I  have  described  in  the  article  Mine,  the  general  structure  of  the  great  metallic 
repositories  within  the  earth,  as  well  as  the  most  approved  methods  of  bringing  them 
to  the  surface ;  and  in  the  article  JVlETALi.uaGY,  the  various  mechanical  and  chemical 
operations  requisite  to  reduce  the  ores  into  pure  metals.  Under  each  particular  metal, 
moreover,  in  its  alphabetical  place,  will  be  found  a  systematic  account  of  its  most  impor- 
tant  ores. 

Relatively  to  the  theory  of  the  smelting  of  ores,  the  following  observations  may 
be  made.  It  is  probable  that  the  coaly  matter  employed  in  that  process  is  not  the 
immediate  agent  of  their  reduction ;  but  the  charcoal  seems  first  of  all  to  be  transformed 
by  the  atmospherical  oxygen  into  the  oxyde  of  carbon ;  which  gaseous  product  then 
surrounds  and  penetrates  the  interior  substance  of  the  oxydes,  with  the  eflfect  of  dec<nn- 
posing  them,  and  carrying  oflf  their  oxygen.  That  this  is  the  true  mode  of  action,  is 
evident  from  the  well-known  facts,  that  bars  of  iron,  stratified  with  pounded  charcoal, 
in  the  steel  cementation<chest,  most  readily  absorb  the  carbonaceous  principle  to  their 
innermost  centre,  while  their  surfaces  get  blistered  by  the  expansion  of  carbureted 
gases  formed  within;  and  that  an  Intermixture  of  ores  and  charcoal  is  not  always 
necessary  to  reduction,  but  merely  an  ioterstratification  of  the  two,  without  intimate 
contact  of  the  particles.  In  this  case,  the  carbonic  acid  which  is  generated  at  the  lower 
surfaces  of  contact  of  the  strata,  rising  up  through  the  first  bed  of  ignited  charcoal,  be- 
comes converted  into  carbonic  oxyde ;  and  this  gaseous  matter,  passing  up  through  the 
next  layer  of  ore,  seizes  its  oxygen,  reduces  it  to  metal,  and  is  itself  thereby  transformed 
once  more  into  carbonic  acid ;  and  so  on  in  continual  alternation.  It  may  be  laid 
down,  however,  as  a  general  rule,  that  the  reduction  is  the  more  rapid  and  complete,  the 
more  intimate  the  mixture  of  the  charcoal  ar\d  the  metallic  oxyde  has  been,  because  the 
formation  of  both  the  carbonic  acid  and  carbonic  oxyde  becomes  thereby  more  easy  and 
direct.  Indeed,  the  cementation  of  iron  bars  into  steel  will  not  succeed,  unless  the 
charcoal  be  so  porous  as  to  contain,  interspersed,  enough  of  air  to  favor  the  commence- 
ment of  its  conversion  into  the  gaseous  oxyde ;  thus  acting  like  a  ferment  in  brewing. 
Hence  also  finely  pulverized  charcoal  does  not  answer  well;  unless  a  quantity  of  ground 
iron  cinder  or  oxyde  of  manganese  be  blended  with  it,  to  afford  enough  of  oxygen  to  be- 
gin the  generation  of  carbonic  oxyde  gas;  whereby  the  successive  transformations  into 
acid,  and  oxyde,  are  put  in  train. 

ORPIMENT  (Eng.  and  Fr.,  Yellow  sulphurei  of  arsenic;  Opermeni,  Rauschgelby  Germ.), 
occurs  in  indistinct  cr}'stalline  particles,  and  sometimes  in  oblique  rhomboidal  prisms; 
lyit  for  the  most  part,  in  kidney  and  other  imitative  forms ;  it  has  a  scaly  and  granular 
aspect ;  texture  foliated,  or  radiated ;  fracture  small  granular,  passing  into  conchoidal ; 
splintery,  opaque,  shining,  with  a  weak  diamond  lustre;  lemon, orange,  or  honey  yellow; 
sometimes  green ;  specific  gravity,  3*44  to  3*6.  It  is  found  in  fioetz  rocks,  in  marl,  clay, 
sand-stone,  alons;  with  real?ar,  lead-glance,  pyrites,  and  blende,  in  many  parts  of  the 
world.     It  volatilizes  at  the  blowpipe.    It  is  used  as  a  pigment. 

The  finest  specimens  Come  from  Persia,  in  brilliant  yellow  masses,  of  a  lamellar  tex- 
ture, called  golden  orpiment. 

Artificial  orpiment  is  manufactured  chiefly  in  Saxony,  by  subliming  in  cast  iron  cucur- 
bits, surmounted  by  conical  cast-iron  capitals,  a  mixture  in  due  proportions  of  sulphur 
and  arsenious  acid  (white  arsenic).  As  thus  obtained,  it  is  in  yellow  compact  opaqne 
masses,  of  a  glassy  aspect;  afibnling  a  powder  of  a  pale  yellow  color.  Genuine 
orpiment  is  oAen  adulterated  with  an  ill-made  compound;  which  is  sold  in  this 
country  by  the  preposterous  name  of  king's  yellow.  'Hiis  fictitious  substance  is  fre- 
qnently  nothing  else  than  white  arsenic  combined  with  a  little  sulphur ;  and  is  quite 
soluble  in  water.  It  is'  therefore  a  deadly  poison,  and  has  been  administered  with 
criminal  intentions  and  fatal  efiects.  I  had  occasion,  some  years  ago,  to  examine  such 
a  specimen  of  king's  yellow,  with  which  a  woman  had  killed  her  child.  A  proper, 
insoluble  sulphuret  of  arsenic,  like  the  native  or  the  Saxon,  may  be  prepared  by  trans- 
mitting sulphureted  hydrogen  gas  through  any  arsenical  solution.  It  consists  of  38*09, 
snlphur,  and  60*92  of  metallic  arsenic,  and  is  not  remarkably  poisonous.    The  finest 
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kiads  of  nalive  orpiment  are  reserved  for  artists ;  the  inferior  are  nscd  Ibr  the  indigo 
They  are  all  soluble  in  alkaline  leys,  and  in  water  of  ammonia. 

0RYCTN06N0SY  is  the  name  given  by  Werner  to  the  knowledge  of  minerals ;  and 
is  therefore  synonymous  with  the  English  term  Mineralogy. 

OSTEOCOLLA  is  the  glue  obtained  from  bones,  by  removing  the  earthy  pho» 
phates  with  muriatic  acid,  and  dissolving  the  cartilaginous  residuum  in  water  at  a  tem 
peralure  considerably  above  the  boiling  point,  by  means  of  a  digester.  It  is  a  very  indif 
ferent  article. 

OSMIUM  is  a  metal  discovered  by  Mr.  Tennant  in  1803,  among  the  grains  of  natire 
platinum.  It  occurs  also  associated  with  the  ore  of  iridium.  As  it  has  not  been  applied 
to  any  nse  in  the  arts,  I  shall  reserve  any  chemical  observations  that  the  subject  may  re^ 
quire  for  the  article  Platinum. 

OXALATES  are  saline  compounds  of  the  bases  with 

OXALIC  ACID  (Jicide  oxalique,  Fr. ;  SauerkleesaHre,  Germ,),  which  is  the  object 
of  a  considerable  chemical  manufacture.  It  is  usually  prepared  upon  the  small  scale  by 
digesting  four  parts  of  nitric  acid  of  specific  gravity  1'4,  upon  one  part  of  sugar,  in  a  glass 
retort ;  but  on  the  large  scale,  in  a  series  of  salt-glazed  stoneware  pipkins,  two  thirds 
filled,  and  set  in  a  water  bath.  The  addition  of  a  little  sulphuric  acid  has  been  found  to 
increase  the  product.  15  pounds  of  sugar  yield  fully  17  pounds  of  the  crystalline  acid. 
This  acid  exists  in  the  juice  of  wood  sorrel,  the  oxalis  acetOftUa,  in  the  state  of  a  hi- 
oxalate ;  from  which  the  salt  is  extracted  as  an  object  of  commerce  in  Switzerland,  and 
sold  under  the  name  of  salt  of  sorrel,  or  sometimes,  most  incorrectly,  under  that  of  salt 
of  lemons. 

Some  prefer  to  make  oxalic  acid  by  acting  upon  4  parts  of  sugar,  with  24  parts  of 
nitric  acid  of  specific  gravity  ]'220,  heating  the  solution  in  a  retort  till  the  acid  begins 
to  decompose,  and  keeping  it  at  this  temperature  as  long  as  nitrous  gas  is  disengaged. 
The  sugar  loses  a  portion  of  its  carbon,  which  combining  with  the  oxygen  of  the  nitric 
acid,  becomes  carbonic  acid,  and  escapes  along  with  the  deutoxyde  of  nitrogen.  The  rfs 
maining  carbon  and  hydrogen  of  the  sugar  being  oxydized  at  the  expense  of  the  nitric  acid, 
generate  a  mixture  of  two  acids,  the  oxalic  and  the  malic.  AVhenevergas  ceases  to  issue, 
the  retort  must  be  removed  from  the  source  of  heat,  and  set  aside  to  cool;  the  oxalic  acid 
crystallizes,  but  the  malic  remains  dissolved.  After  draining  these  crystals  upon  a  filter 
innnel,  if  the  brownish  liquid  be  further  evaporated,  it  will  furnish  another  crop  of  them. 
The  residuary  mother  water  is  generally  regarded  as  malic  acid,  but  it  also  contains  both 
oxalic  and  nitric  acids;  and  if  heated  with  6  parts  of  the  latter  acid,  it  will  }ield 
a  good  deal  more  oxalic  acid  at  the  expense  of  the  malic.  The  brown  crystals 
now  formed  being,  however,  penetrated  with  nitric,  as  well  as  malic  acid,  oHist  be 
allowed  to  dry  and  eflSoresce  in  warm  dry  air,  whereby  the  nitric  acid  will  be  irot  rid  of 
without  injury  to  the  oxalic.  A  second  crystallization  and  efflorescence  will  entirely 
dissipate  the  remainder  of  the  nitric  acid,  so  as  to  afilbrd  pure  oxalic  acid  at  the  thiid 
crystallization.  Sugar  affords,  with  nitric  acid,  a  purer  oxalic  acid,  but  in  smaller 
quantity,  than  saw-dust,  glue,  silk,  hairs,  and  several  other  animal  and  vegetable 
substances. 

Oxalic  acid  occurs  in  aggregated  prisms  when  it  crystallizes  rapidly,  but  in  tables  of 
greater  or  less  thickness  when  slowly  formed.  They  lose  their  water  of  crystallization 
in  the  open  air,  fall  into  powder,  and  weigh  0*28  less  than  before ;  but  still  retain 
0*14  parts  of  water,  which  the  acid  does  not  part  with  except  in  favor  of  another  oxyde^ 
as  when  it  is  combined  with  oxyde  of  lead.  The  efiloresced  acid  contains  20  per  cent,  of 
water,  according  to  Berzelius.  By  my  analysis,  the  crystals  consist  of  three  prime 
equivalents,  of  water  =  27,  combined  with  one  of  dry  oxalic  acid  =  36 ;  Or  in  100 
parts,  of  42*86  of  water  with  57*14  of  acid.  The  acid  itself  consists  of  2  atoms  of  carbon 
=  12,  -|-  3  of  oxygen  =  24  ;  of  which  the  sum  is,  as  above  stated,  36.  This  acid  has  a 
sharp  sour  taste,  and  sets  the  teeth  on  edge ;  half  a  pint  of  water,  containing  only  1  er.  of 
acid,  very  sensibly  reddens  litmus  paper.  Nine  parts  of  water  dissolve  one  part  of  the 
crystals  at  60°  F.  and  form  a  solution,  of  spec.  grav.  1*045,  which  when  swallowoi  acts 
as  a  deadly  poison.  Alcohol  also  dissolves  this  acid.  It  differs  from  all  the  other  acid  pro- 
ducts of  the  vegetable  kingdom,  in  containing  no  hydrogen,  as  I  demonstrated  (in  my 
paper  upon  the  ultimate  analysis  of  organic  bodies,  published  in  the  Phil.  Trans,  for  1822), 
by  its  giving  out  no  muriatic  acid  gas,  wh6n  heated  in  a  glass  tube  with  calomel  or  cor- 
rosive sublimate. 

Oxalic  acid  is  employed  chiefly  for  certain  styles  of  discharge  in  calico-printing  (which 
see),  and  for  whitenmg  the  leather  of  boot-tops.  Oxalate  of  ammonia  is  an  exccUent  re- 
ai?ent  for  detecting  lime  and  its  salts  in  any  solution^  The  acid  itself,  or  the  bi-oxalate 
of  potash,  is  oAen  used  for  removing  ink  or  iron-mould  stains  from  linen. 

A  convenient  plan  of  testing  the  value  of  peroxyde  of  manganese  for  bleachers,  ic, 
originally  proposed  by  Berthier,  has  been  since  simplified  by  Dr.  Thomson,  as  follows. 
In  a  poised  Florence  flask  weigh  600  grains  of  water,  and  75  grains  of  crystallized  oxalic 
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acid ;  add  50  grains  of  the  manganese,  and  as  quickly  as  possible  afler wards  from  160  to 
200  grains  of  concentrated  snlphuric  acid.  Cover  the  mouth  of  the  flask  with  paper,  and 
leave  it  at  rest  for  2A  hours.  The  loss  of  weight  it  has  now  suffered,  corresponds  exactly 
to  the  weight  of  perozyde  of  manganese  present ;  because  the  quantity  of  carbonic  acid 
producible  by  the  reaction  of  the  oxalic  acid  with  the  peroxyde,  is  precisely  equal  to  the 
weight  of  the  peroxyde,  as  the  doctrine  of  chemical  equivalents  shows. 

OXTDES  are  neutral  compounds,  containing  oxygen  la  equivalent  proportion. 

OXYSELS  are  salts,  consisting  of  oxygenated  acids  and  oxydes,  to  distinguish  them 
from  the  HALOSELS,  which  are  salts  consisting  of  one  of  the  archsal  elements ;  such  as 
chlorine,  iodine,  bromine,  ftc.  combined  with  metals.    See  Salt. 

OXYGEN  (bxyghte,  Fr. ;  Sauentoff,  Germ.),  is  a  body  which  can  be  examined 
only  in  the  gaseous  form ;  for  which  purpose  it  is  most  conveniently  obtained  in  a  pure 
state  by  exposing  chlorate  of  potash,  or  red  oxyde  of  mercury,  in  a  glass  retort,  or 
recurved  tube,  to  the  heat  of  a  spirit  lamp ;  100  grains  of  the  salt  yield  1 15  cubic  inches 
of  gas.  One  pound  of  nitre,  ignited  in  an  iron  retort,  gives  out  about  1200  cubic  inches 
of  oxygen,  mixed  with  a  little  nitrogen.  The  peroxyde  of  manganese  also  affords  it, 
either  by  ignition  alone  in  an  iron  or  earthen  retort,  or  by  a  lamp  heat  in  a  glass  retort, 
when  mlx^  with  sulphuric  acid.  Oxygen  is  void  of  taste,  color,  and  smell.  It  possesses 
all  the  mechanical  properties  of  the  atmosphere.  Its  specific  gravity  is  1*1026  compared 
to  air  1*0000 ;  whence  100  cubic  inches  of  it  weigh  33 '85  grains.  Combustibles,  even 
iron  and  diamonds,  once  kindled,  burn  in  it  most  splendidly.  It  forms  21  parts  in  100  by 
▼olame  of  air,  being  the  constituent  essential  to  the  atmospheric  functions  of  supporting 
aTiiin*^  and  vegetable  Jife,  as  well  as  flame. 

The  full  development  of  this  subject  in  its  multifarious  relations,  will  be  discussed  in 
my  forthcoming  new  system  of  chemistry. 

OxTOKNATED-MuaiATic,  and  OxYMuaiATic,  are  the  names  originally  given  by  the 
French  chemists,  from  false  theoretical  notions,  to  chlorine,  which  Sir  H.  Davy  proved  to 
be  an  undecompounded  substance. 

P. 


PACKFONG  is  the  Chinese  name  of  the  alloy  called  white  copper,  or  German 
silver. 

PACO,  or  PACOS,  is  the  Peruvian  name  of  an  earthy-looking  ore,  which  con- 
sists of  brown  oxyde  of  iron,  with  imperceptible  particles  of  native  silver  disseminated 
through  iU 

PADDING  MACHINE  (Machine  H  plaquer,  Fr.;  Klatsch,  or  Grundirmeuchine, 
Germ.)y  in  calico-printing,  is  the  apparatus  for  imbuing  a  piece  ol  cotton  cloth 
aniformly  with  any  mordant.    In  fig.  774,  a  b  c  d  represents  in  section  a  cast  iron 

frame,  supporting  two  opposite 
standards  above  m,  in  whose  vertical 
slot  the  gudgeons  a  by  of  two  copper 
or  bronze  cylinders  £  f,  run;  the 
gudgeons  of  e  turn  upon  fixed 
brasses  or  i^ummer  blocks ;  but  the 
superior  cylinder  p  rests  upon  the 
surface  of  the  under  one,  and  may 
be  pressed  down  upon  it  with 
greater  or  less  force  by  means  of 
the  weighted  lever  d  e  f  g,  whose 
centre  of  motion  is  at  d,  and  which 
bears  down  upon  the  axle  of  p. 
K  is  the  roller  upon  which  the  pieces 
of  cotton  cloth  intended  to  be  pad- 
ded are  wound;  several  of  them 
being  stitched  endwise  toc:ether. 
They  receive  tension  from  the  ac- 
tion of  a  weighted  belt  o,  a,  which 
passes  round  a  pulley  n,  upon  the 
end  of  the  roller  k.  The  trough  o, 
which  contains  the  coloring  mat- 
ter or  mordant,  rests  beneath  the 
cylinder  upon  the  table  l,  or  other 
eonvenient  support.  About  two  inches  above  the  bottom  of  the  trough,  there  is  a 
eopper  dip-roller  c,  under  which  the  cloth  passes,  afler  going  round  the  guide  roller  m. 
Upon  escaping  from  the  trough,  it  ia  drawn  over  the  half*round  stretcher-biur  at  i,  grooved 
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obliquelf  right  and  lett,  as  shown  at  N,  whereby  it  aoqnires  a  diTergiag  extensioa 
from  the  middle,  and  enters  with  a  smooth  surface  between  the  two  cylinders  r  r. 
These  are  lapped  round  6  or  7  times  with  cotton  cloth,  to  soften  and  equalize  their 
pressure.  The  piece  of  goods  glides  obliquely  upwards,  in  contact  with  one  third  of 
the  cylinder  f,  and  is  finally  wound  about  Uie  uppermost  roller  h.  The  gudgeon  of  h 
revolves  in  the  end  of  the  radius  A,  k,  which  is  jointed  at  fc,  and  moveable  by  a  mortise  at  i 
along  the  quadrantal  arc  towards  /,  as  the  roller  k  becomes  enlarged  by  the  convolations 
of  the  web.  The  under  cylinder  e  receives  motion  by  a  pulley  or  rigger  upoa  its  op- 
posite end,  from  a  band  connected  with  the  driving-shaft  of  the  printshop.  To  ensure 
perfect  equability  in  the  application  of  the  mordant,  the  goods  are  in  some  works  passed 
twice  through  the  trough ;  the  pressure  being  increased  the  second  time  by  slidii^  the 
weight  g  to  the  end  of  the  lever  df, 

A  view  of  a  padding  machine  in  connexion  with  the  driving  mechanism  is  given  onde 
Hot  Flue  ;  see  also  Starching  Machine. 

PAINT.    See  Rouge. 

PAINTS,  GRINDING  OF.  There  are  many  pigments,  such  as  common  orpi- 
ment,  or  king's  yellow,  and  verdigris,  which  are  strong  poisons ;  others  which  mre  very 
deleterious,  and  occasion  dreadful  maladies,  such  as  white  lead,  red  lead,  chrome  yellow, 
and  vcrmiUon ;  none  of  which  can  be  safely  ground  by  hand  with  the  slab  and  mailer, 


but  should  always  be  triturated  in  a  mill.  The  emanations  of  while  lead  cause,  first, 
that  dangerous  disease  the  co/ica  ptc/omun,  afterwards  paralysis,  or  premature  decrepitude 
and  lingering  death. 

Figi.  775,  776,  777, 778  exhibit  the  construction  of  a  good  color-  mill  in  three  views ; 

Jig,  775  being  an  elevation  shown  upon 
■the  side  of  the  handle,  or  where  the 
power  is  applied  to  the  shaft ;  Jig,  776 
a  second  elevation,  taken  upon  the  side 
of  the  line  c,  d,  of  the  plan  or  bird's-eye 
view,yig.  777, 

The  frame-work  a  a  of  the  mill  is 
made  of  wood  or  cast  iron,  strongly 
mortised  or  bolted  together;  and 
strengthened  by  the  two  cross  iron  bars 
B,  p  Fig.  778  is  a  plan  of  the  mill- 
stones.  Th e  ] y ing  or  nether  millstone  c, 
fig,  776,  is  of  cast  iron,  and  is  channelled 
on  its  upper  face  like  com  millstones.  It 
is  fixed  upon  the  two  iron  bars  B,  b  ; 
but  may  be  preferably  supported  npon 
the  3  points  of  adjustable  screws,  pass- 
ing up  through  bearing-bars.  The 
millstone  c  is  surrounded  by  a  large 
iron  hoop  d,  for  preventing  the  pasty- 
consistenced  eolor  from  running  over 
the  edge.  It  can  escape  only  by  the 
slniee  hole  e,  fig,  776,  formed  in  the  hoop;  and  is  then  received  in  the  tub  x  plaeed  be- 
neath. 
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Tlie  upper  or  moTing  millstone  f,  is  also  made  of  east  iroiL  The  dotted  lines  indi- 
cate its  shape.  In  the  eentre  it  has  an  aperture  with  ledges  o,  o ;  there  is  also  a  ledge 
upon  its  outer  circnmference,  sufficiently  high  to  confine  the  color  which  may  oc- 
casionally aceumulate  upon  its  surface.  An  upright  iron  shaA  h  passes  into  the  turning 
stone,  and  gives  motion  to  it.  A  horizontal  iron  bevel  wheel  k,  figs.  776,  777,  fur 
nisbed  with  27  wooden  teeth,  is  fised  upon  the  upper  end  of  the  upright  shaA  h.  A 
similar  bevel  wheel  l,  having  the  same  number  of  teeth,  is  placed  vertically  upon  the 
horizontal  iron  axis  m,  h,  and  works  into  the  wheel  k.  This  horizontal  axis  m,  m  bears, 
at  one  of  its  ends,  a  handle  or  win^h  n,  by  which  the  workman  may  turn  the  millstone 
p ;  and  on  the  other  end  of  the  same  axis,  the  fly-wheel  o  is  made  fast,  which  serves 
to  regulate  the  movements  of  the  machine.  Upon  one  of  the  spokes  of  the  fly-wheel 
there  is  fixed,  in  like  manner,  a  handle  p,  which  may  serve  upon  occasion  for  turning 
the  mill.  This  handle  may  be  attached  at  any  convenient  distance  from  the  centre,  by 
means  of  the  dot  and  screw-nut  J. 

The  color  to  be  ground  is  put  into  the  hopper  r,  below  which  the  bucket  s  is  sus- 
pended, for  supplying  the  color  uniformly  through  the  orifice  in  the  millstone  o.  A 
cord  or  chain  T,  by  means  of  which  the  bucket  s  is  suspended  at  a  proper  height  for 
pouring  out  the  requisite  quantity  of  color  between  the  stones,  pulls  the  bucket  obliquely, 
and  makes  its  beak  rest  against  the  square  upright  shaft  h.  By  this  means  the  bucket 
is  continually  agitated  in  such  a  way  as  to  discharge  more  or  less  color,  according  to  its 
degree  of  inclination.  The  copper  cistern  x,  receives  the  color  successively  as  it  is  ground ; 
and,  when  full,  it  may  be  carried  away  by  the  two  handles  z,  z  ,*  it  may  be  emptied  by  the 
stopcock  T,  without  removing  the  tub. 

PAINTS,  VTTRIFIABLE".    See  PoacfiLAiw,  Pottery,  and  SrAimi^D  Glass. 

PALLADIUM,  a  rare  metal,  possessed  of  valuable  properties,  was  discovered  in  1803, 
by  Dr.  Wollaston,  in  native  platinum.  It  constitutes  about  1  per  cent,  of  the  Columbian 
ore,  and  from  }  to  1  per  cent,  of  the  Uralian  ore  of  this  metal ;  occurring  nearly  pure  in 
loose  grains,  of  a  steel-gray  color,  passing  into  silver  white,  and  of  a  specific  gravity  of 
from  11*8  to  12*14;  also  as  an  alloy  with  gold  in  Brazil,  and  combined  with  selenium  in 
the  Marz  near  Tilkerode.  Into  the  nitro-muriatic  solution  of  native  platinum,  if  a  solu- 
tion of  cyanide  of  mercury  be  poured,  the  pale  yellow  cyanide  of  palladium  will  be  thrown 
down,  which  being  ignited  afifords  the  metal.  This  is  the  ingenious  process  of  Dr.  Wol- 
laston. The  palladium  present  in  the  Brazilian  gold  ore  may  be  readily  separated  as 
follows :  melt  the  ore  along  with  two  or  three  parts  of  silver,  granulate  the  alloy,  and  di- 
gest it  with  heat  in  nitric  acid  of  specific  gravity  1*3.  The  solution  containing  the  silver 
and  palladium,  for  the  gold  does  not  dissolve,  being  treated  with  common  salt  or  muriatic 
acid,  will  part  with  all  its  silver  in  the  form  of  a  chloride.  The  supernatant  liquor  being 
concentrated  and  neutralized  with  ammonia,  will  yield  a  rose-colored  salt  in  long  silky 
crystals,  the  ammonia-muriate  of  palladium,  which  being  washed  in  ice-cold  water,  and 
ignited,  will  aflford  40  per  cent,  of  metal. 

The  metal  obtained  by  this  process  is  purer  than  that  by  the  former ;  and  if  it  be 
Aised  in  a  crucible  along  with  borax,  by  the  heat  of  a  powerful  ab-furnace  or  forge,  a 
button  of  malleable  and  ductile  palladium  will  be  produced.  When  a  slip  of  it  is 
heated  to  redness,  it  takes  a  bronze-blue  shade  of  greater  or  less  intensity,  as  the  slip  is 
cooled  more  or  less  slowly ;  but  if  it  be  suddenly  chilled,  as  by  plunging  it  into  water, 
it  resumes  instantly  its  white  lustre.  This  curious  phenomenon  depending  upon  oxydize- 
ment  and  de-oxydizement,  in  difierent  circumstances,  serves  at  once  to  distinguish  palla- 
dium from  platinum. 

Pure  palladium  resembles  platinum,  but  has  more  of  a  silver  hue ;  when  planished  by 
the  hammer  into  a  cup,  such  as  that  of  M.  Breant,  in  the  museum  of  the  Mint  at  Paris, 
it  is  a  splendid  steel-white  metal,  not  liable,  like  silver,  to  tarnish  in  the  air.  Another  cup 
made  by  M.  Breant,  weighing  2  lbs.  ( 1  kilogramme),  was  purchased  by  Charles  X.,  and 
is  now  in  the  garde-mtuble  of  the  French  crown.  The  specific  gravity  of  this  metal,  when 
laminated,  is  stated  by  Dr.  Wollaston  at  11*8,  and  by  Vauquelin  at  12*1.  It  melts  at 
from  190^  to  160^  Wedgewood ;  and  does  not  oxydize  at  a  white  heat.  When  a  drop  of 
tincture  of  iodine  is  let  fall  upon  the  surface  of  this  metal,  and  dissipated  over  a  lamp 
flame,  a  black  spot  remains,  which  does  not  happen  with  platinum.  A  slip  of  palladium 
has  been  used  with  advantage  to  inlay  the  limbs  of  astronomical  instruments,  where 
the  fine  graduated  lines  are  cut,  because  it  is  bright,  and  not  liable  to  alteration,  like 
sihrer. 

There  are  a  protoxyde  and  peroxyde  of  palladium.  The  proto-chloride  consists  of  60 
of  metal  and  40  of  chlorine ;  the  cyanide,  of  67  of  metal,  and  33  of  cyanogen. 

PALM  OIL  (Huili  de  paJme,  Fr. ;  PalmiH,  Germ.),  is  obtained,  in  Guinea  and 
Guyana,  by  expressing,  as  also  by  boiling,  the  fruit  of  the  avaira  elctis.  It  has  an 
orange  color,  a  smell  of  violets,  a  bland  taste,  is  lighter  than  water,  melts  at  84^  Fahr^ 
becomes  rancid  and  pale  by  exposure  to  air,  dissolves  in  boiling  alcohol,  and  consists  of 
69  parts  of  oleine,  and  31  of  stearine,  in  100.    It  is  employed  chiefiy  for  making  yellow 
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soap.    It  may  be  Meached  by  the  action  of  eitber  chloriBe  or  oxyi^  gas,  as  also  by  «liat 
of  light  and  heat. 

Palm  oily  guaniUifof, 


Importad. 

Retained  for  consarapttaA. 

Exported. 

Tear. 
1835. 
1836. 
1837. 

Cwts, 
260,151 
277,017 
223,329 

Cvpts. 
242,733 
234,357 
214,000 

Cwts. 
30,915 
34,379 

Duty,  1».  3d.  per  cwt. 

PAPER  CUTTING.  Mr.  T.  B.  Crompton,  of  Farnworth,  Lancashire,  who  obtained  a 
patent  in  May,  1821,  lor  proposing  to  conduct  the  newly  formed  web  of  paper  in  the  Four- 
drinier  machine  over  heated  cylinders,  for  the  purpose  of  drying  it  expeditionsly,  in  imittp 
lion  of  the  mode  so  long  practised  in  drying  calicoes,  obtained,  along  with  Enoch  Miller, 
another,  in  May,  1828,  Tor  cutting  the  endless  web  of  paper  lengthwise,  by  revolTiag 
circular  blades,  fixed  upon  a  roller,  parallel  to  a  cylinder,  round  which  the  paper  is  lapped, 
and  progressively  unwound. 

A  patent  had  been  obtained  two  months  before,  for  certain  improvements  in  cuttiog 
paper,  by  Mr.  Edward  Cowper,  consisting  of  a  machine,  with  a  reel  on  which  the  wdb 
of  paper  of  very  considerable  length  has  been  previously  wound,  in  the  act  of  being  maik 
in  a  Fourdrinier^s  machine ;  this  web  of  paper  being  of  sufficient  width  to  produce  two^ 
three,  or  more  sheets,  when  cut. 

The  several  operative  parts  of  the  machine  are  mounted  upon  standards,  or  frame-worl^ 
of  any  convenient  form  or  dimensions,  and  consist  of  travelling  endless  tapes  to  oondact 
the  paper  over  and  under  a  series  of  guide  rollers ;  of  circular  rotatory  cutters  for  the 
purpose  of  separating  the  web  of  paper  into  strips  equal  to  the  widths  of  the  intended 
sheets ;  and  of  a  saw-edged  knife,  which  is  made  to  slide  horizontally  for  the  purpose  of 
separating  the  strips  into  such  portions  or  lengths  as  shall  bring  them  to  the  dimensioas 
of  a  sheet  of  paper. 
The  end  of  the  web  of  paper  from  the  reel  Oyfig.  779,  is  first  conducted  up  an  inclined 

plane  b  by   hand;  it 
779  1|^— ^q  [  ^    1^  ,  is  then  taken  liold  <rf 

by  endless  tapes  ex- 
tended upon  rollers, 
as  in  Mr.  Cowper^s 
Printing  Machike, 
which  see.  These  end- 
less tapes  carry  the 
web  of  paper  to  the 
roller  c,  which  is  press- 
ed against  the  roller  d 
by  weighted  levers, 
acting  upon  the  plnm- 
mer  blocks  that  its 
axle  is  mounted  in. 
The  second  roller  d 
may  be  either  of 
wood  or  metal,  having 
several  grooves  form- 
ed round  its  periphery 
for  the  purpose  of  re- 
ceiving the  eidges  of  the 
circular  cutters  e,  (see 
CARD-cnTTiNO)roount- 
ed  upon  an  axle  taming 
upon  bearings  in  the 
standards  or  frame. 

In  order  to  allow  the  web  of  paper  to  proceed  smoothly  between  the  two  rollers  c,  d,  a 
narrow  rib  of  leather  is  placed  round  the  edges  of  one  or  both  of  these  rollers,  for  the 
purpose  of  leaving  a  free  space  between  them,  through  which  the  paper  may  pass  with- 
out wrinkling. 

From  the  first  roller  c,  the  endless  tapes  conduct  the  paper  over  the  second  d^  and  then 
under  a  pressing  roller/,  in  which  progress  the  edges  of  the  circular  knives  e,  revolving  in 
the  grooves  of  the  second  roller  d,  cut  the  web  oC  paper  longitudinally  into  strips  of  such 
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widths  as  m&y  be  required,  according  to  the  number  of  the  circular  cutters  and  distances 
between  them. 

The  strips  of  paper  proceed  onward  from  between  the  knife  roller  d  and  pressing  rol- 
ler/, conducted  by  tapes^  until  they  reach  a  fourth  roller  g,  when  they  are  allowed  to  descend, 
and  to  pass  through  the  apparatus  designed  to  cut  them  transversely ;  that  is,  into  sheet 
lengths. 

The  apparatus  for  cutting  the  strips  into  sheets  is  a  sliding  knife,  placed  horizontally 
upon  a  frame  at  A,  which  frame,  with  the  knife  e,  is  moved  to  and  fro,  by  a  jointed  rod  t,  con- 
nected  to  a  crank  on  the  axle  of  the  pulley  k,  A  fiat  board  or  plate  /  is  fixed  to  the  standard 
frame  in  an  upright  position,  across  the  entire  width  of  the  nmchine ;  and  this  board  or 
plate  has  a  groove  or  opening  cut  along  it  opposite  to  the  edge  of  the  knife.  The  paper 
descending  from  the  fourth  roller  g  passes  against  the  face  of  this  board,  and  as  the  carriage 
with  the  knife  advances,  two  small  blocks,  mounted  upon  rods  with  sprins:s  m  m,  come 
against  the  paper,  and  hold  it  tight  to  the  board  or  plate  I,  while  the  edge  of  the  knife  is 
protruded  forwards  into  the  groove  of  that  board  or  plate,  and  its  sharp  saw-sliaped  teeth 
passing  through  the  paper,  cut  one  row  of  sheets  from  the  descending  strips ;  which,  on 
the  withdrawing  of  the  blocks,  falls  down,  and  is  collected  on  the  heap  below. 

The  power  for  actuating  this  machine  is  applied  to  the  reverse  end  of  the  axle,  on  which 
the  pulley  k  is  fixed,  and  a  band  n,  n,  n,  n,  passing  from  this  pulley  over  tension  wheels  o, 
drives  the  wheel  q  fixed  to  the  axle  of  the  knife  roller  d ;  hence  this  roller  receives  the 
rotatory  motion  which  causes  it  to  conduct  forward  the  web  of  paper,  but  the  other  rollers 
c  and  /,  are  impelled  solely  by  the  friction  of  contact. 

The  rotation  of  the  crank  on  the  axle  of  k,  through  the  intervention  of  the  crank-rod  i, 
moves  the  carriage  A,  with  the  knife,  to  and  fro  at  certain  periods,  and  when  the  spring 
blocks  m  come  against  the  grooved  plate  /,  they  slide  their  guide  rods  into  them,  while  the 
knife  advances  to  sever  the  sheets  of  paper.  But  as  sheets  of  different  dimensions  are 
occasionally  required,  the  lengths  of  the  slips  delivered  between  each  return  of  the  knife 
are  to  be  regulated  by  enlarging  or  diminishing  the  diameter  of  the  pulley  k,  which  will  of 
course  retard  or  facilitate  the  rotation  of  the  three  conducting  rollers,  c,  d,/,  and  cause  a 
greater  or  less  length  of  the  paper  to  descend  between  each  movement  of  the  knife  carriage. 

The  groove  of  this  pulley  ky  which  is  susceptible  of  enlargement,  is  constructed  of 
wedge-formed  blocks  passed  through  its  sides,  and  meeting  each  other  in  opposite  direc- 
tions, so  that  on  drawing  out  the  wedges  a  short  distance,  the  diameter  of  the  pulley  be- 
comes diminished ;  or  by  pushing  the  wedges  fbrther  in,  the  diameter  is  increased ;  and  a 
tension  wheel  p  being  suspended  in  a  weighted  frame,  keeps  the  band  always  tight. 

As  it  is  necessary  that  the  paper  should  not  continue  descending  while  it  is  held  by  the 
blocks  m,  m  to  be  cut,  and  yet  that  it  should  be  led  on  progressively  over  the  knife  roller  i, 
the  fourth  roller  g,  which  httugs  in  a  lever  /,  is  made  to  rise  at  that  time,  so  as  to  take  up 
the  length  of  paper  delivered,  and  to  descend  again  when  the  paper  is  withdrawn.  This 
is  effected  by  a  rod  r,  connected  to  the  crank  on  the  shaft  of  the  aforesaid  roller  k,  and  also 
to  the  under  part  of  the  lever  j,  which  lever  hanging  loosely  upon  the  axle  of  the  knife 
roller  d,  as  its  fulcrum,  vibrates  with  the  under  roller  g,  so  as  to  effect  the  object  in  the 
way  described. 

The  patentee  states  that  several  individual  parts  of  this  machine  are  not  new,  and  that 
•ODiie  of  them  are  to  be  found  included  in  the  specifications  of  other  persons,  such  as  the 
drcnlar  cutters  £,  which  are  employed  by  Mr.  Dickinson  (Card-cutting),  and  the  horizon- 
tal cutter  A,  by  Mr.  Hansard ;  he  therefore  claims  only  the  general  arrangement  of  the  parts 
in  the  form  of  a  machine  for  the  purpose  of  cutting  paper,  as  the  subject  of  his  invention. 

The  machine  for  cutting  paper  contrived  by  John  Dickinson,  Esq.  of  Nash  Mill 
patented  in  January,  1829.    The  paper  is  wound  upon  a  cylindrical  roller  ayjig,  780, 


onmited  upon  an  axle,  supported  in  an  iron  frame  or  standard.  From  this  roller  the 
paper  in  its  breadth  is  extended  over  a  conducting  drum  6,  also  mounted  upon  an  axle 
tuning  in  the  irame  or  standard,  and  af>er  passing  under  a  small  guide  roller,  it 
pcoeeeds  thnnigb  a  pair  of  drawing  or  feeding  roUen  c,  whieh  earry  it  into  the  catting 
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Upon  a  table  a,  d,  firrolj  fixed  to  the  floor  of  the  building,  there  is  a  series  of  ekisel-edged 
knives  e^  e,  e,  placed  at  sach  distances  apart  as  the  dimensions  of  the  cat  sheets  of  paper  are 
intended  to  be.  These  knives  are  made  fkst  to  the  table,  and  against  them  a  series  of 
circular  cutters/,/,/,  mounted  in  a  swinging  frame  g,  g,  are  intended  to  act.  The  length 
of  paper  being  brought  along  the  table  over  the  edges  of  the  knives,  up  to  a  stop  A,  the 
cutlers  are  then  swung  forwards,  and  by  passing  over  the  paper  against  the  staticmarx 
knives,  the  length  of  paper  becomes  cut  into  three  separate  sheets. 

The  frame  g,  g,  which  carries  the  circular  cutters/,//,  hangs  upon  a  very  elevated  axle, 
in  order  that  its  pendulous  swing  may  move  the  cutters  as  nearly  in  a  horizontal  line  as 
possible ;  and  it  is  made  to  vibrate  to  and  fro  by  an  eccentric,  or  crank,  fixed  upon  a 
horizontal  rotatory  shaft  extending  over  the  drum  6,  considerably  above  it,  which  may  be 
driven  by  any  convenient  machinery. 

The  workmen  draw  the  paper  from  between  the  rollers  c,  and  bring  it  up  to  the  stop  A, 
in  the  intervals  between  the  passing  to  and  fro  of  the  swing-cutters. 

The  following  very  ingenious  apparatus  for  cutting  the  paper  web  transversely  into 
any  desired  lengths,  was  made  the  subject  of  a  patent  by  Mr.  £.  N.  Fonrdrinler,  in 
June,  1831,  and  has  since  been  performing  its  duty  well  in  many  establishments. 
Fig,  781  is  an  elevation,  taken  upon  one  side  ot  the  machine ;  and  fig.  782  is  a  longi 

tudinal  section,  ff,  a,  a,  a, 
are  four  reels,  each  cover- 
ed with  one  eontinnoos 
sheet  of  paper ;  which  reels 
are  supported  upon  bear- 
ings in  the  frame-woik 
b,  by  b,  c,  Cy  c,  is  an  end- 
less web  of  felt  -  cloth  passed 
over  the  rollers  dyd,dydy 
which  is  kept  in  close  con- 
tact with  the  under  side  of 
the  drum  e,  e,  seen  best  in 
/g.  782. 

The     several      parallel 
layers  of  paper  to  be  cut, 
being  passed  between  the 
drum  e,  and  the  endless 
felt  c,  will  be  drawn  off* 
their  respective  reels,  and 
fed  into  the  machine,  when- 
ever the  driving-band  is  slid 
from  the  loose  to  the  fast 
pulley  upon  the  end  of  the 
main  shaft  /.    Bat  since 
the  progressive  advance  of 
the    paper-webs  must  be 
arrested  daring  the  time  of 
making    the     cross      cat 
through  it,  the  following 
apparatus  becomes  neces- 
sary.      A    disc   g,  which 
carries  the  pin  or  stud  of  a 
crank  t,  is  made  fast  to  the 
end  of  the  driving  shaA  /. 
This  pin  is  set  in  an  adjust* 
able  sliding    piece,  which 
may  be  confined  by  a 
within  the  bevdled 
duated  groove,   upon    the 
face  of  the  disc  g,  at  vari- 
able distances  from  the  ax- 
is, whereby  the  eccentricity  of  the  stud  t,  and  of  course  the  throw  of  the  crank,  may  be 
considerably  varied.    The  crank  stud  t,  is  connected  by  its  rod  f',  to  the  swinging  currilin- 
ear  rack  k,  which  takes  into  the  toothed  wheel  l,  that  turns  freely  upon  the  axle  of  the 
feed  drum  e,  s.    From  that  wheel  the  arms  m,  m,  rise,  and  bear  one  or  more  palls  a,  w^htch 
work  in  the  teeth  of  the  great  ratchet  wheel  o,  q,  mounted  upon  the  shaft  of  the  dram  «. 

The  erank-plate  g  being  driven  round  in  the  direction  of  its  arrow,  will  communi- 
eate  a  see-saw  movement  to  the  toothed  are  h,  next  to  the  toothed  wheel  /  in  ^e^rtiig 
with  it,  and  an  oscillatory  motion  to  the  arms  m,  m,  as  also  to  their  surmoantiiig  p^U  a. 
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In  its  swing  to  the  left  hand,  the  catch  of  the  pall  will  slide  over  the  slope  of  the  teeth 
of  the  ratehet  wheel  o ;  but  in  its  return  to  the  right  hand,  it  will  lay  hold  of  these  teeth 
and  pull  them,  with  their  attached  drum,  round  a  part  of  a  revolution.  The  layers  of 
paper  in  close  contact  with  the  under  half  ot  the  drum  will  be  thus  drawn  forward  at 
intervals,  from  the  reels,  by  the  friction  between  its  surface  and  the  endless  felt,  and  in 
lengths  corresponding  to  the  arc  of  vibration  oi  the  pall.  The  knife  for  cutting  these 
lengths  transversely  is  brought  into  action  at  the  time  when  the  swing  arc  is  making  its 
inactive  stroke,  viz.,  when  it  is  sliding  to  the  left  over  the  slopes  of  the  ratchet  teeth  o. 
The  extent  of  this  vibration  varies  according  to  the  distance  of  the  crank  stud  t,  from 
the  centre/,  of  the  plate  g,  because  that  distance  regulates  the  extent  of  the  oscillations 
of  the  curvilinear  rack,  and  that  of  the  rotation  of  the  drum  e,  by  which  the  paper  is  fed 
forwards  to  the  knife  apparatus.  The  proper  length  of  its  several  layers  being  by  the 
above  described  mechanism  carried  forward  over  the  bed  r  of  the  cutting  knife  or  shears 
r,  F,  whose  under  blade  r  is  fixed,  the  wiper  s,  in  its  revolution  with  the  shaft/,  UAs  the 
tail  of  the  lever  /,  consequently  depresses  the  transverse  moveable  blade  v  (as  shown  in 
fig,  783),  and  slides  the  slanting  blades  across  each  other  obliquely,  like  a  pair  of  scissors, 
so  as  to  cause  a  clean  cut  across  the  plies  of  paper.  But  just  before  the  shears  begin  to 
operate,  the  transverse  board  u  descends  to  press  the  paper  with  its  edge,  and  hold  it  fast 
upon  the  bed  r.  During  the  action  of  the  upper  blade  v,  against  the  under  r,  the  fall 
board  «,  is  suspended  by  a  cord  passing  across  pulleys  from  the  arm  y  of  the  bell-crank 
lever  t,  t.  Whenever  the  lifter  cam  «,  has  passed  away  from  the  tail  of  the  belUcrank  t, 
the  weight  z,  hung  upon  it,  will  cause  the  blade  v,  and  the  pinching  board  «,  to  be 
moved  up  out  of  the  way  of  the  next  length  of  paper,  which  is  regularly  brought  for- 
ward by  the  rotation  of  the  drum  e,  as  above  described.  The  upper  blade  of  the  shears 
is  not  set  parallel  to  the  shall  of  the  drum,  but  obliquely  to  it,  and  is,  moreover,  some- 
what curved,  so  as  to  close  its  edge  progressively  upon  that  of  the  fixed  blade.  The 
blade  v  may  also  be  set  between  two  guide  pieces,  and  have  the  necessary  motion  given 
k)  it  by  levers. 

PAPER-HANGINGS,  called  more  properly  by  the  French,  papier »  peints.  The 
art  of  making  paper-hangings,  papier  de  ienturCy  has  been  copied  from  the  Chinese, 
among  whom  it  has  been  practised  from  time  immemorial.  The  English  first  imported 
and  began  to  imitate  the  Chinese  paper-hangings ;  but  being  exposed  till  very  lately  to  a 
high  excise  duty  upon  the  manufacture,  they  have  not  carried  it  to  that  extent  and  pitch 
of  refinement  which  the  French  genius  has  been  enabled  to  do,  unchecked  by  taxation. 
The  first  method  of  making  this  paper  was  stencilling ;  by  laying  upon  it,  in  an  extended 
state,  a  piece  of  pasteboard  having  spaces  cut  out  of  various  figured  devices,  and  apply- 
ing different  water  colors  with  the  brush.  Another  piece  of  pasteboard  with  other  pat- 
terns cut  out  was  next  applied,  when  the  former  figures  were  dry,  and  new  designs  were 
thus  imparted.  By  a  series  of  such  operations,  a  tolerable  pattern  was  executed,  but 
with  no  little  labor  and  expense.  The  processes  of  the  calico  printer  were  next  resorted 
to,  in  which  engraved  blodcs  of  the  pear  or  sycamore  were  employed  to  impress  the  col- 
ored designs. 

Paper-hangings  may  be  distinguished  into  two  classes;  1.  those  which  are  really 
painted,  and  which  are  designed  in  France  under  the  title  of  papiers  peintSy  with  bril- 
liant flowers  and  figures ;  and  2.  those  in  which  the  designs  are  formed  by  foreign  mat- 
ters applied  to  the  paper,  under  the  name  of  papier  iorUisse,  or  flock  paper. 

The  operations  common  to  paper-hangings  of  both  kinds,  may  be  stated  as  follows  :— 

1.  The  paper  should  be  well  sized. 

2.  The  edges  should  be  evenly  cut  by  an  apparatus  like  the  bookbinder's  press. 

3.  The  ends  of  each  of  the  24  sheets  which  form  a  piece,  should  be  nicely  pasted 
together ;  or  a  Fourdrinier  web  of  paper  should  be  taken. 

4.  Laying  the  grounds,  is  done  with  earthy  colors  or  colored  lakes  thickened  with 
size,  and  applied  with  brushes. 

An  expert  workman,  with  one  or  two  children,  can  lay  the  grounds  of  300  pieces  in  a 
day.  The  pieces  are  now  suspended  upon  poles  near  the  ceiling,  in  order  to  be  dried. 
They  arc  then  rolled  up  and  carried  to  the  apartment  where  they  are  polished,  by  being 
laid  upon  a  smooth  table,  with  the  painted  side  undermost,  and  rubbed  with  the  polisher. 
Pieces  intended  to  be  satined,  are  grounded  with  fine  Paris  plaster,  instead  of  Spanish 
white ;  and  are  not  smoothed  with  a  brass  polisher,  but  with  a  hard  brush  attached  to 
the  lower  end  of  the  swing  polishing  rod.  After  spreading  the  piece  upon  the  table  with 
the  ?iounded  side  undermost,  the  paper-stainer  dusts  the  upper  surface  with  finely  pow- 
dered chalk  of  Brian9on,  commonly  called  talc,  and  rubs  it  strongly  with  the  brush.  In 
this  way  the  satiny  lustre  is  produced. 

THE  PRINTINO  OPEBATION8. 

Blodcs  about  two  inches  thick,  formed  of  three  separate  boards  glued  together,  of 
which  two  are  made  of  poplar,  and  one  (that  which  is  engraved)  of  pear-tree  or  syea 
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more,  are  used  for  printing  paper-hangings,  as  for  calicoes.  The  gram  of  the  upper 
layer  of  wood  should  he  laid  across  that  of  the  layer  below.  As  many  blocks  are  re- 
quired as  there  are  colors  and  shades  of  color.  To  make  the  figure  of  a  rose,  for  example, 
three  several  reds  must  be  applied  in  succession,  the  one  deeper  than  the  other,  a  white 
for  the  clear  spaces,  two  and  sometimes  three  greens  for  the  leaves,  and  two  wood  colors 
for  the  stems ;  altogether  from  9  to  12  for  a  rose.  Each  block  carries  small  pin  points 
fixed  at  its  corners  to  guide  the  workman  in  the  insertion  of  the  figure  exactly  in  its  place. 
An  expert  hand  places  these  guide  pins  so  that  their  marks  ore  covered  and  concealed 
by  the  impression  of  the  next  block ;  and  the  finished  piece  shows  merely  those  belonging 
to  the  first  and  last  blocks. 

In  printing,  the  workman  employs  the  same  twimming-ttib  apparatus  which  has  been 
described  under  block  printing  (see  Calico-printing),  takes  ofl'  the  color  upon  his 
blocks,  and  impresses  them  on  the  paper  extended  upon  a  table  in  the  very  same  way. 
The  tub  in  which  the  drum  or  frame  covered  with  calf-skin  is  inverted,  contains  simply 
water  thickened  with  parings  of  paper  from  the  bookbinder,  instead  of  the  pasty  mixture 
employed  by  the  calico-printers.  In  impressing  the  color  by  the  block  upon  the  paper, 
he  employs  a  lever  of  the  second  kind^  to  increase  the  power  of  his  arm,  making  it  act 
upon  the  block  through  the  intervention  of  a  piece  of  wood,  shaped  like  the  bridge  of  a 
violin.  This  tool  is  called  iasseau  by  the  French.  A  child  is  constantly  occupied  in 
spreading  color  with  a  brush  upon  the  calf-skin  head  of  the  drum  or  sieve,  and  in  sliding 
ofi*  tlie  paper  upon  a  wooden  trestle  or  horse,  in  proportion  as  it  is  finished.  When  the 
piece  has  received  one  set  of  colored  impressions,  the  workman,  assisted  by  his  little  aid, 
caDed  a  tireur  (drawer),  hooks  it  upon  the  drj'ing-poles  under  the  ceiling.  A  sufficient 
number  of  pieces  should  be  provided  to  keep  the  printer  occupied  duiing  the  whole  at 
least  of  one  day,  so  that  they  will  be  dried  and  ready  to  receive  another  set  of  colored  im- 
pressions by  the  following  morning. 

All  the  colors  are  applied  in  the  same  manner,  every  shade  being  formed  by  means  of 
the  blocks,  which  determine  all  the  beauty  and  regularity  of  the  design.  A  pattern  draw- 
er of  taste  may  produce  a  very  beautiful  efifect.  The  history  of  Psyche  and  Cupid,  by  M. 
Dufour,  has  been  considered  a  masterpiece  in  this  art,  rivalling  the  productions  of  the 
I»encil  in  the  gradation,  softness,  and  brilliancy  of  the  tints. 

When  the  piece  is  completely  printed,  the  workman  looks  it  all  over,  and  if  there  be 
any  defects,  be  corrects  them  by  the  brush  or  pencil,  applying  first  the  correction  of  one 
color,  and  afterwards  of  the  rest. 

A  final  satining,  after  the  colors  are  dried,  is  communicated  by  the  friction  of  a  finely 
polished  brass  roller,  attached  by  its  end  gudgeons  to  the  lower  extremity  of  a  long 
swing-frame ;  and  acting  along  the  cylindri^  surface  of  a  smooth  table,  upon  which  the 
paper  is  spread. 

The  fondu  or  rainbow  style  of  paper-hangings,  which  I  have  referred  to  this  place  in 
the  article  Calico-printing,  is  produced  by  means  of  an  assortment  of  oblong  narrow 
tin  pans,  fixed  in  a  frame,  close  side  to  side,  each  being  about  one  inch  wide,  two  inches 
deep,  and  eight  inches  long ;  the  colors  of  the  prismatic  spectrum,  red,  orange,  yellow, 
green,  &c.,  are  put,  in  a  liquid  state,  successively  in  these  pans;  so  that  when  the 
oblong  brush  a,  b,  with  guide  ledges  a,  c,  d,  is  dipped  into  them  across  the  whole  of  the 
784  parallel  row  at  once,  it  comes  out  impressed  with  the  diiierent  colors 

-*  H  y  j>  J,  y  laB      at  successive  points  e,  e,  e,  e,  of  its  length,  and  is  then  drawn  by  the 

■"WkifBI '        paper-stainer  over  the  face  of  the  woollen  drum  head,  or  sieve  cf  the 

*    *  '    *  swimming  tab,  upon  which  it  leaves  a  corresponding  series  of  stripes 

In  colors,  graduating  into  one  another  like  those  of  the  prismatic  spectrum.     By  applymg 

his  block  to  the  tear,  the  workman  takes  up  the  color  in  rainbow  hues,  and  transfers  these 

to  the  paper.    /,/,/,/  show  the  separate  brushes  in  tin  sheaths,  set  in  one  frame. 

At  M.  Zuber's  magnificjent  establishment  in  the  ancient  chateau  of  Rixheim,  near 
Mulhouse,  where  the  most  beatiful  French  papiers  peints  are  produced,  and  where  I 
was  informed  that  no  less  than  3000  blocks  are  required  for  one  pattern,  I  saw  a  two- 
color  calico  machine  employed  with  great  advantage,  both  as  to  taste  and  expedition. 
Steam-charged  cylinders  were  used  to  dry  the  paper  immediately  after  it  was  printed,  as 
the  colors,  not  being  so  rapidly  absorbed  as  they  are  by  calico,  would  be  very  apt  to 
spread. 

The  operations  employed  for  common  paper-hangings,  are  also  used  for  making  flock 
paper,  only  a  stronger  size  is  necessary  for  the  ground.  The  flocks  are  obtained  from 
the  woollen  cloth  manufacturers,  being  cat  ofif  by  their  shearing  machines,  caUed  levwM 
by  the  English  workmen,  and  are  preferred  in  a  white  stale  by  the  French  paper-hanging 
makers,  who  scour  them  well,  and  dye  them  of  the  proper  colors  themselves.  liVheii 
they  are  thoroughly  stove-dried,  they  are  put  into  a  conical  fluted  mill,  like  that  for 
making  snuflf,  and  are  properly  ground.  The  powder  thus  obtained  is  afterwards  sift- 
«b^  by  a  bolting.^machine,  like  that  of  the  flour  mill,  whereby  flocks  of  different  degrees 
of  fineness  are, produced.    These  are  applied  to  the  papar  after  it  hasPAdergone  all  thi 
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jsual  printing  operations.  Upon  the  workman^s  left  hand,  and  in  a  Une  with  his  print* 
1^  table,  a  large  chest  is  placed  for  retfeiving  the  flock  powders :  it  is  seven  or  eight 
feet  lung,  two  feet  wide  at  the  bottom,  throe  feet  and  a  half  at  top,  and  from  15  to  18 
inches  deep.  It  has  a  hinged  lid.  Its  bottom  is  made  of  tense  calf-skin.  This  chest  is 
called  the  drnm ;  it  rest^  upon  four  strong  feet,  so  as  to  stand  from  24  to  28  inches  above 
the  floor. 

The  block  which  serves  to  apply  the  adhesive  basis  of  the  velvet-powders,  bears  in 
relief  only  the  pattern  corresponding  to  that  basis,  which  is  formed  with  linseed  oil,  ren- 
dered drying  by  being  boiled  with  litharge,  and  afterwards  ground  up  with  white  lead. 
The  French  workmen  call  this  mordant  the  eneauitie.  It  is  pnt  upon  the  cloth  whidi 
covers  the  inverted  swimming  tab,  in  the  same  way  as  the  common  colors  are,  and  is 
spread  with  a  brush  by  the  iireur  (corruptly  styled  fearer  by  aoite  English  writers).  The 
workman  daubs  the  blocks  upon  the  mordant,  spreads  the  pigment  even  with  a  kind  of 
bnish,  and  then  applies  it  by  impression  to  the  paper*  Whenever  a  sufficient  surface  of 
the  paper  has  been  thus  covered,  the  child  draws  it  along  into  the  great  chest,  sprinkling 
the  flock  powder  over  it  with  his  hands ;  and  when  a  lengih  of  7  feet  is  printed,  he  covers 
it  up  within  the  drum,  and  beats  upon  the  calf-skin  bottom  with  a  couple  of  rods  to  raise 
a  cloud  of  flock  inside,  and  to  make  it  cover  the  prepared  portion  of  the  paper  uniformly. 
He  now  lifts  the  lid  of  the  chest,  inverts  the  paper,  and  beats  its  back  lightly,  in  order  to 
detach  all  the  loose  particles  of  the  woolly  powder. 

By  the  operation  just  described,  the  velvet-down  being  applied  everywhere  of  the 
same  color,  would  not  be  agreeable  to  the  eye,  if  shades  could  not  be  introduced  to 
relieve  the  pattern.  To  give  the  effect  of  drapery,  for  example,  the  appearance  of  folds 
most  be  introduced.  For  this  purpose,  when  the  piece  is  perfectly  dry,  the  workman 
stretches  it  upon  his  table,  and  by  the  guidance  of  the  pins  in  his  blocks,  he  applies  to 
the  flock  surface  a  color  in  distemper,  of  a  deep  tint,  suited  to  the  intended  shades,  so 
that  he  dyes  the  wool  in  its  place.  Light  shades  are  produced  by  applying  some  of  his 
lighter  water-colors.  ^  * 

Gold  leaf  is  applied  upon  the  above  mordant,  when  nearly  drj' ;  which  then  forms  a 
proper  gold  size ;  and  the  same  method  of  application  is  resorted  to,  as  for  the  ordinary 
gilding  of  wood.  When  the  size  has  become  perfectly  hard,  the  superfluous  gold  leaf 
is  brushed  off  with  a  dossU  of  cotton  wool  or  flne  linen. 

The  colors  used  by  the  paper-hangers  are  the  following  :— 

J.  WhUea,    These  are  either  white-lead,  good  whitening,  or  a  mixture  of  the  two. 

2.  Yellows,  These  are  frequently  vegetable  extracts ;  as  those  of  weM,  or  of  Avignon 
or  Persian  berries,  and  are  made  by  boiling  the  substances  with  water.  Chrome  yellow 
is  also  frequently  used,  as  well  as  the  terra  di  Sienna  and  yellow  ochre. 

8.  Rede  are  almost  exclusively  decoctions  of  Brazil  wood. 

4.  Bhtet  are  either  Prussian  blue,  or  blue  verditer. 

5.  Greetu  are  Scheele's  green,  a  combination  of  arsenious  acid,  and  oxyde  of  copper ; 
the  green  of  Schweinfnrth,  or  green  verditer ;  as  also  a  mixture  of  blues  and  yellows. 

6.  Violett  are  produced  by  a  mixture  of  blue  and  red  in  various  proportions,  or  they, 
may  be  obtained  directly  by  mixing  a  decoction  of  logwood  with  alum. 

7.  Browtu,  blacks,  and  grays.  Umber  furnishes  the  brown  tints.  Blacks  are  either 
eommon  ivory  or  Frankfort  black  j  and  grays  are  formed  by  mixtures  of  Prussian  blu* 
and  Spanish  white. 

All  the  colors  are  rendered  adhesive  and  consistent,  by  being  worked  up  with  gelatinous < 
size  or  a  weak  solution  of  glue,  liquefied  in  a  kettle.    Many  of  the  colors  are  previously 
thickened,  however,  with    starch;      Sometimes   colored   lakes    are  employed.      See 


PAPER,  MANUFACITTRE  OF.  (Papderie,  Fr. ;  Pajriermadierkunst,  Germ.) 
This  most  useful  substance,  which  has  procured  for  the  modems  an  incalculable  advantage 
over  the  aneients,  in  the  means  of  diffusing  and  perpetuating  knowledge,  seems  to  have 
been  first  invented  in  China,  about  the  commencement  of  the  Christian  era,  and  was 
tbenee  brought  to  Mecca,  along  with  the  article  itself,  about  the  beginning  of  the  8th 
eentnry ;  whence  the  Arabs  carried  it,  in  their  rapid  career  of  conquest  and  colonization, 
to  the  coasts  of  Barbary,  and  into  Spain,  about  the  end  of  the  9th  or  beginalng  of  the 
lOth  century. 

By  other  accounts,  this  art  originated  in  Greece,  where  it  vrks  first  made  ftom 
eotton  fibres,  in  the  course  of  the  tenth  century,  and  continued  there  in  common  use  during 
the  next  three  hundred  years.  It  was  not  till  the  beginning  of  the  14th  century 
that  paper  was  made  from  linen  in  Europe,  by  the  establishment  of  a  paper-^niU.in. 
1380,  at  Nnrembeig  in  Germany.  The  first  English  paper-mill  Was  erected  at  Dart* 
fiad  by  a  German  jeweller  in  the  service  of  Queen  Elizabeth,  about  the  year  1588. 
But  the  business  was  not  very  successftil ;  in  consequence  of  which,  ftor  a  long  period 
afterwards,  indeed  till  within  the  last  70  years,  this  country  derived  iu  supplies  of  flne 
^■nitiBg  papen  Snm  Franea  and  Holland.     Nothing  places  in  a  more  stifldng  light  the- 
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THi  impiOTanenI  which  hu  Uken  place  ia  al]  the  mecluinksl  arts  of  »^"e^^^''^  cnee  Ike 
en  of  Arkwrighl,  Ihan  the  condllion  of  our  p&per-macluiie  faetorin  dot,  coiDparad 
wilh  thote  on  the  Continent.  Almost  eveiT  good  aulomatie  paper  mechanism  at  preseat 
mounled  in  France,  Germany,  Belgium,  Italy,  Rusaia,  Swedeu,  and  the  United  Statu, 
hai  either  been  made  in  Great  Biilaia,  aod  exported  to  tliese  counliiei,  or  bai  been  co»- 
Btructed  in  them  closely  upon  the  English  models. 

.  Till  whhiD  the  laat  30  yean,  the  linen  and  hempen  ra^  from  which  paper  wu  made, 
were  reduced  to  the  paety  state  of  comminution  requisite  for  this  manafaclnre  bf 
mashing  them  with  water,  and  setting  the  mixture  to  ferment  for  man;  days  in  eloM 
vesteU,  wheretjy  they  uaderweat  in  reality  a  species  of  putrefaction.  It  ia  ea*T  to  see 
thai  the  orgauie  structure  of  the  fibres  would  be  thus  unnecessarily  altered,  nay,  frequcRl); 
destroyed.  The  neit  method  employed,  was  to  beat  the  n^ts  into  a  pnlp  by  stamping 
rods,  shod  wilh  iron,  working  in  strong  oaL  mortars,  and  mored  by  watra-wher]  ma- 
chinery. So  rude  and  ineffective  was  the  ipparatDS,  that  forty  pairs  of  stamps  were 
required  to  operate  a  oight  and  a  day,  in  preparing  one  hundred  weifthi  of  rags.  The 
pulp  or  pasle  was  then  diffused  through  water,  and  made  into  paper  by  metbodB  *imilM 
to  IJiOM  Still  practised  in  the  small  hand-mills. 

About  the  middle  of  the  last  century,  the  cylinder  or  engine  mode,  as  it  is 
comminuting  rags  into  paper  pulp,  was  invented  in  Holland  ;  which  was  booh 
adopted  in  France,  and  at  a  later  period  in  England. 

The  first  step  in  the  paper  manufacture,  is  ihe  sorting  of  the  rags  into  four  or  fire 
qualities.  They  are  imported  into  this  eounirj"  chiefly  from  Germany,  and  the  ports  of 
the  Mediterranean.  At  the  milt  they  are  sorted  BgaiD  more  carefully,  and  cut  into 
shreds  by  women.  For  this  purpose  a  table  frame  is  covered  at  lop  with  wire  cloth, 
conlaiDing  about  nine  meshes  to  Ihe  square  inch.  To  this  frame  a  long  steel  blade  b 
attached  m  a  slanting  position,  against  whose  sharp  edge  the  rags  ar*  cat  into  squares 
or  fillets,  aAer  having  their  dost  thoroughly  shaken  out  through  the  wire  clolb.  Eadi 
piece  of  rag  is  thrown  into  a  certain  compirlulent  of  a  box,  accordiug  to  its  fineness ; 
seven  or  eight  sorts  being  distinguished.    An  active  woman  can  cnt  and  sort  nearly  one 

The  sorted  rags  are  next  dusted  in  a  revolving  cylinder  surrounded  with  wire  ekKh, 
about  six  feel  long,  and  four  feel  in  diamf  ler,  having  spolces  about  30  inches  long,  attached 
•t  right  angles  to  its  axis.  These  prevent  Ihe  rags  from  being  carried  round  wilh  tbe 
ease,  and  beat  them  during  its  mlalLoa  t  so  that  in  half  an  hour,  being  pretty  clean,  they 
are  taken  out  by  the  side  door  of  the  cylinder,  and  transferred  to  Ihe  engine,  to  be  Erst 
washed,  and  next  reduced  into  a  pulp.  For  fine  paper,  they  Khould  be  previously  boiM 
foe  Eomc  time  in  a  caustic  ley,  to  cleanse  and  separate  their  filaments. 


The  construction  of  Ihe  ifu^engHis  is  represented  in /igi 


J^ig.  785  is  the  lon- 
gitudinal section,  and  fig. 
786  the  plan  of  Ihe  eDgine. 
The  large  vat  is  an  oblong 
eisiem  rounded  at  Ihe  an- 
gles. Itisdiridedby  thepu- 
tition  b,  b,  and  the  whole  in- 
side is  lined  with  lead.  IV 
cylinder  c,  is  made  fltst  tn 
the  spindle  d,  which  extendi 
across  Ihe  engine,  and  is  put 
in  motion  by  Ihe  pinion  |i, 
fixed  to  its  extremily.  The 
cylinder  is  made  i^  wood, 
and  furnished  wilh  a  ubid- 
ber  of  blades  or  entten, 
secured  to  its  circumfer- 
ence, parallel  to  the  axn, 
and  projecting  aboat  ma 
inch  above  its  sarfaee. 
Immediately  beneath  the 
cylinder  a  blocli  of  irood  k 
is  placed.  This  is  moonted 
with  caltert  Uke  those  of 
the  cylinder,  which  in  iheiT 
rerolntion  pass  very  near  to  the  teeth  of  the  block,  but  must  not  touch  it.  The  dis- 
tance between  these  fixed  and  moving  blades  is  eattable  of  adjustment  by  elevating  or 
depressing  the  bearings  upoa  which  the  necks  <,  >,  of  Ihe  shalt  are  supported.     Th< 
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Ibe  levers  g,  r>  is  moveable,  while  the  other  end  is  adapted  to  rise  and  fall  upon  bolts 
in  the  beams  a,  k,  as  centres.  The  front  lever,  ox^  that  nearest  to  the  cylinder  c,  is  capa- 
ble of  being  elevated  or  depressed,  by  turning  the  handle  of  a  screw  (not  seen  in  this 
view),  which  acts  in  a  nnt  fixed  to  the  tenon  of  g,  and  comes  np  through  the  top  of  the 
beam  ii,  upon  which  the  head  of  the  screw  takes  its  bearing.  Two  brasses  are  let  into 
the  mididle  of  the  levers  g,  g,  and  form  the  bearings  for  the  shall  of  the  engine  to  turn 
upon.  The  above-mentioned  vertical  screw  is  used  to  raise  or  lower  the  cylinder,  and 
€ause  it  to  cut  coarser  or  finer,  by  enlarging  or  diminishing  the  space  between  the  fixed 
cutters  in  the  block  and  those  in  the  cylinder. 

To  the  left  hand  of  i^  fig,  785,  is  a  circular  bi'eastlng  made  of  boards,  and  covered  with 
sheet  lead ;  it  is  curved  to  fit  the  cylinder  very  truly,  and  leaves  but  very  little  space  be- 
tween the  teeth  and  breasting ;  at  its  bottom,  the  block  k  is  fixed.  The  engine  is  supplied 
with  water  from  a  pump,  by  a  pipe,  which  delivers  it  into  a  small  cistern,  near  to  and 
communicating  'Arith  the  engine.  A  stopcock  cuts  off  or  regulates  the  supply  of  water  at 
pleasure,  and  a  grating  coi^ered  with  hair-cloth  is  fixed  across  that  small  cistern,  to  inter- 
cept any  filth  that  may  be  floating  in  the  water ;  in  other  cases  a  flannel  bag  is  tied  round 
the  nose  of  the  stopcock,  to  act  as  a  filter. 

The  rags  being  put  into  the  engine  filled  with  water,  are  drawn  by  the  rapid  rotation 
of  the  cylinder  between  the  two  sets  of  cutters,  whereby  they  are  torn  into  the  finest  fila- 
ments, and  by  the  impulsion  of  the  cylinder  they  are  floated  over  the  top  of  the  breasting 
upon  the  inclined  plane.  In  a  short  time  more  rags  and  water  are  raised  into  that  part 
of  the  engine  vat.  The  tendency  in  the  liquid  to  maintain  an  equilibrium,' puts  the  whole 
contents  of  the  cistern  in  slow  motion  down  the  inclined  plane,  to  the  left  hand  of  t,  and 
round  the  partition  5,  h,  (see  the  arrow),  whereby  the  rags  come  to  the  cylinder  again  in 
the  space  of  about  20  minutes ;  so  that  they  are  repeatedly  drawn  out  and  separated  in 
all  directions  till  they  are  reduced  to  the  appearance  of  a  pulp. 

This  circulation  is  particularly  useful,  by  turning  over  the  rags  in  the  engine,  causing 
them  to  be  presented  to  the  cutter  at  diflerent  angles  every  time ;  otherwise,  as  the 
blades  always  act  iii  one  direction,  the  comminution  would  not  be  so  complete.  The 
catting  is  performed  as  follows :  The  teeth  of  the  block  are  set  somewhat  obliquely  to 
the  axes  of  the  cylinder,  as  shown  by^g.  787;  but  the  teeth  of  the  cylinder  c  itself  are  set 

parallel  to  its  axis ;  therefore  the  cutting  edges  meet  at  a 
small  angle,  and  come  in  contact,  first  at  the  one  end,  and 
then  towards  the  other,  by  successive  degrees,  so  that  any 
rags  comin?  between  them,  are  torn  as  if  between  the  blades 
of  a  pair  of  forceps.  Sometimes  the  blades  k  in  the  block  are 
bent  to  an  angle  in  the  middle,  instead  of  being  straight  and 
inclined  to  the  cylinder.  TheSe  are  called  elbow  plates ;  their 
two  ends  being  inclined  in  opposite  directions  to  the  axis  of  the  <:ylinder.  In  either  case, 
the  edges  of  the  plates  of  the  block  cannot  be  straight  lines,  but  must  be  curved,  to  adapt 
themselves  to  the  curve  which  a  line  traced  on  the  cylinder  will  necessarily  have.  The 
plates  or  blades  are  united  by  screwing  them  together,  and  fitting  them  into  a  cavity  cut 
into  the  wooden  block  k.    Their  edges  are  bevelled  away  upon  one  side  only. 

The  block  is  fixed  in  its  place  by  being  made  dovetailed,  and  truly  fitted  into  the  bottom 
of  the  cistern,  so  that  the  water  will  not  leak  through  its  junction.  The  end  of  it  comes 
through  the  woodwork  of  the  chest,  and  projects  to  a  small  distance  on  its  outside,  being 
kept  in  its  place  by  a  wedge.  By  withdrawing  this  wedge,  the  block  becomes  loose,  anci 
can  be  removed  in  order  to  sharpen  the  cutters,  as  occasion  may  be.  This  is  done  at  a 
grindstone,  afler  detaching  the  plates  from  each  other. 

The  cutters  of  the  cylinder  are  fixed  into  grooves,  cut  in  the  wood  of  the  cylinder, 
at  equal  distances  asunder,  round  its  peripher)-,  in  a  direction  parallel  to  its  axis.  The 
number  of  these  grooves  is  twenty,  in  the  machine  here  represented.  For  the  washer,  each 
groove  has  two  cutters  put  into  it ;  then  a  fillet  of  wood  is  driven  fkst  in  between  them, 
td  hold  them  firm ;  and  the  fillets  are  secured  by  spikes  driven  into  the  solid  wood  of  the 
cylinder.  The  beater  is  made  iii  the  same  manner,  except  that  each  groove  contains  three 
bars  and  two  fillets. 

In  the  operation  of  the  cylinder,  it  is  necessary  that  it  should  be  enclosed  in  a  case, 
<k  'it  would  throw  all  the  water  and  rags  out  of  the  engine,  in  consequence  of  its  great 
velocity.  This  case  is  a  wooden  box  m,  m,  fig.  785,  enclosed  on  every  side  except  the 
bottom ;  one  side  of  it  rests  upon  the  edge  of  the  vat,  and  the  other  upon  the  edge  of  the 
partition  6,  6,  fig,  786.  The  diagonal  lines  m,  r,  represent  the  edges  of  wooden  frames, 
whieh  are  covered  with  hair  or  wire-cloth,  and  immediately  behind  these  the  box  is  furnished 
with  a  bottom  and  a  ledge  towards  the  c^-Iinder,  so  as  to  form  a  complete  trousrh.  The 
square  figures  under  n,  n,  in  fig.  785,  show  the  situation  of  two  openings  or  spouts 
through  the  side  of  the  case,  which  conduct  to  flat  lead-pipes,  one  of  which  is  seen 
near  the  upper  g  in  fig.  786,  placed  by  the  side  of  the  vat ;  the  beam  being  cut  away  from 
thoBi.    These  are  waste  pipes  to  discharge  the  foul  water  from  the  engine ;  because  the 
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cylinder,  as  it  turns,  throws  a  great  quantity  of  water  and  rags  ilp  against  the  sieves : 
the  water  goes  through  them,  and  runs  down  to  the  trough  under  n,  n,  and  thence 
into  the  ends  of  the  flat  leaden  pipes,  through  which  it  is  discharged,  o,  o,jf7g-.  785, 
are  grooves  for  two  boards,  wlilch,  when  put  down  in  their  places,  cover  the  hair 
sieves,  and  ^top  the  water  from,  going  through  them,  should  it  be  required  in  the 
engine.  This  is  always  the  case  in  the  beating  engines,  and  therefore  they  are  seldom 
provided  with  these  waste  pipes,  or  at  most  en  one  side  only ;  the  other  side  of  the  cover 
being  curved  to  conform  to  the  cylinder.  Except  this,  Uie  only  difference  bet^ween 
the  washing  engine  and  the  beater,  is  that  the  teeth  of  the  latter  are  finer,  there  being 
60  instead  of  40  blades  in  the  periphery ;  and  it  revolves  quicker  than  the  washer,  so  that 
it  will  tear  out  and  comminute  those  particles  which  pass  through  the  teeth  of  the  washer. 
In  small  mills,  when  the  supply  of  water  is  limited,  there  is  i>equently  but  one  ensine, 
which  may  be  used  both  for  washing  and  beating,  by  adjusting  the  screw  so  as  to  let  the 
cylinder  down  and  make  its  teeth  work  finer.  But  the  system  in  all  considerable  works, 
is  to  have  two  engines  at  least,  or  four  if  the  supply  of  water  be  great.  The  power  re* 
quired  for  a  5  or  6  vat  mill,  is  about  20  horses  in  a  water-wheel  or  steam  engine. 

In  the  above  figures  only  one  engine  is  shown,  namely,  the  finishtr ;  there  is  an- 
other, quite  similai^  placed  at  its  end,  but  on  a  level  with  its  surface,  which  is  called  the 
washer,  in  which  the  rags  are  first  worked  coarsely  with  .a  stream  of  water,  mnning 
through  them  to  wash  and  open  their  fibres ;  aAer  this  washing  they  are  called  half- 
ituffj  and  are  then  let  down  into  the  bleaching  engine,  and  neit  into  the  beating  engine, 
above  described^ 

By  the  arrangements  of  the  mill  gearing,  the  two  cylinders  of  the  vfoAer  and  beaier 
engines  make  from  120  to  150  revolutions  per  minute,  when  the  water-wheel  moves  with 
due  velocity.  The  beating  engine  is  always  made  to  move,  however,  much  faster  than 
the  washing  one,  and  nearly  in  the  ratio  of  the  above  numbos. 

The  vibratory  noise  of  a  washing  engine  is  very  great ;  for  when  it  revolves  120  times 
per  minute,  and  has  40  teeth,  each  of  which  passes  by  12  or  14  teeth  in  the  block  at  ever^ 
revolution,  it  will  make  nearly  60,000  cuts  in  a  minute,  each  of  them  sufficiently  loud  to 
produce  a  most  grating  growling  sound.  As  the  beater  revolves  quicker,  having  perhaps 
60  teeth,  instead  of  40,  and  20  or  24  cutters  in  the  blodc,  it  will  make  180,000  cuts  in  a 
minute.  This  astonishing  rapidity  produces  a  coarse  musical  humming,  which  may  he 
heard  at  a  great  distance  from  the  mill.  From  this  statement,  we  may  easily  underataod 
how  a  modern  engine  is  able  to  turn  out  a  vastly  greater  quantity  of  paper  pulp  in  a  day 
than  an  old  mortar  machine. 

The  operation  of  grinding  the  rags  requires  nice  management.  When  first  put 
iuto  the  washing  engine  they  should  be  worked  gently,  so  as  not  to  be  cut,  but  only 
powerfully  scrubbed,  in  order  to  enable  the  water  to  carry  ofi"  the  impurities.  This 
effect  is  obtained  by  raising  the  cylinder  upon  its  shaft,  so  that  its  teeth  are  separated 
considerably  from  those  of  the  block.  When  the  rags  are  comminuted  too  much  in  the 
washer,  they  would  be  apt  to  be  carried  off  in  part  with  the  stream,  and  be  lost ;  for  at 
this  time  the  water-cock  is  fully  open.  AAer  washing  in  this  way  for  20  or  30  minutes^ 
the  bearings  of  the  cylinder  are  lowered,  so  that  its  weight  rests  upon  the  cutters.  Now 
the  supply  of  water  is  reduced,  and  the  rags  begin  to  be  torn,  at  first  with  considerable 
agitation  of  the  mass,  and  stress  upon  the  machinery.  In  about  three  or  four  hours, 
the  engine  comes  to  work  very  smoothly,  because  it  has  by  this  time  reduced  the  rags  to 
the  state  oi  half-stuff.  They  are  then  discharged  into  a  lai^e  basket,  through  which  the 
water  drains  away. 

The  bleaching  is  usually  performed  upon  the  half-stuff.  At  the  celebrated  manu- 
factory of  Messrs.  Montgolfier,  at  Annonay,  near  Lyons,  chlorine  gas  is  employed 
for  this  purpose  with  the  best  effect  upon  the  paper,  since  no  lime  or  muriate  of  Inne 
can  be  thus  left  in  it ;  a  circumstance  which  often  happens  to  English  paper,  bleached 
in  the  washing  engine  by  the  introduction  of  chloride  of  lime  among  the  rags,  after 
they  have  been  well  washed  for  three  or  four  houra  by  the  rotation  of  Uie  engine.  The 
current  of  water  is  stopped  whenever  the  chloride  of  lime  is  put  in.  From  1  to  2 
pounds  of  that  chemical  compound  are  sufficient  to  bleach  1  cwt.  of  fine  rags,  bat  more 
must  be  employed  for  the  coarser  and  darker  colored.  During  the  bleaching  opei^ 
ation  the  two  sliders  o,  o^fig.  785,  are  put  down  in  the  cover  of  ihe  cylinder,  to  prevent 
the  water  getting  away.  The  engine  must  be  worked  an  hour  longer  with  Uie  chkHride 
of  lime,  to  promote  its  uniform  operation  upon  the  rags.  The  cylinder  is  usually 
raised  a  little  during  this  period,  as  its  only  purpose  is  to  agitate  the  mass,  but  not  to 
triturate  it.  The.  water-cock  is  then  opened,  the  boards  in,  m  are  removed,  and  the  mrii* 
ing  is  continued  for  about  an  hour,  to  wash  the  salt  away ;  a  precaution  which  ovght  to 
be  better  attended  to  than  it  always  is  by  paper  manufacturere. 

The  half-stuff  thus  bleached  is  now  transferred  to  the  beating  engine,  and  worked  into 
a  fine  pulp.  This  operation  takes  from  4  to  5  hours,  a  little  water  being  ■'^Tpjttfd  fraia 
time  to  time,  but  no  current  being  allowed  to  pass  through,  as  in  the  washing  engine. 
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The  softest  and  fairest  water  should  be  selected  for  this  purpose ;  and  it  should  be  ad- 
ministered in  nicely  regulated  quantities,  so  as  to  produce  a  proper  spissitude  of  stuff  for 
making  paper. 

For  printing  paper,  the  sizing  is  given  in  the  beating  engine,  towards  the  end  of  its 
operation.  The  size  is  formed  of  alum  in  fine  powder,  ground  up  with  oil ;  of  which 
mixture  about  a  pint  and  a  half  are  thrown  into  the  engine  at  irftervals,  during  the  last 
half-hour's  beating.  Sometimes  a  little  indigo  blue  or  smalt  is  also  added,  when  a 
peculiar  bloom  color  is  desired.  The  pulp  is  now  run  off  into  the  stuff  chest,  where 
the  different  kinds  are  mixed ;  whence  it  is  taken  out  as  wanted.  The  chest  is  usually 
a  rectangular  vessel  of  stone  or  wood  lined  with  lead,  capable  of  containing  300  cubic 
feet  at  least,  or  3  engines  full  of  stuff.  Many  paper-makers  prefer  round  chests,  as  they 
admit  of  rotatory  agitators. 

When  the  paper  is  made  in  single  sheets,  by  hand  labor,  as  in  the  older  establish- 
ments, a  small  quantity  of  the  stuff  is  transferred  to  the  working-vat  by  means  of  a  pipe, 
and  there  diluted  properly  with  water.  This  vat  is  a  vessel  of  stone  or  wood,  about  5 
feet  square,  and  4  deep,  with  sides  somewhat  slanting.  Along  the  top  of  the  vat  a  board 
is  laid,  with  copper  fillets  fastened  lengthwise  upon  it,  to,  make  the  mould  slide  more 
easily  along.  This  board  is  called  the  bridge.  The  maker  stands  on  one  side ;  and 
has  to  his  leA  hand  a  smaller  board,  one  end  of  which  is  made  fast  to  the  bridge,  while 
the  other  rests  on  the  side  of  the  vat.  In  the  bridge  opposite  to  this,  a  nearly  upright 
piece  of  wood,  caUcd  the  ass,  is  fastened.  In  the  vat  there  is  a  copper,  which  communis 
cates  with  a  steam  pipe  to  keep  it  hot ;  there  is  also  an  agitator,  to  maintain  the  stuff  in 
a  uniform  consistence. 

The  moulds  consist  of  frames  of  wood,  neatly  joined  at  the  corners,  with  wooden  bars 
running  across,  about  an  inch  and  a  half  apart.  Across  these,  in  the  liength  of  (he  htoulds, 
the  wires  run,  from  fiAeen  to  twenty  per  inch.  A  strong  raised  wire  is  laid  along  each  of 
the  cross  bars,  to  which  the  other  wires  are  fastened ;  this  gives  the  laid  paper  its  ribbed 
appearance. 

The  water-mark  is  made  by  sewing  a  raised  piece  of  wire  in  the  form  of  letters,  or  any 
figured  device,  upon  the  wires  of  the  mould,  which  makes  the  paper  thinner  in  these 
places.  The  frame- work  of  a  wove  mould  is  nearly  the  same ;  but  instead  oL  sewing  on 
separate  wires,  the  frame  is  covered  with  fine  wir^  cloth,  containing  from  48  to  64  meshes 
per  inch  square.  Upon  both  moulds  a  deckel^  or  moveable  raised  edge-frame,  is  used  ; 
which  must  fit  very  neatly,  otherwise  the  edges  of  the  paper  will  be  rough. 

A  pair  of  moulds  being  laid  upon  the  bridge,  the  workman  puts  on  the  deckel,  brings 
the  mould  into  a  vertical  position,  dips  it  about  half  way  down  into  the  stuff  before  him, 
thea  turning  it  into  a  horizontal  position,  covers  the  mould  with  the  stuff  and  shakes  it 
gently.  This  is  a  very  delicate  operation ;  for  if  the  mouki  be  not  held  perfectly  level, 
one  part  of  the  sheet  will  be  thicker  than  another.  The  sheet  thus  formed  has,  however, 
no  coherence ;  so  that  by  turning  the  mould,  and  dipping  the  wire  cloth  surface  in  the 
vat,  it  is  again  reduced  to  pulp  if  necessary.  He  now  pushes  the  mould  along  the  small 
board  to  the  left,  and  removes  the  deckel.  Here  another  workman  called  the  contcher 
receives  it,  and  places  it  at  rest  upon  the  ass,  to  drain  off  some  of  the  water.  Meanwhile 
the  vat-man  puts  the  deckel  upon  the  other  mould,  and  makes  another  sheet.  The 
coucher  stands  to  the  left  side  of  the  vat,  with  his  face  towards  the  vat-man  or  maker, 
on  his  right  is  the  press  furnished  with  felt  cloths,  or  poroas  flannels ;  a  three>inch  thick 
plank  lies  before  him  on  the  ground.  On  this  he  lays  a  cushion  of  felts,  and  on  this 
another  felt;  he  then  turns  the  paper  wire  mould,  and  presses  it  upon  the  felt,  where 
the  sheet  remains.  He  now  returns  the  mould  by  pushing  it  along  the  bridge. 
The  maker  has  by  this  time  another  sheet  ready  for  the  coucher  ;  which,  like  the  pre- 
ceding, is  laid  upon  the  ass,  and  then  couched  or  inverted  upon  another  felt,  laid  down  for 
the  purpose. 

In  this  way,  felts  and  paper  are  alternately  stratified,  till  a  heap  of  six  or  eight  qnires 
is  forme«1,  which  n  from  15  to  18  inches  high.  This  mass  is  drawn  into  the  press,  and 
exposed  to  a  force  of  100  tons  or  upwards.  After  it  Is  sufficiently  compressed,  the 
machine  is  relaxed,  and  the  elasticity  of  the  flannel  makes  the  rammer  descend  (if  a  hy- 
dranlic  press  be  used)  with  considerable  rapidity.  The  felts  are  then  drawn  out  on  the 
othei  side  by  an  operative  called  a  layer,  who  places  each  felt  in  succession  upon  one 
board,  and  each  sheet  of  paper  upon  another.  The  coucher  takes  immediate  possession 
of  the  felts  for  his  further  operations. 

Two  men  at  a  vat,  and  a  boy  as  a  layer  or  lifter,  can  make  about  6  or  8  reams  in  10 
hours.  In  the  evening  the  whole  paper  made  during  the  day  is  put  into  another  press, 
and  subject'Hl  to  moderate  compression,  in  order  to  get  quit  of  the  mark  of  the  felt,  and 
more  of  the  water.  Next  day  it  is  all  separated,  a  process  called  parting,  and  being  again 
pressed,  is  carried  into  the  loA.  Fine  papers  are  often  twice  parted  and  pressed,  in  order 
to  give  them  a  proper  surface. 
The  next  operation  is  the  drying,  which  is  performed  in  the  following  way.    Posts 
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about  10  OK  12  feet  bi|(h  are  erected  at  the  distance  of  ten  feet  from  each  other,  and 
pierced  with  holes  six  inches  apart ;  two  spars  with  ropes  stretched  between  them,  at 
the  distance  of  5  inches  from  one  another,  called  a  treble  or  tribble,  are  placed  about  5 
feet  high  between  these  posts,  supported  by  pins  pushed  into  the  holes  in  the  posts. 
The  workman  takes  up  4  or  8  sheets  of  paper,  and  puts  them  upon  a  pieee  of  wood  in 
the  form  of  a  T ;  passing  this  T  between  the  ropes,  he  shiAs  the  sheets  upon  them,  and 
proceeds  thus  till  all  the  ropes  are  full.  He  then  raises  the  treble,  and  puts  another  in 
Its  place,  which  he  fills  and  raises  in  like  manner.  Nine  or  ten  trebles  are  placed  in  every 
set  of  posts.  The  sides  of  the  drying-room  have  proper  shutters,  which  can  be  opened  to 
any  angle  at  pleasu^^e. 

When  the  n^pei  is  dry,  it  is  taken  down,  and  laid  neatly  in  heaps  to  be  sized.  Size 
is  made  of  pieces  of  skin,  cut  off  by  the  curriers  before  tanning,  or  sheep's  feet,  or  any 
other  matter  containing  much  gelatine.  These  substances  are  boiled  in  a  copper  to  a 
jelly ;  to  which,  when  strained,  a  small  quantity  of  alum  is  added.  The  woikman  then 
takes  about  4  quires  of  paper,  spreads  them  out  in  the  size  properly  diluted  with  water, 
taking  care  that  they  be  equally  moistened.  This  is  rather  a  nice  operation.  The  super- 
fluous size  is  then  pressed  out,  and  the  paper  is  parted  into  sheets.  AAer  being  once 
more  pressed,  it  is  transferred  to  the  drying-room,  but  must  not  be  dried  too  quickly. 
Three  days  are  required  for  this  purpose.  When  the  paper  is  thoroughly  dry,  it  is  carried 
to  the  finishing-house,  and  is  again  pressed  pretty  hard.  It  is  then  picked  by  women  with 
small  knives,  in  order  to  take  out  the  knots,  and  separate  the  perfect  from  the  imperfect 
sheets.  It  is  again  pressed,  given  to  the  finisher,  to  be  counted  into  reams,  and  done  up. 
These  reams  arc  compressed,  tied  up,  and  sent  to  the  warehouse  for  sale.  A  good  finisher 
can  count  200  reams,  or  96,000  sheets  in  a  day. 

HoT  pressing  is  executed  by  placing  a  sheet  of  paper  between  two  smoothed  paste- 
boards, alternately,  and  between  every  50  pasteboards  a  heated  plate  of  iron,  and 
subjecting  the  pile  to  the  press.  This  communicates  a  fine  smooth  surface  to  writing- 
paper. 

The  grain  of  the  paper  is  often  disfigured  by  the  felts,  when  they  are  too  much  used, 
or  when  the  loose  fibres  do  not  cover  the  twisted  thread.  The  two  sides  of  the  felt  arc 
differently  raised,  and  that  on  which  the  fibres  are  longest  is  applied  to  the  sheets  which 
are  laid  d(^n.  As  the  felts  have  to  resist  the  reiterated  action  of  the  press,  theif  warp 
should  be  made  stout,  of  long  combed  wool,  and  well  twisted.  The  woof,  however, 
should  be  of  carded  wool,  and  spun  into  a  soA  thread,  so  as  to  render  the  fabric  spongy, 
and  capable  of  imbibing  much  water. 

This  operose  and  delicate  process  of  moulding  the  sheets  of  paper  by  hand,  has  for 
nearly  thirty  years  past  been  performed,  in  many  manufactories,  by  a  machine  which  pro- 
duces it  in  a  continuous  sheet  of  indefinite  length  which  is  afterwards  cut  into  suftable 
sizes,  by  the  Papeb-cutting  Machine. 

In  1799,  Louis  Robert,  then  employed  in  the  paper  works  of  Essonne  in  France,  con- 
trived a  machine  to  make  paper  of  a  great  size,  Ira  continuous  motion,  and  obtained  for 
it  a  patent  for  15  years,  with  a  sum  of  8000  fVants  from  tl(e  French  government,  as  a  re- 
ward for  his  ingenuity.  The  specification  of  this  patent  is  published  in  the  second  volume 
efBreveit  d*  Invention  expirls,  M.  Leger-Didot,  then  director  of  the  said  works,  bought 
Robert's  machine  and  patent  for  25,000  francs,  to  be  paid  by  instalments.  Having  be- 
come proprietor  of  this  machine,  which,  though  imperfect,  contained  the  germ  of  a  val- 
uable  improvement  in  paper-making,  M.  Didot  came  over  with  it  to  England,  where  he 
entered  into  several  contracts  for  constructing  and  working  it. 

Meanwhile  M.  L.  Didot  having  failed  to  fulfil  his  obligatigns  to  Robert,  the  latter 
instituted  a  law-suit,  and  recovered  possession  of  his  patent  by  a  decision  dated  23d 
June,  ISIO.  Didot  then  sent  over  to  Paris  the  Repertory  of  Arts,  for  Sept.  1808> 
which  contained  the  specification  of  the  English  patent,  with  instructions  to  a  friend  to 
secure  the  improved  machines  described  in  it,  by  a  French  patent.  The  patent  was 
obtained,  but  became  inoperative  in  consequence  of  M.  L.  Didot  failing  to  return  to 
France,  as  he  had  promised,  so  as  to  mount  the  patent  machine  within  the  two  years 
required  by  the  French  patent  law.  It  was  not  till  1815,  that  M.  Calla,  machine^ 
maker  at  Paris,  constructed  the  paper  apparatus  known  in  England  by  the  name  of 
Fourdrinier's,  and  which,  on  the  authority  of  the  Dictionnaire  Tecknologiqne,  was  very 
imperfect  in  comparison  of  an  English  made  machine  imported  about  that  time  into 
France.  La  construction  de  ces  machines^  qui  n'offrt  pourtant  rien^  de  difficile,  est  restet 
junqu^  a  cejour  exclvtivemeni  dans  les  mains  des  Anglais,  is  the  painful  acknowledgment 
made  in  1829,  for  his  countrymen,  by  the  author  of  the  elaborate  article  Papeterie  in  that 
national  work.  If  there  be  nothing  diflicult  in  the  construction  of  these  machines,  the 
French  mechanicians  ought  to  be  ashamed  of  forcing  their  countrymen  td  seek  the  sole  sup- 

Sly  of  them  in  England ;  for  the  principal  paper  works  in  France,  as  those  of  MM.  Canson, 
lontgolfier,  Thomas  Varenne,  Firmin  Didot,  Delcambre,  De  Maupeon,  A^,  are  mounted 
▼ith  English-made  machines. 
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Tlie  foHowingy  for  example,  are  a  few  of  the  pcper-aiUs  in  France  wldeh  are  mnititei 
with  the  self-acting  machines  of  Messrs.  Bryan  Donkin  &,  Co.  ^ 

Messrs.  Caoson,  at  Anaonay. 

M-  de  la  Place,  at  Jean  d'Henres,  Bar-le-dnc. 

SocietQ  anonyme,  at  Sainte  Marie,  under  M.  Delatoucbe. 

Echarcon  prds  Meanecy,  (Seine  et  Oise). 

Firmin  Didot,  Mesnil  sur  I'Estr^e. 

M.  F.  M.  Montgolfier,  k  Annonay. 

Mnlier,  Boachand,  Ondin  and  Go's.,  at  Goeures,  near  Dieppe. 

MM.  Richard  et  Comp.  a  Plainfoing. 

M.  Callot-Bellisie ;  Vieuse  et  Chantoiseau. 

M.  Beehetaile,  near  St.  ICtienne,  at  Bourg  Argental. 

It  deserves  partienlarly  to  be  remarked,  to  the  honor  of  English  mechanism,  that  the 
proprietors  of  the  first  five  of  the  above  works  received  void  medals  at  the  last  expoei* 
tion  of  their  papers  at  the  Lonvre,  and  all  the  rest  received  medals  either  of  silver  or 
bronze.* 

The  following  is  a  trae  narrative  of  the  rise  and  progress  of  the  paper  automaton. 

M.  Leger  Oidot,  accompanied  by  Mr.  John  Gamble,  an  Englishman  who  had  resided 
for  several  years  in  Paris,  obtained  permission  from  the  French  government,  in  l300,  to 
carry  over  the  small  working  model  of  Robert's  continuous  machine,  with  the  view  of  ge^• 
ting  the  benefit  of  English  capital  and  mechanical  skill  to  bring  it  into  an  operative  state 
upon  the  great  scale.  Fortunately  for  the  vigorous  development  of  this  embryo  pioject, 
which  had  prove!  an  abortion  in  France,  they  addressed  themselves,  on  the  one  hand,  to 
a  mercantile  firm  equally  opulent  and  public  spirited,  and  on  the  other,  to  engineers  di»> 
tinguished  for  persevering  energy  and  mechanical  resource.  A  first  patent  was  granted 
to  Mr.  Gamble  on  the  20th  of  April,  1801,  and  a  second,  for  certain  improvements  upon 
the  former,  oo  the  7th  of  June,  1803.  In  January,  1804,  Mr.  Gamble,  for  certain  consid- 
f^rations,  assi<?ned  these  two  patents  to  Messrs.  Henry  and  Scaly  Fourdrinier,  the  houac 
above  alluded  to,  who  were  at  that  period,  and  for  several  years  aAerwards,  the  most  con- 
siderable stationers  and  paper-makers  in  Great  Britain.  By  an  act  of  parliament  passed 
on  the  4th  of  Aus^ust,  1807,  Mr.  Gamble's  privilege  of  14  years  from  April,  1801,  was 
prolons:ed  to  15  years  after  the  date  of  the  act,  being  an  extension  of  about  7  years  upoa 
the  original  patent. 

The  proprietors  showed  good  reasons,  in  the  enormous  expense  of  their  experiments, 
and  the  national  importance  of  the  object,  why  the  patent  should  hjive  been  extended  14 
years  from  the  latter  date,  and  would  have  obtained  justice  from  parliament  in  this  respect, 
but  for  an  unworthy  artifice  of  Lord  Lauderdale  in  the  House  of  Lords.  <<  He,  and  he 
only,  was  the  person  who  took  the  objection,"  and,  by  introducing  a  regulation  in  a  stand* 
ing  order  of  the  House  of  Lords,  that  none  but  the  original  inventor  should  have  an  ex- 
tension, though  Mr.  H.  Fourdrinier  was  the  inventcfr  substantially  of  the  operative 
machine,  he  defeated  the  honorable  intentions  of  his  brother  peers,  whose  committee  said, 
^  We  will  give  seven  years,  and  Mr.  Fourdrinier  may  Apply  agaiii,  if  it  should  turn  out 
that  the  seven  years  that  we  propose  to  ?ive  to  Mi'.  Fourdrinier  should  not  give  sufficient 
time  to  afTord  any  chance  of  his  reeelvin;?  any  rerAuneriition  for  the  expense  that  he  has 
mcurred  in  introducing  this  invention."  The  bill  passed  in  the  House  of  Commons  for 
14  years,  but  it  was  limited  by  this  rme  of  L6rd  Liiuderdale  to  7,  "  who  put  the  standing 
order  upon  the  hooks  (of  the  upper  house)  Which  prelrented  Messrs.  Fourdrinier  from 
havin?  any  benefit  from  the  invention.f 

In  February,  1808,  Mr.  Gamble,  after  losing  i)oth  his  time  and  money  savings  during 
eight  years  of  irksome  diligence,  assigned  over  to  Messrs.  Fourdrinier  the  whole  right  of 
his  share  in  the  patent  to  which  he  was  entitled  under  the  act  of  parliament. 

Dartford  in  Kent,  which  had  been  long  conspicuous  as  the  seat  of  a  good  manufactory 
of  paper  and  paper  moulds,  was  selected  by  the  proprietors  of  the  patent  as  the  fittest 
place  for  realizing  their  plans ;  and  happily  for  them  it  possessed,  in  Mr.  Hall's  engineer- 
ing establishment,  every  too]  requisite  for  constructing  the  novel  automaton,  and  in  his 
assistant,  Mr.  Bryan  Donkin,  a  young  and  zealous  mechanist,  who,  combining  precision 
of  workmanship  with  fertility  of  invention,  could  turn  his  local  advantages  to  the  best 
account.  To  this  gentleman,  aided  by  the  generous  confidence  of  Messrs.  Fourdrinier, 
the  glory  of  rearing  to  a  stately  manhood  the  helpless  bantling  of  M.  L.  Didot  is  entirely 
due.  In  1803,  after  nearly  three  years  of  intense  application,  he  produced  a  self-acting 
machine  for  making  an  endless  web  of  paper,  which  was  erected  at  St.  Neotfs  under  the 
superintendence  of  Mr.  Gamble,  and  performed  in  such  a  manner  as  to  surprise  eveiy 
beholder. 

that  hnportant  era  Mr.  Donkin  has  steadily  devoted  his  whole  mind  and  means 


*  1t«l>port  d«  Jnry  Csntnl,  par  M.  L«  Bftitm  Charles  Dnpin,  toI.  li j).  f76 ;  Parif,  1630. 
t  8«e  this  shabby  piaca  of  diplomaojr  vnTeilad  in  tha  Minutaa  of  Evidanoa  taken  before  tlia  Salaet  Com- 
mittaa  of  tha  Uooaa  of  Conmums  on  Foordrinier's  patent ;  Mar,  18S7. 
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to  the  progreraive  improTement  of  this  admireble  appumtdt ;  and  has,  by  the  nniailmg 
'^4^1arity,  precision,  promptitude,  and  produetiveness  of  its  work,  earned  for  himself  a 
place  alotig  with  Watt,  Wedgewood,  and  Arkwright,  in  the  temple  of  mechanical  fame. 

*'  La  France,*'  says  a  late  official  eulogist  of  her  arts,  and  interpreter  of  her  senti- 
ments, ''  ne  craint  plus  la  rivalite  des  antres  penples  pour  la  fabrication  des  dirers  genres 
de  papiers  et  de  cartons. ''*  Afler  this  boast,  one  would  not  expect  to  hear  him  imme- 
diately confess  that  in  1823  his  country  possessed  only  one  manufactory  of  the  papier 
continu,  containing  one  of  the  Fonrdrinier  machines  made  at  London  by  Mr.  Donkin,  for 
M.  Canson,  at  Vidalon-les-Annonay ;  that  in  1827  there  were  only  4  of  these  machines 
in  France,  and  that  in  1834  there  were  not  many  more  than  a  dozen.  He  justly 
observes,  that  *'  this  mode,  being  more  econcmiical,  more  rapid,  |ind  more  powerful,  will 
become  henceforth  the  only  one  which  can  be  practised  without  loss.  Then  will  disap- 
pear the  ancient  system  of  hand-work,  which  likewise  involved  the  inconveniences,  we 
may  say  dangers,  resulting  from  combinations  among  the  operatives.  The  machine-made 
papers  possess  many  advantages:  they  can  receive,  so  to  speak,  unlimited  dimensions; 
they  preserve  a  perfectly  uniform  thickness  tliroughout  all  their  length;  they  may  be 
fabricated  in  every  leason  of  the  year ;  nor  do  they  require  to  be  sorted,  trimmed,  and 
hung  up  in  the  drying-house,  operations  which  occasioned  great  waste,  amounting  to  no 
less  than  one  defective  sheet  out  of  every  five.  The  continuous  paper  at  one  time 
retained  the  impression  of  the  wire-wove  web  on  its  under  side ;  a  defect  from  which  it 
has  been  freed  by  a  pressure  apparatus  of  Mr.  Donkin,  recently  imported  from  England 
by  M.  Delatouche.*' 

It  appears  from  documents  presented  to  a  committee-  of  the  House  of  Lords  in  1807, 
that  the  Messrs.  Fourdrinier  had,  by  that  time,  withdrawn  from  their  stationary  business 
the  large  sum  of  60,000/.,  to  further  the  object  of  their  patent;  ao  many  difficulties  did 
they  encounter  in  bringing  the  machinery  to  its  then  comparatively  complete  state,  and  so 
little  encouragement  or  support  did  they  receive  (torn  the  paper  manufacturers  throughout 
the  kingdom. 

The  patentees  laid  a  statement  before  the  puUic  in  1806,  containing  the  following 
comparative  estimate  of  the  expense  attending  seven  vats,  and  that  attending  a  machine 
employed  upon  paper  sized  in  the  engine,  peribrming  the  same  quantity  of  work  as 
vats,  at  the  rate  of  12  hours  daily. 


A  MACHINE. 


Journeymen         .... 

2  Ditto 

2  Finishers 

2  Dry  workers        .        . 

Parters  (none)    .... 

Fire  (none)  .... 

Felting 

Washing,  ditto     .        .        .        . 

Wire 

1  Man,  to  keep  in  repair  the  mill  > 
and  machine    •        .  > 

Totals 


Day. 


8.  d, 

3  6 

2  6 

3  6 
3  6 


W«ek. 


£  «.  d 

2  2  0 

1  10  0 

2  2  0 
2  2  0 


7  16    0 


Month. 


£  s.  d. 

8  8  0 

6  0  0 

8  8  0 

8  8  0 


31    4    0 


Year 


£ 
109 

78 
109 
109 


4  0 

0  0 

4  0 

4  0 


24  0  0 

5  0  0 

200  0  0 

100  0  0 


734  12    0 


Expense  of  7  vats  per  annum  (see  next  page)  is 
A  machine  doing  7  vats'  work^  is,  per  annum    . 

Balance  saved  by  the  machine  per  annum  • 


£  ».  d. 

.    2,604  12  0 

.       734  12  0 

.£1,870  0  0 


If,  B.— There  are  other  advantages,  to  the  amount  of  full  4002.  per  annimi,  of  whidi 
manufacturers  are  well  aware,  although  not  taken  into  this  calculation. 


♦  lUnport  de  Jury  Central,  ear  lee  Prodvite  de  PIndvetrie  Franfiute  expoe^  en  ISM,  pnr  Le  Bum  Chaifae 
DVQU,  Membra  de  Vinetitnt,  Rnpport«ar-g€n6ral  et  Vioe  Pteadent  da  JwyC^Blnd ;  iTW  ^^  ^^^ 
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Dey. 

Week. 

MoBth. 

Year. 

9.    d. 

je     f.    d. 

£  s,  d. 

£      8.     d. 

7yatmea,at     -       «     -  . 

3    3 

6  16    6 

27    6  0 

354  18    0 

7  Couchers        .... 

3     1 

6    9    6 

25  18  0 

336  14    0 

7  Layers            .... 

3     1 

6    9    6 

25  18  0 

336  14    0 

3  Finishers        -       . 

4    0 

3  12    U 

14    8  0 

187    4    0 

6  Dry  workers  >       -        - 

3     1 

5  11    0 

22    4  0 

288  12    0 

3  Men  to  go  to  press,  Ate.  - 

2    6 

2    5    0 

9    0  0 

117    0    0 

7  Parters  (women)     ... 

1    4 

2  16    0 

11    4  0 

145  12    0 

Fire 

7    0    0 

28    0  0 

364    0    0 

Felting  -        .        ...        -      . 

140    0    0 

Washing  ditto^  oil,  soap,  fire,  &e. 

1  11     6 

6    6  0 

81  18    0 

Moulds 

140    0    0 

1  Man,  and  expenses  of  repairing,  ^ 

in  keeping  in  order  7  yats,  vat-  > 

112    0    0 

presses,  Ace.                                   ) 
Total  41  persons. 

42  11.    0 

170    4  0*2,604     0    0  | 

la  the  same  statement,  it  was  shown  that  the  expense  of  making  paper  by  hand  is  16«. 
per  cwt.,  whereas  by  their  machine  it  is  only  3«.  9d, ;  so  that  upon  432,000  cwts.  the 
quantity  annually  made  in  Great  Britain  and  Ireland  (as  founded  upon  the  fact  that  one 
Tat  can  make  480  cwts.  of  paper,  and  that  there  were  900  vats  in  the  kingdom),  the 
uiBiial  saving  by  the  machine  would  be  264,600/.,  or  345,600/.  ^  81,000/. 

In  a  second  statement  laid  before  the  public  in  1807,  the  patentees  observe  that  their 
recently  improved  machine,  from  its  greater  simplicity,  may  be  erected  at  a  considerably 
reduced  expense.  **  Mr.  Donkin,  the  engineer,  will  engage  to  furnish  machines  of  the 
dimensions  specified  below,  with  all  the  present  improvements,  at  the  prices  specified 
beh>w. 


• 

laehee. 

If  drivea  by  etrape. 

£ 

3  or  4  vats         .... 
6  ditto        .... 
8  ditto        .... 
12  ditto        .       .       .       .    ^ 

3  or  4  vats         .... 

6  ditto        .... 

8  ditto         .... 

12  ditto         .... 

30 
40 
44 
54 

30 
40 
44 
54 

between  the  deckles 
ditto           ,    ditto 
ditto               ditto 
ditto               ditto 

Ifdriven  by  wheels. 

between  the  deckles 
ditto               ditto 
ditto               ditto 
ditto               ditto 

716 
845 
940 
995 

760 

880 

980 

1,040 

''Instead  of  5  men,  formerly  employed  upon  1  machine,  3  are  now  (in  1813)  fully 
laffident,  without  requiring  that  degree  of  attention  and  skill  which  was  formerly  indis- 
pensable. 

"  In  1806  the  machine  was  capable  of  doing  the  work  of  6  vats  in  twelve  hours ;  it 
is,  however,  now  capable  of  doing  double  that  quantity,  at  one  fourth  of  (he  expense. 
For  by  the  various  improvements  enamerated  above,  the  eonsumption  of  wire  is  reduced 
nearly  one  half,  and  lasts  above  double  the  time;  the  quantity  of  paper  produced  is 
doubled ;  and,  taking  into  consideration  the  work  which  is  now  performed  by  the  men 
over  and  above  their  immediate  attendance  apon  the  machine,  it  may  be  fairly  stated,  that 
the  nnmber  of  men  is  reduced  to  one  half;  consequently  the  expense  of  wire  and  labor 
is  reduced  to  one  fourth  of  what  it  was. 

*'  The  other  advantages  incidental  to  the  nature  of  the  process  of  making  paper  by  this 
ntehiae,  may  be  classed  in  the  following  order  :•— 

^*  1st.  That  the  paper  is  much  superior  in  strength,  firmness,  and  appearance,  to  any 
which  can  be  made  by  hand  of  the  same  material. 

''2d.  It  requires  less  drying^  less  pressing  and  parting,  and  consequently  comes  sooner 
to  market;  for  it  receives  a  much  harder  pressure  ftom  the  machine  than  can  possibly 
be  given  by  any  vat  press,  and  is  therefore  not  only  drier,  but,  on  account  of  the  dose- 
sesi  and  firmness  of  texture,  even  the  moisture  which  remains  is  far  sooner  evaporated, 
on  exposure  to  the  air,  than  it  would  be  from  the  more  spongy  or  btbnlous  paper  made 
hjhand. 
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<<The  superior  pressure,  and  the  cirevmstance  of  one  side  of  the  paper  paasmg  nadei 
the  polished  sarface  of  one  of  the  pressing  rollers,  contribute  to  that  smootbiiesB  which 
in  hand-made  papers  can  only  be  obtained  by  repeated  parting  and  pressing ;  consequently 
a  great  part  of  the  time  necessarily  spent  in  these  operations  is  saved,  and  tkc  paper 
sooner  finished  and  ready,  for  market. 

<<  3dly.  The  quantity  of  broken  paper  and  retree  is  almost  nothing  eomptfed  with  what 
is  made  at  the  vats. 

«  4th.  The  machine  makes  paper  with  cold  water. 

<'  5th.  It  is  durable,  and  little  subject  to  be  out  of  repair*  -  The  machine  at  Two  Wulen, 
in  Hertfordshire,  for  the  last  three  years,  has  not  cost  10L  a  year  in  repairs. 

<<  6th.  As  paper  mills  are  almost  universally  wrought  by  streams,  which  vary  con- 
siderably in  their  power  from  time  to  time,  there  will  result  iiom  this  cireunistanee  a 
very  important  advantage  in  the  adoption  of  the  machine.  The  common  paper  mill 
being  limited  by  its  number  of  vats,  no  advantage  can  be  taken  of  the  frequent  accessions 
of  power  which  generally  happen  in  the  course  of  the  year;  but,  on  the  contrary,  as 
scarcely  any  mills  are  capable  of  preparing  stuff  for  twelve  vats,  every  accession  of  power 
to  the  mill,  where  a  machine  is  employed,  will  increase  its  produee  without  any  additional 
expense. 

<<  7th.  The  manufacturer  can  suspend  or  resume  his  work  at  pleasure ;  and  he  is  bo- 
sides  effectually  relieved  from  the  perplexing  difficulties  and  loss  consequent  upon  the 
perpetual  combinations  for  the  increase  of  wages." 

It  is  a  lamentable  fact,  that  the  attention  required  to  mature  this  valuable  invention, 
and  the  large  capital  which  it  absorbed,  led  ultimately  to  the  bankruptcy  of  this  opulent 
and  public-spirited  company ;  after  which  disaster  no  patent  daes  were  eoUected,  though 
twelve  suits  in  Chancery  were  instituted ;  these  being  mostly  unsnccessAil,  on  aoeoont 
of  some  paltry  technical  objections  made  to  their  well-specified  patent,  by  that  on- 
scientific  judge  Lord  Tenterden.  The  piratical  tricks  practised  by  many  considerable 
paper-makers  against  the  patentees  are  humiliating  to  human  nature  in  a  civilized  and 
ioi-disant  Christian  community.  Many  of  them  have  owned,  since  the  bankruptcy  of 
the  house  removed  the  fear  of  prosecution,  that  they  owed  them  from  2000/.  to  3O00I. 
apiece. 

Nothing  can  place  the  advantage  of  the  Fourdrinier  machine  in  a  stronger  point  of 
view,  than  the  fact  of  there  being  280  of  them  now  at  work  in  the  United  Kingdom, 
making  collectively  1600  miles  of  paper,  of  from  4  to  5  feet  broad,  every  day ;  that  they 
have  lowered  the  price  of  paper  50  per  cent.,  and  that  they  have  increased  the  revenue, 
directly  and  indirectly,  by  a  sum  of  probably  400,000/.  per  annum.  The  tissue  paper 
made  by  the  machine  is  particularly  useful  for  communicating  engraved  impressions  to 
pottery  ware ;  before  the  introduction  of  which  there  was  but  a  miserable  substitute. 
Messrs.  R.  and  J.  Clewes,  of  Cobridge  potteries,  in  a  letter  to  Messrs.  Fourdrinier,  states 
*'  that  had  not  an  improvement  taken  place  in  the  manufacture  of  paper,  the  new  style 
of  engraving  would  have  been  of  no  use,  as  the  paper  previously  used  was  of  too  coarse 
a  nature  to  draw  from  the  fair  engravings  any  thing  like  a  clear  or  perfect  impression ; 
and  the  Staffordshire  potteries,  in  our  opinion,  as  well  as  the  public  at  large,  are  deeply 
indebted  to  you  (br  the  astonishing  improvement  that  has  recently  taken  place,  both  as 
regards  china  and  earthenware,  more  particularly  the  latter."  The  following  rates  of 
prices  justify  the  above  statement : — 

1814.  1822.  1833. 

t.    d,  '«•    d.  «.    d. 

Demy  pottery  tissue        ----12    0  96  70 

Royal  ......    16    3  12    0  89 

<<  We  have  adopted  a  new  mode  of  printing  on  china  and  earthenware,  which,  but  for 
•your  improved  system  of  making  tissue  paper,  must  have  utterly  failed ;  our  patent  ma- 
chine requiring  the  paper  in  such  lengths  as  were  impossible  to  make  on  the  old  phm. 
On  referring  to  our  present  stock,  we  find  we  have  one  sheet  of  your  paper  more  than 
1200  yards  Ions;.    Signed,  Mnchin  and  Potte ;  Burslem,  February  25th,  1834.'* 

I  have  had  the  pleasure  of  visiting  more  than  once  the  mechanical  workshO|is  of 
Messrs.  Bryan  Donkin  and  Co.  in  Bermondsey,  and  have  never  witnessed  a  more 
admirable  assortment  of  exquisite  and  expensive  tools,  each  adapted  to  perform  its  part 
with  despatch  and  mathematical  exactness,  though  I  have  seen  probably  the  best 
machine  factories  of  this  country  and  the  Continent.  The  man  of  science  will  appreciate 
this  statement,  and  may  perhaps  be  surprised  to  learn  that  the  gran^  mural  circle  of 
7  feet  diameter,  made  by  Tronghton^for  the  Royal  Observatory  of  Greenwich,  was  tuned 
with  final  truth  upon  a  noble  lathe  in  the  said  establishment.  It  has  supplied  no  fewer 
than  13^  complete  automatic  paper  machines,  each  of  a  value  of  from  1200L  to  20001., 
to  different  manuihctories,  not  only  in  the  United  Kingdom,  but  in  all  parts  of  the 
civilized  world ;  as  mentioned  in  the  second  paragraph  of  the  present  article.     Each 
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,  nndw  the  ImpalMon  or  tirj 
I  hatD*Q  efe,  aad  anguided  hj 
91  i>  leDgth,  by  £  feet  broad, 
iuate.      Of  p»per  of  avenge 

llnal  iBftirm,  re|»«Knling  the 


etail.  The  Agurt  In  the  nppei 
Ihe  papet  it  to  be  troand  up 
ipg  moreable  ronnd  Ihe  eeatre 
emplj,  lime  abaat,  to  reeeiTe 
1  the  under  line  conUiu  Ih* 
pointe  0  0,  of  whose  Irune, 
'et  reel  lV»nie,  r  r,  r. 
Ip  from  the  ttnff^ibett. 

B  is  the  knot  ttrainec  of 
IboUoD  (p.  9S7),  to  cleu  tha 
palp  Won  puling  on  tn  (ha 
¥rire. 

0  i*  the  bof  ,  Of  sgitalor  in 
the  *bL    Hie  aiTowg  ahoir 

the  pulp  in  the  vat. 

1  is  the  apron,  or  receiver 
of  the  water  and  palp  vhich 
eMape  throngh  the  eudleu 
wire,  and  whieh  are  relorned 
by  a  teoop-»be«I  into  the  rat. 

b  is  the  copper  lip  of  the  vat, 
OTei  which  the  pulp  flows  to 
the  endless  wire,  on  a  leathern 
apron  extending  from  this  lip 
to  abont  nine  inches  over  the 
wire,  lo  aappoil  Ihe  pulp  and 
prevent  its  escaping. 

c,  c  are  the  ban  which  bear 
■p  Ihe  small  tube  rollers  that 
support  the  wire. 

^  rf  are  nilei  bars  to  snppoi ' 
the  copper  rollers  over  whic-i 
the  wire  revolves. 

E  is  the  breaat  roller,  round 
which  the  endless  wire  turns. 

M  is  Ihe  point  where  the 
diaking  motion  is  given  to  the 

M  is  the  guide  roller,  having 
its  pivots  moveable  laterally 
to  adjust  the  wire  and  keep  i1 
parallel. 

y,"  to  press  out  water,  and  to 
f  the  second,  when  it  is  nsed. 
IT  couching  rollers ;  the  wire 

latter  i*  eonehed  upon  the 
esi  wire  o  returns,  jMuing 
ly  Mr.  Donkin's  happy  inven- 
liqnely,  the  water  runs  freely 

their  axes  were  jn  a  vertical 

m  the  edges  of  the  sheet  of 
wing  away  laterally.      Tbey 

ig-puller. 

ch  the  win  ptnei,  which  do 


which  term  to  mpport  the  paper,  ud  prcmt  it 
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k,  i  are  nontUe  rollera  for  Mretchiiig  the  wire,  or  onn  Eaniige*  Tor  kecptof  B* 
raUen  g,  gian  proper  poaition. 
c  ii  the  second  pren,  or  dr;  pres^  to  expel  the  wUet  in  a  eoU  state. 
K,  I,  be.,  in  the  view  oT  the  lower  line,  are  the  steam  cjliDilen  tot  drying  Ibe  twUem 
aheet 
t,  { are  rollen  to  ctrnTer  the  paper. 
j,  j  ore  roUen  to  coodaet  the  fell  |  ~ 
wrinkliiu;  or  becomii^  cockled. 

D,  D  are  the  hei^^onal  expandinf  reds  for  the  ■teaio-dried  paper  web,  cue  ooij  beiaf 
naed  at  a  lime,  and  made  to  init  different  siiea  of  sheett.    I  ft  their  awing  fulcmiD. 
F,  F,  r,  F,  JB  the  frame  of  the  machine. 

The  deckle  straps  are  worthT  of  partitalar  notice  in  this  beantiTnl  machine.  Tbej 
are  composed  oT  many  lajera  of  cotton  tape,  each  one  inch  broad,  and  to^Mber  ooe 
hair  inch  Ibiek,  cemented  with  caoalchonc,  m>  as  to  be  at  once  pmecilj  flexible  and 
water-tight. 

The  upper  end  of  each  of  the  two  carriages  of  the  roller  L  is  <d'  a  forlted  shape,  aad 
the  pivots  of  the  roller  are  made  to  turn  in  the  cleft  of  the  fbrked  carriage*  in  such  a 
manner,  Ihal  the  roller  tnaf  be  prevenled  from  having  any  lateral  motloa,  while  it  possesses 
a  free  vibratory  motion  upwards  and  downwards ;  tbe  whole  weight  of  the  roller  i.  bciag 
borne  by  the  endless  web  of  woven  wire. 

The  greatest  difflenlly  Ibrmerly  eiperienccd  io  the  paper  roannlBctnre  npon  the 
continuous  system  of  Fourdrinier,  wasto<rcmovethe  moistnre  from  the  palp,  audctadenac 
it  with  sufllcieDl  rapidity,  so  as  to  prevent  its  becoming  iriiat  is  called  icattr-gatlid,  and 
to  permit  the  web  to  proceed  directly  to  the  drying  cylinders.  Hitherto  no  invention  has 
answered  so  wHl  in  practice  to  remove  this  difficulty  as  the  channelled  and  perforated 
pulp  rollers  or  dandies  of  Mr.  John  Wilks,  the  ingeniaut  partner  of  Mr.  Donkin ;  for 
which  ■  patent  was  obtained  in  1830.  Suppose  one  of  these  roUers  (see  l,  in  Jig.  7B8, 
and  H,  H,  in  Jig.  793)  is  required  for  a  machine  which  is  to  make  paper  M  inches  wide, 
it  must  be  abont  60  Inches  long,  so  that  its  extremities  (see  J!^ t.  7S9  and  790)  may  extend 
over  or  beyond  each  edge  of  the  sheet  of  paper  upon  which  it  it  laid.  Its  diBisela-  may 
be  7  inches.  Abnnt  8  grooves,  each  I-16lh  of  an  inch  wide,  are  made  in  every  inch  of 
the  tnbe ;  and  they  are  cat  to  half  the  thickness  of  the  copper,  with  a  reetangnUriy 
shaped  tool.  A  succession  of  ribs  and  grooves  are  thus  formed  throughoal  the  whole 
length  of  the  Inbe.  A  similar  soccession  is  then  made  across  the  former,  bnl  of  24  in 
the  inch,  and  on  the  opposite  surface  of  the  metal,  which  by  ■  peculiar  mode  of  inaDafF- 
menl  had  been  prepared  for  that  purpose.  As  the  latter  grooves  are  cut  as  deep  as  the 
former,  those  on  the  inside  meet  those  on  the  outside,  crossing  each  other  at  right  angles 
and  thereby  producing  so  many  square  holes ;  leaving  a  series  of  straight  copper  ribs  on 
the  interior  surface  of  the  said  tube,  traversed  by  another  series  of  ribs  coiled  mud 
them  on  the  outside,  forming  a  cylindrical  sieve  made  of  one  piece  of  melal.  The 
mugh  edges  of  all  the  ribs  mult  be  rounded  off  with  a  smooth  file  into  a  semi^circBtar 
form.  FigM.  789  and  790,  *  a,  are  pv- 
b  lions  of  the  ribbed  copper  tube.     Fig.  7S9 

shows  the  exterior,  and  Jig.  790  the  in- 
terior surface ;  b,  b  and  b,  b  show  the  plain 
part  at  each  of  the  ends,  where  it  is  made 
fail  to  the  brass  rings  by  rivets  or  screws  ; 
jl  c,  c  are  the  rings  with  arms,  and  a  centre 

piece  In  each,  for  fixing  the  iron  pimt  or 
shaft  a ;  one  such  pivot  is  fixed  by  rivet- 
ing it  in  each  of  the  centre  pieces  cf  the 
rings,  as  shown  at  c,  Jig.  790 ;  so  Ihal  both 
the  said  pieces  shall  be  concentric  with  the 
rini^,  and  have  one  common  axis  with  each 
791      j^  792    oiher,  and  with  the   roller.     Al   a,  »,  a 

groove  is  turned  in  each  of  the  pivots,  for 
the  purpose  of  suspending  a  weight  by  a 


on  the  paper,  whenever  it  may  be  foDad 
necessary. 

Fig.  791  is  an  end  view,  showing  the 
copper  tube  and  its  internal  ribs  a,  a  ;  the 
brass  rings  c,  c  ;  arm  n,  d,  d  j  ceolre  piece  E, 
and  pivot  B.  Fig.  792  is  a  secUou  of  the 
said  ring,  with  tbe  arOH,  kc 

The  roller  is  ttiami  at  i,  fig.  788,  as 
lying  upon  the  lorftee  of  the  wire-web. 
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The  reluive  pcailioD  of  tlut  peribnted  roller,  and  the  little  roDer  b,  otti  which 
il  lio,  is  such  Ihst  (he  axli  of  i.  li  ■  little  to  one  ule  of  the  axis  of  b,  and  not  in  the 
Nuue  Tertical  plane,  the  lallec  beiDg  about  an  inch  nearer  the  rat  end,  Ifeoce,  when- 
ever the  wiie-web  ia  »et  in  progressive  motion,  il  will  cause  the  rollfr  l  to  revolve  upon 
its  suifaee ;  anJ  as  the  paper  is  progressivelji  mode,  it  will  pass  onwnrds  wilb  the  web 
nnder  ifae  suriBCe  of  the  roller.  Thus  the  pulpy  layer  of  paper  is  conilensed  bf 
compression  under  the  ribbed  roller;  while  il  iransmits  its  moisture  ihruugli  ihe 
perforaLons,  it  beconkes  sofficieally  compact  to  endure  Ibe  action  of  the  wel  press 
rollers  H,  H,  and  also  acquires  the  ai^earance  of  parallel  lines,  as  if  made  by  hand  in  a 
laid  mould. 

Mr.  Wilka  occosionall)'  employs  «  second  perforated  roller  in  the  some  paper  maebjne, 
wbkh  is  then  placed  al  the  dolled  lines  J,  J,  t. 

The  patentee  ha*  described  in  the  same  apeciGcatioQ  a  nioM  iuf  euious  modiGcalion  of 
Ihe  said  roller,  by  which  fa«  can  exhaust  Ihe  air  from  ■  hollowed  portion  of  IIe  periphery, 
and  cause  the  paper  in  its  passage  over  the  roller  (o  nndergo  the  saching  operation  of 
the  partial  void,  so  as  to  be  remarkably  condensed  ;  but  he  has  not  been  called  upon  10 
apply  Ihis  second  invention,  in  consequence  of  the  perfect  success  which  be  has  experi- 
enced in  the  working  of  Ihe  first. 
The  following  is  a  more  detailed  illosliatioa  of  Mr.  Wilks'  improved  roller. 
Fig.  793  represents  two  parts  of  his  double-eased  exhausling  cylinder. 

—    -  This  coDBisls  of   iwo  copper   tubes, 

one  nicely  lining  the  olheri  Ihe  inner 
being  punched  full  of  round  holeej  as 
al  K,  X,  where  that  tube  is  shown  un- 
covered j  a  portion  uf  the  inner  sur- 
face of  Ihe  same  lube  is  sbuwn  at 
L,  L.  In  this  figure  also,  two  porlians 
of  the  outer  tube  are  shown  at  m,  m, 
and  n,  N  ;  the  former  being  an  external, 
and  the  latter  an  internal  view.  Here 
we  see  that  the  eilernal  tube  is  ihe 
ribbed  perforated  one  already  described  ; 
the  holes  in  the  inner  tube  being  made 
in  rows  lo  correspond  with  Ihe  grooves 
in  the  outer.  The  holes  are  so  di». 
Iribuleii  that  every  hole  in  one  row  shall 
be  opposite  lo  the  middle  of  the  space 
left  between  two  holes  in  Ihe  next  row, 
as  will  appear  from  iuspeclion  of  Iha 
figure.  The  diameter  of  each  of  the 
punched,  holes  somewhat  exceeds  the 
width  of  each  rib  in  the  inside  of  Ihe 
outer  cylinder,  and  every  inside  groove 
of  this  tube  coincides  with  a  row  of 
holes  in  Ihe  former,  which  canslruction 
permits  the  free  Iraosadation  or  perco 
lation  of  Ihe  water  ool  of  Ihe  pnlp.  Al  each  end  of  this  double-case  cylinder,  a  part  is 
Ml  at  H,  H,  plain  without,  and  grooved  merely  in  the  inside  of  the  outer  lube.  The 
smooth  surface  allows  Ihe  brass  ends  lo  be  seenrelT  fixed ;  the  outer  edge  of  the  brMS 
riag  fits  tight  into  the  inside  of  the  end  of  Ihe  cylinders. 

Oa  Ihe  inside  of  each  of  these  rings  there  are  four  pieces  which  project  towanis  the 
centre  or  axis  of  the  cyUnder ;  two  of  which  pieces  are  shown  at  o,  a,  Jig.  793,  in 
section,  b,  i,  is  a  brass  ring  with  four  annt  r,  c,  t,  c,  and  a  boss  or  centre  piece  d,  d. 
The  outer  edge  of  the  lasl-menlioned  ring  is  also  turned  cylindrical,  and  of  such  a 
diaowur  as  lo  Gl  the  interior  of  the  former  ring  o,  o.  The  two  rings  are  securely 
beU  logelher  hy  four  screws,  t,  t  is  ihe  hollow  iron  axle  or  shad  upon  which  the 
cylinder  revolves.  Its  oulside  is  made  truly  cylindrical,  so  as  to  fit  ihe  circular  holes 
in  the  bowes  d,  d,  of  the  rings  and  arms  al  each  end  of  the  cylinder.  Hence,  if  the 
hollow  ahaft  be  to  fixed  that  it  will  not  (urn,  the  perforated  cylinder  is  capable  of  having 
a  rotalory  motion  given  lo  il  round  that  shaft.  This  motion  is  hod  recourse  lo,  when  the 
vannm  appaialns  is  employed.  But  otherwise  the  cylinder  is  made  fast  lo  the  hollow 
axle  ^  means  of  two  screw  clamps.  To  one  end  of  the  cylinder,  as  at  ;i,  a  toothed  wheel 
is  allached,  for  commaniealing  a  rotatory  molioiL  to  il,  so  that  its  inrface  motion  shaU  b« 
the  same  as  ihal  of  Ihe  paper  web;  otherwise  a  nibbing  (notion  might  ensue,  which  wo  Jld 
id  injuie  both. 
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the  motion  of  the  weh,  which  operates  as  a  sieve,  separatins^  to  a  certain  decree  the  water 
from  the  pulp,  yet  leaving  the  latter  in  a  wet  state  till  it  arrives  at  the  fiist  pair  of  press- 
ing rollers  h,  »,  between  which  the  web  with  its  sheet'of  paper  is  squeezed.  Thidc 
paper,  in  passing' through  these  rollers,  was  formerly  often  injiffed  by  becoming  water- 
galled,  from  the  greater  retention  of  water  in  certain  places  than  in  others.  Bat  Messn. 
Donkin's  cylinder,  as  above  described,  has  facilitated  vastly  the  discbarge  of  the  water, 
and  enabled  the  manufacturer  to  turn  off  a  perfectly  uniform  smooth  paper. 

In  Jig,  788,  immediately  below  the  perforated  cylinder,  there  is  a  WDoden  water- 
trough.  Along  one  side  of  the  trough  a  copper  pipe  is  laid,  of  the  same 
length  as  the  cjiinder,  and  parallel  to.it;  the  distance  between  them  being  about 
one  fourth  of  an  inch.  The  side  of  the  pipe  facing  the  cylinder  is  perforated  with  a 
line  of  small  holes,  which  transmit  a  great  many  jets  of  water  against  the  surface  of  the 
cylinder,  in  order  to  wash  it  and  keep  it  clean  during  the  whole  continnance  of  the 
process. 

The  principle  adopted  by  John  Dickinson,  Esq.,  of  Nash  Mill,  for  making  paper, 
is  different  from  that  of  Fourdrinier  It  consists  in  causing  a  polished  hollow 
brass  cylinder,  perforated  with  holes  or  slits,  and  covered  with  wire  cloth,  to  rerolve 
over  and  just  in  contact  with  the  prepared  pulp :  so  that  by  connecting  the  cyfinder 
with  a  vessel  exhausted  of  its  air,  the  film  of  pulp,  which  adheres  to  the  cylinder 
during  its  rotation,  becomes  gently  pressed,  whereby  the  paper  is  supposed  to  be  ren- 
dered drier,  and  of  more  uniform  thickness,  than  upon  the  horiiontal  hand  moulds, 
or  travelling  wire  cloth  of  Fourdrinier.  When  subjected  merely  to  agitation,  the  water 
is  sucked  inwards  through  the  cylindric  cage,  leaving  the  textile  filaments  so  completely 
interwoven  as,  if  felted  among  each  other,  that  they  will  not  separate  without  breaking, 
and,  when  dry,  they  will  form  a  sheet  of  paper  of  a  strength  and  quality  relative  to  the 
nature  and  preparation  of  the  pulp.  The  roll  of  paper  thus  formed  upon  the  hollow 
cylinder  is  turned  ofiT  eontlnuously  upon  a  second  solid  one  covered  with  felt,  upon  which 
it  is  condensed  by  the  pressure  of  a  third  revolving  cylinder,  and  is  thence  delivered  to 
the  drying  rollers. 

Such  is  the  general  plan  of  Mr.  Dickinson's  paper  machines,  into  which  he  has  intro- 
duced numerous  improvements  since  its  invention  in  1809,  many  of  them  secured  by 
patent  right ;  whereby  he  has  been  enabled  to  make  papers  of  first-rate  quality,  Biore  par- 
ticularly for  the  printing-press.     See  t7i/r«i. 

In  July,  1830,  Mr.  Ibotson  of  Poyle,  paper  manufacturer,  obtained  a  patent,  see  a,  Jig. 
788,  which  has  proved  very  successful,  for  a  peculiar  construction  of  a  sieve  or  strainer. 
Instead  of  wire  meshes,  he  uses  a  series  of  bars  of  gun-metal,  laid  in  the  bottom  of  a  box, 
very  closely  together,  so  that  the  upper  surfaces  or  the  flat  sides  may  be  in  the  same  plane, 
the  edge  of  each  bar  being  parallel  with  its  neighbor,  leaving  parallel  slits  between  them 
of  fVom  about  l-70th  to  l-lOOth  of  an  inch  in  width,  according  to  the  fineness  or  coarseness 
of  the  paper-stuff  to  be  strained.  As  this  stufif  is  known  to  consist  of  an  assemblage  of 
very  fine  flexible  fibres  of  hemp,  flax,  cotton,  &,c.,  mixed  with  water,  and  as,  even  in  the 
pulp  of  which  tlie  best  paper  is  made,  the  length  of  the  said  fibres  considerably  exrefds 
the  diameter  of  the  meshes  of  which  common  strainers  are  formed,  consequently  the  kmg- 
est  and  most  useful  fibres  were  formerly  lost  to  the  paper  manufacturer.  Mr.  Ibotsoa's 
improved  sieve  is  employed  to  strain  the  paper-stuflT  previously  to  its  being  used  in  the 
machine  above  described,  (see  its  place  at  b  in  the  vat.)  When  the  strainer  is  at  work, 
a  quick  vertical  and  lateral  jogging  motion  is  given  to  it.  by  machinery  similar  to  the  jog- 
ging screens  of  corn  mills. 

Since  the  lateral  shaking  motion  of  the  wire^web  in  the  Fourdrinier  machine,  as  origin- 
ally made,  was  injurious  to  the  fabric  of  the  paper,  by  bringing  its  fibres  more  elosely 
together  breadthwise  thnn  lengthwise,  thus  tending  to  produce  long  ribs,  or  thick 
streaks  in  its  substance,  Mr.  George  Dickinson,  of  Buckland  Mill,  near  Dover,  proposed, 
in  the  specification  of  a  patent  obtained  in  February,  1828,  to  give  a  rapid  np-and^own 
movement  to  the  travelling  web  of  pulp.  He  does  not,  however,  define  with  much  pre* 
cision  any  proper  mechanism  for  effecting  this  purpose,  but  claims  every  plan  whieh 
may  answer  this  end.  He  proposes  generally  to  mount  the  rollers,  which  conduct  the 
horizontal  endless  web,  upon  a  vibrating  fVame.  The  forepart  of  this  frame  is  attached 
to  the  standards  of  the  machine,  by  hinge  joints,  and  the  hinder  part,  or  that  upoa 
which  the  pulp  is  first  poured  out,  is  supported  by  vertical  rods,  connected  with  a 
crank  on  a  shaft  below.  Rapid  rotatory  motion  being  given  to  this  crank-«haA,  the 
hinder  part  of  the  frame  necessarily  receives  a  quick  up-and-down  vibratory  movement, 
which  causes  the  water  to  be  shaken  out  from  the  web  of  pulp,  and  thus  sets  the  fibres 
of  the  paper  with  much  greater  equality  than  in  the  machines  fbrmerly  constructed.  A 
plan  similar  to  this  was  long  ago  introduced  into  Mr.  Donkin's  machines,  in  whidi  the 
vibrations  were  actuated  in  a  much  more  mechanical  way. 

John  Dickinson,  Esq.,  of  Nash  Mill,  obtained  a  patent  in  October,  1830,  for  a  method  of 
uniting  face  to  face  two  sheets  of  pulp  by  means  of  machinery,  in  oider  to  produce  paper 
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<»r  extnoidinary  thickiiess.  Two  yats  are  to  be  supplied  with  paper  stuff  as  usual;  in 
wJiich  two  hollow  barrels  or  drums  are  made  to  reyolve  upon  axles  driven  by  any  firet 
moyer ;  an  endless  felt  is  conducted  by  guide  rollers,  and  brought  into  contact  with  the 
drums ;  the  first  drum  gives  off  the  sheet  of  paper  pulp  from  its  periphery  to  the  felt, 
which  passing  over  a  pressing  roller,  is  conducted  by  the  felt  to  that  part  of  a  second 
drum  which  is  in  contact  with  another  pressing' roller.  A  similar  sheet  of  paper  pulp  is 
now  given  off  from  the  second  drum,  and  it  is  brought  into  contact  with  the  former  by  the 
pressure  of  its  own  roller.  The  two  sheets  of  paper  pulp  thus  united  are  carried  forward 
by  the  felt  over  a  guide  roller,  and  onward  to  a  pair  of  pressing  rollers,  where  by  contact 
the  moist  surfaces  of.  the  pulp  are  made  to  adhere,  and  to  constitute  one  double  thick 
sheet  of  paper,  which,  aAer  passing  over  the  surfaces  of  hollow  drums,  heated  by  steam, 
becomes  dry  and  compact.  The  rotatory  movements  of  the  two  pulp-liAing  drums  must 
obviously  be  simultaneous,  but  that  of  the  pressing  roUers  should  be  a  little  faster,  because 
the  sheets  extend  by  the  pressure,  and  they  should  be  drawn  forward  as  fast  as  they  are 
delivered,  otherwise  creases  would  be  formed.  Upon  this  invention  is  founded  Mr.  Dick- 
inson's ingenious  method  of  making  safety-paper  for  Post-office  stamps,  by  introducing 
silk  fibres,  &c.,  between  the  two  lamins. 

The  following  contrivance  of-  the  same  inventive  manufacturer  is  a  peculiarly  elegant 
mechanical  arrangement,  and  is  likely  to  conduce  to  the  perfection  of  machine-made 
paper.  I  have  already  described  Mr.  Ibotson's  exeellent  plan  of  parallel  slits,  or  gridiron 
strainers,  which  has  been  found  to  form  paper  of  superior  quality,  because  it  permits  all 
the  elongated  tenacious  fibres  to  pass,  which  give  strength  to  the  paper,  while  it  intercepts 
the  eoarser  knots  and  lumps  of  the  paste,  that  were  apt  to  spoil  its  surface.  Mr.  Turn- 
er's circular  wire  sieves,  presently  to  be  noticed,  may  do  good  work,  but  they  cannot  com- 
pete with  Mr.  Dickinson's  present  invention,  which  consists  in  causing  the  diluted  paper 
pulp  to  pass  between  longitudinal  apertures,  about  the  hundred-and-fiAeenth  part  of  an 
inch  wide,  upon  the  sprface  of  a  revolving  cylinder. 

The  pulp  being  diluted  to  a  consistency  suitable  for  the  paper  machine,  is  delivered 
into  a  vat,  of  which  the  level  is  regulated  by  a  waste  pipe,  so  as  to  keep  it  nearly  full. 
From  this  vat  there  is  no  other  outlet  for  the  pulp,  except  through  the  wire-work  peri- 
phery of  the  revolving  cylinder,  and  thence  out  of  each  of  its  ends  into  troughs  placed 
alongside,  from  which  it  is  conducted  to  the  machine  destined  to  convert  it  into^a 
paper  web. 

The  revolving  cylinder  is  constructed  somewhat  like  a  squirrel  cage,  of  circular  rods, 
or  an  endless  spiral  wire,  strengthened  by  transverse  metallic  bars,  and  so  formed  that  the 
spaces  between  the  rings  are  sufficient  to  allow  the  slender  fibres  of  the  pulp  to  pass 
through,  but  are  narrow  enough  to  intercept  the  knots  and  other  coarse  impurities, 
which  must  of  course  remain,  and  accumulate  in  the  vat.  The  spaces  between  the  wires 
of  the  squirrel  cage  may  vary  froiji  the  interval  above  stated,  which  is  intended  for  the 
finest  paper,  to  double  the  distance  for  the  coarser  kinds. 

It  has  been  stated  that  the  pulp  enters  the  revolving  cylinders  solely  through  the  inter- 
vals of  the  vrires  in  the  circumference  of  the  cylinder;  these  wires  or  rods  are  about 
three  eighths  of  an  inch  broad  without,  and  two  eighths  within,  so  that  the  circular  slits 
diverge  internally.  The  rods  are  one  quarter  of  an  inch  thidk,  and  are  riveted  to  the 
transverse  bars  in  each  quadrant  of  their  revolution,  as  well  as  at  their  ends  to  the 
necks  of  the  cylinder. 

During  the  rotation  of  the  cylinder,  its  interstices  would  soon  get  clogged  with  the 
pulp,  were  not  a  contrivance  introduced  for  creating  a  continual  vertical  agitation  in  the 
inside  of  the  cylinder.  This  is  effected  by  the  np-and;down  motion  of  an  interior  agitator 
or  plunger,  nearly  long  enough  to  reach  from  the  one  end  of  the  cylinder  to  the  other, 
made  of  stout  copper,  and  hollow,  but  water-tight.  A  metal  bar  passes  through  it,  to 
whose  projecting  arm  at  each  end  a  strong  link  is  fixed ;  by  these  two  links  it  is  hung  to 
two  levers,  in  such  a  way  that  when  the  levers  move  up  and  down,  they  raise  and  depress 
the  agitator,  but  they  can  never  make  it  strike  the  sides  of  the  cylinder.  Being  heavier 
than  Its  own  bulk  of  water,  the  agitator,  aAer  being  liAed  by  the  levers,  sink^s  suddenly 
afterwards  by  its  weight  alone. 

The  agitator's  range  of  up-and-down  movement  should  be  about  one  inch  and  a  quarter, 
and  the  number  of  its  vibrations  about  80  or  100  per  minute ;  the  flow  of  the  pulp  through 
the  apertures  is  suddenly  cheeked  in  its  descent  and  promoted  in  its  ascent,  with  the 
efleet  of  counteracting  obstructions  between  the  ribs  of  the  cylinder. 

The  sieve  cylinder  has  a  toothed  wheel  fixed  upon  the  tubular  part  of  one  of  its  ends, 
which  works  between  two  metal  fianches  made  fast  to  the  wooden  side  of  the  vat,  for 
the  purpose  of  keefiimr  the  pulp  away  from  the  wheel ;  and  it  is  made  to  revolve  by  a 
pinion  fixed  on  a  spindle,  which  going  across  the  vat,  is  secured  by  two  plummer  blocks 
on  the  outside  of  the  troughs,  and  has  a  rotatory  motion  given  to  it  by  an  outside  rigger 
or  puUey,  by  means  of  a  strap  from  the  driving  shaA,  at  the  rate  of  40  or  60  revolutiont 
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per  minute.  This  spindle  has  also  two  double  eccentrics  fixed  upon  it,  fmnwdialrty 
under  the  levers,  so  that  in  every  revolution  it  lifts  those  leven  twice,  and  at  the  sane 
time  lifts  the  agitator. 

The  diameter  of  the  sieve  cylinder  is  not  very  material,  but  14  inches  have  been  found 
a  convenient  size ;  its  length  must  be  regulated  according  to  the  magnitude  of  the  machioe 
which  it  is  destined  to  supply  with  pulp.  One,  four  feet  long  in  the  cage  part,  is  sufficient 
to  supply  a  machine  of  the  largest  size  in  ordinarytise,  viz.,  one  capable  of  making  paper 
4  feet  6  inches  wide.  When  the  cylinder  is  of  this  length,  it  should  have  a  wheel  and 
pinion  at  each  end. 

Metal  flanches  are  firmly  fixed  to  the  sides  of  the  vat,  with  a  water-tight  joint,  and 
form  the  bearings  in  which  the  cylinder  worifs. 

Mr.  Turner  of  Bermondsey,  paper-maker,  obtained  a  patent  in  March,  1831,  for  a 
peculiar  strainer,  designed  to  arrest  the  lumps  mixvd  with  the  finer  paper  pulp,  whereby 
he  can  dispense  with  the  usual  vat  and  hog  in  which  the  pulp  is  agitated  immediately 
before  it  is  floated  upon  the  endless  wire-web  of  the  Fourdrinier  apparatus.  His  strainer 
may  also  be  applied  advantageously  to  hand  paper  machines.  He  constructs  his  sieves 
of  a  circular  form,  by  combining  any  desirable  number  of  concentric  rings  cf  metal, 
with  small  openings  between  them,  from  the  50th  to  the  100th  part  of  an  inch  wide.  In 
Older  to  facilitate  the  passage  of  the  fine  pulp  and  water,  the  sieves  receive  a  vibratory 
motion  up  and  down,  which  supersedes  the  hog  employed  in  other  paper  making 
machines. 

A  mechanism  to  serve  the  same  purpose  as  the  preceding,  in  which  Mr.  Ibotson's  plan 
of  a  parallel  rod-strainer  is  modified,  was  made  the  subject  of  a  patent  by  Mr.  Henry 
Brewer,  of  Surrey  Place,  Southwark,  in  March,  1832.  He  constructs  square  boxes  with 
gridiron  bottoms,  and  gives  a  powerful  up-and-down  vibration  in  the  pulp  tub>  by  levers, 
rotatory  shafts,  and  cranks. 

As  the  contrivance  is  not  deficient  in  ingemiity,  and  may  be  useftil,  I  shall  describe  this 
mode  of  adapting  his  improved  strainers  to  a  vat  in  which  paper  is  to  be  made  by  hand 
moulds.  A  hog  (or  churning  rotator)  is  employed  for  the  purpose  of  agitating  the  pulp 
at  the  bottom  of  the  vat,  in  which  the  sieve  is  suspended  from  a  crank-shaft,  or  in  any 
other  way,  so  as  to  receive  the  up-and-down  vibratory  motion  for  the  purpose  o^Tstcaiaiag 
the  pulp.  The  pulp  may  be  supplied  from  a  chest,  and  passed  throng  a  cock  into  a 
trough,  by  which  it  is  conveyed  to  the  strainers. 

A  pipe  from  the  bottom  of  the  vat  leads  into  a  lifter-box,^which  is  designed  to  convey 
thin  pulp  into  the  sieve,  in  order  to  dilute  that  which  is  delivered  fn»n  the  chesL  This 
pipe  also  allows  the  small  lumps,  called  rolls,  to  be  re-sifted.  The  pressure  of  the  pulp 
and  water  in  the  vat  forces  the  pulp  up  the  pipe  into  the  lifter-box,  whence  it  is  taken 
by  rotatory  lifters,  an4  discharged  into  a  trough,  where  it  runs  down  and  mixes  with 
the  thick  pulp  from  the  chest,  as  before  mentioned.  By  these  means  the  contents  of 
the  vat  are  completely  strained  or  sifted  over  again  in  the  course  of  almost  every 
hour. 

A  patent  was  obtained  for  a  paper-pulp  strainer  by  Mr.  Joseph  Amies,  of  Loose,  in 
the  county  of  Kent,  paper  manufacturer,  who  makes  the  bottoms  of  his  improved 
strainers  with  plates  of  brass  or  other  suitable  metal,  and  forms  the  apertures  for  the  fine 
fibres  of  pulp  to  pass  through,  by  cutting  short  slits  through  such  plates,  taking  care 
that  as  much  metal  is  left  between  the  ends  of  each  short  slit  and  the  next  following 
as  will  properly  brace  or  stiffen  the  ribs  of  the  strainer ;  and  he  prefers  that  the  end  tS 
one  slit  shall  be  nearly  opposite  to  the  middle  of  the  two  slits  next  adjoining  it,  which 
is  commonly  called  blocking  the  joints.  This  is  for  giving  rigidity  to  the  bottom  of  the 
strainer,  and  constitutes  the  main  feature  of  his  improvement.  The  hottoms  of  sieves 
previously  constructed  with  long  metallic  rods,  he  considers  to  be  liable  to  lateral  vibra- 
tion in  use,  and  thus  to  have  permitted  knots  and  lumps  to  pass  through  their  expanded 
intervals.  This  objection  is  not  applicable  to  Mr.  Dickinson's  squirrel-cage  strainer,  of 
which  the  ribs  may  be  made  rigid  by  a  sufficient  number  of  transverse  bars ;  nor  in  fact 
is  it  applicable  to  Mr.  Ibotson's  original  strainer,  as  it  is  admirably  constructed  by  Messn. 
Donkin  and  Co.  Each  bar  which  they  make  being  inflexible  by  a  feathered  rib,  is  render- 
ed perfectly  straight  in  its  edge  by  grinding  with  emeiy  upon  a  flat  disc-wheel  of  block  tin, 
and  of  invariable  length,  by  a  most  ingenious  method  of  turning  each  set  of  bars  in  a 
lathe.  The  bars  are  afterwards  adjusted  in  the  metallic  sieve-frame,  or  chest,  at  any 
desired  distance  apart,  from  the  120th  to  the  60th  of  an  inch,  in  such  a  manner  as  secures 
them  from  all  risk  of  derangement  by  the  vibratory  or  jogging  motion  in  shaking  the 
pulpy  fibres  through  the  lineal  intervals  between  them. 

Mr.  James  Brown,  paper  manufacturer,  of  £sk  mills,  near  Edinburgh,  obtained  a 
patent  in  May,  1836,  for  a  particular  mode  of  applying  suction  to  the  pasty  web  in 
the  Fourdrinier's  machine.  He  places  a  rectangular  box  transversely  beneath  the  hori- 
lontal  wire  cloth,  without  the  interposition  of  any  perforated  covering,  such  as  had  been 
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in  the  preTiousty  constnieted  v«cinim  maehittesy  and  iflktch  he  considers  to  have 
impeded  their  efficacy  in  condensing  the  palp  and  extracting  the  water. 

Upon  this  and  all  similar  oontriYances  for  making  a  partial  yacnnm  under  the  pulpy 
paper  web,  it  may  be  jvstly  remaiked,  that  they  are  more  apt  to  injore  than  improve  the 
texture  of  the  article ;  since  when  the  suction  is  nneqnally  operative,  it  draws  down  not 
ooly  the  moisture,  but  many  of  the  vegetable  fibres,  causing  roughnesses,  and  even  nu* 
raerotts  small  perforations  in  the  paper. 

A  modification  of  Mr.  Dickinson's  cylinder-moukl  continuous  paper  machine  was 
made  the  subject  of  a  patent  in  Nov.  1830,  by  Mr.  John  HaU,  jun.,  of  Dartford,  as 
communicated  to  him  by  a  foreigner  residing  abroad.  The  leading  feature  of  the 
invention  is  a  mode  of  supplying  the  vat  in  which  the  wire  cylinder  is  immersed  with  a 
copious  flow  of  water,  for  the  purpose  of  creating  a  considerable  pressure  upon  the  exter- 
nal surface  of  the  cylinder,  and  thereby  causing  the  fibres  of  the  paper  pulp  to  adhere  to 
the  mould. 

There  is  a  semi-cylindrical  trough,  in  which  the  mould  is  immersed,  and  made  to 
revolve  by  any  convenient  means.  The  pulp  is  transferred  from  the  vat  into  that  vessel 
at  its  bottom  part.  On  the  side  of  the  drum-mould  opposite  to  the  vfit,  there  is  a  cis- 
tern into  which  a  copious  flow  of  water  is  delivered,  which  passes  thence  into  the  semi- 
cylindrical  trough.  In  the  interior  of  the  cylindrical  mould,  a  bent  or  syphon  tube  is 
introduced,  .on  the  horizontal  part  of  which  tube,  inside,  the  mould  revolves.  This 
tabe  is  connected  at  the  outside  to  ^  pump,  by  which  the  water  is  drawn  from  the  in- 
terior of  the  cylindrical  mould.  Thus  the  water  in  the  semi-cylindrical  trough,  on  the 
outside  of  the  drum,  Ls  kept  at  a  considerably  higher  level  than  it  is  within ;  and  con- 
sequently the  pressure  of  the  water,  as  it  passes  through  the  wire  gauze,  will,  it  is  sup- 
posed, cause  the  fibres  of  the  paper  pulp  to  adhere  to  the  circumference  of  the  mould. 
The  water  which  is  withdrawn  from  the  interior  of  the  drum  by  the  recurved  tube,  is  con- 
ducted round  into  the  cistern,  where  its  discharge  is  impeded  by  several  vertical  par- 
titions, which  make  the  water  flow  in  a  gentle  stream  into  the  semi-cylindrical  mould  vat. 
In  order  to  keep  the  pulp  properly  agitated  in  the  modld  vat,  a  segment  frame,  having 
rails  extended  across  the  vat,  is  moved  to  and  fro ;  as  the  drum  mould  goes  round,  the 
fibres  of  the  pulp  are  forced  against  its  circumference,  and  as  the  water  passes  through, 
the  fibres  adhere,  forming  the  sheet  of  paper,  which,  on  arriving  at  a  couching  roller 
above,  is  taken  up  as  usual  by  an  endless  felt,  conducted  away  to  the  drying  apparatus, 
and  thence  to  die  reel  to  be  wound  up. 

The  patentee  claims  merely  the  application  of  a  pump  to  draw  the  water  fh>m  the  in- 
terior of  the  mould  drum,  and  to  throw  it  upon  its  external  surface. 

A  rasr-cutting  and  lacerating  machine  was  patented  by  Mr.  Henry  Davy,  of  Camber- 
well,  in  September,  1833,  being  a  communication  from  a  foreigner  residing  abroad. 
The  machine  consists  of  an  endless  feeding-cloth,  by  which  the  rough  rags  supplied  by 
the  attendants  are  progressively  conducted  forwards  to  a  pair  of  feed-rollers  ( see  Cotton, 
tptftnfng),  and  on  passing  through  these  rollers,  the  rags  are  subjected  to  the  operation 
of  rotatory  cutters,  acting  against  a  fixed  or  ledger  blade,  which  cut  and  tear  them  to 
pieces.  Thence  the  rags  pass  down  an  inclined  sieve,  upon  which  they  are  agitated  to 
separate  the  dust.  The  cleaned  fragments  are  delivered  on  to  a  horizontal  screen  or 
sorting  table,  to  suflfer  examination.  When  picked  here,  they  are  ready  for  the  pulp- 
engine.  A  distinct  representation  of  this  machine  is  given  in  Newton's  Journal,  con- 
ioined  series,  vol.  iv.  pi.  ix.ytg.  1. 

Mr.  Jean  Jacques  Jequier  obtained  a  patent  in  August,  1831,  for  a  mode  of  making 
paper  on  the  continuous  machine  with  wire-marks.  The  proposed  improvement 
consists  merely  in  the  introduction  of  a  felted  pressing  roller,  to  act  upon  the  paper  after 
it  has  been  discharged  from  the  mould,  and  need  not  therefore  be  particularly  described.. 

In  August,  1830,  Mr.  Thomas  Barratt,  paper-maker,  of  St.  Mary  Cray,  in  the  countyr 
of  Kent,  obtained  a  patent  for  an  apparatus  by  which  paper  may  be  manufactured  in  a» 
continuous  sheet,  with  the  water-mark  and  maker's  name,  so  as  to  resemble  in  eves;', 
respect  paper  made  by  hand,  in  moulds  the  size  of  each  separate  sheet.    On  Hie  wv»< 
web,  at  equal  distances  apart,  repetitions  of  the  maker's  name  or  other  device  is  placs^. 
aeeording  to  the  size  of  the  paper  when  cut  up  into  single  sheets.    In  manufr ictunbg' 
tnch  paper,  the  ordinary  method  of  winding  upon  a  reel  cannot  be  employe  id ;    ani ' 
therefore  the  patentee  has  contrived  a  compensating  reel,  whose,  diameter  diminish^  at  t 
each  revolntion,  equal  to  the  thickness  of  a  sheet  of  paper.    See  Newton's  Journal,  C  9: 
VOL  tU.  p.  285. 

For  Mr.  Lemuel  Wellman  Wright's  series  of  improvements  in  the  mantufhctuso-of ' 
iwper,  specified  in  his  patent  of  November,  1834, 1  must  refer  to  the  above  Joanml^ 
C.  8.,  vol.  viSi.  p.  86. 

A  «onBBiCtee  of  the  SoeUU  ^Bneouragimmty  of  Paris,  made  researches  upon  thc^beal . 
eoiqpodliett  for  sfizng  paper  in  the  fat,  and  gave  the  foHowing  recipe : — 

eo 
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100  kilognunmes  of  diy  paper  ttuff. 
12        —  starch. 

1        -<-  rosin,  preiriously  dissolved  in  500 

i£  carbonate  of  soda. 
18  pails  of  water. 

M.  Braconnot  proposed  the  following  formula  in  the  23d  volume  of  the  Jhmaki  it 
Chimie  tt  de  Pkyaiqne  .'^To  100  parts  of  dry  stnff,  properly  diffused  throogh  water, 
add  a  boiling  uniform  solution  of  8  parts  of  flonr,  with  as  much  caustic  potaeh  as  will 
render  the  liquor  clear.  Add  to  it  one  part  of  white  soap  prerionsly  diasolved  iahoC 
water.  At  the  same  time  heat  half  a  part  of  rosin  with  the  requisite  quantity  of  weak 
potash  ley  for  dissolving  the  rosin ;  mix  both  solution9  together,  and  pour  into  tbem  one 
part  of  alum  dissolved  in  a  little  water. 

Those  who  color  prints,  size  them  previously  with  the  following  eomposition : — 4  oun- 
ces of  glue,  and  4  ounces  of  white  soap  dissolved  in  3  English  pin^  of  hot  water.  When 
the  solution  is  complete,  two  ounces  of  pounded' alum  must  be  added,  and  as  soon  as  the 
composition  is  made  homogeneous  by  stirring,  it  is  ready  for  use.  It  is  applied  cold  with 
a 'sponge,  or  rather  with  a  Aat  campPs  hair  brush.  Ackermann's  liquor,  as  analyzed  by 
Vauquclin,  may  be  made  for  sizing  paper  as  follows : — 

100  kilogrammes  of  dry  stuff. 
4  —  glue. 

8  —  resinous  soap. 

8  —  alum. 

The  soap  is  made  from  4*8  kilos,  of  pounded  rosin,  and  2*22  crystals  of  carbonate  of 
mmU,  dissolved  in  100  litres  of  water.  It  is  then  boiled  till  the  mixture  becomes  quite 
uniform ;  the  glue,  previously  soflened  by  12  hours'  maceration  in  cold  water,  is  to  be 
next  added ;  and  when  this  is  totally  dissolved,  the  solution  of  alum  in  hot  water  is  poured 
in.  Three  quarts  of  this  size  were  introduced  into  the  vat  with  the  stuff,  and  well  mixed 
with  it.  The  paper  manufactured  with  this  paste  seemed  to  be  of  excellent  qoality,  and 
well  sized. 

The  Chinese,  in  manufacturing  paper,  sometimes  employ  linen  rags,  as  we  do ;  at  other 
times>  the  fibres  of  the  young  bamboo;  of  the  mulberry ;  the  envelope  of  the  silk-worm 
cocoon ;  also  a  tree,  unknown  to  our  botanists,  which  the  natives  call  cfca  or  ho-chu  ;  cot- 
ton down,  and  especially  the  cotton  tree.  The  processes  pursued  in  China  to  make  paper 
with  the  inner  bark  of  their  paper'tree  (Broussonetia'papyriftra),  or  Chinese  mulberry, 
have  been  described  at  great  length  in  the  bulletin  of  the  Societe  d' -Encouragement,  for 
1826,  p.  226 ;  but  they  will  hardly  prove  serviceable  to  a  European  manufacturer.  That 
tree  has  been  acclimated  in  France. 

Chinese  paper  is  not  so  well  made  as  the  good  paper  of  Europe ;  it  is  not  so  whiter 
it  is  thinner,  and  more  brittle,  but  extremely  sofl  and  silky.  The  longitudinal  tenacity 
•of  its  filaments,  however,  renders  it  fitter  for  the  engraver  than  our  best  paper.  The  Chi- 
nese, ader  triturating,  grinding,  and  boiling  the  bamboo,  set  the  paste  to  ferment  in  a  heap 
•covered  with  mats.  Chinese  paper  is  readily  recognised,  becsiuse  it  is  smooth  on  one 
side,  and  bears  on  the  other  the  nuurks  of  the  brush  with  which  it  is  finished,  upon 
•smooth  tables,  in  order  to  dry  it  flat.  The  kind  employed  for  engravings  is  in  sheets  four 
feet  long,  and  two  broad.  It  is  made  of  the  bamboo  j  their  myrtle-tree  paper  would  be 
ttoo  strong  for  this  purpose. 

Tracing  papir. 

The  best  paper  of  this  kind,  sometimes  superfluously  called  vegetable  paper,  is  made 
ef  tlie  refuse  of  the  flax  mills,  and  prepared  by  the  engine  without  fermentation.  It  thus 
forms  a  semi-transparent  paste,  and  affords  a  transparent  paper.  Bank-note  paper  is  made 
of  the  same  materials,  but  they  always  undergo  a  bleaching  with  chloride  of  lime.  Great 
nicety  is  required  in  drying  this  kind  of  paper.  For  this  purpose,  each  sheet  must  be  put 
between  two  sheets  of  gray  paper  in  the  press;  and  this  gray  paper  must  be  renewed 
several  times,  to  prevent  the  bank-note  paper  from  creasing. 

Paper  of  Safety  or  Surety ;  Papier  de  Surtti. 

This  subject  has  occupied  the  attention  of  the  French  Academy  for  many  years,  in  eon* 
sequence  of  the  number  of  fiauds  committed  upon  the  stamp  revenue  in  France.  One  of 
the  best  methods  of  making  a  paper  which  would  evince  whether  any  part  of  a  wxitiBg 
traced  upon  it  had  been  tampered  with  or  discharged,  is  to  mix  in  the  vat  two  kinds  of 
,pulp,.the  one  perfectly  white,  the  other  dyed  of  any  color  easily  affected  by  ehloriae^ 
acids,  and  alkalis.  The  latter  stuff  being  mingled  with  the  former  in  any  desired  propor- 
tion, will  furnish  a  material  for  making  a  paper  which  will  contain  colored  points  disiri' 
bated  Uiroughout  all  its  substance,  r»dy  to  show,  by  tiie  changes  they  MdTer,  wlietlMr 
any  chonical  reaction  has  been  employed. 
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Quatity  of  Paper  charged  witii  Duties  of  Excise,  in  the  United  Kingdom,  in 


18S4. 

18S9. 

189a. 

First  class    -        -        -        - 
Second  class      .        .        - 
Pasteboard,  millboard,  ^.    - 

Stained      ...       - 

54,053,721 

16,552,168 

49,392 

yards, 

8,749,144 

lbs. 

56,179,555 

17,863,095 

49,77» 

yards, 

8,247,931 

ftt. 

66,202,689 

15,906,258 

36,340 

yavis, 

8,032,577 

Amoont  of  daty,  first  class    - 

—  second  class 
•—           pasteboard,  &c 

—  stained    - 

£        8,    d. 

675,671   10    0 

103,451     0    0 

54,689    0    0 

63,795  16    0 

£        s,    d, 

lQ%^tA\    9    0 

111,644    0    0 

54,548  15    0 

60,141    0    0 

£        s.    d. 

651,699    0    0 
99,414    0    0 
39,557    0    0 
22,112    0    0 

The  late  redaction  of  the  duty,  flt>m  3d.  to  l|d.  per  lb.,  vpon  paper  of  the  first  clasSy 
▼iz.,  on  all  descriptions  of  it,  except  that  made  out  of  tarred  ropes  only,  has  been  already 
attended  with  considerable  benefit  to  the  mannfacture,  and  would  have  acted  with  mnch 
greater  efi^ct,  bat  for  the  American  crisis.  The  gross  amount  of  the  paper  duty  in  the 
year  ending  5th  January,  1836,  was  831,057/.,  and  in  the  year  ending  5th  Janoary, 
1838,  it  was  554,497/.;  instead  of  being  little  more  than  one  half,  as  might  have 
been  the  case  fh>m  the  reduction  of  the  duty,  which  only  came  into  full  operation  in 
the  year  1837.  -At  the  same  time  that  the  tax  on  common  paper  was  reduced,  that 
upon  stained  paper  was  repealed  altogether.  The  effect  of  the  diminution  consequently 
made  in  the  price  of  paper-hangings,  has  been  so  great  as  nearly  to  double  the  con- 
ramption  of  the  country,  while  the  manufacture  appears  to  be  still  rapidly  on  the 


Declared  Value  of  Stationary  and  Printed  Books  exported  in 


Yean. 

Stationaiy. 

I'rinted  Booin. 

VotaL 

1827 

£195,110 

£107,199 

£302,309 

1828 

208,532 

102,874 

31 1,406 

1829 

190,652 

109,878 

300,530 

1830 

171,848 

95,874 

267,722 

1831 

179,216 

101,110 

280,326 

1832 

177,718 

93,038 

270,766 

1833 

211,518 

124,535 

336,053 

1834 

211,459 

122,595 

334,054 

1835 

259,105 

148,318 

407,423 

1836 

301,121 

178,945 

480,066 

TiU  the  paper  trade  shall  escape  entirely  from  the  clutches  of  its  ancient  dry-nurse,  the 
exeise,  neither  it  nor  the  book  trade  can  acquire  the  same  ascendency  in  exportation  which 
all  uther  articles  of  British  manufactures  have  over  the  French. 

The  value  of  Stationary  exported  in  France,  from  1833, 

Cartons  lustres  (polished  pasteboards  for  the  cloth  manufacture) 
Cartons  en  feuiUes  (pasteboard  in  sheete)       .... 
Cartons  monies  (papier-mache)  •>        -        .        . 

Cartons  coupes  et  assemble  ...... 

Wrapping  paper         - 

Whita  paper,  and  ray^  (ruled)  pouc  musique  ... 

Colored  paper  in  reams      ....... 

Stained  paper  (paper  hangings)  in  ronltaMx^   .... 

Silk  paper  ......... 


was — 

18,992  francs. 

6,352  — 

215,376  — 

54,184  — 

178,544  — 

2,903,075  — 

58,541  — 

1,885^87  — 

3,240  — 


Total  (=£208,000)  5,323,621  francs. 

PARAFFINE.  Distil  beech-tar  to  dryness,  rectify  the  heavy  oil  which  collecta  at  the 
bottom  of  the  receiver,  and  when  a  thick  matter  begins  to  rise,  set  aside  what  is  distilled, 
tad  urge  the  heat  moderately  as  long  as  any  thing  more  distils.  Pyr^laine  passes  over, 
eoataiaing  crystalline  scales  of  paraffine*  This  mixture  being  digested  with  ita  own 
vohime  of  alcohol  of  0*833,  forms  a  limpid  solution,  which  is  to  be  gradually  dilated 
with  more  alcohol,  till  ita  bulk  becomes  6  or  8  times  greater.  The  alcohol,  which  at 
first  dissolves  the  whole,  leta  the  paraffine  gradoally  fall.     The  precipitate  beiag  washed 
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with  cold  alcohol  tiU  it  becomes  nearly  colorless,  and  then  dissolved  in  boiling  alcohol,  ii 
deposited  on  cooling  in  minute  spangles  and  needles  of  pure  paraffine. 

Or  the  above  mixture  may  be  mixed  with  from  }  to  ^  its  weight  of  concentrated  solphii- 
ric  aci(^  and  subjected  for  12  hours'to  digestion^  at  a  heat  of  150°  F.>  tiU,  on  cooling,  crys- 
tals of  paraffine  appear  upon  the  surface.  These  are  to  be  washed  with  water,  dissohed 
in  hot  alcohol,  and  crystallized.  ParafSlne  is  a  white  substance,  void  oC  taste  and  ameU, 
feels  soft  between  the  fingers,  has  a  specific  gravity  of  0*87,  melts  at  112?  Fahr.,  boils 
at  a  higher  temperature  with  the  exhalation  of  white  fumes,  is  not  decomposed  by  dry 
distillation,  bums  with  a  clear  white  flame  without  smoke  or  residuum,  does  not  stain 
paper,  and  consists  of  85'22  carbon,  and  14*78  hydrogen ;  having  the  same  composition 
as  olefiant  gas.  It  is  decomposed  neither  by  chlorine,  strong  acids,  alkalis,  nor  potas- 
sium; and  unites  by  fusion  with  sulphur,  phosphorus,  wax,  and  rosin.  It  dissolves 
readily  in  warm  fat  oUs,  in  cold  essential  oils,  in  ether,  but  sparingly  in  boiling  absolute 
alcohol.  Paraffine  is  a  sitgular  solid  bicarburet  of  hydrogen  ;  it  has  not  hitherto  been 
applied  to  any  use,  but  it  would  form  admirable  candles. 

PARCHMENT.  {Parchemi*,  Fr.;  Pergajnent,  Germ.)  This  writing  material  has 
been  known  since  the  earliest  times,  but  is  now  made  in  a  very  superior  manner  to  what 
it  was  anciently,  as  we  may  judge  by  inspection  of  the  old  vellum  and  parchment 
manuscripts.  The  art  of  making  parchment  consists  in  certain  manipulations  necessary 
to  prepare  the  skins  of  animals  of  such  thinness,  flexibility,  and  firmness,  as  may  be  re- 
quired for  the  dUferent  uses  to  which  this  substance  is  applied.  Though  the  skins  of  all 
animals  might  be  converted  into  writing  materials,  only  those  of  the  sheep  or  the  she- 
goat  are  used  for  -parchment;  those  of  calves,  kids,  and  dead-born  lambs  for  vellum; 
those  of  the  he-goat,  she-goat,  and- wolves  for  drum-heads ;  and  those  of  the  ass  for  battle- 
doors.  All  these  skins  are  prepared  in  the  same  way,  with  slight  variations,  which  need 
no  particular  detail. 

They  arejfirst  of  all  prepared  by  the  leather-dresser.  After  they  are  taken  out  of 
the  lime-pit,  shiCved,  and  well  washed,  they  must  be  set  to  dry  in  such  a  way  as  to 
prevent  their  puckering,  and  to  render  them  easily  worked.  The  small  maoufac* 
turers  make  use  of  hoops  for  this  purpose,  but  the  greater  employ  a  herse,  or  stout 
wooden  frame.  This  is  formed  of  two  uprights  and  two  cross-bars  solidly  joined  tq^ethcr 
by  tenons  and  mortises,  so  as  to  form  a  strong  piece  of  carpentry,  which  is  to  be  fixed  up 
against  a  wall.  These  four  bars  are  perforated  all  over  with  a  series  of  holes,  of  such 
dimensions  as  to  receive  slightly  tapered  box- wood  puis,  truly  turned,  or  even  iron 
bolts.  Each  of  these  pins  is  transpierced  with  a  hole  like  the  pin  of  a  violin,  by  means 
of  which  the  strings  employed  in  stretching  the  skin  may  be  tightened.  Above  the  hentj 
a  shelf  is  pladed,  for  receiving  the  tools  which  the  workman  needs  to  have  always 
at  hand.  In  onler  to  stretch  the  skin  upon  the  frame,  larger  or  smaller  skewers 
are  employed,  according  as  a  greatei  or  smaller  piece  of  it  is  to  be  laid  bold 
of.  Six  holes  are  made  in  a  straight  line  to  receive  the  larger,  and  four  to  receive 
the  smaller  skewers  or  pins.  These  small  slits  are  made  with  a  tool  like  a  carpenter's 
chisel,  and  of  the  exact  size  to  admit  the  skewer.  The  string  round  the  skewer  is 
afiixed  to  one  <if  the  bolts  in  the  frame,  which  are  turned  round  by  means  of  a  key,  like 
that  by  which  pianos  and  harps  are  tuned.  The  skewer  is  threaded  through  the  sldn  in 
a  state  of  tension. 

Every  thing  being  thus  prepared,  and  the  skin  being  well  softened,  th«>  workman 
stretches  it  powerfully  by  means  of  the  skewers ;  he  attaches  the  oords  to  the  skewers^ 
and  fixes  their  ends  to  the  iron  pegs  or  pins.  He  then  stretches  the  skin,  first  with  his 
hand  applied  to  the  pins,  and  afterwards  with  the  key.  Great  care  must  be  taken  that 
no  wrinkles  are  formed.  The  skin  is  usually  stretched  more  in  length  than  in  breadth, 
fi'om  the  custom  of  the  trade ;  though  extension  in  breadth  would  be  preferaUe,  in  oider 
to  reduce  the  thickness  of  the  part  opposite  the  backbone. 

The  workman  now  takes  the  fleshing  tool  represented  under  CinuiTiNG.  It  is  a  semi- 
circular double-edged  knife,  made  fast  into  a  double  wooden  handle.  Other  lorms  of 
the  fleshing-knife  edge  are  also  used.  They  are  sharpened  by  a  steel.  The  woitman 
seizes  the  tool  in  his  two  hands,  so  as  to  place  the  edge  perpendicularly  to  the  skin,  and 
pressing  it  carefully  from  above  downwards,  removes  the  fleshy  exerescenees,  and  layi 
them  aside  for  making  glue.  He  now  turns  round  the  hern  upon  the  wall,  in  order  to 
get  access  to  the  outside  of  the  skin,  and  to  scrape  it  with  the  tool  inverted,  so  as  to 
run  no  risk  of  cutting  the  epidermis.  He  thus  removes  any  adhering  filth,  and  sqaeeies 
out  some  water.  The  skin  most  next  be  ground.  For  this  purpose  it  is  aprtoklod 
upon  the  fleshy  side  with  sifted  chalk  or  slaked  lime,  and  then  mbbed  in  all  directioiia 
with  a  pieoe  of  pumice-stone,  4  or  5  inches  in  area,  previously  flattened  upon  a  sandstone. 
The  lime  gets  soon  iiK>ist  from  the  water  contained  in  the  sicin.  The  pumiee-aioBe  m 
then  rubbed  over  the  other  side  of  the  skin,  but  without  chdk  or  iime.  This  operatkm 
is  necessary  only  for  the  best  parehment  or  vdlum.  The  «kin  is  now  aOowad  to  dry 
upon  the  frame;  being  careftiUy  protected  from  snnshtne,  and  inm  firoiL    la  the  aiij 
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weather  of  sammer  a  moist  cloth  needs  to  he  applied  to  it  from  time  to  tmie^  to  prsvent 
its  drj'ing  too  suddenly ;  immediately  after  which  the  skewers  reqaire  to  he  tightened. 

When  it  is  perfectly  dry,  the  white  odor  is  to  he  removed  hy  mbhing  it  with  the 
woolly  side  of  a  lambskin.  Bnt  great  care  mnst  he  taken  not  to  fray  the  smiaee ;  a  cir- 
cnmstance  of'which  some  mannfactnrers  are  so  mneh  afraid,  as  not  to  use  either  chalk  or 
lime  in  the  polishing.  Should  any  grease  he  detected  upon  it,  it  mnst  he  removed  hy 
steeping  it  in  a  lime  pit  for  10  days,  then  stretching  it  anew  upon  the  herUy  after  which 
it  is  transferred  to  the  $craper 

This  workman  employs  here  an  edge  tool  of  the  same  shape  as  the  fleshing-knife,  hut 
larger  and  sharper.  He  mounts  the  skin  upon  a  frame  like  the  h^rse  above  described ; 
but  he  extends  it  merely  with  cords,  without  skewers  or  pins,  and  supports  it  generally 
upon  a  piece  of  raw  calfskin,  strongly  stretched.  The  tail  of  the  skin  being  placed 
towards  the  bottom  of  the  frame,  the  workman  first  pares  off,  with  a  sharp  knife,  any 
considerable  roughnesses,  and  then  scrapes  the  outside  surftice  obliquely  downwards  with 
the  proper  tools,  till  it  becomes  perfectly  smooth  :  the  Aeshy  side  needs  no  such  operation^ 
and  indeed  were  both  sides  scraped,  the  skin  would  be  apt  to  become  too  thin,  the  only 
object  of  the  scraper  being  to  equalize  its  thickness.  Whatever  irregularities  remain, 
may  be  removed  with  a  piece  of  the  finest  pumice-stone,  well  flattened  beforehand  upon 
a  fine  sandstone.  This  process  is  performed  by  laying  the  rough  parchment  upon  an  ob- 
long plank  of  wood,  in  the  form  of  a  stool ;  the  plank  being  covered  with  a  pieee  of  soft 
parchment  stuffed  with  wool,  to  form  an  elastic  cushion  for  the  grinding  operation.  It  is 
merely  the  outside  surface  that  requires  to  be  pumiced.  The  celebrated  Strasbul^h 
Tellnm  is  prepared  With  remarkably  fine  pumice-stones. 

If  any  small  holes  happen  to  be  made  in  the  parchment,  they  must  be  neatly  patched, 
by  cutting  their  edges  thin,  and  pasting  on  small  pieces  with  gum  water. 

The  skins  for  drum-heads,  sieves,  and  battledoors  are  prepved  in  the  same  way.  For 
drums,  the  skins  of  asses,  calves,  or  wolves  are  employed;  the  last  being  preferred.  Am 
skins  are  used  for  battledoors.  For  sieves,  the  skins  of  calves^  she-goats,  and,  best  of  aU, 
h&-goats  are  employed.    Church  books  are  covered  with  the  dressed  skins  of  pigs. 

Parchment  is  colored  only  green.  The  following  is  the  process.  In  500  parts  of  rain 
water,  boil  8  of  cream  of  tartar,  and  30  of  cr>'StaUized  verdigris ;  when  this  solution  is 
eold,  pour  into  it  4  parts  of  nitric  ackl.  Moisten  the  parchment  with  a  brush,  and  then  ap- 
ply the  above  liquid  evenly  over  its  surface.  Lastly,  the  necessary  lustre  may  be  given 
with  white  of  eggs,  or  mucilage  of  gumarahic. 

PARTING  (Depart,  Fr. ;  Schcidung,  Germ.),  is  the  process  by  which  gold  is  separated 
from  silver.    See  Assay,  Gold,  Refinikg,  and  Silver. 

PASTEL,  is  the  French  name  of  colored  crayons, 

PASTEL,  is  a  dye  stuff,  allied  to  Indigo,  which  see. 

PASTES,  or  FACTITIOUS  GEMS.  iPierru  precieuiet  ar/t/ioel/e*,  Fr. ;  Glasptutiny 
Germ.)  The  general  vitreous  body  called  Strass,  (from  the  name  of  its  German  inven- 
tor,) preferred  by  Fontanier  in  his  treatise  on  this  subject,  and  which  he  styles  the  May- 
ence  base,  is  prepared  in  the  following  manner : — 8  ounces  of  pure  rock-cr>'8tal  or  flint 
in  powder,  mixed  with  24  ounces  of  salt  of  tartar,  are  to  be  baked  and  left  to  cool.  The 
mixture  is  to  be  afterwards  poured  into  a  basin  of^hot  water,  and  treated  with  dilute  nitric 
acid  till  it  ceases  to  effervesce ;  and  then  the  frit  is  to  be  washed  till  the  water  comes  ofi' 
tasteless.  This  is  to  be  dried,  and  mixed  with  12  ounces  of  fine  white-lead,  and  the  mix- 
ture is  to  be  levigated  and  elutriated  with  a  little  distilled  water.  An  ounce  of  calcined 
borax  beins:  added  to  about  12  ounces  of  the  preceding  mixture  in  a  dry  state,  the  whole 
»  to  be  rubbed  together  in  a  porcelain  mortar,  melted  in  a  clean  crucible,  and  poured  out 
into  cold  water.  This  vitreous  matter  must  be  dried,  and  melted  a  second  and  a  third 
time,  always  in  a  new  crucible,  and  after  each  melting  poured  into  cold  water,  as  at  first, 
taking  care  to  separate  the  lead  that  may  be  revived.  To  the  third  frit,  ground  to  pow- 
der, 5  drachms  of  nitre  are  to  be  added ;  and  the  mixture  being  melted  for  the  last  time, 
a  mass  of  crystal  will  be  found  in  the  crucible,  of  a  beautiftil  lustre.  The  diamond  may 
be  well  imitated  by  this  Mayence  base.  Another  very  fine  white  crystal  may  he  ob- 
tained, according  to  M.  Fontanier,  from  8  ounces  of  white-lead,  2  ounces  of  powdered 
borax,  i  grain  of  manganese,  and  3  ounces  of  rock-crystal,  treated  as  above. 

The  colors  of  artificial  gems  are  obtained  from  metallic  oxydes.  The  orietttal  topaz  is 
prepared  by  adding  oxyde  of  antimony  to  the  base ;  the  amethyst,  by  manganese  with  a 
little  of  the  purple  of  Cassius ;  the  beryl,  by  antimony  and  a  very  little  cobalt ;  yellow 
artificial  diamond  and  opal,  by  horn^silver  (chloride  of  silver) ;  blue-stone  or  sapphire,  by 
cobalt.    The  following  proportions  have  been  given  : — 

For  the  ydXow  diamond.  To  1  ounce  of  strass  add  24  grains  of  chloride  of  silTcr,  or 
10  grains  of  glass  of  antimony. 

For  the  sapphire.  To  24  ounces  of  strass,  add  2  drachms  and  26  grains  of  the  oxyde 
of  cobalt. 

For  the  oriental  rtiby.    To  16  ounces  of  strass,  add  a  mixture  of  2  drachms  and  48 
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grains  of  the  fffedpitate  of  Cassias,  the  same  quantity  of  peroxyde.of  iron  prepared  hj 
nitric  acid,  the  same  quantity  of  golden  sulphuret  of  antimony  and  of  manganese  calcined 
with  nitre,  and  2  ounces  of  rode  crystal.  Manganese  alone,  combined  with  the  base  in 
proper  qoantity,  is  said  to  give  a  ruby  color. 

For  the  emeroU.  To  15  ounces  of  strass,  add  1  drachm  of  mountain  Une  (carbonate 
of  copper),  and  6  grains  of  glass  of  antimony ;  or,  to  1  ounce  of  base,  add  20  grains  of 
glass  of  antimony,  and  3  grains  of  ozyde  of  cobalt. 

For  the  common  opal.  To  1  ounce  of  strass,  add  10  grains  of  hom-inlTer,  2  grains  of 
calcined  magnetic  ore,  and  26  grains  of  an  absorbent  earth  (probably  chalk-marl) 
Fontanier, 

M.  Douault-Wieland,  in  an  experimental  memoir  on  the  preparation  of  artificial  colored 
stones,  has  offered  the  following  instructions,  as  being  more  exact  than  what  wers  pub- 
lished before. 

The  base  of  all  artificial  stones  is  a  colorless  glass,  which  he  calls  fondant^  or  flux ; 
and  he  unites  it  to  metallic  oxydes,  in  order  to  produce  the  imitations.  If  it  be  worked 
alone  on  the  lapidary's  wheel,  it  counterfeits  brilliants  and  rose  diamonds  remaikably 
well. 

This  base  or  strass  is  composed  of  silex,  potash,  borax,  oxyde  of  lead,  and  sometimes 
arsenic.  The  silicious  matter  should  be  perfectly  pure ;  and  if  obtained  from  sand,  it 
ought  to  be  calcined  and  wash^,  first  with  dilute  muriatic  acid,  and  then  with  water. 
The  crystal  or  flint  should  be  made  redhot,  quenched  in  water,  and  ground,  as  in  the  pot- 
teries. The  potash  should  be  purified  from  the  best  pearlash ;  and  the  borax  should  be 
refined  by  one  or  two  crystallizations.  The  oxyde  of  lead  should  be  absolutely  free  from 
tin,  for  the  least  portion  of  this  latter  metal  causes  milkiness.  Good  red-lead  is  prefera- 
ble to  litharge.  The  arsenic  should  also  be  pure.  Hessian  crucibles  are  preferable  to 
those  of  porcelain,  for  they  are  not  so  apt  to  crack  and  run  out.  Either  a  pottery  or 
porcelain  kiln  will  answer,  and  the  fusion  should  be  continued  24  hours ;  for  the  more 
tranquil  and  continuous  it  is,  the  denser  is  the  paste,  and  the  greater  its  beauty.  Th* 
following  four  recipes  have  afforded  good  strass : — 

No.  I.  No.  m. 


Gnin*. 

Rock  crystal       ....  4056 

Minium 6300 

Pure  potash        ....  2154 

Borax         .....  276 

Arsenic      .....  12 

No.n. 

Sand 3600 

Ceruse  of  Cliehy  (pure  carbonate  of 

lead) 8508 

Potash 1260 

Borax         .....  360 

Arsenic      .....  12 


GtmoM. 
Rock  crystal  ....  3456 
Minium      .....        5328 

Potash 1944 

Borax         .....  216 

Arsenic      ......  6 


No.  IV. 

Rock  crystal       ....  3600 

Ceruse  of  COiehy        -       -  8506 

Potash 1260 

Borax         .....  3611 


Or, 


Topax.  Gnins. 

Very  white  paste 1008 

Glass  of  antimony  ........  43 

Cassius  purple       ........  ] 

Paste 3456 

Oxyde  of  iron,  called  Saffron  of  Mars     -  .     -       .       .  36 


M.  Wieland  succeeded  in  obtaining  excellent  imitations  of  rubies,  by  making  use  of 
the  topaz  materials.  It  ofl^n  happened  that  the  mixture  for  topazes  gave  only  an  opaque 
mass,  translucent  at  the  edges,  and  in  thin  plates  of  a  red  color.  1  part  of  this  substance 
being  mixed  with  8  parts  of  strass,  and  fused  for  30  hours,  gave  a  fine  yellowish  crystal- 
like  paste,  and  fVagments  of  this  fused  before  the  blowpipe,  afforded  the  finest  imitation 
of  rubies.  The  result  was  always  the  same. 
The  following  are  other  proportions  for  rubies : —  GniiiB. 

Paste 2880 

Oxyde  of  manganese      -        .-.       .        ..       .  72 

Emtrald, 

PMte                      4608 

Green  oxyde  of  p^re  copper    ......  42 

Oxyde  of  chrome    -...••••  3 
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Sapphin,  Ghrains. 

Pastp 4608- 

Oxyde  of  cobalt  ........       68 

This  mixtuie  should  be  carefully  fused  in  a  luted  Hessian  crucible,  and  be  left  30  hours 
kU  the  fire* 


Syrian  Gamety  or  ^indent  CarbwaeU, 

Grains. 

Paste 512 

Glass  of  antimony  ...  256 
Cassius  purple  ....  2 
Oxyde  of  manganese    ...  2 


Jimdkyit. 

Grains. 
Paste  -  .  -  .  .  .  4608 
Oxyde  of  mangfinese   ...  36 

Oxyde  of  cobalt    -  -        -        -        -        24 
Purple  of  Cassius        ...  1 

Beryly  or  jSqua  Marina,  Grains. 

Paste       -        -     • •    3456 

Glass  of  antimony    .......        24 

Oxyde  of  cobalt        - -  IJ 

In  all  these  mixtures,  the  substances  should  be  mixed  by  sifting,  fused  very  carefully, 
and  cooled  very  slowly,  afUr  having  been  left  in  the  fire  from  24  to  30  hours. 

M.  Lan^on  has  also  made  many  experiments  on  the  same  subject.    The  following  are 
a  few  of  his  proportions : — 


Paste.  Grains. 

Litharge         -        .        -        -        -      100 

White  sand 75 

White  tartar,  or  potash  -        -        10 


.Jimdhy$t,  Grains. 

Paste 9216 

Oxyde  of  manganese     -         from  15  to  24 
Oxyde  of  cobalt      •        .        .        •  1 


Emerald.  Grains. 

Paste ^216 

Acetate  of  copper        ......  72 

Peroxyde  of  iron,  or  saffron  of  Mars         -        -        -  1*5 

PASTILLE  is  the  English  name  of  small  cones  maule  of  gum  benzoin,  with  powder 
of  cinnamon,  and  other  aromatics,  which  are  horned  as  incense,  to  diffuse  a  grateful  odor, 
and  conceal  unpleasant  smells  in  apartments.    See  PerfumiuRy. 

PASTILLE  is  the  French  name  of  cortain  aromatic  sugared  confections  j  called  also 
tabUites. 

PEARLASH,  a  commercial  form  of  Potash,  which  see. 

PEARLS  (Ferles  Fr,  $  Perlen,  Germ.))  are  the  productions  of  certain  shell-fish.  These 
mollnscae  are  subject  to  a  kind  of  disease  caused  by  the  introduction  of  foreign  bodies 
within  their  shells.  In  this  case,  their  pearly  secretion,  instead  of  being  spread  in  layers 
upon  the  inside  of  their  habitation,  is  accumiUated  round  these  particles  in  concentric  lay* 
ers.     Pearl  consists  of  carbonate  of  lime,  interstratified  with  animal  membrane. 

The  oysters  whose  shells  are  lichest  in  mother  of  pearl,  are  most  productive  of 
these  highly  prized  spherical  concretions.  The  most  valuable  pearl  fisheries  are  on  the 
coast  of  Ceylon,  and  at  Olmutz  in  the  Pfarsian  Gulf,  and  their  finest  specimens  are  more 
highly  prized  in  the  East  than  diamonds,  but  in  Europe  they  are  liable  to  be  rated  very 
difTerenily,  according  to  the  caprice  of  fashion.  When  the  pearls  are  large,  truly 
spherical,  reflecting  and  decomposing  the  light  with  much  vivacity,  they  are  mneh 
admired.  But  one  of  the  causes  which  readers  their  value  fluctuating,  is  the  occasional 
loss  of  their  peculiar  lustre,  without  our  being  able  to  assign  a  satisfactory  reason  for  it. 
Besides,  they  can  be  now  so  well  imitated,  that  ih^artificial  pearls  have  nearly  as  rich  an 
appearance  as  the  real. 

PEARLS,  ARTIFICIAL.  These  are  small  globules  or  pear-^aped  spheroids  of 
thin  glass,  perforated  with  two  opposite  holes,  through  which  they  are  strung,  and 
mounted  into  necklaces,  &c.,  like  real  pearl  ornaments.  They  must  not  only  be  white 
and  brilliant,  but  exhibit  the  iridescent  reflections  of  mother  of  pearl.  The  liquor 
employed  to  imitate  the  pearly  lustre,  is  called  the  eseence  of  the  East  (^ssemce  d*  orietU), 
which  is  prepared  by  throwing  into  water  of  ammonia  the  brilliant  scales,  or  rather  the 
/ame/Ztf,  separated  by  washing  and  friction,  of  the  scales  of  a  small  river  fish,  the  blay, 
ealled  in  French  abUtte.  These  scales  dis^ested  in  ammonia,  having  acquired  a  degree  of 
softness  and  flexibUily  which  allow  of  their  application  to  the  inner  surfaces  of  the  glass 
globules,  they  are  introduced  by  suction  of  the  liquor  containing  them  in  suspension.  The 
ammonia  is  Volatilized  in  the  act  of  drying  the  globules. 

It  is  said  that  some  manufacturers  employ  ammonia  merely  to  prevent  the  alteration 
of  the  scales;  that  when  they  wish  to  make  use  of  them,  they  suspend  them  in  a 
well  clarified  solution  of  isinglass,  then  pour  a  drop  of  the  mixture  into  each  bead, 
and  spread  it  round  the  inner  surface.  It  is  doubtful  whether,  by  this  method,  the  same 
lustre  and  play  of  colors  can  be  obtained  as  by  the  former.  It  seems  moreover  to  be 
of  importance  for  the  success  of  the  imitation,  that  the  globules  be  formed  of  a  bluish, 
opalescent,  ver>'  thin  glass,  containing  but  little  potash  and  oxyde  of  lead.    In  ever?  maniiF 
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factory  of  artifioUl  pearlg,  there  most  be  some  workmen  posBessed  of  great  experience 
and  dexterity.    The  French  are  supposed  to  excel  in  this  ingenious  branch  of  industry. 

PEARL  WHITE  is  a  submuriate  of  bismuth,  obtained  by  pouring  a  solution  of  the 
nitrate  of  that  metal  into  a  dilate  solution  of  sea-salt,  whereby  a  light  and  very  white 
powder  is  obtained,  which  is  to  be  well  washed  and  dried.    See  Bismuth. 

PECTIC  ACID  {Jcidtpectique^  Fr. ;  GaUertsaHre,  Oerm.),  so  named  on  account 
of  its  jellying  property,  from  nrnrn,  coag«/tt7n^  exists  in  a  vast  number  of  vegetables. 
The  easiest  way  of  preparing  it,  is  to  grate  the  roots  of  carrots  into  a  pulp,  to  express 
their  juice,  to  wash  the  marc  with  rain  or  distilled  water,  and  to  squeeze  it  well ;  50 
parts  of  the  marc  are  next  to  be  difi'used  through  300  of  rain-water,  adding  by  shyw 
degrees  a  solution  of  one  part  of  pure  potash,  or  two  of  bicarbonate.  This  mixture 
is  to  be  heated,  so  as  to  be  made  to  boil  for  about  a  quarter  of  an  hour,  and  is  then  to 
be  thrown  boiliog-hot  upon  a  filter  clot  hi  It  is  known  to  have  been  well  enough 
boiled,  when  a  sample  of  the  filtered  liquor  becomes  gelatinous  by  neutralizing  it  wfth 
an  acM.  This  liquor  contains  pectate  of  potassa,  in  addition  to  other  matters  extricated 
from  the  root.  The  pectate  may  be  decomposed  by  a  stronger  acid,  but  it  is  better  to 
decompose  it  by  muriate  of  lime ;  whereby  a  pectate  of  lime,  in  a  gelatinous  form,  quite 
insoluble  in  water,  is  obtained.  This  having  been  washed  with  cold  water  upon  a  cloth, 
is  to  be  boiled  in  water  containing  as  much  muriatic  acid  as  will  saturate  the  lime.  The 
pectic  acid  thus  liberated,  remains  under  the  form  of  a  colorless  jelly,  which  reddens  lit- 
mus paper,  and  tastes  sour,  even  after  it  is  entirely  deprived  of  the  muriatic  acid.  Cold 
water  dissolves  very  little  of  it ;  it  is  more  soluble  in  boiling  water.  The  solution  is 
colorless,  does  not  coagulate  on  cooling,  and  hardly  reddens  litmus  paper;  but  itgelatini- 
zes  when  alcohol,  acids,  alkalis,  or  salts  are  added  to  it.  Even  sugar  transfonns  it,  after 
some  time,  into  a  gelatinous  state,  a  circumstance  which  serves  to  explain  the  preparation 
of  apple,  cherry,  raspberry,  gooseberry,  and  other  jellies. 

PECTINE,  or  vegetable  jelly,  is  obtained  by  mixing  alcohol  with  the  juice  of  ripe 
currants,  or  any  similar iruit,  till  a  gelatinous  precipitate  takes  place;  which  is  to  be 
gently  squeezed  in  a  cloth,  washed  with  a  little  weak  alcohol,  and  dried.  Thus  pre- 
pared, pectine  is  insipid,  without  action  upon  litmus,  in  small  pieces,  semi-transparent, 
and  of  a  membranous  aspect,  like  isinglass.  Its  mucilaginous  solution  in  cold  water  is 
not  tinged  blue  with  iodine.  A  very  small  addition  of  potash,  or  its  carbonate,  converts 
pectine  into  pectic  acid;  both  of  which  substances  are  transformed  into  mucic  and  oxalic 
acids  by  the  nitric. 

PELTRY  (Petleteriey  Fr. ;  Pdzwerk^  Germ.),  is  nearly  synonymous  with  fur,  and 
comprehends  the  skins  of  different  kinds  of  wild  animals  that  are  found  in  high 
northern  latitndes,  particularly  in  the  American  continent ;  such  as  the  beaver,  beiur, 
raooaedeer,  marten,  mink,  sable,  wolverine,  wolf,  Itc.  When  these  skins  have  received 
no  preparation  but  from  the  hunters,  they  are  most  properly  called  peltry ;  but  when  they 
have  had  the  inner  side  tawed  or  tanned  (see  Leathkr)  by  an  aluminous  process,  they 
may  then  be  denominated /«r«. 

The  scouring  or  cleaning  of  peltry  is  performed  in  a  large  cask,  or  truncated  cone 
laid  on  its  side,  and  traversed  by  a  revolving  shaft,  which  is  furnished  with  a  few 
rectangular  rounded  pegs.  These  are  intended  to  stir  round  the  skins,  while  they  are 
dusted  over  with  Paris  plaster,  whitening,  or  sometimes  sand,  made  as  hot  as  the 
hand  can  bear.  The  bottom  of  the  cask  should  be  grated,  to  allow  the  impurities  to 
fall  out.  The  lutiragey  which  the  cleansed  skins  next  undergo,  is  merely  a  species  of 
dyeinsr,  either  topical,  to  modify  certain  disagreeable  shades,  or  general,  to  impart  a  more 
beautiful  color  to  the  fur.  Under  the  articles  Dyeing,  and  the  several  colors,  as  also 
Hair  and  Morocco,  sufiScient  instructions  will  be  found  for  dveine  fur.  The  mordants 
should  be  applied  pretty  hot  by  a  brush,  on  the  hair  of  the  skin,  stretched  upon  a  solid 
table ;  and  after  two  or  three  applications,  with  drying  between,  the  tinctorial  infusions 
may  be  rubbed  on  in  the  same  way.  The  hair  must  be  freed  beforehand  from  all  greasi- 
ness,  by  lime  water,  or  a  weak  solution  of  carbonate  of  soda ;  then  well  washed.  Much 
nicety,  and  many  successive  applications  of  the  dye-stuff,  are  sometimes  requisite  to  bring 
out  the  desired  shade. 

Under  Hat  Manufactttre,  I  referred  to  this  article  for  a  description  of  the  pnxiess 
of  ticntat^e,  whereby  the  hairs  of  rabbit  and  hare  skins  are  rendered  fit  for  felting. 
Dissolve  32  parts  of  quicksilver  in  500  of  common  aquafortis ;  and  dilute  the  solution 
with  one  half  or  two  thirds  of  its  bulk  of  water,  according  to  the  strength  of  the  acid. 
The  skin  being  laid  upon  a  table  with  the  hair  side  uppermost,  a  brush,  made  with  the 
bristles  of  the  wild  boar,  is  to  be  slightly  moistened  with  the  mercurial  solution,  and 
piMed  over  the  smooth  surface  of  the  hairs  with  strong  pressure.  This  application 
m«a(  be  repeated  several  times  in  succession,  till  every  part  of  the  fur  be  equally 
touched,  and  till  about  two  thirds  cf  the  length  of  the  hairs  be  moistened,  or  a  little 
more,  should  they  be  rigid.  In  order  to  complete  this  impregnation,  the  skins  are  laid 
logeihcr  In  pahra  with  the  hairy  Mm  in  contact,  put  in  this  state  into  the  stove-room. 
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and  exposed  to  a  heat  higher  in  proportion  to  the  weakness  of  the  mercarial  solution. 
The  drj'ing  shonld  be  rapidly  effected,  otherwise  the  concentration  of  the  nitrate  will  not 
take  dae  effect  in  causing  the  retraction  and  curling  of  the  hairs* 

No  other  acid,  or  metallic  solution,  but  the  above,  has  been  found  to  answer  the  de- 
sirei  purpose  of  the  hatmaker.  After  the  hairs  are  properly  ucrtied,  they  are  plucked 
off  by  hand,  or  shorn  off  by  a  niachine. 

PENCIL  MANUFACTURE.  (Crayon»,/a6rtgu€  rfe,  Pr.;  Bleistifte,  verferiigung. 
Germ.)  The  word  pencil  is  used  in  two  senses.  It  signifies  either  a  small  hair  brush 
eraployed  by  painters  in  oil  and  water  colors,  or  a  slender  cylinder,  of  black  lead  or  plum- 
bago, either  naked  or  enclosed  in  a  wooden  case,  for  drawing  black  lines  upon  paper. 
The  last  sort,  which  is  the  one  to  be  considered  here,  coriesponds  nearly  to  the  French 
tmn  crayon,  though  this  includes  also  pencils  made  of  differently  colored  earthy  compo- 
0lions.    See  Cratok. 

The  best  black-lead  pencils  of  this  country  are  formed  of  slender  parallelopipeds,  cut 
out  4>y  a  saw  from  sound  pieces  of  plumbago,  which  have  been  previously  calcined  in  close 
vessels  at  a  bright  red  heat.  These  parallelopipeds  are  generally  enclosed  in  cases  made 
of  eedar  wood,  though  of  late  years  they  are  also  used  alone,  in  peculiar  pencil-cases, 
under  the  name  of  ever-pointed  pencils,  provided  with  an  iron  wire  and  screw,  to  pro- 
trude a  minute  portion  of  the  plumbago  beyond  the  tubular  metallic  case,  in  proportion 
as  it  is  wanted. 

In  the  year  1795,  M.  Cont6,  a  French  gentleman,  well  acquainted  with  the  mechanical 
arts,  invented  an  ingenious  process  for  making  artificial  black-lead  pencils  of  superior 
qua] ay,  by  which  he  and  his  successor  and  son-in-law,  M*  Humblot,  have  realized  large 
fortunes. 

Pure  clay,  or  clay  containing  the  smallest  proportion  of  calcareous  or  silidous  matter, 
is  the  substance  which  he  employed  to  give  aggregation  and  solidity,  not  only  to  plum- 
bago dust,  but  to  all  sorts  of  colored  powders.  That  earth  has  the  property  of  diminish- 
ing in  bulk,  and  increasing  in  hardness,  in  exact  proportion  to  the  degree  of  heat  it  is 
exposed  to,  and  hence  may  be  made  to  give  every  degree  of  solidity  to  crayons.  The 
clay  is  prepared  by  diffusing  it  in  large  tubs  through  clear  river  water,  and  letting  the 
thin  mixture  srlile  for  two  minutes.  The  supernatant  milky  liquor  is  drawn  ofl'  by  a 
syphon  from  near  the  surface,  so,  that  only  the  finest  particles  of  clay  are  transferred  into 
the  second  tub,  upon  a  lower  level.  The  sediment,  which  fttlls  very  slowly  in  this  tub, 
is  extremely  soft  and  plastic.  The  clear  water  being  run  off,  the  deposite  is  placed  upon 
a  linen  filter,  and  allowed  to  dry.    It  is  now  ready  for  use. 

The  plumbago  must  be  reduced  to  a  fine  powder  in  an  iron  mortar,  then  put  into  a 
crucible,  and  calcined  at  a  heat  approaching  to  whiteness.  The  action  of  the  fire  gives 
it  a  brilliancy  and  softness  which  it  would  not  otherwise  possess,  and  prevents  it  from 
being  affected  by  the  clay,  which  it  is  apt  to  be  in  its  natural  state.  The  lessjclay  is 
mixed  with  the  plumbago,  and  the  less  the  mixture  is  calchied,  the  softer  are  the  pencils 
made  of  it ;  the  more  clay  is  used  the  harder  are  the  pencils.  Some  of  the  best  pencils 
made  by  M.  Conte,  were  formed  of  two  parts  of  plumbago  and  three  parts  of  clay ;  others 
of  equal  parts.  This  composition  admits  of  indefinite  variations,  both  as  to  the  shade  and 
hardness ;  advantages  not  possessed  by  the  native  mineral.  While  the  traces  may  be 
made  as  black  as  those  of  pure  plumbago,  they  have  not  that  glistening  aspect  which 
often  impairs  the  beauty  of  black-lead  drawings.  The  same  lustre  may,  however,  be  ob- 
tained by  increasing  the  proportion  of  powdered  plumbago  relatively  to  the  clay. 

The  materials  having  been  carefully  sifted,  a  little  of  the  clay  is  to  be  mixed  with  the 
phunbago,  and  the  mixture  is  to  be  triturated  with  water  into  a  perfectly  uniform  paste. 
A  portion  of  this  paste  may  be  tested  by  calcination.  If  on  cutting  the  indurated  mass, 
particles  of  plumbago  appear,  the  whole  must  be  further  levigated.  The  remainder  of 
the  clay  is  now  to  be  introduced,  and  the  paste  is  to  be  ground  with  a  muUer  upon  a 
porphyry  slab,  till  it  be  quite  homogeneous,  and  of  the  consistence  of  thin  dough.  It  is 
BOW  to  be  made  into  a  ball,  put  upon  a  support,  and  placed  under  a  bell  glass  inverted  in 
a  basin  of  water,  so  as  to  be  exposed  merely  to  the  moist  air. 

Small  grooves  are  to  be  made  in  a  smooth  board,  similar  to  the  pencil  parallelopipeds, 
bat  a  little  longer  and  wider,  to  allow  for  the  contraction  of  volume.  The  wood  must  be 
boiled  in  grease,  to  prevent  the  paste  ftom  sticking  tq  it.  The  above  described  paste 
being  pressed  with  a  spatula  into  these  grooves,  another  board,  also  boiled  in  grease,  is 
to  be  laid  over  them  very  closely,  and  secured  by  means  of  screw-clamps.  As  the  atmo- 
spheric air  can  get  access  only  to  the  ends  of  the  grooves,  the  ends  of  the  pencil-pieces 
Iwcome  dry  first,  and  by  their  contraction  in  volume  get  loose  in  the  grooves,  allowing 
the  air  to  insinuate  further,  and  to  dry  the  remainder  of  the  paste  in  succession.  When 
the  whole  pieee  is  dried,  it  becomes  loose,  and  might  be  tamed  out  of  the  grooves/ 
But  before  this  is  done,  the  moald  most  be  put  inrto  an  oven  moderately  heated,  in 
order  to  render  the  pencil  pieces  still  drier.  The  mould  should  now  be  taken  out,  and 
emptied  upon  a  table  covered  with  cloth.    The  greater  part  of  the  pieces  will  he 
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entire,  and  only  a  few  will  liaye  been  broken,  if  the  above  preeautiona  hare  been  ddy 
observed.  They  are  all,  however,  perfectly  straight,  which  is  a  matter  of  the  first  in> 
portance. 

In  order  to  give  solidity  to  these  pencils,  they  most  be  set  upright  in  a  emcifale  tiO 
it  is  filled  with  them,  and  then  surrounded  with  charcoal  powder,  fine  sand,  or  sifted 
wood  ashes.  The  crucible,  after  having  a  lutol  cover  applied,  is  to  be  put  into  a  fuinaoe, 
and  exposed  to  a  degree  of  heat  regulated  by  the  pyrometer  of  Wedgewood ;  whiefa 
degree  is  proportional  to  the  intended  hardness  of  the  pencUs.  When  they  have  been 
thus  baked,  the  crucible  is  to  be  removed  from  the  fire,  and  allowed  to  cool  with  the 
pencils  in  it. 

Should,  the  pencils  be  intended  for  drawing  architectural  plans,  or  for  very  line  lineSi 
they  must  be  immersed  in  melted  wax  or  suet  nearly  boiling  hot,  before  they  are  pot  into 
the  cedar  cases.  This  immersion  is  bestdone  by  heating  the  pencils  first  upon  a  grid-ini^ 
and  then  plunging  them  into  the  melted  wax  or  tallow.  They  acquire  l^  this  means  a 
certain  degree  of  softness,  are  less  apt  to  be  abraded  by  use,  and  preserve  their  points 
mach  better. 

When  these  pencils  are  intended  to  draw  ornamental  subjects  with  much  shadii^,  they 
should  not  be  dipped  as  above. 

Second  process  for  making  artificial  pencils,  aomeuhat  different  from  the  preceding. — K^ 
the  operations  are  the  same,  except  that  some  lamp-black  is  introduced  along  with  the 
plumbago  powder  and  the  clay.  In  calcining  these  pencils  in  the  crucible,  the  contact 
of  air  must  be  carefully  excluded,  to  prevent  the  lamp-black  from  being  burned  away  oa 
the  surface.  An  indefinite  variety  of  pencils,  of  every  possible  black  tint,  may  thus  be 
produced,  admirably  adapted  to  draw  from  nature. 

Another  ingenious  form  of  mould  is  the  following: 

Models  of  the  pencil-pieces  must  be  made  in  iron,  and  stuck  upright  upon  an  iron  tray, 
having  edges  raised  as  high  as  the  intended  length  of  the  pencUs.  A  metaDic  aUnqr 
is  made  of  tin,  lead,  bismuth,  and  antimony,  which  melts  at  a  moderate  heat.  This  is 
poured  into  the  sheet-iron  tray,  and  after  it  is  cooled  and  concreted,  it  is  inverted, 
and  shaken  ofi'from  the  model  bars,  so  as  to  form  a  mass  of  metal  perforated  throughont 
with  tubular  cavities,  corresponding  to  the  intended  pencil-pieces.  The  paste  is  in- 
troduced by  pressure  into  these  cavities,  and  set  aside  to  dry  slowly.  When  nearly  dry, 
the  pieces  get  so  much  shrunk  that  they  may  be  readUy  turned  out  of  the  moulds  upon  a 
cloth  table.  They  are  then  to  be.  completely  desiccated  in  the  shade,  afterwards  in  a 
stove-room,  next  in  the  oven,  and  lastly  ignited  in  the  crucible,  with  the  precautions  above 
prescribed. 

M .  Conte  recommends  the  hardest  pencils  of  the  architect  to  be  made  of  lead  melted 
with  some  antimony  and  a  little  quicksilver. 

In  their  further  researches  upon  this  subject,  M.  Conte  and  M.  Humblot  found  that  the 
different  degrees  of  hardness  of  crayons  could  not  be  obtained  in  a  uniform  manner  by  the 
mere  mixture  of  plumbago  and  clay  in  determinate  doses.  But  they  discovered  a  remedy 
for  this  defect  in  the  use  of  saline  solutions,  more  or  less  concentrated,  into  which  they 
plunged  the  pencils,  in  order  to  modify  their  hardness,  and  increase  the  uniformity  of  their 
texture.  The  non-deliquescent  sulphates  were  preferred  for  this  purpose ;  such  as  sul- 
phate of  soda,  &c.    Even  sirup  was  found  useful  in  this  way. 

PEN'S,  STEEL.  The  best  metal,  made  from  Dannemora  or  hoop  (l)  iron,  is  selected, 
and  laminated  into  slips  about  3  feet  long,  and  4  inches  broad,  of  a  thickness  corre^pond- 
mg^to  the  desired  stiffness  and  flexibility  of  the  pens.  These  slips  are  subjected  to  the 
action  of  a  stamping-press,  somewhat  similar  to  that  for  making  buttons.  (See  BxrrroK, 
and  Platkd  Ware.)  The  point  destined  for  the  nib  is  next  introduced  into  an  appropri- 
ate  gauged  hole  of  a  little  machine,  and  pressed  into  the  semi-cylindrical  shape ;  where  it 
is  also  pierced  with  the  middle  slit,  and  the  lateral  ones,  provided  the  latter  are  to  be 
given.  The  pens  are  now  cleaned,  by  being  tossed  about  among  each  other,  in  a  tin  cy- 
linder, about  3  feet  long,  and  9  inches  in  diameter ;  which  is  suspendefl  at  each  end  upon 
joints,  to  two  cranks,  formed  one  on  each  of  two  shafts.  The  cylinder,  by  the  rotatkm 
of  a  fly-wheel,  acting  upon  the  crank-shafts,  is  made  to  describe  such  revolutions  as 
agitate  the  pens  in  all  directions,  and  polish  them  by  mutual  attrition.  In  the  course  of 
4  hours  several  thousand  pens  may  be  finished  upon  this  machine. 

PEPPER.  {Poivre^  Ft,  ;  Pfeffvr,  Germ.)  Black  pepper  is  composed,  according  to  M. 
Pelletier,  of  the  vezetable  principle, /wperiwe,  of  a  very  acrid  concrete  oil,  a  volatile  bal- 
samic oil,  a  colored  gummy  matter,  an  extractive  principle  analogous  to  legumine,  malic 
and  tartaric  acids,  starch,  bassorine,  ligneous  matter,  with  earthy  and  alkaline  salts  in 
small  quantity.     Cubebs  pepper  has  nearly  the  same  composition. 

Pepper  imported  for  home  consumption,  in  1835,         1836,         l837.~Dvty  6d.  per  Ibb 

Lbs.  2,369,573 ;  2,800,980;  2,626,298. 
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PERFUMERY,  ART  OF  {Parfwmne,  Fr. ;  WMriedunii'kungt,  Gtxm.),  consists  in 
the  prepnrataon  of  different  products,  such  as  iats  or  pommades,  essential  oils,  distilled 
spirits^  PMtes,  pastilles,  and  essence. 

Fats  ought  to  be  pounded  in  a  marble  mortar,  without  addition  of  water,  till  all  the 
membnuics  be  completely  torn ;  then  subjected  to  the  heat  of  a  water -bath  in  a  proper 
Tossel.  The  fat  soon  melts,  and  the  albumen  of  the  blood  coagulating,  carries  with  it 
all  the  foreign  substances;  the  liquid  matter  should  be  skimmed,  and.  passed  through  a 
canvass  filter. 

Of  pommades  by  tn/unon. — Rose,  orange-flower,  and  cassia.  Take  334  pounds  of 
hog's  lard,  and  166  of  beef  suet.  These  500  pounds  are  put  into  a  pan  called  bugadier  ; 
and  when  melted,  150  pounds  of  rose-leaves  nicely  plucked  are  added,  taking  care  to 
stir  the  mixture  every  hour.  .  The  infnsion  thus  prepared  is  to  remain  at  rest  for  24 
hoars;  at  the  end  of  this  time,  the  pommade  is  again  melted,  and  well  stirred  to  prevent 
its  adherence  to  the  bottom  of  the  melting-pan.  The  mass  is  now  to  be  poured  oat  into 
canvass,  and  made  into  rectangular  bricks  or  loaves,  which  are  subjected  to  a  press,  in 
order  to  separate  the  solid  matter  from  the  soil  pommade.  These  brick-shaped  pieces 
being  put  into  an  iron-boand  barrel  perforated  all  over  its  staves,  the  pommade  is  to  be 
allowed  to  exude  on  aU  sides,  and  flow  down  into  a  copper  vessel  placed  under  the  trough 
of  the  press.  This  manipulation  should  be  repeated  with,  the  same  fat  tenor  twelve 
times ;  or  in  other  words,  3000  pounds  of  fresh  rose-leaves  should  be  employed  to  make 
a  good  pommade. 

The  pommade  of  orange-flowers  is  made  in  the  same  manner,  as  also  the  pommade  of 


Of  pommades  toiihout  infunon, — Jasmine,  tuberose,  jonquil,  narcissus,  and  violet. 

A  square  frame,  called  tiame,  is  made  of  four  pieces  of  wood,  well  joined  together,  3 
or  3  inches  deep,  into  which  a  pane  of  glass  is  laid,  resting  upon  inside  ledges  near  the 
bottom.  Upon  the  surface  of  the  pane  the  simple  pommade  of  hog's  lard  and  suet  is  spread 
with  a  pallet  knife ;  and  into  this  ponunade  the  sweet-scented  flowers  are  stuck  fresh 
in  different  points  each  successive  day,  during  two  or  three  months,  till  the  pommade 
has  acquired  the  desired  richness  of  perfume.  The  above-described  frames  are  piled 
cloaely  over  each  other.  Some  establishments  at  Groue  possess  from  3000  to  4000  of 
them. 

0/  o3e. — Rose,  orange-flower,  and  cassia  oils,  are  made  by  infusion,  like  the  pom» 
mades  of  the  same  perfumes ;  taking  care  to  select  oils  perfectly  fresh.  As  to  those  of 
jasmine,  tuberose,  jonquil,  violet,  and  generally  all  delicate  flowers,  they  are  made  in  the 
following  manner.  Upon  an  iron  (rune,  a  piece  of  cotton  cloth  is  stretched,  imbued 
with  olive  oil  of  the  first  quality,  and  covered  completely  with  a  thin  bed  of  flowers. 
Another  frame  is  similarly  treated,  and  in  this  way  a  pile  is  made.  The  flowers 
must  be  renewed  till  the  oil  is  saturated  with  their  odor.  The  pieces  of  cotton  cloth 
are  then  carefully  pressed  to  extrude  the  oil.  This  last  operation  requires  commonly  7 
or  8  days. 

0/  dutitlation, — ^The  essential  oils  or  essences,  of  which  the  great  manufacture  is  in 
the  south  of  France,  are  of  rose,  neroli,  lavender,  lemon  thyme,  common  thyme,  and  ro8&> 
mary.    For  the  mode  of  distilling  the  essential  oils,,  see  Oils,  essential. 

The  essence  of  roses  being  obtained  in  a  peculiar  manner,  I  shall  describe  it  here. 
Put  into  the  body  of  a  still  40  pounds  of  roses,  and  60  quarts  of  water ;  distil  off  one 
half  of  the  water.  When  a  considerable  quantity  of  such  water  of  the  first  distillation 
is  obtained,  it  must  be  used  as  water  upon  fresh  rose-leaves ;  a  process  of  repetition  to 
be  carried  to  the  fifth  time.  In  the  distillation  of  o"ange-flower,  to  obtain  the  essence  of 
neroli,  the  same  process  is  to  be  followed ;  but  if  orange-flower  water  merely  be  wanted, 
then  it  is  obtained  at  one  distillation,  by  reserving  the  first  fifth  part  of  water  that  comes 
over.  What  is  called  the  essence  of  petit-grainy  is  obtained  by  distilling  the  leaves  of  the 
orange  shrub.  The  essences  of  lavender,  thyme,  &c.,  present  nothing  peculiar  in  theii 
mode  of  extraction. 

or  SCENTED  SPIRITS, 

From  oil  of  rose,  orange,  jasmine,  tuberose,  cassia,  violet,  and  other  fiowers. 

Into  each  of  three  digesters,  immersed  in  water-baths,  put  25  lbs.  of  any  one  of  these 
oils,  and  pour  into  the  first  digester  25  quarts  of  spirit  of  wine ;  agitate  every  quarter  of 
an  hour  during  three  days,  and  at  the  end  of  this  period,  draw  off  the  perfumed  spirit,  and 
pour  it  into  the  second  digester ;  then  transfer  it  after  3  days  into  the  third  digester, 
treating  the  mixture  in  the  same  way ;  and  the  spirit  thus  obtained  will  be  perfect.  The 
digesters  must  be  carefully  covered  during  the  progress  of  these  operations.  On  pursuing 
the  same  process  with  the  same  oil  and  fresh  alcohol,  essences  of  inferior  qualities  may 
be  obtained,  called  Nos.'  2,  3,  and  4. 

Some  perfumers  state  that  it  is  better  to  use  highly  scented  pommades  than  oilti  hot 
thetf  is  probably  little  difference  in  this  respect 
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Etprti  at  Sunvtm 
7  £ng.  qrts.  of  spirit  of  jasinine,3d  operation. 

7  —  cassia,        — 
3           —                 wine. 

2  —  tuberose,    — 
1(  ounce  essence  of  doTes. 

1  oaoce  fine  neroli. 
1(  ounce  essence  of  bergamot. 

8  ounces  essence  of  inudt,  2d  infbaioa. 

3  quarts  rose  water. 

Spirit  of  flowers  of  ItaJy. 

2  quarts  spirit  of  jasmine,  2d  operation. 
2  —         roses,  — 
2               —          oranges,  3d       — 

The  above  spirits  mark  usually  28  akome 


Spirit  (^  Cythena. 
1  quart  spniC  of  violeU. 


— 

jasmine,  2d  opeimtum. 

,^^ 

tuberose,            ^ 

— 

clove  gillyflower. 

— 

roses,  2d  operation. 

— 

Portugal. 

2 

— 

orange-flower  water 

2  quarts  spirit  of  cassia,  2d  operation. 
]|  —  orange  flower  water. 


trie  degrees  of  Gay  Lussac.    See  Alcohou 

POMMAOES. 

No  less  than  20  scented  pommades  are  distinguished  by  the  perfVimers  of  Paris.  The 
essences  commonly  employed  in  the  manufacture  of  pommades,  arc  those  of  bergamoty 
lemons,  cedrat,  litwtte  (sweet  lemon),  Portugal,  rosemary,  thyme,  lemon  thyme,  lavender, 
marjoram,  and  cinnamon. 

The  following  may  serve  as  an  example : — 

Pommade  h  la  vanilUi  commonly  called  Roman. 

12  pounds  of  pommade  i  la  rose. 
3      —         oil  i  la  rose. 
1      —         vanilla,  first  quality,  pulverised. 
6  ounces      bergamot. 

The  pommade  being  melted  at  the  heat  of  a  water-bath,  the  vanilla  is  to  be  introduced 
with  continual  stirring  for  an  hour.  The  mixture  is  left  to  settle  during  two  hours. 
The  pommade  is  then  to  be  drawn  ofi*,  and  will  be  found  to  have  a  fine  yeUow  color,  i&- 
Btead  of  the  brown  shade  which  it  commonly  has. 

In  making  odoriferous  extracts  and  waters,  the  spims  of  the  flowers  prepared  by 
macerating  the  flowers  in  alcohol  should  be  preferred  to  their  distillation,  as  forming  the 
foundation  of  good  perfumery.  The  specific  gravity  of  these  spirits  should  be  ahrays 
under  0*88. 


Extract  of  Nottgay  (bouquet). 
2  quarts  spirit  of  jasmine,  1st  operation. 
2    —     extract  of  violets. 
1    —     spirit  of  cassia,  1st  — 

1    —     roses,         -        1st         — 
1    —     orange,      -        Ist         — 
I    —     Extract  of  clove  gillyflower. 
4  drms.  of  flowers  of  benzoin  (benzoic  acid). 
8  ounces  of  essence  of  amber,  1st  infusion. 


Extract  of  peadi  Nocjonw. 
6  quarts  of  spirits  of  wine. 
j6  pounds  of  bitter  almonds. 
2  quarts  of  spirits  of  orange  flower,  2d 

operation. 
4  drachms  of  essence  of  bitter  almonds. 
4  drachms  of  balsam  of  Pern. 
4  ounces  of  essence  of  lemons. 


Eau  de  Cologne, 

Two  processes  have  been  adopted  for  the  preparation  of  this  perfbme,  distithition  and 
infVision ;  the  first  of  which,  though  generally  abandoned,  is,  however,  the  preferable  one. 
The  only  essences  which  should  be  employed,  and  which  have  given  such  celebrity  to 
this  water,  are  the  following ;  bergamot,  lemon,  rosemary,  Portugal,  neroli.  The  whole 
of  them  ought  to  be  of  the  best  quality,  but  their  proportions  may  be  varied  aoeording  to 
the  taste  of  the  consumers. 

Thirty  diflerent  odors  are  enumerated  by  perfumers ;  the  three  following  recipes  wiD 
form  a  sufficient  specimen  of  their  combinations. 


Honey-water, 
6  quarts  of  spirit  of  roses,  3d  operation. 
3    do.  jasmine. 

3    do.  spirits  of  wine. 

3  ounces  essence  of  Portugal. 

4  drachms  flowers  of  benzoin. 

12  ounces  of  essence  of  vanilla,  3d  inftision. 
12    do.  musk,  do. 

3  quarts  good  orange-flower  water. 


Eau  de  miUe  fleure, 
18  quarts  6f  spirits  of  wine. 
4  ounces  balsam  of  Peru. 
8    do.    essence  of  bergamot. 
4    do.  cloves. 

1    do.    ordinary  neroli. 
1    do.  thyme. 

8    do.  musk,  3d  infbaion. 

4  quarts  brange  flower  water. 
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J^utt  de  mou9selin€» 


2  oances  essence  of  vanilla,  3d  infusion. 
2   do.  musk^  do. 

4  drachms  of  sandera  wood. 
1  quart  of  orange-flower  water. 


2  quarts  spirit  of  roses»  3d  inAision. 
2   do.  jasmine,  4tli  do. 

1  do.  doTe  gillyflower. 

2  do.  orange  flower,  4th  do 

Mmcmd  ptuitM, 

These  are,  gray,  sweet  white,  and  bitter  white. 

The  first  is  made  either  with  the  kernels  of  apricots,  or  with  bitter  almonds.  They 
are  winnowed,  ground,  and  formed  into  loaves  of  5  or  6  pounds  weight,  which  are  put 
into  the  press  in  order  to  extract  their  oil ;  300  pounds  of  almonds  affording  about  130  ot 
oil.  The  pressure  is  increased  upon  them  every  two  hours  during  three  days ;  at  the  end 
of  which  time  the  loaves  or  cakes  are  taken  out  of  the  press  to  be  dried,  ground,  and 
sifted. 

The  second  paste  is  obtained  by  boiling  the  almonds  in  water  till  their  skins  are  com- 
pletely loosened ;  they  are  next  put  into  a  basket,  washed  and  blanched ;  then  dried,  and 
pressed  as  above. 

The  third  paste  is  prepared  like  the  second,  only  using  bitter  almonds. 

Liquid  cUmpnd  pastes,  such  as  those  of  the  rose,  orange,  vanilla,  and  nosegay.  The 
honey  paste  is  most  admired.    It  is  prepared  as  follows ; — 

6  pounds  of  honey.  |  12  pounds  oil  of  bitter  almonds. 

6    do.  white  bitter  paste.      |  26  yolks  of  eggs. 

The  honey  should  be  heated  apart  and  strained;  6  pounds  of  almond  paste  must  then 
be  kneaded  with  it,  adding  towards  the  conclusion,  alternately,  the  quantity  of  yolks  of 
eggs  and  almond  oil  indicated. 

PastHUa  d  la  rose,  orange  flower,  and  vanilla. 

Pastilles  of  orange  flower, 
12  ounces  of  gum  galbanum. 
12    do.  olibanum,  in  tears. 

12    do.  storax,  do. 

8    do.  nitre. 

1  pound  of  pure  orange  powder. 

3    do.     14  ounces  charcoal  powder. 

1  ounce  supei-fine  neroli. 

Pastilles  d  la  vanille. 


Pastilles  h  la  rose. 

12  ounces 

of  gum. 

12    do. 

olibanum,  in  tears. 

12    do. 

storax,           do. 

8    do. 

nitre. 

16    do. 

powder  of  pale  roses. 

3  pounds  14    do. 

charcoal  powder. 

1    do. 

essence  of  roses. 

16  ounces  powder  of  vanilla. 

3  pounds  14  ounces  charcoal  powder. 

4  drms.  essence  of  cloves. 

8  ounces  do.  vanilla,  Ist  infusion. 


12  ounces  of  gnm  galbanum. 
12    do.  olibanum,  in  tears. 

12    do.  storax  do< 

8    do.  nitre. 

8    do.         doves. 

The  above  mixture  in  each  case  is  to  be  thickened  with  2  ounces  of  gnm  tragaeantli 
dissolved  in  2  pints  of  rose  water.  It  is  needless  to  say  that  the  ingredients  of  the  mix- 
ture should  be  impalpable  powders. 

Scented  cassolettes. 


8  pounds  of  black  amber  (ambergris). 
4    do.  rose  powder. 

2  ounces  of  benzoin. 


1  ounce  essence  of  roses. 

1    do.  gum  tragacanth. 

A  few  drops  of  the  oil  of  sanders  wood. 

These  ingredients  are  pulverised,  and  made  into  a  cohesive  paste  with  the  gun. 


ISSXNCES  BTINrVSION. 

Essence  of  mudc 

5  ounces  of  musk  fh)m  the  bladder,  cut  small. 

1  do.  civet. 

4  quarts  of  spirit  of  ambrette  (purple  sweet  sultan). 

The  whole  are  put  into  a  matrass,  and  exposed  to  the  sun  for  two  months  during 
the  hottest  season  of  the  year.  In  winter,  the  heat  of  a  water  bath  must  be  re* 
sorted  to. 

Essence  of  vanilla, 

3  pounds  of  vanilla  in  branches,  1st  quality,  eut  small. 

4  quarts  spirit  of  ambrette. 

2  drachms  of  cloves. 

i    do.  mudc  fitmi  the  bladder. 

Tht  saBM  process  must  be  fl^Uowed  as  for  the  essence  of  musk. 


§68  PHOSPHORUS. 

Essence  of  Jmbergris, 


4  ounces  of  ambergris. 
2  ounces  of  bladder  musk. 


8  quarts  of  spirit  of  ambrette. 
Treat  as  above. 


Spirit  of  ambretU  (purple  «weet  sultan), 

25  pounds  of  ambrette  are  to  be  distiUed  with  25  quarts  of  spirits  of  wine,  adding  IS 
quarts  of  water,  so  as  to  be  able  to  draw  off  the  25  quarts. 

P£]  RY  is  the  fermented  juice  of  pears,  prepared  in  exactly  the  same  way  as  Cidbl 

P£i<SIAN  BERRIES.    See  Berries,  Persian. 

PETROLEUM.    See  Naptha. 

PE'T(JNT-SE  is  the  Chinese  name  ofthe  fusible  earthy  matter  of  their  porcelain.  It 
is  analogous  to  our  Cornish  stone. 

PEWTER,  PEWTERER.  (Potier  detain,  Fr.)  Pewter  is,  generally  speaking, 
an  alloy  of  tin  and  lead,  sometimes  with  a  little  antimony  or  copper,  combined  in 
several  different  proportions,  according  to  the  purposes  which  the  metal  is  to  serve. 
The  English  tradesmen  distinguish  three  sorts,  which  they  call  plate,  trifle,  and  ley 
pewter ;  the  first  and  hardest  being  used  for  plates  |ind  dishes ;  the  second  for  beer>pots ; 
and  the  third  for  larger  wine  measures.  The  plate  pewter  has  a  bright  silvery  lustre 
when  polished ;  the  l^st  is  composed  of  100  parts  of  tin,  8  parts  of  antimony,  2  parts  of 
bismuth,  and  2  of  copper.  The  trifle  is  said  by  some  to  consist  of  83  of  tin,  and  17  of 
antimony ;  but  it  generally  contains  a  good  deal  of  lead.  The  ley  pewter  is  eomposH 
of  4  of  tin,  and  1  of  lead.  As  the  tendency  of  the  covetous  pewterer  is  always  to  put  in 
as  much  of  the  cheap  metal  as  is  compatible  with  the  appearance  of  his  metal  in  the 
market,  and  as  an  excess  of  lead  may  cause  it  to  act  poisonously  upon  all  vinegars  and 
many  wines,  the  French  government  long  ago  appointed  Fourcroy,  Yauquelin,  and 
other  chemists,  to  ascertain  by  experiment  the  proper  proportions  of  a  »fe  pewter 
alloy.  These  commissioners  found  that  18  parts  of  leaid  might,  without  danger  of 
affecting  wines,  &c.,  be  alloyed  with  82  parts  of  tin ;  and  the  French  government  ia 
consequence  passed  a  law  requiring  pewterers  to  use  83|  of  tin  in  100  parts,  with  a 
tolerance  of  error  amounting  to  1^  per  cent.  This  ordonnance,  allowing  not  more  than 
18  per  cent,  of  lead  at  a  maximum,  has  been  extended  to  all  vessels  destined  to  eontain 
alimentary  substances.  A  table  of  specific  gravities  was  also  published,  on  purpose  to 
test  the  quality  of  the  alloy ;  the  density  of  which,  at  the  legal  standard,  is  7-764.  Any 
excess  of  lead  is  immediately  indicated  by  an  increase  in  the  specific  gravity  above  that 
number. 

The  pewterer  fhshions  almost  all  his  articles  by  casting  them  in  moulds  of  brass  or 
bronze,  which  are  made  both  inside  and  outside  in  various  pieces,  nicely  fitted  together, 
and  locked  in  their  positions  by  ean  and  catches  or  pins  of  various  kinds.  The  monUs 
must  be  nooderately  heated  before  the  pewter  is  poured  into  them,  and  their  surfaces 
should  be  brushed  evenly  over  with  pounce  powder  (sandarach)  beaten  up  with  white  of 
egg.  Sometimes  a  film  of  oil  is  preferred.  The  pieces,  aAer  being  cast,  are  turned  aad 
polished ;  and  if  any  part  needs  soldering,  it  must  be  done  with  a  fusible  alloy  of  tin, 
bismuth,  and  lead. 

Britannia  metal,  the  kind  of  pewter  of  which  English  tea-pots  are  made,  is  said  tp  be 
an  alloy  of  equal  parts  of  brass,  tin,  antimony,  and  bismuth  j  but  the  proportions  differ 
in  different  workshops,  and  much  more  tin  is  commonly  introduced.  Queen's  metal  is 
said  to  consist  of  9  parts  of  tin,  1  of  antimony,  1  of  bismuth,  and  1  of  lead ;  it  serves  also 
for  teapots  and  other  domestic  utensils. 

A  much  safer  and  better  alloy  for  these  purposes  may  be  compounded  by  adding  to  100 
parts  of  the  French  pewter,  5  parts  of  antimony,  and  5  of  brass  to  harden  it.  The 
English  ley  pewter  contains  often  much  more  than  20  per  cent,  of  lead.  Under  Tiir, 
will  be  found  the  description  of  an  easy  method  of  analyzing  its  lead  alloys. 

PHOSPHORIC  ACID  is  the  acid  formed  by  the  vivid  combustion  of 

PHOSPHORUS.  This  interesting  simple  combustible,  being  an  object  of  extensive 
consumption,  and  therefore  of  a  considerable  chemical  manufacture,  I  shall  describe  the 
requisite  manipulations  for  preparing  it  at  some  detail.  Put  1  cwt.  of  finely  ground  bone- 
ash,  such  as  is  used  by  the  assayers,  into  a  stout  tub,  and  let  one  person  work  it  into  a  thin 
pap  with  twice  its  weight  of  water,  and  let  him  continue  to  stir  it  constantly  with  « 
wooden  bar,  while  another  person  pours  into  it,  in  a  uniform  but  very  slender  stream,  78 
pounds  of  concentrated  sulphuric  acid. 

The  heat  thus  excited  in  the  dilution  of  the  acid,  and  in  its  reaction  upon  the  caleareoos 
base,  is  favorable  to  the  decomposition  of  the  bone  phosphate.  Should  the  resulting 
sulphate  of  lime  become  lumpy,  it  must  be  reduced  into  a  uniform  paste,  by  the  addition 
of  a  little  water  from  time  to  time.  This  mixture  must  be  made  out  of  doors,  as  under 
an  open  shed,  on  account  of  the  carbonic  acid  and  other  offensive  gases  whieh  are 
extricated.     At  the  end  of  24  hours,  the  pap  may  be  thinned  with  water,  and,  if  con- 
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Tenient,  heated,  with  care  Ail.  stirring,  to  complete  the  chemical  change,  in  a  square  pan 
made  of  sheet  lead,  simply  folded  up  at  the  sides.  Whenever  the  paste  has  lost  its  gra- 
Bolar  character,  it  is  rrady  for  transfer  into  a  series  of  tall  casks,  to  be  farther  dilated 
and  settled,  whereby  the  clear  superphosphate  of  lime  may  be  ran  off  by  a  syphon  from 
the  deposite  of  gypsum.  More  water  must  then  be  mixed  with  the  precipitate,  after 
snbsidenee  of  wMch,  the  supernatant  liquor  is  again  to  be  drawn  off.  The  skilful  operator 
employs  the  weak  acid  from  one  cask  to  wash  the  deposite  in  another,  and  thereby  saves 
fuel  in  evaporaticm. 

The  collected  liquors  being  put  into  a  leaden,  or  preferably  a  copper  pan,  of  proper 
dimensions,  are  to  be  concentrated  by  steady  ebnUition,  till  the  calcareous  deposite  be- 
eomes  considerable ;  after  the  whole  has  been  allowed  to  cool,  the  dear  liquor  is  to  be  run 
off,  the  sediment  removed,  and  thrown  on  a  filter.  The  evaporation  of  the  clear  liquor 
is  to  be  urged  till  it  acquires  the  consistence  of  honey.  Being  now  weighed,  it  should 
amount  to  37  pounds.  One  fourth  of  its  weight  of  charcoal  in  fine  powder,  that  is,  about 
9  pounds,  are  then  to  be  incorporated  with  it,  and  the  mixture  is  to  be  evaporated  to 
diyness  in  a  cast-iron  pot.  A  good  deal  of  sulphurous  acid  is  disengaged  along  with 
the  steam  at  first,  from  the  reaction  of  the  sulphuric  acid  upon  the  charcoal,  and  after- 
wards some  sulphureted  hydrogen.  When  the  mixture  has  become  perfectly  dry,  as 
shown  by  the  redness  of  the  bottom  of  the  pot,  it  is  to  be  allowed  to  cool,  and  packed 
tight  into  stoneware  jart  fitted  with  close  covers,  till  it  is  to  be  subjected  to  distillation. 
For  this  purpose,  eaithen  retorts  of  the  best  quality,  and  free  from  air-holes,  must  be 
taken,  and  evenly  luted  over  their  surface  with  a  compost  of  fire-clay  and  horse-dung. 
When  the  coating  is  dry  and  sound,  the  retort  is  to  be  two  thirds  filled  with  the  powder, 
and  placed  upon  proper  supports  in  the  laboratory  of  an  air>fumace,  having  its  fire 
placed  not  immediately  beneath  the  retort,  but  to  one  side,  after  the  plan  of  a  reverber- 
atory ;  whereby  the  flame  may  play  uniformly  round  the  retort,  and  the  fuel  may  be 
supplied  as  it  is  wanted,  without  admitting  cold  air  to  endanger  its  cracking.  The  gal- 
lery furnace  of  the  palatinate  (ander  Mercurt)  will  show  how  several  retorts  may  be 
operated  upon  together,  with  one  fire. 

To  the  beak  of  the  retort  properly  inclined,  the  one  end  of  a  bent  copper  tube  is  to 
be  tightly  luted,  while  the  other  end  is  plunged  not  more  than  one  quarter  of  an  inch 
beneath  the  surface  of  water  eontained  in  a  small  copper  or  tin  trough  placed  beneath, 
close  to  the  side  of  the  furnace,  or  in  a  wide-mouthed  bottle.  It  is  of  advantage  to  let 
the  water  be  somewhat  warm,  in  order  to  prevent  the  concretion  of  the  phosphorus 
in  the  copper  tube,  and  the  consequent  obstruction  of  the  passage.  Should  the  beak  of 
the  retort  appear  to  get  filled  with  solid  phosphorus,  a  bent  rod  of  iron  may  be  heated,  and 
passed  up  the  copper  tube,  without  removing  its  end  from  the  water.  The  heat  of 
the  furnace  should  be  most  slowly  raised  at  first,  but  afterwai-ds  equably  maintained  in 
a  state  of  bright  ignition.  After  3  or  4  hours  of  steady  firing,  carbonic  acid  and  sul- 
phurous acid  gases  are  evolved  in  considerable  abundance,  provided  the  materials  had 
not  been  weU  dried  in  the  iron  pot ;  then  sulphureted  hydrogen  makes  its  appearance, 
and  next  phosphureted  hydrogen,  which  last  should  continue  during  the  whole  of  the 
distillation. 

The  firing  should  be  regulated  by  the  escape  of  this  remarkable  gas,  which  ought  to 
be  at  the  rate  of  about  2  bubbles  per  second.  If  the  discharge  comes  to  be  inter- 
rnptedy  it  is  to  be  ascribed  either  to  the  temperature  being  too  low,  or  to  the  retort  get- 
ting cracked ;  and  if  upon  raising  the  heat  sufficiently  no  bubbles  appear,  it  is  a  proof 
that  the  apparatus  has  becoibe  defective,  and  that  it  is  needless  to  continue  the  operation. 
In  fact,  the  great  nicety  in  distilling  ])hoRphora8  lies  in  the  management  of  the  fire,  which 
must  be  incessantly  watched,  and  fed  by  the  successive  introduction  of  fod,  consisting 
ef  coke  with  a  mixture  of  dry  wood  and  coal. 

We  may  infer  that  Uie  process  approaches  its  condusion  by  the  increasing  slowness 
with  which  gas  is  disengaged  under  a  powerful  heat ;  and  when  it  ceases  to  come  over, 
we  may  cease  firing,  taking  care  to  prevent  reflux  of  water  into  the  retort,  from  conden- 
sation of  its  gaseous  contents,  by  admitting  air  into  it  through  a  recurved  glass  tube,  or 
through  the  lute  of  the  copper  adopter. 

The  usual  period  of  the  operation  upon  the  great  scale  is  from  24  to  30  hours.  Its 
theory  i^  very  obvious.  The  charcoal  at  an  elevated  temperature  disoxygenates  the 
phosphoric  acid  with  the  production  of  carbonic  add  gas  at  firet,  and  aAerwaris  carbonic 
oxyde  gas,  along  with  sulphureted,  carbureted,  and  phosphureted  hydrogen,  from  the 
reaction  of  the  water  present  in  the  charcoal  upon  the  other  ingredients. 

The  phosphorus  faUs-  down  in  drops,  like  melted  wax,  and  concretes  at  the  bottom 
of  the  water  in  the  reedver.  It  requires  to  be  purified  by  squeezing  in  a  shamoy  leather 
bag,  while  immersed  under  the  surface  of  warm  water,  contained  in  an  earthen  pan. 
£ach  bag  must  be  firmly  tied  into  a  ball  form,  of  the  sixe  of  the  fist,  and  compressed,  under 
the  water  heated  to  130^,  bv  a  pair  of  flat  wooden  pincers,  like  those  with  which  oranges 
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Tfae  purified  phosphorus  is  moulded  for  sale  into  little  cylinders,  b>  loelling  it  st  lAc 
bottom  of  a  deep  jar  filled  with  water,  then  plunging  the  wider  endof  a  slightly  tapcriaf 
but  straight  glass  tube  into  the  water,  sucking  this  up  to  the  top  of  the  glass,  so  as  to  wana 
it,  next  immersing  the  end  in  the  liquid  phosphorus,  and  sucking  it  up  to  any  desired 
height. 

The  tube  being  now  shut  at  bottom  by  the  application  of  (he  point  of  the  left  index, 
may  be  taken  from  the  mouth  and  transferred  into  a  pan  of  cold  water  to  congeal  the 
phosphorus ;  which  then  will  commonly  fall  out  of  itself,  if  the  tube  be  nicely  tapered, 
or  may  at  any  rate  be  pushed  out  with  a  stiff  wire.  Were  the  glass  tube  not  duly  warm- 
ed before  sucking  up  the  phosphorus,  this  would  be  apt  to  congeal  at  the  sides,  before  the 
middle  be  filled,  and  thus  form  hollow  cylinders,  Tery  troublesome  and  even  dangerous 
to  the  makers  of  phosphoric  match-bottles.  The  moulded  sticks  of  phosphorus  are  finally 
to  be  cut  with  scissors  under  water  to  the  requisite  lengths,  and  put  up  in  vials  of  a  pro- 
per size ;  which  should  be  filled  up  with  water,  closed  with  ground  stoppers,  and  kept  in 
a  dark  place.  For  carriage  to  a  distance,  eadi  vial  should  be  wrapped  in  paper,  and  fit- 
ted into  a  tin-plate  case. 

Phosphorus  has  a  pale  yellow  color,  is  nearly  transparent,  brittle  when  cold,  soft  and 
pliable,  like  wax,  at  the  temperature  of  70^  F.,  crystallizing  in  rhombo-dodecahcdrans 
out  of  Its  combination  with  sulphur,  and  of  specific  grarity  1*77.  It  exhales  white 
fumes  in  the  air,  which  have  a  garlic  smell,  appear  luminous  in  the  dark,  and  spon- 
taneously condense  into  liquid  phosphorous  acid.  Phosphorus  melts  in  close  vessels,  at 
95°  F.,  into  an  oily-looking  colorless  fluid,  begins  to  evaporate  at  217*5^,  boils  at 
654°,  and  if  poured  in  the  liquid  state  into  ice-cold  water,  it  becomes  black,  but  resumes 
its  former  color  when  again  melted  and  slowly  cooled.  It  has  an  acrid  disagreeable 
taste,  and  acts  deleteriously  in  the  stonoach,  though  it  has  been  administered  as  a  me- 
dicine by  some  of  the  poison-doctors  of  the  present  day.  It  takes  fire  in  the  open  air  at  the 
temperature  of  165P,  but  at  a  lower  degree  if  partially  oxydized,  and  bums  with  great  Tehe- 
mence  and  splendor. 

Inflammable  match-boxes  (briqueU  phosphoriquet)  are  usually  prepared  by  putting 
into  a  small  vial  of  g^s  or  lead  a  bit  of  phosphorus,  and  oxydizing  it  slightly  by 
stirring  it  round  with  a  redhot  iron  wire.  The  vial  should  be  unstoppered  only  at 
the  instant  of  plunging  into  it  the  tip  of  the  sulphur  match  which  we  wish  to  kindle. 
Bendix  has  given  the  following  recipe  for  charging  such  match-vials.  Take  one  part 
of  fine  dry  cork  raspings,  one  part  of  yellow  wax,  eight  parts  of  petroleum,  and  four 
of  phosphorus,  incorporate  them  by  ftision,  and  when  ^e  mixture  has  concreted  b;  cooling, 
it  is  capable  of  kindling  a  sulphur  match  dipped  into  it.  Phosphorus  dissolves  in  fat  oife, 
forming  a  solution  luminous  in  the  dark  at  ordinary  temperatures.  A  vial  half  filled  with 
this  oil,  being  shaken  and  suddenly  uncorked,  will  give  light  enough  to  see  the  dial  of  a 
watch  by  night. 

There  are  five  combinations  of  phosphorus  and  oxygen  :  — 1.  the  white  oxyde ;  2.  the 
redoxyde;  3.  hypophosphorous  acid;   4.  phosphorous  acid;  5.  phosphoric  acid.    The 
kst  is  the  only  one  of  interest  in  the  arts.      It  may  be  obtained  from  the  ssrapy 
superphosphate  of  lime  above  described,  by  diluting  it  with  water,  saturating  with  car- 
bonate of  ammonia ;  evaporating,  crystallising,  and  gently  igniting  the  salt  in  a  retort. 
The  ammonia  is  volatilized,  and  may  be  condensed  into  water  by  a  Wonlfe's  apparatus, 
while  the  phosphoric  ncid  remains  in  the  bottom  of  the  retort.    Phosphoric  acid  may  be 
more  readily  produced  by  burning  successive  bits  of  phosphorus  in  a  silver  saucer,  under 
ft  great  bell  jar  inverted  upon  a  gls^  plate,  so  as  to  admit  a  little  air  to  carry  on  the 
eombnstion.    The  aicid  is  obtained  in  a  fine  white  snowy  deposite ;  consisting,  in  this  its 
dry  state,  of  44  of  phosphorus  and  66  of  oxygen.     That  obtained  finom  the  sirupy  Bt^ 
lution  is  a  hydrate,  and  contains  9*44  per  cent,  of  water.     If  the  atom  of  phosphoms 
be  called  32  upon  ^e  hydrogen  radix,  then  5  atoms  of  oxygen  =  40  will  be  associatod  with 
it  in  the  dry  acid,  =  72 ;  and  an  additional  atom  of  water  =  9,  in  the  hydrate,  will  make 
its  prime  equivalent  81.    Phosphorous  acid  seems  to  contain  no  more  than  3  atoms  at 
oxygen. 

The  only  salts  of  this  acid  much  in  demand,  are  the  phosphate  of  soda,  and  the  am- 
monia phosphate  of  soda.  The  former  is  prepared  by  slightly  supersaturating  super- 
phosphate  of  lime  with  crystids  of  carbonate  of  soda ;  warming  the  solution,  filtering, 
evaporating,  and  crystallizing.  It  is  an  excellent  purgative,  and  not  unpalatable.  The  triple 
phosphate  is  used  in  docimastie  operations ;  and  is  described  under  Metaixurgt. 

PICA  MARE,  is  a  thick  oil,  one  of  the  six  new  principles  detected  by  M.  Reicfaenbft^, 
in  wood-tar.    See  Cbsosote  and  pAnAFniTE.    Picamare  constitutes  l-6th  of  beech-tar. 

PICROMEL,  is  the  name  given  by  M.  Thenard  to  a  bhick  bitter  principle  which  he 
supposed  to  be  pHCculiar  to  the  bile.  MM.  Gmelin  and  Tiedemaiin  have  since  called  its 
identity  in  question. 

PICROTOXINE,  is  an  intensely  bitter  poisonous  vegetiU>le  principle  extracted 
the  seeds  of  the  Menispermum  coccuhu,  (Coccnius  Indicus).    It  crystallizes  in 
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needles,  or  cdlmnns ;  disflolTes  in  water  an4  alcohol.  It  does  not  combine  with  acids,  Imt 
with  some  bases,  and  is  not,  therefore,  of  an  alkaline  nature,  as  had  been  at  first  supposed. 

PIGMENTS,  VITRIFIABLE,  belong  to  five  different  styles  of  work :  1.  to  enamel 
painting;  2.  to  painting  on  metals;  3.  to  painting  on  stoneware;  4.  to  painting  on 
porcelain ;  5.  to  stained  glass. 

PIMENTO  {Myrttis  pimenta,  or  Jamaica  pepper)  consists,  according  to  Bonastre's 
complicated  analysis,  of— 


Volatile  oil    -  - 

SoA  green  resin    - 
Fatty  concrete  oil       - 
Extract  containing  tannin 
Gum  ... 

Brown  matter  dissolved  in  potash 
Resinoid  matter  -      '     - 

Extract  containing  sugar  - 
Gallic  and  malic  acids 
Vegetable  fibre     - 
Ashes  charged  with  salts 
Moisture  and  loss 


Sbelli  or  capsulea. 

EemeU. 

10-0 

60 

8-0 

2-5 

0-9 

1-2 

11-4 

39-8 

3-0 

7-2 

4-0 

8-0 

1-2 

3-2 

3-0 

80 

0-6 

1-6 

50-0 

16-0 

2-8 

1-9 

4-1 

4-8 

Pimento  imported  for  home  consumption,  in  1835.  1836. 

Duty — British  possessions,  5d, ;  foreign^  U,  3d,  Lbs.  344,458.    400,914. 

PINCHBECK  is  a  modification  of  brass ;  see  that  article  and  Copper. 

PINE-APPLE  YARN  and  CLOTH.  In  Mr.  Zincke's  process,  patented  in  Decem- 
ber,  1836,  for  preparing  the  filaments  of  this  plant,  the  Bromelia  ananas,  the  leaves  being 
plucked,  and  deprived  of  the  prickles  round  their  edges  by  a  cutting  instrument,  are 
then  beaten  upon  a  wooden  block  with  a  wooden  mallet,  till  a  silky*looking  mass  of 
fibres  be  obtained,  which  are  to  be  freed  by  washing  from  the  green  fecula.  The  fibrous 
put  must  next  be  laid  straight,  and  passed  between  wooden  rollers.  The  leaves  should 
be  gathered  between  the  time  of  their  full  maturity  and  the  ripening  of  the  fruit.  If 
earlier  or  later,  the  fibres  will  not  be  so  fiexible,  and  will  need  to  be  cleared  by  a  boil  in 
floapy  water  for  some  hours ;  aAer  being  laid  straight  under  the  pressure  of  a  wooden 
grating,  to  prevent  their  becoming  entangled.  When  well  washed  and  dried,  with  occa- 
sional shaking  out,  they  will  now  appear  of  a  silky  fineness.  They  may  be  then  spun 
into  porous  rovings,  in  which  state  they  are  most  conveniently  bleached  by  the  ordinary 
methods. 

Specimens  of  cambric,  both  bleached  and  unbleached,  woven  with  these  fibres,  have 
been  recently  exhibited,  which  excited  hopes  of  their  rivalling  the  finest  flax  fabrics,  but 
in  my  opinion  without  good  reason,  on  account  of  their  want  of  strength. 

PINEY  TALLOW  is  a  concrete  fat  obtained  by  boiling  with  water  the  fruit  of  the 
Vaieria  indica,  a  tree  common  upon  the  Malabfur  coast.  It  seems  to  be  a  substance  in<^ 
termediate  between  tallow  and  wax ;  partaking  of  the  nature  of  stearine.  It  melts  at 
97}^  F.,  is  white  or  yeUowish,  has  a  spec.  grav.  of  0*926 ;  is  saponified  by  alkalis,  and 
forms  excellent  candles.  Dr.  Benjamin  Babington,  to  whom  we  are  indebted  for  all  our 
knowledge  of  piney  tallow,  found  its  ultimate  constituents  to  be,  77  of  carbon,  12*3  of 
hydrogen,  and  10*7  of  oxygen. 

PIN  MANUFACTURE.  {Fahriqiu  d'fpingka,  Ft,  ;  Nadeffabrik,  Germ.)  A  pin  i* 
a  small  bit  of  wire,  commoAly  brass,  with  a  point  at  one  end,  and  a  spherical  head  at  the 
other.    In  making  this  little  article,  there  artf  no  less  than  fourteen  distinct  operations. 

1.  Straightening  the  teire.  The  wire,  as  obtained  ft'om  the  drawing-frame,  is  wound 
about  a  bobbin  or  barrel,  about  6  inches  diameter,  which  gives  it  a  curvature  that  must 
be  removed.  The  straightening  engine  is  formed  by  fixing  6  or  7  nails  upright  in  a 
waving  line  on  a  board,  so  that  the  void  space  measured  in  a  straight  line  between  the 
first  three  nails  may  have  exactly  the  thickness  of  the  wire  to  be  trimmed ;  and  that  the 
other  nails  may  make  the  wire  tike  a  certain  curve  line,  which  must  vary  with  its  thick- 
ness. The  workman  pulls  the  wire  with  pincers  through  among  these  nails,  to  the  length 
of  about  30  feet,  at  a  rniining  draught ;  and  after  he  cuts  that  off,  he  returns  for  as  much 
more ;  he  can  thus  finish  600  fathoms  in  the  hour.    He  next  cuts  these  long  pieces  into 

engths  of  3  or  4  pins.    A  day's  work  of  one  man  amounts  to  18  or  20  thousand  dozen 
of  pin-lengths. 

2.  Poiniing  is  executed  on  twa  iron  or  steel  grintUtones,  by  two  workmen,  one  of 
whom  roughens  down,  and  the  other  finishes.  Thirty  or  forty  of  the  pin  wires  are  ap- 
plied to  the  grindstone  at  once,  arranged  in  one  plane,  between  the  two  forefingers  and 
thnmbs  of  'both  hands,  which  dexterously  give  them  a  rotatory  movement. 
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3.  CfiUing  fheat  win$  into  pin-lengtha.  This  is  done  by  an  a^josted  chiseL  The  inter- 
mediate portions  are  handed  over  to  the  pointer, 

'  4.  Twisting  of  the  wire  for  tke  pin-heads.  These  are  made  of  a  much  finer  wire,  coiled 
into  a  compact  spiral,  roand  a  wire  of  the  size  of  the  pins,  by  means  of  a  small  kthe 
constructed  for  the  purpose. 

5.  Cutting  the  heads.  Two  turns  are  dexterously  cut  off  for  each  head,  by  a  regulated 
chisel.    A  skilful  workman  may  turn  off  12,000  in  the  hour. 

6.  jinmealing  the  heads.  They  are  put  into  an  iron  ladle,  made  redhot  over  an  open 
fire,  and  then  thrown  into  cold  water. 

7.  Stamping  or  shaping  the  "htads.  This  is  done  by  the  blow  of  a  small  ram^  raised  by 
means  of  a  pedal  lever  and  a  cord.  The  pin -heads  i^re  also  fixed  on  by  the  same  operative^ 
who  makes  about  1500  pins  in  the  hour,  or  fh>m  12,000  to  15,000  per  diem ;  ezdnsive  of 
one  thirteenth,  which  is  always  deducted  for  waste  in  this  department,  as  well  as  in  the 
rest  of  the  manufacture.  Cast  heads,  of  an  alloy  of  tin  and  antimony,  were  introduced 
by  patent,  but  never  came  into  general  use. 

8.  Yellowing  or  cleaning  the  pins  is  effected  by  boiling  them  for  half  an  hour  in  sour 
beer,  wine  lees,  or  solution  of  tartar ;  afler  which  they  are  washed. 

9.  Whitening  or  tinning,  A  stratum  of  about  6  pounds  of  pins  is  laid  in  a  copper  pan, 
then  a  stratum  of  about  7  or  8  pounds  of  grain  tin ;  and  so  alternately  till  the  vessel  be 
fiUed ;  a  pipe  being  left  inserted  at  one  side,  to  permit  the  introduction  of  water  slowly 
at  the  bottom,  without  deranging  the  contents.  When  the  pipe  is  withdrawn,  its  space  is 
filled  up  with  grain  tin.  The  vessel  being  now  set  on  the  fire,  and  the  water  becoming 
hot,  its  surface  is  sprinkled  with  4  ounces  of  cream  of  tartar ;  after  which  it  is  allowed 
to  boil  for  an  hour.    The  pins  and  tin  grains  are,  lastly^  separated  by  a  kind  of  cullender. 

10.  Washing  the  pins  in  pure  water. 

11.  Drying  and  polishing  them,  in  a  leather  sack  filled  with  coarse  bran,  which  is  agi- 
tated to.  and  fro  by  two  men. 

12.  Winnowing,  by  fanners. 

13.  Pricking  the  papers  for  receiving  the  pins. 

14.  Papering,  or  fixing  them  in  the  paper.  This  is  done  by  cluldren,  who  aoqtnire  the 
habit  of  putting  up  36,000  per  day. 

The  pin  manufacture  is  one  of  the  greatest  prodigies  of  the  division  of  labor;  U  fbr- 
nishes  12,000  articles  for  the  sum  of  three  shillings,  which  have  required  the  united 
diligence  of  fourteen  skilful  operatives. 

The  above  is  an  outline  of  the  mode  of  manufacturing  pins  by  hand  labor,  but  several 
beautiful  inventions  have  been  employed  to  make  them  .entirely  or  in  a  great  roeasuie 
by  machinery;  the  consumption  for  home  sale  and  export  amounting  to  15  millions 
daily,  for  this  country  alone.  One  of  the  most  elaborate  and  apparentiy  complete  is 
that  for  which  Mr.  L.  W.  Wright  obtained  a  patent  in  May,  1824.  A  detailed 
description  of  it  will  be  found  in  the  9th  volume  of  Newton's  London  Journal.  The 
following  outline  will  give  my  readers  an  idea  of  the  structure  of  this  ingenious 
machine : — 

The  rotation  of  a  principal  sBaA,  mounted  with  several  cams,  gives  motion  to  varioos 
sliders,  levers,  and  wheels^  which  work  the  different  parts.  A  slMer  pushes  pincers  for- 
wards, which  draw  wire  from  a  reel,  at  every  rotation  of  the  shaft,  uul  advance  such  a 
length  of  wire  as  will  produce  one  pin.  A  die  cuts  off  the  said  length  of  wire  by  the 
descent  of  its  upper  chap;  the  chap  then  opens  a  carrier,  which  takes  the  pin  to  the 
pointing  apparatus.  Here  it  is  received  by  a  holder,  which  turns  round,  while  a  bevd- 
edged  file-wheel  rapidly  revolves,  and  tapers  the  end  of  the  wire  to  a  point.  The  pin  is 
now  conducted  by  a  second  carrier  to  a  finer  file-wheel,  in  order  to,  finish  the  point  by  a 
second  grinding.  A  third  carrier  then  transfers  the  pin  to  the  first  heading  (tie,  and  1^ 
the  advance  of  a  steel  punch,  the  end  of  the  pin  wire  is  forced  into  a  recess,  whereby  the 
head  is  partially  swellcKi  out.  A  fourth  carrier  removes  the  pin  to  a  second  die,  where 
the  beading  is  perfected.  When  the  heading-bar  retires,  a  forked  lever  draws  the 
finished  pin  from  the  die,  and  drops  it  into  a  receptacle  below. 

I  believe  the  chief  objection  to  the  raising  of  the  heads  by  strong  mechanieal  com- 
pression upon  the  pins,  ia  the  necessity  of  softening  the  wire  previously ;  whereby  the 
pins  thus  made,  however  beautiful  to  the  eye,  are  deficient  in  that  stiffness  which  is  •• 
essential  to  their  employment  in  many  operations  of  the  toilet. 

PIPERINE  KB  a  crystalline  principle  extracted  from  black  pepper  by  means  of  alcohoL 
It  is  colorless,  has  hardly  any  taste,  fuses  at  212°  P, }  is  insolnble  in  water,  but  sohihle 
in  acetic  acid,  ether,  and  most  readily  in  alcohol. 

PITCH,  MINERAL,  is  the  same  as  Bitumen  and  Asphalt. 

PIJ^CH  of  wood-tar  (Poix,  Ft,  ;  Peeh,  Germ.)  is  obtained  by  boiling  tar  in  an  open 
iron  pot,  or  in  a  still,  till  the  volatile  matters  be  driven  off.  Pitch  contains  pyroligneoQa 
resin,  along  with  colophany  (common  rosin),  but  its  principal  ingredient  is  the  former^ 
called  by  Berzelius  pyretxne.    It  is  brittle  in  the  cold,  but  softens  and  becomes  dacli)b 
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with  hmL  It  melts  in  boiliBg  water,  and  diBflolves  in  alcohol  and  oil  of  turpentine^  aa 
well  a«  in  carbonated  or  caustic  alkaline  leys.  For  Pthetine,  see  the  mode  of  preparing 
It  from  birch  wood,  for  the  purpose  of  preparing  Runia  Leather. 

PITCOAL.  (HauUU^  Fr.  j  SUtnkohU^  Germ.)  This  is  by  far  the  most  Talnable  of 
mineral  treasures,  and  the  one  which,  at  least  in  Great  Britain,  makes  all  the  others 
available  to  the  nee  and  comfort  of  man.  Hence  it  has  been  searched  a^ler  with  unre- 
mitting diligence,  and  worked  with  all  the  lights  of  science,  and  the  resources  of  art. 

The  Brora  coal-field  in  Sutherlandshire  is  the  most  remarkable  example  in  this,  or  in 
perhaps  any  country  hitherto  investigated,  of  a  pseudo  coal- basin  among  the  deeper 
secondary  strata,  but  above  the  new  sandstone  or  red  marl  formation.  The  Rev.  Dr. 
Buckland  and  Mr.  C.  Lyell,  after  visiting  it  in  1824,  had  expressed  an  opinion  that  the 
strata  there  were  wholly  unconnected  with  the  proper  coal  formation  below  the  new  red 
sandstone,  and  were  in  fact  the  equivalent  of  the  ooiStic  series^  an  opinion  fuUy  confirmed 
by  the  subsequent  researches  of  Mr.  Murchison.  (Geo/.  Trana.  for  182^,. p.  293.)  The 
Brora  coal-field  forms  a  part  of  those  secondary  deposites  which  range  sdong  the  south- 
east coast  of  Sutherlandshire,  occupying  a  narrow  tract  of  about  twenty  miles  in  length, 
and  three  in  its  greatest  breadth. 

One  stratum  of  the  Brora  coal-pit  is  a  coal-shale,  composed  of  a  reed-like  striated 
plant  of  the  natural  order  Equitditm^  which  seems  to  have  contributed  largely 
towards  the  formation  of  that  variety  of  coal.  From  this  coal-shale,  the  next  transition 
upwards  is  into  a  purer  bituminous  substance  approaching  to  jet,  which  constitutes 
the  great  bed  of  coal.  This  is'  from  3  feet  3  inches  to  3  feet  8  inches  thick,  and  is 
divided  nearly  in  the  middle  by  a  thin  layer  of  impure  indurated  shale  charged  with 
pyrites,  which,  if  not  carefully  excluded  from  the  mass,  sometimes  occasions  sponta- 
neoas  combustion  upon  exposure  to  the  atmosphere}  and  so  much,  indeed,  is  that 
mineral  disseminated  throughout  the  district,  that  the  shales  might  be  generally  termed 
**  pyritiferous.'*  Inattention  on  the  part  of  the  workmen,  in  1817,  in  leaving  a  large 
quantity  of  this  pyritous  matter  to  accumulate  in  the  pit,  occasioned  a  spontaneous 
combustion,  which  was  extinguished  only  by  excluding  the  air ;  indeed,  the  coal-pit  was 
closed  in  and  remained  un worked  for  four  years.  The  fires  broke  out  again  in  the  pit 
in  1827. 

The  purer  part  of  the  Brora  coal  resembles  common  pitcoal ;  but  its  powder  has  the 
red  ferruginous  tinge  of  pulverized  lignites.  It  may  be  considered  one  of  the  last  links 
between  lignite  and  true  coal,  approaching  very  nearly  in  character  to  jet,  though  less 
tenacious  than  that  mineral ;  and,  when  burnt,  exhaling  but  slightly  the  vegetable  odor 
so  peculiar  to  all  imperfectly  bituminized  substances.  The  fossil  remains  of  shells  and 
plants  prove  the  Brora  coal  to  be  analogous  to  that  of  the  eastern  moorlands  of  York- 
shire, although  the  extraordinary  thickness  of  the  former,  ccmpared  with  any  similar 
deposite  of  the  latter  (which  never  exceeds  from  12  to  17  inches),  might  have  formerly 
led  to  the  belief  that  it  was  a  detached  and  anomalous  deposite  of  true  coal,  rather  than  a 
lignite  of  any  of  the  formations  above  the  new  red  sandstone  :  such  misconception  might 
more  easily  arise  in  the  infancy  of  geology,  when  the  strata  were  not  identified  by  their 
fossil  organic  remains. 

On  the  coast  of  Yorkshire  the  strata  of  this  pseudo  coal  fonnation  app^ear  in  the  follow 
ing  descending  order,  from  Filey  jBay  to  Whitby.  1.  Coral-rag.  2.  Calcareous  grit. 
3.  Shale,  with  fossils  of  the  Oxford  clay.  4.  Kelloway  rock  <swelling  out  into  an  impor- 
tant arenaceous  formation).  6.  Combraeh.  6.  Coaly  grit  of  Smith.  7.  Pierstone  (ac- 
eording  to  Mr.  Smith,  the  equivalent  of  the  great  oolite).  8.  Sandstone  and  shale,  with 
peculiar  planh  and'  various  featru  of  coal,  9.  A  bed  with  fossils  of  the  inferior  oolite. 
10.  Marl-stone  7  11.  Alum-shale  or  lias.  All  the  above  strata  are  identified  by  abundant 
organic  remains. 

In  the  oolitic  series,  therefore,  where  the  several  strata  are  devjcloped  in  conformity 
with  the  more  ordinary  type  of  these  formations,  we  may  venture  to  predict  with 
certainty,  that  no  carboniferous  deposites  of  any  great  value  will  ever  be  discovered, 
at  aU  events  in  Great  Britain.  A  want  of  such  knowledge  has  induced  many  persons 
to  make  trials  for  coal  in  beds  subordinate  to  the  English  oolites,  and  even  superior  to 
them,  in  places  where  the  type  of  formation  did  not  offer  the  least  warrant  for  such 
attempts. 

The  third  •  great  class  of  teirestrial  strata,  is  the  proper  coal-measures,  called 
the  earkimiferoua  rocks,  our-  leading  object  here,  and  to  which  we  shall  presently 
return. 

The  transition  rocks  which  lie  beneath  the  coal-measures,  and  above  the  primi- 
tive rocks,  or  are  anterior  to  the  carboniferous  order,  and  posterior  to  the  primitive, 
contain  a  peculiar  kind  of  coal,  called  anthracite  or  stone^KNil,  approaching  closely  in  its 
nature  to  carbon.  It  is  chiefly  in  the  transition  day-slate  that  the^  anthracite  occurs  in, 
considerable  masses.  There  is  one  in  the  transition  slate  of  the  little  Saint  Bernard, 
the  village  of  la  ThuiU  (in  the  Alps).    It  is  100  feet  long,  and  2  or  3  yards  thick. 
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The  coa]  bums  with  difficulty,  and  is  used  only  for  burning  lime.  There  are  sef«ral  ef 
the  same  kind  in  that  country,  which  extend  down  (he  rcTerse  slope  tjf  the  moontaiiis 
looking  to  Savoy.  The  slate  enclosing  them  presents  vegetable  impressions  of  reeds  or 
analogous  plants.  To  the  transition  clay-slate  we  must  likewise  refer  the  beds  of  anthra- 
cite that  M.  Hericart  de  Thury  observed  at  very  great  heights  in  the  Alps  of  Dauphiny, 
in  a  formation  of  sChist  and  gray-wacke  with  vegetable  impressions,  which  reposes  direct* 
ly  on  the  primitive  rocks. 

The  great  carboniferous  formation  may  be  subdivided  into  four  orders  of  rocks:  1.  the 
coaf-measures,  including  their  manifold  alternations  of  coal-beds,  sandstones,  and  riiaies ; 
2.  the  millstone  grit  and  shale  towards  the  bottom  of  the  coal  measures ;  3.  the  carbon- 
iferous limestone,  which  projecting  to  considerable  heights  above  the  outcrop  of  the  coal 
and  grit,  acquires  the  title  of  mountain  limestone ;  4.  the  old  red  sandstone,  or  connect- 
ing link  with  the  transition  and  primary  rock  basin  in  which  the  coal  system  lies. 

The  coal-fields  of  England,  from  geographical  position,  naturally  fall  under  the  follow- 
ing arrangement: — 1.  The  great  norihem  district;  including  all  the  coal-fields  novth 
of  Trent.  2.  The  central  distticl  f  includhig  Leicester,  Warwick,  Stafford,  and  Shrop- 
shire. 3.  The  toeatem  district ;  subdivided  into  north-teestem,  including  North  Wales, 
and  the  sofuiK-'westtmy  including  South  Wales,  Gloucester,  and  &)mersetshire. 

There  are  three  principal  coal-basins  in  Scotland:  1.  that  of  Ayrshire;  2.  that  of 
Clydesdale ;  and  3.  that  of  the  valley  of  the  Forth,  which  runs  into  the  second  in  the 
line  of  the  Union  Canal.  If  two  lines  be  drawn,  one  from  Saint  Andrews  on  the  north- 
east coast,  to  Kilpatrick  on  the  Clyde,  and  another  from  Aberlady,  in  Haddingtonshire,  to 
a  point  a  few  miles  south  of  Kirk'oswald  in  Ayrshire,  they  will  include  between  them 
the  whole  space  where  pitcoal  has  been  discovered  and  worked  in  Scotland. 

The  great  coal-series  consists  of  a  regular  alternation  of  mineral  strata  deposited  in  a 
great  concavity  or  basin,  the  sides  and  bottom  of  which  are  composed  of  transition  rocks. 
This  arrangement  will  be  clearly  understood  by  inspecting  fig,  794,  which  represents  a 
section  of  the  coal-field  south  of  JMalmsbury. 


Mendip  hills. 
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1,  1,  old  red  sandstone ;  2,  mountain  limestone;  3,  millstone  grit;  4,  4,  coal 
5,  Pennant,  or  coarse  sandstone ;  6,  new  red  sandstone,  or  red  marl ;  7, 7,  lias ;  8^  8,  in* 
ferior  oolite ;  9,  great  oolite ;  10,  cornbrash  and  Forest  marble. 

No.  1,  or  the  old  red  sandstone,  may  therefore  be  regarded  as  the  characteristic  lining 
of  the  coal  basins ;  but  this  sandstone  rests  on  transition  limestone,  and  this  limestone  oa 
gray-wacke.  This  methodical  distribution  of  the  carboniferous  series  is  well  exemfdified 
in  the  coal-basin  of  the  Forest  of  Dean  in  the  south-wesl  of  England,  and  has  been  accu- 
rately described  by  Mr.  Mushet. 

The  gray-wacke  consists  of  highly  inclined  beds  of  slaty  micaceous  sandstone,  which  <m 
the  one  hand  alternates  with  and  passes  into  a  coarse  breccia,  having  grains  as  large  as 
peas ;  on  the  other,  into  a  soft  argillaceous  slate.  The  gray-wacke  stands  bare  on  the 
north-eastern  border  of  the  Forest,  near  the  southern  extremity  of  the  chain  (rf*  transition 
limestone,  which  extends  from  Stoke  Edith,  near  Hereford,  to  Flazley  on  the  Severn.  It 
is  traversed  by  a  defile,  through  which  the  road  from  Gloucester  to  Roes  winds.  Tha 
abruptness  of  this  pass  gives  it  a  wild  and  mountainous  character,  and  affords  the  best  op 
portunity  of  examining  the  varieties  of  the  rock. 

The  Transition  limestone  consists  in  its  lower  beds  of  fine-grained,  tender,  extremely 
argillaceous  slate,  known  in  the  district  by  the  name  of  i«d€r-«tone,  in  consequence  of  the 
wet  soil  that  is  found  wherever  it  appears  at  the  surface.  Calcareous  matter  is  inter- 
spersed in  it  but  sparingly.  Its  upper  beds  consist  of  shale  alternating  with  extensiTt 
beds  of  stratified  limestone.  The  lowest  of  the  calcareous  strata  are  thin,  and  alternate 
with  shale.  On  these  repose  thicker  strata  of  more  compact  limestone,  often  of  a  dnll 
blue  color.  The  beds  are  often  dolomitic,  which  is  indicated  by  straw  yellow  color,  or 
dark  pink  color,  and  by  the  sandy  or  glimmering  aspect  of  the  rode. 

The  old  red  saiadsUmt^  whose  limits  are  bo  restricted  in  other  parts  of  England, 
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«esa|MB  AD  eitenaTe  mn«.  The  space  whkh  it  coveny  its  great  thickness,  its  high  in- 
cliiiatiaay  the  abrapt  eharactsr  of  the  surface  over  which  it  prevails,  and  the  consequent 
display  of  its  strata  in  many  natural  sections,  present  in  this  district  advantages  for  studying 
Ike  formation,  which  are  not  to  be  met  with  elsewhere  in  Sjouth  Britain.  In  the  neigh- 
boriiood  of  Mitchel  Dean,  the  total  thickness  of  this  formation,  interposed  conformably 
between  the  transition  and  mountain  limestone,  is  from  600  to  800  fathoms.  The  old  red 
sandstone  is  characterized  in  its  upper  portion  by  the  presence  of  silicious  conglomerate, 
containing  silicious  pebbles,  which  is  applied  extensiyely  to  the  fabrication  of  millstones 
Bear  Monmouth,  and  on  the  banks  of  the  Wye.  This  sandstone  encircles  the  Forest  with 
a  ring  of  very  elevated  ground,  whose  long  and  lofty  ridges  on  the  eastern  frontier  over- 
hmag  the  valley  of  the  Severn. 

The  mtmiUain  limaUmey  or  carboniferous,  is  distinguished  from  transition  limestone, 
rather  by  its  position  than  by  any  very  wide  difference  in  its  general  character  or  organic 
remains.  According  to  the  measurements  of  Mr.  Mushet,  the  total  thickness  of  the 
Dionntain  limestone  is  about  120  fathoms.  The  zone  of  limestone  belonging  to  this 
coaUbasin,  is  from  a  furlong  to  a  mile  in  breadth  on  the  surface  of  the  ground^  according 
«s  the  dip  of  the  strata  m  more  or  less  rapid.  The  angle  of  dip  on  the  northern  and 
western  border  is  often  no  more  than  10°,  but  on  the  eastern  it  frequently  amounts  to 
80^.  The  calcareous  zone  that  de^nes  the  outer  circle  of  the  basin,  suffers  only  one 
short  interruption,  scarcely  three  miles  in  length,  where  in  consequence  of  a  fault  the 
limestone  disappears,  and  the  coal-measures  are  seen  in  contact  with  the  old  red 
sandstone. 

Coal  meojuief. — Their  aggregate  thickness  amounts,  according  to  Mr.  Mushet,  to  about 
500  fathoms.  1.  The  lowest  beds,  which  repose  on  the  mountain  limestone,  are  about  40 
fathoms  thick,  and  consist  here,  as  in  the  Bristol  coal-basin,  of  a  red  silicious  i^rit,  alter- 
nating with  conglomerate,  used  for  millstones ;  and  with  day,  occasionally  used'  for  ochre. 
2.  These  beds  are  succeeded  by  a  series  about  120  fathoms  thick,  in  which  a  gray  grit- 
stone predominates,  alternating  in  the  lower  part  with  shale,  and  containing  6  seams  of 
coaL  The  grits  are  of  a  fis^e  character,  and  are  quarried  extensively  for  flag-stone, 
ashlers,  and  fire-stone.  3.  A  bed  of  grit,  25  fathoms  thick,  quarried  for  hearth-stone, 
separates  the  preceding  series  from  the  following,  or  the  4th,  which  is  about  115  fathoms 
thick,  and  consists  of  from  12  to  14  seams  of  coal  alternating  with  shale.  5.  To  this 
succeeds  a  straw-colored  sandstone,  nearly  100  fathoms  thick,  forming  a  high  ridge  in  the 
interior  of  the  basin.  It  contains  several  thin  seams  of  coal,  from  6  to  16  inches  in  thick- 
ness. 6.  On  th0  reposes  a  series  of  about  12  fathoms  thick,  consisting  of  3  seams  of 
eoal  alternating  with  shale.  7.  This  is  covered  with  alternate  beds  of  grit  and  shale, 
whose  aggregate  thickness  is  about  100  fathoms,  occupying  a  tract  in  the  centre  of  the 
basin  al»ot  4  miles  long,  and  2  miles  broad.  The  sandstone  No.  5  is  probably  the  equiva- 
lent of  the  Pennant  in  the  preceding  figure. 

The  floor,  or  pavement,  immediately  under  the  eoal  beds  is,  almost  without  exception, 
a  grayish  slate-clay,  which,  when  made  into  bricks,  strongly  resists  the  fire.  This  fire- 
clay varies  in  thickness  from  a  fraction  of  an  inch  to  several  fathoms.  Clay-ironstone  is 
<^en  disseminated  through  the  shale. 

The  most  complete  and  simplest  form  of  a  coal-field  is  the  entire  basin-shape,  which 
we  find  in  some  instances  without  a  dislocation.  A  beautiiUl  example  of  this  is  to  be  seen 
at  Blairengone,  in  the  county  of  Perth,  immediately  adjoining  the  western  boundary  of 


Chiekmaananshire,  as  represented  in  fig,  795,  where  the  outer  elliptical  line,  marked 


AW«0t 


EtftB 


A  W«C 


A,  B,  c,  D,  represents  the  crop,  outburst,  or  basset  edge  of  the  lower  eoal,  and  the  i 
eHqitical  line  represents  the  crop  or  basset  edge  of  the  superior  coal.    Fig,  796  is 
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tongitttdinal  section  cf  the  line  a  b  ;  txidfig.  797,  the  txB&sYene  aedioB  of  the  line  c  a. 
/Ul  the  accompanying  coal  strata  partake  of  the  same  forar  and  paralleUflm.  These 
basins  are  generally  elliptical,  Sometimes  nearly  circulary  but  are  often  Tery  eeeeatric^ 
being  much  greater  in  length  than  in  breadth ;  and  frequently  one  tide  of  the  basin  em 
the  short  diameter  has  a  touch  greater  dip  than  the  other,  which  cirenrastance  throws 
the  trough  or  lower  part  of  the  basin  concavity  much  nearer  to  the  one  side  than  to  the 
other.  From  tb{s  view  of  one  entire  basin,  it  is  evident  that  the  dip  of  the  eoal  etnla 
belonging  to  it  runs  in  opposite  directions,  on  the  opposite  sides,  and  that  idl  the  strata 
regularly  crop  out,  and  meet  the  alluvial  cover  in  every  point  of  theeireoraferential 
like  the  edges  of  a  nest  of  common  basins.    The  waving  linenuuks  the  river  Devon. 

It  is  from  this  basin  shape  that  all  the  other  coal-fields  are  fanned,  whieh  are 
of  a  basin  produced  by  slips,  dikes,  or  dislocations  of  the  strata.  If  the  ooals  (fig^  795) 
were  dislocated  by  two  slips  h  e  and  d  e,  the  slip  be  throwing  the  strata  dbwa  to  the  east, 
and  the  slip  d  e  tlu-owing  them  as  much  up  in  the  same  dbection,  the  outcrops  dt  theeoals 
would  be  found  in  the  form  represented  in^g.  798,  of  which /S^.  799  is  the  seetioa  in  the 
line  A  B,  and  fig,  800  the  section  in  the  line  c  d.^ 

The  chief  difficulty  in  exploring  a  country  in  seareh  of  coal,  or  one  where  eoal-^eUs 
are  known  to  exist,  arises  from  the  grent  thickness  of  aUuvi&l  and  other  cover,  which 
completely  hides  the  outcrop  or  basset  edge  of  the  strata,  called  by  miners  the  rodcJuad  ; 
as  also  the  fissures,  dikes,  and  dislocations  of  the  strata,  which  so  entirely  change  the 
structure  and  bearings  of  coal-fields,  and  cause  often  great  loss  to  the  mining  adventnrer. 
The  alluvial  cover  on  the  other  hand  is  heneficial,  by  protecting  the  seams  of  the  strata 
from  the  superficial  waters  and  rains,  which  would  be  apt  to  drown  them,  if  they  weie 
naked.    In  all  these  figures  of  coal-basins,  the  letter  a  indicates  ooaL 

The  absolute  shape  of  the  coal-fields  in  Great  Britain  has  been  ascertained  with  snr- 
prising  precisioJ.  To  whatever  depth  a  coal-mine  is  drained  of  its  water,  finora  that 
depth  it  is  worked,  up  to  the  rise  t>f  the  water-levd  line,  and  each  miner  oontinnes  to  sd> 
Vance  his  room  or  working-place,  till  his  seam  of  coal  meets  the  alluvial  eover  of  the 
outcrop,  or  is  cut  off  by  a  dislocation  of  the  strata.  In  this  way  the  miner  travels  in  sas- 
cession  over  every  point  of  his  field,  and  can  portray  its  basin-shape  most  mtnatdy. 
Fig*  801  represents  a  horizontal  plan  of  the  Clackmannanshire  coal-field,  as  if  the 
801  strata  at  the  outcrop  all  around  were  denvdod 

of  the  alluvial  cover.  Only  two  of  the  eon- 
centric  beds,  or  of  their  edges  a,  ^  are  repre- 
sented, to  avoid  perplexity.  It  is  to  be  re- 
membered, however,  that  all  the  series  of  at- 
tendant strata  lie  parallel  to  the  above  lines. 
This  plan  shows  the  Ochill  mountains,  with 
the  north  coal-fields,  of  an  oblong  dliptical  shape, 
^he  side  of  the  basin  next  the  mountains  being 
precipitous,  as  if  upheaved  by  the  eruptive 
trap-rocks;  while  the  south,  the  east,  and  the 
west  edges  of  the  basin  shelve  out  at  a  great 
distance  from  the  lower  part  of  the  concavity 
or  irottghf  as  miners  call  it.  Thus  the  alternate 
beds  of  coal,  shale,  and  sandstone,  all  nearly 
concentric  in  *  the  north  eoal-fidd,  dip  inwaids 
from  all  sides  towards  the  central  area  of  the 
trough.  The  middle  coal-field  of  this  district, 
however,  which  is  A>rraed  by  the  great  north 
slip,  is  merely  the  segment  of  an  elliptical  basin, 
where  the  strata  dip  in  every  direction  to  the  middle  of  the  axis  marked  with  the  letter  x ; 
being  the  deepest  part  of  the  segment.  The  south  coaUfield,  formed  by  the  great  south 
slip,  is  likewise  the  segment  of  another  elliptical  basin,  similar  in  all  respects  to  the  mid- 
dle coal-field.  Beyond  the  outcrop  of  the  coals  and  subordinate  strata  of  the  south  coal- 
fields, the  counter  dip  of  the  strata  takes  place,  producing  the  mantle-shaped  form ;  whence 
the  coal  strata  in  the  Dunmore  field,  in  Stirlingshire;  lie  in  a  direction  contrary  to  those 
of  the  south  coal-field  of  Clackmannanshire,    o,  are  the  Ochill  mountains. 

Fig*  802  is  intended  to  represent  an  extensive  district  of  country,  containing  a  great 
coal-basin,  divided  into  numerous  subordinate  coal-fields  by  these  dislocations.  The  lines 
marked  h  are  slips^  or  faults ;  the  broad  lines  marked  e  denote  dikes ;  the  former  dislocate 
the  strata,  and  change  their  level,  while  dikes  disjoin  the  st)rata  with  a  wall,  but  do  not 
in  general  ailect  their  elevation.  The  two  parallel  lines  marked  a,  represent  two  seams 
of  coal,  variously  heaved  up  and  down  by  the  faults ;  whereas  the  dikes  are  seen  to  pass 
through  the  strata  without  altering  their  relative  position.  In  this  manner,  partial  coal- 
fields are  distributed  over  a  wide  area  of  country,  in  every  direction. 
The  only  exception  to  this  general  form  of  the  coal-fields  in  Great  Britain,  is  the  hi- 
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varteA  Incin  sfaApe ;  hat  this  is  nre.  A  few  examples  occur  in  wme  districts  of  Eds 
UiaAj  ud  in  the  connty  of  Fife ;  but  even  in  extensive  coal-fields,  this  convex  form  Is 
bnt  a  partial  occurrence,  or  a  deviation  by  local  violence  from  the  ordinary  basin. 
Fig.  803  is  an  instance^of  a  convex  coal-field  exhibited  in  Stafibrdshire,  at  the  Castle- 
hill,  close  to  the  town  of  Dudley. 
1,  1,  are  limestone  strata ;  2,  2,  are  eoiU. 
Through  this  hill,  canals  have  bean 
cut,  for  working  the  immense  beds  of 
carboniferous  limestone.  These  occur 
in  the  lower  series  of  the  strata  of 
the  coal-field,  and  therefore  at  a  dis- 
tance of  many  miles  from  the  Castle- 
hill,  beyond  the  outcrop  of  all  the 
workable  coals  in  the  proper  basin- 
shaped  part  of  the  field;  but  by  tUs 
apparently  inverted  basin-form,  these 
limestone  beds  are  elevated  far  above 
the  level  of  the  general  surface  of  the 
country,  and  consequently  above  the 
level  of  all  the  coals.  We  must  regard 
this  seeming  inversion  as  resulting  from 
the  approximation  of  two  coaKbasins,  sep- 
arated by  the  basset  edges  of  their  moun- 
tain limestone  repository. 

Fig,  804  is  a  vertical  section  of  the 
Dudley  coal-basin,  the  upper  coal-bed 
of  which  has  the  astonishing  thickness 
of  30  feet ;  and  this  mass  extends  7  miles 
in  lengthy  and  4  in  breadth.  Coal-seams 
5  or  6  feet  thick,  are  called  thin  \^  that 
district. 

Fig,  805  is  a  very  interestin|  section 
of  the  main  coal-basin  of  Clackman- 
nanshire, as  given  by  Mr.  Bald  in  the 
Wernerian  Society's  Memoirs,  vol.  iiL 
Here  we  see  it  broken  into  three  sub- 
by  two  great  faults  or  dislocations  of  the  ttrata;  but 
across  the  whole  series,  the  strata  continue  quite 
regular  in  their  respective  alternations,  and  preserve  nearly  unchanged 
their  angle  of  inelinatixm  to  the  horijBon.  The  section  shows  the  south 
coal-field  dipping  northerly,  till  it  is  cat  across  by  the  great  south  slip  dr, 
which  dislocates  the  coal  and  the  parallel  strata  to  the  enonnous  extent 
of  1230  feet,  by  which  all  the  coals  have  been  thrown  up,  not  simply 
to  the  day,  but  are  not  found  again  till  we  advance  nearly  a' mile  north- 
ward, on  the  line  of  the  dip,  where  the  identical  seams  of  coal,  shale,  dtc. 
are  observed  once  more  with  their  regular  inclination.  These  coals  of 
the  middle  area,  dip  regularly  northward  till  interrupted  by  the  great 
north  slip  y,  which  dislocates  the  strata,  and  throws  them  up  700  feet ; 
that  is  to  say,  a  line  prolonged  in  the  direction  of  any  one  well-known 
''seam,  will  run  700  feet  above  the  line  of  the  same  seam  as  it  emerges 
after  the  middle  slip.  Inunediately  adjoining  the  north  slip,  the  coals 
and  coal-field  resume  their  course,  and  dip  regularly  northward,  run- 
ning through  a  longer  range  than  either  of  the  other  two  members  of 
the  basin,  till  they  arrive  at  the  valley  of  the  Devon,  at  the  foot  of  the 
Ochill  mountains,  where  they  form  a  concave  curvature,  or  trough,  a,  and 
thence  rise  rapidly  in  an  almost  vertical  direction  at  6.  Here  the  coals^ 
with  all  their  associate  strata,  assume  conformity  and  parallelism  with  the  face  of  the 
sienitic-greenstone  strata  of  the  Ochill  mountains  c ;  being  raised  to  the  high  angle  of  73 
degrees  with  the  horiKon.  The  coal-seams  thus  upheaved,  are  called  edge-nutait  by  the 
floiners. 


ordinate  coal-fields,  formed 
iadependently  of  these  fractures 
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In  this  remarkable  eoal-field,  which  has  been  aecurately  explored  by  pitting  tad 
boring  to  the  depth  of  703  feet,  there  are  no  fewer  than  142  beds,  or  distinct  strata  of 
coal,  shale,  and  sandstone,  &c.,  variously  alternating,  an  idea  of  which  may  be  bad 
806       .by  inspecting  fig,  806.     Among  these  are  24  beds  of  coal,  which  would  om- 
stitute  an  aggregate  thickness  of  59  feet  4  inches ;  the  thinnest  seam  of  eoal 
being  2  inches,  and  the  thickest  9  feet.    The  strata  of  this  section  contain 
numerous  varieties  of  sandstone,  slate-clay,  bituminous  shale,  indurated  day,  or 
fire-clay,  and  clay^  ironstone.    Neither  trap-rock  nor  limestone  is  found  in  con- 
nexion with  the  workable  coals ;  but  an  immense  bed  of  greenstone,  named 
Abbey  Ciraig,  occurs  in  the  western  boundary  of  Clackmannanshire,  under  which 
lie  regular  strata  of  slate-day,  sandstone,  thin  beds  of  limestone,  and  large  sphe- 
roidal masses  of  clay  ironstone,  with  a  mixture  of  lime. 

<<  With  regard  to  slips  in  coaj-fields,"  says  Mr.  Bald,  "  we  find  that  there  is  a 
general  law  connected  with  them  as  to  the  position  of  the  dislocated  strata, 
which  is  thi9; — When  a  slip  is  met  with  In  the  course  of  working  the  mines — 
if  when  looking  to  it,  the  vertical  line  of  the  slip  or  fissure,  it  forms  an  acute  angle 
■with  the  line  of  the  pavement  upon  which  the  observer  stands,  we  are  certain 
that  the  strata  are  dislocated  downwards  upon  the  other  side  of  the  fissure.  On 
the  contrary,  if  the  angle  formed  by  the  two  lines  above  mentioned  is  obtuse,  we 
are  certain  that  the  strata  are  dislocated  or  thrown  upwards  upon  the  other  side 
of  the  fissure.  When  th^  angle  is  90°,  or  a  right  angle,  it  is  altogether  uncertain 
whether  the  dislocation  throws  up  or  down  on  the  opposite  side  of  the  slip. 
When  dikes  intercept  the  strata,  they  generally  only  separate  the  strata  the 
width  of  the  dike,  without  any  dislocation,  either  up  or  down  ;  so  that  if  a  eoal 
is  intercepted  by  a  dike,  it  is  found  again  by  running  a  mine  directly  forward, 
corresponding  to  the  angle  or  inclination  of  the  coal  with  the  horizon.^ — 
Wermrian  Society's  Memoirs,  vol.  iii.  p.  133.* 

The  Juhnstone  coal-field,  in  Renfrewshire,  is  both  singular  and  interesting. 
The  upper  stratum  of  rock  is  a  mass  of  compact  greenstone  or  trap,  above  100 
feet  in  thickness,  not  at  all  in  a  conformable  position  with  the  coal  strata,  bot 
overlying;  next  there  are  a  few  fathoms  of  soA  sandstone  and  slate-clay,  alter- 
nating, and  uncommonly  soft .  Beneath  these  beds,  there  are  no  fewer  than  ten 
seams  of  coal,  lying  on  each  other,  with  a  few  divisions  of  dark  indnrated  clay. 
These  coal-seams  have  an  aggregate  thickness  of  no  less  than  100  feet ;  a  mass  of 
combustible  matter,,  in  the  form  of  coal,  unparalleled  for  its  accumulation  in  so 
narrow  a  space.  The  greater  part  of  this  field  contains  only  5  beds  of  coal ;  bat 
at  the  place  where  the  section  shown  in  fig,  807  is  taken,  these  five  coals  seem  to 
have  been  overlapped  or  made  to  slide  over  each  other  by  violence.  This  stme- 
ture  is  representeid  in  fig*  808,  which  is  a  section  of  the  Quarrelton  coal  in  the 
Johnstone  field,  showing  the  overlapped  coal  and  the  double  coal,  with  the  thick 
bed  of  greenstone,  overlying  the  coal-field. 
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a.  Alluvial  cover.  e.  Position  of  greenstone,  not  ascertained, 

b.  Bed  of  trap  or  greenstone.  /.  Strata  in  which  no  coals  have  been  found. 

c.  Alternating  coal  strata.  g.  The  overlapped  coaL 

d.  Coal-seams.  h.  The  double  coal. 

Before  proceeding  to  examine  the  modes  of  working  coal,  1  shall  introduce  here  a  de- 
scription of  the  two  principal  species  of  this  mineral. 

1.  Cubical  ood/.— ^It  is  black,  shining,  compact,  moderately  hard,  but  easily  frangible. 
When  extracte<kin  the  mine,  it  comes  out  in  rectangular  masses,  of  which  the  smaller 
fragments  are  cubicaL  The  lamellss  (reed  of  the  coal)  are  always  parallel  to  the  bed  oar 
ploine  on  which  the  coal  rests ;  a  fact  which  holds  generally  with  this  substance.  There 
are  two  varieties  of  cubical  coal ;  the  open-^amtng  and  the  caking.  The  latter,  however 
small  its  fragments  may  be.  is  quite  available  for  fuel,  in  consequence  of  its  agglutinating 
into  a  mass  at  a  moderate  heat,  by  the  abundance  of  its  bitumen.  This  kind  is  the  tme 
smithy  or  forge-coal,  because  it  readily  forms  itself  into  a  vault  round  the  blast  of  tbc 
bellows,  which  serves  for  a  cupola  in  concentrating  the  heat  on  objects  thrust  into  the 
cavity. 

The  open-burning  cubical  coals  are  known  by  several  local  names ;  the  rough  eoal  or 

*  Thii  p^Mr  does  honor  to  ita  tathor,  th«  emiatnt  ood-vieirBr  of  Sootlud. 
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dod  coaI»  from  the  large  masses  in  whieh  they  may  be  had  «ikd  the  cherry  coal,  ih>m 
the  cheerful  blaze  with  which  they  spontaneoasly  bam ;  whereas  the  caking  coals,  such 
•8  most  of  the  Newcastle  qualities,  require  to  be  freqaeatly  poked  in  the  grate.  Its  speet- 
fie  gravity  varies  from  1*25  to  1*4. 

2.  SlaU  or  splint  coal. — ^This  is  dull-black,  very  compact,  much  harder,  and  more 
difficultly  frangible  than  the  preceding.  It  is  readily  fissile,  like  slate,  but  powerfully 
resists  the  cross  fracture,  which  is  conchoidal.  Specific  gravity  from  1*26  to  1*40.  In 
working,  it  separates  in  laige  quadrangular  sharp-edged  masses.  It  burns  without 
caking,  produces  much  flame  and  smoke,  unless  judiciously  supplied  with  air,  and  leaves 
frequently  a  considerable  bulk  of  white  ashes.  It  is  the  best  fuel  for  distilleries  and  all 
large  grates,  as  it  makes  an  open  fire,  and  does  not  clog  up  the  bars  with  glassy  scorim. 
I  found  good  splint  coal  of  the  Glasgow  field  to  have  a  specific  gravity  of  1*266,  and  to 
consist  of-— carbon,  70*9 ;  hydrc^en,  4*3 ;  oxygen,  24-8. 

3.  Cannel  <oal. — Color  between  velvet  and  grayish-black ;  lustre  resinous;  fracture 
even ;  fragments  Irapesoidal ;  hard  as  splint  coal ;  spec.  grav.  1-23  to  1*28.  In  working* 
it  is  detached  in  four-sided  columnar  masses,  often  breaks  conchoidal,  like  pitch,  kindles 
very  readily,  and  burns  with  a  bright  white  projective  flame,  like  the  wick  of  a  candle, 
whence  its  name.  It  occurs  most  abundantly  in  the  coal-field  of  Wigan,  in  Lancashire, 
in  a  bed  4  feet  thick ;  and  there  is  a  good  deal  of  it  in  the  Clydesdale  coal-field,  of  which 
it  forms  the  lowest  seam  that  is  worked.  It  produces  very  little  dust  in  the  mine,  and 
hardly  soils  the  fingers  with  carbonaceous  matter.  Cannel  coal  from  Woodhall,  near 
Gla^ow,  spec.  grav.  1*228,  consists  by  my  analysis  of— carbon,  72-22;  hydrogen,  3*93 ; 
oxygen,  21*05 ;  with  a  Utile  azote  (about  2*8  in  100  parts.)  This  coal  has  been  found  to 
afibrd,  in  the  Scotch  gas-worksi  a  very  rich-burning  gas.  The  azote  is  there  converted 
into  ammonia,  of  which  a  considerable  quantity  is  distilled  over  into  the  tar-pit. 

4.  Glance  coal, — This  species  has  an  iron-black  color,  with  an  occasional  iridiscenee, 
like  that  of  tempered  steel ;  lustre  in  general  splendent,  shining,  and  imperfect  metallic ; 
Joes  not  soil ;  easily  frangible ;  fracture  flat  conchoidal ;  fragments  sharp-edged.  It  bums 
without  flame  or  smell,  except  when  it  is  sulphureous;  and  it  leaves  a  white-colored 
ash.  It  produces  no  soot,  and  seems,  indeed,  to  be  merely  carbon,  or  coal  deprived  of 
its  volatile  matter  or  bitumen,  and  converted  into  coke  by  subterranean  calcination,  fre- 
quently from  contact  with  whin-dikes.  Glance  coal  abounds  in  Ireland,  under  the  name 
of  Kilkenny  coal ;  in  Scotland  it  is  called  blind  coal,  from  its  burning  without  flame  or 
smoke ;  and  in  Wales,  it  is  the  malting  or  stone  coal.  It  contains  from  90  to  97  per  cent, 
of  carbon.  Specific  gravity  from  1*3  to  1*5 ;  increasing  with  the  proporUon  of  earthy  im-' 
purities. 

The  dislocations  and  obstructions  found  in  coal-fields,  which  render  the  search  for  coal 
80  difiicult,  and  their  mining  so  laborious  and  uncertain,  are  the  following  : — 
U  Dikes.    2.  Slips  or  Faults.    3.  HUches,    4.  Troublis, 

The  first  three  infer  dislocation  of  the  strata ;  the  fourth  changes  in  the  bed  of  coal  itself* 
1.  A  dike  is  a  wall  of  extraneous  matter,  which  divides  all  the  beds  in  a  coal-field. 
Dikes  extend  not  only  in  one  line  of  bearing  through  coal-fields  for  many  miles,  but 
run  sometimes  in  different  directions,  and  have  often  irregular  bendings,  but  no  sharp 
angular  turns.  When  from  a  few  feet  to  a  few  fathoms  in  thickness,  Uiey  occur  some- 
times in  numbers  within  a  small  area  of  a  coal  basin,  running  in  various  directions,  and 
even  crossing  each  other.    Fig.  809  represents  a  ground  plan  of  a  coal-field,  intersected 

with  greenstone  dikes,  a  b  and  c  i# 
are  two  dikes  standing  parallel  to  eaeh 
other ;  b  f  and  o  h  are  cross  or  oblique 
dikes,  which  divide  both  the  coal  strata 
and  the  primary  dikes  a  b  and  c  d. 

2.  Slips  or  fanlis  run  in  straight  lines 
through  coal-measures,  and  at  every 
angle  of  incidence  to  each  other. 
Fig.  810  represents  a  ground  plan  of 
a  coal-field,  with  two  slips  a  b  and  c  d 
in  the  line  of  bearing  of  the  planes  of 
the  strata,  which  throw  them  down  to 
the  outcrop.  This  is  the  simplest  form 
of  a  slip.  Fig.  811  exhibits  part  of  a 
coal-field  intersected  with  slips,  like  a 
cracked  sheet  of  ice.     Here  a  b  is  a 

dike ;     while    the    narrow    lines    show 

dip-  faults  of  every   kind,  producing   dislo- 

cations varying  in  .amount  of  slip  fhHn  a  few  feet  to  a  great  many  fathoms.  The  faults 
at  the  points  ayOga  vanish ;  and  the  lines  at  c  denote  four  small  partial  slips  ealled 
hitches. 
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The  effecU  i>f  tHps  «nd  dikes  on  the  coal  etnrtfi  appear  more  proBfaieiilly 
viewed  in  a  yerttcal  aeetioa,  thanin  a  groimd  ptan,  vhere  thejr  feem  to  be  Hierely  walb, 
veins,  and  lines  of  demaxeatiQa*    Fig,  812  is  a  vextical  seetioa  of  a  eoal-field,  frosa  dip 

811         A        c  812 
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Tiie  F     D  B  dip. 

to  rise,  showing  three  strata  of  coal  a^b,  e,  a  b  represents  a  dike  at  right  angles  to  the 
plane  of  the  coal-beds.  This  rectangular  wall  merely  separates  the  coal-measnres, 
affecting  their  line  of  rise ;  but  further  to  the  rise,  the  oblique  dike  c  d  internipts  the 
coals  a,  by  c,  and  not  only  disjoins  them,  bat  throws  them  and  their  concomitant  strata 
greatly  lower  down ;  bat  stiU,  with'  this  depression,  the  strata  retain  their  parallelism 
and  general  slope.  Nearer  to  the  ontcrop,  another  dike  e,  f,  internipts  the  coals  a,  6,  c, 
not  merely  breaking  the  continuity  of  the  planes,  but  throwing  them  moderately  up,  so 
as  to  produce  a  steeper  inclination,  as  shown  in  the  figure.  It  sometimes  happens  that 
the  coals  in  the  compartment  h,  betwixt  the  dikes  c  and  t,  may  lie  nearly  horizontal., 
and  the  effect  of  the  dike  e,  f,  is  then  to  throw  out  the  coals  altogether,  leaving  nc 
vestige  of  them  in  the  compartment  k.  <<Such,''  says  Mr.  Bald,  from  whom  tbesi 
illustrations  are  borrowed,  "  are  the  most  prominent  changes  in  the  strata,  as  to  theii 
line  of  direction,  produced  by  dikes ;  but  of  these  changes  there  are  various  modlfica 
tions.*' 

The  effect  of  slips  on  the  strata  is  also  represented  in  the  vertical  section, /g.  813,  when 
a,  6,  c  are  coals  with  their  associated  strata,    a,  b,  is  an  intersecting  slip,  which  throws al 

813  the  coals  of  the  first  com 

partment  much  lower,  as  b 
observable  in  the  second 
No.  2 ;  and  fh>m  the  amous 
of  the  slip,  it  brings  in  othe 
coal-seams,  marked  1,  2,3 
not  in  the  compartmen. 
No.  1.  c,  o,  is  a  slip  pro- 
ducing  a  similar  result,  bol 
not  of  the  same  magnitude. 
E,  F  represents  a  slip  acrasi 
F  D  B ^^*  strata,  reverse  in  direc- 
tion to  the  former ;  the  effect  of  which  is  to  throw  up  the  coals,  as  shown  in  the  area 
No.  4.     Such  a-  slip  occasionally  brings  into  play  seams  seated  under  those  marked  a,  6,  c, 

as  seen  at  4,  5,6;  and  it  may  happen 
that  the  coal  marked  4  lies  in  the  pro- 
longation of  a  well-known  scam,  aa  c, 
in  the  compartment  No.  3,  when  the 
case  becomes  puzzling  to  the  miner. 
In  addition  to  the  above  varieties,  a 
number  of  slips  or  hitches  are  oAen  seen 
near  one  another,  as  in  the  area  marked 
No.  5,  where  the  individual  displac 
meats  are  inconaidenble,  bat  the 
g^egate  dislocation  may  be  great,  in 
reference  to  the  seams  of  the  6th  compart- 
ment. 

The  resul£s  of  dikes  and  slips  on  a  hori- 
zontal portion  of  a  field  are  exemplified  in 
fig,  814.  Where  the  coal-measures  are 
horizontal,  and  the  faults  run  at  a  greater 
angle  than  45^  to  the  line  of  bearing,  they 
are  termed  dip  and  rise  faults,  as  a  b,  c  d, 

EF. 

Coal*viewen  or  eagineera  regard  the 
dislocations  now  described  as  being  sub- 
ject in  one  respect  to  a  general  law,  which  may  be  thus  explained  ^— Let  Jig,  8l5 
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t»»  poFlioft  of  t  CMl-ifl«asiire ;  a,  being  die  pAvemeiit  and  B  the  roof  of  tke  eool-eeanu 
U^  bk  panoihg  the  stMtttm  at  G,a  dike  d  oeeura,  standing  at  right  anglee  with  the 
p^ment)  thejr  coodade  that  the  dike  is  merelf  a  partition-wall  between  the  beds  by 
itS'OWB  thieknesfl,  leaving  the  coal-sean^  nnderanged  on  either  side;  but  if  a  d&e  f 
fenns,  «s  at  E,  an  ctbtmte  angle  with  the  pavement,  they  oonclade  that  the  dike  is  not  a 
simple  partition  between  the  strata,  but  has  thrown  up  the  several  seams  into  the  pre- 
dictment  shown  at  d.  Finally,  should  a  dike  H  make  at  i  an  acute  angle  with  the 
parsment,  they  conclude  that  the  dike  has  thrown  down  the  coal-measures  into  the 
position  of  K. 

Tbe  same  important  law  holds  with  slips,  as  I  formerly  stated ;  only  when  they  form 
rifht  sngles  with  the  pavement,  the  ease  is  ambiguous ;  that  is,  the  stimta  may  be  dislo- 
cated eiUier  upwards  or  downwards. 

Dikes  and  faults  are  denominated  upthrow  or  downthrow,  according  to  the  position 
they  are  met  with  in  working  the  mine.  Thus,  in  fig,  812,  if  the  miner  in  advancing  to 
the  rise,  the  dike  a,  b  obviously  does  not  change  the  direction ;  but  c,  d  is  a  downthrow 
dike  of  a  certain  number  of  fitthoms  towtards  the  rise  of  the  basin,  and  e,  f  is  an  upthrow 
dike  likewise  towards  the  rise.  On  the  other  hand,  when  the  dikes  are  met  with  by  the 
miner  in  working  from  the  rise  to  the  dip,  the  names  of  the  above  dikes  would  be  reversed ; 
for  what  is  an  upthrow  in  the  first  case,  becomes  a  downthrow  in  the  second,  relative  to 
the  mining  operations. 

3.  We  have  seen  that  hitches  are  small  and  partial  slips,  where  the  dislocation  does  not 
exeeed  the  thickness  of  the  coal-seam ;  and  they  are  correctly  enough  called  $tepa  by  the 
miner.  Fig.  816  represents  the  opetation  of  the  hitches  a,  b,  c,  d,  e,  f,  o,  h,  on  the  coal- 
measures.  Though  observed  ic 
one  or  two  seams  of  a  field,  they 
-may  not  appear  in  the  rest,  as  is 
the  case  with  dikes  and  faults. 

4.  7roti62e«  in  coal-fields  are  of 
various  kinds. 

1.  Irregular  layers  of  sand" 
sUmiy  api^aring  in  the  middle  of 
the  coal-seam,  and  gradually 
increasing  in  thickness  till  they 
separate  the  coal  into  two  dis- 
tinct seams,  too  thin  to  continue 
workable. 

2.  Nips,  occasioned   by   the 
gradual  approximation  of  the  roof 

and  pavement,  till  not  a  vestige  of  coal  is  left  between  them ;  the  softer  shale  disappear- 
ing also  at  the  same  time.  Figs,  817  and  818  represent  this  accident,  which  is  fortu- 
nately rare ;  the  first  being  a  vertical,  and  the  second  a  horizontal  view. 

3.  Shaken  coal.  It  resembles  the  rubbish  of  an  old  waste,  being  a  confused  heap  of 
QoaMnst,  mixed  with  small  pieces  of  cubical  coal,  so  soft  that  it  can  frequently  be  dug 
with  the  spade.  This  shattering  is  analogous  to  Uiat  observed  occasionally  in  the  flint 
nodules  of  the  chalk  formation ;  and  seems  like  the  cfTeet  of  some  electric  tremor  of  the 
strata. 

In  searching  for  coal  in  any  country,  its  concomitant  rocks  ought  to  be  looked  for, 
especially  the  carboniferous  or  mountain  limestone,  known  by  its  organic  fossils;  (see 
lire's  Geology,  p.  175,  and  correspondihg  plate  of  fossils;)  l&ewise  the  outcrop  of  the 
millstone  grit,  and  the  newer  ted  sandstone,  among  some  riAs  or  facades  of  which, 
seams' of  coal  may  be  discerned.  But  no  assurance  of  coal  can  be  had  without  boring  or 
pitting. 

Skill  in  boring  judiciously  for  coal,  distinguishes  the  genuine  miner  from  the  empirical 
sdveaturer,  who,  ignorant  of  the  ifeneral  structure  of  coal-basins,  expends  labor,  time, 
and  money  at  random,  and  usually  to  no  purpose ;  missing  the  proper  coal-field,  and 
leading  his  employer  to  sink  a  shaft  where  no  productive  seams  can  be  had.  A  skilful 
viewer,  therefore,  should  always  direct  the  boring  operations,  especially  in  an  unexplored 
country. 

The  boring  rods  should  be  made  of  the  best  and  most  tenacious  Swedish  iron ;  in 
area,  about  an  inch  and  a  quarter  square.  Each  rod  is  usually  3  f^t  long,  terminating 
in  a  male  screw  at  one  end,  and  a  female  screw  at  the  other.  The  boring  ohisels  are 
commonly  18  inches  long,  and  firom  2  inches  and  a  half  to  3  inches  and  a  quarter  at 
their  cutting  edge,  which  must  be  tipped  with  good  steeL  The  chisel  is  screwed  to  an 
intermediate  18^inch  rod,  called  the  double  box-rod,  forming  together  a  rod  3  feet  long. 
There  are,  moreorer,  three  short  rods,  a  foot,  18  inches,  and  2  feet  long  each,  which: 
may  be  screwed,  as  occasion  reqjoires,  to  the  brace-head,  to  make  the  he^ht  aboye  the 
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.  Bonlb  o(  Ibe  bore  eooTenieBl  for  tbc  Iwndt  of  tbe  men  in  voriii^  the  rods.  Hesce 
Uie  teria  of  rode  becoDKa  •  rale  of  meuarenient  for  noting  tlie  depth  of  tke  bote,  «ad 
keeping  n  journal  of  the  stiMa  that  are  perforated.  The  bmce-head  rod,  alao  18  irfcn 
lon^,  has  two  large  erei  or  rinfn  at  its  top,  «et  at  right  angles  to  euh  other,  throng 
wliich  annt  of  nood  are  &ied  for  the  men  to  litl  and  tnni  the  roda  bj,  in  the  \otimg 

When  the  bore  is  intended  to  penetrate  bat  a  few  falhomi,  the  whole  work  may  be  ps- 
formed  directly  by  the  bands ;  but  when  the  bore  is  to  be  i^  eontidenble  depth,  a  Icrfly 
triangle  of  wood  is  set  above  the  bore  hok,  with  a  puUey  depending  at  its  mmmit  WM^lt, 
fiir  conducting  the  rope  to  the  barrel  of  a  windlass  or  wheel  and  azle,iecBTed  to  the  ^moA 
with  heavy  stonet.  The  loo«e  end  of  the  rope  is  connected  to  the  rods  by  an  oral  ir«a 
ring,  called  a  runner ;  and  by  this  mechaaiun  they  may  be  raised  and  let  All  ia  the 
boring ;  or  the  aame  effect  may  be  more  simply  prodnced  by  tubsUtoting  for  the  wheel 
and  axle,  a  number  of  ropes  attached  to  the  rod  rope,  each  of  which  may  be  polled  by  a 
man,  u  in  raising  the  ram  of  the  pile  engine. 

In  (he  Newcastle  coal  district'  there  are  prafesMonal  master-borers,  who  nadertalie  to 
■eorch  for  Coal,  and  furnish  an  accurate  remitter  of  the  strata  perforated.  The  Bierage 
price  of  boring  in  England  or  Scotland,  where  no  uncommon  difficulties  oecnr,  is  sii 
■hillings  for  each  of  the  £nt  Sve  fathoms,  twice  6  shillings  tac  each  of  the  second  Ste 
fhlhoms,  thrice  6  (hillings  for  each  of  the  third  five  fathotni,  and  *o  on  i  hence  the  seiict 
wOlbe— 


1st  five  fathoms 
2d   fivefathanu  - 
3d    Gva  falboma 
4th  five  fathoms  - 

20  fathoms  of  bore 


;£1  10 

3  0 

4  10 
6  0 


Thni  the  price  increases  eqnably  with  the  depth  and  labor  of  the  bore,  and  the  nnder- 
taker  nsaally  upholds  his  rods.  There  are  peculiar  cases,  however,  in  width  tlie  expense 
greatly  exceeds  the  above  rate.  , 

The  boring  tools  are  represented  in  the  following  flgnret : — 


Fig.  819. 

1.  TiitbnKtJuai. 

2.  The  common  tod. 

3.  The  donble.box  rad ;    intennediate 

4.  The'conunon  chisel. 

e.  The  indented  chisel. 

6.  Another  of  (he  same.  . 

7.  The  cross-mouthed  ehitel. 

8.  The  wimble. 

9.  The    sludger,  for  bringing  i^i  the 


11.  The  key  for  mppotting  the  Ira 
rods  at  the  bore-month. 

12.  The  key  for  screwing  logethei 
asunder  the  rods. 

13.  The  topit,  or  top-piece. 

14.  The  beche,  for  catching  the  rod 

it  breaks  in  the  bore. 

15.  The  runner,  for  taking  hoU  a 

16.  The  tmigued  chiseL 

IT.  The  r^bt-handed  worn  screw. 

18.  The  left-handed     do. 

19.  The  finger  grip  or  catch. 


10.  The  rounder. 

We  shall  now  explain  the  manner  of  conducting  a  leriea  of  botes  in  learebing  gnMad 

Fig.  6S0  represents  a  district  of  country  in  which  a  regnlir  snrrey  hasi  i^vnid 
the  existence  and  general  distribution  of  coal  strata,  with  a  dip  to  the  south,  aa 
here  shown.      In  this  case,  a  convenient  spot  sbonld  be  pitched  npon  ia  the  north  part 
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at  the  diilriet,  lo  tint  the  neecMiTe  born  pot  down  in>r  •dwin  i>  th«  line  of  Iba 


lip.  The  first  bore  uwiy  Iherefore  be  made  at  No.  I,  to  the  depth  of  siity  yerdi.  In 
the  progren  of  ibii  perfbralioa,  nun;  diversities  and  alteraalionB  of  strata  will  be 
probahly  puwd  through^  m  we  see  in  the  sections  of  the  strata  ;  each  nf  which,  as  to  ' 
qnalitf  and  thickness,  is  noted  in  the  joarna],  and  specimens  are  preserved.  This  bore 
li  seen  to  penelrale  the  strata  d,  c,  b,  a,  without  eneoimtprin^  any  coal.  Now,  suppose 
Ihit  the  dip  of  the  strsta  be  one  yard  in  ten,  the  question  is,  at  what  distanne  from  bore 
So.  1,  in  a  sonth  direction,  will  a  second  bore  of  GO  yards  strike  Ibe  flrst  stratani,  d,  of 
ihe  preceding  J  The  nile  obTioosly  is,  to  multiply  the  depth  of  the  bore  by  the  dip,  that 
is,  60  by  10,  and  the  product,  600,  giret  ihe.  distance  required ;  for,  by  the  rule  of  tiiree, 
if  1  yard  of  depression  corresponds  to  JO  in  horizontal  lengdi,  60  yardi  of  depression 
vill  correspond  lo  600  in  length.  Hence  the  bom  marked  I,  2,  3,  4,  and  G,  are  sucees- 
sirely  distribnled  ai  in  the  figure,  the  spot  where  Ibe  first  is  let  down  being  regarded  as 
Ibe  poifit  of  level  to  which  the  lommiti  of  all  the  sncceeding  bores  are  referred.  Ehonld 
the  lop  of  No.  2  bore  be  10  yaidi  higher  or  lower  than  the  lop  of  Mo.  1,  allowance  must 
be  made  for  this  difference  in  the  operation ;  and  hence  a  snrface  lerel  surrey  is  reqniaite. 
Sometinm  ravines  cnt  down  the  strata,  and  advantage  shonM  be  taken  of  them,  when 
they  are  considerable. 

Id  Ho.  'i,  a  coal  is  seen  to  occur  near  the  turface,  and  another  at  Ihe  bottom  of  tha 
bore ;  (he  ^tter  seam  resting  on  the  first  slralnai  d,  that  occurred  in  bore  No.  1 ;  and 
No.  ti  perforation  must  be  continued  a  little  farther,  till  it  has  certainly  descended  to  the 
■iralDm  d.    Thus  theae  two  bores  have,  leather,  proved  the  Ws  lo  ihe  depth  of  ]20  yards. 

tlo.  3  bore  being  placed  aeeotding  tn  the  preceding  role,  will  pasi  through  two  coal- 
seams  near  Ibe  surface,  and  after  rMching  lo  nearly  its  depth  of  60  yards,  it  will  touch 
the  stratQin  k,  which  is  Ihe  upper  slratnni  of  bore  No.  S;  but  since  a  seam  of  coal  waa 
deleeled  in  No.  2,  under  Ihe  stratum  A,  the. proof  ii  confirmed  by  running  the  borer  down 
thnngh  that  coal.  The  field  has  now  been  probed  to  Itae  depth  of  160  yards.  The 
foarth  bore  is  next  proceeded  wllh,  till  the  two  coal-seann  met  in  No.  3  have  been  pene- 
trated; when  a  depth  of  it40  yards  baa  been  explored.  Hence  No.  4  bi»e  could  not  reach 
Ihe  lower  Mntmn  s,  unless  it  were  sunk  240  yards. 

The  fifth  bore  (No.  b)  being  sunk  in  like  manner,  a  new  coal-seam  occurs  within  a 
few  yenls  of  Ihe  surface ;  but  sfler  sinking  to  the  depth  at  which  the  coal  at  the  top  of 
Ihe  fonrth  bore  was  fonnd,  an  entirely  different  order  of  strata  will  occur.  In  thi* 
dilemma,  the  bore  riionld  be  pushed  10  or  20  yards  deeper  than  the  60  yaids,  lo  ascertain 
the  allematioos  of  Ihe  new  range  of  sDperposition.  It  may  happen  that  no^coals  of  any 
tbIdc  shall  be  found,  as  the  figure  indicates,  in  consequence  of  a  slip  or  dislocation  of  iho 
cirata  at  n,  which  has  thrown  up  all  the  coals  registered  in  Ihe  former  borings,  lo  Bueh  an 
ulent  that  Ihe  strata  A,  a,  of  the  first  bore  present  themselves  immediately  on  perforating 
tbe  slip,  instead  of  lying  at  the  depth  of  300  yards  (5  X  BO],  as  they  would  have  done, 
had  no  disloeatioD  intervened.  Some  coal-fields,  indeed,  are  so  intersected  with  slips  at 
lo  bewilder  the  most  experienced  miner,  which  will  particularly  happen  when  a  lower 
cal  is  thrown  tipon  one  ode  of  a  (Up,  directly  oppoaile  to  an  upper  ooat  situated  on  Ihe 
oilier  side  of  it;  so  that  if  the  twdseam*  be  of  the  same  Uuekneas,  erroneous  concluaiiHit 
ue  almoet  inevitaUe. 

When  a  line  of  bores  ji  to  be  eondoeled  Ihim  the  dip  of  the  strata  towards  their  out- 
crop, they  should  be  placed  a  few  yards  nearer  each  other  than  Ihe  rule  prtBcribes,  leit 
Ibe  strata  last  passed  IhroBgh  be  overstepped,  SO  that  Ihey  may  disappear  from  the  regis- 
ter, and  a  valneble  coal-seam  may  thereby  escape  notice.  In  fact,  each  sneeessive  bora 
should  be  ao  set  down,  that  the  Aral  tA  the  strata  perforated  should  be  the  last  passed 
thnnuth  in  Ihe  preceding  bore ;  as  is  exemplified  by  viewing  ihe  bore*  in  tbe  retrograde 
direction,  Noa.  4,  2,  and  2.  But  if  the  bore  No.  2  had  gone  no  deeper  than  /,  and  Ihe 
bote  No.  1  had  been  as  represented,  then  Ihe  stratum  t,  with  its  immediately  sabjaceot 
roal,  would  have  been  orentepped,  since  none  of  the  bores  would  have  lonched  il ;  and 
Ihey  wonU  have  remained  uanotieed  in  Ihe  journal,  and  unknown. 

When  Ihe  line  of  dip,  and  consequently  the  line  of  bearing  which  is  al  right  angles  to 
it,  are  vnlcnawn,  ifaey  are  aoaghl  for  by  making  three  bore*  in  the  ioUowing  position. 
—Let  fig.  S2I  be  a  horiuotid  diagrmm,  in  which  tbe  place  of  a  bore.  No.   1,  it 


074  PITCOAL. 

• 

showily  widch  readies  a  «oal»Maiii  at  the  depth  of  fiO  Tisdi ;  ibi^re  No.  8  aM7  be 
Bt  B,  300  yards  from  the  former ;  and  bore  No.  3  at  c,  equidisti^t  firom  Noe.  1  and  2, 

80  that  the  bores  are  sunk  at  the  three  angles  of  an 
B  equilateral  triangle.  If  the  coal  occnr  in  No.  2  at  the 
depth  of  30  yards,  and  in  No.  3  of  44  yards,  it  is 
manifest  that  none  of  the  lines  iiB,BC,orcA,i8iB 
the  line  of  level,  which  for  short  distances  may  be 
taken  for  the  line  of  bearing,  with  coal-seams  of  mo- 
derate dip.  But  since  No.  1  is  the  deepest  of  the 
three  bores,  and  No.  3  next  in  depth,  the  Une  a  c 
joining  them  must  be  nearer  the  line  of  level  than 
either  of  the  lines  a  b  or  b  c.  The  qnestion  is,  there^ 
fore,  at  what  distance  on  the  prolonged  line  a  c  is  the 
point,  for  sinking  a  bore  which  woaJd  reaeh  the  eoal 
at  the  same  depth  as  No.  1,  namely,  60  yards.  This  problem  is  solved  by  the  following 
mle  of  proportion :  as  14  yards  (the  difference  of  depth  between  bores  2  and  3)  is  to  300 
yards  (the  distance  between  them),  so  is  20  (the  difierence  of  depth  betwixt  1  and  2)  to 
a  fourth  proportion,  or  a;  =  428  yards,  1  foot,  and  8  inches.  Now,  this  distance,  measored 
from  No.  2,  reaches  to  the  point  d  on  the  prolonged  line  b  c,  under  which  point  d  the 
coal  will  be  found  at  a  depth  of  50  yards,  the  same  as  under  a.  Hence  the  line  a  n  is 
the  true  level  line  of  the  coal-field ;  and  a  line  b  r  g,  drawn  at  right  angles  to  it,  is  the 
true  dip-line  of  the  plane  which  leads  to  the  outcrop.  In  the  present  example  the  dip  is 
1  yard  in  14^ ;  or  1  in  14|,  to  adopt  the  judicious  language  of  the  mmer ;  or  the  sine  is 
1  to  a  radius  of  14 1,  measured  along  the  line  from  b  to  r.  By  this  theorem  for  fin^g 
the  lines  of  dip  and  level,  the  most  eligible  spot  in  a  coal-field  for  sinking  a  shaft  maf  be 
ascertained. 

Suppose  the  distance  from  b  to  o  in  the  line  of  dip  to  be  455  yards ;  then,  sinee  every 
14}  gives  a  yard  of  depression,  455  will  give  30  yards,  which  added  to  30  yards,  the 
depth  of  the  bore  at  b,  will  make  60  yards  for  the  depth  of  the  same  eoal-aeam  at  a. 
Since  any  line  drawn  at  right  angles  to  the  line  of  level  a  d  is  the  Ime  of  dip,  so  say 
Une  drawn  parallel  to  a  d  is  a  level  line.  Hence,  if  firom  c  the  line  c  e  be  drawn  paril- 
lel  to  D  A,  the  coal-seam  at  the  points  k  and  c  will  be  foand  in  the  same  horiBontal  plane, 
or  44  yands  beneath  the  surface  levd,  over  these  two  points.  The  point  e  level  whh  c 
may  also  be  found  by  this  proportion !  as  20  yards  (the  difference  in  depth  of  the  bores 
under  B  and  a)  is  to  300  yards  (the  distance  between  then),  so  is  14  yards  (the  difference 
of  depth  under  b  and  c)  to  210  yards,  or  the  distance  from  b  to  e. 

As  boring  for  coal  is  necessarily  carried  on  in  a  line  perpendicular  to  the  horizoB,  and 
as  coal-seams  lie  at  every  angl^of  inclination  to  it,  the  thickness  of  the  seam  as  given 
obliquely  by  the  borer,  is  always  greater  than  the  direct  thickness  of  the  eoal;  and  heace 
the  length  of  that  line  must  be  multiplied  by  the  cosine  of  the  angle  of  dip,  in  otiker  lo 
find  -the  true  power  of  the  seam. 

Of  fitting  or  wrming.a  coalfidd. — In  sinking  a  shaft  for  working  eoal,  the  great 
obstacle  to  be  encountered  is  water,  particularly  in  the  first  opening  of  a  field,  which 
proceeds  from  the  surface  of  the  adjacent  country ;  for  every  eoal«fltratnns,  however  deep 
it  may  lie  in  one  part  of  the  basin,  always  rises  till  it  meets  the  alluvial  cover,  or  cn^ 
out,  unless  it  be  met  by  a  slip  or  dike.  When  the  bassetFcdge  of  the  strata  is  eoweied 
with  gravel  or  sand,  any  body  or  stream  of  water  will  readily  percolate  downwards 
through  it,  and  fill  up  the  porous  interstices  between  the  coal-measures,  till  anrested  by 
the  face  of  a  slip,  which  acts  as  a  valve  or  flood-gate,  and  confines  the  water  to  one  eoift- 
partment  of  the  basin,  which  may, -however,  be  if  considerable  area,  and  require  a  great 
power  of  drainage. 

In  reference  to  water,  coal-fields  are  divided  into  ;Cwo  kinds :  1.  levd  free  eoal ;  2. 
ooal  not  level  free;  In  the  practice  of  mining,  if  a  oori-field,or  portion  of  it,  is  so  situated 
above  the  surface  of  the  ocean  that  a  level  can  be  carried  from  that  plane  till  it  intcEsecta 
the  coal,  ail  the  coal  above  the  plane  of  intersection  is  said  to  be  level  free;  bat  if 
a  coal-field,  though  placed  above  the  surfoce  of  the  ooean,  cannot,  on  aceoont  of  tbe 
expense,  be  drained  by  a  level  or  gallery,  but  by  mechanical  power,  such  a  coal-field  la 
said  to  be  not  level  free. 

Besides  these  general  levels  of  drainage,  there  are  subsidiary  levels,  ealled  off-takea  or 
drifts,  which  discharge  the  water  of  a  mine,  not  at  the  mouth  of  the  pit,  bat  at  scone  depth 
beneath  the  surikce,  where,  ftom  the  form  of  the  country,  it  may  be  ran  off  level  five. 
From  20  to  30  fathoms  off-take  is  an  object  of  considerable  economy  in  pnmping  ^  hot 
even  less  is  often  had  recourse  to;  and  when  judiciously  eontrived,  may  serve  to  inter- 
cept much  of  the  crop  water,  and  prevent  it  from  getting  down  to  the  dip  part  of  tbe 
ooal,  where  it  would  become  a  heavy  load  on  a  hydraulic  engine. 

Day  levels  were  an  olqeet  of  primary  importance  with  the  early  miners,  wlio  had 
not  the  gigantic  pumping  power  of  the  steam-engine  at  their  command.  Levris  oiigfat  to 
be  no  less  than  4  feet  wide,  and  from  5  feet  and  a  half  to  6  feet  high ;  whkh  is  laigw 
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ewngh  for  can7ing  off  water^  tnd  admitting  workmen  to  make  repairs  and  dear  out 
depositions.  When  a  day-level,  however,  is  to  serve  the  double  purpose  of  drainage 
and  an  outlet  for  coals,  it  should  be  nearly  5  feet  wide,  and  have  its  bottom  gutter 
covered  over.  In  other  instances  a  level  not  only  carries  off  the  water  from  the  col- 
liery, but  is  converted  into  a  canal  for  bearing  boats  loaded  with  cools  for  the  market. 
Some  subterranean  canals  are  nine  feet  wide,  and  twelve  feet  high,  with  5  feet  depth  of 
water. 

If  in  the  progress  of  driving  a  level,  workable  coals  are  intersected  before  reaching 
the  seam  which  is  the  main  object  of  the  mining  adventure,  an  air-pit  may  be  sunk,  of 
focb  dimension  as  to  serve  for  raising  the  coals.  These  air-pits  do  not  in  general 
exceed  7  feet  in  diameter;  and  they  ought  to  be  always  cylindrical.  Fig,  822 
represents  a  coal-field  where  the  winning  is  made  by  a  day-level;  a  is  the  mouth 
of  the  gallery  on  a  level  with  the  sea ;  6,  c,  <2,  e  are  intersected  coal-seam^  to  be 
drained  by  the  gallery.  But  the  coals  beneath  this  level  must  obviously  be  drained  by 
pomping.    A  represents  a  coal-pit  sunk  on  the  coal  e ;  and  if  the  gallery  be  pushed 


forward,  the  coal-seams  /,  g,  and  any  others  which  lie  in  that  direction,  will  also  he 
drained,  and  then  worked  by  the  pit  ▲.  The  chief  obstacle  to  the  execution  of  day- 
levels,  is  presented  by  quicksands  in  the  alluvial  cover,  near  the  entrance  of  the  gallery. 
The  best  expedient  to  be  adopted  amid  this  difficulty  is  the  following: — Fig.  823 
represents  the  strata  of  a  coal-field  a,  with  the  alluvial  earth  a,  b,  containing 
the  bed  of  quicksand  6.  The  bwer  part»  from  which  the  gallery  is  required  to  be 
earried,  is  shown  by  the  line  b  d.  But  the  quicksand  makes  it  impossible  to  push 
forward  this  day-level  directly.  The  pit  b  c  must  therefore  be  sunk  through  the  quick- 
sand by  means  of  tubbing  (to  be  presently  described),  and  when  the  pit  has  descended  a 
few  yards  into  the  rock,  the  gallery  or  drif^  may  then  be  pushed  forward  to  the  point  d, 
when  the  shaft  £  d  is  put  down,  after  it  has  been  ascertained  by  boring  that  the  rock- 
bead  or  bottom  of  the  quicksand  at  F  is  a  few  yards  higher  than  the  mouth  of  the  small 
pit  B.  During  this  operation,  all  the  water  and  mine-stuff  are  drawn  off  by  the  pit  b  ; 
bvt  whenever  the  shafl  e  d  is  brought  into  communication  with  the  gallery,  the  water 
is  allowed  to  fill  it  from  c  to  d,  and  rise  up  both  shafts  till  it  overflows  at  the  orifice  b. 
From  the  surface  of  the  water  in  the  deep  shaft  at  g,  a  gallery  is  begun  of  the  common 
dimensions,  and  pushed  onwards  till  the  coal  sought  after  is  intersected.  In  this  way  no 
drainage  level  is  lost.  This  kind  of  drainage  gallery,  in  the  form  of  an  inverted  syphon, 
is  called  a  drowned  or  a  blind  level. 

When  a  coal-basin  is  so  sitaated  that  it  cannot  be  rendered  level  free,  the  winning 
most  be  made  by  the  aid  of  machinery.  The  engines  at  present  employed  in  the  drainage 
of  coal-mines  are : — 

1.  The  water-wheel,  and  water-pressure  engine.  ^ 

2.  The  atmospheric  steam-engine  of  Newcomen. 

3.  The  steam-engine,  both  atmospheric  and  double  stroke,  of  Watt. 

4.  The  expansion  steam-engine  of  Woolf. 

6.  The  high-pressure  steam-engine  without  a  condenser. 
The  depth  at  which  the  coal  is  to  be  won,  or  to  be  drained  of  moistore,  regulates  the 
power  of  the  engine  to  be  applied,  taking  into  account  the  probable  quantity  of  water 
which  may  be  found,  a  circumstance  which  governs  the  diameter  of  the  working  barrels 
of  the  pumps.  Experience  has  proved,  that  in  opening  collieries,  even  in  new  fields, 
the  water  may  generally  be  drawn  off  by  pumps  of  from  10  to  15  inches  diameter; 
excepting  where  the  strata  are  connected  with  rivers,  sand-beds  filled  with  water,  or 
nvsh-Iands.  As  feeders  of  water  from  rivers  or  sand-beds  may  be  hindered  from 
dtscending  coal-pits,  the  growth  proceeding  from  these  sources  need  not  be  taken  into 
aecoont;  and  it  is  observed,  in  sinking  shafts,  that  though  the  influx  which  cannot  be 
cut  off  from  the  mine,  may  be  at  first  very  great,  even  l^yond  the  power  of  the  engine 
for  a  little  while,  yet  as  this  excessive  flow  of  water  is  frequently  derived  from  the 
drainage  of  fissures,  it  eventually  becomes  manageable.  An  engine  working  the  pumpe 
for  8  or  10  hours  out  of  the  24,  is  reckoned  adequate  to  the  winning  of  a  new  col- 
liery, which  reaps  no  advantage  from  neighboring  hydraulic  powers.  In  the  couree 
of  years,  however,  many  water-Wged  fissures  come  to  be  cut  by  the  workings,  and  the 
eoal-seams  get  excavated  towards  the  outcrop,  so  that  a  constant  increase  of  water 
easoesy  and  thus  a  colliery  which,  has  been  k>ng  in  openUion,  frequently  becomes  heavily 
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loaded  with  water^  and  requires  tbe  action  of  its  bydranlie  machinery  lioUi  nigM  and 
day. 

Of  Engine  Pits. — In  every  winning  of  coal,  the  shape  of  the  engine-pit  deaerres 
much  consideration.  For  shsiAs  of  moderate  depth,  many  forms  are  in  use ;  as  circular, 
OTal,  sqaare,  octagonal,  oblong  rectangular,  and  oblong  elliptical.  In  pits  of  inconsider- 
able depth,  and  where  the  earthy  corer  is  firm  and  dry,  any  shape  deemed  most 
convenient  maybe  preferred;  but  in  all  deep  shafts,  no  shape  but  the  circular  should 
be  admitted.  Indeed,  when  a  water-run  requires  to  be  stopped  by  tubbing  or  cribbing, 
tlie  circular  is  the  only  shape  which  presents  a  uniform  resistance  in  every  point  to  the 
equable  circumambient  pressure.  The  elliptical  form  is  the  next  best,  when  it  deviates 
little  from  the  circle;  but  even  it  has  almost  always  given  way  to  a  considerable 
pressure  of  water.  The  circular  shape  has  the  advantage,  moreover,  of  strengthening 
the  shafl  walls,  and  is  less  likely  to  sufier  injury  than  other  figures,  should  any  faflnre 
of  the  pillars  leA  in  working  out  the  coal  cause  the  shall  to  be  shaken  by  subsidence 
of  the  strata.    The  smallest  engine-pit  should  be  ten  feet  in  diameter,  to  admit  ot  the 

^4  pumps  being  placed  in  the  lesser  segment,  and  the 

coals  to  be  raised  in  the  larger  one,  as  shown  ia 
fig,  824,  which  is  called  a  double  pit.  If  much  woik 
is  contemplated  in  drawing  coals,  particularly  if  their 
masses  be  large,  it  would  be  advantageous  to  make 
the  pit  more  than  10  feet  wide.  When  the  area  of  a 
shaft  is  to  be  divided  into  three  compartments,  one  for  the  engine  pumps,  and  two  for 
raising  coals,  as  in  fig.  825,  which  is  denominated  a  triple  pit,  it  should  be  12  feel  in  di- 
ameter. If  it  is  to  be  divided  into  four  compartments,  and  made  a  quadrant  shaA,  as  in 
fig.  826,  with  one  space  for  the  pumps,  and  three  for  ventilation  and  coal  drawing,  the 
total  circle  should  be  15  feet  in  diameter.  These  dimensions  are,  however,  governed  by 
local  circumstances,  and  by  the  proposed  daily  discharge  of  coals. 

The'  shall,  as  it  passes  through  the  earthy  cover,  should  be  securely  faced  with  masoniy 
of  jointed  ashler,  having  its  joints  accurately  bevelled  to  the  centre  of  the  circle.  Speci- 
fic directions  for  building  the  successive  masses  of  masonry,  on  a  series  of  rings  or 
cribs  of  oak  or  elm,  are  given  by  Mr.  Bald,  article  Mine,  Breicster'a  fncyclqpsdio, 

p.  336. 

When  the  alluvial  cover  is  a  soil  mud,  recourse  must  be  had  to  the  operation  of 
tubbing.  A  circular  tub,  of  the  requisite  diameter,  is  made  of  planks  from  2  to  3 
inches  thick,  with  the  joints  bevelled  by  the  radius  of  tbe  shall,  inside  of  which  are  cribs 
of  hard  wood,  placed  from  2  to  4  feet  asunder,  as  circumstances  may  require.  These 
cribs  are  constructed  of  the  best  heart  of  oak,  sawn  out  of  the  natural  curvature  of  the 
wood,  adapted  to  the  radius,  in  segments  from  4  to  6  feet  long,  fhun  8  to  10  inches  in 
the  bed,  and  5  or  6  inches  thick.  The  length  of  the  tub  is  from  9  to  12  feet,  if  the 
layer  of  mud  have  that  thickness ;  but  a  succession  of  such  tubs  must  be  set  on  each 
other,  provided  the  body  of  mud  be  thicker.  The  first  tub  must  have  its  lower  edge 
thinned  all  round,  and  shod  with  sharp  iron.  If  the  pit  be  previously  secured  to  a 
certain  depth,  the  tub  is  made  to  pass  within  the  cradling,  and  is  lowered  down  with 
tackles  till  it  rests  fair  among  the  soU  alluvium.  It  is  then  loaded  with  iron  weights  at 
top,  to  cause  it  ta  sink  down  progressively  as  the  mud  is  removed  from  its  interior. 
Should  a  single  tun  net  reach  the  solid  rock  (sandstone  or  basalt),  then  another  of  like 

897  construction  is  set  on,  and  the  gravitating  force  is 

transferred  to  the  top.  Fig.  827  represents  a  bed 
of  quicksand  resting  on  a  bed  of  impervious  day, 
that  immediately  covers  the  rock,  a  is  the  finished 
shall;  a  a,  the  quicksand;  6  6,  the  excavatioD 
necessarily  sloping  much  outwards;  c  c,  the  lining 
of  masonry ;    d   d,  the  moating    or  puddle  of 

^ clay,  hard    rammed  in  behind  the  stone-work, 

to  render  the  latter  waler-ljght.  In  this  case,  the  quicksand,  being  thin  in  body, 
has  been  kept  under  for  a  short  period,  by  the  hands  of  many  men  scooping  it  rapidly 
away  as  it  filled  in.  But  the  most  effectual  method  of  passing  through  beds  of  quick- 
sand, is  by  means  of  cast-iron  cylinders ;  called,  therefore,  cast-iron  tubbing.  When 
the  pit  has  a  small  diameter,  these  tubs  are  made  about  4  feet  high,  with  strong  flanges, 
and  bolt  holes  inside  of  the  cylinder,  and  a  counterfort  ring  at  the  neck  of  the  flanse, 
with  brackets ;  the  first  tub,  however,  has  no  flange  at  its  lower  edge,  but  is  rouDded 
to  facilitate  its  descent  through  the  mud.  Should  the  pit  be  of  large  diameter,  then  the 
cylinders  must  be  cast  in  segments  bf  3,  4,  or  more  pieces,  joined  together  with  inside 
vertical  flanges,  well  jointed  with  oakum  and  white  lead.  When  the  sand-bed  is 
thick,  eighty  feet,  for  instance,  it  is  customary  to  divide  that  length  into  three  sets  of 
cylinders,  each  thirty  feet  long,  and  so  sixed  sis  to  slide  within  each  other,  Uke  the  eye 
tubes  of  a  telescope.    These  cylinders  are  pressed  down  by  heavy  weights,  taking  care  to 
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Inep  the  lower  part  always  Aotlier  down  than  the  top  of  thequidcaaod,  where  the  men 
are  at  work  with  their  shovels,  and  where  the  bottom  of  the  pumps  hangs  for  withdraw- 
ing the  sarface  water.  This  is  an  Improvement  adopted  of  late  years  in  the  Newcastle 
district  with  remarkable  success. 

The  engine  pit  being  secured,  the  process  of  sinking  through  the  rock  is  ready  to  be 
eommeaced,  as  soon  as  the  divisions  of  the  pit  formed  of  carpentry,  called  brattices, 
are  made.  In  common  practice,  and  where  great  tightness  of  jointing  is  not  required,  for 
yentilating  inflammable  air,  bars  of  wood,  called  bantons,  about  6  inchea  thick,  and  9 
deep,  are  fixed  in  a  horizontal  position  across  the  pit,  at  distances  from  each  other  of  10, 
SO,  or  30  feet,  according  to  circumstances.  Being  all  ranged  in  the  same  vertical  planei 
deals  an  inch  and  a  half  thick  are  nailed  to  them,  with-4heir  joints  perfectly  close;  one  • 
half  of  the  breadth  of  a  bunton  being  covered  by  tho  ends  of  the' deals.  In  deep  pits, 
where  the  ventilation  is  to  be  conducted  through  the  brattice,  the  side  of  the  bunions  next 
the  pumps  is  covered  with  deals  in  the  same  way,  and  the  joints  are  rendered  secure  by 
being  calked  with  oakum.  Fillets  o£  wood  are  also  fixed  all  the  way  down  on  eaeh  side 
of  the  brattice,  constituting  what  is  called  a  double  pit. 

When  a  shaft  is  to  have  3  compartments,  it  requires  more  care  to  form  the  brattice, 
as  none  of  the  buntons  stretch  across  the  whole  space,  but  merely  meet  near  the  middle, 
and  join  at  certain. angles  with  each  other.  As  the  boatons  must  therefore  sustain  each 
other,  on  the  principle  of  the  arch,  they  are  not  laid  in  a  horizontal  plane,  but  have  a 
rise  from  the  sides  towards  the  phice  of  jhnction  of  8  or  9  inches,  and  are  bound 
together  by  a  three>tongued  iron  strap*  Fillets  of  wood  are  carried  down  the  whole 
depth,  not  merely  at  the  joinings  of  the  brattice  with  the  sides  of  the  pit,  but  also  at 
their  central  place  of  union  ;  while  wooden  pillars  connect  the  centre  of  each  set  of  bun- 
tons  with  those  above  and  below.  Thus  the  carpentry  work  acquires  sufficient  strength 
and  stiffness. 

In  quadrant  shafU  the  buntons  erosa  each  other  towards  the  middle  of  the  pit,  and 
are  generally  let  into  each  other  about  an  inch,  instead  of  being  half-cheeked.  Fig.  824 
is  a  double  shaft :  a,  the  pump  pit ;  b,  the  pit  for  raising  coal.  Fig,  82d  is  a  triple 
shaft ;  in  which  a  is  the  pump  compartment  i  b  and  c  are  coal-pits.  Fig.  826  is  <a  quad- 
rant shall :  A,  the  pump  pit ;  B,  pit  of  veniilation  or  upcast  for  the  smoke ;  c  and  d,  pits 
for  raising  coals. 

A  depth  of  75  fathoms  is  fully  the  average  of  engine  pits  in  Great  Britain.  In 
practice,  it  embraces  three  sets  of  pumps.  Whenever  the  shad  is  sunk  so  low  that  the 
engine  is  needed  to  remove  the  water,  the  first  set  of  pumps  may  be  let  down  by  the 
method  represented  in  fig.  828 ;  where  a  is  the  pump ;  a,  a,  strong  ears  through  which 
*  828  ^K-  P^^^  ^^^  ^'^^  ^^  connected  with  the  spears  6  6;  e  e  are  the  lashings ; 
d,  the  hoggar  pump;  e,  the  hoggar;//,  the  tackles;  g  g,  the  single 
pulleys ;  h  A,  the  tackle  fold  leading  to  the  capstans ;  and  t,  the  pump- 
spears.  By  this  mechanical  arrangement  the  pumps  are  sunk  in  the  most 
gradual  manner,  and  of  their  own  accord,  so  to  speak,  as  the  pit  descends. 
To  the  arms  of  the  capstans,  sledges  are  ikstened  with  ropes  or  chains ; 
thtee  sledges  are  loaded  with  weights,  as  counterpoises  to  the  weight  of 
the  column  of  pumps,  and  when  additional  pomps  are  joined  in,  more 
weight  is  laid  on  the  sledges.  As  the  sinking  set  of  pumps  is  constantly 
descending,  and  the-  point  for  the  delivery  of  the  water  above  always  var^ 
ing,  a  pipe  of  equal  diameter  with  the  pomps,  and  about  1 1  feet  long,  but 
much  lighter  in  the  metal,  is  attached  to  e,  and  is  terminated  by  a  hose  of 
leather,  of  suflicient  length  to  reach  the  cistern  where  the  water  is  deliv- 
ered. This  is  called  the  hoggar-pipe.  In  sinking,  a  vast  quantity  of  air 
enters  with  the  water,  at  every  stroke  of  the  engine ;  and  therefore  the  VK* 
ing  stroke  should  be  very  slow,  and  a  momentary  stop  should  take  place 
before  the  returning  stroke,  to  suffer  all  the  air  to  escape.  As  the  workihg  • 
Imrrels  are  generally  9  or  10  feet  long,  and  the  full  stroke  of  the  engine 
from  7  to  8  feet,  when  at  regular  work,  it  is  customary  to  diminish  the 
length  of  stroke,  in  sinking,  to  about  6  feet  j  bemuse,  while  the  pumps^are 
constantly  getting  lower,  the  bucket  in  the  working  barrel  has  its  worlliag 
ranire  progressively  higher. 

The  usual  length  for  a  set  of  pomps,  is  from  25  to  30  fathoms.  Wlfen- 
ever  this  depth  is  arrived  at  by  the  first  set,  preparations  are  m&UH'&t 
fixiAg  firmly  the  upper  pit-cistern,  into  which  the  upper  set  of  pumps^is  to 
be  placed,  and  the  water  of  the  second  set  is  to  be  thrown.  If  a  strong  bed  of  sanditone 
<)eeurs,  a  scarcement  of  it  is  leA  projecting  about  3  feet  into  the  shaft,  which  is  formed  in 
the  course  of  sinking  into  a  strong  chin  or  bracket,  to  sustain  that  part  of  the  cisten  in 
^>^Kieh  the  superior  set  of  pumps  stands.  A  few  ftet  beneath  this  ieareement  tSsBiihalt. 
Ksumes  its  usual  shape. 
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But  althoagh  fkom  20  to  30  fathomi  b«  the  commoa  length  of  a  pomp-lift,  it 
times  becomes  necesssry  to  make  it  much  longer,  when  no  place  ean  be  foand  in  Ike 
829  shaft  for  lodging  a  cistern,  on  account  of  the  tubbing.  Hence  a  pomp-lift  Iibs 
been  occasionally  extended  to  70  fathoms ;  which  requires  extraordinary  strength 
of  materials.  The  best  plan  for  collaring  the  pumps  in  the  pit,  and  keeping 
them  steady  in  a  perpendicular  Jine,  is  to  fix  a  strong  bunton  of  timber  under 
the  joints  of  each  pipe ;  and  to  attach  the  pipes  firmly  to  these  buntons  by 
iron  collar,  with  screws  and  nuts,  as  represented  in^ig.  829. 
The  water  obtained  in  sinking  through  the  successiye -strata  is,  in  ordinary 
eondttcted  down  the  walls  of  the  shaft ;  and  if  the  strata  are  compact,  a  spiral  groove  is 
cut  down  the  tides  of  the  shaft,  and  when  it  can  hold  ne  more,  the  water  is  drawn  off  id 
a  spout  to  the  nearest  pump-cistern ;  or  a  perpendicular  groove  is  cut  in  the  side  of  the 
shaft,  and  a  sqaare  box-pipe  either  sunk  in  it,  flush  with  the  sides  of  the  pit,  or  it  in 
covered  with  deal  boards  well  fitted  over  the  cavity.  Similar  spiral  rings  are  formed 
in  succession  downwards,  which  collect  the  trickling  streams,  and  conduct  them  into  the 
nearest  cistern ;.  or  rings,  made  of  wood  or  cast  iron,  are  inserted  flush  with  the  sides  of 
the  pipe ;  and  the  water  is  led  from  one  ring  to  another,  through  perpendicular  pipea^ 
until  the  undermost  ring  is  full,  when  it  delivers  its  water  into  the  nearest  pump-cisteni. 
Keeping  (he  shaft  dry  is  very  important  to  the  comfort  of  the  miners,  and  the  dnrabilitj 
of  the  work. 

When  an  engine  shaft  happens  to  pass  through  a.  great  many  beds  of  coal,  a  gallef^ 
a  few  yards  long  is  driven  into  each  coal-seam,  and  a  bore  then  put  down  from  one  coal 
to  another,  so  thstt  the  water  of  each  may  pass  down  through  these  bores  to  the  pomp- 
dstems. 

While  a  deep  pit  is  sinking,  a  register  is  kept  of  every  part  of  the  excavations,  and 
each  feeder  of  water  is  measured  daily,  to  ascertain  its  rate  of  discharge,  and  whether  it 
increases  or  abotes.  The  mode  of  measurement,  is  by  noting  the  time,  with  a  seconds 
watch,  in  which  a  cistern  of  40  or  50  gallons  gets  filled.  There  are  three  modes  of 
keeping  back  or  stopping  up  these  feeders ,  by  plank  tubbing;  iron  tubbing;  andhy 
oak  cribB.^  Let  /Ig.  830  represent  the  sinking  of  a  shaft'  through  a  variety  of  stiata, 

having  a  top  cover  of  sand,,  with  much  water 
resting  on  the  rock  summit.  Each  plane  of  the 
coal-measure  rises  in  a  certain  direction  till  it 
meets  the  alluvial  cover.  Hence,  the  pressure  of 
the  water  at  the  bottom  of  the  tubbing  that  rests 
en  the  summit  of  the  rock,  is  as  the  depth  of 
water  in  the  superficial  alluvium ;  and  if  a  stratum 
-a  affords  a  great  body  of  water,  while  the  superjacent  stratum  b,  and  the  subjacent  r,  are 
•impervious  to  water ;  if  the  porous  bed  a  be  12  feet  thick,  while  no  water  occurs  in  the 
stniia  passed  through  from  the  rock  head,  until  that  depth  (supposed  to  be  50  fathoms 
ih)m  the  surface  of  the  water  in  the  cover) ;  in  this  ease,  the  tubbing  or  cribbing  must 
sustain  the  sum  of  the  two  water  pressures,  or  62  fathoms ;  since  the  stratum  a  meets  the 
alluvial  cover  at  d,  the  fountain  head  of  all  the  water  that,  occurs  in  sinking.  Thus  we 
•perceive,  that  though  no  water-feeder  of  any  magnitude  should  present  itself  till  the  shaft 
had  been  sunk  100  fathoms  y  if  this  water  required  to  be  stopped  up  or  tubbed  off  through 
•the  breadth  of  a  stratum  only  3  feet  thick,  the  tubbing  floodgate  would  need  to  have  a 
strength  to  resist  100  fhthoms  of  water-pressure.  For  though  the  water  at  first  oooes 
merely  in  discontinuous  particles  through  the  open  pores  of  the  sands  and  sandstones, 
yet  it  soon  fills  them  up^  like  a  myriad  of  tube%  which  transfer  to  the  bottom  the  total 
weight  of  the  hydrostatic  column  of  100  fathoms ;  and  expeaence  shows,  as  we  have 
already  stated,  that  whatever  water  occurs  in  coal-pits  or  in  mines,  generally  speaking, 
•proceeds  from  the  surface  of  the  ground.  Hence,  if  the  cover  be  an  impervious  bed  ^ 
clay,  very  little  water  will  be  met  with  among  the  strata,  in  comparison  of  what  would  bt 
found  under  sand. 

When  several  fathoms  of  the  strata  mnist  be  tubbed,  in  order  to  stop  up  tlie  water- 
'flow,  the  shaft  must  be  wklened  regularly  to  admit  the  kind  of  tubbing  that  is  to  be 
insertol;  the  greatest  width  being  needed  for  plank-tubbing,  and  the  least  for  iron- 
tubbing.    Fig.  831  represents  a  shaft  excavated  for  plank-4ubbing,  where  a,  a, -a  are  the 
831  impervious  strata,  6,  b  the  porous  beds  water- Ic^ed^  and  c,  c  the  bottom 

of  the  excavation,  made  level  and  perfectly  smooth  with  mason-^iseb. 
The  same  pretentions  are  taken  in  working  off  the  upper  part  of  the 
excavation  d,  d.  In  this  operation,  three  kinds  of  cribs  are  employed ; 
called  wedging,  spiking,  and .  main  cribs.  Besides  the  stoat  pkuk  for 
^^  ,  making  the  tub,  a  quantity  of  wdl-seasoned  and  clean  reeded  deal  ii 
\,  required  for  forming  the  joints;  called  sheeting  deal  by  the  wwlonoi. 
This  sheeting  deal  is  always  applied  in  pieces  laid  endwise,  with^he  end  of  the  fibres 
towards  the  area  of  the  pit.    ^ce  much,  of  the  security  fhun  water  depends  on  the 
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li^HitDert  of  the'tii^  at  its  jointing  with  the  rock,  sereral  p)an»  haye  been  cbbtrived.  to 
eifeet  this  object;  the  »OBt  approved  being  represented  in  fig,  832.  To  make  room 
882  for  the  kvwer  wedging  crib,  the  recess  is  excavated  a  few  inches  wider,  as  at  c  ,* 
Ijl^  and  from  h  to  c,  sheeting  deals  are  laid  all  around  the  circle,  or  q  thin  stratum 
of  oakum  is  intvodoced.  On  this  the  wedging  crib  d  is  applied,  and  neatly  joints 
lA  ed  in  the  radins-line  of  the  pit,  eaeh  segment  being  drawn  exactly  to  the  circle-^ 
,^  and  at  each  of  Its  segments  sheeting  deal  is  inserted. '  This  wedging  crib  must 
be  10  inches  in  the  bed,  and  6  inches  deep^  The  vacuity  e,  at  the  back  of  the 
crib,  about  2  and  a  half  hiches  wide,  is  filled  with  pieces  of  dry  clean  reeded 
deal,  inserted  endwise ;  which  is  regularly  wedged  with  one  set  of  wedges  aU 
round,  and  then  with  a  second  and  a  third  set  of  wedges,  in  the  same  regular 
style,  to  keep  the  orib  in  a  truly  -circular  posture.  By  this  process,  well  executed, 
no  water  canr  pass  downwaxds  by  the  back  of  the  crib.  The  next  operation  is  to 
fix  spiking  cribs/,  to  the  rock,  about  H)  or  12  feet  from  the  lower  crib,  according 
to  the  length  of  the  planks  to  be  used  for  the  tubs.  They  must  be  set  fair  to  the 
^  *'^^''  sweep  of  the  shaft,  as  on  them  its  true  circular  figure  depends.  The  tubbing 
deals  fc,  must  now  be  fixed.  They  are  3  inches  thick,  6  broad,  and  planed  on  all  sides, 
with  the  joints  accurately  worked  to  the  proper  bevel  for  the  circle  of  the  pit.  The  main 
cribs  g,  g,  are  then  to  be  placed  as  counterforts,  for  the  support  and  strength  of  the  tub- 
bing. The  upper  ends  of  the  first  set  of  tub-planks  being  cut  square  and  level  all  round, 
the  second  spiking  crib  I,  is  fixed,  and  another  set  of  tubbing  deals  pnt  round  like  the 
finrmer,  having  sheeting  deal  inserted  betwixt  the  ends  of  the  two  sets  at/.  When  this 
is  wedged,  the  cribs  k,  A,  are  placed. 

Oak  cribbing  is  made  with  pieces  of  the  best  oak,  firom  3  to  4  feet  long,  10  inches  in 
the  bed,  and  7  or  8  inches  deep. 

The  third  mode  of  tubbing,  by  means  of  iron  cylinders  cast  in  segments,  is  likely 
henceforth  to  supersede  the  wooden  tubbing^  from  the  great  reduction  in  the  price  of 
iron,  and  its  superior  strength  and  durability.  Each  segment  is  adjusted  piece  to  piece 
in  the  circular  recess  of  the  pit  cut  out  fi>r  their  reception.  The  flange  for  the  wedging 
«oint  is  best  turned  inwards.  In  late  improvements  of  this  plan,  executed  by  Mr. 
Boddle,  where  the  pressure  amounted  to  several  hundred  feet,  the  segments  were  6 
feet  long,  2  feet  broad,  and  an  inch  thick,  counterforted  with  ribs  or  raised  work  on 
the  back ;  the  lip  of  the  flange  was  strong,  and  supported  by  brackets.  These  segments 
of  the  iron  cylinder  are  set  true  to  the  radius  of  the  pit ;  and  every  horisontal  and  per- 
pendicular joint  is  made  tight  with  a  layer  of  sheeting  deal.  A  wedging  orib  is  fixed 
at  the  bottom,  and  the  segments  are  built  up  regularly  with  joints  like  ashlerwork. 
This  kind  of  tubbing  can  be^rarried  to  any  height,  till  the  water  finds  an  outlet  at  the 
surfiice,  or  till  strata  containing  water  can  be  tubbed  ofl^,  as  by  the  modes  of  tubbing 
already  described.  A  shaft  finished  in  this  manner  presents  a  smooth  lining-Wall  of  iron, 
the  flanges  being  turned  towards  the  outside  of  the  cylinders.  In  this  iron  tabbing,  no 
screw  bolls  are  needed  for  joining  the  segments  together ;  as  they  are  packed  hard  with- 
in the  pit,  like  the  staves  of  a  cask.  There  is  a  shaft  in  the  Newcastle  dis- 
trict, where  70  fathoms  have  been  executed  in  this  way,  under  the  direction  of  Mr. 
Buddie. 

When  a  porous  thin  bed  or  parting  betwixt  two  impervious  strata  gii'es  out  much 
water,  or  when  the  fissures  of  the  strata,  called  cutters,  are  very  leaky,  the  water  caTi  be 
completely  stopped  up  by  the  improved  process  of  wedgmg*  The  fissure  is 
cut  open  with  chisels,  to  a  width  of  two,  and  a  depth  of  seven  inches,  as  repre- 
sented in  Jig,  833.  The  lips  being  rounded  ofif  about  an  inch  and  a  half, 
pieces  of  clean  deal  are  then  driven  in,  whose  face  projects  no  ftirther  than  the 
contour  of  the  lips;  when  the  whole  is  firmly  wedged,  till  the  wiater  is  entirely 
stopped.  By  sloping  back  the  edges  of  the  fissures,  and  wedging  back  firom  the  fhce  of 
the  stone,  it  is  not  liable  to  burst  or  crack  ofi*  in  the  operation,  as  took  place  in-  the  okl 
way,  of  driving  in  the  wedge  directly. 

VeniUoHon  of  Enghu  pit».-^In  oidinary  cases,  while  the  sinking  of  the  shaft  is  going 
on,  the  brattice  Walls  produce  ft  circulation,  in  consequence  of  the  air  being  slightly 
fighter  in  one  compartment  than  in  another.  If  this  does  not  occur,  the 
dreulation  of  air  must  be  produced  by  artificial  means.  The  most  ap- 
nroved  contrivance  is,  to  cover  the  engine  compartment  of  the  shaft  with 
de^ti,  leaving  apertures  for  the  pump-spears  and  tackling  to  pass  throogbi 
with  hatiib^odrs  for  th^  men,  and  to  carry  a  brick  -  flue  at  leat  3  feet 
square,  in  a  hoHmmtal  direction,  from  the  mouth  of  that  compartment 
to  an  adjoining  high  chimney  coanectiHi  with  a  furnace,. as  represented 
in  fig.  834.  IT,  df  are  double  doors,  fi[»r  the  fireman  to  supply  fuel  by  ;  6,  the 
mouth  of  the  horizontal  flue;  c,  the  funiaee;  d,  the  ash-pit;  e,  the  fur- 
nace; /,  the  upright  chimney  for  draught,  fifom  50  to  100  feet  high, 
ihm>  8  to  10  fbet  square  at  bottom,  and  tapering  upwards  to  3  or  4  feel 
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iquare  inside.  Snch  ■  rumace  uid  cliimner  >re  abo  needed  for  TmtJbliiig  the  eMt 
nine  ihranih  all  its  undergronQd  irorkiags.  Whrn  a  gnat,  qoantitT  oT  KM  inne*  flvei 
one  place  in  a  pit,  it  4s  proper  lo  eairy  it  up  in  a  aqnare  wooden  pipe,  vtiieh  tenninatiag 
at  some  distince  ibnie  the  surface  in  a  helmet-^ped  fnnDel,  Sited  to  Mra  like  a  Taut, 
mij  cauw  considernble  ventilation  of  itself ;  or  the  lop  of  ncli  a  pipe  may  be  cooneeled 
irith  a  small  Hreplatx,  which  irill  inuae  a  rapid  eurrenl  up  Ihro^  il,  frem  the  piL 
The  slones  and  rubbish  prodneed  in  sinking  are  drawn  np  with  hoi>e-gi»,  wbcn  the  pit 
is  not  deep;  but  in  alt  shaAs  at  considerable  depth,  a  steam  enjiine  is  oied,  and  Ike 
workmen  hare  noir  more  confidence  in  them,  as  to  perMoal  aafetr,  than  in  maeliiDW 
impelled  bj  hones. 

The  great  callterieB  of  Newcastle  are  frequently  worked  bjr  means  of  one  shaft  diriM 
into  compartmenls,  vhieh  serTes  as  an  engine-pit,  and  eool-iHts,  and  b^  tliese  the  whide 
rentilalton  is  carried  on  to  an  extent  and  IhrouKh  ramiScktions  altOKether  aslonisfai^. 
This  Efstem  has  been  adopted  on  account  of  the  vast  expense  of  a  lante  shaA,  often 
amounting  to  60,0OOJ.  or  80,0001.,  including  the  macbiBeir.  The  British  eolUeriea,  how- 
ever, ire  in  general  worked  by  means  of  an  engine-pii,  and  a  series  of  other  pita,  ;a»k  at 
proper  dtslanees  for  the  wants  of  (he  crilierjr. 


A  stratum,  bed,  or  seam  of  coal,  is  nol  a  wlid  moss,  ai  uniform  texture,  nor  alwajs 

of  homogeneous  quality  in  burning.     Il  is  often  divided  and  inteneeled,  with  its  ea>- 

eonitanl  strata,  by  what  are  named  paitimis,  backs,  cnlters,  reeds,  oi  ends.      Besidci 

the  Chief  partings  at  the  roof  and  pavement  of  the  coal  seam,  there  are  subordinate  liaet 

of  parting  in  the  coal  mass,  parallel  to  these,  of  varialile  dimen^ons.    These  diiisioas 

are  delineated  in  fig.  839,  where  a,  t,  c,  d,  e  r  a  d,  represent  a  poitioa  oT  a  bed  of  coal, 

the  parsjielognm  A  B  D  c  the  parting   at   the  raoT, 

and  E  r  a  the  parting  al  the  paTemeal ;  ab,bc,d4, 

^nd  e /,  are  the  subordinate  or  inlermediale  paniogsi 

g  h,  i  k,  t  m,  Ibe  baeksj   op,  p  q,  r  i,  t  i,  %  t,  and  o  ■>, 

the  cullers.     It  is  thus  manifert  Ihat  a  bed  of  coal,  ao- 

Jl  cording  to  the  number  of  these  nalnral  divisions,  is  anh- 

a  divided  inlo  solid  Bgures  of  various  dimensions,  and  of* 

a  cubical  or  rkomboidal  shape. 

k,  and  the  lodgment  formed,  a  mine  i*  Ihen  ran  in  Ihe 
eoal  to  the  rise  of  the  Held,  or  a  cropping  from  [he  engine-pit  lo  the  second  pit.  Tkit 
nunc  may  be  6  or  S  feet  wide,  and  carried  either  in  a  line  directly  lo  the  pil  boitan,  «r 
at  right  angles  to  the  backs  or  vreb  of  the  coal,  until  it  is  on  a  line  with  the  pit,  where 
a  mine  is  set  off,  upon  one  side,  to  the  pil  bottom.  This  mine  or  gallery  is  carried  •• 
nearly  parallel  In  the  backs  as  possible,  till  the  pil  is  gained.  Fig.  836  repreaeata  this 
mining  operation,  a  is  the  engiac-pit.  b,  the  second  or 
by-pit.  A  c,  the  eallerv  driven  at  right  angles  to  the  back*. 
,  c  B,  (he  gallery  set  off 'lo  the  left  hand,  parallel  to  Ibe  bai^ 
The  next  step  is  to  drive  the  drip-head  <n  main-levels  froa 
(be  engine-pit  bollom,  or  from  (he  dip-hand  of  the  hnrkwt 
immedialely  conligaoua  to  the  engine-pit  bottom.  Id  thii 
business,  the  best  colliers  are  always  employed,  as  the  obje«t 
is  to  drive  the  gallery  in  a  truly  level  direction,  independently  of  all  sinkings  or  risiagt 
of  (he  pavement.  For  coal  seams  of  ordinary  ihicknees,  this  gallerj  is  atnally  not  more 
than  6  feet  wide  ;  observing  to  have  on  the  dip  side  of  the  gallery  a  small  quantity  of 
water,  like  thai  of  a  gutter,  so  lhat  il  will  always  be  about  4  or  6  inches  deep  at  the 
forehead  upon  the  dip-trail.  When  Ihe  level  is  driven  correctly,  with  the  proper  depth 
of  water,  il  is  said  lo  have  dead  water  at  the  forehead.  In  this  operation,  Iberefbre,  (be 
miner  pays  no  regard  to  the  backs  or  cullers  of  Ibe  eoal;  but  is  fTBided  in  hia  Ii«e  a€ 
direction  entirely  by  the  water-level,  which  be  must  attend  lo  solely,  wilhoul  r^nard  la 
slips  or  dislocations  of  the  strata  throwing  the  eoal  up  or  down.  In  the  laat  figure,  Ihe 
(Msl-field  is  a  portioB  of  a  basin  [  so  lhat  if  the  shape  be  uniform  and  nnbroken,  and  if 
any  point  be  assumed  a  dipping  from  the  erop,  as  d,  the  level  lines  from  that  point  will 
be  parallel  to  the  line  of  crop,  as  d  k,  d  r,  and  Ihe  levels  from  any  poiat  whaleva-  a^dip- 
ping,  will  be  also  parallel  to  these;  and  hence,  were  Ihe  coal-field  an  entire  elliptical 
batin,  the  dip-head  levels  carried  from  any  point  would  be  elliptical,  aad  parallel  lo  the 
crop.  If,  as  is  more  commonly  the  ease,  the  ooal-field  be  merely  a  portion  of  a  baaia, 
isi  »  formrf  by  a  slip  of  the  strata,  as  represeiit«i  tn  fig,   fS3H, 

/■'I^^Jtl^N.  where  o,  a,  a,  is  the  crop,  and  a  i,  a  sUp  of  fnat  nu^nitBde, 
yrX"  !■  \>f  forming  another  coal-field  on  the  side  c,  then  the  enqi  Mt 
B  !  A  only  meets  the  alluvial  cover,  bat  is  cut  off  by  the  slip  at  a 

and  al  B.    ShouM  any  point,  (herefore,  be  assigned  for  an  engine-pit,  the  lerelt  rnw 
tt  will  proceed  in  a  line  parallel  to  the  etoft  at  B  d,  t>  c,  aad  the  level  tat  both  tidw  6t 
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te  engine-pit  will  be  abo  eat  off  by  the  slip  a  b.    In  this  fisfore,  the  pert  inelnded  be- 
tween the  two  euire  lines,  is  tHe  breadth  or  breast  of  eoal-field  won  by  the  engine-pit  d  ; 
what  is  not  incladed,  is  termed  the  under-dip  coal,  and  can  be  worked  only  by  one  or  more 
ftew  winnings  towards  the  dip,  according  to  circumstances. 
In  British  praetiee,  there  are  four  different  systems  of  working  coat-mlnes : — 

1.  Worldng  witb  pillars  and  rooms,  styled  post  and  Stall,  where  the  pillars  left  bear 
sneh  proportion  to  the  coal  excavated,  as  is  just  adequate  to  the  support  of  the  incum- 
bent strata. 

2.  Working  with  post  and  stall,  where  the  pillars  are  left  of  an  extra  size,  and  strong- 
er than  may  be  requisite  for  bectfing  the  superior  strata,  with  the  intention  of  removing 
a  eonsiderable  portion  of  each  massive  pillar,  whenever  the  regular  working  of  post  and 
stall  has  been  finished  in  the  colliery. 

3.  Working  with  post  and  stall,  or  with  comparatively  narrow  rooms  or  boards,  whereby 
an  uncommonly  large  proportion  of  coal  is  left,  with  the  view  of  working  back  towards 
the  pits,  whenever  the  colliery  is  worked  in  this  manner  to  the  extent  of  the  coal-field, 
and  then  taking  away  every  pillar  completely,  if  possible,  and  allowing  the  whole  super- 
incumbent strata  to  crush  down,  and  follow  the  miners  in  -their  retreat. 

i.  Working  the  long  way,  being  the  Shropshire  method ;  which  leaves  no  pillars,  but 
takes  out  all  the  coal  progressively  asrthe  workings  advance.  On  this  plan,  the  incum- 
bent strata  crush  down,  creeping  very  close  to  the  heads  of  the  miners. 

The  i;ost  and  stall  system  is  practised  with  coals  of  every  thickness.  The  Shropshire 
mnthod  IS  adopted  generally  with  thin  coals  ^  for  when  the  thickness  exceeds  6  or  7  feet, 
this  mode  has  been  found  impracticable. 

The  following  considerations  must  be  had  in  view  in  establishing  a  coal-mine : — 

1.  The  lowest  coal  of  the  winning  should  be  worked  in  such  a  manner  as  not  to  injure 
the  working  or  the  value  of  the  upper  coals  of  the  field ;  but  if  this  cannot  be  done,  the 
upper  coals  should' be  worked  in  the  first  place. 

2.  The  coals  must  be  examined  as  to  texture,  hardness,  softness,  the  number  and  open- 
ness of  the  backs  and  cutters. 

3.  The  nature  of  the  pavement  of  the  coal  seam,' particularly  as  to  hardness  and  soft* 
ness ;  and  if  soft,  to  what  depth  it  may  be  so. 

4.  The  nature  of  the  roof  of  the  coal-seam,  whether  compact,  firm,  and  strong ;  or  weak 
and  liable  to  fall ;  as  also  the  nature  of  the  superincumbent  strata.  ^ 

5.  The  nature  of  the  alluvia]  cover  of  the  ground,  as  to  water,  quicksands,  &c. 

6.  The  situation  of  rivers,  lakes,  or  marshes,  particularly  if  any  be  near  the  outcrop  ot 
the  coal  strata. 

7.  The  situation  of  towns,  villages,  and  mansion-houses,  upon  a  coal-field,  as  to  the  chance 
of  their  being  injured  by  any  particular  mode  of  mining  the  coal. 

Mr.  Bold  gives  the  following  general  rules  for  determining  the  best  mode  of  working 
coal : — 

<*  1.  If  the  coal,  pavement,  and  roof  are  of  ordinary  hardness,  the  pillars  and  rooms 
may  be  proportioned  to  each  other,  corresponding  to  the  depth  of  the  superincumbent  strata, 
providing  all  the  coal  proposed  to  be  wrought  is  taken  away  by  the  first  working,  as  in  the 
first  system ;  but  if  the  pillars  are  te  be  winged  afterwards,  they  must  be  left  of  an  extra 
strength,  as  in  the  second  system. 

*^  2.  If  the  pavement  is  soft,  and  the  coal  and  roof  strong,  pillars  o£  an  extra  size  must 
be  left,  to  prevent  the  pillars  sinking  into  the  pavement,  and  producing  a  creep. 

'^S.  If  the  coal  is  very  soft,  or  has  numerous  open  backs  .and  cutters,  the  pillars  must 
be  left  of  an  extra  size,  otherwise  the  pressure  of  the  superincumbent  atrata  wiU  make  the 
pillars  fiy  or  break  off  at  the  backs  and  cutters,  the  result  of  which  would  be  a  total  de» 
struction  of  the  pillars,  termed  a  crush  or  sit,  in  which  the  roof  sinks  to  the  pavement,  and 
closes  up  the  work. 

*<  4.  If  the  roof  is  very  bad,  and  of  a  soft  texture,  pillars  of  an  extra  size  are  required, 
and  the  rooms  or  boards  comparatively  very  narrow. 

**  In  short,  keeping  in  view  all  the  circumstances,  it  may  be  stated  generally,  that  when 
the  coal,  pavement,  and  roof  are  good,  any  of  the  systems  before  mentioned  may  be  pur- 
sued in  the  working;  but  if  they  are  soft,  the  plan  is  to  work  with  rooms  of  a  moderate 
width,  and  with  pillars  of  great  extra  strength,  by  whioh  the  greater  part  of  the  coal  may 
be  got  out  at  the  last  of  the  work,  when  the  miners  retreat  to  the  pit  bottom,  and  there 
finish  the  woikings  of  a  pit.'* 

Fig*  838  represents  the  effects  of  piUars  sinking  into  the  pave- 
ment, and  producing  a  creep;  and  fig.  839  exhibits  large  piUars 
and  a  room,  with  the  roof  stratum  bending  down  before  it  faUs  at*a. 
839  ^„_..^^^=     Thus  the  roads  will  be  shut  up,  the  air-eourses  destroyed,  and  the 
p^^^^^S     whole  economy  of  the  mining  operations  deranged. 
Bs&^-'^S — >■■         The  proportion  of  coal  worked  out,  to  that  left  in  the  pillars, 
when  all  the  coal  intended  to  be  removed  is  taken  out  at  the  first  working,  vaiiea  fmm 
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for 


foor  filUi6  M  two  tUM»i  bm  «» the  loss  of  •▼en  one  (UTd  of  the  «diok  atm  of  omiI  it  ftp 
loo  much,  the  better  mode  of  working  suggested  im  the  third  sygtem  ought  {o  be 
adopted. 
The  proportion  of  a  wioning  to  be  worked  may  be  thus  cakolated.  LetySg.  840  be« 
small  portion  of  the  pUlars,  rooms,  and  thirliogs. formed  ia  a  coal-field ; 
a,  A,  are  two  rooms ;  by  the  pillars ;  e,  the  thirliogs  (or  area  worked  out). 
Supfiose  the  rooms  to  be  12^  jeet  wide»  the  thirliogs  to  be  the  same,  ajid 
the  pillars  12  feet  on  each  side;  adding  the  face  of  the  pillar  to  the  width 
of  the  -room,  the  sum  is  24 ;  and  also  the  end  of  the  pillar  to  the  width 
of  the  thirling,  the  sum  is  likewise  24:  then  24x24=^576;  and  the 
J  £  area  of  the  piUar  is  12X12=144;  and  as  576  divided  by  144  gives  4 
a  quotient,  the  result  is,  that  ope  fourth  of  the  coal  is  le/l  in  pillars^  and  three 
fourths  extracted^  Let  d, «,/,  g,  be  one  winning,  and  g,  s,  ft,  A,  another.  By  inspect- 
ing the  figure,  we  perceive  the  workmgs  of  a  coal-field  are  resolved  into  quadrangular 
areas,  having  a  pillar  situated  in  one  of  the  angles. 

In  forming  the  pillars  and  carrying  fbrwards  the  boards  with  regularity,  especiallj 
where  the  backs  and  cutters  are  very  (Ustinct  and  numerous,  it  is  of  importance  to  work 
the  rooms  at  right  angles  to  the  backs,  and  the  thirliogs  in  the  direction  of  the  cutters, 
however  oblique  these  may  be  to  the  backs,  as  the  rooms  are  by  this  means  conducted 
with  the  greatest  r^ularity  with  regard  to  each  other,  kept  equidistant,  and  the  pillars 
841  are  strongest  under  a  given  area.    At  the  same  time,  however,  it  seldom 

happens  that  a  biick  or  cutter  occurs  exactly  at  the  place  where'  a  piUar 
is  formed ;  but  this  is  of  no  eonsequeooe^  as  the  shearing  or  cutting 
made  by  the  miner  ought  to  be  in  a  line  parallel  to  the  backs  and  cut- 
ters. It  frequently  happens  that  the  dip-head  level  intersects  the  cut- 
ters in  its  progress  at  a  very  oblique  angle.  In  this  case,  wh«i  rooms 
and  pillars  are  set  ofi*,  the  face  of  the  pillar  and  wklth  of  the  rcMm 
must  be  measured  ofif  an  extra  breadth  in,  proportion  to  the  obliquity, 
p  as  in  ji%,  841.  By  neglect  of  this  rule,  much  confusion  and  irregular 
work  are  often  produced.  It  is,  moreover,  proper  to  make  the  first  set  of  pillaisnext  the 
dip-head  level  much  stronger,  even  where  there  is  no  obliquity,  in  order  to  protect  that 
level  from  being  injured  by  any  accidental  crush  of  the  strata.   . 

We  shall  now  explain  the  difierent  systems  of  working :  one  of  the  simplest  of  which 
if  shown  in  fif^,  64S ;  where  a  represents  the  engine-pit,  b  the  by-pit,  od  the  dip-head 

levels,  always  carried  in  advance  of  the  rooms, 
and  £  the  rise  or  crop  gallery,  also  carried  in  ad- 
vance. These  galleries  not  only  open  out  the 
work  for  the  miners  in.  the  coal-bed,  but,  being 
in  advance,  afiford  sufficient  time  for  any  requisite 
operation,  should  the  mines  be  obstructed  by 
dikes  or  hitches.  In  the  example  before  us,  the 
rooms  or  boards  are  worked  from  the  dip  to  the 
crop;  the  leading  rooms,  or  those  roost  in  ad- 
vance, are  on  each  side  of  the  crop  gallery  £ ;  all 
the  other  rooms  follow  in  succession,  as  shown 
in  the  figure;  consequently,  as  the  rooms  ad- 
vance to  the  crop,  additional  rooms  are  begun 
at  the  dip-head  level,  towards  c  and  d.  Should  the  coal  work  better  in  a  level-course 
direction,  then  the  level  rooms  are  next  the  dip-head  level,  and  the  other  rooms  follow 
in  succession.  Hence  the  rooms  are  carried  a  cropping  in  the  one  case,  till  the  coal  is 
cropped  out,  or  is  no  loneer  workable ;  and  in  the  other,  they;  are  extended  as  far  as  the 
extremity  of  the  dip-head  level,  which  is  finally  cut  ofiT,  either  by  a  dike  or  slip^  or  by  the 
boundary  of  the  coal-field. 

When  the  winnings  eu'e  so  very  deep  as  from  100  to  200  fathoms,  the  first  workings 
are  carried  forwmrd  with  rooms,  pillars,  and  thirlings,  but  under  a  difier.ent  arrangement, 
on  account  of  the  great  depth  of  the  superincumbent  strata,  the  enormous  expense 
incident  to  sinking  a  pit,  and  the  order  and  severity  of  discipline  indispensable  to  the  due 
ventilation  of  the  mines,  the  •  preservation  of  the  workmen,  and  the  prosperity  of.  the 
whole  establishments  To  the  oelebrated  Mr.  Buddie  the  British  nation  is  under  the 
greatest  obligations  for  devising  a  new  system  of  working  coal-mines,  whereby  nearly 
one  third  of  the  coals  has  been  rescued  from  waste  and  permanent  destruction.  This 
system  is  named  panel  work ;  beeause,  instead  of  carrying  on  the  coal-field  winning  in 
one  extended  areaof  rooms  and  pilhus,  it  is  divided  into  quaidrangular  panels,  each  panel 
containing  an  area  of  from  8  to  12  acres;  and  round  each  panel  is  left  at  first  a  solid 
waU  of  coal  from  40  to  50  yards  thick.  Through  the  panel  walls  roads  and  air-courses 
are  driven,  in  order  to  work  the  coal  contained  within  these  walls.  Thus  all  the  panels 
•re  connected  together  with  the  shaft,  as  to  roads  and  ventilation,    f  ach^  district  or 
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pixel  has  a  paitunUc  ■■■»«{  M  tbM  an;.  eircaniMaBce  rekliTe  to  tiis  dataib  of  tb*  eoi- 
iiery,  cas(ui(i«a  aa  lo  falls  aad  cruihes,  TealilaUon,  and  the  wTety  of  Ihe  workmea,  mn  be 
referred  to  a  specific  place. 

Fig.  S43  repmeau  a  part.oT  a  Mlliery  laid  out  in  fonr  panel*,  accordiag  lo  the 
improved  meLhod.    To  render  il  as  disliaet  aa  potaible,  Ihe  lioe  of  the  boards  is  M  rigU 


knqles  with  Ihe  dip-iieul  level,  ur  level  course  of  (he  coal,  a  is  the  eQlliae-sbafl,  dinded 
into  ihree  compartmenls,  an  cn;ine-pit  and  tito  coat-pits,  like  Jig,  825.  One  of  Itaa 
eoal-piti  is  the  dowa-cast,  by  wliich  Uie  atmospheric  air  is  drawn  down  to  ventilale  the 
works  i  the  other  coal-pit  is  the  up-casl  shaA,  at  whose  bottom  the  ruroace  for  rarefying 
the  air  is  placed,  s  c,  is  Ihe  dip-head  level ;  A  e,  the  rise  or  crop  gallery  j  s,E,tliepBnd 
walls;  F,  □,  are  two  panels  completed  as  lo  Ibe  first  work  ;  d,  is  a  panic!,  .with  th« 
loomK  a,  a,  a,  in  refiular  pnigcess  to  the  rise  {  h,  is  a  panel  fully  worked  out,  whence 
nearly  all  the  coal  has  been  extracted;  the  loss  amouoiing  in  general  to  no  more  than  a 
tenth,  instead  of  a  third,  or  even  a  half,  by  the  old  method.  By  (his  plan  of  Mr.  Buddie's, 
also,  the  pillars  of  a  panel  may  be  worked  out  at  any  time  most  soilable  Tor  (ha 
economy  of  the  mining  operation ;  whereas  formerly,  though  the  size  of  (he  pillars  and 
general  arrangement  of  the  mine  were  mule  wilh  the  view  of  taking  out  ultimately  a 
great  proportion  of  (he  pillars,  yet  il  frequently  happened  Ihal,  before  [he  workings  Were 
pushed  to  the  proposed  eitenl,  some  part  of  the. mine  jcnve  way,  and  produced  a 
crush  1  bu(  Ihe  most  common  misfortune  was  the  pillars  siukinft  into  the  pavement,  and 
deranging  (he  whole  economy  of  the  Held.  Indeed,  the  crush  or  creep  oAen  overran  the 
whole  of  the  pillars,  and  was  resisted  only  by  the  entire  body  of  coal  at  (be  wall  faces;  so 
that  the  ventilation  was  entirely  destroyed,  (he  roads  leadinz  from  the  wall  laces  to  Iha 
pit-bottom  shut  np  and  rendered  useless,  and  (he  recovery  of  (he  colliery  by  means  of 
new  air-courses,  new  roads,  and  by  openin?  np  the  wall  faces  or  room^  was  attended 
with  prodii:ious  expense  and  danger.  Even  when  the  pillars  s(ood  well,  the  old  method 
WBsailcndprI  with  other  very  ifreal  inconveniences.  If  water  broke  out  in  any  particular 
spot  of  the  eolliery,  it  w.ts  quite  impossible  to  arrest  its  progress  to  the  engine-pit ;  and 
if  the  ventilation  was  thereby  obslrucleil,  no  idea  could  be  formed  where  the  cause  might 
be  found,  there  being  instances  of  no  less  than  30  mites  of  air-conrsas  in  one  colliery. 
And  if  from  obstructed  ventilation  an  explosion  of  (he  Ore-damp  occurred  while  many 
workmen  were  occupied  along  (he  extended  wall  faces,  il  was  not  possible  to  determine 
where  Ihe  disaster  had  taken  place ;  nor  could  the  viewers  and  managers  know  where  to 
bring  relief  (o  the  forlorn  and  mutilated  survivers. 

In  Mr.  Buddie's  system  all  these  evils  are  guarded  against,  as  lar  as  human  science 
and  forcsig:hl  can  go.  He  makes  the  pillars  very  large,  and  the  rooms  or  hoords  narrow  i 
tfae  pillars  being  in  general  12  yards  broad,  end  24  yards  long  ;  (he  boards  4  yards 
wide,  and  the  walls  or  Ihirlings  cut  through  the  pillars  from  one  board  (o  another,  only 
9  feet  wiiie,  Ibr  the  purpose  of  ventilation.  In  the  tistire,  the  rooms  are  represented  at 
proceeding  from  (he  dip  to  the  crop,  and  the  panel  wnlLs  act  as  barriers  thrown  round 
(be  area  of  the  panel,  lo  prevent  (he  wcijthl  of  the  superincumbenl  strata  from  over- 
ranning  the  adjoining  panels.  Aeain,  when  the  piUiiri  of  a  panel  are  to  be  worked,  one  , 
nage  of  pillars,  as  a(  l  (in  H),  is  first  attacked  j  and  as  the  workmen  cutaway  the  furthest 
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pillarft,  eolomns  of  prop-wood  are  erected  betwixt  the  pavement  and  the  roof,  within  a 
few  feet  of  each  other  (as  shown  by  the  dots),  till  an  area  of  above  100  sqtiare  yards  b 
cleared  of  pillars,  presenting  a  body  of  strata  perhaps  130  fathoms  thick,  snspended 
clear  and  withont  support,  except  at  the  line  of  the  surrounding  pillars.  This  operation 
is  termed  working  the  goaff.  The  only  use  of  the  prop-wood  is  to  prevent  the  seam, 
which  forms  the  ceiling  over  the  workmen's  heads,  from  falling  down  and  killing  them 
by  its  splintery  fragments.'  Experience  has  proved,  that  before  proceeding  to  take  away 
another  set  of  pillars,  it  is  necessary  to  allow  the  last-made  goaff  to  falL  The  workmen 
then  begin  to  draw  out  the  props,  which  is  a  most  hazardous  employment.  They  begin 
at  the  more  remote  props,  and  knock  them  down  one  after  another,  retreating  quickly 
under  the  protection  of  the  remaining  props.  Meanwhile  the  roof-stratnm  begins  to 
break  by  the  sides  of  the  pillars,  and  falls  down  in  immense  pieces ;  while  the  workmen 
still  persevere,  boldly  drawing  and  retreating  till  every  prop  is  removed.  Nay,  should 
any  props  be  so  firmly  fixed  by  the  top  pressure,  that  they  will  not  give  way  to  the  blows 
of  heavy  mauls,  they  are  cut  through  with  axes ;  the  workmen  making  a  point  of  honor 
to  leave  not  a  single  prop  in  the  goaffl  The  miners  next  proceed  to  cut  away  the  pillars 
nearest  to  the  sides  of  the  goaff,  netting  prop-wood,  .then  drawing-  it,  and  retiring  as  be- 
fore, until  every  panel  is  removed,  excepting  small  portions  of  pillars  which  require  to  be 
left  under  dangerous  stones  to  protect  the  retreat  of  the  workmen.  While  this  operation 
is  going  forward,  and  the  goaif  extending,  the  superincumbent  strata  being  exposed  with- 
ont support  over  a  large  arec^  break  progressively  higher  up ;  and  when  strong  beds  of 
sandstone  are  thus  giving  way,  the  noise  of  the  rending  rocks  is  very  peculiar  and  terrific ; 
at  one  time  loud  and  sharp,  at  another  hollow  and  deep. 

As  the  pillars  of  the  panels  are  taken  away,  the  panel  walls  are  also  worked  progres- 
sively backwards  to  the  pit  bottom ;  so  that  only  a  very  small  proportion  of  coal  is  even- 
tually lost.  This  method  is  undoubtedly  the  best  for  working  such  coals  as  those  of  New- 
castle, considering  their  great  depth  beneath  the  surface,  their  comparative  sofbiess,  and 
the  profusion  of  inflammable  air.  It  is  evident  that  the  larger  the  pillars  and  panel  walls 
are,  in  the  first  working,  the  greater  will  be  th6  security  of  the  miners,  and  the  greater  the 
certainty  of  taking  out,  in  the  second  stage,  the  largest  proportion  of  coal.  This  system 
may  be  applied  to  many  of  the  British  collieries ;  and  it  will  produce  a  vast  quantity  of 
coals  beyond  the  post  and  stall  methods,  so  generally  persisted  in. 

In  thus  tearing  to  pieces  the  massive  rocks  over  his  head,  the  miner  displays  a  deter- 
mined and  cool  intrepidity ;  but  his  ingenuity  is  no  less  to  be  admired  in  contriving  modes 
of  carrying  currents  of  pure  atmospheric  air  through  every  turning  of  his  gloomy  labyrinth^ 
so  as  to  sweep  away  the  explosive  spirit  of  the  mine. 

The  fourth  system  of  working  coal,  is  called  the  long  way,  the  long-wall,  and  the  Shrop- 
shire method.  The  plan  must  at  first  have  been  extremely  hazardous ;  though  now  it  is  so 
improved  as  to  be  reckoned  as  safe,  if  not  safer,  to  the  workmen,  than  the  other  methods, 
with  rooms  and  pillars. 

The  object  of  the  Shropshire  system,  is  to  begin  at  the  pit-bottom  pillars,  and  to  cut 
away  at  once  every  inch  of  coal  progressively  forward,  and  to  allow  the  whole  superin- 
cumbent strata  to  crush  down  behind  and  over  the  heads  of  the  workmen.  This  plan 
is  pursued  chiefly  with  coals  that  are  thin,  and  is  very  seldom  adopted  when  the  seam  is 
7  feet  thick ;  from  4  to  5  feet  being  reckoned  the  most  favorable  thickness  for  pro- 
ceeding with  comfort,  amidst  ordinary  circumstances,  as  to  roof,  pavement,  &e.  When 
a  pit  is  opened  on  a  coal  to  be  treated  by  this  method,  the  position  of  the  coals  above 
the  lowest  seam  sunk  to,  must  first  be  considered ;  if  the  coal  beds  be  contiguous,  it 
will  be  proper  to  work  the  upper  one  first,  and  the  rest  in  succession  downwards ;   but 

if  they  are  8  fathoms  or  more  apart,  with  strata  of  strons:  texture  betwixt  them,  the 
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working  of  the  lower  coals  in  the  first  place  will  do 
no  injury  to  that  of  the  upper  coals,  except  breaking 
them,  perhaps,  a  little.  In  many  instances,  indeed, 
by  this  operation  on  a  lower  coal,  upper  coals  are 
rendered  more  easily  worked. 

When  the  operation  is  commenced  by  working  o& 
the  Shropshire  plan,  the  dip-head  levels  are  driven  in 
the  usual  manner,  and  very  large  bottom  pillars  are 
formed,  as  represented  in  Jig.  844.  Along  the  rise 
side  of  the  dip-head  level,  chains  of  wall,  or  long  pil- 
lars,  are  also  made,  from  8  to  10  yards  in  breadth,  and 
■  only  mined  through  occasionally,  for  the  sake  of  ven- 
tilation, or  of  forming  new  roads.  In  other  cases  do 
a  pillars  are  le(l  upon  the  rise  side  of  the  level ;  but. 
Instead  of  them,  buildings  of  stone  are  reared,  4  feet  broad  at  the  base,  and  9  or  10  feel 
from  the  dip  side  of  the  level.  Though  the  roads  are  made  9  feet  wide  at  first,  they 
are  reduced  to  half  that  width  after  the  fUll  pressure  df  the  strata  is  upon  them.    When- 
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efer  these  points  are  seeured,  the  operation  of  eutting  away  the  whole  body  of  the  eoal 
begins.  The  place  where  the  coal  is  removed^  is  fiamed  the  gobb  waste ;  and  goi^ 
bin,  or  gobb-stuff,  is  stones  or  rubbish  taken  away  from  the  eoal,  pavement,  or  roof,  to 
fill  up  that  excavation  as  much  as  possible,  in  order  to  prevent  the  crash  of  superin- 
cumbent strata  from  causing  heavy  falls,  or  following  the  -workmen  too  fast  in  their 
descent.  Coals  mined  in  thk  manner  work  most^  easily  according  to  the  way  in  which 
the  widest  backs  and  entter»  are;  and  therefore,  in  the  Shropshire  mode,  the  vniUs 
stand  sometimes  in  one  direction,  and  sometimes  In  another ;  the  mine  always  turning 
out  the  best  coals  when  the  open  backs  and  cutters  face  the  workmen.  As  roads  must 
be  maintained  through  the  crushed  strata,  the  miners  in  the  first  place  cut  away  about 
15  feet  of  coal  round  the  pit^bottom  pillars,  and  along  the  upper  sides  of  the  dip-head 
chain  walls;  and  then,  at  the  distance  of  9  or  10  feet,  carry  regular  buildings  of  stone 
3  feet  broad,  with  props  set  flush  with  the  faces  of  these,  if  necessary.  As  the  miners 
advance,  they  erect  small  pillars  pf  roof  or  pavement  stone  in  regular  lines  with  the  wall 
face,  and  sometimes  with  props  intermediate. 

There  are  two  principal  modifications  of  the  Shropshire  plan.  The  first,  or  the  original 
system,  was  to  open  out  the  wall  round  the  pit-bottom ;  and,  as  the  wall  face  extended, 
to  set  otf  main  roads  and  branches,  very  like  the  branches  of  a  tree.  These  roads  were 
so  distributed,  that  between  the  ends  of  any  two  branches  there  should  be  a  distance  ofSO 
or  40  yards,  as  might  be  most  convenient.  (See  fig,  844.)  Each  space  of  coal  betwixt  the 
roads  is  called  a  wall ;  and  one  half  of  the  coals  produced  from  each  wall  is  carried  to  the 
one  road,  and  the  other  half  to  the  other  road.  This  is  a  great  convenience  when  the 
roof  is  bad ;  and  hence  a  distance  of  only  20  yards  betwixt  the  roads  is  in  inany  instances 
preferred.  In  fig,  844  a  represents  the  shafl ;  b  b,  the  wall-face ;  a,  the  dip-head  level ; 
b,  the  roads,  from  20  to  40-  yards  asunder ;  c,  the  ffobb  or  waste,  with  buildings  along  the 
^es  of  the  roads ;  and  d,  the  pillars. 

The  other  Shropshire  system  is  represented  in  fig,  845,  where  a  shows  the  pit,  with 
the  bottom  pillars ;  b,  the  dip-head  levels ;  c,  the  off-break  from  the  level,  where  no 
gig      *t  J!1l1^12Z_2^1  pillars  are  left;  rf,  the  off-break,  where  pillars  re- 

main to  secure  the  level.  All  roads  are  protected 
in  the  sides  by  stone  buildings,  if  they  can  be  had, 
laid  off  9  feet  wide.  After  the  crush  settles,  the 
roads  generally  remain  permanently  good,  and  can, 
in  many  cases,  be  travelled  through  as  easily  50  years 
after  they  have  been  made,  as  at  the  first.    Should 
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stones  not  be  forthcoming,  coals  must  be  substituted,  which  are  built  about  20  inches 
in  the  base.  In  this  method,  the  roads  are  likewise  ft-om  20  to  40  yards  apart ;  but 
instead  of  ramifying,  they  are  arranged  parallel  to  each  other.  The  miners  secure  the 
waste  by  i^obbing ;  and  three  rows  of  props  are  carried  forwards  next  the  wall  feces  a, 
with  pillars  of  stone  or  of  coal  reared  betwixt  them.  This  mode  has  a  more  regular 
appearance  than  the  mother ;  though  it  is  not  so  generally  practised. 

In  the  post  and  stall  system,  each  man  has  his  own  room,  and  performs  all  the  labor 
of  it ;  but  in  that  of  Shropshire,  there  is  a  division  of  labor  among  the  workmen,  who 
are  generally  divided  into  three  companies.  The  first  set  curves  or  pools  the  c6al  along 
the  whole  line  of  walls,  laying  in  or  pooling  at  least  3  feet,  and  frequently  45  inches, 
or  5  quarters,  as  it  is  called.  These  men  are  named  holert.  As  the  crush  is  constantly 
following  them,  and  impending  over  their  heads,  causing  frequent  falls  of  coal,  they 
plant  props  of  wood  for  their  protection  at  regular  distances  m  an  oblique  direction 
between  the  pavement  and  wall  face.  Indeed,  as  a  further  precaution,  staples  of  coal, 
about  10  inches  square,  are  left  at  every  6  or  8  yards,  till  the  line  of  holing  or  curving 
is  completed.  The  walls  are  then  marked' off  into  spaces  of  from  6  to  8  yards  in  length ; 
and  at  each  space  a  shearing  or  vertical  cut  is  made,  as  deep  as  the  holing ;  and  when 
this  is  done,  the  holer's  work  is  finished.  The  set  who  succeed  the  holers,  are  called 
getters.  These  commence  their  operations  at  the  centre  of  the  wall  divisions,  and  drive 
oat  the  gibba  and  staples.  .They  next  set  wedges  along  the  roof,  and  bring  down  pro- 
gressively each  division  of  coal ;  or,  if  the  roof  be  hard-bound,  the  coal  is  blown  down 
with  gunpowder.  When  the  roof  has  a  good  parting,  the  coals  frequently  fall  down  the 
moment  the  gibbs  are  struck  ;  which  makes  the  work  very  easy.  The  getters  are  re- 
lieved in  their  turn  by  the  third  set,  named  butty-men,  who  bredc  down  the  coals  into 
pieces  of  a  proper  size  for  sending  up  the  shaft,  and  take  charge  of  turning  out  the  coal 
from  the  wall  face  to  the  ends  of  the  roads.  This  being  done,  they  build  up  the  stone 
pillars,  fill  up  the  gobb,  set  the  trees,  clear  the  wall  faces  of  all  obstructions,  set  the 
gibbs,  and  make  every  thing  clear  and  open  for  the  holers  to  resume  their  work.  If 
the  roads  are  to  be  heightened  by  taking  down  the  roof,  or  removing  the  pavement, 
these  buttymen  do  this  work  also,  building  forwards  the  sides  of  the  roads,  and  secu- 
ring them  with  the  requisite  props.  When  a  coal  has  a  following  or  roof  stone,  which 
x^nlarly  separates  with  the  coal,  this  fkcilitates  the  labor,  and  saves  much  of  the  coal ; 
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aad  Bfaould  a  soft  bed  of  fire-clay  oeenr  a  foot  or  two  beneath  the  eoal-aeam,  the  holinf 
is  made  in  it,  instead  of  into  the  coal>  and  the  stone  betwixt  the  holing  and  the  coal 
benched  down,  which  serves  for  pillars  and  gobbing.  In  this  way  all  the  veadiUe  coal 
becomes  available. 

Another  form  of  the  Shropshire  system  is,  for  each  miner  to  have  from  6  to  ]2  feet  of 
coal  before  him,  with  a  leading-hand  man ;  and  for  the  several  workmen  to  follow  in 
fuecession,  like  the  steps  of  a  stair.  When  the  coal  has  open  hades  and  cotters,  this 
work  goes  on  very  reguliurly)  as  represented  in  fig.  846,  wbere  the  leading  miner  is  at  a 

next  to  the  outcrop,  imd  b  k^  &.c.  are  the  wall  faces  of  each 
workman  ;  A  being  the  sha(\,  and  b  the  dip-head  leveL 
In  this  case  the  roads  are  earned  either  progressively 
through  the  gobb,  or  the  gobb  is  entirely  shut  op ;  and 
the  whole  of  the  coals  are  brought  down  the  wall-laces^ 
either  to  the  dip-head  level  or  the  road  c,  c.  This  method 
may  be  varied  by  making  the  walls  broad  enough  to 
hold  two,  three,  or  four  men  when  each  set  of  miners 
performs  the  whole  work  of  holing,  getting,  breaking  down, 

and  carrying -off  the  coals. 

B  It  is  estimated  that  from  one  eighth  to  one  twelAh  pait 
only  of  the  coals  remains  under  ground  by  the  Shropshire  plan;  nay,  in  favorable  circnm- 
stances,  almost  every  inch  of  coal  may  be  taken  out,  as  its  principle  is  to  leave  no  solid 
pillars  nor  any  coal  below,  except  what  may  be  indispensable  for  securing  the  gobb.  In- 
deed, this  syfitem  might  be  applied  to  coal-seams  of  almost  any  ordinary  thickness,  provi- 
ding stuff  to  fill  up  the  gobb  could  be  conveniently  procured. 

In  Great  Britain,  seams  of  coal  are  mined  when  they  are  only  18  inches  thick ;  but  if 
thinner,  the  working  of  fire-clay  or  ironstone  immediately  adjoining  must  be  included.  A 
few  instances  may  be  adduced,  indeed,  where  caking  coals  of  a  fine  quality  for  blacksmiths 
have  been  worked,  though  only  in  12-inch  seams. 

£Aghteen-inch  seams  are  best  worked  by  young  lads  and  boys.  The  coal  itself  may 
be  mined  without  lifting  the  pavement,  or  taking  down  the  roof  in  the  rooms ;  but 
roads  must  be  cut  either  in  the  pavement  or  the  roof,  for  removing  the  coals  to  the  pit- 
bottom.  All  coals  less  than  2  feet  3  inches  thick,  are  worked  with  the  view  of  taking 
out  all  the  coal,  either  on  the  Shropshire  system,  or  with  piUar-walls  and  rooms;  with 
this  peculiarity,  that,  on  account  of  the  thinness  of  the  seam,  the  rooms  are  worked  as 
wide  as  the  roof  will  bear  ;ip ;  or  if  a  following  of  the  roof-stone,  or  fall  of  it,  can  be 
brought  on,  it  proves  advantageous,  by  not  only  giving  head-room,  but  by  filling  up  the 
waste,  and  rendering  the  roads  easily  kept  for  the  woriiing  of  the  pillars.  Where  no  fol- 
lowing takes  place,  small  temporary  pillars,  about  8  feet  square,  are  left  along  the  chain- 
wall  side.  The  walls  may  vary  in  thickness  from  4  to  16  yank,  according  to  eircumstan- 
ces,  and  they  are  holed  through  only  for  ventilation. 

Coals  from  5  to  8  feet  thick  are  the  best  suited  in  every  point  of  view  for  the  effec- 
tive work  of  the  miner,  and  for  the  general  economy  of  underground  operations.  When 
they  exceed  that  thickness,  they  require  very  excellent  roofs  and  pavements,  to  render 
the  working  either  safe  or  comfortable ;  or  to  enable  those  who  superintend  the  field 
to  get  out  a  fair  proportion,  of  coal  from  a  given  area.  In  such  poweiiul  beds  the 
Shropshire  method  is  impracticable,  from  want  of  gobbin ;  and  long  props,  unk«s  of 
prodigious  girth,  would  present  an  inadequate  resistance  to  the  pressure  of  the  massive 
ceiling. 

When  coals  do  not  exceed  20  feet  in  thickness,  and  have  good  roofs,  they  are  some- 
times worked  as  one  bed  of  coal ;  but  if  the  coal  be  tender  or  free,  it  is  worked  as  two 
beds.  One  half  of  such  thick  coal,  however,  is  in  general  lost  in  pillars ;  and  it  is  very 
seldom  that  less  than  one  third  can  be  left.  When  the  coal  is  free  and  ready  to  crumble 
by  the  incumbent  pressure,  as  well  as  by  the  action  of  the  air,  the  upper  portion  of  tha 
coal  is  first  worked,  then  a  scaffolding  of  coal  is  leA,  2  or  3  feet  thick,  according  to  the 
compactness  of  the  coal ;  and  the  lower  part  of  the  coal  is  now  worked,  as  shown  in 
8^"^  iiiijiiM  fi^'  ^  *^'  "^^  ^'^^  *^  ^^®  workings  are  completed  to  the  proposed 
?^^  ^^^     extent,  the  coal  scaffoldings  are  worked  away,  and  as  much  of  the 

U  ^^1t:Z1I!S|  >^     pillars  as  can  be  removed  with  safety.    As  propwood  is  of  no  use  in 

k!ja ii^^i^'^l     coal-seams  of  such  a  height,  and  as  falls  f>om  the  roof  would  prove 

frequently  fatal  to  the  miners,  it  is  customary  with  tender  roofs  to  leave  a  ceiling  of 
coal  from  2  to  3  feet  tliick.  .This  makes  an  excellent  roof;  and  should  it  break,  gives 
warning  beforehand,  by  a  peculiar  crackling  noise,  very  difierent  firom  that  of  rool^stones 
crushing  down. 

One  of  the  thickest  coals  in  Great  Britain,  worked  as  one  bed  from  roof  to  pavement, 
is  the  very  remarkable  seam  near  the  town  of  Dudley,  known  by  the  name  of  the  ten- 
yard  coal,  about  7  miles  long,  and  4  broad.  No  siniilar  coal  has  been  found  in  the 
ishind ;  and  the  mode  of  working  it  is  quite  peculiar,  being  a  species  of  panel  work 
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totidly 41061^111  ffomthe .modwn  If^wcasUe . system.  A eonn]KuAxD«iit» of  panel, foimed 
in  working  the  coal,  is  called  a  side  of  work  and  as  the  whole  operation  is  exhibited  in 
o««toC,t)iese  oompartments,  it  wUL  be  proper  to.  describe  the  mode  of  taking  the  coal  ffom 
one  of  them,  before  describing  the  whole  extent  of  the  workings  of  a  mia<. 

J^ifig*  848  represent  a  side  of  work ;  a>  the  ribs  or  waUs  of  coal  lelY  standing  round, 
caOQStitnting  the  side  of  woxk}  a,  the  pillars,  8  yards  square ;  c,  the  stalls,  11  yards  wide; 

d,  the  cross-openings,  or  through  puts,  also  11  yards 
wide;  e,  the  bolt-hole,  cut  through  the  rib  from  the 
main  road,  by  which  bolt-hole  the  side  of  work  is 
opened  up»  and  all  the  coals  removed.  Two,  three, 
or  even  four  bolt-holes  open  into  a  side  of  work,  ac- 
cording to  its  extent;  they  are  abont  8  feet  wide,  and 
9  feet  high.  The  working  is  in  a  great  measure  regu- 
lated by  the  natural  fissures  and  joints  of  the  cmI- 
seam ;  and  though  it  is  30  feet  thick,  the  lower  band, 
of  2  feet  3  inches,  is  worked  first  j  the  miners  choosing 
to  confine  themselves  within  this  narrow  opening,  in 
order  to  gain  the  greater  advantage  afterwards,  in 
working  the  superjacent  coal.  Whenever  the  bolt 
hole  is  cut  through,  the  work  is  opened  up  by  driving 
a  gallery  forward,  4  feet  wide,  as  shown  by  the  dotted 
\  I  lines.    At  the  sides  of  this  gallery  next  the  bolt-hole, 

"  each  miner  breaks  off  in  succession  a  breast  of  coal, 

two  yards  broad,  as  at  /,/,  by  means  of  which  the  sides  of  the  rib-walls  a  are  formed^ 
and  the  area  of  the  pillars.  In  this  way  each  collier  follows  another,  as  in  one  of  the 
systems  of  the  Shropshire  plan.  When  the  side  of  work  is  laid  open  along  the  rib-^iralls, 
and  the  faces  and  sides  of  the  pillars  have  been  formed,  the  upper  coals  are  then  begun 
to  be  worked,  next  the  rib-wall.  This  is  done>y  shearing  np  to  a  bed  next  the  bolt-farole, 
and  on  each  side,  whereby  the  head  coals  are  brought  regularly  down  in  large  cubical 
masses,  of  such  thickness  as  suits  with  the  free  partings  or  subordinate  divisions  of  the 
coals  and  hands.  Props  of  wood,  or  even  stone  pillars,  are  placed  at  convenient  dis- 
tances for  the  security  of  the  miners. 

In  workins;  the  ten-yard  coal,  a  very  large  proportion  of  it  is  left  under  gronnd,  not 
merely  in  pillars  and  rib-walls,  but  in  the  state  of  small  coal  produced  in  breaking  out 
the  coal.     Hence,  from  four  tenths  to  a  half  of  the  total  amount  is  lost  for  ever. 

Another  method  of  working  coal  of  uncommon  thickness  is  by  scaffoldings  or  stages 
of  coals,  as  practised  in  the  great  coal  bed  at  Johnstone,  near  Paisley,  of  which  a  section 
bas  already  been  given.    In  one  part  of  the  field  the  coal  is  from  50  to  60  feet  thick, 
and  in  another  it  amounts  to  90  feet.    The  seams  of  stone  interspersed  through  the 
849  coal  are  generally  inconsiderable,  and  amount  in  only  two  cases  to  27  inches 

in  thickness.  The  roof  of  the  coal  is  so  unsound,  and  the  height  so  pro- 
digious, that  it  could  not  possibly  be  worked  in  one  seam,  like  that  of 
Staffordshire.  About  3  feet  of  the  jjpper  coal  is  therefore  left  as  a  roof, 
under  which  a  band  of  coal,  from  6  to  7  feet -thick,  is  worked  on  the  post 
and  stall  plan,  with  square  pillars  of  extra  strength,  which  are  thereafter 
penetrated.  A  platform  about  3  feet  high  is  left  at  the  sole ;  under  which 
the  rooms  and  pillars  are  set  off  and  worked  in  another  portion  of  the  coal, 
from  5  to  7  feet  thick,  great  care  being  bad  to  place  pillar  under  pillar,  and 
partition  under  partition,  to  prevent  a  crush.  Where  the  coal  is  thickest, 
no  less  than  10  bands  of  it  are  worked  in  this  way,  as  is  shown  in  Jig,  849. 
Wlien  any  band  of  the  coal  is  foul  from  sulphur  or  other  causes,  it  is  left 
for  the  next  platform,  so  that  a  large  proportion  of  it  is  lost,  as  in  the 
Staff<Mxishire  mines.  Much  attention  must  here  be  paid  to  the  vertical  dis- 
tribution of  the  pillars  and  apartments ;  the  miner's  compass  must  be  continually  con- 
sulted, and  bore-holes  must  be  put  down  through  the  coal  scaffoldings,  to  regulate  cor- 
rectly the  position  of  the  pillars  under  one  another. 

JEdgB  coaltj  which  are  nearly  perpeadicular,  are  worked  in  a  peculiar  manner;  for  the 
eoUier  stands  upon  the  coal,  having  the  roof  on  the  one  hand,  and  the  floor  on  the  other, 

like  two  vertical  walls.    The  engine-pit  is  sunk  in  the  most  pow-- 
erful  stratum.    In  some  instances  the  same  stratum  is  so  vertical 
as  to  be  sunk  through  for  the  whole  depth  of  the  shaft. 

Whenever  the  shaft  has  descended  to  the  required  depth,  galle- 
ries are  driven  across  the  strata  from  its  bottom,  till  the  coals  are 
intersected,  as  is  shown  in  fig.  850,  where  we  see  the  edge-coals 
at  a,  a;  A,  the  engine-pit;  6,  6,  the  transverse  galleries  from  the 
bottom  of  Uie  ^linft ;  and  c,  c,  upper  transverse  galleries,  for  the  greater  conveniency  of 
working  the  coal.    The  principal  edge  coal  works  in  Great  Britain  lie  in  the  neigh- 
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borhood  of  Ediabargh,  and  the  coals  are  carried  on  the  badct  of  women  from  the  wall> 
face  to  the  bottom  of  the  engine-pit. 

The  modes  of  carrying  coeds  from  the  point  where  they  are  excavated  to  the  pit  bottom 
are  nearly  as  diversified  as  the  systiems  of  working. 

One  method  employs  hatches,  or  ba^ets,  having  slips  or  cradle  feet  shod  with  iraB, 
containing  from  2  to  3  hundred  weight  of  coals.  These  baskets  are  dm^ed  along  the 
floor  by  ropes  or  leather  harness  attached  to  the  shoulders  of  the  w'brkmen,  who  are  either 
the  colliers  or  persons  hired  on  purpose.  This  method  is  used  in  several  small  collieries; 
but  it  is  extremely  injudicious,  exercising  the  muscular  action  of  a  man  in  the  moat  in- 
profitable  manner.  Instead  of  men,  horses  are  sometimes  yoked  to  these  basket^mrfiea^ 
which  are  then  made  to  contain  from  4  to  6  hundred  weight  of  coals ;  but  from  the  inag^ 
nitude  of  the  friction,  this  plan  cannot  be  commended. 

An  improvement  on  this  system,  where  men  draw  the  coals,  is  to  place  the  basket  or 
corve  on  a  small  four-wheeled  carriage,  called  a  tram,  or  to  attach  wheels  to  the  corvc 
itself.  Thus  much  more  work  is  performed,  provided  the  floor  be  hard ;  but  not  on  a  soft 
pavement,  unless  some  kind  of  wooden  railway  be  laid. 

The  transport  of  coals  from  the  wall-face  to  the  bottom  of  the  shaft  was  greatly 
facilitated  by  the  introduction  of  cast-iron  railways,  in  place  of  wooden  roads,  first 
brought  into  practice  by  Mr.  John  Curr  of  Sheffield.  The  rails  are  called  tram-raDs, 
or  plate-rails,  consisting  of  a  plate  from  3  to  4  inches  broad,  with  an  edge  at  right  angles 
to  it  about  two  inches  and  a  half  h^h.  Each  rail  is  from  3  to  4  feet  long,  and  is  fixed 
either  to  cross  bearers  of  iron,  called  sleepers,  or  more  usually  to  wooden  bearers.  In 
some  collieries,  the  miners,  after  working  out  the  coals,  drag  them  along  these  railways 
to  the  pit  bottom ;  but  in  others,  two  persons  called  trammers  are  employed  to  transport 
the  coals ;  the  one  of  whom,  in  front  of  the  corve,  draws  with  harness ;  and  the  other, 
called  the  patter,  pushes  behind.  The  instant  each  corve  arrives,  from  the  wall-face,  at 
a  central  spot  in  the  system  of  the  railways,  it  is  lifted  from  the  tram  by  a  crane  placed 
there,  and  placed  on  a  carriage -called  a  roUey,  which  generally  holds  two  eorvcs. 
Whenever  three  or  four  rolleys  are  loaded,  they  are  hooked  together,  and  the  rolley  driver, 
851  with  his  horse,  takes  them  to  the  bottom  of  the  engine-shaft.     The  roUey 

O  horses  have  a  peculiar  kind  of  shaAs,  commonly  made  of  iron,  named 
S>'  limbers,  the  purpose  of  which  is  to  prevent  the  carriage  from  overranning 
them.  One  of  these  shafts  is  represented  in  fig,  851.  The  hole  shown 
at  a  passes  over  an  iron  peg  or  stud  in  fVont  of  the  rolley,  so  that  the  horse  may  be 
quickly  attached  or  disengaged.  By  these  arrangements  the  work  is  carried  on  with 
surprising  regularity  and  despatch. 

The  power  oi  the  engine  for  drawing  the  coald  up  the  shaft  is  made  proportional  to 
the  depth  of  the  pit  and  the  quantity  to  be  raised,  the  corves  ascending  at  an  aTenge 
velocity  of  about  12  feet  per  second.  So  admirable  is  the  modem  arrangement  of  this 
operation,  that  the  corves  are  transported  from  the  wall-faces  to  the  pit  bottom,  and 
moved  up  the  shaft,  as  fast  as  the  onsetters  at  the  bottom,  and  the  banksmen  at  the  top, 
can  hook  the  loaded  and  empty  corves  on  and  off  the  engine  ropes.  Thus  100  corves  of 
coals  have  been  raised  every  hour  up  a  shaft  100  fathoms  deep,  constituting  a  liA  of  27 
tons  per  hour,  or  324  tons  in  a  day,  or  shift  of  12  hours.  Coals  mined  in  large  cubical 
masses  cannot,  however,  be  so  rapidly  raised  as  the  smaller  coal  of  the  Newcastle 
district. 

■  When  coals  have  so  great  a  rise  from  the  pit  bottom  to  the'  crop  that  horses  cannot  be 
used  on  the  rolley  ways,  the  corves  descend  along  the  tram-roads,  by  means  of  indiaed- 
plane  machines,  which  are  moved  either  by  vertical  rope-barrels,  or  horizontal  rope- 
sheaves.  These  inclined  planes  are  frequently  divided  into  successive  stages,  200  or  300 
yards  long,  at  the  end  of  each  of  whi<^h  is  an  inclined-plane  machine,  whereby  the  eoaU 
are  lowered  from  one  level  to  another. 

The  wheels  of  the  trams  and  rolleys  vary  in  diameter  from  8  to  16  inches,  according 
to  the  thickness  of  the  coal.  In  some,  the  axles  not  only  revolve  on  their  journals,  Vot 
the  wheels  also  revolve  on  their  axles. 

Various  forms  of  machines  have  been  employed  for  raising  the  coals  oitt  of  the  pit& 
The  steam  engine  with'  fly-wheel  and  rope-barrels  is,  however,  now  preferred  in  all  con- 
siderable establishments.  When  of  small  power,  they  are  usually  constructed  with  a  fly 
wheel,  and  short  fly-wheel  shaft,  on  which  there  is  a  small  pinion  working  into  the 
teeth  of  a  large  wheel,  fixed  upon  the  rope-barrel.  Thus  the  engine  may  move  witli 
great  rapidity,  while  it  imparts  an  equable  slow  motion  to  the  corves  ascending  in  the 
shaft.  When  the  engines  are  of  great  iwwer,  however,  they  are  directly  connected  with 
the  rope-barrel ;  some  of  these  being  of  such  dimensions,  that  each  revolution  of  the  rope- 
barrel  produces  an  elevation  of  12  yards  in  the  corve.  A  powerful  brake  is  usually  con- 
nected ^vith  the  circumference  of  the  fly-wheel  or  rope-barrel,  whereby  the  brakeman 
by  applying  his  foot  to  the  ^veming  lever  of  the  brake,  and  by  shutting  at  the  SKsie 
time  the  steam  valves  with  his  hands,  can  arrest  the  corve,  or  pitch  its  arrival  within  a 
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few  iaehes  of  the  required  height  of  every  deUveiy.    An  endless  chain,  suspended  from 
the  bottom  to  the  top  of  the  shaA,  has,  in  a  few  pits  of  moderate  depth,  been  worked  by 
a  steam  engine,  for  raising  eorres  in  constant  succession ;  but  the  practice  has  not  been 
found  hitherto  applicable  on  the  greater  scale. 
r  There  is  a  kind  of  water  engines  for  raising  coals,  strictly  admissible  only  in  level  free 

pits,  where  the  ascent  of  the  loaded  corve  is  produced  by  the  descent  of  a  cassoon  filled 
with  water.  When  the  ascent  and  descent  are  through  equal  spaces,  the  rope  barrels  for 
the  cassoon  and  the  corves  are  of  equal  diameter ;  but  when  the  point  from  which  the 
coals  have  to  be  liAed  is  deeper  than  the  point  of  discharge  for  the  water  into  the  dry 
,  level,  the  cassoon  must  be  larger,  and  the  rope  barrel  smaller ;  so  that  by  tlie  time  the 

■■:  cassooo  reaches  to  the  half-depth,  for  example,  the  corve  may  have  mounted  through 

double  the  space.  The  cassoon  is  filled  with  water  at  the  pit  mouth,  and  is  emptied  by  a 
self-acting  valve  whenever  it  gets  to  the  bottom.  The  loaded  corve  is  replaced  by- an 
empty  one  at  the  pit  mouth,  and  its  weight,  with  that  of  the  descending  rope,  pull  up  the 
empty  cassoon ;  the  motions  of  the  whole  mechanism  being  regulated  by  a  powerful 
brake, 
n  Various  plans  have  been  devised  to  prevent  collision  between  the  ascending  and  de- 

scending corves,  which  sometimes  pass  each  other  with  a  joint  velocity  qf  20  or  30  feet 
per  second.  One  method  is  by  dividing  the  pit  from  top  to  bottom,  so  that  each  corve 
moves  in  a  separate  compartment.  Another  mode  was  invented  by  Mr.  Curr  of 
Sheffield,  in  which  wooden  guides  were  attached  fi  om  top  to  bottom  of  the  pit ;  being 
spars  of  deal  about  4  inches  square,  attached  perpendicularly  to  the  sides  of  the  shaft, 
aod  to  buntons  in  the  middle  of  the  pit.  Betwixt  these  guides,  friction-roller  sliders  are 
placed,  attached  to  the  gin-ropes,  to  which  sliders  the  corves  are  suspended.  In  this 
way,  the  corves  can  be  raised  with  great  rapidity ;  but  there  is  a  considerable  loss  of 
time  in' banking  the  corve  at  the  pit  mouth,  where  shutters  or  sliding  boards  must  be 
used.    This  plan  is  highly  beneficial  where  the  coals  are  in  large  lumps. 

Both  ropes  and  chains  are  used  for  lifting  coals.  The  round  ropes  are  shroud-laid ; 
but  the  preferable  rope  is  the  flat  band,  made  of  four  ropes  placed  horizontally  together, 
the  ropes  being  laid  alternately  right  and  left.  In  this  way,  the  ropes  counteract  one 
inother  in  the  twist,  hanging  like  a  riband  down  the  shaft  j  and  are  stitched  strongly 
jDSether  by  a  small  eord.  Such  rope  bands  are  not  only  very  pliable  for  their  strength^ 
irhich  protects  the  heart  of  the  rope  from  breaking,  but  as  they  lap  upon  themselves,  a 
simple  sheave  serves  as  a  rope-barrel.  They  possess  the  additional  advantge,  that  by  so 
.appinz,  they  enlarge  the  diameter  of  the  axle  in  which  they  coil,  and  thus  make  a  com* 
pensation  mechanically  against  the  increasing  length  of  rope  descending  with  its  corve. 
Thus  the  counterpoise  chains,  uSed  in  deep  pits  to  regulate  the  descent,  have  been  super- 
seded.   See  RoFS-spiNffiNo. 

When  chains  are  preferred  to  ropes,  as  in  very  deep  pits,  the  short  pudding-link  chains 
are  mostly  used.    See  Cable. 

The  corves,  aAer  being  landed  or  banked  at  the  pit  mouth,  are  drawn  to  the  bin  or 
ooal-hill,  either  upon  slips  by  horses,  or  by  trammers  on  a  tram-road.  But  with  small 
coals,  like  the  Newcastle,  the  pit  head  is  raised  8  or  9  feet  above  the  common  level  of 
the  ground,  and  the  coal-heap  slopes  downwcunds  from  that  height.  As  the  bins  increase, 
tram-roads  are  laul  outwards  upon  them. 

I  shall  now  describe  the  ventilation,  of  coal  mines.  Into  their  furthest  recesses,  an  ade- 
quate supply  of  fresh  air  must  be  carried  forwards,  for  the  purposes  of  respiration,  and 
the  combustion  of  candles ;  as  also  for  clearing  ofi'  the  carbonic  acid  and  carbureted  hy- 
drogen gases,  so  destructive  to  the  miners,  who  call  these  noxious  airs,  from  their  most 
obvious  qualities,  choke-damp  and  fire-damp. 

Before  the  steam  engine  was  applied  to  the  drainage  of  the  mines,  and  the  extraction 
of  the  coal,  the  excavations  were  of  such  limited  extent,  that  when  inflammable  air  ac- 
cumulated in  the  foreheads,  it  was  usual  in  many  collieries  to  ^e  it  every  morning. 
This  was  done  by  fixing  a  lighted  candle  to  the  end  of  a  long  pole,  which  being  extended 
towards  the  roof  by  a  person  lying  flat  on  the  floor,  the  gas  was  fired,  and  the  blast  passed 
safely  over  him.  If  the  gas  was  abundant,  the  explosive  miner  put  on  a  wet  jacket,  to 
prevent  the  fire  from  scorching  him.  In  other  situations,  where  the  fire-damp  was  still 
more  copbus,  the  candle  was  drawn  forwards  into  it,  by  a  cord  passing  over  a  catch  at 
(he  end  of  the  gallery,  while  the  operator  stood  at  a  distance.  This  very  rude  and  dan- 
gerous mode  of  exploding  the  inflammable  gas  is  still  practised,  in  a  few  mines,  under 
the  name  of  the  firing  line. 

The  earbonic  acid  or  choke-damp,  having  a  greater  specific  gravity  than  atmospheric 
air,  in  the  proportion  of  about  3  to  2,  occupies  the  lower  part  of  the  workings,  and 
gives  comparatively  little  annoyance.  Its  presence  may  moreover  be  always  safely 
ascertained  by  the  lighted  candle.  This  cannot,  however,  be  said  of  the  fire-damp, 
which  being  lighter  and  more  moveable,  diflfuses  readily  through  the  atmospheric  air,  so 
as  to  form  a  most  dangerous  explosive  mixture,  even  at  a  considerable  distance  from 
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Che  blowers  or  sourees  of  its  extrication  from  the  eoal  sitrata.  Pure  snbcarinireted  h% 
drogen  has  a  specific  gravity  =  0'555,  air  being  1 ;  and  consists  of  a  Tolume  of  mpor  of 
carbon,  and  two  volumes  of  hydrogen,  condensed  by  mataal  affinity  into  one  voKirae. 
The  choke-damp  is  a  mixture  of  the  above,  with  a  littfe  carbonic  acid  gas,  and  variable 
proportions  of  atmospheric  air.  As  the  pure  subcarbureted  hydrogen  requires  twice  its 
bulk  of  oxygen  to  consume  it  completely,  it  will  take  for  the  same  effect  about  10  fines 
its  bulk  of  atmospheric  air,  since  this  volume  of  air  contains  about  two  volumes  of  oxy- 
gen. Ten  volumes  of  air,  therefore,  mixed  with  one  volume  of  subcarbureted  hydrocrea, 
form  the  most  powerfully  explosive  mixture.  If  either  less  or  more  air  be  intermixed, 
the  explosive  force  will  be  impaired ;  till  3  Tolumes  of  air  below  or  above  that  ratio,  con- 
stitute non-explosive  mixtures ;  that  is,  1  of  the  pure  fire^iamp  mixed  with  either  7  or  13 
of  air,  or  any  quantity  below  the  first,  or  above  the  second  number,  will  afford  an  unex- 
plosive  mixture.  With  the  first  proportion,  a  candle  will  not  bum ;  with  the  second,  it 
bums  with  a  very  elongated  blue  flame.  The  fire-damp  should  therefore  be  still  further 
diluted  with  common  air,  considerably  beyond  the  above  proportion  of  1  to  13,  to  render 
the  working  of  the  mine  perfectly  safe. 

These  noxious  gases  are  disengaged  IVom  the  cutters,  fissures,  and  minute  pores  of  the 
coal ;  and  if  the  quantity  be  considerable,  relative  to  the  orifice,  a  hissing  noise  is  heard. 

Though'  the  choke-damp,  or  carbonic  acid  gas,  be  invisible,  yet  its  line  of  division 
from  the  common  air  is  distinctly  observable  on  approaching  a  lighted  candle  to  the 

»g2  lower  level,  where  it  accumulates,  which  becomes  extinguished 

■iiiHilft  il  ^iiiiirBH"   ^  "    ^^^  instant  it  comes  within  its  sphere,  as  if  it  were  plunged  in 
ilBw*^*^^  water.    The  stratum  of  carbonic  acid  sometimes  Hes  1  or  2  feet 

thick  on  the  floor,  while  the  superincumbent  air  is  perfectly  good.  When  the  coal  has 
a  considerable  dip  and  rise,  the  choke-damp  will  be  found  occupying  the  lower  parts  of 
the  mine,  in  a  wedge  form,  as  represented  in  fig,  852,  where  a  shows  the  place  of  the 
carbonic  acid  gas,  and  6  that  of  the  common  air. 

When  a  galler)*  is  driven  in  advance  of  the  other  woxicings,  and  a  discharge  of  this  gas 
takes  place,  it  soon  fills  the  whole  mine,  if  its  direction  be  in  the  line  of  level,  and  the 
mine  is  rendered  unworkable  until  a  supply  of  fresh  air  is  introduced  to  dislodge  it.  As 
the  flame  of  a  candle  indicates  correctly  the  existence  of  the  choke-damp,  the  miners  may 
have  sufficient  warning  of  its  presence,  so  as  to  avoid  the  place  which  it  occupies,  till 
adequate  means  be  taken  to  drive  it  away. 

The  fire-damp  is  not  an  inmate  of  every  mine,  and  is  seldom  found,  indeed,  where 
the  carbonic  acid  prevails.  It  occurs  in  the  greatest  quantities  in  the  coal  mines  of  the 
counties  of  Northumberland,  Durham,  Cumberland,  Staffordshire,  and  Shropshire.  It 
is  more  abundant  in  coals  of  the  caking  kind,  with  a  bright  steel-grained  fracture,  than 
in  cubic  coals  of  an  open-burning  quality.  Splint  coals  are  still  less  liable  to  disengage 
this  gas.  In  some  extensive  coal-fields  it  exists  copiously  on  one  range  of  the  line  of 
bearing,  while  on  the  other  range  none  of  it  is  observed,  but  abundance  of  carbonic 
acid  gas. 

In  the  numerous  collieries  in  the  Lothians,  south  fh)m  the  city  of  Edinburgh,  the  fire- 
damp  is  unknown  ;  while  in  the  coal-fields  round  the  city  of  Glasgow,  and  along  the  coast 
of  Ayrshire,  it  frequently  appears. 

The  violent  discharge  of  the  gas  from  a  crevice  or  cutter  of  the  coal,  is  called  a  blower ; 
and  if  this  be  ignited,  it  burns  like  an  immense  blowpipe,  inflaming  the  coal  at  the  opposite 
side  of  the  gallery.  The  gas  evidently  exists  in  a  highly  compressed  and  elastic  state; 
whence  it  seems  to  loosen  the  texture  of  the  coals  replete  with  it,  and  renders  then  more 
easily  worked.  The  gas  is  often  peculiarly  abundant  near  a  great  dislocation  or  slip  of 
the  strata ;  so  that  the  fissure  of  the  dislocation  will  sometimes  emit  a'copious  stream  of 
gas  for  many  years.  It  has  also  happened,  that  from  certain  coals,  newly  worked,  and 
let  fall  from  a  height  into  the  hold  of  a  vessel,  so  much  inflammable  gas  has  been  extri- 
cated that,  aAer  the  hatches  were  secdred,  and  the  ship  ready  to  proceed  to  sea,  the  gas 
has  ignited  with  the  flame  of  a  candle,  so  as  to  scorch  the  seamen,  to  blow  up  the  dedcs, 
and  otherwise  damage  the  ressel.  In  like  manner,  when  the  pillars  in  a  mine  are 
crushed  by  sudden  pressure,  a  great  discharge  of  gas  ensues.  This  gas,  being  liirhtcr 
than  common  air,  always  ascends  to  the  roof  or  to  the  rise  of  the  gaOeries ;  and,  where 
^e  dip  is  considerable,  occupies  the  forehead  of  the  mine,  in  a  wedge  form,  as  shown  ii 
^^^^^  fig,  853,  where  a  represents  the  fire-damp,  and  b  the  common  air. 

853     ^^^^^^^^       ^^  *^'*  CBse,  a  candle  will  bum  without  danger  near  the  point  c^ 

^  *"  close  to  the  floor ;  but  if  it  be  advanced  a  few  feet  further  to- 
wards the  roof,  an  explosion  will  immediately  ensue ;  since  at  the  line  where  the  two 
elastic  fluids  are  in  contact,  they  mix,  and  form  an  explosive  body. 

When  this  gas  is  largely  diluted  with  air,  the  workmen  do  not  seem  to  f^l  mny  incon- 
venience from  breathing  the  mixture  for  a  period  of  many  years ;  but  on  inhaling  pore 
carbureted  hydrogen,  the  miner  instantly  drops  down  insensible,  and^  if  not  speedily  re« 
moved  into  fresh  air,  he  dies 
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The  proddeUoli  of  the«e  noxioito  gwes  renders  Tentiktkm  «  primary  object  in  the 
system  of  mining.  The  most  easily  managed  is  the  carbonic  add.  if  an  air-pipe  has 
been  carried  down  the  engine  pit  for  the  purpose  of  ventilation  in  the  sinking,  other  pipes 
are  connected  with  it,  and  laid  along  the  pavement,  or  are  attached  to  an  angle  of  the 
mine  next  the  roof.  These  pipes  are  prolonged  with  the  galleries,  by  which  means  the 
air  at  the  forehead  is  drawn  np  the  pipes  and  replaced  by  atmospheric  air,  which  descends 
by  the  shaU  in  an  equable  current,  regulated  by  the  draught  of  the  furnace  at  the  pit 
mouth.  This  circulation  is  continued  till  the  miners  cut  through  upon  the  second  shaft, 
when  the  air-pipes  become  superfluous ;  for  it  is  well  known  that  the  instant  such  com- 
munication is  made,  as  is  represented  in  fig»  854,  the  air  spontaneously  descends  in  the 
engine  pit  a,  and,  passing  along  the  gallery  a,  ascends  in  a  steady  current  in  the  second 
854  B        P^t  B.    The  air,  in  sinking  through  a,  has  at  first  the  atmospheric 

"^  '^  temperature,  which  in  winter  may  be  at  or  under  the  freezing  point 
of  vrater ;  but  its  temperature  increases  in  pissing  down  through 
the  relatively  warmer  earth,  and  ascends  in  the  shaft  b,  warmer 
than  the  atmosphere.  When  shafts  are  of  unequal  depths,  as 
represented  in  the  figure,  the  current  of  air  flows  pretty  uniformly 
in  one  direction.  If  the  second  shaft  has  the  same  depth  with  the  first,  and  the  bottom 
and  mouth  of  both  be  in  the  same  horizontal  plane,  the  air  would  sometimes  remain  at 
resty  as  water  would  do  in  an  inverted  syphon,  and  at  other  times  would  circulate  down 
one  pit  and  up  another,  not  always  in  the  same  direction,  but  sometimes  up  the  one,  and 
sometimes  up  the  other,  according  to  the  variations  of  temperature  at  the  surface,  and 
the  barometrical  pressures,  as  modified  by  winds.  There  is  in  mines  a  proper  heat,  pro- 
portional  to  their  depth,  increasing  about  one  degree  of  Fahrenheit's  scale  for  every  60 
feet  of  descent. 

There  is  a  simple  mode  of  eondncting  air  firom  the  pit  bottom  to  the  forehead  of  the 
mine,  by  cutting  a  ragglin,  or  trumpeting,  as  it  is  termed,  In  the  side  of  the  gallery  as  rep- 

QRc  --3 presented  in  Jig,  855,  where  a  cthibits  the  gallery  in  the  coal,  and  b  the 

iSL__i_^  ragglin,  which  is  from  15  to  18  inches  square.  The  coal  itself  forms 
three  sides  of  the  air-pipe,  and  the  fourth  is  composed  of  thin  deals  applied  air-tight,  and 
nailed  to  smrll  props  of  wood  fixed  between  the  top  and  bottom  of  the  lips  of  the  ragglin. 
This  mode  is  very  generally  adopted  in  running  galleries  of  communication,  and  dip-head 
level  galleries,  where  carbonic  acid  abounds,  or  when  from  the  stagnation  of  the  air  the 
miners'  lights  burn  dimly. 

When  the  ragglin  or  air-pipes  are  not  made  spontaneously  active,  the  air  ift  sometimes 
impelled  through  them  by  means  of  ventilating  fiinners,  having  their  tube  placed  at  the 
pit  bottom,  while  the  vanes  are  driven  with  great  velocity  by  a  wheel  and  pinion  worked 
with  the  hand.  In  other  cases,  large  bellows  like  those  of  the  blacksmith,  furnished  with 
a  wide  nozzle,  are  made  to  act  in  a  similar  way  with  the  fanners.  But  these  are  merely 
temporary  expedients  for  small  mines.  A  very  slight  circulation  of  air  can  be  effected 
by  propulsion,  in  comparison  of  what  may  be  done  by  exhaustion ;  and  hence  it  is  better 
to  attach  the  air-pipe  to  the  valve  of  the  bellows,  than  to  their  nozzle. 

Ventilation  of  collieries  has  been  likewise  effected  on  a  small  scale,  by  attaching  a 
horizontal  funnel  to  the  top  of  air-pipes  elevated  a  eonsiderable  height  above  the  pit 
month.  The  funnel  revolves  on  a  pivot,  and  by  its  tail-piece  places  its  month  so  as  to 
receive  the  wind.  At  other  times^  a  circulation  of  air  is  produced  by  placing  coal-fires 
in  iron  grates,  either  at  the  bottom  of  an  upcast  pit,  or  suspended  by  a  chain  a  fi^w 
fathoms  doMm. 

Such  are  some  of  the  more  common  methods  practised  in  collieries  of  moderate 
depth,  where  carbonic  acid  abounds,  or  where  there  is  a  total  stagnation  of  air.  But 
in  all  great  coal  mines  the  aerial  circulation  is  regnlated  and  directed  by  double 
doors,  called  main  or  bearing  doors.  These  are  true  air-valves,  which  intercept  a 
current  of  air  moviog  in  one  direction  from  mixing  with  another  moving  in  a-  dif- 
crent  direction.      Such  valves  are  placed  on  the  main  roads  and  passages  of  the 

galleries,  and  are  essential  to  a  just  ventilation.  Their  fune- 
tions  are  represented  in  the  annexed  fig,  856,  where  a  shows 
the  downcast  shaft,  in  Ivhich  the  aerial  current  is  made  to 
descend ;  b  is  the  npcast  shaft,  sunk  towards  the  rise  of  the 
coal ;  and  c,  the  dip-head  level.  Were  the  mine  here  figured 
to  be  worked  without  any  attention  to  the  circulation,  the  air 
would  flow  down  the  pit  a,  and  proceed  in  a  direct  line  up 
die  rise  mine  to  the  shaft  b,  in  which  it  would  ascend.  The  consequence  would  there- 
A>re  be,  that  all  the  galleries  and  boards  to  the  dip  of  the  pit  a,  and  those  lying  on  each 
side  of  the  pits,  would  have  no  circulation  of  air;  or,  in  the  Is^nguage  of  the  collier,  would 
be  laid  dead.  To  obviate  this  result,  double  doors  are  placed  in  three  of  the  galleries  ad- 
joining the  pit;  viz.,.  at  a  and  fr,  f  and  rf,  e  and/;  all  of  which  open  inwards  to  the  shaft  a. 
By  this  pdan^  as  the  air  is  not  suffered  to  pass  directly  from  the  shaft  a  to  the  shaft  b,  through 
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the  doon  a  and  h,  it  would  have  taken  the  next  shortest  direction  hy  c  d  and  ef;  bat  th« 
doors  in  these  galleries  prevent  this  course,  and  compel  it  to  proceed  downward^  to 
the  dip-head  level  c,  where  it  will  spread  or  divide,  one  portion  pursuing  a  route  to 
the  right,  another  to  the  left  On  arriving  at  the  boards  g  and  h,  it  would  have 
naturally  ascended  by  them ;  but  this  it  cannot  do,  by  reason  of  the  building  or  stop- 
ping placed  at  g  and  h.  By  means  of  such  stoppings  placed  in  the  boards  next  the 
dip-head  level,  the  air  can  be  transported  to  the  right  hand  or  to  the  left  for  many 
miles,  if  necessary,  providing  there  be  a  train  or  circle  of  aerial  communication  from 
the  pit  A  to  the  pit  b.  If  the  boards  i  and  k  are  open,  the  air  will  ascend  in  them, 
as  traced  out  by  the  arrow»;  and  after  being  diffused  through  the  woridngs,  will  again 
meet  in  a  body  at  a,  and  mount  the  gallery  to  the  pit  b,  sweeping  away  with  it  the 
deleterious  air  which  it  meets  in  its  path.  Without  double  doors  on  each  main  passage, 
the  regular  circulation  of  the  air  would  be  constantly  liable  to  interruptions  and 
derangements ;  thus,  suppose  the  door  c  to  be  removed,  and  only  d  to  remain  in  the 
left  hand  gallery,  all  ihe  other  doors  being  as  represented,  it  is  obvious,  that  whenever 
the  door  d  is  opened,  the  air,  finding  a  more  direct  passage  in  that  direction^  would 
mount  by  the  nearest  channel  /,  to  the  shaft  b,  and  lay  dead  all  the  other  parts  of  the 
work,  stopping  all  circulation.  As  the  passages  on  which  the  doors  are  placed  oon- 
stitute  the  main  roads  by  which  the  miners  go  to  and  from  their  work,  and  as  the 
eorv/es  are  also  constantly  wheeling  along  aU  the  time,  were  a  single  door,  such  as  4» 
so  often  opened,  the  ventilation  would  be  rendered  precarious  or  languid.  But  the 
double  doors  obviate  this  inconvenience ;  for  both  men  and  horses,  with  the  ccHves, 
in  going  to  or  from  the  pit  bottom  a,  no  sooner  enter  the  door  d,  than  it  shuts  behind 
them,  and  encloses  them  in  the  still  air  contained  between  the  doors  d  and  e  ;  c  having 
prevented  the  air  from  changing  its  proper  course  while  d  was  open.  When  d  is  again 
shut,  the  door  c  may  be  opened  without  inconvenience,  to  allow  the  men  and  horses  to 
pass  on  to  the  pit  bottom  at  a  ;  the  door  d  preventing  any  change  in  the  aerial  circnlatioii 
while  the  door  c  is  open.  In  returning  from  the  pit,  the  same  rule  is  observed,  of  shut- 
ling  one  of  the  double  doors,  before  the  other  is  opened. 

if  this  mode  of  disjoining  and  insulating  air-courses  from  each  other  be  once  fairly  eon- 
ceived,  the  continuance  of  the  separation  through  a  working  of  any  extent,  may  be  easily 
understood. 

When  carbonic  acid  gas  abounds,  or  when  the  fire-damp  is  in  very  small  qaan- 
tity,  the  air  may  be  conducted  from  the  shaft  to  the  dipphead  level,  and  by  placing 
stoppings  of  each  room  next  the  level,  it  may  be  carried  to  any  distance  along  the  dip- 
head  levels ;  and  the  furthest  room  on  each  side  being  left  open,  the  air  is  suffered 
to  diffuse  itself  through  the  wastes,  along  the  -  wall  faces,  and  mount  in  the  upcast 
pit,  as  is  represented  in  fig,  842.  But  should  the  air  become  stagnant  along  the 
wall  ^ces,  stoppings  are  set  up  throughout  the  galleries,  in  such  a  way  as  to  direct  the 
main  body  of  fresh  air  along  the  wall  faces  for  the  workmen,  while  a  partial  stream  of 
air  is  allowed  to  pass  through  the  stoppings,  to  prevent  any  accumulation  of  foul  air  in 
the  wastes. 

In  very  deep  and  extensive  collieries  more  elaborate  arrangements  for  ventilation  are 
introduced.  Here  the  circulation  is  made  active  by  rarefying  the  air  at  the  npcast 
shaft,  by  means  of  a  very  large  furnace  placed  cith^  at  the  bottom  or  top  of  the 
shaft.  The  former  position  is  generally  preferred.  Fig»  834  exhibits  a  fumaee 
placed  at  the  top  of  the  pit.  When  it  surmounts  a  single  pit,  or  a  single  division  of 
the  pit,  the  compartment  intended  for  the  upcast  is  made  air-tight  at  top,  by  plaeing 
strong  buntons  or  beams  across  it,  at  any  suitable  distance  from  the  mouth.  On  these 
bunions  a  close  scaffolding  of  plank  is  laid,  which  is  well  plastered  or  moated  over  with 
adhesive  plastic  clay.  A  little  way  below  the  scaffold,  a  passage  is  previously  cot,  either 
in  a  sloping  direction,  to  connect  the  current  of  air  with  the  furnace,  or  it  is  laid  horizon- 
tally, and  then  communicates  with  the  furnace  by  a  vertical  opening.  If  any  obstacle 
prevent  the  scaffold  from  being  erected  within  the  pit,  this  can  be  made  air-tight  at  top, 
and  a  brick  flue  carried  thence  along  the  surface  to  the  furnace. 

The  furnace  has  a  size  proportional  to  the  magnitude  of  the  ventilation,  and  the  ebim- 
neys  are  either  round  or  square,  being  from  50  to  100  feet  high,  with  an  inside  diameter 
of  from  5  to  9  feet  at  bottom,  tapering  upwards  to  a  diameter  of  from  2^  feet  to  5  feet. 
Such  stalks  are  made  9  inches  thick  in  the  body  of  the  building,  and  a  little  thicker  at  bot- 
tom, where  they  are  Uned  with  fire-bricks. 

The  plan  of  placing  the  furnace  at  the  bottom  of  the  pit  is,  however,  more  advan- 
tageous, because  the  shaft  through  which  the  air  ascends  to  the  furnace  at  the  pit 
mouth,  is  always  at  the  ordinary  temperature ;  so  that  whenever  the  top  furnace  is  neg- 
lected, the  circulation  of  air  throughout  the  mine  becomes  languid,  and  dangerous  to 
the  workmen ;  whereas,  when  the  furnace  is  situated  at  the  bottom  of  the  shaft,  its  sides 
get  heated,  like  those  of  a  chimney,  through  its  total  length,  so  that  though  the  heat  oC 
the  furnace  be  accidentally  allowed  to  decline  or  become  extinct  for  a  little,  the  concn- 
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kUioB  wiU  still  go  on,  the  air  of  the  upcast  pit  being  rarefied  by  the  heat  remaining  in 
the  sides  of  the  shaA. 

To  prevent  the  annoyance  to  the  onsetters  at  the  bottom,  from  the  hot  smoke,  the  fol- 
lowing plan  has  been  aidopted,  as  shown  in  the  wood-cat,  }Sg.  857,  where  a  represents 

the  lower  part  of  the  upcast  shaA «,  b,  the  furnace,  built  of 
brick,  arched  at  top,  with  its  sides  insulated  from  the  solid 
mass  of  coal  which  surrounds  it.  Between  the  furnace 
wall  and  the  coal  beds,  a  current  of  air  constantly  passes 
towards  the  shafl,  in  order  to  prevent  the  coal  catching 
fire.  From  the  end  of  the  furnace  a  gallery  is  cut  in  a 
rising  direction  at  c,  which  communicates  with  the  shaft  at 
<f,  about  7  or  8  fathoms  from  the  bottom  of  the  pit.  Thus  the  furnace  and  furnace- 
keeper  are  completely  disjoined  from  the  shafl ;  and  the  pit  bottom  is  not  only  free 

from  all  encumbrances,  but  remains  comfortably  cool.  To  ob- 
viate the  inconveniences  from  the  smoke  to  the  banksmen  in 
landing  the  coals  at  the  pit  mouth,  the  following  plan  has  been 
contrived  for  the  Newcastle  collieries.  Fig.  858  represents  the 
mouth  of  the  pit ;  a  is  the  upcast  shaA,  provided  with  a  furnace 
at  bottom ;  6,  the  downcast  shaA,  by  which  the  supply  of  aU 
mospherlc  air  descends  ;  and  <i,  the  brattice  carried  above  the  pit 
mouth.  A  little  way  below  the  settle-boards,  a  gallery  c  is  pushed, 
in  communication  with  the  surface  from  the  downcast  shaA, 
over  which  a  brick  tube  or  chimney  is  built  from  60  to  80  feet 
high,  7  or  8  feet  diameter  at  bottom,  and  4  or  5  feet  diameter  at 
top.  On  the  top  of  this  chimney  a  deal  funnel  is  suspended  horizontally  on  a  pivot^ 
Mke  a  turn-cap.  The  vane/,  made  also  of  deal,  keeps  the  mouth  of  the  funnel  always 
in  the  same  direction  with  the  wind.  The  same  mechanism  is  mounted  at  the  upcsist 
shaA  (I,  only  here  the  funnel  is  made  to  present  its  mouth  in  the  wind's  eye.  It  is  obvious 
from  the  figure,  that  a  high  wind  will  rather  aid  than  check  the  ventilation  by  this  p]an« 
The  principle  of  ventilation  being  thus  established,  the  next  object  in  opening  up  a 
eolUery,  and  in  driving  all  galleries  whatever,  is  the  double  mine  or  double  hiadioays 
course ;  on  the  simple  but  very  ingenious  distribution  of  which,  the  circulation  of  air 
depends  at  the  commencement  of  the  excavations. 

The   double    headways  course  is    represented 
heading  or  gnllery,  and  b 
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in  fi%.  859,.  where  a  is  the  one 
other ;  the  former  being  immediately  connected  with 
the  upcast  side  of  the  pit  c,  and  the  latter  with  the 
downcast  side  of  the  pit  ef.  The  pit  itself  is  made 
completely  air-tight  by  its  division  of  deals  from  top 
to  bottom,  called  the  brattice  wall ;  so  that  no  air 
can  pass  through  the  brattice  from  A  to  c,  and  the  intercourse  betwixt  the  two  currents  of 
air  is  completely  intercepted  by  a  stopping  betwixt  the  pit  bottom  and  the  end  of  the  first 
pillar  of  coal ;  the  pillars  or  walls  of  coal,  marked  tf,  are  called  stenting  walls ;  and  the 
openings  betwixt  them,  walls  or  thirlings.  The  arrows  show  the  direction  of  the  air. 
The  headings  a  and  6  are  generally  made  about  9  feet  wide,  the  stenting  walls  6  or  8 
yards  thick,  and  are  holed  or  thirled  at  such  a  distance  as  may  be  most  suitable  for  the 
state  of  the  air.    The  thirlings  are  5  feet  wide. 

When  the  headings  are  set  off  from  the  pit  bottom,  an  aperture  is  leA  in  the  brattice 
at  the  end  of  the  pillar  next  the  pit,  through  which  the  circulation  betwixt  the  upcast 
aad  downcast  pits  is  carried  on ;   but'  whenever  the  workmen  cut  through  the  first 
thirling  No.  1,  the  aperture  in  the  brattice  at  the  pit  bottom  is  shut  \   in  consequence  of 
which  the  air  is  immediately  drawn  by  the  power  of  the  upcast  shaA  through  that  thirling- 
as  represented  by  the  dotted  arrow.    Thus  a  direct  stream  of  fresh  air  is  obviously 
brought  close  to  the  forehead  where  the  mines  are  at  work.    The  two  headings  a  and  h- 
are  then  advanced,  and  as  soon  as  the  thirling  No.  2  is  cut  through,  a  wall  of  brick  and 
mortar,  4^  inches  thick,  is  built  across  the  thirlin?  No.  I.    This  virall  is  termed  a  stop- 
ping ;  and  being  air-tight,  it  forces  the  whole  circulation  through  the  thirling  No.  2.    IH' 
this  manner  the  air  is  always  led  forward,  and  caused  to  circulate  always  by  the  last-- 
inade  thirling  next  the  forehead ;  care  being  had,  that  whenever  a  new  thirling  is  made^ 
the  last  thirling  through  which  the  air  was  circulated,  be  secured  with  an  air-tight 
stopping.    In  the  woodcut,  the  stoppings  are  placed  in  the  thirlings  numbered  1,  2,  3, 
4,  5,  6«  and  of  consequence  the  whole  circulation  passes  through  the  thirling  No.  7; 
which  lies  nearest  the  foreheads  of  the  headings  a,  6.     By  inspecting  the  figure,  we 
obeerve,  that  on  this  very  simple  plan,  a  stream  of  air  may  be  circulated  to  any  required" 
distance,  and  in  any  direction,  however  tortuous.    Thus,  for  example,  if  while  the 
double  headways  course  a,  6,  is  pushed  forward,  other  double  headways  courses  aTe  re- 
quired to  be  carried  on  at  the  same  time  on  both  sides  of  the  first  headway,  the 
general  principles  have  only  to  be  attended  to  at  shown  in  yif.  960,  whetf 
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The  lir  advances  *]oDg  the  hudin;  c,  bnt 

eanaol  procped  furtbei  in  that  diredlon  thaa 

Ihe  pUlai  d,  being  obmrueled  br  the  douUe 

doon  at  (.     It  therefore  advance!  in  lh(  direc- 

lion.  dT  the  airoin  to  the  foreheads  at  /,  »d 

r    passing  Ihroujih  the  last  thitlin;  made  there, 

returns  to  the  oppoaile  tide  of  the  double  doon^ 

ascends  now  the  hndin^  g,  to  the  foreheads  at 

k,  pauea  through  the  last-made  thiiliofr  M  tkat 

point,  and  defcends,  in  the  heading  ■.till  it  it 

intermpted  bj  the  donble  doais  at  fe.    Tte 

aerial  current  noir  moves  alone  the  beading  I, 

to  the  foreheads  at  n,  returns  bf  the  last-made 

thirliai;  Ibere,  along  the  heading  a,  aad  finally 

goes  down   the  headiog  o,  and  moants  by  the 

npcasi  shan  a,  earrjiog  with  il  alt  the  noxioni 

gases  which  iJ  eacountered  daring  its  cimii- 

tnujoumef.    This  wood-cut  iaa  faithful  representation  of  the  system  by  which  collieria 

of  the  greatest  extent  are  worked  and  ventiUted.    In  some  of  these,  the  air  coone* 

are  from  30   to  40  miles  long.      Thai   the  air  condusted  by  the  mediam  of  a  shaft 

difided  by  a  brattice  wall  only  a  few  inches  thick,  aAer  descending  in  the  downcast  in 

one  compartment  of  the  pit  at  6  o'clock  in  the  moraing;,  must  thence  travel  through  ■  eir- 

euit  of  nearly  30  miles,  and  cannot  arrive  at  its  reascending  compartment  on  the  othet 

side  of  the  brattice,  or  pit  parlilion,  till  6  o'clock  in  the  evening,  supposing  it  to  ntove  all 

the  time  at  the  rate  ofSI  miles  per  honr.     Hence  we  see  thB.t  the  /rrintuni  mobilt  of  thi* 

mighty  circulation,  the  furnace,  must  be  carefully  looked  after,  since  its  irregnlaritiet 

may  affect  the  comfort,  or  even  the  existence  of  hnndrod*  of  miners  spread  over   IbcM 

vait  subterraneous  labyrinths.     On  the  principles  jnst  laid  down,  it  appears  that  if  aaj 

Dumber  of  boards  be  set  off  from  any  side  of  these  galleries,  either  in  a  level,  dip,  oc  riie 

direction,  the  circulation  of  air  may  be  advanced  to  each  forehead,  by  ao  ingoing  and  n- 

loming  current. 

Yet  while  the  circulation  of  fresh  air  is  thus  advanced  to  the  last-made  thirling  nrat 
the  foreheads  /,  h,  and  n,/;.  860,  and  moves  through  the  thirling  which  is  nesrcM  to 
the  face  of  every  board  and  room,  the  emission  of  fire-damp  is  frequently  so  abundant 
from  the  coaly  strata,  that  the  miners  dare  not  proceed  forwarde  more  than  a  few  feet 
fma  that  aerial  circnlalinn,  without  hazard  of  being  burned  by  the  combustion  of  the  ga* 
at  their  candles.  To  guard  against  this  accident,  temporary  shifting  brattices  Arv  ea>- 
^yed.  These  are  formed  of  deal,  about  1  of  an  inch  thick,  3  or  4  feel  broad,  and  10 
feel  long;  and  are  furnished  with  cross-bars  for  binding  the  deals  together,  and  a  law 
Snger  loops  cut  Ihroagh  them,  for  lifting  them  more  expeditiously,  in  order  to  place  thea 
in  a  proper  position.  Where  inflanunahle  air  abonnd!,  a  store  of  snch  brattice  deab 
should  be  kept  ready  for  emergencies. 

The  mode  of  applying  these  temporary  brattices,  or  deal  partitions,  is  shown  ia  tke 
accompanying  fiiure  (Jif.  ^li,  which  shows  how  the  lir  eircalates  freely  ihrongb  ths 
""I  thirling  J,  it,  before  the  brattices  are  placed.    At  b  and  c,  we  see  two  bead- 

^  'l^  ing  boards  or  rooms,  which  are  eo  full  uf  inflammable  air  as  to  be  unwoik- 
^ajPJj'alTS  able.  Props  are  now  erected  near  the  upper  end  of  the  pillar  t,  belwiit  tha 
IrttsaS  ''oo^'b"')  pavement,  about  two  feet  clear  of  the  sides  of  the  next  pillar,  Icav- 
a^^B  inz  room  for  the  miner  to  pass  along  between  the  pillar  side  aiid  the  bnt- 
%  n^yl  tice.  The  braltices  are  then  fastened  with  nails  to  the  props,  the  knnr 
W  I  iB  ^^  "^  ''"^  under  brattice  resting  on  the  pavement,  while  the  upper  edge  of 
^  tr^  '■  *''^  upper  is  in  contact  with  the  roof.  By  this  means  any  variation  oif  th« 
4-1  I  ^"^^^  '"  Ihe  bed  of  coal  is  compensated  by  the  overlap  c^  the  bcattiea 
^  I.jI  m  boards;  and  as  these  are  advanced,  shifting  brattices  are  laid  cloae  to,  aal 
alongsiile.of,  the  first  wl.  The  miner  neit  acts  up  addiliooa]  pn^  in  the  same  pvalld 
line  with  the  former,  and  slides  the  bratliees  forwards,  to  make  the  air  circulate  cloae 
to  the  forehead  where  he  is  working ;  and  be  regulates  the  distance  betwixt  the  bnttka 
and  the  forehead  by  the- disengagement  of  fire-damp  and  the  velocity  of  the  aerial  eirtv- 
lation.  The  props  are  shown  at  d,  d,  and  the  brattice*  at  /,/.  By  this  arraBgnneal 
the  air  is  prevented  Oom  passing  directly  through  the  thirling  a,  and  is  forced  along  the 
right-hand  side  of  the  brattice,  and,  sweeping  over  the  wall  face  or  forehead,  retnrns  by 
the  back  of  the  brattice,  and  passes  through  the  tbiilJng  a.  It  is  prevented,  bowen^ 
fi-om  returning  in  its  former  direction  by  the  brattice  planted  in  the  Ibrebead  c,  whenbr 
It  monnti  up  and  accomplishes  its  retam  cloae  to  that  forehead.  Tliua  faeulway*  aal 
boards  are  ventilated  till  another  thirling  is  made  at  the  tipper  part  of  the  pillar.  Tke 
thirling  a  it  then  dosed  by  a  brick  *tapping,*iid  the  brattka  board*  lenovadfonnjdtrara 
iimilar  operation. 
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Wlien  bloinm  ocenr  bi  die  roof,  and  force  the  strata  dowD,  m  aa  lo  nrodnee  a  large 
Tanlled  eicavalion,  Ibe  aceiuaalalcd  gas  miitt  be  swept  awajr ;  berauae,  after  filling  Umt 
■pace,  it  would  descend  in  an  unmixed  ilate  under  the  common  roof  <^  the  coal. 
The  manner  of  rwnoting  it  is  representtd  in  fig.  862,  where  a  is  ihc  bed  of  coal, 
b  the  blower,  c  the  eieayafion  left  by  the  downfall  of  the 
rool^  d  is  a  paasing  door,  and  i  a  brattice.  By  this  arrange- 
mcnt  the  aerial  current  is  carried  close  to  tbe  roof,  and  con- 
stantly sweeps  olTor  dilutes  the  inflainmable  iraa  of  the  blow- 
er, as  fast  as  it  issnes.  The  arrows  sbaw  the  direclion  of  Ibe 
current ;  but  for  which,  the  accumulaling  gu  would  be  mixed 
'   live  proportions  with  the  almospberic  air,  and  deslror 
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s  another  modiflcBiion  of  the  Tentilaling  sjitem, 
lir-cDUT^e!  are  traversed  acroia  ;  that  is,  when  one 
is  advanced  at  ri^ht  ancles  to  another,  and  muR 
10  ventilate  the  working  on  Ifae  further  side, 
implishert  on  ihe'plan  shown  in  fig.  863,  where  a  is  a  main  rood  with  an  air- 
course,  over  which  the  other  air-course  6,  has  to  pass.  The  siden  of  this  air  channel  are 
bnill  of  bricks  arched  over  so  as  to  be  air-liEhl,  and  a  gallery  is  driven  in  the  roof  slrala 
as  shown  in  the  figure.  If  an  arr-couTK,  as  a,  be  laid  over  with  planks  made  air-light, 
erossin;:  and  recrossing  may  be  etfccted  with  facilily.  The  general  velotiiy  of  the  ait  in 
tbese  ventilating  channels  is  from  3  to  4  feet  per  second,  or  about  2^  miles  per  hour,  and 
their  internal  dimensions  vary  fron.  S  to  6  feet  tqnare,  atfording  an  area  of  from  S5  to  36 

Mr.  Taylor's  hydraulic  air-pnrap,  foroierly  described,  p.  845,  deserves  to  be  noticed 

864    among  the  varions  ingenious  conlrirences  for  ventilating  mines,  particularly 

when  Ihey  are  of  moderate  exienl.      a  is  a  large  wooden  tub,  nearly  filled  wilh 

water,  through  whoee  bottom  Ihe  ventilating  pipe  b  passes  down  into  the  recesses 

of  the  rnine.    Upon  Ihe  top  of  b,  there  is  a  valve  r,  opening  upwards.     Over  b, 

Ifae  gasometer  vessel  is  inverted  in  a,  having  a  valve  also  opening  ontwoids  at  d. 

^  When  this  vessel  is  depressed  by  any  moving  force,  ihe  air  contained  within  it  ia 

^j  ptj  expelled  Ihrough  d ;  and  when  it  is  raised,  it  diminishes  the  almospheric^l  prea- 

^  p^  snre  in  Ihe  pipe  b,  and  thus  draws  air  out  of  Ihe  mine  into  the  gasometer ;  which 

I      cannot  return  on  aeeoimt  of  the  valve  at  t,  but  is  thrown  out  into  Ihe  atmosphere 

I      through  d  at  the  next  descent. 

The  general  plan  of  distrihuting  the  air,  in  all  eases,  is  1o  send  the  first  of  the 
current  that  descends  in  the  donncasl  shaft  among  the  horses  in  the  stables,  next 
among  the  workmen  in  the  foreheads,  afler  which  Ihe  air,  loaded  with  whalerrar 
mixtures  it  may  have  received,  is  made  lo  traverse  the  old  wastes.  It  then  paeiet 
through  the  furnace  with  all  the  inflammable  gas  it  has  collected,  ascends  (he  upcast  sbaA, 
and  is  dispersed  inio  Ihe  atmosphere.  This  sjslem,  styled  roarnng  ihi  air,  was  invcnled 
b;  Mr.  Spedding  of  Cumberland.  According  lo  the  quantiiy  of  the  fire-damp,  the 
coarsing  is  condncled  either  up  one  room,  and  retarned  by  Ihe  next  allemately,  through 
tbe  whole  extent  of  Ihe  works,  or  it  passes  along  2  or  3  connected  rooms,  and  returns  by 
tbe  same  number. 

This  admirable  system   has   received   the  ereetesi   improvements  from   Ihe  mining 

engineers  of  Ihe  Newcastle  district,  and  especially  from  Mr.  Buddie  of  Wallsetid.     Hia 

plan    being   a  molt  complete   scale  of  ventilation,  where   Ihe  aerial  current  is  made 

lo    aweep    away    every   corner  uf   (he  workings,  is    shown    in   fig,    865;  in  which    a 

represents   the  downcast,  and  b  the   upcast 

sbafl.      By  pursuing  the  track  of  the  arrowa, 

we  may  observe  that  Ihc  air  passes  first  along 

Ihe  two  rooms  c,  d,  having  flee  access  to  each 

tfaroagh    the  valH,    but    is    hindered    from 

entering  into  the  adjoining    rooms   by  the 

stoppings  which   form    the  air-eonrses.      It 

sweeps  along  the  wall  face*  of  the  rooma  e,  d, 

and   makes   a  return  down   Ifae  rooms  e,  Xi 

but  is  not  allowed  to  proceed  ftartfaer  in  that 

direction  by  the   stoppings   g,   A.      It  tbea 

proceeds  to  the  loreheads  i,  k,  and   single 

eonrses  all  the  rooms  lo  Ihe  foreheads  I,  m ;  from  Ihls  point  it  would  go  diivtlly  lo  the 

apean  pit  b,  were  it  not  prevented  by  the  stopping  a,  which  throws  it  again  into  donble 

conrEine  the  rooms,  till   il  arrives  at  o,  whence  it  goes  directly  to   the  furnace,  and 

ascends  Ihe  shaft  b.    The  lines  across  each  other  represent  the  passing  doora  i  and  these 

W«y  be  substituted  in  any  place  for  a  pasnage  where  there  is  a  slopping.     The  stopping 

p.  near  Ihe  bottom  of  the  downcast  shaft,  is  lenued   a  main  slopping;  because  If  it 

w«K  lemoTcd,  the  whole  eircolation  wnnkl    iniuntly  cmw,  and   the   air,  inatead  ^ 
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tnversLig  in  the  direction  of  the  arrows,  would  go  directly  from  the  downcast  pit  a .  to 
the  upcast  pit  b,  along  the  gallery  9.  Hence  every  gallery  and  room  of  the  workingt 
would  be  laid  ^dead,  as  it  is  termed,  and  be  immediately  filled  with  fire-damp,  which 
might  take  fire  either  at  the  workmen's  candles,  or  at  the  fotnace  next  the  npeask 
shaft  6.  Thus  also  a  partial  stagnation  in  one  district  of  the  colliery,  would  be  pro- 
duced by  any  of  the  common  stoppings  being  accidentally  removed  or  destroyed,  since 
the  air  would  thereby  always  pursue  the  nearest  route  to  the  upcast  pit.  Main  stop- 
pings are  made  particularly  secure,  by  strong  additional  stone  buildings,  and  they  aie 
set  up  at  different  places,  to  maintain  the  main  air  courses  entire  in  the  event  of  an 
explosion ;  by  which  precautions  great  security  is  given  to  human  life.  This  system  of 
ventilation  may  be  extended  to  almost  any  distance  from  the  pit-bottom,  provided  the 
volume  of  fresh  air  introduced  be  adequate  to  dilute  sufiiciently  the  fire-damp,  so  that 
the  mixture  shall  not  reach  the  explosive  point.  The  air,  by  this  management,  ven- 
tilates first  one  panel  of  work>  and  then  other  panels  in  succession,  passing  onwards 
through  the  barriers  or  panel  walls,  by  means  of  galleries,  as  in  Jig.  843,  by  the 
principle  either  of  single,  double,  or  triple  coursing,  according  to  the  quantity  of  gas  in 
the  mine. 

In  ventilating  the  very  thick  coal  of  Staffordshire,  though  there  is  much  inflammable 
air,  less  care  is  needed  than  in  the  north  of  England  collieries,  as  the  workings  are  very 
roomy,  and  the  air  courses  of  comparatively  small  extent.  The  air  is  conducted  down 
one  shaft,  carried  along  the  main  roads,  and  distributed  into  the  sides  of  work,  as  shown 
in  fig.  848.  A  narrow  gallery,  termed  the  air-head,  is  carried  in  the  upper  part  of  the 
coal,  in  the  rib  walls,  along  one  or  more  of  the  sides.  In  the  example  here  figared,  it  is 
carried  all  round,  and  the  air  enters  at  the  bolt-hole  e.  Lateral  openings,  named  sponts, 
are  led  from  the  air-head  gallery  into  the  side  of  work  ;  and  the  circulating  stream  mixed 
with  the  gas  in  the  workings,  enters  by  these  spouts,  as  represented  by  the  arrows,  and 
returns  by  the  air-head  at  g,  to  the  upcast  pit. 

When  the  fire-damp  comes  off  suddenly  in  any  case,  rendering  the  air  ibul  and  explo- 
sive at  the  foreheads,  if  no  other  remedy  be  found  efifectual,  the  workisg  of  the  coa)  must 
be  suspended,  and  a  current  of  air  sent  directly  from  the  fresh  in-going  stream,  in  order 
to  dilute  the  explosive  mixture,  before  it  reaches  the  fumacie.  This  is  termed  Mkailiug 
the  air ;  for  otherwise  the  gas  would  kindle  at  the  furnace,  and  flame  backwards,  like  a 
tiain  of  gunpowder,  through  all  the  windings  of  the  work,  carrying  devastation  and 
death  in  its  track.  By  akailing  the  air,  however,  time  is  given  for  running  forward 
with  water,  and  drowning  the  furnace.  A  cascade  of  water  from  the  steain  engine 
pumps  is  then  allowed  to  fall  down  the  pit,  the  power  of  which,  through  a  fall  of  500  or 
600  feet,  is  so  great  in  carrying  down  a  body  of  air,  that  it  impels  a  sufficient  current 
through  every  part  of  the  workings.  The  ventilation  is  afterwards  put  into  its  nsnal 
train  at  leisure. 

In  collieries  which  have  oeen  worked  for  a  considerable  time,  and  particnlarly  in  sndi 
as  have  goaves.  creeps,  or  crushed  wastes,  the  disengagement  of  the  fire-damp  from  these 
recesses  is  much  influenced  by  the  state  of  atmospheric  pressure.  Should  this  be  suddenly 
diminished,  as  shown  by  the  fall  of  the  barometer,  the  fire-damp  suddenly  expands  and 
comes  forth  from  its  retirement,  polluting  the  galleries  of  the  mine  with  its  noxioos 
presence.  But  an  increase  of  barometric  pressure  condenses  the  gases  of  the  mine,  and 
restrains  them  within  their  sequestered  limits.  It  is  therefore  requisite  that  the  coal- 
viewer  should  consult  the  barometer  before  inspecting  the  subterraneous  workings  of  an 
old  mine,  on  the  Monday  mornings,  in  order  to  know  what  precautions  must  be  observed 
in  his  personal  survey. 

The  catastrophe  of  an  explosion  in  an  extensive  coal-mine  is  horrible  in  the  extreme. 
Let  us  imagine  a  mine  upwards  of  100  fathoms  deep,  with  the  workings  extended  to  a 
great  distance  under  the  surrounding  country,  with  machinery  complete  in  all  its  parts, 
the  mining  operations  under  regular  discipline,  and  railways  conducted  through  all  its 
ramifications;  the  stoppings,  passing  doors,  brattices,  and  the  entire  economy  of  the 
mine,  so  arr^Jiged  that  every  thing  moves  like  a  well-regulatol  machine.  Amine  of 
this  magnitude  at  full  work  is  a  scene  of  cheering  animation,  and  happy  industry ;  the 
sound  of  the  hammer  resounds  in  every  quarter,  and  the  numerous  carriages,  loaded  or 
empty,  passing  swifUy  to  and  fro  from  the  waD  faces  to  the  pit  bottom,  enliven  the 
gloomiest  recesses.  At  each  door  a  little  boy,  called  a  trapper,  is  stationed,  to  open  and 
shnt  it.  Every  person  is  at  his  T>o8t,  displaying  an  alacrity  and  happiness  pleasingly 
contrasted  with  the  surroundings  gloom.  While  things  are  in  this  merry  train,  it  ha» 
but  too  frequently  happened  that  from  some  unforeseen  cause,  the  ventilation  has  paitialli 
stagnated,  allowing  a  quantity  of  the  fire-damp  to  accumulate  in  one  space  to  the  expk> 
sive  pitch ;  or  a  blower  has  suddenly  sprung  forth,  and  the  unsuspecting  miner,  entering 
this  fatal  region  with  his  candle,  sets  the  whole  in  a  blaze  of  burning  air,  which  imme> 
diately  suffocates  and  scorches  to  death  every  living  creature  within  its  sphere^  while 
multitudes  beyond  the  reach  of  the  flame  are  dashed  to  pieces  by  the  force  of  the  explo- 
sioDy  lolling  like  thunder  along  the  winding  galleries.     Sometimes  the  aq^oam  " 
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seems  to  linger  in  one  district  for  n  few  moments ;  then  gathering  strength  for  a  giant 
effort,  it  rushes  forth  from  its  cell  with  the  yiolence  of  a  hurricane,  and  the  speed  of 
lightning,  destroying  every  obstacle  in  its  way  to  the  upcast  shaA.  Its  power  seems  to 
he  irresistible.  The  stoppings  are  burst  through,  the  doors  are  shivered  into  a  thousand 
pieces ;  whilei  the  unfortunate  miners,  men,  women,  and  boys,  are  swept  along  with  an 
inconceiyable  velocity,  in  one  body,  with  the  horses,  carriages,  corves,  and  coals.  Should 
a  massive  pillar  obstruct  the  direct  course  of  the  aerial  torrent,  all  these  objects  are 
dashed  against  it,  and  there  prostrated  or  heaped  up  in  a  mass  of  common  ruin,  mutila- 
tion, and  death.  Others  are  carried  directly  to  the  shaA,  and  are  either  buried  there 
amid  the  wreck,  or  are  blown  up  and  ejected  from  the  pit  month.  Even  at  this  distance 
from  the  explosive  den,  the  blast  is  often  so  powerful,  that  it  frequently  tears  the  brattice 
walls  of  the  shaft  to  pieces,  and  blows  the  corves  suspended  in  the  shaft  as  high  up  into 
the  open  air  as  the  ropes  will  permit.  Not  unfrequently,  indeed,  the  ponderous  pulley- 
wheels  are  blown  from  the  pit-head  frame,  and  carried  to  a  considerable  distance  in  the 
bosom  of  a  thick  cloud  of  coals  and  coal  dust  brought  up  from  the  mine  by  the  fire-damp, 
whose  explosion  shakes  absolutely  the  superincambent  solid  earth  itself,  with  a  mimic 
earthquake.  The  dust  of  the  ruins  is  sometimes  thrown  to  such  a  height  above  the  pit 
as  to  obscure  the  light  of  the  sun.  The  silence  which  succeeds  to  this  awful  turmoil  is 
no  less  formidable ;  for  the  atmospheric  back-draught,  rushing  down  the  shaft,  denotes 
the  consumption  of  vital  air  in  the  mine,  and  the  production  of  the  deleterious  choke-damp 
and  azote. 

Though  many  of  the  miners  may  have  escaped  by  their  distance  in  the  workings  from 
the  destructive  blast  and  the  fire,  yet  their  fate  may  perhaps  be  more  deplorable.  They 
hear  the  explosion,  and  are  well  aware  of  its  certain  Consequences.  Every  one,ainxious 
to  secure  his  personal  safety,  strains  every  faculty  to  reach  the  pit>bottom.  As  the 
lights  are  usually  extinguishcKl  by  the  explosion,  they  have  to  grope  their  way  in  utter 
darkness.  Some  have  made  most  marvellous  escapes,  after  clambering  over  the  rubbish 
of  fallen  roofs,  under  which  their  companions  are  entombed ;  but  others,  wandering  into 
uncertain  alleys,  tremble  lest  they  should  encounter  the  pestilential  airs.  At  last  they 
leel  their  power,  and  aware  that  their  fate  is  sealed,  they  cease  to  struggle  with  their  in- 
evitable doom ;  they  deliberately  assume  the  posture  of  repose,  and  fall  asleep  in  death. 
Such  has  been  too  often  the  fate  of  the  hardy  and  intelligent  m^ers  who  immure  them- 
selves deep  beneath  the  ground,  and  venture  their  lives  for  the  comfort  of  their  fellow- 
men  ;  and  such  frequently  is  the  ruinous  issue  of  the  best  ordered  and  most  prosperous 
nu'ning  concerns. 

Id  such  circumstances  the  mining  engineers  or  coal  viewers  have  a  dangerous  and 
difficult  duty  to  perform.  The  pit  into  which  they  must  descend  as  soon  as  possible,  is 
rendered  unsafe  by  many  causes ;  by  the  wrecks  of  loose  timber  torn  aWay  by  the 
eruption,  or  by  the  unrespirable  gases ;  by  the  ignition  perhaps  of  a  portion  of  the  coal 
itself,  or  by  the  flame  of  a  blower  of  fire-damp ;  either  of  which  would  produce  violent 
and  repeated  explosions  whenever  the  gas  may  again  accumulate  to  the  proper  degree. 
Such  a  predicament  is  not  uncommon,  and  it  is  one  against  which  no  human  skill  can 
guard.  Yet  even  here,  the  sense  of  duty,  and  the  hope  of  saving  some  workmen  from  a 
lingering  death  by  wounds  or  suffocation,  lead  this  intrepid  class  of  men  to  descend  amid 
the  very  demons  of  the  mine. 

As  soon  as  the  ventilation  is  restored  by  temporary  brattices,  the  stoppings  and  doors 
are  rebuilt  in  a  substantial  manner,  and  the  workings  are  resumed  with  the  wonted 
activity.  From  an  inspection  of  fig.  864,  p.  1035,  it  is  obvious  that  the  stability  of  the 
main  stopping  p,  is  an  important  point ;  for  which  reason  it  is  eounterforted  by  strong 
walls  of  stone,  to  resist  the  explosive  force  of  fire-damp. 

When  it  is  known  that  fire  exists  in  the  wastes,  either  by  the  burning  of  the  small 
coal-dost  along  the  roads,  or  from  the  ignition  of  the  solid  coal  by  a  blower  of  gas,  the 
inspection  of  the  mine  is  incomparably  more  hazardous,  as  safety  cannot  be  ensured  for 
an  instant ;  for  if  the  exlrication  of  gas  be  great,  it  rapidly  accumulates,  and  whenever  it 
reaches  the  place  where  the  fire  exists,  a  new  explosion  takes  place,  lliere  have  been 
examples  of  the  most  furious  detonations  occurring  regularly  after  the  interval  of  about 
an  hour,  and  bein?  thus  repeated  36  tiroes  in  less  than  two  days,  each  eruption  appearing 
at  the  pit  mouth  like  the  blast  of  a  volcano.  It  would  be  madness  for  any  one  to  attempt 
a  descent  in  such  circumstances.  The  only  resource  is  to  moat  up  the  pit,  and  cheak  the 
combustion  by  exclusion  of  atmospheric  air,  or  to  drown  the  workings  by  letting  the  water 
accnmnlate  below  ground. 

When  fire  exists  in  the  wastes,  with  less  apparent  risk  of  life,  water  is  driven  upon  it 
by  portable  fire-extinguishing  engines,  or  small  cannon  are  discharged  near  the  bumira^ 
coal,  and  the  concassion  thus  produced  in  the  air  sometimes  helps  to  extinguish  the  flame. 

Since  the  primary  cause  of  these  tremendous  Catastrophes  is  the  accension  of  the 
explosive  gases  by  the  candle  of  the  miner,  it  has  been  long  a  desideratum  to  procure 
light  of  such  a  nature  as  may  not  possess  the  power  of  kindling  the  fire-damp.  The 
train  of  light  producible  from  the  firiction  of  flint  and  steel,  by  a  mechanism  called 
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a  MhL  miU,  has  been  loag^kfiowa,  and  afforded  a  tqlen^egleaii^  with  which  the 
were  obliged  to  content,  themselyes  in  bazardoas  atmosphereis. 

It  consists  of  a  small  frame  of  iron,  mounted  with  a  wheel  and  pinion,  which  give  rapid 
"otation  to  a  disk  of  hard  steel  placed  upright,  to  whose  edge  a  piece  of  flint  is  applied. 
The  use  of  this  machine  entailed  on  the  miner  the  expense  of  an  attendant,  called  the 
miller,  who  gave  him  light.  Nor  was  the  light  altogether  safe,  for  occasionally  the  ignited 
shower  of  steel  particles  attained  to  a  sufficient  heat  to  set  fire  to  the  fire-damp. 

At  length  the  attention  of  the  scientific  world  was  powerfully  attracted  to  the  means  of 
lighting  the  miner  with  safety,  by  an  awful  catastrophe  which  happened  at  Felling  Col- 
liery, near  Newcastle,  on  the  25th  May,  1812.  This  mine  was  working  with  great  Tigor, 
under  a  well-regulated  system  of  yentilation,  set  in  action  by  a  furnace  and  air-tube,  placed 
over  a  rise  pit  in  elevated  ground.  The  depth  of  winning  was  above  100  fathoms ;  25 
acres  of  coal  had  been  excavated,  and  one  pit  was  yielding  at  the  rate  of  1700  tons  per 
week.  At  11  o'clock  in  the  forenoon  the  night  shift  of  miners  was  relieved  by  the  day 
shiA;  121  persons  were  in  the  mine,  at  their  several  stations,  when,  at  half-past  11,  the 
gas  fired,  with  a  most  awful  explosion,  which  alarmed  all  the  neighboring  villages.  The 
subterraneous  fire  broke  forth  with  two  heavy  discharges  firom  the  dip-pit,  and  tibese  were 
instantly  followed  by  one  from  the  rise-pit.  A  slight  trembling,  as  from  an  earthquake^ 
was  felt  for  about  half  a  mile  round  the  colliery,  and  the  noise  of  the  explosion,  thoogh 
dull,  was  heard  at  from  3  to  4  miles'  distance.  Immense  quantities  of  dust  and  small 
coal  accompanied  the^  blasts,  and  rose  high  into  the  air,  in  the  form  of  an  inverted  cone. 
The  heaviest  part  of  the  ejected  matter,  such  as  corves,  wood,  and  small  coal,  fell  near 
the  pits ;  but  the  dust,  borne  away  by  a  strong  west  wind,  fell  in  a  continuous  shower  a 
mile  and  a  half  from  the  pit.  In  the  adjoining  village  of  Heworth  it  caused  a  darkneu 
like  that  of  early  twilight,  covering  the  roads  where  it  fell  so  thickly  that  the  footsteps 
of  passengers  were  imprinted  in  it.  The  heads  of  both  shaft-frames  were  blown  off, 
their  sides  set  on  fire,  and  their  pulleys  shattered  to  pieces.  The  coal-dust  ejected  from 
the  rise-pit  into  the  horizontal  part  of  the  ventilating  tube,  was  about  3  inches  thick, 
and  spe^ily  burnt  to  a  cinder;  pieces  of  burning  coal,  driven  off  the  solid  stratum  of  the 
mine,  were  also  blown  out  of  this  shaft.  Of  the  121  persons  in  the  mine  at  the  time  of 
the  explosion,  only  32  were  drawn  up  the  pit  alive,  3  of  whom  died  a  few  hours  after  the 
accident.  Thus  no  less  Uian  92  valuable  lives  were  instantaneously  destroyed  by  this 
pestilential  fire  damp.  The  scene  of  distress  among  the  relatives  at  the  pit  moath  was 
indescribably  sorrowful. 

Dr.  W.  Reid  Clanny,  of  Sunderland,  was  the  Qrst  to  contrive  a  lamp  which  might  bom 
among  explosive  air  without  communicating  flame  to  the  gas  in  which  it  was  plunged. 
This  he  effected,  in  1813,  by  means  of  an  air-tight  lamp,  with  a  glass  front,  the  flame  of 
which  was  supported  by  blowing  fresh  air  from  a  small  pair  of  bellows  through  a  stntom 
of  water  in  the  bottom  of  the  lamp,  while  the  heated  air  passed  out  through  water  1^  a 
recurved  tube  at  top.  By  this  means  the  air  within  the  lamp  was  completely  insulated 
from  the  surrounding  atmosphere.  This  lamp  was  the  first  ever  taken  into  a  body  of  in- 
flammable air  in  a  coal-mine,  at  the  exploding  point,  without  setting  fire  to  the  gas  aroond 
it.  Dr.  Clanny  made  another  lamp  upon  an  improved  plan,  by  introducing  into  ii  the 
steam  of  water  srenerated  in  a  small,  vessel  at  the  top  of  the  lamp,  heated  by  the  flame. 
The  chief  objection  to  these  lamps  is  their  inconvenience  in  use. 

Various  other  schemes  of  8afe-lam])s  were  offered  to  the  miner  by  ingenious  mechani- 
cians, but  they  have  been  all  superseded  by  the  admirable  invention  of  Sir  H.  Davy, 
founded  on  his  fine  researches  upon  flame.  The  lamp  of  Davy  was  instantly  tried  and 
approved  of  by  Mr.  Buddie  and  the  principal  mining  engineers  of  the  Newcastle  district. 
A  perfect  security  of  accident  is  therefore  afforded  to  the  miner  in  the  use  of  a  lamp  which 
tramsmits  its  light,  and  is  fed  with  air,  through  a  cjlinder  of  wire  gauze ;  and  this  inven- 
tion has  the  advantage  of  requiring  no  machinery,  no  philosophical  knowledge  to  direct 
its  use,  and  is  made  at  a  very  cheap  rate. 

In  the  course  of  a  long  and  laborious  investigation  on  the  properties  of  the  fire-damp^ 
and  the  nature  and  communication  of  flame.  Sir  H.  Davy  ascertained  that  the  explosaons 
of  inflammable  gases  were  incapable  of  being  passed  through  long  narrow  metallic  tabes; 
and  that  this  principle  of  security  was  stUl  obtained  by  diminishing  their  length  and 
diameter  at  the  same  time,  and  likewise  diminishing  their  length,  and  increasing  their 
number,  so  that  a  great  number  of  small  apertures  would  not  pass  an  explosion,  wher. 
their  depth  was  equal  to  their  diameter.  This  fact  led  him  to  trials  upon  sieves  made  of 
wire-gauze,  or  metalUc  plates  perforated  with  numerous  small  holes ;  and  he  found  it  wa» 
Impossible  to  pass  explosions  through  them. 

The  apertures  in  the  gauze  should  never  be  more  than  l-20th  of  an  inch  square.  Ir 
the  working  models  sent  by  Sir  H.  to  the  mines,  there  were  748  apertures  in  the  square 
inch,  and  the  wire  was  about  the  40th  of  an  inch  diameter.  The  cage  or  cylinder  of 
wire-gauze  should  be  made  by  double  joinings,  the  gauze  being  folded  over  in  such  a 
manner  as  to  leave  no  apertures.  It  should  not  be  more  than  two  inches  in  diameter ; 
for  in  large  cylinders  the  combustion  of  the  fire-damp  renders  the  top  iaconTeaieatlf 
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hot ;  and  a  double  top  is  always  a  proper  precaution,  fixed  at  a  distance  of  about  half  an 
inch  above  the  first  top.  The  gauze  cylinder  should  be  fastened  to  the  lanip  by  a  screw 
<^  4  or  5  turns.  All  joinings  in  the  lamp  should  be  made  with  hard  solder ;  and  the 
security  depends  upon  the  condition,  that  no  aperture  exists  in  the  apparatus  larger  than 
in  the  wire  gauze. 

The  forms  of  the  lamp  and  cage,  and  the  mode  of  burning  the  wick^  may  be  greatly 
diversified ;  but  the  principle  which  ensares  their  safety  must  be  strictly  attended  to.  See 
Lamp  of  Davy,  Safety  Lamp,  and  Ventilation. 

The  state  of  the  air  in  coal  mines,  from  very  early  periods  till  the  discovery  of  the 
safe-lamp,  was  jadged  of  by  the  appearances  exhibited  by  the  flame  of  a  candle;  and 
this  test  must  in  many  circumstances  be  still  had  recourse  to.  When  there  is  merely  a 
defect  of  atmospheric  oxygen,  the  air  being  also  partially  vitiated  by  a  little  carbonic  acid, 
either  from  choke-damp  or  the  lungs  and  candles  of  the  miners,  the  lights  burn  with  a 
Tery  dull  flame,  ^he  talloW  ceases  to  melt  in  the  cup  formed  round  the  wick,  till  the  flame 
flickers  and  expires.  ,  In  this  case  the  candle  may  be  kepi  burning  by  slanting  it  more  or 
less  towards  a  horizontal  position,  which  causes  the  tallow  to  melt  with  the  edsre  of  the 
flame.  The  candle  is  thus  rapidly  wasted,  however ;  and  therefore  an  oil  lamp  is  prefer- 
able, as  it  continues  to  burn  where  a  candle  would  be  extinguished.  The  candles  of  the 
collier  are  generally  small,  with  a  very  small  wick ;  such  being  found  to  produce  a  more 
distinct  flame  than  candles  of  a  large  size  with  a  thick  wick. 

In  trying  the  quality  of  the  air  by  the  flame  of  a  candle,  the  wick  must  be  tiimmed 
by  taking  off  the  snufl',  so  as  to  produce  a  clear,  distinct,  and  steady  burning  flame. 
When  a  candle  thus  trimmed  is  looked  at  in  common  air,  a  distinct  and  Well-defined  cone 
of  flame  is  seen,  of  a  fine  sky-blue  at  the  bottom  next  the  wick,  and  thence  of  a  bright 
yellow  to  the  apex  of  the  cone.  Besides  this  appearance,  there  is  another,  surrounding 
the  cone,  which  the  brightness  of  the  flame  prevents  the  eye  from  discerning.  This  may 
be  seen  by  placing  one  of  the  hands  expanded  as  a  screen  betwixt  the  eyes  and  the 
candle,  and  at  the  distance  of  about  an  inch,  ^o  that  the  least  point  of  the  apex  of  the 
yellow  flame  may  be  seen,  and  no  more.  By  this  method,  a  top,  as  the  miners  term  it, 
will  be  distinctly  observed  close  to  the  apex  of  the  yellow  flame,  from  an.  eighth  to  a 
quarter  of  an  inch  in  length.  This  top  is  of  a  yellowish-brown  color,  and  like  a  misty 
haze.  This  haze  is  seen  not  only  on  the  top,  but  it  extends  downwards  and  surrounds 
the  flame  fully  half  way,  about  a  twentieth  of  an  inch  in  thickness ;  here  it  assumes  a 
violet  color,  which  passes  into  a  beautiful  blue  at  the  bottom  next  the  wick.  The  test  of 
the  state  of  the  air  in  mines,  or  "  trying  the  candle,"  as  practised  by  miners,  depends 
entirely  on  the  appearance  which  this  haze  assumes  in  shape  and  color  at  the  top  of  the 
flame.  In  fact,  this  top  has  distinct  appearances  when  burning  in  atmospheric  air,  car** 
bonated  air,  azotized  air,  or  fire-damp  air ;  displaying  many  modifications,  accordinsc  to 
the  proportions  of  the  various  admixtures. 

When  azote  or  carbonic  acid  abpunds,  the  top  is  frequently  an  inch  or  two  in  length, 
of  a  decided  brown  color,  and  the  flame  is  short  and  dim.  When  they  are  still  more 
copious,  the  flame  goes  out,  and  the  miners  immediately  retire. 

When  inflammable  air  is  imagined  to  exist  in  considerable  quantity,  the  miner  trims 
his  candle,  and  advances  with  cautk)us  step,  holdin?  the  candle  with  the  led  hand,  and 
screening  the  flame  with  the  right;  and  as  the  fire-damp  floats  in  the  upper  part  of  the 
gallery  next  the  roof,  he  holds  the  candle  as  low  as  he  can,  and  keeping  his  eye  fixed  on 
the  tip,  he  moves  forwards.  If  the  gas  be  small  in  quantity,  he  may  reach  the  forehead 
without  observing  any  material  change  in  his  light.  But  if  in  his  advance  he  perceives 
the  tip  to  elon?tite,  and  take  a  bluish-?ray  color,  he  is  put  on  his  guard,  and  steps  on 
with  much  caution ;  and  if  the  tip  begins  to  spire,  he  drops  down  on  one  knee,  and  hold- 
ing the  cmdle  near  the  pavement,  gradually  raises  it  up,  and  watches  the  change  it  under- 
goes as  it  approaches  the  roof.  If  the  gas  be  copious,  the  fiame  elongates  into  a  sharp 
spire,  as  well  as  the  top.  It  is  in  general  reckoned  dangerous  when  the  tip  changes  from 
the  bluish-gray  to  a  fine  blue  color,  accompanied  with  minute  luminous  points,  which  pass 
rapidly  upwards  through  the  flame  and  top.  When  the  symptoms  are  manifestly  danger- 
ous, a  sudden  movement  of  the  hands  or  body  is  liable  to  produce  ignition  by  agitation 
of  the  fire-damp.  The  experienced  miner  therefore  slowly  and  cautiously  lowers  his 
candle  to  the  pavement,  and  then  turning  round,  effects  his  retreat  slowly,  or  slips  up 
his  right  hand  and  extinguishes  the  flame  with  his  finger  and  thumb.  Should  he  venture 
too  far,  and  approach  the  body  of  gas  in  an  explosive  condition,  the  tip  of  the  candle 
rapidly  elongates,  and  the  whole  rises  in  a  sharp  spire  several  inches  in  length ;  and  then 
the  whole  surrounding  atmosphere  is  in  a  blaze,  an  explosion  ensues,  and  destructive 
ravage  is  the  consequence,  to  an  extent  proportioned  to  the  quantity  of  fire-damp.  See 
Safety  Lamp,  and  Ventilation. 

This  /ryt'ng  the  candle  is  a  delicate  operation,  requiring  much  practical  sagacity,  where 
the  lives  of  so  many  men,  and  the  welfare  of  the  whole  establishment,  are  at  stake. 
Almost  every  colliery,  after  having  been  worked  for  some  time,  gives  a  peculiar  top  to 
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the  candle ;  so  that  while  in  one  mine  liable  to  fire-damp  an  explosion  will  take  piacf 
with  a  top  less  than  an  inch  long,  in  another  mine  the  top  may  be  two  inches  high,  and 
yet  the  air  be  considerably  under  the  point  of  accension.  These  differences  depend  on 
several  particulars.  If  the  gas  has  not  passed  through  a  long  course  of  Tcntilation,  and 
is  little  mixed  with  air,  it  will  ignite  with  a  very  short  top ;  while,  on  the  other  hand,  a 
gas  which  has  run  throufith  a  ventilation  of  20  or  30  miles  may  cause  the  production  of 
a  long  top  without  hazard.  It  is  hence  obvious,  that  skilful  experience,  and  thorough 
practical  knowledge,  are  the  only  sure  guides  in  these  cases. 

We  shall  now  describe  briefly  the  modern  modes  of  working  coals  a-dipping  of,  and 
deeper  Ihan,  the  engine-pit  bottom.  One  of  these  consists  in  laying  a  working  pump 
barrel  with  a  long  wind-bore  at  the  bottom  of  the  downset  mine,,  furnished  with  a  smooth 
rod  working  through  a  collar  at  the  top  of  the  working  barrel.  At  one  side  of  this, 
near  the  top,  a  kneed  pipe  is  attached,  and  from  it  pipes  are  carried  to  the  point  <A 
delivery,  either  at  the  engine  pit  bottom  or  day  level^  as  represented  in  jfig.  866. 
The   spears  are  worked  sometimes    by   rods  connected   with    the  machinery  at  the 

surface ;  in  which  case  the  spears,  if  very  long,  are  either  sus- 
pended   from   swing  or  pendulum  rods,  or   move  on   friction 
rollers.     But  since  the  action  of  the  spears,  running  with  great 
velocity  the  total  length  of  the  engine  stroke,  very  soon  tears 
every  thing  to  pieces,  the  motion  of  the  spears  under  ground  has- 
been  reduced  from  6  or  8  feet,  the  length  of  the  engine  stroke, 
to  about   15   inches ;  and    the     due   speed   in   the   pump   is 
effected  by  the  centring  of  a  beam,  and  the  attachment  of  the 
spears  to  it,  as  represented  in  fig,  867,  where  a  is  the  working 
barrel,  b  the  beam  centred   at   c,  having  an   arc-head  and 
martingale  sinking-chain.     The  spears  d  are  fastened   by  a 
strong  bolt,  which  passes  through  the  beam;  and  there  are  several  holes,  by 
means  of  which  the  stroke  in  the  pumps  can  be  lengthened  or  shortened  at 
convenience.      The  movement  of  the  spears  is  regulated  by  a  strong  iron 
quadrant  or  wheel  at  the  bottom. 
In  level-free  coals,  these  pumps  may  be  worked  by  a  water-wheel,  stationed 
I  C  near  the  bottom  of  the  pit,  impelled  by  water  falling  down  the  shaft,  to  be 
5'™  discharged  by  the  level  to  the  day  (day-level). 

But  the  preferable  plan  of  working  under-dip  coal,  is  that  recently 
adopted  by  the  Newcastle  engineers ;  and  consists  in  running  a  mine  a-dipping  of  the 
engine-pit,  in  such  direction  of  the  dip  as  is  most  convenient;  and  both  coals  and 
water  are  brought  up  the  rise  of  the  coal  by  means  of  high-pressure  engines,  working 
with  a  power  of  from  30  to  50  pounds  on  the  square  inch.  These  machines  are 
quite  under  command,  and,  producing  much  power  in  little  space,  they  are  the  most 
applicable  for  underground  work.  An  excavation  is  made  for  them  in  the  strata  above 
the  coal,  and  the  air  used  for  the  furnace  under  the  boiler,  is  the  returned  air  of  the 
muie  ventilation.  In  the  dip-mine  a  double  tram-road  is  laid ;  so  that  while  a  number 
of  loaded  corves  are  ascending,  an  equal  number  of  empty  ones  are  going  down. 
Although  this  improved  method  has  been  introduced  only  a  few  years  back,  under-dip 
workings  have  been  already  executed  more  than  an  English  mile  under-dip  of  the 
engine-pit  bottom,  by  means  of  three  of  these  high-pressure  engines,  placed  at  equal 
distances  in  the  under-dip  mine.  It  may  hence  be  inferred,  that  this  mode  of  working 
is  susceptible  of  most  extensive  application ;  and  in  place  of  sinking  pits  of  excessive 
depth  upon  the  dip  of  the  coal,  at  an  almost  ruinous  expense,  much  of  the  under-dip  coal 
will  in  future  be  worked  by  means  of  the  actual  engine-pits.  In  the  Newcastle  district, 
coals  are  now  working  in  an  engine  pit  1 15  fathoms  deep  under-dip  of  the  ensnne-pit 
bottom,  above  1600  yards,  and  fully  80  fathoms  of  perpendicular  depth  more  than  the 
bottom  of  the, pit. 
If  an  engini!-pit  be  sunk  to  a  given  coal  at  a  certain  depth,  all  the  other  coals  of  the 

Md  coal-field,  both  above  and  below  the 

coal  sunk  to,  can  be  drained  and 
worked  to  the  same  depth,  by  driving 
a  level  cross-cut  mine,  both  to  the 
dip  and  rise,  till  all  the  coals  are  in- 
tersected, as  represented  in  fig.  868, 
where  a  is  the  engine-pit  bottom  reaching  to  the  coal  a ;  and  6,  c,  rf,  €,  f,  coals  lyin« 
above  the  coal  a ;  the  coals  which  lie  below  it,  g,  A,  i ;  k  is  the  forehead  of  the  cfx>ss^;ut 
mine,  intersecting  all  the  lower  coals ;  and  /,  the  other  forehead  of  the  mine,  intersecting 
all  the  upper  coals. 

In  the  <<  Report  fVom  the  select  committee  of  the  House  of  Lords,  appointed  to  take 
into  consideration  the  state  of  the  coal  trade  in  the  United  Kingdom,*'  printed  in  Jane> 
1829,  under  the  head  of  Mr.  Buddie's  evidence  we  have  an  excellent  description  of  the 
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amtare  and  progras  of  creeps,  vhich  we  have  adverted  to  in  the  preceding  accouat. 
The  aaoeied  fig.  869  exhibits  the  creep  in  all  its  progreesiFC  EtagB»i,  rrom  i<9  eomiiience< 
Ineni  until  il  has  complelelr  eloaed  all  the  vorkinge,  and  crashed  the  pillars  of  coaL 
The  section  of  the  flgares  sapposes  us  standing  on  the  level  of  the  dilferenl  gallericf 
vhich  are  opened  in  the  seam.  The  hlack  is  the  coal  pillars  betvecn  ench  i^Dllcr) ;  when 
lh«e  are  weakened  too  much,  or,  in  other  words,  when  their  basen  become  loo  narrow  for 
the  paTsment  below,  hy  the  pressure  of  the  incnmbent  slrulification,  !hey  fink  down  into 
the  paiemcnl,  and  the  first  appearance  is  a  Utile  curvatare  in  the  bollom  of  rach  gallery : 
that  i$  Ihc  first  symptom  obvious  to  sight ;  hut  it  may  generally  he  heard  before  il  is  seen. 
The  neit  Binge  is  when  the  pavement  begins  to  open  with  a  crack  lonsiludinally.  The 
n^xt  sta^e  is  when  that  crack  is  completed,  and  it  assumes  the  shape  of  a  melol  lidge. 
The  next  is  when  the  metal  ridge  reaches  the  roof.  The  next  stage  is  when  (he  peak 
et  [he  metal  ridee  becomes  flallened  by  pressure,  and  forced  into  a  horizontal  direction, 
•ad  becomes  quite  close ;  just  at  this  moment  the  ooal  pillars  beein  to  sustain  pari  of  the 
pressore.  The  neit  is  when  the  conl  pillars  take  part  of  the  pressure.  The  last  stage 
is  when  il  \f  dead  and  settled  ;  thai  is,  when  the  metal  or  faclilious  ridge,  formed  by  the 
sinking  uf  the  pillar  into  the  pavement,  bears,  in  common  with  the  pillars  of  coat  on  each 
ride,  the  full  pressure,  and  the  coal  becomee  crushed  or  cracked,  and  can  be  no  longer 
irorked,  except  by  a  very  expensive  and  dangerous  process.    Fig.  869. 


1.  First  stage  of  Bclive  creep.  I      S.  The  metal  ridge  eloMd,  and  the  creep 

2.  Second    do.  beginnuig  to  settle. 

3.  Third      do.  6.Thecreepsettted,lhemeta]ridgesbeing 

4.  Fonrth    do.  |  closely  compressed,  and  supporting  the  roof. 
The  qoanlity  of  coals,  cinders,  and  cnhn  shipped  coastwise,  and  exported  from  the 

•everal  ports  of  the  United  Kingdom  in  the  year  183T,  was  8,204,301  lonsi  in  1836,  the 
quantity  was  7,389,372  Ions,  being  an  increase  of  815,029  tons,  or  ]]'03  per  cent,  in 

favor  of  1837. 

The  following  Tabce  shows   the  scpai-ate  proportions  of  this  quantity  supplied   by 
Eogland  and  Wales,  Scotland  and  Ireland  : — 


IH36. 

J837. 

iDCrCMC. 

England  and  ^Valea     - 

Scotland  - 

Ireland 

Total      .        - 

To,... 
6,757,937 
624,308 
7,027 

Tom. 
7,570,254 
626,532 
7,516 

812^7  or  1202  per  cent. 
2,204  ■     0-36 
488-6-94      , 

7,389,272 

8,204,301 

815,029  or  U-03  per  cent. 

PITCOAL,  COKING  OF.    See  also  Chailcoal. 

fig.  870  represents  a  •Aaciio/en,  or  pit-kiln,  for  coking  coals  in  Germany,  a  is  the 
870  lining  (cAfntix),  inade  of  Ere  bricks;  the  enclosing 

walls  are  built  of  the  same  material ;  b,b,  is  a  cast- 
iron  ring  covered  with  a  cast-iron  plate  c.  The 
floor  of  the  kiln  is  massive.  The  coals  arc  in- 
troduced, and  the  coke  taken  out,  through  a  hale 
in  the  side  d  ;  during  the  process  it  is  bricked  up, 
and  closed  with  an  iron  door.  In  the  surrounding 
walls  are  4  horizontal  rows  of  flues  i,  i,  <,  i,  which 
are  usually  iron  pipes;  the  lowest  row  js  upon  a 
level  wilh  the  floor  of  the  kiln  ;  and  the  others  are 
each  respeclirely  one  foot  and  a  half  higher  than 
the  preceding.  Near  the  top  of  the  shaft  there  ii 
an  iron  pipe  /,  of  from  '8  to  10  inches  in  diameter, 
which  allows  the  incoercible  vapors  generated  in 
the  coking  to  escape  into  the  condenser,  which 
consists  either  of  wood  or  brick  chambers.  For 
kindling  the  coal,  a  layer  of  wood  is  Snt  placed 
on  the  bottom  of  the  kiln. 

The  coking  of  stoalt  coat  is  perfonned  upon  vaulted  hearths,  somewhat  like  bakers' 
0vcns,bul  with  still  flatter  loob.    Of  such  kilns,  several  are  placed  alongside  one  another. 
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euh  being  >a  dUpcc  deTuting  little  fhm  «  eiiel^  m  IImU 

the  month  may  project  but  a  imall  space.  The  dimcaums 
Me  »acli,  thai  from  lU  to  12  cable  feet  of  coal-culm  ma;  ba 
■pread  in  a  layer  6  inchea  deep  npua  Hie  sole  of  the  fnmace. 
The  lop  of  the  flat  arch  of  fire  bhck  shoDld  be  covered  with 
a  stratum  of  loam  and  saod. 

Figi.  871  and  872  represcDt  tach  a  kiln  a«  U  moanted 
at  Zabne,  in  Upper  Silesia,  for  coking  small  coal.  Ftg.  87 1 
is  Ibe  sround  plan ;  fig.  872  the  vertical  section  in  the 
line  of  the  Long  mit  i^  Jig.  871.  a,  is  the  sand-bed  of  the 
hearth,  under  the  brick  sole ;  b,  is  the  roof  of  large  Gre- 
bncks,  c,  the  covering  of  loam  I  i^  the  top  surface  of  sand  ; 
(,  the  orifice  in  the  front  wall,  for  ndmission  of  the  calm, 
and  removal  of  the  coke,  over  the  sloping  slonc  /.  Tb* 
Qame  and  vapors  pass  off  above  this  orifice,  through  ike 
chimaej  marked  g,  or  through  the  aperture  A,  into  a  Utenl 
chimney  i,  ie  a  bar  of  iron  laid  across  the  front  of  tbe 
a  fulcrum  to  work  the  iron  rake  upao.  A  layer  i£  coals  is  first  kindled  upon 
the  hearth,  and  when  thit  is  in  brisk  ignitioD,  it  ia  covered  with  the  culm  in  saccesaiT* 
sprinklings.     When  the  coal  is  snificieiitly  coked,  it  is  raked  out,  and  quenched  ^tk 

Instructed  in  a  circnlar  foR> 


lonnd  a  central  chimney  of  loose  bricks,  towards  which  imall  horizontal  Sues  are  litd 
among  the  lumps  of  coals.  Tbe  sides  and  top  are  covered  with  culm  or  slock,  and 
tbe  heap  is  kindled  from  certain  openings  towards  the  circumference.  Fif.  874  repre- 
sents an  oblong  mtiUr,  sometimea  made  100  or  150  feet  in  length,  and  from  10  to  ij  in 
breadth.  The  section  in  the  middle  of  the  figure  shows  how  the  lumps  are  piled  np ;  the 
wooden  slakes  are  lifled  out  when  the  heap  is  Gaished,  in  onler  lo  introduce  kindliagi 
at  various  points  ;  and  the  rest  of  the  meiler  is  then  covered  with  slack  end  clay,  lo  pro- 
tect it  from  the  rains.    A  jet  of  smoke  and  flame  is  seen  issuing  from  its  IcR  end. 

An  excellent  range  of  furnaces  for  making  a  superior  article  of  coke,  for  the  service 
of  the  locomolive  engines  of  the  London  and  Birmingham  Railway  Company,  has  beta 
recently  erected  at  the  Camden  Town  statioa ;  consisting  of  18  oveus  in  (wo  lines,  the 
whole  discharging  their  products  of  combustion  into  a  boriiontal  floe,  whieh  termiDalti 


h  ■  chimney-stalk,  1 15  feet  high.    Fig.  875  is  a  ground  plan  of  the  elliptiea}  ovena,  emA 
beiag  12  feel  by  11  internally,  and  having  3  feet  thickness  of  walls.    a,<i,i*Ihemo[Uh,3A 
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Aet  wide  ouUide,  and  aboot  ;2|  ftet  withiik.  6,  ft,  are  the  entraaees  into  the  flue;  they 
inaj  be  »h9t  more  or  less  completely  by  horizontal  slab*  of  fire-brick,  resting  on  iron  frames, 
push^  in  from  behind,  to  modify  the  draught  of  air.  The  grooves  of  these  damper- 
(labs  admit  a  small  stream  of  air  to  complete  the  combustion  of  the  volatilized  particles 
of  900L    By  this  means  the  smoke  is  well  consumed.    The  flue  c,  c,  is  2^  feet  high, 

by  21  inches  wide.  The  chimney  d,  at  the  level  of  the  flue,  is 
11  feet  in  diameter  inside,  and  17  outside;  being  built  from  an 
elegant  design  of  Robert  Stephenson,  Esq.  (See  Chimnst.) 
<2,  d^  are  the  keys  of  the  iron  hoops,  which  bind  the  brickwork  of 
the  oven.  Fig,  876  is  a  vertical  section  in  the  line  a,  b,  of  fig. 
875,  showing,  at  ft,  ft,  and  €,  €,  the  entrances  of  the  diflerent  ovens 
into  the  horizontal  flue ;  the  direction  of  the  draught  being  indi- 
cated by  the  arrows.  /,/,  is  a  bed  of  concrete,  upon  which  the 
whole  furnace-range  is  built,  the  level  of  the  ground  being  in  the 
middle  of  that  bed.  g  is  a  stanchion  on  which  the  crane  is 
mounted ;  (see  fig,  877.)  ^  is  a  section  of  the  chimney  wall,  with 
part  of  the  interior  to  the  left  of  the  strong  line.  Fig.  877  is  a 
front  elevation  of  two  of  these  elegant  ooke-ovens ;  in  which  the 

876 
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bracing  hoops  t,  t,  t,  are  shown ;  fc,  fc,  are  the  cast  iron  doors,  strengthened  outside  with 
diagonal  ridges ;  each  door  being  5)  feet  high,  by  4  feet  wide,  and  lined  internally  with 
fire-bricks.  They  are  raised  and  lowered  by  means  of  chains  and  counterweights,  moved 
by  the  crane  /. 

£ach  alternate  oven  is  charged,  between  8  and  10  o'clock  every  morning,  with  3}  tons 
of  good  coals.  A  wisp  of  straw  is  thrown  in  on  the  top  of  the  heap,  which  takes  Are  by 
the  radiation  from  the  dome  (which  is  in  a  state  of  dull  ignition  from  the  preceding  opera- 
tion), and  inflames  the  smoke  then  rising  from  the  surface,  by  the  re-action  of  the  hot 

sides  and  bottom 
upon  the  body  of 
the  fuel.  In  this 
way  the  smoke  is 
consumed  at  the 
very  commence- 
ment of  the 
process,  when  it 
would  otherwise 
be  most  abun- 
dant. A  neigh- 
bor of  the 
above  coking 
having 
indicted 


ovens. 


=r^-       lately 


them  as  a  nuisance,  procured,  secundum  artem,  a  parcel  of  afl&davits  from  sundry 
chemical  and  medical  men.    Two  of  the  former,  who  had  not  entered  the  premises,  but 
had  espied  the  outside  of  the  furnaces'  range  at  some  distance,  declared  that  "  the  coking 
process,  as  peiformed  at  the  ovens,  is  a  species  of  distillation  of  coal  !**    How  rashly  do 
nnpractical  theorists  affirm  what  is  utterly  unfounded,  and  mislead  an  unscientific 
judge  I     That  the  sakl  coking  process  is  in  no  respect  a  species  of  distillation,  but  a 
complete  combusUon  of  the  volatile  principles  of  the  coal,  will  be  manifest  from  the 
following  description  of  iu  actual  progress.    The  mass  of  coals  is  first  kindled  at  the 
tnrface,  as  above  sUted,  where  it  is  supplied  with  abundance  of  atmospheric  oxygen  ^ 
because  the  doon  of  the  ovens  in  front,  and  the  throat-vents  behiijd,  are  then  left  ope,^ 
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The  conseqaenee  is,  that  no  more  smoke  is  discharged  from  the  top  of  the  chimney,  «t 
this  ibe  most  sooty  period  of  the  process,  than  is  produced  by  an  ordinary  kitchen  fire. 
In  these  circumstances,  the  coal  gas,  or  other  gas,  supposed  to  be  generated  in  the  slightly 
heated  mass  beneath,  cannot  escape  destruction  in  passing  up  through  the  bright  opca 
flame  of  the  oven.  As  the  coking  of  the  coal  advances  most  slowly  and  regnlaily 
from  the  top  of  the  heap  to  the  bottom,  only  one  layer  is  aflfected  at  a  time,  and  in  succes- 
sion downwards,  while  the  surface  is  always  covered  with  a  stratum  of  redhot  cindei% 
ready  to  consume  every  particle  of  carbureted  or  sulphureted  hydrogen  gases  which  may 
escape  from  below.  The  greatest  mass,  when  calcined  in  this  downward  order,  cannot 
emit  into  the  atmosphere  any  more  of  the  above-mentioned  gases  than  the  smallest  heap ; 
and  therefore  the  argument  raised  on  account  of  the  magnitude  of  the  operations,  is  alto- 
gether fallacious. 

The  coke  beins:  perfectly  freed  from  all  fuliginous  and  volatile  matters  by  a  calcinatioa 
of  upwards  of  40  hours,  is  cooled  down  to  moderate  ignition  by  sliding  in  the  dampen, 
and  sliding  up  the  doors,  which  had  been  partially  closed  during  the  latter  part  of  the 
process.  It  is  now  observed  to  form  prismatic  concretions,  somewhat  like  a  columnar 
mass  of  basalt.  These  are  loosened  by  iron  bars,  lifted  out  upon  shovels  furnished 
with  long  iron  shfinks,  which  are  poised  upon  swing  chains  with  hooked  ends,  and  the 
lumps  are  thrown  upon  the  pavement,  to  be  extinguished  by  sprinkling  water  upon 
them  from  the  rose  of  a  watering-can;  or,  they  might  be  transferred  into  a  large 
ohest  of  sheet-iron  set  on  wheels,  and  then  covered  np.  Good  coals  thus  treated,  yield 
80  per  cent,  of  an  excellent  compact  glistening  coke;  weighing  about  14  cwL  per  chal- 
dron. 

The  loss  of  weight  in  coking  in  the  ordinary  ovens  is  usually  reckoned  at  25  per  cent. ; 
and  coal,  which  thus  loses  one  fourth  in  weight,  gains  one  fourth  in  bulk. 

Laborers  who  have  been  long  employed  at  rightly-constructed  coke  ovens,  seem  to  en- 
joy remarkably  t^ood  health. 

PITTACALL  is  one  of  the  6  curious  principles  detected  «ln  wood-tar  by  Reichenbach. 
It  is  a  dark-blue  solid  substance,  somewhat  like  indigo,  assumes  a  metallic  fiery  lustre  on 
friction,  and  varies  in  tint  from  copper  to  golden.  It  is  void  of  taste  and  smell,  not  vola- 
tile ;  carbonizes  at  a  high  heat  without  emitting  an  ammoniacal  smell ;  is  soluble  or  rather 
very  diffusible  in  water;  gives  a  green  solution  with  a  cast  of  crimson,  in  sulphuric  add, 
with  a  cast  of  red  blue,  in  muriatic  acid,  and  with  a  cast  of  aurora  red,  in  acetic  acid.  It 
is  insoluble  in  alkalis.  It  dyes  a  fast  blue  upon  linen  and  cotton  goods,  with  tin  and  alu- 
minous mordants. 

PLASTER ;  See  Mortak. 

PLASTER  OF  PARTS ;  see  Gvfsum. 

PLATED  MANUFACTURE.  (Fabrique  de  plaqui,  Fr.;  SilUr  plattirung.  Germ.) 
The  silver  in  this  case  is  not  applied  to  ingots  of  pure  copper,  but  to  an  alloy  consisting 
of  copper  and  brass,  which  possesses  the  requisite  stiflhess  for  the  various  articles. 

The  furnace  used  for  melting  that  alloy,  in  black-lead  crucibles,  is  a  common  air-fnr- 
nace,  like  that  for  making  brass. 

The  ingot-moulds  are  made  of  cast-iron,  in  two  pieces,  fastened  together ;  the  cavity 
being  of  a  rectangular  shape,  3  inches  broad,  1|  thick,  and  18  or  20  long.  There  is  an 
elevated  mouth-piece  or  gate,  to  give  pressure  lo  the  liquid  metal,  and  secure  solidity  to 
the  ingot.  The  mould  is  heated,  till  the  grease  with  which  its  cavity  is  besmeared  merely 
begins  to  smoke,  but  does  not  bum.  The  proper  heat  of  the  melted  metal  for  casting,  is 
when  it  assumes  a  bluish  color,  and  is  quite  liquid.  Whenever  the  metal  has  solidified 
in  the  mould,  the  wedges  that  tighten  its  rines  are  driven  out,  lest  the  shrinkage  of  the 
ingot  should  cause  the  mould  to  crack.    See  Brass. 

The  ingot  is  now  dressed  carefully  with  the  file  on  one  or  two  faces,  according  as  ic  is 
to  be  single  or  double  plated.  The  thickness  of  the  silver  plate  is  such  as  to  constitute 
one  fortieth  of  the  thickness  of  the  ingot ;  or  when  this  is  an  inch  and  a  quarter  thiek, 
the  silver  plate  applied  is  one  thirty-second  of  an  inch ;  being  by  weight  a  pound  troy 
of  the  former,  to  form  8  to  10  pennyweights  of  the  latter.  The  silver,  which  is  slightly 
less  in  size  thnn  the  copper,  is  tied  to  it  truly  with  iron  wire,  and  a  little  of  a  saturated 
solution  of  borax  is  then  insinuated  at  the  edges.  This  salt  melts  at  a  low  heat,  and  ex- 
cludes the  atmosphere,  which  might  oxydize  the  copper,  and  obstruct  the  union  of  the 
metals.    The  ingot  thus  prepared  is  brought  to  the  plating  furnace. 

The  furnace  has  an  iron  door  with  a  small  hole  to  look  through  ;  it  is  fed  with  eokes, 
laid  upon  a  grate  at  a  level  with  the  bottom  of  the  door.  The  ingot  is  placed  imme- 
diately upon  the  cokes,  the  door  is  shut,  and  the  plater  watches  at  the  peep-hole  the  instant 
when  the  proper  soldering  temperature  is  attained.  During  the  union  of  the  silver  and 
copper,  the  surface  of  the  former  is  seen  to  be  drawn  into  intimate  contact  with  the 
latter,  and  this  species  of  riveting  is  the  signal  for  removing  the  compound  bar  instantly 
from  the  furnace.  Were  it  to  remain  a  very  little  longer,  the  silver  woold  become 
alloyed  with  the  copper,  and  the  plating  be  thus  completely  ^iled.    The  adhesion  is,  in 
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flwt,  acoomplished  here  by  the  formation  of  a  film  of  true  silyer-aqlder  at  the  surfaces  of 
contact. 

The  ingot  is  next  deaned,  and  rolled  to  the  proper  thinness  between  cylinders  as  de- 
•eribed  under  Mint;  being  in  its  progress  of  lamination  frequently  annealed  on  a  small 
rererberatory^  hearth.  AAer  the  last  annealing,  the  sheets  are  immersed  in  hot  dilute 
sulphuric  acid,  and  scoured  with  fine  Calais  sand ;  they  are  then  ready  to  be  fashioned 
into  various  articles. 

In  platins;  copper  wire,  the  silver  is  first  formed  into  a  tubular  shape,  with  one  edge  pro- 
jecting slightly  over  the  other ;  through  which  a  redhot  copper  cylinder  being  somewhat 
loosely  run,  the  silver  ed?es  are  closely  pressed  together  with  a  steel  burnisher,  whereby 
they  get  firmly  united.  The  tube,  thus  completed,  is  cleaned  inside,  and  put  on  the  prop- 
er copper  rod,  which  it  exactly  fits.  The  copper  is  left  a  little  longer  than  its  coating 
tube,  and  is  grooved  at  the  extremities  of  the  latter,  so  that  the  silver  edges,  being  worked 
into  the  copper  groove,  may  exclude  the  air  from  the  surface  of  the  rod.  The  compound 
cylinder  is  now  heated  redhot,  and  rubbed  briskly  over  with  the  steel  burnisher  in  a  Ion* 
gitudinal  direction,  whereby  the  two  metals  get  firmly  united,  and  form  a  solid  rod,  ready 
to  be  drawn  into  wire  of  any  requisite  fineness  and  form ;  as  flat,  half-round,  fluted,  or 
with  mouldings,  according  to  the  figure  of  the  hole  in  the  draw-plate.  Such  wire  is  much 
used  for  making  bread-baskets,  toast-racks,  snuffers,  and  articles  combining  elegance  with 
lightness  and  economy.  The  wire  must  be  annealed  from  time  to  time  during  the  draw- 
ing, and  finally  cleaned,  like  the  plates,  with  dilute  acid. 

Formerly  the  different  shaped  vessels  of  plated  metal  were  all  fashioned  by  the  ham- 
mer; but  every  one  of  simple  form  is  now  made  in  dies  struck  with  a  drop-hammer  or 
stamp.    Some  manufacturers  employ  8  or  10  drop  machines*. 

878  ^^mit^   879  i^ig«.  878  and  879  are  two  views  of  the  stamp. 

A  is  a  large  stone,  the  more  massy  the  better; 
by  the  anvU  on  which  the  die  e  is  secured  by  four 
screws,  as  shown  in  the  ground  plan,  fig.  880. 
In  fig,  87S,  a  a  are  two  upright  square  prisms, 
set  diagonally  with  the  angles  opposed  to  each 
other;  between  which  the  hammer  or  drop  d 
slides  truly,  by  means  of  nicely  fitted  angular 
grooves  or  recesses  in  its  sides.  The  hammer 
is  raised  by  pulling  the  rope /,  which  passes 
over  the  pulley  c,  and  is  let  fall  from  different 
heights,  according  to  the  impulse  required. 
Vessels  which  are  less  in  diameter  at  the  top 
and  bottom  than  in  the  middle,  must  either  be 
raised  by  the  stamp  in  two  pieces,  or  raised  with 
a  hand  hammer.  The  die  is  usually  made  of 
cast  steel.  When  it  is  placed  upon  the  anvil, 
and  the  plated  metal  is  cut  into  pieces  of  proper 
size,  the  top  of  the  die  is  then  surrounded  with 
a  lute  made  of  oil  and  clay,  for.  an  inch  or  two 
above  its  surface ;  and  the  cavity  is  filled  with 
melted  lead.  The  under  face  of  the  stamp-ham- 
mer has  a  plate  of  iron  called  the  licker-mp 
fitted  into  it,  about  the  area  of  the  die.  When- 
ever the  lead  has  become  solid,  the  hammer  is  raised  to  a  certain 
height,  and  droppedi  down  upon  it ;  and  as  the  under  face  of  the 
licker-np  is  miuie  rough  like  a  rasp,  it  firmly  adheres  lo  the  lead, 
so  as  to  lift  it  afterward  with  the  hammer.  The  plated  metal  is 
now  placed  over  the  die,  and  the  hammer  mounted  with  its  lead 
is  let  fall  repeatedly  upon  it,  till  the  impression  on  the  metal  is 
complete.  If  the  vessel  to  be  struck  be  of  any  considerable  depth, 
two  or  three  dies  may  be  used,  of  progressive  sizes  in  succession.  But  it  occasionally 
happens  that  when  the  vessel  has  a  long  conical  neck,  recourse  must  be  had  to  an 
auxiliary  operation,  called  punching.  See  the  embossing  punches,  fig.  881.  These 
—     ««-    —        ^^^  made  of  cast  steel,  with  their  hollows  turned  out  in  the  lathe. 

The  pieces  a,  6  are  of  lead.  The  panching  is  performed  by  a 
series  of  these  tools,  of  different  sizes,  beginnini;  with  the  largest, 
and  ending  with  the  least.  By  this  means  a  hollow  cone,  3  or  4 
inches  deep,  and  an  inch  diameter,  may  be  raised  out  of  a  flat 
plate.  These  punehes  are  struck  with  a  hand  hammer  also,  for 
small  articles,  of  too  great  delicacy  for  the  drop.  Indeed,  it  fre- 
quently happens  that  one  part  of  an  article  is  executed  by  the  stamp, 
tad  another  by  the  hand. 
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Cylindneal  and  conical  yessels  are  mostly  formed  by  bending  and  floldering.    The 

bending  is  performed  on  blocks  of  wood,  yrlth  wooden  maDets;  but  the  machine  to 
much  used  by  the  tinj^miths,  to  form  their  tubes  and  cylindric  vessela  (see  the  end  section, 

fiS'*  ^2  B<>^  ^^)>  iDiR^t  ^  employed  with  advantage. 
This  consists  of  3  iron  rollers  fixed  in  an  iron  frame,  a,  a,  c^ 
are  the  three  cylinders,  and  o,  b,  c,  d,  the  riband  or  sheet 
of  metal  passed  through  them  to  receive  the  cylindrical  or 
conical  curvature.  The  upper  roller  a  ca^  be  raised  or 
lowered  at  pleasure,  in  order  to  modify  the  diameter  of 
the  tube }  and  when  one  end  of  the  roller  is  higher  than 
the  other,  the  conical  curvature  is  given.  The  edges  of  the  plated  cylinders  or  cones 
are  soldered  with  an  alloy  composed  of  silver  and  brass.  An  aUoy  of  silver  and  eopper 
is  somewhat  more  fusible ;  but  that  of  brass  and  silver  answers  best  for  plated  metiJ, 
the  brass  being  in  very  small  proportion,  lest  the  color  of  the  plate  be  affected.  Calcined 
borax  mixed  with  sandiver  (the  «alt  skimmed  from  the  pots  of  crown  glass)  is  used  along 
with  the  alloy,  in  the  act  of  soldering.  The  seam  of  the  plated  metal  being  smeared  with 
that  saline  mixture  made  into  a  pap  with  water,  and  the  bits  of  laminated  solder,  cnt  small 
with  scissors,  laid  on,  the  seam  is  exposed  to  the  flame  of  an  oil  blowpipe,  or  to  that  of 
charcoal  urged  by  bellows  in  a  little  forge-hearth,  till  the  solder  melts  and  flows  evenly 
along  the  junction.  The  use  of  the  sandiver  seems  to  be,  to  prevent  the  iron  wire  thai 
binds  the  plated  metal  tube  from  being  soldered  to  it. 

Mouldincs  are  sometimes  formed  upon  the  edges  of  veissels,  which  are  not  merely 
ornamental,  but  give  strength  and  stiffness.  These  are  fashioned  by  an  instrument 
called  a  swage,  represented  in  figs,  884  and  885.  The  part  A  liAs  up  by  a  joint,  and  the 
metal  to  be  swaged  is  placed  between  the  dies,  as  shown  in  the  figures ;  the  tail  k 
being  held  in  the  jaws  of  a  vice,  while  the  shear-shaped  hammer  rests  npon  it.  By 
striking  on  the  head  a,  while  the  metal  plate  is  shifled  successively  forwards,  the  beading 
is  formed.  In  fig»  884  the  tooth  a  is  a  guide  to  regulate  the  distance  between  the 
bead  and  the  edge.    A  similar  effect  is  produced  of  late  years  in  a  neater  and  nK>re  expe- 
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ditious  manner  by  the  rollers,  figs,  885,  886.  J'^.  888  is  a  section  to  show  the 
form  of  the  bead.  The  two  wheels  a,  a,  fig.  886,  are  placed  upon  axes,  two  of  which 
are  furnished  with  toothed  pinions  in  their  middle;  the  lower  one,  being  turned  by  the 
handle,  gives  motion  to  the  upper.  The  groove  in  the  upper  wheel  corresponds  with 
the  bead  in  the  lower,  so  that  the  slip  of  metal  passed  through  between  them  assumes  the 
same  figure. 

The  greatest  improvement  made  in  this  brandi  of  manufacture,  is  the  introduction  of 
silver  ^ges,  beads,  and  mouldings,  instead  of  the  plated  ones,  which  from  their  promi- 
nence hfl^  their  silver  surface  speedily  worn  off,  and  thus  assumed  a  brassy  look.  The 
sDver  destined  to  form  the  ornamental  edgings  is  laminated  exceedingly  thin ;  a  square 
inch  sometimes  weighing  no  more  tiian  10  or  12  grains.  This  is  too  fragile  to  bear  the 
action  of  the  opposite  steel  dies  of  the  swage  above  described.  It  is  necessary,  therefor^ 
that  the  sunk  part  of  the  die  should  be  steel,  and  the  opposite  side  lead,  as  was  obsored 
in  the  stamping;  and  this  is  the  method  now  generally  employed  to  form  these  silver  or- 
naments. The  inside  shell  of  this  sOver  moulding  is  filled  with  soft  solder,  and  then  bent 
into  the  requisite  form. 

The  base  of  candlesticks  is  generally  made  in  a  die  by  the  stamp,  as  well  as  die 
neck,  the  dish  part  of  the  nozzle  or  socket,  and  the  tubular  stem  or  pillar.  The  dif- 
ferent parts  are  united,  some  with  soft  and  others  with  hard  solder.  The  branches  of 
candlesticks  are  formed  in  two  semi^cyllndrical  halves,  like  the  feet  of  tea-urns.  When 
an  article  is  to  be  engraved  on,  an  extra  plate  of  silver  is  applied  at  the  proper  pert» 


PLATINUM.  tOOr 

irhOe  the  plate  is  still  flat,  and  fixed  by  bornishmg  with  great  pressare  ovtt  a  hot 
anTlL    This  is  a  speeies  of  welding. 

The  last  finish  of  plated  goods  is  given  by  t>axnishing-toolB  ot  bloodstone,  fixed  in  sheet- 
iron  cases,  or  hardened  steel,  finely  polished. 

The  ingots  for  lamination  might  probably  be  plated  with  advantage  by  the  delicate 
pressure  process  employed  for  silvering  copper  wire. 

The  total  value  of  the  plate,  plated  Ware,  jewellery,  and  watches,  exported  in  the  year 
1836,  was  338,S89/. ;  but  the  value  of  the  plated  goods  is  not  given  in  the  tables  of  rev- 
enue. M.  Parquin,  the  greatest  manufacturer  of  plated  goods  in  Paris  (or  France,  for 
this  business  is  monopolized  by  the  capital),  who  makes  to  the  value  of  700,000  francs 
per  annum,  out  of  the  1,500,000  which,  he  says,  is  the  whole  internal  consumption  of  the 
kingdom,  states  that  the  internal  consumption  of  Uie  United  Kingdom  amounts  to  30,000,000, 
or  2U  tames  that  of  France !  He  adds,  that  our  common  laminated  copper  cosls  26  sous 
the  pound,  while  theirs  costs  34.  Their  plated  goods  are  fashioned^,  not  in  general 
with  stamps,  but  by  the  pressure  of  tools  upon  wood  moulds  in  the  turning  lathe,  which 
is  a  great  economy  of  capital  to  the  manufacturer.  There  are  factories  at  Birming- 
ham which  possess  a  heavy  stock  of  300,000  difierent  die-moulds.    See  Stamping  or 

MSTALS. 

PLATINA-MOHR.  The  following  easy  method  of  preparing  igniferous  Mack  pla- 
tinum, proposed  thirty  years  ago  by  Descotil,  has  been  recently  reconmiended  by  M. 
Dobereiner : — 

Melt  platina  ore  with  double  its  weight  of  zinc,  reduce  the  alloy  to  powder,  and  treat 
it  first  with  dilute  sulphuric  acid,  and  next  with  dUute  nitric  acid,  to  oxydize  and  dissolve 
out  all  the  zinc,  which,  contrary  to  one's  expectations,  is  somewhat  difficult  to  do,  even 
at  a  boiling  heaL  The  insoluble  black-gray  powder  contains  some  osmiuret  of  iridium, 
united  with  the  erode  platinum.  This  compound  acts  like  simple  platina-black,  after  it 
has  been  purified  by  digestion  in  potash  ley,  and  washing  with  water.  Its  oxydizing 
power  is  so  great,  as  to  transform  not  only  the  formic  acid  into  the  carbonic,  and  alcohol 
into  vinegar,  but  even  some  osmic  acid,  from  the  metallic  osmium.  The  above  powder 
explodes  by  heat  like  gunpowder. 

When  the  platina^no/^r  prepared  by  means  of  zinc  is  moistened  with  alcohol,  it  becomes 
incandescent,  and  emits  osmic  acid ;  but  If  it  be  mixed  with  alcohol  into  a  paste,  and 
spread  upon  a  watdi-glass,  nothing  but  acetic  acid  will  be  disengaged;  afibrding  an 
^egant  means  of  difi'osing  the  odor  of  vinegar  in  an  apartment. 

PLATIN^UM  is  a  metal  of  a  grayish-white  color,  resembling  in  a  good  measure  polished 
steel.  It  is  harder  than  silver,  and  of  about  double  its  density,  bdng  of  specific  gravity 
21.  It  is  so  iuAisible,  that  no  considerable  portion  of  it  can  he  melted  by  the  strongest 
heats  of  our  furnaces.  It  is  unchangeable  in  the  air  and  water ;  nor  does  a  white  heat 
impair  its  polish.  The  only  acid  which  dissolves  it,  is  the  nitro-muriatic ;  the  muriate  or 
chloride  thus  formed,  affords,  with  pure  ammonia  or  sal  ammoniac,  a  triple  salt  in  a 
yellow  powder,  eonvertible  into  the  pure  metal  by  a  red  heat.  This  character  distinguishes 
platinum  from  every  other  metal. 

Native  Platinum. — In  the  natural  state  it  is  never  pure,  being  alloyed  with  several 
other  metals.  It  occurs  only  under  the  form  of  grains,  which  are  usually  fiattened,  and 
resemble  in  shape  the  gold  jtepiku.  Their  size  is  in  general  less  than  linseed,  although 
ia  some  cases  they  equal  hempseed,  and,  occasionally,  peas.  One  piece  brought  from 
Choco,  in  Peru,  and  presented  to  the  Cabinet  of  Berlin,  by  M.  Humboldt,  weighs  65 
grammes  =  850  grains,  or  nearly  2  oz.  avoirdupois.  The  greatest  lump  of  native  plati* 
warn  known,  till  of  late  years,  was  one  in  the  Royal  Museum  of  Madrid,  which  was  found 
in  1814  in  the  gold  mine  of  Condoto,  province  of  Novita,  at  Choco.  Its  size  is  greater 
than  a  turkey's  egg,  (about  2  inches  one  diameter,  and  4  inches  the  other,)  and  its  weight 
760  grammes,  =  24  oz.,  or  fully  2  lbs.  troy.    See  ti|/rd. 

The  eolor  of  the  grains  of  native  platinum  is  generally  a  grayish-white,  like  tarnished 
steel.  The  cavities  of  the  rough  grains  are  oAen  filled  with  earthy  and  ferruginous  mat- 
ters, or  sometimes  with  small  grains  of  black  oxyde  of  iron,  adhering  to  the  surface  of 
the  platinum  grains.  Their  specific  gravity  is  also  much  lower  than  that  of  forged  pure 
platinum ;  varying  from  15  in  the  small  particles,  to  18*94  in  M.  Humboldt's  large  speci- 
men. This  relative  lightness  is  owing  to  the  presence  of  iron,  copper,  lead,  and  chrome; 
besides  its  other  more  lately  discovered  metallic  constituents,  palladium,  osmium,  rhodium^ 
and  iridium. 

Its  main  localities  in  the  New  Continent,  are  in  the  three  following  districts  i— 

1.  At  Choco,  in  the  neighborhood  of  Barbacoas,  and  generally  on  the  coasts  of  the 
South  Sea,  or  on  the  western  slopes  of  the  Cordillera  of  the  Andes,  between  the  24 
nd  the  6th  degrees  of  north  latitude.  The  gold-washings  that  furnish  most  plaUnuinp 
axe  those  of  Condoto,  in  the  province  of  Novito ;  those  of  Santa  Rita,  or  Viroviro,  of 
Skttta  Lucia,  of  the  ravine  of  Iro,  and  Apoto,  between  Novita  and  Taddo.  The  Ue- 
posite  of  gold  and  platinum  grains  is  found  in  aUavial  ground,  at  a  depth  oT  about  M 
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feet.  The  gold  is  sepsrated  from  the  platintim  by  picking  with  the  haad,  and  also  by 
amalgamation  ;  formedy,  when  it  was  imagined  that  platinum  might  be  used  to  debase 
gold,  the  grains  of  llie  former  metal  were  thrown  into  the  rivers,  through  which  mistaken 
opinion  an  immense  quantity  of  it  was  lost. 

2.  Platinum  grains  are  found  in  Brazil,  but  always  in  the  alluvial  lands  tbat  contain 
gold,  particularly  in  those  of  Matto-grosso.  The  ore  of  this  country  is  somewhat  different 
from  that  o{  Choco.  It  is  in  grains,  which  seem  to  be  fragments  of  a  spongy  substance. 
The  whole  of  the  particles  are  nearly  globular,  exhibiting  a  surface  formed  of  small 
spheroidal  protuberances  strongly  cohering  together,  whose  interstices  are  clean,  and  even 
brilliant. 

This  platinum  includes  many  small  particles  of  gold,  but  none  of  the  magnetic  iron- 
sand  or  of  the  small  zircons  which  accompany  the  Peruvian  ore.  It  is  mixed  with  small 
grains  of  native  palladium,  which  may  be  recognised  by  their  fibrous  or  radiated  stnictore, 
and  particularly  by  their  chemical  characters. 

3.  Platinum  grains  are  found  in  Hayti,  or  Saint  Domingo,  in  the  sand  of  the  river 
Jacky,  near  the  mountains  of  Sibao.  Like  those  of  Choco,  they  are  in  small  brilliant 
grains,  as  if  polished  by  friction.  The  sand  containing  them  is  quartzose  and  femiginoaa. 
This  native  platinum  contains,  like  that  of  Choco,  chromium,  copper,  osmium,  iridium, 
rhodium,  pallacjium,  and  probably  titanium.  Vauquelin  could  find  no  gold  among  the 
grains. 

Platinum  has  been  discovered  lately  in  the  Russian  territories,  in  the  auriferous  sands 
of  Kaschwa,  250  wersts  from  Ekaterineboui^g,  and  consequently  in  a  geological  position 
which  seems  to  be  analogous  with  that  of  South  America. 

These  auriferous  sands  are,  indeed,  almost  all  superficial ;  they  cover  an  argillaeeoos 
soil ;  and  include,  along  with  gold  and  platinum,  debris  of  doleritc  (a  kind  of  green-stone), 
protoxyde  of  iron,  eniins  of  corundum,  &c.  The  platinum  grains  are  not  so  flat  as  those 
from  Choco,  but  they  are  thicker ;  they  have  less  brilliancy,  and  more  of  a  leaden  hoe. 
This  platinum,  by  M.  Laugier's  analysis,  is  similar  in  purity  to  that  of  Choco;  but  the 
leaden-gray  grains,  which  were  taken  for  a  mixture  of  osmium  and  iiidinm,  are  merely  an 
alloy  of  platinum,  containing  25  per  cent,  of  tliese  metals. 

The  mines  of  Bmzil,  Columbia,  and  Saint  Domingo  furnish  altogether  only  about  400 
kilos,  of  platinum  ore  per  annum;  but  those  of  Russia  produce  above  1800  kilos.  The 
latter  were  discovered  in  1822,  and  were  first  worked  in  1824.  They  are  all  situated  in 
the  Ural  mountains.  The  ore  is  disseminated  in  an  argillaceous  sand,  of  a  greenish-gray 
color,  resulting  from  the  disintegration  of  the  surrounding  rocks,  and  constitutes  from  1 
to  3  parts  in  4000  of  the  sand.  Occasionally  it  has  been  found  in  lumps  weighing  8  kilo- 
grammes (16  lbs. !),  but  it  generally  occurs  in  blackish  angular  grains,  which  contiin 
70  per  cent,  of  platinum,  and  3  to  5  of  iridium.  The  ore  of  Goro-Blagodatz  is  in  smtXk 
flattened  grains,  which  contain  88  per  cent,  of  this  precious  metal.  The  osminre  of  iri- 
dium is  found  upon  a  great  many  points  of  the  Urals,  throughout  a  space  of  140  leagues, 
being  a  product  accessory  to  the  gold  washings.  32  kilogrammes  of  osmiure  are  collected 
there  annually,  which  contain  upon  an  average  2  per  cent,  of  platinum. 

M.  Vauquelin  found  nearly  ten  percent,  of  platinum  in  an  ore  of  argentiferous  cop- 
per, which  was  transmitted  to  him  as  comuig  from  Guadalcanal  in  Spain.  This  woald  be 
the  only  example  of  platinum  existing  in  a  rock,  and  in  a  vein.  As  the  same  thing  has 
not  a?ain  been  met  with,  even  in  other  specimens  from  Guadalcanal,  we  most  delay 
drawing  geological  inferences,  till  a  new  example  has  confinned  the  authenticity  of 
the  first. 

Platinum  has  been  known  in  Europe  only  since  1748,  though  it  was  noticed  by  Ulloa 
in  1741.  It  was  compared  at  first  to  gold;  and  was,  in  fact,  brought  into  the  market 
under  the  name  of  white  gold.  The  term  platinum,  however,  is  derived  from  the  Spanish 
word  plnta,  silver,  on  account  of  its  resemblance  in  color  to  that  metal. 

The  whole  of  the  platinum  ore  from  the  Urals  is  sent  to  St.  Petersburg,  where  it  is 
treated  by  the  following  simple  process : — 

One  part  of  the  ore  is  put  in  open  platina  vessels,  capable  of  containing  from  6  to 
8  lbs.,  along  with  3  parts  of  muriatic  acid  at  25°  B.  and  1  part  of  nitric  acid  at  40^. 
Thirty  of  these  vessels  are  placed  upon  a  sand-bath  covered  with  a  glazed  dome  witli 
moveable  panes,  which  is  surmounted  by  a  ventilating  chimney  to  carry  the  vapors 
out  of  the  laboratory.  Heat  is  applied  for  8  or  10  hours,  till  no  more  red  vmpofn 
appear ;  a  proof  that  the  whole  nitric  acid  is  decomposed,  though  some  of  the  mniintie 
remains.  AAer  settling,  the  supernatant  liquid  is  decanted  ofifinto  large  cylindrical  glass 
vessels,  the  residuum  is  washed,  and  the  washing  is  also  decanted  off.  A  fresh  quantity 
ot  nitro-rouriatic  acid  is  now  poured  upon  the  residuum.  This  treatment  is  repent- 
ed till  the  whole  solid  matter  has  eventually  disappeared.  The  ore  requires  fiir 
solution  from  10  to  15  times  its  weight  of  nitro-muriatic  acid,  according  to  the  size  of  its 
grains. 

The  solutions  thus  made  are  all  acid ;  a  circnmstance  essential  to  prefent  tlie  iridiam 
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from  lyireeipitating  with  the  platinom,  hy  the  water -of  amiiHniu^  whieh  b  next  adifed. 
The  deposite  heing  allowed  to  form,  the  mother  waters  are  poured  off,  the  precipitate  is 
washed  with  cold  water,  dried,  and  calcined  in  emcibles  of  platinuni. 

The  mother-waters  and  the  washings  are  aflerwards  treated  separately.  The  first 
being  concentrated  to  one  twelfth  of  their  bulk  in  glass  retorts,  on  cooling  they  let  fall 
the  iridinm  in  the  state  of  an  ammoniacal  chloride,  constituting  a  dark-purple  powder, 
occasionally  crystallized  in  regular  octahedrons.  The  washings  are  evaporated  to  dryness 
in  porcelain  vessels;  the  residuum  is  calcined  and  treated  like  fresh  ore ;  but  the  platinum 
it  afibrds  needs  a  second  purification. 

For  agglomerating  the  platinum,  the  spongy  mass  is  pounded  in  bronze  mortars ;  the 
powder  is  passed  through  a  fine  sieve,  and  put  into  a  cylinder  of  the  intended  size  of  the 
ingot.  The  c>iinder  is  fitted  with  a  rammer,  which  is  forced  in  by  a  coining  press,  till 
the  powder  be  much  condensed.  It  is  then  turned  out  of  the  mould,  and  baked  36  hours 
in  a  porcelain  kiln,  after  which  it  may  be  readily  forged,  if  it  be  pure,  and  may  receive 
any  desired  form  from  the  hammer.  It  contracts  in  volume  from  l-6tii  to  l-5th  during 
the  calcination.  The  cost  of  the  manufacture  of  platinum  is  fixed  by  the  administration 
at  32  francs  the  Russian  pound ;  but  so  great  a  stun  is  never  expended  upon  it. 

For  Dr.  Wollaston's  process,  see  Phil.  Trans.  1829,  Part  I. 

Platinum  furnishes  most  valuable  vessels  to  both  analytical  and  manufacturing 
chemists.  It  may  be  beat  out  into  leaves  of  such  thinness  as  to  be  blown  about  with  the 
breath. 

This  metal  is  applied  to  porcelain  by  two  different  processes;  sometimes  in  a 
rather  coarse  powder,  applied  by  the  brush,  like  gold,  to  form  ornamental  figures; 
sometimes  in  a  state  of  extreme  division,  obtained  by  decomposing  its  muriatic  solution, 
by  means  of  an  essential  oil  such  as  rosemary  or  lavender.  In  this  case,  it  must  be 
evenly  spread  over  the  whole  ground.  Both  modes  of  application  give  rise  to  a  steely 
Instre. 

The  properties  possessed  in  common  by  gold  and  platinum,  have  several  times  given 
occasion  to  fraudulent  admixtures,  which  have  deceived  the  assayers.  M.  Vauquelin 
having  executed  a  series  of  experiments  to  elucidate  this  subject,  drew  the  following  con- 
clusions : — 

If  the  platinum  do  not  exced  30  or  40  parts  in  the  thousand  of  the  alloy,  the  gold 
does  not  retain  any  of  it  when  the  parting  is  made  with  nitric  acid  in  the  usual  way ; 
and  when  the  proportion  of  platinum  is  greater,  the  fhiud  becomes  manifest ;  1st  by  the 
higher  temperature  required  to  pass  it  through  the  cnpel,  and  to  form  a  round  button ; 
2.  by  the  absence  of  the  lightning,  fulguration,  or  corutcation ;  3.  by  the  dull  white 
color  of  the  button  and  its  crystallized  surface ;  4.  by  the  straw-yeUow  color  which 
platintmi  communicates  to  the  aquafortis  in  the  parting;  5.  by  the  straw-yellow  color, 
bordering  on  white,  of  the  cornet,  aAer  it  is  annealed.  If  the  platinum  amounts  to  one 
fourth  of  the  gold,  we  must  add  to  the  alloy  at  least  3  times  its  weight  of  fine  silver, 
laminate  it  very  thin,  anneal  somewhat  strongly,  boil  it  half  an  hour  in  the  first  aquafortis, 
and  at  least  a  quarter  of  an  hour  in  the  second,  in  order  that  the  acid  may  dissolve  the 
whole  of  the  platinum. 

Were  it  required  to  determine  exactly  the  proportions  of  platinum  contained  in  an 
alloy  of  copper,  silver,  goM,  and  platinum,  the  amount  of  the  copper  may  be  found  in 
the  first  place  by  cupellationy  then  the  respective  quahtities  of  the  three  other  metals 
may  he  learned  by  a  process  founded,  1.  upon  the  property  possessed  by  sulphuric  acid 
of  dissolving  silver  without  affecting  gold  or  platinnm ;  and,  2.  upon  the  property  of  pla- 
tinam  being  soluble  in  the  nitric  add,  when  it  is  alloyed  with  a  certain  quantity  of  gold 
mod  silver. 

According  to  BoussiuGfanlt,  the  annual  product  of  platinum  in  America  does  not  exceed 
8}  ewts.    At  Nischne-Tagilsk,  in  1824,  a  lump  of  native  platinum  weighing  fully  10  Ibi. 
was  found ;  and  in  1830,  another  fump,  of  nearly  double  size,  which  weighed  35{  Prvs*. 
marcs;  fully  18  lbs.  avoirdupois. 

pRonircTioN  or  pLATnaxM  in  the  ural. 

From  1822  to  1827  inclusively,  52  puds*  and  22i  ponndi. 

1828  94 

1829  78  31} 

1830  105  1 

1831  to  1833      348  16 
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rstt  of  the  Puninnc  Orv  of  the  Urals,  and  of  that  from  BailMQon  on  tbm 

PadfiCy  between  the  2d  and  6th  degrees  of  northern  latitude. 
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BA60.  See  Graphite,  for  its  mineralogical  and  chemical  characters.  The 
at  Borrowdale,  in  which  the  black-lead  is  mined,  is  2000  feet  high,  and  the  en- 
the  mine  is  1000  feet  below  its  summit.  This  valnable  mineral  became  so  eom-' 
bject  of  robbery  about  a  century  ago,  as  to  hare  enriched,  it  was  said,  a  great 
sons  living  in  the  neighborhood.  Even  the  guard  stationed  over  it  by  the  pro> 
ras  of  little  avail  against  men  infuriated  with  the  love  of  plunder ;  since  in  those 
>dy  of  miners  broke  into  the  mine  by  main  force,  and  held  possession  of  it  for  a 
ble  time. 

easure  is  now  protected  by  a  strong  building,  consisting  of  four  rooms  opom 
id  floor ;  and  immediately  under  one  of  them  is  the  opening,  secured  by  a  trap- 
mgb  which  alone  workmen  can  enter  the  interior  of  the  mountain.  Id  ihm 
t,  called  the  dressing-room,  the  miners  change  their  ordinary  clothes  for  their 
dress,  as  they  come  in,  and  aAer  their  six  hours'  post  or  journey,  they  again 
leii'  dress,  under  the  superintendence  of  the  steward,  before  they  are  suffered  to 
In  the  innermost  of  the  four  rooms,  two  men  are  seated  at  a  luge  table,  aortiog 
ing  the  plumbago,  who  are  locked  in  while  at  work,  and  watched  by  the  stewaid 
uljoining  room,  who  is  armed  with  two  loculed  blunderbusses.  Such  formidable 
5  of  security  is  deemed  requisite  to  check  the  pilfering  spirit  of  the  CumberiaBd 
eers. 

;anscd  bladulead  is  packed  up  into  strong  casks,  which  hold  1  cwu  each.    These 
?spalched  to  the  warehouse  of  the  proprietors  in  London,  where  the  black-fead 
3nthly  by  auction,  at  a  price  of  from  35*.  to  45s.  a  pound, 
e  years,  the  net  produce  of  the  tix  toedu*  annual  working  of  the  mine  has,  it  ii 
unted  to  30,000/.  or  40,000/. 

i  (Panns,  Peludu,  Fr. ;  WolUammety  Pliitdiy  Germ.)  is  a  textile  fabric,  having 
velvet  nap  or  shag  upon  one  side.  It  is  oompoaed  regularly  of  a  woof  of  a 
oUen  thread,  and  a  two-fold  warp,  the  one^  wool  of  two  threads  twisted,  the  other, 
camel's  hair.  There  are  also  several  sorts  of  plush  made  entirely  of  worsted, 
lufactured,  like  velvet,  in  a  loom  with  three  traadles ;  two  of  which  separate 
}ss  the  wooUen  warp,  and  the  third  raises  the  hair-warp,  whereupon  the  weaver, 
the  shuttle,  passes  the  woof  between  the  wtK>llen  and  hair  warpi  afterwards^ 
brass  broach  or  needle  under  that  of  the  hair,  he  cuts  it  with  a  knife  (see 
I  destined  ibr  that  use,  running  its  fine  slender  point  along  in  the  hollow  of  the 
aeh,  to  the  end  of  a  piece  extended  upon  a  table.  Thus  the  sur&ee  of  the 
sives  its  velvety  appearance.  This  stuff  it  also  made  of  cotton  and  siUc^ 
r  NET  is  a  style  of  lace  formerly  much  in  vogue,  but  now  superseded  by  the 
;t  manufacture. 

CLAIN  is  the  finest  kind  of  pottery-ware.  It  it  considered  under  that  title. 
EIVRY  is  a  compound  mineral  or  rock,  composed  essentially  of  a  base  of  bonk* 
erspersed  with  crystals  of  feldspar.  It  frequently  contains  abo  quarts,  miea. 
blende.  That  most  esteemed  is  the  ancient  porphyry  of  Egypt,  with  a  groaan 
red  color  passing  into  purple^  having  snow-white  crystals  of  feldspar  im&ddeA 
ost  beautiful  specimens  of  it  are  io  ueseen  in  tAe  antique cokwsai  suioea  in  '^- 
[usenm. 
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Porphyry  oeenn  in  Arran,  and  in  Perthshire  hetween  Dalnacnrdoch  and  Toinmel 
bridgv.    It  is  much  used  for  making  slabs,  mullers,  and  mortars. 

PORTER  is  a  malt  liqnor,  so  called  from  being  the  favorite  beterage  of  the  porters 
and  workpeople  of  ihe  metropolis  and  other  large  towns  of  the  British  empire ;  it  is  char- 
acterized by  its  dark-brown  color,  its  transparency,  its  moderately  bitter  taste,  and  pecu- 
liar aromatic  flavor,  which,  along  with  its  tonic  and  intoxicating  qjaalities,  make  it  be 
keenly  relished  by  thirsty  palates  accustomed  to  its  nse.  At  first  the  essential  distinction 
of  porter  arose  from  its  wort  being  made  with  highly-kilned  brown  malt,  while  other  kinds 
of  beer  and  ale  were  brewed  from  a  paler  article ;  but  of  late  years,  the  taste  of  the 
pablic  having  run  in  favor  of  sweeter  and  lighter  beverages,  the  actual  porter  is  brewed 
with  a  less  proportion  of  brown  malt,  is  less  strongly  hopped,  and  not  allowed  to  get  hard 
by  Jong  keeping  in  huge  ripening  tuns.  Some  brewers  color  the  porter  with  burnt  sugar ; 
bat  in  geneitd  the  most  respectable  concentrate  a  quantity  of  their  first  and  best  wort  to  an 
extract,  in  an  iron  pan,  and  bum  this  into  a  cotortrtg  stufiT,  whereby  they  can  lay  claim  to 
the  merit  of  using  nothing  in  their  manufacture  but  malt  and  hops.  The  singular  flavor 
of  good  London  porter  seems  to  proceed,  in  a  great  degree,  from  that  of  the  old  casks 
and '  fermenting  tuns  in  which  it  is  prepared.'  Though  not  much  addicted  to  vinous 
potations  of  any  kind,  I  feel  warranted  by  long  experience  to  opine,  that  the  porter 
hrewed  by  the  eminent  London  houses,  when  drunk  in  moderation,  is  a  far  wholesome]^ 
beverage  for  the  people  than  the  thin  acidulous  wines  of  France  and  Germany. 
SeeBEEK. 

PORTLAND  STONE  is  a  fine  compact  oolite,  so  named  from  the  island  where  it  is 
quarried.    It  is  a  convenient  but  not  a  durable  building-stone. 

POTATO  {Pomme  de  ttrre,  Fr. ;  Karioffel,  Germ.)  is  the  well  known  root  of  the 
Solatium  tfiberoium» 

The  following  Table  exhibits  several  good  analyses  of  the  potato : — 


Veg. 

Acids  «ad 

Sort. 

Fibrine. 

Stunh. 

albain. 

Gum. 

SiUtfl. 

Water. 

Analygt. 

Bed  potatoes     - 

7-0 

16-0 

1-4 

4-1 

5-1 

75-0 

Einhof. 

Id.  germinated 

6-8 

16-2 

1-3 

3-7 

— 

730 

— . 

Potato  sprouta  - 

2-8 

0-4 

0-4 

3*3 

— 

93-0 

-» 

Kidney  potatoes 

8-8 

9-1 

0*8 

T— 

— 

81-3 

— 

Large  red  do.     • 

60 

12-9 

0-7 



— 

78-0 

Sweet  do. 
Potato  pf  Peru 

8-2 
5-2 

151 
150 

0< 
1-9 

•.-          -• 

74-3 
76-0 

Lampad. 

1-9 

England 

6-8 

12'9 

M 

1-7 

77-6 

_ 

Onion  potato 

8-4 

18-7 

0-9 

1-7 

70-3 

«*- 

.    Voigtland 

71 

15-4 

1-2 

2-0 

74-3 

— 

.    cultivated  in  the 

6-79 

13-3 

0-92 

3-3     1     1-4 

73-12 

Henry. 

.    environs  of  Paris 

POTASH,  or  POTASSA.  (Pottust,  Fr. ;  Kali,  Germ.)  This  substance  was  so  named 
from  being  prepared  for  commercial  purposes  by  evaporating  in  iron  pots  the  lixivium  of 
the  ashes  of  wood  fuel.  In  the  crude  state  called  potashes,  it  consists,  therefore,  of  such 
constituents  of  burned  vegetables  as  are  very  soluble  in  water,  and  fixed  in  the  fire.  The 
potash  salts  cmT  plants  which  originally  contained  vegetable  acids,  will  be  converted  into 
carbonates,  the  sulphates  will  become  sulphites,  sulphurets,  or  even  carbonates,  accord- 
ing to  the  manner  of  incineration ;  the  nitrates  will  be  changed  into  pure  carbonates, 
while  the  muriates  or  chlorides  will  remain  unaltered.  Should  quicklime  be  added  to  the 
solution  of  the  ashes,  a  corresponding  portion  of  caustic  potassa  will  be  introduced  into 
the  product)  with  more  or  less  lime,  according  to  the  care  taken  in  decanting  ofif  the  clear 
ley  for  evaporation. 

In  America,  where  timber  is  in  many  places  an  incumbrance  upon  the  soil,  it  is 
felled,  piled  up  in  pyramids,  and  burned,  solely  with  a  view  to  the  manufaeture  of 
potashes.  The  ashes  are  put  into  wooden  cisterns,  having  a  plug  at  the  bottom  of 
one  of  the  sides  under  a  false  bottom  j  a  moderate  quantity  of  water  is  then  poured  on 
the  oMss,  and  some  quicklime  is  stirred  in.  Afler  standing  for  a  few  hours,  so  as  to 
take  up  the  soluble  matter,  the  clear  liquor  is  drawn  oflf,  evaporated  to  dryness  in  iron 
pots,  and  finally  fused  at  a  red  heat  into  compact  masses,  which  are  gray  on  the  outside, 
and  pink-eolored  within.  .     .«  i.      v  i 

Peariash  is  prepared  by  calcining  potoshes  upon  a  reverberatory  hearth,  till  the  wnoic 
'niil^^aceous  r'*Uir,  tuM  Vat  prCMicr  pari  of  the  enlDLur,  be  dissipaisd :  then  hxivia  '-5 
the  mas%  in  a  cistern  having  a  laise  ootiom  covered  wiin.  straw,  evappraiing  the  clear  ley 


1012 


POTASH. 


to  dryness  in  Hat  iron  pAns,  and  sturii^  it  towards  the  end  into  white  himpjr  grmnnla^ 
tions. 

t  find  the  best  |unk  Canadian  potashes,  as  imported  in  casks  containing  ahbnt  5  cwta., 
to  contain  pretty  uniformly  60  per  cent,  of  absolute  potassa;  and  the  best  pearl-ashes  to 
contain  50  per  cent. ;  the  alkali  in  the  former  being  nearly  in  &  caustic  state ;  in  the  tet- 
ter, carbonated. 

All  kinds  of  vegetables  do  not  yield  the  same  proportion  of  potassa.  The  more  sacco- 
lent  the  plant,  the  more  does  it  afford ;  for  it  is  only  in  the  juices  that  the  regetaUe  salts 
reside,  which  are  converted  by  incineration  into  alkaline  matter.  Herbaceous  weeds  are 
more  productive  of  potash  than  the  graminiferous  species,  or  shmbs,  and  these  than  trees ; 
and  for  a  like  reason,  twigs  and  leaves  are  more  productive  than  timber.  But  plants  in 
all  cases  are  richest  in  alkaline  salts  when  they  have  arrived  at  maturity.  The  soil  in 
which  they  grow  also  influences  the  quantity  of  saline  matter. 

The  following  Table  exhibits  the  average  product  in  potassa  of  several  plants,  aeooid- 
ing  to  the  researches  of  Vauqnelin,  Pertuis,  Kirwan,  and  De  Saussnre  :«— 


fu  1000  paila.  Potaisa. 

Pine  or  fir   -        -        -        -        -  0*45 

Poplar 0-75 

Trefoil        -        -        -        -        -  0-75 

Beechwood     -----  1-45 

Oak 1-53 

Boxwood 2-26 

WUlow 2-85 

Elm  and  maple        -        -        -        -  3-90 

Wheal  straw        -        •        -        -  3-90 

Barb  of  oak  twigs    .        -        .        -  4*20 

Thistles 600 

Flax  stems 5-00 

Small  rushes        ....  6*08 

Vine  shoots     -  .     -        -        ^        -  6'50 

Barley  straw        ....  5-80 


In  1000  puts.  ] 

Dry  beech  bark    -        -        .        - 
Fern       -...-- 
Large  rush  -        .        -        - 

Stalk  of  maize         .        .        .        . 
Bastard  chamomile  (jSnthemu  cotit- 

la,L.) 

Bean  stalks  .... 

Sunflower  stalks      .       -       .       . 
Common  nettle    .... 
Vetch  plant    -        -        -        -        - 
Thistles  in  full  ^owth 
Dry  straw  of  wheat  before  earing     - 
Wormwood  -        -        -        - 

Fumitory        -       .       .       .        , 


6-00 

6-26 

7-M 

17-50 

19-60 
20  00 
20-00 
25-03 
27-60 
35-37 
47-00 
73-00 
79-00 


Stalks  of  tobacco,  potatoes,  chestnuts,  chestnut  husks,  broom,  heath,  furze^  tansy,  sorrel, 
vine  leaves,  beet  leaves,  orach,  and  many  other  plants,  alx)und  in  potash  salts.  In 
Burgundy,  the  well-known  cendres  gravelees  are  made  by  incinerating  the  lees  of  vine 
pressed  into  cakes,  and  dried  in  the  sun;  the  ashes  contain  fully  16  per  cent  of 
potassa. 

The  purification  of  pearlash  is  founded  upon  the  fact  of  its  being  more  soluble  in 
water  than  the  neutral  salts  which  debase  it.  Uix>n  any  given  quantity  of  that  substance^ 
in  an  iron  pot,  let  one  and  a  half  times  its  weight  of  water  be  poured,  and  let  a  gentle 
heat  be  appli^  for  a  short  time.  When  the  whole  has  again  cooled,  the  bottom  will  be 
incrusted  with  the  salts,  while  a  solution  of  nearly  pure  carbonate  of  potash  will  be  found 
floating  above,  which  may  be  drawn  ofi*  clear  by  a-  syphon.  The  salts  may  be  allerwuds 
thrown  upon  a  filter  of  gravel.  If  this  ley  be  diluted  with  6  times  its  bulk  of  water 
mixed  with  as  much  slaked  lime  as  there  was  pearlash  employed,  and  the  mixture  be 
boiled  for  an  hour,  the  potash  will  become  caustic,  by  giving  up  its  carbonic  acid  to  the 
lime.  If  the  clear  settled  lixivium  be  now  syphoned  off,  and  concentrated  by  boiling 
in  a  covered  iron  pan,  till  it  assumes  the  appearance  of  oil,  it  will  constitute  the  common 
caustic  of  the  surgeon,  the  potassa  fusa  of  the  shops.  But  to  obtain  potassa  chemically 
pure,  recourse  must  be  had  to  the  bicarbonate,  nitrate,  or  tartrate  of  potassa,  salts 
which,  when  carefUlIy  crystallized,  are  exempt  from  any  thing  to  render  the  potassa 
derived  from  them  impure.  The  bicarbonate  having  been  gently  ignited  in  a  sQver 
basin,  is  to  be  dissolved  in  6  times  its  weisrht  of  water,  and  the  solution  is  to  be  boiled 
for  an  hour,  along  with  one  pound  of  slaked  lime  for  every  pound  of  the  bicartmnate 
used.  The  whole  must  be  lefl  to  settle  without  contact  of  air.  The  supernatant  ley  is  ta 
be  drawn  off  by  a  syphon,  and  evaporated  in  an  iron  or  silver  vessel  provided  with  a  small 
orifice  in  its  close  cover  for  the  escape  of  the  steam,  till  it  assumes,  as  above,  the  appear- 
ance  of  oil,  or  till  it  be  nearly  redhot.  Let  the  fused  potassa  be  now  iwnred  oat  upon  a 
bright  plate  of  iron,  cut  into  pieces  as  soon  as  it  concretes,  and  put  up  immediately  in  a 
bottle  furnished  with  a  well-ground  stopper.  It  Is  hydrate  of  potassn,  being  composed  of 
1  atom  of  potassa  48,  +  1  atom  of  water  9,  =  57. 

A  pure  carbonate  of  potassa  may  be  also  prepared  by  fusing  pure  nitre  in  an  earthen 
crucible,  and  projecting  charcoal  into  it  by  smull  bits  at  a  time,  till  it  ceases  to  eaoae 
deflagration.  Or  a  mixture  of  10  parts  of  nitre  nn^  1  of  charcoal  may  be  deflagrated  ia 
small  successive  portions  in  a  redhot  deep  crucible.  When  a  mixture  of  2  parts  oC 
tartiate  of  potassa,  or  crystals  of  tartar,  and  1  of  nitre,  if  deflagrated,  pure  earbooate  oC 
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poUissa  remains  mixed  with  charcoal,  which  by  lixiviation,  and  the  agency  of  quick- 
lime, wiD  afford  a  pure  hydrate.  Crystals  of  tartar  calcined  alone  yield  also  a  pure 
carbonate.^ 

Caustic  potassa,  as  I  hare  said,  after  being  fused  in  a  silver  crucible  at  a  red  heat, 
retains  1  prime  equivalent  of  water.  Hence  its  composition  in  100  parts  is,  potassium 
70,  oxygen  14,  water  16.  Anhydrous  potassa,  or  the  oxyde  free  from  water,  can  be  ob- 
tained only  by  the  combustion  of  potassium  in  the  open  air.  It  is  composed  of  83)  of 
netal,  and  16f  of  oxygen.    Berzelius^s  numbers  are,  83*05  and  16*95. 

Caustic  potassa  may  be  crystallized ;  but  in  general  it  occurs  as  a  white  brittle  sub- 
stance of  spec.  grav.  1*708,  which  melts  at  a  red  heat,  evaporates  at  a  white  heat,  de- 
liquesces into  a  liquid  in  the  air,  and  attracts  carbonic  acid ;  is  soluble  in  water  and 
alcohol,  form's  soft  soaps  with  fat  oils,  and  soapy-looking  compounds  with  resins  and 
wax ;  dissolves  sulphur,  some  metallic  sulphurets,  as  those  of  antimony,  arsenic,  &c., 
as  also  silica,  alumina,  and  certain  other  bases ;  and  decomposes  animal  textures,  as 
hair,  wool,  silk,  horn,  skin,  &«.  It  should  never  be  touched  with  the  tongue  or  the 
fingers. 

The  following  Table  exhibits  the  quantity  ofFxued  Potasaa  in  100  parts  of  caustic  ley, 
at  the  respective  densities  t— 


Sp.gr. 

I'ut.  in  100. 

Sp.gT. 

r- 

Pot.  ih  100.' 

1 

Sp.  gr. 

Pot.  in  100. 

Sp.gT. 

Pot.  in  100. 

Sp.gr. 

Pot.inlOO 

1-58 

53*06 

1-46 

42-31 

1-34 

32*  14 

1-22 

23-14 

MO 

11-28 

1.56 

51-58 

1-44 

40-17 

1-32 

30-74 

1-20 

21-25 

1-08 

9-20 

1-54 

50-09 

1-42 

37-97 

1-30 

29*34 

1-18 

19-34 

1-06 

7*02 

1*52 

48-40 

1-40 

35-99 

1*28 

27*86 

1-16 

17-40 

104 

4-77 

1-60 

46-45 

1*38 

34-74 

1-26 

26-34 

1-14 

15-38 

1-02 

244 

1-48 

44-40 

1*36 

33-46 

1-24 

24-77 

1-12 

1330 

1*00 

0-00 

The  only  certain  way  of  determining  the  quantity  of  free  potassa  in  any  solid  or  liquid, 
is  from  the  quantity  of  a  dilute  acid  of  known  strength  which  it  can  saturate. 

The  hydrate  of  potassa,  or  its  ley,  oAen  contains  a  notable  quantity  of  carbonate,  the 
presence  of  which  may  be  detected  by  lime  water,  and  its  amount  be  ascertained  by  the 
loss  of  weight  which  it  suffers,  when  a  weighed  portion  of  the  ley  is  poured  into  a 
weighed  portion  of  dilute  sulphuric  acid  poised  in  the  scale  of  a  balance. 

There  are  two  other  oxydes  of  potassium ;  the  suboxyde,  which  consists,  according  to 
Berzelius,  of  90-74  of  metal,  and  9-26  oxygen ;  and  the  hyperoxyde,  an  orange-yellow 
substance,  which  gives  off  oxygen  in  the  act  of  dissolving  in  water,  and  becomes  potassa. 
It  consists  of  62  of  metal,  and  38  of  oxygen; 

Carbonate  of  potassa  is  composed  of  48  parts  of  base,  and  22  of  acid,  according  to  most 
British  authorities;  or,  in  100  parts,  of  68-57  and  31-43;  hut  according  to  Berzelius,  of 
68-09  and  31-91. 

Carbonate  of  potassa,  as  it  exists  associated  with  carbon  in  calcined  tartar,  passes  very 
readily  into  the  Bicarbonate^  on  being  moistened  with  water,  and  having  a  current  of  car- 
bonic acid  gas  passed  through  it.  The  absorption  takes  place  so  rapidly,  that  the  mass 
becomes  hot,  and  therefore  ought  to  be  surrounded  with  cold  water.  The  salt  should 
then  be  dissolved  in  the  smallest  quantity  of  water  at  120°  F.,  filtered,  and  crystallized. 

POTASSIITM  (£ng.  and  Fr. ;  Kaliuniy  Germ.)  is  a  metal  deeply  interesting,  not  only 
from  its  own  marvellous  properties,  but  from  its  having  been  the  first  link  in  the  chain 
of  discovery  which  conducted  Sir  H.  Davy  through  many  of  the  formerly  mysterious  and 
untrodden  labyrinths  of  chemistry. 

The  easiest  and  best  mode  of  obtaining  this  elementary  substance,  is  that  contrived  by 
Brunaer,  which  I  have  oHen  practised  upon  a  considerable  scale.  Into  the  orifice  of  one 
of  the  iron  bottles,  as  A,y!g.  889,  in  which  mercury  is  imported,  adapt,  by  screwing,  a  piece 
of  gun-barrel  tube,  9  inches  long ;  having  brazed  into  its  side,  about  3  inches  from  its  outer 
end,  a  similar  piece  of  iron  tube.  Fill  this  retort  two  thirds  with  a  mixture  of  10  parts 
of  cream  of  tartar,  previously  calcined  in  a  covered  crucible,  and  1  of  charcoal,  both  in 
powder ;  and  lay  it  horizontally  in  an  air-furnace,  so  that  while  the  screw  orifice  is  at 
the  inside  waK,  Che  extremity  of  the  straight  or  nozzle  tube  may  project  a  few  inches 
be3  ond  the  brickwork,  and  the  tube  brazed  into  it  at  right  angles  may  descend  pretty 
close  to  the  outside  wall,  so  as  to  dip  its  lower  end  a  quarter  of  an  inch  beneath  the  surface 
of  some  rectified  naptha  contained  in  a  copper  bottle  surrounded  by  ice-cold  water. 
By  bringing  the  condenser-vessel  so  near  the  furnace,  the  tubes  along  which  the  poitas- 
sinm  vapor  requires  to  pass,  run  less  risk  of  getting  obstructed.  .The  horizontal  straight 
end  of  the  nozzle  tube  should  be  shut  by  screwmg  a  stopcock  air-tight  into  it.  By 
opening  the  cock  momentarily,  and  thrusting  in  a  hot  wire,  this  tube  may  be  readily 
kept  free,  without  permitting  any  considerable  waste  of  potassium.  The  heat  should 
be  slowly  applied  at  first,  but  eventually  urged  to  whiteness,  and  continued  as  long 
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as  poUssireted  hydrogen  continues  to  be  disengnged.  The  retort,  and  the  put  cf 
the  nozzki  tube  exposed  to  the  fire,  should  be  covered  with  a  good  refraetoir  late,  as 
described  under  the  arUcle  Phosphorus.  The  joints  must  be  perfectly  air^ght  j  and 
the  vessel  freed  from  every  trace  of  mercury,  by  ignition,  before  it  is  charged  with  th« 

tartar-ash.  ,     .        . 

Tartar  skilfully  treated  in  this  way  will  afford  3  per  cent,  of  potassium;  and  when  it 
is  observed  to  send  forth  green  fumes,  it  has  commenced  the  production  of  the  metaL 
Instead  of  the  construction  above  described,  the  following  form  of  apparatus  may  be 

employed. 

A,  Tig.  889,  represenU  the  iron  bottle, 
chargS  with  the  incinerated  tartar ;  and 
B  is  a  fire-brick  support.  A  piece  of  fir^ 
tile  should  also  be  placed  between  the 
bottom  of  the  bottle  and  the  back  waL 
of  the  furnace,  to  keep  the  apparmtoa 
steady  during  the  operation.  Wheneres 
the  moisture  is  expelled,  and  the  maai 
faintly  ignited,  the  tube  c  should  be 
screwed  into  the  mouth  of  the  bottle, 
through  a  small  hole  left  for  this  purpose 
in  the  side  of  the  furnace.  That  tube 
should  be  no  longer,  and  the  front  waU 
of  the  ibmace  no  thicker,  than  what  is 
absolutely  neeessary.  As  soon  as  tbe 
reduction  is  indicated  by  the  emission 
of  green  vapors,  the  receiver  most  be 
adapted,  d,  a,  d,  e,  shown  in 
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scale  in  Jig,  890. 

This  is  a  condenser,  in  two  pieces,  made  of  thin  sheet  copper;  s,  the  upper  part, 
is  a  rectangular  box,  open  at  bottom,  about  10  inches  high,  by  5  or  6  long,  and  2  wide ; 
near  to  the  side  a,  it  is  divided  inside  into  two  equal  compartments,  up  to  two  thirds 
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of  its  height,  by  a  partition  6, 6,  in  order  to  make  the  vapors 
that  issue  from  c  pursue  a  downward  and  circuitous  palb. 
In  each  of  its  narrow  sides,  near  the  top,  a  sliort  tube  is  sol- 
dered, at  d  and  a ;  the  formar  being  fitted  air-tight  into  the 
end  of  the  nozzle  of  the  retort,  while  the  latter  is  closed  with 
a  cork  traversed  by  a  stiff  iron  probe  c,  which  passes  through 
a  small  hole  in  the  partition  6,  6,  under  c,  and  is  emidoyed  to 
keep  the  tube  c  clear,  by  its  drill-shaped  steel  point.    In  one 
of  the  broad  sides  of  the  box  d,  near  the  top,  a  bit  of  pipe  is 
soldered  on  at  c,  for  receiving  the  end  of  a  bent  glass  tabe  of 
safety,  which  dips  its  other  and  lower  end  into  a  glass  cos- 
taining  naptha.     e,  the  bottom   copper  box,  with  naptha, 
which  receives  pretty  closely  the  upper  case  d,  is  to  be  im- 
mersed in  a  cistern  of  cold  water  containing  some  lumps  of  ice. 
The  chemical  action  by  which  potassa  is  reduced  in  ihis 
process  seems  to  be  somewhat  complicated,  and  has  not  been 
thoroughly  explained.    A  very  small  proportion  of  pure  pot- 
assium is  obtained  ;  a  great  deal  of  it  is  converted  into  a  black 
infusible  mass,  which  passes  over  with  the  metal,  and  is  very 
apt  to  block  up  the  tube.    Should  this  resist  clearing  out  with 
the  probe,  the  fire  must  be  immediately  withdrawn  from  the 
furnace,  otherwise  the  apparatus  will  probably  burst  or  blow 

up.     Care  must  be  taken  to  prevent  any  moisture  getting  into 

the  nozzle,  for  it  would  probably  prodnee  a  violent  detonation. 

AVhen  the  operation  has  praceeded  regularly,  accompanied  to  the  end  with  a  constant 
evolution  of  gas,  the  retort  becomes  nearly  empty,  or  contains  merely  a  little  charcoal,  or 
carbonate  of  potassa,  and  the  potassium  collects  in  the  naptha  at  the  bottom  of  the 
receiver  s,  in  the  form  of  globules  or  rounded  lumps,  of  greater  or  less  size,  and  of  a 
leaflen  hue.  But  the  greater  part  of  the  metal  escapes  with  the  gas,  in  a  state  of  combina- 
tion not  well  understood.  This  gaseous  compound  bums  with  a  white  or  reddish-white 
flame,  and  deposites  potassa.  Several  ounces  of  potassium  may  be  produced  in  this  way 
at  one  operation  4  but,.as  thus  obtained,  it  always  contains  some  combined  charcoal,  which 
must  be  separated  by  distilling  it  in  an  iron  retort,  having  its  beak  plunged  in  naptha. 

Pure  potassium,  as  procured  in  Sir  H.  Davy's  origin^  method,  by  acting  upon  fused 
potassa  under  a  film  of  naptha,  with  the  negative  wire  of  a  powerful  voltaic  battery, 
is  very  like  quicksflver.    It  is  semi-floid  at  60°  Fahr.,  nearly  liquid  at  92°,  and  entirely 
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06  at  120P.  At  50^  it  is  malleable,  and  has  the  lustre  of  polished  silver ;  at  32^  it'  is  brit- 
tle, with  a  crystalline  fracture }  and  at  a  heat  approaching  to  redness,  it  begins  to  boil,  is 
roUtilized,  and  converted  into  a  green  colored  gas,  which  condenses  into  globules  upon 
the  surface  of  a  cold  bod}*.  Its  specific  gravity  in  the  purest  state  is  0*865  at  60°.  When 
heated  in  the  air,  it  takes  fire,  and  burns  very  vividly.  It  has  a  stronger  affinity  for  oxy- 
gen than  any  other  known  substance ;  and  is  hence  very  difficult  to  preserve  in  the  me* 
tallic  state.  At  a  high  temperature  it  reduces  almost  every  oxygenated  body.  When 
thrown  upon  water,  it  kindles,  and  moves  about  violently  upon  the  surface,  burning  with 
a  red  flame  till  it  be  consumed ;  that  is  to  say,  converted  into  potassa.  When  thrown 
upon  a  cake  of  ice,  it  likewise  kindles,  and  burns  a  hole  in  it.  If  a  globule  of  it  be  laid 
upon  wet  turmeric  paper,  it  takes  fire,  and  runs  about,  marking  its  desultory  path  with 
red  lines.  The  flame  observed  in  these  cases  is  owing  chiefly  to  hydrogen,  for  it  is  at  the 
expense  of  the  water  that  the  potassium  burns. 

Potassa,  even  in  a  pretty  dilute  solution,  produces  a  precipitate  with  muriate  of  plati- 
Dum,  a  phenomenon  which  distinguishes  it  from  soda.  It  forms,  moreover,  with  sulphnrie 
and  acetic  acids,  salts  which  crystallize  very  diflerently  from  the  sulphates  and  acetates  of 
soda. 

POTTERY,  PORCELAIN.  (Eng.  and  Fr. ;  Steingut,  PorxtOan,  Germ.)  The 
French,  who  are  fond  of  giving  far-fetched  names  to  the  most  ordinary  things,  have 
dignified  the  art  ot  pottery  with  the  title  of  ceramique,  from  the  Greek  noun  Ktfaftoi,  an 
earthen  pot,  compounded  of  two  words  which  sis^ify,  in  that  language,  burned  clay.  In 
reference  to  chemical  constitution,  there  are  only  two  genera  of  baked  stoneware.  The 
first  consists  of  a  fusible  earthy  mixture,  along  with  an  infusible,  which  when  combined 
are  susceptible  of  becoming  semi-vitrified  and  translucent  in  the  kiln.  This  constitutes 
porcelain  or  china-ware ;  which  is  either  hard  and  genuine,  or  tender  and  spurioust, 
according  to  the  quality  and  quantity  of  the  fusible  ingredient.  The  second  kind  con- 
sists of  an  infusible  mixture  of  earths,  which  is  reihictory  in  the  kiln,  and  continues 
opaque.  This  is  pottery,  properly  so  called;  but  it  comprehends  several  sub- 
species, which  graduate  into  each  other  by  imperceptible  shades  of  diflference.  To 
this  head  belong  earthenware,  stoneware,  flintware,  fayence,  dclAware,  iron-stone 
china,  &c. 

The  earliest  attempts  to  make  a  eompact  stoneware,  with  a  painted  glaze,  seem  to 
have  originated  with  the  Arabians  in  Spain,  about  the  9th  century,  and  to  have  passed 
thence  into  Majorca,  in  which  island  they  were  carried  on  with  no  little  snccess.  In  the 
14th  century,  these  articles,  and  the  art  of  imitating  them,  were  highly  prized  by  the 
Italians,  under  the  name  of  Majolica,  and  porcelantiy  from  the  Portuguese  word  for  a  cup. 
The  first  fabric  of  stoneware  possessed  by  them  was  erected  at  Fayenza,  in  the  ecclesias- 
tical state,  whence  the  French  term  fayenee  is  derived.  The  body  of  the  ware' was  usu- 
ally a  red  cJay,  and  the  glaze  was  opaque,  being  formed  of  the  oxydes  of  lead  and  tin,  along 
with  pota'ih  and  sand.  Bemhard  de  Pallissy,  about  the  middle  of  the  I6th  century,  man- 
ufactured the  first  white  fayence,  at  Saintes,  in  France ;  and  not  long  aAerwaitls  the 
Dutch  produced  a  similar  article,  of  substantial  make,  under  the  name  of  delflware,  and 
deia  porcelain,  but  destitute  of  those  graceful  forms  and  paintings  for  which  the  ware  of 
Fayeoza  was  distinguished.  Common  fayence  may  be,  therefore,  regarded  as  a  strong, 
well-burned,  but  rather  coarse-grained  kind  of  stoneware. 

It  was  in  the  17th  century  that  a  small  work  for  making  earthenware  of  a  coarse 
description,  coated  with  a  common  lead  glaze,  was  formed  at  Burslem,  in  Staffordshire, 
which  may  be  considered  as  the  germ  of  the  vast  potteries  now  established  in  that 
county,  'rhe  manufacture  was  improved  about  (he  year  1690,  by  two  Dutchmen,  the 
brothers  Eiers,  who  introduced  the  mode  of  glazing  ware  by  the  vapor  of  salt,  which  they 
threw  by  handfuls  aX  a  certain  period  among  the  ignited  goods  in  the  kiln.  But  these 
were  rude,  unscientific,  and  desultory  efforts.  It  is  to  the  late  Josiah  Wedgewood,  Esq. 
that  this  country  and  the  world  at  large  are  mainly  indebted  for  the  great  modem 
advancement  of  the  ceramic  art.  It  was  he  who  first  erected  magnificent  factories, 
where  every  resource  of  mechanical  and  chemical  science  was  made  to  co-operate  with 
the  arts  of  painting,  sculpture,  and  statuary,  in  perfecting  this  valuable  department  of 
the  industry  of  nations.  So  sound  were  his  principles,  so  judicious  his  plans  of  procedure, 
and  so  ably  have  they  been  prosecuted  by  his  successors  in  Staffordshire,  that  a  popular 
tion  of  60,000  operatives  now  derives  a  comfortable  subsistence  within  a  district  formerly 
bleak  and  barren,  of  8  miles  long  by  6  broad,  which  contains  150  kilns,  and  is  signifi- 
cantly called  the  Potteries. 
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OP  THE  MATESIALS  OF  POTTEST  OR  PORCBLAlir,  AND  THEIR  PREPARATION. 

1.  Ctey.— The  best  clay  from  which  the  Staffordshire  ware  is  made,  comes  f?5& 
Dorsetshire;  and  a  second  quality  from  Devonshire;  but  both  are  well  adapted  for 
working,  being  refractory  in  the  fire,  and  becoming  very  white  when  burnt.  The  clay 
is  deaned  as  much  as  possible  by  hand,  and  freed  fh>m  loosely  adhering  stones  at  the 


1016  FOTTEEY. 

pits  where  it  is  lag.  In  the  factory  moaoted  by  Mr.  Wedgewood,  whieh  may  be  re 
ganied  as  a  type  >f  excellence,  the  clay  is  cut  to  pieces,  and  then  kneaded  into  a  paljp 
-with  water,  by  engines ;  instead  of  being  broken  down  with  pickaxes,  and  worked  vHk 
water  by  hand-paddles,  in  a  square  pit  or  water-tank,  an  old  process,  called  Mmgtsg. 
The  clay  is  now  thrown  into  a  cast-iron  cylinder,  20  inches  wide,  and  4  feet  high,  or 
into  a  cone  2  feet  wide  at  top,  and  6  feet  deep,  in  whose  axis  an  upright  shaft  rerolTcty 
bearing  knives  as  radii  to  the  shaft.  The  knives  are  so  arranged,  that  their  flat  aides 
lie  in  the  plane  of  a  spiral  line ;  so  that  by  the  revolution  of  the  shaA,  they  not  onljr  ent 
through  everything  in  their  way,  but  constantly  press  the  soft  contents  of  the  cylinder 
or  cone  obliquely  downwards,  on  the  principle  of  a  screw.  Another  set  of  kniTca 
stands  out  motionless  at  right  angles  from  the  inner  surface  of  the  cylinder,  and  projects 
nearly  to  the  central  shaA,  having  their  edges  looking  opposite  to  the  line  of  motion  of 
the  revolving  blades.  Thus  the  two  sets  of  slicing  implements^  the  one  active,  and  the 
other  passive,  operate  like  shears  in  cutting  the  clay  into  small  pieces,  while  the  active 
blades,  by  their  spiral  form,  force  the  clay  in  its  comminuted  state  out  at  an  aperture  at 
the  bottom  of  the  cylinder  or  cone,  whence  it  is  conveyed  into  a  cylindrical  vat,  to  be 
worked  ioto  a  pap  with  water.  This  cylinder  is  tub-shaped,  l>eing  about  4  times  wider 
than  it  is  deep.  A  perpendicular  shaft  turns  also  in  the  axis  of  this  vat,  bearinft  cross 
spokes  one  below  another,  of  which  the  vertical  set  on  each  side  is  connected  by  upright 
staves,  giving  the  moveable  arms  the  appearance  of  two  or  four  opposite  square  paddle- 
boards  revolving  with  the  shaft.  This  wooden  framework,  or  large  binnger,  as  it  is  called, 
turns  round  amidst  the  water  and  clay  lumps,  so  as  to  beat  them  into  a  fine  pap,  from 
which  the  stony  and  coarse  sandy  particles  separate,  and  subside  to  the  bottom.  When- 
ever the  pap  has  acquired  a  cream-consistenced  uniformity,  it  is  run  off  through  a  series 
of  wire,  lawn,  and  silk  sieves,  of  different  degrees  of  fineness,  which  are  kept  in  continnal 
agitation  backwards  and  forward  by  a  crank  mechanism ;  and  thus  all  the  grosser  parts 
are  completely  separated,  and  hindered  from  entering  into  the  composition  of  the  ware. 
This  clay  liquor  is  set  aside  in  proper  cisterns,  and  diluted  with  water  to  a  standard 
density. 

2.  But  clay  alone  cannot  form  a  proper  material  for  stoneware,  on  account  of  its  great 
contractility  by  heat,  and  the  consequent  cracking  and  splitting  in  the  kiln  of  the 
vessels  made  of  it;  for  which  reason,  a  silicious  substance  incapable  of  contraction 
must  enter  into  the  body  of  pottery.  For  this  purpose,  ground  flints,  called  flint - 
powder  by  the  potters,,  is  universally  preferred.  The  nodules  of  flint  extracted  from 
the  chalk  formation  are  washed,  heated  redhot  in  a  kiln,  like  that  for  burning  lime^ 
and  thrown  in  this  state  into  water,  by  which  treatment  they  lose  their  translncency, 
and  become  exceeding  brittle.  They  are  then  reduced  to  a  coarse  powder  in  a  stamping- 
mill,  similar  to  that  for  stamping  ores ;  see  Metallurgy.  The  pieces  of  flint  are  laid 
on  a  strong  grating,  and  pass  through  its  meshes  whenever  they  are  reduced  by  (he 
stamps  to  a  certain  state  of  comminution.  This  granular  matter  is  now  transferred  to  the 
proper  flint-mill,  which  consists  of  a  strong  cylindrical  wooden  tub,  bottomed  with  flat 
pieces  of  massive  diert,  or  homstone,  over  which  are  laid  large  flat  blocks  of  similar  chert, 
Uiat  are  moved  round  over  the  others  by  strong  iron  or  wooden  arms  projecting  from  an 
upright  shaft  made  to  revolve  in  the  axis  of  the  mill-tub.  Sometimes  the  active  blocks 
are  fixed  to  these  cross  arms,  and  thus  carried  round  over  the  passive  blocks  at  the  bot> 
torn.  See  tn/r^  nnder  Porcklain,  figures  of  the  flint  and  feldspar  mill.  Into  this  cyl- 
indrical vessel  a  small  stream  of  water  constantly  trickles,  which  facilitates  the  grindine 
motion  and  action  of  the  stones,  and  works  the  flint  powder  and  water  into  a  species  of 
pap.  Near  the  surface  of  the  water  there  is  a  plug-hole  in  the  side  of  the  tub,  by  which 
the  creamy-looking  flint  liquor  is  run  off  from  time  to  time,  to  be  passed  through  lawn  or 
silk  sieves,  similar  to  those  used  for  the  clay  liquor;  while  the  particles  that  remain  on 
the  sieves  are  returned  into  the  mill.  This  pap  is  also  reduced  to  a  standard  density  by 
dHotion  with  water ;  whence  the  vreight  of  dry  silicious  earth  present,  may  be  deduced 
from  the  measure  of  the  liquor. 

The  standard  day  and  flint  liquors  are  now  mixed  together,  in  saeh  proportion  by 
measure,  that  the  flint  powder  may  bear  to  the  dry  clay  the  ratio  of  one  to  five, -or  occa- 
sionally one  to  six,  according  to  the  richness  or  plasticity  of  the  clay ;  and  the  liquors  are 
intimately  incorporated  in  a  revolving  churn,  simflar  to  that  employed  for  making  the  day- 
pap.  This  mixture  is  next  freed  from  its  excess  of  water,  by  evaporation  in  oblong  stone 
troughs,  called  slip^kUw,  bottomed  with  fire-tiles,  under  which  a  furnace  flue  runs.  The 
"*  ''^eadth  of  this  evaporating  trough  varies  from  2  to  6  feet ;  its  length  from  20  to  50 ;  and 

Jipth  from  8  to  12  inches,  or  more, 
the  dissipation  of  the  water,  and  careful  agitation  of  the  pap,  a  uniform  doughy 
is  obtained;  which,  being  taken  out  of  the  trough,  is  cut  into  cubical  lamps. 
These  arc  piled  in  heaps,  and  left  in  a  damp  cellar  for  a  considerable  time  $  that  is, 
several  months,  in  large  manufactories.  Here  the  dough  suffers  disintegntioD,  prat  toted 
by  a  kind  of  fermentative  action,  due  probably  to  some  vegetable  matter  in  the 
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and  the  clay ;  for  it  becomes  %Udc,  and  exhales  a  fetid  odor.  The  argillaceous  and  sili- 
cious  particles  get  disintegrated  also  by  the  action  of  the  water,  in  such  a  way  that  the 
ware  made  with  old  paste  is  (bund  to  be  more  homogeneous,  finer  grained,  and  not  so  apt 
to  crack  or  to  get  disfigured  in  the  baking,  as  the  ware  made  with  newer  paste. 

fiut  this  chemical  comminution  must  be  aided  by  mechanical  operations ;  the  first  of 
which  is  called  the  potter's  sloping  or  loedgirkg.  1%  consists  in  seizing  a  mass  of  clay  in 
the  hands,  and,  with  a  twist  of  both  at  once,  tearing  it  into  two  pieces,  or  cutting  it  with 
a  wire.  These  are  again  slapped  together  with  force,  but  in  a  different  direction  from  that 
in  which  they  adhered  before,  and  then  dashed  down  on  a  board.  The  mass  is  once  more 
torn  or  cut  asunder  at  right  angles,  again  slapped  together,  and  so  worked  repeatedly  for 
20  or  30  times,  which  ensures  so  complete  an  incorporation  of  the  different  parts,  that  if 
the  mass  had  been  at  first  half  black  and  half  white  clay,  it  Would  now  be  of  a  uniform 
gray  color.  A  similar  effect  is  produced  in  some  large  establishments  by  a  slicing  machine, 
like  that  used  for  cutting  down  the  clay  lumps  as  they  come  from  the  pit. 

In  the  axis  of  a  cast  iron  cylinder  or  cone,'  an  upright  shaft  is  made  to  revolve,  from 
which  the  spiral-shaped  blades  extend,  with  their  edges  placed  in  the  direction  of  ro- 
tation. The  pieces  of  clay  subjected  to  the  action  of  these  knives  (with  the  reaction  of 
fixed  ones)  are  minced  to  small  morcels,  which  are  forced  pell-mell  by  the  screw-like 
pressure  into  an  opening  of  the  bottom  of  the  cylinder  br  cone,  from  which  a  horizontal 
pipe  about  6  inches  square  proceeds.  The  dough  is  made  to  issue  through  this  outlet, 
and  is  then  cut  into  lengths  of  about  12  inches.  These  clay  pillars  or  prisms  are  thrown 
back  into  the  cylinder,  and  subjected  to  the  same  operation  again  and  again,  till  the 
lamps  have  their  particles  perfectly  blended  together.  This  process  may  advantageously 
precede  their  being  set  aside  to  ripen  in  a  damp  cellar.  In  France  the  stoneware  dough 
is  not  worked  in  such  a  machine ;  but  afler  being  beat  with  wooden  mallets,  a  practice 
common  also  in  England,  it  is  laid  down  on  a  clean  floor,  and  a  workman  is  set  to  tread 
upon  it  with  naked  feet  for  a  considerable  time,  walking  in  a  spiral  direction  from  the 
centre  to  the  circumference,  and  from  the  circumference  to  the  centre.  In  Sweden, 
and  also  in  China  (to  judge  from  the  Chinese  paintings  which  represent  their  manner 
of  making  porcelain),  the  clay  is  trodden  to  a  uniform  mass  by  oxen.  It  is  afterwards,  in 
all  cases,  kneaded  like  baker's  dough,  by  folding  back  the  cake  upon  itself,  and  kneading 
it  out,  alternately. 

The  process  of  slapping  consists  in  cutting  through  a  large  mass  with  a  wire,  lifting  up 
either  half  in  both  hands,  and  casting  it  down  with  great  violence  on  the  other ;  and  this 
violent  treatment  of  the  clay  is  repeated  till  every  appearance  of  air-bubbles  is  removed, 
for  the  smallest  remaining  vesicle  expanding  in  the  kiln,  would  be  apt  to  cause  blisters  or 
warts  upon  the  ware. 

Having  thus  detailed  the  preparation  of  the  stoneware  paste,  we  have  next  to  describe 
the  methods  of  forming  it  into  articles  of  various  forms. 

Throwing  is  performed  upon  a  tool  called  the  potter's  lathe.  (See  fig.,  infra.)  This 
consists  of  an  upright  iron  shaft,  about  the  height  of  a  common  table,  on  the  top  of  which 
is  fixed,  by  its  centre,  a  horizontal  disc  or  circular  piece  of  wood,  of  an  area  sufficiently 
great  for  the  hirgest  stoneware  vessel  to  stand  upon.  The  lower  end  of  the  shaft  is  point- 
ed, and  runs  in  a  conical  step,  and  its  collar,  a  little  below  the  top-board,  being  truly 
turned,  is  embraced  in  a  socket  attached  to  the  wooden  frame  of  the  lathe.  The  shaft  has 
a  pulley  fixed  upon  it,  with  grooves  for  3  speeds,  over  which  an  endless  band  passes  from 
a  fiy-wheel,  by  whose  revolution  any  desired  rapidity  of  rotation  may  be  given  to  the  shaft 
and  its  top-board.  This  wheel,  when  small,  may  be  placed  alongside,  as  in  the  turner's 
lathe,  and  then  it  is  driven  by  a  treadle  and  crank ;  or  when  of  larger  dimensions,  it  is 
turned  by  the  arms  of  a  laborer.  Sometimes,  indeed,  the  wooden  plate  is  replaced  by 
a  large  thick  disc  of  Paris  plaster,  which  is  whirled  round  by  the  hand  of  the  potter, 
without  the  intervention  of  a  pulley  and  fly-wheel,  and  affords  sufficient  centrifugal 
power  for  fashioning  small  vessels.  The  mass  of  dough  to  be  thrown,  is  weighed  out 
or  gausred  by  an  experienced  hand.  The  thrower  dashes  down  the  lump  on  the 
centre  of  the  revolving  board,  and  dipping  his  hands  frequently  in  an  adjoining  tub  of 
water,  he  works  up  the  clay  into  a  tall  irregular  cylinder,  and  then  down  into  a  cake, 
alternately,  till  he  has  secured  the  final  extrication  of  air-bubbles,  and  then  gives  the 
proper  form  to  the  ves!>el  under  a  less  speed  of  rotation,  regulating  its  dimensions  by 
wooden  pegs  and  gauges.  He  now  cuts  it  off  at  the  base  with  a  piece  of  fine  brass  wire, 
fastened  to  a  handle  at  either  end.  The  vessel  thus  rudely  fashioned  is  placed  in  a  si- 
tuation where  it  may  dry  gradually  to  a  proper  point.  At  a  certain  stage  of  the  drying, 
called  the  green  state,  it  possesses  a  greater  tenacity  than  at  any  othei,  till  it  is  baked. 
It  is  then  taken  to  another  lathe,  called  the  turning  lathe,  where  it  is  attached  by  a  little 
moisture  to  the  vertical  face  of  a  wooden  chuck,  and  turned  nicely  into  its  proper  shape 
with  a  very  sharp  tool,  which  also  smooths  it.  After  this  it  is  slightly  burnished  with  a 
UDootb  steel  surface. 
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DEBCBimON  or  THX  FOTTSfi't  LATHE. 

A,  fig,  891,  is  the  profile  oC  the  English  potter*8  lathe,  for  Mocking  ont  nnmd 
ware ;  c  is  the  table  or  tray ;  a  is  the  head  of  the  lathe,  with  its  horizontal  dise ;  a,  6, 
is  the  upright  shaft  of  the  head;  d,  pulleys  with  several  gnraves  of  difTerent 
diameters,  fixed  upon  the  shaft,  for  receiTing  the  driving-coid  or  band ;  fe  is  a  bench 
upon  which  the  workman  sits  astride ;  e,  the  treadle  foot-boaid ;  /  is  a  ledge-boaidy 


for  catching  the  shavings  of  clay  which  fly  off  from  the  lathe ;  A  is  an  instniment, 
with  a  slide-nut  t,  for  measuring  the  objects  in  the  blocking  out ;  c  is  the  fly-whed 
with  its  winch-handle  r,  turned  by  an  assistant ;  the  sole-frame  is  secured  in  its  place 
by  the  heavy  stone  p ;  /  is  the  oblong  guide-pulley,  having  also  several  grooves  for  con- 
verfing  the  vertical  movement  of  the  fly-wheel  into  the  horizontal  movement  of  the  head 
of  the  lathe. 

D  is  one  of  the  intermediate  forms  given  by  the  potter  to  the  ball  of  clay,  as  it  revolves 
upon  the  head  of  the  lathe. 

In  large  potteries,  the  whole  of  the  lathes,  both  for  throwing  and  turning,  are  pat  in 
motion  by  a  steam-engine.  The  vertical  spindle  of  the  lathe  has  a  bevel  wheel  on  it, 
which  works  in  another  bevel  toothed  wheel  fixed  to  a  horizontal  shaft.  This  shaft  is 
provided  with  a  long  conical  wooden  drum,  from  which  a  strap  ascends  to  a  similar  eo- 
nical  drum  on  the  main  lying  shaft.  The  apex  of  the  one  cone  corresponds  to  the  base 
of  the  other,  which  allows  the  strap  to  retain  the  same  degree  of  tension  (see  the  conical 
drum  apparatus  of  the  Stearine-press),  while  it  is  made  to  traverse  horizon taQy,  in  order 
to  vary  the  speed  of  the  lathe  at  pleasure.  When  the  belt  is  at  the  base  of  the  driving- 
cone,  it  works  near  the  vertex  of  the  driven  one,  so  as  to  give  a  maximum  velocity  to  the 
lathe,  and  vice  verad,  .  . 

During  the  throwing  of  any  article,  a  separate  mechanism  is  conducted  by  a  boy, 
which  makes  the  strap  move  parallel  to  itself  along  these  conical  drums,  and  nicely  re^ 
gulates  the  speed  of  the  lathe.  When  the  strap  runs  at  the  middle  of  the  conesj,  the 
velocity  of  each  shaft  is  equal.  By  this  elegant  contrivance  of  parallel  cones  reverse^ 
the  velocity  rises  gradually  to  its  maximum,  and  returns  to  its  minimum  or  slower  motion 
when  the  workman  is  about  finishing  the  article  thrown.  The  strap  is  then  transferred  ta 
a  pair  of  loose  pulleys,  and  the  lathe  stops.  The  vessel  is  now  cut  off  at  the  base  with 
small  wire ;  is  dried,  turned  on  a  power  lathe,  and  polished  as  above  described. 

The  same  degree  of  dryness  which  admits  of  the  clay  being  turned  on  the  laihe,  alao 
suits  for  fixing  on  the  handles  and  other  appendages  to  the  vessels.  The  parts  to  be 
attached,  being  previously  prepared,  are  joined  to  the  circular  work  by  means  of  a  thin  paste 
which  the  workmen  call  s/tp,  and  the  seams  are  then  smoothed  off  with  a  wet  sponge. 
They  are  now  taken  to  a  stove-room  heated  to  80°  or  90**  F.,  and  fitted  up  with  a  great  many 
shelves.  When  they  are  fully  dried,  they  are  smoothed  over  with  a  small  bundle  of  hemp^ 
if  the  articles  be  fine,  and  are  then  ready  for  the  kiln,  which  is  to  convert  the  tender  clay 
into  the  hard  biscuit. 

A  great  variety  of  pottery  wares,  however,  cannot  be  fashioned  on  the  lathe,  as  they 
are  not  of  a  circular  form.  These  are  made  by  two  different  methods,  the  one  called 
preas-iDork,  and  the  other  editing.  The  press-work  is  done  in  moulds  made  of  Paris 
plaster,  the  one  half  of  the  pattern  being  formed  in  the  one  side  of  the  mould,  aod  the 
other  half  in  the  other  side :  these  moulding-pieces  fit  accurately  together.  All  vesaels 
of  an  oval  form,  and  such  as  have  flat  sides,  are  made  in  this  way.  Handles  of  tea- 
pots, and  fluted  solid  rods  of  various  shapes,  are  formed  by  pressure  also ;  viz.,  by 
squeezing  the  dough  contained  in  a  pump-barrel  through  different  shaped  orifices  at  its  bo|. 
torn,  by  working  a  screw  applied  to  the  piston-rod.  The  worm-shaped  dough,  as  it  issues, 
is  cut  to  proper  lengths,  and  bent  into  the  desired  form.  Tubes  may  be  also  made  on  the 
same  pressure  principle,  only  a  tubular  opening  must  be  provided  in  the  bottom  plate  of 
the  elay-forcing  pump. 
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Tbe  other  melbod  of  AnUoning  rarthcnware  uiidM  is  called  coifnig,  tnd  ii,  p«rhkp«, 
the  [hobI  elegint  Tor  nich  u  hkve  ui  in^lu  shape.  Thii  opention  connats  in  poor- 
uig  the  claf,  in  (he  ilale  of  pap  or  clip,  ioto  plailer  monlds,  which  are  kept  in  ■ 
de<iicciled  lUte.  These  mouldi,  as  well  a«  Ihe  pretnue  ones,  are  made  in  halves,  vhicb 
BiCFlf  correrponil  together.  The  slip  is  poarnt  in  till  the  cavity  is  quite  Tult,  and  is 
Icfl  in  the  moold  for  a  certain  time,  more  or  less,  according  to  (he  intended  thickaesa  ol' 
the  vessel.  The  absorbent  power  of  the  plaster  soan  ahstracts  (he  water,  and  makes  111* 
Miat  or  clay  in  contact  with  il  qnite  dooghy  and  stiff,  so  (hat  the  part  still  liqaid  bemg 
pDBred  oat,  a  hollow  shape  lemains,  which  when  removed  from  the  mould  constitutes 
(he  hair  of  the  vessel,  bearing  eitemally  the  exact  impress  of  the  mould.  The  thickneea 
oT  the  clay  varies  with  the  time  that  (he  paste  has  s(o(>d  upon  the  plas(er.  These  call 
artieles  are  diied  to  the  green  state,  like  the  preceding,  and  (hen  joined  accnratelir  with 
•ftp.  Imitalion*  of  flowers  and  foliage  are  eleganlJy  executed  in  this  way.  Thia 
operation,  which  is  called  /vrniiAing,  requires  very  delicate  and  dexteroas  maiupa- 

The  sat^ers  for  the  nnglazed  colored  stoneware  should  be  eovered  inside  with  • 
glue  composed  of  12  parts  of  eopunon  salt  and  30  of  potash,  or  6  parts  of  potash  and 
14  of  salt )  which  may  be  mixed  with  a  little  of  the  common  enamel  for  the  glazed 
pottery  saggers.  The  bottom  of  each  sagger  has  some  bits  of  flints  sprinkled  upon  it, 
which  become  so  adhereat  after  the  first  firing  as  to  form  a  multitude  of  little  promi- 
neDces  for  setting  the  ware  upon,  when  this  does  not  consist  of  plates.  It  is  the  dnly 
of  the  workmen  belonging  to  the  glaze  kiln  to  make  Ihe  saggers  during  the  intervalt 
of  (heir  woilt  i  or,  if  (here  be  a  relay  ct,  hands,  tbe  man  who  it  not  firing  makes  the 
•aggers. 

The  English  kilni  dlfler  from  (hose  of  France  and  Germany,  in  (heir  construction,  in  the 
nature  ofiheir  lUet.and  in  the  high  temperature  required  to  produce  a  surface  sufficiently 
hard  for  a  perfectly  fine  glaie. 

When  the  ware  is  sufficiently  dry,  and  in  sufficient  qaantity  to  fill  a  kiln,  the  next 
process  is  placing  the  various  articles  in  Ihe  baked  GrC'Clay  Teasels,  which  may  be  either 
of  a  cj-lindric«l  or  oval  shape ;  called  gatiltii,  Fr.  i  kapieln,  Cenn,  These  are  from  8 
In  H  inches  deep,  and  from  12  to  18  inches  in  diameter.  When  packed  full  of  the  dry 
ware,  they  are  piled  over  each  other  in  Ihe  kiln.  The  bottom  uf  the  upper  sagger  forms 
the  lid  of  its  fellow  below  i  and  the  juncljon  of  the  two  is  Inted  with  a  ring  of  e(A  clay 
applied  between  them.  These  dishesprotcct  the  ware  IVom  being  suddenly  and  unequally 
heated,  and  from  being  soiled  by  the  smoke  and  vapors  of  the  fuel.  Each  pile  c^  saggers 
il  called  a  huig. 
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0,  a,  figi.  S92,  893,  asd  B»4,  m  tlw  fatMon  wUch  hnt  Ac  Ma ;  irf'  wkiA  i,  u  Jig 
892,  ir«  [he  upper  moQllu,  and  A*  iIm  loirer)  Ibe  former  beiag  clsMd  more  or  leis  b;  ibe 

flie-tile  z,  Ebown  iafig.  896. 
/  is  one  Gieplaee ;  for  the  manner  of  diBtriboIin;  Ibe  fuel  in  it,  tee  fig.  B96. 

g,  y,  figi.  ^2  and  896,  are  tbe  horizonlal  and  vertical  flaee  and  ctunmera  Tor  cdd- 
dactin;  the  flame  and  eiiKdce.  I  ii  the  laboratory,  or  body  of  the  kiln ;  haiinit  tls  floor 
k  slopin^sliBhlly  downwacdi  iVom  the  centre  to  the  circamfercnee.  z,  y,  is  the  alii  of 
the  horiioDtU  regialer,  le«dia^  to  the  chimney  fine  y  of  ^e  fonace,  beini;  the  fint  regn 
lator;  z,  «,  i>  the  rerticai  register  conduit,  lindinfc  to  the  furaaee  or  mouth  /,  beiaE  the 
leeoBd  regulator  \  v  it  the  regiiter  slit  above  the  fnrDaee,  and  its  vertical  fine  leading 
into  the  body  of  the  kiln  j  s',  c,  slit  for  reflating  flue  at  (be  ahonlder  of  the  kiln ;  i  it 
anarch  which  supports  the  walls  of  the  kiln,  when  the  furnace  ii  Doder  repair;  t^c, 
are  small  Hues  to  tbe  vault  i  of  the  laboratory.  h,fig.  893,  ia  the  centnl  flue,  calkd 
tmtUi,  of  the  laboratory. 

T,  T,  is  the  conical  tower  or  houxU,  itrengtheaed  with  a  Bcries  of  iron  hoops,  o'  is  Ike 
great  ebimoey  or  /umIM  of  the  tower  {  p  ia  the  door  of  the  laboratory,  bound  inaide  with 

895  A,  it  the  coDiplete  kiln  and  toweU,  with  all  ita  apporte- 

B,fig.  893,  it  the  pUn  at  the  level  d,  d,  of  tbe  floor,  to 
thaw  the  arrangement  and  distribulion  of  all  the  horizoalal 
floes,  both  eircidar  and  radiatin;. 

c,fig.  894,  iaaplanmltheleyel  (,(,  of  the  upper  mouth*  d, 
of  the  fiimacee,  to  show  the  disposition  of  the  flreplaeea  of  Ike 
vertic^  flues,  and  of  Ihe  horizontal  registers,  or  peep-bdei. 

Dtfig.  894,  is  ^  biid't-eye  view  of  the  lop  of  the  vault  or 
dome  1,  to  show  (he  disposition  of  the  vent-holes  c,  e. 

E,  fig.  895,  is  a  detailed  plah  at  the  level  c,  c,  of  one  for- 
naee  and  iu  dependencies. 

r,  fig.  89G,  is  a  trancverie  leetion,  in  detail,  of  one  fnitwee 
and  iu  dependencies. 

The  same  leUeit  in  all  the  figure)  iodieate  the  sune  ob- 

CAarf»ng'o/(**fciJii.— The  saggers  are  piled  np  first  in  the 
tpaee  between  each  of  the  upright  farnaces,  till  Ihey  rise  to 
tbe  top  of  the  flues.  These  contain  the  Kmaller  articles. 
Above  this  level,  large  fire  tiles  are  laid,  for  supporting  other  HBgRers,  filled  with  teacups, 
tUEar-basins,  &c.  Id  the  bottom  part  of  Ihe  pile,  within  the  preceding,  Ibe  same  sorttof 
articles  are  put ;  but  in  the  upper  part  all  sach  articles  are  placed  as  require  a  hi^h  heat. 
Four  piles  of  small  saggers,  with  a  middle  one  10  inches  in  height,  complete  the  ebacve. 
Aa  there  are  6  piles  between  each  furance,  and  as  the  biscuit  kiln  has  8  furnaces,  a  chsr^ 
consequently  amounts  to  48  or  50  frungi,  each  composed  of  from  I8  lo  19  saggers.  The 
Inclination  of  the  bungs  ought  always  to  follow  thti  form  of  the  kiln,  and  should  therefore 
tend  towards  the  centre,  lest  the  strong  draught  of  the  furnaces  should  make  Ihe  sasgert 
fall  against  the  walls  of  the  kiln,  an  accident  apt  to  happen  were  these  piles  perpendicular. 
The  last  sagger  of  each  hung  is  covered  with  an  unbaked  one,  three  inches  deep,  in  place 
of  a  round  lid.  The  watches  are  small  cups,  of  the  same  biscuit  as  the  charge,  placed  ia 
taggers,  four  in  number,  above  (he  level  of  the  flue-tops.  They  are  taken  hastily  ool  of 
the  taggers,  lest  they  should  get  smoked,  and  are  thrown  into  eold  water. 

When  the  charging  is  completed,  the  firing  is  commenced,  with  coal  of  the  best  qnality. 
The  mann,gemen(  of  [he  furnace  it  a  matter  of  great  consequence  to  the  inceess  of  Ihe 
process.  No  greater  heat  should  be  employed  for  some  time  than  may  be  neeessart  to 
agglutinate  the  particles  which  enter  into  the  composition  of  the  paste,  by  evaporating  all 
the  humidity  ;  and  the  heat  should  never  be  raised  so  high  at  to  endanger  the  fotioa  of 
the  ware,  which  would  make  il  very  brillle. 

Whencverthe  mouth  or  doorof  the  kiln  is  built  np,a  child  preptiressevetal  fires  in  tbe 
nei^borhooi  of  the  homdi,  while  a  laborer  transports  in  a  wheelbarrow  a  supply  of 
coals,  and  introduces  into  eaeh  fiimace  a  namber  of  lumps.  These  lumps  divide  the  fnr- 
naee  into  two  parts;  those  forthe  upper  Roes  being  placed  above,  and  those  for  the  ground 
flues  below,  which  must  be  kept  unobstructed. 

The  fire-mouths  being  charged,  they  are  kindled  to  b^n  tbe  baking,  the  rcfolator 
tile  z,  fig.  896,  being  now  Dpencd ;  an  hour  aflerwards  the  bricks  at  the  bottom  of  the 
furnace  are  stopped  up.  The  fire  is  usually  kindled  at  6  o'clock  in  the  evening,  and 
progressively  increased  till  10,  when  it  begins  to  gain  foree,  and  the  flame  rises  halT-wa)-  up 
Ibe  chimney.  The  second  charge  is  pi^t  in  at  8  o'clock,  and  themonthsoftberareaersaTe 
then  covered  with  tiles  J  by  which  time  the  flame  issues  through  the  vent  of  the  lower-  An 
boor  afterwards  a  fresh  charge  it  made  ;  the  tilet  a,  which  cover  the  fumnces,  are  clipped 
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back ;  the  cinders  are  dniwn  to  the  front,  and  replaced  with  small  coal.  About  haU 
past  1  ]  o'clock  the  kiln-man  examines  his  farnaces,  to  see  that  their  draught  is  pro- 
perly regulated.  An  hour  afterwards  a  new  charge  of  coal  is  applied ;  a  practice,  repeated 
hourly  till  6  o'clock  in  the  morning.  At  this  moment  he  takes  out  his  first  watch,  to 
see  how  the  baking  goes  oii.  It  should  be  at  a  very  pale-red  heat ;  but  the  watch  of  7 
o'clock  should  be  a  deeper  red.  He  removes  the  tileafrom  those  furnaces  which  appear  to 
have  been  burning  too  strongly,  or  whose  flame  issues  by  the  orifices  made  in  th^  shoulder 
of  the  kiln ;  and  puts  tiles  upon  those  which  are  not  hot  enough.  The  fiames  glide 
along  briskly  in  a  regular  manner.  At  this  period  he  draws  out  the  watches  every 
quarter  of  an  hour,  and  compares  them  with  those  reserved  from  a  previous  standard 
kiln :  and  if  he  observes  a  similarity  of  appearance,  he  allows  the  furnaces  to  bum  a 
little  longer ;  then  opens  the  mouths  carefully  jtnd  by  slow  degrees ;  so  as  to  lower  the 
heat,  and  finish  the  round. 

The  baking  usually  lasts  from  40  to  42  hours ;  in  which  time  the  biscuit  kiln  may  con- 
sume 14  tons  of  coals ;  of  which  four  are  put  in  the  first  day,  seven  the  next  day  and  fol- 
lowing night,  and  the  four  last  give  the  strong  finishing  heat. 

Emptying  the  kiln. — The  kiln  is  allowed  to  cool  very  slowly.  On  taking  the  virare 
out  of  the  saggers,  the  biscuit  is  not  subjected  to  friction,  as  in  the  foreign  potteries, 
because  it  is  smooth  enough ;  but  is  immediately  transported  to  the  place  where  it  is  to 
be  dipped  in  the  glaze  or  enamel  tub.  A  child  makes  the  pieces  ring,  by  striking  with  the 
handle  of  tlie  brush,  as  he  dusts  them,  and  then  immerses  them  into  the  glaze  cream  ; 
from  which  tub  they  are  taken  out  by  the  enamellcr,  and  shaken  in  the  air.  The  tub 
usually  contains  no  more  than  4  or  5  inches  depth  of  the  glaze,  to  enable  the  workman 
to  pick  out  the  articles  more  readily,  and  to  lay  them  upon  a  board,  whence  they  are 
taken  by  a  child  to  the  glaze  kiln. 

Glazing. — A  good  enamel  is  an  essential  element  of  fine  stoneware ;  it  should  expen- 
ence  the  same  dilatation  and  contraction  by  heat  and  cold  as  the  biscuit  which  it  covers. 
The  English  enamels  contain  nothing  prejudicial  to  health,  as  many  of  the  foreign  glazes 
do ;  no  more  lead  being  added  to  the  former  than  is  absolutely  necessary  to  convert  the 
ftilicious  and  aluminous  matters,  with  which  it.  is  mixed  into  a  perfectly  neutral  glass. 

Three  kinds  of  glazes  are  used  in  Staffordshire ;  one  for  the  common  pipe-clay  or 
cream-colored  ware;  another  for  the  finer  piple«'Clay  ware  to  receive  impressions, 
called  printing  body;  a  third  for  the  ware  which  is  to  be  ornamented  by  painting  with  the 
pencil. 

The  glaze  of  the  first  or  common  ware  is  composed  of  53  parts  of  white  lead,  16  of 
Cornish  stone,  36  of  ground  flints,  and  4  of  flint  glass ;  or  of  40  of  white  lead,  36  of  Cor- 
nish stone,  12  of  flints,  and  4  of  flint  or  crystal  glass.  These  compositions  are  not  flitted ; 
but  are  employed  after  being  simply  triturated  with  water  into  a  thin  paste. 

The  following  is  the  comixisition  of  the  glaze  intended  to  cover  all  kinds  of  figures 
printed  in  metalha  colors  $  26  parts  of  white  feldspar  are  fritted  with  6  parts  of  soda,  2  of 
nitre,  and  1  of  borax ;  to  20  pounds  of  this  frit,  26  parts  of  feldspar,  20  of  white  lead,  6 
of  ground  flints,  4  of  chdQk,  1  of  oxyde  of  tin,  and  a  small  quantity  of  oxyde  of  cobalt,  to 
take  off  the  brown  cast,  and  give  a  faint  azure  tint,  are  added. 

The  following  i^cipe  may  also  be  u^.    Frit  together  20  parts  of  flint  glass,  6  of  flints, 
2  of  nitre,  and  1  of  bcrax ;  add  to  12  parts  of  that  frit,  40  parts  of  white  lead,  36  of  feld 
!(par,  8  of  flints,  and  6  of  flint  glass ;  then  grind  the  whole  together  into  a  uniform  cream- 
oonsistenced  paste. 

As  to  the  stoneware  which  is  to  be  painted,  it  is  covered  with  a  glaze  composed  of  13 
parts  of  the  printing-color  frit,  to  which  are  added  50  parts  of  red  lead,  40  of  white  lead, 
and  12  of  flint ;  the  whole  having  been  ground  together. 

The  above  compositions  produce  a  very  hard  glaze,  which  cannot  be  scratched  by  the 
knife,  is  not  acted  upon  by  vegetable  acids,  and  does  no  injury  to  potable  or  edible  arti- 
cles kept  in  the  vessels  covered  with  it.  It  preserves  for  an  indefinite  time  the  glassy 
lustre,  and  is  not  subject  to  crack  and  exfoliate,  like  most  of  the  Continental  stoneware, 
made  from  common  pipe-day.  ^ 

In  order  that  the  saggers  in  which  the  articles  are  Daked,  after  receiving  the  glaze,  may 
not  absorb  some  of  the  vitrifying  matter,  they  are  themselves  coated,  as  above  mentioned, 
with  a  glaze  composed  of  13  parts  of  common  salt,  and  30  parts  of  potash,  simply  dissolved 
in  water,  and  brushed  over  them. 

Glaze  kibi, — ^This  b  usually  smaller  than  the  biscuit  kiln,  and  contains  no  more  than 
40  or  45  bungs  or  columns,  each  composed  of  16  or  17  saggers.  Those  of  the  first  bung 
rest  upon  round  tiles,  and  are  well  luted  together  with  a  finely  ground  fire-clay  of  only 
moderate  cohesion ;  those  of  the  second  bung  are  supported  by  an  additional  tile.  The 
lower  saggers  contain  the  cream-colored  articles,  in  which  the  glaze  is  softer  than  that 
which  covers  the  blue  printed  ware ;  this  being  always  placed  in  the  intervals  between 
the  furnaces,  and  in  the  uppermost  saggers  of  the  columns.  The  bottom  of  the  kiln^ 
where  the  glazed  ware  is  not  baked,  is  occupied  by  printed  biscuit  ware. 
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Pyrometric  balls  of  red  day,  coated  with  a  very  fasible  lead  enamel,  are  employed 
the  English  potteries  to  ascertain  the  temperature  of  the  glaze  kilns.  This  enamel  is 
rich,  and  the  clay  upon  which  it  is  spread  is  so  fine-grained  and  compact,  that  even  when 
exposed  for  three  hours  to  the  briskest  flame,  it  does  not  lose  its  lustre.  The  color  of 
the  clay  alone  changes,  whereby  thie  workman  is  enabled  to  judge  of  the  degree  of  heat 
within  the  kiln.  At  first  the  balls  have  a  pale  red  appearance ;  but  they  become  browner 
with  the  increase  of  the  temperature.  The  balls,  when  of  a  slighUy  dark-red  coloTy  indi- 
cate the  degree  of  baking  for  the  hard  glaze  of  pipe^*lay  ware ;  but  if  they  become  daik 
brown,  the  glaze  will  be  much  too  hard,  being  that  suited  for  ironstone  ware ;  lastly,  when 
they  acquire  an  almost  black  hue,  they  show  a  degree  of  heat  suited  to  the  formation  of 
a  glaze  upon  porcelain. 

The  glazier  provides  himself  at  each  roand  with  a  stock  of  these  ball  ttw/cftet,  leseiyed 
from  the  preceding  baking,  to  serve  as  objects  of  comparison;  and  he  never  slackens  the 
firing  till  he  has  obtained  the  same  depth  of  shade,  or  even  somewhat  more ;  for  H 
may  be  remarked,  that  the  more  rounds  a  glaze  kiln  has  made,  the  browner  the  balls 
are  apt  to  become.  A  new  kiln  bakes  a  round  of  enamel-ware  sooner  than  an  old  one ; 
as  also  with  less  fuel,  and  at  a  lower  temperature.  The  watch-balls  of  these  first  rounds 
have  generally  not  so  deep  a  color  as  if  they  were  tried  in  a  furnace  three  or  four 
months  old.  After  this  period,  cracks  begin  to  appear  in  the  furnaces ;  the  horizontal 
flues  get  partially  obstructed,  the  joinings  of  the  brickwork  become  loose ;  in  oonse> 
quence  of  which  there  is  a  loss  of  heat  and  waste  of  fuel ;  the  baking  of  the  glaze  talces 
a  longer  time,  and  the  pyrometric  balls  assume  a  different  shade  from  what  they  had  on 
being  taken  out  of  the  new  kiln,  so  that  the  first  watches  are  of  no  comparable  nse  tlitr 
two  months.  The  baking  of  enamel  is  commenced  at  a  low  temperature,  and  the  heat 
is  progressively  increased  ;  when  it  reaches  the  melting  point  of  the  glaze,  it  must  be 
maintained  steadily,  and  the  furnace  mouths  be  carefully  looked  after,  lest  the  heat 
should  be  suffered  to  fall.  The  firing  is  continued  14  hours,  and  then  gradually 
lowered  by  slight  additions  of  fuel ;  afler  which  the  kiln  is  allowed  from  5  to  6  hours  to 
cool. 
Muffles, — ^The  paintings  and  the  printed  figures  applied  to  the  glaze  of  stone- 
ware and  porcelain  are  baked  in  mnflles 
of  a  peculiar  form.  Fig.  897  is  a  lateral 
elevation  of  one  of  these  mufl^es ;  Jig,  898 
is  a  front  view.  The  same  letters  aenote 
the  same  parts  in  the  two  figures. 

a  is  the  furnace ;  b,  the  oblong  muflk*, 
made  of  fire-clay,  surmounted  with  a  dome 
pierced  with  three  apertures  fc,  k,  k,  for  the 
escape  of  the  vaporous  matters  of  the  col- 
ors and  volatile  oils  with  which  they  are 
ground  up ;  e  is  the  chimney ;  tf,  <i,  feed- 
holes,  by  which  the  fuel  is  introduced ;  e^ 
the  fire-grate ;  /,  the  ash-pit ;  channels  are 
left  in  the  bottom  of  the  furnace  to  facili- 
tate the  passage  of  the  flame  beneath  the  muffle;  g  is  a  lateral  hole,  which  makes  a 
communication  across  the  furnace  in  the  muffle,  enabling  the  kiln  man  to  ascertain  what 
is  passing  within ;  k,  k,  are  the  lateral  chinks  for  observing  the  progress  of  the  firing  oi 
flame ;  /,  is  an  opening  scooped  out  in  the  front  of  the  chimney  to  modify  its  dranghL 

The  articles  which  are  printed  or  painted  upon  the  glaze  are  placed  in  the  mniBie 
without  saggers,  upon  tripods,  or  moveable  supports  fbmished  with  feet.  The  muffle 
being  charged,  iU  mouth  is  closed  with  a  flre-tile  well  luted  round  its  edges.  The  fnd 
is  then  kindled  in  the  fire-places  d,  d,  and  the  door  of  the  furnace  is  closed  with  bricks, 
in  which  a  small  opening  is  leA  for  taking  out  samples,  and  for  examining  the  interior  of 
the  muffle.  These  sample  or  trial  pieces,  attached  to  a  strong  iron  wire,  show  the  progress 
of  the  baking  operation.  The  froiAof  the  fireplaces  is  covered  with  a  sheet-iron  plate, 
which  slides  to  one  side,  and  may  be  shut  whenever  the  kiln  is  chaiiged.  Soon  after  the 
fire  is  lighted,  the  fiame,  which  communicates  laterally  from  one  fbmace  to  another,  oi 
velopes  the  muffle  on  all  sides,  and  thence  rises  up  the  chimney. 

Printing  of  itoneware.—The  printing  under  the  stoneware  glaze  is  generally  per- 
formed  by  means  of  cobalt,  and  has  different  shades  of  blue  according  to  the  quantity 
of  coloring  matter  employed.  After  having  subjected  this  oxyde  to  the  processes  requi- 
site for  its  purification,  it  is  mixed  with  a  certain  quantity  of  ground  flints  and  sulphate 
c^  baryta,  proportioned  to  the  dilution  of  the  shade.  These  materials  are  fritted  and 
ground;  but  Viore  f**p>  r.'e  "•eu,  T*»ey  •»'u^:  ^-t  i"«xct!  wiih  a  Cnx  c».i^'<t*::»  of  eqorl 
D«ir: r  by  weignt  of  flint  glass  and  ground  flints,  whicn  serves  to  fix  the  color  upon  the  bis- 
cuit, so  that  the  inunersion  in  the  glaze  liquor  may  not  displace  the  lines  panted  on,  as 
ako  to  aid  in  fluxing  the  cobalt. 
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The  following  are  the  processes  usually  practised  in  Staffordshire  for  printing  under 
the  glaze. 

The  cobalt,  or  whatever  color  is  employed,  should  be  ground  upon  a  porphyry  slab, 
with  a  varnish  prepared  as  follows : — ^A  pint  of  Unseed  oil  is  to  be  boiled  to  the  consist- 
ence of  thick  honey,  along  with  4  ounces  of  rosin,  half  a  pound  of  tar,  and  half  a  pint  of 
oil  of  amber.  This  is  very  tenacious,  and  can  be  used  only  when  liquefied  by  heat ;  which 
the  printer  effects  by  spreading  it  upon  a  hot  cast-iron  plate. 

The  printing  plates  are  made  of  copper,  engraved  with  pretty  deep  lines  in  the  common 
way.  The  printer,  with  a  leather  muller,  spreads  upon  the  engraved  plate,  previously 
heated,  his  color,  mixed  up  with  the  above  oil  varnish,  and  removes  what  is  superfluous 
with  a  pallet  knife ;  then  cleans  the  plate  with  a  dossil  filled  with  bran,  tapping  and  wiping 
as  if  he  were  removing  dast  from  it.  This  operation  being  finished,  he  takes  the  paper 
intended  to  receive  the  impression,  soaks  it  with  soap-water,  and  lays  it  moist  upon 
the  copper-plate.  The  soap  makes  the  paper  part  more  readily  from  the  copper,  and  the 
thick  ink  part  more  readily  from  the  biscuit.  The  copper-plate  is  now  passed  through  the 
engraver's  cylinder  press,  the  proof  leaf  is  lifled  off  and  handed  to  the  women,  who  cut  it 
into  detached  pieces,  which  they  apply  to  the  surface  of  the  biscuit.  The  paper  best  fitted 
for  this  purpose  is  made  entirely  of  linen  rags ;  it  is  very  thin,  of  a  yellow  color,  and 
ansized,  like  tissue  blotting-paper. 

The  stoneware  biscuit  never  receives  any  preparation  before  being  imprinted,  the  oil 
of  the  color  being  of  such  a  nature  as  to  fix  the  figures  firmly.  The  printed  paper  is 
pressed  and  rubbed  on  with  a  roll  of  flannel,  about  an  inch  and  a  half  in  diameter,  and  12 
or  15  inches  long,  bound  round  with  twine,  like  a  roll  of  tobacco.  This  is  used  as  a 
bamisher,  one  end  of  it  being  rested  against  the  shoulder,  and  the  other  end  being  rubbed 
upon  the  paper ;  by  which  means  it  transfers  all  the  engraved  traces  to  the  biscuit.  The 
piece  of  biscuit  is  laid  aside  for  a  little,  in  order  that  the  color  may  take  fast  hold ;  it  is 
then  plunged  into  water,  and  the  paper  is  washed  away  with  a  sponge. 

When  the  paper  is  detached,  the  piece  of  ware  is  dipped  into  a  caustic  alkaline  ley  to 
saponify  the  oil,  after  which  it  is  immersed  in  the  glaze  liquor,  with  which  the  printed 
figures  readily  adhere.  This  process,  which  is  easy  to  execute,  and  very  economical,  is 
much  preferable  to  the  old  plan  of  passing  the  biscuit  into  the  mufiie  after  it  had  been 
printed,  for  the  purpose  of  fixing  and  volatilizing  the  oils.  When  the  paper  impression 
is  applied  to  pieces  of  porcelain,  they  are  heated  before  being  dipped  in  the  water,  be- 
cause, being  already  semi-vitrified,  the  paper  sticks  more  closely  to  them  than  to  the  bis- 
cuit, and  can  be  removed  only  by  a  hard  brush. 

The  impression  above  the  glaze  is  done  by  quite  a  different  process,  which  dispenses 
with  the  use  of  the  press.  A  quantity  of  fine  clean  glue  is  melted  and  poured  hot  upon 
a  large  flat  dish,  so  as  to  form  a  layer  about  a  quarter  Qf  an  inch  thick,  and  of  the  consist- 
ence of  jelly.  When  cokl  it  is  divided  into  cakes  of  the  size  of  the  copper-plates  it  is  in- 
tended to  cover. 

The  operative  (a  woman)  rubs  the  engraved  copper-plate  gently  over  with  linseed  oil 
boiled  thick,  immediately  after  which  she  applies  the  cake  of  glue,  which  she  presses  down 
with  a  silk  dossil  filled  with  bran.  The  cake  licks  up  all  the  oil  out  of  the  engraved  lines ; 
it  is  then  cautiously  lifted  off,  and  transferred  to  (he  surface  of  the  glazed  ware  which 
it  is  intended  to  print.  The  glue  cake  being  removed,  the  enamel  surface  must  be  rubbed 
with  a  little  cotton,  whereby  the  metallic  colors  are  attached  only  on  the  lines  charged 
with  oil :  the  piece  is  then  heated  under  the  muffle.  The  same  cake  of  glue  may  serve 
for  several  impressions. 

OmametUs  and  coloring, — Common  stoneware  is  colored  by  means  of  two  kinds  of 
apparatus ;  the  one  called  the  blowing-pot,  the  other  the  worming-pot.  The  ornaments 
made  in  relief  in  France,  are  made  hollow  (intaglio)  in  England,  by  means  of  a  mould 
engraved  in  relief,  which  is  passed'over  the  article.  The  impression  which  it  produces 
is  filled  with  a  thick  clay  paste,  which  the  workman  throws  on  with  the  blowing-pot. 
This  is  a  vessel  like  a  tea-pot,  having  a  spout,  but  it  is  hermetically  sealed  at  top  with  a 
clay  plug,  after  being  filled  with  the  pasty  liquor.  The  workman,  by  blowing  in  at  the 
spout,  causes  the  liquor  to  fly  out  through  a  quill  pipe  which  goes  down  through  the 
clay  plug  into  the  liquor.  The  jet  is  made  to  play  upon  the  piece  while  it  is  being  turn- 
ed upon  the  lathe ;  so  that  the  hollows  prevk>usly  made  in  it  by  the  mould  or  stamp  aro 
iUled  with  a  paste  of  a  color  different  from  that  of  the  body.  When  the  piece  has  acquired 
sufficient  firmness  to  bear  working,  the  excess  of  the  paste  is  removed  by  an  instrument 
called  a  loumasin,  till  the  ornamental  figure  produced  by  the  stamp  be  laid  bare; 
in  which  case  merely  the  color  appears  at  the  bottom  of  the  impression.  By  passing 
ia  this  manner  several  layers  of  clay  liquor  of  different  colors  over  each  other  with  the 
blowing-pot,  net-work,  aud  decorations  of  different  colors  and  shades,  are  very  rapiuJy 

The  serpentine  or  snake  pots,  established  on  the  same  principle,  are  made  of  tin  plate 
in  three  compartments^  each  containing  a  different  color.    These  open  at  the  top  of 
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tke  ressel  in  a  common  orifice,  terminated  bf  small  qmH  tubes.  On  iadining  the  rttmH, 
the  three  colors  Aow  out  at  once  in  the  same  proportion  at  the  one  orifice,  and  are  let 
fall  upon  the  piece  while  it  is  being  slowly  turned  upon  the  lathe ;  whereby  cnrions  ser- 
pent^like  ornaments  may  be  readily  obtained.  The  clay  liquor  ought  to  he  in  keeping 
with  the  stoneware  paste.  The  blues  succeed  best  when  the  ornaments  are  made  with 
the  finer  pottery  mixtures  given  aboTe. 

Metallic  lustres  applied  to  stoMware. — ^The  metallic  lustre  being  applied  only  to 
the  outer  surface  of  vessels,  can  have  no  bad  efiTect  on  health,  whatever  substances  be 
employed  for  the  purpose ;  and  as  the  glaze  intended  to  receive  it  is  sufficiently  fusible, 
from  the  quantity  of  lead  it  contains,  there  is  no  need  of  adding  a  flux  to  the  metallic 
coatinjT.  The  glaze  is  in  this  case  composed  6f  fiO  parts  of  litharge,  36  of  feldapar,  aad 
15  of  flints. 

The  silver  and  platina  lustres  are  usually  laid  upon  a  white  ground,  while  those  of  gold 
and  copper,  on  account  of  their  transparency,  succeed  only  upon  a  colored  ground.  The 
dark-color«l  stoneware  is,  however,  preferable,  as  it  shows  oflf  the  colors  to  most  advan- 
tage ;  and  thus  the  shades  may  be  varied  by  varying  the  colors  of  the  ornamental  figures 
applied  by  the  blowing-pot. 

The  gold  and  platina  lustre  is  almost  always  applied  to  a  paste  body  made  on  purpose, 
and  coated  with  the  above-described  lead  glaze.  This  paste  is  brown,  and  consists  of 
4  parts  of  clay,  4  parts  of  flints,  an  equal  quantity  of  kaolin  (china  clay),  and  6  parts  of 
feldspar.  To  make  brown  figures  in  relief  upon  a  body  of  white  paste,  a  liqoor  is  mixed 
up  with  this  paste,  which  ought  to  weigh  96  ounces  per  pint,  in  order  to  unite  well  with 
the  other  paste,  and  not  to  exfoliate  aAer  it  is  baked. 

Preparation  of  gold  hu/rc.^-Dissolve  first  in  the  cold,  and  then  with  heat,  48  grains  of 
fine  gold  in  288  grains  of  an  aqua  regia,  composed  of  1  ounce  of  nitric  acid  and  3  onaees 
of  muriatic  acid ;  add  to  that  solution  4|  grains  of  grain  tin,  bit  by  bit;  and  then  poor 
some  of  that  compound  solution  into  20  grainsofbalssm  of  sulphur  diluted  with  10  grains 
of  oil  of  turpentine.  The  balsam  of  sulphur  is  prepared  by  heating  a  pint  of  linseed  oil, 
and  2  ounces  of  flowers  of  sulphur,  stining  them  continually  till  the  mixture  begins  to 
boil ;  it  is  then  cooled,  by  setting  the  vessel  in  cold  water ;  alter  which  it  is  stirred  afresh, 
and  strained  through  linen.  The  above  ingredients,  alter  being  well  mixed,  are  to  tie  al- 
lowed to  settle  for  a  few  minutes  $  then  the  remainder  of  the  solution  of  gold  is  to  be 
poured  in,  and  the  whole  is  to  be  trituiated  tiU  the  mass  has  assumed  such  a  consistence 
that  the  pestle  will  stand  upright  in  it ;  lastly,  there  must  be  added  to  the  mixture  30 
grains  of  oil  of  turpentine,  which  being  ground  in,  the  goM  lustre  is  ready  to  be  applied. 
If  the  lustre  is  too  light  or  pale,  more  gold  must  be  added,  and  if  it  have  not  a  suffideat- 
ty  violet  or  purple  tint,  more  tin  must  be  used. 

Platina  lustre, — Of  this  there  are  two  kinds ;  one  similar  to  polished  sted,  another 
lighter  and  of  a  silver-white  hue.  To  gi^  stoneware  the  steel  color  with  platina, 
this  metal  must  be  dissolved  in  an  aqua  regia  composed  of  2  parts  of  muriatic  acidy  aad 
1  part  of  nitric.  The  solution  being  cooled,  and  poured  into  a  capsule,  there  must  be 
added  to  it,  drop  by  drop,  with  continual  stirring  with  a  glass  rod,  a  spuii  ofiar^  com- 
posed of  equal  parts  of  tar  and  sulphur  boiled  in  linseed  oil  and  filtered.  If  the  platina 
solution  tie  too  strong,  more  spirit  of  tar  must  be  added  to  it;  but  if  too  weak,  it  must 
be  'concentrated  by  boiling.  Thus  being  brought  to  the  proper  pitch,  the  nuxlnre 
may  be  spread  over  the  piece,  which  bcmg  put  into  the  muffle,  will  take  the  aspect 
oftteeL 

The  oxyde  of  platina,  by  means  of  which  the  siWer  lustre  is  given  to  stoneware,  is 
pared  as  follows : — After  having  dissolved  to  saturatioa  the  metal  in  an  aqua 
eompoMd  of  equal  parts  of  nitric  and  muriatic  add,  the  solution  is  to  be  poured  into  a 
quantity  of  boiling  water.  At  the  same  time  a  capsule,  eontalning  solution  of  sal-amiMK 
niae,  is  placed  upon  a  sand-bath,  and  the  platina  solution  being  poured  into  it,  the  metal 
will  fall  down  in  the  form  of  the  well-ktiown  yellow  precipitate,  which  is  to  be  crashed 
with  Cold  water  till  it  is  perfectly  edulcorated,  then  dried,  and  put  up  for  use. 

This  metallic  lustre  is  applied  very  smoothly  by  means  of  a  fiat  eamd's  hairbmsli.  It 
is  then  to  be  passed  through  the  muffle  kiln ;  bol  it  require  a  second  application  of  tke 
l^tinum  to  have  a  sufficient  body  of  lustre.  The  articles  sometimes  come  Uack  oat  of 
the  kUn,  but  they  get  their  proper  appearance  by  being  rubbod  with  ootton. 

Platina  and  gold  Ittttre  ;  by  other  recipes. 

Platina  lustre. — Dissolve  1  ounce  of  platinum  in  aqua  regia  formed  of  2  ports  of 
muriatic  acid  and  1  part  of  nitric  aeid,  with  heat  upon  a  sand-bath,  till  the  liquid  is  redaced 
to  two  thirds  of  its  volume ;  let  it  cool;  decant  into  a  dean  vessel,  and  pour  into  it, 
drop  by  drop,  with  constant  atirring,  some  distilled  tar,  until  such  a  mixture  is  produced 
as  will  give  a  good  result  in  a  trial  upon  the  ware  in  the  Idln.  If  the  lustre  be  too  in. 
tense,  more  tar  must  be  added ;  if  it  be  too  weak,  the  mixture  must  be  eoncentmted  by 
further  evaporation. 

Qold:luttre.^mmoUe  four  shillings'  wwtii  of  gold  in  a^ua  ragia  widi  a  sentle 
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To  the  solntion,  when  cool,  add  2  grains  of  grain  tin,  which  witi  immediately  dissolve. 
Prepare  a  mixture  of  half  an  ounce  of  balsam  of  sulphur  with  a  little  essence  of  turpen- 
tine beating  them -together  till  they  assnme  the  aptiearance  of  milk.  Poor  tliis  mixture 
into  the  splutiop  of  gold  and  tin,  drop  by  drop,  with  continual  stirring ;  and  place  the 
whole  in  a  wa^m  situation  for  some  time. 

It  is  absolutely  necessary  to  apply  this  lustre  only  upon  an  enamel  or  glaze  which  has 
already  passed  through  the  fire,  otherwise  the  sulphur  would  tarnish  the  composition. 
*    These  lustres  are  applied  with  most  advantage  upon  chocolate  and  other  dark  grounds. 
Pinch  skill  is  required  in  their  firing,  and  a  perfect  acquaintance  with  the  quality  of  the 
glaze  on  which  they  are  applied. 

An  iron  lustre  is  obtained  bv  dissolving  a  bit  of  steel  or  iron  in  muriatic  acid,  mixing 
this  solution  with  the  spirit  of  tar,  and  appljing  it  to  the  surface  of  the  ware. 

Aveiifurine  glate. — Mix  a  certain  quantity  of  silver  leaf  with  the  above-described  soft 
jglaze,  grind  the  mixture  along  with  some  honey  and  boiling  water,  till  the  metal  assume 
the  appearance  of  fine  particles  of  sand.  The  glaze,  being  naturally  of  a  yellowish  hue^ 
gives  a  golden  tint  to  the  small  fragments  of  silver  disseminated  through  it.  Molybdena 
may  also  be  applied  to  produce  the  aventurine  aspect. 

The  granitP.Mke  gold  lustre  is  produced  by  throwing  lightly  with  a  brush  a  few  drops 
of  oil  of  turpentine  upon  the  goods  already  covered  with  the  preparation  for  gold  lustre. 
These  cause  it  to  separate  and  appear  in  particles  resembling  the  suHace  of  granite. 
When  marbling  is  to  be  given  to  stoneware,  the  lustres  of  gold,  platina,  and  iron  are 
used  at  once,  which  blending  in  the  fusion,  form  veins  like  those  of  marble. 

Pottery  and  stoneware  of  the  Wedgewood  color, — This  is  a  kind  of  semi-vitrified  ware, 
called  dry  bodies^  which  is  not  susceptible  of  receiving  a  superncial  glaze.  This  pottery 
is  composeil  in  two  ways :  the  first  is  with  barjtic  earths,  which  act  as  fluxes  upon  the 
tlays,  and  form  enamels  :  thus  the  Wedgewood  jasper  ware  is  made. 

The  white  vitrifying  pastes,  fit  for  receiving  all  sorts  of  metallic  colors,  are  composed 
of  47  parts  of  sulphate  of  barytes,  15  of  feldspar,  26  of  Devonshire  clay,  6  of  snlphate 
of  lime,  15  of  flints,  and  10  of  sulphate  of  strontites.  This  composition  is  capable  of 
receiving  the  tints  of  the  metallic  oxydes  and  of  the  ochrous  metallic  earths.  Manganese 
produces  the  dark  purple  color;  gold  precipitated  by  tin,  a  rose  color ;  antimony,  orange; 
cobalt,  diflerent  shades  of  blue ;  copper  is  employed  for  the  browns  and  the  dead-leaf 
greens ;  nickel  giv&s,  with  potash,  greenish  colors. 

One  pec  cent,  of  oxyde  of  cobalt  is  added ;  bnt  one  half,  or  even  one  quarter,  of  a  per 
cent,  would  be  sufficient  to  produce  the  fine  Wedgewood  blue,  when  the  nickel  and  man- 
^nese  constitute  3  per  cent.,  as  well  as  the  carbonate  of  iron.  For  the  blacks  of  this 
kind,  some  English  manufacturers  mix  black  oxyde  of  manganese  with  the  black  oxyde 
of  iron,  or  with  ochre.  Nickel  and  nmber  afford  a  fine  brown.  Carbonate  of  iron,  mix- 
ed with  bole  or  terra  di  Sierttia,  gives  a  beautiful  tint  to  the  paste ;  as  also  manganese 
with  cobalt,  or  cobalt  with  nickel.  Antimony  produces  a  very  fine  color  when  combined 
with  the  carbonate  of  iron  in  the  proportion  of  2  per  cent.,  along  with  the  ingredients 
necessary  to  form  the  above-described  vitrifying  paste. 

The  following  is  another  vitrifying  paste,  of  a  much  softer  nature  than  the  preceding. 
Feldspar,  30  parts ;  sulphate  of  lime,  23  ;  silex,  17 ;  potter's  clay,  15 ;  kaolin  of  Corn- 
wall (china  clay),  15;  suliihate  of  baryta,  10. 

These  vitrifying  pastes  are  very  plastic,  and  may  be  worked  with  as  mneh  facility  aS 
Bnglish  pipe-clay.  The  round  ware  is  usually  turned  upon  the  lathe.  It  may, 
however,  be  moulded,  as  the  oval  pieces  always  are.  The  more  delicate  ornaments  are 
cast  in  hollow  moulds  of  baked  clay,  by  women  and  children,  and  applied  with  reroark- 
abie  dexterity  upon  the  turned  and  moulded  articles.  The  colored  pastes  have  such  an 
affinity  for  each  other,  that  the  detached  ornaments  may  be  applied  not  only  with  %* 
little  gum  water  upon  the  convex  and  concave  forms,  but  they  may  be  made  to  adhere 
without  experiencing  the  least  cricking  or  chinks.  The  colored  pastes  receive  onlj: 
one  fire,  unless  the^inner  surface  is  to  be  glazed ;  bnt  a  gloss  is  given  to  the  outer  sur^ 
face.  The  enamel  for  the  interk)r  of  the  black  '^^Hsrewood  ware  is  composed  of  6  pavtt 
of  red  lead,  I  of  silex,  and  2  ounces  of  manganese,  when  the  mixture  is  made  in  pounds^ 
weight. 

The  operation  called  smearingf  consists  in  giving  an  external  lustre  to  the  nnghued' 
aemi-Titrified  ware.  The  articles  do  not  in  this  way  receive  any  immersion,' 
nor  even  the  aid  of  the  brush  or  pencil  of  the  artist ;  but  they  require  a  second  iDre.* 
The  saggers 'are  coated  with  the  salt  glaze  already  described.  These  cases,  or  saggers, 
eommnnicate  by  reverberation  the  lustre  so  remarkable  on  the  surface  of  the  finglirii 
stoneware ;  which  one  might  suppose  to  be  the  resnlt  of  the  glaze  tub,  or  of  the  brush. 
Occasionally  also  a  very  fusible  composition  is  thrown  upon  the  inner  surfhceorthe 
nraffle,  and  5  or  6  pieces  called  refrae/oriee  are  set  in  the  middle  of  it,  coated  wit&  the 
suae  composition.    The  intensity  of  the  heat  converts  the  flax  into  Taporr  n  pastof' 
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this  is  eondensed  upon  the  sorihces  of  the  eontifrnoiis  aitides ;  so  as  to  give  them  the  de- 
sired brilliancy. 

Mortar  body  is  a  paste  composed  of  6  parts  of  day^  3  of  feldspar,  2  of  sites,  mad  1  of 
china  clay. 

White  and  yeUow  figares  npon  dark-colored  grounds  are  a  good  deal  employed.  To 
produce  yellow  impressions  upon  brown  stoneware,  ochre  is  ground  up  with  a  small 
quantity  of  antimony.  The  flux  consists  of  flint  glass  and  flints  in  equal  weights. 
The  composition  for  white  designs  is  made  by  grinding  silex  up  with  that  flux,  and  priat- 
mg  it  on,  as  lor  blue  colors,  upon  brown  or  other  colored  stoneware,  which  shows  off  the 
fight  hues. 

Englitk  porcelain  or  thina, — Most  of  this  belongs  to  the  class  called  tender  or  soil  por- 
celain by  the  French  and  German  manufacturers.  It  is  not,  therefore,  composed  simply 
•t  kaolin  and  petuntse.  The  English  china  is  generally  baked  at  a  much  lower  heal  thaa 
that  of  Sdvres,  Dresden,  and  Berlin ;  and  it  is  covered  with  a  mere  glass.  Being  mana- 
factored  upon  a  prodigious  scale,  with  great  economy  and  certainty,  and  little  expenditure 
of  fuel,  it  is  sold  at  a  very  moderate  price  compared  with  the  foreign  porcelain,  and  in 
external  appearance  is  now  not  much  inferior. 

Some  of  the  Ens^lish  porcelain  has  been  called  ironstone  china.  This  is  composed  usu- 
ally of  60  parts  of  Cornish  stone,  40  of  china  clay,  and  2  of  flint  glass ;  or  of  42  of  the 
feldspar,  the  same  quantity  of  clay,  10  parts  of  flints  ground,  and  8  of  flint  glass. 

The  glaze  for  the  first  composition  is  made  with  20  parts  of  feldspar,  15  of  flints,  6  of 
red  lead,  and  5  of  soda,  which  are  fritted  together;  with  44  parts  of  the  frit,  22  parts  of 
flint  glass,  and  15  parts  of  white  lead,  are  ground. 

The  glaze  for  the  second  composition  is  formed  of  8  parts  of  flint  glass,  36  of  feldspar, 
40  of  white  lead,  and  20  of  silex  (ground  flints.) 

The  English  manufacturers  employ  three  sorts  of  compositions  for  the  porcelain  bis- 
cuit; namely,  two  compositions  not  fritted;  one  of  them  for  the  ordinary  table  service; 
another  for  the  dessert  service  and  tea  dishes ;  the  third,  which  is  fritted,  corresponds  lo 
the  paste  used  in  France  for  sculpture ;  and  with  it  all  delicate  kinds  of  ornaments  are 
made. 


Flnt  oompontion. 

9«C4tnd  compodtioa. 

Thinl  oompontioB. 

Ground  flints    ... 
1   Calcined  bones 
1  China  clay        -        -        - 
\  Clay         -        -        .        - 

75 

180 
40 
70 

06 

.      100 

96 

Granite         80 

Lynn  sand  150 

-  300 

-  100 
Potash    -       10 

The  glaze  for  the  first  two  of  the  preceding  compositions  consists  of,  feldspar  45,  flints 
9,  borax  21,  flint  glass  20,  nickel  4.  After  fritting  that  mixture,  add  12  parts  of  red 
lead.  For  the  third  composition,  which  is  the  most  fusible,  the  glaze  must  receive  12 
parts  of  ground  flints,  instead  of  9 ;  and  there  should  be  only  15  parts  of  borax, 
of  21. 


FLAN  OF  AN  ENGLISH  POTTEAY. 

A  Stoneware  manufactory  should  be  placed  by  the  side  of  a  canal  or  naTigahte  river, 
because  the  articles  manufactured  do  not  well  bear  land  carriage. 

A  Staffordshire  pottery  is  usually  built  as  a  quadrangle,  each  side  being  about  100  feel 
long,  the  walls  10  feet  hi^h,  &nd  the  ridge  of  the  roof  5  feet  more.  The  base  of  the  edi- 
fice consists  of  a  bed  of  bricks,  18  inches  hii^h,  and  16  inches  thick;  upon  which  a  mud 
wall  in  a  wooden  frame,  called  pis£,  is  raised.  Cellars  are  formed  in  front  of  the  boHd. 
ings,  as  depots  for  the  pastes  prepared  in  the  establishment.  The  wall  of  the  yard  or 
court  is  9  feet  high,  and  18  inches  thick. 

Fig,  899,  A,  is  the  entrance  door ;  b,  the  porter's  lodge ;  c,  a  particular  warehouse  i 
D,  workshop  of  the  plaster-moulder  •  *:,  me  clay  depot;  p,  r,  large  gi^tes,  6  feet  8  inches 
high ;  o,  the  winter  evaporation  stove ;  H,  the  shop  for  sifting  the  paste  Uquors ;  i,  sheds 
for  the  paste  liqjior  tubs ;  J,  paste  liquor  pits ;  x,  workshop  for  the  moulder  of  hollow 
ware ;  l,  ditto  of  the  dish  or  plate  moulder ;  m,  the  plate  drying-stove ;  v,  workshop  of  the 
biscuit-printers;  o,  ditto  of  the  biscuit,  with  o',  a  long  window ;  f,  panage  leading  to  the 
paste  liquor  pits ;  %  biscuit  warehouse ;  a,  place  where  the  biscuit  is  cleaned  as  it  eomes 
out  of  the  biscuit-kirns,  s,  s ;  t,  t,  enamel  or  glaze-kilns ;  u,  long  passage ;  v,  space  left  for 
supplementary  workshops ;  x..  space  appointed  as  a  depot  for  the  sasrger  fire-clay,  as  also 
for  making  the  saggers ;  z,  the  workshop  for  applying  the  glaze  liquor  to  the  bieenils  ; 
Of  apartment  for  clnining  the  glazed  ware ;  6,  b,  pumps  f  c,  basin ;  d,  muflles ;  c,  ware- 
house for  the  finished  stonevrare;  /,  that  of  the  ^glazed  goods ;  g,  g,  another  warehouses 
A,  a  large  space  for  the  smith's  forge,  carpenter's  shop,  paddnff  room,  depot  vof  days, 
-seggersy  A^c.    The  packing  and  loading  of  the  goods  are  performed  im  froot  of  the 


luiEoiis  ailiclesi  m,  room  for  putlini' ihe  biscuit  into  llie  sa^en;  m',  a  long  wiadow ; 
M,  worilihop  with  lalhes  and  fly-wheels ;  o,  dryinji-rooin  ;  p,  rxxyta  tor  mountin;  or  Rir- 
nishing  Ihe  piecM  1  q,  repairing-riKim ;  r,  drying-rooiD  of  Ui£  goodi  roughly  lumed;  «, 
roogh  tarnintc  or  blocking-out  rooni  t,  room  for  beating  (he  paste  or  dough;  ■, 
eounting'houae. 

The  declared  value  of  the  earthenware  exported  in  I83S,  was  837,774^,;  in  1837, 
S58,682/. 

There  are  from  33,000  lo  35,000  tons  of  clay  eiported  annually  from  Poole,  in  Dor- 
•etabire,  lo  the  English  and  Scotch  polleiies.    A  good  deal  of  clay  is  also  gent  from  Sev- 

The  Spanish  akaraitat,  or  cooling  vessels,  are  made  porous,  to  favor  the  exudation 
of  water  through  Ihem,  nnd  mainlHin  a  constantly  moist  evaporating  surface,  Lasteyrie 
aaji,  that  granular  sea  salt  is  an  ingredient  of  the  paste  of  the  Spanish  alcarauas  {  which 
being  expelled  partly  by  the  heal  of  the  bakinir,  and  partly  by  the  sabseqaeot  watery  per- 
colation, leaves  the  body  very  open.  The  biscuit  should  be  charged  with  «  considerable 
proportioD  of  nnd,  and  very  moderately  fired. 

Porcelaiu  ia  a  kind  of  pottery  ware  whose  paste  is  fine  frained,  cainp«cl,  very  hard, 
■Bd  faintly  translncid  ;  and  whose  biieuil  sollens  slightly  in  the  kiln.  Its  ordinary  white- 
rjn  cannot  fonn  a  definite  character,  sinee  there  are  porcelain  pastes  Tariouily  colored. 
There  are  two  speeies  of  porcelain,  very  differenl  in  Iheir  nature,  the  essentinl  properties 
if  which  it  is  of  conaeqnence  lo  establish ;  the  one  is  called  *irrd,  and  the  other  ttmdir  ; 
imponaat  distinctions,  (he  neglect  of  which  hu  introduced  great  concision  into  many 
Ireattaet  on  this  elegant  manufaclnre. 

Hard  porcelain  is  essentially  composed,  first,  of  ■  natural  day  containing  amne  siliea, 
infdsible,  and  preserving  its  whiteness  in  a  strong  heal ;  this  is  almost  always  a  me 
Iwotin ;  lecondly,  of  a  flux,  eonsistine  of  silica  and  lime,  eompodng  a  quartioM  feldsmr 
rotk,  called  jm-bat-tu.    The  glazeoflhia  poreeUin,  likewiae  eartfcy,  admits  of  no  metallK 
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Tinder  poreelun,  styled  also  vitreous  ixNreelaia,  has  no  rdatioB  with  the  precediaf  ii 
its  composition ;  it  always  consists  of  a  vitreoas  frit,  nendered  opaqae  and  less  luaiUe  by 
the  addition  of  a  calcareous  or  marly  clay.  Its  glaze  is  an  artificial  glass  or  crystal,  into 
which  sUica^  alkalis,  and  lead  enter. 

This  porcelain  has  a  more  vitreous  biscuit,  more  transparent,  a  little  less  hard,  mod  less 
fragile,  but  much  more  fusible  than  that  of  the  hard  porcelain.  Its  glaxe  is  more  gloesy, 
more  transparent,  a  little  less  white,  much  tenderer,  and  more  fosiUe. 

The  biscuit  of  the  hard  porcelain  made  at  the  French  national  manufactory  of  Sevres 
is  generally  composed  of  a  kaolin  clay,  and  of  a  decomposed  feldspar  rock ;  analogous  to  the 
china  clay  of  Cornwall,  and  Cornish  stone.  Both  of  the  above  French  materials  come  from 
Saint  Yriex-la-perche,  near  Limoges. 

AAer  many  experiments,  the  following  composition  has  been  adopted  for  the  »eraa 
pcuie  of  the  royal  manufactory  of  Sevres ;  that  is,  for  all  the  ware  which  is  to  be  g;lazed; 
silica,  59 ;  alumina,  35*2  ;  potash,  2*2 ;  lime,  3*3.  The  conditions  of  such  a  compound 
are  pret^  nearly  fulfilled  by  takinv  from  63  to  70  of  the  crashed  kaolin  or  china  clay, 
22  to  15  ot  the  feldspar,  nearly  10  of  Aint  powder,  and  about  5  of  chalk.  The  glaze  is 
composed  solely  of  solid  feldspar,  calcined,  crushed,  and  then  ground  fine  at  the  milL 
This  rock  pretty  uniformly  consists  of  silica  73,  alumina  16-2,  potash  8*4,  and 
water  0*6. 

The  kaolin  is  washed  at  the  pit,  and  sent  in  this  state  to  Sdvres,  under  the  name  of 
decanted  earth.  At  the  manufactor)'  it  is  washed  and  elutriated  with  care ;  and  its  slip 
is  passed  through  fine  sieves.  This  forms  the  plastic,  infusible,  and  opaque  ingredient 
to  which  the  substance  must  be  added  which  gives  it  a  certain  degree  of  fusibility  and 
semi-transparency.  The  feldspar  rock  used  for  this  purpose,  should  contain  neither  daik 
mica  nor  iron,  either  as  an  oxyde  or  sulphuret.  It  is  calcined  to  make  it  croshable,  under 
stamp-pestles  driven  by  machinery,  then  ground  fine  in  hornstone  mills,  as  repre^ 
seated  in  figs,  897,  898,  899,- and  900.  This  pulverulent  matter,  being  diffused  through 
water,  is  mixed  in  certain  proportions,  remilated  by  its  quality,  with  the  argillaceous 
elip.  The  mixture  is  deprived  of  the  chief  part  of  its  water  in  shallow  plaster  pans 
without  heat ;  and*  the  resulting  paste  is  set  aside  to  ripen,  in  damp  cellars^  for  many 
months. 

When  wanted  for  use,  it  is  placed  in  hemispherical  pans  of  plaster,  which  absorb  the 
redundant  moisture ;  aAer  which  it  is  divided  into  small  lumps,  and  completely  dried. 
It  is  next  pulverized,  moistened  a  little,  and  laid  on  a  floor,  and  trodden  upon  by  a  work- 
man marching  over  it  with  bare  feet  in  every  direction ;  the  parings  and  fragments  of  soft 
moulded  articles  being  intermixed,  which  im[$rove  the  plasticity  of  the  whole.  When  sufii- 
ciently  tramped,  it  is  made  up  .into  masses  of  the  size  of  a  man's  head,  and  kept  damp  till 
required. 

The  dough  is  now  in  a  state  fit  fur  the  potter's  lathe ;  but  it  is  much  less  plastic  thaa 
stoneware  paste,  and  is  more  difficult  to  fashion  into  the  various  articles;  and  hence  one 
eause  of  the  higher  price  of  porcelain. 

The  round 'plates  and  dishes  are  shaped  on  plaster  moulds;   but  sometimes  the  paste 
is  laid  on  as  a  crust,  and  at  others  it  is  turned  into  shape  on  the  lathe.     When  a  ciust 
is  to  be  made,  a  moistened  sheep-skin  is  spread  on  a  marble  table;  and  over  this  the 
dough  is  extended  with  a  rolling-pin  supported  on  two  guide-rules.    The  crust  is  then 
transferred  over  the  plaster  mould,  by  lifting  it  upon  the  skin;  for  it  wants  tenacity  to 
bear  raising  by  itself.      When  the  piece  is  to  be  fashioned  on  the  lathe,  a  lump  of  the 
dough  is  thrown  on  the  centre  of  the  horizontal  wooden  disc,  and  turned  into  form  as 
directed  in  trenlin?  of  stoneware,  only  it  must  be  left  much  thicker  than  in  its  finished 
state.     Afler  it  dries  to  a  certain  degree  on  the  plaster  mould,  the  workman  replaces  it  on 
the  lathe,  by  moistening  it  on  its  base  with  a  wet  sponge,  and  finishes  its  form  with  an 
iron  tool.    A  good  workman  at  Snvres  makes  ho  more  than  from  15  to  20  porcelain  plates 
in  a  day ;  whereas  an  English  potter,  with  two  boys,  makes  from  1000  to  1200  plates  of 
stoneware  in  the  same  time.  The  pieces  which  are  not  round,  are  shaped  in  plaster  mouUs, 
and  finished  by  hand.    When  the  articles  are  very  large,  as  wash-hand  basins,  salads,  &«., 
a  flat  cake  is  spread  above  a«skin  on  the  marble  slab,  which  is  then  applied  to  the  moahl 
with  the  sponge,  as  for  plates  $  and  they  are  finished  by  hand. 

The  projecting  pieces,  such  as  handles,  beaks,  -spouts,  and  ornaments,  are  moulded 
i^nd  adjusted  separately ;  and  are  cepiented  to  the  bodies  of  china-ware  with  slip,  or 
porcelain  dough  thinned  with  water.  In  fact,  the  mechanical  processes  with  poreriaui 
and  the  finer  stoneware  are  substantially  the  same;  only  they  require  more  time  and 
greater  nicety.  The  least  defect  in  the  fabrication,  the  smallest  bit  added,  an  unequal 
pressure,  the  cracks  of  the  moulds,  although  well  repaired,  and  seemingly  effaced  in  the 
day  shape,  re-appear  after  it  is  baked.  The  articles  should  be  allowed  to  dry  Tery  slow- 
ly ;  if  hurried  but  a  little,  they  are  Uahle  to  be  spoiled.  When  quite  dry,  they  are  takon 
to  the  kiln. 

The  kiln  ibr  hard  porcelain  at  Sdvres,  is  a  kind  of  tower  in  two  flat%  iwnilmiUd  ef 
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Urc-bricks ;  and  resembles,  in  other  respects,  the  stoneware  kiln  already  figured  and 
described.  The  fuel  is  young  aspin  wood,  very  dry,  and  cleft  very  small ;  it  is  put  into 
ttie  apertures  of  the  four  outside  furnaces  or  fire-mouths,  which  discharge  their  flame 
into  the  inside  of  the  kiln ;  each  floor  b^ing  closed  in  above,  by  a  dome  pierced  with 
holes.  The  whole  is  covered  in  by  a  roof  with  an  open  passage,  placed  at  a  proper  dis- 
tance fram  the  uppermost  dome.  There  is,  therefore,  no  chimney  propter  so  called.  See 
Stonk,  artificial. 

The  raw  pieces  are  put  into  the  upper  floor  of  the  kiln  ;  where  they  receive  a  heat  of 
about  the  60th  degree  of  Wedgewood's  pyrometer,  and  a  commencement  of  baking 
which,  without  altering  their  shape,  or  causing  a  perceptible  shrinking  of  their  bulk, 
makes  them  completely  dry,  and  gives  them  sufficient  solidity  to  bear  handling.  By  this 
preliminary  baking,  the  clay  loses  its  property  of  forming  a  paste  with  water ;  and  the 
pieces  beeome  fit  for  receiving  the  glazing  coat,  as  they  may  be  dipped  in  water  without 
rink  of  breakage. 

The  glaze  of  hard  porcelain  is  a  feldspar  rock ;  this  being  ground  to  a  very  fine  pow- 
der, is  worked  into  a  paste  with  water  mingled  with  a  little  vinegar.  All  the  articles  are 
dipped  into  this  milky  liquid  for  an  instant ;  and  as  they  are  very  porous,  they  absorb 
the  water  greedily,  whereby  a  layer  of  the  feldspar  ^aze  is  deposited  on  their  surface,  in 
a  nearly  dry  state,  as  soon  as  they  are  liAed  out.  Glaze-pap  is  aAerwards  applied  with 
a  hair  brush  to  the  projecting  edges,  or  any  points  where  it  had  not  taken ;  and  the  pow- 
der is  then  removed  from  the  part  on  which  the  article  is  to  stand,  lest  it  should  get 
fixed  to  its  support  in  the  fire.  AAer  these  operations  it  is  replaced  in  the  kiln,  to  be 
completely  baked. 

The  articles  are  put  into  saggers,  like  those  of  fine  stoneware ;  and  this  operation  is 
one  of  the  roost  delicate  and  expensive  in  the  manufeeture  of  porcelain.  The  saggers 
are  made  of  the  plastic  or  potter's  clay  of  Abondant,  to  which  about  a  third  part  of  cement 
of  broken  saggers  has  been  added.  ^ 

As  the  porcelain  pieces  soften  somewhat  in  the  fire,  they  cannot  be  set  above  each 
other,  even  were  they  free  fVom  glaze ;  for  the  same  reason,  they  cannot  be  baked  on 
tripods,  several  of  them  being  in  one  case,  as  is  done  with  stoneware.  Every  piece  of 
porcelain  requires  a  sagger  for  itself.  They  must,  moreover,  be  placed  on  a  perfectly 
flat  surface,  because  in  soAening  they  would  be  apt  to  conform  to  the  irregularities  of  a 
rough  one.  When  therefore  any  piece,  a  soup  plate  for  example,  is  to  be  aaggcred,  there 
is  laid  on  the  bottom  of  the  case  a  perfectly  true  disc  or  round  cake  of  stoneware,  made 
of  the  sagger  material,  and  it  is  secured  in  its  place  on  three  small  props  of  a  clay-lute, 
consisting  of  potter's  clay  mixed  with  a  great  deal  of  sand.  When  the  cake  is  carefully 
knelled,  it  is  moistened,  and  dusted  over  with  sand,  or  coated  with  a  film  of  fire-clay  slip, 
and  the  porcelain  is  carefully  set  on  it.  The  sand  or  fire-clay  hinders  it  from  sticking  to 
the  cake.  Several  small  articles  may  be  set  on  the  same  cake,  provided  they  do  not  touch 
one  another. 

The  saggers  containing  the  pieces  thus  arranged,  are  piled  up  in  the  kiln  over  each 
other,  in  the  columnar  form,  till  the  whole  space  be  occupied  ;  leaving  very  moderate  in- 
tervals between  the  columns  to  favor  the  draught  of  the  fires.  The  whole  being  arranged 
with  these  precautions,  and  several  others,  too  minute  to  be  specified  here,  the  door  of 
the  kiln  is  built  up  with  3  rows  of  bricks,  leaving  merely  an  opening  8  inches  square, 
through  which  there  is  access  to  a  sagger  with  the  nearest  side  cut  off.  In  this  sagger 
are  put  fragments  of  porcelain  intended  to  be  withdrawn  from  time  to  time,  in  order  to 
jnd^e  of  the  progress  of  the  baking.  These  are  called  time-pieces  or  watches  {montre$). 
This  opening  into  the  watches  is  closed  by  a  stopper  of  stoneware. 

The  firing  begins  by  throwing  into  the  furnace-mouths  some  pretty  large  pieces  of 
white  wood,  and  the  heat  is  maintained  for  about  15  hours^  gradually  raising  it  by  the 
addition  of  a  larger  quantity  of  the  wood,  till  at  the  end  of  that  period  the  kiln  has  a 
cherry-red  color  within.  The  heat  is  now  greatly  increased  by  the  operation  termed 
covering  the  Jin.  Instead  of  throwing  billets  vertically  into  the  four  furnaces,  there  is 
placed  horizontally  on  the  openings  of  these  furnaces,  aspin  wood  of  a  sound  texture, 
deft  small,  laid  in  a  sloping  position.  The  brisk  and  long  flame  which  it  yields  dips 
into  the  tunnels,  penetrates  the  kiln,  and  circulates  round  the  sagger-piles.  The  heat 
augments  rapidly,  and,  at  the  end  of  13  or  15  hours  of  this  firing,  the  interior  of  the 
kiln  is  so  white,  that  the  watches  can  hardly  be  distinguished.  The  draught,  indeed,  is 
so  rapid  at  this  time,  that  one  may  place  his  hand  on  the  slope  of  the  wood  without  feel- 
ing incommoded  by  the  heat.  Everything  is  consumed,  no  small  charcoal  re- 
mains, smoke  is  no  longer  produced,  and  even  the  wood-ash  is  dissipated.  It  is  obvious 
that  the  kiln  and  the  saggars  must  be  composed  of  a  very  refractory  day,  in  order  to  re- 
sist such  a  fire.  The  heat  in  the  Sd^ee  kilns  mounts  flo  high  as  the  194lh  degree  of 
Wedgewood. 

At  the  end  of  15  or  20  hours  of  the  great  fire,  that  is,  ader  firom  30  to  36  hoars' 
firing,  the  porcelain  is  baked;   as  is  ascertained  by  taking  out  and  examining  the 
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watches.  The  kiln  is  suffered  to  eool  during  3  or  4  days,  and  is  then  opened  and  £•» 
chaiiged.  The  sand  strewed  on  the  cakes,  to  prevent  the  adhesion  of  the  artides  to  them, 
gets  attached  to  their  sole,  and  is  removed  by  friction  with  a  hard  sandstone ;  an  opera- 
tion which  one  woman  can  perform  for  a  whole  kiln  in'  less  than  10  days ;  and  is  the 
last  applied  to  hard  porcelain,  unless  it  needs  to  be  returned  into  the  hot  kUn  to  have 
some  defects  repaired. 

The  materials  of  fine  porcelain  are  very  rare ;  and  there  would  be  no  advantage  i& 
making  a  gray*  white  porcelain  with  coarser  and  somewhat  cheaper  OMterialSy  for 
the  other  sources  of  expense  above  detailed,  and  which  are  of  most  consequence^  would 
still  exist ;  while  the  porcelain,  losing  much  of  its  brightness,  would  loee  the  nmiii  part 
of  its  value. 

Its  pap  or  dough,  which  requires  tedious  grinding  and  manipulation,  is  also  moce 
difficult  to  work  into  shapes,  in  the  ratio  of  80  to  1,  compared  to  fine  stoneware  Each 
porcehiin  plate  requires  a  separate  sagger ;  so  that  12  occupy  in  the  kfln  a  qwce  suffi- 
cient for  at  least  38  stoneware  plates.  The  temperature  of  a  bard  porcelain  kiln  bemg 
very  high,  involves  a  proportionate  consumption  of  fuel  and  waste  of  saggen.  With 
40  tieres  (cubic  metres)  of  wood,  12,000  stoneware  plates  may  be  completely  fired,  both 
in  the  biscuit  and  glaze  kilns;  while  the  same  quantity  of  wood  would  bake  at  moct  only 
1000  plates  of  porcelain. 

To  these  causes  of  high  price,  which  are  constant  and  essential,  we  ought  to  add  the 
numerous  accidents  to  which  porcelain  is  exposed  at  every  step  of  its  preparatioii,  and 
particularly  in  the  kiln  |  these  accidents  damage  upwards  of  one  third  of  the  pieces, 
and  frequently  more,  when  articles  of  singular  form  and  large  dimensions  are  ad- 
ventured. 

The  best  English  poreelain  is  made  from  a  mixture  of  the  Cornish  kaolin  (called  china 
clay),  ground  flints,  ground  Cornish  stone,  and  calcined  bones  in  powder,  or  bone-ash,  be- 
sides some  other  materials,  according  to  the  fancy  of  the  manufacturers.  A  liquid  pap 
is  made  with  these  materials,  compounded  in  certain  proportions,  and  diluted  with  water. 
The  fluid  part  is  then  withdrawn  by  the  absorbent  action  of  dry  stnceo  basins  or  pans. 
The  dough,  brought  to  a  proper  stiffness,  and  perfectly  worked  and  kneaded  on  the  prin- 
ciples detailed  above,  is  fashioned  on  the  lathe,  by  the  hands  of  modellers,  or  by  pressure 
in  moulds.  The  pieces  are  then  baked  to  the  state  of  biscuit  in  a  kiln,  being  enclosed, 
of  course,  in  saggers. 

This  biscuit  has  the  aspect  of  white  sugar,  and  being  very  porous,  must  receive  a 
vitreous  coating.  The  glaze  consists  of  ground  feldspar  or  (Ornish  stone.  Into  thii^ 
diffused  in  water,  along  with  a  little  flint-powder  and  potash,  the  biscuit  ware  is  dipped, 
as  already  described,  under  stoneware.  The  pieces  are  then  fired  in  the  glase-kiln,  tut 
being  taken,  before  putting  them  into  their  saggers,  to  remove  the  glaze  powder  fitm  their 
bottom  parts,  to  prevent  their  adhesion  to  the  fireclay  vessd. 

TENDXa  PORCELAIN. 

Tender  porcelain,  or  soA  china-ware,  is  made  with  a  vitreous  frit,  rendered  less  fosiUe 
and  opaque  by  an  addition  of  white  marl  or  bone-ash.  The  frit  is,  therefore,  fiist  pre- 
pared. This,  at  Sevres,  is  a  composition,  made  with  some  nitre,  a  little  sea  salt,  Aliesnt 
barilla,  alum,  gypsnm,  and  much  silicious  sand  or  ground  flints.  That  mixture  is  sub- 
jected to  an  incipient  pasty  fusion  in  a  furnace,  where  it  is  stirred  about  to  Uend  the 
materials  well ;  and  thus  a  very  white  spongy  frit  is  obtained.  It  is  pulrerized,  and  to 
every  three  parts  of  it,  one  of  the  white  marl  of  Areenteuil  is  added ;  and  when  the  whole 
are  well  ground,  and  intimately  mixed,  the  paste  of  tender  porcelain  is  formed. 

As  this  paste  has  no  tenacity,  it  cannot  bear  working  till  a  mncilage  of  gum  or  hlack 
soap  be  added,  which  gives  it  a  kind  of  plasticity,  though  even  then  it  will  not  bear  the 
lathe.  Hence  it  must  be  fashioned,  in  the  press,  between  two  moulds  of  plaster.  The 
pieces  are  left  thicker  than  they  should  be ;  and  when  dried,  are  finished  on  the  lathe 
with  Iron  tools. 

In  this  state  they  are  baked,  without  any  ghize  being  applied ;  hut  as  this  porcdnin 
softens  far  more  during  the  baking  than  the  hard  porcelain,  it  needs  to  be  supported  os 
every  side.  This  is  done  by  baking  on  earthen  moulds  all  such  pieces  as  can  be  treated 
in  this  way,  namely,  plates,  saucers,  Slc.  The  pieces  are  reversed  on  these  moulds,  ud 
undergo  their  shrinkage  without  losing  their  form.  Beneath  other  articles,  supports  of 
a  like  paste  are  laid,  which  suflTer  in  Imking  the  same  contraction  as  the  articles,  and  of 
course  can  serve  only  once.  In  this  operation  saggers  are  used,  in  which  the  pieees  miid 
their  supports  are  fired^ 

The  kiln  for  the  tender  porcelain  it  Sevres  is  absolutely  similar  to  that  for  tJhe 
eommon  sUmeware ;  but  it  has  two  floors ;  and  while  the  biscuit  is  baked  in  the  lower 
story,  the  glaze  is  fused  in  the  upper  one;  which  causes  considerable  economy  of 
fuel.  The  glaze  of  soft  porcelain  is  a  species  of  glass  or  crystal  prepared  on  fMsrpose. 
It  is  composed  of  flinty  silicious  sand,  a  little  potash  or  soda,  and  about  two  fiAh 


ire  U  metled  is  craeiblN  <m  poU  beneUh  the  kiln.  The 
e,  aad  diffused  through  water  mixed  with  >  liltle  vinegar  to 
the  cDDSulenee  of  creun.  All  the  jiieces  of  biicuit  are  covered  with  this  glaif  matter, 
by  pouring  this  ilip  over  them,  tinea  itiEic  sabalance  is  not  absorbent  enough  to  lake  it 

The  piee«8  are  encased  once  more  each  in  a  separate  sas;|{er,  bat  without  any  supports; 
tor  the  he»t  ot  the  upper  Boor  of  the  kiln,  though  adequate  lo  melt  the  ^taze,  is  not  >tronr{ 
enough  to  sonen  the  biscuit.  But  u  this  first  vitreous  coal  is  not  ver;  equal,  a  second 
one  is  applied,  and  Ihe  pieces  are  relumed  to  the  kiln  for  Ihe  third  time.  See  Stone,  a- 
Tirtcuc^  for  a  view  of  this  kiln. 

The  manuTaclnre  of  sofl  porcelain  is  lontier  and  more  dillicnll  than  Ihat  of  hard ;  Itt 
bitcuit  is  dearer,  althouih  the  raw  materials  may  be  found  everywhere ;  and  it  famishea 
also  more  refuse.  Many  of  the  piece)  sjilit  asunder,  reeeite  fixtures,  or  become  defonned 
ID  the  bi3cui^kiln,  in  spite  of  the  sopports;  and  this  viireous  porcelain,  moreover,  ii  al. 
ways  yellower,  more  transparent,  anl  incapable  of  bearing  rapid  iransilioas  of  tempera- 
lure,  so  that  even  the  heat  of  boiling  water  frequrntly  cracks  iL  It  possesses  some  ad- 
vantages as  to  painting,  and  may  be  made  so  gaudy  and  brilliant  ID  its  decorations,  as  to 
capLvale  the  vulgar  eye. 


I.  The  following  figures  of  a  feldspar  and  flinl  mill  are  taken  fram  plans  of  apparatus 
lately  constrneied  by  Mr.  Hall  of  Darlfoid,  and  erected  by  him  in  the  royal  maniiliciory 
of  Sevres.  There  are  two  similar  sets  of  apparatus.  Jig.  900,  which  may  be  employed  to- 
gether or  in  succession  ;  composed  each  of  an  elevated  tub  a,  and  of  three  successive  vati 


of  reception  a',  and  two  behind  it,  whose  top  edgeaare  upon  a  loirer  level  than  the  bollon 
of  the  casks  A,  a,  la  allow  of  Ihe  liqnid  mnniaf  out  of  them  with  a  sufficient  slope.  A 
proper  charge  of  kaolin  is  firil  put  into  the  csisk  a,  then  water  is  gradually  run  into  it 
by  the  gutter  adapted  to  the  stopcock  a,  after  which  the  mixture  is  agitated  poweifnlly 
in  every  direcliou  by  hand  with  the  stirrinn-bar,  which  is  hnag  within  a  hole  in  the 
ceiliaz,  and  has  at  its  upper  end  a  small  tin-plale  funnel  to  prevent  dirt  or  rust  from 
dropping:  down  into  the  clay.  The  stirrer  may  be  raised  or  lowered  so  as  to  touch  any 
gnit  ofthe  cask.  The  semi-auid  mass  is  lefl  to  solLle  for  a  few  minutes,  and  then  the 
finer  argillaceous  pap  is  run  off  by  the  stopcock  a',  placed  a  little  above  Ihe  gritty 
deposite,  into  the  line  pipe  which  conveys  it  into  one  of  Ihe  tubs  a';  but  as  this  semi- 
liqaid  Diatler  may  still  contain  some  granular  luhstances,  it  must  be  passed  through  a 
neve  before  it  is  admilled  into  the  tub.  There  is,  therefore,  at  the  spot  upon  the  Inh  where 
the  zinc  pipe  terminaleo,  a  wire-ctolh  sieve,  of  an  eitrem^y  close  texture,  to  receiva  the 
liqnid  paste.  This  eieve  is  shaken  upon  its  support,  in  oider  to  make  it  discharge  the 
weshej  nrEillaceous  kaolin.  Alter  the  clay  has  subsided,  the  water  is  drawn  off  from  ita 
snrfiice  by  a  line  syplion.  The  vati  a'  hare  coven,  to  protect  their  contents  from  dust. 
In  Ihe  pottery  iaclories  of  England,  the  agitation  is  jHWiuccd  bj  machinery,  instead  of  Iha 
hand.  A  vertical  shaft,  with  horiionta]  or  oblique  paddle*,  is  made  to  revolve  in  the  vat« 
for  this  purpose. 

Tilt  »ina/J  (ri(«ro/ing  miU  is  represented  in  Jig.  901.  There  are  three  similar  grinding- 
tab«  on  the  same  line.  The  details  of  the  eonslmction  are  shown  in  figt.  B02, 903, 
where  it  is  seen  to  consist  principally  of  a  revolving  millstone  a  I  fig.  9021,  of  a  fut 
or  sleepei  millstone  a',  and  of  a  vat  c,  hooped  with  iron,  with  its  top  raised  ^V°\'  "? 
upper  millstone.  The  lower  block  of  hornslone  rests  upon  a  very  firm  basis,  ft";  it 
is  surrounded  immediately  by  the  strong  wooden  circle  c,  which  slope*  out  funnel-wia« 
above,  in  order  to  throw  back  the  earthy  mattvrs  as  they  ate  puahed  up  by  the  altntion 
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of  the  stones.  That  piece  is  hollowed  out,  partially  to  admit  the  key  c,  opposite  tc 
which  is  the  faucet  and  spigot  c\  for  emptying  the  tub.  When  one  operation  is  com- 
pleted, the  key  c  is  liAed  out  by  means  of  a 
peg  put  into  the  holes  at  its  top ;  the  spigot  is 
then  drawn,  and  the  thin  paste  is  ran  out  into  vats. 
The  upper  grindstone,  b  <f,  like  the  lower  one,  is 
about  two  feet  in  diameter,  and  must  be  cut  in  s 
peculiar  manner.  At  first  there  is  scooped  out 
a  hallowing  in  the  form  of  a  sector,  denoted  b) 
d  efffig,  903  ;  the  arc  df  is  about  one  sixth  of 
the  circumference,  so  that  the  rscuity  of  the 
turning  grindstone  is  one  sixth  of  its  surface; 
moreover,  the  stone  must  be  channelled,  in  order 
to  grind  or  crush  the  hard  gritty  substances.  For 
this  purpose,  a  wedge-shaped  groove  c2  e  g,  about 
an  inch  and  a  quarter  deep,  is  made  on  its  under 
face,  whereby  the  stone,  as  it  turns  in  the  direc- 
tion indicated  by  the  arrow,  acts  with  this  inclined  plane  upon  all  the  particles  in  its 
course,  crushing  them  and  forcing  them  in  between  the  stones,  till  they  be  triturated  to 
an  impalpable  powder.  When  the  grindstone  wears  unequally  on  its  lower  surface,  it  is 
useful  to  trace  upon  it  little  furrows,  proceediag  from  the  centre  to  the  cireomlerence, 
like  those  shown  by  the  dotted  lines  e'  e'\  It  must,  moreover,  be  indented  with  nmgh 
points  by  the  hammer. 

The  turning  horn-stone  block  is  set  in  motion  by  the  vertical  shaft  u,  which  is  fixed 
by  the  clamp-iron  cross  i  to  the  top  of  the  stone.  When  the  stone  is  new,  its  thickness 
is  about  14  inches,  and  it  is  made  to  answer  for  grinding  till  it  be  reduced  to  about 
8  inches,  by  lowering  the  clamp  i  upon  the  shaA,  so  that  it  may  continue  to  keep  its 
hold  of  the  stone.  The  manner  in  which  the  grindstones  are  turned,  is  obvious  from 
inspection  oT  fig,  901,  where  the  horizontal  axis  l,  which  receives  its  impulsion  from 
^e  great  water-wheel,  turns  the  prolonged  shall  l',  or  leaves  it  at  rest,  according  as  the 
dutcli  /,  V,  is  locked  or  opened.  This  second  shaft  bears  the  three  bevel  wheels  m>m,m. 
These  work  in  three  corresponding  bevel  wheels  m'  m'  m',  made  fast  respectively  to  the 

three  vertical  shafts  of  the  millstones,  which  pass 
through  the  cast  iron  guide  tubes  u"  m'\     These 
are  fixed  in  a  truly  vertical  position  by  the  collar- 
bar  m'\  m'ffi^,  902.     In  this  figure  we  see  at  m  how 
the  strong  cross-bar  of  cast  iron  is  made  fast  to  the 
wooden  beams  which  support  all  the  upper  mechan- 
ism of  the  mill-xfork.    The  bearing  m'  is  disposed  in 
an  analogous  manner ;  but  it  is  supported  against 
two  cast  iron  columns,  shown  at  l"  l",  in  ^g.  901. 
Th^  guide  tubes  m"  are  bored  smooth  for  a  snnll 
distance  from  each  of  their  extremities,  and  their 
interjacent  calibre  is  wider,  so  that  the  vertical  !(hafts 
touch  only  at  two  places.    It  is  obvious,  that  when- 
ever the  shaft  i/  is  set  a-going,  it  necessarily  turns 
the  wheels  m  and  m^  and  their  guide  tubes  m"';  but  the 
vertical  shaft  may  remain  either  at  rest,  or  revolve, 
according  to  the  position  of  the  lever  click  or  catch 
K,  at  the  top,  which  is  made  to  slide  upon  the  shaft, 
and  can  let  fall  a  finger  into  a  vertical  groove  cut 
in  the  surface  of  that  shaft.    The  damp-fork  of  the 
click  is  thus  made  to  catch  upon  the  horizontal  bevel- 
wheel  m',  or  to  release  it,  according  as  the  lever  k  is 
lowered  or  lifted  up.    Thus  each  millstone  may  be 
thrown  out  of  or  into  gear  at  pleasure. 
These  stones  make  upon  an  average  11  or  12  turns  in 
a  minute,  corresponding  to  three  revolutions  of  the  water- 
wheel,  which  moves  through  a  space  of  3  feet  4  inches  in 
the  second,  its  outer  circumference  being  66  feeu     The 
weight  of  the  upper  stone,  with  its  iron  mounttrts>s,  is 
about  6  ewts.,  when*  new.    The  charee  of  each  mill  in  drv 
material  is  2  cwts. ;  and  the  water  may  be  estimated  at 
from  one  half  to  the  whole  of  this  weight ;  whence  the  total 
load  may  be  reckoned  to  be  at  least  3  cwts. ;  the  stone,  by 
displacement  of  the  magma,  loses  folly  400  pounds  of  its  weight,  and  weighs  therefore  in 
reality  only  2  cwts.    It  is  charged  jn  successive  portions,  but  it  is  disefaarged  all  at  cMiee. 
When  the  grinding  of  the  silicious  or  feldspar  matters  is  neariy  complete,  a  remarlKable 
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e  |»«aipiitlcs  to  the  bottom,  >nd  imubm  iIi  ■  few 
■econds  k>  itrong  ■  degree  of  cobeiioo,  that  it  U  hiidly  possiblF  to  restore  It  a^in  to  t]ie 
past;  or  tnaoigB  sUte  ;  bcDce  if  a  millttoHB  (unis  too  alowly,  or  if  it  be  accidentalljr 
■lopped  far  a  feir  mioDtes,  the  apper  itonr  tiela  to  Guely  cemented  to  the  under  otie, 
Ihal  it  is  difficQlt  to  eeparale  Itaem.  It  taa«  been  diteOTered,  bnl  vilhont  knowing  why, 
that  ■  little  Tiaegar  wlded  to  the  warier  of  the  ni(l:[na  Blinoet  Uifnllilily  prerents  Ikat 
■ndden  sliflenini;  of  the  depotile  nod  itoppage  of  the  stones.  If  the  milli  come  lo  'be 
set  f«sl  in  this  way,  the  thafis  or  gearing  would  be  eertainly  broken,  w»re  not  aoBie 
■afrlv  DroTision  to  be  made  in  the  machinery  agaiast  tnch  acrident«.  Mr.  Hall's  coD' 
LO  obriate  the  above  danger  is  highly  ingenions.     The  clutch  I,  i',Jig.  iWI,  Ir 


locking  crab,  fixed  in  the  e 


J  only 


■pose  the  leathei 
slides  prelly  freely  upoc                ^     , 
ew  bolls  jf,  these  nwhers  will  become  ai 
the  bearing  of  the  ring  «,  lo  which  they 
be  easily  adjasted. 


Ly,  upon  the  shail  I,  i  but  it  is  compoied,  u 
shown  in^lsi.  904,  906,  906,  9UT,  of  a  hoop  u,  fixed 
apon  the  shail  by  means  of  a  bey,  of  a  collar  s,  and 
of  H  flat  ring  or  waiber  x,  with  four  projeclions,  wbidi 
are  filled  lo  Ihe  collar  «,  by  four  holts  y.  I'ig.  90& 
represents  the  collar  d  seen  in  front ;  that  is,  by  the 
face  which  carries  the  clatch  teeth  ;  andjSg.  906  tep> 
resents  its  other  face,  which  receives  the  flat  ring  z, 
fig.  907,  in  foor  notches  correipondine  to  Ihefoorpro- 
Jeclionsof  the  Washer-ring,  ^ince  Ibe  ringo  isflied 
upon  the  shall  l,  and  necessarily  turns  with  it,  it  has 
Ihe  tWDother  pieces  at  its  disposal,  namely,  the  collar 
t>,  and  the  washer  z,  because  lb  eyarealways  con  netted 
:n  with  Ibe  ring  u,  when  the  resistance  they  encounter 
d  10  remain  at  rest,  letting  the  ring  u  turn  by  itself, 
certain  pilch.  To  give  this  degree  of  friction,  we 
tiers  J,  t',^g.  904;  and  now  as  Ihe  collar  ciw;ijnig- 
ling  ti,  il  is  obvious  that  by  tightening  more  or  less 
were  a  laletal  brake,  lo  lighten  ntore 
applied  ;  by  regulating  this  pceianre, 
becomes  too  great,  the  leather 


washers,  pressed  upon  one  side  by  the  collar  v,  of  Ihe  washer  x,  and  rubbed  upon  Ihe 
other  side  by  the  prominence  of  the  ring  ii,  get  healed  lo  such  a  degree,  that  they  are  apt 
lo  become  carbonized,  and  require  replacement. 

This  safety  clutch  may  be  recommended  lo  Ihe  notice  of  mechaniciahs,  as  msceplible 
of  beneficial  applicalion  in  «  variety  of  circumstances. 


The  large  feldspar  ajid  kaolin  mill,  made  by  Mr.  Hatl,  for  SetTcs,  bas  a  fiat  bed  of 
faornstone,  in  one  block,  laid  at  the  bottom  of  a  great  tub,  hooped  strongly  wilh  iroD. 
In  most  of  Ibe  English  potteries,  however,  that  bed  consisls  of  several  flat  illeces  of  chert 
or  hornslone,  laid  level  with  each  other.  There  are,  as  usual,  a  spigot  and  faucet  at  the 
side,  for  drawing  off  the  liquid  paste.  The  whole  system  of  Ihe  mechanism  is  very  nib^ 
ttanlial,  and  is  supported  by  wooden  beams. 

Tbe  following  is   the  manner  of  luniing  the  upper  blocks.     In  fig,  900  the  main 
horizontal  shaft  r  bears  at  one  of  its  extremities  a  toothed  wheel,  usually  iDoiinted  upoa 
BOS  the     periphery    of    the    great 

waler-wheel  (fig.  908  shows 
this  toothed  wheel  by  a  dotted 
line)  at  its  other  end;  r  car- 
ries the  fixed  portion  p  of  a 
eoupliag-box,  similar  to  Ihe 
one  jiisl  described  as  belonging 
to  Ihe  little  mill.  On  Ibe  pro- 
lonnation  of  p,  there  is  a  second 
shaft  r",  which  bears  the  move- 
able portion  of  that  box,  and 
Ian  uprighl  bevel  wheel  p" 
LosUy,  in  figt.  900  and  908, 
there  is  shown  the  vertical 
■hofl  4,  which  carries  al  its 
upper,  end  a  large  borizonlaJ 
cau-iron  wheel  <i',  not  seen  in 
this  view,  becaufe  It  is  sunk  within  Ihe  upper  surface  of  ibe  turning  hornslone,  like  Iha 
eUmp  d,/,  in  fig.  902.  At  the  lower  end  of  the  shaA  <t,  Ihere  is  Ihe  bevel  whael  «", 
which  receives  motion  from  the  whee!  v",fig.  900. 
The  shall  I  always  revolves  with  the  water-wheel;    but  tniumtU  its  motion  to  the 
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ihafV  y  only  when  the  latter  is  thrown  into  geurwith  the  eooplnig-boz  j/,  by  ineaM  ef 
its  forked  lever.  Then  the  bevel  wheel  ^  turns  round  with  the  shaft  p',  and  eommiwicaies 
its  rotation  to  the  bevel  wheel  9l\  whi6h  transmits  it  to  the  shaft  q,  and  to  the  large  cast- 
iron  wheel,  which  is  sunk  into  the  upper  surface  of  the  revolving  homstone. 

The  shaft  q  is  supported  and  centred  by  a  simple  and  solid  adjustment ;  at  its  lower 
part,  it  rests  in  a  step  a',  which  is  supported  upon  a  cast-iron  arch  q',  seen  in  profile  la 
/Sg.  900 ;  its  base  is  solidly  fixed  by  four  strong  bolts.  Four  set  screws  above  m,/g.  900, 
serve  to  set  the  shaft  q  truly  perpendicular ;  thus  supported,  and  held  securely  at  its  lower 
end,  in  the  step  at  Rffig9,  900  and  908,  it  is  embraced  near  the  upper  end  by  a  hrm»  bush 
or  collar,  composed  of  two  pieces,  which  may  be  drawn  closer  together  by  means  of  a 
screw.  This  collar  is  set  into  the  summit  of  a  great  truncated  cone  of  cast-iron,  which 
rises  within  the  tub  through  two  thirds  of  the  thickness  of  the  hornstone  bed;  having  its 
base  firmly  fixed  by  bolts  to  the  bottom  of  the  tub,  and  having  a  brass  collet  to  secure  its 
top.  The  iron  cone  is  cased  in  wood.  "When  all  these  pieces  are  well  adjusted  and 
properly  screwed  op,  the  shaft  q  revolves  without  the  least  vacillation,  and  carries  nmad 
with  it  the  large  iron  wheel  q,',  cast  in  one  piece,  and  which  consists  of  an  outer  rim,  three 
arms  or  radii,  and  a  strong  central  nave,  made  fhst  by  a  key  to  the  top  of  the  shaft  q,  and 
resting  upon  a  shoulder  nicely  tamed  to  receive  it.  Upon  each  of  the  three  ams,  there 
are  adjusted,  with  bolts,  three  upright  substantial  bars  of  oak,  which  descend  vertically 
through  the  body  of  the  revolving  mill  to  within  a  small  distance  of  the  bed-stone ;  and 
upon  each  of  the  three  arcs  of  that  wheel-ring,  comprised  between  its  three  strong  anus, 
there  are  adjusted,  in-  like  manner,  five  similar  uprights,  which  fit  into  hollows  cut  in  the 
periphery  of  the  moving  stone.  They  ought  to  be  cut  to  a  level  at  their  lower  part,  to 
suit  the  slope  of  the  bottom  of  the  tub  o,figt,  900  and  908,  so  as  to  glide  past  it  pretty 
closely,  without  touching. 

The  speed  of  this  large  mill  is  eight  revolutions  in  the  minute.  The  turning  hon- 
stone  describes  a  mean  circumference  of  141 1  inches  (its  diameter  being  45  inches),  and 
of  course  moves  through  about  100  feet  per  second.  The  tub  o,  is  52  inches  wide  at 
bottom,  56  at  the  surface  of  the  sleeper  block  (which  is  16  inches  thick),  and  64  at  top;, 
inside  measure.  It  sometimes  happens  that  the  millstone  throws  the  pasty  mixture  out 
of  the  vessel,  though  its  top  is  6  inches  nnder  the  lip  of  the  tub  o;  an  inconvenience 
which  can  be  obviated  only  by  making  the  pap  a  tittle  thicker ;  that  is,  by  allowing  only 
from  25  to  30  per  cent,  of  water ;  then  its  density  becomes  nearly  equal  to  2-00,  while 
that  of  the  millstones  themselves  is  only  2*7 ;  whence,  supposing  them  to  weigh  only  2 
ewts.,  there  would  remain  an  effective  weight  of  less  than  )  cwt.  for  pressing  uimn  iht 
bottom  and  grinding  the  gi-anular  particles.  This  weight  appears  to  be  somewhat  too 
small  to  do  much  work  in  a  short  time ;  and  therefore  it  would  be  better  to  increase  the 
quantity  of  water,  and  put  covers  of  some  convenient  form  over  the  tobs.  It  is  estimated 
that  this  mill  will  grind  nearly  5  cwts.  of  hard  kaolin  or  feldspar  gravel,  in  24  hours,  into 
a  proper  pap. 

To  the  preceding  methodical  account  of  the  porcelain  manufacture,  I  shall  now  sab- 
join  some  practical  details  relative  to  certain  styles  of  work,  with  comparisons  between 
the  methods  pursued  in  this  country  and  upon  the  Continent,  but  chiefly  by  our  jeakms 
rivals  the  French. 

The  blue  printed  ware  of  England  has  been  hitherto  a  hopeless  object  of  emulation  in 
France.  M.  Alexandre  Brongniart,  membre  de  I'Institut,  and  director  of  the  Mamfactnrt 
Royal  de  Sevres,  characterizes  the  French  imitations  of  the  Fayetuxftne,  <m  wAtg/oiar,  in 
the  following  terms  :  *'  Les  d^fa:its  de  cette  poterie,  qui  tiennent  &  sa  nature,  sont  de  ne 
pouvoir  aller  sur  1e  feu  pour  les  usages  domestiques,  et  d'avoir  un  vemis  tendre^  qui  se 
laisse  ais^ment  enta'mer  par  les  instruments  d'acier  et  de  fer.  Mais  lorsque  cette  poterie 
est  mat  fabriquee,  ou  fabriqu^  avec  une  economic  mal  entendue,  ses  defants  deviennent 
bien  plus  graves ;  son  vernis  jaunfitre  et  tendre  tressaille  souvent ;  il  se  laisac  cntamer 
ou  user  i\ec  la  plus  grande  facilite  par  les  instruments  de  fer,  ou  par  I'usage  ordinaire. 
Les  fissures  que  ce  tressaillement  ou  ces  rayures  ouvrent  dans  le  vemis  permettent  anx 
mati^res  grasses  de  p^n^trer  dans  le  biscuit,  que  dans  les  poteries  affect^es  de  ce  d^faut,  a 
presque  toujours  une  texture  lAche ;  les  pidces  se  salissent,  s'empuantissent,  et  se  briseat 
m^me  avec  la  plus  grande  facilite."* 

What  a  ^lase,  to  be  scratched  or  grooved  with  soft  iron;  to  fly  oflf  in  scales,  ao  as  to 
let  grease  soak  into  the  biscuit  or  body  of  the  ware;  to  become  foul,  stink,  and  break  with 
the  utmost  ease !  The  refuse  crockery  of  the  coarsest  pottery  works  in  tiie  United  King, 
dom  would  hardly  deserve  such  censure. 

In  the  minutes  of  evidence  of  the  Enquite  MinutfrieUe,  published  in  1835,  MM.  de  Aunt 
Cricq  and  Lebeuf,  large  manufacturers  of  pottery-ware  at  Creil  and  Monterean,  give  a 
very  gratifying  account  of  the  English  stoneware  manufacture.  They  declare  that  the  £ng* 
lith  possess  magnificent  mines  of  potter's  clay,  many  leagues  in  extent;  while  those  of  the 


*  Diet.  Ttchnologiqiiey  ton.  rrii.,  aitiel*  Poteries,  p.  ttt. 
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FreBd.  are  mere  patches  or  poh.  Bcndes,  England,  they  nay,  having  upwards  of  200 
potteries,  can  constantly  employ  a  great  many  pnblk  flint-mills,  and  thereby  obtain  thai 
indispensable  material  of  the  best  qaafity,  and  at  the  lowest  rate.  "  The  mill  erected  by 
M.  Brongniart,  at  S^ttcs,  does  its  work  at  twice  the  price  of  the  English  mills.  The 
fael  costs  in  England  one  fourth  of  what  it  does  in  France.  The  expense  of  a  kiln-ronnd, 
in  the  latter  country,  is  200  francs ;  while  in  the  former  i(  is  not  more  than  60.''  AAer 
a  two-months  tour  among  the  English  potteries,  these  gentlemen  made  the  following  ad- 
ditional observations  to  their  first  oflScial  statement : — 

**  The  clay,  which  goes  by  water  carriage  firom  the  counties  of  Devon  and  Dorset,  into 
Staffordshire,  to  supply  more  than  200  potteries,  clustered  together,  is  delivered  to  them 
at  a  cost  of  4  francs  (34.  2d.)  the  100  kilogrammes  (2  cwt.) ;  at  Creil,  it  costs  if,  50c.y 
and  at  Mintereau,  only  2/*.  40c.  There  appears,  therefore,  to  be  no  essential  diSerenee 
in  the  price  of  the  clay ;  but  the  quality  of  the  English  is  much  superior,  being  incon- 
testably  whiter,  purer,  more  homogeneous,  and  not  turning  red  at  a  high  heat,  like  the 
French.''  The  grinding  of  the  flints  costs  the  English  potter  4^4,  per  100  kilos^  and  the 
French  6d, ;  but  as  that  of  the  latter  is  in  general  ground  dry,  it  is  a  coarser  article.  The 
kaolin,  or  china  clay,  is  imported  from  Cornwall  for  the  use  of  many  French  potteries ; 
but  the  transport  of  merchandise  is  so  ill  managed  in  France,  that  whfle  2  cwts.  cost  in 
Staffordshire  only  8/*.  75c.  (about  7<.  Id.),  they  cost  12/.  at  Creil,  and  13/.  60c.  at 
Montereau.  The  white  lead  and  massicot,  so  much  employed  for  glazes,  are  62  per  cent, 
dearer  to  the  French  potters  than  the  English.  As  no  French  mill  has  succeeded  in 
making  unsized  paper  fit  for  printing  upoil  stoneware,  our  potters  are  under  the 
necessity  of  fetching  it  from  England ;  and,  under  favor  of  our  own  custom-house,  are 
allowed  to  import  it  at  a  duty  of  165/*.  per  100  kilogrammes,  or  about  Sd,  per  pound 
English.  No  large  stock  of  materials  need  be  kept  by  the  English,  because  every 
article  may  be  had  when  wanted  from  its  appropriate  wholesale  dealers ;  but  the  case  is 
quite  different  with  the  French,  whose  stocks,  even  in  small  works,  can  never  safely  be 
less  in  value  than  150,00()^.  or  200,000/^. ;  constituting  a  loss  to  them,  in  interest  upon 
their  capital,  of  from  7,500/.  to  10,00()/^.  per  annum.  The  capital  sunk  in  buildings  is 
far  less  in  England  than  in  France,  in  consequence  of  the  different  styles  of  erecting  stone- 
ware factories  in  the  two  countries.  M.  de  Saint  Cricq  informs  us,  that  Mr.  Clewes,  of 
Shelton,  rents  his  works  for  10,00()/*.  (380/.)  per  annum;  while  the  similar  ones  of  CreU 
and  Montereau,  in  France,  have  cost  each  a  capital  outlay  of  from  bOOfiOOf.  to600,00()^., 
and  in  which  the  products  are  not  more  than  one  half  of  Mr.  Clewes'.  <<  This  forms  a 
balance  against  us,"  says  M.  St  C,  '*  of  about  20,000/  per  annum ;  or  nearly  800/. 
sterling.  Finally,  we  have  the  most  formidable  rival  to  our  potteries  in  the  extreme 
dexterity  of  the  English  artisans.  An  enormous  fabrication  permits  the  manufacturers 
to  employ  the  same  workmen  during  the  whole  year  upon  the  same  piece :  thus  I  have 
seen  at  Shelton  a  furnisher,  for  sixpence,  turn  off  100  pieces,  which  cost  at  Creil  and 
Montereau  30  sous(l«.  2|(f.);  yet  the  English  workman  cams  18/*.  75c.  a  week,  while 
the  French  never  earns  more  than  16/.  I  hare  likewise  seen  an  English  moulder 
expert  enough  to  make  25  waterpots  a  day,  which,  at  the  rate  of  2d.  a  piece,  bring  him 
4t.  2d.  of  daily  wages }  while  the  French  moulder,  at  daily  wages  also  of  4j.  2^.,  turns 
out  of  his  hands  only  7,  or  at  most  8  pots.  In  regard  to  hollow  wares,  the  English  oiay 
be  fairiy  allowed  to  have  an  advantage  over  us,  in  the  cost  of  labor,  of  100  per  cent. ; 
which  they  derive  from  the  circumstance,  that  there  are  in  Staffordshire  60,000  operatives, 
men,  women,  and  children,  entirely  dedicated  to  the  stoneware  manufacture ;  concentra- 
ting  all  their  energies  within  a  space  of  10  square  leagues.  Hence  a  most  auspicious  choice 
of  good  practical  potters,  which  cannot  be  found  in  France." 

M.  Saint  A  mans,  a  French  gentleman,  who  spent  some  years  in  Staffordshire,  and  has 
latdy  erected  a  large  pottery  in  France,  says  the  English  surpass  all  other  nations  in 
manufacturing  a  peculiar  stoneware,  remarkable  for  its  lightness,  strength,  and  elegance ; 
as  also  in  printing  blue  figures  upon  it  of  every  tint,  equal  to  that  of  the  Chinese,  by 
processes  of  singular  facility  and  promptitude.  AAer  the  biscuit  is  taken  out  of  the 
kiln,  the  fresh  impression  of  the  engraving  is  transferred  to  U  from  thin  unsized  paper, 
previously  immersed  in  strong  soap  water ;  the  ink  for  this  purpose  being  a  compound 
of  arseniate  of  cobalt  with  a  flux,  ground  up  with  properly  boiled  linseed  oU.  The 
eopper-plates  are  formed  by  the  graving  tool  with  deeper  or  shallower  lines,  according  to 
the  yariable  depth  of  shades  in  the  design.  The  cobalt  pigment,  on  melting,  spreads  so 
as  to  give  the  soft  effect  of  water^solor  drawing.  The  paper,  being  still  moist,  is 
readily  applied  to  the  slightly  rough  and  adhesive  surface  of  the  biscuit,  and  may  be 
nibbed  on  more  closely  by  a  dossil  of  flanneL  The  piece  is  then  dipped  in  a  tubd*  water, 
whereby  the  paper  gets  soft,  and  may  be  easily  removed,  leaving  upon  the  pottery  the  pig- 
ment of  the  engraved  impression.  After  being  gently  dried,  the  piece  it  dipped  into  the 
glaze  mixture,  and  put  into  the  enamel  oven. 


IQM  PRESS,  HYDRAUUC. 

The  buU  of  the  Eaglish  slonen'ftre  is,  as  fonnerly  slaled,  s  bluish  cUj,  Iin)ac:ht  rram 
Doivetshire  and  DeTooshire,  which  lies  at  ihe  depih  of  ftom  25  to  30  feel  benntb  the 
inrfBCE.  It  i«  compost  ofaboDt  24  parts  of  alumina,  and  TG  of  silica,  with  comr  Mlin 
ingredients  in  very  small  proportions.  This  clay  is  very  rrfraclory  in  high  hralt,  a  pTi>- 
pertj  which,  joined  to  its  whiteness  when  burned,  renders  it  pecaliariy  valuable  for  pot- 
tery. It  is  nlsu  the  basis  of  all  (he  yellow  biseuit-nare  called  cnam  color,  and  in  iieoeral 
of  what  is  called  the  iirinling  body ;  ag  also  for  the  semi-viLrified  porcelain  of  Wedgewood't 
invenlion,  and  of  the  tender  porcelain. 

The  const  ituents  of  the  stoneware  are,  that  clay,  the  powder  of  caTcioeil  flinU,  and  cf  the 
deeomjiosed  feldspar  called  Cornish  stone.  The  proporliont  are  varied  by  Ihe  diflerent 
manufaetarers.  The  following  are  those  generally  adopted  in  one  of  Ihe  principal  estab- 
hshmenla  of  Staffordshire : — 

For  cream  color,  Silei  or  ground  flinU 20  pun 

Clay 100 

Cornish  stone 2 

ComjxuUion  of  tht  Pattt  for  netivaig  Ikt  Prvding  Body  mder  Iht  Glaze. 

For  this  purpose  the  proportions  of  the  flint  and  the  feldspar  must  be  increased.  The 
•obstances  are  mixed  separately  with  water  into  the  consistence  of  a  thick  emm,  which 
weighs  per  pint,  for  the  flinti  32  ounces,  and  for  Ihe  Cornish  stone  28.  The  china  day 
of  Cornwall  is  added  to  Ihe  same  mixture  of  flint  and  feldspar,  when  a  finer  pouery  or 
pbrcelnin  is  required.  That  clay  cream  weighs  24  ounces  per  pint.  These  24  ounces  ia 
weight  are  reduced  to  one  third  of  their  bulk  by  evaporation.  The  pint  of  dry  Comiah  cUy 
weighs  IT  ounces,  and  in  its  flrst  pasty  state  24,  as  just  staled.  The  dry  flint  powder  weight 
I4|  ounces  per  pint ;  which  when  made  into  a  cream  weighs  32  ounces.  To  40  measnitaof 
Devonshire  clay-cream  there  are  added, 

13  measures  of  flint  liquor. 
12        —        Cornish  clay  ditto, 
1        —        Cornish  stone  ditto. 
Ilie  whole  are  well  mixed  by  proper  agitation,  half  dried  in  the  irtrnght  of  ihe  «lip.kil^ 
•nd  then  subjected  to  the  machine  for  culling  up  the  clay  into  junks.    The  above  paste, 
when  baked,  is  very  while,  hard,  sonorous,  and  susceptible  of  receiving  all  soru  of  im- 
pressions from  the  paper  engravings.    When  the  silica  is  mixed  with  the  alumina  in  the 
above  proportions,  it  forms  a  compact  ware,  and  the  impression  remains  fixed  hetwecD  Iha 
bisc'iit  and  the  glaze,  without  communicating  to  either  any  portion  of  Ihe  tint  of  theiae- 
,   tallic  color  emplored  in  Ihe  engraver's  press.    Tbe  feldspar  giies  strength  to  the  biscoil, 
■nd  renders  it  sonorous  aDer  being  baked  ;  white  the  china  clay  has  the  double  advanla(e 
of  imparting  an  agreeable  whiteness  and  ireat  closeness  of  grain. 

PRECIPITATE,  is  any  matter  separated  in  minute  particles  from  tbe  bosom  of  a  flail, 
which  subsides  to  the  botlom  of  the  vessel  in  a  pulverulent  form. 

PRECIPITATION,  is  the  actual  subsidence  of  a  precipitate. 

PRESS,  HYDRAULIC.  Though  the  eiphination  of  the  priactplei  of  thii  povif- 
M  machine  belongi  to  a  woili  apon  mechanical  engineering,  rattier  than  t 
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munfaetorei, T«t  uit  ii  oAen  referred  lain  thii f ohiine,  abiief.deicriplifni  oril  can- 
tut  bt  macttyiMe  to  uiay  of  my  leaden. 

The  (VanuDg  coDsiili  of  Iwa  itoul  cist  iioD  plate*  a,  b,  which  are  strenfthen^  by  pro- , 
JMiiag  ribf,  not  kcd  in  the  seelion,  j!g-  909.  The  lop  or  cn>*D  plale  b,  and  the  base- 
plate B,  a,  are  boaad  moat  firnily  li^lber  by  4  cylinders  of  Ibe  best  wrought  iron,  c,  c, 
trhicb  pais  up  through  holes  near  Ihe  ends  of  the  taid  plates,  and  are  fact  \rcdged  in 
iheiD.  The  flat  pieces  (,  t,  ace  screved  to  the  ends  of  the  crown  and  base  plotee,  bo  as 
to  bind  Ihe  calaums  laterally.  /,  is  the  hollow  cylinder  of  the  press,  which,  as  well  a* 
the  lam  g,  is  made  of  cast  iron.  The  upper  part  of  the  eavity  of  ibe  cylinder  is  cast 
uirow,  but  ii  truly  and  smoothly  roanded  at  the  baring-mill,  so  as  to  fit  pretty  closely 
roDiid  a  well-tiuned  ram  or  piston  i  the  onder  part  of  it  is  leA  somewfaal  wider 
in  the  casting.  A  stout  cup  of  leather,  perforated  in  the  middle.  Is  put  upon  Ihe  mm, 
and  Mrvcs  ai  a  Talve  to  render  the  neck  of  Ibe  cylinder  perfectly  waler-tigbl,  by  Siting 
np  the  space  between  it  and  the  ram ;  and  since  the  mouth  of  the  cup  is  turned  down- 
wanls,  the  greater  the  pressure  of  water  upwards,  the  more  Ibrcibly  are  the  edges  of  the 
leather  valve  pressed  against  the  inside  of  the  cylinder,  and  Ihe  tighter  does  ihe  joint  be- 
come.   This  was  Branah's  beaotifbl  inrention. 

Upon  the  lop  of  the  ram,  the  press-plate  or  table,  sIrenEthened  with  projecting  ridges, 

rcKs,  which  is  contmonly  called  the  follower,  because  it  follows  Ihe  nun  clo^rly  in  Us 

»i  uii  desccQi.    This  plate  has  a  half-round  hole  at  eacfa 

of  its  four  corners,  correspondini;  lo  the  shape  of 

Ihe  four  iron  columns  along  which  il  glides  in  its 

up-and-down  motions  of  compression  and  reloxft- 

^>  Kfig'-  909  and  910,  is  the  framing  of  a 
force  pump  with  a  narrow  barrel  j  i  is  Ibe  kcU  for 
conlaioing  water  to  supply  the  pump.  To  spiire 
room  in  the  engraving,  the  pump  is  sel  close  to  the 
press,  but  it  may  be  removed  to  any  conteoieDt 
distance  by  lenethening  the  water-pipe  «,  which 
connects  the  discha^e  of  Ihe  force  pump  with  the 
inside  of  Ihe  cylinder  of  the  press.  Fix.  911  is 
a  section  of  the  pump  and  its  valves.  The  pntnp 
(71,  is  of  bronze ;  Ihe  suction-pipe  n,  has  a  conical 
valve  with  a  long  tail ;  the  solid  piston  or  plunger 

p,  is  smaller  than  the  barrel  in  which  it  plays,  and 

passes  at  its  lop  through  a  sluffing-W  q;  r  is  the  press u re- valv c,  »  is  the  safety- 
talve,  which,  in  Jig.  910,  is  seen  to  be  loaded  with  a  weiithted  lever  i  (  is  the  dis- 
ehaife-valve,  for  letting  the  water  escape,  from  the  cylinder  beneath  the  ram,  back 
mto  the  well.  See  Ihe  ninding  passages  in  fig.  9IS.  u  is  (he  lube  which  conveys 
Ihe  water  from  Ihe  pump  into  the  press-cylinder.  In  fig.  910  two  centres  of  molion  for 
Ihe  pump-lever  are  shown.  By  sbifling  ibe  bolt  into  (be  centre  nearest  the  pump-rod, 
the  mpchaaieal  advantage  of  the  Workman  may  be  doubled.  Two  pumps  are  generally 
mounted  in  one  frame  for  one  hydraulic  press  ;  the  larger^ lo  give  a  rapid  molion  lo  lh« 
ram  at  the  beginning,  when  the  resistance  is  small ;  the  smaller  to  giw  a  slower  but 
more  powcrrul  impulsion,  when  the  resistance  is  mnch  increased.  A  pressure  of  5011  tons 
may  be  obtained  from  ■  well-made  hydraulic  press  with  a  ten-inch  ram,  and  a  two  and  a 
one  inch  set  of  pomps.  See  Ste*fihe  Pkksi. 
PRINCE'S  METAL,  or  Prince  Rupert's  metal,  is  a  modification  of  brass. 
PRINTING  INK.  (Eticre  d'imprimtrit,  Ft.;  Budidntktr/arbe,  Germ.)  After 
reriewini(  the  different  prescriptions  siven  by  Moxon,  Breton,  Papillon,  Lewis,  those  in 
Nicholson's  and  (he  Messrs.  A^ins'  Dictionaries,  in  Rees'  Cyclopedia,  and  in  Ihe  French 
Priiiter'e  Manual,  Mr,  Savage*  says,  that  Ihe  Encjclopiedia  Britannica  is  the  only  work, 
lo  hiE  knowledge,  which  has  given  a  recipe  by  which  a  printing  ink  mif  ht  be  made,  that 
conU  be  used,  though  il  woukl  be  of  inferior  quality,  as  acknowledged  by  ihe  editor ;  for 
il  specifies  neither  Ibe  qualities  of  the  materials,  nor  Ibeir  due  proportions.  The  fine 
black  ink  made  by  Mr.  Savage,  has,  he  infonos  us,  been  pronounced  by  some  of  our  first 
printers  to  be  unrivalled  ;  and  ha^  procured  for  him  the  large  medal  from  the  Society  for 
the  Enconragement  of  Arts. 

1.  Liniied  oU. — Mr.  Savage  says,  that  (he  bnseed  oil,  however  long  boiled,  unless  set 
Ire  to,  cannot  be  brought  into  a  proper  state  for  forming  printing  ink ;  and  that  Ibe 
bune  may  be  most  readily  eilinguished  by  the  application  of  a  pretty  tighl  tin  cover  to 
the  top  of  the  boiler,  which  should  never  be  more  than  half  fnll.  The  French  prefer 
Bnl  oil  lo  linseed ;  but  if  the  latter  be  old,  it  is  fully  as  good,  and  much  cheaper,  In  this 
Montrr  at  least. 

2.  Blade  iDriB  is  an  important  article  in  the  composition  of  good  ink  ;  as  by  melting 

•tahii«<fkaiih(rnpuitt«aCPnWii«>^:  Bio.,  L,«sdM.  IBS*- 
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it  in  the  oil,  when  that  ingredient  is  snffidently  boiled  and  lraiiit»  the  two  combiBey  aid 
form  a  compound  approximating  to  a  natural  balsam,  like  that  d*  Canada,  whkh  is  ilsdf 
one  of  the  best  varnishes  that  can  be  used  for  printing  ink. 

3.  Soap. — This  is  a  most  important  ingredient  in  printers'  ink,  which  is  not  even 
mentionol  in  any  of  the  recipes  prior  to  that  in  the  Encydopsnlia  Britanniea.  For 
want  of  soap,  ink  accnmolates  upon  the  face  of  the  types,  so  as  completely  to  clog  them 
«p  after  comparatively  few  impressions  have  been  taken ;  it  will  not  wash  off  withont 
aUfalioe  leys,  and  it  skins  over  very  soon  in  the  pot.  Yellow  rosin  soap  is  the  be»t  for 
black  inks ;  for  those  of  l^ht  and  delicate  shades,  white  curd  soap  i^  preferable.  Too 
much  soap  is  apl  to  render  the  impression  irregular,  and  to  prevent  the  ink  from  dryirig 
quickly.  The  proper  proportion  has  been  hit,  when  the  ink  works  clean,  without  €k)g- 
ging  the  surface  of  the  types. 

4.  Lamp  black. — ^The  vegetable  lamp  black,  sold  in  firkins,  takes  by  far  the  most  var- 
nish, and  answers  for  making  the  best  ink.    See  Black. 

5.  Ivory  black  is  too  heavy  to  be  used  alone  as  a  pigment  for  printing  ink ;  bat  it  may 
be  added  with  advantage  by  grinding  a  little  of  it  upon  a  muller  with  the  lamp  black,  for 
eertain  purposes ;  for  instance,  if  an  engraving  on  wood  is  required  to  be  printed  so  as  to 
produce  the  best  possible  effect. 

6.  Indigo  alone,  or  with  an  equal  weight  of  Prussian  bine,  added  in  small  proportion^ 
takes  off  the  brown  tone  of  certain  lamp  black  inks.  Mr.  Savage  recommends  a  littk 
Indian  red  to  be  ground  in  with  the  indigo  and  Prussian  Une,  to  give  a  rich  tone  to  the 
black  ink. 

7.  BaUam  of  capiviy  as  sold  by  Mr.  Allen,  Plough-court,  Lombanl-street,  mixed, 
by  a  stone  and  a  muller,  with  a  due  proportion  of  soap  and  pigment,  forms  an  extem- 
poraneous ink,  which  the  printer  may  employ  very  advantageously  when  he  wishes  to 
execute  a  job  in  a  peculiarly  neat  manner.  Canada  balsam  does  not  answer  quite  so 
well. 

AAer  the  smoke  begins  to  rise  from  the  boiling  oil,  a  b^t  of  burning  paper  stock  ia 
the  clefl  end  of  a  long  stick  should  be  applied  to  the  surface,  to  set  it  on  fire,  as  soon  as 
the  vapor  will  burn;  and  the  flame  should  be  allowed  to  continue  (the  pot  being 
meanwhile  removed  from  over  the  fire,  or  the  fire  taken  from  under  the  pot),  tiQ  a 
sample  of  the  varnish,  cooled  upon  a  pallet-knife,  dmws  out  into  strings  of  about  half  an 
inch  long  between  the  fingers.  To  six  quarts  of  linseed  oil  thus  treated,  six  pounds  of, 
rosin  should  be  gradually  added,  as  soon  as  the  froth  of  the  ebullition  has  subsided. 
Whenever  the  rosin  is  dissolved,  one  pound  and  three  quarters  of  dry  brown  aoap^  of  the 
best  quality,  cut  into  slices,  is  to  be  introduced  cautiously,  for  its  water  of  combination 
causes  a  violent  intumescence.  Both  the  rosin  and  soap  should  be  well  stirred  with  the 
spatula.  The  pot  is  to  be  now  set  upon  the  fire,  in  order  to  complete  the  combination  of 
all  the  constituents. 

Put  next  of  well  ground  indigo  and  Prussian  blue,  each  2|  ounces,  into  an  earthen  pan, 
sufiiciently  large  to  hold  all  the  ink,  along  with  4  pounds  of  the  best  mineral  lamp  bla^ 
and  3|  pounds  of  good  vegetable  lamp  black;  then  add  the  warm  varnish  by  slow  degrees^ 
carefully  stirring,  to  produce  a  perfect  incorporation  of  all  the  ingredients*  This  mixtarc 
is  next  to  be  subjected  to  a  miH,  or  slab  and  muller,  tiU  it  be  levigated  Into  a  smooch  niu- 
form  paste. 

One  pound  of  a  superfine  printing  ink  may  be  made  by  the  fbllowing  recipe  of  Mr. 
Savage : — Balsam  of  capivi,  9  oz. ;  lamp  black,  3  oz. ;  indigo  and  Prussian  blue, 
together,  p.  esq.  IJ  oz. ;  Indian  red,  f  oz. ;  turpentine  (yellow)  soap,  dry,  3  oz.  This 
mixture  is  to  be  ground  upon  a  slab,  with  a  muller,  to  an  impalpable  smoothness.  The 
pigments  used  for  colored  printing  inks  are,  carmine,  lakes,  vermilion,  red  lead, 
Indian  red,  Venetian  red,  chrome  yellow,  chrome  red  or  orange,  burnt  terra  di' Stamoy 
gall-stone,  Roman  ochre,  yellow  ochre,  verdigris,  blues  and  yellows  mixed  for  greens, 
indigo,  Prussian  blue,  Antwerp  blue,  lustre,  umber,  sepia,  browns  mixed  with  VeneCiaB 
red,  wC. 

PRINTING  MACHINE.  (Typographie  micanique,  Fr.;  Drudbfieucfctn^  Genn.) 
In  reviewing  those  great  eras  of  national  industry,  when  the  productive  arts,  aAer  a  long 
period  of  irksome  vassalage,  have  suddenly  achieved  some  new  conquest  over  the  inertia 
of  matter,  the  contemplative  mind  cannot  fail  to  be  struck  with  the  insignificant  part 
which  the  academical  philosopher  has  generally  played  in  such  memorable  events. 

Engrossed  with  barren  syllogisms,  or  equational  theorems,  often  little  better  tbaa 
truisms  in  disguise,  he  nevertheless  believes  in  the  perfection  of  his  attainments,  and 
disdains  to  soil  his  hands  with  those  handicraft  operations  at  which  all  improvements  in 
the  arts  must  necessarily  begin.  He  does  not  deem  a  manufacture  worthy  of  his  regard, 
tin  it  has  worked  out  its  own  grandeur  and  independence  with  patient  labor  and  eo«n. 
snmmate  skill.  In  this  spirit  the  men  of  speculative  science  neglected  for  60  years  tlia 
steam  engine  of  Newcomen,  till  the  artisan  Watt  transformed  it  into  an  automatic  pirodigy  • 
they  have  never  deigned  to  illustrate  by  dynamical  mvestigatioDs  the  laetory  -      ~      ~      ' 
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oTAikwiigfaty  yet  Dothinfr  in  the  whole  compaas  of  art  deserves  it  so  well ;  and  though 
perTectly  «ware  that  revdvency  is  the  leading  law  in  the  system  of  the  universe,  they  have 
nerer  thought  of  showing  the  workman  that  this  was  also  the  true  principle  of  every 
ulomatic  machine. 

These  remarks  seem  to  he  peculiarly  applicable  to  book-printing,  an  art  invented  for 
the  honor  of  learning  and  the  glory  of  the  learned,  though  they  have  done  nothing  for 
its  advancement ;  yet  by  the  overruling  bounty  of  Providence  it  has  eventually  served  as 
the  great  teacher  and  guardian  of  the  whole  family  of  man. 

It  has  been  justly  observed  by  Mr.  Cowper,  in  his  ingenious  lecture/  that  no  improve- 
ment had  been  introduced  in  this  important  art,  fh)m  its  invention  till  the  year  1798,  a 
period  of  nearly  350  years.  In  Dr.  Dibdin's  interesting  account  of  printing,  in  the 
Bibliographical  Decameron,  may  be  seen  represenlations  of  the  early  printing-presses, 
which  exactly  resemble  the  wooden  presses  in  use  at  the  present  day.  A  new  era  has, 
however,  now  arrived,  when  the  demands  for  prompt  circulation  of  political  intelligence 
require  powers  of  printing  newspapers  beyond  the  reach  of  the  roost  expeditious  hand 
presswork. 

For  the  first  essential  modification  of  the  old  press,  the  world  is  indebted  to  the  late 
Earl  Stanhope,  f  His  press  is  formed  of  iron,  without  any  wood  ;  the  table  upon  which 
the  form  of  types  is  laid,  as  well  as  the  platen  or  snrface  which  immediately  gives  the 
impression,  is  of  cast  iron,  made  perfectly  level ;  the  platen  being  large  enough  to 
print  a  whole  sheet  at  one  pulL  The  compression  is  applied  by  a  beautiful  combination 
of  levers,  which  give  motion  to  the  screw,  cause  the  platen  to  descend  with  progressively 
increasing  force  till  it  reaches  the  type,  when  the  power  approaches  the  maximum; 
npon  the  infinite  lever  principle,  the  power  being  applied  to  straighten  an  obtuse-angled 
jointed  lever.  This  press,  however,  like  all  its  flat-faced  predecessors,  does  not  act  by  a 
continuoos,  but  a  reciprocating  motion,  and  can  hardly  be  made  automatic ;  nor  does  it 
moch  exceed  the  old  presses  in  productiveness,  since  it  can  turn  off  only  250  impressions 
per  hour. 

The  first  person  who  publicly  projected  a  self-acting  printing-press,  was  Mr. 
William  Nicholson,  the  able  editor  of  the  Philosophical  Journal,  who  obtained  a  patent 
in  1790-1,  for  imposing  types  upon  a  cylindrical  surface;  this  disposition  of  types, 
plates,  and  blocks,  being  a  new  invention  (see^Sg.  913)  ;  2,  for  applying  the  ink  upon 
the  surface  of  the  types,  Ace.,  by  causing  the  surface  of  a  cylinder  smeared  with  the 
coloring-matter  to  roll  over  them ;  or  else  causing  the  types  to  apply  themselves  to 
the  said  cylinder.    For  the  purpose  of  spreading  the  ink  evenly  over  this  cylinder,  he 

proposed  to  apply  three  or  more  distributing 
rollers  longitudinally  against  the  inking  cy- 
linder, so  that  they  might  be  turned  by  the 
motion  of  the  latter.  3.  <<  I  perform,''  he 
says,  *'aU  my  imprestiont  by  the  action  of  a 
cylinder,  or  cylindrical  surface;  that  is,  I 
cause  the  paper  to  pass  between  two  cylinders, 
one  of  which  has  the  form  of  types  attached 
to  it,  and  forming  part  of  its  surface;  and 
the  other  is  faced  with  cloth,  and  serves  to 
NiehokoQ's  for  Nichoiion's  for  press  the  paper  SO  as  to  take  off  an  impres- 

arched  tyi«e.  conimoa  type.  sion    of  the    color    previously   applied ;    or 

otherwise  I  cause  the  form  of  types,  previously  colored,  to  pass  in  close  and  successive 
contact  with  the  paper  wrapped  round  a  cylinder  with  woollen."  (See  /lg«.  913  and 
914.)  I 

In  this  description  Mr.  Nicholson  indicates  pretty  plainly  the  principal  parts  of 
modern  printing  machines ;  and  had  he  paid  the  same  attention  to  any  one  part  of  his 
invention  which  he  fruitlessly  bestowed  upon  attempts  to  attach  types  to  a  cylinder,  or 
had  he  bethought  himself  of  curving  stereotype  plates,  which  were  then  beginning  to  be 
talked  of,  he  would  in  all  probability  have  realized  a  working  apparatus,  instead  of 
Rchcmins:  merely  ideal  plans. 

The  first  operative  printing  machine  was  undoubtedly  contrived  by,  and  constructed 
ander  the  direction  of,  M.  Konig,  a  clockmaker  from  Saxony,  who,  so  early  as  the  year 
1804,  was  occupied  in  improving  printing-presses.  Having  failed  to  interest  the  con- 
tinental printers  in  his  views,  he  came  to  London  soon  after  that  period,  and  submitted 
his  plans  to  Mr.  T.  Bensley,  our  celebrated  printer,  and  to  Mr.  R.  Taylor,  now  one  of 
the  editors  of  the  Philosophical  Magaxine. 

!  ?"_?*J  "?■*  improremeiiti  iji  printing,  first  delirered  at  the  Royal  Inetitntion.  Fobmarr  M,  ISSE 

!  i?'*r?**""**P*  '■  '"•  **^7  "■'*  of  leamingr  whoee  name  fignres  in  the  annala  of  tvpographj. 

%  The  biaek  parte  in  theee  little  diaframt,  013—999,  indicate  the  inking  apparattfi ;  the  diagonal  Unee,  th« 

trhadeis  upon  which  the  paper  to  be  printed  ia  applied  ;  the  peipendicQlar  Unas,  the  plates  or  typsa  *  aai 

the  arrows  show  the  track  panned  by  the  sheet  of  paper. 
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These  gentlemen  afforded  Mr.  K5nig  and  his  asastant  Baaer,  a  German  medHiAi^ 
liberal  pecuniary  support.  In  181 1,  he  obtained  a  patent  for  a  method  of  woiUng  a  e«»> 
mon  hand-press  by  power;  bot  after  much  expense  and  labor  he  was  glad  to  renovnep 
the  scheme.  He  then  turned  his  mind  to  the  use  of  a  cylinder  for  comnmnicatiag'  tba 
pressure,  instead  of  a  flat  plate ;  and  he  finally  succeeded,  some  time  before  the  28th  No- 
Tember,  1814,  in  completing  his  printing  automaton ;  for  on  that  day  the  editors  of  the 
Times  informed  their  readers  that  they  were  perusing  for  the  first  time  a  newspaper  print- 
ed by  steam-impelled  machinery;  it  is  a  day,  therefore,  whieh  will  be  ever  memorable  in 
the  annals  of  typography. 

In  that  machine  the  form  of  type  was  made  to  traverse  horizontally  under  the  preasnre 
cylinder,  with  which  the  sheet  of  paper  was  held  in  close  embrace  by  means  of  a  series 

*  of  endless  tapes.    The  ink  was  placed  in  a  cylrndrieal  bos, 

j^  *"  which  it  was  extruded  by  means  of  a  powerflil  screw,  *e- 

j^         pressing  a  well-fitted  piston;    it  then  fell  between  two  iroa 
A-  Z^^:^  rollers,  and  was  by  their  rotation  transferred  to  sereral  other 

V'''r^'S^  ^  subjacent  rollers,  which  had  not  only  a  motion  round  their 
\^'-'^/j3^  *****  ***^  *^  alternating  traverse  motion  (endwise).  ITiis 
I  nVf i<M  I  system  of  equalizing  rollers  terminated  in  two  which  applied 

the  ink  to  the  types.  (See^g.  915.)  This  plan  of  inking  evi- 
dently involved  a  rather  complex  mechanism,  was  hence  difBeiyi 
to  manage,  and  sometimes  required  two  hours  to  get  into  good  working  trim.  It  has  been 
superseded  by  a  happy  invention  of  Mr.  Cowper,  to  be  presently  described. 

In  order  to  obtain  a  great  many  impressions  rapidly  from  the  same  form,  a  paper-eon- 
ducttng  cylinder  (one  embraced  by  the  paper)  was  mounted  upon  each  side  of  the  inking 
apparatus,  the  form  bein?  made  to  traverse  under  both  of  them.  This  doubl&«ction  ma- 
chine threw  off  1 100  impressions  per  hour  when  first  finished ;  and  by  a  subsequent  im- 
provement, no  less  than  1800. 
Mr.  Konig^s  next  feat  was  the  construction  of  a  machine  for  printing  both  sides  of 

the  newspaper  at  each  complete  tra- 
verse of  the  forms.  This  resembled 
two  single  machines,  placed  with  their 
cylinders  towards  each  other,  at  a  dis- 
tance of  two  or  three  feet;  the  sheet 
was  conveyed  from  one  paper  cylinder 
to  another,  as  before,  by  means  of  tapes ; 
the  track  of  the  sheet  exaetly  resembled 
the  letter  S  laid  horizontally,  thus,  m; 


Kooig'a  single,  for  one 
•ide  of  the  aheet. 


•le 


Konig'B  dfmble,  for  both  mdoa  of  the  aheot. 


and  the  sheet  was  turned  over  or  reversed  in  the  course  t>f  its  passage.  At  the  first 
paper  cylinder  it  received  the  impression  from  the  first  form,  and  at  the  second  it  le- 
eeived  it  from  the  second  form ;  whereby  the  machine  could  print  750  sheeu  of  book 
letter-press  on  both  sides  in  an  hour.  This  new  register  apparatus  was  erected  for  Mr. 
T.  Bensley,  in  the  year  1815,  being  the  only  machine  made  by  Mr.  Kdnig  for  pdnting 
vpon  both  sides.    See^ig.  916. 

Messrs.  Donkin  and  Bacon  had  for  some  years  previous  to  this  data  been  bosily 
engaged  with  printing  machines,  and  had  indeed,  in  1813,  obtained  a  patent  for  aa 
•>"  _^  apparatus,  in  which  the  types  were  placed  upon  the  sides  of  a  re- 

volving prism ;  the  ink  was  applied  by  a  roller,  which  rose  and 
foil  with  the  eccentricities  of  the  prismatic  surface,  and  the  sheet 
was  wrapped  upon  another  prism  fashioned  so  as  to  coincide  with 
the  eccentricities  of  the  type  prism.  One  such  machine  was 
erected  for  the  University  of  Cambridge.  <See  fi%,  917.)  It  was  a 
beautiful  specimen  of  ingenious  contrivance  and  good  workman- 
ship. Thouf  h  it  was  found  to  be  too  complicated  for  commoa 
Donkin  and  Bacon's  Operatives,  and  defective  in  the  mechanism  of  the  inkin?  process ; 
for  typo.  yet  it  exhibited  for  the  first  time  the  elastic  inking  rollers^  composed 

of  glue  combined  with  treacle,  which  alone  constitute  one  of  the  finest  inventions  of 
modern  typography.  In  Kdnig's  machine  the  rollers  were  of  metal  covered  with  leather, 
and  never  answered  their  purpose  very  wcD. 

Before  proceeding  further,  I  may  state  that  the  above  elastic  composition,  which  re- 
sembles  caoutchouc  not  a  little,  but  is  not  so  firm,  is  made  by  dissolving  with  heat  in  two 
pdnnds  of  ordinary  treacle,  one  pound  t^  good  glue,  previously  soaked  during  a  night  im 
eold  water. 

In  the  year  1816,  Mr.  Cowper  turned  his  scientific  and  inventive  mind  to  the  sobi^et 
of  printing  machines,  and  has  since,  in  co-operation  with  his  partner,  Mr.  Appk^ath, 
carried  them  to  an  unlooked-for  degree  of  perfection.  In  1816  Mr.  Cowper  obtained 
%  patent  for  curving  stereotype  plates,  for  the  pnrpose  of  fixing  them  on  %  cvlinder 
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Se? eni  machhies  so  mcninted,  eaimU^  of  prinlinff  lOOO  sheets  per  hour  upon  both 
tides,  are  at  work  at  the  present  day;  twelve  machines  on  this  principle  having  been 

tnade  for  the  Di- 
rectors of  the 
Bank  of  Eng. 
land  a  short  time 
previous  to  their 
re-issuing     sold. 

Cowper's  single,  for  cunred  Cowpet**  double,,  for  both  aide*  of  the  ^*  n*r?*'         ^^ 

stereotype.  sheet.  and  919. 

It  deserves  to  be  remarked  here,  thitt  the  same  object  seems  to  have  occupied  the 
attention  of  Nicholson,  Do nkin,  Bacon,  and  Cowper;  viz.,  the  revolution  of  the  form 
of  types.  Nicholson  sought  to  effect  this  by  giving  to  the  shank  of  a  type  a  shape  like  the 
stone  of  an  arch ;  Donkin  and  Bacon  by  attaching  types  to  the  sides  of  a  revolving 
prism;  and  Cowper,  more  successfully,  by  curving  a  stereotype  plate.  (See /g.  918.) 
In  these  machines  Mr.  Cowper  places  two  paper  cylinders  side  by  side,  and  against 
each  of  them  a  cylinder  for  holding  the  plates;  each  of  these  four  cylinders  is  about  two 
feet  in  diameter.  Upon  the  surface  of  the  stereotype-plate  cylinder,  four  or  five  inking 
rollers  of  about  three  inches  in  diameter  are  placed  ;  they  are  kept  in  their  position  bj' 
a  frame  at  each  end  of  the  said  cylinder,  and  the  axles  of  the  rollers  rest  in  vertical  slots 
of  (he  frame,  whereby,  having  perfect  freedom  of  motion,  they  act  by  their  gravity  alone,  and 
require  no  adjustment. 

The  frame  which  supports  the  inking  rollers,  called  the  waving-frame,  is  attached  by 
hinges  to  the  general  framework  of  the  machine;  the  edge  of  the  stereotype-plaie  cylin* 
der  is  indented,  and  rubs  against  the  waving-frame,  causing  it  to  vibrate  to  and  fro,  and 
consequently  to  carry  the  inking  rollers  with  it,  so  as  to  give  them  an  unceasing  traverse 
movement.  These  rollers  distribute  the  ink  over  three  fourths  of  t^e  surface  of  the 
c}iinder,  the  other  quarter  being  occupied  by  the  curved  Stereotype  plates.  The  ink  ia 
contained  in  a  trough,  which  stands  parallel  to  the  said  cylinder,  and  is  formed  by  a 
metal  roller  revolving  against  the  edge  of  a  plate  of  iron ;  in  its  revolution  it  gets 
covered  with  a  thin  film  of  ink,  which  is  conveyed  to  the  plate  cylinder  by  a  distributing 
roller  vibrating  between  both.  The  ink  is  diffused  upon  the  plate  cylinder  as  before 
described  ;  the  plates  in  passing  under  the  inking  rollers  become  charged  with  the  colored 
varnish  ;  and  as  the  cylinder  continues  to  revolve,  the  plates  come  into  contact  with  a 
sheet  of  paper  on  the  first  paper  cylinder,  which  is  then  carried  by  means  of  tapes  to  the 
second  paper  cylinder,  where  it  receives  an  impression  upon  its  opposite  side  from  the  plates 
upon  the  second  cylinder. 

Thus  the  printing  of  the  sheet  is  completed.  Though  the  above  machine  be  applicable 
only  to  stereotype  plates,  it  has  been  of  general  importance,  because  it  ibrmed  the  foun- 
dation of  the  future  success  of  Messrs.  Cowper  and  Applegath's  printing  machinery,  by 
showing  them  the  best  method  of  serving  out,  distributing,  and  applying  the  cplored  varnish 
to  the  types. 

In  order  to  adupt  this  method  of  inking  to  a  fiat  type-form  machine,  it  was  merely 
requisite  to  do  the  same  thing  upon  an  extended  flat  surface  or  table,  which  had' 
been  performed  upon  an  extended  cylindrical  surface.  Accordingly,  Messrs.  Cowper 
and  Applegath  constructed  a  machine  for  printing  both  sides  of  the  sheets  from  type,, 
including  the  inking  apparatus,  and  the  mode  of  conveying  the  sheet  from  the  one  paper 
cylinder  to  the  other,  by  means  of  drums  and  tapes.  It  is  highly  creditable  to.  the  scien- 
tific judgment  of  these  patentees,  that  in  new  modelling  the  printing  machine  they  dis- 
pensed with  forty  wheels,  which  existed  in  Mr.  Konig's  appantus,  when  Mr.  Bensle]^  re^ 
quested  them  to  apply  their  improvements  to  it 

The  distinctive  aidvantages  of  these  machines,  and  which  have  not  hitherto  been) 
equalled,  are  the  uniform   distribution  of  the  ink,  the  equality  as  well   as  delicacy 
with  which  it  is  laid  upon  the  types,  the  diminution  in  its  expenditure,  amounting  to 
920   one  half  upon  a  given  quantity  of  letter-press,  and  the  facility  with, 
which  the  whole  mechanism  is  managed.      The  band  inkiag-roller 
and  distributing-table,  now  so  common  in  every  printing-ofilce  in  Eu- 
rope and  America,  is  the  invention  of  Mr.  Cowper,  and  was  specified' 
in  his  patent.    The  vast  superiority  of  the  inking  apparatus  in  his  mm* 
chines,  over  the  balls  used  of  old,  induced  him  to  apply  it  forthwith 
to  the  common  press,  and  most  successfully  for  the  public ;   but  with 
little  or  no  profit  to  the  inventor,  as  the  plan  was  unceremoniously  in- 
fringed throughout  the  kingdom,  by  such  a  multitude  of  printers,  whether 
rich  or  poor,  as  to  render  all  attempts  at  reclaiming  his  rights  by  prose- 
Cowper**  inking      cutten  hopeless.    See  Jig,  920. 
ubu  awl  roUer.  To  construct  a  printing  machine  which  shall  throw  off  two  sides  at  ^ 

lime  with  exact  register,  that  is,  with  the  second  side  placed  preeisdy  upon  the  baok  of  th» 
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ii«,  i.  ■  wry  difflcaU  pn>bl«D,  vbJeh  «u  fint  pmuiealtr  nlral  by  Hcwi.  Api4(«Mk 
a^  Cowptt.  It  is  eomparalivelir  Muy  to  make  ■  machine  wliicti  *liaU  print  ilie  not  aide 
«r  a  shret  of  paper  firat,  and  Iben  the  other  aide,  bj  the  nmoval  of  one  form,  aad  tbe 
mlrodQctioB  of  anothert  aod  tliai  ftr  did  Mr.  Koai;  adraaee.  A  eorreet  re«iMa 
require*  Ihe  abed,  aAer  it  has  reedTed  ita  fini  impression  from  one  cjlioder,  lo  ti«vd 


Ap|i1««wh  •nd  Cowper'i  riiiiti.  *p]jleg«iS  and  CowpsA  douLl 

roond  the  peripheric  of  the  cylinders  and  drums,  at  snch  a  rate  as  lo  meet  the  tTp« 
of  the  second  xide  at  the  exact  point  which  will  ensare  this  side  falling  with  ^eome- 
trical  nicety  upon  the  back  of  the  firat.  For  this  purpose,  the  cylinders  and  drumt 
must  revolve  at  the  very  same  speed  as  the  cBrriatic  underneath  ;  hence  the  least  inmr- 
rectness  in  the  workmanship  irill  produce  such  deltclive  lypoeraphy  as  will  not  be 
endared  in  book-priotinK  at  the  present  day,  (houj|h  it  may  be  lolerated  in  newspapers. 
An  equable  distribution  of  the  ink  is  of  no  less  importance  to  beautiful  letler-preu.  See 
fif.  921,  922. 

The  machines  represented  in^ijT'-^^i^i^^i"^  different  forms  of  those  which  have 
been  patented  by  Messrs.  Applegath  and  Coffper.  That  shown  in^g'i.  ^23  and  !I23,  print* 
both  sides  of  the  sheet  during  its  passage,  and  it  capable  of  throwing  off  nearly  1000 
finished  sheets  per  hour.  The  moistened  quires  of  blank  paper  bein^  piled  npoa  a 
table  A,  the  boy,  who  stands  on  the  adjoining  platform,  takes  up  one  sheet  afler  another, 
and  lays  them  upon  the  feeder  b,  which  has  several  linen  girths  passing  across  its  nr- 
face,  and  ronnd  a  pulley  at  each  end  of  the  feeder  ;  so  that  whenever  the  pnlteys  be^ 
to  revolve,  the  molion  of  the  girths  carries  forward  the  sheet,  and  delifera  it  over  the 
enteriAi;  roller  e,  where  it  is  emhraeed  between  two  series  of  endless  tape*,  that  pass 
roond  a  series  of  tension  rollers.  These  tapes  are  to  placed  as  lo  fall  partly  between, 
and  partly  exterior  lo,  the  pages  of  the  prinling;  whereby  they  remain  in  elose  conlafi 
with  the  sheet  of  paper  on  both  of  it*  sides  during  its  pragma  throttgh  the  machine-  Tte 
paper  is  thus  condncted  from  the  first  prinling  cylinder  r,  to  the  second  cylinder  c, 
without  having  the  truth  of  its  register  impaired,  so  that  the  coincidence  of  Ihe  two 
page*  is  perrecl.  These  two  great  cylinders,  or  drams,  are  made  of  cast  iron,  tamed  per- 
Ibctly  true  npon  a  setf-acling  lathe;*  they  are  clothed  in  these  pari*, oorreapondii^  to  the 
Ijpographie  impression,  with  Sne  woollen  cloth,  called  blatdteli  by  the  pressmen,  aad 
revolve  upon  powerful  shans  which  rest  in  brass  hearlngB  of  the  strong  fmoiinE  of  lb? 


■Mhine.  These  bearings,  or  plammer  blocks,  are  snteeptible  of  any  decree  of  adlmi. 
neat,  by  *et  screws.  The  drums  h  and  i  are  mad^of  wood ;  they  terte  to  coodtict  tk* 
«haet  evenly  froa  Ihe  one  printing  cylinder  to  the  other. 

One  teries  of  tapes  oommenees  at  the  upper  part  of  the  entering  dmm  a,  prxiceada  ■■ 
Mitaet  with  the  right-hand  side  and  under  surface  of  the  printing  cylinder  r,  j-jim 
^^Mtara  wKM.««d  wHh mvb  iihuin xU  taraiaf  of  ihw pau ejlMm ia  Mm^w.  Owpn^  - -i     _  ^ 
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mall  tension  rollnv  a,b,c,d.  Jig,  925,  and  finally  arrives  at  the  roller  E,  which  may 
be  called  Ihe  commencement  of  the  one  series  or  endle^a  tapes.  The  Other  seriei  may 
bt  (Opposed  to  eommence  al  Ihe  roller  ft  ;  il  has  an 'equal  number  of  tape*,  aad  cor- 
mponds  with  Ihe  rormer  in  being  placed  upon  Ihe  cylinileis  ?o  that  Ihe  sheets  of  paper 
nay  be  held  securely  between  them.  This  second  series  descends  Trom  Ihe  roller  X, 
fig.  929,  to  the  entering  dcum  e,  where  it  meets  and  coincides  wilh  the  first  series  in 
nieha  way  Ibal  bolh  lelsoriapes  proceed  loKclher  unjir  Ihe  priming  cylinder  r,ovir  h, 
ndtr  1,  and  monj  o,  until  Ihej  arrive  al  Ihe  toiler  i,  ^g.  923,  where  Ihey  separaie,  afler 
karini  eonlinoed  in  contact,  except  al  the  places  where  ihe  sheets  of  poprr  are  held 
between  tbem.  The  tapes  descend  from  Ihe  roller  i,to  a  roller  al  A:,  and,  alter  passing  in 
(ODlaet  wilh  rollers  at/,  ni,R,  they  finally  arrive  al  the  roller  A,  where  Ihey  w«re  guppoMd 
to  comiDence.  Hence  two  series  of  tapes  ad  invariably  in  cnnlaci,  without  the  leasl 
mulDal  inlerference,  as  may  be  seen  by  inspection  of  Ihe  iSfti.  933,924.925. 

The  variona  cylinders  and  drums  revolve  very  truly  by  means  o(  a  system  of  tpothed 
wheels  and  pinions  maanled  at  their  ends.  Two  hurizonlol  Tornis  of  type's  are  Hsid  at  a 
certain  distance  apart  upon  the  lone  carriaEe  M,  adjoining  lo  each  of  which  there  in  B  Hal 
metallic  plate,  or  inking  table,  in  Ihe  same  plane.  The  common  carriaire,  bearing  its  two 
fbnna  of  type  and  two  inking  tables,  is  moved  backwards  and  forwards,  fVom  one  end  of 
(be  printina  machine  lo  the  other,  upon  rollers  attached  lo  the  frame-work,  and  in  its 
traverse  brinp  the  types  into  contact  with  the  sheet  of  paper  cln>pett  by  the  lares  round 
Ihe  surfaces  af  the  prinlioi!  cylinders.  This  allemale  movement  of  ihe  carriwie  il  prt>. 
dnced  by  a  pinion  working  alternately  into  the  opposite  sides  of  a  rack  uttder  the  table. 
The  pinion  is  driven  by  ihe. bevel  wheels  K. 

The  mechanism  for  supplying  ihe  ink,  and  distribnling  it  over  the  forms,  is  onp  of  Ihe 
most  ingenioDS  and  valuable  inventions  belonging  to  this  incomparable  machine,  and  is 
so  nicety  adjusted,  that  a  single  grain  of  Ihe  pismeni  may  suffice  for  printing  one  aide 
cf  a  shepl.  Two  similar  sets  of  inking  apparatus  are  provided ;  one  al  each  end  .if  Ih* 
machine,  adapted  to  ink  its  own  form  of  type.  The  melal  roller  l,  called  the  ifacfor 
roller,  as  il  draws  out  Ihe  supply  of  ink,  has  a  slow  rolalory  motion  communicaled  lo  it 
by  a  eateot  cord,  which  passes  round  a  miBll  palley  upon  the  end  i>f  Ihe  shah  of  the 
printing '  cylinder  o.  A  horiBinlal  plate  of  melal,  wilh  a  straight-ground  edge,  is 
taljusl^  hy  set  Screws,  so  as  lo  stand  nearly  in  conlacl  with  Ihe  duclor  roller.  This  plate 
his  aa  upright  ledge  behind,  converting  it  into  a  sort  of  trough  or  magazine,  ready  to 
impart  a  coding  c^  ink  lo  the  roller,  as  it  revolves  over  the  table.  Another  Toiler, 
covered  with  elaslic  eomposilion  (tee  npr/i),  called  Ihe  vihralinz  roller,  is  made  lo  travel 
between  the  dacior  roller  and  the  inking  table ;  the  vihniiihg  roller,  as  it  rises,  louche* 
•he  doctor  roller  for  an  instant,  nhstracu  a  lilai  of  ink  fmm  il,  and  Ihen  descends  to 
transfer  il  lo  Ihe  table.  There  are  3  or  4  small  rollers  of  dislribulion,  placed  soroewbat 
diiEonally  acroB*  Ihe  Ub!e  al  »,  (inclined  only  2  inches  from  a  parallel  lo  the  end«f  (ho 
frame,)  fiimished  wilh  long  slender  ailes,  resting  in  vertical  slof,  whereby  they  ar« 
left  at  Hbertylorevolveandlolr»verseatthrBametimei  by  which  compound  movamenl 
Ihey  are  eaahled  ta  efface  all  inequality  in  the  tarftce  of  the  famish,  or  lo  effect  a  per- 
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Um  at  iak,  to  be  umncdHtel;  traaderrej  b;  Ibcm  lo  Ike  tTpcs.  Hoiee  each  line  IbM 
Ihf  forms  make  a  complele  IrmverBc  to  and  fro,  vhidi  is  requjute  for  the  printin;  of  ererf 
ibttl,  thty  are  tonebed  no  Ins  than  eight  timei  by  ibe  inking  nilleri.  Both  the  ditlrtb»- 
tin;  and  inking  roller*  turn  in  dolt,  which  permit  them  toriie  aDdfall  >o  aito  bear  with 
■heir  whale  weight  upon  the  inking  table  and  Ifae  form,  wherebr  Iher  nerer  itand  in  need 
of  any  adjnslmeDt  hj  acrewB,  bul  are  alwayi  read;  for  work  when  dntppei]  inio  their 
TCspeetive  places. 

Motion  is  given  to  the  whole  lyalem  of  apparatus  by  a  itrap  from  a  Iteim  engine  goinf 
nmnd  a  pnlle;  placed  at  Ihe  end  of  the  axle  at  the  back  of  the  flame  ;  one  steam-holte 
paver  being  adequate  to  drive  two  double  printing  machines ;  while  a  sii^e  machine 
mar  be  diiten  bj'  The  power  of  tVo  men  acting  upon  a  fly-wheel.  In  Mcmtb.  Clowea' 
nublishment,  in  Stamfonl-streel,  Iwo  fiTe-horee  engines  actuate  nineteen  of  The  above 
described  machines. 

The  operation  dT  printing  ia  performed  as  Ibllows :— See^g.  926. 

Tbe  sheets  being  carefullT  laid,  obe  by  one,  upon  the  linen  girthi,  at  Ibe  feeder  b,  the 
rollen  c  and  d  are  n»de  to  move,  by  means  (^  a  segment  wheel,  thmugh  s-portion  of  a 
retolution.  This  movement  carries  on  the  sheet  of  paper  sulKciently  to  inlnidnee  it  be- 
tween the  two  series  of  endless  tapes  *l  Ihe  poinl  where  they  meel  each  other  npon  the 
enlering  drum  t.  As  soon  b«  Ihe  (heel  ii  fairiy  embraced  between  the  tapes,  Ihe  rollers 
c  and  D  are  drawn  back,  by  the  operation  of  a  weight,  lo  their  original  position,  so  as 
10  be  ready  to  introduce  another  sheet  into  Ihe  machine.  The  Bhcet,  advancing  between 
the  endless  tapes,  applies  itself  to  the  tdanhet  npon  the  printing  cylinder  r,  and  as  il 
revolve*  meets  the  first  form  of  types,  and  receives  their  impression  ;  after  being  thns 
(ffinted  on  one  side,  il  is  earrieit,  over  h  and  under  r,  lo  the  blanket  upon  Ihe  printing  cy- 
linder o,  where  it  is  placed  In  an  inverted  posiiion ;  the  primed  side  being  now  in  conisct 
with  the  blanket,  and  the  white  side  being  outwards,  meets  the  second  form  of  types  at  the 
proper  inslnnl,  so  as  lo  receive  Ihe  second  impression,  and  get  completely  pnnlrd.  Tbe 
perfect  sheet,  on  arriving  at  the  point  i,  where  the  two  series  of  tapes  separate,  is  tossed 
out  by  centrifugal  force  into  the  hands  i^a  boy. 

Hie  diagram,  fig.  9£6,  shows  Ihe  arrangement  of  Ihe  tapes,  agreeably  to  the  preced- 
VM  ing  description;    the    feeder    b,   with   Ihe 


rollers  c  ami  d,  is  seento  have  an  independent 
endless  girth. 

The  diagram,  fig.  927,  explains  the 
structure  of  the  great  machine  contrived 
by  Messrs.  Apptei^ath  and  Cowper  fof 
printing  the  Tima  newspaper.  Here 
there  are  four  places  lo  lay  on  Ihe  sheets, 
and  fi>ur  lo  take  Ihem  off;  consequently, 
the  assistance  of  eight  lads  is  rei|uired. 
r.  F.  p,  p,  are  the  four  piles  of  paper  | 
the  fovr  entering  dmms,  upon  which 


I,E, 


t  conducted  lo  the 
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f^ar  pnati^g .  eylioden  1, 2, 3^  4^;  t  is  Uxe  form  of  tjpe ;  j,  i»  axe  tvo  inkiiur  taUo,  d 
wbieh  one  U  plucod  af.  €ftqk  end  of  ibe  form.  The  inkipfl;  apjmratus  is  simflar  to  Unl 
above  describe!,  with  the  a4diti<>a  of  two  central  inking  rollen  r,  which  likewise  nctm 
tU^  ink  from  the  inking  tables.  Yhe  printing  cylinders  1, 2^  3,  4^  are  made  to  rise  ud 
fail  about  half  an  inch ;  the  first  and  third  sin^nltaneoosly,  as  also  the  second  and  fbutli. 
The  furm  of  type,  in  passing  from  a  to  b,  prints  sheets,  at  1  and  3 ;  in  returning  from  i  to 
A,  it  prints  sheets  at  4  and  2 ;  while  the  cylinder  alternately  falls  to  give  the  impretnon, 
and  rises  to  permit  the  form  to  pass  untouched. 

Each  of  the  lines  marked  /.consists  of  two  endless  tapes,  which  ran  in  contact  at  tke 
parts  shown,  but  separate  at  the  entering  drums  i^  and  at  the  taking  off  parts  0|  Mi'*' 
The  return  of  the  ^pes  to  the  entering  drum  is  omitted  in  the  diagram,  to  avoid  eoniisioi 
cff  the  lines. 

The  sheets  of  paper  being  laid  upon  their  respective  feeding-boards^  with  the  five 
edges  just  in  contact  with  the  entering  drum,  a  email  roller,  ealled  the  dropdovn 
toiler,  falls,  at  proper  iatfirvals,  down  upon  the  edges  of  the  sheets ;  the  drnm  and  tke 
voUer  being  then  removed,  instaatly  carry  on  the  sheet,  between  the  tapes /,down«iris 
to  the  printing  cylinder,  and  theace  upwards  to  o^  o,  o,  o,  where  the  tapes  are  parted,  ud 
the  sheet  falls  into^the  hands  of  the  attendant  boy.  This  noble  mechanisn  is  so  pcr- 
Kfecily  equipped,  that  it  is  generally  in  fall  work  within  four  minutes  after  thefonnis 
brought  into  the  machine-room.  The  speed  of  Konig's  machine,  by  which  the  7t«tt 
was  formerly  printed,  was  such  as  to  turn  out  1800  papers  per  hour ;  that  of  Ap|))egttk 
and  •  Cowper  tiirows  off  4200  per  hour,  and  it  has  been  daily  in  use  during 


PRUSSIAN  BLUE,  and  FRUSSIATE  OF  POTASH,  are  two  important  artides  of 
chemical  manufacture,  which  must,  be  considered  together.  The  first  is  called  by  Eoflisk 
chemists,  Ferrocycmodidi.  of  iron,  the  Cytumn  furotO'/erriqut  of  Benelius;  £tMiUfs> 
•oare*  siMiioiyri,  or  eifsacyanur  -feisencyawid,  Germ. ;  the  second  is  called  Ferfocffn^t 
pf  potattium,  the  Cyansrt  ferroso^potastique  of  Berxelius ;  Eiseneifatmr4ealiiM,  eysaci- 
ssn  -|-  cyankalium  or  Blausaure*  eUenoxyduUkalif  Germ. 

Prussian  blue  (BerUn^r-bUm,  Germ.),  is  a  chemical  compound  of  iron  and  eysMgn. 
When  organic  matters,  abounding  in  nitrogen,  as  dried  blood,  horns,  hair,  skins,  or 
hoofs  of  animals,  are  triturated  along  with  potash  in  a  strongly  ignited  iron  pot,  t  dsik 
fray  mass  is  obtained,  that  affords  to  water  the  liquor  originally  called  /mvtsm  mb- 
gimiu,  or  blood-ley,  which,  by  evaporation,  yields  lemon-oplored  crystals  in  large  reetu- 
gular  tables,  bevelled  at  the  edves.  This  salt  is  called  in  commeree,  prussiate  of  poissk, 
and  has  for  its  ultimate  constituents,  potassium,  iron,  oxygen,  and  hydrogen  (the  htter 
two  in  such  proportions  as  to  form  water),  and  the  peciriiar  compound  CvAJtoGiv,  the 
Uaasto/f  of  the  Germans. 

These  crystals  consist,  in  100  parts,  of  potassium  37-02,  iron  12-82,  cyanogen  37*40, 
water  12*76;  or,  cyanide  of  potassium  61-96,  cyanide  of  iron  25*28,  and  water  I2*7& 
They  may  be  represented  also  by  the  following  composition  t  44*68  of  potassa,  38*SS  d 
hydrocyanic  or  prussic  acid,  and  16*60  of  oxyde  of  iron,  in  100  parts;  but  the  first  ippesn 
to  be  their  true  chemical  constitution.  Dry  ferrocyanodide  of  potassium  is  a  oMSponw  of 
one  atom  of  cyanide  of  iron,  54  =  (28  -f-  26),  and  2  atoms  of  cyanide  of  potassims,  132,= 

(26Xft  +  40  X  2);  the  sum  being  186 ;  hydrogen  being  10  in  the  scale  of  eqoinleB^ 
The  crystals  of  pmsshrti^'Of  potash  are  nearly  transparent,  soft,  of  a  sweetish  ssfine  nd 
somewhat  bitterish  taste,  soluble  in  4  parts  of  water  at  52^  P.,  and  in  1  part  of  VfSm 
water,  but  insoluble  in  alcohol.  They  are  permanent  in  the  air  at  ordinary  tempcrs^res, 
but  in  a  moderately:  jvarm  stove-room  they  part  with  ]2{  per  cent,  of  water,  vithmt 
kwing  their  form  or  coherence,  and  becomes  thereby  a  white  fHable  anhydrous  femey- 
iodide  of  potassium,  consisting  of  42-44  potassium,  42*87  cyanogen,  and  14*69  inn,  is 
100  parts. 

This  suit  is  an  excellent  reagent  for  distinguishing  metals  fh>m  each  other,  is  As 
following  Table  of  the  precipitates  which  it  throws  down  from  their  saline  solntaoBsn 
ihow : — 

*  I 

M«lalUo  aoluKions.  Color  of  pndpitat*. 

Antimony    -----      •        •        -  white. 
Bismuth          -        -        -        -    -  '  white. 

Cadmium     -       -       -  •      •       -  white,  a  little  ydlowish. 

Oarium  (protoxyde)         •       -    -  white,  soluble  in  acids. 

Cobalt    •..*-•  green,  soon  turning  reddish-gray* 

•  Coppat (protoxyde)-        •        -    -  white,  changing  to' red. 

Do.    (peroxide)       ....  brown-red. 

Iron  (protoxyde)      -        -       -    -  white,  rapidly  turning  blue. 

Do.    (peroxyde)       .        •        •  dark  bluis. 

t»ead  -  -        .        .    .  white,  with  a  yellowish  cast. 

Mangaaose  (protoxfde)       -       •  white,  turning  quickly  peach  or  falood-icd. 
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iocr 


MtUUieiolaliaM. 
Mangaaese  (deutoxyde) 
Mercury  (protoxyde)   - 

Do.    (peroxyde) 
Molybdeoam 
Nickel  (oxyde) 
Palladium  (protoxyde) 
Silver  .  -  - 

Tantalum 
Tin  (protoxyde) 
Bo.  (peroxyde) 
Uranium 
Zinc      .  -        - 


greenish-gray. 

white. 

white,  turning  bine. 

dark  brown. 

white,  turning  greenish. 

green  (gelatinous.) 

white,  taming  brown  in  the  light* 

yellow,  dark  homed  color. 

white>  (gelatinous.) 

yellow,        do. 

red-brown. 

white. 


No  precipitations  ensue  with  solution^  of  the  alkaline  or  earthy  salts,  except  that  of 
yttria,  wbieh  is  white;  nor  with  those  of  gold,  platinum,  rhodium,  iridium,  osmium, 
(in  concentrated  solutions)  tellurium,  chromiuna,  tungstenium.  All  the  precipitates 
oy  the  ferrocyanodide  of  iron,  are  double  compounds  of  cyanide  of  iron  with  cyanide  of 
the  metal  thrown  down^  which  is  produced  by  the  reciprocal  decomposition  of  the 
tyaaide  of  potassium  and  the  peculiar  metallic  oxyde  present  in  the  solution.  The  pre- 
cipitate from  the  sulphate  of  copper  has  a  fine  brown  color,  and  has  been  used  as  a 
pigment ;  but  it  is  somewhat  ^nsparent,  and  therefore  does  not  cover  well.  The  pre- 
cipitate fr6m  the  peroxyde  salts  of  iron  is  a  very  intense  Prussian  blue,  called  on  the 
continent,  Paris  blue.  It  may  be  regarded  as  a  compound  of  prassiate  of  protbxyde  and 
prussiate  of  peroxyde  of  iron  ;  or  as  a  double  cyanide  of  the  protoxyde  and  peroxyde  of 
iron,  as  the  denomination  cyannre  ftrroso-ferrique  denotes.  In  numbers,  its  composition 
may  be  therefore  stated  thus :  prussic  or  hydrocyanic  acid,  48*48;  protoxyde  of  iron,  20*73 ; 
peroxyde  of  iron,  30*79 ;  or  c.vanogen,  46-71 ;  iron,  37-36;  water,  15*93;  which  repre- 
sent its  eonstitntion  when  it  is  formed  by  precipitation  with  the  prussiate  of  potash  or  a 
salt  of  iron  that  contairis  no  protoxyde.  If  the  iron  be  but  partially  peroxydized  in  the 
salt,  it  will  afford  a  precipitate,  at  fijrst  pale  blue,  which  turns  darlT  blueln  the  air,  coD- 
sistSng  of  a  mixture  of  prussiate  of  protoxyde  and  prussiate  of  peroxyde.  In  fact,  the 
white  cyanide  of  iron  (the  prussiate  of  the  pure  protoxyde),  when  exposed  to  the  air  in  a 
moist  condition,  becomes,  as  above  stated,  dark  blue ;  yet  the  new  combination  formed 
in  this  case  through  absorption  of  oxygen,  is  essentially  different  from  that  resulting  from 
the  precipitation  by  the  peroxyde  of  iron,  since  it  contains  an  excess  of  the  peroxyde  in 
addition  to  the  usual  two  cyanides  of  iron.  It  has  been  therefore  called  basic  Prussian 
blue,  and,  from  its  dissolving  in  pure  water,  soluble  Pmssian  blue. 

Both  kinds  of  Prussian  blue  agree  in  beiug  void  of  taste  and  smell,  in  attracting 
humidity  Orom  the  air  when  they  are  artificially  dried,  and  being  decomposed  at  a  heat 
above  348°  F.  The  neutral  or  insoluble  Prussian  blue  is  not  affected  by  alcohol;  the 
ba^ic,  when  dissolved  in  water,  is  not  precipitated  by  that  liquid.  Neither  is  acted  upon 
by  dilute  acids ;  but  they  form  with  concentrated  sulphuric  acid  a  white  pasty  mass, 
from  which  they  are  again  reproduced  by  the  action  of  cold  water.  They  are  decom- 
posed by  strong  sulphuric  acid  at  a  boiling  heat,  and  by  strong  nitric  acid  at  comnM>n 
temperatnres ;  but  they  are  hardly  affected  by  the  muriatic.  They  become  ^reen  with 
chlorine,  but  resume  their  blue  color  when  treated  with  disoxydizing  reagents.  When 
Prussian  blue  is  digested  in  warm  water  along  with  potash,  soda,  or  lime,  peroxyde  of 
iron  is  separated,  and  a  ferroprussiate  of  potash,  soda,  or  lime  remains  in  solution.  li 
the  Prussian  blue  has  been  previously  purified  by  boiling  in  dilute  muriatic  acid,  and 
washing  with  water,  it  will  afford  by  this  treatment  a  solution  of  ferrocyanodide  of  po- 
tassium, from  which  by  evaporation  this  salt  may  be  obtained  in  its  purest  crystalline 
state.  When  the  powdered  Prussian  blue  is  diffused  in  boiling  water,  and  4ig^ted  with 
red  oxyde  of  mercury,  it  parts  with  all  its  oxyde  of  iron,  and  forms  a  solution  of  bi-cy- 
anodide,  improperly  called  prussiate  of  mercury  ;  consisting  of  79*33  mercury,  and  20*67 
cyanogen ;  or,  upon  the  hydrogen  equivalent  scale,  of  2(>0  mercury,  and  52=(26X2) 
cyanozen.  When  this  salt  is  gently  ignited,  it  aUbrds  gaseous  cyanogen.  Hydrocyanic 
or  prussic  acid,  which  consists  of  1  atom  of  cyanogen  =  26,  -|-  1  of  hydrogen  =  1,  is 
prepared  by  distilling  the  mercurial  bi>cyanide  in  a  glass  retort  with  the  saturating  qtian- 
tily  of  dilute  muriatic  acid.  Pmssic  acid  may  also  be  obtained  by  precipitating  the  mer- 
cury by  sulphureted  hydrogen  gas  from  the  solution  of  its  cyanide ;  as  also  by  distilling 
the  ferrocyanide  of  potassium  along  with  dilute  sulphuric  acid.  Pmssic  acid  is  a  very 
voktile  lisht  fluid,  eminently  poisonous,  and  is  spontaneously  decomposed  by  keeping,  es- 
pecially when  somewhat  concentrated. 

Having  expounded  the  chemical  constitution  of  Pmssian  blue  and  pmssiate  of  potash, 
I  shall  now  treat  of  their  mawifaciure  upon  the  commercial  icaU, 

1.  Of  bloodMy,  the  phlogisticated  alkali  of  Scheele.  Amoni?  the  animal  sahstances  used 
fbr  the  preparation  of  this  lixivium,  blood  deserves  the  preference,  where  it  can  be  had 
ch'T'-  —  **«{•>•      It  mnst  h^  evnpnratM)  to  perfect  dryness,  rednced  tn  nowder.  and  sUled. 
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Hoofs,  parings  of  honis,  hides,  old  woollen  ntgs,  and  other  aniiml  ofials,  are,  howetCTy 
generally  had  recourse  to,  as  condensing:  mostazotised  matter  in  the  smallest  bnlk.  Dried 
funguses  have  been  also  prescribed.  These  animal  matters  inay  either  be  first  carbonised 
in  cast  iron  cylinders,  as  for  the  manufacture  of  sal  ammoniac  (which  see),  and  the  reudad 
charcoal  may  be  then  taken  for  making  the  ferropnissiate ;  or  the  dry  animal  matters  may 
be  directly  employed*  The  latter  process  is  apt  to  be  exceedingly  c^enshre  to  the  woik- 
men  and  neii^hborhood,  from  the  nauseous  vapocs  that  are  exhaled  in  it.  Eight  poondi 
of  horn  (hoofe),  or  ten  pounds  of  dry  blood,  alford  upon  an  average  one  pound  <i  charcoaL 
This  must  be  mixed  well  with  good  pearlash,  (freed  previously  from  most  of  the  sulphate 
of  potassa,  with  which  it  is  always  contaminated),  either  in  the  dry  way,  or  by  soaking 
the  bruised  charcoal  with  a  strong  solution  of  the  alkali ;  the  proportion  being  one  part 
of  carbonate  of  potassa  to  from  1^  to  2  parts  of  charcoal,  or  to  about  eight  parts  of  hard 
animal  matter.  Gautier.has  proposed  to  calcine  three  parts  of  dry  blood  with  one  of  ni 
tre ;  with  what  advantage  to  the  manufacturer,  I  cannot  discover. 

The  pot  for  calcining  the  mixture  of  animal  and  alkaline  matter  is  egg-shaped  as 
represented  at  a,  Jig,  ^28,  and  is  considerably  narrowed  at  the  neck  «,  to  facilitate  the 
closing  of  the  mouth  with  a  lid  i.    It  is  made  of  past  iron,  about  two  inches  thick  in  the 

belly  and  bottom;  this  strength  being  re%ai- 
,  site  because  the  chemical  action  of  the  ma- 
terials wears  the  metal  fast  away.  It  should 
be  built  into  the  furnace  in  a  direction  slopiag 
downwards,  (ihore  than  is  shown  in  the  figwe), 
and  have  a  strung  knob  b,  projecting  from 
its  bottom  to  support  it  upon  the  back  wall, 
v.'hile  its  shoulder  is  embraced  at  the  armsc,^ 
by  the  brickwork  in  front.  The  interior  of 
the  furnace  is  so  formed  as  to  leave  bot  a 
space  of  a  few  inches  round  the  pot,  in  order 
to  make,  the  flame  play  closely  over  its  whole 
z]  S^^^^^  \JJJ  surface.    The  fire-door /^^  and  the  draugbt- 

grslv^V^ysusi  Vx^:  '  ^  v^  ^^'^  '>  '^^  ^®  ash-pit,  are  placed  in  the  pos. 

i^-  <^  >^^i{^\.>>cN  v-^^^^-  ^^N  #  >M  lerior  part  of  the  furnace,  in  order  that  the 

workmen  may  not  be  incommoded  by  the  heat.  The  smoke  vent  o,  issues  through  the 
arched  top  k  of  the  furnace,  towards  the  front,  and  is  thence  led  backwards  by  a  fine  to 
the  main  chimney  of  the  factory,  d  is  an  iron  or  stone  shelf,  inserted  before  the  mouth 
of  the  pot,  to  prevent  loss  in  shovelling  out  the  semi4iquid  paste.  The  pot  may  be  half 
filled  with  the  materials. 

The  calcining  process  is  different,  according  as  the  animal  substances  are  fresh  or 
carbonized.  In  the  first  case,  the  pot  must  remain  open,  to  allow  of  diligent  stirring  of 
its  contents,  with  a  slightly  bient  flat  iron  bar  or  scoop,  and  of  introducing  more  of  the 
mixture  as  the  intumescence  subsides,  during  a  period  of  five  or  six  hours,  till  the  aaa- 
seous  vapors  cease  to  rise,  till  the  flame  becomes  smaller  and  brighter,  and  till  a  nwU 
of  ammonia  be  perceived.  At  this  time,  the  heat  should  be  increased,  the  mouth  of  the 
pot  should  he  shut,  and  opened  only  once  every  half  hour,  for  the  purpose  of  working  the 
mass  with  the  iron  paddle.  When  on  opening  the  mouth  of  the  pot,  and  stirring  the 
pasty  mixture,  no  more  flame  rises,  the  process  is  finished. 

If  the  aninuJ  ingredients  are  employed  in  a  carbonized  state,  the  pot  mnst  be  fhat 
as  soon  as  its  contents  are  brought  to  ignition  by  a  briskly  urged  fire,  and  opened  for  a 
few  seconds  only  every  quarter  of  an  hour,  during  the  action  of  stirring.  At  first,  a 
body  of  flame  bursts  forth  every  time  that  the  lid  is  rcmoved ;  bot  by  decrees  this 
ceases,  and  the  mixture  soon  agglomerates,  and  then  soAens  into  a  paste.  Though  the 
fire  be  steadily  kept  up,  the  flame  becomes  less  and  less  each  time  that  the  pot  is  opened ; 
and  when  it  ceases,  the  process  is  at  an  end.  The  operation,  with  a  mass  oif  50  pounds  of 
charcoal  and  50  pounds  of  purifled  pearlash,  lasts  about  12  hours,  the  first  time  that  the 
fbmace  is  kindled ;  but  when  the  pot  has  been  previously  brought  to  a  state  of  ignition, 
it  tidces  only  7  or  8  hours.  In  a  well-appointed  factory,  the  fire  should'  be  invariably 
maintained  at  the  proper  pitch,  and  the  pots  should  be  worked  with  relays  of  opera- 
tives. 

The  molten  mass  is  now  to  be  scooped  out  with  an  appropriate  iron  shovel,  having  a  long 
shank,  and  caused  to  cool  in  small  portions,  as  quickly  as  possible ;  bot  not  by  throwing 
it  into  water,  as  has  sometimes  been  prescribed ;  for  in  this  way  a  good  deal  of  the  cyan- 
ogen is  converted  into  ammonia.  If  it  be  heaped  up  and  kept  bot  in  contact  with  air, 
tome  of  the  ferrocyanide.is  also  decomposed,  with  diminution  of  the  product.  The 
crude  mass  is  to  be  then  put  into  a  pan  with  cold  water,  dissolved  by  the  application  of 
a  moderate  he4t,  and  filtered  through  clolhs.  The  charcoal  which  remains  opon  the 
filter  possesses  the  properties  of  decoloring  sirups,  vinegars,  Ilc.,  and  of  destroying  smells 
in  a  pre-eminent  degree.  It  may  also  serve,  when  mixed  with  fVesh  animal  coal,  for  an- 
other calcining  operation. 
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Aft  ttie  iron  reqfvisite  for  tke  foriMtioii  of  the  ferroeyanide  is  in  gerieral  derived  frotn 
the  sides  of  the  pot,  this  is  apt  to  weai'  out  into  holes,  especially  at  its  under  side,  where 
the.  heat  is  greatest.  In  this  event,  it  may  be  taken  out  of  the  furnace,  patched  itp 
with  iron-rust  cement,  and  re-inserted  inth  the  sound  side  undermost.  The  erosion  of 
the  pot  may  be  obviated  in  some*  measure  by  mrixin^  iron  borings  or  cinder  (ham- 
merschlag)  with  the  other  materials,  to  the  amoaat  of  one  or  two  hundredths  of  the 
potash. 

The  above  lixivium  is  not  a  solution  of  pure  ferroprussiate ;  it  contains  not  a  little 
cyanirle  of  potassium,  which  in  the  course  of  the  process  had  not  absorbed  the  proper 
dose  of  iron  to  form  a  ferrocyanide;  it  contains  also  more  or  less  carbonate  of  potash, 
with  phosphate,  sulphate,  hydrogenate^- sulphuret,  muriate,  and  sulpho-cyanide  of  the 
same  base,  as  well  as  phosphate  of  lime ;  substances,  derived  partly  from  the  impure  pot- 
ash, and  partly  from  the  incinerated  animal  matters.  Formerly  that  very  complex  impure 
solution  was  employed  directly  for  the  precipitation  of  Prussian  blue  ;  but  dow,  in  all  wdl 
regulated  works,  it  is  converted  by  evaporatiotvand  cooling  into  crystallized  ferroprussiate 
of  potash.  The  mother-water  is  again  evaporated  and  crystallized,  whereby  a  somewhat 
inferior  ferroprussiate  is  obtained.  Before  evaporating  the  ley,  however,  it  is  advisable  to 
add  as  much  solution  of  sreen  sulphate  of  iron  to  it,  as  will  re-dissolve  the  white  precipi- 
tate of  cyanide  of  iron  which  first  falls,  and  thereby  convert  the  cyanide  of  potassium, 
which  is  present  in  the  liquor,  into  ferrocyanide  of  potassium.  The  commercial  prus- 
siate  of  potash  may  be  rendered  chemically  pure  by  making  its  crystals  effloresce  in  a 
stove,  fusing  them  with  a  gentle  heat  in  a  glass  retort,  dissolving  the  mass  in  water, 
neutralizing  any  carbonate  and  cyanide  of  potash  that  may  be  present  with  acetic  add. 
then  precipitating  the  ferroprussiate  of  potash  by  the  addition  of  a  sufficient  quantity  of 
alcohol,  and  finally  crystallizing  the  precipitated  sidt  twice  over  in  water.  The  sulphate 
of  potassa-may  be  decomposed  by  acetate  of  baryta,  and  the  resulting  acetate  of  potassa 
removed  by  alcohoL 

2.    The  precifdlation  of  Prussian  blue. — Green  sulphate  of  iron  is  always  employed 
by  the  inanufacturer,  on  account  of  its  cheapness,  for  mixing  with  solution  of  the  ferro- 
prussiate, in  forming  Prussian  blue,  though  the  red  sulphate,  nitrate,  or  muriate  of  iron 
wouM  aflford  a  much  richer  blue  pigment.     Whatever  salt  of  iron  be  preferred,  should  be 
carefully  freed  from  any  cupreous  impregnation,  as  this  would  give  the  pure  blue  a 
dirty  browaish  cast.    The  green  sulphate  of  iron  is  the  most  advantageous  precipitant, 
on  account  of  its  affording  protoxyde,  to  convert  into  ferrocyanide  any  cyanide  of  po- 
tassium that  may  happen  to  be  present  in  the  uncrystallized  lixivium.    ^Ihe  carbonate 
of  potash  in  that  lixivium  might  be  saturated  with  sulphuric  acid  before  adding  the 
solution  of  sulphate  of  iron;  but  it  is  more  commonly  done  by  adding  a  certain  portion 
of  alum;  in  which  case,  alumina  falls  along  with  the  Prussian  blue;    and  though  it 
renders  it  somewhat  paler,  yet  it  proportionally  increases  its  weight ;   whilst  the  acid  of 
the  alum  saturates  the  ^arhonate  of  potash,  and  prevents  its  throwing  down  iron-oxyde, 
to  degrade  by  its  brown-red  tint  the  tone  of  the  blue.     For  every  pound  of  pearlash 
used  in  the  calcination,  from  two  to  three  pounds  of  alum  are  employed  in  the  precipi- 
tation.    When  a  rich  blue  is  wished  for,  the  free  alkali  in  the  Prussian  ley  may  be  partly 
saturated  with  sulphuric  acid,  before  adding  the  mingled  solutions  of  copperas  and 
alum.     One  part  of  the  sulphate  of  iron  is  generally  allowed  for  15  or  20  parts  of  dried 
blood,  and  2  or  3  of  horn-shavings  or  hoofs.    But  the  proportion  will  depend  very 
much  npon  the  manipulations,  which,  if  skilfully  conducted,  will  produce  more  of  the 
cyanides  of  iron,  and  require  more  copperas  to  neutralize  them.    The  mixed  solutions 
of  alum  and  copperas  should  be  progressively  added  to  the  ley  as  long  as  they  produce 
any  precipitate.    This  is  not  at  first  a  fine  blue,  but  a  greenish  gray,  in  consequence  of 
the  admixture  of  some  white  cyanide  of  iron ;  it  becomes  gradually  blue  by  the  absorption 
of  oxygen  from  the  air,  which  is  favored  by  agitation  of  the  liquor.    Whenever  the 
color  seems  to  be  as  beautiful  as  it  is  likely  to  become,  the  liquor  is  to  be  run  off  by  a 
spigot  or  cock  from  the  bottom  of  the  precipitation  vats,  into  flat  cisterns,  to  settle. 
The  clear  supernatant  fluid,  which  is  chiefly  a  solution  of  sulphate  of  potash,  is  then 
drawn  off  by  a  syphon ;   more  water  is  run  on  with  agitation  to  wash  it,  which  after 
settling  is  again  drawn  off;  and  whenever  the  washings  become  tasteless,  the  sediment  is 
thrown  upon  filter  sieves,  and  exposed  to  dry,  first  in  the  air  of  a  stove,  but  finally  upon 
slabs  of  chalk  or  Paris  plaster.     But  fi<r  several  purposes,  Prussian  blue  may  be  best 
employed  in  the  fresh  pasty  state,  as  it  then  spreads  more  evenly  over  paper  and  other 
surfaces. 

A  good  article  is  known  by  the  following  tests :  it  feels  light  in  the  hand,  adheres  to 
the  tongue,  has  a  dark  lively  blue  eolor,  and  gives  a  smooth  deep  trace ;  it  should  not 
effervesce  with  acids,  as  when  adulterated  with  chalk ;  nor  become  pasty  with  boiling 
water,  as  when  adulterated  with  stareh.  The  Paris  blue,  prepared  without  alum,  with 
a  peroxyde  salt  of  iron,  displays,  when  nibbed,  a  copper-red  lustre,  like  indigo.  Prus- 
sian blue,  degraded  in  its  color  by  an  admixture  of  ilree  oxyde  of  iron,  may  be  im- 
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.proYed  by  digtstion  in  dilate  tnlphniic  or  nmrMli*  acid»  WMUay,  Md  dnaBg.    lis 
live  ricbness  in  the  real  ferropnissiaie  of  iron  may  be  eslimated  bf  Ibe  qaaiitity  of  potatb  ot 
•oda  which  a  given  4{nanli^  of  k  requires  to  destroy  its  blue  coknr. 

Sulphareted  hydoogen  pasted  through  Pmafian  bine  diffncfsd  in  water,  whitena  k; 
while  prusfiic  acid  is  eliininatedi  sulphur  is  thrown  down,  and  the  scsqaicjanide  ct  inm 
is  converted  into  the  single  cyanide.  Iron  and  tin  operate  in  the  same  way.  When 
Prussian  blue  is  made  with  two  atoms  of  ferrocyanide  ef  potassium,  instead  of  one^  it  be- 
eomes  soluble  in  water. 

For  the  mode  of  applying  this  pigment  in  dyeing,  see  Cauco-fujitino. 

Staqui/errDeifaimit  of  paiath  is  prepared  by  passing  chlorine  gas  tbroiigh  a  aolntioa  ol 
ferrocyanide  of  potassium,  till  it  becomes  red,  and  ceases  to  precipitate  theperazyde  sate 
of  iron.  The  liquor  yidds,  by  evaporation,  prismatic  crystala^  of  a  raby»red  transpaieacy. 
They  are  soluble  in  38  parts  of  water,  and  consist  of  40-42  parts  of  sesqaieyaaide  of  iron, 
and  59-58  of  cyanide  of  potassium.  The  solution  of  this  salt  precipitates  the  loUoviag 
metals,  as  stated  in  the  table  :— 


Mereuy  (perazyde)    •  yellow. 

M^rfybdennm       -       -  red*browB« 

Nickel        -       -       -  yellDW. 

Silver         ...  red-brown. 

Tin  (protozyde)  -  white. 

Uranium    •        -        -  red-brown. 

Zinc  ...  oraBge-yeOow. 


Bismuth        •       -  pale  yellow. 

Cadmium      -       -  yellow. 

Cobalt  -        •  dark  brown-red. 

Copper  (protozyde)  red-brown. 

Do.    (perozyde)  yellow-green. 

Iron,  protozyde  salts  of  blue. 

Manganese   •        •  brown. 

Mercury  (protozyde)  red-brown. 

PUMICE-STONE  (Pierre-poneey  Fr. ;  Binuftmy  Germ.),  is  a  spongy,  vitreous-looking 
mineral,  consisting  of  fibres  of  a  silky  lustre,  interlaced  with  each  other  in  all  direction. 
It  floats  upon  water,  is  harsh  to  the  touch,  having  in  mass  a  mean  sp.  grev.  of  (h914; 
though  brittle,  it  is  hard  enough  to  scratch  glass  and  most  metals.  Its  color  ig^  nsvally 
grayish  white ;  but  it  is  sometimes  bluish,  greenish,  leddish,  or  brovrnish.  it  fines 
without  addition  at  the  blowpipe  Into  a  white  enamel.  According  to  Klaproth,  it  is 
composed  of,  silica,  77*6 ;  alumina,  17*5 ;  oxyde  of  iron,  2 ;  potassa  and  soda,  3 ;  in  100 
parts.  The  acids  have  hardly  any  action  upon  pumice-stone.  It  is  used  for  polisbing 
ivory,  wood,  marble,  metals,  glass,  &c. ;  as  also  skins  and  parchment.  Pumice-stoae 
is  usually  reckoned  to  be  a  'volcanic  product,  resulting,  probably,  from  the  action  of 
fire  upon  obsidians.  The  chief  localities  of  this  mineral  are  the  islands  of  Lipari,  Poasa, 
Ischia,  and  Vulcano.  It  is  also  found  in  the  neighborhood  of  Andemach,  upon  the  banks 
of  the  Rhine,  in  Teneriffe,  Iceland,  Auvergne,  &c.  It  is  sometimes  so  spongy  as  to  he 
of  specific  gravity  0*37. 

PUOZZOLANA  is  a  volcanic  gravelly  product,  used  in  making  bydranlie  mortsr. 
See  Cemvnts  and  Mortabs. 

PURPLE  OF  CASSIUS.  Gold  purpU  {Pourpn  de  CatthUy  Fr. ;  Gold-fmrpmr^  Germ.), 
is  a  vitrifiable  pigment,  which  stains  glass  and  porcelain  of  a  beautiful  red  or  purple  hae. 
Its  preparation  has  been  deemed  a  process  of  such  nicety,  as  to  be  liable  to  fafl  in  the 
most  experienced  hands.  The  following  observations  will,  I  hope,  placethe  subject  upon 
a  surer  footing. 

The  proper  pigment  can  be  obtained  only  by  adding  to  a  neutral  muriate  of  coU  a 
mixture  of  the  protochloride  and  perchloride  of  tin.  Everything  depends  upon  this 
intermediate  state  of  the  tin ;  for  the  protochloride  does  not  aflbra,  even  vritk  a  con- 
centrated solution  of  gold,  either  a  chestnut-brown,  a  blue,  a  green,  a  metallic  preci- 
pitate, or  one  of  a  purple  tone;  the  perchloride  occasions  no  precipitate  whatever, 
whether  the  solution  of  gold  be  strong  or  dilute ;  but  a  property  neutral  mixtvre,  of 
1  part  of  crystallized  protochloride  c£  tin,  with.  2  parts  of  crystallised  perehlonde,  pro- 
duces, with  1  part  of  crystalKzed  chloride  of  gold  (all  being  in  solution),  a  beaviifbl 
purple-colored  precipitate.  An  excess  of  the  protosalt  of  tin  gives  a  yeDow,  blue,  or 
green  cast ;  an  excess  of  the  pcisalt  gives  a  red  and  violet  cast;  an  excess  in  the  gold 
salt  occasions,  with  heat  (but  not  otherwise),  a  change  fhim  the  violet  and  ehesCnnt- 
brown  precipitate  into  red.  According  to  Fuchs,  a  solution  of  the  sesqniozrde  of  tin  in 
muriatic  acid,  or  of  the  sesquichloride  in  water,  serves  tiie  same  purpose,  when  dimnied 
Into  a  very  dilute  sdutloB  of  gold. 

Buisson  prepares  gold-purple  in  the  following  way.  He  dissolves,  ftrst,  1  gramme 
of  the  best  tin  in  a  sufficient  quantity  of  mnriatie  acid,  taking  care  that  the  aoln. 
tion  is  neutral ;  next,  2  grammes  of  tin  in  aqua  regia,  composed  of  3  parts  of  nitric 
acid,  and  1  part  of  muriatic,  so  that  the  solutioa  can  contain  no  protcyzyde ;  lastly,  7 
grammes  of  fine  crold  in  a  miztore  of  1  part  of  nitric  add,  and  6  of  mnriatie,  observing 
to  make  the  solution  neutral.  This  solution  of  gold  being  diluted  with  3}  litres  Of  water 
(about  three  quarts),  the  solution  of  the  perchloride  of  tin  is  to  be  added  at  once,  and 
afterwards  that  of  the  protodiloride,  drop  by  drop^  till  the  preeipitato  thereby  Ibnaed 
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•eqnirct  Um  wiAitd-fofc  Igm;  after  wMeh  kahcmM  bt  eivkoraled Ivy  wMhing,  m  qiieldj 
jtpoesiUe. 

Frick  g^^es  the  foUowing  prescription  ^^Let  tin  be  set  to  dissolve  in  very  dilate 
tqoa  regit  without  heat,  till  the  fluid  becomes  faintly  opalescent,  when  the  metai  most  be 
taken  out,  and  weighed.  The  liquor  is  to  be  diluted  largely  with  water,  and  a  definite 
weight  of  a  dilute  solution  of  fold,  and  dilute  sulphuric  acid,  is  to  be  simultaneoufly 
stirred  into'  the  nitro-muriate  of  tin.  The  quantity  of  solution  of  gold  to  be  poured  into 
the  tin  liquor  must  be  such,  that  the  gold  in  the  one  is  to  the  tin  in  the  other  in  the  ratio 
of  36  to  10. 

Gold-purple  becomes  brighter  when  it  is  dry,  but  appears  still  as  a  dirty-brown  powder. 
Muriatic  acid  takes  the  tin  out  of  the  fresh-made  precipitate,  and  leaves  the  gold  either 
m  the  sute  of  metal  or  of  a  blue  powder.  At  a  temperature  between  21 2P  and  300*  Fahr., 
mercury  dissolves  out  all  the  gold  from  the  ordinary  purple  of  Cassias. 

Relative  to  the  constitution  of  gold-purple,  two  views  are  entertained :  according  to  the 
first,  the  gold  is  associated  in  the  metallic  state  along  with  the  ozyde  of  tin ;  according 
to  the  second,  the  gold  exists  as  a  purple  oxyde  along  with  the  sesquiozyde  or  pcroxyde 
of  tin.  Its  composition  is  differently  reported  by  dififerent  chemists*  The  eonstilaentii. 
according  to— 

Gold.  Tin  oxyd* 

Oberitampf,  in  the  purple  precipitate,  are   ...  39*82  eo*18 

nolet        ditto        .       .        .,      .  20-68  79*42 

Berxelius  -        - 30*725  69*275 

fiaisson 30*19  69-81 

GafLnssae       - 30*89  69*11 

Fuchs 17*87  8213 

If  to  a  mixture  of  protochloride  of  tin,  and  perchloride  of  iron,  a  properly  diluted  solu- 
tion of  gold  be  added,  a  very  beautiAil  purple  precipitate  of  Cassius  will  immediately  fidl, 
while  the  iron  will  be  left  in  the  liquid  in  the  state  of  a  protochloride.  The  purple  thui 
prepared  keeps  in  the  air  for  a  long  time  without  alteration.  Mercury  does  not  take 
from  it  the  smallest  trace  of  gold. — Fucks'  Journal  fax  ChemUy  t.  xv. 

PURPLE  OF  MOLLUSCA  is  a  visckl  liquor,  secreted  by  certain  shell-fish,  the 
Buceinum  lapiUus,  and  others,  which  dyes  wool,  &.c.  of  a  purple  color,  and  is  supposed 
to  be  the  substance  of  the  Tyrian  dye,  so  highly  prized  in  ancient  Rome  for  producing 
the  imperial  purple.    See  Dyzing. 

PURPURIC  ACID  is  an  acid  obtained  by  treating  uric  or  lithic  acid  with  dilute 
nitric  acid.  It  has  a  fine  purple  color;  but  has  hitherto  been  applied  to  no  use  in  the 
arts. 

PURPURINE  is  the  name  of  a  coloring  principle,  supiiosed  by  Robiquet  and  Colin^to 
exist  in  madder.    Its  identity  is  questionable. 

PUTREFACTION,  and  Hi  Prevention,  The  decomposition  of  animal  bodies,  or  of 
such  plants  as  contain  azote  in  their  composition,  which  takes  place  spontaneously  when 
they  are  exposed  to  the  air,  under  the  influence  of  moisture  and  warmth,  is  called  putre- 
faction. Bnring  this  process,  there  is  a  complete  transposition  of  the  proximate  prin- 
ciples, the  elementary  substances  combining  in  new  and  principally  gaseous  compounds. 
Oxygen  is  absorbed  from  the  atmosphere,  and  converted  into  carbonic  acid ;  one  portion 
of  the  hydrogen  forms  water  with  the  oxygen ;  another  portion  forms,  with  the  azote, 
the  carbon,  the  phosphorus,  and  the  sulphur  respectively,  ammonia,  carbureted, 
phosphuretcd,  and  sulphureted  hydrogen  gases,  which  occasion  the  nauseous  smell 
evolved  by  putrefying  bodies.  There  remains  a  friable  earthy*looking  residuum,  con- 
sisting of  rotten  mould  and  charcoal.  Vegetables  which  contain  no  azote,  like  the 
hffneous  part  of  plants,  safifer  their  cprresponding  decomposition  much  more  slowly,  and 
with  difierent  niedifieations,  but  they  are  finally  converted  into  vegetable  mould.  In 
thin  process,  the  juices  with  which  the  plants  are  filled  first  enter  into  the  acetous  fbr- 
mentation  under  the  miction  of  heat  and  moisture ;  the  acid  thereby  generated  destroys  the 
cohesion  of  the  fibrous  matter,  and  thus  reduces  the  solids  to  a  pulpy  state.  In  the  pro- 
gress of  the  decomposition,  a  substance  is  lastly  produced  which  resembles  oxydized  ex- 
tractive, is  soluble  in  alkalis,  and  is  sometimes  called  mouid.  This  decomposition  of  the 
plants  which  contain  no  azote,  goes  on  without  any  oflfensive  sqaell,  as  noqe  of  the  above- 
named  nauseous  gases  are  disengaged.  When  vegetable  matters  are  mixed  with  animaL 
u  in  the  dung  of  cattle,  this  decomposition  proceeds  more  rapidly,  because  the  aaimalized  * 
portion  serves  as  a  ferment  to  the  vegetable.  Vegetable  acids,  resins,  fiits,  and  volatilized 
oils,  are  not  of  themselves  subject  to  putrefaction. 

The  object  of  the  present  article  is  to  detail  the  principles  and  processes,  according  to 
which,  for  various  purposes  in  the  arte,  the  destruction  of  bodies  by  putrefaction  may  be 
preTenledy  and  their  preservation  ia  a  sound  state  secured  tat  a  longer  or  a  shortflr 
time. 
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I.  ooimntoifs  at  thk  pbctention  op  ruTftErAcnoK. 

The  eircumstanoes  by  which  putrefaction  is  coanteracted,  are^  1.  the  chemical  duuife 
of  the  azotized  juices ;  2.  the  abstraction  of  the  water ;  3.  the  lowering  of  the  tempesa- 
ture ;  and  4.  the  exclusion  of  oxygen. 

1.  The  cfumical  diange  of  the  azotized  juicet. — ^The  substance  which  in  dead  aniiiia] 
matter  is  first  attacked  with  putridity,  i&nd  which  serves  to  communicate  it  to  the  $olid 
fibrous  parts,  is  albumen,  as  it  exists  combing  with  more  or  less  water  in  all  the  animal 
fluids  and  soft  parts.  In  those  Tegetables  also  which  putrefy,  it  is  the  albumen  which 
first  suffers  decomposition ;  and  hence  those  plants  which  contain  most  of  that  praximaie 
principle,  are  most  apt  to  become  putrid,  and  most  resemble,  in  this  respect,  animal  sub- 
stances ;  of  which  fact,  mushrooms,  cabbages,  coleworts,  &c.,  afford  illustrations.  The 
albumen,  when  dissolved  in  water,  very  readily  putrefies  in  a  moderately  warm  air ;  bat 
when  coagulated,  it<  seems  as  little  liable  to  putridity  as  fibrin  itself.  By  this  change,  it 
throws  ofl'  the  superfluous  water,  becomes  solid,  and  may  then  be  casHy  dried.  Hoioe, 
those  means  which  by  coagulation  make  the  albumen  insoluble,  or  form  with  it  a  new 
compound,  which  does  not  dissolve  in  water,  but  which  resists  putrefaction,  are  powerful 
antiseptics.  'Whenever  the  albumen  is  coagulated,  the  uncombined  water  may  be  eaidly 
evaporated  away,  and  the  residuary  solid  matter  may  be  readDy  dried  in  the  air,  so  as  to 
be  rendered  unsusceptible  of  decomposition. 

In  this  way  acids  operate,  which  con^biae  with  the  albumen,  and  fix  it  in  a  coagulated 
•tate,  without  separating  it  from  its  solution  :  such  is  the  effect  of  vinegar,  citric  acid, 
tartaric  acid,  &c. 

Tannin  combines  with  the  albuminous  and  gelatinous  parts  of  animals,  and  forms  iBsol> 
nble  compounds,  which  resist  putrefaction  ;  .on  which  fact  the  art  of  tanntDg  is  founded. 

Alcohol,  oil  of  turpentine,  and  some  other  volatile  oils,  likewise  coagulate  aJbnmea, 
and  thereby  protect  it  from  putrescence.  The  most  remarkable  operation  of  this  kind  is 
exhibited  by  wood  vinegar,  in  consequence  of  the  creosote  contained  in  it,  according  to 
the  discovery  of  Reichenbach.  This  peculiar  volatile  oil  has  so  decided  a  power  of  coag- 
ulating albumen,  that. even  the  minute  portion  of  it  present  in  pyroUgneons  vinegar  is  suf- 
ficient to  preser\'e  animal  parts  from  putrefaction,  when  they  are  simply  soaked  in  it. 
Thus,  also,  flesh  is  cured  by  wood  smoke.  Wood  tar  likewise  protects  animal  matter 
from  change,  by  the  creosote  it  contains.  The  ordinary  pyroligneous  acid  sometimes  coa- 
tains  6  per  cent,  of  creosote. 

In  circumstances  wbere  a  stronger  impregnation  with  this  antiseptic  oil  may  be  neces- 
sary, common  wood  vinegar  may  be  heated  to  167^  F.,  and  saturated  with  efflorrseed 
OlaubePs  salts,  by  which  expedient  the  oil  is  separated  and  made  to  float  upon  the  surface 
of  the  warm  liquid ;  whence  it  should  be  immediately  skimmed  off;  because,  by  cooling 
and  crystallizing,  the  solution  would  so  diminish  in  density  as  to  allow  the  oil  to  sink  to 
the  bottom ;  for  its  specific  gravity  is  considerably  ereater  than  that  of  water.  This  oil, 
which  contains,  besides  creosote,  some  other  volatile  constituents,  may  be  kept  dtssolTed 
ready  for  use  in  strong  vinegar  or  alcohol.  Water  takes  up  of  pure  creosote  only  ]{  per 
cent. ;  but  alcohol  dissolves  it  in  every  proportion. 

The  earthy  and  metallic  salts  afford  likewise  powerftU  means  for  separating  anmDen 
from  its  watery  solution,  their  bases  having  the  ptoperty  of  forming  insoluble  compounds 
with  it.    The  more  completely  they  produce  this  separation,  the  more  effectaally  do  they 
ootinteract  putrefaction,    llie  alkaline  salts  also,  as  common  salt,  sal  ammoniac,  saltpetre, 
and  tartar,  operate  against  putrescence,  though  in  a  smaller  degree,  because  they  do  not 
precipitate  the  albumen  ;  but,  by  abstracting  a  part  of  its  water,  they  render  it  less  liable 
to  become  putrid.    Among  the  earthy  salts,  alum  is  the  most  energetic,  as  it  forms  a  sub- 
salt  which  combines  with  albumen ;  it  is  three  times  more  antiseptic  than  common  salt, 
and  from  seven  to  eight  times  more  so  than  saltpetre.    Muriate  of  soda,  however,  may  be 
employed  along  with  alum,  as  is  done  In  the  tawing  of  sheepskins. 

The  metallic  salts  operate  still  more  effectually  as  antiseptics,  -because  they  form  with 
albumen  still  more  intimate  combinations.  Under  this  head  we  class  the  green  and  red 
sulphates  of  iron,  the  chloride  of  zinc,  the  acetate  of  lead,  and  corrosive  sublimate ;  the 
latter,  however,  from  its  poisonous  qualities,  can  be  employed  only  on  special  oeeatjons. 
Nitrate  of  silver,  though  equally  noxious  to  life,  is  to  antiseptic,  that  a  solution  containing 
only  ■  I     of  the  salt  is  capable  of  preserving  animal  matters  from  corruption. 

2.  Mrtradion  of  ififtftr. — Even  in  those  cases  where  no  separation  of  the  albomea 
takes  place  in  a  coagulated  form,  or  as  a  solid  precipitate,  by  the  operation  of  a  substance 
foreign  to  the  animal  juices,  putrefaction  cannot  go  on,  any  more  than  other  kinds  of 
fermentation,  in  bodies  wholly  or  in  a  great  measure  deprived  of  their  water.  For  the 
albumen  itself  runs  so  much  more  slowly  iiito  putrefaction,  the  less  water  it  is  dissohed 
in ;  and  in  the  desiccated  state,  it  is  as  little  susceptible  of  alteration  as  any  other  dry 
vegetable  or  animal  matter.  Hence,  the  proper  drying  of  an  animal  substance  becomes 
a  universal  preventive  of  putrescence.    In  this  way  fk-uits,  herbs,  cabbages;,  fifth,  flesfa, 
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nay  be  preserved  fromcormptioD.  If  the  aii?  be  not  cold  and  dry  enough  to  eaoAe  the 
evaporation  of  the  fluids  be/ore  putrescence  may  come  on,  the  organic  substance  luust  be 
dried  by  artificial  means,  as  by  being  exposed  in  thin  slices  in  properly  constructed  air- 
stoves.  At  temperatures  under  140°  F.,  the  albumen  dries  up  without  coagulation^  md 
may  theb  be  re-dissolved  in  cold  water,  with  its  valuable  properties  unaltered.  By 
such  artificial  desiccation,  if  flesh  is  to  be  preserved  for  cooking  or  boiling,  it  must  not 
he  exposed,  however,  to  so  high  a  degree  of  heat,  which  would  harden  it  permanently, 
like  the  baked  mummies  of  Egypt.  Mere  desiccation,  indeed,  can  hardly  ever  be  employ- 
ed upon  flesh.  Culinary  salt  is  generally  had  recourse  to,  either  alone  or  with  the  addi- 
tion of  saltpetre  or  sugar. 

These  alkaline  salts  abstract  water  in  their  solution,  and,  consequently,  concentrate 
the  aqueous  solution  of  the  albumen ;  whence,  by  converting  the  simple  watery  flui4 
into  salt  water,  which  is  in  general  less  favorable  to  the  fermentation  of  animal  matter 
than  pure  water,  and  by  expelling  the  air,  they  counteract  putridity.  On  ihis  account, 
salted  meat  may.be  ^ried  in  the  air  much  more  speedily  and  safely  than  fresh  meat.  The 
drying  is  promoted  by  heating  the  meat  merely  to  such  a  degree  as  to  consolidate  the  al- 
bumen, and  eliminate  the  superfluous  water. 

Alcohol  operates  similarly,  in  abstracting  the  water  essential  to  the  putrefaction  of 
animal  substances,  taking  it  not  only  from  the  liqukl  albumen,  but  counteracting  its  de- 
composition, when  mixed  among  the  animal  solids.  Sugar  acts  in  the  same  way,  fixing 
in  an  unchangeable  sirup  the  water  which  would  otherwise  be  accessory  to  the  fermenta- 
tion of  the  organic  bodies.  The  preserves  of  fruits  and  vegetable  juices  are  made  upon 
this  principle.  When  animal  substances  are  rubbed  with  charcoal  powder  or  sand,  per- 
ftctly  dry,  and  are  aherwards  freely  exposed  to  the  air,  they  become  deprived  of  their 
moisture,  and  will  keep  for  any  length  of  time. 

3.  Defect  of  warmth. — As  a  certain  degree  of  heat  is  requisite  for  the  vinous  fermenta- 
tion, so  is  it  for  th^  putrefactive.  In  a  damp  atmosphere,  or  in, one  saturated  with  mois- 
ture, if  the  temperature  stand  at  from  70°  to  80°  F  ,  the  putrefaction  goes  on  most  rapidly; 
but  it  proceeds  languidly  at  a  few  degrees  above  freezing,  and  is  supended  altogether  at 
that  point.  The  elephants  preserved  in  the  polar  ices  are  proofs  of.  the  antiseptic  influ- 
ence of  low  temperature.  In  temperate  climates,  ice-houses  serve  the  purpose  of  keeping 
meat  fresh  and  sweet  for  any  length  of  time. 

4.  jSbsiraction  of  oxygen  gas, — As  the  putrefactive  decomposition  of  a  body  first 
commences  with  the  absorption  of  oxygen  from  the  atmosphere,  so  it  may  be 
retarded  by  the  exclusion  of  this  gas.  It  is  not,  however,  enough  to  remove  the  aerial 
oxygen  from  the  surface  of  the  body,  but  we  must  expel  all  the  oxygen  that  may  be 
diffused  among  the  vessels  and  other  solids,  as  this  portion  suffices  in  general  to 
excite  putrefaction,  if  other  circumstances  be  favorable.  The  expulsion  is  most 
readily  accomplished,  by  a  moderate  degree  of  heat,  which,  by  expanding  the  air,  evolves 
it  in  a  great  measure,  and  at  the  same  time  favors  the  fixation  of  the  oxygen  in  the 
extractive  matter,  so  as  to  make  it  no  longer  available  towards  the  putrefaction  of  the 
other  substances.  Milk,  soup,  solution  of  gelatine,  ^c,  may  be  kept  long  in  a  fresh 
state,  if  they  be  subjected  in  an  Air-tight  vessel  every  other  day  to  a  boiling  heat.  Oxy- 
genation may  be  prevented  in  several  ways :  by  burning  sulphur  or  phosphorus  in  the 
air  of  the  meat  receiver;  by  filling  this  with  compressed  carbonic  acid;  or  with  oils, 
fats,  sirups,  dec,  and  then  sealing  it  hermetically.  Charcoal  powder  recently  calcined 
i$  efiicacious  in  preserving  meat,  as  it  not  only  excludes  air  from  the  bodies  surrounded 
hy  it,  but  intercepts  the  oxygen  by  condensing  it.  When  butcher-meat  is  enclosed  in  a 
vessel  filled  with  sulphurous  acid,  it  absorbs  the  gas,  and  remains  for  a  considerable  time 
proof  against  corruption.  The  same  result  is  obtained  if  the  vessel  be  filled  with  amroo- 
niacal  gas.  At  the  end  of  76  days  such  meat  has  still  a  fresh  look,  and  may  be  safely 
dried  in  the  atmosphere. 

n.  PECULIAR  ANTISEPTIC  PROCESSES. 

Upon  the  preceding  principles  and  experiments  depend  the  several  processes  employed 
for  protecting  substances  from  putrescence  and  corruption.  Here  we  must  distinguish 
between  those  bodies  which  may  be  preserved  by  any  media  suitable  to  the  purpose,  as 
anatomical  preparations  or  objects  of  natural  history,  and  those  bodies  which,  being  in- 
tended for  food,  can  be  cured  only  by  wholesome  and  agreeable  means. 

A  common  method  for  preserving  animal  substances  unchanged  in  property  and 
textnre,  is  to  immerse  them  in  a  spirituous  liquor  containing  about  65  or  70  per  cent, 
of  real,  alcohol.  Camphor  may  also  be  dissolved  in  it,  and  as  much  common  salt  as  its 
water  will  take  up.  A  double  fold  of  ox-bladder  should  be  bound  over  the  mouth  of 
the  vessel,  in  order  to  impede  the  evaporation  of  the  watery  portion  of  the  liquid,  and  its 
ipper  surface  should  be  coated  with  a  turpentine  varnish.  Undoubtedly  a  little  creo- 
sote would  be  of  use  to  counteract  the  decomposing  influence  of  the  alcohol  upon  the 
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inimtl  tnManees.  With  such  an  addition,  a  weaker  spirit,  containing  no  more  Uiaa  30 
per  cent,  of  alcohol,  wonld  answer  the  purpose. 

Instead  of  alcohol,  a  mnch  cheaper  vehicle  is  water  saturated  with  sulphnroas  ackd; 
and  if  a  few  drops  of  creosote  be  added,  the  mixture  will  become  very  efficacioiia.  A 
solution  of  red  sulphate  of  iron  is  powerfully  antiseptic ;  but  aAer  some  time  It  gives  a 
deposite  of  the  oxyde,  which  disguises  the  preparation  in  a  great  degree. 

According  to  Tauffier,  animal  substances  may  be  preserved,  more  pennanentlj  by  a 
solution  of  one  part  of  chloride  d*  tin  in  20  parts  of  water,  sharpened  with  a  little  mnriatie 
add,  than  even  by  alcohol. 

For  preserving  animal  bodies  in  an  embalmed  form,  mummy-like,  a  solntion  of 
chloride  of  mercury  and  wood  vinegar  is  most  efficacious.  As  there  is  danger  ia 
manipulating  with  that  mercurial  salt,  and  as  in  the  present  state  of  our  knowledge  of 
creosote  we  have  it  in  our  power  to  make  a  suitably  strong  solution  of  this  substance  la 
vinegar  or  spirit  of  wine,  I  am  led  to  suppose  that  it  will  become  the  basis  of  most  an- 
tiseptic preparations  for  the  future.  From  the  statements  of  Pliny,  it  is  plain  that  wood 
vinegar  was  the  essential  means  employed  by  the  ancient  Egyptians  in  preparing  their 
mummies,  and  that  the  odoriferous  resins  were  of  inferior  consequence. 

CUaiNO  OF  FROVISIONS. 

FUah,-^The  ordinary  means  employed  for  preserving  butcher  meat  are,  drying,  smoking, 
salting,  and  pickling  or  souring. 

Drying  of  animal  fibrt, — ^The  best  mode  of  operating  is  as  follows  : — ^The  flesh  mast 
be  cut  into  slices  from  2  to  6  ounces  in  weight,  immersed  in  boiling  water  for  5  or  6 
mitiutes,  and  then  laid  on  open  trellis-work  in  a  drying-stove,  at  a  temperature  kept 
steadily  about  122P  F.,  with  a  constant  stream  of  warm  dry  air.  That  the  boiling  water 
may  not  dissipate  the  soluble  animal  matters,  very  little  of  It  should  be  used,  just  enough  ' 
for  the  meat  to  be  immersed  by  portions  in  succession,  whereby  it  will  speedily  become 
a  rich  soup,  fresh  water  being  added  only  as  evaporation  takes  phiee.  It  is  advantage- 
ous to  add  a  little  salt,  and  some  spices,  especially  coriander  seeds,  to  the  water.  After 
the  parboiling  of  the  flesh  has  been  completed,  the  soup  should  be  evaporated  to  a  gela- 
tinous consistence,  in  order  to  flt  it  for  forming  a  varnish  to  the  meat  after  it  is  dried, 
which  may  be  completely  effected  within  two  days  in  the  oven.  By  this  process  two 
thinls  of  the  weight  is  lost.  The  perfectly  dry  flesh  must  be  plunged  piece  by  piece  in 
the  fatty  gelatinous  matter  liqucfled  by  a  gentle  heat ;  then  placed  once  more  in  the 
stove,  to  dry  the  layer  of  yarnish.  This  operation  may  be  repeated  two  or  three  tiaies, 
In  order  to  render  the  coat  sufficiently  uniform  and  thick.  Butcher's  meat  dried  in  this 
way  keeps  for  a  year,  affords,  when  cooked,  a  dish  similar  to  that  of  fresh  meat,  and  is 
therefore  much  preferable  to  salted  provisions.  The  drying  may  be  facilitated,  so  that 
larger  lumps  of  flesh  may  be  used,  if  they  be  imbued  with  somie  common  salt  immediatdy 
after  the  parboiling  process,  by  strati^'ing  them  with  salt,  and  leaving  them  in  a  proper 
pickling-tttb  for  12  hours  before  they  are  transferred  to  the  stove.  The  first  method^ 
however,  affords  the  more  agreeable  article. 

Smoking. — ^This    process  consists  in    exposing  meat  previously  salted,   or  merely 
rubbed  over  with  salt,  to  wood  smoke,  in  an  apartment  so  distant  from  the  fire  as  not  to 
be  unduly  heated  by  it,  and  into  which  the  smoke  is  admitted  by  flues  at  the  bottom  of 
the  side  walls.    Here  the  meat  combines  with  the  empyreumatic  acid  of  the  smoke,  and 
gets  dried  at  the  same  time.    The  quality  of  the  wood  has  an  influence  upon  the  smeQ 
and  taste  of  the  smoke-dried  meat ;  smoke  from  beech  wood  and  oak  being  preferable  to 
that  from  fir  and  larch.    Smoke  from  the  twigs  and  berries  of  juniper,  from  rosemary, 
peppermint,  dec,  imparts  somewhat  of  the  aromatic  flavor  of  these  plants.     A  slow 
smokin?  with  a  slender  fire  is  preferable  to  a  rapid  and  powerful  one,  as  it  allows  the 
empyreumatic  principles  time  to  penetrate  into  the  interior  substance,  without  drying 
the  outside  too  much.    To  prevent  soot  from  attaching  itself  to  the  provisions,  they  may 
be  wrapped  in  cloth,  or  rubbed  over  with  bran,  which  may  be  easily  removed  at  the  end 
of  the  operation. 

The  process  of  smoking  depends  upon  the  action  of  the  wood  acid,  or  the  creosote 
volatilized  with  it,  which  operates  upon  the  flesh.  The  same  change  may  be  produced 
in  a  much  shorter  time  by  immersing  the  meat  for, a  few  hours  in  pyroligneous  nod,  then 
hanging  it  up  in  a  dry  air,  which,  though,  moderately  warm,  makes  it  fit  for  keepiag, 
without  any  taint  of  putrescence.  After  a  few  days  exposure,  it  loses  the  empyreumatic 
smell,  and  then  resembles  thoroughly  smoked  provisions.  The  meat  dried  in  this  way 
is  in  general  somewhat  harder  than  by  the  application  of  smdce^  and  therefore  aoftena 
less  when  cooked,  a  difference  to  be  ascribed  to  the  more  sadden  and  concentrated  opers- 
tlon  of  the  wood  vinegar,  which  effects  in  a  few  hours  what  would  require  aoiokiiii^Jbc 
several  weeks.  By  the  judicious  employment  of  pyroligneons  acid  diluted  to  sacccawiye 
degrees,  we  might  probably  succeed  in  imitating  perfectly  tlie  effect  of  smoke  ia  emuig 
provisions. 
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SaltU^^r^Tbm  meat  alionld  be  nibbed  well  with  eommon  Rait,  oontainins  about  one 
sixteenth  of  saltpetre,  and  one  thirty-secondth  of  sugar,  till  every  ereviee  has  been  im- 
pregnatei  with  it ;  Uien  sprinkled  over  with  salt,  laid  down  for  24  or  48  hours,  and, 
lastly,  subjected  to  pressure.  It  must  nelt  be  sprinkled  anew  with  salt,  packed  into 
proper  ^ressels,  and  covered  with  the  brine  obtained  in  the  act  of  pressing,  rendered 
stronger  by  boiling  down.  For  household  purposes  it  is  sufficient  to  rub  the  meat  well 
with  good  salt,  to  put  it  into  vessels,  and  load  it  with  heavy  weights,  in  order  to  squeeze 
OQt  as  much  pickle  as  will  cover  its  surface.  If  this  cannot  be  had,  a  pickle  must  be 
poured  on  it,  composed  of  4  pounds  of  salt,  1  pound  of  sugar,  and  2  oz.  of  saltpetre,  dis- 
solved in  2  gallons  of  water. 

PickUng  with  vinegar. — Vinegar  dissidves  or  coagulates  the  albumen  of  flesh,  and  there- 
by counteracts  its  putrescence.  The  meat  should  be  washed,  dried, and  then  laid  in  strong 
vinegar.  Or  it  may  be  boiled  in  the  vinegar,  allowed  to  cool  in  it,  and  then  set  aside  with 
it  in  a  cold  cellar,  where  it  will  keep  sound  for  several  months. 

Fresh  meat  may  be  kept  for  some  months  in  water  deprived  of  its  air.  If  we  strew  on 
the  bottom  of  a  vessel  a  mixture  of  iron  filings  and  flowers  of  sulphur,  and  pour  over  them 
some  water  which  has  been  boiled,  so  as  to  expel  its  air,  meat  immersed  in  it  will  keep 
a  long  time,  if  the  water  be  covered  with  a  layer  of  oil,  from  half  an  inch  to  an  inch 
thick.  Meat  will  also  keep  fresh  for  a  considerable  period  when  ^unrounded  with  oil, 
or  fat  of  any  kind,  so  purified  as  not  to  turn  rancid  of  itself,  especially  if  the  meat  be 
previously  boiled.  This  process  is  called  potting,  and  is  applied  successfully  to  fish, 
fowls,  &c. 

Prechtl  says  that  living  fish  may  be  preserved  14  days  without  water,  by  stopping  their 
mouths  with  crumbs  of  bread  steeped  in  brandy,  pouring  a  little  brandy  into  them,  and 
packing  them  in  this  torpid  state  in  straw.  When  put  into  fresh  water,  they  come  alive 
again  after  a  few  hours  !     Prechtl^  Encycl»p.  Technohgisches,  art,  Faulniss  JSbhaVung. 

Eggs, — These  ought  to  be  taken  new  laid.  The  essentia]  point  towards  their  pre- 
servation is  the  exclusion  of  the  atmospheric  oxygen,  as  their  shells  are  porous,  and  per- 
mit the  external  air  to  pass  inwards,  and  to  excite  putrefaction  in  the  albumen.  There 
it  also  some  oxygen  always  in  tlie  air-cell  of  the  eggs,  which  ought  to  be  expelled  or  ren- 
dered  inoperative,  which  may  be  done  by  plunging  them  for  5  minutes  in  water  heated  to 
140^  F.  The  eggs  must  be  then  taken  out,  wiped  dry,  besmeared  with  some  oil  (not  apt 
to  turn  rancid)  or  other  unctuous  matter,  packed  into  a  vessel  with  their  narrow  ends  up- 
permost, and  covered  with  sawdust,  fine  sand,  or  powderied  charcoal.  Eggs  coated  with 
gum  arable,  and  packed  in  charcoal,  will  keep  fresh  for  a  year.  Lime  water,  or  rather 
milk  of  lime,  is  an  excellent  vehicle  for  keeping  eggs  in,  as  I  have  verified  by  long  expe- 
rience. Some  persons  coagulate  the  albumen  partially,  and  also  expel  the  air  by  boiling 
the  eggs  for  2  minutes,  and  find  the  method  successful.  When  eggs  are  intended  for 
hatching,  they  should  be  kept  in  a  cool  cellar ;  for  example,  in  a  chamber  adjoining  an 
ice-house.  Eggs  exposed,  in  the  holes  of  perforated  shelves,  to  a  constant  current  of  air, 
lose  about  |  of  a  grain  of  their  weight  daily,  and  become  concentrated  in  their  albuminous 
part,  so  as  to  be  little  liable  to  putrefy.  For  long  sea  voyages,  the  surest  means  of  pre- 
serving eggs,  is  to  dry  up  the  albumen  aiid  yolk,  by  first  triturating  them  into  a  homoge- 
neous paste,  then  evaporating  this  in  an  air-stove  or  a  water-bath  heated  to  125®,  and 
patting  up  the  dried  mass  in  vessels  which  may  be  made  air-tight.  When  used,  it  should 
be  dissolved  in  three  parts  of  cold  or  tepid  water. 

Grain  of  all  kinds,  as  wheat,  barley,  rye,  fte.,  and  their  flour,  may  be  preserved  for  an 
indefinite  length  of  time,  if  they  be  kiln-dried,  put  up  in  vessels  or  chambers  free  from 
damp,  and  excluded  from  the  air.  Well  dried  grain  is  not  liable  to  the  depredations  of 
insects. 

To  preserve  firuits  in  a  firesh  stat^;  Various  plans  are  adopted.  Pears,  apples,  plums, 
Itc  should  be  gathered  in  a  sound  state,  altogether  exempt  from  bruises,  and  plucked,  in 
dry  weather,  before  they  are  Ailly  ripe.  One  mode  of  preservation  is,  to  expose  them  in 
an  airy  place  to  dry  a  little  for  eight  or  ten  days,  and  then  to  lay  them  in  dry  sawdust 
or  chopped  stiraw,  spread  upon  shelves  in  a  cool  apartment,  so  as  not  to  touch  each  other. 
Another  method  consists  in  surrounding  them  with  fine  dry  sand  in  a  vessel  which  should 
be  made  air-tight,  and  kept  in  a  cool  place.  Some  persons  coat  the  fruit,  including  their 
stalks,  with  melted  wax ;  others  lay  the  apples,  &.C.,  upon  wicker-work  shelves  in  a  vault- 
ed chamber,  and  smoke  them  daily  during  4  or  5  days  with  vine  branches  or  juniper  wood. 
A|«ples  thus  treated,  and  afterwanls  stratified  in  dry  sawdust,  without  touching  each  other, 
will  keep  fresh  for  a  whole  year. 

The  drying  of  garden  fruits  in  the  air,  or  by  a  kiln,  is  a  well-known  method  of  preser- 
vation. Apples  and  pears  of  large  size  should  be  cut  into  thin  slices.  From  5  to  6  meas- 
ures of  fresh  apples,  and  from  6  to  7  of  pears,  afford  in  general  one  measure  of  dry  fruit, 
(bifllns).    Dried  plums,  grapes,  and  currants  are  a  common  article  of  commerce. 

Herbs,  cabbages,  &c.,  may  be  kept  a  long  time  in  a  cool  cellar,  provided  they  are 
ecnrered  with  dry  sand.    Such  vegetables  are  in  general  preserved  for  the  purposes  of 
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ibod,  by  means  of  diying,  saliing,  pickling  with  Tinegmr,  or  bcstnit:  op  witb  nigu-.  Cab- 
bages should'  be  scalded  in  hot  water  preTionsly  to  drying ;  and  all  soch  phints,  whes 
dded,  should  be  compactly  pressed  together,  and  kept  in  air-tigfatTeseela.  Tuberoas  and 
other  roots  are  better  kept  in  an  airy  place,  where  they  may  dry  a  little  without  being  ex- 
posed to  the  winter^s  frost. 

A  partial  drying  is  given  to  various  vegetable  juices  by  evaporating  them  to  the  eon- 
sistence  of  a  sirup,  called  a  rob,  in  which  so  much  of  the  water  is  dissipated  ns  to  prevent 
them  from  running  into  fermentation.  The  frvits  must  be  crushed,  squeezed  in  bags  to 
expel  the  juices,  which  must  then  bo  inspissated  either  over  the  naked  fire,  or  on  a  water 
or  steam  bath,  in  the  air  or  in  vacuo.  Sometimes  a  small  proportion  of  spices  is  added, 
which  tends  to  prevent  mouldiaess.  Such  extracts  may  be  conveniently  mixed  with  sugar 
into  what  are  called  conserve^. 

Selling  is  employed  for  certain  fruits,  as  small  cucumbers  or  gherkins,  capers,  olives, 
&c.  Even  for  peas  such  a  method  is  had  recourse  to,  for  pi^erving  them  a  certain 
time.  They  must  be  scalded  in  hot  water,  pot  up  in  bottles,  and  covered  with  satntated 
brine,  having  a  film  of  oil  on  its  surface,  to  exclude  the  agency  of  the  atmospheric  air. 
Before  being  used,  they  must  be  soaked  for  a, short  time  in  warm  water,  to  extract  the 
salt.  The  most  important  article  of  diet  of  this  elass,  is  the  tour  krani  of  the  northern 
nations  of  Europe  (made  from  white  cabbage),  which  is  prepared  simply  by  salting ;  a 
little  vinegar  bein^  formed  spontaneously  by  fermentation..  The  cabbage  most  be  ent 
into  small  pieces,  stratified  io  a  cask  along  with  salt,  to  which  juniper  berries  and  carai 
seeds  are  added,  and  packed  as  hard  as  possible  by  means  of  a  wooden  rammer.  The 
cabbafre  is  then  covered  with  a  lid,  on  which  a  heavy  weight  is  laid.  A  fermentatkni 
commences,  which  causes  the  cabbage  to  become  more  compact,  while  a  quantily  of  juiee 
exudes  and  floats  on  the  surface,  and  a  sour  smell  is  perceived  towards  the  end  of  the 
fermentation.  Tn  this  condition  the  cask  is  transported  inta  a  cool  cellar,  where  it  is 
allowed  to  stand  for  a  year ;  and  indeed,  where,  if  well  made  and  packed,  it  may  he  kept 
for  several  years. 

The  excellent  process  for  preserving  all  kinds  of  butcher  meat,  fish,  and  poultry,  first 
contrived  by  M.  Appert  in  France,  and  aAerwards  successfully  practised  upon  the  great 
commercial  scale  by  Messrs.  Bonk  in  and  Gamble,  for  keeping  beef,  salmon,  soups,  9lc 
perfectly  fresh  and  sweet  for  exportation  from  this  country,  as  also  turtle  for  importatioa 
thither  from  the  We^t  Indies,  deserves  a  brief  description. 

Let  the  substance  to  be  preserved  be  first  parboiled,  or  rather  somewhat  naore,  the 
bones  of  the  meat  being  previously  removed.  Put  the  meat  into  a  tin  cylinder,  fill  vp 
the  vessel  with  seasoned  rich  soup,  and  then  solder  on  the  lid,  pierced  with  a  small  bole. 
When  this  has  been  done,  let  the  tin  vessel  thus  prepared  be  placed  in  brine  and  heated 
to  the  boiling  point,  to  complete  the  remainder  of  the  cooking  of  the  meat.  The  bole 
of  the  lid  is  now  to  be  closed  perfectly  by  soldering,  while  the  air  is  rarefied.  The  vessel 
is  then  allowed  to  cool,  and  from  the  diminution  of  the  volume,  in .  consequence  of  the 
reduction  of  temperature,  both  ends  of  the  cylinder  are  pressed  inwards,  and  become  con* 
cave.  The  tin  cases,  thus  hermetically  sealed,  are  exposed  in  a  test-chamber,  for  at  least 
a  month,  to  a  temperature  above  what  they  are  ever  likely  to  encounter;  from  9(P  to  110^ 
of  Fahrenheit.  If  the  process  has  failed,  putrefaction  takes  place,  and  gas  is  evolved, 
which,  in  process  of  time,  will  cause  both  ends  of  the  case  to  bulge,  so  as  to  render  them 
convex,  instead  of  concave.  But  the  contents  of  those  cases  which  stand  the  test  will 
infallibly  keep  perfectly  sweet  and  good  in  any  climate,  and  for  any  number  of  years.  IT 
there  be  any  taint  about  the  meat  when  put  up,  it  inevitably  ferments,  and  is  detected  ia 
the  proving'  process.     Mr.  Gamble's  turtle  is  delicious. 

This  preservative  process  is  founded  upon'  the  fact,  that  the  small  quantity  of  oxygen 
contained  within  the  vessel  i?ets  into  a  state  of  combination,  in  consequence  of  the  high 
temperature  to  which  the  animal  substances  are  exposed,  and  upon  the  chemical  principle, 
that  free  oxygen  is  necessary  as  a  ferment  to  commence  or  give  birth  to  the  process  of 
putrefaction. 

I  shall  conclude  this  article  with  some  observations  upon  the  means  of  preserving 
water  fresh  on  sea  voyages.  When  long  kept  in  wooden  casks,  it  undergoes  a  kind  of 
putrefaction,  contracts  a  disagreeable  sulphurous  smell,  and  becomes  undrinkable.  The 
influence  of  the  external  air  is  by  no  means  necessary  4o  this  change,  for  it  happens  ia 
close  vessels  even  more  readily  than  when  freely  exposed  to  the  atmospherical  oxygen. 
The  oriein  of  this  impurity  lies  in  the  animal  and  vegetable  juices  which  the  water 
orieinnlly  contained  in  the  source  from  which  it  was  drawn,  or  from  the  cask,  or  insects^ 
&c.  These  matters  easily  occasion,  with  a  sufficient  warmth,  fermentation  in  the  stag- 
nant water,  and  thereby  cause  the  evolution  of  ofiTensive  gases.  It  would  appear  that 
the  gypsum  of  hard  waters  is  decomposed,  and  gives  up  its  sulphur,  which  aggravates  the 
disagreeable  odor ;  for  selenitic  waters  are  more  apt  to  take  this  putrid  taint,  than 
which  contain  merely  carbonate  of  lime. 

As  the  corrupted  water  has  become  unfit  for  use  merely  in  consequence  of  the 
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tore  of  these  foreign  matters,  for  wmter  in  itself  is  not  liable  to  tormption,  so  it  may  be 
purified  again  by  their  separation.  This  purification  may  be  accomplished  most  easily 
by  passin;^  the  water  through  charcoal  powder,  or  tbroogh  the  powder  of  rightly 
calcined  bone-black.  The  carbon  takes  away  not  only  the  finely  diffused  corrupt 
particles,  but  also  the  gaseous  impurities.  By  adding  to  the  water  a  very  little  sulphuric 
acid,  about  30  drops  to  4  pounds,  Lowitz  says  that  two  thirds  of  the  charcoal  may 
be  saved.  Undoubtedly  the  sulphuric  acid  acts  here,  as  in  other  similar  cases,  by 
the  coagulation  and  separation  of  the  albuminous  matters,  combining  with  them, 
and  rendering  them  more  apt  to  be  seized  by  the  charcoal.  A  taore  effectual  agent 
for  the  purification  of  foul  water  is  to  be  found  in  alum.  A  drachm  of  pounded  alnm 
should  be  dissolved  with  agitation  in  a  gallon  of  the  water,  and  then  left  to  operate  quietly 
for  24  hours.  A  sediment  falls  to  the  bottom,  while  the  water  becomes  clear  above,  and 
may  be  poured  oflT.  The  alum  combines  here  with  the  substances  dissolved  in  the  water, 
as  it  does  with  the  stuffs  in  the  dyeing  copper.  In  order  to  decompose  any  alum  which 
may  remain  in  solution,  the  equivalent  quantity  of  cr}'stals  of  carbonate  oi^  soda  may  be 
added  to  it. 

The  red  sulphate  of  iron  acts  in  the  same  way  as  alum.  A  few  drops  of  its  solution 
are  sufficient  to  purge  a  pound  of  foul  water.  The  foreign  matters  dissolved  in  the  water, 
which  occasion  putrefaction,  become  insoluble,  in  consequence  of  oxydizement,  like  vege- 
table extractive,  and  are  precipitated.  On  this  account,  also,  foul  water  may  be  purified, 
by  driving  atmospherie  air  through  it  with  bellows,  or  by  agitating  it  in  contact  with 
fresh  air,  so  that  all  its  particles  are  exposed  to  oxygen.  Thus  we  can  explain  the  in- 
fluence of  streams  and  winds,  in  counteracting  the  corruption  of  water  exposed  to  thenu 
Chlorine  acts  still  more  energetically  than  the  air  in  purifying  water.  A  little  aqueous 
chlorine  added  to  foul  water,  or  the  transmission  of  a  little  gaseous  chlorine  through  it, 
cleanses  it  immediately. 

Water-casks  ought  to  be  charred  inside,  whereby  no  fermentable  stuflf  will  be  extract^ 
ed  from  the  wood.  British  ships,  however,  are  now  commonly  provided  with  iron  tanks 
for  holdins  their  water  in  long  voyages. 

PYRITES,  is  the  native  bisulphuret  of  iron.  Copper  pyrites,  called  yulgarly  mundick, 
is  a  bisulphuret  of  copper. 

PYRO-ACETIC  SPIRIT.     (Esprit  pyro^cHique,  Jcitone,  Fr. ;   Bremulicher  Eisig- 
geist,  Mtsit,  Germ.)    This  liquid  was  discovered  and  described  by  Chenevix  long  before 
pyro/tgtMOtt<  spirit  was  known.     It  may  be  obtained  by  subjecting  to  dry  distillation 
the  acetates  of  copper,  lead,  alkalis,  and  earths ;   and  as  it  is  ibrmed  especially  during 
the  second  half  of  the  process,  the  liquor  which  comes  over  then  should  be  set  apart, 
separated  by  decantation  from  the  empyreumatic  oil,  and  distilled  a  second  time  by 
the  heat  of  a  wnter-bath.    The  fine  light  fluid  which  now  comes  over  first,  is  to  be 
rectified  along  with  carbonate  of  potassa,.  or  chloride  of  calcinm.    As  pyro-acetic  spirit 
osually  retains,  even  aAer  repeated  distillations,  a  disagreeable  empyreumatic  smell,  lika* 
garlic,  a  little  good  bone-black  should  be  employed  in  its  final  rectification.    Accordiig' 
to  Reichenbach,  pyro-acetic  spirit  may  be  extracted  in  considerable  quantity  from  beech*, 
tar.     (See  the  next  article.)     The  spirit  thus  prepared  is  a  '*olorless  limpM  liquid,  of 
an  acrid  and  burning  taste  at  first,  but  afterwards  cooling;    of  a  penetrating  aromatic- 
smell,  different  from  that  of  alcohol ;    of  the  spec,  gravity  0*7921   at  60°  F.,  boiling  at' 
132P  F.,  and  remaining  fluid  at  5°.    It  consists  ultimately  of — carbon,  62*148;   h]^ro- 
gen,- 10*463  ;  oxysen,  27*329 ;  or,  of  1  proportion  of  carbonic  acid  +  2  prop,  of  oleflant 
gas  -|-  1  prop,  of  water;  or,  1  prop,  of  acetic  acid  —  1  prop,  of  carbonic  acid.    Accord- 
ing to  another  view,  it  is  composed  of,  51*52  parts  of  concentrated  acetic  acid,  and 
48*488  of  oil  of  wine,  beinsr  double  of  the  quantity  in  acetic  ether.     It  is  very  combus- 
tible, and  bums  with  a  brilliant  flame,  without  smoke.    When  treated  by  chlorine,  it 
loses  an  atom  of  its  hydrogen,  and  absorbs  2  atoms  of  chlorine.    It  is  soluble  in  water, 
alcohol,  ether,  and  is  not  convertible  into  ether  by  strons  sulphuric  add.    It  is  used 
for  dissolving  the  resins  commonly  called  gums,  with  which  the  bodies  of  hats  are 
stiffened. 

PYROLIGNEOUS  ACID.    In' addition  to  what  has  been  said  under  Acetic  Acid, 
I  shall  here  describe  the  process  as  conducted  upon  a  great  scale  at  an  establishment  near 
Manchester.    The  retorts  are  of  cast  iron,  6  feet  long,  and  3  feet  8  inches  in  diameter 
Two  of  these  cylinders  are  heated  by  one  fire,  the  flame  of  which  plays  round  their  sideb 
and  upper  surface;  but  the  bottom  is  shielded  by  fire-tiles  from  the  direct  action  of  the 
fire.     2  cwts.  of  coals  are  sufficient  to  complete  the  distillatioti  of  one  charge  of  wood ;. 
36  imperial  gallons  of  crude  vin^ar,  of  specific  gravity  1*025,  being  obtained  from  each, 
retort.    The  process  occupies  24  hours.    The  retort-month  is  then  removed,  and  the 
ignited  charcoal  is  raked  out  for  extinction  into  an  iron  chest,  having  a  groove  round  ita 
edges,  into  which  a  lid  is  fitted. 

When  this  pyroligneons  acid  is  saturated  with  quicklime,  and  distilled,  it  yiekb  one 
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!fnt  of  PTTOiQic  tpirit  (iomMiinei called  napthi.})   whidi  iarediied  by  nraet  un* 
'ncceuive  dislillalions  with  quieklime. 

The  tarry  deposile  of  Ihe  cmde  jiyrolifnieoiii  acid,  being  subjected  to  dirtilliti—  bf 
itwif,  aflordl  a  crude  pyro-acelic  elher,  which  may  also  be  purified  b;  le-ditUUalloB  wilk 
qDicbliiDe,  and  BubEeqnent  igiuiion  with  water. 

The  pTralignile  of  lime  is  made  by  boiling  the  pyroligneonB  acid  ia  a  Iai|re  mpper, 
Wbich  has  a  sloping  epoul  at  iti  lip,  by  wbicb  the  tarry  scum  (V«e1y  flows  orer,  ai  il  tnOt 
np  with  Ibe  heal.  The  fluid  eompound  thus  pnriEed  is  ayphoaed  off  iaio  anolber  eoppo', 
and  mixed  with  a  quantity  of  alum  equivalent  to  its  slreaglh,  in  order  to  ffam  the  iti 
liquor,  or  aeelBle  of  alumina,  of  the  calico-prinler.  The  aeetate  of  lime,  and  solphate  of 
aInininB  and  potash,  mutuall;  decopipose  each  other  ;  with  ibe  foimatioa  of  aolpbate  of 
line,  whieh  l^lla  iminedialely  to  the  bottom. 

M.  Eeslner,  of  Thann,  in  Alsace,  oblaihs,  in  hii  manurnctory  t£  pynlifiieoiis  acid,  6 
hecloiilres  (112  (gallons  imperial,  nearly)  from  a  cord  containing  93  enbie  feel  of  wood. 
The  acid  is  vei^  brown,  mnch  loaded  with  tar,  and  marks  5°  Baum6  ;  220  bilogrwnnc* 
of  charcoal  are  left  In  the  cylinders ;  500  litres  of  thai  brown  acid  produce,  ifler  screra] 
diltillationi,  375  of  the  pyrolittneou*  acid  of  commerce,  contajoing  7  per  cent,  of  add, 
with  a  residiiumariOliili^ramines  of  pileh.  For  the  purpose  of  inakiiu-  a  erode  aceulc 
of  lead  (pyrolignile)  he  dries  pjroti^ite  of  lime  upon  iron  plales,  miief  it  with  the 
equivalent  decomposing  qnanlily  of  sulphuric  acid,  previously  diluted  with  its  own  wei^ 
of  water,  and  cooled  ;  and  transfers  the  miilure  as  quietily  as  possible  iato  a  cast-iroa 
cylindric  still,  built  hnrizonlBlly  in  a  furnacei  the  under  half  of  Ihe  month  of  the  cylinder 
being  always  cast  with  a  semicirele  of  iron.  The  acetic  acid  is  received  into  Israe  all- 
Klazol  Elone  bottles.  From  tOO  parts  of  acetate  oflime,  he  oblains  133  of  acetic  ~acid,at 
38°  Baume.  II  contains  always  a  little  sulphurous  acid  from  the  leactioa  of  Ihe  lai  aad 
the  sDlphnric  acid. 

■   ■    '      "  '  lent  modiGcatioB  of  Ibat 

Ft;.  903  shows  Ibe  hr- 
•••  nace  in  a  horiioalal  tce> 

tion  drawn   Ihirasb   Uw 
middle  of  the  floe  whaeli 
leadf    to    the    cfainneT. 
Fif.    930    is    a    vertial 
aection  lalcen  in  the  dolled 
line  x,x,grjig.  929.   The 
chest  a  is  constmcied  wAk 
cast-iron  plalea  bolted  t^ 
(tether,  and  has  ■  c^Maly 
of  100  cubie  feel.      Tbc 
wood  ii  inlroduced  iaiail 
throaiih  the  openiiut  k,  is 
tlie  cover,  for  whicb  par- 
pose  it  ii  cled  into  Lillen 
of  moderate  len^h.     The 
chest  ii  heated  traa  the 
■nbjacent    frale  c,   npo* 
which   the   fuel    ii  laid, 
through  the   fire-door  d. 
The  flame  ascends  ainnllT 
throngh  the  Baea  (,e,  roaad 
the  chest,  which  lerminaM 
in  tbechimneyy.    An  iroa 
pipe  g  conveys  the  Tapon 
and  faseoDS  prodncu  finti 
the  in>n  chest  to  the  oa*- 
deoser.    Thiieonsistsofaseriea  of  pipes  laid  zinagover  each  other,  which  rest  npoa 
■  (rameworli  of  wood.     The  condenaing  tubes  are  enclosed  in  larger  pipes  >,  i ,-  a  stream 
of  cold  water  being  canied  to  circulate  in  the  interslilial  spaces  between  them.     Tbe 
water  passes  down  from  a  trough  k,  through  a  conducting  lube  t,  enters  the  towcM 
eyliadrical  cose  at  m,  flowi  thence  along  the.  series  of  jsckels  i,  i,  t,  being  UiBimilled 
iinom  the  one  row  to  Ihe  next  above  it,  by  the  Junction  lubes  B,  o,  o,  IQI  at  p  il  raat  off 
in  a  boiling-hot  state.    The  vapors  proceeding  downwards  in  an  opposite  directioa  W 
the  cooling  stream  of  water,  gel  condensed  into  the  liquid  state,  and  pass  off  at  f, 
(hrongh  a  discharge  pipe,  into  the  lirst  close  receiver  r,  while  the  combustible  gaae*  flow 
iff  through  Ihe  tube  i,  which  is  provided  with  a  stopcock  to  r^;ulate  Ihe  maeailnilc  of 
their  flame  under  the  chest.    As  soon  as  the  distiltaUon  is  fully  set  agoing,  Ihe  stopeatk 
upon  Ihe  gas-pipe  is  opened ;  and  after  it  ii  finished,  il  matt  be  shot.    The  fire  iboald  be 
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•applied  with  fuel  at  first,  but  aAer  some  time  the  gas  genecated  keeps  up  the  distilling 
heat.  The  charcoal  is  allowed  to  coul  during  5  or  6  hours,  and  is  then  taken  out  through 
an  aperture  in  the  back  of  the  chesi,  which  corresponds  to  the  Opening  u,Jig.  929,  in  the 
brickwork  of  the  furnace.  About  60  i)er  cent,  of  charcoal  may  be  obtained  from  100  feet 
of  firewood,  with  a  consumption  of  as  much  brush.wood  for  fuel. 

Stollze  has  ascertained^  by  numerous  experiments,  that  one  pound  of  wood  yields  from 
6  to  7|  ounces  of  liqi^id  products;  but  in  acetic  acid  it  affords  a  quantity  varying  from  2 
to  5,  according  to  the  nature  of  the  wood.  Hard  timber,  which  has  grown  slowly  upon 
a  dry  s<Sil,  gives  the  strongest  vinegar.  White  birch  and  red  beech  afford  per  pound  7} 
ounces  of  wood  vinegar,  1|  ounce  uf  combustible  oil,  and  4  ounces  of  charcoal.  One 
ounce  of  that  vinegar  saturates  1 10  grains  of  carbonate  of  potassa.  Red  pine  yields  per 
pound  6|  ounces  of  vinegar,  2}  ounces  of  oil,  3{  ounces  of  charcoal ;  but  one  ounce  of 
the  vinegar  saturates  only  44  grains  of  carbonate  of  potassa,  and  has  therefore  only  two 
fiAhs  of  the  strength  of  the  vinegar  from  the  birch.  An  ounce  of  the  vinegar  from  the 
white  beech,  holly  oak  (//ex),  common  ash,  and  horse  chestnut,  saturates  from  90  to  100 
grains  of  the  carbonate.  In  the  same  circumstances,  an  ounce  of  the  vinegar  of  the  alder 
and  white  pine  saturates  from  58  to  60  grains. 

PYROLIGNEOUS  or  PYROXiLIC  SPIRIT,  improperly  called  naptha.  This  is  cm- 
ployed,  as  well  as  pyro-acetic  ether,  to  dissolve  the  sandarach,  mastic,  and  other  resinons 
substances,  which,  under  the  name  of  gums,  are  used  for  stiffening  the  bodies  of  hats.  I ' 
have  already  described,  in  the  article  Pykoligneous  Acid,  how  this  spirit  is  obtained. 
Berzelius ,  has  found  that  the  crude  spirit  may  be  best  purified  by  aeitating  It  with  a  fat 
oil,  in  order  to  abstract  the  empyreumalic  oil ;  then  to  decant  the  spirit, distil  it,  first  with 
fresh  calcined  charcoal,  and  next  with  chloride  of^calcium.  The  pyroligneous  s|iirit,  thus 
purified,  is  colorless,  and  limpid  like  alcohol ;  has  an  ethereous  smell,  somewhat  resem- 
bling that  of  anu.  Its  taste  is  hot,  and  analogous  to  that  of  oil  of  peppermint.  Its  speci- 
fic gravity,  by  my  experiments,  is  0*824.  It  readily  takes  fire,  and  burns  with  a  blue 
flame,  without  smoke.  It  combines  with  water  in  any  proportion ;  a  property  which  dis- 
tinguishes it  from  pyro-acetic  ether  and  spirit. 

It  is  not  easy  to  say  what  Is  the  real  chemical  nature  of  pyroxilic  spirit.  There  is  no 
ultimate  analysis  of  it  that  can  be  depended  upon.  The  properties  of  the  spirit  examined 
by  MM.  Marcet  and  Macaire,  differ  from  those  of  our  spirit,  in  refusing  to  combme  with 
Water,  like  alcohol.  The  article  on  sale  in  this  country  readily  unites  with  water,  and 
in  all  proportions  with  alcohol. 

PYROMETER  is  the  name  of  an  instrument  for  measuring  high  degrees  of  heat 
above  thc^'range  of  the  mercurial  thermometer.  Wedeewood's  is  the  one  commonly 
referred  to  by  writers  upon  porcelain  and  metallurgy ;  but  a  better  one  mi^ht  be  easily 
contrived. 

I^ROPHORUS  is  the  generic  name  of  any  chemical  preparation,  generally  a  powder, 
which  inflames  spontaneously  when  exposed  to  the  air. 

PYROTECHNY.    See  Firk-works. 

PYROXILTNE  is  a  name  which  I  hnve  ventured  to  give  to  a  substance  det^ted  m 
pyroxylic  spirit,  by  Mr.  Scanlan,  while  residins;  in  Dublin,  and  therefore  called  hy  him 
Eblanin.    I  am  indebted  to  that  ingenious  chemist  for  the  following  facts. 

If  potash  water  be  added  to  raw  wood-spirit  {pyrolipu(ms)y  as  long  as  it  throws  down 
anythinsr,  a  precipitate  is  produced,  which  is  pyroxiliney  mixed  with  tarry  matter.  This 
precipitate  is  to  be  collected  on  a  filter  cloth,  and  submitted  to  strong  pressure  between 
folds  of  blotting-paper ;  it  is  next  to  be  washed  with  cold  alcohol,  spec,  crrav.  0-840,  in 
order  to  free  it  from  any  adhering  tarry  matter ;  when  the  pyroxiline  is  left  nearly  pure. 
IT  it  be  dissolved  in  boiling  alcohol,  or  hot  oil  of  turpentine,  it  crystallizes*  regularly  on 
cooling,  in  right  square  prisms,  of  a  fine  yellow  color,  that  look  opaque  to  the  naked 
eye,  but  when  examined  under  the  microscope,  have  the  transparency  and  color  of 
ferroprussiate  of  potash.  Its  turpentine  solution  affords  crystals  of  a  splendid  orange- 
red  color,  having  the  appearance  of  minute  plates,  whose  form  is  not  discernible  by  the 
naked  eye,  but  when  examined  by  the  microscope,  they  are  seen  to  be  thin  risrht  rectan- 
gnlar  prisms.  The  orange-red  color  is  only  the  effect  of  aggregation  ;  for  when  ground 
to  powder,  these  crystals  become  yellow ;  and  under  the  microscope,  the  differenee  in 
color  between  the  two  is  very  slieht.  Its  ^eUing  point  is  318^  F.  It  sublimes  at  300^  in 
free  air;  heated  in  a  close  tube  in  a  bath  of  mercury,  it  emits  vapor  at  400^;  it  then  be- 
gins to  decompose,  and  is  totally  decomposed  at  500^.  Sulphuric  acid  decomposes  it,  pro- 
ducing a  beautiful  blue  color,  which  passes  into  crimson,  as  the  acid  attracts  water  from 
the  atmosphere,  and  it  totally  disappears  on  plentiful  dilution  with  water,  leaving  earbon 
of  a  dirty-brown  color.  Its  alcoholic  or  turpentine  solutbn  imparts  a  permanent  yellow 
dye  to  vegetable  or  animal  matter. 

Pyroxiline  consists,  according  to  the  analysis  of  Drs.  Apjohn  md  Gregory, 
75*275;  hydrogen,  5-609;  oxygen,  19*116,  in  100  parts. 
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QUARTATION  is  the  alloying  of  one  part  of  gold  that  is  to  be  refined,  along  witi- 
three  parts  of  silver,  so  that  the  gold  shall  constitute  one  quarter  of  the  whole,  and  there- 
by have  its  particles  too  far  separated  to  be  able  to  protect  the  other  metals  originaDy  as- 
sociated with  it,  such  as  silver,  copper,  lead,  tin,  palladiam,  ^c,  from  the  action  of  the 
nitric  or. sulphuric  acid  employed  in  the  subsequent  parting  process.    See  Keftnikg. 

QUARTZ  ha5  been  described  in  the  article  Lapidary. 

QUASSIA  is  the  wood  of  the  i-oot  of  the  Quassia  exceUa,  a  tree  which  ^rows  in 
Surinam,  the  East  Indies,  &c.  It  affords  to  water  an  intensely  bitter  decocUon,  whick 
is  occasionally  used  in  medicine,  and  was  formerly  substituted  by  some  brewers  for  bopa, 
but  is  now  prohibited  under  severe  penalties.  It  affords  a  safe  and  efficacious  Ay-water, 
or  poison  for  flies. 

QUEEN'S  WARE.    See  Pottery. 

QUEEN'S  YELLOW  is  an  ancient  name  of  Turbith  Mineral,  or  yellow  subsnlphate 
of  mercury.  ^ 

QUERCITRON  is  the  bark  of  the  Quercus  nigra,  or  yellow  oak,  a  tree  which  grows 
in  North  America.  The  coloring  principle  of  this  yellow  dye-stuff  has  been  called 
Querciirin,  by  its  discoverer  Chevreul.  It  forms  small  pale  yellow  spangles,  like  those 
of  ^ncm  Tntt^tvuYTi,  has  a  faint  acid  reaction,  is  pretty  soluble  in  alcohol,  hardly  in  ether, 
and  little  in  water.  Solution  of  alum  developes  from  it,  by  degrees,  a  beautihu  yellow 
dye.    See  Calico-wiinting  and  y>LLow  Dyk. 

QUICKLIME ;  see  Lime. 

QUICKSILVER  {  see  MsRcrRY. 

QUILL ;  see  Feathers. 

QUININA.  This  medicine  is  now  prepared  in  such  quantities  as  to  constitute  a  chemi- 
cal  manufacture.  Quinina  and  cinchonina  are  two  vegetable  alkalis,  which  exist  in  Pe- 
ruvian bark  or  cinchona ;  the  pale  or  gray  bark  contains  roost  cinchonina,  and  the  yeOow 
bark  most  quinina.  The  qiethods  of  extracting  these  bases  are  very  various.  In  general, 
water  does  not  take  them  out  completely,  because  it  transforms  the  neutral  salts  in  the 
barks  into  more  soluble  acidulous  salts,  and  into  less  soluble  sub-salts.  To  exhaust  the 
bark  completely,  one  or  other  of  the  following  solvents  is  employed  : 

1.  Alcohol, — An  extract  by  this  menstruum,  is  to  be  treated  with  very  dilute  vann  mv- 
riatic  acid,  in  order  to  dissolve  everything  thus  soluble ;  the  acid  liquor  is  to  be  saturate! 
with  magnesia,  by  boiling  it  with  an  excess  of  this  earth ;  the  precipitate  is  to  be  dried, 
filtered,  and  then  exhausted  by  boiling-hot  alcohol. 

2.  IHlute  acids. — Boil  the  bark,  coarsely  pounded,  with  eight  times  its  weight  of  water, 
containing  5  per  cent,  of  the  weight  of  the  bark  of.  sulphuric  acid.  This  treatment  im  to 
be  repeated  with  a  fresh  quantity  of  dilute  acid.  The  whole  liquors  must  be  filtered,  the 
residuum  strained,  and  the  solution  mixed  with  quicklime,  equal  to  one  fourth  of  the  bark 
employed.  This  mixture,  aAer  having  been  well  stirred,  is  to  be  strained,  whenerer  it 
acquires  an  alkaline  reaction,  that  is,  tinges  reddened  litmus  paper  blue,  or  turmeric 
brown.  The  calcareous  mass  is  to  be  now  washed  with  a  little  water,  and  dried,  and 
then  boiled  thrice  with  spirit  of  wine  of  spec.  grav.  0*836.  This  solution  being  filtered,  is 
to  be  mixed  with  a  little  water,  and  distilled.  The  bases,  cinchonina  and  quinina,  remain 
under  the  form  of  a  brown  viscid  mass,  and  must  be  purified  by  subsequent  crystallization, 
after  being  converted  into  sulphates. 

3.  ^n  alkaliy  and  then  an  acid, — The  object  of  this  process  is,  to  retain  the 
vegetable  alkalis  in  the  bark,  while  with  the  alkaline  water  we  dissolve  out  the  acids, 
the  colorini?  matters,  tbe  extractive,  the  gum,  <&c.  Boil  for  an  hour  one  pound  of 
the  bark  with  six  pounds  of  water,  adding  by  degrees  a  little  solution  of  potash,  so  that 
the  liquor  may  have  still  an  alkaline  taste  when  the  boiling  is  over.  Allow  it  to  cool, 
filler,  wash  the  residuum  with  a  little  water,  and  squeeze  it.  Difiuse  it  next  in  tepid 
water,  to  which  add  by  degrees  a  little  muriatic  acid,  till  afler  a  prolonged  %gestion  the 
mixture  shall  perceptibly  redden  litmus  paper.  Filter  the  liquor,  and  boil  it  with  magne- 
sia. The  precipitate  being  washed  and  dried,  is  to  be  treated  with  hot  alcohol,  which 
dissolves  the  quinina  and  cinchonina. 

Qbtained  by  any  of  the  above  methods,  the  quinina  and  cinchonina  are  more  or  less 
colored,  and  may  be  blanched  by  dissolving  them  in  dilute  muriatic  ackl,  and  treating  the 
solution  with  animal  charcoal. 

There  are  several  methods  of  separating  these  two  yegetable  alkalis. 

h  When  their  solution  in  spirit  of  wine  is  evaporated  by  heat  to  a  certain  point,  tlM 
greater  part  of  the  cinchonina  crystallizes  on  cooling,  while  the  quinina  remains  dianolTei 
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RAISINS^  9te  grapes  allowed  to  ripen  and  dry  npon  the  vine.  The  best  come  flrom 
the  sooth  of  Earope,  as  from  Roqae^aire  in  Provence,  Calabria,  Spain,  and  PortugaL 
Fine  raisins  are  also  imported  from  Smyrna,  Damascus,  and  Egypt.  Sweet  fleshy  Krapes 
arc  selected  for  maturing  into  raisins,  and  such  as  grow  upon  the  sunny  slopes  of  hills 
sheltered  from  the  north  winds.  The  bunches  are  pruned,  and  the  vine  is  stripped  of  its 
leaves,  when  the  fruit  has  become  ripe;  the  sun  then  beaming  full  upon  the  grapes, 
fompletes  their  saccharification,  and  expels  the  superfluous  water.  The  raisins  are 
plucked,  cleansed,  and  dipped  for  a  few  seconds  in  a  boiling  ley  of  wood  ashes  and  quic1&- 
liipe,.at  12  or  13  desrrees  of  Baume's  areometer.  The  wrinkled  fruit  is  lastly  drained, 
dried,  and  exposed  in  the  sun  upon  hurdles  of  basket-work  durinsr  14  or  15  days. 

The  finest  raisins  are  those  of  the  sun,  so  ealled;  being  the  plumpest  bbnches,  which 
are  left  to  ripen  fully  upon  the  vine,  after  their  stalks  hare  been  half  cut  through. 

The  amount  of  raisins  imported  for  home  consumption  was,  in  the  year  1836,  156,495 
cwt%. ;  in  1837,  152,635  ewts. 

RAPR-SEED,  imported  for  home  consiunption  in  1836,561,457  bothels;  in  1837, 
937,536  bushels.    See  Oiu,  ttitctoous. 

RASP,  MECHANICAL,  is  the  name  giren  by  the  French  to  an  important  maohlae 
mneh  nted  for  mashing  beet-roott.    See  Sugae. 
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RASP,  MECHANICAL.  t061  f; 

X  Digestion  in  ether  dissolves  the  quinina,  and  leares  the  elndionina. 

3.  We  may  supersaturate  slightly  the  two  bases  with  sulphuric  acid.  Now  as  the 
lupersolphate  of  quinina  is  sparingly  soluble,  the  liquor  need  only  to  be  evaporated  to  a 
proper  point  to  crystallize  out  that  salt,  while  the  supersulphate  of  cinchonina  continues  ) 

in  solution  with  very  little  of  the  other  salt.     Even  this  may  be  separated  by  precipitating  :^ 

the  bases,  and  treating  themi,  as  above  prescribed,  with  alcohol  or  ether.  U 

One  pound  of  bark  rarely  yields  more  than  2  drachms  of  the  bases.    One  pound  of  rod  ^l 

bark  afforded,  to  Pelletier  and  Caventou,  74  grains  of  cinchonina,  and  107  grains  of  quinina.  \i 

Quinina  is  composed  of  75*76  carbon^  7*52  hydrogen,  8'1 1  axote,  and  8*61  oxygen.  if 

The  salts  of  quinina  are  distinguish^  by  their  strong  taste  of  Peruvian  bark,  and  if  ji 

crystallized,  by  their  pearly  lustre.     Most  of  them  are  soluble  in  water,  and  some  also  in  ]■ 

ether  and  alcohol.    The  soluble  salts  are  precipitated  by  the  oxalic,  gallic,  and  tartaric  '  '• 

acids,  and  by  the  salts  of  these  acids.    InfUsion  of  nutgalls  also  precipitates  them.  j^ 

The  sulphate  of  quinina  is  the  only  object  of  manufheturing  operations.  Upon  the 
brownish  viscid  mass  obtained  in  any  of  the  above  processes  foKobtaining  quinina,  poor 
very  dilute  sulphuric  acid,  in  sufficient  quantity  to  produce  saturation. '  The  solution 
must  be  then  treated  with  animal  charcoal,  filtered,  evaporated,  allowed  to  coot,  when  it 
deposites  crystals.  1000  parts  of  bark  afford,  upon  an  average,  12  parts  of  sulphate. 
The  sulphate  of  cinchonina,  which  is  formed  at  the  same  time,  remains  dissolved  in  the  i . 

mother-waters.  U 

The  neutral  sulphate  of  quinina  occurs  in  small  transparent  right  prismatic  needles. 
By  spontaneous  evaporation  of  their  solution,  larger  crystals  may  be  procured.  They 
contain  24f  per  cent,  of  water;  and,  therefore,  melt  when  exposed  to  heat.  They  dis- 
solve in  11  parts  of  water  at  ordinary  temperatures ;  are  much  more  solutile  in  hot  spirit  3 
of  wine,  somewhat  dilute,  than  in  cold;  and  are  nearly  insoluble  in  anhydrous  alcohol.  h 
If  they  be  well  dried,  they  possess  the  property  of  becoming  luminous  when  heated  a  little  ^l 
above  the  boiling  point  of  water,  especially  when  they  are  rubbed.  The  sulphate  is,  in  ']i 
this  case,  charged  with  vitreous  electricity.  i.. 

There  is  a  sub-sulphate,  but  it  is  applied  to  no  use.    The  eflloreseed  sulphate,  called  j;, 

by  some  bisulphate,  is  preferred  for  medical  practice.    The  extensive  sale  and  high  price  of  s| 

sulphate  of  quinina,  have  sriven  rise  to  many  modes  of  adulteration.    It  has  been  mixed  »{ 

with  boracic  acid,  margaric  acid,  su?ar,  sugar  of  manna,  gypsum,  Slc,    By  incinerating  ]t 

a  little  of  the  salt  upon  a  slip  of  platina,  the  boracic  acid  and  gypsum  remain,  while  the  j; 

quinine  is  dissipated;  sugar  and  marsraric  acid  exhale  their  peculiar  smoke  and  smell;  ]l. 

or  they  may  be  dissolved  out  by  a  few  drops  of  water.    Cinchonina  may  be  detected  by  |^ 

adding  ammonia  to  the  solution,  and  treating  the  precipitate  with  ether,  which  leaves  ij* 

that  vpffeto-alkali. 

QUINTESSENCE.  The  alchemists  understood  by  this  term,  now  no  longer  in  scien- 
tific use,  the  solution  in  alcohol  of  the  principles  which  this  menstruum  can  extract  from 
aromatic  plants  or  flowen,  by  digestion,  during  some  days,  in  the  sun,  a  stove,  or  upon 
a  sand-bath  slightly  warmed.  A  quintessence,  therefore,  corresponds  to  the  alcoholic 
tincture  or  essence  (not  essential  oil)  of  the  present  day.    See  pEaruMFar. 
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toot  REED. 

RATAFIA,  it  i|M  g^trie  name,  in  France,  of  ligueun  cenipouided  vith  ikahB^ 
M|:ar,  nnd  the  odoriferoas  or  Aavorinir  principle*  of  vegetables.  J^ruiied  eherriet  witk 
their  stones  are  infused  in  spirit  of  wine  to  make  the  ratafia  of  Grenoble  d$  Ttffuht. 
The  liqnor  being  boiled  and  filtered^  is  flavored,  when  cold,  with  spirit  of  noyoa,  made  b} 
distilUni?  water  off  the  brnised  bitter  kernels  of  apricotSy  and  mixing  it  with  aleohoL 
Sirup  of  htLj  laarel  and  galango  are  also  added. 

R£ALGAR»  Red  Orpiment,  (Jrtenic  nmgf  tnlphurt,  Fr. ;  Roth$»  ickwrfdarataSit 
Germ.)  This  ore  oocartf  in  primitive  mountains,  associated  sometimes  with  native 
arsenic,  under  the  form  of  veins,  efflorescences,  very  rarely  crjstaUine ;  as  also  in  volcanic 
districts;  fi>r  example,  at  Solfaterra  near  Naples;  or  sublimed  in  the  shape  of  stalactites, 
in. the  rents  and  craters  of  Etna,  Vesuvius,  and  other  volcanoes.  Its  spec.  grav.  varies 
ftom  3*3  to  3-6.  It  has  a  fine  scarlet  color  in  mass,  bat  oran«e-red  in  powder,  whereby 
it  is  distinguishable  from  cinnabar.  It  is  soft,  sectile,  readily  scratched  by  the  nail; 
its  fracture  is  vitreous  and  coachoidal.  It  volatilizes  easily  before  the  blowpipe,  emitting 
the  garlic  smell  of  araenic,  along  with  that  of  burning  sulphur.  It  consists  of,  anenie 
70,  sulphur  30,  in  100  parts.  It  is  employed  sometimes  as  a  pigment.  Factitious  orps- 
ment  is  made  by  distillinir,  in  an  earthen  retort,  a  mixture  of  sulphur  and  arsenic,  of  or- 
piment  and  sulphur,  or  of  arsenious  acid,  sulphur,  and  charcoaL  It  has  not  the  rick 
color  of  the  native  pii^ment,  and  is  much  more  poisonous ;  since,  like  factitious  orpiment, 
it  always  contains  more  or  less  arsenious  acid. 

RECTIFICATION,  is  a  second  distiUation  of  alcoholic  liquon,  to  free  them  fion 
whatever  impurities  may  have  passed  over  in  the  first. 

RED  LK^UOR,  is  a  crude  acetate  of  alununa,  employed  in  calioo»|nrinting,  and  pre- 
pared from  pyroligneous  acid ;  which  see. 

REED,  is  the  well-known  implement  of  the  weaver,  made  of  parallel  dips  of 
metal  or  reeds,  called  dents.  A  thorough  knowledge  of  the  adaption  of  yan 
of  a  proper  degree  of  fineness  to  any  viven  measure  of  reed|  constitutes  one  of  the 
principal  objects  of  the  manufacturer  of  cloths ;  as .  upon  this  depends  entirely  the 
appearance,  and  in  a  great  degree  the  durability,  of  the  cloth  when  finished.  The 
art  of  performing  this  properly,  is  known  by  the  names  of  ezamifttng,  aeiftag,  er 
tteytnjr,  which  are  used  indiscriminately,  and  mean  exactly  the  same  thing.  The 
reed  consists  of  two  parallel  pieces  of  wood,  set  a  few  inches  apart,  and  they  are  of 
any  given  length,  as  a  yard,  a  yard  and  a  quarter,  Jtc.  The  division  of  the  yard  being 
into  halves,  quarters,  eighths,  and  sixteenths ;  the  breadth  of  a  web  is  {generally  ex- 
pressed by  a  vulgar  finsction,  as  j-,  ^,  |.,  ^ ^  and  the  subdivisions  by  the  eighths  or  six- 
teenths, or  naiUj  as  they  are  usually  called,  as  X,  ^  U  Ite.,  or  JJ,  ^ky  U,  tfcc     In 

Scotland,  the  splits  of  cane  which  pass  between  the  longitudinal  pieces  or  riba  of  the 
reed,  are  expressed  by  hundreds,  porters,  and  splits.    The  porter  is  20  splits,  or  Xth  of 

a  hundred. 

Tn  Lancashire  and  Cheshire  a  different  mode  is  adopted,  both  as  to  the  measure  and  di- 
visions of  the  reed.  The  Manchester  and  Bolton  reeds  are  counted  by  the  number  d 
splits,  or,  as  they  are  there  called,  dents  contained  in  24}  inches  cf  the  reed.  These 
dents,  instead  of  beini?  arranged  in  hundreds,  porters,  and  splits,  as  in  Scotland,  aie  cal- 
culated by  what  is  there  termed  hartt  or  heart,  each  containing  ^  dents,  or  the  «ame 
number  as  the  porter  in  the  Scotch  reeds.  The  Cheshire  or  Stockport  reeda,  again,  re- 
ceive their  designation  from  the  number  of  ends  or  threads  contained  in  one  indi,  two 
ends  beini?  allowed  for  every  deiU,  that  beina  the  almost  universal  number  in  every  species 
and  description  of  plain  cloth,  according  to  the  modem  practice  of  weaving,  and  alsD  for 
a  great  proportion  of  fanciful  articles. 

The  number  of  threads  in  the  warpnf  a  web  is  ef'nereTly  ascertained  with  considerable 
precision  by  means  of  a  small  masnijying  glass,  fitted  intn  a  fiocket  of  brass,  under  which 
is  drilled  a  small  round  hole  in  the  bottom  plate  of  the  f^tandanl.  The  number  df  threads 
visible  in  this  perforation,  ascertains  the  number  of  threads  in  the  standard  measure 
of  the  reed.  Those  used  in  Scotland  have  sometimes  four  perforations,  over  any  one  of 
which  the  glass  may  he  shifted.  The  first  perforation  is  |  of  an  inch  in  dianteter,  and 
is  therefore  well  adapted  to  the  Stockport  mode  of  counting;  that  is  to  say,  for  aseer- 
taining  the  number  of  ends  or  threads  per  inch ;  the  second  is  adapted  for  the  Holland 
reed,  being  wVjrth  part  of  40  inches;  the  third  is  -y^th  of  37  inches,  and  is  adapted  fbr 

the  now  almost  universal  construction  of  Scotch  reeds;  and  the  fourth,  being  «jUrth  of 

34  inches,  is  intendtd  for  the  French  cambrics.  Every  thread  appearing  in  these  respec- 
tire  measure*,  of  course  represents  200  threads,  or  100  splits,  in  the  sUndard 
breadth ;  and  thus  the  quality  of  the  fabric  may  be  ascertained  with  considerable  pcv- 
eision,  even  after  the  cloth  has  undergone  repeated  iTettinirs,  either  at  the  bleaehing. 
ground  or  dye- work.  By  countins  the  other  way,  the  proportion  which  the  woof  bean 
to  the  warp  is  ajbo  known,  and  this  forms  the  chief  use  of  the  class  to  the  mannfaetarer 
and  operative  weaver,  both  of  whom  are  previonstr  acquainted  with  the  asaet 
of  the  reed. 
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la  Ibe  above  (able,  (he  3T-inc1i  a  pUceil  (ir»l.  It  it  called  Scolch,  not  bmuM  il 
either  oii^inaletl  or  is  e>clu?ively  used  in  that  country.  I<  ie  the  general  tinea  reed  of 
■It  Earopei  bul  in  Scotland  it  has  alio  been  adapted  aa  tfae  regulatur  of  hei  cotton  piano- 

REKINING  OF  GOLD  AND  SILVER ;  called  also  Purling.  (Jffinagt  d'urgtiU, 
Drparl,  Ft. ;  Schfid^Bg  in  die  qimrl.  Germ.)  Fur  several  ure;  in  the  arls,  theie  pn»< 
ciouK  Dielals  are  required  in  an  absolutely  pure  slate,  in  which  slane'lhey  poteeta  theit 
Bialleability  and  peculiar  prupeiliea  in  the  most  eminent  degree.  Thui,  for  ejomple, 
neillier  Kulil  nor  silver  leaf  can  be  made  of  the  requisite  Gnenew,  if  the  melalB  eontaia 
the  nnallesl  (lortion  of  copper  alloj.  Tilt  within  these  ten  or  twelve  years,  the  parlbg 
of  iiilver  from  Rold  was  efiected  everywhere  by  nitric  acid ;  il  i*  sUU  done  so  in  all  the 
establishment!  of  Ibis  couairj-,  except  ihe  Ra;al  Mint;  and  in  the  small  refininit  bouce* 
abroad.  The  following  apparatus  may  be  advanlafieously  employed  in  this  operation.  II 
will  serve  tbe  double  purpose  of  manufaetaring  nitric  ackl  of  the  utmost  parity,  and  of 
•eparating  silver  from  golj  by  its  means. 


1.  On  pTtxMrivg  nilric  add  for.  parli^. — nil  a  plaliaatn  relorl  or  alembiet  *  i* 
ill  capit^  lerminaling  above  in  a  (abature,  lo  which  a  kneed  lube  of  pialiaa*)' 
aboDt  'i  leel  long,  is  adapted )  c  is  tbe  tutmlure  of  Ibe  relort,  for  lupplyiog  acid' 
dorin;  the  process,  and  for  inspecting  its  progieH.  Il  is  funiisbed  with  a  lid  grotutd. 
airtight,  which  may  be  secured  in  its  place  by  a  wti^b^.  »  is  a  stoneware  pipe,  abOOt 
Iwo  inches  diameter,  and  several  feet  long,  according  to  Ihe  localily  in  which  lb* 
operation  is  lo  tte  carried  on.  It  is  made  in  lengths  filled  [o  ooe  another,  and  seenred: 
il  Ihe  juints  with  knoi-lnte.  llie  one  bend  of  this  eartheaware  hard  sall-glaMd 
pipe  is  ailapted  lu  receive  Ihe  platinum  tube,  and  the  other  bend  is  ioserltd  iolo  a  tuba-, 
lure  in  the  topof  theslonewaredruto/.    Tbe  opening  J,  f,  in  the  middle  of  the  top  of/,  is 
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for  inspecting  the  progrees  of  Ihe  condeDsatipn  of  acid;  and  the  third  tiih«l«fe 
pates  in  a  prolonged  pipe  i,  t,  consisting  of  several  pieces,  each  of  which  eaters  from  ahovc 
oonically  into  the  one  below.  The  joinings  of  the  upper  pieces  need  not  be  tightly  hited, 
as  it  is  desirable  that  some  atmospherical  oxygen  should  enter,  to  conyert  the  relative 
light  nitrous  gas  into  nitrous  or  nitric  acid  vapor,  which  when  supplied  with  moisture  wfll 
condense  and  fall  down  in  a  liquid  state.  To  supply  this  moisture  in  the  most  diffnsiTe 
form,  the  upright  stoneware  pipes  t,  t,  /,  l,  <at  least  3  inches  diameter,  and  12  feet  high), 
should  be  obstructed  partially  with  flint  nodules,  or  with  silicions  pebbles ;  and  waici 
should  be  alloyred  to  trickle  upon  the  top  pebble  from  a  cistern  placed  above.  Care  mast 
be  taken  to  let  the  water  drop  so  slowly  as  merely  to  preserve  the  pebbles  in  a  slate  of 
humidity.  A  is  a  stopcock,  of  glass  or  stoneware,  for  drawing  off  the  acid  from  the  cis- 
tern /.  fc  is  a  section  of  a  small  air-furnace,  covered  in  at  top  with  an  iron  ring,  <m  which 
the  flat  iron  ring  of  the  platinum  frame  rests. 

g,  g,  is  a  tub  in  which  the  stoneware  cistern  stands,  surrounded  with  water,  kept  ccns- 
stantly  as  cold  as  possible  by  passing  a  stream  through  it ;  the  spring  water  entering  hf  a 
pipe  that  dips  near  to  the  bottom,  and  the  hot  water  escaping  at  the  upper  edge. 

With  the  above  apparatus,^  the  manufacture  of  pure  nitric  acid  is  comparatively  easy 
and  economical.  Into  the  alembic  a,  100  pounds  (or  thereby)  of  pure  nitre,  coarsely 
bruised  if  the  crystals  be  large,  are  to  be  put ;  the  capital  is  then  to  be  adapted,  and  tke 
platinum  tube  (the  only  moveable  one)  luted  into  its  place.  Twenty  pounds  of  straog 
sulphuric  acid  are  now  to  be  introduced  by  the  tubulure  c,  and  then  its  lid  must  be  pnat 
on.  No  heat  must  yet  be  applied  to  the  alembic  In  about  an  hour,  another  ten  pounds 
of  acid  may  be  poured  in,  and  so  every  hour,  till  60  pounds  of  acid  have  been  added.  A 
few  hours  aAer  the  affusion  of  the  last  portion  of  acid,  a  slight  fire  may  be  kindled  in  the 
fhrnace  k. 

By  judicious  regulation  of  the  heat,  the  whole  acid  may  be  drawn  off  in  24  hours ;  iti 
final  expulsion  being  aided,  by  the  dexterous  introduction  of  a  quart  or  two  of  boiliag 
water,  in  small  successive  portions,  by  the  tubulure  c,  whose  lid  must  be  instantly  shot 
after  every  inspersion.  The  most  convenient  strength  of  acid  for  the  parting  process,  is 
when  its  specific  gravity  is  about  1*320,  or  when  a  vessel  that  contains  16  ounces  4^  port 
water,  will  contain  21|  of  the  aquafortis.  To  this  strength  it  should  he  brought  very  ex- 
actly by  the  aid  of  a  hydrometer. 

Its  purity  is  easily  ascertained  by  letting  fall  into  it  a  few  drops  of  solution  of  silver ; 
and  if  no  perceptible  milkiness  ensues,  it- may  be  accounted  good.  Should  a  white 
cloud  appear,  a  few  particles  of  silver  may  be  introduced,  to  separate  whatever  raoriatie 
acid  may  be  present,  in  the  form  of  chloride  of  silver.  Though  a  minute  quantity  of 
sulphuric  acid  should  exist  in  the  nitric,  it  will  be  of  no  consequence  in  the  operation  of 
parting. 

2.  On  parting  by  the  nitric  aciiy  called  by  the  Mexican*,  "  U  apartado.** — ^The  principle 
on  which  this  process  is  founded,  is  the  fact  of  silver  being  soluble  in  nitric  acid,  wiuQe 
gold  is  insoluble  in  that  menstruum.  If  the  proportion  of  gold  to  that  of  silver  be  greater 
than  one  to  two,  then  the  particles  of  the  former  metal  so  protect  or  envelop  those  of  the 
latter,  that  the  nitric  acid,  even  at  a  boiling  heat,  remains  quite  inactive  on  the  aDoy.  It 
is  indispensable,  therefore,  that  the  weight  of  the  silver  be  at  least  double  that  of  the  toU. 
100  pounds  of  silver  take  38  pounds  of  nitric  acid,  of  specific  gravity  1*320,  for  oxydize- 
ment,  and  111  for  solution  of  the  oxyde;  being  together  149;  but  the  refiner  oAcn  coa- 
fomes,  in  acid  of  the  above  strength,  n)ore  than  double  the  weight  of  silver,  which  shows 
great  waste,  owing  to  the  imperfect  means  of  condensation  employed  for  recovering  the 
vapors  of  the  boiling  and  v6ry  volatile  acid. 

By  the  apparatus  above  delineated,  the  38  pounds  of  acid  expended  in  oxydizing  the  silver, 
become  nitrous  gas  in  the  first  place,  and  are  afterwards  reconverted  in  a  great  measure 
into  nitric  acid  by  absorption  of  atmospherical  oxygen ;  so  that  not  one  fifth  need  be  lost, 
under  eood  management.  As  the  acid  must  be  boiled  on  the  granulated  garble^  or  alloy, 
to  effect  the  solution  of  the  silver,  by  proper  arrangements  the  vapors  may  be  entirely  con- 
densed, and  nearly  the  whole  acid  be  recovered,  except  the  111  parts  indispensable  to  con- 
stitute nitrate  of  silver.  Hence,  with  economical  management,  120  pounds  of  snch  acid 
may  be  assigned  as  adequate  to  dissolve  100  of  silver  associated  with  50  of  gold. 

It  must  here  be  particularly  observed,  that  100  pounds  of  copper  require  130  poaiMb  ol 
the  above  acid  for  oxydisement ;  and  390  for  solution  of  the  oxyde ;  being  520  pounds  in 
whole,  of  which  less  than  I  part  could  be  recovered  by  the  above  apparatus.  It  is  there- 
fore manifest  that  it  is  desirable  to  employ  silver  pretty  well  freed  from  copper  by  •  fwe- 
vious  process;  and  always,  if  practicable,  a  silver  containing  some  gold. 

These  data  being  assumed  as  the  bases  of  the  parting  operation,  60  pounds  of  gold  nnd 
silver  altoy  or  garble  finely  granulated,  containing  not  less  than  40  pounds  of  silver,  are  to 
be  introdneed  into  the  ten-gallon  alembic  of  platinum,  /tg.  931,  and  80  pounds  of  nitric 
acki,  of  1*320,  is  to  he  poured  over  the  alloy ;  a  quantity  which  will  measure  6  inOons 
imperial.    As  for  the  bulk  of  the  alloy,  it  is  considerably  less  than  half  a  gallon. 
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danee  of  tpaee  tiierefore  remains  in  the  alembic  for  effervescence  and  ebollition,  prorided 
the  fire  be  righUy  tempered. 

Bf  the  extetft  of  stoneware  conducting  pipe  e,  which  should  not  be  less  than  40  feet,  bf 
the  dimensions  and  coldness  of  the  cistern/,  and  by  the  regenerating  influence  of  the  yer* 
tical  aerial  pipe  filled  with  moist  pebbles  t,  t,  it  is  clear,  that  out  of  the  80  pounds  of  ni- 
tric scid,  specific  gravity  1*320,  introduced  at  first,  from  20  to  30  will  be  recovered. 

Whenever  the  effervescence  and  disengagement  of  nitrons  red  fumes  no  longer  appear 
OQ  opening  the  orifice  c,  the  fire  must  be  removed,  and  the  vessel  may  be  cooled  by  the 
application  of  moist  cloths.  The  alembic  may  be  then  disengaged  from  the  platinum  tube, 
and  tided  out  of  its  seat.  Its  liquid  contents  must  be  cautiously  decanted  otf,  through  the 
orifice  c,  into  a  tub  nearly  filled  with  soft  water.  On  the  heavy  pulverulent  gold  which 
remains  in  the  vessel,  some  more  acid  Should  be  boiled,  to  carry  ofif  any  residuary  silver. 
This  metaUie  powder,  after  being  well  washed  with  water,  is  to  be  dried,  fused  along  with 
a  little  nitre  or  borax,  and  cast  into  ingots. 

Plates  of  copper  being  immersed  in  the  nitric  solution  oontained  in  wooden  or  stone- 
ware cisterns,  will  throw  metallic  silver  down,  while  a  solution  of  nitrate  of  copper, 
called  blue  water,  wO!  float  above.  The  pasty  silver  precipitate  is  to  be  freed  from  the 
oitnite  of  copper,  first,  by  washing  with  soft  water,  and  next,  by  strong  hydraulic  pressure 
in  east  iron  cylinders.  The  condensed  mass,  when  now  melted  in  a  crucible  along  with 
a  little  nitre  and  borax,  is  fine  silver. 

The  above  apparatus  has  the  further  advantage  of  enabling  the  operator  to  reccArer  a 
great  portion  of  his  nitric  acid,  by  evaporating  the  blue  water  to  a  state  approaching  to 
dryness,  with  the  orifices  at  c,  and  at  the  top  of  the  capital,  open.  In  the  progress  of 
this  evaporation,  nothing  bat  aqueous  vapor  escapes.  Wfaenerer  the  whble  liquM  is 
dissipated,  the  pipe  d  is  to  be  re-adjusted,  and  the  lid  applied  closely  to  c.  The  heat 
bein?  now  continued,  and  gradually  increased,  the  Mfhole  nitric  add  will  be  expelled 
from  the  copper  oxyde,  which  will  remain  in  a  black  mass  at  the  bottom  of  the  alembic. 
The  contrivance  for  letting  water  trickle  upon  the  pebbles,  must  be  carefully  kept  in 
phiy,  otherwise  much  of  the  evolved  acid  would  be  dissipated  in  nitrous  f\imes.  With 
doe  attention  to  the  regenerative  plan,  a  great  part  of  the  acid  may  be  recovered,  at  no 
expense  but  that  of  a  little  fuel. 

The  black  oxyde  of  copper  thus  obtained,  is  an  economical  form  of  employing  that 
metal  for  the  production  of  the  sulphate ;  100  pounds  of  it,  with  192^  of  sulphuric  acid 
dilated  with  water,  produce  3I2(  pounds  of  crystallized  sulphate  of  copper.  A  leaden 
boiler  is  best  adapted  for  that  operation.  iOO  pounds  of  silver  are  precipitable  from  its 
tolation  in  nitric  acid,  by  29  of  copper.  If  more  be  needed,  it  is  a  proof  that  a  wasteful 
excess  of  add  has  existed  in  the  solution. 

In  parting  by  nitric  acid,  the  cold  generally  retains  a  little  silver;  as^is  proved  by 
the  ekmd  of  chloride  of  stiver  which  it  affords,  at  the  end  of  some  hours,  when  dissolved 
in  aqua  re^a.  And  on  the  other  hand,  the  silver  retains  a  little  gold.  These  facts 
induced  M.  Diz^,  when  he  was  inspector  of  the  French  mint,*  to  adopt  some  other  pro- 
cess, which  would  give  more  accurate  analytical  results ;  and  aAer  numerous  experi- 
ments, he  aseertainol  that  sulphuric  acid  presented  great  advantages  in  this  point  of 
view,  since  with  it  he  succeeded  in  detecting,  in  silver,  quantities  of  gold  which  had 
eluded  the  other  plan  of  parting.  The  suggestion  of  M.  Diz6  has  been  since  nniver- 
sally  adopted  in  France.  M.  Gostell^  about  nine  or  ten  years  ago,  erected  in  Pomeroy- 
street,  Old  Kent-road,  a  laboratory  upon  the  French  plan,  for  parting  by  sulphuric 
acid ;  but  he  was  not  successful  in  Ms  enterprise ;  and  since  he  relinquished  the  business, 
Mr.  Matheson  introduced  the  same  system  into  our  Royal  Mint,  under  the  mhnagement 
of  M'.  CostelPs  French  operaitives.  In  the  Parisian  refineries,  gold,  to  the  amount  of 
one  thousandth  part  of  the  weight,  has  been  extracted  from  all  the  silver  which  had  been 
previously  parted  by  the  nitric  acid  process ;  being  3500  francs  in  value  Upon  every  thou- 
sand kilogrammes  of  silver. 

I  shall  give  first  a  general  outline  of  the  method  of  parting  by  sulphuric  acid,  and  then 
describe  its  details  as  I  have  lately  seen  them  etecnted  upon  a  magnificent  scale  in  an 
establishment  near  Paris. 

The  most  suitable  alloy  for  refining  gold,  by  the  sulphuric  acid  process,  is  the  compound 
of  gold,  silver,  and  copper,  having  a  standard  quality,  by  the  cupel,  of  from  900  to  950 
milliemes,  and  containing  one  fifth  of  its  weight  of  gold.  The  best  proportions  of  the 
three  metals  are  the  following  :~silver,  725 ;  gold,  200 ;  copper,  75 ;  =  1000.  It  has 
been  found  that  alloys  which  contain  more  copper,  afford  solutions  that  hold  some 
aohydrons  sulphate  of  that  metal  in  solution,  which  prevents  the  goM  from  beinsr  readily 
separated ;  and  that  alloys  containing  more  gold,  are  not  acted  on  easily  by  the  sulphuric 
acid.  The  refiner  ought,  therefore,  when  at  all  convenient,  to  reduce  the  alloys  that 
he  has  to  treat  to  the  above^stated  proportions.  He  may  effect  this  purpose  either  by 
fusing  the  coarser  alloys  with  nitre  in  a  cradble,  or  by  adding  finer  alloy,  or  even  fine 
silver^  or  finally,  by  snlgecting  the  coarser  alloys  to  a  previous  copellation  with  lead  oo 
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the  fijeat  scal^e.  As  to  gold  or  silver  MUob,  whidi  .eontuM  lead  ailotfcfr  eMAsr  __, 
disable  metals  besides  copper,  the  refiner  ought  always  to  avoid  treating  them  by  sid 
pharie  acid;  and  should  separate,  first  of  all,  these  foreiga  metals  by  the  agency  of  aitre. 
if  they  exist  ia  minute  quantity ;  but  if  in  larger^  he  shoold  have'  reeowrse  to  the  copd. 
Great  advantage  will  therefor  be  derived  from  the  judicious  preparation  of  the  alloy  tc 
be  refined. 

For  an  aUoy  of  the  above  description,  the  principal  Parisian  .refiners  are  in  the  habit 
of  emploj'ing  thriee  its  weight  of  sulphuric  acid,  in  order  to  obtain  a  clear  aolatioa  of 
sulphate  of  silver,  which  does  not  too  suddenly  concrete  on  coolutf ,  so  as  to  obetniet  ils 
discharge  from  the  alembic  by  decantation.  A  small  increaae  in  the  quantity  of  copper, 
calls  for  a  considerable  increase  in  the  quantity  of  acid. 

Generally  speaking,  one  half  of  the  sulphuric  acid  strictly  required  for  conTertiog  the 
silver  and  copper  into  sulphates,  is  decomposed  into  sulphurous  acid^  which  it  lost  to  the 
manufacturer,  unless  he  has  recourse  to  the  agency  of  nitrous  acid. 

The  process  for  silver  containing  but  little  gold,  consists  of  fi^^  diflQec«Bt  opersp 
tions. 

1.  Upon  several  furnaces,  one  foot  in  diameter,  egg-shaped  alembics  of  platinum  are 
mounted,  into  each  of  which  are  put  3  kilogranunes  (8  lbs.  troy)  of  the  graaalaied 
silver,  containing  a  few  grains  of  gold  per  pound,  and  6  kilogrammes  of  cooeeoliated 
sulphuric  acid.  The  alembics  are  covered  with  conical  capitals^  ending  in  bent  tnbe^ 
which  conduct  the  acid  vapors  into  lead  pipes  of  condensation  j  and  the  furnaces  aie 
erected  under  a  proper  hood..  As  the  cold  acid  is  inoperative,  it  must  be  set  •  boiliag^ 
at  which  temperature  it  gives  up  one  atom  of  its  oxygen  to  the  metal,  and  is  transfonned 
into  sulphurous  acid,  which  escapes  ia  a  gaseous  state.  Some  of  the  undeoomposcd  sul- 
phuric acid  immediately  combines  with  the  oxyde  into  a  sulphate,  which  subsides,  in  the 
atate  of  a  crystalline  powder, .to  the. bottom  of  the  vessel.  The  solution  goes  on  vtsror* 
ously,  with  a  copious  disengagement  of  sulphurous  acid  gas,  only  durine  the  two  or  three 
first  hours }  after  which  it  proceeds  slowly,  and  is  not  completed  tUl  aAer  a  digestion  cf 
nearly  twelve  hours  more.  During  the  ebullition  a  considerable  quantity  of  anlpharie 
acid  vapor  esca|)es  along  with  the  sulphurous  acid  gas ;  the  former  of  which  is  rradily 
condensed  in  a  large  leaden  receiver  immersed  in  a  cistern  of  cold  water,  if  need  be.  It 
has  been  proposed  to  condense  the  sulphurous  acid,  by  leading  it  over  extensive  sarftces 
of  lime-pap,  as  in  the  coal-gas  purifiers. 

2*  When  the  whole  silver  has  been  converted  into  sulphate,  this  is  to  be  emptied  out 
of  the  alembic  into  water  contained  in  a  round-bottomcxi  receiver  lined  with  lead,  aad 
diluted  till  the  density  of  the  solution  marks  from  15°  to  20°  Baume.  The  small  poitjoa 
of  gold,  in  the  form  of  a  brown  powder,  which  remains  undissolved,  having  been  allovei 
to  settle  to  the  bottom,  the  supernatant  solution  of  silver  is  to  be  decanti^  carefully  cff 
into  a  leaden  cistern,  and  the  powder  being  repeatedly  edulcorated  with  water,  the  wash* 
ings  are  to  be  added  to  it.  The  silver  is  now  to  be  precipitated  by  plunging  plates  of 
copper  in  the  solution,  and  the  magma  which  falls  is  to  be  well  washed,  and  ihcd  fivm 
the  residuary  particles  of  sulphate  of  copper  by  powerful  compression. 

3.  The  silver,  precipitated  and  dried  as  above  described,  is  melted  in  a  cmcihfe,  aad 
cast  into  an  ingot.. 

4.  The  gold  powder  is  also  dried  and  cast  into  an  ingot,,  a  little  nitre  being  added  ia 
the  fusion,  to  oxydize  and  separate  any  minute  particles  of  copper  that  may  pcfchancb 
have  been  protected  from  the  solvent  action  of  the  acid. 

5.  As  the  sulphate  of  copper  is  of  considerable  value,  its  solution  is  to  be  nentralisedy 
evaporated  in  leaden  pans  to  a  proper  strength » and  set  aside  to  crystallize  ia  leaden 
cisterns.  The  farmers  throughout  France  consume  an  immense  quantity  of  this  salL 
They  sprinkle  a  weak  solution  of  it  (at  2?  or.  3^  Baume)  over  their  grain  belbre  sowing 
it,  in  order  to  protect  it  against  the  ravages  of  birds  and  insects. 

The  pure  sold,  at  the  instant  of  its  separation  from  the  alloy  by  the  action  of  sulphork 
acid,  being  in  a  very  fine  powder,  and  lying  in  close  contact  with  the  platiaum,  under  the 
influence  of  a  boiling  menstruum,  which  brightens  the  surfaces  of  the  two  metak,  aad 
raises  their  temperaiure  to  fully  the  600th  degree  of  Fahrenheit's  scale,  tends  to  beeoose 
partially  soldered  to  the  platinum,  aad  may  thus  progressively  thicken  the  bottooi  of  the 
still.  The  importance  of  preserving  this  vessel  entire,  and  of  economizing  the  fuel  re- 
quisite to  heat  its  contents,  induces  the  refiner  to  detach  the  crust  of  gold  from  time  to 
time,  by  passinsr  over  the  bottom  of  the  still,  in  small  quantities,  a  dilute  nitr»* 
muriatic  acid,  which  acts  readily  on  gold,  but  not  on  platinum.  But  as  thifs  operation 
IS  a  very  delicate  one,  it  must  be  conducted  with  ereat  circumspection.  The  danger  of 
such  adhering  deposites  is  much  increaseid  by  using  too  high  a  heat,  aad  too  small  a 
body  of  acid,  relatively  to  the  metals  dissolved.  Hence  it  is  advantageous  to  employ 
alembics  of  large  size.  Should  any. lead  or  tin  get  into  the  platinum  still,  while  the  hot 
acid  is  in  it,  the  precious  vessel  would  be  speedily  destroyed ;  an  accident  which  has  not 
nnfrequently  happened*    £Uich  operation  may  be  conventeatly  finished  in  twelve  honrs; 
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lotkal  mA  ricmbie  may  refine  trith  e«M  160 'marcs  daily.   .Some*  persons  wok  mnf 

rapid]y,  bat  such  haste  is  hazardous. 

The  Pariman  refiners  restore  to  the  owners  the  whole  of  the  gold  and  silver  contained 
in  the  ingots^  resenrin;  to  themselves  the  copper  which  formed  the  alloy,  and  charging 
only  the  sum  of  5|  fames  per  kilogramme  (2*6S  Ihs.  troy)  for  the  expense  of  the  parting 
of  the  metals. 

If  they  are  napkyed  to  refine  an  ingot  of  silrer  containiag  less  than  one  tenth  of  goldy  4 

they  retain  for  tliemselves  a  two  thousandth  part  of  the  gold,  and  all  the  copper,  existing  \f 

in  the  alloy ;  retnra  all  the  rest  of  the  gold,  with  the  whole  of  the  silver,  in  the  ingot;  ^j 

and  give,  besides,  to  the  owners  a  prtmium  or  boinu,  which  amounted  lately  to  {  of  a 
frsae  on  the  kilogimmme  of  metal.  Should  the  owner  desire  to  have  the  whole  of  the  gold 
and  silver  contained  in  his  ingot,  the  refiner  then  demands  lh>m  him  2  firancs  and  68  cen- 
times per  kikgramme,  retaining  the  copper  of  the  alloy.  As  to  silver  ingots  of  low 
ttudard,  the  perfection  of  the  refining  processes  is  such,  that  the  mere  copper  contained 
m  them  paya  all  the  costs ;  for  in  this  case,  the  refiner  restores  to  the  proprietor  of  the 
ingot  as  much  fine  silver  as  the  assay  indicated  to  exist  in  the  ingot,  conteliting  himself 
with  the  copper  of  the  alloy.    See  infri. 

The  chemical  works  of  M.  Poizat,  called  affinage  d'argenif  on  the  bank  of  the  canal 
de  POsrcf,  in  the  vicinity  of  Paris,  are  undoubiedly  the  most  spacious  and  best  arraaged 
for  refining  the  precious  metals,  which  exist  in  the  world.    On  being  introduced  to  this  1* 

gentleman,  by  my  friend  and  companion  M.  Clement-Desormes^  he  immediately  expressed  V 

Us  rtadiness  to  conduct^  me  through  his  fahrigue,  politely  alluding  to  the  French  !; 

translation  of  my  Dictionary  of  Chemistry,  which  lay  upon  the  desk  of  his  bureaw.  f 

The  principal  room  is  240  feet  long,  40  feet  wide,  and  about  30  feet  high.    A  lofty  | 

chimney  rises  np  throush  the  middle  of  the  apartment,  and  another -at  each  of  its  ends.  f- 

The  one  space,  120  feet  Ion?,  to  the  right  of  the  central  chimney,  is  allotted  to  the  pro-  1; 

eetses  of  dissolving  the  silver,  and  parting  the  gold;  the  other,  to  the  left,  to  the  eva- 
pontion  and  crystallization  of  the  sulphate  of  copper,  and  the  concentration  of  the  r^  ! 

covered  sulphuric  acid.  ^   |- 

M.  Poizat  melts  his  great  masses  of  silver  in  pots  made  of  malleable  iron,  capable  of 
holding  several  «wts.  each ;  and  granufaites  it  by  pouring  it  into  water  contained  in  large 
iron  pans.    The  granulated  silver  is  dried  with  heat,  and  carried  into  a  well  lishted  ^>  \\ 

fiee  enclosed  by  glazed  casements^  to  be  weighed,  registered,  and  divided  into  determinate        .  | 

portions.  Each  of  these  is  put  into  a  cast-iron  pot,  of  a  flattened  hemispherical  shape, 
ihont  2  feet  in  diameter,  covered  with  an  iron  lid,  made  in  halves,  and  hinged  together 
m  the  middle  line.  From  the  top  of  the  fixed  lid  a  bent  pipe  issues,  and  proceeds  down* 
wards  into  an  oblong  leaden  chest  sunk  beneath  the  floor.  Four  of  the  above  caSt-iron 
pots  stand  in  a  line  across  the  room,  divided  into  two  ranges,  with  an  intervening  space 
for  passing  between  them.    The  bottoms  of  the  pots  are  directly  heated  by  the  flame,  i 

one  fire  serving  for  two  pots.  Two  parts  of  concentrated  sulphuric  acid  by  weight  are 
ponred  upon  every  pact  of  granulated  silver,  and  kept  gently  boiling  till  the  whole  silver 
be  converted  into  a  pasty  sulphate. 

From  the  undereround  leaden  chests,  a  leaden,  pipe  4  inches  in  diameter,  rises  vert^ 
cally,  and  enters  the  side  of  a  leaden  chamber,  which  is  supported  upon  strong  cross-beams 
or  rafters,  a  little  way  beneath  the'roof  of  the  apartment.  This  chamber,  which  is  30 
feet  loot,  10  feet  wide,  and  6  feet  high,  is  intended  to  condense  the  sulphuric  acid  vapors, 
tlong  with  some  of  the  sulphurous  acid ;  that  of  the  latter  being  promoted  by  the  admis- 
rion  of  nitrous  gas  and  air,  which  eonvert  it  into  sulphuric  acid.  From  the  further  end 
^this  chamber,  a  lanre  square  leaden  pipe  returns  with  a  slight  slope  towards  the  middle 
of  the  room,  and  terminates  at  the  rieht>hand  side  •of  the  central  chimney,  in  a  small  leaden 
chest,  for  receiving  the  drops  of  acid  which  are  condensed  in  the  pipe.  From  that  chest 
a  pipe  issues,  to  discharge  into  the  high  central  chimney  the  incondensable  gases,  and 
tlso  to  maintain  a  constant  draught  through  the  whole  series  of  leaden  chambers  back  to 
the  cast-iron  bemispberical  x)Ots. 

Besides  the  above  east>iron  pots,  destin^  to  dissolve  only  the  coarse  cupreous  silver, 
oontsintng  a  few  grains  of  gold  per  pound,  there  are,  in  the  centre  of  the  apartment,  at 
the  rieht-hand  side  of  the  chimney,  6  alembics  of  platinum,  in  which  the  rich  alloys  of 
foM  and  sSlver  are  treated  in  the  process  of  refining  gold. 

The  pasty  sulphate  of  silver  obtained  in  the  iron  pots,  is  transferred  by  cast-iron  ladles 
vith.  lone  handles  into. large  leaden  cisterns,  adjoining  the  pots,  and  there  diluted  with 
t  little  water  to  the  density  of  86°  Baume.  Into  this  liquor,  steam  is  admitted  through 
t  series  of  upright  leaden  pipes  arransred  along  the  side  of  the  cistern,  which  speedily 
eanses  ebolUiion,  and  dilutes  the  solution  eventually  to  the  22d  degree  of  fiaum^.  In 
this  Plate,  the  liquid  supersulphate  is  run  ofl"  by  Jeaden  syphons  into  large  oblong  leaden 
cisterns,  rounded  at  the  bottom ;  and  is  there  exposed  to  the  action  of  ribands  of  copper, 
Hke  thin  wood  shavings.    Thei  metallic  silver,  predpitates  in  a  pasty  form ;  and  the 
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mpernatant  sulphmte  of  copper  is  then  ruii  off  into  a  cistern,  vpon  n  soinewlint  lower  ierd, 
where  it  is  leA  to  settle  and  become  clear. 

The  precipitate  of  silver,  called  by  the  English,  water^ilver,  and  by  the  French,  tkvmx 
dhargent,  is  drained,  then  stroni^ly  squeesed  in  a  sqoare  box  vf  cast-iron,  by  the  aetion  ol 
a  hydraulic  press ;  in^wfaich  60  pounds  of  silver  are  operated  npon  at  once. 

The  silver  lumps  are  dried,  melted  in  black  lead  crucibles,  in  a  furnace  built  near  the 
silver  end  of  the  room,  where  the  superintendent  sits  in  his  6«reaii— a  closet  enclosed  by 
glazed  casements,  like  a  green-house.  The  whole  course  of  the  operations  is  so  planned, 
tiiat  they  are  made  to  commence  near  the  centre  wkh  the  mixed  metals,  and  progrevivew 
ly  approach  towards  the  office  end  of  the  apartment  ai  the  parting  processes  advaDce. 
Here  the  raw  material,  after  bein^  granulated  and  weighed,  was  given  onl,  and  here  the 
pure  gold  and  silver  are  finally  eliminated  in  a  separate  state. 

In  the  other  half  of  the  hall,  the  solutions  of  sulphate  of  copper  are  evaporated 
in  Urge  shallow  leaden  pans,  placed  over  a  range  of  furnaces ;  from  which,  at  the  proper 
degree  of  concentration,  they  are  run  off  by  syphons  into  crystallizing  pans  of  the  some 
metal.  From  the  mother-waters,  duly  evaporated,  a  second  crop  of  crystals  is  oblauied ; 
and  also  a  third,  the  last  being  anhydrous,  fVom  the  great  affinity  for  water  possessed  by 
the  strong  sulphuric  acid  with  which  they  are  now  surrounded.  The  acid  in  this  way 
parts  with  almost  the  whole  of  the  cupreous  oxyde,  and  is  then  transferred  into  a  lai|K 
alembic  of  platinum  (value  1000/.),  to  be  rendered  fit,  by  re-concentration,  for  acting  apoii 
fresh  portions  of  granulated  silver.  The  capital  of  that  alembic  is  eonnecied 
with  a  leaden  worm,  which  traverses  an  oblong  vessel,  through  which  a  stream  of  cold 
water  flows. 

The  crystallized  sulphate  of  copper  fetched,  two  years  ago,  30^  a  ton.  It  is  almost  all 
sold  to  the  grocers  in  the  towns  of  the  agricultural  districts  of  France.  In  the  above  es- 
tablishment of  M.  Poizat,  silver  to  ^he  value  of  10,000/.  can  be  operated  upon  daily. 

There  is  a  steam  engine  of  6-horse  power  placed  in  asmaU  glazed  ehamber  atoae  side 
of  the  parting  hall,  which  serves  to  work  all  his  leaden  pumps  for  lifting  the  dilute  sul- 
phuric acid  and  acidulous  solutions  of  copper  into  their  appropriate  cisterns  of  eoneen- 
tration,  as  also  to  grind  his  old  crucibles,  and  drive  his  amaleamation  mill,  consisting  of 
a  pair  of  vertical  round-edged  wheels,  working  upon  one  shafts  in  a  groove  formed  ronnd 
k  central  hemisphere — of  cast-iron.  After  the  mercury  has  dissolved  out  of  the  gronad 
erncibles  all  the  particles  of  silver  which  it  can  find,  the  residuary  earthy  matter  is  sold 
to  the  ttoMp'ivathers,  The  floor  of  the  hall  around  the  alembics,  pots,  and  cisterns,  is 
covered  with  an  iron  grating,  made  of  bars  having  one  of  their  angles  nppermost,  to  act 
as  scrapers  upon  the  shoes  of  the  operatives.  The  dust  collects  in  a  vacant  space  left 
beneath  the  gratinsr,  whence  it  is  taken  to  the  amalgamation  mill.  The'  processes  are 
io  well  arranged  and  conducted  by  M.  Poizat,  that  he  can  execute  as  mncb  bosiness  ia 
his  establishment  with  10  workmen  as  is  elsewhere  done  with  from  40  to  50 ;  and  with 
less  than  3  erains  of  gold,  in  one  Paris  pound  or  7561  grains  of  silver,  he  can  defray  tht 
whole  expenses  of  the  parting  nr  refining. 

Since  26  parts  of  copper  afford  100  of  the  cr}'stallized  sulphate,  the  tenth  of  copper 
present  in  the  dollars,  and  most  foreign  coins,  will  yield  nearly  four  times  its  weight  of 
blue  vitriol;  a  subsidiary  product  of  considerable  value  to  the  refiner. 

The  works  of  M.  Poizat  are  so  judiciously  fitted  up  as  to  be  quite  salnbrioos,  and  ha^e 
not  those  "  very  mischievous  effects  upon  the  trachea,^  which  Mr.  Matheson  states  as 
being  common  in  his  refinery  ,works  in  the  Royal  Mint.*  But,  in  fact,  as  refining  by 
iulphuric  acid  is  always  a  nuisance  to  a  neighborhood,  it  is  not  suffered  in  the  Jfoaauii 
Boyale  of  Paris ;  but  is  best  and  most  economically  performed  by  private  enterprise  and 
iair  competition,  which  is  impossible  in  London,  on  account  of  the  anomalous  privilege, 
worth  at  least  2000/.  a  year,  possessed  by  Mr.  Matheson,  who  works  most  extensively 
ibr  private  profit  on  a  public  plant,  fitted  up  with  a  lofty  chimney,  plaUnum  Tessels  to 
the  value  of  3000/.,-  and  other  apparatus,  at  the  cost  of  the  government.  His  charge  to 
the  crown  for  refining  gold  per  lb.  troy,  is  6t.  6d, ;  that  of  the  refiners  in  London,~who 
are  obliged,  for  fear  of  prosecution,  to  employ  the  more  expensive,  but  more  eondeasabley 
nitric  acid,  is  only  4s.  That  of  the  Parisian  refiners  is  regulated  as  follows.  For  the 
dealers  in  the  precious  metals :  — 

For  gold  bullion  containing  silver,  and  more  than  -jUl^  of  gold,  6  fir.  12  e.  per  kilo* 
gramme,  =  2  fr.  29  c.  per  lb.  troy. 

For  silver  bullion,  conuining  from  j^  to  ^^^  of  gold  (called  dortt),  3  fr.  27  e. 
per  kilogramme,  =:  1  fr.  22  c.  per  lb.  troy.  ^ 

For  the  Afonnaie,  the  charges  are — 

For  gold  refined  by  sulphuric  acid,  when  alloyed  with  copper  only,  ftom    ».>•  to 
5  fr.  per  kilocramme,  =i  I  fr.  86  c.  per  lb,  troy. 

For  gold  alloyed  with  copper  and  silver,,  whatever  be  the  quantity  of  silver,  5  fr.  75  e. 
per  kilogramme,  =  2  fr.  12  c.  per  lb.  troy. 

«  Report  of  CommittM  of  Hovm  of  Commou  ontho  Mint,  ia  1617,  p.  tL 
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There  are  aboat  ten  buUicm  refiners  bf  tnlplraric  aeid  in  the  eaTinmi  of  Paris;  two  el 
whom,  M.  Poizat  St.  Andre,  and  M*  ChauTiire^  are  by  far  the  most  considerable  $  the 
former  working  about  300  kilogrammes  (  ^  804  lbs.  troy)  daily,  tnd  the  latter  about  two 
thirds  of  that  quantity.  In  former  times,  when  competition  was  open  in  ].ondon,  Messrs* 
Browne  and  Brinde  were  wont  to  treat  6  cwts.  of  silver,  or  9  ewts.  of  gold  all9y,.dailyy 
for  several  months  in  succession. 

The  result  of /ree  trade  in  refining  bnUion  tt  Paris  is,  that  the  silver  bars  iipported 
into  London  from  South  America,  &.C.,  are  mostly  sent  off  to  Paris  to  be  stripped  of  the 
few  grains  of  gold  which  they  may  contain,  and  are  then  brought  back  to  be  sold  here* 
Three  grains  of  gold  in  one  Paris  lb.  of  silver,  pay  the  refiners  there  for  taking  them 
oat.  What  a  di^race  is  thus  brought  npon  our  manufacturing  industry  and  skill,  by 
the  monopoly  charges  in  refining  and  assaying  granted  to  two  individuals  in  our  RoyU 
Mint. 

Mr.  Bingley's  charges  for  assaying  at  the  Royal  Mint  in  London,  are — 

For  an  assay  of  gold,  4j. ;  for  a  parting  assay  of  gold  and  silver^  6$. ;  for  a  silver  assay, 
2t.  6d, — charges  which  absorb  the  profits  of  many  a  transaction. 

The  charges  at  the  Royal  Mint  of  Paris,  for  assays  made  under  the  following  distin- 
goished  chemical  savanls — Darcet,  IHrectewr ;  Br^nt,  VeryUaitmrf  Chevillot  and  Pelouxe, 
isMayeurs  i  are — 

For  an  assay  of  gold,  or  dore  (a  parting  assay),  3  francs. 

—        silver  —  —         0-  80  c.  =  &2.  English. 

M.  Gay  Lussac  is  the  assayer  of  the  JSureatt  de  CturmUU  at  the  Motmaie  Royalty  am 
office  which  corresponds  lo  the  Goldsmiths'  Hall  at  London.  The  silver  assays  in  all 
the  official  establishments  of  Europe,  except  the  two  in  London,  are  made  by  the  humid 
method,  and  are  free  from  those  errors  and  blunders  which  daily  abnoy  and  despoil  the 
British  bullion  merchant,  who  is  compelled  by  the  Mint  and  Bank  of  England  to  buy  and 
sell  by  the  euptUation  assay  of  Mr.  Bingley.    See  Assay  and  SiLVsa. 

REFRIGERATION  OF  WORTS,  &c.  In  August,  1826,  Mr.  Yandall  obtained 
a  patent  for  an  apparatus  designed  for  cooling  worts  and  other  hot  fluids,  without 
exposing  them  to  evaporation.  Utensils  employed  for  this  purpose,  are  generally  called 
refrigerators,  and  are  so  constructed,  that  a  quantity  of  cold  water  shall  be  brought  in 
contact  with  the  vessel  which  contains  the  heated  fluid.  But  in  every  eonstmction  of 
refrigerator  heretofore  used,  the  quantity  of  cold  water  necessarily  employed  in  the* 
operation,  greatly  exceeded  the  quantity  of  the  fluid  cooled,  which,  in  some  situations^ 
where  water  cannot  be  readily  obtained,  was  a  serious  impediment  and  objection  to  the 
ase  of  such  apparatus. 

The  inventor  has  contrived  a  mode  of  constructing  a  refrigerator,  so  that  any  quantity 
of  wort  or  other  hot  fluid  may  be  cooled  by  an  equal  quantity  of  cool  water  $  the  process 
being  pet  formed  with  great  expedition,  simply  by  passing  the  two  fluids  through  very  naiw 
row  passages,  in  opposite  directions,  the  result  .of  which  is,  that  the  cold  liquor  imbibes 
the  heat  from  the  wort,  or  other  fiiKtd,  and  the  temperature  of  the  hot  fluid  is  reduced  in 
the  same  ratio. 

Fig9,  932,  933>  and  934  represent  different  forms  in  which  the  apparatus  is  proposed  to 
be  made.  The  two  first  have  zigzag  passages  j  the  third,  channels  running  in  convolute 
enrves.  These  channels  or  passages  are  of  very  small  capacity  in  thickness,  but  of  great 
length,  and  of  any  breadth  that  may  be  required,  according  to  the  quantity  of  fluid  in* 
tended  to  be  cooled  or  heated. 

Fig.  935  is  the  section  of  a  portion  of  the  apparatus  shown  at  figt,  932  and  933  upon 
an  enlarged  scale ;  it  is  made  by  connecting  three  sheets  of  copper  or  any  other  thin  me- 
tallic plates  together,  leaving  parallel  spaces  between  each  plate  for  the  passage  of  the 
fluids,  represented  by  the  black  lines. 

These  spaces  are  formed  by  occasionally  introducing  between  the  plates  thin  straps, 
ribs,  or  portions  of  metal,  by  which  means  very  thin  channels  are  produced,  and  through 
these  channels  the  fluids  are  intended  to  be  passed,  the  cold  liquor  running  in  one  direc- 
tion, apd  the  hot  in  the  reverse  direction. 

Supposing  that  the  passages  for  the  fluids  are  each  one  eighth  of  an  inch  thick,  then 
the  entire  length  for  the  run  of  the  fluid  should  be  about  80  feet^  the  breadth  of  the  ap- 
paratus being  made  according  to  the  quantity  of  fluid  intended  to  be  |)assed  through  it  in 
a  given  time.  If  the  channels  are  made  a  quarter  of  an  inch  thick,  then  their  length 
should  be  extended  to  160  feet;  and  any  other  dimensions  in  similar  proportions  $  but  a 
larger  channel  than  one  quarter  of  an  inch,  the  patentee  considers  would  be  objectionable. 
It  is,  however,  to  be  observed,  that  the  length  here  recommended,  is  under  the  considera* 
tion,  that  the  fluids  are  driven  through  the  apparatus  by  some  degree  of  hydrostatic  prea- 
•nre  from  a  head  in  the  delivery-vau  above ;  but  if  the  fluids  flow  without  pressure,  then 
the  lengths  of  the  passages  need  not  be  quite  so  great. 

la  the  apparatus  constrneted  as  shown  hi  perspective  at  fig.  932,  and  fartner 
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dwdopcd  bf  the  «eetkm,  yijsr.'935,  cdd  iiruter  is  to'  be '  introdneed  at  ihe  ibknel  a. 
^_  Q«rt  ^  '  whence  it  passes  down  the  pipe  6,  and 


throairh  it  long  slit  or  opening  io  tbe  side 
of  the  pipe,  into  the  passage  c,  c  (see  Ji$, 
935),  between  the  plates,  where  it  flcnri 
in  a  horizontal  direction  throagh  tbe 
dbanne)  towards  the  discharge-pipe  d. 
When  such  a  qnantity  of  cold  water  has 
passed  through  the  fbnnel  a,  as  shall  have 
filled  the  channel  c,  c,  up  to  the  level  of 
the  top  of  the  apparatus,  the  cock  t  being 
shut,  then  the  hot  wort  or  liquor  intended 
to  be  cooled,  may  be  introduced  at  th« 
funnel/,  and  which,  descending  in  the 
pipe  g,  passes  in  a  similar  manner  to  the 
former,  through  a  long  slit  or  opening  ia 
the  side  of  the  pipe  g,  into  tbe  extended 
passage  A,  A  (seeySg.  935),  and  from  thence 
proceeds  horizontally  into  the  discharge- 
pipe  t. 
The  two  cocks  t  and  fc,  being 


opened,  the  wort  or  other  liquor  is  drawn  off,  or  otherwise  conducted  away  through  the 
cock  ky  and  the  water  through  e.  If  the  apertures  of  the  two  cocks  e  and  k  are  equal, 
and  the  channels  equal  also,  it  follows  that  the  same  quantity  of  wort,  &.c.,  wfll  flow 
through  the  channel  hy  A,  A,  in  a  given  time,  as  of  water  through  the  channel  c,  c ;  and  by 
the  hot  fluid  passing  through  the  apertures  in  contact  with  the  side  of  the  channel  which 
contains  the  cold  fluid,  the  heat  becomes  abstracted  from  the  former,  and  communicated  to 
the  latter ;  and  as  tbe  hot  fluid  enters  the  apparatus  at  that  part  which  is  in  imntcdiaie 
contact  with  the  part  where  the  cooling  fluid  is  discharged,  and  the  cold  fluid  enters  the 
apparatus  at  that  part  where  the  wort  is  discharged,  the  consequence  is,  that  the  wort  or 
other  hot  liquor  becomes  cooled  down  towards  its  exit-pipe  nearly  to  the  temperature  of 
cold  water ;  and  the  temperature  of  the  water,  at  the  reverse  end  of  the  appantos,  be- 
comes raised  nearly  to  that  of  the  boiling  wort. 

It  only  remains  to  obserire,  that  by  partially  closing  either  of  the  exit-cocks,  tbe  quan- 
tity of  heat  abstracted  from  one  fluid,  and  eommunicated  to  the  other,  may  be  regulated ; 
for  instance,  if  the  cock  t  of  the  water-passage  be  partially  closed,  so  as  to  diminish  the 
qnantity  of  cold  water  passed  through  the  apparatus,  the  wort  or  other  hot  fluid  coodncted 
through  the  other  passages  will  be  dischai^ed  at  a  higher  temperature,  which  in  some 
eaaes  will  be  desirable,  when  the  refrigerated  liquor  is  to  be  fermented. 

.  JTig.  933  exhibits  an  apparatus  precisely  similar  to  the  foregoing,  but  diflTerent  in  its 
position ;  for  instance,  the  ligsag  channels  are  made  in  obliquely  descending  pkoes. 

gjQ  a  is  the  funnel  for  the  hot  liquor,  whence  it 

descends  through  the  pipe  d  into  the  cbaaDd 
c,  c  (see  ySg.  935),  and  ultimately  it  discharged 
through  the  pipe  &,  at  the  cock  c  The  coU 
water  being  introduced  into  the  fonael  /,  and 
passing  down  the  pipe,  i,  entera  tbe  zigiag 
ehannel  h,  A,  and,  rising  through  the  apparaioa^ 
runs  off  by  the  pipe  g,  and  is  dischai^ged  at  the 
cock  below. 

The  passages  of  this  apparatus  for  heating 
and  cooling  fluids,  may  be  bent  into  various 
contort^  figures ;  one  form  fbund  particularly 
convenient  under  some  applications,  is  that 
represented  at  fig.  934,  which  is  eontaiaed 
in  a  cylindrical  case,  llie  passages  here  run 
in  convolute  curves,  the  one  winding  in  a 
spiral  to  the  centre,  the  other  receding  from  the 
centre. 

The  wort  or  other  hot  liquor  intended  to 
be  cooled,  is  to  be  Introduced  at  the  funnel  a» 
and  passing  down  the  pipe  6,  is  delivered  into 
the  open  passage  c,  which  winds  round  to  the 
central  chamber  </,  and  is  thence  discharged 
through  the  ]npe  e,  at  the  cock  /•  The  cold 
irater  enters  the  -apparatus  at  the  funnel  g, 
and  proceeding  down  the  pipe  A,  enters  the 
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elond  «1iawiel  s  and  «Aer  tnHFeraiilff  round  Utfongh  the  aptmmtvsy  is  in  like  manner 
diMhafseil  through  the  pi^  k,  at  the  cock  I.    Or  the  hot  liquor  may  be  passed  through 

the  closed  channel,  and  the  cold  throni^li 

1^     934 


the  open  one ;  or  these  chambe.  ^  may  be 
both  of  them  open  at  top,  and  :he  ap- 
paratus covered  by  a  lid  when  at  work, 
the  principal  design  of  which  is  to  afford 
the  convenience  of  cleaning  them  more 
readily  than  could  be  done  if  they  were 
closed ;  or  they  may  be  both  closed. 

A  similar  ingenious  apparatus  for  cool- 
ing brewer's  worts,  or  wash  for  distillers, 
and  also  for  condensing  spirits,  in  place 
of  the  ordinary  worm  tub,  is  calleil  by 
the  inventor,  Mr.  Wheeler,  an  Archi- 
medes condenser,  or  refrigerator,  the  pe- 
culiar novelty  of  which  consists  in  form- 
ing the  chambers  for  the  passage  of  the 
fluids  in  spiral  channels,  winding  round 
a  central  tube,  through  which  spiral 
channels  the  hot  and  cold  fluids  are  to  be 
passed  in  opposite  directions, 
lie.  936  represents  the  extenud  appearance  of  the  refrigerator,  enclosed  in  a  cylin- 
drieal  case ;  fig,  937,  the  same,  one  half  of  the  case  being  removed  to  show  the  form 

935  of  the   apparatus   within ;    and  fif.  938,  a 

section  cut  through  the  iniddle  of  the  appa- 
ratus perpendicularly,  for  the  purpose  of 
displaying  the  internal  figure  of  the  spiral 
channels. 

The  apparatus  is  proposed  to  be  made  of 
sheet  copper,  tinned  on  its  surface,  and  ia 
formed  by  cutting  circular  pieces  of  thin  cop- 
^  per,  or  segments  of  circles,  and  connfcting 

Aem  together  by  rivets,  solder,  or  by  any  other  convenient  means,  as  coppersmiths  usti- 
tUy  do ;  these  circular  pieces  of  copper  being  united  to  one  another,  in  the  way  of  a  spiral 
or  screw,  form  the  chambers  through  which  the  fluids  are  to  pass  within,  ia  an  ascendlnf 
or  descending  inclined  plane. 
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Injigg.  937  and  938,  a,  a,  is  the  central  tube  or  standard  (of  any  diameter  that  maj 
be  found  convenient),  round  which  the  spiral  chambers  are  to  be  formed ;  6, 6,  are  the 
tides  of  the  outer  case,  to  which  the  edges  of  the  spiral  fit  closely,  but  need  not  bt 
attached ;  c,  c,  are  two  of  the  circular  plates  of  copper,  connected  together  by  rivets  at 
the  edges,  in  the  manner  shown,  or  by  any  other  suitable  means ;  d,  is  the  chamber, 
formed  by  the  two  sheets  of  copper,  and  which  is  carried  round  from  top  to  bottom  in  a 
iptrel  or  eirenlai  inclined  plane,  by  a  succession  of  circular  plates  connected  to  each 
other. 
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The  hot  flmd  U  admitted  into  Uie  tpind  cliBfflber  d,  thnmirb  «  tnunpcC  or  vide* 

I  I  j  .        mouthed  tube  c,  at  top,  aad  ia 

939       I  ||      ^^  yl  I        discharged    at     bottom     by   aa 

apertore  and  ooek  /.  The  eoU 
water  which  is  to  be  employed 
as  the  cooling  material,  is  to  be 
introdjiced  through  the  pipe  g, 
io  the  centre,  from  whence  dis- 
charging itself  by  a  lude  at  bot- 
tom, the  cold  water  occopies 
the  interior  of  the  cylindrieal 
case  6,  and  rises  in  the  spird 
passage  A,  between  the  coils  of 
the  chamber,  until  it  aaeends  to 
the  top  of  the  Teasel,  and  then  it 
flows  awaj  by  a  spout  t,  seen  ia 
fig.  936. 

It  will  be  perceived  that  the 
hot  fluid  enters  the  appaiatas 
at  top,  and  the  cohl  fluid  at 
bottom,  passing  each  other,  by 
means  of  which  an  interchange 
of  temperatures  take*  place 
through  the  plates  of  copper, 
the  -cooling  fluid  passing  off  at 
top  in  a  heated  state,  by  means 
of  the  caloric  which  it  has  ab- 
stracted from  the  hot  fluid;  and 
the  hot  fluid  passing  off  throngk 
the  pipe  and  cock  at  bottom,  ia 
a  yery  reduced  state  of  tcmpera- 
tnre,  by  reason  of  the  caloric 
which  it  held  having  been  given 
out  to  the  cooling  fluid. 
Fig,  939  is  a  side  view  and 
section  of  Wagenmann's  apparatus  for  cooling  worts  $  fig,  940,  a  view  from  abore.  The 
preceding  contrivances  seem  to  be  far  preferable. 

a,  a,  is  the  tub  for  receiving  the  apparatus,  whose  central  upright  shaft  6,  rests  upon  a 
atep  e,  in  the  bottom,  and  revolves  at  top  in  a  bush  at  d,  made  fast  to  a  bar  e,  fixed  flat 
across  the  mouth  of  the  tub.  The  shaft  may  be  driven  by  the  two  bevel  wheels  /,/,  at 
right  angles  to  each  other,  and  the  horizontal  rod  turned  by  hand  ;  or  the  whole  may  be 
impelled  by  any  power*  g,  is  an  iron  basin  for  receiving  the  cold  water  from  the  spoot 
A,  supplied  by  a  well;  it  flows  out  of  the  basin  through  two  tubes  t  i,down  into  the  lower 
part  of  the  cooler  k  k.  The  cooler  consists  of  two  flat  vessels,  both  of  which  nn  formed 
of  a  flat  interior  plate,  and  an  arched  exterior  one,  so  that  their  transverse  section  is  pIano> 
convex*  The  water  which  flows  along  the  tubes  t  i,  spreads  itself  upon  the  bottom  of  the 
cooler,  and  then  rises  through  the  scabbard-shaped  tubes  /  /,  &c.,  into  the  upper  annular 
vessel  mm;  whence  it  is  urged  by  hydrostatic  pressure,  in  a  now  heated  slate,  through 
the  slanting  tubes  n  n,  which  terminate  in  the  common  pipe  o,  of  the  annular  basin  pp, 
and  is  thence  discharged  by  the  pipe  q.  The  basin  p  p,  is  supported  by  the  two  bearers 
r,  made  fast  to  the  cross-beam  e.  There  is  in  the  lowest  part  of  the  hollow  ring  at  bot- 
tom, a  screw  plug,  which  may  be  opened  when  it  is  desired  to  discharge  the  whole  con- 
tents, and  to  wash  it  with  a  stream  of  water. 

REGULUS  is  a  term  introduced  by  the  alchemists,  now  neariy  obsolete.  It  means 
literally  a  little  king,  and  refers  to  the  metallic  state  as  one  of  royalty,  oompved  with 
the  native  earthy  condition.  Antimony  is  the  only  metal  now  known  by  the  name  of 
regulus. 

RESINS  (RSsineSf  Fr. ;  Harzt,  GermOt  are  proximate  principles  found  in  most  vege- 
tables, and  in  almost  every  part  of  them ;  but  the  only  resins  which  merit  a  particular  de- 
scription, are  those  which  occur  naturally  in  such  quantities  as  lo  be  easily  collected  or 
extracted.  They  are  obtained  chiefly  in  two  ways,  either  by  spontaneous  exudation  from 
the  plants,  or  by  extraction  by  heat  and  alcohol.  In  the  first  case,  the  discharge  of  resin 
in  the  liquid  state  is  sometimes  promoted  by  artificial  incisions  made  in  summer  through 
the  bark  into  the  wood  of  the  tree. 

Resins  possess  the  following  i^neral  properties : — They  are  soluble  in  alcohol,  in- 
soluble in  water,  and  melt  by  the  application  of  heat,  but  do  not  volatilize  without 
partial  decomposition.    They  have  rarely  a  crystalline  structure,  but,  like  gums,  they 
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■fleet  an^  peeoiUr  fonn.  They  are  aJmost  ■(!  tranriveid,  not  often  eolorletii 
bat  generally  brown,  oceasionally  red  or  green.  Any  remarkable  taste  or  smell  which 
they  sometimes  poesess,  may  be  ascribed  to  some  fore^n  matter,  commonly  an  essential 
oil.  Tbeir  specific  gravity  varies  from  0-92  to  1*2.  Their  consistence  is  also  very 
variable.  The  greater  part  are  hard,  with  a  vitreous  fVactare,  and  so  brittle  as  to  be 
rtadily  piUverised  in  the  coal.  Some  of  them  are  soft,  a  circumstance  probably  de- 
pendant upon  the  presence  of  a  heterogeneous  substance.  The  hard  resins  do  not 
conduct  eieetricity,  and  they  become  negatively  electrical  by  frictioii.  When  heated, 
they  melt  more  or  less  easily  into  a  thick  viscid  liquid,  and  concrete,  on  cooling,  into  a 
smooth  shining  mass,  of  a  vitreous  ftacture,  which  occasionally  flies  off  into  pieces,  like 
Prince  Rupert's  drops;  especially  after  being  quickly  cooled,  and  scratched  with  a 
sharp  point.  They  take  fire  by  contact  of  an  ignited  body,  and  bom  with  a  bright 
flame,  and  the  diffusion  of  raueh  sooty  smoke,  When  distilled  by  themselves  in  close 
vessels,  they  afford  carbonic  acid  and  carbureted  gases,  -empyrenmatic  oil  of  a  less 
disagreeable  smell  than  that  emitted  by  other  such  oils,  a  little  acidulous  water,  and  a  very 
little  shining  charcoal.    See  Rosiir  Gas. 

Resins  are  insoluble  in  water,  but  dissolve  in  considerable  quantities  in  alcohol,  both 
hot  and  cold.  This  solution  reddens  tincture  of  litmus,  but  not  sirup  of  violets ;  it  is 
decomposed  by  wftter,  and  a  milkiness  ensues,  out  of  which  the  particles  of  the  resin 
gradually  agglomerate.  In  this  state  it  contains  water,  so  as  to  be  soft,  and  easily 
kneaded  between  the  fingers;  but  it  becomes  hard  and  brittle  again  when  freed  by 
fusion  from  the  water.  The  resins  dissolve  in  ether  and  the  volatile  oils,  and,  with  the 
aid  of  heat,  combine  with  the  unctuous  oils.  They  may  be  combined  by  fusion  with 
sulphur,  and  with  a  little  phosphorus.  Chlorine  water  bleaches  Several  colored  resins, 
if  they  be  diffused  in  a  milky  state  through  water.  The  carburet  of  sulphur  dissolves 
them. 

Resins  are  little  acted  upon  by  aeids,  except  by  the  nitric,  which  converts  them  into 
aitificia]- tan.  They  combine  readily  with  the  alkalis  and  alkaline  earths,  and  form  what 
were  formerly  reckoned  soaps :  but  the  resins  are  not  truly  saponified ;  they  rather  repretent 
the  acid  constitution  themselves,  and,  as  such,  saturate  the  salifiable  bases. 

Every  resin  is  a  natural  mixture  of  several  other  resins,  as  is  the  case  also  with  oils; 
one  principle  being  soluble  in  cold  alcohol,  another  in  hot,  a  third  in  ether,  a  fourth 
m  oil  of  turpentine,  a  fifth  in  naptha,  &c.  The  soft  resins,  which  retain  a  certain 
portion  of  volatile  oil,  constitute  what  are  called  balsams.  Certain  other  balsams  contain 
bensoic  acid.  The  solid  resins  are,  amber,  anime,  benzoin,  colophony  (common  roshi), 
oopo/,  dammara,  dragon?  t  blood,  elemi,  guaiac,  lac,  resin  of  jalap,  ladanmm,  ma$iic,  eamdar^ 
a(k,$torax,  takamahae, 

RESIN,  KAURI  or  COWDEE,  i^  a  new  and  very  peculiar  subsUnce,  recently  im- 
ported in  considerable  quantities  from  New  Zealand,  which  promises  to  be  useful  in  the 
arts.  It  oozes  from  the  trunk  of  a  noble  tree  called  Dammara  aiutralis,  or  Pinu»  kanri, 
whieh  rises  sometimes  to  the  height  of  90  feet  without  a  branch,  with  a  diameter  of  12  feet, 
and  furnishes  a  log  of  heart  timber  of  11  feet.  The  resin,  which  is  called  Cowdee  gum 
by  the  importers,  is  brought  to  us  in  pieces  varying  in  size  from  that  of  a  nutmeg  to  a 
block  of  2  or  3  cwts.  The  color  varies  from  milk-white  to  amber,  or  even  deep  brown ; 
some  pieces  are  transparent  and  colorless.  In  hardness  it  is  intermediate  between  copal 
and  resin.  The  white  milky  pieces  are  somewhat  fragrant,  like  elemj.  Specific  gravity, 
1*04  to  1*06.  It  is  very  inflammable,  bums  all  away  with  a  clear  bright  flame,  but  does 
■ot  drop.  When  cautiously  fused,  it  concretes  into  a  transparent  hard  tough  mass,  Vkt 
shellac.  It  affords  a  fine  vamish  vrith  alcohol,  being  harder  and  less  colored  than  mastic, 
while  it  IS  as  soluble,  and  may  be  had  probably  at  one  tenth  of  the  price.  A  solution  in 
alcohol,  mixed  with  one  fourth  of  its  bulk  of  a  solution  in  oil  of  turpentine,  forms  an 
excellent  vamish,  which  dries  quickly,  is  quite  colorless,  clear  and  hard.  It  is  insoluble 
4n  pyro-acetic  (pyroxilic  7)  spirit.  Combined  with  shellac  and  turpentine,  it  forms  a  good 
9ealin«-wax« 

REYERBERATORY  FURNACE ;  see  Copper,  Iron,  and  Boda. 

RETORT.  For  produdnir  eoal  gas,  there  are  many  modifications,  varying  in  dimension 
ami  shape  with  the  caprice  of  the  constructor,  and  in  many  cases  without  any  definite  idea 
of  the  ininciple  to  be  aimed  at. 

They  may  be  dtivided  into  three  general  classes : 

1st.  The  circular  retort,  from  twelve  to  twenty  inches  in  diameter,  and  from  six  to' 
nine  fkH  in  lenath.  This  retort  is  used  In  Manchester  and  some  other  places,  in  gene- 
ral ibr  the  distillation  of  cannel,  or  Scotch  parrot  coal.  It  answers  fbr  the  distillatioB* 
of  a  eoal  whieh  retains  its  form  in.  lumps,  and  is  advantageous  only  ftom  the  facility 
with  which  its  position  is  changed,  when  partially  destroyed  by  the  action  of  fire  on  the 
■ider  iUe. 

2d.  The  small  or  London  d  retort,  so  called  in  consequence  of  its  having  first  beeir 
iHed  by  the  chartered  eompany  in  London,  being  still  in  use  at  their  wonci,  and  re- 
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eammended  by  their  engineer.    This  ret«rt  b  12  inehes  brawl  on  the  hue^  1 1 
and  7  feel  long,  carbaniziog  one  and  a  half  to  two  bushels  at  a  charge. 

3d.  Tbe  York  d  retort,  (so  called  in  eonseqaeoee  of  its  having  been  introdaeed  by 
Mr.  Outhit,  of  York,)  and  the  modifications  of  it,  among  whieh  I  shoald  indmle  Ihe 
elliptic  retort,  as  having  the  same  general  purpose  in  view.  The  difference  between  tbe 
London  and  York  d  retorts,  consists  only  in  an  extension  of  soriace  apon  wbieh  Ihe  eaal 
Is  spread.    See  Oas-uort. 

RHODIUM,  Is  a  metal  discovered  by  Dr.  Wollaston.  in  1803,  in  the  ore  of  plasiimm. 
It  is  eontained  to  the  amount  of  three  per  cent,  in  the  platinum  ore  of  Aotioqiiia  in 
Colombia,  near  Barbacoas ;  it  occurs  in  the  Ural  ore,  and,  alloyed  with  gokl,  in  Meiirm. 
The  palladium  having  been  precipitated  from  the  muriatic  solution  of  the  platioaiD  ore 
previously  satwrated  with  soda,  by  the  cyanide  of  mercury,  muriatic  acid  is  to  be  poured 
into  the  residuary  liquid,  and  the  mixture  is  to  be  evaporated  to  dryness,  to  expel  the 
hydrocyanic  acid,  and  convert  the  metallic  salts  into  chlorides.  Tbe  dry  mass  is  to  b« 
reduced  to  a  very  fine  powder,  and  washed,  with  alcohol  of  specific  gravity  0*837.  Thie 
solvent  takes  possession  of  the  double  chlorides  which  the  sodium  forms  with  the  plati- 
num, iridium^  copper,  and  mercury,  and  does  not  distiolve  the  doable  chloride  of  rbodiam 
and  sodium,  hot  leaves  it  in  the  form  of  a  powder,  of  a  fine  dark-red  color.  This  saH 
being  washed  with  alcohol,  and  then  exposed  to  a  very  strong  heat,  affords  the  rbodiiiiB. 
But  a  better  mode  of  reducing  the  metal  upon  tbe  small  scale,  consists  in  heating  thedo^ 
ble  chloride  gently  in  a  glass  tube,  while  a  stream  of  hydrogen  passes  over  it,  and  then  to 
wash  away  the  chloride  of  sodium  with  water. 

Rhodium  resembles  platinum  in  appearance.  Any  heat  which  can  be  prodoeed  ia  a 
chemical  furnace  is  incapable  of  fusing  it ;  and  tbe  only  way  of  giving  it  ooheaive  aolii- 
ity,  is  to  calcine  the  sulphuret  or  arseniuret  of  rhodium  in  an  open  vessel  at  m  white 
heat,  till  all  the  sulphur  or  arsenic  be  expelled.  A  button  may  thus  be  obtained,  aon^ 
what  spongy,  having  the  color  and  lustre  of  silver.  According  to  WollaPtoii,  the 
specific  gravity  of  rhodium  is  11.  It  is  insoluble  by  itself  in  any  acid;  but  wheaaa 
alloy  of  it  with  certain  metals,  as  platinum,  eopper,  bismuth,  or  lead,  is  treated  with 
aqua  regia,  the  rhodium  dissolves  along  with  the  other  metals ;  but  when  alloyed  with 
gold  or  silver  it  will  not  dissolve  along  with  them.  It  may,  however,  be  rendered  very 
soluble  by  mixing  it  in  the  state  of  a  fine  powder  with  chloride  of  potassium  or  aodiuBn, 
and  heating  the  mixture  to  a  dull-red  heat,  in  a  stream  of  chlorine  gas.  It  thus  forms  a 
triple  salt,  very  soluble  in  water.  The  solutions  of  rhodium  are  of  a  beautiful  rose  arior, 
whence  its  name.  In  the  dry  way,  it  dissolves  by  heat  in  bisnlphate  of  polassa ;  and 
disentcages  sulphurous  acid  gas  in  the  act  of  solution.  There  are  two.oxydes  of  rfaodinsk 
Rhodium  combines  with  almost  all  the  metals ;  and,  in  small  quantity,  melted  with  steel. 
It  has  been  supposed  to  improve  the  hardness,  closeness,  and  toughness  of  this  mecaL 
Its  chief  use  at  present  is  for  making  the  inalterable  nibs  of  tbe  so-named  rhodium  pess. 

RIBAND  MANUFACTURE,  is  a  modification  of  Weaving,  which  see. 

RICE,  of  Carolina,  analyzed  by  Braconnot,  was  found  to  be  composed  of  slareh 
B507,  of  gluten  3*60,  of  gum  0*71,  of  uncrystallizable  sugar  0-29,  of  a  colorless  rsacid 
at  like  suet  0*13,  of  vegetable  fibre  4*8,  of  salts  with  potash  and  lime  bases  0*^  aad  5-0 
f  wator. 

The  quantity  of  rice  entered  for  home  consumption  in  the  year  1836,  was— 

CwU.        81,610.  In  1837, 126,739. 

Ditto  in  the  husk,  Bushels  292,444.  282,377. 

Ric€  Papery  as  it  is  called,  on  which  the  Chinese  and  Hindoos  paint  flowers  so  pKltily» 
IS  a  membrane  of  the  bread-fruit  tree,  the  Artoearput  tncis^jTo/ia  of  aaturalists. 

RICE  CLEANING.  Various  machines  have  been  contrived  for  effecting  this 
purpose,  of  which  the  following,  secured  by  patent  to  Mr.  Melvil  Wilson,  in  192&,  may 
be  regarded  as  a  good  specimen.  It  consists  of  an  oUong  hollow  cylinder,  laid  in  aa 
inclined  position,  having  a  great  many  teeth  stuck  in  its  internal  surface,  and  a 
shaft  also  furnished  with  teeth.  By  the  rapid  revolution  of  the  shaft,  its  teeth  are 
across  the  intervals  of  those  of  the  cylinder  with  the  effeet  of  parting  the  gmins  of  ..««, 
and  detaching  whatever  husks  or  impurities  may  adhere  to  them.  A  hopper  ia  aet  above 
tp  receive  the  rice,  and  conduct  it  down  into  the  cleansing  cylinder. 

About  80  teeth  are  supposed  to  be  set  in  the  cylinder,  projecting  so  as  to  reach  veqr 
nearly  the  central  ^haft ;  in  which  there  is  a  oorresponding  number  of  teeth,  that  pans  firealy 
between  the  forjper. 

The  cylindei;  is  shown  inclined  in  the  figure  which  aeeompanies  the  apeeifieatioBi 
but  it  may  be  placed  also  upright  or  horizontd,  and  may  be  mounted  in  any  eoove- 
nient  frame-work.  The  central  shaft  should  be  put  in  rapid  rotation,  while  the  ey^nder 
nccives  a  slow  motion  in  the  opposite  direction.  The  rice,  as  deaned  by  that 
is  discharged  at  the  lower  end  of  the  cylinder,  where  it  falls  into  a  shuto  (shool), 
is  ccndueted  to  the  ground.  The  machine  may  be  driven  by  haad,  or  by  aay  oth< 
venieni  power. 
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'  IHee  ^iks&fs  cbiefly  of  starch,  and  therefore  cannot  by  itself  make  a  proper  bread.  It 
n  used  in  the  cotton  fkcfories  to  form  wearers'  dressings  for  warps.  The  Chinese  reduce 
its  Hoar  info  a  ptilp  with  hot  water,  and  mould  it  into  &gures  and  plates,  which  they  after* 
wards  haiden,  and  ornament  with  enirravinTS,  resembling  those  of  mother-of-pearl.  When 
a  deeoetion  of  rice  is  fermented  and  distilled,  it  affords  the  sort  of  ardent  spirit  ealled  tnrafk 
in  the  East  Indies. 

RIFLE;  see  FiKS-ARMSi. 

RINSING  MACHINE  is  one  of  those  imrenious  automatic  contrivanees  ftr 
economizing  labor,  and  securing  uniformity  of  action,  now  so  common  in  the  faetoriea 

of  Lancashire.  Fig,  941  is  a  longitudinal  middle 
section  of  an  approved  mechanism  for  rinsing  pieces! 
of  calico  dyed  with  spirit  or  fancy  colors,  and 
which  require  more  delicate  treatment  than  is  com- 
patible with  hand-washing,  a,  e,  f,  b,  is  a  wooden 
cijitern,  about  12  feet  long,  4  feet  high  at  one  end, 
2  fpet  at  the  other,  and  of  the  ordinary  width  of 
calico  cloth.  It  is  divided  transversely  into  a  seriee 
of  eqaal  compartments  by  partitions,  decreasing  in 
heiifht  from  the  upper  to  the  lower  end,  the  top  of 
J  each  of  them,  however,  being  an  inch  at  lesst  under 
the  top  of  the  enclosing  side  at  its  line  of  junction. 
Above  the  his^hest  end  of  the  trough,  a  pair  of 
squeezing  rollers  is  mounted  at  b;  the  lower  one 
having  a  pulley  upon  the  end  of  its  shad,  for  turn- 
ing it,  by  means  of  a  band  from  one  of  the  driving* 
shafts  of  the  factory ;  and  the  upper  one  is  pressed 
down  upon  it  by  weighted  levers  acting  on  the  ends 
of  its  axis.  The  roller  above  the  second  highest 
partition  has  also  a  pair  of  fqueezin«r  rollers,  with  a 
weiebtfd  lever  d.  The  pieces  of  cloth,  stitched 
endwise,  beinsr  laid  upon  a  platform  to  the  rieht 
hand  of  the  cistern,  are  introduced  over  the  roller 
X,  passed  down  under  the  roller  beneath  it,  and  so 
up  and  down  in  a  serpent-like  path,  Orum  the  lowest 
compartment  of  the  cistern  to  the  uppermost,  being 
drawn  through  the  series  by  the  traction  of  the 
rotatory  roller  at  b.  W  hile  the  long  web  is  thus 
proceeilin?  upwards  from  A  to  b,  a  stream  of  pure 
water  is  made  to  flow  along  in  the  opposite^  direction 
from  n  to  A,  running  over  the  top  of  each  partition 
in  a  thin  sheet.  By  this  contrivance,  the  good* 
Which  enter  at  a,  having  much  looM  color  'upon 
their  snrface,  impreffnate  the  water  strongly,  bnt 
as  they  advance  they  continually  get  deaner  by  the 
immefRion,  and  pressure  of  the  successive  rollers, 
beiuK  exposed  to  purer  water,  till  at  last  they 
reach  the  limpid  stream,  and  are  dischamed  at  B 
perfectly  bright.  Tlie  rinsing  operation  may  be  modified  by  vanning  the  quantily  of  wa- 
ter admitted,  the  Speed  with  which  the  pieces  are  drawn  through  the  cells,  or  the  pressure 
npon  the  series  of  top  rollers. 

ROCKETS.  M .  de  Montgery,  captain  of  a  frlmte  in  the  French  service,  has  written 
•  TntUe  sar  U9  Fkufts  dt  Giem,  in  which  he  dhicnsses  the  merits  of  the  Congreve  rock- 
cO,  and  describes  methods  of  imitating  them.  As  the  subject  of  military  projectiles  it 
ibreign  to  this  Dictionary,  I  refer  my  readers  to  the  above  work,  which  is  commended  by 
the  editor  of  the  DicHormairt  Technohgique. 
ROLLING-MILL.  See  Trok,  Mint,  and  PlaHed  MANUFACTvac. 
ROPE-M  AKINO.  The  fibres  of  hemp  which  compose  a  rope,  seldom  exceed  in  l^gtk 
0apte  feet  and  a  half,  at  an  overage.  They  most,  therefore,  be  twined  together  so  as  to 
mite  them  into  one ;  and  this  union  is  effected  by  the  mntnal  circumtorsion  of  the  two 
fibres.  If  the  compression  thereby  produced  be  too  great,  the  stren^  of  the  fibres  at  the 
peinlg  where  they  joiii  will  be  diminished ;  so  that  it  becomes  a  matter  of  great  consequenee 
tn  give  tfiem  only  such  a  degree  of  twist  as  is  essential  to  their  onion. 

The  first  part  of  the  process  of  rope- making  by  hand,  is  that  of  spinning  the  yams  oir 
threads,  which  is  done  in  a  manner  analocrons  to  that  of  ordinary  spinning.  The  Sfdn- 
ner  carries  a  bundle  of  dressed  hemp  round  his  waist ;  the  two  enda  of  the  bundle  being^ 
asacmbled  in  iVont.  Having  drawn  out  a  proper  number  of  fibres  with  his'hand,  he 
ttntta  them  with  his  fingers,  and  fixing  this  twisted  part  to  the  hook  of  a  whirl,  which 
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is  driven  by  a  wheel  pat  in  motion  by  nn  assistant,  he  walks  baekwanls  down  the  wof^ 
walk,  the  twisted  part  always  serving  to  draw  out  more  fibres  from  the  bnmlle  ronad 
his  waist,  as  in  the  flax-spinning  wheel.  The  spinner  takes  care  that  these  fibres  are 
equably  supplied,  and  that  they  always  enter  the  twisted  parts  by  their  ends,  and  neror 
by  their  middle.  As  soon  as  he  has  reached  the  termination  of  the  walk,  a  second  spin- 
ner takes  the  yam  off  the  whirl,  and  gives  it  to  another  person  to  pnt  upon  a  reel,  while 
he  himself  attaches  his  own  hemp  to  the  whirl  hook,  and  proceeds  down  the  walk.  When 
the  person  at  the  reel  begins  to  turn,  the  first  spinner,  who  has  completed  his  yam,  holds 
it  firmly  at  the  end,  and  advances  slowly  up  the  walk,  while  the  leel  is  turning,  keeping 
it  equally  tight  all  the  way,  till  he  reaches  the  reel,  where  he  waits  till  the  second  spinner 
takes  his  yarn  off  the  whirl  hook,  and  joins  it  to  the  end  cf  that  of  the  first  spinner,  in 
order  that  it  may  follow  it  on  the  reel. 

The  next  part  of  the  process  previous  to  tarring,  is  that  pf  warping  the  yarns,  or 
stretching  them  all  to  one  length,  which  is  about  200  fathoms  in  full-length  rope-grounds, 
and  also  in  putting  a  slight  turn  or  twist  into  them. 

The  third  process  in  rope-making,  is  the  tarring  of  the  yam.  Sometimes  the  yaras 
are  made  to  wind  off  one  reel,  and,  having  passed  through  a  vessel  of  hot  tar,  are  wound 
upon  another,  the  superfluous  tar  being  removed  by  causing  the  yarn  to  pass  through  a 
hole  surrounded  with  spongy  oakum ;  but  the  ordinary  method  is  to  tar  it  in  skeins  or 
hanks,  which  are  drawn  by  a  capstan  with  a  unifomi  motion  through  the  tar-kettle.  In 
this  process,  great  9are  must  be  taken  that  the  tar  is  boiling  neither  too  fast  nor  too  slow. 
Yarn  for  cables  requires  more  tar  than  for  hawser-laid  ropes ;  and  for  standing  and  ma- 
ning  rigging,  it  requires  to  be  merely  well  covered.  Tarred  cordage  has  been  foond  ta 
be  weaker  than  what  is  untarred,  when  it  is  new ;  but  the  tarred  rope  is  not  ap  easfly 
injured  by  immersion  in  water. 

The  last  part  of  the  process  of  rope-making,  is  to  lay  the  cordage.  For  this  purpose 
two  or  more  yarns  are  attached  at  one  end  to  a  hook.  The  hook  is  then  turned  Uie  con- 
trary way  from  the  twist  of  the  individual  yarn,  and  thus  fomis  what  is  called  a  strand. 
Three  strands,  sometimes  four,  besides  a  central  one,  are  then  stretched  at  length,  and 
attached  at  one  end  to  three  contiguous  but  sepaiate  hooks,  but  at  the  other  end  to  a 
single  hook ;  and  the  process  of  combining  them  together,  which  is  effected  by  turning 
the  single  hook  in  a  direction  contrary  to  that  of  the  other  three,  consists  in  so  regulating 
the  progress  of  the  twists  of  the  strands^  round  their  common  axis,  that  the  tliree  strands 
receive  separately  at  their  opposite  ends  just  as  much  twist  as  is  taken  out  of  them  by 
their  twisting  the  contrary  way,  in  the  process  of  combination. 

Large  ropes  are  distinguished  into  two  main  classes,  the  cable-laid  and  Juncter-laid. 
The  former  are  composed  of  nine  strands,  namely,  three  great  strands,  each  of  these  eoa- 
sisting  of  three  smaller  secondary  strands,  which  are  individoally  formed  with  an  equal 
aomber  of  primitive  yams.  A  cable-laid  rope  eight  inches  in  circumference,  is  made  up 
of  333  yarns  or  thresids,  equally  divided  among  the  nine  secondary  strands.  A  hawter-Iaid 
rape  consists  of  only  three  strands,  each  composed  of  a  number  of  primitive  yams,  propor- 
tioned to  the  size  of  the  rope ;  for  example,  if  it  be  eight  inches  in  circumference,  it  may 
have  414  yarns,  equally  divided  among  three  strands.  Thirty  fathoms  of  yam  arereek- 
ooed  equivalent  in  length  to  eighteen  fathoms  of  rope  cable-laid,  and  to  twenty  fatboms 
hawser-laid.  Ropes  of  from  one  inch  to  two  inches  and  a  half  in  circumference  are  usu- 
ally hawser-laid  ;  of  from  three  to  ten  inches,  are  either  hawser  or  cable-laid  ;  bat  when 
more  than  ten  inches,  they  are  always  cable-laid. 

Every  hand-spinner  in  the  dock-yard  is  required  to  spin,  out  of  the  best  hemp,  six 
threads,  each  160  fathoms  long,  for  a  quarter  of  a  day's  work.  A  hawl  of  jam,  in  the 
warping  process,  contains  336  threads. 

The  following  are  Captain  Huddart's  improved  principles  of  the  rope  manufacture:— 

i.  To  keep  the  yarns  separate  from  each  other,  and  to  draw  them  from  bobbins  revolv- 
mg  upon  skewers,  so  as  to  main  tain,  the  twist  while  the  strand  or  primary  cord  is  forming. 

2.  To  pass  them  through  a  register,  which  divides  them  by  circular  ehells  of  boles; 
the  number  in  each  concave  shell  being  confoirmable  to  the  distance  from  the  centre  of 
the  strand,  and  the  angle  which  the  yarns  make  with  a  line  parallel  to  it,  and  which  gives 
them  a  proper  position  to  enter. 

3.  To  employ  a  tnbe  for  compressing  the  strand,  and  preserving  the  cylindrical  figure 
of  its  surface. 

4.  To  use  a  gauge  for  determining  the  angle  which  the  yams  in  the  outside  sbdl 
■sake  with  a  line  parallel  to  the  centre  of  the  strand,  when  reristering ;  becanae  accord- 
ing to  the  angle  made  by  the  yams  in  this  shell,  the  relative  lengths  of  all  the  yans  in 
the  strand  will  be  determined. 

5.  To  harden  up  the  strand,  and  thereby  increase  the  angle  in  the  outside  shell;  which 
eompensates  for  the  stretching  of  the  yams,  and  the  compression  of  the  strands* 

A  great  many  patents  have  been  obtained,  and  worked  with  various  degrees  of  «aeeen» 
for  making  ropes.    Messrs.  Cartwright,  FothergiU,  Curr,  Chapman,  Battonr,  aod  H«d- 
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iuif  have  been  the  most  conspienoiM  inVentors  in  this  eonntry;  hot  the  limits  of  this 
work  preclude  ns  doing  justice  to  their  respective  merits. 

All  the  improvements  in  tl^e  maRofactare  of  condage  at  present  in  nse,  either  in  her 
Kajesty's  yards  or  in  private  rope-grounds,  owe  their  superiority  over  the  old  method 
of  making  cordage  to  Captain  Huddart^s  invention  of  the  register  plate  and  tube. 

Mr.  Balfour  took  out  a  patent  for  the  manufacture  of  cordage  about  a  month  before 
Captain  Hnddart ;  but  the  formation  of  his  strand  was>  to  be  accomplished  by  what  he 
called  a  top  minor  (in  the  form  of  a  common  top,  with  pins  to  divide  the  yams),  which 
upon  trial  could  not  make  cordage' so  good  as  by  the  common  mode.  On  seeing  Cap- 
tain Huddart's  specification,  Mr.  Balfour,  five  years  after,  procured  another  patent,  in 
which  he  included  a  plate  and  tube,  but  which  was  not  sufficiently  correct,  and  ex- 
perience in  the  navy  proved  the  insufficiency  of  the  cordage.  Captain  Hnddart^ 
plate  and  tube  were  then  adopted  in  the  king's  yards,  and  he  gave  his  assistance  for  the 
porpose. 

Captain  Hnddart  then  invented  and  took  a  patent  for  a  machine,  which  by  registering 
the  strand  at  a  short  length  from,  the  tnbe,  and  winding  it  up  as  made,  preserved  a  uni- 
formity of  twist,  or  ansrle  of  formation,  from  end  to  end  of  the  rope,  which  cannot  be  ac- 
eomplished  by  the  method  of  forming  the  strands  down  the  ground,  where  the  twist  is 
communicated  from  one  end  to  the  other  of  an  elastic  body  upwards  of  300  yards  in 
length.  This  registering- machine  was  constructed  with  such  -  correctness,  that  when 
some  were  aAerwards  required,  no  alteration  could  be  made  with  advantage  by  the  most 
skilful  and  scientific  mechanic  of  that  day,  Mr.  Rennie.  Thus  the  cold  register  was  car- 
ried to  the  greatest  perfection. 

A  number  of  yams  cannot  be  put  tosrether  in  a  cold  state,  without  considerable 
vacancies,  into  which  water  may  gain  admission  ;  Captain  Hnddart,  therefore,  formed  the 
yams  into  a  strand  immediately  as  they  came  from  the  tar-kettle,  which  be  was  enabled 
to  do  by  his  registering-machine,  and  the  result  was  most  satisfactory.  This  combination 
of  yarns  was  found  by  experiment  to  be  14  per  cent,  stronger  than  the  cold  register;  it  con- 
stituted a  body  of  hemp  and  tar  impervious  to  water,  and  had  great  advantage  over  any 
other  cordage,  particularly  for  shrouds,  as  after  they  were  settled  on  the  mast-head,  and 
properly  set  up,  they  had  scarcely  any  tendency  to  stretch,  eflfectually  secured  the  mast, 
and  enabled  the  ship  to  carry  the  greatest  press  of  sail. 

In  order  more  efieotually  to  obtain  correctness  in  the  formation  of  cables  and  large 
eordage.  Captain  Hnddart  constracted  a  laying-machine,  which  has  carried  his  inventions 
in  rope-making  to  the  greatest  perfection,  and  which,  founded  on  true  mathematical  prin- 
ciples, and  the  most  laborious  calculations,  is  one  of  the  noblest  monuments  of  mechanical 
ability  since  the  improvement  of  the  steam-engine  by  Mr.  Watt.  By  this  machine,  the 
strands  receive  that  deirree  of  twist  only  which  is'necessary,  and  are  laid  at  any  angle 
with  the  greatest  regularity ;  the  pressure  is  regulated  to  give  the  required  elasticity,  and 
all  parts  of  the  rope  are  made  to  bear  equally.  In  no  one  instance  has  a  rope  or  cable 
thus  formed  been  found  defective  in  the  lay,  or  stiff,  or  difficult  to  coil. 

Such  a  revolution  in  the  manufacture  of  cordage  could  not  be  aeeomplished  without 
great  expense,  as  the  works  at  Limehouse  fully  testify ;  and  considerable  opposition 
necessarily  arose.  Captain  Huddart's  first  invention  was,  however,  generally  adopted, 
as  soon  as  the  patent  expired ;  and  experience  has  established  the  great  importance  or 
his  subsequent  improvements. 

His  cordage  has  been  supplied  in  large  quantities  to  her  Majesty's  navy,  and  has  re- 
ceived the  most  satisfactory  reports. 

The  followinsf  description  of  one  of  the  best  modern  machines  for  making  ropes  on 
Captain  Huddart's  plan,  will  gratify  the  intelli?ent  reader. 

Ftg.  942  exhibits  a  side  elevation  of  the  tackle-board  and  bobbin-frame  at  the  head 

942 


o€  the  ropery,  and  also  of  the  carriage  or  rope-machine  in  the  act  of  hauling  out  and 
twisting  the  strands. 

Fig.  943  is  a  front  elevation  of  the  carriage. 

Fig,  944  is  a  yarn-guide,  or  board,  or  plate,  with  perforated  holes  for  the  yams  to  paM 
through  beibre  entering  the  nipper. 

Ft'gt.  945  and  946  are  side  and  front  viewt  of  the  nipper  Ibr  pressing  the  ropa> 
yams. 
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•  i^  J>«  fcmine'  for  conMkiain;  th?  jiini  bobbins.  The  ynnm  ore  broagbt  fl«ai  tte 
fnune,  and  pass  tbrooKh  a  yarn-goide  at  h*  c  is  a  small  rolleri  vndcr  which  the  rope* 
yarns  pass ;  they  are  then  brought  over  the  reel  d^  and  throng  another  yam^rnide  e, 
after  wbich  they  enter  the  nippers  ai  Vy.«nd  are  drawn  ont  and  fonned  into  strands  by 
the  earriage.  The  rolkr  and  reel  ipay  be  made  to  traverse  vp  and  down,  so  as  to  regnkta 
the  motion  of  the  yarns. 

The  earriage  mns  on  a  railway.  /,/,  is  the  frame  of  the  eairiage ;  r^  g»  are  the  sBDnll 
wheels  on  wbich  it  is  supported ;   fc,  fc,  is  an  endless  rope^  reaching  from  the  hend  In 

the  bottom  of  the  railway,  and  is  driven  by  a  steash^ngine; 
nt,  m,  is  a  wheel  with  gubs  at  the  back  of  it,  over  which  the 
endless  rope  passes,  and  gives  motion  to  the  machinery  of  the 
carriage,  a,  is  the  ground  rope  for  tabhig  ont  the  carriage^ 
as  will  be  afterwards  described.  On  the  shaft  of  «,  n,  are 
two  bevel  wheels  3,  3,  with  a  shifting  catch  between  them; 
these  bevel  wheels  are  loose  upon  the  shaft,  bnt  when  ^e 
catch  is  pat  into  either  of  then,  this  last  then  keeps  motion 
with  the  shkft,  while  the  other  nins  loose.  One  of  these 
wheels  serves  to  communicate  the  twist  to  the  strand  ia 
drawing  ont;  the  other  gives  the  opposite  or  after  turn  la 
the  rope  in  closing.  4,  4,  is  a  lever  for  ehifting  the  eatch 
accordingly.    5,  is  a  tbinl  bevel  wheel,  i^hich  receives  ils 

motion  from  either  of  the  other  two,  and  communicates  the 

^C^O      C@)      CP*^     ■*™*  ^^  ^^^  *^®  ^^^  wheels  6,  6,  by  meaas  of  the  shaft  x. 

These  can  be  shifted  at  pleasure ;  so  that  by  applying  irfaeeh 
of  a  greater  or  less  nnmber  of  teeth  above  and  benes|th,  the 
twist  given  to  the  strands  can  be  increased  or  diminisbed 
accordingly.  The  upper  of  these  two  commnnicatca  motioa^ 
by  means  of  the  shnit  o,  to  another  spur  wheel  ^  which  working  ib  the  three  pinions 
above,  9,  9,  gives  the  twist  to  the  strand  hooks. 

The  carriage  is  drawn  out  in  the  following  manner.  On  the  end  of  the  shaft  of  m^  n^ 
is  the  pinion  3,  which,  working  in  the  large  wheel  a,  gives  motion  to  the  gnmnd-iope 
shaft  upon  its  axis.  In  the  centre  of  this  shaft  is  a  curved  pulley  or  dnua  <»  ronnl 
which  the  groand-rope  takes  one  turn.  This  rope  is  fixed  at  the  head  and  loot  of  the 
ropery ;  so  that  when  the  machinery  of  the  carriage  is  set  n-going  by  the  endless  rope  1^ 
le,  and  gives  motion  to  the  ground-rope  shaft,  as  above  described,  the  carriage  will  neces- 
sarily move  along  the  railway ;  and  the  speed  may  be  regulated  either  by  the  diameter  cf 
the  circle  fonned  by  the  gubs  on  the  wheel  m,  m,  or  by  the  number  of  teeth  ia  the  pinisa 
3.  At  T,  is  a  smaU  roUer,  merely  for  preventing  the  grouad-rope  from  coming  op  among 
the  machinery.  At  the  head  of  the  railway,  and  under  the  tackle-board,  is  a  wheel  and 
pinion  z,  with  a  crank  for  tightening  the  ground-rope.  The  fixed  machinery  at  the  head, 
for  hardening  or  tempering  the  strands,  is  similar  to  that  on'^the  carriage^  with  the  ex- 
ception of  the  ground-rope  itear,  which  is  unnecessary.  The  motion  is  communicated  by 
another  endless  rope  (or  short  hand,  as  it  is  called,  to  distinguish  it  from  the  olherX 
which  passes  over  gubs  at  the  back  of  the  wheel  1,  1. 

When  the  strands  are  drawn  out  by  the  carriage  to  the  requisite  length,  the  spar  wheeb 
3,  a,  are  put  out  of  sear.  The  strands  are  cut  at  the  tackle-board,  and  fixed  to  the 
hooks  1,  1,  1 ;  after  which  they  are  hardened  or  tempered,  being  twisted  at  both  ends. 
When  this  operation  is  finished,  three  strands  are  united  on. the  large  hook  h,  the  top  pal 
in,  and  tbe  rope  finished  in  the  usual  way. 

In  preparing  the  hemp  for  spinning  and  ordinary  thread  or  rope  yam,  it  is  only  heckled 
over  a  large  keg  or  dearer,  until  the  fibres  are  slraiglttened  and  separated,  so  as  to  rua 
freely  in  the  spinning.  In  this  case,  the  hemp  is  not  stripped  of  the  tow,  or  cropped,  unless 
it  is  designed  to  spin  beneath  the  usual  grist,  which  is  about  20  yams  for  the  sliand 
of  a  three-inch  strap-laid  rope.  The  -spinning  is  still  performed  by  hand,  faetn^  found 
not  only  to  be  more  economical,  but  also  to  make  a  smoother  thread,  than  has  yeC  been 
effected  by  machinery.  Various  ways  have  been  tried  for  preiiaring  the  yams  lor 
tarring.  That  which  seems  now  to  be  most  generally  in  use,  is,  to  warp  the  yams  npon 
the  stretch  as  they  are  spun.  This  is  accomplished  by  having  a  wheel  at  the  ftwl,  as 
vrell  as  the  head  of  the  walkj  so  that  the  men  are  able  to  spin  both  up  and  down,  and 
also  to  splice  their  threads  at  both  ends.  By  tbi«  means,  they  are  formed  into  a  haul, 
resembling  the  warp  of  a  common  web,  and  a  little  turn  is  hove  into  the  haul,  to  pre- 
serve it  ftom  getting  foul  ih  the  tarring.  The  advantages  of  warping  from  the  spin- 
ners, as  above,  instead  of  winding  on  winches,  as  formerly,  are,  1st,  the  saving  of  this 
last  operation  altogether;  2dly,  the  complete  check  which  the  foreman  has  of  the 
Qoatatity  of  yam  sptin  in  the  day ;  3dly,  that  the  quality  of  the  work  can  be  subjected 
to  the  minutest  inspection  at  any  time.  In  tarring  the  yam,  it  is  Ibund  favomMe  tn 
^t  fairness  of  the  strip,  to  allow  il  to  pass  akound  or  under  a  reel  or  roller  in  the 
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kot|om<»r  Ihe kettle  wbile  boilng,  instead  of  coiling  the  ynrn  in  bf  hnniL  The  Ur  is  then 
prcMed  from  the  yarn,  by  means  of  a  sliding  nipper,  with  a  lever  over  the  upper  part,  anA 
to  the  end  of  which  the  necessary  weight  is  suspended.  The  nsual  proportion  of  tar  in 
ordinary  ropes,  is  something  less  than  a  fiAh.  In  laiige  strap-laid  rapes,  which  are  ne- 
oessarily  subjected  to  a  greater  press  in  the  laying  of  them,  the  quantity  of  tar  can  scarcely 
eseeed  a  jixth,  without  ii^uring  the  appearance  of  the  rope  when  laid. 

For  a  loag  period,  the  manner  of  laying  the  yams  into  ropes,  was  by  stretching  tbe 
haul  on  the  rope-ground,  partinir  the  number  of  yams  required  for  each  strand,  and 
twisting  the  stmnds  at  both  ends,  by  means  of  hnnd*hooks,  or  cranks.  It  will  be 
obvious  that  this  method,  especially  in  ropes  of  any  considerable  size,  is  attended  with 
serious  disadvantages.  The  strand  must  always  be  very  uneven ;  but  the  principnl  dis- 
advantage, and  that  which  gave  rise  to  the  many  attempts  at  improvement,  was,  that 
the  yarns  bein«  all  c^  tbe  same  length  before  being  twisted,  it  followed,  when  the  lope 
was  finished,  that  while  those  which  occufMed  the  circumference  of  the  stmnd  were  per* 
fectly  tight,  the  centre  yarns,  on  the  other  band,  as. they  were  now  greatly  slackened  by 
the  0)>eration  of  hardening  or  twisticg  the  strands,  would  actually  bear  little  or  no  pnrt 
of  the  strain  when  the  rope  was  stretched,  until  the  former  gave  way.  The  method 
displayed  in  the  preceding  figures  and  description,  is  among  the  latest  and  most 
improved.  Every  yarn  i^  given  out  from  the  bobbin  frame  as  it  is  required  in  twis^ 
ing  tbe  rope;  and  the  twist  communicated  in  the  out-going^f  the  carriage,  can  be  iB> 
erased  or  diminished  at  pleasure,  in  order  to  obtain  a  smooth  and  well-fiUifd  stmnd^ 
it  is  necessary  also,  in  passing  the  yarns  through  the  upper  board,  to  proportion  the 
number  of  centre  to  thai  of  outside  yarns.  In  ordinary  sized  ropes,  the  strand  seems  to 
have  the  fairest  appearance,  when  the  outside  yarns  form  from  fds  to'fths  of  the  whole 
quantity^  in  the  portwn  of  twist  given  by  the  carriage  in  drawing  out  and  forming  the 
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In  laying  caUes,  torsion  must  be  given  both  behind  and  before  tbe  laying  top.    Fi§K 
947»  948y  949  represent  the  powerful  patent  apparatus  employed  for  this  purpose*    A,  is 

a  strong  upright  iron  pillar^ 
supported  u|)on  the  great 
horisootal  beam  n,  k,  and 
bearing  at  its  upper  end  the 
three-grooved  laying  top  ji. 
H,  H,  are  two  of  the  three 
grent  bobbins  or  reels  round 
which  the  three  secondary 
strands  or  smnll  hawsers  are 
wound.  These  are  drawn  np 
by  the  rotation  of  the  thret 
feeding  rnlters  i,  i,  r,  thence 
proceed  over  the  three  guide 
pulleys  K,  K,  K,  towards  the 
laying  top  m,  and  finally 
pass  through  the  tube  o,  to 
be  wound  upon  the  cable- 
reel  D.  The  frames  of  the 
three  bobbins  H,  h,  h,  do  not 
revolve  about  the  fast  pillar 
A,  as  a  common  axis;  but 
each  bobbin  revolves  round 
its  own  shaft  q,  which  is 
stendied  by  a  bracinir  collet 
at  N,  and  a  conical  8tn>  at 
its  bottom.  The  three  bob- 
bins are  placed  at  an  angle 
of  120  degrees  apart,  and 
ench  receives  a  rotatory  mo* 
tion  upon  its  axis  from  the 
toothed  spur  wheel  B,  whieh 
is  driven  by  the  common 
central  spur  wheel  c.  Than 
each  of  tbe  three  secondary 
cords  has  a  proper  degree  of 
twist  put  into  it  in  one  diree« 
tion,  while  tbe  cable  is  laid» 
by  getting  a  suitable  degree  of  twist  in  an  opposite  direction,  from  the  revolution  of  thm 
frame  or  cage  o,  o,  round  two  pivois,  the  one  un^er  the  pulley  e,  and  tbe  other  over  o* 


i 


• . 


•f-  . 


1080 


ROPE-MAKraa 


J 


^* 


• 

.,..o 

"•.. 

1  .«a 

.'■'''« 

-i 

■% 

• 

■  \-  9       ■ 

*  \» 

ic  ja 

■    1 

*               • 

•:  ;J!i     i 

-     * 
k    * 

» 1 

V.-?]  .  • 

■  t. 

■ 

t  • 

-1* 

i 

ii. 

■H      ' 

1 

.sfi 

'1 

-.vi) 

■t- 

r 

I  •' 

..     ^ 

< 

:^i) 

^i 

•p 

r' 

^-*    ^ 

If , 

;j* 

The  reel  i>  hils  thm,  like  ihe  bobbins  h,  h,  two  moTements;  that  hi  eeBnncm  with  m 
frame,  aod  that  ufioii  iU  axis,  produced  by  the  action  of  the  endless  band  round  the  paDef 
■y  npon  one  of  its  ends,  and  the  pulley  e'  above  its  centre  of  rotation.  The  pulley  k  is 
driven  by  the  bevel  mUWgearing  t^  p,  p,  as  also  the  umler  spur-wheel  c.  l,  in>f^.  949, 
is  the  place  of  the  ring  hyfig*  947,  which  bears  the  three  guide  palleys  k,  k,  k.  Fig.  948 
is  an  end  view  of  the  bobbin  h,  to  show  the  worm  or  endless  screw  j,  of  fig.  949,  woricing 
into  the  two  snail-toothed  wheels,  upon  the  ends  of  the  -two  feed-rollers  r,  i,  which  serve 
to  turn  them.  The  upright  shafts  of  j,  j,  receive  their  motion  from  pulleys  and  coitis 
near  their  bottom.  Instead  of  these  pulleys,  and  the  others  ■,  e',  bevel-wheel  gearing 
has  been  substituted  with  advan^ige,  not  being  liable  lo  slip,  like  the  pulley-band  me> 
chanism.  The  axis  of  the  great  reel  is  made  twee  the  length  of  the  bobbin  d,  in  order 
to  allow  of  the  latter  moving  from  right  to  left,  and  back  again  alternately,  in  winding 
on  the  cable  With  uniformity  as  it  is  laid.  The  traverse  meiehanism  of  this  part  is,  for 
the  sake  of  perspicuity,  suppressed  in  the  figure. 

Mr.  William  Norvell,  of  Newcastle,  obtained  a  patent  in  May,  1833,  for  an  improve- 
ment adapted  to  the  ordinary  machines  employed  for  twisting  hempen  yams  into  strands, 
affording,  it  is  sakl,  a  simpler  and  more  elisible  mode  of  accomplishing  that  object,  and 
also  of  laying  the  strands  together,  than  has  been  hitherto  effected  by  machinery.  The 
yarns  spun  frpm  the  fibres  of  hemp  are  wound  upon  bobbins,  and  these  bobbins  are 
mounted  upon  axles,  I'nd  hung  in  the  frame  of  the  machine,  as  shown  in  the  elevation, 
fig,  9S0,  from  which  bobbins  the  several  ends  of  yam  are  passed  upwards  through 
slanting  tubes ;  by  the  rotation  of  which  tubes,  and  of  the  carriases  in  which  the  bobbins 
are  suspended,  the  yarns  become  twisted  into  strands,  and  also  the  strands  are  laid  so  as 
to  form  ropes. 

His  improvements  consist,  first,  in  the  application  of  three  or  more  tubes,  tvro  ^T  which 
are  shown  in^Sg.  950,  pliced  in  inclined  positions,  so  as  to  receive  the  strands  inunediato- 
ly  above  the  press-block  a,  a,  and  nearly  in  a  line  with  a,  the  point  of  closing  or  laying 
the  rope,  b',  and  b*,  are  opposite  side  views;  bs,  an  edge  view;  and  n,  a  ^e  section 
of  the  99me.  He  does  not  claim  any  exclusive  right  of  patent  for  the  tubes  themselves, 
but  only  for  their  form  And  angular  position. 
Secondly,  in  attaching  two  common  flat  sheaves,  or  pulleys,  c,  Cyfig.  950,  to  each 

of  the  said  tubes,  near- 
ly rotmd  which  each 
strand  is  lapped  or 
coiled,  to  prevent  it 
fh>m  slipping,  as  shown 
in  the  section  B^  The 
said  sheaves  or  pulleys 
are  connected  by  a 
crown  or  centre  whed 

D,  loose  upon  ft^  ^,  the 
main  or  upright  axle; 

E,  E,  is  a  smaller  wheel 
upon  each  tube,  work- 
ing into  the  said  crown 
or  centre  wheel,  and 
fixed  upon  the  hMise 
box  I,  on  each  of  the 
tubes. 

P,  r,  is  a  toothed 
or  spur  wheel,  fixed 
also  upon  each  of  the 
loose  boxes  i,  and 
working  into  a  smaller 
wheel  o,  upon  the  axis 
2,  of  each  tube ;  h,  is 
a  bevel  wheel  fixed 
upon  the  same  axis 
with  o,  and  woricing 
into  another  bevel 
whttlj,  fixed  upon  the  cross  axle  3,  of  each  tube;  k,  is  a  spur  wheel  attached  to  the 
same  axis  with  j,  at  the  opposite  end,  and  working  into  l,  another  spur  wheel  of  the 
same  size  upon  each  of  the  tubes.  By  wheels  thus  arranged  and  connected  with  the 
sheaves  or  pulleys,  as  above  described,  a  perfectly  equal  strain  or  tension  is  pat  upon 
each  strand  as  drawn  forward  over  the  pulley  c. 

'Thirdly,  the  invention  consists  in  the  introduction  of  change  wheels  m,  m,  h,  a. 
4f .  00,  for  putting  the  fordmrd  or  proper  twist  into  each  stnu&d  before  the  rope  ii 
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hid ;  this  is  eSecM  by  small  spindles  on  axles  4,  4,  plaeed  paraillel  with  the  line  of  each 
lobe  B. 

Upon  the  lower  end  of  each  spindle  the  bevel  wheels  K,  n,  are  attached,  and  driven 
by  other  bevel  wheels  o,  o,- fixed  immediately  above  each  press-block  a,  a.  On  the 
top  end  of  each  spindle  or  axle  4,  4,  is  attached  one  of  the  chan^  wheels,  working 
into,  the  other  change  wheel  fixed  npon  the  bottom  end  of  each  of  the  tabes, 
whereby  the  forehard  or  proper  twist  in  the  strands  for  all  sizes  of  ropes,  is  at  o;ice 
attaineti,  by  simply  changing  the  sizes  of  those  two  last  described  wheels,  which  can  be 
Tery  readily  effected,  from  the  manner  in  which  they  are  attached  to  the  tubes  b,  b,  and 
4,  4. 

From  the  angular  position  of  the  tabes  towards  the  centre,  the  strands  are  nearly  in 
contact  at  their  upper  ends,  where  the  rope  is  laid,  immediately  below  whidi  the  forehard 
or  proper  twist  is  given  to  the  strands. 

Foarthly,  in  the  application  of  a  press-block  p,  of  metal,  in  two  parts,  placed 
directly  above  and  close  down  to  where  the  rope  is  laid  at  a,  the  inside  of  which  is 
polished,  and  the  under  end  is  bdl-monthed  ;  to  prevent  the  rope  from  being  chafed  in 
catering  it,  a  sufficient  grip  or  pressure  is  put  upon  the  rope  by  one  or  two  levers  and 
weights  5,  5,  acting  upon  the  press-block,  so  as  to  adjust  any  trifling  irregularity  in  the 
strand  or  in  the  laying ;  the  inside  of  whieh  being  polished,  gives  smoothness,  and  by 
the  saiJ  levers  and  weights,  a  proper  tension  to  I  be  rope,  as  it  is  drawn  forward  through 
the  press-block.  By  the  application  of  this  block,  ropes  may  be,  made  at  once  properly 
stretched,  rendering  them  decidedly  preferable  and  extremely  advantageous,  particularly 
for  shipping,  inclined  planes,  mines,  &«. 

The  preceding  description  includes  the  whole  of  Mr.  Norvell's  improvements ;  the 
remaining  parts  of  the  machine,  being  similar  to  those  now  in  use,  may  be  briefly 
described  as  follows: — A  wheel  or  pulley  c,  is  fixed  independently  of  the  machine,- over 
which  the  rope  passes  to  the  drawing  motion  represented  at  the  side ;  i,  d,  is  a  grooved 
wheel,  round  which  the  rope  is  passed,  and  pressed  into  the  groove  by  means  of  the 
lever  and  weight  e,  e,  acting  upon  the  binding?  sheaf/,  to  prevent  the  rope  from  slipping. 
AAer  the  rope  leaves  the  said  sheave,  it  is  coiled  away  at  pleasure,  g,  g,  are  two  change 
wheels,  for  varying  the  speed  of  the  grooved  wheel  d,  d,  to  answer  the  various  sizes  of 
ropes ;  A,  is  a  spii-al  wheel,  driven  by  the  screw  ky  fixed  upon  the  axle  / ;  m,  is  a  band- 
wheel,  which  is  driven  by  a  belt  from  the  shaft  of  the  engine,  or  any  other  communicating 
power ;  n,  n,  is  a  friction  strap  and  striking  clutch.  The  axle  q,  is  driven  by  two  change 
wheels  p,  p;  by  changing  the  sizes  of  those  wheels,  the  different  speeds  of  the  drum  r,b^ 
for  any  sizes  of  ropes,  are  at  once  effected. 
The  additional  axle  t,  and  wheels  t,  t,  shown  in  fi^.  951,  are  applied  occasionally  fbr 

reversing  the  motion  of  the 
said  drums,  and  making  what 
is  usually  termed  left-hand 
ropes;  tt,  fit^a,  950,  and  951, 
show  a  bevelled  pinion,  driving 
the  main  crown  wheel  v,  v^ 
which  wheel  ferries  and  gives 
motion  to  the  drums  a,  b; 
to,  10,  is  a  fixed  or  son  wheel, 
which  gives  a  reverse  motion 
to  the  drums,  as  they  revolve 
round  the  same,  by  means  of  the  intervening  wheels  Xy  x,  x,  whereby  the  reverse  or 
retrograding  motion  is  produced,  and  which  gives  to  the  strands  the  risht  twist.  The 
various  retrograding  motions,  or  ri^ht  twists  for  all  sizes  and  descriptions  of  ropes,  may  be 
obtained  by  changing  the  diameters  of  the  pinions  y,  y,  y,  on  the  under  ends  of  the  drum 
spindles ;  the  carriages  of  the  intervening  wheels  x,  or,  x,  being  made  to  slide  round  the 
rin^  z,  z  ;  w,  w,  is  the  framework  of  the  machine  and  drawing  motion ;  t,  t,  t,  are  the 
bobbins  containing  the  yarns ;  their  number  is  varied  to  correspond  with  the  different 
sizes  of  the  machines. 

The  machine  here  described,  in  elevation  and  plan,  is  calculated  to  make  ropes  from 
three  to  seven  and  one  half  inches  in  circumference,  and  to  an  indefinite  length. 

Messrs.  Cbapnmn  of  Newcastle,  to  whom  the  art  of  rope-making  is  deeply  indebted^ 
Having  obiierved  that  rope-yarn  is  considerably  weakened  by  passing  through  the  tar-kettl^ 
Chat  tarred  conlage  loses  its  strength  progressively  in  cold  climates,  and  so  rapidly  in 
hot  climates  an  to  be  scarcely  fit  for  use  in  three  years,  discovered  that  the  deterioration 
was  due  to  the  reaction  of  the  mucilage  and  acid  of  the  tar.  They  accordingly  proposed 
the  following  means  of  amelioration.  1.  Boiling  it  with  water,  in  order  to  remove  these 
two  soluble  constituents.  2.  Concentrating  the  washed  tar  by  heat,  till  it  becomes  pitchy, 
and  then  restoring  the  plasticity  which  it  thereby  loses,  by  thd  addition  of  tallow,  or  ani- 
mal or  expressed  oils. 
la   1807^  the  same  able  engineers  obtained  a  patent  for  a  method  of  making  a 
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lidt  or  flat  \mp6,  of  two,  three^  or  more  strands  of  ahroud  or  bawics-Ul  rope,  pl«ee< 
side  by  side,  so  as  to  form  a  band  of  any  desired  Iweadthy  which  may  be  used  for  hoistiaf 
the  Icibbles  aod  corves  in  mine-shaAs^  without  aay  risk  of  its  losug  twist  by  rotalioa. 
The  ropes  should  be  laid  wiUi  the  twist  of  the  one  strand  directed  to  the  rigjit  hand,  that 
of  the  other  to  the  left,  and  that  of  the  yarns  the  opposite  way  to  the  strands^  whereby 
perfect  flatness  is  secured  to  the  band.  This  parallel  assemblage  of  strands  has  been 
found  also  to  be  stronger  than  when  they  are  all  twisted  into  one  cylinder.  The  patentees 
at  the  same  time  contrived  a  mechanism  for  piercing  the  strands  transversely,  in  order  to 
brace  them  firmly  together  with  twine.  Flat  ropes  are  usually  formed  of  hawsers  with 
three  strands,  softly  laid,  each  containing  33  yams,  which  with  four  ropes,  compose  a 
age  four  and  a  half  inches  broad,  and  an  inch  and  a  quarter  thick,  being  the  oidinazy 
mensions  of  the  grooves  in  the  whim-pulleys  round  which  they  pass. 

Bblativk  SrasNGTH  of  Cobdage,  shroud  laid. 
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The  above  statement  is  the  result  of  several  hundred  experiments. 

ROSIN,  or  COLOPHANY   {Galipot,  Fr. ;  Fiditenharz,  Germ.),  is  the  rosin  leA  after 
distilling  off  the  volatile  oil  from  the  different  species  of  turpentine.    Yellow  imaia 
tains  some  water,  which  black  rosin  does  not.    See  Turpentine. 

ROSIN  GAS.    Fig.  952  exhibits  the  retort  and  its  appendaees,  as  erected  by  Mt 
Taylor  and  Martineau,  under  the  direction  of  the  patentee.  Professor  Daniel,  F.  R.  & 

I  have  introduced  this  manufacturing  project,  not  as  a  pattern  to  imitate,  but  as 
example  to  deter ;  as  affoiding  a  very  instructive  lesson  of  the  danger  of  mshing 
long  into  most  extensive  enterprises,  without  folly  verifying,  upon  a  moderate  s^le,  the 
pfobability  of  their  ultimate  success.    The  capital,  labor,  and  lime  annually  wutei 
upon  visionary  schemes  of  this  sort,  got  up  by  chamber  chemists,  are  incalcukibly  great 
Jfo  more  essential  service  could  be  rendered  to  the  cause  of  productive  industnr,  thaa 
to  unmask  the  thousand  and  one  chimerical   inventions  which  disgrace  onr  liisis  sf 
patents  during  the  last  thirty  years.    These  remarks  have  been  suggested  by  the  circam- 
stance,  that  60,000/.  were  squandered  upon  the  rosin-gas  concern ;  a  fact  oommuaicated 
to  me  by  an  eminent  capitalist,  who  was  induced  by  fallacious  statements  to  ensbaik 
largely  in  the  speculation.    Had  100/.  been  employed  beforehand,  by  a  dispsssioaate 
practical  man,  in  making  judicious  trials,  and  in  calculating  the  chances  of  eventual 
profit  and  loss,  it  would  have  been  demonstrated,  as  clearly  as  noonday,  that  rosin  coaU 
never  compete  with  pitcoal  in  the  production  of  gas-light.    Whatever  ingenuity  was 
expended  in  getting  up  the  following  apparatus,  may  be  regarded  as  an  additional  tgau 
fatuus  to  mislead  the  public,  and  divert  their  thoughts  from  the  ab)'ss  that  lay  b(%KC 
them.    The  main  preliminary  to  be  settled,  in  all  new  undertakings,  is  the  soundness 
of  the  principle.    By  neglecting  this  point,  projectors  perpetually  realize  the  expiatixy 
ftble  of  the  Danaids. 

The  retort  e,  c,  fig,  952,  is  seen  charged  with  eoke,  which  is  in  the  6rst  iastaaee 
niise«I  to  a  bright  led  heat,  by  means  of  the  furnace  beneath.  The  common  brown 
rosin  of  commerce,  which  is  deposited  in, the  tank  a,  is  to  be  mixed  with  the  essential 
oil  (condensed  from  the  rosin  va)>ors  in  a  preceding  operation)  in  the  proportion  of  one 
hundred  pounds  of  the  former  to  ten  gallons  of  the  latter.  The  influence  of  the  flame 
and  heated  air  beneath  serves  to  preserve  this  in  a  fluid  state,  and  by  a  damper  passiag 
across  the  aperture  in  the  chimney  the  temperature  of  the  fluid  may  be  exactly  regulated. 
A  wire-gauze  screen  at/,  reaches  to  the  bottom  of  the  tank,  and  prevents  the  solM  rosia, 
or  any  impurity  with  which  it  may  be  mixed,  (Vom  choking  the  stopct^k. 

The  melted  rosin  having  pasMd  by  the  stopcock  6,  funnel  c,  and  syphon  </,  into  the 
retort,  falls  on  the  eoke,  and  in  its  passage  through  the  ignited  mass,  becomes  decomposed. 
On  arriving  at  the  oUier  end  ^  the  retort,  a  large  portion  of  the  oil  of  turpentine;,  m 
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the  btm  of  eondemaUe  irfpor, «  sepftrnted  by  the  refrigerator  gf  tUt  io  onpplied  with 
water  iiroiD  a  dstem  above^  aiid  the  aoa-coadensahle  vapor  or  gss  posses  up  the  tuba 

A»  and  dips  beacoth  the.  son 
face  of  the  fluid  in  the  yesael  i. 
This  completeo  the  eondensi^ 
tion  {  and  the  gum  proeeedo  in 
a  perfflptlr  pare  state,,  hjr  the 
pipe  k,  to  the  gasometer,  or 
rather  to  the  ftoaliog  reser- 
voir, for  use. 

The  essentia]  otl,  when  it 
leaves  the  refrigerator,  is  eon- 
▼eyed,  hy  the  syphon  ^  to  a 
cistern  beaeolh.  The  neces- 
sity for  employiag  a  syphon 
will  be  apparent,  when  it  is 
borne  in  mind  that  the  tnbe  pre- 
vents the  escape  of  the  gas, 
which  would  otherwise  pass 
away  from  the  bca  with  the 
essential  oiL  Another  pipe 
and  syphon  m»  a,  serve  to  eoi^ 
vey  the  condensed  essential  oil 
from  the  top  cistern, 

ROTTEN-Sl'ONfi.  See 
Tripoli. 

ROUOE.  (Fari^  Fr.)  The  only  cosmetic  which  can  be  applied  without  injury  to 
brighten  a  lady's  oomplenon,  is  that  prepared,  by  the  following  process,  from  safflower, 
(Cartkamiu  tmcUnrUu,)  The  flowers,  af\er  being  washed  with  pure  water  till  it  comet 
offeolorlesft,  are  dried,  pulverized,  and  digested  with  a  weak  solution  of  crj'stals  of  soda* 
which  assnmes  thereby  a  yellow  color.  Into  this  liquor  a  quantity  of  finely  carded 
white  cotton  wool  is  plunged,  and  then  so  much  lemon  juice  or  pure  vinegar  is  added  at 
10  SQperaatarate  the  soda.  The  coloring  matter  is  disengaged,  and  falls,  down  in  an  im- 
palpable powder  upon  the  cotton  filaments.  The  cotton,  aAer  being  washed  in  cold  water, 
to  remove  some  yellow  coloring  particles,  is  to  be  treated  with  a  fresh  solution  of  carbo- 
nate of  soda,  which  lakes  up  the  red  coloring  matter  in  a  state  of  purity.  Before  precipitating 
this  pigment  a  second  time  by  the  acid  of  lemons,  some  soA  powdered  talc  should  be  laid 
in  the  bottom  of  the  vessel,  for  the  purpose  of  absorbing  the  fine  rouge,  in  proportion  as 
it  is  separated  from  the  carbonate  of  soda,  which  now  holds  it  dissolved.  The  colored 
mixture  annst  be  finally  triturated  Wttha  few  drops  of  olive  oil,  in  order  to  make  it  smooth  and 
marrowy.  Upon  the  fineness  of  the  talc,  and  the  proportion  of  the  safHower  precipitate 
whieh  it  contains,  depend  the  beauty  and  value  of  the  cosmetic.  The  rouge  of  the  above 
leeond  precipitation  is  received  sooietimes  upon  bits  of  fine-twisted  woollen  stufif,  called 
crqma,  which  ladies  rub  upon  their  cheeks. 
RUBY.  '  See  LAPioAJiy. 

RUM.  is  a  variety  of  ardent  spirits,  distilled  in  the  West  Indies,  from  the  fermented 
ikimmings  of  the  sugar  teaches,  mixed  with  molasses,  and  diluted  with  water  to  the 
proper  degree.  A  sugar  plantation  in  Jamaica  or  Antigua,  which  makes  200  hog»» 
heads  of  sugar  of  about  16  cwts.  each,  requires,  for  the  manufacture  of  its  rum,  two  cop* 
per  stills;  one  of  1000  aliens  for  the  wash,  and  one  of  600  irallons  for  the  low  wines,  witt 
esrresponding  worm  refrigeratories.  It  also  requires  two  cisterns,  one  of  3000  gallons  for 
the  lees  or  spent  wash  oC  former  distillations,  ealled  dunder  (Quasi  redrntdavy  Span.), 
another  for  the  skimmings  of  the  clarifiers  and  teaches  of  the  sugarhouse;  along  with 
twdve,  or  more,  fermenting  cisterns  or  tons. 

Lees  that  have  been  used  •  more  than  three  or  four  times,  are  not  considered  to  be 
equally  fit  for  exciting  fermentation,  when  mixed  with  the  sweets,  as  fresher  lees.  The 
wort  is  made,  in  Jamaica,  by  arlding  to  1000  galk>ns  of  dunder,  120  gallons  of  molasses, 
720  galloas  of  skimmings  (  =  120  of  molasses  in  sweetness),  and  160  gallons  of  water; 
so  that  there  may  be  'in  the  liquid  nearly  12  per  cent  of  solid  sacebamm.  Anothei 
proportion,  often  used,  is  100  gallons  of  molasses,  200  gallons  of  lees,  300  gallons  of 
dcimmings,  and  400  of  water ;  the  mixture  containing,  therefore,  15  per  cent,  oi  sweets. 
These  two  formuli?  prescribe  so  much  spent  wash,  according  to  my  opinion,  as  would  be 
apt  to  communicate  an  unpleasant  flavor  to  the  spirits.  Both  the  ftrmentinv  and  flavor- 
ing principles  reside  chiefly  in  the  fresh  cane  juice,  and  in  the  skimminitsof  the  clarifler; 
hecanse,  after  the  simp  has  been  boiled,  they  are  in  a  great  measure  dissipated.  1  have 
made  many  experiments  upon  fermentation  and  distillation  from  West  India  molasses,  and 
always  foiuid  the  epirita  to  be  perfectly  exempt  fion  any  ram  flavor* 
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The  fermentatHNi  goes  on  most  unifbnnly  and  kindly  in  very  large  masses,  and  regret 
finom  9  to  15  days  to  complete ;  the  iJifference  of  time  depending  apon  the  strength  tftne 
wort,  the  condition  of  its  fermentable  stufl^  and  the  state  of  the  weather,  llie  progres 
of  the  attenuation  of  the  wash  should  be  examined  from  day  to  day  with  a  hydrometer,  as 
I  have  described  in  the  article  DisxiLLATioif.  When  it  has  reached  nearly  to  its  imazi- 
fiium,  the  wash  should  be  ns  soon  as  possible  transferred  by  pomps  into  the  still,  and 
worked  off  by  a  prpperly  regulated  heat ;  for  if  allowed  to  stand  over,  it  will  deterioraU 
y  aceti6cation.  Dr.  Higgins's  plan,  of  suspending  a  basket  full  of  limestone  in  the  wash 
tons,  to  coanteract  the  acidity,  has  not,  I  believe,  been  found  to  be  of  mnch  use.  It 
would  be  better  to  cover  up  the  wash  fVom  the  contact  of  atmospheric  air,  and  to  add 
perhaps  a  very  little  nUphUe  of  lime  to  it,  both  of  which  means  would  tend  to  arrest  the 
acetous  fermentation.  But  one  of  the  best  precautions  against  the  wash  becoming  soar, 
is  to  preserve  the  utmost  cleanliness  among  all  the  vessels  in  the  distillery.  They  shodd 
be  scalded  at  the  end  of  every  round  with  boiling  water  and  quicklime. 

About  1 15  gallons  of  proor  rum  are  usually  obtained  from  1200  gallons  of  wash.  Tht 
proportion  which  the  product  of  rum  bears  to  that  of  sugar,  in  very  rich  moist  plantationi, 
is  rated,  by  Edwards,  at  82  gallons  of  the  former  to  16  cwt.  of  the  latter;  but  the  more 
usual  ratio  is  200  gallons  of  rum  to  3  hogsheads  of  sugar.  But  this  proportion  will  ae- 
eessarily  vary  with  the  value  of  rum  and  molasses  in  the  market,  since  whichever  fetches 
the  most  remunerating  price,  will  be  brought  forward  in  the  greatest  quantity.  la  oie 
considerable  estate  in  the  island  of  Grenada,  92  gallons  of  rum  were  made  lor  ever? 
hogshesd  (16  cwts.)  of  sugar.    See  Still. 

RotaiiMd  for  Hom«  Comamptiao.— D«^  fti . 
Rom  imported,  in  per  Imp.  Gallon. 

1835.  1836.  '1837.  1835.  1836.  1837. 

Galls.  5,540,170;  4,993,942;  4,612,416.  3,416,966;  3,325,068;  3,184,599. 

RUST,  is  the  orange-yellow  coat  of  peroxyde  which  forms  upon  the  surface  of  itm  ex- 
posed to  moist  air.  Oil-paint,  varnish,  plumbago,  or  a  film  of  caoulchoae,  may  be  mt 
ployed,  according  to  circumstances,  to  prevent  the  rustinir  of  iron  utensils. 

RYR,  consists,  according  to  the  analysis  of  Einhof,  of  24-2  of  husk,  65-6  of  aovr^  aai 
10*2  of  water,  in  100  parts.    This  chemist  found  in  100  parts  of  the  flour,  6IHI7 
9*48  of  gluten,  3-28  of  vegeUble  albumen,  3*28  of  uncrystallisaUe  sugar,  11*09  of 
6*38  of  vegetable  fibre,  and  the  loss  was  5*62,  including  a  vegetable  aeid  ncrt  yet  ii 
gated.    Some  phosphate  of  lime  and  magnesia  are  also  present    See  Giir. 


SAFETY  LAMP.  I  have  reserved  for  this  place  an  account  of  the  patented  ii 
ment  made  upon  Davy's  lamp,  by  Messrs.  Upton  and  Roberts ;  the  latter  of 
having  worked  in  coal  mines  IVom  a  boy,  and  having  observed,  that  in  pecaliar  tit 
stances  the  Davy  was  insecure,  was  led  to  contrive  certain  modifications  of  it,  far  wftieh 
he  received,  some  years  airo,  a  reward  from  the  Society  of  Arts.  It  appears  fnm  un- 
doubted experiments,  that  if  a  jet  of  carbureted  hydrogen  (coal  gas  for  example)  be  im- 
pelled with  very  moderate  force  against  the  side  of  the  Davy,  it  will  first  fill  the  wire 
cylinder  of  the  burning  lamp  with  fiame,  and  then  tAke  fire  itself  exterioriy.  This 
passage  of  the  flame  of  explosive  gases  through  the  meshes  of  wire  ganxe  of  the  fineness 
prescribed  for  safety  lamps  by  Sir  H.  Davy  was  demonstrated  in  several  trials  beibra 
the  seWt  committee  of  the  House  of  Commons  on  accidents  in  mines,  by  Mr.  Perehra, 
at  the  Tendon  University.*  While  the  gas  is  at  rest,  relatively  to  Davy's  lamp,  the  ex- 
plosion has  never  been  known  to  pass ;  but  <'  if,**  says  Mr.  Pereira,  *<  a  Uunp  be  hcM 
before  a  jet  of  gas  until  it  becomes  hot  (a  red  heat  is  not  essential),  and  then  gently 
moved,  the  flame  will  pass,  and  the  experiment  may  be  repeated  successively  a  nassbtf 
of  times  in  the^minute.'*  Two  layers  of  wire  ffauze,  though  they  greatly  impede  thetraB»> 
mission  of  ]i«:ht,  will  still  permit  that  of  flame,  in  the  above  circumstances.  In  Uptoa 
and  Roberts'  lamp,  there  is  but  one  coat  of  wire  «auze,  but  it  is  enclosed  in  a  riasa  cylin- 
der, in  such  a  manner  as  to  admit  the  air  which  feeds  the  flame  only  under  its  bottom, 
first  thronvh  an  annular  ran^e  of  holes,  and  next  through  one  disc,  or  several,  of  wire 
gauze,  fixed  a  little  way  below  the  wick.  The  explosive  air,  after  passing  op  through 
these  wire-gaoze  discs,  enters  a  little  brass  cupola,  and  is  reflected  inwards  frotn  the  ori- 
fice at  its  top  upon  the  flame,  whereby  it  is  completely  burned  before  it  reaches  the  cavity 
of  the  surmounting  cylinder.  By  this  reverberatory  action  of  the  air  upon  the  wick,  the 
intensity  of  the  livht  is  at  the  same  time  greatly  anemented.  Since  the  feed  orifices  of 
the  lamp  are  small  in  comparison  with  the  capacity  of  the  surmounting  case,  the  latter  does 
not  set  filled  with  flame  on  being  plunged  in  an  explosive  saseous  mixture,  as  happens  tc 
•  the  naked  cage  of  Davy.  The  wire-gauze  can  never,  therefore,  become  very  hot,  fiir  leal 
ignited,  in  the  new  lanqi.    There  are,  in  flict,  three  impedimento  to  the  passage  of  the  flame 

^On  the  80th  of  July,  18S5 
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ontof  Ibekmp;  finC,  fhe  stntvm  of  carbonic  acid  round  the  light;  secondly,  the  wire- 
^ue  cylinder ;  and  thirdly,  the  glass  cylinder.  The  entrance  at  the  bottom  may  be 
made  secure  in  any  desired  degree,  by  multiplying  the  layers  of  wire  cloth.  The  top  is 
p/oteded,  moreover,  by  a  brass  hciod,  through  which  the  currents  of  carbonic  acid  and 
nitrogen  gases,  continually  ascending  from  the  burning  wick,  oppose  certain  obstacles  to 
Ibe  transmission  of  flame  downwards.  Even  should  the  glass  be  accidentally  broken,  the 
lamp  is  still  a  complete  Davy. 

In  the  experiments  made  before  the  honorable  committee  at  the  London  University, 
Afr.  Pereira  showed,  first,  that  when  a  jet  of  coal-gas  alone,  or  an  explosive  mixture  of 
coal-gas  and  air,  impinged  upon  the  wire-gauze  cylinder  of  one  of  Davy's  tamps  with  a 
certain  force,  the  flame  generally  passed  through  the  meshes,  of  which  there  were  from 
950  to  1024  in  the  sqnare  inch.  When  a  mixture  of  four  parts  of  hydrogen  and  one 
of  coal-gas  was  directed  in  a  jet  upon  the  lighted  lamps  of  Davy,  Stevenson,  Dillon, 
Wood  of  Killingworth  (called  the  refrigerating  lamp),  Robson,  and  Clanny,  the  flame 
readily  passed ;  but  when  thrown  upon  the  lamp  of  Upton  and  Roberts,  it  did  not  once 
pasa^  causing  merely  slight  detonations  wiihin  the  lamp.  When  the  force  of  the  jet  was 
aagmenled,  it  extinguished  the  light  This  lamp  was  finally  subjected  to  the  still  severer 
test  of  a  mixture  of  four  parts  of  atmospherical  air,  and  one  of  hydrogen  ;  yet  it  did  not 
explode  it.  When  exposed  to  a  mixture  of  two  thirds  of  air,  and  one  of  hydrogen,  the 
lamp  was  immediately  extinguished. 

The  following,  out  of  many  certificates,  appears  to  me  decisive  in  favor  of  this. improve 
ment  of  Davy's  lamp.    It  comes  from  an  experienced  pitman,  in  a  very  deep  and  exten 
sive  coal  mine,  which  I  know  to  be  replete  with  explosive  gas,  as  I  have  myself  visited  it 
ia  company  with  its  accomplished  engineer,  John  Buddie,  Esq. 

"  I  hereby  certify  that  I  have  this  day  tried  Messrs.  Upton  and  Roberts*  new  patent 
safety  lamp,  in  the  Jarrow  colliery ;  and  I  state,  as  an  experienced  pitman,  having  been 
thirty-two  years  master  wasteman  in  that  colliery,  that  I  greatly  prefer  this  new  lamp 
to  the  common  Davy  lamp.  I  had  it  between  five  and  six  hours  on  trial  in  the  pit.  I 
consider  that  it  gives  about  three  times  the  light  of  the  Da\7  lamp,  as  I  could  see  at  least 
ten  yards  before  me  in  a  straight  line ;  and  of  its  great  safety  I  can  have  no  doubt,  as  it 
does  not  fill  with  flame,  as  the  Davy  dues.  And  although  I  had  this  extra  light,  there 
was  much  less  oil  consumed.     I  consider  it  a  good  working  lamp." 

''Jarrow  Colliery,  nsai  Newo.>Bile  on  Tyna.  March  31,  1830/^    (Siipied)  *'  ROBERT  FAIRLY/* 

Fig,  953  is  a  vertical  section  through  the  middle  of  the  lamp,    a,  a,  is  the  oil-cistern^ 

showing  the  fold  of  the  wick ;  it  is  covered  at  top  with  6,  6, 
several  layers  of  wire  gauze ;  c,  c,  is  the  perforated  brass 
ring,  under  these  layers,  for  admitting  air,  which  is  rever- 
berated upon  the  burning  wick  by  the  cupola  c;  d,  (f,  is  the 
cylinder  of  glass,  surrounding  the  wire-cloth  one ;  e,  «,  is 
the  safely  brasb  hood^  which  screws  down  in  the  frame,  so 
as  to  cover  in  the  top  of  the  glass  chimney ;  /,  is  the  arched 
wire  for  suspending  the  lamp  to  the  girdle  of  the  miner: 
g,  is  the  bent  tube  for  supplying  oil  to  the  cistern ;  and  A 
is  the  safety-trimmer,  shown  more  distinctly  in  the  figure 
illustrative  of  the  Lamf  of  Davy. 

Between  the  glass  and  the  case  there  should  be  % 
space  of  about  one  tenth  of  an  inch,  forming  an  annular 
chimney  for  the  free  ventilation  of  the  flame ;  and  between 
the  under  edge  of  the  hood  e,  and  the  upper  rim  of  the 
glass,  there  should  likewise  be  an  interval,  as  also  vent- 
holes  in  the  top  of  the  hood,  for  the  free  escape  of  the 
smoke.  The  orifice  of  the  little  tube  g,  should  be  rather 
lower  than  the  ring  of  holes  c,  otherwise  the  oil,  when 
incautiously  poureo  into  it,  might  overflow  them,  and  pre- 
vent the  lamp  from  burning.  The  figure  u  drawn  aomewhat 
in  perspective. 

As  the  naked  cage  of  Davy  oAen  gets  redhot  with 
flame;  as  it  is  sometimes  used  for  hours  by  miners  in 
this  most  hazardous  state;  as  this  lamp  gives  so  little 
light  as  to  tempt  rash  men  to  remove  its  safety-cure  ;* 
as  <<it  is  upon  record,  that  taking  the  average  of  ten 
years  previous  to  the  introduction  of  Sir  H.  Davy's 
safety  lamp,  and  allowing  one  clear  year  for  its  intro- 
duction, and  of  ten  years  aAer  it  was  properl)  intro- 
duced, there  had  been  double  the  number  of  acci- 
dents, and  at  least  double  the  number    of  deaths,  of 
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wliat  took  place  in  the  ten  yean  pf eTious  to  its  introdoetioB  ;*  as  Ui  kmp  in  cipfciaiws 
air-courses  needs  to  be  carried  close  npon  the  bosom,  or  under  the  coat  of  the  BiiBcr ;  as 
it  was  declared  by  its  illustrious  inventor  to  be  dangerons  when  exposed  to  tueb  catrenls 
^  explosive  gos ;  and  as  (he  above  described  modification  of  it  is  ftee  ftom  all  these  de- 
fects and  dangers,  1  humUy  apprehend  that  no  conscientious  proprietor  or  viewer  oTceal- 
mines  ^vill  delay  to  substitute  the  latnp  of  Upton  and  Roberts  Ibr  the  naked  Davy,  Ifar 
otherwise  he  will  certainly  stand  in  a  very  painful  predicament  before  a  eoroaeHs  inqacrty 
at  the  next  mortal  casualty  from  explosion. 

The  patentees  have,  I  am  told,  been  pot  to  so  much  trouble  and  expcase  in  trying  ta 
introduce  this  life-protector  into  our  coal-mines,  that  Ihey  have  in  a  great  measore 
abandoned  the  business.  Messrs.  Smith  of  fiiniringham  have  meanwhile  andcrtakcs  to 
make  the  lataips. 

SAFh  LOWKR.  This  dye-stuff  has  been  fally  described  under  CAaniAMirs  and  RorGx. 

SAFFRON  (Saffran,  Fr.  and  Germ.)  is  a  filamentous  cake,  eompeacd  of  the 
stigniata  of  the  flowers  of  the  Crocus  $aiivtu.  It  contains  a  yellow  matter  ealledpBi||w 
difoUe,  because  a  small  quantity  of  it  is  capable  of  coloring  a  great  body  of  water.  This 
is  obtained  by  evaporating  the  watery  infusion  of  saflron  to  the  conMstenee  of  an  eztrae^ 
digesting  the  extract  with  alcohol,  and  concentrating  the  alcoholic  aohilion.  The 
pol)  rhroite  remains  in  the  form  of  a  brilliant  mass,  of  a  reddish-ydlow  color,  transpa- 
rent, and  of  the  consistence  of  honey.  It  has  the  agreeable  smell,  with  the  hitter  pangeat 
taste,  of  sali'ron.  It  is  very  soluble  in  water )  and  if  it  be  stove-dried,  it  deliquesces 
speedily  in  the  air.  According  to  M.  Henry  yi^,  polychroite  consists  of  eighty  parts  of 
coloring  matter,  combined  with  20  parts  of  a  volatile  oil,  which  cannot  be  sepatated 
by  distillation  till  the  coloring  matter  has  been  combined  with  an  alkalL  By  nixing 
one  part  of  shred  saffron  with  eight  parts  of  saturated  brine,  and  one  half  part  of 
caustic  ley,  and  distilling  the  mixture,  the  oil  comes  over  into  the  receiver,  aad  leaves 
the  coloring  matter  in  the  retort,  which  may  be  precipitated  from  the  aAaliae 
tolatiun  by  an  acid.  The  pure  coloring  matter,  when  dried,  is  of  a  aearlet  h«e,  and 
then  readily  dissolves  in  alcohol,  as  aho  in  the  fat  and  volatile  oils,  but  sparingly  ia 
water.  Light  blanches  the  reddish-ytUew  of  saflron,  even  when  it  is  contained  in  a  fal 
vial  well  corked.  Polychroite,  when  combined  with  fat  oil,  and  subjeeted  to  dry  distil- 
lation,  affords  ammonia,  which  shows  that  azote  h  one  of  its  constituents.  Snlplivrie  acii 
colors  the  solution  of  polychrd^te  indigo  blue,  with  a  lilach  cast ;  nitric  acid  tarns  it  green^ 
of  various  (shades,  acbording  to  the  state  of  dilution.  Protochloride  (muriate)  of  Ia  pio- 
dnces  a  reddish  precipitate. 

Safl'itin  IS  employed  as  a  seasoning  in  French  cookery.  It  is  also  used  to  tiage  eoafee- 
tionar)  articles,  liqueurs,  and  varnishes ;  but  rarely  as  a  pigment. 

Sago  iSaf^ou,  Fr.  and  Germ.)  is  a  species  of  starch,  extracted  from  the  pith  of  the 
sago  palm,  a.tree  which  grows  to  the  height  of  30  feet  in  the  Moluccas  and  the  PhilipfiBeB. 
The  tree  is  cut  down,  cleA  lengthwise,  and  deprived  of  its  pith,  which  being  waehni  with 
water  ui  on  a  sieve,  the  starchy  matter  comes  out,  and  soon  fbims  a  derosite.  This  is 
dried  to  the  consistence  of  dough,  pressed  through  a  metal  sieve  to  com  it  (which  is  called 
pearling),  and  then  dried  over  a  fire  with  agitatk>n  in  a  shallow  copper  pan.  5ago  is 
sometimes  imported  in  the  pulverulent  state,  in  which  it  can  be  distinguished  fiaai 
root  only  by  microscopic  examination  of  its  particies.  These  are  umform  and 
not  unequal  and  ovoid,  like  those  ol  arrow-root. 

8AL  AMMONIAC.  The  manufacture  of  this  salt  maybe  traced  to  the 
era.  Its  name  is  derived  from  Ammonia,  or  the  temple  of  Jupiter  AmoMm^  in  Egypt, 
near  to  which  the  salt  was  originally  made.  Sal  ammoniac  exists  ready  fonned  in  seve- 
ral animal  products.  The  dung  and  urine  of  camels  contain  a  sufiScient  quantity  lo 
have  rendered  its  extraction  fVom  them  a  profitable  Esyptian  art  in  former  times, in  order 
to  supply  Europe  with  the  article.  In  that  pan  of  Africa,  fuel  being  very  scarce,  recourss 
is  had  to  the  dung  of  these  animals,  which  is  dried  for  that  purpose,  by  plastering  it  apoa 
the  walls.  When  this  is  afterwards  burned  in  a  peculiar  kind  of  fbrnace,  it  exhales  a  thick 
smoke,  replete  with  sal  ammoniac  in  vapor;  the  soot  of  course  contains  a  ponioii  of  thai 
salt,  condensed  along  with  other  products  of  combustion.  In  evnry  part  of  Egypt,  bat  es- 
pecially in  the  Delta,  peasants  are  seen  driving  asses  loaded  with  bags  of  that  soot,  on 
their  way  to  the  sal  ammoniac  worirs. 

Here  it  is  extracted  in  the  following  manner.  Glass  globes  coated  with  kan  aiv 
illed  with  the  soot  pressed  down  by  wooden  rsnuners,  a  space  of  only  tvro  or  three  inches 
being  lift  vacant,  near  their  mouths.  These  globes  are  set  in  round  orifices  Ibnned in 
the  ridge  of  a  long  vault,  or  large  horizontal  furnace  flue.  Heat  is  gradually  applied  by 
a  fire  of  dry  camels'  dung,  and  it  is  eventually  mcreased  tfll  the  globes  beeoine  otlscaicly 


VBKrawing  it,  thoogli  he  wmi  well  forawanied  of  the  danger,    lie  wA,  "  he  oooM  set  see  with ., 

■Muiing  lb*  Davy.— BmAUc,  m  Report  9/  Hwe  of  Commom^  p.  S15. 

*  Dr.  Reid  Clannjr,  in  lUport  on  AccidenCs  in  Mines,  n.  tt.  I  obaeiYe  thnt  in  8jk»s*  L»eoi  Ro€m4»  «f 
the  oonniies  of  Durham  and  Northumberland,  oorrpcted  by  J.  Baddle,  Esq.,  there  are  5f0  dMiha  W 
explonona,  between  Jane,  1817,  and  Jnne,  1635.    WhAt  a  man  vf  miaeiyto  the  ftadliea  of  tfia 
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red.  An  tke  mofvite  of  amtMiiia  is  volatile  at  a  tempentitfe  much  below  ignition,  it 
rises  oat  of  the  soot  in  vapor,  and  gets  eondeftsed  into  a  cake  vpon  the  inner  surface  of 
the  top  of  the  globe.  A  considerable  portion,  however,  escapes  into  the  air  j  and  anoth^ 
portion  concretes  in  the  montli,  which  mnst  be  cleared  iVom  time  to  time  by  an  iron  rod. 
Towards  the  end,  the  obstruction  becomes,  very  troublesome,  and  must  be  most  carefnlly 
atteoded  to  and  obviated,  otherwise  the  globes  would  explode  by  the  nncondensed 
vapors.  In  all  cases,  when  the  subliming  process  approaches  to  a  -  conclusion,  the 
globes  crack  or  split ;  and  when  they  come  to  be  removed,  after  the  heat  has  subsided, 
they  usually  fall  to  pieces.  The  upper  portion  of  the  mass  is  separated,  because  to  it  the 
white  salt  adheres ;  and  on  detaching  the  pieces  of  glass  with  a  hatchet,  it  is  ready  for  the 
market.  At  the  bottom  of  each  balloon  a  nucleus  of  salt  remains,  surrounded  with  fixed 
paWerulent  matter.  This  is  reserved,  and  after  being  bruised,  is  put  in  along  with  the 
charge  of  soot  in  a  fresh  operation. 

The  sal  ammoniac  obtained  by  this  process  is  dull,  spongy,  and  of  a  grayish  hue; 
but  nothing  better  was  for  a  long  period  known  in  commerce.  Forty  years  ago,  it 
fetched  2«.  6d.  a  pound ;  now,  perfectly  pure  sal  ammoniac  may  be  had  at  one  fifth  part 
of  that  price. 

Vaiious  animal  ofials  develop  during  their  spontaneous  putrefactive  fermentation,  or 
their  decomposition  by  heat,  a  large  quantity  of  free  or  carbonated  ammonia,  among  their 
volatile  products.  Upon  this  principle  many  sal  ammoniac  works  have  been  established. 
In  the  destructive  distillation  of  pitcoal,  there  is  a  considerable  quantity  of  ammoniacal 
products,  which  are  also  worked  up  into  sal  ammoniac. 

llie  &rst  attempts  toade  in  France  to  obtain  sal  ammoniac  profitably  in  this  manner, 
fiiiled.  A  very  extensive  factory  of  the  kind,  which  experienced  the  same  fate,  was 
under  the  superintendence  of  the  celebrated  Baume,  and  afibrds  one  out  of  a  thousand 
instances  wbere  theoretical  chemists  have  shown  their  total  incapacity  for  conducting 
operations  on  the  scale  of  manofhctnring  economy.  It  was  established  at  Grevdle  near 
Charenton,  and  caused  a  loss  to  the  shareholders  in  the  speculation  of  upwards  of 
400,000  francs.  This  result  closed  the  concern  in  1787,  after  a  foolish  manipulation  of 
27  years.  For  ten  yeara  after  that  event,  all  the  sal  ammoniac  consumed  in  France  was 
imported  into  it  from  foreign  countries.  Since  then  the  two  works  of  MM.  Pay  en 
and  Plovinet  were  mounted,  and  seem  to  have  been  tolerably  successful.  Coal  soot  was, 
prior  to  the  introduction  of  the  gas-works,  a  gooj]  deal  used  in  Great  Britain  for  obtaining 
sal  ammoniac.  In  France,  bones  and  other  animal  matters  are  distilled  in  large  iron  retortSy 
for  the  manufacture  of  both  animal  charcoal  and  sal  ammoniac. 

These  retorts  are  iron  cylinders,  2  or  S  feet  in  diameter,  and  6  feet  long.    Figs,  954, 
tnd  955,  show  the  form  of  the  fnmaee,  and  the  manner  in  which  the  cylinders  art 
954  955 
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arranged ;  the  firat  being  a  longitudinal,  the  second  a  transvene  section  of  it.  A,  the  ash- 
pits under  the  grates ;  b,  the  fireplaces,  arched  over  at  top  \  c,  the  vault  or  bench  of  fire- 
bricks, perforated  inside  with  eight  floes  for  distributing  the  flame ;  d,  a  great  arch,  with 
a  triple  vonssoir  d  A\  d:\  under  which  the  retorts  are  set  The  fint  arch  d,  is  perforated 
with  twenty  veat-hdes ;  the  second,  with  four  vent-holes ;  through  which  the  flame 
passes  to  ihe  third  arch,  and  thence  to  the  common  chimney-stalk.  The  retorts  e,  are  shut 
by  the  doors'  (j8g.  955),  luted,  and  made  fast  with  screw-bolts.  Their  other  ends  t**  ter- 
minate in  tubes  /,/,/,  which  all  enter  the  main  pipe  h.  The  condensing  pipe  proceeds 
slantincrly  downwards  from  the  further  end  of  ft,  and  dips  into  a  large  sloping  iron  cylinder 
immersed  in  cold  water.    See  Gas-uoht  and  Stove,  for  a  better  plan  of  furnace. 

The  fiHen  used  in  the  large  sal  ammoniac  works  in  France  are  represented  in  fig, 
956.  The  apparatus  contists^l.  of  a  wooden  chest  a,  lined  with  lead,  and  which  is 
turned  over  at  the  edges;  a  socket  of  lead  6,  soldered  into  the  lowest  part  of  the  bottom^ 
to  diiehttge  the  ttqvidf  %,  ef  a  wooden  crib  or  grating  fonfted  of  rounded  rodi« 
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M  abown  in  tbe  •retioD  c,  e,  and  th«  plan  d ;  tbii  KTalia;  h  sapported  we  iicb  it : 
above  Ibe  boUoni,  and  lel  troly  boriaoatal,  b)'  a  seriet  of  wcdiei ;  3.  tf  ta 
&brie  of  canvaiu  or  sItom:  caKco,  laM  on  Ibe  s<^ia?>  "d^  recured  orer  Ibc  e 
M  aa  lo  keep  il  (eiue.    A  large  woode*  rewrvoir  /,  lined  with  lead,  fnrontaed  w 


cover,  IB  placed  under  eacb  of  the  filters ;  ■  pump  [hraira  back  once  or  tvice  npoi  Uc 
fillers  what  bag  already  passed  Ihrongb.  A  commOD  reservoir  g,  below  lbeothcn,a4 
be  made  lo  cnmoiuaicate  al  pleasure  wiLh  ooe  of  them,  by  means  of  inlemediilt  slap- 

The  two  boilers  for  eraporalin?  and  decomposing  are  msde  of  lead,  about  one  qmwt 
of  an  ineb  thick,  set  upon  a  fire-brick  vault,  lo  protect  them  from  tbe  direct  lelM 
of  tbe  flame.  Through  tlie  whole  extent  of  Ibeir  bottoms  above  the  vault,  b«inMUl 
east-iron  plates,  bupported  b;  leilges  and  brick  compartments,  compel  tbe  luv  ud 
borned  air,  as, they  issae  from  the  arch,  to  percur  miny  ainuoutiPs  before  ther  pm  °P 
tbe  chimney.  This  fioor  of  cast  iron  is  ialended  to  support  the  bottom  of  the  boils, 
and  lo  diffuse  the  heat  more  equably.  The  leaden  boilers  are  surrounded  viin  brict- 
work,  and  supporled  al  their  «igei  with  a  wooden  frnme.  They  may  be  vnfOti  il 
pleasure  into  lower  receivers,  called  cryslallizers,  by  meaos  of  leaden  sypboos  ud  kac^ 
necked  funnels. 

The  cryslallizers  are  wooden  chests  lined  with  lead,  15  inches  deep,  3  or  4  fwl 
broad,  and  from  (i  to  6  feel  lon^ ;  and  may  be  incLined  lo  one  side  at  pleunie.  A  rond 
cistern  receives  the  draining*  of  llie  mother-walem.  The  pump  ia  madeof  lead,  binkw 
with  antimony  and  tin. 

Tbe  snblimitii  furnace  is  shown  in  figt.  957  and  958,  by  a  lraasTer«  and  buimdi- 
oat  SeclioD.  a  it  Ihe  ash-pil ;  b,  the  grate  and  fire  place  t  c,  the  arch  above  throL  Tbit 
arch,  destined  lo  protect  the  hollies  from  tbe  direcl  aclion  of  the  fiie,  is  perfbrnlol  rtS 
Tent-holes,  to  Rive  a  passage  lo  the  products  of  combustion  between  the  snbUniin;  ie«. 
d,  d,  are  bars  of  iron,  upon  which  the  bottoms  of  the  bottles  rest ;  «,  stoneTare  boulo, 
protected  by  a  eoatin;  of  loam  from  the  flame. 

fig.  959  shows  the  cast-iron  plates,  a,  i,e,  which,  placed  above  the  vaults,  rtrai""** 
two  biUles  in  a  double  circular  openine. 

At  tke  extramily  of  the  above  furnac^  a  second  one,  called  (be  drier.jSg'.  960,  recdni  w 


957 


ptodncls  of  the  combustion  of  the  Eirsl,  nt  A,  under  horiiontal  caBt4mi  plates,  and  V* 
which  the  bottom  of  a  rathei  shallow  boiler  >,  resl5.      After  paaiinft  twice  under  IbW 
plales,  round  a  longitudinal  brick  partition  b,  b',  b",  the  prodncU  of  cocnbastica  eater  ne 
smoke  chimnpy  c.    See  plan, ^g.  961. 
Ths  boiler  set  orei  Ibis  furnace  sboold  hara  no  loldered  jaUu.   .It  nay  be  H  M 
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broad,  9  or  10  feet  long,  and  1  foot  deep.     The  concrete  sal  ammoniac  may  he  crashed 
ander  a  pair  of  edge  miU-stones,  when  it  is  to  be  sold  in  powder. 

Bones,  blood,  flesh,  horns,  hoofs,  woollen  rags,  silk,  hair,  schipings  of  hides  and 
leather,  &c.,  may  be  distilled  for  procnring  ammonia.  When  bones  are  used,  the 
residnum  in  the  retort  is  bone  black.  The  charcoal  from  the  other  substances  will  serre 
for  the  manufacture  of  Prussian  blue.  The  bones  should  undergo  a  degree  of  calcination 
beyond  what  the  ammoniacal  process  requires,  in  order  to  convert  them  into  the  best  bone 
black ;  but  the  other  animal  matters  should  not  be  calcined  up  to  that  point,  otherwise  they 
are  of  little  use  in  the  Prussian  blue  works.  If  the  bones  be  calcined,  however,  so  highly 
as  to  become  glazed,  their  decoloring  power  on  sirups  is  nearly  destroyed.  The  oSier 
substances  should  not  be  charred  beyond  a  red-brown  heat. 

The  condensed  vapors  from  the  cylinder  retorts  aflford  a  compound  liquor  holding  car 
bonate  of  ammonia  in  solution,  mixed  with  a  large  quantity  of  empyrenmatic  oil,  which 
floats  at  top.     Lest  incrustations  of  salt  should  at  any  time  tend  to  obstruct  the  tubes,  a 
pipe  should  be  inserted  within  them,  and  connected  with  a  steam  boiler,  so  as  to  blow 
steam  thron^h  them  occasionally. 

The  whole  liquors  mixed  have  usually  a  density  of  8*  or  9*  Baom^  (1*060).  The 
simplest  process  for  converting  their  carbonate  of  ammonia  into  muriate,  is  to  saturate 
them  with  muriatic  *  acid,  to  evaporate  the  solution  in  a  leaden  boiler  till  a  pellicle 
appears,  to  run  it  off  into  crystallizers,  and  to  drain  the  crystals.  Another  process  is,  to 
decompose  the  carbonate  of  ammonia,  by  passing  its  crude  liquor  through  a  layer  of 
sulphate  of  lime,  3  or  4  inches  thick,  spread  upon  the  filters,  Jig.  956.  The  liquor  may 
be  laid  on  with  a  pump ;  it  should  never  stand  higher  than  1  or  2  inches  above  the 
surface  of  the  bruised  gypsum,  and  it  should  be  closely  covered  with  boards,  to  prevent 
Che  dissipation  of  the  volatile  alkali  in  the  air.  When  the  liquor  has  passed  through 
the  first  filter,  it  must  be  pumped  upon  the  second ;  or  the  filters  being  placed  in  a  terraee 
form,  the  liquor  from  the  first  may  flow  down  upon  the  second,  and  thus  in  sue- 
cession.  The  last  filter  should  be  formed  of  nearly  fresh  gypsum,  so  as  to  ensure  the 
thoroueh  conversion  of  the  carbonate  into  sulphate.  The  resulting  layers  of  carbonate 
of  lime  should  be  washed  with  a  little  water,  to  extract  the  sulphate  of  ammonia  inter- 
posed among  its  particles.  The  ammoniacal  liquor  thus  obtained  must  be  completely 
saturated,  by  adding  the  requisite  quantity  of  sulphuric  acid;  even  a  slight  excess  of  acid 
can  do  no  harm.  It  is  then  to  be  evaporated,  and  the  oil  must  be  skimmed  off  in  the  course 
of  the  concentration.  When  the  liquid  sulphate  has  acquired  the  density  of  about  1*160, 
sea  salt  should  be  added,  with  constant  stirring,  till  the  whole  quantity  equivalent  to  the 
double  decomposition  be  introduced  into  the  lead  boiler. 

The  fluid  part  mnst  now  be  drawn  off  by  a  syphon  into  a  somewhat  deep  reservoir, 
where  the  impurities  are  allowed  to  subside ;  it  is  then  evaporated  by  boiling,  till  the 
sulphate  of  soda  falls  down  in  granular  crj'stals,  as  the  result  of  the  mutual  reaction  of  the 
sulphate  of  ammonia  and  muriate  of  soda ;  while  the  more  soluble  muriate  of  ammonia 
remains  in  the  liquor.  During  this  precipitation,  the  whole  must  be  occasionally  agitated 
with  wooden  paddles;  the  precipitate  being  in  the  intervals  removed  to  the  cooler  portion 
of  the  pan,  in  order  to  be  taken  out  by  copper  rakes  and  shovels,  and  thrown  into  draining^ 
hoppers,  placed  near  the  edges  of  the  pan.  The  drained  sulphate  of  soda  must  be  aAer> 
wards  washed  with  cold  water,  to  extract  all  the  adhering  sal  ammoniac. 

The  liquor  thus  freed  from  the  greater  part  of  the  sulphate,  when  sufflciently  conceiK 
trated,  is  to  be  drawn  ofi*  by  a  lead  syphon,  into  the  crystallizers,  where,  at  the  end 
of  20  or  30  hours,  it  affords  an  abundant  crop  of  crystals  of  sal  ammoniac.  The  mcther- 
water  may  then  be  ruh  oflf,  the  crystallizers  set  aslope  to  drain  the  salt,  and  the  salt  itself 
must  be  washed,  first  by  a  weak  solution  of  Sal  ammoniac,  and  lastly  with  water.  It 
mast  be  next  desiccated,  by  the  apparatus  fig.  960,  into  a  perfectly  dry  powder,  then 
put  into  the  subliming  stoneware  balloons,  by  means  of  a  funnel,  and  well  rammed  down. 
The  mouth  of  the  bottle  is  to  be  closed  with  a  plate  or  inverted  pot  of  any  kind.  The 
fire  must  be  nicely  regulated,  so  as  to  effect  the  sublimation  of  the  pure  salt  from  the 
nnder  part  of  the  bottle,  with  due  regularity,  into  a  white  cake  in  the  upper  part.  The 
neck  of  the  bottle  should  be  cleared  from  time  to  time  with  a  long  steel  skewer,  to 
prevent  the  risk  of  chokinsr,  and  consequent  bursting;  but  in  spite  of  every  precantibii, 
several  of  the  bottles  crack  almost  in  every  operation.  In  Scotland,  sal  ammoniac  is 
sublimed  in  cast-iron  pots  lined  with  thin  fire-tiles,  made  in  segments  accommodated  to 
the  internal  surface  of  the  pots ;  the  vapor  being  received  and  condensed  into  cakeflL 
within  balloons  of  green  crlass  set  over  their  mouths.  The  salt,  when  taken  out,  and  f>eea 
by  scraping  from  any  adhering  obhreous  or  other  impurities,  is  ready  for  the  market,  being 
sold  in  hollow  spherical  masses.  The  residuum  in  the  pots  or  Iwttles  may  be  partially 
wutktd  up  in  another  operation.  The  srreatest  evil  is  produced  by  the  mixture  or  even 
coflfaet  of  iron,  because  its  peroxyde  readily  rises  in  vapor  with  the  sal  ammoniac,  and  tinges 
it  of  a  red  or  yellow  color. 

The  most  ordinary  process  for  converting  the  ammoniacal  liquor  of  the  gas-works  mts 
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mU  ainmonuuey  is  to  MtnnUe  it  with  folphuric  aaid,  and  to  decompose  the  nlphate,  te 
formed,  by  the  processes  above  described.  But  muriatic  acid  will  be  preferred,  wbere  it 
is  as  cheap  as  sulphuric  of  equivalent  saturating  power ;  because  a  tolerablj  pure  nl 
ammoniac  is  thereby  directly  obtained.  As  the  coal-gas  liquor  contains  a  good  dnl  of 
sulphurated  hydrogen,  the  saturation  of  it  with  aeid  should  be  so  conducted  as  to  Iran 
the  disengaged  noxious  gases  in  a  chimney.  Formerly  human  urine  was  very  exten- 
sively employed,  both  in  this  country  and  in  France,  in  the  manufacture  of  sal  BDUDwise; 
but  since  the  general  establishment  of  gas-works,  it  has  been,  I  believ^  abandoned.  Tbe 
process  was  exceedingly  oifensive. 

The  best  white  sal  ammoniac  is  in  spheroidal  cakes  of  about  one  foot  diameter,  tlkree 
or  four  inches  thick  in  the  middle,  somewhat  thinner  at  the  edges,  and  is  semi-traospsreBt 
or  translucent*  Each  lump  weighs  about  one  quarter  of  a  cwt.  As  it  is  easily  volatiliied 
by  heat,  it  may  be.readily  examined  as  to  iis  sophistication  with  other  salt&  Sal  ammoaiie 
has  a  certain  tenacity,  and  is  flexible  under  the  hammer  or  pestle.  It  is  principally  sad 
in  tinning  of  cast-iron,  wrought  iron,  copper,  brass,  and  for  making  the  various  ammoBiacil 
preparations  of  pharmacy. 

In  a  chemical  factory  near  Glasgow,  7200  gallons  of  ammoniacal  liquor,  obtained  veddj 
from  the  gas-works,  are  treated  as  follows :  — The  liquor  is  first  rectified  by  distillsiios 
from  a  wagpn-shaped  wrought-iron  boiler,  into  a  square  cistern  of  iron  lined  with  leaL 
4500  lbs.  of  sulphuric  acid,  of  specific  gravity  1*625,  are  then  slowly  added  to  tbe  ioid»> 
what  concentrated  distilled  water  of  ammonia.  The  produce  is  2400  gallons  of  ftiil{iiuae 
of  ammonia,  slightly  acidulous,  of  specific  gravity  1*150,  being  of  such  strength  ss  to 
deposite  a  few  crystals  upon  the  sides  of  the  lead-lined  iron  tank  in  which  the  saline  eon* 
bination  is  made. ,  It  is  decomposed  t^  common  salt. 

From  the  7200  gallons  of  the  first  crude  liquor,  900  gallons  of  tar  are  got  by  snbsidenn^ 
and  200  gallons  of  petroleum  are  skimmed  oif  the  surface.    The  tar  is  converted,  bjr  s 
n^oderate  builin?  in  iron  pans,  into  good  pitch. 
8ALAV1ST0N£.    See  Lapidaky. 

SALKP,  or  SALOUP,  is  the  name  of  the  dried  tuberous  roots  of  the  Orekk,  in- 
ported  from  Persia  and  Asia  Minor,  which  are  the  product  of  a  great  many  species  oftke 
plant,  but  especially  of  the  Orckia  mascuia.  Salep  occurs  in  commerce  in  small  oisl 
grains,  of  a  whitish-yellow  color,  at  times  semi-transparent,  of  a  horny  aspect,,  very  hani, 
with  a  faint  peculiar  smell,  and  a  taste  like  that  of  gum  tragacanth,  but  slightly  saliae. 
These  are  composed  almost  entirely  of  starchy  matter,  well  adapted  for  making  a  thick 
pap  with  water  or  milk,  and  are  hence  in  great  repute  in  the  Levant,  as  restorers  of  tbe 
animal  forces.  Their  aphrodisiacal  properties  are  apocryphal.  If  the  largest  roots  of 
the  Orchis  nuucula  of  our  own  country  were  cleaned,  scraped,  steeped  for  a  short  tiaen 
hot,  and  then  for  a  few  minutes  in  boiling  water,  ,to  extract  their  rank  flavor,  aflennidi 
suspended  upon  strings  to  dry  in  the  air,  they  would  afford  as  nourishing  and  palatable  as 
article  as  the  Turkey  saloup,  and  at  a  vastly  lower  price. 

SALICINE,  is  a  febrifuge  substance,  which  may  be  obtained  in  white  pearly  c^^ 
from  the  bark  of  the  white  willow  (Salix  alba),  of  the  aspen  tree  {ScUix  Ae/ii),  asabo«f 
tome  other  willows,  and  some  poplars.    It  has  a  very  bitter  taste. 
SAL  PRUNELLA,  is  fused  nitre  cast  into  cakes  or  balls. 
SAL  VOLATILE,  is  sesquicarbonate  of  ammonia. 
SALT,  JSPSOM,  is  sulphate  of  magnesia. 

SALT,  MICROCOSMIC,  is  the  triple  phosphate  of  soda  and  ammonUu 
SALT  OF  AMBER,  is  succinic  acid. 
SALT  OF  LEMONS,  is  citric  acid. 
SALT  OF  SATURN,  is  acetate  of  lead. 
SALT  OP  SODA,  is  carbonate  of  soda. 
SALT  OF  SORREL,  is  bi-oxalate  of  potassa. 
SALT  OF  TARTAR,  is  carbonate  of  potassa. 
SALT  OF  VITRIOL,  is  sulphate  of  zinc. 
SALT  PERL  ATE,  is  phosphate  of  soda. 
SALTPE  PRE,  is  nitre,  or  nitrate  of  poUsaa. 
SALT,  .SEDATIVE,  is  boracic  acid. 

SALTS,  are  an  important  class  of  chemical  compounds,  anciently  studied  noder  thf 
Greek  title  of  Halurgy,  At  one  period  every  inorganic  substance  readily  solnble  ii 
water,  was  regarded  as  a  salt ;  and  aAerwards,  every  substance  soluble  in  five  hasdred 
times  its  weight  of  water.  Thus  both  acid  and  alkaline  bodies  came  to  be  enrolled  amoaf 
nhs;  but  latterly,  the  combinations  of  the  acids  with  alkalis,  earths,  and  metallic  caleei 
(BOW  styled  oxydes),  were  alone  thought  to  be  entitled  to  the  denomination  of  salt^  is 
consequence  of  their  resemblance  in  appearance,  and  supposed  analogy  in  composition^ 
to  eoUnary  salt.  Since  Sir  H.  Davy  demonstrated  that  this  substance  contained  neither 
aekl  nor  alkaline  matter,  but  that  it  consisted  of  chlorine  and  the  metal  sodium,  the 
genenUity  of  chemists  found  ft  impossible  to  include  salts  voder  one  categoir  of 
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tatkm ;  whfle  a  few  h«Te  rashly  ofleied  to  cat  the  knot,  by  eidnding.  froai  the  Sftline 
fiunily,  chloride  of  sodium,  the  patriarch  of  the  whole. 

9atf<  may  be  jtuitly  divided  into  three  orders : 

h  The  binary,  eonsisting  of  two  sing^  meoibers;  sneh  ae  the  bromides,  chlorides, 
eyanides,  flaorides,  iodides,  earburets,  phospharets,  salphurets,  Ate. 

2.  The  bi-btnary,  coasisting:  of  two  doable  members ;  sach  as  the  borates,  bromate% 
carbonates,  chlorates,  salphates,  sulphites^  hyposulphites,  sulphohydcates,  k^, 

3.  The  ternary,  consisting  of  two  single  members  of  one  genus,  and  one  member  of  an* 
other ;  such  as  the  boro-floorides,  ailico-Auorides,  sulpboicyanides,  olUuriodides,  Ibe. 

The  species  of  each  order  may  exist  in  three  states,  constituting  neutral  salts,  snper- 
salts,  and  substlt» ;  as  for  example,  .the  chloride  of  sodium,  the  bisulphate  of  potassa, 
the  subnitrate  of  lead,  k^. 

In  the  abore  arrangement,  cyanoa[en  is  allowed  to  represent  a  simple  substanee,  from 
its  forming  analogous  compounds  with  chlocine  and  iodine.  The  neutral  state  of  nits  it 
commonly  indicated  by  their  solutions  not  changing  the  colors  of  litmus,  violets,  or  red 
cabbage;  the  sub-stale  of  salts,  by  their  turning  the  violet  and  cabbage  green ;  and  the 
super-state  of  salts,  by  their  changing  the  purple  of  litmus,  violets,  and  cabbage^red;  bttt 
to  the  generality  of  this  criterion  there  are  some  exceptions.  The  atomic  theory  may  be 
advantageously  resorted  to,  in  this  predicament.  1.  When  one  prime  equivalent  of  the 
one  member  (whether  single  or  double)  of  a  salt,  combines  with  one  prime  of  the  other 
member,  a  neutral  salt  is  the  result,  as  in  chloride  of  sodium  or  nitrate  of  poiassa.  2. 
When  two  primes  of  the  electro-negative  member  combine  with  one  prime  of  the 
electro-positive,  a  supersalt  is  formed,  as  bichloride  of  tin,  or  bisulphate  of  potassa. 
3.  When  one  prime  of  the  electro-negative  member  combines  with  two  or  more  primes 
of  the  electro-positive,  a  subsalt  is  produced,  as  the  subacetate  and  subchromate  of 
lead,  &e. 

SALT,  SEA,  or  CUjLINARY ;  chloride  qf  sodium ;  muriaU  of  soda.  (HydrodilotaU  d$ 
ttmdiy  Fr. ;  Chkmatrium,  GeroL)  Sea  salt,  or  rock  salt,  in  a  state  of  purity,  consists  of 
60  of  chlorine  -f-  40  of  sodium,  in  100  parts. 

This  important  species  of  the  saline  class  possesses,  even  in  mass,  a  crystalline  itrao- 
tnre,  derived  from  the  cube,  which  is  its  primitive  form  It  has  generally  a  foliated 
texture,  and  a  distinct  cleavage;  but  it  has  also  sometimes  a  fibrous  structure.  The 
massive  salt  has  a  vitreous  lustre.  It  is  not  so  brittle  as  nitre ;  it  is  nearly  as  hard  as 
alum,  a  little  harder  than  gypsum,  and  soAer  than  calcareous  spar.  Its  specific  gravity 
varies  from  20  to  2*25.  When  pure,  it  is  colorless,  translucent,  or  transparent.  On  exr 
posare  to  heat.  It  commonly  decrepitates;  but  some  kinds  of  rock  salt  enter  quietly  into 
foston  at  an  elevated  temperature,  a  circumstance  which  has  been  ascribed  to  their  bavtnf 
been  originally  subjected  to  the  action  of  fire. 

Acconiing  to  M.  Gay  Lussac,  100  parts  of  water  dissolve^^ 
35  81  parts  of  the  salt,  at  temperature  57*0^  Fabr. 
35-88  ■—  62-50 

37- 14  -—  140-0* 

4038  —  229'5« 

Native  chloride  of  sodium,  whether  obtained  from  the  waters  of  the  ocean,  from  aidine 
lakes,  from  salt  springs,  or  mineral  masses,  is  never  perfectly  pure.  The  foreign  matlere 
present  in  it  vary  with  its  diflferent  orieins  and  qualities.  These  are,  the  sulphates  of 
lime,  magnesia,  soda,  muriates  of  magnesia  and  potash,  bitumen,  oxyde  of  iron,  clay  in  a 
slate  of  dUTosion,  &c. 

Muriate  of  potash  has  been  detected,  in  the  waters  of  the  ocean,  in  the  sal- gem  of 
Berchtesisaden  in  Bavaria,  of  Hallein  in  the  territory  of  Salzbourg,  and  in  the  salt  springs 
of  Rosenheim, 

The  more  heterogeneous  the  salt,  the  more  soluble  is  it,  by  the  reciprocal  affinity  of  its 
different  saline  constituents ;  and  thus  a  delicate  hydrometer,  plunged  in  saturated,  brine, 
may  serve  to  show  approximately  the  quality  of  the  salt.  I  find  that  the  specific  gravity 
of  a  saturated  solution  of  large-grained  cubical  salt,  is  M962  at  60**  F.  100  parts  of 
this  brine  contain  25^  of  salt,  (100  w.-f-34*2  s.)  From  mutual  penetration,  100 
7o1umes  of  the  aqueous  and  saline  constituents  form  rather. less  than  96  of  the 
•olution. 

Among  the  varieties  in  the  form  of  this  salt,  the  octahedral,  the  cubo-octahedral,  and 
the  dodeeahedral,  have  been  mentioned ;  but  there  is  anotheri  called  the  funnel  or  hopper- 
ihaped,  which  is  very  common.  It  is  a  hollow  rectangular  pyramid,  which  forms  at-  tbtt 
surface  of  the  saUne  solution  in  the  course  of  its  evaporation,  commencing  with  a  small 
floating  cube,  upon  which  lines  of  other  Htile  cubes  attach  themselves  to  the  edges  of  the 
upper  face ;  whereby  they  form  and  enlarge  the  sides  of  a  hollow  pyramid,  whose  apei, 
fhti  shiflfle  cubic  cr^'stal,  is  downward.  This  sinks  by  degrees  as  Xhe  aggregation  goes  on, 
abtive,  tin  a  pyramiJal  boat  of  considerable  size  is  coastnicted. 
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A  Tabus  of  the  results  of  the  Analyses  of  several  varieties  of  Cuunabt  Sazt. 


• 

OrigiA  of  the  Salt. 

Chloride 
of 

Sodium. 

Mttriate 
of  Mag. 

neiia. 

Mnriete 

of 

Lime. 

Svlphate  Salphate 
of        ofkag^ 
Soda.       nesia. 

Solphate  Clajan^ 
of       otteria- 
Lime,      aolable 
bodJee. 

■ 

OxT^e 

99-30 
99-80 

98-33 

93-90 
97-17 
93*59 
97-82 
96-88 

99-45 
95-90 

97-20 

96- 

93-66 

93-7 

98-8 

98-25 

0»02 

0-30 
0-25 
0-61 
2-12 
3-12 

0-004 

0-30 

2-80 

J-1 

0-5 

0-075 

0-27 

^^ 
^^ 

0-025 

1-00 
2-00 
5-55 

0-05 

0-58 
0-25 

0-050 

0-45 

1-75 

3-50 

0-5 

0-005 

0-65 

0-80 

0-28 
1-10 

0-120 

2-35 

1-50 

1-50 

0-1 

1-55 

0-020 
0-002 

0-07O 
2-00 

0-002 

emshed 

Salt  from  Salt  Sprmga  ; 
Schdnbeck^  Westphalia 

^'-^^    i^.r" 

Chateau  Salins 

White  of  Sulz      -        * 

Ladwi^shall,       middle 

grained 
Koenigsborn,  Westphalia 

8ea  salt,  half  white      - 

Common  Scottish  salt 
Lymington,  common    - 

Cheshire,  stoved 

The  ereoloRical  position  of  rock  salt  is  between  the  coal  formation  and  the  lias, 
great  rock-salt  formation  of  ^.ngland  occurs  within  the  red  marl,  or  new  red  sandstone^ 
the  bunter-aandstein  of  the  Germans,  so  called,  because  its   colors  vary  from  red  to 
salmon  and  chocolate.    This  mineral  stratum  frequently  presents  streaks  of  licht  bhie, 
verdigris,  buff,  or  cream  color ;  and  is  chiefly  remarkable  for  containing  considerable 
masses  or  beds  of  gypsum.     At  Northwich,  in   the  vale  of  the  Weaver,  the  rock  salt 
consists  of  two  beds,  together  not  less  than  60  feet  thickj  which  are  supposed  to  coft> 
ititute  large  insnlated  masses,  about  a  mile  and  a  half  long,  and  nearly  13O0  yards 
broad.    There  are  other  deposites  of  rock  salt  in  the  same  valley,  but  of  inferior  iib- 
portance.     The  uppermost  bed  occurs  at  75  feet  beneath  the  surface,  and  is  covered 
with  many  layers  of  indurated  red,  blue,  and  brown  clay,  interstratified  more  or  km 
with  sulphate  of  lime,  and  interspersed  with  argillaceous  marl.    The  second  bed  of  7o<^ 
salt  lies  31)  feet  below  the  first,  being  separated  from  it  by  layers  of  indurated  clay,  with 
yeins  of  rock  salt  running  through  them.    The  lowest  bed  of  salt  was  excavated  to  a  dqiCfc 
of  110  feet,  several  years  ago. 

The  beds  or  masses  of  rock  salt  are  occasionally  so  thick,  that  they  have  not  been  yel 
bored  through,  though  mined  for  many  centuries.  This  is  the  ease  with  the  immense 
mass  of  Wieliczka,  and  the  lower  bed  at  Northwich.  But  in  ordinary  cases,  this 
thickness  varies  from  an  inch  or  two  to  12  or  15  yards.  When  the  strata  arethiny 
they  are  usually  nnmerous ;  hut  the  beds,  layers,  or  masses  never  exhibit  throughoat  a 
great  extent  any  more  than  an  illusory  appearance  of  parallelism ;  for  when  they  are 
explored  at  several  points,  enlargements  are  observed,  and  such  diminutions  as  cause 
the  salt  to  disappear  sometimes  altogether.  This  mineral  is  not  deposited,  therefore,  ia 
a  geological  stratum,  but  rather  in  lenticular  masses,  of  very  variable  extent  and  thick* 
ness,  placed  alongside  of  each  other  at  unequal  distances,  and  interposed  between  the 
courses  of  the  other  formations. 

Sometimes  the  rock  salt  is  disseminated  in  small  masses  or  little  veins  among  the  cal- 
careous and  argillaceous  marls  which  accompany  or  overlie  the  greater  deposites.  Bitu- 
men, in  small  particles,  hardly  visible,  but  distinguishable  by  the  smell,  occurs  in  a]]  the 
minerals  of  the  saliferous  system. 

It  has  been  remarked,  that  the  plants  which  grow  generally  on  the  sea  shores,  such  as 
the  Triglochinum  maritimum,  the  Salicomia^  the  SaMa  kaliy  the  Mter  tri/oihtm,  or  fare> 
well  to  summer,  the  Olaux  maritifna,  &c.,  occur  also  in  the  neighborhood  of  salt  mines 
and  salt  springs,  even  of  those  which  are  most  deeply  buried  beneath  the  surface. 

The  interior  of  rock-salt  mines,  after  digging  through  the  strata  of  clay  mar],  jtc  is 
egrtremely  dry ;  so  that  the  dust  produced  in  the  workings  becomes  an  annoyance  to  tlie 
miners,  though  in  other  respects  the  excavations  are  not  at  all  insalubrious. 

Salt  springs  occur  nearlv  in  the  same  circumstances,  and  in  the  same  geokigienJ  lb 
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•ition  «6  tbe  lait  rode.  It  bta  been  noticed  that  salt  spingt  usney  in  general,  from  the 
upper  portion  of  the  saliferons  strata^  principally  from  the  saline  clay  marls.  Cases 
however  occur,  where  the  salt  springs  are  not  accompanied  by  rock  salt,  and  where  the 
whole  saline  matter  is  derived  firom  the  marls  themselves,  which  thus  i»nstitate  the  only 
saliferous  beds. 

It  has  been  imagined  that  there  are  two  other  periods  of  geological  formation  of  this 
substance ;  one  much  more  ancient,  belonging  to  the  transition  series  of  rocks;  the  other 
relatively  modem,  among  secondary  strata.  To  the  former  has  been  referred  tbe  salt  for- 
mation  of  Bex,  that  of  Cardonne,  &c.  Bat  M.  Brongniart  assigns  valid  reasons  for  re- 
jecting this  supposition.  M.  Beudant,  indeed,  refers  to  the  secondary  strata  above  the 
chalk,  the  rockrsalt  formation  of  Wieliczka,  and  of  tbe  base  of  the  Carpathians ;  placing 
these  among  the  plastic  clay  and  lignites. 

The  mines  of  rock  salt  do  not  appear  to  possess  any  determinate  elevation  upon  the 
surface  of  the  earth,  immense  masses  of  it  are  met  with  at  very  great  depths  below  the 
lerel  of  the  sea,  (the  mine  of  Wieliczka  is  excavated  860  feet  boieath  the  soil,)  and 
others  exist  at  a  considerable  altitude,  as  that  of  Uallein  near  Salzboorg,  which  is  3300 
feet  above  the  level  of  the  sea,  and  the  saline  rock  of  Arbonne  in  Savoy,  which  is  nearly 
4000  feet  higher,  situated  at  the  great  elevation  of  7200  feet  above  the  level  of  the  sea, 
and  consequently  in  the  region  of  perpetual  snow.  The  rock  is  a  mass  of  saccharoid  and 
anhydrous  gypsum,  imbued  with  common  salt,  which  is  extracted  by  lixiviation  ;  after 
which  the  gypsum  remains  porous  and  light. 

The  inland  seas,  salt  lakes,  and  salt  marshes,  have  their  several  localities  obviously 
independent  of  peculiar  geological  formations.  The  ocean  is,  however,  the  most  magnifi- 
cent mine  of  salt,  since  this  chloride  constitutes  about  one  thirtieth  part  of  its  weight ; 
being  pretty  evenly  diffused  throughout  its  waters,  when  no  local  cause  disturbs  the  eqni- 
libriom.  The  largest  proportion  of  salt  held  in  solution  in  the  open  sea,  is  38  parts  in 
1000,  and  the  smallest  32.  In  a  specimen  taken  by  Mr.  Wilkinson,  out  of  the  Red  Sea^ 
at  Berenice,  I  found  43  parts  of  salt  in  1000.    The  specific  gravity  of  the  water  was  1  -035. 

Were  it  requisite  to  extract  the  chloride  of  sodium  from  sea- water  by  fuel  alone,  many 
eonntries,  even  maritime,  would  find  the  process  too  costly.  The  salt  is  therefore  obtain- 
ed from  it  in  two  different  manners;,  1.  by  natural  evaiH)ration  alone ;  2.  by  natural  and 
artificial  evaporation  combined.  The  first  method  is  employed  in  warm  regions,  under 
tbe  form  of  saline  tanks,  or  brine  reservoirs,  called  also  brine-pits.  These  are  large 
shallow  basins,  the  bottom  of  which  is  very  smooth,  and  formed  of  clay.  They  are  ex- 
cavated along  the  sea-shore,  and  consist  of — 

1st.  A  large  reservoir,  deeper  than  the  proper  brine-pits,  which  is  dug  between  them 
and  the  sea.  This  reservoir  communicates  with  tbe  sea  by  means  of  a  channel  provided 
with  a  shiice.  On  the  sea-shore,  these  reservoirs  may  be  filled  at  high  water,  though  the 
tides  are  rather  inconvenient  than  advantageous  to  brine-pits. 

2dly.  The  hrine-pitSy4iroperly  so  called^  which  are  divided  into  a  number  of  compart- 
ments by  means  of  little  banks.  All  these  compartments  have  a  communication  with  each 
other,  but  so  that  the  water  frequently  has  a  Ion?  circuit  to  make,  from  one  set  to  another. 
Sometimes  it  must  flow  400  or  500  yards,  before  it  reaches  the  extremity  of  this  sort  of 
labyrinth.  The  various  divisions  have  a  number  of  singular  names,  by  which  they  are 
technically  distinguished.  They  should  be  exposed  to  the  north,  north-east,  or  nortlv- 
west  winds. 

Ihe  water  of  the  sea  is  let  into  these  reservoirs  in  the  month  of  March,  where  it  is 
exposed  on  a  vast  surface  to  evaporation.  The  first  reservoir  is  intended  to  detain  the 
water  till  its  impurities  have  subsided,  and  from  it  the  other  reservoirs  are  supplied,  as 
their  water  evaporates.  vThe  salt  is  considered  to  be  on  the  point  of  cr}'stallizing  when 
the  water  begins  to  grow  red.  Soon  afler  this,  a  pellicle  forms  on  the  surface,  which 
breaks,  and  falls  to  the  bottom.  Sometimes  the  salt  is  allowed  to  subside  in  the  first  com- 
partment; at  others,  the  strong  brine  is  made  to  pass  on  to  the  others,  where  a  larger 
surface  is  exposed  to  the  air.  In  either  case  the  salt  is  drawn  out,  and  left  upon  the 
borders  to  drain  and  dry. 

The  salt  thus  obtained  partakes  of  the  color  of  the  bottom  on  which  it  is  formed ;  and 
is  hence  white,  red,  or  gray. 

Sea  water  contains,  in  1000  parts,  25  of  chloride  of  sodium,  5*3  sulphate  of  magnesia, 
?*5  chloride  of  magnesium,  0*2  carbonate  of  lime  and  magnesia,  0*1  sulphate  of  lime,  be- 
sides «|rVnr  of  suIphatc  aud  muriate  of  potash.    It  also  contains  iodide  of  sodium,  and 

bromide  of  magnesium.    Its  average  spec.  grav.  is  from  1*029  to  1*030. 

Sea-water  and  weak  brineamay  be  cancentrated  either  by  the  addition  of  rock  salt, 
by  spontaneous  evaporation  in  brine-pits  (see  suprH),  or  by  graduation.  Houses  for  the 
last  purpose  are  extensively  employed  in  France  and  Germany.  The  weak  brine  is 
pumped  into  an  immense  cistern  on  the  top  of  a  tower,  and  is  thence  allowed  to  flow 
down  the  surface  of  bundles  of  thorns  built  up  in  regular  walls,  between  parallfl  wooden 
finunea.    At  Salsa,  near  Sehonebeck,  the  gradoation-house  is  5817  feet  long,  the  thorn 
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Walls  ire  fmra  Jt  to  SB  Tert  hifrh,  in  different  part*,  and  •pnaeot  m  NMl  mitm  (f 
26,000  tqaare  feet.  Under  (he  Ihorna,  •  ^ntx  brine  cblera,  nwle  oT  Mroig  vnte 
idanbs,  Is  plw.ed,  to  rHcire  Ibe  pniie(u>1  thower  of  mier.  Upon  tke  rid^rf  Ac 
miuluatioa-hDne  there  ii  ■  long  spont,  |ietftratci(  mi  M«h  ild*  with  nmivaiH  Utei,  uf 
fBrhished  with  spigots  or  stopcocks  Tor  dislribnting  the  brine,  either  over  the  tttbtt  of 
the  thorny  or  do«n^hlvoeh  their  mtss ;  the  tatter  method  aflbrdlBrt  laifer  rrapontiH. 
The  gradBation-hoDRe  ihonM  be  built  lennhwJM  ici  the  direotioo  of  the  psTfifliM 
wind,  with  iw  ead»  open.  An  experience  of  nanj  ^eari  al  SalM  aad  I>6rrenkci|  im 
■hown,  tliai  in  the  (brater  ptaee  KraddBtion  can  ko  on  238,  and  in  thclatlar  WJiijt,^ 
an  arerage,  in  the  fear ;  the  best  season  beini  tnmt  Mvy  till  Aiumit.  At  Dtrreats)^ 
3,W6,M1  cubic  feet  of  water  are  evaporated  annaatlT.  Aecordinf  to  th*  weakaairf 
the  brine,  it  oinsl  be  the  more  frevjaentlf  pumped  np,  and  made  to  Bow  dowa  over  tkt 
thorns  in  different  compartments  of  the  bnildins,  called  the  IH,  2d,  aad  3d  gndflUio. 
A  depoiile  of  ^paum  incniata  the  iwl^,  which  require*  them  to  be  rebewed  H  tlweal 
of  a  certain  time.  ^'gi.  962  and  9S3  repmenl  Ibe  rradoation-hoaae  of  Ibe  Mlt-vwki 
at  Dfttrenbers.    a,  a,  a,  are  low  stone  pillara  fur  sopponing  tke  briae  ntlat  t,  aU 
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tbe  taalt-tdiif.  t,  c  are  the  inner,  d,  d  the  ooter,  walls  of  thorns  ;  the  first  ban  F» 
pcndicular  side*,  the  last  itnpin«.  I'he  spars  i,  i,  which  support  the  thorns,  in  l>iM« 
(ban  the  interval  between  two  thorn  walls  froDi/to  g,ftf.  963,  whereby  the;  are  radi>r 
(bstened  by  their  tenons  and  mortises.  The  spars  are  liid  al  a  slope  of  2  iacbo  is  lh« 
foot,  u  showB  by  the  line  A,  J.  The  bundle*  of  thorns  are  each  1|  foot  thicA,fnBiU 
7  feet  Ions,  and  are  piled  ap  in  the  followio?  way  :  —  Gulde-bart  are  Gr«t  plsod  is  Ik 
line  k,  I,  to  define  the  outer  surface  of  the  thorn  wall ;  the  nndermoxt  span  MiStI" 
ftslened  upon  them;  and  the  thorns  are  evenly  spread,  aller  the  willow-willu of  ll« 
bundles  have  been  cut.  Ovcrlbe  lop  of  the  thorn  walls  are  laid,  through  the  «bote)«<^ 
of  the  graduation-honae,  the  brine  spout;  o,  o,  which  are  iiFenred  to  the  upper  be*n>9 ;  ■*■ 
at  both  sides  of  these  ipouls  are  the  drop-spouts  p,  p,  for  discharrin?  the  brine  hi  ^ 
ipigolB  t,  I,  as  shown  upon  h  larger  scale  in^^.  964.  The  drop-spouls  are  6  fed  l<x>f> 
bare  on  each  side  small  notches,  5  inches  apart,  and  are  each  supplied  by  ■  spitct. 
The  space  above  the  ridKe  of  the  fnulualion.hause  is  covered  with  boards,  soppaldlJ 
their  ends  by  bindinK-bcams  q.  r,  r,  show  the  tenons  of  the  thorn-spars.  Over  It'  ""^ 
Mhifl'6,  inclined  planes  of  boards  are  laid  for  conducting  downwards  Ihe  iDDcmenHe 
showers.  The  brine,  which  contains  at  first  T'692  per  cent,  of  salt,  indicates,  iner  IK 
first  shower,  1 1-473  j  a Rer  the  second,  16-108  ,■  and  aHer  tile  Ihin),  22.  TTie  briie,  Ital 
eoncentrated  to  such  a  deerec  as  to  be  fit  for  boilinz,  is  kept  In  ifreat  reservoirs,  of  "tl* 
the  ei^bt  at  SaliB,  nearSchfinehrck,  have  a  capaeily  of  2,421,730  cdIhc  feet,  aad  are  n^ 
aished  with  pipes  leading  to  the  sheel-iroi>  salt-pans  The  capacity  of  iheseistaT"* 
ferent  at  different  works.  At  Sebflnebeck  there  are  22,  the  smallest  havin!!  a  iq"rt 
■orface  of  400  f^el,  the  lantrst  of  1250,  and  are  enclosed  within  walls,  lo  pnveil  Im" 
bein;  ntfccted  by  the  cold  eirernal  air.  They  are  covered  with  a  hiinel*rn)»d  or  7P* 
midal  trunk  of  deals,  ending  in  a  square  chimnev,  lo  carry  olf  Ihe  steam. 

Ftgi.  969,  9ee,  9ST  represent  the  consiniction  of  ■  salLpan,  its  ftareaee,  aid  W 
■alt  MMe-room  of  tha  wotlia  u  DOrrenba^  i  Jig.  BffT  bdnf  the  givai  lli*iM-  ** 
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.the  loifriivdiiwl  saetioa,  and  .figi  9€5  the  tnuMvene  secti«n.  a  is  tlie  fire-grate,  whieli 
slopes  ttpwanls  to  tfce  back  part»  and  is  31^  iockes  distant  from  the  bottom  of  the  pan. 
The  latio  of  the  sudaee  of  the  grate  to  that  of  the  bottom  of  the  pan,  is  as  t  to  59-5; 
Chilt  of  the  air-hole .  into  the  a»h«pit,  as  1  to  306.  The  bed  under  the  pan  is  laid  with 
Wicks,  smoothly  plastered  OTer,  from  b  toe,  in  Jig.  966.  Upon  this  bed  the  pillars  i,  d^ 
Jtc.,  are  built  in  a  nuiiated  direction,  being  6  inches  broad  at  the  bottom,  and  tapering  to 
1^  inch  at  top.    The  pan  is  so  laid  that  its  bottom  has  a  fall  towards  the  middle  of 

2i  inches;  see  s,  /,  fig.  966.  The  fire 
diifuses  itself  in  all  directions  under  the 
pan,  proceeds  thence  through  several 
holes  g,  g,  g,  into~  flues  h,  h,  A,  which  rua 
round  three  sides  of  the  pan ;  the  burnt 
air  then  passes  through  t,  fig.  967,  uiw> 
der  other  pans,  from  which  it  is  collected 
in  the  chimneys  k,  ky  to  be  conducted  into 
the  dr)'inK-room.  At  /,  /,  there  is  a 
transverse  flue,  through  which,  by  means 
of  dampers,  the  fire-draoght  may  be  conducted  into  an  extra  chimney  m.  From  the  flues 
kf  k,  four  square  iron  pipes  «,  n,  issue  and  conduct  the  burnt  air  into  the  main  chimneys 
in  the  opposite  wall. 

The  bottoms  of  the  several  flues  have  a  gradual  ascent  above  the  level  of  the  fire-grate. 
A  special  chimney  o,  rises  above  the  ash-pit,  to  carry  oflf  the  smoke,  which  may  chance  to 
jegargitate  in  certain  states  of  the  wind,  p,  p,  are  iron  pipes  laid  upon  each  side  of 
the  ash-pit  (see  figi.  966  and  967),  into  which  cold  air  is  admitted  by  the  flue  g,  r 
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where,  beeoming  heated,  it  is  conducted  through  iron  pipes  «,  and  thence  escapes  at  i^ 
into  the  stove-room.  Upon  both  sides  of  the  hot  flues  in  the  stove-room,  hurdle-frames 
0,  «,  are  laid,  each  of  which  contains  11  baskets,  and  every  basket,  except  the  under • 
most,  holds  60  potinds  of  salt,  spread  in  a  layer  2  inches  thick,  v,  v,  show  the  pipes  1^ 
which  the  pan  is  supplied  with  graduated  brine. 

DeMcripH&n  of  the  Steam^rwik,  in  fig.  968. 
In  front  of  the  pan  a,  a,  there  are  two  upright  posts,  upoa  which,  and  in  holes  of 
the  back  wall,  two  horixontal  beams  6,  6,  are  supported.  The  pillars  c,  c,  are  sustained 
upon  the  bearers  dy  d.  At  e,  e,  a  deep  quadrangular  groove  is  made  in  the  beam% 
for  fixing  down  the  four  boards  which  form  the  bottom  of  the  steam-way.  In  this 
g^roove  any  condensed  water  from  the  steam  collects,  and  is  carried  off  by  a  pipe  /^  to 
prevent  it  falling  back  into  the  pan.  Upon  the  three  sides  of  the^  pan  npt  in  contaet 
with  the  wall,'  there  are  three  rows  of  boards  hinged  upon  planks  6,  h.  Behind  the 
apper  one,  a  board  is  hung  on  at  g,  upon  which  the  boiled  salt  is  laid  to  drain.    The 
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two  oUm  Ton  «t  boarda  are  hooked  on  to  a*  lo  oorer  the  paa,  u  Avw«  U  k. 

Whenever  the  t*h  it  mfficieallT  druned,  the  npper  shelTct  are  placed  in  a  harimatal 

poiitioa ;  Ihe  aalt  it  pnl  talo  oDall  batkeli, 

and  carried  into  the  ttoTe-room.  t,  fc,  it 
the  Bteam-miDk ;  i,  m,  it  a  tannel  for  cat- 
lying  off  the  ticam  tnan  the  middle  at  Ike 
pan,  wlien  this  it  nncoTcred  bj  liftiag  Ike 

In  proporlion  aa  the  brine  beconcj  cm. 
centraled  by  evaporation,  raore  it  addad 
from  the  aellling  reserroir  of  the  gndit- 
ation-bouK,  till  Go  ally  tmoU  cryttalt  a^ 
peer  on  the  Burface.  No  more  Weak  briat 
■  it  now  added,  but  the  charge  it  worked 
off,  care  being  lollen  lo  roDioie  the  tcoB 
as  it  appears.  In  Eome  placei  the  Giil 
pan  it  called  a  schlot-plan,  in  which  the 
conceotralHMi  ia  carried  only  n  far  as  la 
.  cante  the  deporiiioo  of  the  sladge.  Tram 
whieh  the  Batine  salutlon  it  rnn  into  ■•■ 
other  pan,  and  fently  evaporated,  to  pro- 
duce the  prreipilalton  of  the  fine  tak. 
a     4     o  10  »  33         Thii  sail  ahoukl  be  coDlinually  raked  to- 

1 1 1  iiui  I  r  I J f         ward*  Ihe  cooler  and  more  elevated  lidei 

of  Ihe  pan,  and  Ihen  liRed  out  with  culleDder-shoveU  into  tarfie  cnDiea]  baskets,  airaaied 
in  wooden  IVenet  round  the  border  of  Ihe  pan,  lo  thai  the  liraiim^e  may  flow  back  inle 
the  boilini;  liquor.  The  drained  snlt  ii  traniferred  To  the  burdlei  or  baikets  in  the  Move. 
room,  which  ought  to  be  kept  at  a  lempetatnre  of  fiom  l!0°  lo  130°  Fahr.  The  tajt  ■ 
then  slowed  away  in  ihE  warehouse. 

The  graduatioB  ranee  should  be  divided  lenKlhwite  into  several  aeetions  ;  Ihe  irK 
to  receive  Ihe  waler  of  the  ipriag,  the  lake,  or  the  sea ;  the  second,  the  waler  fnini  Ihe 
fini  shower-receiver ;  the  third,  the  waler  from  Ihe  secoad  receiver  j  and  uj  on.  The 
pumps  are  asually  placed  in  Ihe  middle  of  the  building,  and  Vt(\  the  brine  from  the  sema] 
receivers  below  into  Ihe  allernale  elevaled  cislerns.  The  equare  wooden  spools  of  distri- 
bntion  may  be  conveniently  furnished  with  a  glide-board,  attached  Id  each  of  their  sides, 
to  serve  as  a  generol  valve  fi/r  openine  or  shntlin^  many  (rieklinx  orificea  at  once.  Tka 
rate  of  evaporalian  at  Mouliers  is  exhibited  by  Ihe  following  Iab1e-.~- 


...„,.r»™. 

T«,>.*..r,u.r«u.      =Ei-S,r' 

w«.^     1 

1  and  2 

3,  4, 5,  6,  7,  8,  and  9   - 

1-010 
6158  tqnaie  feet     -       -         H)23 
2720            -            -        -          1072 
660            -            -        -          M40 

0-000 
0-640 
0-333 
(MWt 

Waler  remain 
Waler  ataitn 

Total  evaporation 
tag  in  Ihe  brine  at  the  densily  of  1-140 

ed  at  the  density  of  1-010 

0^35 
1-065 

I'OOn 

From  the  above  table  it  appears  that  no  lets  Ihan  tO  falls  of  the  brine  hare  beea 
required  lo  bring  the  water  from  the  specihc  gravity  l-OIti  to  1-140,  or  IS°  Baamit.  The 
evaporation  ii  found  to  proceed  al  nearly  the  uiae  rate  wilh  Ihe  wraki-r  water,  and  wilk 
the  etron^ier,  within  Ihe  above  limils.  When  it  arrives  ai  a  densily  oTfrom  1-140  to  1-16) 
it  is  run  off  into  the  setlting  cisterns.  M.  Bcnhier  CBlciilnles,  Ibal  upon  an  aveiace,  in 
Mdinary  weather,  at  Moulicrs,  60  kilogrammes  orwalei'(]3  galloni,  imp.)  are  evaporated 
AtilD4he  fagols,  in  the  coarse  of  24  hours,  for  every  square  foot  of  their  surface.  Wiibool 
the  aid  of  currents  of  air  artificially  wanned,  «Dch  an  amount  of  evaporation  eonM  not  be 
reckoned  upon  in  this  country.  In  the  ichlollmii,  or  throwing  down  of  the  sedimeai,  a 
Utile  bullock's  blood,  previously  beaten  op  with  some  eotil  brine,  pronviles  Ibr  clarifica- 
tion. When  the  brine  acquires,  by  brisk  ebullilion,  the  densily  of  1-300,  it  should  be  ran 
off  from  the  preparation,  lo  ihe  fini^hini;  or  salting  pans. 

The  mother-water  conlains  a  great  deal  of  chloride  of  magnesium,  along  vrilh  chloride 
of  sodium,  and  snlphale  of  magnesia.  Since  the  last  two  sails  mntaally  de«ompo9« 
ttcb  other  al  a  low  teRiperamre,  and  are  Iransformed  inio  sulphate  of  soda,  which 
emialliies,  and  muriate  of  magne'la,  which  remains  dissolved,  the  molber-water  with 
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Hhn  -new  may  be  expfoaed  ia  tanks  to  the  firoet  during  winter,  when  it  affords  three  sne- 
eessive  crystalline  deposites,  the  last  being  snlphate  of  soda,  nearly  pure. 

The  chloride  of  magnesium,  or  bittern,  not  only  deteriorates  the  salt  very  much,  but 
occasions  a  considerable  lof«  if  weieht.  It  may,  however,  be  most  advantageously  get 
rid  of,  and  converted  into  chloride  of  sodium,  by  the  following  simple  expedient :  —  Let 
qoicklime  be  introduced  in  equivalent  quantity  to  the  magnesia  present,  and  it  will  pre^ 
cipitale  this  earth,  and  form  chloride  of  calcium,  which  will  immediately  react  upon  the 
sulphate  of  soda  in  the  mother-water,  with  the  production  of  sulphate  of  lime  and  chloride 
of  sodium.  The  former  being  sparingly  soluble,  is  easily  separated.  Lime,  moreover, 
decompose  directly  the  chloride  of  magnesium,  but  with  the  effect  of  merely  substitating 
chloride  of  calcium  in  its  stead.  But  in  general  there  is  abundance  of  sulphate  of  soda 
in  brine  springs  to  decompose  the  chloride  of  calcium.  A  still  belter  way  of  proceeding 
with  sea-water,  would  be  to  add  to  it,  in  the  settling  tank,  the  quantity  of  lime  equivalent 
to  the  magnesia,  whereby  an  available  deposite  of  this  earth  would  be  obtained,  at  the  same 
Ume  that  the  brine  would  be  sweetened.  Water  thus  purified  may  be  safely  crystallized 
by  rapid  evaporation. 

In  summer,  the  saturated  boiling  brine  is  crystallized  by  passing  it  over  vertical  ropes ; 
for  which  purpose  100,000  metres  (110,000  yards)  are  mounted  in  an  apartment  70 
metres  (77  yards)  long.  When  the  salt  has  formed  a  erust  upon  the  ropes  about  2) 
inches  thick,  it  is  broken  off,  allowed  to  fall  upon  the  clean  floor  of  the  apartment,  and 
then  gathered  up.  The  salting  of  a  charge,  which  would  take  5  or  6  days  in  the  pan,  is 
completed  in  this  way  in  17  hours ;  but  the  mother-waters  are  more  abundant.  The  salt 
is,  however,  remarkably  pure. 

The  boilers  constructed  at  Rosenheim,  in  Bavaria,  evaporate  3|  pounds  of  water  for 
every  pound  of  wood  burned  ;  which  is  reckoned  a  favorable  result;  but  some  of  those 
described  under  Evapobation,  woold  throw  off  much  more. 

*<  I'he  rock  salt  mines  and  principal  brine  springs  are  in  Cheshire ;  and  the  chief  part 
of  the  Cheshire  salt,  both  fossil  and  manufactured,  is  sent  by  the  river  Weaver  to  Liver- 
pool, a  very  small  proportion  of  it  being  conveyed  elsewhere,  by  canal  or  land  carriage. 
There  are  brine  springs  in  Staffordshire,  from  which  Hull  is  furnished  with  white  salt ; 
and  in  Worcestershire,  from  which  Gloucester  is  supplied.  If  to  the  quantity  shipped 
by  the  Weaver,  100,000  tons  of  white  salt  are  added  annually  for  internal  consumption 
and  exports,  exclusive  of  Liverpool,  the  total  manufacture  will  be  approached  very  near- 
ly ;  but  as  there  is  now  no  check  from  the  ^cise,  it  is  impossible  to  ascei  tain  it  exactly. 
Fossil  salt  is  used  in  small  quantities  at  some  of  the  Cheshire  manufactories,  to  strengthen 
the  brine,  bnt  is  principally  exported  ;  some  to  Ireland,  but  chiefly  to  BelGriam  and  Hol- 
land.*** The  average  quantity  of  rock  salt  sent  annually  down  the  river  Weaver 
from  the  mines  in  Cheshire,  between  the  years  1803  and  1834  inclusi-ve,  was  86,000  tons, 
of  2,600  lbs.  each  ;  the  greatest  being  125,658,  in  the  year  1823,  and  the  least  47,230,  in 
the  year  1813.  The  averaee  quantity  of  white  salt  sent  annually  down  the  Weaver 
from  the  manufactories  in  Cheshire  during  the  same  period,  was  221,351 ;  the  greatest 
beine  383,669,  in  the  year  IS32,  and  the  least  being  120,486,  in  the  year  1811. 

M.  Clemen t-Desormes,  engineer  and  chief  actionnaire  of  the  great  salt-works  of  Bieuze^ 
in  France,  informs  me  that  the  internal  consumption  of  that  kino:dom  i?  rather  more  IhiM^ 
200,000  tonft  per  annum,  being  at  the  rate  of  6|  kilogrammes  for  each  individual  of  a 
population  estimated  at  32,000,000.  As  the  retail  price  of  salt  in  France  is  10  sous  per 
kilogramme  (of  2|  lbs.  avoird.),  while  in  this  country  it  is  not  more  than  2  sous  (1  penny), 
its  consumption  per  head  will  be  much  greater  with  us ;  and,  taking  into  account  the 
immense  quantity  of  salted  provisions  that  are  used,  it  may  be  reckoned  at  22  lbs. ; 
whence  our  intt-rnnl  consumption  will  be  240,000  tons,  instead  of  100,000,  as  quoted 
above,  from  the  tables  published  by  the  Board  of  Trade. 

In  J836,  9,622,427  bushels,  of  56  lbs.  =  240,560  tons  of  salt,  value  173,923/.,  were 
exported  from  the  United-  Kingdom,  of  which  1,350,849  bushels  went  to  Russia ;  1,235,086 
to  Belgium;  314,132  to  the  Western  coast  of  Africa;  1,293,560  to  the  British  North 
American  colonies ;  2,870,808  to  the  United  States  of  America ;  53,299  to  New  South 
Wal^s,  Van  Diemen's  Land,  and  other  Australian  settlements ;  58,735  to  the  British 
Went  Indies ;  and  90,655  to  Guernsey,  Jersey,  Alderney,  and  Man. 

SAND  (Frti?.  and  Germ. ;  SabU,  Fr.),  is  the  name  given  to  any  mineral  substance  in 
a  hard  granular  or  pulverulent  form,  whether  strewed  upon  the  surface  of  the  ground 
found  in  strata  at  a  certain  depth,  forminsr  the  beds  of  rivers,  or  the  shores  of  the  sea. 
The  silicious  sands  seem  to  be  either  orisinal  cr)'stalline  formations,  like  the  sand  of 
Neuilly,  in  6-sided  prisms,  terminated  by  two  6- sided  pyramids,  or  the  debris  of  granitic, 
•ehistose,  qnartzose,  or  other  prhnitive  cr)'stalline  rocks,  and  are  abundantly  distributed 
over  the  globe  ;  as  in  the  immense  plains  known  under  the  names  of  downs,  deserts, 
gUppeSy  icfnde$y  &c.,  which,  in  Africa,  Asia,  Furope,  and  America,  are  entirely  covered  with 

*'  Tablet  of  the  Revenoe,  Population,  CommeTce.  &c..  far  1839,  p.  ISS. 
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loMe  sterile  aind«  YeJiiaUe  metallic  ores,  thoee  of  gold,  pietnraiDy  tis,  copper,  In^ 
titan  ioiD,  oHen  occur  in  the  fiurm  of  aud,  or  jnixed  with  that  earthy  sabetanee.  Paic 
•ilicious  yaads  are  verf  yalaaUe  for  the  fBaaafaetnre  of  glaaty  for  making  mortars,  filteis. 
sunelioratiog  dense  clay  soils,  and  many  other  purposes.  For  moalder's  sand.  See  Fojjkd^ 
XKG.    Lynn  and  Ryegatc  furnish  our  purest  silicious  sand. 

SANDAL  or  REI)  SAUNBERS  WOOD  (fioato/,  Fr.;  SmidiihoU,  Germ.  ),  is  the 
wood  of  the  Pteroearpuf  tafUtdiniu^  a  tree  which  grows  in  Ceylon,  and  oa  the  coast  gf 
Coromandel.  The  old  wood  is  preferred  by  dyers.  Its  coloring  matter  is  of  a  resinous 
nature ;  and  is,  therefore,  quite  soluble  in  alonhol,  essential  oils,  aad  alkaline  leys ;  bat 
sparingly  in  boiling  water,  and  hardly  if  at  all  in  cold  water.  The  coloring  matter 
which  is  obtained  by  evaporating  the  alcoholic  infusion  to  dryness,  has  beoi  called 
Montaiints  it  is  a  red  resin,  which  is  fusible  at  212P  F.  It  may  also  be  dbtaiaed  by 
digesting  the  rasped  sandal  wood  in  water  of  aomionia,  and  afterwards  saturating  the 
anuDODia  with  an  acid.  The  ManttUim  falls,  and  the  supernatant  liqnor,  which  is  ydlow 
by  transinittedi  appears  blue  by  reflected  light.  Its  spirituous  solution  afibrds  a  ins 
purple  precipitate  with  the  protochloride  of  tin,  and  a  Tidet  one  with  the  salts  of  lead. 
Sanlaline  is  very  soluble  in  acetic  acid,  and  the  solution  fixims  permanent  stains  upon 
the  skm. 

Sandal  wood  is  used  in  India,  along  with  one  tenth  of  tapan  wood  (the  Cmaalpiftta  sojw 
of  Japan,  Java,  Siam,  Celebes,  and  the  Philippine  isles),  priacipaUy  for  dyeing  silk  and 
cotton.  Trommsdorf  dyed  wool,  cotton,  and  linen  a  carmine  hue  by  dipping  them  ahaw 
nately  in  alkaline  solution  of  the  sandal  wood,  and  in  an  ackluleus  bath.  Bancroft  oh» 
tained  a  fast  and  brilliant  reddish-yellow,  by  preparing  wool  with  an  alum  and  tartar  bath, 
,and  then  passing  it  through  a  boiling  bath  of  sandal  wood  and  sumac  Pelletier  did  not 
succeed  in  repeating  this  experiment.  According  to  Togler,  wool,  silk,  cotton,  and  linc% 
mordanted  with  salt  of  tin,  aad  dipped  in  a  cold  alcoholic  tinctnre  of  the  wood,  or  the 
same  tincture  mixed  with  S  parts  of  boiling  water,  become  of  a  superb  pon^eaa-red  color. 
With  alam,  they  took  a  scarlet-red ;  with  sulphate  of  iron,  a  deep  violet,  or  browm-reA 
Unluckily,  these  dyes  do  not  stand  exposure  to  light  well. 

SANDAKACH,  is  a  peculiar  resinous  substance,  the  product  of  the  TA«ya  artiemki^ 
a  small  tree  of  the  coniferous  family,  which  grows  in  the  northern  parts  of  Afiica,  c» 
pecially  round  Moant  Atlas. 

The  resin  comes  to  us  in  pale  yellow,  transparent,  brittle,  small  tears,  of  a  spherical 
or  cylindrical  shape.  It  has  a  faint  aromatic  smell,  does  not  sofien,  but  breaks  bctweca 
the  teetli,  fuses  readily  with  heat,  and  has  a  specific  gravity  of  from  1*05  to  l-€9.  U 
contains  three  different  resins ;  one  soluble  in  spirit  of  wine,  somewhal  rescaihling  fim 
acid  (see  Turfej^tim);  one  not  soluble  in  that  menstruum;  and  a  third,  soluble  oaly 
in  alcohol  of  90  per  cent.  It  is  used  as  pounce-powder  for  strewing  over  p^»er ' 
as  incense,  and  in  varnishes. 

SAPAN  WOOD,  is  a  species  of.  the  Ctualpinia  genus,  to  which  Brazil  wood 
It  is  so  called  by  the  French,  t»ecause  it  comes  to  them  from  Japan,  which  they  conrnpi^y 
pronounce  Sapan.    As  all  the  species  of  this  tree  are  natives  of  either  the  East  Indies  «r 
the  New  World,  one  would  imagine  that  they  could  not  have  been  used  as  dye-stuft  ia 
Europe  before  the  beginning  of  the  16th  century.    Yet  the  author  of  the  article  «*  Brszi],* 
in  Rees'  Cyclopaedia,  and  Mr.  Southey,  io  his  History  of  Brazil,  say  that  Brazil  wpod  is 
mentioned  nearly  one  hundred  years  before  the  discoveries  of  Columbus  and  VasoodcGana, 
by  Chaucer,  who  died  in  1400 ;  that  it  was  known  many  ages  before  his  time ;  aad  thai 
it  gave  the  name  to  the  country,  instead  of  the  country  giving  the  name  to  the  wood,  as 
I  have  stated,  with  BerthoUet  and  other  writers  on  dyeing.    The  CaMtUyinia  ssppaa, 
being  a  native  of  the  Coromandel  coast,  may  potsiUy  have  been  transported  along  with 
other  Malabar  merchandise  to  the  Mediterranean  marts  in  the  middle  ages;    but  the  iBh 
portation  of  so  lumbering  an  article  in  any  considerable  quantity  by  that  channel,  is  so 
improbable,  that  I  am  disposed  to  belive  that  Brazil  wood  was  not  commonly  used  by  Iha 
dyers  of  Europe  before  the  discovery  of  the  New  World. 

SARD ;  see  Lamdarv. 

SATIN  (Eng.,  Fr.,  and  Germ.),  is  the  name  of  a  silk  stuff,  iirst  imported  from  China, 
which  is  distinguished  by  its  very  smooth,  polished,  and  glossy  surface.  It  is  woven  upoa 
a  loom  with  at  least  five-leaved  healds  or  heddles,  and  as  many  corresponding  treddks. 
These  are  so  mounted  as  to  rise  and  fall  four  at  a  time,  raisimr  and  depressing  alternate- 
ly four  3ram8  of  the  warp,  across  the  whole  of  which  the  weft  is  thrown  by  the  shuttle^ 
so  as  to  produce  a  uniform  smooth  texture,  instead  of  the  checkered  work  resulting  froas 
intermediate  decussations,  as  in  common  webs.  See  Tkxtile  Fabrics.  Satins  are 
woven  with  the  glossy  or  right  side  undermost,  because  the  four-fifths  of  the  warp,  which 
are  always  left  there  during  the  action  of  the  healds,  serve  to  support  the  shuttle  in  in 
race.  Were  they  woven  in  the  reverse  way,  the  scanty  fifth  paJt  of  the  warp 
eoold  either  not  support,  or  would  be  too  much  worn  by  the  shuttle. 
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SATURATION  is  the  term  at  whi^h  any  body  has  UQcth  its  full  dose  or  chemical  pm- 
portion  of  any  other  with  which  it  can  combine ;  as  water  with'a  salt,  or  an  acid  with  aa 
alkali  i»ihe-neatfo  saline  state* 

SCALIOLA  fis  merely  ornamental  plaster-work,  produced  by  applying  a  pap  mate 
of  finely-ground  calcined  gypsum,  mixed  wllh  a  weak  solution  of  Flanders'  glue,  upon 
any  figure  foimed  of  laths  nailed  together,  oroccaiionally  npon  brickwork,  and  bestudding 
tU  suiiaoe,  while  soft,  with  splinters  (tcogMo/e)  of  spar,  marble,  granite,- bits  of  concrete 
eolored  gypsum,  or  reins  of  tlay,  in  a  semi-fluid  state.  The  sobetances  employed  -to  color 
the  spots  and  patches,  aie  the  several  ochrts,  boles,  terra  di  Siemwy  chrome  yellow,  &e. 
The  sorfaceof  the  column  is  tuarned  smooth  upon  a  lathe^  polished  with  stones  of  different 
fineness,  and  finished  with  some  plaster-pap,  to  giye  it  lOstre.  Pillars  and  other  ftat  sur- 
faces are  smoothed  by  a  oarpentCT^s  plane,  with  the  chisel  finely  serrated,  and  afterwards 
polished  with  plaster  by  friction.  The  glue  is  the  cause  of  the  gloss,  but  makes  the  sur- 
ftioe  apt  to  be  injured  by  moisture,  or  even  damp  air. 

SCARLET  DYE.  {Ttiniure  en  icarlatt,  Fr. ;  Scharlachfarbertiy  Germ.)  Scarlet  if 
■sually  given  at  two  successive  operations.  The  boiler  (see  Jigt.  364,  365,  article  Dirs- 
OfG)  is  made  of  Mode  tin,  but  its  bottom  is  formed  occasionally  of  copper. 

1.  The  bouiUoiiy  or  tki  coioring-bath. — For  100  pounds  of  cloth,  put  into  the  water,  when 
h  is  little  more  than  lukewarm,  6  pounds  of  argul,  and  stir  it  well.  IVhen  the  water  be- 
comes too  hot  for  the  hand,  throw  into  it,  with  agitation,  one  pound  of  cochineal  in  flue 
powder.  An  instant  afterwards,  pour  in  5  pounds  of  the  clear  mordant  g  (see  Tin  Mor- 
nANTS),  stir  the  whole  thoroughly  as  soon  as  the  bath  begins  to  boil,  introduce  the  cloth, 
and  wince  it  briskly  for  two  or  three  rotations,  and  then  more  slowly.  At  the  end  of  a 
two-hours'  hoi],  the  doth  is  to  be  taken  out,  allowed  to  become  perfectly  cool,  and  well 
washed  at  the  river,  or  winced  in  a  current  of  pure  water.  (See  an'  automatic  plan  of 
washing  described  under  the  article  foifsiAo  Machike.) 

2.  jie  roagie,  or/inuhing  dtfe. — ^The  bouillon  bath  is  emptied,  and  replaced  with  water 
for  the  roagve.  When  it  is  on  the  point  of  boiling,  5|  pounds  of  cochineal  in  fine  powder 
are  to  be  &rown  in,  and  mixed  with '  care ;  when  the  crust,  which  forms  upon  the  sur- 
face, opens  >of  itself  in  several  places,  14  pounds  of  solution  of  tin  (as  above)  e/n  to  be 
added.  Should  the  liquor  be  likely  to  boil  over  the  edges  of  the  kettle,  it  must  be  refresh- 
ed with  a  little  cold  water.  When  the  bath  has  become  uniform,  the  cloth  is  to  be  put  in, 
takmg  care  to  wince  it  briskly  for  two  or  three  turns ;  then  to  boil  it  bodily  for  an  hour, 
thrusting  it  under  the  Uqnor  with  a  rod  whenever  it  rises  to  the  surface.  It  is  lastly  ta- 
ken out,  aired,  washed  at  the  river,  and  dried. 

As  no  peraon  has  done 'more  for  the  improvement  of  the  scarlet  dyes  than  PoCmer,  I 
shall  here  give  his  processes  in  detail. 

BomUony  or  colormg, — For  every  pound  of  cloth  or  wool,  take  14  drachms  of  cream  of 
tartar.  When  the  bath  is  boiling,  and  the  tartar  all  dissolved,  pour  in  successively  14 
drschms  of  solution  of  tin  {Mordant  f.  Tin),  and  let  the  whole  boil  tolfcether  during  a  few 
minateB.  Now  introduce  the  cloth,  and  boil  it  for  2  hours ;  then  take  it  out,  and  let  it 
drain  and  cool. 

Bomgitf  or  tfyc^—For  every  pound  of  woollen  stnff,  take  2  drachms  of  cream  of  tartar. 
When  the  bath  begins  to  boil,  add  1  ounce  of  cochineal  reduced  to  fine  powder,  stir  the 
mixture  well  with  a  rod  of  willow  or  any  white  wood,  and  let  It  boil  for  a  few  minutes. 
Then  pour  in,  by  soeeessive  portions,  1  ounce  of  solution  of  tin  {Mordant  r),  stirring  con- 
tinually with  the  rod.  Lastly,  dye  as  quickly  as  possible.  The  color  will  be  a  beautifti] 
scarlet. 

Second  ecarlal  proeete  of  Poimer,  the  bonilbm  being  the  same  as  above  given,  and  al- 
ways estimated  for  1  pound  of  doth  or  wool.  Rougie. — ^Take  I  ounce  of  cochineal  in  fine 
powder,  and  2  ounces  of  solution  of  tin  without  tartar. 

Third  tettritt  proceet  of  Potmer ;  the  boniUon  being  as  above.  Rougie  for  a  pound  of 
etoth.^— 'Take  two  drachms  of  cream  of  tartar,  one  ounce  of  cochineal,  one  ounce  of  solu- 
tion of  tin,  and  2  ounces  of  sea  salt ;  dye  as  in  process  1.  The  salt  helps  the  dye  to  pene- 
ttnte  into  the  doth. 

Tabxxs  of  the  CoiiPoerrroN  of  the  Bouillon  ancl  Roitgie,  by  different  Authors, 

for  100  pounds  of  Ck)th  or  Wool. 

Compontion  of  the  BouUlon. 


NanM  of  U>6  Anthom. 

fttaroh. 

.  Ureftm  of 
Tartar. 

CochianL 

Solution  of 
Tin. 

CommoB 

Salt. 

BertboUet     - 
Hellot 

Scheffer        -        - 
\  Poprner 

W.       oz, 
0        0 
0        0 
9        6 
0        0 

lb,      oz, 
6        0 

12        8 
9        6 

10      15 

lb.      dr. 

8  0 
18  6 
12        4 

0        0 

lb.      oz. 

6        0 
12        8 

9        6 
10       16 

lb.     or. 
0        0 
0        0 
0        0 
0        0 
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Con^ponHonof  ike  RomgU, 


Nunef  of  the  Authort. 

Stutth. 

Crattmof 
Tanar. 

CoehinMd. 

SM1iaOII€f 

Tiu. 

^ 

A.       oz. 

lb.      oz. 

W,      or. 

lb,      oz. 

W,      oz. 

Berthollet     -^ 

0        0 

0         0 

5        8 

14        0 

0        0 

Hellot 

3         2 

0        0 

7        4 

12        8 

0        0 

Scheffer 

3        2 

3         2 

6        7J 

4       11 

0        0 

,     < 

0        0 

1         8 

6        4 

6        4 

0        0 

Po«rner       •        < 

0        0 

0        0 

6        4 

12        8 

0        0 

( 

0        0 

1        8 

6        4 

6        4 

12        8 

M.  Leaormand  states  that  he  has  made  experiments  of  verification  upon  all  the 
l8B  of  the  preceding  tables,  and  declares  his  conviction  that  the  finest  tint  may  be  obiainid 
by  taking  the  bouillon  of  Schefl'er,  and  the  rougie  No.  4  of  Podrner.  The  solution  wkaeb 
produced  the  most  brilliant  red,  is  that  made  according  to  the  process  of  mordant  b  (Tiir.) 
M.  Robiquet  has  given  the  following  prescription  for  making  a  pritUing  §carM,  for  well- 
whitened  woollen  cloth. 

Boil  a  poand  of  pulverized  cochineal  in  four  pints  of  water  down  to  2  pints,  and  pn« 
the  decoction  through  a  sieve.  Repeat  the  boiling  thr«e  times  .upon  the  residnnm,  mix 
the  eight  pints  of  decoction,  thicken  them  properly  with  two  ponnds  of  starch,  and  boil 
into  a  paste.  Let  it  cool  down  to  104°  F.,  then  add  four  ounces  of  the  subjoined  solntioft 
of  tin,  and  two  ounces  of  ordinary  salt  of  tin  (muriate.)  When  a  ponceau  red  is  wanted^ 
two  ounces  of  pounded  curcuma  (turmeric)  should  be  added. 

The  solution  of  tin  above  prescribed,  is  made  by  taking — one  onnce  of  nitric  acid,  «f 
specific  gravity  36°  B,  =  1*33  ;  one  ounce  of  sal  ammoniac ;  four  oobcck  of  grain  tin. 
The  tin  is  to  be  divided  into  eight  portions,  and  one  of  them  is  to  be  pat  into  the  add  mix- 
ture every  quarter  of  an  hour. 

A  solution  of  chlorate  of  potassa  (chloride  7)  is  said  to  beautify  scarlet  doth  in  are 
markable  manner. 

Bancroft  proposed  to  supplant  the  nitro-muriatic  acid,  by  a  mixture  of  snlphnrie  and 
muriatic  acids,  for  dissolving  tin  ;  but  I  do  not  find  that  he  succeeded  in  persuadinft  scailcU 
dyers  to  adopt  his  plans.  In  fact,  the  proper  base  is,  in  my  opinion,  a  mixture  of  the  praU 
oxyde  and  pcroxyde  of  tin;  and  this  cannot  be  obtained  by  acting  upon  the  metal  with  the 
murio-sulphuric  acid.  He  also  prescribed  the  extensive  use  of  the  quercitron  yellow  lo 
change  the  natural  crimson  of  the  cochineal  into  scarlet,  thereby  economizing  the  qoanlK 
ty  of  this  expensive  dye-stuii'.    See  Lac  Dye. 

SCHEELE'S  GREEN  is  a  pulverulent  arsenite  of  copper,  which  may  be  prepared  at 
follows  : — Form,  first,  an  arsenite  of  potassa,  by  adding  gradually  11  ounces  oif  arwaioii 
acid  to  2  ponnds  of  carbonate  of  potassa,  dissolved  in  10  pounds  of  boilinc  water ;  nest, 
dissolve  2  pounds  of  crystallized  sulphate  of  copper  in  30  pounds  of  water;  6Uereadi 
solution,  then  pour  the  first  progressively  into  the  second,  as  long  as  it  prodoees  a  rich 
grass-green  ])recipitate.  This  being  thrown  upon  a  filter-cloth,  and  edaleoraled  lidi 
warm  water,  will  afibrd  1  pound  6  ounces  of  this  beautiful  pigment.  It  consif4s of,  oxyde 
oi  copper  28*51,  and  of  arsenious  acid  71*46.  This  green  is  applied  by  an  aaalufwai 
double  decomposition  to  cloth.    Sec  Calico-printing. 

SCHWEINFURTH  GREEN  is  a  more  beautiful  and  velvety  ptginent  than  the 
preceding,  which  was  discovered  in  1814,  by  MM.  Rusz  and  Settler^  at  Schwdnfuith, 
and  remained  for  many  years  a  profitable  secret  in  their  hands.  M.  Liebig  having 
its  composition  known,  in  1822,  it  has  been  since  preparer]  in  a  great  many  eolor-^ 
Braconnot  published,  about  the  same  tittie,  another  process  for  manufactunav  Ike 
pigment.  Its  preparation  is  very  simple ;  but  its  formation  is  accompanied  with  some  in- 
teresting circumstances.  On  mixing  equal  parts  of  acetate  of  copper  and  arsenioiift  add, 
each  in  a  boiling  concentrated  solution,  a  bulky  olive-ereen  precipitate  is  itninediatcly 
produced ;  while  much  acetic  acid  is  set  free.  The  powder  thus  obtained,  appears  to  be 
a  compound  of  arsenious  acid  and  oxyde  of  copper,  in  a  peculiar  state;  since  when  de- 
composed by  sulphuric  acid,  no  acetic  odor  is  exhaled.  Its  color  is  m  t  chanced  by  dry- 
ing, by  exposure  to  air,  or  by  beine  heated  in  water.  But,  if  it  be  boiled  in  the  acidulous 
liquor  from  which  it  was  precipitated,  it  9oon  change^  its  color,  as  well  as  its  state  of  attie- 
gation,  and  forms  a  new  deposite  in  the  form  of  a  dense  srannl^r  beautifal  green  pcvwdcr. 
As  fine  a  color  is  prodnced  by  ebullition  during  five  or  six  minutes,  as  is  obtained  at  the 
end  of  several  hours  by  mixing  the  two  boilin?  solutions,  and  allowinsr  the  whole  to  ccol 
together.  In  the  latter  case,  the  precipitate,  which  is  slight  and  floeky  at  first,  becomes 
denser  by  degrees;  it  next  betrays  rreen  spots,  which  progressively  increase,  till  the  mass 
grows  altogether  of  a  crystalline  constitution,  and  of  a  stil)  more  beajitifbl  tint  than  if  formed 
by  ebullition. 

When  cold  water  is  added  to  the  mixed  solutions,  immediately  aAer  the  precipUait 
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tikes  place,  the  dereloiunent  of  the  color  is  retarded^  with  the  effect  of  making  it  miich 
finer.  The  best  mode  of  procedure,  is  to  add  to  the  blended  solatioos,  (heir  own 
bulk  of  cold  water,  and  to  fill  a  globe  up  to^the  neck  with  the  miiture,  in  order,  to  pr^ 
Tent  the  formation  of  any  such  pellicle  on  the  surface  as  might,  by  falling  to  the  bottom, 
excite  premature  crystallisation.  Thus  the  reaction  continues  during  two  or  three 
days  with  the  happiest  effect.  The  difference  of  tint  produced  by  these  variations, 
arises  merely  from  the  diflerent  sizes  of  the  crystalline  particles }  for  when  the  several 
powders  are  levigated  upon  a  porphyry  slab  to  the  same  degree,  they  have  the  same 
shade.  Schweinfurth  green,  according  to  M«  Ehrmann's  researches,  in  the  31st  Bulkiim 
de  la  SocUU  JnduHrulU  d*  Aluihamtn,  consists  of,  oxyde  of  copper  31*666,  arsenious  acid 
68*699,  acetic  acid  10*294.  Kastner  has  given  the  following  prescription  for  making 
this  piement :  —  For  8  parts  of  arsenions  acid,  take  from  9  to  10  of  verdigris;  diffuse  the 
latter  through  water  at  120^  F.,  and  pass  the  pap  through  a  sieves  then  mix  it  with 
the  arsenical  solution,  and  set  the  mixture  askle,  till  the  reaction  of  the  ingredients  shall 
produce  the  wisbed-for  shade  of  color.  If  a  yellowish  tint  be  desired,  more  arsenic  .most 
be  used.  ,By  digesting  Seheele's  green  in  acetic  acid,  a  variety  of  Schweinfurth  green 
may  be  obtained. 

Both  of  the  above  colors  are  rank  poisons.  The  first  was  detected  a  few  years  ago,  as 
the  coloring-matter  of  some  Parisisn  bcnboMy  by  the  cotiteil  de  salubriiS ;  since  which  the 
confectioners  were  prohibited  from  using  it,  by  the  French  government. 

SCOURING,  or  renovating  articles  o/dreat.  This  art  has  been  much  more  studied  by 
Frenchmen,  who  wear  the  same  coats  for  two  or  three  years,  than  by  Englishmen,  who 
generally  cast  them  Off  alter  so  many  months.  The  workmen  who  remove  greasy  stains 
from  dress,  are  called,  in  France,  tevnturiers'degraisseurty  because  they  are  ofien  obliged 
to  combine  dyeing  with  scouring  operations.  The  art  of  cleansing  clothes  being  founded 
upon  the  knowledge  of  solvents,  the  practitioner  of  it  should,  as  we  shall  presently  illus- 
trate by  example^,  be  acquainted  with  the  laws  of  chemical  affinity. 

.  Among  ihe  spots  which  alter  the  colors  fixed  upon  stuffs,  some  are  caused  by  a  substance 
which  may  be  described  as  nrnpU,  in  common  language ;  and  others  by  a  substance  which 
results  from  the  combination  of  two  or  more  bodies,  that  may  act  separately  or  together 
upon  the  stuff,  and  which  may  therefore  be  called  ccmfound. 

Simple  ataifu, —  Oils  and  fats  are  the  substances  which  form  the  greater  part  oif  simple 
•tains.  They  give  a  deep  shade  to  the  ground  of  the  cloth  ;  they  continue  (o  spread  fbr 
several  davs ;  they  attract  the  dust,  and  retain  it  so  strongly,  that  it  is  not  removeable  by  the 
brush ;  and  they  eventually  render  the  stain  lighter  colored  upon  a  dark  ground,  and  of  a  dis- 
agreeable gray  tint  upon  a  pale  or  light  ground. 

The  general  principle  of  cleansing  all  spots,  consists  in  applying  to  them  a  substance 
which  shall  have  a  stronger  affinity  for  the  matter  composing  them,  than  this  has  for  the 
elotb,  and  which  slTall  render  them  soluble  in  some  liquid  menstruum,  such  as  water, 
spirits,  naptha,  oil  of  turpentine,  &,c.     See  Bleacuimo. 

Alkalis  would  seem  to  be  proper  in  this  point  of  view,  as  they  are  the  most  powerful 
solvents  of  srease;  but  they  act  too  strongly  upon  silk  and  wool,  as  well  as  change  too 
powerfully  the  colors  of  dyed  stuffs,  to  be  safely  applicable  in  removing  stains.  I'he  best 
sabstances  for  this  purpose  are — 1.  Soap.  2.  Chalk,  fuller's  earth,  soap-stone  or 
steatite  (called  in  this  country  French  chalk).  These  should  be  merely  diffused  through 
ft  little  water  into  a  thin  paste,  spread  upon  the  stain,  and  allowed  to  dry.  I'he  spot  re- 
quires now  to  be  merely  brushed.  3.  Ox-gall  and  yolk  of  egg  have  the  property  of  dis- 
iwlving  fatty  bodies  without  affecting  perceptibly  the  texture  or  colors- of  cloth,  and  may 
therefore  be  employed  with  advantaee.  The  ox-gall  should  be  purified,  to  prevent  its 
greenish  tint  from  degrading  the  brilliancy  of  dyed  stuffs,  or  the  purity  of  whites.  Thus 
prepared  (see  Gaxx),  it  is  the  most  precious  of  all  substances  known  for  removing  these 
kinds  of  stains.  4.  The  volatile  oil  of  turpentine  will  take  out  only  recent  stains;  for 
which  purpose  it  ought  to  be  previously  purified  by  distillation  over  quicklime.  Wax, 
josin,  turpentine,  pitch,  and  all  resinous  bodies  in  general,  form  stains  of  greater  or  less 
adhesion,  which  may  be  dissolved  out  by  pure  alcohol.  The  juices  of  fruits,  and  the  col- 
ored juices  of  all  vegetables  in  general,  deposite  upon  clothes  marks  in  their  peculiar 
hoes.  Stains  of  wine,  mulberries,  black  currants,  morellos,  liquors,  and  weld,  yield  only 
to  soaping  with  the  hand,  followed  by  fumigation  with  sulphurous  acid ;  but  the  latter 
process  is  inadmissible  with  certain  colored  stuffs.  Iron  mould  or  rust  stains  may  be 
Iftken  out  almost  instantaneously  with  a  strong  solution  of  oxalic  acid.  If  the  stain  is 
recent,  cream  of  tartar  will  remove  it. 

Compovmd  wpott,  —  That  mixture  of  rust  of  iron  and  grease  called  catnbouii  by  the 
French,  is  an  example  of  this  kind,  and  requires  two  distinct  operations ;  fifst,  the  removal 
of  the  grease,  and  then  of  the  rust,  by  the  means  above  indicated. 

Mud,  especially  that  of  cities,  is  a  compound  of  vegetable  remains,  and  of  ferruginous 

itter  in  a  state  of  black  oxyde.    Washing  with  pure  water,  followed  if  necessary  with 
kping,  will  take  away  the  vegetable  juices ;  and  then  the  iron  may  be  removed  with 
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emm  of  terUuTy  Wkich  itself  amil,  however,  be  ireU  washed  out.  lak  staias,  whea  r»- 
eeat^  may  be  Ukea  oat  by  washinsry  first  with  pure  water,  «ext  with  soapy  water,  aai 
lastly  with  lenion  jaiee;  but  if  old,  they  must  be  treated  with  oxalie  acid.  Stauas  oee^ 
stoned  by  smoke,  or  by  sauces  browned  in  a  fryinfr-pan,  may  be  sopposed  to  ooasisa  of  a 
mixture  of  pitch,  black  ozyde  of  iron,  enqiyrenmatic  oil,  and  some  saline  matters  dissolved 
in  pyrolignrous  acid.  In  this  case  soTeral  reairents  must  be  employed  to  remove  the 
stains.  Water  and  soap  dissolve  perfectly  well  the  vej^etable  matters,  the  saka,  the 
pyroligneoas  acid,  and  even  the  empyrenmatic  oils  in  a  great  measare ;  the  esseaee  «f 
turpentine  will  remove  the  rest  of  the  oils  and  all  the  pitchy  matter ;  then  oxalic  acid 
may  be  used  to  discharge  the  iron.  Coffee  staina  require  a  washing  with  water,  with  a 
eareful  soaping,  at  the  temperature  of  120^  F.,  followed  by  sulphuration.  The  two  lalter 
proeesses  may  be  repeated  twice  or  thrice.  Chocolate  stains  may  be  removed  by  the  sasss 
means,  and  more  easily. 

As  to  those  stains  which  change  the  eolor  of  the  stuff,  they  mast  be  eorreeied  by  ap- 
propriate chemical  reagents  or  dyes.  When  black  or  brown  cloth  is  reddened  by  aa 
acid,  the  stain  is  best  counteracted  by  the  application  of  water  of  ammonia.  If  delkatc 
silk  colors  are  injured  by  soapy  or  alkaline  matters,  the  stains  must  be  treated  with 
colorless  vinegar  of  moderate  force.  An  earthy  compound  for  removing  grease  apoCs  is 
made  as  follows :  —  Take  fuller's  earth,  free  it  from  all  gritty  matter  by  elatriatioD  widk 
water  ;  mix  with  half  a  pound  of  the  earth  so  prepared,  half  a  pound  of  soda,  as  mach 
soap,  and  eight  yolks  of  eggs  well  beat  up  with  half  a  pound  of  purified  ox-gall.  The 
whole  must  be  carefully  triturated  upon  a  porphyry  slab;  the  soda  vrith  the  soap  in  the 
same  manner  as  colors  are  ground,  mixing  in  gradually  the  eggs  and  the  ox-gall  piesicws- 
ly  beat  UM^eiher.  Incorporate  next  the  soft  earth  by  slow  degrees,  till  a  unilbrm  Ibick 
paste  be  formed,  which  should  be  made  into  balls  or  cakes  of  a  convenient  size,  and  laid 
out  to  dry.  A  little  of  this  detergent  being  scraped  off  with  a  knife,  made  into  n  paste 
with  wnter,  and  applied  to  the  stain,  will  remove  it.  Purified  ox-gall  is  to  be  diffassd 
thronah  its  own  bulk  of  water,  applied  to  the  spots,  rubbed  well  into  them  with  the  hands 
till  they  disappear,  afler  which  the  stuff  is  to  be  washed  with  soft  water.  It  is  the  best 
substance  for  removing  stains  on  woollen  clothes. 

The  redistilled  oil  of  turpentine  may  also  be  rubbed  upon  the  dry  clothes  with  a  sponge 
or  a  toft  of  cotton  till  the  spot  disappear;  but  it  must  be  immediately  afterwards  eovared 
with  some  plastic  day  reduced  to  powder.  Without  this  precaution,  a  clond  wovM  he 
Ibrmed  round  the  stain,  as  large  as  the  part  moistened  with  the  turpentine. 

Oxalic  acid  may  be  applied  in  powder  upon  the  spot  previously  moistened  with  wain, 
well  rubbed  on,  and.  then  washed  off  with  pure  water. 

Sulphurous  acid  is  best  geaerated  at  the  moment  of  using  it.  If  the  clotbea  be  much 
stained,  they  should  be  suspended  in  anonlinary  fumigating  chamber.^  Fol'triflincslaiai^ 
the  salpbur  may  be  burned  under  the  wide  end  of  a  small  card  or  paper  Amnel,  wlnse 
upper  orifice  is  applied  near  the  cloth. 

^3l^mipu^afiont  of  the  icoarer,  — These  consist,  first,  in  washing  the  ekithes  in  dear  ssft 
water,  or  in  soapi>water.  The  cloth  must  be  next  stretehed  on  a  sloping  board^  aad 
mbbed  with  the  appropriate  reagent  as  above  described,  either  by  a  sponge  or  a  caal 

hard  brush.    The  applkration  of  a  redhel  iron 
a  little  way  above  a  moistened  spot  often 
volatil  izes  the  greasy  matter  out  of  it   Slaint 
of  pitch,  varnish,  or  oil  paint,  which  have  b^ 
come  dry,  must  first  be  softened  with  a  little 
fresh  batter  or  lard,  and  then  tresrted  with  the 
powder  of  the  scouring  ball.     VTben  the  ghai 
has  been  taken  from  silk,  it  may  be  resiored 
by  appljing  the  filtered  mucilnire  of  gam 
tragacanth ;  stretching  it  upon  a  frame  in 
dry.    Ribands  aro  glossed  with   isinglasa. 
Lemon  juice  is  used  to  brighten  seariei  spoti^ 
after  they  have  been  cleaned. 

SEAL  ENGRAVING.  The  nit  of  sn- 
gv^ciotag  gems  is  one  of  extreme  nieety.  Tha 
stone  having  received  its  desired  ftirm  Urom 
the  lapidary,  the  engraver  fixes  it  by  cement 
to  the  end  of  a  wooden  handle,  and  thtm 
draws  the  outline  of  his  subject,  with  n  bmsa 
needle  or  a  diamond,  upon  its  sasooth  sn^- 
lace. 

Fig,  969  represents  the  whole  of  the  sea 
engraver's  lathe.  It  consists  of  a  tnl»ie  en 
which  is  fixed  the  mill,  a  small  boriamrtal 
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cylinder  of  tlecl^  into  one  of  whoee  extremities  the  tool  is  inserted,  and  which  is  nmdc 
to  revolye  by  the  usual  Ay«wheel,  driven  by  a  treddle.  The  tools  that  may  be  £tte4 
to  the  mill-cylinder,  are  the  following  $  Jig,  970  a  hollow  cylinder^  for  describing  circles^ 
and  for  boring;  Jig.  971  a  knobbed  tool,  or  rod  terminated  by  a  small  ball;  Jig.  972 
a  stem  terminated  with  a  cutting  disc,  whose  edge  may  be  either  rot^ded,  square^  or 
sharp ;  being  in  the  last  case  called  a  saw. 

Having  fixed  the  tool  best  adapted  to  his  style  of  work  in  the  mill,  the  artist  a]ip]ies 
to  its  catting  point,  or  edge,  some  diamond-powder,  mixed  op  with  olive  oil;  and  turniag 
the  wheel,  he  holds  the  stone  against  the  tool,  so  as  to  produce  the  wished-for  delinemtfon 
and  erosion*    A  similar  apparatus  is  used  for  engraving  on  glass. 

In  order  to  give  the  highest  degree  of  polish  to  the  engraving,  tools  of  boxwood,  pew* 
ter,  or  copper,  bedaubed  with  moistened  tripoli  or  rotten-stone,  and  lastly,  a  brush,  are 
fastened  to  the  mill.  These  are  worked  like  the  above  steel  instruments.  Modem  .enp- 
gravings  on  precious  stones  have  not  in  general  the  same  fine  polish  as  the  ancient. 
The  article  Gems,  in  Rees'  Cyclopaedia,  contains  a  variety  of  valuable  information  on  this 
subject,  equally  interesting  to  the  artist  and  the  scholar. 

SEALING-WAX.  (Cire  d  cacheter,  Fr. ;  Stegellack,  Germ.)  The  Hindoos  from  time 
immemorial  have  possessed  the  resin  lac,  aiul  were  long  accustomed  to  use  it  for  sealing 
manascripts  before  it  was  known  in  Europe.  It  was  first  imported  from  the  East  into 
Venice,  and  then  into  Spain ;  in  which  country  sealing-wax  became  the  object  of  a  con* 
lidcrable  commerce,  under  the  name  of  Spanish  wax.  ^ 

If  shellac  be  compounded  into  sealing-wax,  inunediately  after  it  has  been  separated  by 
fusion  from  the  'palest  qualities  of  stick  or  seed  lac,  it  then  forms  a  better  and  less  brittle 
article,  than  when  the  shellac  is  fbsed  a  second  time.  Hence  sealing-wax,  rightly  pre- 
pared in  the  East  Indies,  deserves  a  preference  over  what  can  be  made  in  other  countrieSi 
where  the  lac  Is  not  indigenous.  Shellac  can  be  restored  in  some  degree,  however,  to  a 
plastic  and  tenacious  stale  by  melting  it  with  a  very  small  portion  of  turpentine.  The 
palest  shellac  is  to  be  selected  for  bright^^olored  sealing-wax,  the  dark  kind  being  reserved 
for  black. 

The  following  prescription  may  be  followed  for  making  red  sealing-wax: — Take  4 
ounces  of  shellac,  1  ounce  of  Venice  turpentine  (some  say  1|  ounces),  and  3  ounces  of 
vermilion.  Melt  the  lac  in  a  copper  pan  suspended  over  a  clear  charcoal  fire,  then 
pour  the  turpentine  slowly  into  it,  and  soon  aftei-wards  add  the  vermilion,  stirring 
briskly  all  the  time  of  the  mixture  with  a  rod  in  either  hand.«  In  forming  the  round 
sticks  of  sealing-wax,  a  certain  portion  of  the  mass  should  be  weighed  while  it  is  ductile, 
divided  into  the  desired  number  of  pieces,  and  then  rolled  out  upon  a  warm  marble  sla^ 
by  means  of  a  smooth,  wooden  block,  like  that  used  by  apothecaries  for  rolling  a  mass  of 
pills.  The  oval  sticl^s  of  sealing-wax  are  cast  in  moulds,  with  the  above  compound  in 
a  state  of  fusion.  The  marks  of  the  lines  of  junction  of  the  mould-box  may  be  a(let» 
wards  removed  by  holding  the  sticks  over  a  dear  fire,  or  passing  them  over  a  blue  gas* 
flame.  Marbled  sealing-wax  is  made  by  mixing  two,  three,  or  more  colored  kinds  of 
it,  while  they  are  in  a  semi-fluid  state.  From  the  viscidity  of  the  several  masses,  their 
incoriwration  is  left  incomplete,  so  as  to  produce  the  appearance  of  marbling.  Gold  seal- 
ing-wax is  made  simply  by  stirring  gold-colored  mica  spangles  into  the  melted  renins* 
Wax  may  be  scented  by  introducing  a  little  essential  oil,  easence  of  musk,  or  other  pev* 
fume.  If  1  part  of  balsam  of  Peru  be  melted  along  with  99  parts  of  the  sealinc-wai 
composition,  an  agreeable  fragrance  will  be  exhaled  in  the  act  of  sealing  with  it.  Either 
lamp  black  or  ivory  blnck  serves  for  the  coloring-matter  of  black  wax.  Sealing-wax 
is  often  adulterated  with  rosin ;  in  which  ease  it  runs  into  thin  drops  at  the  flama  of 
a  candle. 

SEA  WATER,  is  composed  as  follows,  according  to  the  author  of  the  article  Saitew, 
in  the  Dictiomain  Tedinologiqui  :  —  Chloride  of  sodium,  2*50 ;  chloride  of  magAesivok 
0-35;  sulphate  of  maini'Wia,  0*68 ;  carbonates' of  lime  and  magnesia,  0-02 ;  sulphate  ot 
lime,  0-01 ;  water,  96*54,  in  100  parts.    See  Salt,  Sba. 

SEGGAR,  or  SAGGER,  is  the  cylindrie  case,  of  fire-clay,  in  which  fine  stoneware  it 
enclofied  while  being  baked  in  the  kiln. 

SELENIUM,  from  ScM^ir.  the  moon,  is  a  metalloid  principle,  diseovered  by  BerxelinSy 
in  1817.  It  occurs  sparingly  in  combination  with  several  metals,  as  lead,  cobalt,  copper, 
and  quieksilver,  in  the  Harz,  at  Tilkerode;  with  copper  and  silver  (EtJramie)  in 
Sweden,  with  tellurium  and  bismuth  in  Norway,  with  tellurium  and  gold  in  Siebenbtkrgeiiy 
in  several  copper  and  iron  pyrites,  and  with  sulphur  in  the  volcanic  products  of  the 
Lipari  Islands.  Selenium  has  been  found  likewise  in  a  red  sediment  which  forms  upoB 
the  bottoms  of  the  lead  chambers  in  which  oil  of  vitriol  has  been  made  from  peculiar 
pyrites,  or  pyritous  sulphur.  The  extraction  ef  sdeniom  from  that  deposite  is  a  very 
complex  process. 

Selenium,  after  being  fused  and  slowly  cooled,  appears  of  a  bluish-gray  eolor,  with  a 
glistening  surface  $   bat  it  is  reddish  brown,  and  of  metallic  lustre  when  quickly  cooled. 
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1104  SEPIA. 

It  is  brittle,  not  very  nard,  and  has  little  tendency  to  assume  the  crystallioe  state 
Selenium  is  dark-red  in  powder,  and  transparent,  with  a  ruby  cast,  in  thin  scales.  Its 
specific  gravity  is  4*30.  It  softens  at  the  temperature  of  176°  F.,  is  of  a  pasty  con- 
sistence at  212°,  becomes  liquid  at  a  somewhat  higher  heat,  forminsr  in  close  vessels  dark 
yellow  vapors,  which  condense  into  black  drops ;  bot  in  the  air^  the  fumes  have  a  da- 
nabar-red  color. 

This  singular  substance,  apparently  intermediate  in  its  constitution  between  snlphoi 
and  metals,  has  not  hitherto  been  applied  to  any  use  in  the  arts. 

SELTZER  WATER.    See  Soda-water,  and  Waters,  Mineral. 

SEPIA,  is  a  pigment  prepared  from  a  black  juice  secreted  by  certain  glands  of  the 
cuttle-fish,  which  the  animal  ejects  to  darken  the  water  when  it  is  pursued.  One  pait 
of  it  is  capable  of  making  1000  parts  of  water  nearly  opaque.  All  the  varieties  of  ihis 
mollusca  secrete  the  same  juice;  but  the  Sepia  officinalUy  the  Sepia  io/igo,  and  the  Stjiia 
tuniciitay  are  chiefly  sought  after  for  making  the  pigment.  The  first,  which  occurs  aboo- 
dantly  in  the  Mediterranean,  affords  most  color ;  the  sac  containing  it  being  extracted, 
the  juice  is  to  be  dried  as  quickly  as  possible,  because  it  runs  rapidly  into  putrefaction. 
Though  insoluble  in  water,  it  is  extremely  dilf'usible  through  it,  and  is  very  slowly  de- 
posited. Caustic  alkalis  dissolve  the  sepia,  and  turn  it  brown ;  but  in  proportion  as  the 
alkali  becomes  carbonated  by  exposure  to  air,  the  sepia  falls  to  the  bottom  of  the  vesseL 
Chlorine  blanches  it  slowly.  It  consists  of  carbon  in  an  extremely  divided  state,  along 
with  albumine,  gelatine,  and  phosphate  of  lime. 

The  dried  native  sepia  is  prepared  for  the  painter,  by  first  triturating  it  with  a  little 
caustic  ley,  then  adding  more  ley,  boiling  the  liquid  for  half  an  hour,  filtering,  next 
saturating  the  alkali  with  an  acid,  separating  the  precipitate,  washing  it  with  water,  aid 
finally  drying  it  with  a  gentle  heat.    The  pigment  is  of  a  brown  color,  and  a  fine  grain. 

SEPTARIA,  called  anciently  ludus  HelmotUU,  (the  quoits  of  Van  Hebnont,  from  their 
Ibrm,)  are  lenticular  concretions  of  clay  ironstone,  intersected  by  veins  of  calc-spar,  which, 
when  calcined,  and  ground  to  powder,  form  an  excellent  hydraulic  cement.  See  Mortab, 
Hydraulic. 

SERPENTINE,  is  a  mineral  of  the  magnesian  family,  of  a  green  color ;  it  is  scratched 
by  calcareous  spar,  is  sectile,  tough,  and  therefore  easily  cut  into  ornamental  forms,  it 
oaeurs  in  Unst  and  Fetlar,  in  Shetland;  at  Portsoy,  in  Banflshire;  in  Cornwall;  and  the 
Isle  of  Holyhead.  The  floors  of  bakers'  ovens  are  advantageously  laid  with  slabs  of 
•erpcntine. 

8HAF  r,  in  minine,  signifies  a  perpendicular  or  slightly  inclined  pit. 

SHAGREEN.  {Chagrin^  Fr.  and  Germ.)  The  true  oriental  shagreen  is  esseotisIlT 
different  from  all  modifications  of  leather  and  parchment.  It  approaches  the  latter  some^ 
what,  indeed,  in  its  nature,  since  it  consists  of  a  dried  skin,  not  combined  with  any  tanniag 
or  foreign  matter  whatever.  Its  distinguishing  characteristic  is  having  the  grain  or  hair 
fide  covered  over  with  small  rough  round  specks  or  granulations. 

It  is  prepared  from  the  skins  of  horses,  wild  asses,  and  camels ;  of  strips  rut  ak»g  the 
ehine,  from  the  neck  towards  the  tall,  apparently  because  this  stronger  and  thicker  por- 
tion of  the  skin  is  best  adapted  to  the  operations  about  to  be  described.  These  fillets 
are  to  be  steeped  in  water  till  the  epidermis  becomes  loose,  and  the  hairs  easily  come 
away  by  the  roots ;  after  which  they  are  to  be  stretched  upon  a  board,  and  dresstd  with  the 
enrrier's  fleshing-knife.  They  must  be  kept  continually  moist,  and  extended  by  cords 
mttached  to  their  ed?es,  with  the  fiesh  side  uppermost  upon  the  board.  £ach  strip  now 
resembles  a  wet  bladder,  and  is  to  be  stretched  in  an  open  square  wooden  frame  by  means 
of  strings  tied  to  its  edges,  till  it  be  as  smooth  and  tense  as  a  drum-head.  For  this  pur- 
pose it  must  be  moistened  and  extended  from  time  to  time  in  the  frame. 

The  grain  or  hair  side  of  the  moist  strip  of  skin  must  next  be  sprinkled  over  with  a 
kind  of  seeds  called  ^ilabuta,  which  are  to  be  forced  into  its  surface  either  by  tramping 
with  the  feet,  or  with  a  simple  press,  a  piece  of  felt  or  other  thick  stufi*  bein?  laid  upon 
the  seeds.  These  seeds  belong  probably  to  the  Chenapodium  album.  They  are  lenticular, 
hard.  Of  a  shining  black  color,  farinaceous  within,  about  the  size  of  poppy  seed,  and  are 
sometimes  used  to  represent  the  eyes  in  wax  figures. 

The  skin  is  exposed  to  dry  in  the  shade,  with  the  seeds  indented  into  its  surface ;  after 
which  it  is  freed  from  them  by  shaking  it,  and  beating  upon  its  other  side  with  a  stick. 
The  outside  will  be  then  homy,  and  pitted  with  small  hollows  corresponding  to  the  shape 
and  number  of  the  seeds. 

In  order  to  make  the  next  process  intelligible,  we  must  advert  to  another  analogous 
and  well-known  operation.  When  we  make  impressions  in  fine-jjrained  dry  wood  with 
steel  punches  or  letters  of  any  kind,  then  plane  away  the  wood  till  we  come  to  the  level 
of  the  bottom  of  these  impressions,  afterwards  steep  the  wood  in  water,  the  condensed  or 
punched  points  will  swell  above  the  surface,  and  place  the  letters  in  relief.  SDuflT-^wxei 
have  sometimes  been  marked  with  prominent  figures  in  this  way.  Now  shagreen  is  treaft- 
e  I  in  a  similar  manner. 
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The  strip  of  skin  is  stretched  in  an  inclined  plane,  witn  its  upper  edge  attached  to  hooks, 
and  its  under  one  loaded  with  weights,  in  which  position  it  is  thini^ed  off  with  a  proper 
seini-lantr  knife,  hut  not  so  much  as  to  touch  the  hottoin  of  the  seed-pits  or  depressions. 
By  maceration  in  water,  the  skin  is  then  made  to  swell,  and  the  pits  become  prominent 
OYer  the  surface  which  had  been  shaved.'  The  swelling  is  completed  by  steeping  the 
strips  in  a  warm  solution  of  soda,  after  which  they  are  cleansed  by  the  action  of  valt  brine, 
and  then  dyed.  • 

la  the  East  the  foUowia?  processes  are  pursued.  Entirely  white  shagreen  is  obtained 
by  imbuing  the  skin  with  a  solution  of  alum,  covering  it  with  the  dough  made  with  Tur- 
key wheat,  and  after  a  time  washing  this  away  with  a  solution  of  alum.  The  strips  are 
now  rubbed  with  grease  or  suet,  to  diminish  their  rigidity,  then  worked  carefully  m  hot 
water,  curried  with  a  blunt  knife,  and  afterwards  dried.  They  are  died  red  with  decoc- 
tion of  cochineal  or  kermes,  and  green  with  fine  copper  filings  and  sal  ammoniac,  the  so- 
lution of  this  salt  being  first  applied,  then  the  filings  being  strewed  upon  the  skin,  which 
must  be  rolled  up  and  loaded  with  wcdghts  for  some  time ;  blue  is  given  with  indigo,  quick- 
lime, soda,  and  honey ;  and  black,  with  galls  and  copperas. 

SHALE,  or  SLATE  CLAY,  is  an  important  stratiform  member  of  the  coal-measures. 
See  PiTcoAL. 

SHAMOY  LEATHER.    See  Leather. 

SHEATHING  OF  SHIPS.  For  this  purpose  many  different  metals  and  metallic  alloys 
have  been  lately  proposed.  From  a  train  of  researches  which  I  made  for  an  eminent  cop- 
per company,  a  few  years  ag6,  upon  various  specimens  of  sheathing  which  had  been  ex- 
posed upon  ships  during  many  voyages,  it  appeared  that  copper  containing  a  minute  but 
definite  proportion  of  tin,  was  by  far  the  most  durable. 

SHELLAC.    See  Lac,  and  Sealing-wax. 

SIENITE  is  a  granular,  aggregated  compound  rock,  consisting  of  feldspar  and  horn- 
blende, sometimes  mixed  with  a  little  quartz  and  mica.  The  hornblende  is  the  charac- 
teristic ingredient,  and  serves  to  distinguish  sicnite  from  granite,  with  which  it  has  been 
sometimes  confounded ;  though  the  feldspar,  which  is  generally  red,  is  the  more  abnn-^ 
dant  constituent.  The  Egyptian  sienite,  containing  but  little  hornblende,  with  a  good 
deal  of  quartz  and  mica,  approaches  most  nearly  to  granite.  It  is  equally  metalliferous 
with  porphyry ;  in  the  island  of  Cyprus,  it  is  rich  in  copper ;  and  in  Hongary,  it  contains 
many  valuable  gold  and  silver  mines. 

Sienite  forms  a  considerable  part  of  the  Crifile,  a  hill  in  Galloway.  It  takes  its  name 
from  the  city  of  Syene,  in  the  Thebaid,  near  the  cataracts  of  the  Nile,  where  this 
rock  abounds.  It  is  an  excellent  bailding-stone,  and  was  imported  in  large  quantities 
firom  Egypt  by  the  Romans,  for  the  architectural  and  statuary  decorations  of  their 
capital. 

SILICA  and  SILICON.     (5f7tce,  siliciuniy  Fr. ;  KieseUrde,  kieael.  Germ.)    Silica  was 
till  lately  ranked  among  the  earths  proper ;  but  since  the  researches  of  Davy  and  Ber- 
zelius,  it  has  been  transferred  to  the  chemical  class  of  acids.    It  constitutes  the  principal 
portion  of  most  of  the  hard  stones  and  minerals  which  compose  the  crust  of  the  globe ; 
occurring  nearly  pure  in  rock  crystal,  quartz,  agate,  calcedony,  filnt,  &c.    Silica  or 
silicic  acid  may  be  obtained  perfectly  pure,  and  also  in  the  finest  state  of  comminution, 
by  taking  the  precipitate  formed  by  passing  silicated  fluoric  gas  through  water,  filter- 
ing, washing,  and  igniting  ir,  to  expel  the  last  traces  of  the  fluoride  of  silicon.    The 
powder  thus  obtained  is  so  light  as  to  be  blown  away  with  the  least  breath  of  air.    Silica 
may  be  more  conveniently  procured,  however,  by  fusing  ground  flint  with  four  times  its. 
weight  of  a  mixture,  in  equal  parts,  of  dry  carbonate  of  potassa  and  carbonate  of  soda,  ia 
a  platinum  or  silver  crucible.     The  alkaline  carbonates  should  be  first  fused,  and  the  flint 
powder  sprinkled  into  the  liquid,  as  long  as  it  dissolves  with  eflfervescence.    The  mass  is. 
to  be  then  allowed  to  cool,  dissolved  ir\  dilute  muriatic  acid^  the  solution  is  to  be  filtered,. 
and  evaporated  to  dryness ;  the  dry  crust  is  to  be  pulverized,  digested  for  two  hours  with, 
a  little  muriatic  acid,  to  remove  any  iron  and  alumina  that  may  be  present,  next  washed, 
with  hot  water,  drained,  dried,  and  ignited. 

The  above  silicate  of  potassa  and  soda  is  the  compound  called  soluble  glass,  which, 
applied  in  solution  to  the  surface  of  wood,  calico,  paper,  £&c.^  renders  them  unsusceptible 
of  taking  fire  on  the  contact  of  an  ignited  body; 

Silica,  as  thus  prepared,  is  a  white  powder,  rough  to  the  touch,  gritty  between  the 
teeth,  absolutely  insoluble  in  water,  acids,  and  most  liquids.  Its  specific  gravity  is- 
2*66.  It  cannot  be  fused  by  the  most  intense  heat  of  our  furnaces,  but  at  the  flame  of 
the  oxy-hydrogen  blowpipe  it  melts  into  a  limpid  colorless  glass.  By  peculiar  chemist 
cal  methods,  an  aqueous  solution  of  it  may  be  made  artificially,  similar  to  what  nature 
presents  us  with  in  many  thermal  springs,  as  in  those  of  Reikum  and  of  Geyser  in.  Ice- 
land, and  of  most  mineral  waters,  in  minute  quantity.  There  is  no  acid  except  the  flu- 
oric which  can  directly  dissolve  dry  or  calcined  silica.  Silica  is  composed  of  48*04  silicon^, 
and  51*96  oxygen. 
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1106  8ILE  MANUFACTUKE. 

SILICATES  are  compoandB  of  siUdc  acid  (sOica),  with  the  baaet  ahrium,  line,  nif. 
Aesia,  potas8a,  soda,  &c.  They  constitute  the  greater  nnmber  hy  far  of  the  hai^  niarr- 
alfl  which  incrust  the  terrestrial  globe,  llitts  cyaaite  is  a  sab^ieate  of  afanniaa;  feUspaf 
and  leu  cite,  are  silicates  of  alumina  and  potassa;  albite  and  analeime,  are  sflieates  of  aJ-> 
Omina  and  soda ;  stilbite,  prehnite,  mesolite^  labradorite^  tonmialine,  mica,  Jtc.,  are  8ilfr> 
cates  of  alumina  and  lime;  chrysolite,  steatite,  serpentine,  and  meersehanm,  are  silicatei 
ofmaemesia;  augite  and  hornblende,  are  silicates  of  lime  and  magnesia,  &e. 

SILICON,  called  also  silicium,  may  be  obtained  by  baming  potassiom  in  sOicated 
fluoric  gas.  The  product  of  the  combustion  is  a  hrown  cinder,  which,  on  being  thrown 
into  water,  disengages  hydrogen  with  violence,  and  lets  fall  a  dark  Irrer-brown  powder, 
upon  which  water  exercises  no  action.  This  matter  is  silicon  mixed  with  a  salt  of  diffi. 
cult  solution,  which  is  composed  of  fluorine,  potassium,  and  silicon.  Tliis  snlt  may,  how- 
ever, be  removed  by  a  great  deal  of  washing.  The  farther  details  of  this  cmioas  sobjeel 
will  be  given  in  my  forthcoming  system  of  chemistry. 

SILK  JVfANUFACTURE.  (Fabrique  de  toie,  Fr.;  Stideitfahnky  Germ.)  This 
may  be  divided  into  two  branches;  1.  the  production  of  raw  silk;  2.  its  filature  and 
preparation  in  the  mill,  for  the  purposes  of  the  weaver  and  other  textile  artisans.  The 
threads,  as  spun  by  the  silkworm,  and  wound  up  in  its  cocoon,  are  all  twins,  in  eonse> 
quence  of  the  twin  orifice  in  the  nose  of  the  insect  through  which  they  are  projected. 
These  two  threads  are  laid  parallel  to  each  other,  and  are  glued  more  or  less  evenly 
together  by  a  kind  of  glossy  varnish,  which  also  envelopes  them,  constituting  nearly 
25  per  cent,  of  their  weight    Each  ultimate  filament  measures  about  -.>   .  of  an  inck 

in  average  fine  silk,  and  the  pair  measures  of  course  fully  y-kwb  ^^*°  i^^»  In  the  raw 
silk,  as  imported  fVom  Italy,  France,  China,  8ic.,  several  of  these  twin  filaments  are 
slightly  twisted  and  agglutinated  to  form  one  thread,  called  a  single. 

The  specific  gravity  of  silk  is  1-300,  water  being  1*000.  It  is  by  far  the  most  tena- 
cious or  the  strongest  of  all  textile  fibres,  a  thread  of  it  of  a  certain  diameter  bdag 
nearly  three  times  stronger  than  a  thread  of  flax,  and  twice  stronger  than  hemp.  Some 
varieties  of  silk  are  perfectly  white,  but  the  general  color  in  the  native  state  is  a  golden 
jrellow. 

The  production  of  silk  was  unknown  in  Europe  till  the  sixth  century,  when  two 
monks,  who  brought  some  eggs  of  the  silkworm  from  China  or  India  to  Constantinople, 
were  encouraged  to  breed  the  insect,  and  cultivate  its  cocoons,  by  the  Emperor  Jnsti- 
nian.  Several  silk  lAahufactnres  were  in  consequence  established  in  Athens,  Thebes^ 
and  Corinth,  not  only  for  rearing  the  worm  upon  mulberry-leaves,  but  for  unwinding  its 
cocoons,  for  twisting  their  filaments  into  stronger  threads,  and  weaving  these  into  robes. 
The  Venetians  having  then  and  long  afterwards  intimate  commercial  relations  with  the 
Greek  empire,  supplied  the  whole  of  western  Europe  with  silk  goods,  and  derived  great 
riches  from  the  trade. 

About  1130,  Roger  IT.,  king  of  Sicily,  set  up  a  silk  manufacture  at  Palermo,  aad 
another  in  Calabria,  conducted  by  artisans  whom  he  had  seised  and  carried  of  aa 
prisoners  of  war  in  his  expedition  to  the  Holy  Land.     From  these  countries,  the  sift 
industry   soon  spread  throughout  Italy.    It  seems  to  have  been  introduced  tato  ^lain 
at  a  very  early  period,  by  the  Moors,  particularly  in  Murcia,  Cordova,  and  Gnaada. 
The  last  town,  indeed,  possessed  aflourfshing  silk  trade  when  it  was  taken  by  Fcidinaai 
in  the  15th  century.    The  French  having  been  supplied  with  workmen  from  Milan, 
commenced,  in  1521,  the  silk  manufacture ;  but  it  was  not  till  1564  that  they  began 
successfully  to  produce  the  silk  itself,  when  Traucat,  a  working  gardener  at  KismeS) 
formed  the  first  nursery  of  white  mulberry-trees,  and  with  such  success,  that  in  a  few 
years  he  was  enabled  to  propagate  them  over  many  of  the  southern  provinces  of  France. 
Prior  to  this  time,  some  French  noblemen,  on  their  return  fVom  the  conquest  of  Naples, 
had  introduced  a  few  silkworms  with  the  mulberry  into  Dauphiny;  but  the  business 
had  not  prospered  in  their  hands.    The  mulberr)'  plantations  were  greatly  eneonraged 
by  Henry  lY. ;  and  since  then  they  have  been  the  source  of  roost  beneficial  empk^- 
ment  to  the  French  people.    James  I.  was  most  solicitous  to  introduce  the  breeding  of 
silkworms  into  England,  and  in  a  speech  from  the  throne  he  earnestly  recommended  his 
subjects  to  plant  mulberry-trees;  but  he  totally  failed  in  the  project.    This  country  docs 
not  seem  to  be  well  adapted  for  this  species  of  husbandry,  on  account  of  the  great  pte- 
TJilence  of  blighting  east  winds  during  the  months  of  April  and  May,  when  the  wonu 
require  a  plentiful  supply  of  mulberry-leaves.    The  manufacture  of  stflc  goods,  however, 
made  great  proirress  during  that  king's  peaceful  and  pompous  reign.    In  1629  it  had 
become  so  considerable  in  London,  that  the  silk-throwsters  of  ihe  city  and  sabnrhs 
werq  fbrmed  into  a  public  corporation.    So  early  as  1661,  they  employed  40,000  penons. 
The  revocation  of  the  edict  of  Nantes,  in  1685,  contributed  in  a  remaricabie  manner  to 
the  increase  of  the  English  silk  trade,  by  the  influx  of  a  large  colony  of  skilful  Freadh 
weavers,  who  settled  iii  Spitalfields.    The  great  silk-throwing  mill  mounted  at  Derby,  in 
1719,  also  served  to  promote  the  extension  of  this  branch  of  manufacture ;  for 
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•Aerwacds,  in  the  yev  1730,  the  English  silk  goods  bore  a  higher  priee  in  Italy  than 
those  made  by  the  Iialiana,  according  to  the  testimony  of  Keysler. 

Till  the  year  1826,  however,  oar  silk  manufactures  in  general  labored  under  very 
grievous  fiscal  burdeas.  Foreign  organzine,  or  twisted  raw  silk,  paid  an  import  duty  of 
lAs,  HfL  per  poand  (.  Raw  Bengal  silk,  4«i ;  and  that  from  other  places,  69.  7|d.  Mr. 
Huskisson  introduced  a  bill  at  that  time,  reducing  the  duty  on  organzine  to  6«.,  and  the 
doty  on  other  raw  silk  to  3d.  per  pound.  The  total  prohibition  of  the  import  of  French 
manufactured  silks,  whieh  gave  rise  to  so  much  contraband  trade,  was  also  converted 
into  a  duty  of  30  per  cent.  ad.  valorem.  During  the  reign  of  the  prohibitory  system, 
when  our  silk  weavers  bad  no  variety  of  patterns  to  imitate,  and  no  adequate  stimulus 
to  excel,  on  account  of  .the  monopoly  which  they  possessed  in  the  home  market,  the 
inferiority  of  their  productions  was  a  subject  of  constant  pride  and  congratulation 
among  the  Lyonnais;  and  accordingly  the  English  could  not  stand  their  competition 
any  where.  At  that  time,  the  disadvantage  on  English  silk  goods,  compared  to  French, 
was  estimated  in  foreign  markets  at  40  per  cent. ;  oT  late  years  it  certainly  does  not  ex- 
ceed 20,  notwithstanding  the  many  peculiar  facilities  which  France  enjoys  fbr  this  her 
favorite  staple. 

The  silkworm,  called  by  entomologists  Pkahma  bombyx  mori,  is,  like  its  kindred 
species,  subject  to  four  metamorphoses.  The  egg,  fostered  by  the  genial  warmth  of 
sprin«,  sends  forth  a  caterpillar,  trhich^  in  its  progressive  enlargement,  casts  its  skin 
either  three  or  four  times,  according  to  the  variety  of  the  insect.  Having  acquired  its 
full  size  in  the  course  of  25  or  30  days,  and  ceasing  to  eat  daring  the  remainder 
of  its  life,  it  begins  to  discharge  a  viscid  secretion,  in  the  form  of  pulpy  twin 
filaments,  from  its  nose,  which  harden  in  the  air.  These  threads  are  instinctively 
coiled  into  an  ovoid  nest  round  itself,  called  a  cocoon,  which  serves  as  a  defence  against 
Uving  enemies  and  changes  of  temperature.  Here  it  soon  changes  into  the  chrysalis  or 
nymph  state,  in  which  it  lies  swaddled,  as  it  were,  for  about  15  or  20  days.  Then  it 
bursts  its  cerements,  and  comes  forth  furnished  with  appropriate  wings,  antenns,  and 
feet,  for  living  in  its  new  element,  the  atmosphere.  The  male  and  the  female  moths 
couple  together  at  this  time,  and  terminate  their  union  by  a  speedy  death,  their  whole 
existence  being  limited  to  two  months.  The  cocoons  are  completely  formed  in  the  course 
of  three  or  four  days  $  the  finest  being  reserved  as  seed  worms.  From  these  cocoons, 
after  an  interval  of  18  or  20  days,  the  moth  makes  its  appearance,  perforating  its  tomb 
by  knocking  with  its  head  against  one  end  of  the  cocoon,  after  softening  it  with  saliva, 
and  thus  rendering  the  filaments  more  easily  torn  asunder  by  its  claws.  Such  moths  or 
aurelias  are  collected  and  placed  upon  a  piece  of  sofl  cloth,  where  they  couple  and  lay 
their  eggs. 

The  eggs,  or  grains,  as  they  are  usually  termed,  are  enveloped  in  a  liquid  which 
causes  them  to  adhere  to  the  piece  of  cloth  or  paper  on  which  the  female  lays  them. 
From  this  glue  they  are  readily  freed,' by  dipping  them  in  cold  water,  and  wiping  them 
dry.  They  are  best  preserved  in  the  ovum  state  at  a  temperature  of  about  55^  F.  If 
the  heat  of  spring  advances  rapidly  in  April,  it  must  not  be  suffered  to  act  on  the  eggs, 
otherwise  it  might  hatch  the  caterpillars  long  before  the  mulberry  has  sent  forth  its  leaves 
to  nourish  them.  Another  reason  for  keeping  back  their  incubation  is,  that  they  may  be 
batched  together  in  large  broods,  and  not  by  small  numbers  in  suiicession.  The  eggs 
are  made  up  into  small  packets,  of  an  ounce,  or  somewhat  more,  which  in  the  south  of 
France  are  generally  attached  to  the  girdles  of  the  women  during  the  day,  and  placed 
under  their  pillows  at  night.  They  are,  of  course,  carefully  examined  iVom  time  to  time. 
In  large  establishments,  they  are  placed  in  an  appropriate  stove-room,  where  they  are 
exposed  to  a  temperature  gradually  increased  till  it  reaches  the  86th  degree  of  Fahren- 
heit's scale,  which  term  it  must  not  exceed.  Aided  by  this  heat,  nature  completes  her 
mysterious  work  of  incubation  in  eight  or  ten  days.  The  teeming  eggs  are  now  covered 
with  a  sheet  of  paper  pierced  with  numerous  holes,  about  one  twelAh  of  an  inch  in 
diameter.  Through  these  apertures  the  new-hatched  worms  creep  upwards  instinctively, 
to  get  at  the  tender  mulberry  leaves  strewetl  over  the  paper. 

The  nursery  where  the  worms  are  reared  is  called  by  the  French  a  vtagnanihre ;  it 
unght  to  he  a  well-aired  chamber,  free  from  damp,  excess  of  cold  or  heat,  rats,  and  other 
vermin.  It  should  be  ventUated  occasionally,  to  purify  the  atmoaphere  from  the 
noisome  emanations  produced  by  the  excrements  of  the  caterpillars  and  the  decayed 
leaTcs.  The  scaffolding  of  the  wicker-work  shelVjes  should  be  substantia] ;  and  they 
should  be  from  15  to  18  inches  apart.  A  separate  small  apartment  should  be  aBoltcd 
to  the  sickly  worms.  Immediately  before  each  moulting,  the  appetite  of  the  wonna 
begins  to  flag ;  it  ceases  altogether  at  that  period  of  cutaneous  metamorphosis,  bnt 
revives  speedily  after  the  skin  is  fairly  cast,  because  the  internal  parts  of  the 
animal  are  thereby  allowed  freely  to  develop  themselves.  At  the  end  of  the  second 
age,  the  worms  are  half  an  inch  long;  and  then  should  be  transferred  from  the  smaU 
room  in  which  they  were  first  hatched,  into  the  proper  apartment  where  they  are  to 
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be  broaght  to  maturity  and  aet  to  spin  their  balls.  On  occasion  of  cbaaging  ikar 
abode,  they  must  be  well  cleansed  from  the  litter,  laid  upon  beds  of  fresh  leaves^  and 
supplied  with  an  abundance  of  food  every  six  hours  in  snecesraon.  In  sbifling  their 
bed,  a  piece  of  network  being  laid  over  the  wicker  plates,  and  coTered  with  leaves,  the 
worms  will  creep  up  over  them }  when  they  may  be  transferred  in  a  body  upon  the  net. 
The  litter,  as  well  as  the  sickly  worms,  may  thus  be  readily  removed,  without  handling 
a  single  healthy  one.  AAer  the  third  age,  they  may  be  fed  with  entire  leaves ;  becaase 
they  are  now  exceedingly  voracious,  and  must  not  be  subsequently  stinted  in  their 
diet.  The  exposure  of  chloride  of  lime,  spread  thin  upon  plates,  to  the  air  of  tlie 
mognant^rc,  has  been  found  useful  in  counteracting  the  tendency  which  sometimes  ap. 
pears  of  an  epidemic  disease  among  the  silkworms,  from  the  fetid  exhalations  of  the  dead 
and  dying. 

When  they  have  ceased  to  eat,  either  in  the  fourth  or  fiAh  age,  agreeably  to  the  Tariely 
of  the  bombyx,  and  when  they  display  the  spinning  instinct  by  crawling  np  among  the 
twigs  of  heath,  &c.,  they  are  not  long  of  beginning  to  construct  their  cocoons,  by  throw- 
ing the  thread  in  different  directions,  so  as  to  form  the^oss,  filoselle,  or  outer  open  net* 
work,  which  constitutes  the  bourre  or  silk  for  carding  and  spinning. 

The  cocoons  destined  for  filature,  must  not  be  allowed  to  remain  for  many  days  with 
the  worms  alive  within. them;  for  should  the  chrysalis  have  leisure  to  grow  mature  or 
come  out,  the  filaments  at  one  end  would  be  cut  thrdugh,  and  thus  lose  almost  all  their 
value.  It  is  therefore  necessary  to  extinguish  the  life  of  the  animal  by  heat,  which  is 
done  either  by  exposing  the  cocoons  for  a  few  days  to  sunshine,  by  placing  them  in  a  hot 
oven,  or  In  the  steam  of  boiling  water.  A  heat  of  202^  F.  is  sufficient  for  effecting  this 
purpose,  and  it  may  be  best  administered  by  plunging  tin  cases  filled  with  the  coeooas 
into  water  heated  to  that  pitch. 

80  pounds  French  (88  Eng.)  of  cocoons,  are  the  average  produce  from  one  ounce  of 
eggs,  or  100^ from  one  ounce  and  a  quarter;  but  M.  Folzer  of  Alsace  obtained  no  less 
than  165  pounds.  The  silk  obtained  from  a  cocoon  is  from  760  to  1150  feel  h>ng.  The 
varnish  by  which  the  coils  are  glued  slightly  together,  is  soluble  in  warm  water. 

The  silk  husbandry,  as  it  may  be  called,  is  completed  in  France  within  six  weeks  from 
the  end  of  April,  and  thus  afifords  the  most  rapid  of  agricultural  returns,  requiring  merely 
the  advance  of  a  little  capital  for  the  purchase  of  the  leaf.  In  buying  up  eocoons,  and 
in  the  filature,  indeed,  capital  may  be  oflen  laid  out  to  great  advantage.  The  most 
hazardous  period  in  the  process  of  breeding  the  worms,  is  at  the  third  and  foartb  moulting; 
for  upon  the  sixth  day  of  the  third  age,  and  the  seventh  day  of  the  fourth,  they  in  gencnl 
eat  nothing  at  all.  On  the  first  day  of  the  fourth  age,  the  worms  proceeding  from  oae 
ounce  of  eggs  will,  according  to  Bonafons,  consume  upon  an  average  twenty-three  pounds 
and  a  quarter  of  mulberry  leaves ;  on  the  first  of  the  fifth  age,  they  will  consume  forty- 
two  pounds ;  and  on  the  sixth  day  of  the  same  age,  they  acquire  their  maximum  vora- 
city, devouring  no  less  than  223  pounds.  From  this  date  their  appetite  continually  de- 
creases, till  on  the  tenth  day  of  this  age  they  consume  only  fifty-six  pounds.  The  space 
which  they  occupy  upon  the  wicker  tables,  being  at  their  birth  only  nine  feet  square^ 
becomes  eventnaUy  239  feet.  In  general,  the  more  food  they  consume,  the  more  silk  will 
they  produce. 

A  mulberry-tree  is  valued,  in  Provence,  at  from  6d,  to  lOd. ;  it  is  planted  oat  of  the 
I  nursery  at  four  years  of  age ;  it  is  begun  to  be  stripped  in  the  fifth  year,  and  afiinds  an 
increasing  crop  of  leaves  till  the  twentieth.  It  yields  from  1  cwt.  to  30  cwta.  of  leaves, 
according  to  its  magnitude  and  mode  of  cultivation.  One  ounce  of  silkworm  eggs  is 
worth  in  France  about  2^  francs ;  it  requires  for  its  due  development  into  cocoons  about 
15  cwts.  of  mulberry  leaves,  which  cost  upon  an  average  3  francs  per  cwt.  in^a  favorable 
season.  One  ounce  of  eggs  is  calculated,  as  I  have  said,  to  produce  from  80  to  100 
pounds  of  cocoons,  of  the  value  of  1  fr.  52  centimes  per  pound,  or  125  francs  in  whole. 
About  8  pounds  of  reeled  raw  silk,  worth  18  francs  a  pound,  are  obtained  fitim  these 
100  pounds  of  eocoons. 

There  are  three  denominations  of  raw  silk ;  viz.,  organzine,  frame  (shute  or  tram),  and 
floss.  Organzine  saves  for  the  warp  of  the  best  silk  stufiTs,  and  is  considerably  twisted ; 
tram  is  maide  usually  from  inferior  silk,  and  is  very  slightly  twisted,  in  order  that  it  may 
spread  more,  and  cover  better  in  the  weft ;  floss,  or  boirre^  consists  of  the  shorter  broken 
silk,  which  is  carded  and  spun  like  cotton.  Organzine  and  trame  may  contain  from  3 
to  30  twin  filaments  of  the  worm ;  the  former  possesses  a  double  twist,  the  component 
filaments  being  first  twisted  in  one  direction,  and  the  compound  thread  in  the  opposite ; 
the  latter  receives  merely  a  slender  single  twist.  Each  twin  filament  gradually  dimin- 
ishes in  thickness  and  strength,  from  the  surface  of  the  cocoon,  where  the  anima] 
begins,  its  work  in  a  state  of  vigor,  to  the  centre,  where  it  finishes  it,  in  a  state  of  de- 
bility and  exhaustion ;  because  it  can  receive  no  food  from  the  moment  of  its  begtnung 
to  spin  by  spouting  forth  its  silky  substance.  The  winder  is  attentive  to  this  progressive 
attenuation^  and  introduces  the  commencement  of  some  cocoons  to  compensate  fiir  tJbe 
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temination  of  otben.  The  quality  of  raw  silk  depends,  therefore,  very  much  upon  the 
Bkill  and  care  bestowed  upon  its  filature.  The  softest  and  purest  water  should  be  used 
in  the  cocoon  kettle. 

The  quality  of  the  raw  silk  is  determined  by  first  winding  off  400  ells  of  it,  equal  to 
t75  metres,  round  a  drum  one  eU  in  circumference,  and  then  weighing  that  length. 
The  weight  is  expressed  in  grains,  24  of  which  constitute  one  denier ;  24  deniers  con* 
stitate  one  ounce;  and  16  ounces  make  one  pound,  poida  de  marc.  This  is  the  Lyons 
rule  for  valuing  sUk.  The  weight  of  a  thread  of  raw  silk  400  ells  long,  is  two  grains  and 
M,  half,  when  five  twin  filaments  have  been  reeled  and  associated  together. 

Raw  silk  is  so  absorbent  of  moisture,  that  it  may  be  increased  ten  per  cent,  in  weight 
by  this  means.  This  property  has  led  to  falsifications ;  which  are  detected  by  enclosing 
weighed  portions  of  the  suspected  silk  in  a  wire-cloth  cage,  and  exposing  it  to  a  stove-heat 
of  about  78"  F.  for  24  hours,  with  a  current  of  air.  The  loss  of  Weight  which  it  thereby 
undergoes,  demonstrates  the  amount  of  the  fraud.  There  is-  an  office  in  Lyons  called 
the  Condiium,  where  this  assay  is  made,  and  by  the  report  of  which  the  silk  is  bought 
and  sold.  The  law  in  France  requires,  that  all  the  silk  tried  by  the  Condition  must  be 
worked  up  into  fabrics  in  that  country. 

In  the  Journal  of  the  Asiatic  Society  of  Bengal,  for  January,  1837,  there  are  two 
very  valuable  papers  upon  silkworms ;  the  first,  upon  those  of  Assam,  by  Mr.  Thomas 
HugoQ,  stationed  at  Nowgong;  the  second  by  Dr.  Heifer,  upon  those  which  are  indi- 
genous to  India.  Besides  the  Bornbyx  mori,  the  Doctor  enumerates  the  following 
seven  species,  formerly  unknown  :  —  J.  The  wild  silkworm  of  the  central  provinces,  a 
moth  not  larger  than  the  Bombyx  mori.  2.  The  Joree  silkworm  of  Assam,  Bomtyx 
religioatB,  which  spins  a  cocoon  of  a  fine  filament,  with  muth  lustre.  It  lives  upon  the 
pipul  tree  {Fiais  reHgiota),  which  abounds  in  India,  and  ought  therefore  to  be  turned 
to  account  in  breeding  this  valuable  moth.  3.  Satumia  tUhetica,  which  inhabits  the 
cassia  mountains  in  Silhet  and  Dacca,  where  its  large  cocoons  are  spun  into  silk. 

4.  A  still  larger  Satumia ,  one  of  the  greatest  moths  in  existence,  measuring  ten  inches 
from  the  one  end  of  the  wing  to  the  other ;  observed  by  Mr.  Grant,  in  Chirra  pua/cs. 

5.  Satumia  paj^tia,  or  the  Tusseh  silkworm,  is  the  most  common  of  the  native  species, 
and  furnishes  the  cloth  usually  worn  by  Europeans  in  India.  It  has  not  hitherto  been 
domesticated,  but  millions  of  its  cocoons  are  annually  collected  in  the  jungles,  and 
brought  to  the  silk  factories  near  Calcutta  and  Bhagelpur.  It  feeds  most  commonly 
on  the  hair-tree  (Zizypk%s  jujuba'),  but  it  prefers  the  Terminalia  alata,  or  Assam  tree, 
and  the  Bombux  heptapkifUum,  It  is  called  KotUkuri  mooga,  in  Assam.  6.  Another 
Satumia,  from  the  neighborhood  of  Comercolly.  7.  Saiumia  cusaiTunm,  with  a  cocoon 
of  a  yellow-brown  color,  different  from  all  others,  called  mooga,'  in  Assam ;  which, 
although  it  can  be  reared  in  bouses,  thrives  best  in  the  open  air  upon  trees,  of  which 
seven  different  kinds  afford  it  food.  The  Matankoory  mooga,  which  feeds  on  the  Ada- 
koory  tree,  produces  a  fine  silk,  which  is  nearly  white,  and  fetches  50  per  cent,  more 
than  the  fawn  colored.  The  trees  of  the  first  year's  growth  produce  by  far  the  most 
valuable  cocoons.  The  mooga  which  inhabits  the  soom-tree,  is  found  principally  in  the 
forests  of  the  plains,  and  in  the  villages.  The  tree  grows  to  a  large  size,  and  yields 
three  crops  of  leaves  in  the  year.  The  silk  is  of  a  light  fawn  color,  and  ranks  next 
in  value  to  the  Mazankoory.  There  are  srenerally  five  breeds  of  mooga  worms  in  the 
year ;  1.  in  January  and  February;  2.  in  May  and  June;  3.  in  June  and  July;  4.  in 
August  and  September ;  5.  in  October  and  November ;  the  first  and  last  being  the  most 
valuable. 

The  Assamese  select  for  bceeding,  such  cocoons  only  as  have  been  begun  to  be 
formed  in  the  largest  number  on  the  same  day,  usually  the  second  or  third  after  the 
commencement;  those  which  contain  males  being  distinguishable  by  a  more  pointed 
end.  They  are  put  in  a  closed  basket  suspended  from  the  roof;  the  moths,  as  they 
come  forth,  having  room  to  move  about,  aAer  a  day,  the  females  {known  only  by  (heir 
large  body)  are  taken  out,  and  tied  to  small  wisps  of  thatching-straw,  selected  always 
from  over  the  hearth,  its  darkened  color  being  thought  more  acceptable  to  the  insect. 
If  out  of  a  batch,  there  should  be  but  few  males,  the  wisps  with  the  females  tied  to 
them  are  exposed  outside  at  night ;  and  the  males  thrown  away  in  the  neighborhood 
find  their  way  to  them*  These  wisps  are  hung  upon  a  string  tied  aeross  the  roof,  to 
keep  them  from  vermin.  The  eggs  laid  after  the  first  three  days  are  said  to  produce 
weak  worms.  The  wisps  are  taken  out  morning  and  evening,  and  exposed  to  the  san- 
shine,  and  in  ten  days  after  being  laid,  a  few  of  them  are  hatched.  The  wisps  being 
then  bung  up  to  the  tree,  the  young  worms  find  their  way  to  the  leaves.  The  ante, 
whose  bite  is  fatal  to  the  worm  in  its  early  stages,  are  destroyed  by  rubbing  the  trunk 
of  the  tree  with  molasses,  and  tying  dead  fish  and  toads  to  it,  to  attract  these  rapaciona 
insects  in  large  numbers,  when  they  are  destroyed  with  fire ;  a  pvoeess  which  needs  to  be 
repeated  several  Umes.  The  ground  under  the  trees  is  also^ell  cleared,  to  render  it  eaty 
lo  pick  up  and  replace  the  worms  which  fall  down.    They  are  prevented  from  coming  to 
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tte  ground  by  tying  froBh  plantain-leaves  round  the  trunk,  over  whcne  slijipery 
they  cannot  orawl|.  and  tbey  are  transferred  from  exhausted  trees  to  fresh  ones,  on  bam- 
boo platters  tied  to  long  poles.  The  worms  require  to  be  constantly  watched  and  pro- 
tected fl«m  the  d^prodfttions  of  both  day  and  night  birds,  as  well  a»  rats  and  other  Tenain. 
Daring  their  moaUings,  they  remain  on  the  bi-anches ;  but  when  about  beginning  to  spin, 
they  come  down  Uie  trunk,  and  being  stopped  by  the  plantain-leaTes,  are  there  collected 
in  baskets,  which  are  afterwards  put  under  bunches  of  dry  leaTe8>  suspended  from  the 
loof,  into  which. the  worms  crawl,  and  form  theip  cocoons— seyend  being  clustered  to- 
gether :  this  accident,  due  td  the  practice  of  crowding  the  woiina  together,  which  is  most 
injudicious  renderii^  it  impossible  to  wind  off  their  silk  in  continuous  threads,  as  in  the 
filatures  of  Italy,  France,  and  even  Bengal.  The  silk  is,  therefore,  spun  like  fiaz,  instead 
of  being  unwound  in  single  filaments.  AAer  four  days  the  proper  cocoons  are  selected 
for  the  next  breed,  and  the  rest  are  uncoiled.  The  total  duration  of  a  breed  varies  firooi 
60  to  70  days ;  divided  into  the  following  periods ;  — 

Four  moultings,  with  one  day's  illness  attending  each  •       •        -        20 

From  fourth  moulting  to  beginning  of  cocoon  -  -       •        •        10 

In  the  cocoon  20,  as  a  moth  6,  hatching  of  eggs  10  -       -        -       96 

On  behig  tapped  with  the  finger,  the  body  rendds  a  hollow  sound ;  the  quality  of  whidi 
shows  whether  they  have  come  down  for  want  of  leaves  on  the  tree,  or  from  their  having 
ceased  feeding. 

As  the  chrysalis  is  not  soon  killed  by  exposure  to  the  son,  the  cocoons  are  put  on 
stages,  covered  up  with  leaves,  and  exposed  to  the  hot  i^ir  from  grass  burned  under  them; 
they  are  next  boiled  for  about  an  hour  in  a  solution  of  the  potash,  made  from  incinexated 
lice-stalks ;  then  taken  out,  and  laid  on  doUi  folded  over  them  to  keep  them  waim. 
The  floss  being  removed  by  hand,  they  are  then  thrown  into  a  basin  of  hot  water  to  be 
unwound ;  which  is  done  in  a  very  rode  and  wasteful  way. 

The  plantati<Nis  for  the  mooga  silkworm  in  Lower  Assam,  amount  to  6000  acres,  besides 
what  the  forests  contain ;  and  yield  1500  maunds  of  84  lbs.  each  per  annum>  Up^ 
Assam  is  more  productive. 

The  cocoon  of  the  Kpttikwri  mooga  is  of  the  sixe  of  a  fowl's  egg.  It  is  a  wild  specki^ 
and  affords  filaments  much  -rslued  for  fishing-lines.    See  Silkwoem  Gut. 

8.  The  jSrrindy,  or  Eria  worm,  and  moth,  is  reared  over  a  great  part  of  Hin- 
dostan,  but  entirely  within  doors.     It  is  fed  principally  on  the  Hero,  or  Pains 
chriaii  leaves,  and  gives  sometimes  12  broods  of  spun  silk  in  the  course  of  .«  year.   It 
afibrds  a  fibre  which  looks  rough  at  fint ;  but  when  woven,  becomes  soft  and  silky, 
after  repeated  washings.    The  poorest  people  are  clothed  with  stuff  made  of  it,  which  is 
so  durable  as  to  descend  from  mother  to  daughter.    The  cocoons  are  put  in  a  ckwed 
basket,  and  hung  up  in  the  house,  out  of  reach  of  rats  and  insects.    When  the  noih» 
come  forth,  they  are  allowed  to  move  about  in  the  basket  for  twenty-four  hours;  afier 
which  the  females  are  tied  to  long  reeds  or  canes,  twenty  or  twenty-five  to  eadi,  sad 
these  are  hung  up  in  the  house.    The  eggs  that  are  laid  the  first  three  days,  amoBstiag 
to  about  200,  alone  are  kept ;  they  are  tied  up  in  a  cloth,  and  suspended  to  the  roof 
till  a  few  begin  to  hatch.    These  eggs  are  white,  and  of  the  size  of  turnip-seed.    Whoi 
a  few  of  the  worms  are  hatched,  the  cloths  are  put  on  small  bamboo  platters  hung  up  in 
the  house,  in  which  they  are  fed  with  tender  leaves.     After  the  second  moulting, 
they  are  removed  to  bunches  of  leaves  suspended  above  the  ground,  beneath  which  a 
mat  is  laid  to  receive  them  when  they  fall.    When  they  cease  to  feed,  they  are  thrown 
into  baskets  full  of  dry  leaV«s,  among  which  they  form  their  cocoons,  two  or  three 
being  often-  found  joined  together.     Upon  ^  this  injudicious  practioe  I  have  already 
animadverted. 

9.  The  Satunria  trifentitrata  has  a  yellow  cocoon  of  a  remarkably  silky  lustre.  It  lives 
on  the  soom-tree  in  Assam,  but  seems  not  to  be  much  used. 

The  mechanism  of  the  silk  filature,  as  lately  improved  in  France,  is  very  ingenious. 
Figs,  973  and  974  exhibit  it  in  plan  and  longitudinal  view,  a  is  an  oblong  copper 
basin  containing  water  heated  by  n  stove  or  by  steam./  It  is  usually  divided  by  Iraasvene 
partitions  into  several  compartments,  containing  20  cocoons,  of  which  there  are  5  in 
one  group,  Us  riiown  in  the  figure,  b,  b,  are  wires  with  hool^  or  eyelets  at  their  ends, 
through  which  the  filaments  mh,  apart,  and  are  kept  from  ravelling,  c,  c,  the  points 
where  the  filaments  cross  and  rub  each  other,  on  purpose  to  dean  their  surfaces,  d,  is 
a  spiral  groove,  workl^]g  upon  a  pin  point,  to  give  the  traverse  motion  alternately  to 
right  and  left,  whereby  the  thread  is  spread  evenly  over  the  soriaoe  of  the  reel  c.  /;/,  are 
the  pulleys,  which  by  means  of  oords  transmit  the  rotatory  movement  of  the  cxlinder  d, 
to  the  reel  e.    g,  is  a  friction  lever  or  tumbler,  for  lightening  or  slackening  the  endless 
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eoid,  in  the  aet  of  Mitfthig<-or  stopping  tiie  winding  opemtion.  Bvcry  npnrtment  of  n 
targe  lUature  eontams  nsuaUy  a  series  of  such  reels  as  the  abore,  aU  driven  by  one  prbllc 
•Qvef)   eacb  of  which,  however,  may  by  means  of  the  tninbUngr  lever  b*  stopped  at 
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pleasare.    The  reeler  is  careful  to  remove  any  slight  adhesions,  by  the  application  of  a 
brush  in  the  progress  of  her  work. 

The  expense  of  reeling  the  excellent  Cevennea-siUc  is  only  9  francs  and  50  oentknet 
per  Alais  pound ;  from  4  to  5  cocoons  going  to  one  thread.  That  pound  is  92  hun- 
dredths of  onr  avoirdupois  pound.  In  Italy,  the  cost  of  reeltns:  silk  is  much  higher, 
being  7  Italian  livres  per  pound,  when  3  to  4  cocoons  go  to  the  formation  of  one 
thread;  and  6  livres  when  there  are  from  4  to  5  cocoons.  The  first  of  these  raw  silkfc 
will  have  a  Htn  of  20  to  24  deniers ;  the  last,  of  24  to  28.  If  5  to  6  cocoons  go  to 
one  thread,  the  titre  wiJI  be  from  26  to  32  deniers^  ACfiOxding  to  the  quality  of  the  eo- 
coons.  The  Italian  livre  is  worth  7|(f.  English.  The  woman  employed  at  the  jcettle 
receives  one  livre  and  five  sous  per  day ;  and  the  girl  who  turns  the  reel,  gets  thirteen 
sous  a  day ;  both  receiving  board  and  lodging  in  addition.  In  June,  July,  and'  August, 
they  work  16  hours  atlay,  and  then  they  wind  a  mho  or  ten  pounds  weight  of  cocoons, 
which  yield  from  l-5th  to  1-6th  of  silk,  when  the  quality  is  good.  The  whole  expenses 
amount  to  from  6  to  7  livres  upon  every  ten  {lounds  of  cocoons :  which' is  about  is.  8d, 
per  English  pound  of  raw  silk. 

The  raw  silk,  as  imported  into  this  country  in  hanks  from  the  filatures,  reqqires  to  be 
regularly  wound  upon  bobbins,  doubled,  twisted,  and  reeled  in  our  silk-mills.  These  pro- 
eesjies  are  called  throwing  silk,  and  their  proprietors  are  called  silk  throwtiera  ;  terms  pro- 
bably derived  from  the  appearance  of  swinging  or  tossing  which  the  silk  threads  elhibxt 
during  their  rapid  movements  among  the  machinery  of  the  mills. 

A  rei>rpsentation  of  a  French  mill  for  throwing  silk,  is  given  in  the  Dictwnnairt 
Technoiof^iifue,  under  the  article  JUoiUinage  de  Soie.  But  it  is  a  most  awkward,  operose, 
and  defective  piece  of  machinery,  quite  unworthy  of  being  presented  to  my  readers. 
It  was  in  Manchester  that  throwing-mills  received  the  grand  improvement  upon  the 
aneieot  Italian  plan,  which  had  been  originally  introdueed  into  this  country  by  Sir  Thomas 
lAimbe,  and  erected  at  Derby.  That  improvement  is  chiefly  doe  to  the  eminent  fhctory 
engineers,  Messrs.  Fairbairn  and  Lillie,  who  transferred  to  silk  the  elegant  mechanism  of 
the  throstle,  so  welt  known  in  the  cotton  tmde.  •  Still,  throughout  the  silk  districts  of 
France,  the  throwing  mills  are  generally  small,  not  many  of  them  turning  off  more  than 
ICKX)  pounds  of  organsine  per  annum,  and  not  involving  5000/.  of  capital.  The  average 
price- of  throwing  organiine  in  that  country,  where  the  throwster  is  not  answerable  for 
loss,  is  7  francs  ^  of  throwing  trame,  from  4  A*,  to  5  fr.  (per  kilosrramme  7)  Where  the 
throwster  is  accountable  for  loss,  the  price  is  from  10  fr.  to  1 1  fr.  for  organsine,  and  ftbm 
6  to  7  Ibr  trame.  In  Italy,  throwing  adds  3#.  9d.  to  the  price  of  raw  silk,  upon  an  average. 
I  should  imagine,  (h)m  the  perfection  and  speed  of  the  silk-throwing  machinery  in  this 
eovntry,  as  about  to  be  described,  that  the  cost  of  converting  a  pound  of  raw  silk  either  into 
orgaozine  or  trome  mvsi  be  con^erably  under  any  of  the  above  tmiis. 

siLK-maowiiro  milu 
The  first  process  to  which  the  silk  is  subjected,  is  winding  the  skeins,  as  imported,  ti(t 
upon  bobbins.    The  mechanism  which  effects  this  winding  off  and  on,  is  technlcrfly 
eaUcd  the  mgine,  or  swiA.    The  bobbins  to  which  the  silk  is  tranaferred,  are  wooden 
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cylinders,  of  8u<;li  thickness  as  may  not  injure  the  .«lk  by  sodden  flexare,  and  vttch 
may  also  receive  a  great  length  of  thread  without  having  their  diameter  matenaOy 
increased,  or  their  surface  velocity  changed.  jFig.  975  is  an  end  view  of  the  nlk 
throwing  machine,  or  engine,  in  which  the  two  large  hexagonal  reels,  called  s-"* 

976 


teen  in  section,  as  well  as  the  table  between  them,  to  which  the  bobbins  and  impeDiBg 
mechanism  are  attached.  The  dceins  are  put  upon  these  reels,  flvm  which  the  silk  it 
gradually  unwound  by  the  traction  of  the  revolving  bobbins.  One  principal  ohjeeC  of 
attention,  is  to  distribute  the  thread  over  the  length  of  the  bobbin-cylinder  in  a  spini 
•r  oblique  direction,  so  that  the  end  of  the  slender  semi-transparent  thread  msy  be 
readily  found  when  it  breaks.  As  the  bobbins  revolve  with  uniform  velocity,  they  wodM 
soon  wind  on  too  fast,  were  their  diameters  so  small  at  first  as  to  beeome  greitly 
thicker  when  they  are  filled.  They  are  therefore  made  large,  are  not  covered  thidc,  M 
■re  frequently  changed.  The  motion  is  commanicated  to  that  end  of  the  engine  sbon  ii 
the  figure. 

The  wooden  table  a,  shown  here  in  cross  section,  is  sometimes  of  great  lenfth,  ex- 
tending  20  feet,  or  more,  according  to  the  size  of  the  apartment.  Upon  this  the  dcciDS 
are  laid  out.  It  is  supported  by  the  two  strong  slanting  legs  b,  b,  to  which  the  betfisgi 
of  the  light  reel  c  are  made  fast.  These  reels  are  called  swijtt,  apparently  by  the  nne 
etymological  casuistry  as  hcut  a  non  lucendo ;  for  they  turn  with  reluctant  and  irre- 
gular slowness ;  yet  they  do  their  work  much  quicker  than  any  of  the  old  apparata^ 
and  in  this  r^pect  may  deserve  their  name.  At  every  eighth  or  tenth  leg  there  ti  a 
projecting  horizontal  piece  d,  which  carries  at  its  end  another  horizontal  bar  a,  called  the 
knee  rail,  at  right  angles  to  the  former.  This  protects  the  slender  reels  or  swifts  from  the 
knees  of  the  operatives. 

These  swifts  have  a  strong  wooden  shaft  b,  with  an  iron  axis  passing  longitudinsDy 
through  it,  round  which  they  revolve,  in  brass  bearings  fixed  near  to  the  middle  of  the 
legs  B.  Upon  the  middle  of  the  shaft  6,  a  loose  ring  is  hung,  shown  under  c,  in  fig.  97S, 
to  which  a  light  weight  dy  is  suspended,  for  imparting  friction  to  the  reel,  and  thus  pre- 
venting it  from  turning  round,  unless  it  be  drawn  with  a  gentle  force,  such  as  the  tractioa 
of  the  thread  in  the  act  of  winding  upon  the  bobbin. 

Fig.  796  is  a  front  view  of  the  engine,  b,  b,  are  the  legs,  placed  at  their  appropriste 
distances  (scale  1^  inch  to  the  foot) ;  c,  c,  are  the  swifts.  By  comparing  figt,  975  sad 
976,  the  structure  of  the  swifts  will  be  fully  understood.  From  the  wooden  shaft  b, 
six  slender  wooden  (or  iron)  spokes  e,  s,  proceed,  at  equal  angles  to  each  other;  which 
ore  bound  together  by  a  cord  /,  near  their  free  ends,  upon  the  transverse  line  /  of 
which  cord,  the  silk  thread  is  wound,  in  a  hexagonal  form ;  due  tension  being  gives 
to  the  eircumferential  coeds,  by  sliding  them  out  firam  the  centre.    Slender  wooden  rods 
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■  number  of  liiihl  iron  pullers  g,  g  (showo  on  a  double  scale  in  fig.  977.     (These  •em, 
b;  friclton,  (n  drive  Ihe  bobbins  which  rest  upon  Ibeir  periphericE. 

To  I  be  table  A,/i;.  979,  are  Krewed  Ihe  light  cail-iron  slot-bearings  i,  i,  whereii 
Ihe  horiiontal  spindles  or  skewers  rest,  upan  which  the  bobbins  revolve.    The  spindla 
(see  r,/;.  S8l)  carry  upon  one  end  a  little  wooden  pulley  A,  whereby  the;  press  and 
revolve  upon  the  larmier  drivini  puller's  g,  of  Ihe  sban  i.    These  pulleys  are  called 
ifari  by  our  workmen.    The  other  endi  or  the  spindloi,  or  skewers,  are  cut  ioio  urewt, 
for  attaching  Ihe  swivel  nuls  i  (Jig.  981),  by  which  the  bobbins  i,  i,  are  made  fast  to 
Iheir    respeelive    spindles. 
Be^es  the  slots,  above  de- 
scribed, in  which  Ihe  spin- 
dles rest  when  their  rHelioa 
pullers   A,   are    in   contact 
with  the  movini;   stars   g, 
there  is  another  set  of  sloU 
in  the  bearings,  into  whieh 
the  ends  of  the  spindles  ma} 
be  oeeaiioually  laid,  so  as 
to  be  above  the  line  of  cod- 
-•aet  of  the  rabbing  peripherj  of  the  star  ;,  in  case  the  tbiend  of  any  bohbin  breake.     Wheo- 
<ver  Ule  girl  has  mended  the  thread,  she  replaces  the  bobbia-spindle  in  its  deeper  Blo^bear• 
in>|s,   thereby   bringing 
its  pulley  once  more  into 
contact   with  the   alar, 
and  eauain^  it  to  revolve, 
o  is  a  long  ruler  oi 
fg    bar  of  wood,  which  ia 
supported   upon    ever^ 
eifblh  or  tweinh  leg  ■. 
a.  (TbefisuKbeinfi.fot 
convenience  of  the  page, 
contracted     in     letkgth, 
shows  it  at  every  sixth 
leu.)       To      the      ed^ 
nf  that  bar  the  kmooth 
glide  froiD  the  swiAs,   in 
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tbeir  way  to  the  bobbins.  H  is  tbe  guide  bu:,  whick  has  a  Bkm  tsii 
tioD,  slMiag  in  slots  at  the  top  of  the  iegs  b,  where  they  support  the  bars  o.  Upon  the 
guide  bar  h,  the  guide  pieces  /,  2,  are  made  fast.  These  eoasist  of  two  narrow,  thin,  up- 
right plates  of  iron,  placed  endwise  together,  their  contiguous  edges  being  smooth,  paral- 
lel, and  capable  of  approximation  to  any  degree  by  a  screw,  so  as*  to  increase  or  diminish 
at  pleasure  the  ordinary  width  of  the  vertical  slit  that  separates  them.  Through  this  slit 
the  silk  thread  must  pass,  and,  if  rough  or  knotty>  will  be  either  cleaned  or  broken ;  in 
the  latter  case,  it  is  neatly  mended  by  the  attendant  girL 

The  motions  of  the  yarious  parts  of  the  engine  are  given  as  follows.  Upon  the  end  of 
the  machine,,  represented  in  Jig.  975,  there  are  attached  to  the  shafts  x  (fig.  976),  the 
bevel  wheels  1  and  2,  which  are  set  in  motion  by  the  bevel  wheels  3  and  4,  rvspectively. 
These  latter  wheels  are  fixed  upon  the  shaA  niffig.  975.  m  Is  moved  by  the  main  steam 
shaft  which  runs  parallel  to  it,  and  at  the  same  height,  through  the  length  of  the  tngmt 
apartment,  so  as  to  drive  the  whole  range  of  the  machines.  6  is  a  loose  wheel  or  pidky 
upon  the  shaft  m,  working  in  gear  with  a  wheel  upon  the  steam  shaft,  and  which  may 
be  connected  by  the  clutch  n,  through  the  hand  lever  or  gearing  rod  o  (/fgt.  975  and 
976),  when  the  engine  is  to  be  set  at  work.  6  is  a  spur  wheel  upon  the  shaft  m,  by 
which  the  stud  wheel  7  is  driven,  in  order  to  give  thetraverse  motion  to  the  guide  bar 
B.  This  wheel  is  represented,  with  its  appendages,  in  double  size,yig«.  979  and 
980,  with  its  boss  upon  a  stud  p,  secured  to  the  bracket  9.    In  an  eccentric  hole 

of  the  same  boss,  another  stud  r,  revolves,  npon 
which  the  little  wheel «,  is  fixed.     This  whe^  «, 
is  in  gear  with  a  pinion  cut  upon  the  end  of 
the  fixed  stud  p ;  and  upon  it  is  screwed  the 
little  crank  f,  whose  collar  is  connected  by  two 
rods  i»  {figt.  975  and  976),  to  a  cros»-pieee  9 
which  unites  the  two  arms  10,  that  are  fixed  npon 
the  guide  bar  B,  on  both  sides  of  the  machine. 
By  the  revolution  of  wheel  7,  the  wheel  t  will 
cause  the  pinion  of  the  fixc^  stud  p  to  ton 
round.     If  that  wheel  bear  to  the  pinion  the 
pcoportion  of  4  to  1,  then  the  wheel  s  will  make,  at  each  revolution  of  the  wheel  7,  one 
fourth  of  a  revolution ;  whereby  the  crank  t  will  also  rotate  through  one  fourth  of  a  turn, 
•o  as  to  be  brought  nearer  to  the  centre  of  the  stud,  and  to  draw  the  guide  bar  to  nock 
less  to  one  side  of  its  mean  position.    At  the  next  revolution  of  wheel  7,  the  crank  I  will 
move  through  another  quadrant,  and  come  still  nearer  to  the  central  position,  drawing 
^e  guide  bars  still  less  aside,  and  therefore  causing  the  bobbins  to  wind  on  more  thread 
in  their  middle  than  towards  their  en^.    The  contrary  eflect  would  ensue,  vrcre  the 
guide  bars  moved  by  a  single  or  simple  crank.    After  four  revolutions  of  the  whcd  7, 
the  ennk  /  will  stand  once  more  as  shown  in  fig.  980,  having  moved  the  bar  h  thrmigk 
the  whole  extent  of  its  traverse.    The  bobbins,  when  filled,  have  the  appearance  repie 
•ented  in  fig.  982 ;  the  thread  having  been  laid  on  them  all  the  time  in  diagonal  liaei^so 
•8  never  to  coincide  with  each  other. 

J)oubling  is  the  next  operation  of  the  silk  throwster.  In  this  process,  the  threads  ot 
two  or  three  of  the  bobbins,  filled  as  above,  are  wound  together  ia  contact  upon  a  single 
bobbin.  An  ingenious  device  is  here  employe<i  to  stop  the  winding-on  the  noment  that 
one  of  these  parallel  threads  happens  to  break.  Instead  of  the  swifts  or  reels,  a  creel  is 
here  mounted  for  receiving  the  bobbins  from  the  former  machine,  two  or  Uiree  being 
placed  in  one  line  over  each  other,  according  as  the  threads  are  to  be  doubled  or  trebled. 
Though  this  machine  is  in  many  respects  like  the  mgtnc,  it  has  some  additional  parts, 
whereby  the  bobbins  are  set  at  rest,  as  above  mentioned,  when  one  of  thedonUing  threads 
gets  broken. 

Fig.  983  is  un  end  view,  from  which  it  will  be  perceived  that  the  machine  is,  Uke  the 
preceding,  a  double  one,  with  two  working  sides. 
J^t'g.  984  is  a  flront  view  of  a  considerable  portion  of  the  machine. 
J^tg.  985  ^ows  part  of  a  cross  section,  to  explain  minutely  the  mode  of  winding  upoa.  a 
•ingle  bobbin. 

Fig^  986  is  the  plan  4)f  the  parts  shown  inyig.  985 ;  these  two  figures  being  drawn  to 
doable  the  scale  of /{ft.  983  and  984. 

A,  A,  figs.  983  and  &4,  are  the  end  frames,  connected  at  their  tops  by  a  wooden  stretcher, 
or  bar'beamy  a,  which  extends  through  the  whole  length  of  the  machine ;  this  bar  is  shown 
also  in  fig».  985  and  986. 

By  B,  are  the  oreels  upon  each  side  of  the  machine,  or  bobbin  bearers,  resting  upon 
wooden  beams  or  boards,  made  fast  to  the  arms  or  Ivackets  c,  about  the  middle  of  tte 
finunes  a. 

D,  D,  are  two  horizontal  iron  shafts,  which  pervade  the  whole  machine,  and  carry  a 
■eries  of  light  moveable  pulleys^  called  tiars,  c,  c,  ( jSgs.  985, 986,)  which  aerve  to  drive  tht 
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Dobtrioi  I,  K,  whow  fixed  pnlleTi  ml  qpon  their  pertpkerict,  and  ne  theicfbre  timed 

amplj  by  fiktiou.    ThcM  bobbin*  WB-tcttnTcdbr  iwivel  notK,  a,apon'BriBdIei,u  in 

~"  Ihe  silk  ei^iae.      Bc- 

•iiJM  the  small  rriclion 

C'ley  or  boES,  d,  seen 
I  in  fig.  986,  by 
Thicta  they  rrat  upon 
the  star  pulleys  c,  c,  ■ 
little  nlehet  -wheel  /, 
ii  allacbed  lo  the  other 
end  of  each  babb[n. 
This  a  also  ihOwn'  by 
il»eir«I/,  in/g.  987. 
The  spindles  with 
I  their  bobbins    rerolTe 

in  IWD  slot-bearingB 
'i  ',  fig-  9S6,  ccrBved 
lo  Ihe  liar-beam  a, 
which  is  snpporled  by 

diate  upright  IVvtnei, 
■aeb  as  V,  The  tlot- 
bearingi  f,  bare  also 
a  «MOBd  slot,  is  whieb 
_^_^^^^^^^_^^^^^^_  _  _  the   spindle    with   Ihe 

bobbin  i*  laid  at  lest,  out  of  contact  of  tbe  tfsr  wheel,  while  its  broken  thread  is  being 
I  it  the  gnide  bar  (Ui  which  Ibe  cleaner  slit  pieces  g,  g,  are  allaehed).  Tor 


Baking  the  ihtead  traverse  to  the  right  and  the  left,  for  its  proper  distribntion  vrtt 
the  saifaee  of  the  bobbin.  The  fnlde  bar  of  the  doubling  machine  is  moved  with  • 
■lower  iraTerte  than  in  the  engine  j  otherwise,  in  amsequeneeofthe  different  obllqnitica 
of  the  paths,  the  sioRle  threads  would  be  readily  broken.  A,A,is  a  pairDfBniDoth  rods  of 
inn  or  brass,  placed  parallel  lo  each  of  the  two  tides  of  the  machhe,  and  made  fast  to  Ihe 
lUndanls  H,  H,  which  are  screwed  tofanickels  projec ling  from  [he  frames  i,«'.  Over  these 
mil  the  silk  threads  glide,  in  their  patsage  lo  the  snide  wires  g,  g,  and  the  bobbins  e,  b. 
I,  I,  is  Ihe  Uver  board  upon  each  side  of  tbe  machine,  upon  which  (he  slight  bras* 
hearings  or  fulcrums  i,  t,  one  for  each  bobbin  in  Ihe  creel,  are  made  fast.  This  board 
bears  the  baltnte-Um  k,  I,  with  the  faUtri  a,  a,  ■,  which  eel  as  deiteioiis  fin^iv,  and 
■top  the  bobbin  from  winding.<iD  the  instant  a  thread  may  chance  lo  break.  Tbe  Irra* 
Ik,  I,  swing  upon  a  fine  wire  axis,  which  passes  through  their  props  f,  f,  their  arms  beinf 
shaped  recungularly,  asshownalJc,Jlc',j1g.  986.  The  arm  1,  being  heavier  than  Ihearm^ 
naturally  rests  npon  the  ridge  bar  m,  of  the  lever  board  i.  a,  a,  n,  are  three  wires,  resting 
atoorof  their  ends  npon  Ihe  axiKd'thefokrvni  <,  t,  and  havii^  each  of  their  other  hooked 
ends  lospendedby  one  irf' the  silk  thread*,  aa  it  panel  over  Ihe  ftmt  steel  rod  jt.  nndaadw 
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V.    llwie  ftHer  wiitt,  or  nop  fiogers,  are  guided  Irnlr  in  their  np-and-down  motioH 

with  &e  tluvad,  by  «  cleaa«r-pl>te  a,  hnTin;  ■  vcrtioa  slit  in  iu  middle.     Hence,  whea- 

•rer  •nv  tbtead  Iiappeas  to  break,  in  iU  way  lo  a  winding-on  bobbin  x,  xbe  wire  n, 

wbich  bnng  by  ill  eyelet  end 

to  that  llinEad,  ai  it   pasud 

lliroujch  belireen  Ibe  atFet  rodi 

IB  the  line  of  h,  k',  TalU  npaa 

'        the  lighter  arm  of  the  balance 

lever  k,  f,  weighs  davn  lut 

arm  k,  eon!«qDentIy  jerks  np 

the  arm  /,  which  pitehfn  its  tip 

or  end  into  one  oF  the  three 

notches  of  the  ratchet  or  catch 

wheel  /  Ifigi.  986  aod  987), 

fixed  to  the  end  of  the  bobbia. 

Tha*  tu  molion  is  inslantaoe- 

onslf  aireslcd,  till  the  giilha* 

had  leiinre  to  mend  the  thread, 

,  when  she  asain  faaoBS  up  tb« 

I  faller  wire  ^  and  reslorei  the 

.     ,  leTerk.i,  lo  its  horizontal  pon- 

tion.    If,  meanwhile,  she  look  occasion  to  remove  the  winding  bobbio  oai  of  the  sunk 

■lot-bearing,  where  pulley  d  touches  the  I'ar  wheel  c,  into  the  righl-tiand  upper  slot  t£ 

repose,  she  must  naw  shin  it  into  its  slot  of  rolalion. 

-  -  The  molioDS  are  Riren  lo  the  dooblinf 

machine  in  avery  simple  way.  Upon  the 
end  oflheframins,  represented  iafig.XI, 
the  sliafts  D,  n,  bear  l«o  spur  wheels  1  aad 
2,  which  work  into  each  other.  To  the 
wheel  I,  is  attached  the  bevel  wbed  S, 
driven  by  another  bevel  wheel  4  (jif. 
984),  Gied  lo  ■  shad  that  eitrndK  tlie 
whole  leni;thaf  the  apartment,  and  ktvcs, 
therefore,  to  drive  a  whole  ranse  of  ma- 
chines. The  wheel  4  may  be  pnt  in  tear 
with  the  shal^  by  a  clutch  and  iceu- 
handle,  as  in  the  lilk  cngi'iu,  and  thereby  it 
drives  two  sbaAs,  by  the  one  Iransmittiiig 
its  movemeni  to  the  other. 
The  traverse  motion  oflhe  gnide  bar  s, 
u  effected  as  follows :  —  Upon  one  of  the  shaAs  o,  there  is  a  bevel  wheel  5,  diivintr  lie 
hevel  wheel  6,  upon  the  top  of  the  upright  shaft  p  (Jig.  9H,  to  the  ri^ht  oflhe 
middle) ;  whence  the  motion  is  transmitted  lo  the  horizonlal  shad  9,  below,  by  means  of 
the  bevel  wheels  7  and  8.  Upon  this  shaft  q,  there  is  a  heart-wheel  r,  workuie  afniast 
a  roller  which  is  fixed  to  the  end  of  the  lever  t,  whose  fulcrum  is  al  /,  fi^.  983.  The 
other  end  of  the  lever  (,  is  conneeled  by  two  rods  (shown  by  dolled  lines  ia  Jif,.  984) 
to  a  brass  piece  which  joins  the  armg  u  (fig.  9»i),  of  the  snide  ban  a.  To  tbe  amc 
eroat  piece  a  cord  is  attached,  which  goes  over  a  roller  v,  i..id  suspends  *  weight  w,  by 
means  of  which  the  level  j,  ia  pressed  into  conlact  with  the  hearl-wheel  r.  The  fnkrnm 
t,  of  Ihe  lever  1,  is  a  shaft  which  is  tarneil  somewhat  cccenlric,  and  has  a  very  ilow 
lotalory  motion.  Thus  the  gnlde  bar,  after  each  traverse,  neccessarily  winds  the  aCk  io 
variable  lines,  to  the  tide  of  the  preceding  threads. 

The  motion  is  given  lo  this  shaft  in  the  following  way.  Upon  the  faorjEntal 
•had  4,  there  is  *  berel  wheel  g  (Jigt.  983  and  984),  which  drives  the  wheel  10  opoa 
the  shaft  XI  on  whose  upper  end,  the  worm  g  works  in  the  wheel  II,  made  Ikct  lo  tha 
•aid  eccentric  shaft  (;  ronndwhich  the  lever  (swings  or  oscillates,  causing  the  guide  bar* 
to  traverse, 

Tht  ipinmng  lilk-mill. — The  machine  which  iwistt  the  silk  threads,  either  in  their 
■ingle  or  doubled  stale,  it  called  Ihe  spinning  mill.  When  the  raw  sinrles  are  first 
iwis'ed  in  one  direction,  next  doubled,  and  then  twisted  together  in  Iheopposile  direclioa, 
an  exceedini()y  wiry,  compact  thread,  is  prodneed,  called  organsim.  In  the  spinniiH>m{II, 
•iEher  the  singes  or  the  doulded  silk,  while  bein^  nnwonnd  ftom  one  set  of  bobbins,  and 
wound  upon  another  sel,  is  subjected  to  a  regular  EwiatinK  operation  ;  io  which  process 
the  thread  is  enoducted  as  usual  through  guides,  and  coiled  dingonally  upon  the  bobbins 
by  a  proper  mechamsm. 

fig.  988  exhibit*  an  end  view  of  Ifae  spinning  mill ;  in  which  four  workinf  lines 
an  diown ;   two  tiers  upon  each  tid^  one  abore  the  other.    Some  spinning  mill*  hare 


'  f  • 
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Urae  voiking  tiers  upon  each  side;  but  as  the  highest  tier  must  be  reaehsd  by  a  ladder 
or  platform,  this  construction  is  considered  by  many  to  be  injudicious. 

/*%.  989,  is  a  front  view,  where,  as 
in  the  former  figure,  the  two  working 
lines  are  shown. 

Ftg.  990,  is  a  cross  section  of  a  part 
of  the  machine^  to  illustrate  the  con- 
struction and  play  of  the  working  parts ; 
figs,  996,  997,  are  other  views  oCfig, 
990. 

Fig.  991,  shows  a  single  part  of  the 
machine,  by  which  the  bobbins  are  made 
to  revolve. 

Figs.    992,  and    993,  show    a  dif. 
ferent  mode  of  giving  the  traverse  to 
the  guide  bars,  than  that  represented  ia 
fig.  990. 

Figs,  994,  and  995,  show  the  shape 
of  the  full  bobbins,  produced  by  the 
action  of  these  two  different  traverse 
motions. 

The  upper  part  of  the  machine 
being  exactly  the  same  as  the  under 
part,  it  will  be  sufficient  to  explain  the 
construction  and  operation  of  one  of 
them. 

A,  A,  are  the  end  upright  frames  or 
standards,  between  which  are  two  or 
three  intermediate  standards,  accord- 
ing to  the  length  of  the  machine* 
They  are  all  connected  at  their  sides 
by  beams  b  and  c,  which  extend  the 
whole  length  of  the  machines,  d,  o, 
are  the  spindles,  whose  top  bearings  a,  a,  are  made  fast  to  the  beams  b,  and  their 
bottoms  turn  in  hard  brass  steps^  fixed  to  the  bare.    These  two  bars  together  are 

3  989  A 
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oiled,  bf  the  woriunen,  the  spindle  box.    The  iMndBnk  a,  a,  art  knnid  wMi  enm  hBt 

c,  r,  are  the  vharvn  or  nharl«,  turned  bjr  a  band  rrom  the  horkontal  tin  erlinder  ia 
the  Ud«5  or  E,  E,  fig.  9SS,  lying  in  the  middle  line  between  Ibe  tvo  paraHel  rows  ti 
spindle!>  D,  □.  r,  r,  are  the  bobbins  containing  the  nntviited  doabled  aSt,  nrkich  are 
liniply  pressed  down  upon  the  taper  end  of  the  spindlei.  d,  d,  aie  lillle  Biei^  <K 
forked  wings  of  wire,  attached  to  washen  or  wood,  which  rerolie  Iuok  apoa  the  upa 
of  the  taiil  bobbins  r,  and  ronnd  the  spindles.  One  of  Ibe  wintn  m  lonieliniei  bnt 
upwards,  to  serve  as  a  guide  to  the  sillt',  as  shown  bj  dotted  lines  in  fig.  990.  e,  (,  are 
pieces  ol^  wood  pressed  upon  the  tops  of  the  spindles,  to  prerenl  the  fliers  from  Matlia^ 
off  by  ihe  cenlrirugnl  foree.  o,  are  borizonia]  shalls  beariag  a  nnmber  of  Utile  ipar 
wheels  /,/.  h,  are  slot-bearini^,  similar  to  those  of  the  doubling-machine,  which  wc 
fixed  to  the  end  and  middle  Tramea.  In  these  slots,  the  lisht  square  cast-iroB  shafts  or 
spindles  g,fig.  &B9,  are  laid,  on  whose  end  the  spur  wheel  A  is  cast;  and  wben  Ifae  sliaA  g 
lies  in  the  front  slot  of  ils  bearing,  it  is  in  scar  willi  the  wheel  /,  upon  the  shaft  c ;  bat 
when  it  is  laid  in  Ihe  back  slot,  it  is  out  of  gear,  and  at  resi.   See  r,  r.  Jig.  986. 

Upon  these  little  cast-Iron  shafts  or  spindles  g,^g.  991,  Ibe  bobbins  or  bloeki  i,  ue 
Ihmst,  for  receiving,  by  windiog-on,  the  twnted 
or  spun  silk.  These  blocks  are  made  oT  a  taifC 
diameter,  in  order  that  the  sillc-fibrea  may  bM  be 
too  much  bent ;  and  they  are  but  eligfaUy  flkd, 
at  each  successive  chaise,  lest,  by  iocreaaiBg  their 
diameter  too  much,  they  should  produce  too  la^ 
an  increase  in  Ihe  rale  of  winding,  with  piDp"- 
tional  diminotion  in  the  twist,  aod  risk  of  stMch- 
ingorleaiingthesilk.  They  are  therelbre  the  atort 
frequently  changed,  c,  k,  are  the  guide  ban,  with 
Ihe  gnides  t,  i,  Ibroneh  which  the  sillc  pasaes,  beiag 
drawn  by  tbe  revolving  bobbins  i,  and  delireied 
or  laid  on  by  Ihe  fliers  d,  d,  from  Ik  rotaloy 
twistine  bobbins  t.  The  operation  of  the  ma- 
chine is  therefore  simple,  and  the  motioBS  an 
given  to  the  parts  in  a  manner  equally  so. 

Upon  the  shaft  of  Ihe  tin  cytioder  or  dma, 
exterior  to  the  frame,  the  usual  fast  and  loose 
pallets,  or  rigeers,  l,  l',  are  mounted,  for  driviag 
(he  whole  machine.  Tbeseriggersare  often  called 
steam-pulleys  by  the  "worlunen,  from  their  beiu 
connected  by  bandu  with  the  steam-driven  thaft 
of  Ihe  factory.  In  order  to  allow  the  riggers  apoa 
the  shafts  of  Ibe  upper  and  the  nnder  dnms  In 
be  driven  from  the  same  pulley  npoa  the  cain 
shaft,  the  axis  of  the  under  drum  is  fnAmftd  at 
L,  l',  and  supported  at  its  end,  direoly  litiai  the 
flimr,  by  an  upriehl  bearing.     Upon  the  diafts 
of  the  tin  cylindera  there  is  also  a  By-wliM)  M, 
to  equalise  the  motion.     Upon  Ihe  other  ends  of 
these  shafts,  namely,  at  the  end  of  tbe  apianing- 
milt,  represented  in  fig.  988,  the  ptniooa  I  an 
fixed,  which  drive  the  wheeU  3,  br  mewttof  the 
intermediate  or  carrier  wheel  2 ;  called  also  the 
plate  wheel,  from  ils  being  hollowed  aomewhat 
like  a  Ireneher.  I, iscalledthechange-pi&kia, be- 
cause it  is  chang^  for  another,  of  a  diflVrcntste 
attd  different  number  of  trelh,  when  a  ehan^  ia 
Qie  Telocity  of  wheels  2  and  3  is  to  be  made.    To  allow  a  greater  or  anialler  [dniDa  to 
be"  applied  at  1,  the  wheel  2  is  mounted  upon  a  slud  fc,  which  it  moveable  in  a  slot  eoa- 
eentric  wilh  Ihe  axis  of  the  wheel  3.    This  slol  is  a  branch  (hm  the  erosa  bar  n.     The 
smaller  Ihe  change-pinion  is,  the  nearer  will  the  stod  k  approadi  to  the  vertical  Lat 
joining  the  centres  of  wheels  1  and  3  ;   and  the  more  slowly  wiD  the  plate  wheel  3  bo 
driven.    To  the  spar  wheel  3,  a  bevel  wheel  i,  is  liird,  with  which  tbe  other  also 
revolves  loose  upon  Ihe  stud.    The  bevel  wheel  5,  upon  the  shaft  (,  is  driven  brihe bevel 
wheel  * ;   and  it  communicates  motion,  by  Ihe  bevel  wheels  6  and  7,  to  each  of  the  hori- 
aoalal  shales  o,  o,  extending  along  the  upper  and  under  tiers  of  Ihe  machine.    At  the 
MV-hand  side  of  Ihe  top  part  of  jig.  988,  the  two  wheels  6  and  T  are  omitted,  od  pvrpdae 
(o  show  the  bearings  of  Ihe  shaft  a,  as  also  the  slot-bearings  for  carrying  the  thafta  or 
(kewen  of  the  bobbina. 
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If  it  be  desired  to  eominaiiieate  twist  in  the  opposite  direction  to  that  which  would 
be  given  by  the  actual  arrangement  of  the  wheels,  it  is  necessary  merely  to  transpose 
the  carrier  wheel  2,  from  its  present  position  on  the  right  hand  of  pinion  I,  to  the 
leA  of  ft,  and  to  drive  the  tin  cylinder  by  a  crossed  or  close  strap,  instead  of  a  straight  or 
open  one. 

The  traverse  motion  of  the  guide  is  given  here  in  a  similar  way  to  that  of  the  engine, 
{fig.  975.)  Kea>  one  of  the  middle  or  cross-frames  of  the  machine  (see  Jig.  990)  the 
wheel  /,  m  gear  with  a  spur  wheel  A,  upon  one  of  the  block-shaAs,  drives  also  a  spur 
wheel  mg  that  revolves  upon  a  stud,  to  which  wheel  is  fixed  a  bevel  wheel  n,  in  gear 
with  the  bevel  wheel  o.  To  wheel  o,  the  same  .mechanism  is  attached  as  was  described 
under /g«.  979  and  980,  and  which  is  here  marked  with  the  same  letters. 
To  the  crank-knob  r^fig.  990,  a  rod  jt,  is  attached,  which  moves  or  traverses  the  guide 

bar  belonging  to  that  part  of 
^^1  the  machine;    to    each  ma^ 

chine  one  such  apparatus  is 
fitted.  InfigM.  992  and  993 
another  mode  of  traversing 
the  guide  bar  is  shown,  which 
is  generally  used  for  the 
coarser  qualities  of  silk. 
Near  to  one  of  the  middle 
frames,  one  of  the  wheels  f, 
in  gear  with  the  spur  wheel 
m,  and  the  bevel  wheel  n, 
both  revolving  on  one  stud, 
gives  ^  motion  also  to  the 
wheel  0,  fixed  upon  a  shaft 
a\  at  whose  other  end  the 


^^^^a/1/vxA.-rJ**^ 


sDiptical  wheel  b'  is  fixed,  which  drives  a  second  elliptical  wheel  c",  in  such  a  way  that 

the  larger  diameter  of  the  one  plays  in  gear  with  the  smaller  diameter  of  the  other ;  the 

teeth  being  so  cot  as  to  lake  into  each  other  in  all  positions.    The  crank-piece  d'  is  screwed 

994  995  upon  the  face  of  the  wheel  c\  at  such  a  distance  from  its  centre 

as  may  be  necessary  to  give  the  desired  length  of  traverse  motion 
to  the  guide  bar  for  laying  the  silk  spiraUy  upon  the  blocks. 
The  purpose  of  the  elliptical  wheel  is  to  modiJy  the  simple  cmnk 
motion,  which  wouki  wind  on  mofe  silk  at  the  ends  of  the  bob- 
bins than  in  their  middle,  and  to  effect  an  equality  of  winding- 
tm.  over  the  whole  surface  of  the  blocks.  In  fig.  993  the  elliptical  wheels  are  shown  in 
fivnt,  to  illustrate  their  mcMle  of  operating  upon  each  other.    Fig.  994  .is  a  block  filled 

by  the  motion  of 
the  eccentric,  fig, 
990  J  and  fig, 
995  is  a  block 
filled  by  the  ellip- 
tical mechanism. 
As  the  length  of 
the  motions  of  the 
bar  in  the  latter 
construction  re- 
mains the  same  during  the  whole  operation,  the  silk,  as  it  is  wound  on  the  blocks,  will 
>litle  over  the  edges^  and  thereby  produce  the  flat  ends  of  the  barrel  in  fig.  995.    The 


wo 


conical  ends  of  the  block  (fig.  994)  are  produced  by  the  con- 
tinually shortened  motions  of  the  guide  bar,  as  the  stud  ap- 
proaches, in  its  sun-and-planet  rotation,  nearer  to  the  general 
centre. 

Figs.  996,  997  are  two  different  views  of  the  differential  me- 
ehanism  described  under /g.  990. 

The  bent  wire  *,  fig.  990,  is  called  the  guider  iron.  It  is 
attached  at  one  end  to  the  pivot  of  the  sun-and-planet  wheeU 

work  /,  «,  o,  and  at 


H 


^h     4 


1 


the   other    to   the 

guide    bar  ,  /,  /, 

fig.     989.        The 

^  silk    threads   pass 

through  the  guides,  as  already  explained.    By  the  motion  commimicated  to  the  guide  bar 

(fsfdcr),  the  diamoi)4  pattern  is  prodocedy  as  shown  in  fig.  994. 
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THS  BtLK  AUTOMATIC  KBBL. 

In  this  machine,  the  silk  is  unwound  from  the  blocks  of  the  throwing-mil],  and  fomied 
ittto  hanks  for  the  market.  The  blocks  being  of  a  large  size,  would  be  prodaetive  of 
much  friction,  if  made  to  revolve  upon  skewers  thrust  through  them,  and  would  cause 
frequent  breakage  of  the  silk.  They  are,  therefore,  set  with  their  axes  upright  upon  a 
board,  and  the  silk  is  drawn  from  their  surface,  just  as  the  weft  is  from  a  cop  in  the 
shuttle.  On  this  account  the  previous  winding-on  must  be  executed  in  a  very  regular 
manner;  and  preferably  as  represented- in ^^.  994. 

Fig.  998  is  a  front  view  of  th^  reel;  little  more  than  one  half  of  it  being  shown. 
Fur.  999  is  an  end  view.    Here  the  steam  pulleys  are  omitted,  for  fear  of  obstructing  the 

^  ^         D  998 


Tiew  of  the  more  essential  parta.  a,  a,  are  the  two  end  (Vamings,  connected  by  mabosaay 
stretchers,  which  form  the  table  b,  for  receiving  the  bobbins  c,  c,  which  are  sometuoeg 
weighted  at  top  with  a  lump  of  lead,  to  prevent  their  tumUing.  d  is  the  red,  cnamtfiag 
of  four  long  laths  of  wood,  which  are  fixed  upon  iron  frames,  attached  to  aa  octagonal 
wooden  shaft.  The  arm  which  sustains  on6  of  these  laths  is  capable  of  bpins  bent  in- 
wards, by  loosening  a  tightening  hook,  so  as  to  i>ermit  the  hanks,  when  finished,  to  be 
t^en  off,  as  in  every  common  reeL 

The  machine  consists  of  two  equal  parts,  coupled  together  at  a,  to  facUitate  the  removal 
of  the  silk  from  either  half  of  the  reel ;  the  attendant  first  lifting  the  one  part,  and  then 
the  other,  e  is  the  guide  bar,  which  by  a  traverse  motion  causes  the  silk  to  be  wound 
on  in  a  cross  direction,  b  and  c  are  the  wire  euides,  and  d  are  little  levers  lying  upon 
the  cloth  covered  guide  bar  e.  The  silk,  in  its  way  from  the  block  to  the  reel,  passes 
under  these  levers,  by  which  it  is  cleaned  from  loose  fibres. 

On  the  other  end  of  the  shaft  of  the  reel,  the  spur  wheel  1  is  fixed,  which  derives  mo 
tion  from  wheel  2,  attached  to  the  shaft  of  the  steam-pulley  f.    Upon  the  same  shaft 
there  is  a  bevel  wheel  3,  which  impels  the  wheel  4  upon  the  shaft  <  ,*   to  whose  end  a 
plate  is  attached,  to  which  the  crank  /  is  screwed,  in  such  a  way  as  to  give  the  proicr 
length  of  traverse  motion  to  the  guide  bar  e,  connected  to  that  crank  or  eccentric  ^od  by 
the  jointed  rod  f.    Upon  the  shaft  of  the  steam-pulleys  f,  there  is  a  worm  or  endless 
screw,  to  the  left  off,  fig.  999,  which  works  in  a  wheel  5,  attached  to  the  short  uprisht 
shaft  k  (fig.  998).    At  the  end  of  k,  there  is  another  worm,  which  works  in  a  wheel  6 ; 
at  whose  circumference  there  is  a  stud  i,  which  strikes  once  at  every  revolution  against 
an  arm  attached  to  a  bell,  seen  to  the  left  of  g  ;  thus  announcing  to  the  reel  tenter  that 
a  measured  length  of  silk  has  been  wound  upon  her  reel,    eis  a  rod  or  handle,  by  which 
the  fork  /,  with  the  strap,  may  be  moved  upon  the  fast  or  loose  pulley,  so  as  to  set  on  or 
arrest  the  motion  at  pleasure. 

Throwsters  submit  their  silk  to  scouring  and  steaming  proee«es.     They  aoak  the 
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hwiks,  u  imported,  in  lakemnn  Boap-<rater  in  a  tub ;  bnt  (be  bobbini  oT  the  twitted 


lioglr  ulh  from  the  tpianiiig  mill  a 


e  enclorcd  within  s  wooden  cb»t,  and  np<)ied  to 
the  opening  action  of  Bleam  for  about  tea  minute*. 
They  are  then  immeraed  in  a  cistern  of  warm  water, 
from  which  the;  are  trancrerred  to  thedoablinR  frame. 
The  wagts  of  the  workpeople  in  the  ailk-throw- 
ing  mills  of  luly  are  about  one  half  of  theii  waget 
in  Manchester;  but  this  difference  Ik  much  more 
than  eounlerbaianeed  by  the  protecting  duly  of  3i. 
lOd.  a  pound  upon  thrown  silk,  and  Ibe  saperioi 
machinery  of  our  mills.  In  1832,  there  was  t 
power  equal  to  343  horees  enguted  in  the  silk- 
throwing  mills  of  Manchester,  and  of  about  JOO  in 
the  mills  of  Derby.  The  power  employed  in  the 
other  ailk  mills  of  England  and  Scotland  has  not 
been  recorded. 

There  is  a  peculiar  kind  of  silk  called  maraboitl, 
ContaininE  ^neraUy  three  threads,  made  from  the 
white  Novi'raw  silk.  From  ils  whiteness,  it  takea 
the  most  lively  and  delicate  colon  without  the 
discharge  of  ils  gum.  Alter  heinic  made  into  tram 
by  (be  single  twiel  upon  the  spinninK  mill,  it  ia 
reeled  into  hanks,  and  sent  to  the  dyer  without  fur- 
ther preparation.  After  being  dyed,  the  throwster 
re-winds  anil  re-twists  it  uponlhe  spinning  mil),  in 
order  to  give  it  the  whipcord  hardness  which  consli- 
tales  (he  peculiar  feature  of  marabou(.  The  cost 
of  the  raw  Novi  silk  is  I9i.  6d.  a  pound;  of  throw, 
ing  it  into  tram,  2j.  6J.  ;  of  dyeine,  2j.  ;  of  re-wind- 
ing and  re-twisting,  after  it  has  been  dyed,  about 

St.;  of  wute,  !(.,  or  tO  per  cent.:  (he  total  of  which  sum  is3l>.;  being  the  price  of 

one  pound  of  marabout  in  1S32. 


C™c.«-.-«.«p™d. 

QauttliM. 

>bicb  «ii»rtcJ. 

Italy  export* 

31,000  bales  or  225  small  lbs. 

B.l(.. 

France  produce*  - 

10,500    .  .    J    73i  kils.,  or 

)  England  - 

28,000 

India  aod  Benga]  export  - 

9,500    .  .    j  last  Vienna  lbs. 

i  France     - 

22,000 

Persia       -            -  , .  .    - 

7,600    .  .       162  lbs.  EngUsh 

7,600 

China       -            -    .  .    - 

4,000    .  . 

Russia      - 

6,400 

Asia  Minor          -    .  .    - 

3,900    .  . 

Austria  and 

LCTant,  Turkey,  and  Ar- 

Germany ■ 

5,000 

chipelago  export 

3,500    .  . 

5,000 

Spain  exportt 

I,SOO    .  . 

Total    - 

lijm 

Toul 

74,000  b^la. 

A'trfe.— These  estimates  exclude  the  silk  manufactared  in  Italy. 

The  declared  valne  of  the  silk  mannfaetum  eiporled  from  the  United  Kingdom  In- 

IB36,  was  917,8221.;  and  in  1837,  only  494,569.     The  deficit  in  (he  last  year  waa  owing 

0  the  conunercinl  crisis  in  (he  United  States ;   which  country  took,  the  preeediag  year, 

oar  lilk  Roods  to  the  Talue  of  524,3011. 

SILKWORM  GUT,  for  angling,  is  made  as  follows ;— Select  a  nnmber  of  the  b«M' 
and  lai^cst  silkworm*,  jual  when  they  are  beginning  to  spin ;  which  it  known  by  their 
refnaing  to  eat,  and  having  a  fioe  silk  Ihrend  hanging  from  their  mouths.  Immerse  them  - 
ia  atrons  Tinegar,  and  cover  them  clotety  for  twelve  hanr^  if  the  weather  be  warm,  bat 
two  or  three  hours  longer,  ifitbe  cool.  When  taken  out,  and  pulled  asunder,  two  tiaa*- 
parent  guts  will  be  obaerved,  of  a  yellow  green  color,  as  thick  a*  a  small  straw,  beat 
double.  The  reat  of  the  entrai^  resembles  boiled  spinage,  and  (herefore  can  oooasion  no 
miatake  aa  loathe  silk-gul.  IT  this  be  sofl,  or  break  upon  stretching  it,  it  is  a  proof  that- 
the  wortn  has  not  been  long  enough  under  the  influence  of  the  vinegar.  When  the  grt 
it  fit  to  ilnwout,the  one  end  of  it  ia  to  be  dipped  into  the  tinegar,  and  the- other  and. 
71 
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it  to  be  stretefaed  fently  to  the  proper  length.    When  thus  dntwn  out,  it  wmA  be  kept 
extended  on  a  thin  piece  of  boaid,  by  patting  its  extremities  into  slits  in  the  end  of  the 

wood)  or  fastening  them  to  pins,  and  then 
•  exposed  in  the  sun  to  dry.    Thns  gennine 

silk-gut  is  made  in  Spain.  From  the  man- 
ner in  which  it  is  dried,  the  ends  are  always 
more  or  less  eomprened  or  attennnted.* 
Fi%n  1000,  a,  is  the  silkworm ;  6,  the  wonn 
torn  asunder ;  c,  c,  the  guts ;  d,  d,  a  board 
"w  slit  at  the  ends,  with  the  gut  to  dry ;  /,^ 

a  board  with  wooden  pegs,  for  the  same 

^         '  [^  purpose. 

SILVER  {Jrgpd,  Fr.;    SiXbtr^  Germ.) 

was  formerly  called  a  perftct  melal,  becaase 

heat  alone  revived  its  oxyde,  and  becauK  it 

A  N  could  pass  unchanged  through  fiery  trials, 

which  apparently  destroyed  moat  other  me- 
tals. The  distinctions,  perfect,  imperfect, 
and  noble,  are  nowjasUy  rejected.  The 
bodies  of  this  class  are  all  equal  in  metallic 
nature,  each  being  endowed  merely  with  difl'ereat  relations  to  other  fiNrms  of  matter, 
which  serve  to  characterize  it,  and  to  give  it  a  peculiar  value. 

When  pure  and  planished,  silver  is  the  brightest  of  the  metals.  Its  specific  gmvity 
in  the  ingot  is  10*47 ;  but,  when  condensed  under  the  hammer  or  in  the  coining  prens,  it 
becomes  10*6.  It  melts  at  a  briftht  red  heat,  a  temperature  estimated  by  some  as  equal 
to  1280''  Fahr.,  and  by  others  to  22P  Wedgewood.  It  is  exceedingly  malleable  and  dae- 
tile ;  affording  leaves  not  more  than  -r-xJU-^'x  of  an  inch  thick,  and  wire  far  finer  than  a 
human  hair. 

By  Sickingen's  experiments,  its  tenacity  is,  to  that  of  gold  and  platinum,  ns  the 
hers  J 9,  15,  and  26} ;  so  that  Jt  has  an  intermediate  strength  between  these  two 
Pure  atmospheric  air  does  not  ati'ect  silver,  but  that  of  houses  impregnated  with  salpfaor- 
iCted  hydrogen,  soon  tarnishes  it  with  a  film  of  broum  sulphuret.      It  is 
chemically  from  gold  and  platinum  by  ilB  ready  solubility  in  nitric  acid,  and  from 
lU  other  melals,  by  its  saline  solutions  afi'oiding  a  curdy  precipitate  with  a 
qniantity  of  sea  salt,  or  any  soluble  chloride. 
Silver  occurs  under  many  forms  in  nature  : — 

J.  Native  tilver  possesses  the  greater  part  of  the  above  properties;  yet,  on  aceoont  of 
its  being  more  or  less  alloyed  with  other  metals,  it  differs  a  little  in  malleabilily,  lustre^ 
density,  &c.  It  sometimes  occurs  crystallized  in  wedge-form  octahedrons,  in  caho^ 
anii  cubo-octahedrons.  At  other  times  it  is  (bund  in  dendritic  shapes,  or 
resulting  from  minute  crystals  implanted  upon  each  other.  But  more  usually  ii 
itsel'Jf  in  small  grains  without  determinable  form,  or  in  amorphous  masses  of 
magnitude. 

Tihe  ganguet  (mineral  matrices)  of  native  silver  are  so  numerous,  that  it  msy  be  said 
to  oc  cur  in  all  kinds  of  rocks.  At  one  time  it  appears  as  if  filtered  into  their  fisanret^ 
at  an>other  as  having  vegetated  on  their  surface,  and  at  a  third,  as  if  impasted  in  their 
substv-nce.    Such  varieties  are  met  with  principally  in  the  mines  of  Peru. 

The  native  metal  is  found  in  almost  all  the  silver  mines  now  worked;  but  especially  a 
4hat  of  Kongsberg  in  Norway,  in  carbonate  and  fluate  of  lime,  &c. ;  at  Schlangenberg 
tin  Sib«?ria,  in  a  sulphate  of  barytes ;  at  All^mont,  in  a  ferruginous  day,  Ac.  In  the 
article  Mines,  I  have  mentioned  several  large  masses  of  native  silver  that  haTC  bees 
discoveired  in  various  localities. 

The  imelals  most  usually  associated  with  silver  in  the  native  alloy  are  gold,  copper, 
asKnic,  and  iron.  At  Andreasberg  and  Guadalcanal  it  is  alloyed  with  about  6  per  cent, 
of  mrsenic.    The  auriferous  native  silver  is  the  rarest ;  it  has  a  brass-yellow  color. 

:£.  Jntimomal  tiiver. — This  rare  ore  is  yellowish-blue ;  destitute  of  malleability ;  ffrok 
vary  brittle;  spec.  grav.  9*5.  It  melts  before  the  blowpipe,  and  alToids  white  ftimes  of 
osssle  of  antimony^;  being  readily  distinguished  from  arsenical  iron,  and  arsenical  cobalL 
byiJts  lamellar  fracture.  It  consists  of  from  76  to  S4  of  silver,  and  from  24  toi  16  or 
antimony. 

'3:  Mixed  anUvnHmial  tUver, — ^At  the  blowpipe  it  emits  a  strong  garlic  smell.  Its  con- 
fiilnents  are,  silver  16,  iron  44,  arsenic  35,  antimony  4.    It  occurs  at  Andreasberg. 

4.  ^Sulphurei  cf  nlvtr. — This  is  an  opaque  substance,  of  a  dark-gray  or  leadea  Irae ; 
^sUgflilly  malleable,  and  easUy  cut  with  a  knife,  when  it  betrays  a  metaOie  lustre.     The 
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by  eiperiment)  13  to  87  are  the  theoretie  proportions,  )  [ts  spec.  grav.  is  6*9.  It  occurs 
erystijliaed  in  most  silver  mines,  but  especially  in  thos  e  of  Freyberg,  Joachimstha]  in 
Bohemia,  Schemnitzin,  Hungary,  and  Mexico. 

5.  Red  tuiphuntof  silver :  $Uvtr  glanct, — Its  spec,  gr  av.  is  6*7,  It  contains  from  84 
to  86  of  silver. 

6.  S9lphminttd  siher,  ioUh  bismuth, — Its  constituents  ,  ire,  lead  36,  bismuth  27,  sOver 
15,  sulphur  16,  with  a  little  iron  and  copper.    It  is  rare. 

7.  jintimoHiated  nUpkurd  of  nlvtr,  the  red  silver  of  many  mineralogists,  is  ao  ore 
remarkable  for  its  lustre,  color,  and  the  vanety  of  it  9  forms.  It  is  friable,  easily 
scraped  by  the  knife,  and  affords  a  powder  of  a  lively  c.  rimson  red.  Its  color  in  mass 
is  brilliant  red,  dark  red,  or  even  metallic  reddish-black.  It  crystallizes  in  a  vanety  of 
forms.  Its  constituents  are, — silver  from  56  to  62;  anti  mony  from  16  to  20;  sulphur 
from  11  to  14 ;  and  oxygen  from  8  to  10.  The  antimony  being  in  the  state  of  a  purple 
oxyde  in  this  ore,  is  reckoned  to  be  its  coloring  princip  le.  It  is  found  in  almost  ail 
silver  mines ;  but  principally  in  those  of  Freyberg,  Saint  e-Marie-aox-Mines,  and  Gua- 
dalcanaL 

8.  Blade  tulphuret  of  silver,  is  blackish,  brittle,  cellulai  %  affording  globules  of  silver 
at  the  blowpipe.  It  is  found  only  in  certain  mines,  at  Allc  mont,  Freyberg;  more  abun- 
dantly in  the  silver  mines  of  Peru  and  Mexico.    The  Spania  tils  call  it  negrUio, 

9.  Chloride  of  silver,  or  horn  silver. — In  consequence  of  its  '•  semi-transparent  aspect,  its 
yellowish  or  greenish  color,  and  such  softness  that  it  may  hi  *.  cut  with  the  nail,  this  ore 
has  been  compared  to  horn,  and  may  be  easily  recognised.  '  It  melts  at  the  flame  of  a 
candle,  and  may  be  reduced  when  heated  along  with  iron  <.  or  black  flux,  which  ai« 
distinctive  characters.  It  is  sekiom  crystallized ;  but  occur  s  chiefly  in  irreeular  forms, 
sometimes  covering  the  native  silver  as  with  a  thick  crust,  as  an  Peru  and  Mexico.  Its 
density  is  only  4*74. 

Chloride  of  silver  sometimes  contains  60  or  70  per  cent,  o  f  clay ;  and  is  then  called 
butter-milk  ore,  by  the  German  miners.  The  blowpifie  causes  globules  of  silver  to  sweat 
out  of  it.  This  ore  is  rather  rare.  It  occurs  in  the  mines  of  1  ^otosi,  of  Annaberg,  Frey- 
berg, All^mont,  Schlangenberg,  in  Siberia,  &c. 

10.  Carbonate  of  silver,  a  species  little  known,  has  been  found  hitherto  only  in  the  mine 
of  S.  Wenceslas,  near  Wolfache. 

Tablb  of  the  Quantities  of  SiLVEa  brought  into  the  Market  e\'ery  year,  on  an  average, 

from  1790  to  1802. 


Old  CoDtinent. 

r 

1<Im.  Avuinl. 

New  ContiiMiiU 

I.bt.  AToird. 

ASIA. 

t 

Siberia   - 

- 

38,500 

Central  America  - 

1^20,000 

KUBOFS. 

HuDcary 

. 

44,000 

South  America     - 

605,00a 

Austrian  States  - 

. 

11,000 

Hartz  and  Hefiia 

. 

11,000 

Saxony   - 

• 

22,000 

Norway  - 

• 

22,000 

Sweden  -           • 

-> 

France  - 

4 

11,000 

Spain      -           •           - ) 
Total  of  the  Old  Continent 

Total  of  the  New  Continent 

159,500 

1,925,000 

Thus  the  New  Continent  furnished  twelve  times  more  silver  than  the  old.  For  more 
detailed  statistics  of  silver,  see  the  end  of  the  article. 
The  following  is  Mr.  Ward's  description  of  the  treatment  of  silver  ores  in  Mexico  :— 
<*AAer  returning  from  San  Ausrustin,"  <«ys  he,  "I  passed  the  whole  of  the  after 
aoon  at  the  hacienda  (metallurnc  works)  of  Salsado,  in  which  the  ores  of  the  Valenciaoa 
mine  are  reduced.  The  hadetula,  of  which  a  representation  is  Kiven  below,  fig.  1001, 
contains  forty-two  crushine-mills,  called  arrastru,  and  thirty-six  stampers.  The  ore, 
on  being  extracted  from  the  mine,  is  placed  m  the  hands  of  the  pepenadores,  men  and 
women,  who  break  all  the  larger  pieces  with  hammers,  and  aAer  rejectinsr  those  in 
which  no  metallic  particles  are  contained,  divirle  the  rest  into  three  classes"  (inferior^ 
mUdiing,  and  rich).  « These  are  submitted  to  the  action  of  the  morteros  (stamps), 
one  of  which,  of  eight  stampers,  is  capable  of  reducing  to  iwwder  ten  eareas  of  ore  (each 
of  350  lbs.)  in  twenty-four  hours.      This  )iowder  not  beinsr  thought  suflicienlly  fine  for 
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34  honn  Al  GiuDBJualo, 
■re  worked  by  mulei  (see  fii 

p«te,  aod  are  ehsngfd  every 
bollom  of  the  mill  ilseir,  are 
each  crushing-mill,  altitcheit  lo 
of  gieal  imporLance,  Tor  i(  is  i 
quicksilver  is  supposeJ  in  a  ?■ 
The  grinding  is  performed  usui 
like  Salgado,  from  ihe  numbei 
considerable  extent." 
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where   water-power  cannol  be  obtained,  the  arrattrM 

;.  1001),  which  are  kept  eoaitaallr  in  mo\ioa  al  a  slow 
6  hours.  The  grindia^-itones,  aa  well  at  the  side*  and 
composed  of  granite  j  foar  blocks  of  whidi  revolre  in 
crosa-barsofwood.  This  part  of  the  operation  is  Ihonght 
poa  tbe  perTection  ot  the  finding  that  the  saving  of  the 
eat  measure  to  depend,  in  the  subeeqnent  amalsramation. 
ill;  in  a  covered  shed  or  gallery,  which  in  a  large  Aoctewla, 
of  arraitrii  at  work  at  the  same  lime,  is  aeccKarilj  of 


1001 


T-  it  Galttra  <^lht  Haanda  ofSalgado. 


Fig.  1002,  fepresenti  the  mde  grinding  apparalm used  at  the  lanuftroi,  or  gold  washings, 
ia  Chile.    The  streamlet  ol' water  convered  lo  the  bat  oT  the  gold  washer,  is  received  apca 
.nnn  a  large  rude  stone,  whose  flat  sor- 

face  has  been  hollowed  oat  into  a 
■hallow  basin,  and  in  the  same 
-A     ^fc^i  iiAi      t  Jj.  manner  into  3  or  4  others  in  sue- 

_^^jj^^fe,  • ..  ''.E J-  \V^S--?C^SaaM'*Si      cession  ;    the  auriferons  panicle* 

•^^^^■T^***  IEhI  E'^TITBHW^^SC  are  thus  allowed  lodeposile  them. 
•S^r  ->-^"^-  Il^!r:T=^-^P«?^  ■  i:^S  ,ei,„  in  these  receptacles,  while 
Ihe  lighter  earthy  atom?,  still 
saspenLleil,  are  carried  oR'  hj  tbe 
ranning  water.  The  gold  ihas  collwted  is  mixed  with  a  qnanttt;  of  rerruiinons  black 
sand  and  stony  matter,  whicb  requires  the  process  or  trituration,  eSecled  by  the  very  rude 
and  simple  trafickt  shown  in  the  figure  ;  eon.'isttng  i^  two  stones,  the  under  one  beinf 
aboal  three  feet  in  diameter,  and  stightl;  concave.  The  upper  stone  is  a  Inrfc 
spherical  boulder  of  syenitie  granite,  about  two  feet  in  diameter,  having  on  its  upper 
part  two  iron  plugs  fixed  oppositely,  to  which  is  secured,  by  lashings  of  hide,  a  trans- 
verse horiionlal  pole  of  caiula  (cinnamon)  vxiod,  about  10  feel  long;  two  men  seated  on 
the  ejtremities  of  this  lever,  work  it  up  and  down  allernatelv,  so  as  to  give  to  the  stone  a 
rolling  mottcm,  which  is  sufficient  to  crush  and  grind  (he  materials  placed  beneath  it. 
The  washings  thus  ground,  are  subjected  to  the  action  of  running  water,  upon  inelined 
planes  formed  of  skins,  hy  which  process  the  silicious  particles  are  carried  off,  while  ■ 
portion  of  thefeirnginous  matter,  miied  with  the  heavier  grains  of  gold,  is  cxlracted  by  a 
loadstone ;  it  is  aRain  washed,  till  nothing  but  pure  gold-^nst  remain.  The  ^ole  p(0- 
BMS  il  manned  with  much  dexterity  r   and  if  there  were  much  gold  to  be  lepaiatad,  it 
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would  afford  very  profitable  employment;  but  generally  the  small  quantity  collected  is 
sufficient  only  to  afford  subsistence  to  a  few  miserable  fai    nilies. 

The  trapidie,  ingenio,  or  mill,  for  grinding  the  ores  of  \  )ilver,  is  a  very  simple  piece  of 
mechanism.  A  place  is  chosen  where  a  small  curren:  of  water,  whose  section  will 
present  a  surface  of  six  inches  diameter,  can  be  brought  to  a  spot  where  it  can  fall  per- 
pendicularly ten  or  twelve  feet ;  at  this  place  a  well  is  1  uilt  of  this  depth,  iCbout  6  feet 
in  diameter ;  in  its  centre  is  fixed  an  upright  shafl,  upon  a  central  brass  pin  ;  it  is  con- 
fined above  by  a  wooden  collar.  A  little  above  its  foot,  ttv  shaA  has  a  small  wheel  affix- 
ed to  it,  round  which  are  fixed  a  number  of  radiating  spokt  s,  shaped  at  the  end  somewhat 
like  cups,  and  forming  altogether  a  horizontal  wheel,  foix  feet  in  diameter.  Upon  the 
slanting  edges  of  the  cups,  the  water  is  made  to  strike  wi|  i  the  force  it  has  acquired  in 
fallins  down  a  nearly  perpendicular  trough,  scooped  out,  ^f  the  solid  trunk  of  a  tree. 
This  impression  makes  the  wheel  turn  with  a  quick  rotatdi  y  motion.  The  upright  axis 
rises  about  6  feet  above  the  top  of  the  well,  at  about  half  wl  ich  height  is  inserted  a  small 
horizontal  arm,  four  feet  long,  which  serves  as  an  axle  to  a  pOi  derous  mill-stone  of  granite, 
of  from  four  to  six  feet  diameter,  which  is  made  to  roll  on  \  s  edge  in  a  circular  trough, 
sometimes  Inade  of  the  same  material,  and  sometimes  of  hard     vood. 

The  weight  of  this  quickly  rolling  stone  effects  the  pulveri^  ition  of  the  ore.  In  some 
cases,  it  is  taken  out  in  the  dry  state,  and  sifted  ;  but  more  g  nerally  the  separation  of 
the  finely  ground  particles  is  accomplished  by  the  action  of  \  mning  water.  For  this 
purpose  a  small  stream  is  made  to  trickle  into  the  circuit  **  trough,  by  which'  the 
pounded  ore  is  worked  up  into  a  muddy  consistence,  and  the  fi^  "^r  particles  fiow  off  with 
the  excess  of  water,  through  a  notch  cut  in  the  margin  of  the  U  ugh.  This  fine  matter 
is  received  in  little  pools,  where  the  pounded  ore  is  Ief\  to  settlv    ;   and  the  clear  water 

1003  being  run  i    T,  the   powder  is  re 


are  driven  by  a 
wheel,  of  Rve 
one    foot    broad, 
give  a  sufficient 
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moved  from  ',    he  bottom,  and  car 
ried  to  the  pl«^     e  of  amalgamation. 
The  ingenio       or  stamping-mills, 
small  breast  wat  er- 
ect diameter,  and 
Fig,    1003   will 
dea  of  their  con- 
struction.      The      long    horizontal 
shafY,  fixed  on  the  h  A^  of  the  wheel, 
is  furnished  with  6  t  ''  6  cams  placed 
at  different  situatioi   s    round    the 
shafl,  so  as  to  act  in    succession  on 
the  projecting  teeth  o  "  the  upright 
rods    or   pestles.     E«.  h   of  these 
weighs  200  pounds,  an4    works  in  a 
corresponding    oblong    » "uortar    of 
stone  or  wood. 
The  pafioy  or  amalgamation  floor, /g.  1004,  is  a  large  flat  space,  open  to    the  sky, 
312  feet  in  length,  by  236  in  breadth,  and  securely  surrounded  by  strong  wal's.    It  is 

paved  with  lafj  ?e  un- 
hewn blocks  of »  orphy- 
ry,  and  is  capl^  le  of 
containing  24  lor^  's,  or 
flat  circular  colle'\  ions 
of  lamoy  of  about  56.  feet 
diameter,  and  7  in4  ^^ 
deep,  when  the  patio  is 
not  filled,  (but  of  somt*- 
what  smaller  dimension&' 
when  nearly  so,)  ranged 
in  4  rows,  and  numbered 
. ^ from  the  left-hand  cor- 
ner. At  one  end  a  small  space  is  generally  set  apart  for  the  assays,  which  are  made 
each  on  one  monton. 
The  following  description  of  Mexican  amalgamation  is  given  by  Captain  Lyon. 
A  torta  of  Zacatecas  contains  60  montons  of  20  quintals  each,  and  is  thus  formed:-— > 
In  the  first  instance,  a  square  space,  of  the  requisite  size  for  a  torta,  is  marked  out,  and 
enclosed  by  a  number  of  roueh  planks,  which  are  propped  in  their  places  on  the  patio 
floor  by  larire  stones,  and  dried  horse-dung  and  dust  are  piled  round  their  edges  to  pre- 
vent the  encape  of  the  lama.  A  heap  of  saltierra  (salt  mixed  with  earthy  impurities)  is 
then  piled  in  the  centre,  in  the  proportion  of  2  faunas  (each  =  1-6  English  bushels)  and 
a  half  to  the  monton,  =  160  for  the  torta.    After  this,  the  lame,  or  ore  ground  into  e 
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fine  paste,  is  poured  in.  When  the  last  or  60th  monton  is  delivered,  the  salticm  it 
shoTeUed  down  and  well  n^xed  with  the  lama,  by  treadinii;  it  with  hones,  and  tonuBf  it 
with  shovels ;  afler  which  the  pr  epai-ation  is  leA  at  rest  for  the  remainder  of  the  day.  Ob 
the  following  day  comes  the  el  ti  icorpoiv^  AHer  about  one  hoar's  treading  by  horaet,  the 
magistral  or  roasted  and  pulvei  ized  copper  ore  is  mixed  with  the  lama,  (the  rtpuao  or 
treading-mill  still  continuing,)  i  n  summer  in  the  proportion  of  Idcargasof  ]2anobM 
(25  lbs.  each)  to  the  torta,  if  the  ■  ore  be  of  6  marcs  to  the  monton,  and  in  winter  in  only  half 
the  quantity.  For  it  is  a  singd  lar  fact,  that  in  summer  the  mixture  cools,  and  requires 
more  warmth ;  while  in  winter  it  acquires  of  itself  additional  heat.  With  poorer  ores, 
as  for  instance  those  of  4  marc  s  to,  the  monton,  12  cargas  are  applied  in  summer,  and  € 
in  winter.  From  November  tc  •  February^  lime  is  also  occasionally  used  to  eool  the 
in  the  proportion  of  about  a  p«  -ck  per  monton. 

The  repaso,  or  treading  out  ,  is  continued  by  six  horses,  which  are  guided  fay  one 
who  stands  in  the  lama,  and  directs  them  all  by  holding  all  their  long  halters.  This 
operation  is  much  more  eflec  lual  in  a  morning  than  an  evening,  and  oecupies  about  five 
or  six  hours.  When  the  nr  lagistral  is  well  mixed,  the  quicksUver  is  applied  by  being 
sprinkled  through  pieces  of  coarse  cloth  doubled  up  like  a  bag,  so  that  it  spaita  out  in 
▼ery  minute  particles.  Thr  >  second  treading  of  the  horses  then  follows ;  alter  which  tbx 
whole  mixture  is  turned  ov  er  by  six  men  with  wooden  shovels,  who  pcxform  the  opei^ 
tion  in  an  hour.  The  tort  a  is  then  smoothed  and  left  at  rest  for  one  entire  day,  to  aUow 
the  incorporation  to  take  place.  It  unoersoes  the  turning  by  shovels  and  trending  by 
horses  every  other  day,  ar  ail  the  amalgamator  ascertains  that  the  first  admiztnre  of  qnick- 
silver  is  found  to  be  all  f  ^ken  up  by  the  silver ;  and  this  he  does  by  vanning  or  waahiag 
a  small  quantity  of  the  f  .orta  in  a  little  bowl.  A  new  supply  is  then  added,  and  whea 
this  has  done  its  duty,  r  mother  is  applied  to  catch  any  stray  particles  of  silver.  On  the 
same  day,  afler  a  good  repaso,  the  torta  is  removed  on  hand-barrows  by  the  laborers,  to 
the  lavaderos,  in  order  that  it  may  receive  its  final  cleansing.  The  §reneral  method  of 
proportioning  the  qu'  icksilver  to  the  tortas,  is  by  allowins  that  every  mnrco  of  silver 
which  is  promised  by  trial  of  the  ores  as  the  probable  produce  of  a  monton,  will  require 
in  the  whole  procesr  i  4  lbs. 

In  metals  of  five  '  to  six  marcs  and  a  half  per  monton  (of  the  average  richness  of  Zaeate- 
cas),  16  lbs.  of  qn'  icksilver  were  incorporated  for  every  monton,  =  900  lbs.  for  the  torta. 
On  the  day  of  thf  ..  second  addition,  the  proportion  is  5  lbs.  the  monton ;  and  when  tte 
torta  is  ready  to  1  eceive  the  last  dose  of"  quicksilver,  it  is  applied  at  the  rate  of  7  Ifas. 
the  monton,  =  4'  io  lbs. ;  making  a  total  of  1620  lbs.  of  quicksilver.  With  poorer  orei^ 
less  quicksilver    and  less  masistral  are  required. 

The  usual  ti  me  for  the  completion  of  the  ph>cess  of  amalgamation,  is  from  12  to  15 
days  in  the  su'  mmer,  and  20  to  25  in  the  winter.  This  is  less  than  a  third  of  the  tine 
taken  at  some  other  mines  in  Mexico.  This  rapidity  is  owing  to  the  tortas  beinir  spraad 
very  flat,  and  receiving  thereby  the  stronger  influence  of  the  sun.  In  the  Mexican  miae!^ 
only  one  mo  nton  is  commonly  mixed  at  a  time ;  and  the  lama  is  then  piled  in  a  saall 
conical  hea*  p  or  monton. 

Lavader  j,  or  washing  vat, — Here  the  prepared  tortas  are  washed,  in  order  to  eurj  off 
the  earthy  matters,  and  favor  the  deposition  of  the  amalsam  at  the  bottom.  Each  vat  is 
about  8  f  eet  deep,  and  9  in  diameter;  and  wlidly  built  in  masonry. 

A  larr  ,'e  horizontal  wheel,  worked  by  mules,  drives  a  vertical  one,  which  tarns  a  hori- 
sontal  ^  jvheel  fitted  round  a  perpendicular  wooden  ^haA,  revolving  upon  an  iron  prrot  at 
the  bo'.tom  of  the  vat.  To  the  lower  end  of  this  shaA,  four  cross-beams  are  fitted,  (hom 
which .  long  wooden  teeth  rise  to  the  height  of  5  feet.  Their  motion  through  the  water 
beiinf  rapid,  keeps  all  the  lighter  particles  afloat,  while  the  heavier  sink  to  the  bottom. 
The  large  wheel  is  worked  by  fbur  mules,  two  at  each  extremity  of  the  eross-beam. 
Ws.ter  is  supplied  from  an  elevated  tank.  It  requires  12  hours^  work  of  one  tub  to 
&  t.orta.  Eight  porters  are  employed  in  carry  ins  the  prepared  lama  of  the  torta  in 
brirrows  to  the  vats.    The  earthy  matter  receives  a  second  washing. 

The  amalgam  is  carried  in  bowls  into  the  azogueriay  where  it  is  subjected  to  straininf 
through  the  strong  canvass  bottom  of  a  leather  bae.    The  hard  mass  lefl  in  the  bag  is 

1006  moulded  into  wedge-shaped  masses  of  30 

lbs.,  which  are  arranged  in  the  baming- 
house,  (Jig,  1005),  to  the  number  of  1 1, 
upon  a  solid  copper  stand,  caJled  6a so,  bar. 
ing  a  round  hole  in  its  centre.  Over  this 
row  of  wedees  several  others  are  botlt ;  and 
the  whole  pile  is  called  pma.  Each  eireii- 
lar  ranee  is  firmly  bound  round  with  a  rope. 
The  base  is  placed  over  a  pipe  which 
leads  to  a  smidl  tank  of  water  lor  eo»- 
drnsing  the  quicksilver ;  a  cylindrioal  space  being  leA  in  the  middle  of  the  pimm^  t»  give 
free  egress  to  the  mercurial  vapors. 
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Akige  bdl-ibapcd  cotct,  called  capcIlMM,  ii.now  hmstcd  Dp,aiid  cmn(bl)y  lowered 
over  the  pua,  by  ineau  of  pulleji.  A  nroDg  lule  oTadiee,  Baltieira,  and  lania  is  applied 
la  ils  lower  eilee,  and  made  lo  fit  ntj  ckwely  to  (be  plaie  on  which  the  base  iland*. 
A  wall  of  Gre  bricks  is  Ihen  built  looBely  roudd  (he  capelliu,  and  Uii*  epace  is  filled 
vilh  horning  cbarooal,  which  is  thrice  repleniahed,  to  keep  il  barning  all  iu§[lil.  After 
itie  heat  baa  been  applied  20  hour*,  the  bricks  and  ashei  are  removed,  the  luting  broken, 
and  the  capelUna  bolated  up.  The  burned  silver  is  then  foand  in  a  hard  mau,  which  ii 
biokea  up,  weighed,  and  carried  to  tlje  catting-tiouae,  lo  be  formed  into  ban  of  about  JD80 
ouaces  each.  The  loes  oT  eilver  in  burniog  is  about  5  ouKes  to  each,  bar  (Aoitb),  and 
the  loM  of  quicksilTer,  from  2|  upon  the  good  metals,  to  9  upon  the  coarse. 

Holiaa  told  Hr.  Mieni,  that  vhe  produce  of  the  galena  OTesoTUspallalaitid  not  average 
mare  than  2  marcs  per  ciuim  of  50O0  Ibc,  which  is  an  excessively  poor  ore.  The  u^kd- 
tircFoos  galena  oresorCuloberlaad  attord  II  marcs  percaion  j  while  tKe  average  prodtNe 
oflhePatosiulveroresisonly  Sore  tnarcs  ill  the  same  quantity.  These  cooipariKins  aKnd 
the  clearest  evidence  that  the  Knglish  mode  of  smelting  can  never  be  brongbl  into  com 
petition  with  the  process  of  amalKamalion  as  practised  in  America. 

HumbokJl,  Gay  Lnssae,  Boussingault,  Kartlen,  and  several  other  ehemista  of  not«, 
have  offered  wlolions  or  the  smBlirainalian  eniKina  of  Mexico  aad  Peru.  The  folkiwing 
leeou  lo  be  the  tnost  probable  r/itimalt  of  the  successive  steps  of  the  process  :— 

The  addition  uf  the  maguirai  (powder  of  the  roasted  copper  pyrites),  is  not  for  the 
purpose  of  disengaging  muriatic  acid  from  the  sea  salt  (lallitira'),  as  has  been  supposed, 
tince  nothing  of  Ills  kind  actually  takes  place;  bnl,  by  recipfDixl  or  eompouad  affinity, 
<>  serves  to  furm  chloride  of  cop|ier,  and  chloride  of  iron,  u|ion  (he  one  band,  and  sulphate 
of  soda,  upou  the  other.  Were  saliihiiiic  acid  to  be  used  instead  of  the  magistral,  M 
certain  novices  have  prescribed,  it  would  certainly  prove  injurious,  by  causing  muriatic 
aeid  to  exhale.  Since  the  ores  contain  only  at  liDies  oiyde  uf  silver, 'but  always  a  great 
abundance  ufoiyde  of  iron,  the  acid  would  carrfoff  bulb  partly,  bat  leave  the  chloride  of 
silver  in  a  fieer  state.  A  maiislral,  such  as  salphate  uf  iron,  which  is  not  in  a  conditio* 
to  generate  the  chlorides,  will  nut  suit  the  present  purpose ;  only  such  metallic  sulphates 
are  useful  as  are  ready  to  be  (ransrunned  into  chlorides  by  the  laliitira.  This  is  pe- 
culiarly ibe  ease  with  sulphate  of  copper.  lis  deu to-chloride  gives  up  chlorine  to  Ihi 
silver,  becomes  in  consequence  a  protochloride,  while  the  chloride  of  silver,  thus  funned, 
it  revived,  and  smalgamaled  with  the  quicksilver  present,  by  •■leclro-chetnical  egencf 
which  is  excited  by  the  saline  menstruum  j  just  as  the  voltaic  pile  of  copper  and  silver  il 
rendered  active  by  ■  solnlionofsea  salt.  A  portion  of  chloride  of  mercury  will  be  simul- 
taneously formed,  lo  be  decomiioBed  in  its  turn  by  the  solphale  of  silver  resulting  fraiii 
the  Bintua)  acliDu  of  the  acidified  pyrites,  and  the  silver  or  ils  oiyde  in  the  ore.  An 
addition  of  quicklime  connlemcts  the  injurious  effect  of  loo  much  magistral,  by  decom- 
posing the  resulting  sulphate  of  capper.  Quicksilver  being  an  excellent  conductor  of 
heal,  when  iotnxluced  in  loo  great  quantities,  is  apt  to  cool  the  mass  too  much,  aid  therein 
enfeebles  the  operation  of  the  deu  to- chloride  of  copper  upon  the  silver. 

There  is  a  method  of  extracting  silver  from  ils  ores  by  what  is  called  iminbitum.    Thlt 
is  exceedingly  simple,  consisting  in  depriving,  as  far  as  possible,  the  silver  of  its  gangoe, 
then  melting  it  with  about  its  own  weieht  <•(  lead.      The  alloy  Ihus  procured,  containi 
from  30  lo  35  ptr  cni,  o(  silver,  which  is  separated  by  capellation  on  the  great  seale,  as 
described  under  ores  of  Itad.     In    bis  way  the  silver  is  obtained  II  Kongsberg  ia  Norway. 
The  araalgflmalion  works  at  Halsbriieke,  near  Freybcrg,  for  the  treatment  "of  silver  ore* 
by  mercury,  have  been  justly  admired  as  a  model  of  arrangement,  eonvenirnee,  and  regu- 
larity; and  1  shall  conclude  this  subject  with  a  sketch  of  their  general  distribalion. 
Fig.  lOOff  preaenU  a  vertical  secUon  of  this  great  iui'm  or  hullenwerk,  subdivided  inl* 
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BiAings  and  th«  nulling.  The  third,  c,  d,  includes  tbe  amalgamatioB  apartment  abofc^ 
and  the  wash-house  of  the  residuum  helow.  And  in  the  fourth,  d,  e,  tbe  distilling  ap- 
paratus is  placed,  where  the  amalgam  is  finally  delirered. 

Thus,  from  one  extremity  of  this  building  to  the  other,  the  workshops  follow  in  the  ofder 
of  the  processes ;  and  the  whole,  over  a  length  of  180  feet,  seems  to  be  a  natural  laburm- 
tory,  through  which  the  materials  pass,  as  it  were  of  themselves,  from  their  crude  to  their 
refined  condition  ;  so  skilfully  economized  and  methodical  are  the  labors  of  the  woricroen ; 
such  are  the  regularity,  precision,  concert,  and  facility,  which  pervade  this  long  series  €f 
oombinations,  carriaaes,  movements,  and  metamorphoses  of  matter. 

Here  we  distinguish  the  following  objects : — 

1.  In  diviftion  a,  b  ;  a,  a,  is  the  magazine  of  salt ;  b,  by  is  the  hall  of  preparation  of  the 
ores ;  on  the  floor  of  which  they  are  sorted,  interstratificd,  and  mixed  up  with  salt ;  r,  c, 
are  the  roasting  furnaces;  in  each  of  which  we  see,  1,  the  fireplace ;  2, 3,  the  reverberatory 
hearth,  divided  into  two  portions,  one  a  little  higher  than  the  other,  and  more  distant  from 
the  fireplace,  called  the  drier.  The  malerials  to  be  calcined  fall  into  it,  through  a  clmn- 
ney  6.  The  other  part  2,  of  the  hearth,  is  the  calcining  area.  Above  the  fVimace  are 
chambers  of  sublimation  4,  5,  for  condensing  some  volatile  matters  which  escape  by  the 
opening  7.    e  is  the  main  chimney. 

2.  In  the  division  b,  c,  we  have  rf,  the  floor  for  the  coarse  sifting ;  beneath,  that  Ibi 
the  fine  sieves ;  from  which  the  matters  fall  into  tbe  hopper,  whence  they  pass  down  tog, 
the  mill-house,  in  which  they  are  ground  to  flour,  exactly  as  in  a  corn-mill,  and  are  after 
wards  bolted  through  sieves,    p,/,  is  the  wheel  machinery  of  the  mill. 

3.  The  compartment  c,  d,  is  the  amalgamation  work,  properly  speaking,  where  the  eada 
Are  seen  in  their  places.  The  washing  of  the  residaums  is  effected  in  the  shop  /,  below. 
kf  k,  is  the  compartment  of  revolving  casks. 

4.  In  the  division  d,  e,  the  distillation  process  is  carried  on.  There  are  four  similar 
furnaces,  repiesented  in  different  states,  for  the  sake  of  illustration.  The  wooden  drawer 
is  seen  below,  supporting  the  cast-iron  basin,  in  which  the  tripod  with  its  candelabra  for 
bearing  the  amalcam  saucers  is  plaised.     q  is  a  store  chamber. 

At  B,  are  placed  the  pulleys  and  windlass  for  raising  the  roasted  ore,  to  be  sifted  and 
ground ;  as  also  for  raising  the  milled  flour,  to  be  transported  to  the  amalgamation  casks. 
At  D,  the  crane  stands  for  raising  the  iron  bells  that  cover  the  amalgamation  candelabia. 

Details  of  the  Amalgamation  Process,  as  practised  at  Halsbriidce,  —  All  ores  which 
contain  more  than  7  lbs.  of  lead,  or  1  lb.  of  copper,  per  cent.,  are  excluded  from  tbis 
reviving  operation  (anquiekverfakren) ;  because  the  lead  would  render  the  emalgam  very 
impure,  and  the  copper  would  be  wasted.      I'hey  are  sorted  for  the  amalgamatioo,  in 
such  a  way  that  the  mixture  of  the  poorer  and  richer  oies  may  contain  7|,  or,  at  most, 
8  loths  (of  ^  oz.  each)  of  silver  per  100  lbs.    The  most  usual  constituents  of  the  ores 
are,  sulphur,  silver,  antimonial  silver  (speissglanzsilber),  bismuth,  snlphurets  €^  arsenic^ 
of  copper,  iron,  lead  (nickel,  cobalt),  zinc,  with  several  earthy  minerals.     It  is  essentisl 
that  the  ores  to  be  amalgamated  shall  contain  a  certain  proportion  of  sulphur,  in  oider 
that  they  may  decompose  enough  of  sea  salt  in  the  roastin?  to  disengage  as  nock 
chlorine  as  to  convert  all  the  silver  present  into  a  chloride.     With  this  view,  ores  poor 
in  sulphur  are  mixed  with  those  that  are  richer,  to  make  up  a  determinate  averafEe. 
The  ore-post  is  laid  upon  the  bed-floor,  in  a  rectangular  heap,  about   17  ells  long,  and 
4|  ells  broad  (13  yards  and  3|);   and  upon  that  layer  the  requisite  quantity  of  salt  is  let 
down  from  the  floor  above,  through  a  wooden  tunnel ;  40  cwts.  of  salt  beine  allotted  to 
400  cwts.  of  ore.     The  heap  being  made  up  with  alternate  strata  to  the  desired  magnitude, 
must  be  then  well  mixed,  and  formed  into  small  bings,  called  roast-posts,  weighing  each 
from  3^  to  41  cwts.    The  annual  consumption  of  salt  at  Halsbrucke  is  6000  cwts. ;  it  is 
supplied  by  the  Prussian  salt-works. 

RocutingofthejimalgamationQres.'^^The  furnaces  appropriated  to  the  roasting  of 
the  ore-posts  are  of  the  reverberatory  class,  provided  with  snot  chambers.  They  are 
built  up  alongside  of.  the  bed-floor,  and  connected  with  it  by  a  brick  tunnel.  The 
prepared  ground  ore  (erzmehl)  is  spread  out  ufion  the  hearth,  and  dried  with  incessant 
turning  over ;  then  the  fire  is  raised  so  as  to  kindle  the  sulphur,  and  keep  the  ore  redhot 
for  one  or  two  hours;  during  which  time,  dense  white-gray  vapors  of  arsenic,  antimony, 
and  water,  are  exhaled.  The  desulphuration  next  besrins,  with  the  api^earance  of  a  blue 
flame.  This  continues  for  three  hours,  during  which  the  ignition  is  kept  up;  and  the 
mass  is  diligently  turned  over,  in  order  to  present  new  surfaces,  and  to  prevent  aoy 
eaking.  Whenever  sulphurous  acid  ceases  to  be  formed,  the  finishinc  calcination  is  to 
be  commenced  with  increased  firing ;  the  object  being  now  to  decompose  the  sea  salt  by 
means  of  the  metallic  sulphates  that  have  been  generated,  to  convert  them  into  chlorides, 
with  the  simultaneous  production  of  sulphate  of  soda.  The  stirring  is  to  be  ccHitinaed 
till  the  proofs  taken  from  the  hearth  no  longer  betray  the  smell  of  sulphniotts,  bat  oaly 
of  muriatic  acid  gas.  This  roasting  stage  lasts  commonly  three  quarters  of  an  hoar, 
13  or  14  farna(ves  are  worked  at  the  same  time  at  Halsbrucke ;  and  each  turns  out  m  « 
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week  5  tons  Qpoh  an  averagie.  Out  of  the  iitdk/  chambers  or  aoot  vanUs  of  the  fornaeefli, 
from  96  to  100  cwts.  of  ore-dust  ou-e  obtained,  containing  32  mafcs  (16  lbs.)  of  silycr. 
This  dost  is  to  be  treated  like  nnroasted  ore.  The  fuel  of  the  first  fire  is  pitcoal ;  of  the 
finishing  one,  fir-wood.  Of  the  fanner  1 15j^  cubic  feet,  and  of  the  latter,  294|,  are,  upon 
aa  average,  consumed  for  ever^  100  cwts.  of  ore. 

Dnring  the  last  roasting,  the  ore  increases  in  bulk  by  one  fourth,  becomes  in  conse- 
qnence  a  lighter  powder,  and  of  a  brown  color.  When  this  process  is  completed,  the  ore 
is  raked  out  upon  the  stone  payement,  allowed  to  cool,  then  screened  in  close  sieve-boxes, 
in  order  to  separate  the  finer  powder  from  the  lumps.  These  are  to  be  bruised,  mixed 
with  sea  salt,  and  subjected  to  another  calcination.  The  finer  powder  alone  is  taken  lo 
the  millstones,  of  which  there  are  14  pairs  in  the  establishment.  The  stones  are  of  gra- 
nite, and  make  from  100  to  120  revolutions  per  minute.  The  roasted  ore,  after  it  has 
passed  throuuh  the  boUer  of  the  mill,  must  be  as  impalpable  as  the  finest  flour. 

The  Amalgamation, — This  (the  verquicken)  is  performed  in  20  horizontal  casks, 
arranged  in  4  rows,  each  turning  upon  a  shall  which  passes  through  its  axis ;  and  all 
driven  by  the  water-wheel  shown  in  the  middle  of  fig.  1006.  The  ca^s  are  2  feet  10 
inches  long,  2  feet  8  inches  wide,  inside  measure,  and  are  provided  with  iron  ends.  The 
staves  are  3|  inches  thick,  and  are  bound  together  with  iron  hoops.  They  have  a  double 
bune-hole,  one  formed  within  the  other,  secured  by  an  iron  plug  fastened  with  screws. 
They  are  filled  by  means  of  a  wooden  spout  terminated  by  a  canvass  hose ;  through 
which  10  cwts.  of  the  bolted  ore-floor  (erzmehl)  are  introduced  after  3  cwts.  of  watei 
have  been  poured  in;  To  this  mixture,  from  j  to  -J  of  a  cwt.  of  pieces  of  iron,  H  inch 
square,  and  |  thick,  are  added.  When  these  pieces  get  dissolved,  they  are  replaced  by 
others  from  time  to  time.  The  casks  being  two  thirds  full,  are  set  to  revolve  for  1}  or 
2  hours,  till  the  Ore-powder  and  water  become  a  uniform  pap ;  when  5  cwts.  of  quick- 
sflver  are  poured  into  each  of  them.  The  casks  being  again  made  tight,  are  put  in  gear 
with  the  driving  machinery,  and  kept  constantly  revolving  for  14  or  16  hcmrs,  at  the  rate 
of  20  or  22  turns  in  the  minute.  During  this  time  they  are  twice  stopped  and  opened,  in 
order  to  see  whether  the  pap  be  of  the  proper  consistence ;  for  if  too  thick,  the  globules 
of  quicksilver  do  not  readily  combine  with  the  particles  of  ore ;  and  if  too  thin,  they 
fall  nnd  rest  at  the  bottom.  In  the  first  case,  some  water  must  be  added  ;  in  the  second, 
some  ore.  Durinsr  the  rotation,  the  temperature  rises,  so  that  even  in  winter  it  some- 
times stands  so  hieh  as  104®  F. 

The  chemical  changes  which  occur  in  the  casks  are  the  followinir : — The  metallic 
chlorides  present  in  the  roasted  ore  are  decomposed  by  the  iron,  whence  results  muriate 
of  iron,  whilst  the  deotochloride  of  copper  is  reduced  partly  to  protochloride,  and  partly 
to  metallic  copper,  which  throw  down  metallic  silver.  The  mercury  dissolves  the  silver, 
copper,  lead,  antimony,  into  a  complex  amalgam.  If  the  iron  is  not  present  in  sufficient 
qnantity,  or  if  it  has  not  been  worked  with  the  ore  long  enoush  to  convert  the  copper 
deutuchlnride  into  a  protochloride,  previously  to  the  addition  of  the  mercury,  more  or  less 
of  the  last  metal  will  be  wasted  by  its  conversion  into  protochloride  (calomel.)  The 
water  holds  in  solution  sulphate  of  soda,  undecomposed  sea  salt,  with  chlorides  of  iron, 
mansanese,  &c. 

As  soon  as  the  revivification  is  complete,  the  casks  must  be  filled  with  water,  set  to 
revolve  slowly  (about  6  or  8  times  in  the  minute),  whereby  in  the  course  of  an  hour,  or 
an  hour  and  a  half  at  most,  a  creat  part  of  the  amalgam  will  have  collected  at  the  bot- 
tom; and  in  consequence  of  the  dilution,  the  portion  of  horn  silver  held  in  solution 
by  the  sea  salt  will  fall  down  and  be  decomposed.  Into  the  small  plus  in  the  centre  of 
the  bung,  a  small  tube  with  a  stopcock  is  now  to  be  inserted,  to  discharge  the  amalgam 
into  its  appropriate  chamber.  The  cock  roust  be  stopped  whenever  the  brown  muddy 
residuum  begins  to  flow.  The  main  bung  being  then  opened,  the  remaining  contents 
of  the  cHftks  are  emptied  into  the  toash-twn,  while  the  pieces  of  iron  are  kept  back. 
The  residuary  ore  is  found  to  be  stripped  of  its  silver  within  ^j  or  -"L  of  an  ounce  per 

cwt.  The  emptyin?  of  all  the  casks,  and  charging  them  again,  takes  2  hours ;  and  the 
whole  process-is  finished  within  18  or  20  hours;  namely,  i  hour  for  charging,  14  to  16 
aours  for  amals^amatin?,  1}  hour  for  diluting,  1  hour  for  emptying.  In  14  days,  3200 
cwts.  of  ore  are  amalgamated.  For  working  100  cwts.  of  ore,  14i  lbs.  of  iron,  and  2 
lbs.  12|  ounces  of  mercury  are  required ;  whence,  for  every  pound  of  silver  obtained, 
0*95  of  an  ounce  of  mercurj'  are  consumed. 

Trials  have  been  made  to  conduct  the  amalgamation  process  in  iron  casks,  heated  to 
15CP  or  160^  Fahrenheit,  over  a  firej  but,  thoush  the  de-silverins  was  more  complete, 
the  )o«s  by  mercury  was  so  much  greater  as  to  more  than  counterbalance  that  advantage. 

Treafmenl  of  the  Jimalzam. — It  is  first  received  in  a  moist  canvass  bag^  through 
which  the  thin  uncombined  quicksilver  spontaneously  passes.  The  beg  is  then  tied  up 
and  subj^'cte  I  to  pressure  Out  of  20  casks,  from  3  to  3^  cwts.  of  solid  amal^aro  are  thus 
procured,  which  usually  consist  of  1  pert  of  an  alloy,  containinsr  silver  ot  12  or  13  loths 
(in  16>,  and  6  parts  of  quicksilver.    The  foreign  metals  in  that  alloy  are,  copper,  lead, 
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gold,  antimODyy  cobalt,  nickel,  bumntb,  kue,  uwiiic^  nd  ibm.    Tlie  liUcred  qfMtmkng 

contains  moreoTer  2  to  3  loths  of  silyer  in  thecwt. 

Fig.  1007  represents  the  apparatus  for  distilling  the  amalgam  in  the  fiaUbrftdBe 
worlu;  marked  m  in  fig,  100&    a  is  the  wooden  drawer,  sliding  in  groovca  npoA  the 

basis  qs  b  is  an  open  basin  or  box  of 
1007     (ti  east  iron,  laid  in  the  wooden  drawer;  y 

is  a  kind  of  iron  candelabra,  snpported 
upon  four  feet,  and  set  in  the  basin  « ; 
under  d  are  fire  dishes,  or  plates  of 
wrouffht  iron,  with  a  hole  in  the  centre 
of  each,  whereby  they  are  fitted  npoB 
the  stem  of  the  candelabra,  3  inches 
apart,  each  plate  being  snecesciTe^ 
smaller  than  the  one  below  it.  3  indi- 
cates a  cast-iron  bell,  fnmiihed  with  a 
wi^ght^iron  frame  and  hook,  for  raia- 
..  log  it  by  means  of  a  puller  and  cord. 
«  is  a  sheet-iron  door  for  closing  tbe 
stove,  wb«*never  tbe  bell  has  been  set  in  its  place. 

The  boii  a,  and  the  basin  b  above  it,  are  filled  with  water,  which  must  be  continnaOy 
renewed,  ibroush  a  pipe  in  tbe  side  of  the  wooden  box,  so  that  the  iron  basin  may  be 
kept  always  submersed  and  cool.  The  drawer  a,  being  properly  placed,  and  the  plates 
under  d  being  charged  with  balls  of  amalgam  (weighing  altogether  3  cwts.),  the  bell  3 
Is  to  be  let  down  into  the  water,  as  at  y,  and  rested  upon  the  lower  part  of  the  candelabra. 
tTpon  the  ledge  1,  which  defines  the  bottom  of  tbe  fire-place,  a  circular  plate  of  iron  is 
laid,  having  a  hole  in  its  middle  for  the  bell  to  pass  through.  Upon  this  plate  chips  cf 
fir-wood  are  kindled,  then  tbe  door  «,  which  is  lined  with  day,  is  closed  and  luted  tight. 
The  fuel  is  now  placed  in  the  vacant  space  fc,  round  the  upper  part  of  the  bell.  The  fire 
must  be  fed  in  most  gradually,  first  with  turf,  then  with  charcoal ;  whenever  the  bell  gets 
red,  the  mercury  volatilizes,  and  condenses  in  globules  into  the  bottom  of  the  basaa  m. 
At  the  end  of  8  hours,  should  no  more  drops  of  mercury  be  beard  to  fall  into  the  water, 
the  fire  is  stopped.  When  the  bell  has  become  cool,  it  is  liArd  ofi*;  the  plates  are  removed 
from  the  candelabra  d;  and  this  being  taken  out,  the  drawer  a  is  slid  away  from  tbe  far* 
nace.  The  mercury  is  drained,  dried,  and  sent  again  into  the  amalgamation  woiks. 
The  silver  is  fused  and  refined  by  cupellation. 

The  solid  amalgam  Which  is  distilled  in  the  above  apparatus,  would  be  distilled  moie 
profitably  out  of  iron  trays  set  in  the  mercurial  retorts  described  and  figured  in  pages 
815,  816. 

From  3  cwts.  of  amalgam,  distilled  under  tbe  bell,  from  95  to  100  mares  (|  lbs.)  of 
ielUr  silver  (dish  silver)  are  procured,  containing  from  10  to  131  parts  of  fine  silver  ool 
of  16 ;  one  fiflh  part  of  the  metal  being  copper.    The  leUer  silver  is  refined  in  qosniilies 
of  160  or  170  marcs,  in  black-lead  crucibles  filled  within  two  inches  of  their  brims,  and 
submitted  to  brisk  ignition.    The  molten  mass  exhales  some  vapors,  and  throws  ap  a 
liquid  slag,  which  being  skimmed  ofl*,  the  surface  is  to  be  strewed  over  with  chareoal 
powder,  and  covered  with  a  lid.    The  heat  having  been  briskly  urged  for  a  short  time, 
the  charcoal  is  then  removed  along  with  any  fresh  slag  that  may  have  risen,  ia  order  to 
observe  whether  the  vapors  have  ceased.    If  not,  fresh  charcoal  must  be  again  applied, 
the  crucible  must  be  covered,  and  the  heat  increased,  till  fumes  are  no  longer  produced, 
and  the  surface  of  the  silver  becomes  tranquil.    Finally,  the  alloy,  which  contains  a  little 
gold  and  much  copper,  being  now  from  11  to  13  Idihig  (that  is,  holding  from  11  to  13 
parts  of  fine  silver  in  16  parts),  is  cast  into  iron  moulds,  in  ingots  of  60  mares.     The  losa 
of  weight  by  evaporation  and  skinuning  of  the  slag  amounts  to  2  per  cent. ;  tlie  loss  in 
silver  is  quite  inconsiderable. 

The  dust  from  the  furnace  (tiegelo/en)  is  collected  in  a  large  condensation  chamber  of 
the  chimney,  and  aflbrds  from  40  to  50  marcs  of  silver  per  cwt.  The  slags  and  old  cra- 
cibles  are  ground  and  sent  to  the  small  amalgamation  mill. 

The  earthy  residuum  of  the  amalgamation  casks  being  submitted  to  a  second  amal^* 
mation,  affords  out  of  100  cwts.  about  2  lbs.  of  coarse  silver.  T^is  is  first  fused  along 
with  three  or  four  per  cent,  of  a  mixture  of  potashes  and  calcined  quick salz  (impure 
sulphate  of  soda),  and  then  refined.  The  supernatant  liquor  that  is  drawn  out  of  the 
tanks  in  which  the  contents  of  the  casks  are  allowed  to  settle,  consists  chiefly  of  sulphate 
of  soda,  along  with  some  common  salt,  sulphates  of  iron  and  manganese,  and  a  little 
phosphate,  arseniate,  and  fluate  of  soda.    The  earthy  deposite  contains  from  «  to  JL 

of  a  loth  of  silver  per  cwt.,  but  no  economical  method  of  extractmg  this  small  quaatity 
has  yet  been  contrived. 

The  argentiferous  or  rich  lead  is  treated  in  Germany  by  the  cupellation  furnace  repte- 
sented  in  figs,  1008,  1009,  1010,  and  1011.     These  figures  exhibit  the  cnpellalioii 
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Ihinwe  oT  Ue  prineiia]  NneUing  mrin  in  [be  HtiU,  when  the  feOowinc  part*  nwt  be 
ditiiagoisbed  g  {fig.  1010}  t  1.  mwtary  of  tbe  foandation ;  2.  Sues  for  tbe  M«ape  of 
tDoUliire ;  3.  Hone  coven  of  the  Aues ;  4.  bed  of  hvd  rammed  Koris ;  5.  bricks  wt  at 
edge,  to  forn)  the  permanent  area  of  the  furnace ;  6.  the  Mle,  forned  of  wood  ashe^ 
wofhed,  dried,  and  be&ten  down ;  k,  dome  of  iron  plate,  moveable  bf  a  crane,  and  ms- 
cepljble  of  being  lined  [wo  inches  Ihiclc  with  Loam  j  n,  >>,  hij^ns  for  [wo  bellBW*  *i 
haling  valvea  suspended  before  [heir  orifices  to  break  and  spread  the  Uatl ;  g,  daor  fot 
inirodaciog  iaio  the  ftmtace  the  charge  of  lead,  equal  to  M  quintala  at  a  tiMei  *,Jlf^ 


1011 


1011,  two  bellowi,  like  those  of  a  smith's  fot^i  y,  door  of  the  fireplace,  throagh  whiidi 


billeu  of  wood  are  thrown  on  Ihe  grate 


aperture  or  door,  for  giving  israe-tn  the 
frolbj  Mnm  of  the  cnpellalion,  and 
the  litharge ;  i,  basin  of  MfMf, 
usually  corered  with  a  stone  shb,nvei 
wbieh  the  litharge  lallij  in  taie  cf 
accident  the  basin  is  laid  open  to  ad- 
mil  the  ridi  Itad, 

Tbe  following  is  the  mode  of  eon- 
ducting  the  cnpelluiioD.  Before  pat- 
ting the  lead  into  the  furnace,  a  Booi 
is  made  in  i[  of  ashes  best  carefnUj 
down  (see6, ^g.  1010);  snil  therein 
led  in  the  centre  of  this  floor  a  eiicnlai 


iqaee,  somewhat  lower  than  the  rest  oT  the  hearth,  where  the  silveT  ought  to  gather 
Uc  end  of  the  operation.    The  cupel  is  folly  six  feet  in  diuneler. 

In  forming  (he  floor  of  n  cupel, 
I  cubic  feel  of  washed  wood 
ashes,  usually  ftot  from  the  soap 
works,  are  employed.  Tbe  pre- 
paralion  of  [he  floor  requires  two  and 
a  hslT  hours'  work ;  and  when  it  is 
completed,  nnd  the  moveable  dome  (tf 
iron  plale  has  been  lined  with 
loam,  S4  quintals  (cwts.)  of  lead 
are  laid  on  the  Soar,  AS  qninUb 
hdtm  placed  in  the  pari  of  the 
furnace    farthest    IVom    the    bellows, 

and   48  near  to  Ihe  flre-lH-idgni   ts 

'^WSKS^y   7j)    I  Ihese,    scorie    containing    lead    and 

S(_.t  silver   are    added,   in    order   [o  loae 

dothin;.  The  movenblelid  is  now  luled  on  Ihe  furnac^e,  and  heal  ie  slowly  agrplied  in  the 
fireplace,  by  homing  f^ots  of  Gr-wood.  which  is  gradually  raised.  Section  1010  is  in  the 
fine  c,  D,  of  1009. 

At  Ihe  end  of  three  hoars,  Ihe  whole  lead  betn^  melted,  the  insiant  is  watched  for 
when  no  more  ebnliition  can  be  perceived  on  Ihe  surface  of  Ihe  bath  or  melied  metal; 
then,  but  not  sooner,  the  bellows  are  set  a  playing  on  the  gurihee  at  the  rale  of  4  or  S 
strokes  per  minute,  lo  favor  the  oxrdizement. 

In  five  hours,  reckoned  from  the  commencement  of  the  process,  the  fire  is  imartlr 
nisedi  when  a  iirari>h  froth  labtlrieh)  is  made  to  i^sne  ftom  Ihe  small  aperture  *  or 
the  fomnce.  This  Is  found  to  be  a  brittle  miitnre  of  oiydized  metals  and  impnritiea. 
The  workman  now  glides  the  rahe  over  [he  sniface  of  the  bath,  so  ai  to  draw  the  fVoth 
out  of  the  furnace ;  and,  as  it  issues,  powdered  charcoal  is  sirewed  upon  il,  al  (he  apertnn 
z,  to  cause  hs  coagulation.    The  (Voth  skimming  lasts  fbr  about  an  hour  and  a  half. 
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After  this  time,  the  litharge  brgins  to  fortn^  and  it  is  also  let  off*  by  the  small  opening 
x;  its  issue  being  aided  by  a  hook.  In  prop<>rtion  as  the  floor  of  the  furnace  gets  im- 
pregnated with  litharge,  the  workman  digs  in  it  a  gutter  for  the  escape  of  the  liquid 
litharge ;  it  falls  in  front  of  the  small  aperture,  and  concretes  in  stalactitic  forms. 

By  means  of  the  two  moveable  valves  suspended  before  the  tuyeres  «,  n,  (fg.  1010), 
the  workman  can  direct  the  blast  as  he  will  over  the  surface  of  the  metal.  The  wind 
should  be  made  to  cause  a  slight  cuil  on  the  Itqiiid,  so  as  to' produce  circular  undu- 
lations, and  gradually  propel  a  portion  of  the  litharge  generated  towards  the  edges  of 
the  cupel,  and  allow  this  to  retain  its  shape  till  the  end  of  the  operation.  The  stream 
of  air  shouki  drive  the  greater  part  of  the  litharge  towards  the  small  opening  x,  where 
the  workman  deepens  the  outlet  for  it,  in  proportion  as  the  level  of  the  metal  bath  de- 
scends, and  the  bottom  of  the  floor  rises  by  the  apposition  of  the  litlmrge  formed.  Li- 
tharge is  thus  obtained  during  about  12  hours ;  aAer  which  period  the  cake  of  silver  be- 
gins to  take  shape  in  the  centre  of  the  cupel. 

Towards  the  end  of  the  operation,  when  no  more  ihan  four  additional  quintals  of 
litharge  can  be  looked  for,  and  when  it  forms  solely  in  the  neighborhood  of  the  sflver 
cake  in  the  middle  of  the  floor,  great  care  must  be  taken  to  set  apart  the  latter  portions, 
because  they  contain  silver.  About  this  period,  the  Are  is  increased,  and  the  workman 
places  before  the  little  opening  x  a  brick,  to  serve  as  a  moond  to  the  efflux  of  litharge* 
The  use  of  this  brick  is, — 1.  to  hinder  the  escape  of  the  silver  in  case  of  any  accident; 
for  example,  should  an  explosion  take  place  in  the  furnace ;  2.  to  reserve  a  magazine  ol 
litharge,  should  that  still  circulating  round  the  silver  cake  be  suddenly  absorbed  by  die 
cupel,  for  in  this  dilemma  the  litharge  must  be  raked  back  on  the  silver;  3.  to  prevent 
the  escape  of  the  water  that  must  be  thrown  on  the  silver  at  the  end  of  the  proc«»s6. 

When  the  argentiferous  litharge,  collected  in  the  above  small  magazine,  is  to  be  ro> 
moved,  it  is  let  out  in  the  form  of  a  jet,  by  the  dexterous  use  of  the  iron  hook. 

Lastly,  aAer  20  hours,  the  silver  cake  is  seen  to  be  well  formed,  and  nearly  circnlar.  * 
The  moment  for  stopping  the  fire  and  the  bellows  is  indicated  by  th«  sudden  disappear- 
ance of  the  colored  particles  of  ox}'de  of  lead,  which,  in  the  latter  moments  of  oxydatioBy 
undulate  with  extreme  rapidity  over  the  slightly  convex  surface  of  the  silver  bath,  mov- 
ing from  the  centre  to  the  circumference.  The  phenomenon  of  their  total  disappearance 
is  called  the  ligMnimg,  or  fulguration.  Whenever  this  occurs,  the  plate  of  silver  being 
perfectly  clean,  there  is  introduced  into  the  furnace,  by  the  door  q,  a  wooden  spout,  akmg 
which  water,  previously  heated,  is  carefully  poured  on  the  sih'er. 

The  cupellation  of  84 'quintals  of  argentiferous  lead  takes  in  general  18  or  20  honrs* 
working.  The  promptitude  of  the  operation  depends  on  the  degree  of  purity  of  the 
leads  employed,  and  on  the  address  of  the  operator,  with  whom  also  lies  the  economy 
of  fuel.  A  good  workman  completes  the  cupellation  of  84  quintals  with  300  Ullets, 
each  equivalent  to  a  cubic  foot  and  eight  tenths  of  wood  (Hartz  measure)  ;  others  con- 
sume 400  billets,  or  more.  In  general,  the  cupellation  of  100  quintals  of  lead,  executed 
at  the  rate  of  84  quintal  charges,  occasions  a  consumption  of  790  cubic  feet  of  rcsinoas 
wood  billets. 

The  products  of  the  charge  are  as  follows  : — 

1.  Silver,  holding  in  100  marcs,  7  marcs  and  3  loths  of  alloy  -        24  to  30  mares. 

2.  Pure  litharge,  containing  from  88  to  90  per  cent,  of  lead    -        50-60  qoinlak. 

3.  Impure  litharge,  holding  a  little  silver  -  -        -  2-6     — 

4.  Shimniings  of  the  cupellation  -  -  •-  4-8      — 

5.  Floor  of  the  furnace  impregnated  with  litharge  -        -        22  -  30      — 


Note. — The  marc  u  7  02.  2  dtctt,  4  gr,  English  troy;  and  the  loth  is  haff 
16  lotha  make  a  marc,     100  pounds  Cologne  are  equal  to  103  pounds  avoirdupois  ;  and  fftt 
«6oiM  quifUal  cotUains  116  Cologne  pounds. 

The  loss  of  lead  inevitable  by  this  operation,  is  estimated  at  4  parts  in  100.  It  hwm 
been  diminished  as  much  as  possible  in  the  Frankenscham  works  of  the  Hartz,  by  lead* 
ing  the  smoke  into  long  flues,  where  the  lead  fumes  are  condensed  into  a  metallic  sooC 
The  silver  cake  receives  a  final  purification  at  the  Mini,  in  a  cupel  on  a  smaller  scale. 

From  numerous  experiments  in  the  great  way,  it  has  been  found  that  not  more  than 
100  quintals  of  lead  can  be  profilably  cupelled  at  c  ne  operation,  however  large  the 
furnace,  and  however  powerful  and  multiplied  the  bellows  and  tuyeres  may  be;  for  the 
loss  on  either  the  lead  or  the  silver,  or  on  both,  would  be  increased.  In  one  alteiopl, 
no  less  than  500  quintals  were  acted  on,  in  a  furnace  with  two  fireplaces,  and  four 
escapes  for  the  litharge ;  but  the  silver  remained  disseminated  through  the  lead,  and  the 
lightning  could  not  be  brought  on.    The  chief  object  in  view  was  economy  of  fuel. 

Reduction  of  the  Litharge, — This  is  executed  in  a  slag-hearth,  with  the  aid  of  ^rood 
charcoal. 

Such  is  the  train  of  operations  by  which  the  cupriferous  galena  schKehf  or  ground  ore 


it  rediie«d,  in  Ibe  diMriet  of  CltmittuU,  into  lead,  copper,  wtd  tilTei. 

FmnbenEcfanrn  have  a  front  faUy  400  feet  lon)C. 

Fif.  1011,  eihibiu  the  plan  and  elevalion  of  Ihese  smellinS-vorlEs,  near 
Ok  Hartz,  for  lead  ores  containing  copper  and  silver,  where  about  84,000  ci 


SilMr-mtlliiig  TTotIm  ^  FrajAnuchaTn, 


(each  of  123  Cologne  pounds)  are  treated  everj  year.  This  qoantily  is 
thirty  distinct  mines,  as  also  of  ncai  ly  as  many  stamp  and  preparation  vorks.  All  thCM 
different  ichliclii,  which  belong  to  so  many  diflerent  joint-slock  eompnnips,  are  eonfonnd- 
ed  and  worked  up  loEether  in  the  Eani«  series  of  metallursic  opprations;  the  resulting 
mixture  beine  cunsndered  as  one  and  the  same  ore  belon^in^  to  a  sinxle  underlakint; ;  but 
in  virtue  of  the  order  which  prevails  in  this  royal  eslnblishment,  the  riehls  of  each  of  the 
companies,  and  conEiequently  of  each  shareholder,  are  equitably  regulated.  A  vii(orona 
control  is  exercised  between  the  mines  and  the  stamps,  as  also  between  (he  stamps  and 
the  smeltiaE-hiiuseB ;  while  the  cost  of  the  metalluriiic  operations  is  placed  under  the  offi- 
cers of  the  ernwn,  and  distributed,  upon  just  principles,  among  the  Several  mines,  ae- 
Conling  lo  the  quantities  of  metal  furnished  by  each. 

From  these  arrangements,  the  followini  important  advantages  flow : — 
I.  The  poor  ores  may  be  smelted  with  proEt,  without  putting  the  companies  to  any 
risli  or  expense  in  the  erection  of  new  works;  3,  by  the  mixture  of  many  diFTeient  ores, 
the  smelting  and  metallic  product  become  more  easy  and  abundant ;  3,  the  train  of  Che 
operations  is  condnetcd  with  all  the  lights  and  resources  of  science )  and  4,  the  amount 
of  metal  btousht  into  the  market  is  not  subject  to  such  Huctnaiions  as  mi^ht  prove  ii^n- 
rioos  to  their  sale. 

The  following  is  the  series  of  operations;— 

1.  The  fusion  of  the  schlich  (sludge);  2,  the  roasting  of  the  mattes  under  a  shed,  and 
Iheir  treatment  b;  four  successive  re-meltings;  3,  the  treatment  of  the  resnlting  black 
copper i  4,  the  liquation ;  5,  the  re-liquation  (mntage);  S,  the  refining  of  the  copper; 
7,  the  caiwtlation  of  the  silve^^  8,  the  reduction  of  the  litharge  into  lead.  The  Bth  and 
6Ih  processes  are  carried  on  al  the  smelling  works  of  Allennu. 

The  buildings  are  shown  at  a,  b,  c,  and  the  impelling  stream  of  water  at  D ;  the  npper 
Igure  being  the  elevation  ;  the  lower,  the  plan  of  the  works. 

a,  a  [he  melting  Hirnace,  with  a  cylinder  bellows  behind  it;  b,  e,  d,  fitmaen  limtlar 
to  the  preceding,  with  wooden  bellows,  such  as  Jig.  1013;  *,  is  a  furnace  for  the  same 
purpose,  with  three  tuyires,  and 
a  cylinder  bellows ;  /,  the  larg« 
furnace  of  fusion,  alao  with  three 
'  tuyeres;  g,  a  furnace  with  seven 
tnySres,  now  seldom  oted ;  H,  low 
fomaces,  like  the  English  sla;- 
bearths,  {fcminmo/oi,)  employed 
for  working  the  last  mattti ;  k, 
slag-hearlhs  for  reducing  the  li- 
tharge ;  Di,  Ihe  area  of  the  Mqua- 
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tiro  Modes;  the mataralB  aeitined  for  ebat}tliig  the  fannea  being  deponud  is  t«di 
npoo  Ifae  upper  floor,  to  v'hich  [hey  ue  carried  by  meuii  of  two  iDclini^  pluie^  lem> 
c«d  ia  fmnt  at  (lie  rmnge  t)(  baildingi. 

[[ere  69,600  qnin tall  of  achtich  are  ansaallT  tnetted,  which  foniuk— 

Marketable  iewl, 20,90?  qniBUk. 

Marketablelilbarge,  oMiUinJDgMpereeiit  of  lead,       •  IfiSS 

SilTcr,  about  -  .....  07 

C(q>per,  <fiiMUr{HirMe  din  the  works  of  AUcnan,)  -  SS 

Toul  product,  -  -  -    28,SM 

Tbb  weigbt  «taoiMU«  to  one  iwentf-Ellh  of  the  weight  of  ore  laieed  for  the  Ktriceortke 
ntablidiiDent.  Eight  parts  of  ore  furoish,  on  an  average,  about  one  of  FCblich.  The 
bellows  are  cooclructed  nhiilly  of  wood,  without  any  leather;  an  imprDvemeat  Biade  by 
a  biahop  of  Buoberx,  uboul  the  year  1620.  Aflcr  receiving  diflerenl  nmlifiealians,  Ibcj 
wen  adopted,  lotrards  1730,  is  almoit  all  the  gmeltiag- works  uf  the  coalintnt,  except  ia 
a  few  places,  as  Carniola,  where  local  circumatances  pennided  a  n-at^r  blowiafc-maekiiM 
to  he  erected.  These  pyran  idal  shaped  bellows,  compotcd  of  moveable  woodea  boie^ 
have,  boverer,  many  im peri  ee lions  ;  their  size  muBl  onen  be  inconvenientlT  larf  e,  im 
order  lo  furnish  ua  adequate  Mream  of  air;  they  do  not  drive  into  the  TumacF  all  the  air 
whkfa  they  eonlainj  they  require  freqnent  repurs;  and.  morkiag  with  great  frictim, 
they  waste  much  inechanical  |iower. 

Fig,  1014,  repieeeols  such  wooden  bellowa,  consisting  of  two  chests  or  bom  fitted 
into  each  other  j  Ibe  upper  or  moving  one  being  called  the  Jly,  the  lower  or  fixed  onb 
the  ttai,  (gilt.)     Jn  the  boliofD  a 
the  gill,  there  is  ao  oriGcefDniiab. 
^    ed  wi(h  H  clack-valve  lil,  opeainc 
inwards  when  the  jTy  is  raised,  aad 
shutting  when   il  falls.     In  onlet 
that  the  air  included  in  the  capaci- 
ty of  the  two  chests  niaj  have  no 
other  outlet  than  tbe  nose-pipe  m, 
the  oppei  portion  oTthe  gift  is  pi«- 
Tkled  at  its  four  sides  with  smal 
square  slips  of  wood,  c,  c,  t,  wbid 
t    are  pres«ed  against  Ibe  sUea  of  tbe 
'  Jly  by  strong  springs  of  imn  wire^ 
i,t,  b,  whjle  tber  are  retained  npon  tbe  gift  by  means  la  small  square  piece*  of  wood,  u, 
a,  a,  a.     The  tetlcr  a,  a,  are  perforated  in  the  centre,  and  adjusted  upon  reetaagnlat 
stems,  called  bmchtttts;  (hey  are  attached,  a(  their  lower  ends,  to  the  upright  ridesiir  Ib« 
gilt  a.    r,  is  the  driving-shan  of  a  water-wheel,  which,  by  means  of  cams  or  tappel%ds- 
pres<iea  the  Dy,  wtiile  the  cciunterweigh(  4,  jfg.  1013,  raises  it  again. 

Fifi.  1015,  I0I6, 1017,  lOIB,  represent  the  moderately  high  (demthntJs,  or  kaff-i/atO 
fornaces  employed  in  the  vorhs  of  the  lower  Rarti,  near  Goslar,  for  smelting  tbe  lilTefT 
lead  ore?  eilraetedftoni  the  mine  of  Rammelsberg.     See  its  section  in  ^g.  737. 

Fig.  1015,  is  the  front  elevation  of  the  twin  furnaces,  huill  in  one  body  of  Dasomn 
Jig.  1016,  il  a  plan  taken  at  tbe  level  of  the  tuyirea,  in  (be  line  v,  I,  6,  offig-  lOH  | 
J0I6  Jig:  1017  and  1018,  exU> 

bit  two  vertical  seetioMt 
the  fonner  in  tbe  line  A,  *, 
(be  latter  in  the  line  c,  d, 
oCfig.  I0I6.   In  these  fbv 
figures  the  fbllowinc  ob- 
jects may  be  dislininished. 
a,  b,  c,  d,  m  baicoBj  «r 
pblfonn    which    lead*    ID 
the  place  of  charitiiif:,  m  i 
e,/',wooden  stairs,  by  which 
the     chanting    worinoem 
mount  »am  the  fiDaad  f^ 
of  the  works,  to  the  idai- 
fonn ;  g,  k,  briek'Warfe  ol 
tbe   fomaees]    i,  k,  wUl 
>    of     the     smrilin^-irott^ 
against   which    they    an* 
•apported ;  I,  upper  basin  of  reception,  hollowed  ont  of  the  broK/ut,  (or  gronad  e~ 
bed,)  6)  M,  arch  oT  th£  lajire  v,  by  which  each  furnace  recdves  the  " 
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bellows;  II,  place  of  charging^  whieh  takes  place  thvoagh  the  ppper  orifice  n^o,  of  the 
basin  n,  o,  v,  ty  of  the  farnace;  ty  a  slab  of  day,  placed  in  such  a  way  that,  during  the 

treatment  of  the  lead,  a  little, 
metallic  zinc  may  run  together 
in  a  sloping  gutter,  seen  m 
Jig,  1001,  formed  of  slates  ce- 
mented together  with  clay. 

Inyfg«.  1015  and  1017,  1,<, 
is  the  brick-work  of  the  foun- 
dations; m,  conduits  (called 
evaporatory)for  the  exhalation 
of  the  moisture ;  4,  a  layer  of 
slags,  rammed  above ;  5,  a  bed 
of  clay,  rammed  above  the 
slags ;  6,  a  brasque,  composed 
if  one  part  of  clay,  and  two  parts  of  ground  charcoal,  which  forms  the  sole  of  the  furnace. 
Tlie  excellent  refinery  Aimace,  or  tnibhierdy  of  Frcileitckshatte,  near  Tamowitz,  in 

Upper  Silesia,  is  represented  in  figs.  1019 
and  1020.  a,  is  the  bottom,  made  of  slag 
or  cinders;  6,  the  foundation  of  fire-bricks; 
c,  the  body  of  the  hearth  proper,  composed 
of  a  mixture  of  7  parts  of  dolomite,  and  1 
of  fire-clay,  in  bulk ;  d,  the  grate  of  the  air 
furnace ;  e,  the  fire-bridge ;  /,  the  dome  or 
cap,  made  of  iron  plate  strengthened  with 
bars,  and  lined  with  clay-lute,  to  protect 
the  metal  from  burning ;  g,  the  door  of  the 
fireplace;  hy  the  ash-pit;  t,  the  tap-hole; 
ky  ky  the  fine,  which  is  divided  by  partitions 
into  several  channels ;  /,  the  chimney ;  m, 
a  damper-plate  for  regulating  the  draught ; 
n,  a  back  valve,  for  admitting  air  to  cool 
the  furnace,  and  brushes  to  sweep  the  fines; 
o,  tuyert  of  copper,  which  by  means  of  an 
iron  wedge  may  be  sloped  more  or  less  to- 
wards the  hearth ;  py  the  acknepper,  a  round 
piece  of  sheet  iron,  hung  before  the  eye  of  the 
tuyirey  to  break  and  spread  the  blast;  9,  the 
outlet  for  the  glassy  litharge. 

Lime-marl  has  been  found  to  answer  well  foi 
making  the  body  of  the  hearth-sole,  as  it  ab- 
sorbs the  vitrified  litharge  freely,  without  com- 
bining with  it.  A  basin-shaped  hollow  is  form- 
ed in  the  centre,  for  receiving  the  silver  at  the 
end  of  the  process ;  and  a  gutter  is  made  acroSs 
the  hearth  for  running  off  the  gl&tte  or  fluid 

represent   the  eliquation  hearth  of  Nenstadt. 
section ;  fig.  1022,  is  a  front  view;  andySg.  1023, 


1018 


longitudinal  section 


formed  by  two  walls  a,  a,  3|  feet  high, 
sloped  off  at  top  with  iron  plates,  three 

inches  thick,  and 
18  inches  broad, 
called  «atgsr«-dkar- 
ten,  or  refining 
plates,  b,  by  inclin- 
ed three  inches  to- 
wards each  other 
in  the  middle,  so  as 
to  leave  at  the  low- 
est point  a  slit  two 
and  a  half  inches 
wide  between  them, 
through  which  the 
lead,  as  it  sweats 
out  by  the  heat,  is 
allowed  to  ikll  into 


h 


\:'  ' 


thil  channd  slopea  down  fowacdi  Ibe  front,  m>  Ihat  (he  liquefied  metal  may  ran  off  into 
a  crDcibJe  or  pot.  Up- 
on one  of  Ibe  hmf;  tiita, 
and  eaih  of  ihe  shorter 
oaff  of  the  hearlh.  Uie 
walli  d,  d,  are  ratwd 
lyo  feet  high,  and  ap- 


If  y,  and  counterweipkl, 
may  be  easily  raised  and  lowered     /,  m  a  pa^sa^e  for  increasing  Ibe  draueht  of  air. 

Fifa  1023  and  I0!6,  represent  Ihe  refinins  furnaces  of  Frrde- 
iiekshQlte  b*  Tarnovilz  a,  is  the  fire  door;  b,  the  ^tate;  r,  llie 
door  for  introdncin^  the  silTer ;  d,  [be  moveable  test,  rertiiiE  Dpon 
a  coDple  of  iron  rods  t,  i,  which  are  let  nl  their  ends  inlo  Ibe 
brick-work.  They  lie  lower  than  would  seem  lo  be  necrsary; 
but  this  is  done  in  order  to  be  able  lo  place  the  surface  of  the 
test  at  any  desired  le»el,  by  placing  liles/,/,  under  il ;  g,  the  flue, 
leadin)!  lo  a  chimney  18  feel  high.  For  the  refinine  of  100  marki 
of6(iduiifcer,  of  the  fineness  of  16i  lolhs  (half  ounces)  per  cwL,  3 
ire  required.    The  (est  or  cupel  must  be  healed  before  the  tmpuc 


eabkreoiurpii-coi 
■ihrer.and  soli  lead 
Al  these  sinettinit-hooses,  from  ISO  to  160 
1022 


I.  of  very  pure  uorbiUt  Uad  (lead  a 


the  fomsce  at  once,  and  from   10  Id  I-l 
s  (hen  refined  with  some  pure  lead,  wl 
of  tilickiilber  per  cwt.  is  obtained. 


EnflvA  rtfining  fwnacea. — The  reflnins  of  lead  ii  well  perfonned  in  aome  woHta  k 
Ihe  neighborhood  of  Alston-moor,  in  reverberalory  furnaces,  figt.  1026  and  102T,  whose 
fireplnce  is  23  inches  square,  and  is  separated  from  the  sole  by  a  fire-bridee,  14  inehe* 
in  breadth.  The  flame,  aAer  haTine  passed  over  the  surface  of  the  lead  in  the  cupel,  «■- 
Cers  two  flues  i,  t,  on  the  opposite  side  of  the  IVimace,  which  lerminsle  in  a  chimney  ^i, 
j,i,  40  feet  bieh.  At  the  bollom  of  Ihe  chimney  are  openint^/,/,  for  taking  out  the  me- 
Uliic  Just  deposited  within.     These  opening  are  shut  durint  the  process. 

The  cupel  or  lest,  wiiich  conslilules,  in  fael,  Ihe  sole  of  Ihe  hearth  in  which  the 
operation  lakes  place,  it  inavetible.     It  consists  of  a  vertical  elliptical   ring  of  ina. 


{  incbM  h^h,  the  greaieM  diuQMer  of  th«  elllpM  brinf 
,_  i        , .   _   ^  jj|,^  j^  ^^  ^  ^,j  ^j^  g^^  «cro««  iti 

bottom,  which  mre 
also  31  iochra  broad, 
and  an  inch  thick. 
The  finl  oT  Ihme  ban 
is  placed  S  iocbca 
from   the  end  or  the 

the  fireplace,  asd 
Ihe  three  others  are 
equallir  distiibated  be- 
tween ihit  bar  and  the 


•    bulk    of 
e,         according 
parity  of  the 
by  tbe  praporlion  of  polaih  they  contain,  which  has  the 


ire  durable.  The  layers  of  ashes  are  strongly  beat  down,  (ill  Ihe  frame  i) 
entireiy  filled.  The  mau  thuc  fonnea  is  Ihra  bDlJowe<l  oat  b;  means  of  a  lillle  Biwdc, 
nude  an  purpose,  till  it  is  only  three  quarlera  of  an  inch  thick  above  the  iron  bars  neax 
tkc  eenlr«  of  the  bottom.  A  flnn^,  2  inches  broad,  is  made  at  the  upper  part,  and  2i 
■BChes  ml  the  lower  pari,  except  on  the  front  or  bniut,  which  ia  9  jncbe*  thick.  In  this 
■nlerior  part,  there  ii  hollowed  out  an  opening  of  an  inch  and  a  qnarter  broad,  and  S 
inehea  long;,  with  which  the  outlet  or  fn/ticoy  of  the  litharge  oommDoicatea. 

The  cupel  Ihas  prepared  ia  placed  in  the  refining  IWnace.  It  rests  in  an  iron  rin);  bnUl 
iDto  the  brickwork.  The  arched  roof  of  the  furnace  is  i!  inches  above  the  cnpel  neaf  the 
fire-bridire,  and  9  Inches  near  Ibe  flue  at  Ihe  other  end. 

The  luySreia  placed  in  Ihe  baekof  thefurnaie,  oppoajlela  Ihe  skleatwhichlhelitbtige 
\»  allowed  to  oterflow. 

Openings  c,  ;,  are  led  at  tbe  (ides  of  each  cupel,  either  (or  running  off  or  for  intnv 
d>Diig  melted  lead. 

As^niaii  0/  Uad  to  txfraci  itt  iUbw. — This  operatiiHi,  which  the  lead  of  Derbyshire  cwt- 
opl  be  submitted  to  with  adTantage,  is  performed  in  a  certain  onmber  of  tbe  smeltiBg- 
hnaasii  at  Alston-moor,  and  always  apon  leads  reduced  in  Ihe  Scotch  rurnsce. 

The  cupel  faraeee  above  described  mnst  be  slowly  healed,  in  order  to  dry  Ihe  cnpel 
withoul,  causing  it  Ut  ctack,  which  would  infallibly  be  prodaeed  by  sudden  evapol'alim 
of  the  maistnre  in  it.  When  it  has  been  thus  slowly  brought  to  Ihe  verge  of  •  red 
haat,  it  is  aivost  ompletely  filled  with  lead  previooaly  melted  in  an  iron  pot.  The 
eapel  may  be  cbaried  with  about  6  ewta.  At  the  temperature  at  whicn  the  lead  ii  in- 
bndacBd,  it  is  Immediately  eoreied  with  a  gray  peilide  of  oxyde)  but  when  tbe  heat  of 
Ihe  furnace  has  been  progressively  raised  lo  the  proper  pilcb,  'I  becomes  whituh-rsd, 
and  has  its  surface  covered  over  with  litharge.  Now  is  tbe  time  t«  set  in  action  Ihe 
bWwiiwDaahtei,  Ac  UasLof  which,  impelled  lo  the  diiectioB  of  Ibe  great  axw  at  ihe 
cDpel,  drives  Ihc  litharge  towards  Ihe  brt<ul  of  the  cupel,  and  makttt  it  flow  out  by  ItiB 
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way  prepared  for  U»  Uuroagh  which  it  falls  upon  a  cast-iron  plate,  on  a  levid  with  the 
floor  of  the  apartment,  and  is  dispersed  into  tears.  It  is  carried  io  this  state  to  the  for- 
nace  of  redaction,  and  revived.  As  by  the  effect  of  the  continual  oxydization  whidi  it 
underffoes,  the  surface  of  the  metal  necessarily  falls  below  the  level  of  the  gateway  of 
the  litharge,  mdted  lead  must  be  added  anew  by  ladling  it  into  the  fomace  from  the 
iron  boiler,  as  occasion  may  require.  The  operation  is  carried  on  in  this  manDer  till 
94  ewts.  or  4  Newcastle /odderj  of  lead  have  been  introduced,  which  tidces  from  16  to  18 
hours,  if  the  tuyere  has  been  properly  set.  The  whole  quantity  of  silver  which  this 
mass  of  lead  contains,  is  left  in  combination  with  about  1  cwU  of  lead,  which,  ander  tke 
name  of  rich  lead,  is  taken  out  of  the  cupel. 

When  a  sufficient  number  of  these  pieces  of  rich  lead  have  been  procured,  so  that  bf 
their  respective  quality,  as  determined  by  assaying,  they  contain  in  whole  from  1000  to 
2000  ounces  of  silver,  .they  are  re-roelted  to  extract  their  silver,  in  the  same  Aimacc,  bat 
in  a  cupel  which  differs  from  the  former  in  having  at  its  bottom  a  depression  capable  of 
receiving  at  the  end  of  the  process  the  cake  of  silver.  In  this  case  a  portion  of  the  bot- 
tom remains  uncovered,  on  which  the  scorie  may  be  pushed  aside  with  a  little  rake,fitMn 
the  edges  of  the  silver. . 

The  experiments  of  MM.  Lucas  and  Gay  Lossac  have  proved  that  fine  silver,  exposed 
to  the  air  in  a  state  of  fusion^  absorbs  oxygen  gas,  and  gives  it  out  again  in  the  act  of 
consolidation.  The  quantity  of  oxygen  thus  absorbed  may  amount  to  twenty-two  timen 
the  volume  of  the  silver.  The  following  phenomena  are  observed  when  the  mass  of  metal 
is  considerable ;  for  example,  from  40  to  50  pounds. 

The  solidification  commences  at  the  edges,  and  advances  towards  the  centre.  The 
liquid  silver,  at  the  moment  of  its  passage  to  the  solid  slate,  experiences  a  slight  agitatiofi, 
and  then  becomes  motionless.  The  surface,  after  remaining  thus  tranquil  for  a  littk^ 
gets  tfll  at  once  irregularly  perturbed,  fissures  appear  in  one  or  several  lines,  from  which 
flow,  in  different  directions,  streams  of  very  fluid  silver,  which  increase  the  original  agi- 
tation. The  first  stage  does  not  yet  clearly  manifest  the  presence  of  gas,  and  seems  to 
arise  from  some  intestine  motion  of  the  particles  in  their  tendency  to  group,  on  entering 
upon  the  process  of  crystallization,  and  thus  causing  the  rupture  of  the  envelop  or  external 
crust,  and  the  ejection  of  some  liquid  portions. 

Afler  remaining  some  time  tranquil,  the  metal  presents  a  fresh  appearance,  preeiKly 
analogous  to  volcanic  phenomena.  As  the  crystallization  continues,  the  oxygen  gas  is 
given  out  with  violence  at  one  or  more  points,  carrying  with  it  melted  silver  Irom  the 
interior  of  the  surface,  producing  a  series  of  cones,  generally  surmounted  by  a  small  crater, 
vomiting  out  streams  of  the  metal,  which  may  be  seen  boiling  violently  within  them. 

These  cones  gradually  increase  in  height  by  the  accumulation  of  metal  thrown  np^ 
and  that  which  becomes  consolidated  on  their  sloping  sides.  The  thin  crust  of  metal 
on  which  they  rest,  consequently  experiences  violent  impulses,  being  alternately  raised 
and  depressed  by  such  violent  agitation,  that  were  it  not  for  the  tenacity  and  elasticity 
of  the  metal,  there  would  evidently  arise  dislocation,  fissures,  and  other  analogoas 
accidents.  At  length  several  of  the  craters  permanently  close,  while  others  eontinne  to 
allow  the  gas  a  passitge.  The  more  difficult  this  is,  the  more  the  craters  heeooe 
elevated,  and  the  more  their  funnels  contract  by  the  adhesion  or  coagalatkui  of  a 
^rtion  of  the  metal.  The  projection  of  globules  of  silver  now  becomes  more  violeal; 
the  latter  being  carried  to  great  distances,  even  beyond  the  furnace,  and  accompanied  by 
a  series  of  explosions,  repeated  at  short  intervals.  It  is  generally  the  last  of  these  tittle 
Tolcainoes  that  attains  the  greatest  altitude,  and  exhibits  the  foregoing  phenomena  with 
the  greatest  energy.  It  is,  moreover,  observable,  that  these  cones  do  not  all  arise  at  the 
same  time,  some  having  spent  their  force,  when  others  commence  forming  at  other 
points.  Some  reach  the  height  of  an  inch,  forming  bases  of  two  or  three  inehes  in 
diameter.  The  time  occupied  by  this  exhibition  is  at  least  from  half  to  three  qnaitcfs 
of  an  hour.  ' 

During  the  formation  of  these  cones,  by  the  evolution  of  gas,  portions  of  silver 
sliot  forth,  which  assume,  on  induration,  a  form  somewhat  cylindrical,  and  ofles 
fkatastic,  notwithstanding  the  incompatibility  which  appears  to  exist  between  tbe 
fiuidity  of  the  silver  and  these  elongated  figures.  Their  appearance  is  momentary,  wad 
without  any  symptoms  of  gas,  although  it  is  impossible  to  decide  whether  they  may  not 
arise  from  its  influence ;  they  seem,  in  fact,  to  resemble  the  phenomena  of  the  fim 
v^olesnic  period. 

•  Till  very  recently,  the  only  operations  employed  for  separating  silver  from  lead  in  tlM 
English  smelting-wtnks,  were  the  following  i — 

1.  t^upellation,  in  which  the  lead  was  converted  into  a  vitreoos  ozyde»  whiek  waa 
floated  oflT  fVom  the  surface  of  the  silver. 

2.  Reduction  of  that  oxyde,  commonly  called  litharge. 

3.  teelting  the  bottoms  of  the  cupels,  to  extract  the  lend  which  had  soaked 
thflta,Hn  a  gitssy  state. 
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CapcQaliOD  and  iu  two  complementary  opention*  were,  id  muij  respecU,  objeclioni- 
blr  proeesies  ,  rrom  (he  injurious  efTecIs  of  the  lead  vapors  upon  (be  health  of  the  work- 
men; fium  the  very  consiJerable  loss  of  metallic  lead,  amounting  to  T  per  cent,  at  least) 
and,  lasUy,  from  the  immfiise  consumption  of  fuel,  as  well  be  from  Inc  vast  amount  of 
miunal  labor  incurred  in  such  complicated  operationl.  Hence,  unlen  the  lead  were 
totctabljr  rich  in  silver,  it  would  not  bear  the  expense  of  cupellation.  • 

The  patent  pnieess  lately  introduced  by  Mr.  Patlinson,  of  Newcastle,  is  not  at  all  pre- 
judicial lo  (he  health  of  wurlimen ;  it  does  Dot  occasion  more  than  2  per  cent,  of  loss  of' 
lead,  and  in  other  reipecta  it  is  so  economical,  that  it  is  now  profiiably  applied  in  Nor- 
thumberland to  alloys  too  poor  in  silver  lo  be  treated  by  cnpellation.  This  process  is 
fbunded  upon  (he  follovini;  phenomena. 

Ader  melting  eomplelely  an  alloy  of  lead  and  silver,  if  we  allow  it  lo  cool  very  stowlj, 
eonlinnally  stirring  it  meanwhile  with  n  rake,  we  shall  observe  at  a  certain  period  a 
eontinnally  increasing  nnmber  of  imperfect  liltle  crystals,  which  mn;  be  taken  out  with  a 
drainer,  exaclly  as  we  may  remove  Ibe  crystals  of  sea  salt  deposited  during  the  concen- 
lia(ion  ofbrine,  or  those  of  sulphate  of  soda,  as  its  acitnted  solntion  cooU.  On  sabmil-  - 
ting  to  analysis  (be  metallic  crystals  thus  separated,  and  also  the  liqnid  metal  deprived  of 
them,  we  find  the  finmer  to  be  lead  almost  alone,  but  the  latter  to  be  rich  in  silver,  when 
compared  with  the  original  alloy.  The  more  of  the  crystalline  particles  are  drained  from 
the  metallic  bath,  the  richer  does  (he  tnolhtr  liquid  become  in  silver.  In  practice,  the 
poor  lead  is  raised  by  this  means  lo  the  standard  of  (he  ordinary  lead  of  the  litharge 
woiks;  and  the  belter  lead  is  made  ten  times  richer.  This  very  valuable  alloy  is  then 
■ulnnilted  to  cupellatioo  j  but  as  it  contains  only  a  tenth  part  of  the  quantity  of  lead  sub- 
jected to  cryslallizaliou,  the  loss  in  the  cupel  will  be  obviously  reduced  to  one  tenth  of 
what  it  was  b;^  the  former  process ;  (hat  is,  seven  tenths  of  a  per  cent.,  instead  of  seven. 

These  nine  tenths  of  the  lead  separated  by  ibe  drainer,  are  immediately  sent  into  the 
market,  without  other  loss  than  (he  IriHins  one,  of  aboul  one  half  per  cent.,  involved  in 
reviving  a  tittle  dross  skimmed  off  (he  Eorface  of  the  melted  metal  a(  the  be;;inniDg  of  the 
operation.  Hence  the  total  waste  of  lead  in  this  method  does  not  exceed  two  per  cent. 
And  as  ooiy  a  small  qoantity  of  lead  requires  to  be  cupelled,  this  may  be  done  with  (he 
utmost  slowness  and  circumspection ;  vhereh)'  loss  of  the  preeions  metal,  and  injury  to 
the  health  of  the  work-people,  are  equnlly  avoided. 

The  crystallization  refinery  of  Mr.  Pattinson  is  an  extremely  simple  smeltius-honsc. 
It  contains  3  hemispherical  cnsl-iron  pans,  41  inches  in  diameter,  and  J  of  an  inch  thick. 
The  3  pans  are  boill  in  one  straighl  line,  the  broad  flange  at  their  ed^e  being  supported 
npon  brick-work.  Each  pan  has  a  di^arge  pipe,  proceeding  ialerally  from  one  side  of 
its  bottom,  by  which  the  melted  metal  may  be  run  out  when  a  plug  is  withdrawn,  and 
each  is  heated  by  a  small  separate  Gre. 

Three  Ions  of  the  arsenliferous  lead  constitute  one  charge  of  each  panj  and  as  soon 
11  it  is  melted,  the  fire  is  withdrawn  ;  the  Hue,  grate-door,  and  ashpit,  are  immediately 
cksed,  and  made  air-tight  with  bricks  and  clay-lote.  The  agitation  is  now  commenced, 
with  a  round  bar  of  iron,  terminated  with  a  chisel-point,  the  workman  bein;  inslrncted 
merely  to  keep  moving  thai  simple  rake  constantly  in  the  pan,  but  inare  especially 
lowaijs  the  edges,  where  the  solidification  is  apt  to  begin.  He  most  be  careful  to  take 
oat  the  crystals,  progressively  as  tbey  appear,  with  an  iron  drainer,  healed  a  little  higher 
than  the  temperature  of  the  metal  bath.  The  liquid  melnl  lifted  in  the  drainer,  Bowt 
readily  back  through  its  perforations,  and  may  be  at  any  rate  efreclonlly  detached  by  giv- 
ing the  ladle  two  or  three  jogs.  The  solid  portion  remains  in  the  form  ofa  spongy,  semi- 
eryslalline,  semi-pasty  mass. 

The  proportion  of  crystals  separated  nt  each  melting,  depends  npon  (be  original  qnalitj 
of  the  alloy.  If  it  be  poor,  it  is  usually  divided  in  the  proportion  of  two  thirds  of  poor 
eryitols,  and  one  third  of  rich  liquid  metal ;  bat  this  proportion  Js  reversed  if  the  alloy 
contain  a  good  deal  of  silver. 

Let  us  exemplify,  by  the  common  case  ofa  lead  containins  10  oancet  of  silver  per  tOB. 
Operating  upon  3  tons  of  Ibis  alloy,  or  60  cwls.,  con(aiDing  30  or.,  of  silver,  (here  will  be 
obtained  in  the  Erst  operation — 

(a)  40  cwls.  at  4J  ounces  of  silver  per  ton;  in  whole  9oi.)-. 
{*)  aocwls.  at2l  —  _  21        J^xo*- 

Each  of  these  alloys,  (a)  and  (6),  will  be  joined  lo  alloys  of  like  quality  obtained  Id 
Ihe  treatment  of  one  or  several  other  portions  of  three  Ions  of  the  primitive  alloy.  Again, 
three  Ions  of  each  of  these  rich  alloys  are  subjected  to  the  crystalliialion  process,  and 
Ihas  in  sncceeaion.  Thus  poorer  end  poorer  lead  is  got  on  the  one  hand,  and  richer  and 
richer  alloys  on  the  other.  Sometimes  the  mofher  metal  is  parted  from  a  great  body  <rf 
poor  crystals,  by  opening  the  diseh arse-pipe,  and  running  off  Ihe  liquid,  while  the  woric- 
man  keeps  stirrinfr,  lo  facilitate  the  separation  of  the  two. 

as  foddera,  15  cwl»„  49  lbs.  =  540  cwls.,  49  lb«.  of  aUoy,  hotding  5  oz.  of  silver  per 
fodder,  in  Ihe  whole  130  oe.,  afforded,  after  three  successive  crystallizalioDl,— 
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440  cwte.  of  poor  lead,  holding  |  o:;.  of  silver  per  fodder;  in  all  *0| 
15  cwtsl  49  —  holding  the  original  quantity,  nearly  -  3| 
84  cwts.  of  lead  for  the  cupel,  holding  39  oz.     -        -        •        116 

Total 130 

1  cwt.  of  loss,  principally  in  the  reduction  of  droes. 

The  expenses  of  the  new  method  altogether,  including  3s.  per  fodder  of  patent  diie% 
are  about  one  third  of  the  old ;  being  17/.  i3a.  and  54/.  I6a.  respectively,  upon  84  ewu. 
of  lead,  at  29  oz.  per  fodder. 

In  the  conditions  above  stated,  the  treatment  of  argentiferous  lead  occasions  the  follow- 
ing expenses  :— 

rOR  ONB  rODOKB.  £     9,     d. 

By  the  new  process     --        -        -        -        -       -        0    13    7 

By  the  old  process 222 

Admitting  that  the  treatment  of  sUver  holding  lead  is  eccmomicaily  possible  only  when 
the  profit  is  equal  to  one  tenth  of  the  gross  expenses  of  the  process,  we  may  easily  cako* 
late,  with  the  preceding  data,  that  it  is  sufficient  for  the  lead  to  have  the  foUowini;  ooa 
tents  in  silver : — 

With  the  new  process,  3  ounces  per  fodder;  or,     -        -        0*000078 
.   With  the  old  process,  8  4   ounces  per  fodder ;  or,     -        -    0000218 

To  conclude,  the  refining  by  crystallization  reduces  the  cost  of  the  parting  of  leid  tod 
silver,  in  the  proportion  of  three  to  one ;  and  allows  of  extracting  silver  from  a  lead  which 
contains  only  about  three  oz.  per  ton.  In  England,  the  new  method  produces  at  preMit 
very  advantageous  results,  especially  in  reference  to  the  great  masses  to  which  it  oiay  be 
applied.  In  1828,  the  quantity  of  lead  annually  extracted  from  the  mines  in  the  United 
Kingdom  had  been  proaressively  raised  to  47,000  tons.  Reduced  almost  to  one  half  of 
this  amount  in  1832,  by  the  competition  of  the  mines  of  la  Sierra  de  Crador,  the  Eo^lish 
production  began  again  to  increase  in  1833.  In  1835,  35,000  tons  of  lead  were  oblaioed» 
one  half  of  which  only  having  a  mean  content  of  eight  and  a  half  ounces  of  silver  per  too, 
was  subjected  to  cupellation,  and  produced  14,000  oz.  of  that  precious  metal.  Thedelsih 
of  this  production  are — 

Silver  extracted  from  17,500  tons  of  lead,  holding  upon  the  average  eight  ?  149000  ol 
and  a  half  ounces  per  ton,      -------         J* 

Silver  extracted  from  silver  ores,  properly  so  called,  in  Cornwall,        -  36,000 

176,000 

In  1837,  the  production  of  lead  amounted  probably  to  40,000  tons ;  npon  which  the 
introduction  of  the  new  method  would  have  the  effect  not  only  of  reducing  considenbly 
the  cost  of  parting  the  20,000  tons  of  lead  containing  8  oz.  of  silver  per  ton,  bat  of  per- 
mitting the  extraction  of  4  or  5  oz.  of  silver,  which  may  be  supposed  to  exist  npoo  aa 
average  ui  the  greater  portion  of  the  remaining  20,000  tons.  Otherwise,  this  masi  oTihe 
precious  metal  would  have  had  no  value,  or  have  been  unproductive. 

There  are  two  oxydes  of  silver ;  called  argentic  oxyde,  and  suroxyde,  by  Beixebas. 
1.  The  first  is  obtained  by  adding  solution  of  caustic  potassa,  or  lime-water,  to  a  scdatioa 
of  nitrate  of  silver.  The  precipitate  has  a  brownish-gray  color,  which  darkens  when 
dried,  and  contains  no  combined  water.  Its  specific  gravity  Is  7*143.  On  exposare 
to  the  sun,  it  gives  out  a  certain  quantity  of  oxygen,  and  becomes  a  black  powder. 
This  oxyde  is  an  energetic  base ;  being  slightly  soluble  in  pure  water,  reacting  like  the 
alkalis  upon  reddened  litmus  paper,  and  displacing,  from  their  combinations  with  the 
alkalis,  a  portion  of  the  acids,  with  which  it  forms  insoluble  compounds.  It  is  insoluble 
in  the  caustic  leys  of  potassa  or  soda.  By  combination  with  caustic  ammonia,  it  fonoi 
fulminating  silver*  This  formidable  substance  may  be  prepared  by  precipiuting  the 
nitrate  of  silver  with  lime-water,  washing  the  oxyde  upon  a^filter,  and  spreading  it  upon 
gray  paper,  to  make  it  nearly  dry.  Upon  the  oxyde,  still  moist,  water  of  ammonia  is  lo 
be  poured,  and  allowed  to  remain  for  several  hours.  The  powder  which  becomes  black, 
is  to  be  freed  from  the  supernatant  liquor  by  decantation,  divided  into  small  portions 
while  moist,  and  set  aside  to  dry  upon  bits  of  porous  paper.  Fulminating  silver  sny 
be  made  more  expeditiously  by  dissolving  the  nitrate  in  water  of  pure  ammonia,  and 
precipitating  by  the  addition  of  caustic  potassa  ley  in  slight  ex<^ess.  If  fulminatiac 
silver  be  pressed  with  a  hard  body  in  its  moist  state,  it  detonates  with  nnparallded 
violence ;  nay,  when  touched  even  with  a  feather,  in  iu  dry  state,  it  frequently  explodes. 
As  mupy  persons  have  been  seriously  wounded,  and  some  have  been  killed,  by  tboe 
explosions,  the  utmost  precaution^  should  be  taken,  especially  by  young  chemists,  la  its 
preparation.  This  violent  phenomenon  is  caused  by  the  sudden  production  of  water 
and  nitrogen,  at  the  instant  when  the  metallic  oxyde  is  reduced.    The  quiescent  sod 
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divcllent  affinities  seem  to  be  so  nieely  balanced  in  tbit  ennons  compound,  that  the 
slightest  disturbance  is  sufficient  to  incite  the  hydrogen  of  the  ammonia  to  snatch  the 
oxygen  from  the  silver.    The  oxyde  of  silver  dissolves  in  glassy  flnxes,  «nd  renders  them 
yellow.    It  consists,  according  to  fierzelius,  of  93*11  parts  of  silver,  and  6*89  of  oxygen. 
2.  The  suroxyde  of  silver  is  obtained  by  passing  a  voltaic  current  through  a  weak  solu- 
tion of  the  nitrate;  it  being  deposited,  of  course,  at  the  positive  or  oxygenating  pole. 
It  is  said  to  crystallize  in  needles  of  a  metallic  lustre,  interlacing  one  another,  which 
are  one  third  of  an  inch  long.    When  thrown  into  muriatic  acid,  it  causes  the  disengage 
men  I  of  chlorine,  and  the  fi>rmation  of  chloride  of  silver;  into  water  of  ammonia,  i 
occasions  such  a  rapid  production  of  nitrogen  gas,  with  a  hissing  sound,  as  to  convex 
the  whole  liquid  into  froth.    If  a  little  of  it,  mixed  with  phosphoms,  be  struck  with  a 
hammer,  k  loud  detonation  ensues.    With  heat  it  deerepitateSy  and  becomes  metallic 
silver. 

Sulphuret  of  silver,  which  exiMs  native,  may  be  readily  prepared  by  flising  the  constitu- 
ents losrether ;  and  it  forms  spontaneously  upon  the  surfiiee  of  silver  exposed  to  the  air 
of  inhabited  places,  or  plunged  into  eggs,  especially  rotten  ones.  The  tarnish  may  be 
easily  removed,  by  rubbing  the  metal  with  a  solution  of  eameleon  mmertU,  prepared  by 
calcining  peroxyde  of  manganese  with  nitre.  Sulphuret  of  silver  is  a  powerful  snipho- 
ba^e;  since  though  it  be  heated  to  redness  in  close  vessels,  it  retains  the  volatile  sul- 
phides, whose  combinations  with  the  alkalis  are  decomposed  at  that  temperature.  It  con- 
sists of  87-04  of  silver,  and  12-96  of  oxyjcen. 

A  small  quantity  of  tin,  alloyed  with  silver,  destroys  its  ductility.  The  best  method  of 
separating  these  two  metals,  is  to  lami.iate  the  alloy  into  thin  plates,  and  distil  them  along 
with  corrosive  sublimate.  The  bichloride  of  tin  comes  over  in  vapors,  and  condenses  in 
the  receiver.  Silver  and  lead.  When  combined,  are  separated  by  heat  alone  in  the  pro- 
cess of  cupellation,  as  described  in  the  article  Assay,  and  in  the  reduction  of  silver  ores. 
See  ruprd. 

An  alloy,  containing  from  one  twelfth  to  one  tenth  of  copper,  constitutes  the  silver  coin 
of  most  nations;  being  a  harder  and  more  durable  metal  under  friction  than  pure  silver. 
When  this  alloy  is  boiled  with  a  solution  of  cream  of  tartar  and  sea»4a1t,  or  scrubbed 
with  water  of  ammonia,  the  superficial  particles  of  copper  are  removed,  and  a  surface  of 
fine  silver  is  left. 

Chloride  of  silver  is  obtained  by  adding  muriatic  aeid,  or  any  soluble  muriate,  to  a  so- 
lution of  nitrate  of  silver.  A  curdy  precipitate  falls,  quite  insoluble  in  water,  which 
being  dried  and  heated  to  dull  redness,  fuses  into  a  semi-transparent  gray  mass,  called, 
from  its  appearance,  hom-Hlver,  Chloride  of  silver  dissolves  readily  in  water  of  ammo- 
nia, and  cryMallizes  in  proportion  as  the  ammonia  evaporates.  It  is  not  decomposed  by 
a  red  heat,  even  when  mixed  with  calcined  charcoal;  but  when  hydrogen  or  steam  is 
passed  over  the  fused  chloriiJe,  muriatic  acid  exhales,  and  silver  remains.  When  fused 
along  with  potassa,  (or  its  carbonate,)  the  silver  is  also  revived ;  while  oxygen  (or  also 
carbonic  acid)  gas  is  liberated,  and  chloride  of  potassium  is  formed.  Alkaline  soluiions 
do  not  decompose  chloride  of  silver.  When  this  compound  is  exposed  to  light,  it  suffers 
a  partial  decomposition,  muriatic  acid  being  disengaged.  See  Assay  by  the  humid 
method. 

The  best  way  of  reducing  the  chloride  of  silver,  says  Mohr,  is  to  mix  it  with  one  third 
of  its  weight  of  colophony,  (black  rosin,)  and  to  heat  the  mixture  moderately  in  a  crucible 
till  the  flame  ceases  to  have  a  greenish-blue  color;  then  suddenly  to  increase  the  fire,  so 
as  to  melt  the  metal  into  an  ingot. 

The  subchloride  may  be  directly  formed,  by  pouring  a  solution  of  deuto-chloride  of  cop- 
per or  iron  upon  silver  leaf.  The  metal  is  speedily  changed  into  black  spangles,  which, 
being  immediately  washed  and  dried,  constitute  subchloride  of  silver.  If  the  contaet  of 
the  solutions  be  prolonged,  chloride  would  be  formed. 

The  bromide,  cyanide,  fluoride,  and  iodide  of  silver,  have  not  been  applied  to  any  use 
m  the  arts.  Sulphate  of  silver  may  be  prepared  by  boiling  sulphuric  acid  upon  the  metal. 
See  Refining  or  Gold  and  Silver.  It  dissolves  in  88  parts  of  boiling  water,  but  the 
greater  part  of  the  salt  crystallizes  in  small  needles,  as  the  solution  cools.  It  consists  of 
118  parts  of  oxyde,  combined  with  40  parts  of  dry  acid.  Solutions  of  the  hyposnlphite 
of  potassa,  soda,  and  lime,  which  are  bitter  salts,  dissolve  chloride  of  silver,  a  tasteless 
substance,  into  liquids  possessed  of  the  most  palling  sweetness,  but  not  at  all  of  any  me- 
tallic taste. 

The  iodide  of  f ilver  is  remarkable,  like  some  other  metallic  compounds,  for  changing 
its  color  alternately  with  heal  and  cold.  If  a  sheet  of  white  paper  be  washed  over  with 
a  solution  of  nitrate  of  silver,  and  afterwards  with  a  somewhat  dilute"  solution  of  hydrio 
date  of  potash,  it  will  immediately  assume  the  pale  yellow  tfnt  of  the  cold  silver  iodide. 
On  placing  the  paper  before  the  fire,  it  will  change  color  from  a  pale  primrose  to  a 
gaudy  brilliant  yellow,  like  the  sun-flower ;  and  on  being  cooled,  it  'will  again  resume 
the  primrose  hue.    These  alternations  may  be  reoeated  indefinitely,  like  those  with  the 
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Mlts  of  cobalt,  provided  too  great  a  heat  be  not  applied.    The  pressure  of  a  finger  npoi 
the  hot  yellow  paper  makes  a  white  spot,  by  cooling  it  quickly. 

Fulminate  of  silver  is  prepared  in  the  same  way  as  Fulminate  of  Jfercvry,  which  see. 

On  the  10th  of  February,  1798,  the  Lords  of  the  Privy  Council  appomted  the  Hos. 
Charles  Cavendish,  F.  R.  S.,  and  Charles  Hatchett,  Esq.,  F.  R.  S.,  to  make  investigalioiis 
upon  the  wear  of  gold  coin  by  friction.  Their  admirable  experiments  were  began  in  the 
latter  end  of  1798,  and  completed  in  April,  1801,  having  been  instituted  and  condacted 
with  every  mechanical  aid,  as  devised  by  these  most  eminent  chemical  philosophen,  tod 
provided  at  no  small  expense,  by  the  government.  The  following  are  the  important  con- 
clusions of  their  official  report : — * 

*^  Gk>ld  made  standard  by  a  mixture  of  equal  parts  of  silver  and  copper,  is  not  so  eofl  u 
gold  alloyed  only  with  silver;  neither  is  it  so  pale;  for  it  appears  to  be  less  lemoTed 
from  the  color  of  fine  gold,  than  either  the  former  or  the  following  metal. 

<'  Gold,  when  alloyed  with  silver  and  copper,  when  annealed,  does  not  become  hiack, 
but  brown ;  and  this  color  is  more  easily  removed  by  the  blanching  liquor,  or  solntion  of 
alum,  than  when  the  whole  of  the  alloy  consists  of  copper.  It  may  also  be  rolled  aad 
stamped  with  great  facility ;  and,  under  many  circumstances,  it  appears  to  safier  leas  bj 
friction  than  gold  alloyed  by  silver  or  copper  alone. 

<<  If  copper  alone  forma  the  alloy,  it  must  be  dissolved  and  separated  from  the  raiface 
of  each  piece  of  coin,  in  the  process  of  annealing  and  blanching. 

*'  Upon  a  comparison  of  the  difi«rent  qualities  of  the  three  kinds  of  standard  gold,  it 
appears  (strictly  speddag)  that  gold  made  standard  by  silver  and  copper  is  rather  to  be 
preferred  for  coin." 

It  will,  undoubtedly,  seem  not  a  little  strange  to  the  uninitiated,  that  this  report,  and 
its  important  deductions,  should  have  been  of  late  years  entirely  set  at  naught,  withont 
any  scientific  reason  or  research,  apparently  for  the  purpose  of  giving  a  certain  official  in 
our  Mint  a  good  job,  in  sweating  out  all  the  silver  from  our  sovereigns,  and  replacing  it, 
in  the  new  coinage,  with  copper,  taking  on  an  average  2d.  worth  d*  silver  out  of  och 
ounce  of  our  excellent  gold  coin,  and  charging  the  country  6|(i.  for  its  extraction,  bcsidei 
the  very  considerable  expense  in  providing  fine  copper  to  replace  the  silver.  The  pre- 
tence set  up  for  this  extraordinary  degradation  of  the  gold,  was,  that  our  coin  might  per- 
adventure  be  exported,  in  order  to  be  de-silvered  abroad,  a  danger  which  could  hare 
been  most  readily  averted,  by  leaving  out  as  much  gold  in  every  sovereign  as  was  eqihra- 
lent  to  the  silver  introduced,  and  thus  preserving  its  intrinsic  value  in  precious  metal 
When  the  film  of  fine  gold  which  covers  each  of  our  present  pieces  has  been  rubbed  off 
from  the  prominent  parts,  these  must  appear  of  a  very  different  and  deeper  color  than  the 
fiat  part  or  ground  of  the  coin.  "  The  reason,  therefore,  is  sufllciently  appvat,  sayi 
Mr.  Hatchett,  why  gold  which  is  alloyed  with  silver  only,  cannot  be  liable  to  this  blem- 
ish ;'^  and  with  one  half  of  silver  alloy,  it  must  be  much  less  liable  to  it,  than  with  copper 
alone.  Why  did  the  political  economists  in  the  recent  Committee  of  the  House  of  Coo- 
moos  on  the  Mint,  blink  this  question  of  public  economy  and  expediency  ? 

Gk>ld,  as  imported  from  America,  Asia,  and  Africa,  contains  on  an  average  neady  the 
right  proportion  of  silver  for  making  the  best  coin;  and  were  it  alloyed  to  ournalioo*! 
standard,  of  22  parts  of  gold,  1  of  silver,  and  1  of  copper,  as  defined  by  Messrs.  Car^ 
dish  and  Hatchett,  then  by  simply  adding  the  deficient  quantities  of  one  or  two  of  these 
metals,  by  the  rule  of  alligation,  the  very  considerable  expense  would  be  saved  to  the  na- 
tion, and  sulphureous  nuisance  to  thf  Tower  Hamlets,  now  foolishly  incurred  in  de-iil- 
vering  and  cuprifying  sovereigns  at  the  Royal  Mint. 

It  was  long  imagined  in  Europe,  that  the  average  metallic  contents  of  the  silver  ores 
of  Mexico  and  Peru,  were  considerably  greater  than  those  c>f  Saxony  and  Hansary. 
Much  poorer  ores,  however,  are  worked  among  the  Cordilleras  than  in  any  part  of  En- 
rope.  The  mean  product  of  the  whole  silver  ores  that  are  annually  reduced  in  Mexieo, 
amounts  only  to  from  0*18  to  0-25  of  a  per  cent. ;  that  is,  from  3  to  4  ounces  in  100  lbs.; 
the  true  average  being,  perhaps,  not  more  than  2|.  It  is  by  their  greater  prdosion  ol 
ores,  not  their  superior  richness,  that  the  mines  of  SouUi  America  sqrpass  those  of  £»* 
rope. 

Gold  and  Silver  produced  in  Forty  Years,  from  1790  to  1830. 


Mexieoi 
ChUe,       - 
Buenos  Ayres, 

Russia,     - 


Gold. 


£6,436,453 
2,768,488 
4,024,895 
3,703,743 


SilTKT. 


£139,818,032 

1,822,924 

27,182,673 

1,502,981 


*  It  b  inanted  in  th«  Philcwopiucal  TmmelioM  for  180S. 


OLVBL 

RrruMW  ot  tlw  Dollui  coiqcd  M  the  differenl  Minti  in  Mrsico. 


Gwntgaalo 
ZacatecM 


San  Loit 
llalpui 

Toi«l 


1^180,000 

a,'iot),ooo 

1,505,000 
59fi,000 
65^,000 

i,6o,noo 

728,iM» 


453,000 
1,320,000     1      1,497,U 

323,000 


11,787,000 


952,000 

2,703,000 
8,527,000 


The  mums  fur  1832 
Pii»D. — RiTUBKi  of  Gold  and  Sii 


nnd  1833  ai 


:  wnntiag. 

'  Minis  or  Lima  and  Caseo. 


1830 

QM. 

s,tm. 

T«.l,,nDoU«^ 

180,000 

2.015.000 

2,195,000 

IS3I 

92,000 

2,381,000 

2,476,000      . 

94,000 

3,210,000 

3,284,000 

1833 

2,9KO,000  ' 

3,140,000 

]834 

110,000 

3,150,000 

3,260,000 

.■  in  Bam  produced  at  the  diiTErent  Smelliag-worki  in  Pebi7. 


I^M. 

T,=«IK 

2;i3o;ooo 

A,«u.h.. 

ru.«.. 

At«,iiip.. 

I'.UI,  m  Dollul, 

18t0 
1811 
1812 
1833 

270,000 
270,000 
290,000 
222.000 

190,000 
60,000 

100,000 
70,000 

120,000 
70,000 
70,000 
50,(»00 

250,000 
3111,000 
345,000 
25,000 

150,000 
110,000 
26,000 
65,000 

1,760,000 
1,930,000 
2,640,000 
2,562,000 

n  Dollars  riportrd  froai  the  ProvinCM  of  Chi 


1831 
1832 
1833 

•  uqainl^. 

1  !.»«>. 

Wiuio. 

785,000 
316,000 
490,000 

115,000 
lOO^OOtt 

670,000 
36,000 
685,000 

1,591,000 

215,000 

I,2»l,000 

3a  NT  [AGO — Mint  Coinage. 
GoU.  SiJnr. 

1833,  174,000;    1833,  392,500     |     tS32,  42,000;    1833,  92,C 

The  prodaclion  of  Silver  in  the  kinttdom  of  Saxont  amnunted  u 
59,231  nurct  and  S  lolh^,  in  Ihe  year  1825 
55,023    ~  _  _  J826 

60,034    —  —  —  J827 

61,361    —  _  _  1828 

65,176    —  and  10  loihi      _         1^0 
65,886    ~  —  —  1832 

Tbe  mine  of  KinuaeUunt  ainne  prodnerg  nannallT  10,000  marci. 


The  quantity  of  Silver  produced  in 
22,135  mare*  in  1825 
20,071       —      1826 


le  PaouiAM  State*  « 


The  whole  annual  production  of  Europe,  and  A«ie 
boldt  at  292,000  Diarcv,  by  olber  authorilies  ■(  3l0,0( 
Ihe  preaeni  eenlurr,  that  of  the  Spanish  eolooiei  ii 


ic  Runia,  haa  been  nted  br  Hnm- 

I  mares;   while  al  Ihe  beeinning  of 
America  wai  3,349,160  marci,  or 
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nearl}'  twelve  Unas  an  much.  The  soxn  total  is  3,704,160  mares,  of  3609  graiat  iny 
each ;  which  is  nearly  1,900,000  lbs.  avoirdupois;  that  is,  little  less  than  9000  tons. 

The  English  Mint  silrer  contains  222  pennyweights  of  fine  silver,  and  18  of  copper,  ia 
the  troy  pound  of  240  pennyweights :  or  92*5  in  100  parts.  1  pound  troy  =  5760  gniiu^ 
contains  6d-8  shillings,  each  weighing  87-55  grains.  The  French  silver  coin  coDtaini 
one  tenth  of  copper,  and  a  franc  weighs  5  grammes  =  77*222  grains  troy.  The  Pnn- 
sian  dollar  (thaler)  is  the  standard  coin;  10)  thal^  weigh  1  marc;  heoce,  1  ihakr  weighi 
343*7  grains  troy,  and  contains  2579  grains  of  fine  silver;  being  75  per  cent  of  silTcr, 
and  25  of  alloy.  The  Austrian  coin  contains  JJL  of  alloy,  according  to  Wasserbeig; 
which  is  only  4)  per  cent. 

SILVER  LEAF  is  made  in  precisely  the  same  way  as  gold  haf^  to  which  artide  I 
must  therefore  refer  the  reader. 

^LVERING  is  the  art  of  covering  the  surfaces  of  bodies  with  a  thin  film  of  silver. 
When  silver  leaf  is  to  be  a|>piied,  the  methods  prescribed  for  gold  leaf  are  sainble. 
/Vmong  the  metals,  copper  or  brass  are  those  on  which  the  silverer  most  commosly 
operates.  Iron  is  seldom  silvered ;  but  the  processes  for  both  metals  are  essentially  the 
fame. 

The  principal  steps  of  this  operation  are  the  following : — 

1.  The  smoothing  dovm  the  sharp  edges,  and  polishing  the  surface  of  the  eoppfr; 
called  imorjiler  by  the  f*rench  artists. 

2.  The  annealing;  or  making  the  piece  to  be  silvered  red-hot,  and  then  plongiagitia 
very  dilute  nitric  acid,  till  it  be  bright  and  clean. 

3.  Pumicing  ,■  or  clearing  up  the  surface  with  pumice-stone  and  water. 

4.  The  warming,  to  such  a  degree  merely  as,  when  it  touches  water,  it  may  make  i 
alight  hissing  sound ;  in  which  state  it  is  dipped  in  the  very  weak  aquafortis,  whereby  it 
acquires  minute  insensible  asperities,  sufi&cient  to  retain  the  silver  leaves  that  are  to  be 
applied. 

5.  The  hatching.  When  these  small  asperities  are  inadequate  for  giving  due  solidity 
to  the  silvering,  the  plane  surfaces  must  be  hatched  all  over  with  a  graving  tool;  but  the 
chased  surfaces  need  not  be  touched. 

6.  The  blueing  consists  in  heating  the  piece  till  ils  copper  or  brass  color  efaaoges  t» 
blue.    In  heating,  they  are  placed  in  hot  tools  made  of  iron,  called  mandrins  in  Fraaee. 

7.  The  charging^  the  workman's  term  for  silvering.  Tbis^operation  consists  in  pkdog 
the  silver  leaves  on  the  heated  piece,  and  fixing  them  to  ils  surface  by  bomishers  of 
steel,  of  various  forms.  The  workman  begins  by  applying  the  leaves  double.  Shoold 
any  part  darken  in  the  heating,  it  must  be  cleared  up  by  the  scratch-brosh. 

The  Elilverer  always  works  two  pieces  at  once ;  so  that  he  may  heat  the  one  whik 
burnishing  the  other.  Afler  applying  two  silver  leaves,  he  must  heat  up  the  piece  to 
the  same  degree  as  at  first,  and  he  then  fixes  on  with  the  burnisher  four  additional  ktm 
of  silver ;  and  he  goes  on  charging  in  the  same  way,  4  or  6  leaves  at  a  time,  till  he 
has  applied,  one  over  another,  30,  40,  50,  or  60  leaves,  according  to  the  desired  sofidity 
of  the  silvering.  He  then  burnishes  down  with  great  pressure  and  addr^s,  till  bebii 
given  the  surface  a  uniform  silvery  aspect. 

Silvering  by  the  precipitated  chloride  of  silver, — The  white  curd  obtained  by  aiirig 
a  solution  of  common  salt  to  one  of  nitrate  of  silver,  is  to  be  well  washed  awl  dried. 
One  part  of  this  powder  is  to  be  mixed  with  3  parts  of  good  pearlash,  one  of  vtsbed 
whiting,  and  one  and  a  half  of  sea  salt.  AAer  clearing  the  surface  of  the  brass,  it  is  to  be 
rubbed  with  a  bit  of  soft  leather,  or  cork  moistened  with  water,  and  dipped  in  tbe  above 
powder.  AHer  the  silvering,  it  should  be  thoroughly  washed  with  water,  dried,  and 
immediately  varnished.  Some  use  a  mixture  oC  1  part  of  the  silver  precipitate  with  10 
of  cream  of  tartar,  and  this  mixture  also  answers  very  well. 

Others  give  a  coating  of  silver  by  applyini;  with  friction,  in  the  moistened  state,  a  mix- 
ture of  1  part  of  silver-powder  precipitated  by  copper,  2  parts  of  cream  of  tartar,  and  as 
much  common  salt.  The  piece  roust  be  immediately  washed  in  tepid  water  very  faintly 
alkalized,  then  in  slightly  warm  pure  water,  and  finally  wiped  dry  before  the  fire.  8^ 
Plated  Manufacture. 

The  it^ferior  kinds  of  plated  buttons  get  their  silver  coating  in  the  following  way  ^— 

2  ounces  of  chloride  of  silver  are  mixed  up  with  1  ounce  of  corrosive  sublimate,  3 
pounds  of  common  salt,  and  3  pounds  of  sulphate  of  zinc,  with  water.  Into  a  paste. 
The  buttons  being  cleaned,  are  smeared  over  with  that  mixture,  and  exposed  to  a  mode- 
rate degree  of  beat,  which  is  eventually  raised  nearly  to  redness,  so  as  to  expel  the  roereaiy 
ibom  the  amalgam,  formed  by  the  reaction  of  the  horn  silver  and  the  corrosive  sablimaie. 
The  copper  button  thus  acquires  a  silvery  surface,  whieh  is  brighteaed  by  clearing  sad 
bamishing. 

Leather  is  silvered  by  applying  a  coat  of  parchmettt  size,  or  spirit  varnish,  to  the  now 
face,  and  then  the  silver  leaf,  with  pressure. 

8IMIL0R  is  a  golden-colored  variety  of  brass. 


SINGEING  OF  WEBS. 
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SINGEING  OF  WEB8.    Tbe  old  fhfnace  for  singeing  cotton    goods    is   repre> 
tented  in  longitudinal  section, /g.  1030,  and  in  a  transverse  one  in  fig.  1031.    a  is  the 

fire-door ;  b  the 
grate;  c,  the  ash- 
pit; d,  a  due  6 
inches  broad,  and 
2|  high,  over  which 
a  hollow  semi-cylin- 
drical mass  of  east 


iron  e,  is  laid,  one 
inch  thick  at  the 
sides,  and  2}.  thick 
at  the  top  curvature. 
The    finme    passes 

alon^  the  fire-flue  </,  into  a  side  opening/,  in  the  chimney.  The  goods  are  swept  swiAly 
over  this  ignited  piece  of  iron,  with  considerable  Aiction,  by  means  of  a  wooden  roller, 
and  a  swing  frame  for  raising  them  at  afiy  moment  out  of  contact. 

In  some  shops,  semi-cs'linders  of  copper,  three  qnarters  of  an  inch  thick,  have  been 
substituted  for  those  of  iron,  in  singeins:  goods  prior  to  bleaching  Ihem.  The  former 
last  three  months,  and  do  1500  pieces  with  one  ton  of  coal ;  while  the  latter,  which  are 
an  inch  and  a  half  thick,  wear  out  in  a  week,  and  do  no  more  than  from  500  to  600  pieces 
with  the  same  weight  of  fuel. 

In  the  early  part  of  the  year  1818,  Mr.  Samuel  Hall  enrolled  the  specification  of  a 
patent  for  removing  the  downy  fibres  of  the  cotton  thread  from  the  interstices  of  bobbi- 
net  lace,  or  muslins,  which  he  effected  by  singeing  the  lace  with  the  flame  of  a  gas- 
burner.  The  second  patent  granted  to  Mr.  Hall,  in  April,  1823,  is  for  an  improvement 
in  the  above  process ;  viz.,  causing  a  strong  current  of  air  to  draw  the  flame  of  the  gas 
through  the  interstices  of  the  lace,  as  it  passes  over  the  burner,  by  means  of  an  aperture 
in  a  tube  placed  immediately  above  the  row  of  gas-jets,  which  tube  communicates  with  an 
air-pump  or  exhauster. 

Fig.  1032  shows  the  construction  of  the  apparatus  complete,  and  manner  in  which  it 
operates;  a,  a,  is  a  gas-pipe,  supplied  by  an  ordinary  gasometer;  from  this  pipe, 

1032  several    small    ones 

extend  upwards  to 
the  long  burner  b,  b. 
This  burner  is  a 
horizontal  tube,  per- 
forated with  many 
small  holes  on  the 
upper  side,  through 
which,  as  jets,  the 
gas  passes ;  and  when 
it  is  ignited,  the 
bobbinet  lace,  or 
other  material  in- 
tended to  be  singed, 
is  extended  and 
drawn  rapidly  over 
the  flame,  by  means 
of  rollers,  which  are 
not  shown  in  the 
figure. 

The  simple  burn* 

ing  of  the  gas,  even  with  a  draught  chimney,  as  in  the  former  specification,  is  fovnd 
not  to  be  at  all  times  eflicacious ;  the  patentee,  therefore,  now  introduces  a  hollow 
tube  c,  c,  with  a  slit  or  opening,  immediately  over  the  row  of  burners ;  and  this  tube^ 
by  means  of  the  pipes  d,  d,  d,  communicates  with  the^'pipe  e,  e,  e,  wluch  leads  to  the 
exhausting  apparatus. 

This  exhausting  apparatus  consists  of  two  tanks,/ and  g,  nearly  filled  with  water, 
and  two  inverted  boxes  or  vessels,  h  and  t,  which  are  suspended  by  rods  to  the  ▼ibratiag 
beam  k  ;  each  of  the  boxes  is  furnished  with  a  valve  opening  upwards ;  /,  /,  are  pipes 
extending  from  the  horizontal  part  of  the  pipe  e,  up  into  the  boxes  or  vessels  h  and  t, 
which  pipes  have  valves  at  their  tops,  also  opening  upward.  When  the  vessel  h  d^ 
scendft,  the  water  in  the  tank  forces  out  the  air  contained  within  the  vessel  at  the  valve 
m;  but  when  that  vessel  rises  again,  the  valve  m  being  closed,  the  air  is  drawn  froBs 
the  pipe  e,  through  the  pipe  /.  The  same  takes  place  in  tlie  vessel  t,  from  which  the 
air  in  its  descent  is  expelled  through  the  valve  n,  and,  in  its  ascent,  draws  the  air 
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through  the  pipe  I,  from  the  pipe  c.  By  these  meant,  a  partial  ezhanstkm  is  cflecf  rd 
in  the  pipe  c,  e,  and  the  tube  c,  e ;  to  supply  which,  the  air  rashes  with  coasideraMe 
force  through  the  long  opening  of  the  tube  c,  c,  and  carries  with  it  the  flame  of  tke 
gas-burners.  The  bobbinet  lace,  or  other  goods,  being  now  drawn  orer  the  flame 
between  the  burner  6,  6,  and  the  exhausted  tube  c,  c,  by  means  of  rollers,  as  abore  said, 
the  flame  of  the  gas  is .  forced  through  the  interstices  of  the  fabric,  and  all  the  fiae 
filaments  and  loose  fibres  of  the  thread  are  burnt  ofi*,  without  damaging  the  sabstaace  at 
the  goods. 

To  adjust  the  draught  fh>m  the  gas-bnmers,  there  are  stopcocks  introduced  into  serisra] 
of  the  pipes  d ;  and  to  regulate  the  action  of  the  exhausting  appaiatos,  an  air  tcsscI  o,  is 
suspended  by  a  cord  or  chain  passing  over  pulleys,  and  balanced  by  a  weight  p.  There 
is  also  a  scraper  introduced  into  the  tube  c,  which  is  made,  by  any  convenient  contriTmnce, 
to  revolve  and  slide  backwards  and  forwards,  for  the  purpose  of  removing  any  light  nmu 
ter  that  may  arise  from  the  goods  singed,  and  which  would  otherwise  obstruct  the  air 
passage.  Two  of  these  draught  tubes  c,  may  be  adapted  and  united  to  the  ezhaastuif 
apparatus,  when  a  double  row  of  burners  is  employed,  and  (he  inclination  of  the  fiaasc 
may  be  directed  upwards,  downwards,  or  sideways,  according  to  the  position  of  the  alii 
in  the  draA  tube,  by  which  means  any  description  of  goods  may,  if  required,  be  singed  oa 
both  sides  at  one  operation. 

The  greater  part  of  the  bobbinet  lace  made  in  England,  is  sent  to  Mr.  Hall's  works^ 
at  Basford,  near  Nottingham,  to  be  singed;  and  at  a  reduction  of  price  truly  woaderfaL 
He  receives  now  only  one  farthing  for  what  he  originally  was  paid  one  shilling. 

SKIN  (Peau,  Fr. ;  Haui,  Germ.),  the  external  membrane  of  animal  bodies,  consisu  of 
three  layers :  1.  the  epidermis,  scarf-skin,  {Oberhaut,  Germ.) ;  2.  the  vascular  organ,  cr 
papillary  body,  which  performs  the  secretions;  and  3.  the  true  skin,  {JLederhautf  Gerau\ 
of  which  leather  is  made.  The  skin  proper,  or  dermoid  substance,  is  a  tissue  of  innaoer- 
able  veiy  delicate  fibres,  crossing  each  other  in  every  possible  direction,  with  saialL 
orifices  between  them,  which  are  larger  on  its  internal  than  on  its  external  surface.  The 
conical  channels  thus  produced  are  not  straight,  but  oblique,  and  filled  with  cellular  mtm- 
brane ;  they  receive  vessels  and  nerves  which  pass  out  through  the  skin  (cv^ts  vera},  wad 
are  distributed  upon  the  secretory  organ.  The  fibrous  texture  of  the  skin  is  ccmroscd 
of  the  same  animal  matter  as  the  serous  membranes,  the  cartilages,  and  the  cellular 
tissue ;  the  whole  possessing  the  property  of  dissolving  in  boiling  water,  and  being,  Iheie- 
by,  converted  into  glue.    See  Gloe,  Leatheb,  and  Tan. 

SLAG  (Xat/ter,  Fr. ;  Scklacke,  Germ.),  is  the  vitreous  mass  which  covers  the  fiHcd 
metals  in  the  smelting-hearths.  In  the  iron-works  it  is  commonly  called  rtader.  Sbgs 
consist,  in  general,  of  bi-silicates  of  lime  and  magnesia,  along  with  the  oxydcs  of 
and  other  metals ;  being  analogous  in  composition,  and  having  the  same  crystalline 
as  the  mineral,  pyroxene.    See  CoFpsa  and  laoK. 

SLATES  (Jrdoise9y  Fr. ;  Schie/emy  Germ.)    The  substanees  belonging  to  this 
may  be  distributed  into  the  following  species :  — 

1.  Mica-slate,  occasionally  used  for  co-    5.  Drawing-slate,  or  Uack  chalk. 

vering  houses.  6.  Adhesive  slate, 

2.  Clay-slate,  the  proper  roofing-slate.  7.  Bituminous  shale. 

3.  Whet-slate.  8.  Slate-day. 

4.  Polishing-slate. 

1.  Mica  9late. — This  is  a  mountain  rock  of  vast  continuity  and  extent,  of  a 
texture,  composed  of  the  minerals  mica  and  quartz,  the  mica  being  generally  pf^ 
dominant. 

2.  Chy-slafe.  —  This  substance  is  closely  connected  with  mica ;  so  that  uninteiiu|<ed 
transitions  may  be  found  between  these  two  rocks  in  many  mountain  chains.  It  is  a 
simple  schistose  mass,  of  a  bluish-gray  or  grayish-black  color,  of  various  shades,  and  a 
shining,  somewhat  pearly  internal  lustre  on  the  faces,  but  of  a  dead  color  in  the  cnsi 
fracture. 

Clay-slate  is  extensively  distributed  in  Great  Britain.  It  skirts  the  Highlands  of 
Scotland,  from  Lochlomond  by  Callender,  Comrie,  and  Dunkeld;  resting  on,  and 
gradually  passing  into  mica-slate  throughout  the  whole  of  that  territory.  Roofing* 
•late  occurs,  on  the  western  side  of  England,  in  the  counties  of  Cornwall  and  Devon; 
in  various  parts  of  North  Wales  and  Anglesea ;  in  the  north-east  parts  of  Yorkshire, 
near  Ineleton,  and  in  Swaledale ;  as  also  in  the  counties  of  Cumberland  and  Westmoce- 
land.  It  is  likewise  met  with  in  the  county  of  Wicklow  and  other  mountainous  disliieli 
of  Ireland. 

All  the  best  beds  of  roofing-slate  improve  in  quality  as  they  lie  deeper  under  the  sar 
fhce ;  near  to  which,  indeed,  they  have  little  value. 

A  good  roofing-slate  should  split  readily  into  thin  even  laminse ;  it  should  not  be 
absorbent  of  water  either  on  its  face  or  endwise,  a  property  evinced  by  its  not  increasing 
perceptibly  in  weight  after  immersion  in  water ;  and  it  diould  be  sound,  compact,  ana 
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Dot  apt  to  disiiitegnte  in  the  air.    The  slate  raited  at  Eiadale,  on  the  west  coast  of 
Argyllshire,  is  very  durable. 

CUavmg  and  dnMsiug  of  Ou  slatts, — ^The  splitter  begins  by  dividing  the  block,  cut 
lengthwise^  to  a  proper  size,  which  he  rests  on  end,  and  steadies  between  his  knees.  He 
uses  a  mallet  and  a  chisel,  which  he  introduces  into  the  stone  in  a  direction  parallel  to 
the  folia.  By  this  means  he  reduces  it  into  several  manageable  pieces,  and  he  gives  to 
each  the  requisite  length,  by  cutting  cross  grooves  on  the  flat  face,  and  then  striking  the 
slab  with  the>chisel.  It  is  afterwards  split  into  thinner  sections,  by  finer  chisels  dex- 
terously applied  to  the  edges.  The  slate  is  then  dressed  to  the  proper  shape,  by  being 
laid  on  a  block  of  wood,  and  having  its  projecting  parts  at  the  ends  and  sides  cut  off 
with  a  species  of  hatchet  or  chopping-knife.  It  deserves  to  be  noticed,  that  blocks  of 
slate  may  lose  their  property  of  divisibiltty  into  thin  laminoe.  This  happens  from  long 
exposure  to  the  air,  after  they  have  been  quarried.  The  woikmen  say,  then,  that  they 
have  lost  their  waters.  For  this  reason,  the  number  of  splitters  ought  to  be  always 
proportioned  to  the  number  of  block-hewers.  Frost  renders  ihe  blocks  more  fissile; 
but  a  supervening  thaw  renders  them  quite  refractory.  A  new  frost  restores  the  faculty 
of  splitting,  though  not  to  the  same  degree ;  and  the  workmen  therefore  avail  themselves 
of  it  without  delay.  A  succession  d*  frosts  and  thaws  renders  the  quarried  blocks  quite 
^tradable. 

3.  Whel-ilate,  or  Turkty  hone,  is  a  slaty  rock,  containing  a  great  proportion  of  quarts, 
in  which  the  component  particles,  the  same  as  in  day-slate  and  mica-slate,  but  in  dif- 
ferent proportions,  are  so  very  small  as  to  be  indiscernible. 

4.  Poliskmg  9lah,  Color,  cream-yellow,  in  alternate  stripes ;  massive ;  composition 
impalpable  \  principal  fracture,  slaty,  thin,  and  straight ;  cross  fracture,  fine  earthy ;  feels 
fine,  but  meager;  adheres  little,  if  at  all,  to  the  tongue;  is  very  soft,  passing  iiito 
friable;  specific  gravity  in  the  dry  state,  0*6;  when  imbued  with  moisture,  1*9.  It  is 
lapposed  to  have  been  formed  from  the  ashes  of  burnt  coal.  It  is  found  at  Planitz, 
sear  Zwickau,  and  at  Kutschlin  near  Bilin  in  Bohemia, 

5.  Jh-awing-iiaitf,  or  black  chalk ;  has  a  gray^ish-black  color ;  is  very  soft,  seotile^ 
easily  broken,  and  adheres  slightly  to  Ihe  tongue;  spec  grav.  2*11.  The  streak  is 
glistening.  It  occurs  in  beds  in  primitive  and  transition  clay-slate ;  also  in  secondary 
formations,  as  in  the  coal-measures  of  most  countries.  It  is  used  in  crayon  drawing. 
Its  trace  upon  paper  is  regular  and  black.  The  best  kinds  are  found  in  Spain,  Italy,  and 
France.    Some  good  black  chalk  occurs  also  in  Caernarvonshire  and  in  the  island  of  Islay. 

6.  Jtdhesive  slaU,  has  a  light  greenish-gray  color,  is  easily  broken  or  exfoliated,  has 
a  shining  streak,  adheres  strongly  to  the  tongue,  and  absorbs  water  rapidly,  with  the 
emission  of  air-bubbles  and  a  crackling  sound. 

7.  BUuminau9  thaU^  is  a  species  of  soft,  sectile  slate-day,  much  impregnated  with 
bitumen,  which  occurs  in  the  coal-measures. 

8.  Slate-clay y  has  a  gray  or  grayish-yellow  color ;  is  massive,  with  a  dull  glimmer- 
ing lustre  from  spangles  of  mica  interspersed.  Its  slaty  fracture  approaches  at  times  to 
earthy;  fragments,  tabular ;  soft,  sectile,  and  very  frangible;  specific  gravity,  2*6.  It 
adheres  to  the  tongue,  and  crumbles  down  when  immersed  for  some  time  in  water.  It 
is  found  as  an  alternating  bed  in  the  coal-measures.  (See  the  sections  of  the  strata 
onder  Pitcoai^)  When  breathed  upon,  it  emits  a  strong  argillaceous  odor.  When 
free  from  lime  and  iron,  it  forms  an  excellent  material  for  making  refractory  fire-bricks, 
being  an  infusible  compound  of  alumina  and  silica ;  one  of  the  best  examples  of  which 
is  the  schist  known  by  the  name  of  Stourbridge  clay. 

SMALL  WAHES)  is  the  name  given  in  this  country  to  textile  articles  of  the  tape 
kind,  narrow  bindings  of  cotton,  linen,  silk,  or  woollen  fabric;  plaited  sash  cord,  braid, 
kc.  Tapes  are  woven  upon  a  loom  like  that  for  weaving  ribands,  which  is  now  gener- 
ally driven  by  mechanical  power.  Messrs.  Worthington  and  Mulliner  obtained  a  patent, 
in  June,.  1825,  for  improvements  in  such  a  loom,  which  have  answered  the  purposes  oi 
their  large  factory  in  Manchester  very  well;  and  in  May,  1831,  Mr.  Whitehead,  of  the 
same  town,  patented  certain  improvements  in  the  manufacture  of  small  wares.  The  objects 
of  the  latter  patent  are,  the  regular  taking  up  of  the  tape  or  cloth,  as  it  is  woven,  a 
greater  facility  of  varying  the  vibration  of  the  lay,  together  with  the  saving  of  room  re* 
quired  for  a  range  of  looms  to  stand  in.*    See  Braiding  Machine. 

SMALT,  see  Azure  and  Cobalt. 

Imported  for  home  consumption  in  1834, 162,232  lbs. ;  in  1835,  96,649 ;  in  1836, 
79,531;  duty,  4i.  per  lb. 

SMELT  [N  6,  is  the  operation  by  which  the  ores  of  iron,  copper,  lead,  4tc.,  are  re- 
duced to  the  metallic  state.    See  Mbtalluroy,  Ores,  and  the  respective  metals. 
^  SOAP .  (JSavonf  Fr. ;   SeifCy  Germ.),   is  a  chemical  compound,  of  saponified  fats  or 
oils  with  potash  or  soda,  prepared  for  the  purposes  of  washing  linen,  4tc.    f^ttj 

*  Newton'i  London  JonnuJ,  vol.  xiii.  o  19S ,  and  vol.  i.  o^mbmed  Miiao,  p.  S19. 
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uatters,  when  subjee^ed  to  the  aetion  of  alkaline  leys,  undergo  a  remailaible  ebu^e^ 
being  converted  into  three  diiierent  acids,  called  stearic,  margarie,  and  oleic ;  and  it  is 
these  acids,  in  fact,  which  combine  with  the  bases,  in  definite  proportions,  to  form  componadi 
analogous  to  the  neutro-saline.  Some  eheraical  writers  d^cribe  nnder  the  title  soap^ 
every  compound  which  may  result  from  the  union  of  fats  with  the  yarioos  puths  and 
Btetallic  oxydes— a  latitude  of  nomenclature  which  common  language  cannot  recognise, 
and  which  would  perplex  the  manufacturer. 

Soaps  are  distinguished  into  two  great  classes,  aecording  to  their  consistence ;  the 
hard  and  the  soA ;  the  former  being  produced  by  the  action  of  soda  upon  fats,  the  latter 
by  that  of  potash.  The  nature  of  the  fats  contributes  also  somewhat  to  the  consistenee 
of  soaps ;  thus  tallow,  which  contains  much  stearine  and  margarine,  forms  with  potash 
a  more  consistent  soap  than  liquid  oils  will  do,  which  consist  chiefly  of  oleine.  The 
drying  oils,  such  as  those  of  linseed  and  poppy,  produce  the  softest  soaps. 

1.  Of  the  ma/mfactHre  of  hard  90ap» — ^The  fat  of  this  soap,  in  the  northern  coantiies 
of  Europe,  is  usually  tallow,  and  in  the  southern,  coarse  olive  oil.  Different  species  of 
grease  are  saponified  by  soda,  with  different  degrees  of  facility  i  among  oils,  the  olive, 
sweet  almond,  rapeseed,  and  castor  oil ;  and  among  solid  fats,  tallow,  bone  grease,  aad 
butter,  are  most  easily  saponified.  Aecording  to  (he  practice  of  the  United  Kingdom, 
six  or  seven  days  are  required  to  complete  the  formation  of  a  pan  of  hard  soap,  aad  a 
day  or  two  more  for  settling  the  impurities,  if  it  contains  rosin.  From  12  to  13  cvti 
of  tallow  are  estimated  to  produce  one  ton  of  good  soap.  Some  years  aso,  in  mu7 
manufactories  the  tallow  used  to  be  saponified  with  potash  leys,  and  the  resoltiog  soft 
soap  was  converted,  in  the  course  of  the  process,  into  hard  soap,  by  the  introdaetioB 
of  muriate  of  soda,  or  weak  kelp  ley»,  in  sufijcient  quantity  to  furnish  the  proper  quantitj 
of  soda  by  the  reaction  of  the  potash  upon  the  neutral  salts.  But  the  high  price  of 
potash,  and  the  diminished  price  as  well  as  improved  quality  of  the  crude  sodas,  bare 
)ed  to  their  general  adoption  in  soap-works.  The  soda-ash  used  by  the  soap-boiler,  con- 
tains in  general  about  36  per  cent,  of  real  soda,  in  the  stale  of  dry  carbonate,  mixed  vilh 
muriate  of  soda,  and  more  or  less  undecomposed  sulphate.  I  have  met  lately  with  soda- 
ash,  made  from  sulphate  of  soda,  in  which  the  materials  had  been  so  ill  woited,  and  so 
imperfectly  decomposed,  as  to  contain  16  per  cent,  of  sulphate,  a  circumstance  eqniJlf 
disgraceful,  as  it  was  ruinous  to  the  soda  manxifactorer.  The  barillas  from  Spain  and 
Teneriffe  contain  from  18  to  24  per  cent,  of  real  soda.  The  alkali  in  both  state  ii 
employed  in  England;  barilla  being  supposed  by  many  to  peid  a  finer'whiteor  caid 
•oap,  on  account  of  its  freedom  from  sulphur. 

The  crude  soda  of  either  kind  being  ground,  is  to  be  stratified  with  lime  in 
cylindrical  cast-iron  vats,  from  6  to  7  feet  wide,  and  from  4  to  5  feet  dcepj  the  lowest 
layer  consisting,  of  course,  of  unslaked  or  shell  quicklime.  The  vats  have  a  false  boRon^ 
perforated  with  holes,  and  a  lateral  tubulure  under  it,  closed  commonly  with  a  wooden 
plug,  similar  to  the  ipine  of  the  French  soap  paiis,  by  which  the  leys  trickle  off  dcnr 
and  caustic,  aAer  infiltration  through  the  beds  of  lime.  The  quantity  of  lime  must  be 
proportional  to  the  carbonic  acid  in  the  soda. 

Upon  1  ton  of  tallow  put  into  the  soap  pan,  about  200  gallons  of  soda  ler,  of 
specific  gravity  1*040,  being  poured,  heat  is  applied,  and  after  a  very  gentle  eboUHioo 
of  about  4  hours,  the  fat  will  be  found  to  be  completely  saponified,  by  the  test  of  the 
spatula,  trowel,  or  pallet  knife;  for  the  fluid  ley  will  be  seen  to  separate  at  oacevpoa 
the  steel  blade,  from  the  soapy  paste.  Such  leys,  if  composed  of  pure  caustic  soda, 
would  contain  4  per  cent,  of  alkali ;  but  from  the  presence  of  neutro-saline  matter,  they 
seldom  contain  so  much  as  2  per  cent. ;  in  fact,  a  gallon  may  be  estimated  to  eoatain 
not  more  than  2  ounces ;  so  that  200  gallons  contain  25  pounds  of  real  soda.  The  fire 
being  withdrawn  from  the  soap  pan,  the  mass  is  allowed  to  cool  during  one  hour,  m  a 
little  more,  aAer  which  the  spent  leys,  which  are  not  at  all  alkaline,  are  run  off  by  a  spigot 
below,  or  pumped  off  above,  by  a  pump  set  into  the  pan.  A  second  similar  charge  of  ley  is 
aow  introduced  into  the  pan,  and  a  similar  boiling  process  is  renewed.  Three  such  boils 
may  be  given  in  the  course  of  one  day's  work,  by  an  active  soap-maker.  Next  day  the  an^ 
routine  is  resumed  with  somewhat  stronger  leys,  and  so  progressively,  till,  towards  the  tilth 
day,  the  ley  may  have  the  density  of  1*160,  and  will  be  found  to  contain  6  percent,  of  r«" 
soda.*  Were  the  ley  a  solution  of  pure  caustic  soda,  it  would  contain  at  this  density  ^ 
less  than  14J  pei  cent,  of  alkali.  The  neutro-saline  matter  present  in  the  spent  ley  is 
essential  to  the  proper  granulation  and  separation  of  the  saponaceous  compound ;  for 
otherwise  the  watery  menstruum  would  dilute  and  even  liquefy  the  soap.  Snpposu*? 
12i  cwts.  of  taUow  to  yield  upon  an  average  20  cwts.  of  hard  soap,  then  20  cwts.  of  t^iov 
will  produce  32  cwts. ;  and  as  its  average  contents  in  soda  are  6  per  cent.,  these  32  cwts. 
shottU  require  1«62  cwts.  of  real  soda  for  their  production.  If  barilla  at  20  per  cent 
b0  the  alkali  employed,  then  7*6  cwts.  of  bariUa  must  be  consumed  in  the  said  procetf. 

*  Aueotdiag  to  mj  own  «xperiiiMntt  vpoh  fh«  aoda  ley  med  in  tfaa  Londoa  toap-wodu. 
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If  the  alkali  be  sodarash  of  40  per  cent.,  half  the  weight  will  of  course  soffice.  I  haTQ 
reason  to  believe  that  there  is  great  waste  of  alkali  incurred  in  many  soap-works,  as  6  cwts* 
of  soda-ash,  of  at  least.dO  per  cent.,  are  often  expended  in  making  1  ton  of  soap,  being  60 
per  cent,  more  than  really  enters  into  the  composition  of  the  soap. 

The  barillas  always  contain  a  small  proportion  of  potash,  to  which  their  peculiar  valne, 
in  making  a  less  brittle  or  more  plastic  hard  soap  than  the  factitious  sodas,  may  with 
great  probability  be  ascribed.  Chemistry  affords  many  analogies,  especially  in  mineral 
waters,  where  salts,  apparently  incompatible,  co-exist  in  dilute  solutions.  We  may  thus 
conceive  how  a  small  quantity  of  stearate  or  oleate  of  potash  may  resist  the  decomposing 
action  of  the  soda  salts.  The  same  modification  of  the  consistence  of  hard  soap  may^ 
however,  be  always  more  conveniently  produced  by  a  proper  admixture  of  oleine  with 
stearine. 

Soda  which  contains  sulphurets  is  preferred  for  making  the  mottled  or  marbled  soap, 
whereas  the  desulphureted  soda  makes  the  best  white  curd  soap.  Mottling  is  usually 
given  in  the  London  soap-works,  by  introducing  into  the  nearly  finished  soap  in  the 
pan  a  certain  quantity  of  the  strons;  ley  of  crude  soda,  through  the  rose  spout  of  a 
wiiterins:-can.  The  dense  sulphureted  liquor,  in  descending  through  the  pasty  masSf 
eaases  the  marbled  appearance.  Jn  France  a  small  quantity  of  solution  of  sulphate 
of  iron  is  added  during  the  boiling  of  the  ftoap,  or  rather  with  the  first  servk:e  of 
the  leys.  The  alkali  seizes  the  acid  of  the  sulphate,  and  sets  the  protoxyde  of  iron 
free,  to  mingle  with  the  past^,  to  absorb  more  or  less  oxygen,  and  to  produce  thereby 
a  variety  of  tints.  A  portion  of  oxyde  combines  also  with  the  stearine  to  form  a 
metallic  soap.  When  the  oxyde  passes  into  the  red  state,  it  gives  the  tint  called  matUeau 
habelle.  As  soon  as  the  mottler  has  broken  the  paste,  and  made  it  pervious  in  all  directions) 
he  ceases  to  push  his  rake  from  right  to  left,  but  only  pluns^es  it  perpendicularly,  till  he 
reaches  the  ley ;  then  he  raises  it  snddenly  in  a  vertical  line,  making  it  act  like  the 
stroke  of  a  piston  in  a  pump»  whereby  he  lifU  some  of  the  ley,  and  spreads  it  over  the 
surface  of  the  paste*  In  its  subsequent  desoent  through  the  numerous  fissures  and  chan* 
nels,  on  its  way  to  the  bottom  of  the  pan,  the  colored  ley  impregnates  the  soapy  partidet 
in  various  forms  and  degrees,  whence  a  varied  marblin?  results. 

Three  pounds  of  olive  oil  afford  five  pounds  of  marbled  Marseilles  soap  of  good  qua- 
lity, and  only  four  pounds  four  ounces  of  white  soap  i  showing  that  more  water  ii 
retained  by  the  former  than  the  latter.  Oils  of  grains,  as  linseed  and  rapeseed,  do  not 
afford  so  solid  a  soda  soap  as  oil  of  olives ;  but  tallow  affords  a  still  harder  soop  with 
soda.  Some  of  the  best  Windsor  soap  made  in  London  contains  one  part  of  olive  o3 
(gailipoli)  for  every  nine  parts  of  tallow.  Much  of  the  English  hard  soap  is  made 
with  kitchen  and  bone  fat,  of  a  very  coarse  quality ;  the  washing  of  the  numerous 
successive  leys,  however,  purifies  the  foul  fats,  and  deprives  them  of  their  offensive  smell 
in  a  great  decree.  It  is  common  now  at  Marseilles  to  mix  ten  per  cent,  of  the  oil  of 
grains  with  olive  oil ;  for  which  purpose  a  large  proportion  of  the  oils  extracted  from  seeds 
in  the  mills  of  the  Dtparimmldit  Nord  is  sent  to  Marseilles ;  but  five  per  cent,  of  poppy- 
seed  oil,  mixed  with  tallow,  renders  the  soap  made  with  the  mixture  stringy  and  unfit  for 
washing ;  beeause  the  two  species  of  fat  refuse  to  amalgamate. 

The  affinity  between  the  stearine  of  tallow  and  the  alkali,  is  so  great  that  a  soap  may 
be  speedily  made  from  them  in  the  cold.  If  we  melt  tallow  at  the  lowest  possible 
temperature,  and  let  it  cool  to  the  fixing  point,  then  add  to  it  half  its  weight  of  caostie 
ley,  at  36^  B.»  agitating  meanwhile  incessantly  with  a  pallet  knife,  we  shall  perceive,  at 
the  end  of  some  hours  of  contact,  the  mixture  suddenly  acquire  a  very  solid  consistence, 
and  at  the  same  moment  assume  a  marked  elevation  of  temperature,  proving  the  pheno- 
menon, to  be  due  to  chemical  attractioa.  In  some  trials  of  this  kind,  the  thermometer  has 
risen  from  64°  to  140»  P. 

According  to  reoent  experiments  made  in  Marseilles,  100  pounds  of  olive  oil  take,  for 
their  conversion  into  soap,  54  pounds  of  crude  soda,  of  36  per  cent,  alkaline  strength. 
One  part  of  lime  is  employed  for  rendering  three  parts  of  the  soda  caustic.  The  riches 
the  oil  is  in  stearine,  the  more  dilute  should  be  the  ley  used  in  the  saponification ;  and 
vice  ver$a  when  it  abounds  in  oleine.  For  oil  of  the  former  kind,  the  first  leys  ndded 
have  a  density  of  from  9*  to  9°  B. ;  but  for  the  loUer  kind,  the  density  is  from  10*  to  1 1^. 
When  (bur  parts  of  olive  oil  are  mixed  with  one  part  of  poppy,  rape,  or  linseed  oil,  as 
is  now  the  general  praotioe  at  Marseilles,  then  for  such  a  mixture  the  first  lerys  have 
usually  a  specific  gravity  of  from  20°  to  25°,  the  second  from  10^  to  19^,  and  the  third 
from  4°  u>  5°,  constituting  a  great  difference  fVom  the  practice  in  Oreat  Britain,  where 
the  weaker  leys  are  generally  employed  at  the  commencement.  The  chief  reason  for  this 
practice  is,  however,  to  be  found  in  the  more  complete  causticity  of  the  weak  than  of 
the  strong  leys,  according  to  the  slovenly  way  in  which  most  of  our  soap-boilers  prepare 
them.  Indeed,  one  very  extensive  manufhcturer  of  soap  in  London  assured  me  that  the 
leys  should  not  be  caustic  {  an  extraordinary  assertion,  upon  which  no  comment  need  be 
In  eofflmoB  cases,  I  would  recommend  the  first  combination  of  the  ingredients 
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to  be  made  with  somewhat  weak,  but  perfectly  caustic  ley^  and  when  the  sapoaificatkni  it 
fairly  established,  to  iotrodnce  the  stronger  ley. 

In  a  Marseilles  soap-house,  there  are  four  ley-vats  in  each  set :  No.  I  is  the/Vcafc  vat^ 
into  which  the  fresh  alkali  and  lime  are  introduced;  No.  2  is  called  the  avofoin, 
being  one  step  in  advance ;  No.  3  is  the  small  avangain,  being  two  steps  in  advance,  and 
therefore  containing  weaker  liquor ;  No.  4  is  called  the  tDoter  vat,  because  it  receives  the 
water  directly. 

Into  No.  3  the  moderately  exhausted  or  somewhat  spent  leys  are  thrown.  From  No. 
3  the  ley  is  run  or  pumped  into  So,  2,  to  be  strengthened ;  and  in  like  manner  from  No. 
3  into  No.  1.  Upon  the  lime  paste  in  No.  4,  which  has  been  taken  from  No.  3,  watei 
is  poured ;  the  ley  thus  obtained  is  poured  upon  the  paste  of  No.  3,  which  has  been  taken 
Crom  No.  2.  No.  3  is  twice  lixiviated  ;  and  No.  2,  once.  Thcreceiver  under  No.  1 
has  four  compartments ;  into  No.  1  of  which  the  first  and  strongest  ley  is  mn  ;  into  No. 
2  the  second  ley ;  into  No.  3  the  third  ley ;  and  into  No.  4  the  fourth  ley,  which  is  so 
weak  as  to  be  used  for  lixiviation,  instead  of  water';  (jxtur  d*avance$). 

The  lime  of  vat  No.  4,  when  exhausted,  is  emptied  out  of  the  window  near  to  which 
it  stands ;  in  which  case  the  water  is  poured  upon  the  contents  of  No.  3 ;  and  upon  No. 
2  the  somewhat  spent  leys.  ^  ^ 

No.  1  is  now  the  avangaire  of  No.  4 ;  because  this  has  become,  in  its  turn,  the  Jretk 
vat,  into  which  the  fresh  soda  and  quicklime  are  put.  The  ley  discharged  from  No.  3 
comes,  in  this  case,  upon  No.  2 ;  and  after  being  ran  through  it,  is  thrown  upon  No.  1. 

144  pounds  of  oil  yield  at  Marseilles,  upon  an  average,  not  more  than  from  240  to  244 
pounds  of  soap ;  or  100  pounds  yield  about  168 ;  so  that  in  making  100  pounds  of  soap,  at 
this  rate  nearly  60  pounds  of  oil  are  consumed. 

OP  YELLOW  OB  BOSIN  SOAP. 

Rosin,  although  very  solubla  in  alkaline  menstrua,  is  not  however  susceptible,  like  fats, 
of  being  transformed  into  an  acid,  and  will  not  of  course  saponify,  or  form  a  proper  soap  by 
itself.    T^e  more  caustic  the  alkaJi,  the  less  consistence  has  the  resinous  componnd  which 
is  made  with  it.    Hence  fat  of  some  kind,  in  considerable  proportion,  most  be  used  aloag 
with  the  rosin,  the  minimum  being  equal  parts ;  and  then  the  soap  is  far  from  being  good. 
As  alkaline  matter  cannot  be  neutralized  by  rosin,  it  preserves  its  pecoliar  acrimony  in  a 
aoap  poor  in  fat,  and  is  ready  to  act  too  powerfully  upon  woollen  and  all  other  animal 
fibres  to  which  it  is  applied.    It  is  said  that  rancid  tallow  serves  to  mask  the  strong  odor 
of  rosin  in  soap,  more  than  any  oil  or  other  species  of  fat.    From  what  we  have  jait 
said,  it  is  obviously  needless  to  make  the  rosin  used  for  yellow  soaps  pass  throogh  all  the 
stages  of  the  saponifying  process ;  nor  would  this  indeed  be  proper,  as  a  portion  of  the 
rosin  would  be  carried  away,  and  wasted  with  the  spent  leys.    The  best  mode  of  pmeeed- 
ing,  therefore,  is  first  of  all  to  make  the  hard  soap  in  the  usual  manner,  and  at  the  last 
■ervice  or  charge  of  ley,  namely,  when  this  ceases  to  be  absorbed,  and  preserves  in  the 
boiling-pan  its  entire  causticity,  to  add  the  proportion  of  rosin  intended  tor  the 
In  order  to  facilitate  the  solution  of  the  rosin  in  the  soap,  it  should  be  redneed  to 
powder,  and  well  incorporated  by  stirring  with  the  rake.    The  proportion  of 
usually  from  one  third  to  one  fourth  the  weight  of  the  tallow.    The  boil  mast  be  kept 
up  for  some  time  with  an  excess  of  caustic  ley ;  and  when  the  paste  is  found,  on  eoolinf 
a  sample  of  it,  to  acquire  a  solid  consistence,  and  when  diffused  in  a  little  waier,  nol 
to  leave  a  resinous  varnish  on  the  skin,  we  may  consider  the  soap  to  be  finished.    W« 
next  proceed  to  draw  off  the  superfluous  leys,  and   to  purify  the  paste.     For  this 
purpose,  a  quantity  of  leys  at  80^  B.  beinc  poured  in,  ihe  mass  is  heated,  woiked 
well  with  a  rake,  then  allowed  to  settle,  and  drained  of  its  leys.    A  second  service  ef 
leys,  at  4^  B.,  is  now  introduced,  and  finally  one  at  V ;  aAer  each  of  which,  there  is  the 
usual  asritation  and  period  of  repose.    The  pan  being  now  skimmed,  and  the  scum  re- 
moved for  another  operation,  the  soap  is  laded  off  by  hand-pails  into  its  frame^monlds.    A 
little  palm  oil  is  usually  employed  in  the  manufacture  of  yellow  soap,  in  order  to  coneet 
the  flavor  of  the  rosin,  and  brighten  the  color.    This  soap,  when  well  made,  ought  to  be 
of  a  fine  wax-yellow  hue,  be  transparent  upon  the  edges  of  the  ban,  dissolve  readily  in 
water,  and  afford,  even  with  hard  pump-water,  an  excellent  lather. 

The  frame-moulds  for  hard  soap  are  composed  of  strong  wooden  bars,  made  into  the 
form  of  a  parallelogram,  which  are  piled  over  each  other,  and  bound  togetbo^  by  sciewed 
iron  rods,  that  pass  down  through  them.  A  square  well  is  thus  fonnrd,  which  in  large  soap 
factories  is  sometimes  10  feet  deep,  and  <iapable  of  containing  a  e^.nple  of  tons  of  soap. 

Mr.  Sheridan  some  time  since  obtained  a  patent  for  combining  silicate  of  soda  with 
hard  soap,  by  triturating  them  together  in  the  hot  and  pasty  slate  with  a  emtck  in 
an  iron  pan.  In  this  way  from  10  to  30  per  cent,  of  the  silicate  may  be  intrndneed. 
Such  soap  possesses  very  powerful  detergent  qualities,  but  it  is  apt  to  feel  hard  and  be 
somewhat  gritty  in  use.  The  silicated  soda  is  prepoired  by  boiling  ground  flints  in  a 
strong  caustic  ley,  till  the  specific  gravity  of  the  componnd  rises  to  nearly  doable  the 


InMtT  dT  water.    It  Ihea  contaiat  abool  3S  grtiat  at  aOiea,  and  4fl  of  aoda-hrdraie,  ii 

Hud  >«p,  after  mnainiag  two  dafi  in  tbe  framra,  u  at  Gral  divided  horizonlallr 
into  parallel  tablet!,  3  or  4  inebra  thick,  b;  a  braai  wire  ;  and  these  tablets  are  again  eat 
Tcrticatlf  into  oblonl:  nearly  aqaare  ban,  called  wedges  in  Scotland. 

The  soap-pans  used  in  the  United  Kini^loni  are  made  oTcalt  iron,  and  in  three  sepa- 
rale  pieces  joined  together  by  iron-rusl  cement.  The  followins  is  their  gene™)  forni : — 
Tbe  tVD  upper  TraslB  o(  cones  are  called  curba  ;  the  third,  or  nudemiosl,  is  the  pan,  to 
which  alone  the  heat  is  applied,  and  which,  iC  it  gels  cncked  in  (he  cooise  or  boiling, 
majr  mil;  be  lifted  up  within  tbe  conical  pieces,  by  attaching  chains  or  eords  Tor  nisiim 
it,  without  dislnrbing  the  masonry,  in  which  the  eorbs  are  firmly  let.  The  lurrace  <rf' 
the  hemispherical  pan  at  the  bottom,  a  in  general  about  one  tenth  part  of  the  surface 
of  the  conical  tides. 

The  vhile  ordinary  tallow  soap  of  the  London  manufacturers,  called  cord  soap,  coa- 
litti,  by  my  exprrintenls,  of — fal,  62 ;  soda,  6 ;  water,  42  ;  =  100.  Nine  tenths  of  the 
'■    -  '      -   Is  tallow. 
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examined  «evtt*l  other  NMips,  and  have  found  their  composition  somewhat 
A  London  eocoa-nnt  oil  soap  was  (bnnd 


■  14-G 

100-0 
En^ish  imitation  of  Cutile  tosp,  spec. 
jrsT.  0-9669,  consists  of— 
Soda      .  .  .  .    10-6 

Puly  coDsistenced  ftt  -  .    75-2 

Water,  with  a  little  colorine-   • 
matter  •  .  .    14-3 


Water    ....  73-5 
lOO'O 

This  remariiable  aoap  was  safficienlljr 
solid ;  bnt  it  dissolved  in  hoi  water  witk 
extreme  facility.  It  is  called  marine  soap, 
because  it  washes  linen  with  sea  water. 

A    poppy-jiiil-oil  hard    tamp  eonsiited 


Fatty  matter 

-  7S 
.  16 

Tbe  aoap  known  in  Franca  by  tbe  name 

of  tmip  in  foUu,   oontiat*.  according  to 

100 

M.  TheDMd'i  analysis,  of— 

Glts^w  white  Map— 

Soda            ...            4-6 

sSa        .            .            - 

.    6-4 

Fatty  matter          .          .         N>2 

Tallow    . 

-600 

Water         .            .           .          4S-a 

Water     - 

.33-6 

100-0 
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H.  lyAicet  state*  tha  analysis  of  Maiw 

Gbspiw  bnnmradQ  M^— 

aeiUesMapat— 

Soda        .           .            . 

.     6-B 

Soda          ...          0 

Pat  and  rorin      . 

.  70-0 

Oil          .         .         .       w 

The  prindpal  difference  between  soaps  with  base  of  soda,  and  soaps  with  base  of  pot* 

Mh,  depends  upon  their  mode  of  eombinalion  with  water.  The  fotraer  absorb  a  large 
qniotily  of  i(,  and  become  solid ;  they  are  chemical  hydrates.  The  others  eiperienee  a 
EDch  feebler  cohesive  attiaction ;   bat  they  retain  much  more  wslei  in  a  stale  of  mere 

Three  parts  of  fat  aflbrd,  in  general,  fully  Ave  parts  of  soda  soap,  well  dried  in  the  opan 
■ir  ;  but  three  parts  of  fat  or  oil  will  sflbrd  from  six  to  seven  parts  of  potash  soap  of 
moderate  consistence.  This  feebler  cohesive  force  renders  it  apt  to  deliquesce,  especially 
if  there  be  a  small  excess  of  the  alkali.  It  is,  therefore,  impossible  to  sei«rste  it  from 
the  leys ;  and  the  washing  or  ntargagt,  practised  on  the  haid-soap  process,  is  inadmisti. 
Ue  in  the  soft.  Perhaps,  however,  this  concentralioa  or  abstraction  of  water  mi^hl  be 
effected  by  using  dense  leys  of  muriate  of  potash.  Those  of  mniiate  or  sulphate  ot 
soda  chan(K  the  potash  into  a  soda  soap,  by  double  decomposition.     From  its  tnperin 


*  By  mj  pm  upHiiiMBIt  npoti  ttas  iHoid  bliott  nnvlt  at  Air.  Oibt 
tl^omopnlMila.    9m  Puis,  Oib,  nd  Itwiai. 
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BolnlriMty,  more  alkaline  reacticm,  a&d  loirer  priee,  potash  soap  is  prefened  for 
parposes,  and  especially  for  scouring  woollen  yarns  and  stuffs. 

Soft  soaps  are  usually  made  in  this  country  with  whale,  seal,  oliye,  and  Unseed  oHi, 
and  a  certain  quantity  of  taliow  j  on  the  continent,  with  the  oils  of  hempeeed,  sesaote^ 
rapeseed,  linseed,  poppy-seed,  and  colza ;  or  with  mixtures  of  several  of  these  criis.  When 
tallow  is  addedj  as  in  Great  Britain,  the  object  is  to  produce  white  and  somewhat  solii 
grains  of  stearic  soap  in  the  transparent  mass,  called  figging,  because  the  sonp  then  re- 
sembles the  granular  texture  of  a  fig. 

The  potash  le3rs  should  be  made  perfectly  caustic,  and  of  at  least  two  differenC 
strengths ;  the  weakest  being  of  specific  gravity  1*05 ;  and  the  strongest,  1-20,  or  even 
1-25.  Being  made  from  the  potashes  of  commerce,  which  contain  seldom  m<yre  than 
60  per  cent.,  and  often  less,  of  real  alkali,  the  leys  correspond  in  specific  gravity  to 
double  their  alkaline  strength ;  that  is  to  say,  a  solution  of  pore  potash,  of  the  saine 
density,  would  be  fully  twice  as  strong.  The  following  is  the  process  followed  by  re. 
spectable  manufaoturei-s  of  soft  soap  {tavou  wri,  being  naturally  or  artificially  green) 
upon  the  continent. 

A  )>ortion  of  the  oil  being  poured  into  the  pan,  and  heated  to  nearly  the  boiliag  point 
of  water,  a  certain  quantity  of  the  weaker  ley  is  introduced;  the  fire  being  kept  up  so 
as  to  bring  the  mixture  to  a  boiling  state.  Then  some  more  oil  and  ley  are  added  al- 
ternately, till  the  whole  quantity  of  oil  destined  for  the  pan  is  introduced.  The  ebol- 
lition  is  kept  up  in  the  gentlest  manner  possible,  and  some  stronger  ley  is  occasionally 
added,  till  the  workman  ju^es  the  saponification  to  be  perfect.  The  boiling  beoomes 
progressively  less  tumultuous,  the  frothy  mass  subsides,  the  paste  grows  transparent,  and 
it  gradually  thickens.  The  operation  is  considered  to  be  finished  when  the  paste  ceases 
to  aftect  the  tongue  with  an  acrid  pungency,  when  all  milkiness  and  opacity  disappear, 
and  when  a  little  of  the  soap  placed  to  cool  upon  a  glass  plate,  assumes  the  proper 
consistency. 

A  peculiar  phenomenon  may  be  remarked  in  the  cooling,  which  aflfords  a  good  eriterioa 
of  the  quality  of  the  soap.  When  there  is  formed  around  the  little  patch,  an  opaque  zone, 
a  fraction  of  an  inch  broad,  this  is  supplbed  to  indicate  complete  saponification,  and  is 
called  the  strta^h ;  when  it  is  absent,  the  soap  is  said  to  want  its  strength.  When  this 
zone  soon  vanishes  after  being  distinctly  seen,  the  soap  is  said  to  haveya/ac  strength. 
When  it  occurs  in  the  best  form,  the  soap  is  perfect,  and  may  be  secured  in  that  stale 
by  r«noviug  the  fire,  and  then  adding  some  good  soap  of  a  previoqsroundy  to  cool  it  dowa, 
and  prevent  further  change  by  evaporation. 

200  pounds  of  oil  require  for  their  saponification — 72  pounds  of  American  potash  of 
moderate  quality,  in  leys  at  15®  B. ;  and  the  product  is  460  ppunds  of  well-boiled  soap. 

if  hempseed  oil  have  not  been  employed,  the  soap  will  have  a  yellow  color,  instead 
of  the  green,  so  much  in  request  on  the  continent.  This  tint  is  then  given  by  the  ad- 
dition of  a  little  indigo.  This  dye-stuff  is  reduced  to  fine  powder,  and  boiled  for  sone 
hours  in  a  considerable  quantity  of  water,  till  the  stick  with  which. the  wator  is  stirreil 
presents,  on  withdrawing  it,  a  gilded  pellicle  over  its  whole  surface.  The  iodieo 
diffused  through  the  liquid,  is  now  ready  to  be  incorporated  with  the  soap  in  tke 
befbre  it  stiffens  by  cooling. 

JVf.  Thenard  states  the  composition  of  soft  soap  at — potash  9*5,  -f-  oil  44*0,  -\-  water 
46^,  r=  100. 

Good  sofl  soap  of  London  manufacture,  yielded  to  me — potadr-S^  -f-  oil  and  XiSkm 
45,  +  Water  46*5. 

Belgian  soft  or  green  soap  afforded  me — potash  7,  +  oil  36,  -[-  water  57,  =r  100. 

Scoteh  sof\  soap,  being  analyzed,  gave  me — potash  8,  -f-  oil  and  tallow  47,4-  water  ^- 

Another  well-made  soap — potash  9,  -j-  oil  and  fat  34,  -|-  water  57. 

A  rapeseed-oil  soft  soap,  from  Scotland,  consisted  of — potash  10,  -{-  oil  51-66, 4* 
water  38-33. 

An  oJiveroil  (g^lUpoll)  soft  soap,  from  ditto,  contained — ^potash  with  a  good  ded  of 
carbonic  acid  10,  oil  48,  water  42,  =  100. 

A  semi-hard  soap,  from  Verviers,  for  fulling  woollen  cloth,  called  amon  ieomamiqmt, 
consisted  of,  potash  11-5,  +  fat  (solid)  62,  -|-  water  26*5,  =:  100. 

The  following  is  a  common  process,  in  Scotland,  by  which  good  soft  soap  is  made ; — 

273  gallons  oC  whale  or  cod  oil,  and  4  cwts.  of  tallow,  are  pot  into  the  soap-pan,  witk 
250  gallons  of  ley  from  American  potash,  of  such  alkaline  strength  that  1  gallon  eon- 
tains  6600  grains  of  real  potash.  Heat  being  applied  to  the  bottom  pan,  the  mixtniv 
froths  up  very  much  as  it  approaches  the  boiling  temperature,  but  is  prevented  fiosD 
boiling  over  by  being  beat  down  on  the  surface,  within  the  iron  curb  or  crib  which  snr» 
mounts  the  caldron.  Should  it  soon  subside  into  a  doughy-looking  paste,  we  may  infer 
that  the  ley  has  been  too  strong.  Its  proper  appearance  is  that  of  a  thin  glue.  We 
should  now  introduce  about  42  gallons  of  a  stronger  ley,  equivalent  to  8700  gr.  of  po<^ 
ash  per  gallon ;  and  after  a  short  interval,  an  additional  42  galkms ;  and  thus 
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oeMiTclT  lilt  nearly  600  tuch  fnlloni  have  beea  added  in  tbe  whole.  A/ter  suitable  boil. 
mg  10  iiponiTf  llie  fats,  Ihe  proper  quality  of  loap  will  be  obtained,  amounting  in  qtian- 
tily  lo  100  firkini  of  64  pounds  each,  from  Ibe  above  qnaalily  or  materia  1b. 

It  It  generally  supposed,  and  I  believe  it  lo  be  trne,  TrotD  my  own  numeroos  eiperi- 
meola  upon  the  subject,  that  il  is  a  more  difficult  and  delicate  operation  to  make  a  Sne 
wft  soap  or^lawy  Inngparenc;,  inlerBpersed  with  the  figged  gtauulations  of  steanCe  of 
putasb,  than  to  make  baid  soap  of  any  kind. 

Sofl  soap  is  made  in  Belgium  as  follows :— For  a  boil  of  18  or  20  tnni,  of  iOO  kilo- 
KrarameB  eacb,  there  is  employed  for  the  leys — 1500  pounds  of  American  polaihet,  and 
900  to  600  pounds  of  quicklime. 

The  lei  is  prepared  cold  in  cisterns  of  hewn  Stone,  of  which  (here  are  nmally  five  in  a 
range.  The  Erat  contains  Ibe  materials  nearly  exhanlled  of  their  alkali ;  and  the  last 
the  potash  in  its  entire  state.  The  ley  run  olT  from  the  Rnt,  is  transferred  into  the  m- 
cond  j  that  of  the  Second  into  the  third ;  and  so  on  lo  the  Gflh. 

In  eondoclinit  the  impaiagt  of  the  «aap,  Ibey  pnt  into  the  pan,  on  tlie  ere  of  the  bolt 
ing^lay,  6  ai'mu  (1  obm,  :^30  gallons  imperiil)  orotl  of  colia,  in  snmmer,  bul  a  mixture 
oTlhal  oil  with  linseed  oU  in  winter,  alons  with  2  aimes  of  potash  ley  at  13°  B.,  and 
leare  Ihe  mixture  without  heat  during  eight  hours.  AHer  applying  the  fire,  they  eon- 
linne  lo  boil  gently  till  the  malerials  cease  to  swell  np  with  the  beat;  afler  which,  ley 
of  16°  or  17°  must  be  introduced  successively,  in  quoolities  of  J  of  an  ajme  aAer  anolfaer, 
liU  from  2  lo  4  aimes  be  used.  The  boil  is  flnished  by  pooriog  sodk  ley  of  20"  B.,  so 
that  Ihe  whole  quantity  may  amount  Id  9|  aimes. 

It  is  considered  that  the  operation  will  be  suceessnil,  if  from  the  lime  oT  kindliitg  the 
lire  till  the  finish  of  Ihe  boil,  only  five  hours  elapse.  In  order  to  prerenl  the  soap  from 
boiling  orer,  a  wheel  is  kept  revolving  in  the  pan.  The  operative  considers  Ibe  soap  to 
be  finished,  when  il  can  no  longer  be  drawn  out  inio  threads  between  the  finger  and 
thumb.  He  determines  if  il  contains  an  excess  of  alkali,  by  taking  a  sample  out  during 
the  boil,  which  he  puis  iolo  a  tin  dish  )  where  if  it  gets  covered  with  a  skin,  he  poor* 
fresh  oil  into  Ihe  pan,  and  continues  the  boil  till  the  soap  be  perfect.  No  winder  tlM 
Belgian  soap  is  bad,  amid  such  groping  in  Ihe  dark,  without  one  lay  of  aeiencel 


The  «ofl  fancy  t<nlet  soaps  are  divisible  into  iwo  daises :  ].  good  peiaA  Ma|>,  colored 
and  scented  in  various  ways,  forms  the  basis  of  the  Naples  and  other  ordinary  solt  soapa 
oTlhe  perfnmeri  2.  pearl  loap,  (laron  naere,)  which  difiera  from  the  other  boll)  in  phys- 
ical aspect  and  in  mode  of  preparation. 

Ordinary  toft  ToUel  Soap.— lit  maoufaclure  beinK  conducted  on  the  principles  alraady 
laid  down,  presents  no  diBicnlty  to  a  man  of  ordinary  skill  and  experience;  the  only 
point  to  be  strictly  attended  to,  is  Ihe  degree  of  evaporation,  so  a*  to  obtain  loap  alwaya 
of  uniform  consistence.  The  fat  generally  preferred  is  good  hi^s  lard;  of  which  thirty 
pounds  are  lo  be  miied  with  forty-five  pounds  of  a  caustic  ley  marking  17*  on  Banmi'i 
scale ;  tbe  lemperature  is  to  be  gradually  raised  lo  ebullition,  but  the  boil  must  not  ba 
kept  np  loo  long  or  too  briskly,  till  sner  the  impaiaft  or  saponiflcalion  is  completed,  and 
the  whole  of  the  ley  inlimalely  combined  with  the  fatty  particles;  after  this,  the  evapora- 
tion of  the  water  may  be  pushed  prelly  qnickl;,  by  a  sleaJy  boil,  till  copioas  vapor*  eeaie 
to  rise.  This  criterion  is  observed  when  the  paste  has  beeome  too  stiff  lo  be  sliired  fine- 
ly. The  soap  should  have  a  dazzling  snowy  whiteness,  provided  Ihe  lard  has  been  well 
refined,  by  being  previously  Irilnrated  in  a  mortar,  melted  by  a  steam  heal,  and  then 
tliained.  Tbe  lard  soap  so  prepared,  is  semi-solid,  ai^  pieserves  always  the  same  ap- 
pearance. If  the  paste  is  not  sufficiently  boiled,  however,  it  will  sbow  Ihe  eircumilance 
very  sood  ;  for  In  a  few  days  the  soap  will  become  gluey  and  stringy,  like  a  lenacioa» 
mass  of  birdlime.  This  defect  may  not  only  be  easily  avoided,  but  eaaily  remedied,  by 
subjecting  the  paste  to  an  adequate  evaporation.  Such  smps  are  in  great  request  fw 
•having,  and  are  moat  convenienl  in  use,  especially  for  travellers.  Hence  their  sale  haa 
become  very  considerable. 

Ptart  waft  Soap.— It  is  only  a  few  years  since  ibe  process  for  making  thU  elegant  aoap 
hteame  known  in  France.    Il  differs  little  from  the  preceding,  and   owes  its  beautifol 
aspect  merely  lo  minute  manipnlalious,  about  lo  be  described.     Weigh  out  20  pounds 
of  purified  hog's  lard  on  the  one  hand,  and  10  pounds  of  potash  ley  at  36°  B.  on  Ihe 
other.    Put  the  lard  into  a  porcelain  capsule,  gently  healed  upon  a  sand-balh,  ttirnng 
constancy  with  a  wooden  spatula;  and  when   it  is  half  melted,  and  has  a  milky 
appearance,  pour  into  it  only  one  half  of  the  ley,  itiU  stirriwi,  and  keeping  up  lh«  sam« 
tonpeiatnre,  wilh  as  liltle  variation  as  powible.    While  the  aaponificalion  advuMM 
gndually,  we  shall  perceive,  afler  an  hour,  tome  fat  flo«tii«  on  the  surface,  bko  a  Bbn  of 
oil,  and  at  the  nme  time  the  soapy  granulations  falling  lo  the  botlom.    We  mast  Ui«^ 
add  Ike  MCOdd  portion  of  the  loyj  whereon  Ihe  gmnnlatton*  unmed«t«ly  diMpp««x 
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and  the  paste  is  formed.  After  condacting  this  operation  doriDg  foar  horns,  the  gute 
becomes  so  stiff  and  compact,  that  it  cannot  be  stirred ;  and  must  then  be  Ughll  j  beaten* 
At  this  time  the  capsule  mnst  be  transferred  from  the  sand-bath  into  a  basin  of  warn 
water,  and  allowed  to  cool  very  slowly. 

The  soap,  though  completely  made,  has  yet  no  pearly  appearance.  This  phyiml 
property  is  developed  only  by  po^unding  it  strongly  in  a  marble  mortar ;  whereby  all  ill 
particles,  which  seemed  previously  separated,  combine  to  form  a  homogeneous  paste. 
The  perfume  given  to  it,  is  always  essence  of  bitter  almonds ;  on  which  accoiint  the  soap 
is  called  almond  cream,  crime  d*amande$» 

HARIX  SOAPS   FOR   THE  TOILET. 

The  soaps  prepared  for  the  perfumer,  are  distinguished  into  different  species,  acoording 
to  the  fat  which  forms  their  basis.  Thus  there  is  soap  of  tallow,  of  hog's  lard,  of  oil  ol 
olives,  of  almonds,  and  palm  oil. 

It  is  from  the  combination  of  these  different  sorts,  mingled  in  various  proportioBs,  and 
perfumed  agreeably  to  the  taste  of  the  consumer,  that  we  owe  the  vast  number  of  toilet 
soaps  sold  under  so  many  fantastic  names.  One  sort  is  rarely  scented  by  itself^  as  a  mil- 
ture  of  several  is  generally  preferred;  in  which  respect  every  perfumer  has  his  pecaliv 
secret.  Some  toilet  soaps,  however,  require  the  employment  of  one  kind  more  than  of 
another. 

Formerly  the  Windsor  soap  was  made  in  France,  wholly  with  mutton  suet ;  and  it  was 
accordingly  of  inferior  value.  Now,  by  mixing  some  olive  oil  or  lard  with  the  sn^  a 
very  good  Windsor  soap  is  produced.  I  have  already  stated,  that  the  fat  of  the  Londoa 
Windsor  is,  nine  parts  of  good  ox  tallow,  and  one  of  olive  oil.  A  soap  made  entirely 
with  oil  and  soda,  does  not  afford  so  good  a  lather  as  when  it  contains  a  considerable 
proportion  of  tallow. 

The  soaps  made  with  palm  oil  are  much  used ;  when  well  made,  they  are  of  exceDcat 
quality,  and  ought  to  enter  largely  into  all  the  colored  sorts.  They  naturally  possess  the 
odor  of  violets. 

The  soaps  made  with  oil  of  almonds  are  very  beautiful,  and  preserve  the  agreeable 
smell  of  their  perfume ;  but  being  expensive,  are  Introduced  sparingly  into  the  mixtares 
by  most  manufacturers. 

Some  perfumers  are  in  the  habit  of  making  what  may  be  called  extempore  soaps,  em- 
ploying leys  at  36^  Banme  in  their  formation.    This  method,  however,  ought  never  to 
be  adopted  by  any  person  who  prefers  quality  to  beauty  of  appearance.     Such  sotp  is, 
indeed,  admirably  white,  glistening,  contains  no  more  water  than  is  necessary  to  its  eoa- 
stitution,  and  may  therefore  be  sold  the  day  aAer  it  is  made.    But  it  has  counter-balaa- 
eing  disadvantages.     It  becomes  soon  very  hard,  is  difficultly  soluble  in  water,  and,  if 
not  made  with  tallow,'  does  not  lather  well.     Hog's  lard  is  very  commonly  used  for  mir 
king  that  soap.    Twenty  kilogrammes  of  the  fat  are  taken,  to  ten  kilogrammes  of  sods 
ley,  at  36°  B.  (specific  gravity  1-324) ;  as  soon  as  the  former  is  nearly  fluid,  five  kiliv 
grammes  of  the  ley  are  introduced,  and  the  mixture  is  continually  agitated  daiio;  aa 
hour  with  a  wooden  spatula.    The  temperature  should  never  be  raised  above  150^Fahr. 
at  the  commencement  of  the  operation ;  at  the  end  of  one  hour,  five  other  kilograioDes 
of  ley  are  to  be  added,  with  careful  regulation  of  the  heat.    The  paste  thus  formed  by  the 
union  of  the  fat  and  alkali,  ought  to  be  perfectly  homogeneous,  and  should  increase  in 
consistence  every  hour,  till  it  becomes  firm  enough  to  be  poured  into  the  frame ;  dninf 
which  transfer,  the  essential  oils  destined  to  scent  it,  should  be  introduced.    Next  day 
the  soap  is  hard  enough;  nor  does  it  differ  in  appearance  from  ordinary  soap,  only  it 
requires  prompt  manipulation  to  be  cut  into  bars  and  cakes ;  for  when  neglected  a  day 
or  two,  it  may  become  too  brittle  for  that  purpose,  and  too  hard  to  take  the  impressioB 
of  the  stamps  in  relief.    Such  an  article  gets  the  name  of  littk'pan  soapy  on  aecoaat  of 
the  small  quantity  in  which  it  is  usually  manufactured.    Hard  soap,  made  in  the  eoa»- 
non  way,  is,  on  the  contrary,  called  large^pan  soap.    This  extemporaneous  compound  is 
now  seldom  or  never  made  by  respectable  manufacturers.    In  making  Windsor  soap,  the 
admixture  of  olive  oil  is  advantageous ;  because,  being  richer  in  oleine  than  suet,  it  sa- 
ponifies less  readily  than  it,  and  thus  favors  the  formation  of  a  more  perfeet  neutral  com- 
bination.   When  the  soap  cuts,  or  parts  from  the  ley,  when  the  paste  becomes  clotty,  or, 
in  the  language  of  the  operative,  when  the  grain  makes  its  appearance,  the  fire  sfaoald 
be  immediately  withdrawn,  that  the  impurities  may  be  allowed  to  subside.    This  part  oi 
the  operation  lasts  twelve  hours  at  least ;  after  which,  the  soap,  still  hot,  beeomes  alto- 
gether fluid  and  perfectly  neutral. 

For  every  1000  pounds  of  the  paste,  there  must  be  introduced  nine  pounds  of  essencei, 
mingled  in  the  following  proportions : — six  pounds  of  essence  of  caroi ;  one  and  a  half 
ditto  lavender,  (finest) ;  one  and  a  half  ditto  rosemary. 

The  mixture  must  be  well  stirred,  in  order  to  get  completely  saturated  with  Iha 
perfumes ;  and  this  may  be  readily  done  without  at  all  touching  or  sttrring  np  th« 
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lubjiont  \eji;  in  tlie  coarse  of  two  honr^lhe  soap  iubt  be  traDrf«iTed  into  Ae  oidiaary 
finnes.  In  tven(]'-four  hoan,  the  dibse  is  ngualiy  solidified  enoagh  Tor  ealting  into  bar* 
and  ealies,  ready  lo  be  slBmped  for  sale. 

The  above  method  or  Gcentinir  M'indsor  map  is  practised  on);  in  die  lai^est  e«t«bli«h- 
mealB;  in  the  gmaller,  the  soap  is  pailed  out  or  the  soap-panf,  into  &  pan  piovided  with 
a  sleam  c<i;e  or  jacliel,  and  there  mixed  wilh  the  esEeatial  oils,  by  meani  of  appropriate 
heatiud  agitation. 

The  matt  faehioaible  toilet  soaps  are,  the  rose,  the  bouqntl,  the  cinaamoD,  the  ornnge- 
fiover,  the  music,  and  the  bitter  almond  or  peaeh  blostom. 

Soap  a  la  rott. — This  is  made  of  the  rollowini;  ingredients:  30  panada  of  oliTe^il 
ioap;  £0  oT  good  tallow  soap. 

Toilet  soaps  must  be  reduced  to  thin  shaiingf,  by  means  of  a  plane,  with  its  under 
lace  tamed  up,  so  Uiet  the  bars  may  be  slid  along  it.  These  shavings  must  be  put  into 
an  untinned  copper  pan,  Which  is  surrounded  by  a  water-balb,  or  sleam.  If  the  soap  be 
old  and  hard,  6  pounds  of  water  mnst  be  added  lo  them ;  bnl  it  is  prefl^rable  lo  lake 
freib-msde  snipe,  which  may  meli  without  addition,  as  soap  some  time  kept  does  not 
readily  form  a  homogeneous  paste.  The  fusion  is  commonly  completed  in  an  honr,  or 
thereby,  the  heat  being  applied  at  SI2°  F.,  to  accelerate  the  progress,  and  prevent  the 
dissolution  of  the  consLituent  water  of  the  snap.  For  this  purpose  the  interior  pen  ma; 
be  covered.  Whenever  the  mafS  is  snflicicnlly  liqaeGed,  IJ  ounces  of  finely  groond  ver- 
uilioa  are  to  be  introduced,  and  Ihorou£:hly  mixed,  after  which  the  heat  may  be  taken 
off  the  pan;  when  the  following  perfumes  mnv  be  added  with  due  trituration  -.—S  ounces 
oT  essence  of  rase;    1  ditto  eloves;  1  ditto  cinnamon  ;  St  <lil«'  her^amot  ^  ^  T}. 

The  scented  soap  beini;  put  into  the  frames,  speedily  consolidates.  Some  recommend 
to  past  the  finished  fused  soap  through  a  tammy  cloth,  in  order  to  fVee  it  from  all  cloti 
and  impurtlies ;  a  very  proper  precaution  in  the  act  of  transferring  it  lo  Ihe  frame.  If 
the  preceding  instmclions  be  obserted,  wc  obtain  a  soap  perfect  in  every  point  of  view  j 
possessini:  a  nelicious  friEnince,  equally  rich  and  agreeable,  a  beautiful  roseate  hue,  and 
the  soflesl  detergent  qualities,  which  keeping  cannot  impair.  Such  a  soap  has,  in  fact, 
been  known  to  retain  every  property  in  perfection  during  four  or  five  years.  When  Ihe 
ewential  oils  are  particularly  volatile,  tliey  should  not  bf  added  to  Ihe  soap  till  its  lem- 
peralnrr  has  fallen  to  about  MO'Vahr. ;  but  in  this  ease  a  more  careful  trilnration  is 
reqnired.  The  economy  is,  however,  ill  bestowed  ;  for  the  cakes  made  of  such  cooler 
soap  are  never  so  homogeneous  and  glossy. 

Soap  au  bomjtut. — 3(1  pounds  of  good  IbIIow  soap;  4 
oil  of  cloves,  saBsafrai-,  and  Ihjme,  1  ounce  each  ;  nen: 
with  7  onnres  of  brown  ochre. 

CfanonuBi  Soap.— 30  pounds  of  good  lallow  soap; 
fames :— 7  ounces  of  essence  of  cinnamon;  ^l  dilt. 
Color-. — 1  pound  of  yellow  ochre. 

Orangt-Jlavtr  Soap.— 30  pounds  of  good  tallow  soap ;  20  dilto  palm-oil  soap.  Per- 
ftilnes  ; — 71  ounces  essence  of  PorluEa) ;  7^  clitlo  ember.  Color : — 9i  ounces,  eonsistins 
of  8j  of  a  yellow-green  pigmeni,  and  l\  of  red  lead. 

JUiuk  Soap. — 30  pounds  of  irood  lallow  soap;  SO  ditto  palowiil  soap.  Perf\>mei: — 
Powder  of  cloves,  of  pale  roses,  gilliflower,  each  4i  ounces;  essence  of  bei'gamol,  and 
etienee  of  musk,  each  31  ounces.     Color :— 4  ounces  nf  brown  ochre,  or  Spanish  brown. 

Billtr  Jlnvmd  Soap — Is  made  by  compounding,  wiih  50  pounds  of  the  best  white  soap, 
10  Dances  of  the  essence  of  bitter  almonds. 


The  apparatat  employed  for  making  tfaes 
bath;  in  the  bottom  of  the  pan  there  is  B  Biej, 
10  which  arois  or  paddles  ere  nllnchcd,  for  producing  eonslant  Rotation,  by  causing  Ihem 
lo  revolve  among  the  liquefied  mass.  Into  a  pan  so  mounled,  50  pounds  of  good  oil  soap 
of  any  kind  are  put  (for  a  lallow  soap  does  not  become  frolhy  enough),  and  melled  by 
proper  heat,  with  the  addition  of  3  or  4  pounds  of  watsr.  By  the  rapid  rotation  of  the 
machine,  an  ahnndanl  thick  lather  is  produced,  beginning  fitst  at  the  bottom,  end  creep- 
ing grwlDatly  upwanls  lo  the  top  of  ihe  pan,  when  the  operation  should  be  stopped  ;  the 
Map  having  by  this  lime  donbled  its  volume.  Il  mnsl  now  be  pailed  oif  into  the  frame, 
tDowed  to  cool,  and  then  cut  into  cakes.  Such  soap  is  exceedingly  pleasant  at  Ihe  weah- 
itand,  feelinfc  very  tofl  upon  the  skin,  affording  a  copious  thiek  lather,  and  diaaoiving 
•1th  Hie  grealetl  ease. 
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£qiia1  parts  of  tallow  soap,  made  perfectly  dry,  and  spirit  of  wine,  are  to  be  pot  nis 
a  copper  still,  which  is  plunged  in  a  water-bath,  and  furnished  with  its  capital  aad 
refrigeratory.  The  heat  applied  to  effect  the  solution  should  be  as  slight  as  possible,  to 
avoid  evaporating  too  much  of  the  alcohol.  The  solution  being  effected,  most  be  suf- 
fered to  settle ;  and  after  a  few  hours'  repose,  the  dear  sapematant  liquid  is  drawn  off 
into  tin  frames,  of  the  form  desired  for  the  cakes  of  soap.  These  bars  do  not  acquire 
their  proper  degree  of  transparency  till  aAer  a  few  weeks'  exposure  to  dry  air.  They 
are  now  planed,  and  subjected  to  the  proper  mechanical  treatment  for  inaking  cakes  of 
any  form.  The  soap  is  colored  with  strong  alcoholic  solution  of  archil  for  the  rose  tiat, 
and  of  turmeric  for  the  deep  yellow.  Transparent  soaps,  however  pleasing  to  the  ey& 
are  always  of  indifferent  quality ;  they  are  never  so  detergent  as  ordinary  soaps,  ana 
they  eventually  acquire  a  disagreeable  smell. 


Soap  charged  with  duty  in                         1          1834. 

1635. 

1836. 

• 

Hard 

Soft 

Amount  of  dut/  at  1|J.  per  lb.  on  hard  soap 
do.  at  Id.                    soft  soap 

lbs. 
144,344,043 
10,401,281 

£902,150 
43,339 

lbs. 
148,806,207 
12,103,109 

£930,039 
50,429 

Bs. 

146,539,210 

13,358,894 

£915,861 
55,662 

SOAPSTONE ;  see  Steatite. 

SODA,  Caustic  soda  {HydraU  de  sonde,  Fr. ;  .detznatron,  Germ.),  is  an  alkaline  sob* 
stance,  used  in  chemical  researches,  in  bleaching,  and  in  the  manufacture  of  soap.  It  is 
prepared  by  boiling  a  solution  of  crystallized  carbonate  of  soda  in  4  or  5  parts  of  water, 
with  half  its  weight  of  recently  slaked  and  sifted  lime.  At  the  end  of  half  an  hoar,  the 
vessel  of  iron,  porcelain,  or  preferably  silver,  may  be  removed  from  the  fire,  and  covered 
carefully,  till  the  calcareous  matter  has  settled  into  a  solid  magma  at  the  bottom.  The 
clear  supernatant  ley  may  be  then  decanted  into  bottles  for  use  in  the  liquid  state,  or 
evaporated,  out  of  contact  of  air,  till  it  assumes  an  oily  appearance,  then  poured  apoa 
an  iron  or  marble  slab,  broken  into  pieces,  and  put  up  in  vials  secured  with  greased  stop- 
pers or  corks. 

Caustic  soda  is  a  white  brittle  mass,  of  a  fibrous  texture,  a  specific  gravity  of  1-536| 
melting  at  a  heat  under  redness,  having  a  most  corrosive  taste  and  action  upon  aniflisl 
matters,  dissolving  readily  in  both  water  and  alcohol,  attracting  carbonic  acid  when 
exposed  to  the  atmosphere,  but  hardly  any  water,  and  falling  thereby  into  an  effloresceBt 
carlxmate ;  it  forms  soaps  with  tallow,  oils,  wax,  rosin ;  dissolves  wool,  hair,  silk,  hon» 
alumina,  silica,  sulphur,  and  some  metallic  sulphurets.  It  consists  of  77>66  soda,  aad 
22-34  water.  A  solution  of  caustic  soda  affords  no  precipitate  with  solution  of  chloride 
of  platinum,  or  tartaric  acid,  as  a  solution  of  caustic  potash  never  fails  to  do. 

The  following  Table  of  the  quantity  of  Caustic  Soda  contained  in  Lets  of  difierent 
densities,  has  been  given  by  Richter : — 


SpM. 

Soda 

Spec. 

Soda 

Sj^c. 

Soda 

Spec 

Soda     I 

jrraT. 

per  ceut. 

gThY. 

per  cent. 

giav. 

per  cent. 

?»«▼• 

per  cnt.  1 

1*00 

0-00 

M2 

IMO 

1-22 

20-66 

1-32 

SESTtO 

1-02 

2-07 

M4 

12-81 

1-24 

22-58 

1-34 

31-67 

1*04 

4-02 

M6 

14-73 

1-26 

24-47 

1-36 

32-40 

1-06 

5-89 

M8 

16-73 

1-28 

26-33 

1-36 

33-06 

]*08 

7-69 

1-20 

18-71 

1-30 

28-16 

1-38 

34-41 

110 

9*43 

Soda  free  from  water  can  be  obtained  only  by  the  combustion  of  sotfrnm,  which 
SODA,  CARBONATE  OF  (Kohltnsawrea  nainm,  Germ.),  is  the  soda  of 
in  various  states,  either  crystallized,  in  lumps,  or  in  a  crude  powder  called  soda-ash.  It 
exists  in  small  quantities  in  certain  mineral  waters;  as,  for  example,  in  those  of  Sdtser, 
Seydschutz,  Carlsbad,  and  the  volcanic  springs  of  Iceland,  especially  the  Geyser;  it 
fVequently  occurs  as  an  efflorescence  in  slender  needles  upon  damp  walls,  being  prod«eed 
by  the  action  of  the  lime  upon  the  sea  salt  present  in  the  mortar.  The  minml  soda  is 
the  sesqaicarbonate,  to  be  afterwards  described. 

Of  manufkctured  soda,  the  variety  most  anciently  known  is  barilla,  the  incineraled 
ash  of  the  Salsola  soda.  This  plant  is  cultivated  with  great  care  biy  the  Spanianls, 
especially  in  the  vicinity  of  Alicant.  The  seed  is  sown  in  li^ht  kvw  soils,  which  an 
embanked  towasds  the  sea  shore,  and  furnished  with  slulees,  for  admitting  an  oecasaoaal 
overflow  of  salt  water.    When  the  plants  are  ripe,  the  crop  is  cut  down  and  dried ;  tbc 
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Kcda  are  rilibed  ont  and  prncrred ;  lh«  ml  oT  ths  pint  a  buned  in  rude  runnees,  M 
t  tempcraltue  jD»t  mffleieBt  to  catiBe  tbe  aihe*  to  eaWr  into  •  ilaie  oT  Bcmi-fiuJaD,  so 
istoeoDcrelc  on  cooling  into  ceUutarmuwB  moderattly  oampaeL  The  mott  valuable 
nridf  oT  this  article  is  called  nmtl  barilla,  II  has  a  graykh-blue  color,  and  gcM 
corered  with  ■  galine  sfBorcMenee  when  exposed  for  some  time  to  the  aii.  It  is  hard 
■nit  dlMcuU  to  break ;  when  applied  to  the  longae,  it  exeilet  a  pnngeni  BlkalLue  latte. 

I  have  analyzed  many  varieliet  of  barilla.  Their  average  qnanticy  of  free  or  alkali- 
metricat  soda  is  about  17  per  ceal. ;  ihou^b  several  contain  only  14  parts  in  the  hundred, 
sod  a  few  upwards  of  20.  This  soda  is  cbiedy  a  carbonate,  with  a  little  snlphnret  and 
enlphile ;  and  is  mixed  with  sulphate  and  muriate  of  soda,  carbonate  of  lime,  vegetable 
earban,  be. 

Another  mode  of  inanufactnTing  cmde  soda,  is  by  burning  sea-weed  into  kelp.  For- 
merly very  large  revenues  were  derived  by  the  proprielon  of  the  abores  of  the  Scottish 
itlands  and  Highlands,  Ccom  the  meineralion  of  ees-weed  by  their  tenanli,  who  nsually 
paid  their  rents  in  kelp ;  but  iince  the  tax  has  been  taken  oS  salt,  and  the  manufacture 
cf  a  cmde  soda  from  it  has  been  generally  established,  the  price  of  kelp  hat  fallen 
eitremdy  low. 

llie  crystals  of  eoda-carbonate,  as  well  aa  the  sodH-ash  of  British  commerce,  are  now 
made  altogether  by  the  decomposition  of  sea  salt. 


The  manafeclare  divides  itself  into  three  branches : — 1.  The  coaveraioo  of  sea  sail, 
or  chloride  of  sodiurn,  into  sulphate  of  soda.  3.  The  decompoiiiioD  of  this  sulphate  inio 
crude  soda,  called  black  ballt  by  the  workmen.  3.  The  purification  of  these  btiUs,  either 
into  a  dry  white  sodn-aah  or  into  cryslils. 

J.  Tlu  prtparalion  of  ilu  ixlphali  of  loda.—Figt.  1033,  1034,   103S,  represent  the 
fDmace  for  converting  the  muriate  of  soda  into  the  sulphale.    The  furnace  must  be 
built  interiorly  of  the  most  refractoiy  fire-bricks,  such  as  are  used  for  glasshouses,  but 
of  the  ordinary  brick  tize;  exeopl  the  bridges  c,  c,  n,  which  should  be  formed  of  one 
mass,  such   as  what   is  called  a  Webh  lump.     A  in  the  of h-pit ;  a,  the  grate;  c,  tbe 
first  bridge,  between  the  fire  and  the  first  calcining  hearth  i>,  o  ;  r,  r,  is  its  roof;  O,  the 
■eeond  bridge,  between  the  calcining  hearth  and  the  decomposing  hearth  i,  i,ij    the 
roof  d'  which  is  k,  e.    This  hearth  i,  i,  if  lined  with  a  lead  square  pan,  5  or  6  inchea 
deep,  sloped  at  the  back  opening,  in  fig.  1035,  marked  u';  which  deficient  part  of  the 
upright  side  is  filled  up  with  two  bricks  placed  one  over  the  other,  as  shown  at  m,  m, 
fig.  1034,  and  luted  with  clay,  to  confine  tlie  semi-liquid  mau  in  the  pan,  I,  i.     Some 
DMnnfaeturert  make  this  paa  8  inches  deep,  and  tine  its  bottom  and  sides  with  bricks 
or    silicious    sandstone,   to    protect   the 
lead   from   the   corrosive  action   of  the 
acid.     There  are   others  who    consider 
this     precaution     troublesome,     as     the 
points  of  the  pan  which  become  icaky 
are   thereby   concealed.     In  the  roof  of 
the    decomposiog    hearth,   one    or    two 
syphon    funnels     a,    of    lend,    are     in- 
serted when   the  charge   of   aeid   (sul- 
phuric) is   to   be    poured    down    upon 
the  Ealt  in  l,  i,  to  save  the  risk  of  any 
acid,    o,  0,  is  a  chimney  filled  with  round 
flint  nodnles,  which  are  kept  continually  moist  by  the  trickling  of  a  streamlet  of  water 
upon  the  topmost  layer.    The  muriatic  gas, 
meeting  this  descending  film  of  water  upon 
so  extensive  a  surface,  becomes  absorbed,  and 
runs  out  below  in  a  liquid  form.     When  the 
Hci^i  is  required  in  a  somewhat  eoucentraled 
Elate,  this  chimney  should  be  made  both  high 

very  valuable  for  abating  the  nuisance  caused 

by  the  disengagement  of  the  muriatic  acid 

gu;  which  is  otherwise  apt  to  steriiize  ihe  surrounding  vegetation. 

A  fire  being  kindled  in  the  grate  B,figi.  ]()33  and  1034,  3  cwts.  of  salt  in  powder 
are  to  be  thrown  by  a  shovel  into  the  pan  i,  through  the  door  M,jSg.  1035,  or  m,  m,Jlg. 
1034.  Two  hundred  weights  and  a  half  of  oil  of  vitriol,  of  specific  gravity  rS44,  having 
been  diluted  with  from  25  to  30  per  cent,  of  water,  and  well  mixed,  or  3  cwts.  at  6^ 
Banm^,  are  to  be  slowly  poured  in  by  the  funnel,  and  diffused  among  the  muriate  oT 
soda,  t^  aa  occasional  stir  with  an  iron  rake  msei  with  sheet  lead.     Fume*  of  muriatic 

-     ■■        —  .....  .  .  .      _  ^jjj    flo^do^j 
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in  tbe  form  of  liquid  spirit  of  salt,  and  escape  by  the  stoDeware  atopcodt  e,  into  Ihi 
pipe  or*  sunk  cistern.  The  fire  having  been  steadily  kept  up  tit  a  piodcrale  degiee,  the 
chetniral  reaction  will  be  tolerably  complete  in  the  course  of  two  houn;  bal  aa  thisii 
relalive  to  the  nature  of  the  fuel,  and  the  dnin^ht  of  .the  furnace,  do  verr  preeiw  rale 
in  point  of  lime  can  be  laid  down  i  bat  it  is  suOicienI  for  this  stage  of  the  process,  vhea 
[h£  famrs  cease  to  be  very  dense  and  copious,  as  may  be  ascertained  by  opening  tbe  doar 
H,  and  looking  in,  or  by  the  appearance  at  the  lop  of  Ibe  shall  o.  Over  the  door  M*,  m 
the  opposite  tide  of  the  decomposing  bearlh,_;!g.  1035,  there  must  be  an  arch  or  bood 
terminating  in  a  smaU  chimney,  15  or  20  feet  high,  for  the  ascent  of  the  mnrialic  Tapot^ 
when  the  charge  is  drawn  or  mn  out  of  the  hearth,  and  allowed  to  fall  into  a  sqoan 
shallow  iron  Iray,  placed  on  the  ground  at  the  back  of  ihe  furnace.  For  this  dischaijt, 
the  two  bricks  which  serve  as  stoppers  to  that  orifice,  must  be  unluted  and  removed. 

As  soon  as  that  charfce  is  taken  out,  ([he  fire  being  meanivhile  checked  by  openiif 
the  door  T,fig.  1034,  and  shutling  piriially  tbe  ash-pit  opening  at  A,)  a  fresh  chaifc 
DIUM  be  introduced  as  above  described.  The  nearly  decomposed  saline  matter,  dnriaj 
(he  second  charging  of  Ihe  hearth  t,  will  have  grown  cool  end  concrete.  Il  must  be 
shovelled  into  the  calcining  heanh  d,  o,fif.  1033,  by  Ihe  back  door  «,j^g.  1033,  vhere 
il  will  receive  a  higher  degree  of  heal;  and,  by  tbe  expulsion  of  the  remaining  pari  at 
the  muriatic  acid,  it  will  become  a 
peifect  sulphate  of  soda.  It  should 
be  finally  brought  into  a  ■late  of  seoi- 
fiision.  When  a  sample  oT  il,  takn 
out  on  Ihe  end  of  tbe  rake  or  Irowd- 
shaped  scraper,  emits  no  fames,  the  coi- 
version  is  accompiished. 

-         ~  "  isall,o. 
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of  perfect  sulphate  should  be  obtained,  quite  IVee  fium  melBllic  impurity. 

The  next  step  is  the  conversion  of  the  sulphate  inio  a  crude  soda. 

One  of  the  most  improved  soda  furnaces  is  that  employed   in  a  few  factories,  rtpn- 

sented  in  figt.  1036,  1037,  and    103K.     In   the  section  fig.  1037,  there  are   two  hcwtht 

in  one  furnace,  the  one  elevated  above  the  level  of  the  other  by  Ihe  thickness  oTa  brick, 

or  about  3  inches,    a  is  the  preparalory  shelf,  where  the  miilure  lo  be  decomposed  is 

first  laid  in  order  to  be  thoroughly  healed,  so  that  when  transferred  to  the   lower  a 

decompojing  hearth  b,  il  may  not  essentially  chill  it,  and  throw  back   Ihe  operaiin. 

1036  c  is  the  fire-bridge,  and  d  ia  the  eiaie. 

In    the  horizoDtal   section,    or  gisoad 

plan,^g    1038,  we  see  an  openin;  ia 

Ihe  front  correspond ini;  to  each  hearth. 

This  IS  a  door,  as  shown  in  the  nk 

\iew    or    elevation    of    tbe    foraaee, 

fig    1036 ,   and  each  door  a  sbsl  by 

an   iron   square  frame    filled   wili  a 

fire  tile    or     bucks,     and     sa<peDdtd 

by    a  chain  over   a   pulley   fixed   IB 

•ny  convenient   place      See  PirtoAl, 

COEINQ  or,   p     1047       The  woikmaa, 

on     pushing    up     the     door     hghll), 

makes  it  rise,  because  there  is  a  coan- 

terweight   at    the   other   end    (/  each 

chain,  which  balances  the  weighl  of  Ike 

frame  and  bncks.    In  the  Fnrand  ptu, 

only  one   smoke  ftue    is   vhowi,   tai 

this  constraclioo  is  preferred  by  laaajr 

manufacturers ;    btil   others   choose    In 

have  two  flues,  one  from  each  sboildcr, 

as  at  a,  b ;  which  iwo  Buea  aftemnb 

unite   in   one    vertical  chimney,  fron 

25  to  40  feet  high  ;  because  the  drauftbt 

uf  a  soda-furnace  must  he  very  sharp. 

Having     sufficiently     explained      the 

construction    of    ibis    improved    for- 

J  nuce,  I  shall  now  proceed  to  dCMlibe 

1--1 — I — L_J — I— 1 — I — I 1 — I    JUti.i     thamodeofmakingaoda  with  it. 

me  materials  wiih  which  the  sulphaie  U  decomposed  into  a  mogh  carbonate  rf  soda, 
■r»  >l..lb  ™  »mn„rf  i!,.,^,one^  a^d  ground  coat  or  charcoal.    The  proporlioBS  in  which 
mixed,  influence  in  a  remarkable  decree  the  suce«s  of  Ihe 


these  threr  aubstances  ai 


« 
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decomposing  process.  I  Jiave  known  a  false  proportion  introduced,  and  persevered  in, 
at  a  factory,  with  the  most  prejudicial  effect  to  the  product;  the  soda-ash  produced  being 
ID  a  small  quantity  relatively  to  the  sulphate  employed,  and  being  much  charged  with 
sulphur.  AAer  very  numerous  trials  which  I  have  made  on  the  great  scale,  and  many 
inquiries  at  the  most  successful  soda-works,  both  in  this  country  and  abroad,  I  am  var- 
ranted  to  offer  the  following  proportions  as  the  most  profitable  : — 

Sulphate  of  soda,  100  parts  i  carbonate  of  lime  (chalk  or  limestone),  from  1 10  to  120 
parts;  if  pure,  110;  if  a  little  impure  or  damp,  120;  pitcoal,  50  parts. 

These  materials  must  be  separately  ground  by  an  edge-stone  mill,  and  siAed  into  a 
tolerably  fine  powder.  They  must  be  then  very  carefully  mixed.  Attention  to  these  pwr* 
ticulars  is  of  no  little  importance  to  the  success  of  the  soda  process. 

One  hundred  parts  or  pounds  of  sulphate  of  soda  are  equivalent  to  75  parts  of  car* 
bonate,  and  when  skilfully  decomposed,  will  generally  yield  fully  70  pounds.  A  charge 
for  the  decomposing  fomace  with  the  preparatory  shelf  should  not  exceed  200  lbs.,  or 
perhaps  180 ;  therefore  if  75  pounds  of  ground  sulphate  of  soda,  with  80  pounds  of  chalk 
or  limestone  (ground),  and  37  pounds  of  srround  coaj,  be  well  mixed,  they  will  constitute 
one  charge.  This  charge  must  be  shovelled  in  upon  the  hearth  a,  or  shelf  of  preparation^ 
{Jig,  1037) ;  and  whenever  it  has  become  hot  (the  furnace  having  been  previously  brought 
to  bright  ignition),  it  is  to  be  transferred  to  the  decomposing  hearth  or  laboratory  b,  by 
an  iron  tool,  shaped  exactly  like  an  oar,  called  the  spreader.  This  tool  has  the  flattened 
part  from  2  to  3  feet  long,  and  the  round  part,  for  laying  hold  of  and  working  by,  from 
6  to  7  feet  long.  Two  other  tools  are  used ;  one,  a  rake,  bent  down  like  a  garden  hoe  at 
the  end ;  and  another,  a  small  shovel,  consisting  of  a  long  iron  rod  terminated  with  a  pieee 
of  iron  plate,  about  6  inches  long,  4  broad,  sharpened  and  tipped  with  steel,  for  cleaning* 
the  bottom  of  the  hearth  from  adhering  cakes  or  crusts.  Whenever  the  charge  is  shoved 
by  the  sliding  motion  of  the  oar  down  upon  the  working  hearth,  a  fresh  charge  should 
be  thrown  into  the  preparation  shelf,  and  evenly  spread  over  its  surface. 

The  hot  and  partially  carbonized  charge  being  also  evenly  spread  upon  the  hearth  b, 
is  to  be  leA  untouched  for  about  ten  minutes,  during  which  time  it  becomes  ignited,  and 
begins  to  fuse  upon  the  surface.  A  view  may  be  taken  of  it  through  a  peep-hole  in 
the  door,  which  should  be  shut  immediately,  in  order  to  prevent  the  reduction  of  the 
temperature.  When  the  mass  is  seen  to  be  in  a  state  of  incipient  fusion,  the  workman 
takes  the  oar  and  turns  it  over  breadth  by  breadth  in  regular  layers,  till  he  has  reversed 
the  position  of  the  whole  mass,  placing  on  the  surface  the  particles  which  were  formerly 
in  contact  with  the  heartli.  Having  done  this,  he  immediately  shuts  the  door,  and  lets 
the  whole  get  another  decomposing  heat.  AAer  five  or  six  minutes,  jets  of  flame  begin 
to  issue  frooa  various  parts  of  the  pasty-consistenced  mass.  Now  is  the  time  to  incorpo- 
rate the  materials  together,  turning  and  spreading  by  the  oar,  gathering  them  together 
by  the  rake,  and  then  distributing  them  on  the  reverse  part  of  the  hearth;  that  is,  the  oar 
should  transfer  to  the  part  next  the  fire-bridge  the  portion  of  the  mass  lying  next  the 
shelf,  and  vice  versa.  The  dexterous  management  of  this , transposition  characterizes  a 
good  soda-fumacer.  A  little  practice  an:l  instruction  will  render  this  operation  easy  to  a 
robust  clever  workman.  AAer  this  transpo^tion,  incorporation,  and  spreading,  the  door 
may  be  shut  again  for  a  few  minutes,  to  raise  the  heat  for  the  finishing  off*.  Lastly,  the 
rake  must  be  dexterously  employed  to  mix,  shiA,  spread,  and  incorporate.  The  jets, 
called  candles,  are  very  numerous,  and  bright  at  first ;  and  whenever  they  begin  to  fade, 
the  mass  must  be  raked  out  into  cast-iron  moulds,  placed  under  the  door  of  the  labocs- 
tory  to  receive  the  ignited  paste. 

One  batch  being  thus  worked  off,  the  other,  which  has  lain  undisturbed  on  the  sheU^ 
is  to  be  shoved  down  from  a  to  b,  and  spread  equally  upon  it,  in  order  to  be  treated  as 
above  described.    A  third  batch  is  then  to  be  placed  on  the  shelf. 

The  article  thus  obtained  should  contain  at  least  22  per  cent,  of  real  soda,  equivalent 
to  V  per  cent,  of  dry  carbonate,  or  to  100  of  crj'stals.  A  skilful  workman  can  turn  out 
a  batch  in  from  three  quarters  of  an  hour  to  an  hour,  producing  a  perfect  carbonate, 
which  yields  on  solution  an  almost  colorless  liquid,  nearly  destitute  of  sulphur,  and  con- 
taining hardly  any  decomposed  sulphate.  ' 

In  some  soda- works,  where  the  decomposing  furnace  is  very  large,  and  is  charged  with 
a  ton  of  materials  at  a  time,  it  takes  two  men  to  work  it,  and  from  five  to  six  hours  to 
complete  a  batch.  Having  superintended  the  operation  of  the  above-described  small  ftur* 
nace,  and  examined  its  products,  I  feel  warranted  to  recommend  its  adoption. 

The  following  materials  and  products  show  the  average  state  of  this  soda  proeess  h^ 
Materials.^lOO  parts  of  sulphate  of  soda,  ground,  equivalent  to  75  of  carbonate; 
1 10  of  chalk  or  ground  limestone ;  55  of  ground  coal ;  in  the  whole,  265. 

Products. — 168  parts  of  crude  soda,  at  33  per  cent.  =  55-5  of  dry  carbonate. 

C  130    —    crystals  of  carbonate  of  soda  =  48  of  dry    carbonate |   ud 
'     JlOO    —    insoluble  matter. 

Bat  these  products  necessarily  vary  with  the  skill  of  the  workman. 
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In  another  manvfactory  the  followbg  proportions  are  used  : — Six  stones,  of  14  Ihs. 
aach,  of  dry  ground  sulphate  of  soda,  are  mixed  with  3  of  chalk  and  3  of  coal.  This 
mixture,  weighing  U  ewt.,  forms  a  batch,  which  is  spread  upon  the  preparation  shelf 
of  the  furnace  (figs.  1037  and  1038),  as  above  described,  and  gradually  heated  to  inci- 
pient ignition.  It  is  then  swept  forwards  to  the  lower  area  b,  ly  the  iron  oar,  and 
spread  evenly  by  the  rake.  Whenever  it  begins  to  soften  under  the  rising  heat  of  the 
laboratory  (the  side  doors  being  meanwhile  shut),  the  mrss  roust  be  laboriously  tamed 
over  and  incorporated ;  the  small  shovel,  or  paddle,  being  employed  to  transfer,  by  the 
interchange  of  small  portions  at  a  time,  in  rapid  but  orderly  succession,  the  whole  mate- 
rials from  the  colder  to  the  hotter,  and  from  the  hotter  to  the  colder  parts  of  the  beaxth. 
The  process  of  working  one  batch  takes  about  an  hour,  during  the  first  half  of  whieh 
period  it  remains  upon  the  preparation  shelf.  The  average  weight  of  the  finished  ball 
is  1  cwt.,  and  its  contents  in  alkalimetrical  loda  are  33  pounds. 

Where  the  acidulous  sulphate  of  iron  from  pyrites  may  be  had  at  a  cheap  rate,  it  has 
been  long  ngo  employed,  as  at  Hurlett  in  Scotland,  instead  of  sulphuric  acid,  for  deeom- 
posing  the  chloride  of  sodium.  Mr.  Turner's  process  of  preparing  soda,  by  decompoang 
sea  salt  with  litharge  and  quicklime,  has  been  long  abandoned,  the  resulting  patent  yel- 
low, or  sub-chloride  of  lead,  having  a  very  limited  sale. 

2.  The  extraction  of  pure  soda  from  the  crude  article, — The  black  balls  mast 
be  broken  into  fragments,  and  thrown  into  large  square  iron  cisterns,  fnini^ed 
with  false  bottoms  of  wooden  spars ;  when  the  cisterns  are  nearly  full  of  these  lumps, 
water  is  pumped  in  upon  them,  till  they  are  all  covered.  After  a  few  days,  the 
lixiviation  is  effected,  and  the  ley  is  drawn  off  either  by  a  syphon  or  by  a  plng-hole 
near  the  bottom  of  the  cistern,  and  run  into  evaporating  vessels.  These  may  he 
of   two  kinds.    The  surface-evaporating  furnace,   shown    in  fig,    1039,  is    a    very 

admirable  invention  for  economizing 
vessels,  lime,  and  fuel.  The  grate  i, 
and  fireplace,  are  separated  from  the 
evaporating  laboratory  d,  by  a  douUe 
fire-bridge  b,  c,  having  an  interstitial 
space  in  the  middle,  to  arrest  the 
communicntion  of  a  melting  or  ig- 
niting heat  towards  the  lead-lined 
cistern  d.  This  cistern  may  be  8, 
10,  or  20  feet  long,  according  to  the 
magnitude  of  the  soda-work,  and  4 
feet  or  more  wide.  lis  depth  should  be  about  4  feet.  It  consists  of  sheet  lead,  of  aboat 
6  pounds  weight  to  the  square  foot,  and  it  is  lined  with  one  layer  of  bricks,  set  in  Homaa 
or  hydraulic  cement,  both  along  the  bottom  and  up  the  sides  and  ends.  The  lead  comei 
up  to  the  top  of  c,  and  the  liquor,  or  ley,  may  be  filled  in  to  nearly  that  height.  Things 
being  thus  arranged,  a  fire  is  kindled  upon  the  grate  a  ;  the  flame  and  hot  air  svrep 
along  the  surface  of  the  liquor,  raise  its  temperature  there  rapidly  to  the  boiling  poin^ 
and  carry  off  the  watery  parts  in  vapor  up  the  chimney  e,  which  should  be  15  or  20  feet 
high,  to  command  a  good  draught.  But,  indeed,  it  will  be  most  economical  to  boild  oae 
high  capacious  chimney  stalk,,  as  is  now  done  at  Glasgow,  Manchester,  and  Newcastle, 
and  to  lead  the  flues  of  the  several  furnaces  above  described  into  it.  In  this  evaporating 
furnace  the  heavier  and  stronger  ley  goes  to  the  bottom,  as  well  as  the  impurities,  where 
they  remain  undisturbed.  Whenever  the  liquor  has  attained  to  the  density  of  1*3,  or 
thereby,  it  is  pumped  up  into  evaporating  cast-iron  pans,  of  a  flattened  somewhat  hemi- 
spherical shape,  and  evaporated  to  dryness  while  being  diligently  stirred  with  an  iraa 
rake  and  iron  scraper. 

This  alkali  gets  partially  carbonated  by  the  above  surface-evaporating  furnace,  and  is 
an  excellent  article. 

When  pure  carbonate  is  wanted,  that  dry  mass  must  be  mixed  with  its  own  bnlk  of 
ground  coal,  sawdust,  or  charcoal,  and  thrown  into  a  reverberatory  furnace,  likeySg.  1038, 
but  with  the  sole  all  upon  one  level.  Here  it  must  be  exposed  to  a  heat  not  exceeding 
650^  or  700^  F. ;  that  is,  a  little  above  the  melting  heat  of  lead ;  the  only  object  being  to 
volatilize  the  sulphur  present  in  the  mass,  and  carbonate  the  alkali.  Now,  it  has  Im«b 
found,  that  if  the  heat  be  raised  to  distinct  redness,  the  sulphur  will  not  go  off,  but  will 
continue  in  intimate  union  with  the  soda.  This  process  is  called  calking,  and  the  fhr- 
nace  is  called  a  calker  furnace.  It  may  be  six  or  eight  feet  long,  and  four  or  five  feeC 
broad  in  the  hearth,  and  requires  only  one  door  in  its  side,  with  a  hanging  iron  frame 
filled  with  a  fire-tile  or  bricks,  as  above  described. 

This  carbonating  process  may  be  performed  upon  several  cwts.  of  the  impure  aoda, 
mixed  with  sawdust,  at  a  time.  It  takes  three  or  four  hours  to  finish  the  desuipharatioa; 
and  it  must  be  carefully  turned  over  by  the  oar  and  the  rake,  in  order  to  tern  the  coal 
into  carbonic  acid,  and  to  present  the  carbonic  acid  to  the  particles  of  cttostte  soda  dilTtt- 
Md  through  the  mass,  so  that  it  may  combine  with  them. 
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When  (he  Une  Sbicm  erase,  and  Ihe  saline  mBtten  become  white,  in  (lie  midst  Of  the 
CMly  niBtier,  the  batch  ma;  be  eonsidered  as  compleled.  It  is  railed  oat,  and  when 
cooled,  lixiriitei]  in  ^eat  iron  eietems  with  Talse  bottomE,  covered  wilh  mats,  Thq 
mlerr  Bolution  being  drawn  olf  clear  by  a  plu;-hole,  is  evaparBted  eilher  to  dryness,  la 
hemispherical  east-iron  pans,  as  above  described,  oi  only  to  sach  a  itreniilii  (hat  it  showt 
s  pellicle  upon  its  surface,  when  it  may  be  run  off  into  crysloUizing  cisterae  of  cast  iron, 
or  lesd-lined  wooden  cisterns.  The  above  dry  eaibonate  is  the  best  article  Tor  the  gkil 
mnuracture. 

Cryilaltittd  eationale  of  loda  conlsins  BSf  per  cent,  of  water.  The  crystals  are  calories* 
trsnspBrea(  rhombDids,  which  readily  effloresce  in  the  air,  and  melt  in  (heir  awn  water  of 
nyatallization.  On  decanting  (he  liquid  from  the  fused  mass,  it  is  found  (hat  one  part  of 
the  salt  has  given  up  its  water  of  crystallization  to  another.  By  evaporation  of  thai  fluid, 
tiys(als  containing  one  fifth  less  water  IhBn  the  common  carbonate  are  obtained.     These 


Mineral  loda,  the  sesquicarbonete  (Jndtrthalb  kokUniaani  natron.  Germ,),  is  found 
in  Ihe  province  of  Sukena,  in  Africa,  between  Tripoli  and  FeZEan.  It  forms  a  siratnm 
no  more  than  an  inch  tbicli,  just  below  tlie  surface  of  the  soil.  Its  texture  is  striated 
crystalline,  like  fibrous  gypsum.  Several  hundred  tons  of  it  are  collec(ed  annually, 
which  are  chiefly  consumed  in  Africa.  This  species  of  soda  does  not  effloresce  like  the 
E^plian,  or  (he  mannfictnred  soda  crystals,  owing  to  its  peculiar  stale  of  comi>ositioD 
and  density.  It  was  analyzed  by  Ktaproth,  under  its  native  name  of  tnna,  and  was  found 
to  eonsist,  in  100  parts,  tj— soda,  37;  carbonic  acid,  38;  solphate  of  soda,  2-5i  water, 
22'9,  in  100. 

This  soda  is,  (herelbre,  composed  of— 3  atoms  of  carbonic  acid,  associated  with  2  alotni 
or  soda,  and  4  of  water ;  while  our  commercial  soda  crystals  are  composed  of — 1  atom  of 
carbonic  acid,  ]  atom  of  soda,  and  iU  atoms  of  water. 

There  are  sii  natron  lakes  in  f^pt.  They  are  sitaated  in  ■  barren  valley,  called  Bahr- 
bela-ms,  about  thirty  miles  to  the  west  of  the  Delia. 

There  are  natron  lakes  also  in  Hungary,  which  afford  in  summer  a  white  saline  efio- 
rescent  Crasl  of  carbonate  of  soda,  miied  with  a  little  sulphate. 

There  are  several  soda  lakes  in  Mexico,  especially  to  the  north  of  Zacatecas,  as  also  in 
many  other  provinces.  In  Columbia,  4S  English  mites  from  Merida,  mineral  soda  is  ex- 
tracted from  (he  earth  in  great  abandance,  under  the  name  of  uroo. 

BKarbonalt  of  loda  (Dopptil  kohltmaurti  natron,  Germ.),  is  prepared,  like 
bicarbonate  of  polassa,  by  transmittimc  carbonic  acid  Eas  through  a  cold  saturated  solution 
of  pure  carbonate  of  soda,  till  crystalline  cnine  be  formed.  The  bicarbonate  may  also 
be  obtained  in  four-sided  tables  grouped  together.  !t  has  an  alkaline  tnste  and  reaction 
upon  litmus  paper,  dissolves  in  13  parts  of  cold  water,  and  is  converted  by  boiling  water 
into  the  sesquicarbonate,  with  the  disengnzement  of  one  fourth  of  its  carbonic  acid.  It 
consists  of— 37  of  soda,  S2'35  carbonic  acid,  and  10-66  wa(er. 

SODA-WATER,  is  the  name  given  to  water  containing  a  ninnte  quantity  of  soda, 
and  highly  charged  with  carbonic  acid  gas,  whereby  it  acquires  a  sparkling  appearance, 
an  agreeable  pungent  taste,  an  exhilarating  quality,  and  certain  medieioal  powers-  It 
constitutes  a  considerable  object  of  m^nofacture  in  this  kingdom.  The  following  filure 
represents,  I  understand,  Ihe  best  system  of  apparatus  for  preparing  it.  A  very  dilute 
solution  of  soda  is  put  into  the  globular  vessel  H,  and  the  carbonic  acid  gas  is  forced  into 
it  from  [he  gasometer  e,  by  means  of  the  powerful  pnmp-woik,  as  will  be  understood  from 
the  subjoined  ezplanalion. 

The  same  apparatus  msy  serve  for  making  any  species  of  aerated  water,  in  imitalian 
of  any  natural  spring.  All  that  is  necessary  for  this  purpose,  is  to  put  into  the  cistern 
H,  the  nentro-saline  matter,  earths,  metallic  oiyde«,  pure  water,  fcc.,  each  in  due  pTO- 
ponioQ,  according  to  Ihe  most  accredited  analysis  of  the  niineral  water  to  be  imitated,  to 
agitate  that  mixture,  to  snek  it  into  the  condenser  h,  through  the  pipe  a,  and  (hen  to  im- 
pregnate it  (0  the  due  degree,  by  pnmping  in  the  appropriate  gas,  previously  contained  in 
Ihe  gasometer  r. 

Thus,  to  make  Seltzer  water,  for  each  1!  pounds  tray,  =  G9,1!0  grains,  or  I  gallon 
imperial  very  nearly,  take  65  grains  of  dry  carbonale  of  soda,  17  of  carbonate  of  lime, 
18  of  carbonate  of  magnesia,  3|  of  subphosphste  of  alumina,  3  of  chloride  of  potaasinmj 
155  oT  chloride  of  sodium,  and  3  of  finely  precipitated  silica.  Put  these  malerials  into 
the  cistern  a,  and  chaise  Ihe  gasometer  r  with  353  cubic  inches  of  carbonic  acid  gas. 
Then  work  the  machine  by  Ihe  handle  of  (he  wheel  i,  as  explained  below,  and  regulate 
Ihe  introduction  of  (he  liquid  and  (he  gas  in  aliquot  portions ;  for  example,  if  the 
condenser  u  admits  half  a  gaUon  of  water  at  a  time,  that  quantity  of  liquid  should  ba 
charged  with  176  cubic  inches  of  (he  gas,  beineonehalf  of  (he  whole  quantity.  The  sul- 
phorcted  mineral  waters  may  be  imitated  in  like  manner,  by  taking  (he  propordons  of 
Iheir  eoniUtueiits,  as  given  in  Table  II.  of  Watem,  Mihekal. 
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IMPROVED  SODA-WATEB  APPARATUS,  AS  MADE  BT  MB.  HAf  WABD  TTIXB, 

OF  MILTOK  STBEET. 


Fig.  1040,  front  view  of  the  soda  water  machine.    Fig*  1041,  end.Tiew  of  the 
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SOLDEEma.  1I6S 

SODIUM,  the  metallic  buia  oT'sodB,  ia  oblained  hj  procoM*  aiviUu  to  thoM  bjr  wliich 
jwlusiom  is  procured.  By  fusing  bfiiimte  of  w)(]&  with  ■  LlUe  bydnu  ot  potmna,  ■  mii- 
lore  ii  obluDed,  which  jielia  mote  readily  Ibsn  eoda  by  ilself  to  the  decomposing  action 
«r  iR>n4urningt  at  ■  high  heal,  in  a  bent  gnu-barrel.  The  portion  of  potauium  pro- 
duced nay  be  got  rid  oF,  by  digetting  ih«  alloy  for  a  few  days  in  lone  naplha  or  ail  of 
luipenline  contained  in  an  open  veuel.  llie  sodiom  remains  at  the  bottom  of  the 
liquid.  Pnie  Bodinm  may,  however,  be  prepared  at  once,  by  anbjeetlng  iDcineraled  tar- 
Irate  of  soda  la  heal  in  the  apparatus  of  Bmnner,  described  under  Potabsiuii.  It  is 
white,  like  tilTer  ;  s^r  and  more  malleable  than  any  other  nelal,  and  may  be  readily 
reduced  into  very  thin  leaves.  It  preserves  its  malleability  till  it  approaches  the  melting 
point.  lu  specific  gravity  is  0-970.  It  Bof\ens  at  the  temperature  of  192°  F.,  and  at 
200"  it  is  perfectly  fluid  ;  but  it  will  not  rise  in  vapor  until  healed  to  nearly  the  melting 
poinl  of  ;las9.  In  the  air  it  oiydizcs  slowly,  and  ttetl  covered  with  a  crust  of  soda  {  but 
il  does  not  lake  fire  till  it  is  made  nearly  red-hot ;  and  Ihen  it  emits  brilliant  scintilla- 
tions. When  thrown  apon  water,  it  is  rapidly  oiydiied,  but  without  kindling,  like 
potaasinm.  If  a  drop  of  water  be  thrown  upon  it,  it  becomes  eo  hot  by  the  chemical  ac- 
tion as  to  take  fire.  There  are  three  oiydes  of  sodium  ;  1.  the  suboiyde  ;  3.  the  oxyde, 
or  the  beais  of  comnum  soda ;  and,  3.  the  suroxyde  j  the  last  being  farmed  when  sodium 
u  healed  to  redness  upon  a  plate  of  silver. 

SOLDERING  (SaiuUr,  Fr. ;  LoMcn,  Geim.),  is  the  process  of  aniting  the  surfaces 
of  metals,  by  the  intervention  of  a  more  fusible  metal,  which  being  melted  upon  each 
surface,  serves,  partly  by  ehemieal  atliaclion,  and  partly  by  cohesive  force,  to  bind  them 
IDgelher.  The  metals  thus  united  may  be  either  the  same  or  dissimilar  ;  but  the  uniling 
iDelal  most  always  have  an  affinity  for  both.  Sohleit  must  be,  therefore,  selecled  ia 
reference  to  their  appmpriale  metals.  Thus  tin-plates  are  soldered  with  an  alloy  con. 
siMin;  of  from  ]  to  2  parts  of  tin,  with  1  of  lead;  pewter  is  soldered  with  a  more  fasibte 
sIlo)',  containing  a  certain  proportion  of  bismuth  added  to  the  lead  and  tin  ;  iron,  copper, 
and  brass  are  soldered  with  spelter,  an  alloy  of  line  and  copper,  in  nearly  equal  parts; 
silver,  somelimes  with  pure  tin,  bnl  generally  with  silver-solder,  an  alloy  consisting  of 
6  parts  of  ailver,  6  of  btass,  and  2  of  xinc  ;  zinc  and  lead,  with  an  alloy  of  from  1  lo  2 
parts  of  lead  with  1  of  tin ;  platinum,  with  fine  gold ;  gold,  With  an  alloy  of  silver  and 
gold,  or  of  copper  and  gold  ;   tbc. 

Id  all  soldering  processis,  the  following  conditions  mast  be  obterved ;  1.  the  surfaces 
to  be  nniicd  must  be  entirely  fr*e  from  oxyde,  bright,  smooth,  and  level  j  2.  Ihe  contact 
of  air  mDEt  be  eiduded  during  Ihe  solderin(r,'VKaDse  it  is  apt  to  oxydize  one  or  olher 
d' Ihe  luifaces,  and  thus  lo  prevent  Ihe  foimalioll  of  an  alloy  at  the  points  of  nnlon. 
This  exclusion  of  air  is  effeeled  In  various  ways.  The  locksmith  encases  in  loam  Ihe 
ohjeeti  of  iron,  or  brats,  that  he  wishes  to  subject  to  a  solderint;  heat ;  Ihe  silversmith 
and  braiier  mix  their  respective  solders  with  moislened  borax  powder ;  Ihe  coppersmith 
and  tinman  apply  sal  ammoniac,  rosin,  or  both,  lo  Ihe  cleaned  metallic  surfaces,  before 
Dsing  the  soldering-iron  to  fuse  them  together  with  ihe  tin  alloy.  The  strong  solder  of 
the  coppersmith  consists  af  8  parts  of  brass  and  1  of  zinc  j  the  latter  beine  added  lo  the 
former,  previoosly  brought  into  a  state  of  fhsjon.  The  crncible  must  be  immediately 
covered  ap  for  two  minutes  till  the  combination  be  completed.  The  melted  alloy  is  lo 
be  then  poured  out  upon  a  bundle  of  twigs  held  over  a  lob  of  water,  into  which  it  falls 
in  granulations.  An  alloy  of  3  parts  of  copper  and  1  of  zinc  forms  a  still  stronger 
solder  for  the  coppersmiths.  When  tevria]  parts  arc  to  be  soldered  successively  upon 
Ihe  same  piece,  the  more  fusible  alloys,  containing  more  line,  should  be  used  firet.  A 
softer  solder  for  coppersmilhs  is  made  with  6  parts  of  brass,  I  of  tin,  and  1  of  zinc ;  the 
tin  being  first  added  to  the  melted  brass,  Ifaen  the  zinc  ;  and  the  whole  well  incorporated 
by  Biirriog. 

The  edg«s  of  sheet  lead  for  sulphuric  acid  chambers,  and  iis  concentration  pans,  are 
joined  together  by  melted  lead  itself,  because  any  solder  containing  tin  would  soon  be 
corroded.  With  this  view,  the  two  edges  being  |ilaced  in  contact,  are  flattened  down 
into  B  long  wooden  poovt,  and  secured  in  Iheir  siluation  by  a  few  brass  pins  driven 
into  the  wood.  The  surfaces  are  next  brJEhlened  with  a  iriangnlar  scraper,  mbbed  over 
with  candle  grease,  and  then  covered  with  a  slreem  of  hot  melted  lead.  The  riband  of 
lead  thns  applied  is  finally  equalized  by  being  brought  into  psnial  l\ision  with  the  plmo- 
bet's  conical  iron  healed  to  redness;  the  contact  oi"  air  being  prevented  by  sprinkling 
rosin  over  the  surface.  The  sheets  of  lead  are  thus  bvnini  (ogether,  in  the  language  of 
tbe  workmen. 

SOOT  (Aotr  itjkmtt.  Suit,  Fr. ;  ftu,  JTortemu  Germ.),  is  Ihe  pulverulent  charcoal 
condenaed  from  the  smoke  of  wood  or  coal  fuel.  A  walery  ioAision  of  the  farmer  is  said 
to  be  antiseptic,  probably  from  its  containing  some  creosote. 

The  soot  of  pilcoal  has  not  been  analyzed  vrith  any  minuteness.  It  containa  ttma 
nlphate  and  carbonate  oT  ammonia,  along  with  bittuntnous  matter. 
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SORBIC  ACID,  U  the  same  with  malic  acid;  which  lee. 

SOT,  is  a  liquid  coBdiment,  or  sauce,  imported  chiefly  from  China.  It  is  prepared 
with  a  species  of  white  haricots,  wheat  flour,  common  salt,  and  water ;  in  the  propor- 
tions respectively  of  50,  60,  50,  and  250  pounds.  The  haricots  are  washed,  and  boiled 
in  water  till  they  become  so  soft  as  to  yield  to  the  fingers.  They  are  then  laid  in  a  flat 
dish  to  cool,  and  kneaded  along  with  the  flour,  a  little  of  the  hot  water  oT  the  deooetioB 
being  added  from  time  to  time.  This  dough  is  next  spread  an  inch  or  an  inch  and  a 
half  thick  upon  the  flat  vessel  (made  of  thin  staves  of  bamboo),  and  when  it  becomes  hot 
and  mouldy,  in  two  or  three  days,  the  cover  is  raised  upon  bits  of  stick,  to  give  free  access 
of  air.  If  a  rancid  odor  is  exhaled,  and  the  mass  grows  green,  the  process  goes  on  well; 
but  if  it  grows  black,  it  must  be  more  freely  exposed  to  the  air.  As  soon  as  all  the  svr- 
face  is  covered  with  green  mouldiness,  which  usually  happens  in  eight  or  ten  days,  the 
cover  is  removed,  and  the  matter  is  placed  in  the  sunshine  for  several  days.  When  it 
has  become  as  hard  as  a  stone,  it  is  cut  into  small  fragments,  thrown  into  an  eanhcn 
vessel,  and  covered  with  the  250  pounds  of  water  having  the  salt  dissolved  in  it.  The 
whole  is  stirred  together^  and  the  height  at  which  the  water  stands  b  noted.  The  vessel 
being  placed  in  the  sun,  its  contents  are  stirred  up  every  morning  and  evening;  and  a 
cover  is  applliMl  at  night,  to  keep  it  warm  and  exclude  rain.  The  more  powerfbl  the 
sun,  the  sooner  the  soy  will  be  completed ;  but  it  generally  requires  two  or  three  of  the 
hottest  summer  months.  As  the  mass  diminishes  by  evaporation,  well  water  is  added; 
and  the  digestion  is  continued  till  the  salt  water  has  dissolved  the  whole  of  the  floor  and 
the  haricots ;  after  which  the  vessel  is  left  in  the  sun  for  a  few  days,  as  the  good  quality 
of  the  soy  depends  on  the  completeness  of  the  solution,  which  is  promoted  by  regular 
stirring.  When  it  has  at  length  assumed  an  oily  appearance,  it  is  poured  into  bags,  and 
strained.  The  clear  black  liquid  is  the  soy,  ready  for  use.  It  is  not  boiled,  but  is  put  up 
into  bottles,  which  must  be  carefully  corked.  Genuine  soy  was  made  in  this  way  at  Can- 
ton, by  Michael  de  Grubbens.    See  Memoir*  of  jicademy  of  Sciemcu  of  Stodskalm  for  180X 

SPECIFIC  GRAVITY,  designates  the  relative  weights  of  different  bodies  under  the 
same  bulk ;  thus  a  cubic  foot  of  water  weighs  1000  ounces  avoirdupois ;  a  cubic  foot  of 
coal,  1350 ;  a  cubic  foot  of  cast  iron,  7280 ;  a  cubic  foot  of  silver,  10,400 ;  and  a  eobie 
foot  of  pure  gold,  19,200 ;  numbers  which  represent  the  specific  gravities  of  the  icfcpectife 
substances,  compared  to  water  =  1*000.     See  Alloy. 

SPECULUM  METAL,  is  an  alloy  of  copper  and  tin;  described  under  Coppkr. 

SPERMACETI ;  the  Cetine  of  Chevreul.    In  certain  species  of  the  cachaioi  whale,  as 
the  PhyieUr  macrooephalui,  turno,  microj^y  and  orthodony  as  also  the  Delphmtta  edeaiuhuy 
the  fat  of  some  parts  of  their  bodies  Bontitlns  a  peculiar  kind  of  stearine,  called  spenaa- 
ceti.    The  oil  obtained  from  cavities  in  the  bones  of  the  cranium  of  the  above  eetaeoe  is 
the  richest  in  this  kind  of  stearine.    This  being  thj^wn  into  great  filter-bags,  the  sper- 
maceti oil  i>a$ses  through,  and  is  subsequently  purified  by  the  addition  of  a  small  qnantitjr 
of  potash  ley,  which  precipitates  certain  matters  by  neutralizing  the  acid  that  held  thcai 
in  solution.    The  solid  which  remains  on  the  filter  is  next  squeezed  in  bags,  by  means 
of  a  horizontal  hydraulic  press  incased  in  steam,  then  digested  with  a  weak  poCask  Jey, 
in  order  to  dissolve  out  any  oil  which  may  continue  to  adhere  to  it,  washed  with  viter, 
finally  dissolved  in  a  tub  by  the  agency  of  steam,  laded  into  tin  pans,  and  allowed  slowly  to 
concrete  into  a  white,  semi-transparent,  brittle,  lamellar  crysUUine  mass,  which  kam 
elegant  candles. 

At  60P  its  specific  gravity  is  0  943.  It  melU  at  1 12*5P ;  100  parts  of  alcohol  at  (hSil 
dissolve  3^  of  it,  of  which  0'9  are  deposited  on  cooling.  Warm  ether  dissolves  it  in  very 
large  quantities.  It  is  soluble  also  in  the  fat  of  volatile  oils ;  and  if  the  solations  have 
saturated  while  hot,  the  greater  pairt  of  the  spermaceti  crystallizes  on  cooling. 
this  substance  has  been  purified  by  digesting  alcohol  upon  it  repeatedly,  what  remains  is 
the  cetine  of  Chevreul,  or  pure  spermaceti.  Its  melting  point  has  now  become  116P  F^ 
and  its  boiling  point  616°  F.,  at  which  it  distils  without  alteration.  Caustic  alk  "' 
leys  saponify  it  with  difficulty. 

SPIRIT  OF  AMMONIA  is,  properly  speaking,  alcohol  combined  with  amoxNiia 
but  the  term  is  often  applied  to  water  of  ammonia. 

SPIRITS,  VINOUS.  This  subject  has  been  fully  discussed  in  the  articles  Aicoros, 
Distillation,  and  Fermentation.  I  have  shown  that  the  progressive  ioereaae  of  al* 
cohol  in  the  wash  tends  progressively  to  prevent  the  conversion  of  the  wort  into  spirit,  or 
checks  the  fermenting  process,  though  a  great  deal  of  fermentable  matter  remains  nn- 
changed.  Mr.  Sheridan  has  sought  to  remove  this  obstacle  to  the  thorough  trans- 
mutation of  saccharine  matter  into  alcohol,  by  drawing  oflf  the  spirit  as  it  is  fonned. 
For  this  purpose  he  ferments  his  wash  in  close  tuns,  connected  with  a  powexfal  air- 
pump  worked  by  machinery,  thus  continually  removing  the  carbonic  acid  as  it  is  fbmiedy 
and  maintaining  a  diminished  pressure  under  which  the  alcohol  readily  distils  st  • 
temperature  of  120°  or  130<>  F.    He  finds  that  this  decree  of  heat  is  not  iigurioiis  to  tbs 
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ftrnwDUlion,  providEd  tluU  it  be  ecoamusiMled  bf  the  lii  of  ■  ■toTC-room,  ftnd  not  by 
viler  or  aleam  jiipei  Irarerung  Ihe  Uqnid.nhich  vould  iaeTitablf  teoldnrieeth  the  pax- 
lides  in  aucceuion,  and  thereby  exlio^ish  the  ferinenting  principle. 

Bj  the  above  iDgeniDiu  plan,  Mr.  ^eridaa  tells  me  he  haioblaiDcd  2S  gallons  of  proot 
Ipiril  from  ■  qnarter  ofgrein,  inilead  of  the  average  pmlacC  21,  being  an  increase  ofSS 
pereenl.  The  experiment  wna  iiied  npon  a  considerable  Male  at  Hessr«.  Currie**  {{real 
distillerf  near  London  \  bat  could  not  be  eslabliihed  as  a  mode  of  manalacture,  on  ae- 
count  of  the  excise  laws,  which  prohibit  the  distillers  rrmn  dtiiying  on  the  two  procesaes 
of  rermenlation  and  distillatiiiD  at  the  some  time. 

SPIRIT  OF  WINE;  Alcohol. 

SPONGE  {Epimgt,  Pr. ;  Schwamm,  Geno.),  is  a  cellnlar  fibrous  tissue  produced  bj 
small  animals,  almost  imperceptible,  called  polypi  by  natnraliats,  which  live  in  the  sea. 
This  tissue  is  said  to  be  covered  in  its  recent  state  with  a  kind  of  semi-flnid  thin  coal  of 
animal  jslly,  susceptible  of  a  slight  contraction  or  iremblins  on  being  loached  i  which 
is  the  only  symptom  of  vitality  displayed  by  the  sponge.  AHer  deBtb,  this  jelly  disap- 
pears, and  leaves  merely  the  sponge  j  furmed  by  the  combination  of  a  multitude  of  small 
capillary  tubes,  capable  of  receiving  water  in  theii  interior,  and  of  becoming  thereby  dis- 
tended. Sponges  occur  allached  to  stones  at  the  bottom  of  the  sea ;  and  abound  par- 
ticnlarly  upon  the  shores  of  the  islands  in  the  Grecian  Archipelago.  Although  analo- 
gous in  their  origin  to  coral,  sponges  are  quite  dilTerenl  in  their  nature ;  the  former 
being  composed  almost  entirely  of  earbanate  of  lime  j  while  the  latter  are  formed  of  the 
same  elements  as  animal  loatteis,  and  afford,  on  distillation,  a  considerable  quantity  of 

Dilute  sulphuric  acid  has  been  recommended  for  blenching  sponges,  after  the  caleaie- 
ons  impurities  have  been  removed  by  muriatic  acid.     Chh)rine  water  answers  better. 

SPOON  MANUFACTURE.    See  Stammko  or  Mitai*. 

STALNED  GLASS.  When  certain  metallic  oxydes  or  chlorides,  ground  up  wltli 
proper  fluxes,  are  painted  upon  glass,  their  colors  fuse  into  its  surface  at  a  moderate 
heal,  and  make  durable  pictures,  whieh  are  frequently  employed  in  ornamenting  the 
windows  of  churches  as  well  as  of  other  public  and  private  buildings.  The  colors  of 
stained  glass  ore  all  transparent,  and  are  therefore  to  be  viewed  only  by  transmitted 
light.  Many  metallic  pigments,  which  afford  a  fine  effect  when  applied  cold  on  eanvaaa 
or  paper,  are  so  ehaoged  by  vitreous  fusion  as  to  be  qniie  inapplicable  to  painting  in 
sUined  gla». 

The  glass  proper  for  receiving  these  vitrifying  pigments,  should  be  colorless,  uniform, 
luid  difficult  of  fusion  i  for  which  reason  crown  glass,  made  with  little  alkali,  or  with 
kelp,  is  preferred.  When  the  design  is  too  large  to  be  contained  on  b  single  pane,  seve- 
ral are  fitted  tt^ether,  and  fixed  in  a  bed  ofsofl  cement  while  painting,  and  then  taken 
asunder  to  be  separately  subjected  to  the  flre.  In  arranging  the  glass  pieces,  care  must 
be  taken  to  distribute  the  joinings  so  that  the  lead  frame-work  may  iaterftre  as  little  ai 
possible  with  the  effeet. 

A  deeigo  mnst  be  drawn  upon  paper,  and  placed  beneath  the  plate  of  glass ;  though 
the  artist  cannot  regalale  his  tints  directly  by  his  palelte,  hut  by  specimens  of  the  cokui 
producible  from  his  palette  pigments  after  they  are  fired.  The  upper  side  of  the  glaas  be- 
ing (ponged  over  with  gum-water,  aflbrds,  when  dry,  a  surface  proper  for  receiving  the 
colors,  without  the  risk  of  their  running  irregularly,  as  they  Would  be  apt  to  do,  on  the 
slippery  glass.  The  artist  first  draws  on  the  plale,  with  a  fine  pencil,  all  the  traces  whieh 
mark  the  great  outlines  and  shades  of  the  figures.  This  is  usually  done  in  black,  or,  at 
least,  some  strong  color,  such  as  brown,  blue,  green,  or  red.  In  laying  on  these,  the 
pointer  is  gnided  by  the  same  principles  as  the  engraver,  when  he  produces  the  effect  of 
light  and  shade  by  dots,  lines,  or  hatches  j  and  he  employe  that  color  to  produce  the 
shades,  which  will  hannoaire  best  with  the  color  whieh  is  to  be  afterwards  applied  i  but 
for  the  deeper  shades,  black  is  in  general  used.  When  this  is  finished,  the  whole  pic- 
ture will  be  represented  in  lines  or  hatches  similar  to  an  engraving  finished  up  to  the 
highest  effect  possible  ;  and  afterwards,  when  it  is  dry,  the  vitrifying  colors  ore  laid  on 
by  means  of  larger  hair  pencils ;  their  selection  being  regulated  by  the  burnt  specimen 
tints.  When  he  finds  it  necessary  to  lay  two  colors  adjoining,  which  are  apt  to  run 
together  in  the  kiln,  he  must  apply  one  of  tbem  to  the  back  of  the  gloss.  But  the  few 
principal  colon  to  be  presently  mentioned,  are  oil  fast  colon,  which  do  not  ran,  except 
the  yellow,  which  must  therefore  be  laid  on  the  opposite  side.  AAer  coloring,  the  artist 
proceeds  to  bring  out  the  lighter  effects  by  taking  off  the  color  in  the  proper  place,  with 
>  gooK  qalll  cut  like  a  pen  withotit  a  slit.  By  working  this  upon  the  glosa,  he  remove* 
the  color  from  the  parts  where  the  lights  should  be  the  strongest  -,  such  as  the  hair,  eyes, 
the  reflection  of  bright  snifkce*  and  tiiht  ports  of  draperies.  The  blank  pen  may  be 
cnpli^ed  either  to  mako  the  light*  by  line^  or  hatches  and  dota,  as  is  ntost  suitable  to  the 
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Bf  the  metallic  preparations  now  laid  upon  it,  the  glass  is  made  ready  for  beinfr  Sred| 
in  order  to  fix  and  bring  out  the  proper  colors.  The  furnace  or  kiln  best  adapted  for  this 
purpose,  is  similar  to  that  used  by  enamellers.  See  Enamel,  and  the  Glaze-kiln^  under 
PoiTERT.  It  consists  of  a  muffle  or  arch  of  fire-clay,  or  pottery,  so  set  over  a  fireplace, 
and  so  surh>nnded  by  flues,  as  to  receive  a  very  considerable  heat  within,  in  the  most 
equable  and  regular  manner ;  otherwise  some  parts  of  the  glass  will  be  melted ;  while, 
on  others,  the  superficial  film  of  colors  will  remain  unvitrified.  The  montih  of  the  muffle^ 
and  the  entry  for  introducing  fuel  to  the  fire,  should  be  on  opposite  sides,  to  prerent  is 
much  as  possible  the  admission  of  dust  into  the  mufile,  whose  mouth  should  be  closed 
with  double  folding-doors  of  iron,  furnished  with  small  peep-holes,  to  allow  the  artist  to 
watch  the  progress  of  the  staining,  and  to  withdraw  small  trial  slips  of  glass,  punted  with 
the  principal  tints  used  in  the  picture. 

The  muffle  must  be  made  of  very  refractory  fire-clay,  flat  at  its  bottom,  and  only  5  or 
6  inches  high,  with  such  an  arched  top  as  may  make  the  roof  stronir,  and  so  close  on  all 
sides  as  to  exclude  entirely  the  smoke  and  flame.  On  the  bottom  of  the  muffle  a  smooth 
bed  of  siAed  lime,  freed  from  water,  about  half  an  inch  thick,  must  be  prepared  for 
receiving  the  pane  of  glass.  Sometimes  several  plates  of  glass  are  laid  over  each  other 
with  a  layer  of  dry  pulverulent  bme  between  each.  The  fire  is  now  lighted,  and  most 
padually  raised,  lest  the  glass  should  be  broken ;  and  after  it  has  attained  to  its  fnll  heat, 
it  must  be  kept  up  for  3  or  4  hours,  more  or  less,  according  to  the  indications  of  the 
trial  slips ;  the  yellow  color  beinsr  principally  watched,  as  it  is  found  to  be  the  best  crite- 
rion of  the  state  of  the  others.  When  the  colors  are  properly  burnt  in,  the  fife  is  suffered 
to  die  away,  so  as  to  anneal  the  glass. 

STAINED-GLASS  PIGMENTS. 

FUah  color, — ^Take  an  ounce  of  red  lead,  2  ounces  of  red  enamel,  (Venetian  glass  ena- 
mel, from  alum  and  copperas  calcined  together,)  srrind  them  to  fine  powder,  and  work  this 
up  with  spirits  (alcohol)  upon  a  hard  stone.  When  slightly  baked,  this  prodaces  a  fine 
fiesh  color. 

Black  color, — Take  14j|  ounces  of  smithy  scales  of  iron,  mix  them  with  two  ounces  of 
white  glass,  (crystal,)  an  ounce  of  antimony,  and  half  an  ounce  of  manganese;  pound  aad 
grind  these  ingredients  together  with  strong  vinegar.  A  brilliant  black  may  also  be  ob- 
tained by  a  mixture  of  cobalt  blue  with  the  oxydes  of  manganese  and  iron.  Another  Uack 
is  made  from  three  parts  of  crystal  glass,  two  parts  of  oxyde  of  copper,  and  one  of  (glass 
of)  antimony  worked  up  together,  as  above. 

Brown  color, — An  ounce  of  white  glass  or  enamel,  half  an  ounce  of  good  manganese; 
ground  together. 

Redf  rote,  and  brown  colors,  are  made  from  peroxyde  of  iron,  prepared  by  iiitrie  aod. 
The  fiux  consists  of  borax,  sand,  and  minium  in  small  quantity. 

Red  color  J  may  be  likewise  obtained  from  one  ounce  of  red  chalk  pounded,  mixed  with 
two  ounces  of  white  hard  enamel,  and  a  little  peroxyde  of  copper. 

jS  red,  may  also  be  composed  of  rust  of  iron,  i;1ass  of  antimony,  yellow  glass  of  ka^ 
sueh  as  is  used'by  potters,  (or  litharge,)  each  in  equal  quantity ;  to  which  a  little  salpta- 
ret  of  silver  is  added.  This  composition,  well  crroond,  produces  a  very  fine  red  eolor  oa 
glass.  When  protoxyde  of  copper  is  used  to  stain  glass,  it  assumes  a  bright  red  or 
oolor,  according  as  the  glass  is  more  or  less  heated  in  the  furnace,  the  former  eof 
ing  to  the  orange  protoxyde,  the  latter  havine  the  copper  in  the  state  of  peroxyde. 

Bieiree  and  brown  reds^  may  be  obtained  by  mixtures  of  manganese,  orange  oxyda  of 
copper,  and  the  oxyde  of  iron  called  umber,  in  different  proportions.  They  most  be  pre- 
viously fused  with  vitreous  solvents. 

Or»Bn  color, — ^Two  ounces  of  brass  calcined  into  an  oxyde,  two  ounces  ofmininm,  and 
eight  ounces  of  white  sand;  reduce  them  to  a  fine  powder,  which  is  to  be  enclosed  in  a 
well  luted  crucible,  and  heated  strongly  in  an  air-furnace  for  an  hour.  When  the  mix- 
tare  is  cold,  grind  it  in  a  brass  mortar.  Oreen  may,  however,  be  advantageonsly  proda- 
ced  by  a  yellow  on  one  side,  and  a  blue  on  the  other.  Oxyde  of  chrome  has  been  also 
employed  to  stain  glass  green. 

Jlfine  yellow  color, — ^Take  fine  silver  laminated  thin,  dissolve  in  nitric  acid,  dilute  with 
abundance  of  water,  and  precipitate  with  solution  of  sea  salt.  Mix  this  chloride  of  sil- 
ver, in  a  dry  powder,  with  three  times  its  weight  of  pipe-day  well  burnt  and  pounded. 
The  back  of  the  glass  pane  is  to  be  painted  with  this  powder ;  for  when  painted  on  the 
face,  it  is  apt  to-  run  into  the  other  colors. 

jinother  yellow  can  be  made  by  mixing  sulphnret  of  silver  with  giass  of  antimoay, 
and  yellow  ochre  previously  calcined  to  a  red-brown  tint.  Work  all  these  powdeii 
together,  and  paint  on  the  back  of  the  glass.  Or  silver  lammtt  melted  with  sulphur,  aad 
glass  of  antimony,  thrown  into  cold  water,  and  afterwards  grooad  to  powder,  afford  a 
yellow. 


STAINED  GLASS.  IVTt 

J  poll  y^oa  bb;  be  nude  with  die  powder  resullint[  fhim  brass,  inlphnr,  and  sflmn 
dT an timonr,  calcined  together  in  ■  cracible,  till  [hey  cease  to  smoke ;  and  then  mixed 
Wilh  ■  liltle  tmrnt  y«Uow  ochre. 

Titifini  ytitmo  d*  M.  Merand  is  prepared  from  chloride  or  silver,  oiyde  of  zinc,  white- 
tiay,  and  rust  of  iron.    This  miitnre,  simply  ground,  is  applied  on  the  elasa. 

Orrmg*  cotor.— Take  1  part  or  silver  powder,  as  precipilaled  from  the  nilrate  of  thai 
metal  by  plates  of  copper,  and  washed ;  mil  it  wiih  t  part  of  red  ochre  and  I  of  yellow, 
by  caieful  irituration;  fn'ind  into  a  thin  pap  with  oil  of  turpentine  or  iavender,  and  apply 
ihls  with  a  brush,  dry,  and  bum  in. 

In  the  Philosophical  Magazine,  of  December,  1836,  the  anonymous  author  of  an  in- 
rrnious  essay,  "  On  the  Art  or  Glass-pain lin^,"  nays,  thnl  if  a  lar^e  proportion  of  ochre 
du  been  employed  with  the  silver,  the  stain  is  yellow  ;  if  a  small  proportion,  it  is  orange- 
colored  j  and  by  repeated  exposore  to  the  (ire,  withoni  any  additiona]  coloring-matler, 
the  orange  may  be  conTcrted  into  red  )  but  this  conversion  rcQuires  n  nice  management 
oT  the  heat.  Artists  oflen  make  nse  of  panes  colored  ihroaghonl  their  substance  in  the 
gliss.hou!e  pots,  because  the  perfect  imnspaTency  of  tnch  glass  gives  a  brilliancy  of 
effect,  which  enamel  paintins,  always  more  or  less  opaque,  cannot  rival.  It  was  to  a 
glass  ol  thi»  kind  that  the  old  glass- painters  owed  their  splendid  red.  This  is,  in  fact, 
the  only  point  in  which  the  modem  and  ancient  processes  differ ;  and  this  is  the  only 
part  of  the  art  which  was  ever  really  lost.  Instead  of  blowing  plates  of  solid  red,  the 
old  glass-makers  (like  those  of  Bohemia,  for  some  time  back)  used  to  JIaih  a  this 
layer  of  brilliant  red  over  a  substratum  of  colorless  glass  i  by  gathering  a  lump  of  the 
latter  upon  the  end  of  their  iron  rod  in  one  pot,  covering  it  with  a  layer  of  the  former 
in  another  pot,  then  blowing  ont  the  two  together  into  a  globe  or  cylinder,  to  be  opened 
irno  circular  ubles,  or  into  rectangalar  plates.  The  elegant  art  oftingin);  glass  red  by 
protoijde  of  copper,  and  flashing  it  on  common  crown  glass,  has  become  general  within 
Uitse  few  years. 

That  gold  melted  with  flint  glasa  stains  it  pnrple,  wa*  or^inally  discovered  and  ptae- 
tised,  as  a  profitable  secret,  by  Ennckel.  Gold  has  been  recently  used  at  Birmingham 
for  giving  a  beautiful  rose-color  to  Fcent  bottles.  The  proportion  of  goM  should  be 
Tcry  small,  and  the  heat  very  great,  to  produce  a  good  effect.  The  glass  most  contain 
either  the  oxyde  of  lead,  bismuth,  zinc,  or  antimony  ;  Tor  crown  glass  will  take  no  eokn 
from  gold.  Glass  combined  with  this  metal,  when  removed  from  the  crucible,  is  genenJ- 
ty  of  a  pale  rose-color ;  nay,  sometimes  is  as  colorless  as  water,  and  does  not  assume  itt 
rahy  color  till  it  has  been  exposed  to  a  low  red  heat,  either  under  a  muffle  or  at  the 
lamp.  This  operation  mn^l  be  nicely  regulated  ;  because  a  slight  excess  of  fire  deslioyi 
the  color,  leering  the  glass  of  a  dingy  brown,  hut  with  a  blue  (green  7)  transparaney, 
like  that  of  gold  leaf.  It  is  metallic  gold  which  gives  the  coloTi  and,  indeed,  the  oxyde 
is  too  easily  reduced,  not  to  be  converted  into  the  metal  by  the  intense  heal  which  is  ne- 
cessarily required. 

Upon  the  kindred  art  of  painting  in  enamel,  Mr.  A.  Esfcx  has  published  an  in- 
teresting paper  in  the  same  journal,  for  Jnne,  I83T,  in  which  he  says  thai  the  ancient 
ruby  glass,  on  being  exposed  to  the  heat  of  a  glnss-kiln,  preserves  its  color  unimpaired, 
while  the  modem  suffers  considerable  injury,  and  in  some  eases  become*  almost  black. 
Rence  the  latter  cannot  be  painted  upon,  as  the  heat  required  to  Ax  the  fie^h  color  would 
destroy  the  beauty  of  the  origioal  ba^is.  To  obviate  this  dilTicuUy,  the  artist  paints  upon 
■  piece  of  plain  glass  the  tints  and  shadows  necessary  for  blending  the  rich  rub)  g!oW 
with  the  other  parta  of  his  picture,  leaving  those  ports  uniouched  where  he  wishes  the 
ruby  to  appear  in  undiminished  brilliancy,  and  fixes  the  ruby  glass  in  the  picture  behind 
the  painted  piece,  sn  that  in  such-parts  the  window  ts  double  glazed.  Mr.  Essex  em- 
ploys, as  did  the  late  Mr.  Muss,  chrome  oxyde  alone  fbr  greens ;  and  he  reject*  the  um 
of  iron  and  manganese  in  his  enamel  cnlors. 

Colored  transparent  glass  is  applied  as  enamel  in  silver  and  gold  btjoaltrit,  pre- 
viously brigkl-eul  in  the  metal  with  the  graver  or  the  rose-engine.  The  cuts,  refleeling 
the  rays  of  light  from  their  numerous  surfaces,  exhibit  thronch  the  glass,  richly  stained 
with  gold,  silver,  copper,  cobalt,  &c.,  a  gortteons  play  of  prismatic  colors,  varied  wjlb 
(Very  change  of  aspect.  When  the  enamel  is  to  be  painted  on,  it  shouhl  be  made  opal- 
ewent  by  oxyde  of  arwnic,  in  order  to  produce  the  most  agreeable  effect. 

The  artist  in  enamel  has  obtained  from  modern  chemistry,  preparations  of  the  metals 
phtinnm,  uranium,  and  chromium,  which  furnish  four  of  the  richest  and  most  nseful 
colors  of  his  palette.  Oiyde  of  platinum  produces  a  substantive  rich  brown,  formerly 
■nknowD  in  enamel  painting;  a  beantiful  transparent  tint,  which  no  intensity  or  repeti- 
tion of  fire  can  injure,  Coloif  proper  for  enamel  painting,  he  says,  are  not  to  be  pur- 
chased ;  those  told  for  the  purpose,  are  adapted  only  for  painting  upon  china.  The  con- 
ttituenl*  of  the  green  enamel  used  by  hit  brother,  Mr.  W.  Gtsei,  are,  tilica,  borax,  oxyde 
aTlead,  sMd  oxyde  of  chrome. 
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Mr.  Essex's  eoainelling  farnace  is  a  cubic  space  of  about  ]2  inches,  and  eontaiu  a 
fire-clay  muffle,  without  eilher  bottom  or  back,  which  is  surrouiided  with  coke,  except  m 
flront.  The  entire  draught  of  air  which  supplies  the  farnace,  passes  through  the 
mu^e ;  tl!e  plates  and  paintings  being  placed  on  a  thin  slab,  made  of  tempered  fire- 
clay, technically  termed  plcmche,  which  rests  on  the  bed  of  coke^fuel.  As  the  grealeat 
heat  is  at  the  back  of  the  muffle,  the  picture  must  be  turned  round  while  in  the  fire, 
by  means  of  a  pair  of  spring  tongf .  The  above  furnace  serves  for  objects  up  to  five 
inches  in  diameter;  but  for  larger  works  a  difl'erent  furnace  is  required,  for  the  deseiip- 
tion  of  which  I  must  refer  to  the  original  paper. 

Relatively  to  the  receipts  for  enamel  colors,  and  for  stainiag  and  giMing  on  gla«, 
for  which  twenty  guineas  were  voted  by  the  Society  for  the  Encouragement  of  Arts,  ia 
the  session  of  1817,  to  Mr.  R.  Wynn,  Mr.  A.  Essex  says,  in  p.  446  of  his  essay— 
<<  the  unfortunate  artist  who  shall  attempt  to  make  colors  for  the  purpose  of  painting  ia 
enamel  from  these  receipts,  will  assuredly  find,  to  his  disappointment,  that  they  are  ut- 
terly useless.''  In  page  449  he  institutes  a  comparison  between  Mr.  Wynn's  complei 
farrago  for  green,  as  published  in  the  Transactions  of  the  Society,  with  the  simple 
receipt  of  his  brother,  as  given  above.  It  is  a  r^maikable  circumstance,  that  not  one  cf 
our  enamel  artists,  during  a  period  of  twenty  years,  should  have  denounced  the  fallacy 
of  these  receipts,  and  the  folly  of  sanctioning  imrcsture  by  a  public  reward.  ShoaM 
Mr.  Essex's  animadversions  be  just,  the  well-intentioned  Society  in  the  Adelphi  may,  from 
the  negligence  of  its  committee,  come  to  merit  the  •oLriquei,  *'  For  the  Discouragemenl 
of  Arts," 

STAMPING  OF  METALS.  The  following  ingenious  machine  for  imtnufactaiiiif 
metal  spoons,  forks,  and  other  articles,  was  made  the  subject  of  a  patent  by  Jonathan 
Hayne,  of  Clerkenwell,  in  May,  1833.  He  employs  a  stamping-machine  with  diea^ia 
which  the  hammer  is  raised  to  a  height  between  guides,  and  is  let  fall  by  a  trigger. 
He  prefers  fixing  the  protuberant  or  relief  portion  of  the  die  to  the  stationary  block  cr 
bed  of  the  stamping-machine,  and  the  counterpart  or  intaglio  to  the  falling  hammer 
or  ram. 

The  peculiar  feature  of  improvement  in  this  manufacture  consists  in  pirodocing  the 
spoon,  ladle,  or  fork  perfect  at  one  blow  in  the  stamping-machine,  and  requiring  no 
further  manipulation  of  shaping,  but  simply  trimming  off  the  barb  or  fin,  and  poUdung 
the  surface,  to  render  the  article  perfect  and  finished. 

Heretofore,  in  employing  a  stamping-machine,  or  fly-press,  for  manufacturing  spoom^ 
ladles,  and  forks,  it  has  been  the  practice  to  give  the  impressions  to  the  handles,  and  to 
the  bowls  or  prongs,  by  distinct  operations  of  different  dies,  and  after  having  so  par- 
tially produced  the  pattern  upon  the  article,  the  handles  had  to  be  bent  and  formed  by 
the  operations  of  filing  and  hammering. 

By  his  improved  form  of  dies,  which,  having  curved  surfaces  and  bevelled  edges,  aUmr 
of  no  parts  of  the  faces  of  the  die  and  counter-die  to  come  into  contact,  he  is  en^ed  to 
produce  considerable  elevations  of  pattern  and  form,  and  to  bring  up  the  article  peiteet 
at  oive  blow,  with  only  a  slight  barb  or  fin  upon  its  edge. 

In  the  accompanying  drawings,  fig.  1042  is  the  lower  or  bed  die  for  prodncag  a 
spoon,  seen  edgewise ;  fig,  1043  is  the  face  of  the  upper  or  counter-die,  comespoiiding ; 
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fig.  1044  is  a  secUoBy 
taiken  through  the 
middle  of  the  pair  of 
diesy  showing  the 
space  in  which  the 
metal  is  pressed  to 
form  the  spoon. 

To  manufacHne 
spoons,  ladles,  or  forks 
according  to  his  im- 
proved process,  he 
first  forges  out  the 
ingot  into  flat  pieees, 
of  the  shape  and  di- 
mensions of  the  die  of  the  intended  article ;  and  if  a  spoon  or  ladle  is  to  be  made,  gives 
a  slight  degree  of  concavity  to  the  bowl  part;  but,  if  necessary,  bends  the  back,  in  order 
that  it  may  lie  more  steadily,  and  bend  more  accurately,  upon  the  lower  die ;  if  a  fodE, 
he  cuts  or  otherwise  removes  portions  of  the  metal  at  those  parts  which  will  intervene 
between  the  prongs ;  and,  having  thus  produced  the  rude  embryo  of  the  intended  article^ 
scrapes  its  entire  surface  clean  and  free  from  oxydation-scale  or  fire*8train,  when  it  is 
ready  to  be  introduced  into  the  stamping-machine. 

He  now  fixes  the  lower  die  in  the  bed  of  the  stamping-machine,  shown  at  a,  a,  in  the 
elevations  figi*  1045  and  1046,  and  fixes,  in  the  hammer  6,  the  upper  or  counter-die 


c,  iccnralelr  ftdjogting  tiiunbolh,  so  thai  they  may  correfpond  exactly  iitien  brongihl 
togelher.    Hr  then  places  the  nidelf-forined  article  above  described  upon  the  lower 
die,    and    having    drawn   up   the 
104fi  hanmer   to  B  auSident  eleialion 

by  &  windlass  and  rope,  or  other 
ordiaar?  means,  lets  go  the  trig^r, 
and  allows  the  hammer  with  the 
counter-die  to  fall  upon  the  under 
die,  on  which  the  article  i«  placed; 
when,  by  the  blow  thus  given  la 
the  mrlal,  the  true  and  perfect 
figure  and  pattern  of  the  apoon, 
m]t,  or  fork  is  produced,  and 
which,  as  before  said,  will  only 
require  the  removal  of  (he  slieht 
edging  of  bnrb  or  Sn,  with  polish- 
ing, to  finish  it. 

On  striking  the  blow,  in  the 
operation  of  stamping  (he  article, 
the  hammer  will  recoil  and  By  up 
some  distance,  and  if  allowed  to 
fall  again  with  reiterated  btowi, 
woDld  injure  both  the  article  and 
(he  dies;  therefore,  to  avoid  (hi* 
inconvenience,  he  causes  the  ham- 
mer on  recoiling  to  be  caught  by 
a  pair  of  palls  locking  into  racks 
on  the  face  of  the  atandaids,  aeen 
i  _  In  Jig.  1045  the  hammer  b,  of  the  Ktamping-machine,  is  seed 

raised  and  auspeoded  by  a  rope  B((ached  lo  a  pair  of  jointed  hooks  or  holders  d,  d,  the 
lower  ends  of  which  pats  into  eyes  i,  e,  extending  from  the  lop  of  the  hammer.  When 
the  lever  or  trii^er  t  is  drawn  forward,  as  in  fig.  1046,  the  two  inclined  planes  g,  g, 
on  the  aile  h,  press  the  two  legs  of  (he  holderg  d,  d,  inward,  and  cause  their  hooks  or 
lower  ends  (o  be  withdrawn  from  (be  eyes  (,  e,  when  (he  hamiDer  instantly  falls,  and 
brin^  the  din  together  :  such  is  (he  ordinary  construelion  of  (he  stamping-machine. 

On  the  hammer  falling  from  a  eoneiderable  elevation,  (he  violence  of  the  blow  causei 
it  to  recoil  and  bonnd  upwards,  as  before  mentioned ;  it  Iherefore  becomes  necessary  to 
catch  the  hammer  when  it  has  rebounded,  in  order  (o  prevent  (he  dies  coming  again  (o- 
gelherj   Ibis  is  done  by  the  followinit  mechanism  ; — 

Two  latch  levers  i,  J,  are  connected  by  joints  to  the  upper  part  of  the  hammer,  and 
two  pall  levers  k,  k,  taming  upon  pins,  ere  mounted  in  the  bridge  I,  affixed  to  the  ham- 
mer. Two  springs  m,  m,  act  against  the  lower  arms  of  these  levers,  and  press  then 
ootwards,  for  (he  purpose  of  throwing  Ihe  palls  at  the  lower  ends  of  the  lever*  Into  the 
teeth  of  the  ratchet  racks  n,  n,  filled  on  (he  sides  uf  the  Dprigh[  standards. 

Previously  (o  raising  (he  hammer,  the  upper  ends  of  the  pall  levers  k,  are  drawn  back, 
and  the  latches  i,  being  brought  down  apon  them,  as  in  JSg.  1045,  the  levers  k  are  eon- 
Gned,  and  their  palls  prevented  from  striking  into  the  side  racks ;  but  as  the  hammer 
falls,  the  endsorthelatehesi  strike  upon  the  lingers  o,  o.  Hied  (o  the  side  standards,  and' 
liberate  the  palls,  (he  lower  ends  of  which,  when  (he  hammer  rebounds,  after  sumping^ 
catch  into  Ihe  teeth  of  (he  racks,  as  mfig.  1046,  and  thereby  prevent  the  hammer  Snia- 
again  descending. 

STARCH  l.^midon,  Ficait,  Fr;  StOrttt,  Germ.),  is  a  white  pulvemlent  lubstaneei- 
composed  of  microscopic  spheroids,  which  are  bags  containing  the  amylsceoos  matter. 
It  exists  in  a  great  many  ditferent  plants,  and  varies  merely  in  the  form  and  size  of  i(a 
microscopic  particles;  asfonnd  in  some  plants,  it  consists  of  spherical  particles  pr'..  cnT' 
an  inch  in  diameter;  and  in  others,  of  ovoid  particles,  of  ,^  or  i_  of  an  inch.  i[  oe- 
ears,  1.  in  Iheseedsof  all  the  acotyledinous  plants,  among  which  are  llie  several  speeies  of 
corns,  and  those  of  other  grammta;  2.  in  the  round  perennial  tap  roots,  which  shoot 
up  an  annual  slem  ;  in  the  tuberose  rools,  such  as  potatoes,  the  Cimvotitalui  balatai  and 
(dnjit,  the  HtliaiUhiu  ttibewtut,  the  JalroJAa  manihof,  Slc,  which  contain  a  great  quantity 
of  it;  3.  in  the  stems  of  several  monocotylcdinous  plants,  cspecisJIy  of  the  palni 
tribe,  whence  saio  comes  ;  hnl  it  is  very  rarely  foand  in  the  stems  and  branches  of 
the  dicotyledinous  plants;  4.  it  oeears  in  many  species  of  lichen.  Three  kinds  of. 
starch  have  been  distinguished  by  chemists;  that  of  wheat,  that  called  tnufine,  and  lichen, 
starch.  These  three  agree  in  being  insolnble  in  eold  water,  alcohol,  ether,  and  oiI«,  and 
in  being  converted  into  ngar  by  either  dilute  solphuric  acid  or  diastase.  The  main, 
difference  between  them  consist*  in  their  babitodea  with  water  and  iodine.  Tlie  flnt 
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forms  with  hot  water  a  mucilaginous  solution,  which  constitutes,  when  coid,  the  pane 
of  the  laundress,  and  is  tinged  blue  by  iodine ;  ibe  second  forms  a  granular  precipitalc, 
when  its  solution  in  boiling-bot  water  is  suffered  to  cool,  which  is  tinged  yellow  by  iodine; 
the  third  affords,  by  cooling  the  concentrated  solution,  a  gelatinous  mass,  with  a  clear  liquoi 
floating  over  it,  that  contains  little  starch.     Its  jelly  becomes  brown-gray  with  iodine. 

1.  Ordinary  starch, — This  may  be  extracted  from  the  following  grains: — wheat,  rye, 
barley,  oats,  buckwheat,  rice,  maize,  milled,  spelt ;  from  the  siliquose  seeds,  as  peas  beans, 
len tiles,  &rC. ;  fronl  tuberous  and  tap  roots,  as  those  of  the  potato,  the  orchis,  manioc,  arrow- 
root, batata,  &c.  Dii]*erent  kinds  of  corn  yield  very  variable  quantities  of  starch. 
Wheat  differs  in  this  respect,  according  to  the  varieties  of  the  plant,  as  well  as  the  soil 
manure,  season,  and  climate.    See  Bread. 

Wheat  partly  damaged  by  long  keeping  in  granaries,  may  be  employed  for  the  manu- 
facture of  starch,  as  this  constituent  suffers  less  injury  than  the  gluten ;  and  it  may  be 
used  either  in  the  ground  or  unground  state. 

1.  With  unground  wheat. — The  wheal  being  siAed  clean,  is  to  be  put  into  cisteim, 
covered  with  soft  water,  and  left  to  steep  till  it  becomes  swollen  and  so  soft  as  to  be 
easily  crushed  between  the  fingers.     It  is  now  to  be  taken  out,  and  immersed  in  clear  ' 
water  of  a  temperature  equal  to  that  of  mailing-barley,  whence  it  is  to  be  transferred 

into  bags,  which  are  placed  in  a  wooden  chest  containing  some  water,  and  exposed  to 
strong  pressure.  The  water  rendered  milky  by  the  starch  being  drawn  off  by  a  tap^ 
fresh  water  is  poured  in,  and  the  pressure  is  repeated.  Instead  of  putting  the  swoUn 
grain  into  bags,  some  prefer  to  grind  it  under  vertical  edge-stones,  or  between  a  pair  of 
horizontal  roilers,and  then  to  lay  it  in  a  cistern,  and  separate  the  starchy  liquor  by  dn- 
triation  with  successive  quantities  of  water  well  stirred  up  with  it.  The  residuary  mat- 
ter in  the  sacks  or  cisterns  contains  much  vegetable  albumen  and  gluten,  along  with  the  | 
husks ;  when  exposed  to  fermentation,  it  affords  a  small  quantity  of  starch  of  rather  in-  ' 
ferior  quality. 

The  above  milky  liquor,  obtained  by  expression  or  elutriation,  is  run  mto  large  cutens, 
where  it  deposites  its.  starch  in  layers  successively  less  and  less  dense;  the  uppennost 
containing  a  considerable  proportion  of  gluten.  The  supernatant  liquor  being  diawa 
off,  and  fresh ^ water  poured  on  it,  the  whole  must  be  well  stirred  up,  allowed  again  to 
settle,  and  the  surface-liquor  again  withdrawn.  This  washing  shoiUd  be  repeated  at 
long  as  the  water  takes  any  perceptible  color.  As  the  first  turbkl  liquor  c^jntaiasa 
mixture  of  gluten,  suear,  gum,  albumen,  &,c.,  it  ferments  readily,  and  proiduces  a  certain 
portion  of  vinegar,  which  helps  to  dissolve  out  the  rest  of  the  mingled  gluten,  and  that 
to  bleach  the  starch.  It  is,  in  fact,  by  the  action  of  this  fermented  or  soured  water,  aad 
repeated  washing,  that  it  is  purified.  AAer  the  last  deposition  aad  decantation,  there 
appears  on  the  surface  of  the  starch  a  thin  layer  of  a  slimy  mixture  of  gluten  and  alba- 
men,  which,  being  scraped  off,  serves  for  feeding  pigs  or  oxen ;  underneath  will  be  found 
a  starch  of  good  quality.  The  layers  of  different  sorts  are  then  taken  up  with  a  woodea 
shovel,  transferred  into  separate  cisterns,  where  they  are  agitated  with  water,  and  passed 
through  fine  sieves.    After  this  pap  is  once  more  well  settled,  the  clear  water  is  diawa  i 

off,  the  starchy  mass  is  taken  out,  and  laid  on  linen  cloths  in  wicker  basketa,  todraiaaBd 
become  partially  dry.  When  sufficiently  firm,  it  is  cat  into  pieces,  which  are  spread  opoa 
other  cloths,  and  thoroughly  desiccated  in  a  proper  dn'ing-room,  which  in  winter  is  heat- 
ed by  stoves.  The  upper  surface  of  the  starch  is  generally  scraped,  to  ranove  any 
dusty  matter,  and  the  resulting  powder  is  sold  in  that  state.  Wheat  yields,  apoa  an 
average,  only  from  35  to  40  per  cent,  of  good  starch.  It  should  afford  more  by  akitfal 
management. 

2.  In  this  country,  wheat  crushed  between  iron  rollers  is  laid  to  steep  in  at  rnnch 
water  as  will  wet  it  thoroughly ;  in  four  or  five  days  the  mixture  ferments,  soon  afterwaidt 
settles,  and  is  ready  to  be  washed  out  with  a  quantity  of  water  into  the  proper  ferment- 
ing Vats.  The  common  time  allowed  for  the  steep,  is  from  14  to  20  days.  The  next 
process  consists  in  removing  the  stuff  from  the  vats  into  a  stout  round  basket  set 
across  a  back  below  a  pump.  One  or  two  men  keep  going  round  the  basket,  stirring 
up  the  stuff  with  strong  wooden  shovels,  while  another  keeps  pumping  water,  till  ail  the 
farina  is  completely  washed  from  the  bran.  Whenever  the  subjacent  bade  is  filled, 
the  liquor  is  taken  out  and  strained  through  hair  sieves  into  square  frames  or  cistenks, 
where  it  is  allowed  to  settle  for  24  hours ;  aAer  which  the  water  is  run  off  from  the 
deposited  starch  by  plug  taps  at  different  levels  in  the  side.  The  thin  stuff  called  tiimcs, 
upon  the  surface  of  the  starch,  is  removed  by  a  tray  of  a  peculiar  form.  Fresh  water 
is  now  introduced,  and  the  whole  being  well  mixed  by  proper  agitation,  is  then  poured 
upon  fine  silk  sieves.  What  passes  through  is  allowed  to  settle  for  24  hours ;  the 
liquor  being  withdrawn,  and  then  the  slimes,  as  before,  more  water  is  again  poured  in, 
with  agitation,  when  the  mixture  is  again  thrown  upon  the  silk  sieve.  The  milky  liquor 
is  now  suffered  to  rest  for  several  days,  4  or  5,  till  the  starch  becomes  settled  pretty 
lirmly  at  the  bottom  of  the  square  cistern.    If  the  starch  is  to  have  the  blue  tia^ 
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called  Poland,  fine  noBll  mnEt  be  mixed  in  the  liquor  of  tbe  )i8t  Biere,  in  Ihe  proportion 
of  two  or  three  ponndi  to  ihr  cwt.  A  considenible  portion  of  Ihese  slime*  may,  by  good 
Dianagenient,  be  irorked  up  into  ^larch  br  elutiisrion  and  Elraining. 

The  ttaich  is  now  fil  forboiinf,  by  •hoicllinft  the  cleaned  dtpotile  inio  wooden  chests, 
about  4  feel  lontr,  12  inebes  bruad,  nnd  6  incheF  deep,  perforated  throughout,  and  liaed 
with  Ibin  canTass.  When  it  is  drained  and  dried  into  a  compact  mass,  it  ts  turned  out  by 
inverliDg  Ibe  chests  npoo  a  clean  lablf,  where  it  is  broken  into  pieces  four  or  five  incbei 
square,  by  laying  a  ruler  underneath  the  cahe,  and  iiivin^  its  surface  a  cut  with  a  knife, 
after  which  the  slightest  prensure  with  the  hnnd  will  make  the  fracture.  These  pieces 
are  set  upon  half-burned  briehs,  which  by  their  porous  capillsrily  imbibe  Ihc  moi).ture  of 
the  stareh,  so  that  its  under  surfnce  may  not  become  hard  and  hornj.  When  sufficiently 
dried  upon  the  bricks,  it  is  put  into  a  store,  (which  resembles  thai  of  a  sugar  refinery,) 
and  ten  there  till  tolerably  dry.  It  is  now  removed  to  a  table,  when  all  Ihe  sides  are 
carefully  seraped  with  a  knife ;  it  is  next  packed  up  in  the  papers  in  which  it  is  sold ; 
these  packages  are  returned  into  the  stove,  and  subjected  to  a  gentle  heat  during  some 
days;  a  point  which  requires  to  be  skilfiilly  rcEulated. 

Mr.  Samuel  Hall  obtained  n  patent  for  bleachine  starch  by  chloride  of  lime  in  1S21. 
Chlorine  water  would  probably  be  preferable,  and  might  prove  useful  in  operating  upon 
dama!;ed  wheat. 

The  soar  water  of  Ihe  starch  manufacture  eonlains,  according  to  Vauquelin,  acetic  acid, 
acetate  of  ammonia,  alcohol,  phosphate  of  lime,  and  Elnlen. 

During  the  dr7ing,  starch  splits  into  small  prismatic  columns,  of  Considerable  regulari- 
ty. When  kept  dry,  it  remains  nnaltei-ed  for  a  very  long  period.  When  it  is  healed  to 
a  certain  dettree  in  water,  the  envelopes  of  its  sphemidnt  particles  burst,  and  the  fafina 
forms  a  mucilaginoas  emulsion,  ms^nia,  or  paste.  When  this  apparent  solution  is  eva- 
porated to  dryness,  a  brittle  horny-looking  substance  is  obtained,  quite  different  in  aspect 
from  starch,  but  similar  in  chemical  habitudes.  When  Ihe  moist  paste  is  expn^ed  for  two 
or  three  months  to  the  air  in  summer,  Ihe  starch  i^  converted  into  sugar  to  the  amount 
of  one  third  or  one  half  of  its  weight,  into  gnm,  and  eelatinous  starch  called  amidme  by 
De  Saussure,  with  occasionally  a  resinous  matter.  This  curious  change  goes  on  even  in 
close  vessels. 

Slarch  from  polalott. — From  the  Ibllnwing  table  of  analyses,  it  appears  that  potatoes 
contain  from  24  to  30  per  cent,  of  dry  substance : — 
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r«n"h>'m,i. 
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mS'sX"' 

W.Ut, 

Eidner  potatoes      - 
Lar^e  red  potatoes,      - 
Sweet  potatoes, 
Pcmrian  potatoes, 
Enelish  potatoes,     - 
Parisian  potatoes. 

150 
15-2 
91 
12-9 
15-1 
150 
12-9 
113 

7-0 

e-R 

6-0 
8-2 
5-2 
6-8 
fi'R 

1-4 
1-3 
0-8 

0-7 
0-8 
1-9 
M 
0-9 

9-2 
3-7 

1-9 
1-7 

4-8 

TB-O 
73-0 
81-3 

78-0 
74  3 
76-0 
77-5 
73-1 

Manu/aftun  of  potato  starch. — The  potatoes  are  lir^t  washed  in  a  cjlJndrical  cage 
fbnned  of  wooden  spars,  made  to  revolve  upon  a  horizontal  axis,  in  a  troueh  filled  with 
water  to  the  level  of  the  axis.  They  ^re  then  reduced  to  a  pulp  bj'  a  rasping  machine, 
similar  to  that  represented  in  figs,  1047,  I0-18,  where  a  is  a  wooden  drum  covered  with 
sheet-iron,  roushened  outside  with  numerous  prominences,  made  by  punchina  out  holes 
fh>m  the  opposite  side.  It  is  turned  by  a  winch  fixed  upon  each  end  of  Iht'  shnfl.  The 
dram  is  enclosed  in  a  square  wooden  box,  to  prevent  Ihe  potato-mash  from  bein^  scatter- 
ed about.  The  hopper  b  is  attached  to  Ihe  upper  frame,  has  its  hollom  concentric  with 
the  rasp-dmm,  and  nearly  in  contact  with  it.  The  jmlp  chest  c  is  made  to  slide  out,  so 
■s  when  full  lo  be  readily  replaced  by  another.  The  two  slantina  boards <J,  d.  ounductlhe 
pulp  into  it.  A  moderale  stream  of  water  should  be  made  lo  play  into  the  hopper  upon 
the  potatoes,  to  prevent  the  surface  of  the  rasp  from  getting  foul  with  fibrous  mailer. 
Two  men,  with  one  for  a  relay,  will  rasp,  with  such  a  machine,  from  2}  lo  3  Ions  of  po- 
tatoes in  12  hours. 

The  potato  pulp  musl  be  now  elutriated  upon  a  fine  wire  or  hair  seive,  which  is  set 
Dpon  a  fiame  In  the  mouth  of  a  large  val,  while  water  is  made  to  flow  upon  It  from  a 
spout  with  many  jels.  The  iiulp  meanwhile  must  be  stirred  and  kneaded  by  the  hand, 
or  by  a  mechanical  brusb.agitalor,  till  nlmost  nothing  but  fibrous  particles  are  lefl  upon 
the  sieve.  These,  however,  generally  retain  about  five  per  cent,  of  slarch,  which  cannot 
bt  separated  in  this  way.  This  porenchiinB  should  therefore  be  subjected  to  a  separate 
raaping  apon  anolher  cylinder.  The  water  Inrbid  with  slarch  is  allowed  to  settle  for  some 
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lime  in  a  back ;  the  Bapematant  liqaor  is  then  ran  by  a  cock  into  a  second  back,  and  after 

some  time  into  a  third,  whereby  the  whole 
starch  will  be.  precipitated.  The  finest 
powder  collects  in  the  last  vessel.  The 
starch  thus  obtained,  containing  33  per 
cent,  of  water,  may  be  used  either  in  the 
moist  state,  under  the  name  of  grvot/ccs- 
la,  for  various  purposes^  as  for  the  prepa- 
ration of  dextrine,  and  starch  sirap ;  or 
it  may  be  preserved  under  a  thin  layer  of 
water,  which  must  be  renewed  from  time 
to  time,  to  prevent  fermentation ;  ofr  last- 
ly, it  may  be  taken  out  and  dried. 

In  trials  made  with  St.  Etienne's  rasp 
and  starch  machinery,  in  Paria^  which 
was  driven  by  two  horses,  nearly  18  cwts. 
of  potatoes  were  put  through  Ul  the  re- 
quisite operations  in  one  hour,  iocladiog 
the  pumping  of  the  water.  The  product 
in  starch  amounted  to  from  17  to  18  per 
cent,  of  the  potatoes.  The  quicker  the 
process  of  potato-starch  making,  the  betp 
^  ter  is  its  quality. 
Starch  from  certain/oreign  planit, — 1.  From  the  pith  of  the  <afO  palm.    See  SiAOO. 

2.  From  the  roots  of  the  Maranta  arundinacea,  of  Jamaica,  the  Bahamas,  and  other 
West  India-  islands,  the  powder  called  arrow-root  is  obtained,  by  a  process  analogous  to 
that  for  making  potato  starch. 

3.  From  the  root  of  the  Manioc,  which  also  grows  in  the  West  Indies,  as  well  as  in 
Africa,  the  cassava  is  procured  by  a  similar  process.  The  juice  of  this  plant  is  poison^ 
ous,  from  which  the  wholesome  starch  is  deposited.  When  dried  with  stirring  upon  hot 
iron  plates,  it  agglomerates  into  small  lumps,  called  tajnoca  ;  being  a  gummy  fecola. 

The  characters  of  the  different  varieties  of  starch  can  be  learned  only  from  mieraeeopie 
observation ;  by  which  means  also  their  sophistication  or  admixture  may  be  readily  as- 
certained. 

Starch,  from  whatever  source  obtained,  is  a  white  soA  powder,  which  feels  crispy,  like 
flowers  of  sulphur,  when  pressed  between  the  fineers ;  it  is  destitute  of  taste  and  smeU, 
unchangeable  in  the  atmosphere,  and  has  a  specific  gravity  of  1-53.  I  have  already  de- 
scribed the  particles  as  spheroids  enclosed  in  a  membrane.  The  potato  contains  aone 
of  the  largest,  and  the  millet  the  smallest.  Potato  starch  consists  of  truncated  ovoids» 
varying  in  size  from  ^JL  to  «JUjr  of  an  inch ;  arrow-root,  of  o voids  varying  in  size  finom 
g±-  to  gJW^  of  an  inch ;  flower  starch,  of  insulated  globules  about  -  A  .  of  ea  iacfc; 

cassava,  of  smiular  globules  assembled  in  groups.    These  measurements  I  have  made 
with  a  good  achromatic  microscope,  and  a  divided  glass-slip  micrometer  of  Tnlly. 
For  the  saccharine  changes  which  starch  undergoes  by  the  action  ofdiattastj  see  Fka- 

MENTATION. 

Lichenine,  a  species  of  starch  obtained  from  Iceland  moss,  (Cetraria  isUmdiaiy)  as  wdl 
tm  inuline,  from  elecampane,  (Inula  Helenium,)  are  rather  objects  of  chemical  curioEtty, 
than  of  manufactures. 

There  is  a  kind  of  starch  made  in  order  to  be  converted  into  gum  for  the  calico-printer. 
This  conversion  having  been  first  made  upon  the  great  scale  in  this  country,  has  occa- 
sioned the  product  to  be  called  British  gum.  The  following  is  the  process  pursued  in  m 
large  and  well  conducted  establishment  near  Manchester.  A  ran?e  of  fbnr  wooden  cis- 
•erns,  each  about  7  or  8  feet  square,  and  4  feet  deep,  is  provided.  Into  each  of  them  2000 
gallons  of  water  being  introduced,  121  loads  of  flour  are  stirred  in.  This  mixture  is  set 
to  ferment  upon  old  leaven  leA  at  the  bottom  of  the  backs,  during  2  or  3  days.  T%e 
contents  are  then  stirred  up,  and  pumped  off  into  3  stone  cisterns,  7  feet  square  and  4 
feet  deep ;  as  much  water  being  added,  with  ai^itation,  as  will  fill  the  cisterns  to  the  brim. 
In  the  course  of  24  hours  the  starch  forms  a  firm  deposite  at  the  bottom ;  and  the  water 
is  then  syphoned  off.  The  gluten  is  next  scraped  from  the  surface,  and  the  starch  is 
transferred  into  wooden  boxes  pierced  with  holes,  which  may  be  lined  with  coarse  doth, 
or  not,  at  the  pleasure  of  the  operatoi*. 

The  starch,  cut  into  cubical  masses,  is  put  into  iron  trays,  and  set  to  dry  in  a  large 
apartment,  two  stories  high,  heated  by  a  horizontal  cylinder  of  cast  iron  traversed  by  the 
flame  of  a  furnace..  The  drying  occupies  two  days.  It  is  now  ready  for  coaversioii 
into  gum,  for  which  purpose  it  is  put  into  oblong  trays  of  sheet  iron,  and  heated  to  the 
temperature  of  300^  F.  in  a  cast-iron  oven,  which  holds  four  of  these  trays.  Here  it 
concretes  into  irr^ular  semi-transparent  yellow-brown  lumps,  which  are  groond  into 
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Adc  floor  between  mill-ttonea,  and  in  thii  stale  brou^bl  to  ifae  market.  In  Ibis  roasted 
•tareh,  the  vesiclM  bein^;  burst,  their  eontrnls  beeome  Bolnble  in  cold  vater.  British  pan 
it  not  convertible  into  lafar,  as  starch  is,  b;  the  letion  or  dilate  sulphuric  acid;  nor  ialo 
■Dacic  acid,  by  nilrjc  acid ;  but  into  the  oxalic  ;  and  il  is  tinged  porple-red  by  iodine.  It 
i*  composed,  in  100  pacta,  or  35-T  carbon,  6-3  hydrogen,  and  S8'l  oijgen ;  vhile  starcb  is 
composed  of,  43'6  carbon,  6'8  hydri^en,  and  49'7  oxr^en. 

To  prove  whether  starch  be  quite  free  rrom  fluten,  or  whether  it  be  mixed  with  any 

wheat  flour,  dif- 
fose  12  grains  ol' 
it     tbron^     six 

beat  the  mixture 
to    boiling,   siir- 

wilh  a  glass  slip. 
If  the  starch  be 
pnre,  no  Troth 
will  be  seen  upon 
the  snriiiceof  the 
pasty  fluid ;  or  if 
any  be  produced 
during  the  stir- 
ring, it  will  im- 
nedialety  sabside 
alter  it;  but  il 
the  imallest  por. 
lion  of  gluten  be 
present,  much 
frolh  will  be  per- 
tnanenlly  Ibnned, 

raised  by  alirrin? 
into  the  appear- 
ance of  soap-suds. 
STARCHING 

AND  SrEAH-DKr- 
IHG     ApHSATTS. 

The  system  of 
hollow  cylinders, 
for  drying  goods 
in  the  processes 
of  bleaching  ot 
eallco-prtnling,  ii 
represented  in 
fig-  1W9,  in  a 
longitudinal  sec- 
tion, and  in  fig. 
1030,  in  a  top 
view ;  but  the 
cylinders  are  sup- 
posed to  be  bro- 
ken off  in  the 
middle,  as  it  wat 
needless  to  repeat 
'  the  parts  at  the 
other  end,  which 
are  sufficiently 
sbowa  io  the  sec- 
tion. 

containing  th« 
paste,  when  the 
goods  arc  to  b« 
■tarched  or  stif. 
ftned;a,awinch, 
when  it  is  desired 
lo  tam  tho   ia%. 
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chine  by  haud,  though  it  is  always  moTed  by  power  in  considerable  faeUvies;  6,  ■  the 
driving  pinion ;  d,  d\  two  brass  rollers  with  iron  shafts,  the  undermost  of  which  is  mcrcd 
by  the  wheel  c,  in  gear  i^th  the  pinion  b.  The  uppermost  roller  d',  is  turned  by  the  inc- 
tion  with  the  former,  d^  being  pressed  upon  it  by  the  weighted  lever  A  ;  e  is  the  trough  fil- 
led with  the  paste,  which  rests  upon  the  bars  /,  and  may  be  placed  higher  or  lower  by 
means  of  the  adjusting  screws  g,  according  as  the  roller  d  is  to  be  plunged  Hkore  or  less 
deeply.    A  brass  roller  i  serves  to  force  down  the  cloth  into  the  paste. 

B,  is  the  drying  part  of  the  machine ;  k,  k,  its  iron  framing;  2,  /,  &c.,  five  drums,  or 
hollow  copper  cylinders,  heated  with  steam ;  m,  m,  m,  &c.,  small  copper  drums,  in 
pairs,  turning  freely  on  shafts  under  the  former,  for  stretching  the  goods,  and  airine  them, 
during  their  passage  through  the  machine ;  n,  tt,  is  the  main  steam-pipe,  from  which 
branch  oif  small  copper  tubes,  o,  o,  &,c.,  which  conduct  the  steam  through  stuffing-boxes 
into  the  cavity  of  the  dr)'ing-drums.  There  are  similar  tubes  upon  the  other  ends  of  the 
drums,  for  discharging  the  condensed  water  ihrough  similar  stuffing-boxes;  9,9,  are 
Talves,  opening  internally,  for  admitting  the  air  whenever  the  steam  is  taken  off,  or  becomes 
feeble,  to  prevent  the  drums  from  being  crushed  by  the  unbalanced  pressure  of  the  atmos- 
phere upon  their  external  surfaces. 

c,  is  the  cloth-beam,  from  which  the  starching  roller  draws  forward  the  goods ;  d,  are 
two  rollers,  of  which  the  lower  is  provided  wiih  a  band-pulley  or  rigger,  driven  by  a 
similar  pulley  fixed  upon  the  shaft  of  the  starching  roller  ti.  These  two  rollers  pull 
the  goods  through  the  drying  machine,  and  then  let  them  fall  either  upon  a  table  or  the 
floor. 

STEAM,  is  the  vapor  of  hot  water ;  the  discussion  of  which  belongs  to  chemistry, 
physics,  and  engineering.  Certain  practical  applications  of  the  subject  will  be  found  in 
the  article  Evaporation. 

STEARIC  ACID,  improperly  called  Stearine  (TalgsaHre,  Germ.),  is  the  solid  con- 
stituent of  fatty  substances,  as  of  tallow  and  olive  oil,  converted  into  a  crystalline  mass 
by  saponification  with  alkaline  matter,  and  abstraction  of  the  alkali  by  an  acid.     By  thb 
process,  fats  are  convertible  into  three  acids,  called  Stearic,  Margaric,  and  Oleic ;  the 
first  two  being  solid,  and  the  last  liquid.     The  stearine,  of  which  faetitiim»  irox  caiidles 
are  made,  consists  of  the  stearic  and  margaric  acids  combined.    These  can  be  separated 
from  each  other  only  by  the  agency  of  alcohol,  which  holds  the  marearte  acid  ia 
solution  after  it  has  deposited  the  stearic  in  crystals.    Pure  stearic  acid  is  prepired, 
according  to  its  discoverer,  Chevreul,  in  the  following  way : — Make  a  soap,  by  boiling 
a  solution  of  potash  and  mutton-suet  in  the  proper  equivalent  proportions  (see  Soat)  ; 
dissolve  one  part  of  that  soap  in  6  parts  of  hot  water,  then  add  to  the  solution  40 
or  50  parts  of  cold  water,  and  set  the  Whole  into  a  place  whose  temperature  is  aboot 
52°  Fahrenheit.     A  substance  falls  to  the  bottom,  possessed  of  ]>early  lustre,  consl^tiBg 
of  the  bi-stearate  and  bi-margarate  of  potash ;  which  is  to  be  drained  and  washed  upon 
a  filter.    The  filtered  liquor  is  to  be  evaporated,  and  mixed  with  the  small  quantity  of 
acid  necessary  to  saturate  the  alkali  left  free  by  the  precipitation  of  the  above  bi^alts^ 
On  adding  water  to  it  afterwards,  the  liquor  affords  a  fresh  quantity  of  bi-stearate  and 
bi-margarate.    By  repeating  this  operation  with  precaution,  we  finally  arriTe  at  a  poiat 
when  the  solution  contains  no  more  of  these  solid  acids,  but  only  the  oleic    The  pre- 
cipitated bi-salts  are  to  be  washed  and  dissolved  in  hot  alcohol,  of  specific  gravity  0-S20, 
of  Which  they  require  about  24  times  their  weight.    During  the  cooling  of  the  sdntion, 
the  bi-stearate  falls  down,  while  the  greater  part  of  the  bi-margarate,  and  the  remainder 
of  the  oleate,  remain  dissolved.    By  once  more  dissolving  in  alcohol,  and  crystaUiziBg, 
the  bi-stearate  will  be  obtained  alone ;   as  may  be  proved  by  decomposing  a  little  oT  ii 
in  water  at  a  boiling  heat,  with  muriatic  ncid,  letting  it  cool,  washing  the  stearic  acid 
obtained,  and  exposing  it  to  heat,  when,  if  pure,  it  will  not  fuse  in  vi-ater  under  the  158th 
degree  of  Fahrenheit's  scale.     If  it  melts  at  a  lower  heat,  it  contains  more  or  less  mar- 
garic acid.    The  purified  bi-stearete  bein?  decomposed  by  boiline  in  water  along  with  any 
acid,  as  the  muriatic,  the  disengaged  stearic  acid  is  to  be  washed  by  melting  in  water,  then 
cooled  and  dried. 

Stearic  acid,  prepared  by  the  above  process,  contains  combined  water,  from  which  it 
cannot  be  freed.  It  is  insipid  and  inodorous.  After  being  melted  by  heat,  it  solidifies 
at  the  temperature  of  158°  Fahrenheit,  and  affects  the  form  of  white  brilliant  needles 
grouped  together.  It  is  insoluble  in  water,  but  dissolves  in  all  proportions  in  boiling 
anhydrous  alcohol,  and  on  cooling  to  122°,  crystallizes  therefrom,  in  pearly  plates; 
but  if  the  concentrated  solution  be  quickly  cooled  to  112?,  it  forms  a  crystalline  mass. 
A  dilute  solution  affords  the  acid  crystallized  in  large  white  brilliant  scales.  It  dis- 
solves in  its  own  weight  of  boiling  ether  of  0-727,  and  crystallizes  on  cooling  ia  beau- 
tiful scales,  of  changing  colors.  It  distils  over  in  vacuo  without  alteration ;  bot  if  the 
retort  contains  a  little  atmospheric  air,  a  small  portion  of  the  acid  is  decomposed  during 
the  distillation;  while  the  greater  part  passes  over  unchanged,  but  slightly  tinged 
brown,  and  mixed  with  traces  of  empyreumatic  oil.     When  heated  in  the  open  air,  and 
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Undled,  stearic  acid  burna  lik?  wax.  It  caalaiiis  3-t  per  cent,  of  vater,  from  which 
it  may  be  fieed  by  combining  it  irilli  oxyde  of  Jeul.  When  this  anhydrnus  acid  is  sub- 
jecled  to  ultimate  analysis,  it  is  found  to  consist  of— 80  of  carbon,  J2'6  hydrogen, 
and  T'5  oiyeen,  in  100  [larts.  Stearic  acid  dis|ilaccs,  at  a  boiling  lieat  in  water, 
carbonic  ncid  from  its  cuinbinaLions  with  ibe  ba«e;;  but  in  operating  upon  an  alka- 
line carbonate,  a  portion  of  the  stearic  acid  is  dissolved  in  (he  lic|uor  beTure  (he 
carbonic  acid  is  expelled.  This  decom position  is  founded  upon  the  principle,  that 
tbe  stearic  acid  transforms  the  salt  into  a  bicarbonate,  which  is  decomposed  by  (he 
ebullition. 

Stearic  acid  put  into  a  stron|  waiery  infusion  of  litmus,  has  no  action  upon  it  in  tbe 
cold  ;  but  when  hot,  the  acid  combines  with  (he  alhoU  of  the  litmus,  and  changes  it* 
blue  color  to  red ;  so  (ha(  It  has  sulHcient  enerRj  to  abslracl  from  the  concentrated 
Uncture  all  the  alkali  required  fur  its  neutralization.  If  we  dissolve  bi-stearate  of  potash 
in  weak  alcohol,  and  pour  litmus  water,  drop  by  drop,  into  the  solution,  this  will  become 
red,  because  the  litmus  will  give  up  its  alkali  to  a  portion  of  the  bi-slearale,  and  will  eon. 
*ert  it  into  neutral  glearale.  If  we  now  add  Cold  water,  the  reddened  raiilure  will  re- 
■u me  its  blue  tint,  and  will  depoaile  bt-slearate  ofpolash  in  small  spangles.  Inorder 
that  the  alcuholic  solution  of  (he  bi-slearate  may  redden  the  litmus,  the  alcohol  should 
Dot  be  rery  strong. 

From  tiie  composition  of  stearate  of  potash,  the  atomic  weight  of  the  acid  appears  to  be 
106-6;  hydrogen  faeins  Ij  for  18:  48  X  ^  ::  "W :  533-3  =  5  atoms  of  acid. 

From  the  stearate  of  soda,  it  appears  to  be  104  i  and  frum  that  of  lime,  lOS.  The 
Uearaleoflead,  by  Chevreul,  gives  109  forthe  atomic  weight  of  the  acid. 

The  margaric  and  oleic  acids  seem  to  have  the  same  neutralizing  power,  and  tbe  same 
atomic  weight. 

The  preceding  nambers  will  serve  to  regulate  the  manufsetare  or  stearic  acid  for  the 
purpose  of  inakinz  candles.  Potash  and  soda  were  Grsl  prescribed  for  saponifyitig  fat,  at 
may  be  seen  in  M.  Gay  Lussac's  patent,  under  (hr  article  Candle;  and  were  i(  not  for 
the  cost  of  these  articles,  they  are  undonbieJI]-  preferable  to  all  others  in  a  chemical  point 
of  view.  Of  late  years  lime  has  been  had  recourse  to,  with  perfect  success,  and  has  be- 
come subservient  to  a  great  improvement  in  candle-making.  The  stearine  block  now 
made  by  man;  London  houses,  though  containing  not  more  than  2  or  3  per  cent,  of  wax, 
is  hsnJiy  (o  be  distinguished  from  the  purified  produce  of  the  bee.  The  first  process  is 
to  boil  the  fat  with  quicklime  and  water  in  a  large  tub,  by  means  of  perrorsied  steam 
pipes  distributed  over  its  bottom.  From  the  above  statements  we  see  that  about  11  porta 
oTdrjIimearefully  eqaivalent  to  100  of  stearine  and  oleine  mixed  ;  but  as  the  lime  is  in 
the  state  of  hydrate,  14  parts  ot  it  will  be  required  when  it  is  perfectly  pure  ;  in  the  ordi- 
nary state,  however,  as  made  from  average  eood  limestone,  16  parts  may  be  allowed. 
Aller  a  vigorous  ebullition  of  3  or  4  hours,  the  combination  ii  pretty  complete.  The 
itearale  being  a  I  lowed  .to  cool  to  such  a  dezree  as  to  allow  of  its  being  handled,  becomes 
a  concrete  mass,  which  must  be  dux  out  with  a  spade,  and  transferred  into  a  contiguous 
tub,  in  order  to  be  decomposed  with  the  equivalent  quantity  of  sulphuric  acid  diluted 
with  water,  and  also  heated  with  steam.  Four  parts  of  concentrated  acid  will  be  suffi- 
cient to  neutralize  three  parts  of  slaked  lime.  The  saponified  fat  now  liberated  from  the 
lime,  which  is  thrown  down  to  tbe  bottom  of  tbe  tub  in  the  stale  of  sulphate,  is  skimmed 
off  the  surface  of  the  watery  menstruum  into  a  third  contiguous  tub,  where  it  is  washed 
with  water  and  steam. 

The  washed  mixture  of  stearic,  margaric,  and  oleic  acids,  is  next  cooled  in  tin  pans; 
then  shaved  by  large  knives,  fiied  on  the  face  of  a  fly-wheel,  called  a  tallow  cutter,  pre- 
parahiry  to  its  beins  subjected  in  canvass  or  caya  bags  to  tbe  action  of  a  powerful  hydrau- 
lic press.  Here  a  large  portion  of  the  oleic  acid  is  ejpelled,  carryine  with  i(  a  little  of 
the  margaric  The  pressed  cakes  are  now  subjected  to  the  action  of  water  and  steam 
once  more,  after  which  the  supernatant  stearic  acid  is  run  oil',  and  cooled  in  moulds.  The 
cakes  are  (hen  ground  by  a  rotatory  rasping-msehine  to  a  sort  of  mealy  powder,  which  IS 
put  into  canvass  bags,  and  subjected  to  the  joint  action  of  steam  and  pressure  in  a  hori- 
euntal  hydraulic  press  of  a  peculiar  construction,  somewhat  similar  to  that  which  hai 
been  long  used  in  London  for  pressing  spermaceti.  The  cakes  of  stearic  acid  thus  Oeed 
completely  from  the  mariaric  and  oleic  acids,  are  subjected  to  a  final  cleansing  in  a  tub 
with  steam,  and  then  melted  into  hemispherical  masses  called  blocks.  When  the«  blocks 
are  broken,  they  display  a  highly  crystalline  texture,  which  would  render  them  unfit  Car 
making  candles.  This  (eiture  is  therefore  broken  down  or  comminuted  by  fusing  the 
•learine  in  a  [dated  copper  pin,  along  with  one  thousandth  part  of  pulverized  arseDioni 
aeid,  after  which  it  is  ready  to  be  east  into  candles  in  appropriate  moulds.    See  Candle. 

STEAEINE  COLD  PRESS.  The  cold  hydraulic  press,  as  mounted  by  Messrt. 
If  audslay  and  Field,  for  squeezing  out  (he  oleic  acid  from  saponified  fst,  dr  the  oleiae 
from  cocoa-nut  lard,  is  represented  in  plan  in  fig.  lOoI ;  in  side  view  orpnmp  in  jSg.  1092 1 
uid  in  elevation,  ji J.  1053-;  where  (he  same  letters  refer  to  like  objecu. 
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Scale  S-VUks  of  an  inch  to  the  foot. 
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A,    A,    are   two   hy- 
draulic presses;   b  the 
Z  frame;     c,    the    cytin- 
der;    d,  Uie  piston  or 
X  ram;    e,  the  follower; 
F,  the  recess  in  the  bot- 
tom to  reeeire  the  oil ; 
6,  twilled  woollen  bafs 
with  the  material  to  be 
pressed,  having  a  thin 
plate  of  wroaght  iron 
between  each ;  h,  aper- 
tures for  the  discharge 
of  the  oil;   i,  cistern  in 
which  the    pumps   are 
fixed ;    X,   framing   for 
machinery  to  work  in; 
L,    two    pumpSy    large 
and  small,  to  inject  the 
water    into    the    cylinders;    m,   a 
frame     containing     three     double 
branches ;   n,  three  branches,  each 
having  two  stops  or  plugs,  by  which 
the  action  of  one  of   the  pnmps 
may  be  intercepted  from,  or  cobb- 
municated  to,  one  or  both  of  the 
presses;  the  large  pnmp  is  worked 
at  the  beginning  of  the  operation, 
and  the  small  one  towards  the  end ; 
by    these    branches,  one    or    both 
presses  may    be  discharged    when 
the  operation  is  finished;    o,  two 
pipes    from    the     pumps    to    the 
branches;    p,   pipe    to  return    the 
water  from    the   cylinders    to   the 
cisterns ;  q,  pipes  leading  from  the 
pumps  through  the  branches  to  the 
cylinders;    a,  conical    dram,  fixed 
upon  the  main  shaft  t,  driven  by 
the  steam-engine  of  the    factory; 
'  8,    a    Bke    conied 

drum  to  work  the 
pomps;  T,  a  nar- 
row leather  strap 
to  comfflBoicate 

the  motion  firoffl  a 
to  8;  u,  a  loag 
screw  beariag  a 
nut,  which  works 
along  the  whok 
length  of  the  dinm ; 
v,  the  fork  or  guide 
for  moving  the 
strap  T ;  w,  w,  two 
hanging  bearings  to 
carry  the  drum  s; 
z,  a  pulley  on  the 
spindle  of  the  drain 
s;  T,  the  main 
shaft;  z,  fly-whed 
with  grooTe  on  the 
edge,  driven  by  the 
pulley  x;  on  the 
axis  of  8,  is  a  dou- 
ble crank,  which 
works  the  two 
pnmpt   L.    a,   is  a 
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pnllexon  Ihe  end  oT  tbe  Ion;  Ktewv;  an  endless  cord  passes  tvtce  roand  Ihis  pnllejr, 
ud  under  a  pulley  fixed  in  (he  ireighl  b  i  by  laying  hold  of  both  sides  of  Ihis  cord,  and 
railing  or  lowering  it,  Ihe  forked  ^ide  v,  and  the  leather  strap  t,  are  moTed  baekwanU 
or  rorwatiis,  by  means  of  the  nnt  Hied  in  the  guide,  so  as  to  scceierBte  or  retard  al  ptea- 
inre  the  speed  of  the  irorkinl;  of  the  pimps ;  c,  is  ■  piece  of  iron,  with  a  long  slit,  is 
vhich  a  pin,  attached  lo  the  fork  v,  iniTels,  (o  keep  it  in  [he  verliesl  position. 

STEATITE  iSoapiloat;  Crait  <U  Brian^n,  Fr.;  Sptdattin,  Germ.),  is  ■  mineral  of 
the  nagnenon  ramity.  It  has  a  grayish-irhite  or  greenish- white  color,  oflen  markad 
with  dendrilic  delineations,  and  occurs  majtive,  as  also  in  various  supposititious  crystal- 
line forma;  il  has  a  dull  or  fatty  luslrej  a  coarse  splintery  fracture,  with  transluceDt 
edges;  a  ahiaing  streak)  it  write*  feebly,  is  Sofl.and  easily  cut  with  a  knifej  but  some- 
wballoughi  does  not  adhere  Id  the  tongue;  feels  Tery  creasy;  inAisible  before  the  blow- 
pipe; specific  gravity  from  2'Slo  2  S.  Itconsislsof — silica, 44;  mngnesis,44;  alumina, 
S;  i[oa,T'3j  manganese,  1-5;  chronie,2g  with  a  trace  of  lime.  It  is  fonnd  frequently 
in  small  conlemporaneous  veins  Ihat  traverse  serpentine  in  all  directions,  as  at  Portsoy, 
is  Shetland,  in  the  limestone  of  leolmkiln,  in  the  serpentine  of  Cornwall,  in  Anglesey,  in 
Saionj,  Bavaria,  (at  Bayruth,)  Hungary,  jic.  It  is  nsed  in  the  manufacture  of  porce- 
lain. It  makes  the  buiscait  semi-i  ran  spa  rent,  but  rather  brittle,  and  apt  lo  crack  with 
slight  Ehanges  of  heal.  It  is  employed  for  polishing  serpentine,  marble,  gypseotis  alabav 
ter,  and  mirror  glass;  as  Ihe  basis  of  cosmetic  powders ;  as  an  ingredient  in  nnti-altritiOQ 
pastes ;  it  is  dusted  in  powder  upon  (he  inside  of  boots,  to  make  tbe  feet  glide  easily  into 
them ;  when  rubbed  upon  grease-spots  in  silk  and  woollen  clothes,  it  removes  the  stain* 
by  absorption ;  it  enters  into  the  composition  of  certain  crayons,  and  is  used  itself  fur 
oiaiting  traces  upon  glass,  silk,  &c.  The  spoiled  stealile,  cut  into  cameos  and  calcined, 
assumes  aD  onyx  aspecl.  SoA  sleatile  forms  exeellent  stoppers  for  Ibe  chemical  appara- 
tus used  in  distilling  or  sabliming  corrosive  vapors.    Lamellar  t(eati(e  is  Talc. 

STEEL  (.jciir,  Fr.;  SfuU,  Germ.),  as  a  carburet  of  iron,  has  already  been  considered 
nnder  Uiat  metal.  I  shall  treat  in  this  article  more  particularly  of  its  maanfacture  and 
lecbnieal  relations. 

I.  Sltd  of  ctrmniiiiiiM,  bar  or  bliiltrtd  sled. — With  the  exception  of  the  Ulverstone 
charcoal  iron,  no  bars  are  mannractnred  in  Great  Britain  capable  of  conversion  into  steel 
at  all  approaching  in  quality  (o  Ibal  made  from  the  Madras,  Swedish,  and  Russian  irons, 
w  largely  imported  for  Ihat  purpose.  The  first  rank  is  assigned  lo  the  Swedish  iron 
■tamped  with  a  circle  enclosinz  the  letter  L  (hence  called  hoop  l)  ;  which  fetches  the  high 
price  of  36/.  lOi.  per  Ion,  while  excellent  Enelish  coke-iron  may  be  had  for  one  tiAh  of 
the  price.  The  olbcr  Swedish  irons  are  sold  at  a  much  lower  rale,  though  said  to  be 
manufactured  in  Ihe  same  way;  and  therefore  Ihe  superiority  of  Ihe  Dannemora  iron  must 
be  owing  to  some  peculiarity  in  the  ore  from  which  it  is  smelted.  Tbe  steel  recently 
made  in  the  Indian  steel-woriis  at  Chelsea,  from  Mr.  Heath's  Madras  iron,  rivals  (bat 
from  (he  boop  L. 

The  Sheffield  furnace  for  making  bar  or  blistered  steel,  called  the  furnace  of  cementa- 
tion, is  represented  in  /g.  1054,  in  a  cross  section,  and  in  fig.  1055,  in  a  ground  plan. 
The   hearth  of  Ihis  oblong 
'05''  **'"  quadrangular  furnace,  is  di- 

Tided  by  a  grale   into  Iwo 
pails,    upon    each    side    of 
which  there  is  a  chest  a,  call- 
ed a  Inmgk,  made  of  fire- 
clay,   or    fire,  tiles.       The 
breadth  of  the  grate  variea 
according  lo  tbe  quality  of 
Ihe  fuel,    ft,  i,  are  air-holes ) 
c,  f,   flues   leading   to   tha 
chimney  d,  d.     To  aid  tha 
draught  of  the  smoke  and 
Ihe  flame,  an  opening  t,  ii 
made  in  the  middle  of  tha 
flat  arch  of  Ihe  furnace.    In  one  of  its  shorter  sides  (ends), 
there  are  orifices  /,/,  through  which  the  long  bars  of  iron 
may  be  put  in-aod  taken  oat;  g,  is  Ihe  door  by  which  the  steel-maker  enters,  in  filling 
or  emptying  the  trough  ;  A,  is  a  proof  hole,  at  which  small  samples  of  the  steel,  in  the 
act  of  its  conversion,  may  be  drawn  out.    The  furnace  is  built  under  a  conical  hood  or 
chimney,  Irom  thirty  lo  fiHy  feel  high,  for  aiding  the  draught,  and  carrying  off  the 

The  two  chests  are  built  of  flre-slone  gril.  They  are  S,  10,  or  even  15  feet  long,  and 
from  26  to  36  inches  in  width  and  depth;  Ihe  lower  and  smaller  they  are,  the  mor^ 
nniform  will  the  qnalily  »(  the  steel  be.    A  great  breadth  and  height  of  trough  are  m> 
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compatible  with  equability  of  the  cementing  temperature.  The  aides  are  a  few  indict 
thick.  The  space  between  them  is  at  least  a  foot  wide.  They  should  never  rest  di- 
rectly upon  the  sole  of  the  furnace,  but  must  have  their  bottom  firedy  played  apoa 
by  the  flame,  as  well  as  the  sides  and  top.  The  degree  of  heat  is  regulated  by  cp«* 
ings  in  the  arch,  or  upon  the  long  sides  of  the  furnace,  which  lead  to  the  cbioiBey;  as 
also  by  the  greater  or  less  quantity  of  air  admitted  below  the  grate^  as  in  glass-house  fv- 
naces. 

The  cement  consists  of  ground  charcoal  (sometimes  of  soot),  mixed  with  one  lealh  of 
ashes,  and  some  common  salt ;  the  charcoal  8f  hard  wood  being  preferred.  Ground  eole 
IS  inadmissible,  on  account  of  the  sulphur,  silica,  and  clay,  which  it  generally  coatiiu. 
Possibly  the  salt  serves  to  vitrify  the  particles  of  silica  in  the  charcoal,  and  thus  to  pre- 
vent their  entering  into  combination  with  the  steel.  As  for  the  ashes,  it  is  diflieiilt  to 
discover  their  use.  The  best  steel  may  be  made  without  their  presence.  The  bottosi  of 
the  trough  being  covered  with  two  inches  of  the  powder  of  cementation,  the  bars  are  Itid 
along  in  it,  upon  their  narrow  edge,  the -side  bar  being  one  inch  from  th«  trough,  asd  the 
rest  being  from  one  half  to  three  fourths  of  an  inch  apart.  Above  this  first  layer  of  iroo 
bars,  fully  half  an  inch  depth  of  the  powder  is  spread,  then  a  new  series  of  bars  is  stitti- 
fied,  and  so  on  till  the  trough  is  filled  within  six  inches  of  the  top.  This  space  is  psrtiallj 
filled  with  old  cement  powder,  and  is  covered  with  refractory  damp  sand.  Sometimes 
the  trough  is  filled  to  the  surface  with  the  old  cement,  and  then  closely  covered  with  fire> 
tiles.  The  bars  should  never  be  allowed  to  touch  each  other,  or  the  trough.  The  At 
m^st  be  carefully  urged  from  two  to  four  days,  till  it  acquires  the  tempentsre  tf 
100°  Wedgewuod;  which  must  be  steadily  maintained  during  the  four,  six,  eight,  a 
ten  days  requisite  for  the  cementation ;  a  period  dependant  on  the  sixe  of  the  fwnaee^ 
and  which  is  determined  by  the  examination  of  the  proof  pieces,  taken  out  from  time  to 
time. 

In  the  front  or  remote  end  of  the  furnace, ./»g.  1054,  a  door  is  lefl  in  the  outer  building, 
corresponding  to  a  similar  one  in  the  end  of  the  interior  vault,  through  which  the  woii- 
man  enters  for  charging  the  furnace  with  charcoal  and  iron  bars,  as  also  for  takiog  obI 
the  steel  after  the  conversion.  Small  openings  are  likewise  made  in  the  ends  of  the 
chests,  through  which  the  extremities  of  a  few  bars  are  leA  projecting,  so  that  thef  catf 
be  pulled  out  and  examined,  through  small  doors  opposite  to  them  in  the  exterior  vtik 
These  tap  holes,  as  they  are  called,  ohcuid  be  placed  near  the  centre  of  the  end  stosesof 
the  chests,  that  the  bars  may  indicate  the  average  state  of  the  process.  The  joioiigi  of 
the  fire-stones  are  secured  with  a  finely  ground  Stourbridge  clay. 

The  interval  between  the  two  chests  (in  furnaces  crntaining  two,  for  many  htveosly 
one)  being  covered  with  an  iron  platform,  the  workman  stands  on  it,  and  siAs  steytf  tf 
charcoal  on  the  bottom  of  the  chests  evenly,  about  half  an  inch  thick;  he  then  lays  a  row 
of  bars,  cut  to  the  proper  length,  over  the  charcoal,  about  an  inch  from  each  other;  he 
next  sifts  on  a  second  stratum  of  charcoal-dust,  which,  as  it  must  serve  for  the  bars  above, 
as  well  as  below,  is  made  an  inch  thick;  thus,  he  continues  to  stratify,  till  the  ehesi  be 
filled  within  two  inches  of  the  top;  and  he  covers  the  whole  with  the  earthy  detritus  fo«N 
at  the  bottom  of  grindstone  troughs,  or  any  convenient  fire-loam.     It  is  obvious  that  the 
second  series  of  bars  should  correspond  vertically  with  the  interstices  bclwceo  the  fint 
series,  and  so  in  succession.    The  trial-rods  are  lefl  longer  than  the  others,  and  their 
projecting  ends  are  incrusted  with  fire-clay,  or  imbedded  in  sand.     The  iron  platform 
being  removed,  and  all  the  openings  into  the  vault  closed,  the  fire  is  lighted,  and  very 
gradually  increased,  to  avoid  every  risk  of  cracking  the  grit-stone  by  loo  saddra  aehintt 
of  temperature ;  and  the  ignition  being  finally  raised  to  about  100°  Wedgewood,  hot  not 
higher,  for  fear  of  melting  the  metal,  must  be  maintained  at  a  uniform  pitch,  till  the  iran 
have  absorbed  the  desired  quantity  of  carbon,  and  have  been  converted  as  highly  as  the 
manufacturer  intends  for  his  peculiar  object.    From  six  to  eisht  days  may  be  redtoned  a 
sufficient  period  for  the  production  of  steel  of  moderate  hardness,  and  fit  for  tilting  »W> 
shear  steel.    A  softer  steel,  for  saws  and  springs,  takes  a  shorter  period ;  and  a  harder 
steel,  for  fabricating  chisels  used  in  cutting  iron,  will  need  longer  exposure  to  the  ifoiw 
charcoal.    But,  for  a  few  purposes,  such  as  the  bits  for  boring  cast  iron,  the  bars  are 
exposed  to  two  or  three  successive  processes  of  cementation,  and  are  hence  said  to  be 
twice  or  thrice  converted  into  steels.    The  higher  the  heat  of  the  furnace,  the  quicker  K 
the  process  of  conversion.  . 

The  furnace  being  suffered  to  cool,  the  workman  enters  it  again,  aad  hands  oat  theste^ 
bars,  which  being  covered  with  blisters,  from  the  formation  and  bursting  of  vesiele*  oa 
the  surface  filled  with  gaseous  carbon,  is  called  bli$Ured  tUel.  This  steel  is  very  in^*'' 
lar  in  its  interior  texture,  has  a  white  color,  like  frosted  silver,  and  displays  cryitaluae 
angles  and  facettes,  which  are  larger  the  further  the  cementation  has  be«n  urged,  or  the 
greater  the  dose  of  carbon.  The  central  particles  are  always  smaller  than  those  ocsr 
the  surface  of  the  bar. 
In  such  a  furnace  as  the  above,  twelve  tons  of  bar  iron  may  be  eoBvwted  at  a  charge. 
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But  other  furnaces  are  constructed  with  one  chest,  which  reeeiyes  six  or  eight  tons  at  a 
time ;  the  small  furnaces,  however,  consume  more  fuel  in  proportion  than  the  larger. 

The  absorption  and  action  of  the  carbonaceous  matter,  to  the  amount- of  about  a  half 
per  cent.,  occasions  fissures  and  cavities  in  the  substance  of  the  blistered  bars,  which 
render  the  steel  unfit  for  any  useful  purpose  in  tool-nmking,  till  it  be  condensed  and  ren- 
dered uniform  by  the  operation  of  tilting^  under  a  powerful  hammer  driven  by  machinery. 
See  Iron.* 

The  heads  of  the  tilt-hammers  for  steel  weigh  from  one  and  a  half  to  two  hundred 
pounds.  Those  in  the  neighborhood  of  Sheffield  are  much  simpler  than  the  one  referred 
to  in  the  note.  They  are  worked  by  a  small  water-wheel,  on  whose  axis  is  another 
wheel,  bearing  a  great  number  of  cams  or  wipers  on  its  circumference,  which  strike  the 
tail  of  the  hammer  in  rapid  succession,  raise  its  head,  and  then  let  it  fall  smartly  on  the 
hot  metal  rod,  dexterously  presented  on  its  several  parts  to  the  anvil  beneath  it,  by  the 
workman.  The  machinery  is  adapted  to  produce  from  300  to  400  blows  per  minute ; 
which  on  this  plan  requires  an  undue  and  wasteful  velocity  of  the  float-boards.  Were 
an  intermediate  toothed  wheel  substituted  between  the  watei^wheel  and  the  wiper- 
wheel,  so  that  while  the  former  made  one  turn,  the  latter  might  make  three,  a  much 
smaller  force  of  water  would  do  the  work.  The  anvils  of  the  tilt-hammer  are  placed 
nearly  on  a  level  with  the  floor  of  the  mill-house ;  and  the  workman  sits  in  a  fosse,  dug 
on  purpose,  in  a  direction  perpendicular  to  the  line  of  the  helve,  on  a  board  suspended 
from  the  roof  of  the  building  by  a  couple  of  iron  rods.  On  this  swinging  seat,  he  can 
advance  or  retire  with  the  least  impulse  of  his  feet,  pushing  forward  the  steel  bar,  or 
drawing  it  back  with  equal  rapidity  and  convenience. 

At  a  small  distance  from  each  tilt,  stands  the  forge-hearth,  for  heating  the  steel.  The 
bellows  for  blowing  the  fire  are  placed  above-head,  and  are  worked  by  a  small  crank 
fixed  on  the  end  of  the  axis  of  the  wheel,  the  air  being  conveyed  by  a  copper  pipe  down 
to  the  nozzle.  Each  workman  at  the  tilt  has  two  boys  in  attendance,  to  serve  him  with 
hot  rods,  and  to  take  them  away  aAer  they  are  hammered.  In  small  rods,  the  bright 
ignition  originally  given  at  the  forge  soon  declines  to  darkness;  but  the  rapid  impulsions 
of  the  tilt  revive  the  redness  again  in  all  the  points  near  the  hammer ;  so  that  the  rod, 
skilfully  handled  by  the  workman,  progressively  ignites  where  it  advances  to  the  strokes. 
Personal  inspection  alone  can  communicate  an  adequate  idea  of  the  precision  and  cele- 
rity with  which  a  rude  steel  rod  is  stretched  and  fashioned  into  an  even,  smooth,  and  ■ 
sharp-edged  prism,  under  the  operation  of  the  tilt-hammer.  The  heat  may  be  clearly 
referred  to  the  prodigious  friction  among  the  particles  of  so  cohesive  a  metal,  when  they 
are  made  to  slide  so  rapidly  over  each  other  in  every  direction  during  the  elongation  and 
aquaring  of  the  rod. 

2.  Shear  steel  derives  its  name  from  the  accidental  circumstance  of  the  shears  for 
dressing  woollen  cloth  being  usually  forged  from  it.  It  is  made  by  binding  into  a  bundle, 
with  a  slender  steel  rod,  four  parallel  bars  of  blistered  steel,  previously  broken  into 
lengths  of  about  18  inches,  includini;  a  fifth  of  double  length,  whose  projecting  end  may 
serve  as  a  handle.  This  fagot,  as  it  is  called,  is  then  heated  in  the  forge-hearth  to  a 
good  welding-heat,  being  sprinkled  over  with  sand  to  form  a  protecting  film  of  iron  slag, 
carried  forthwith  to  the  tilt,  and  notched  down  on  both  sides  to  unite  all  the  bars  to- 
gether, and  close  up  every  internal  flaw  or  fissure.  The  mass  being  again  heated,  and 
the  binding  rings  knocked  off  it,  is  drawn  out  into  a  uniform  rod  of  the  size  required. 
Manufacturers  of  cutlery  are  in  tlie  habit  of  purchasing  the  blistered  bars  at  the  con- 
version furnaces,  and  sending  them  to  tilt- mi  Us  to  have  them  drawn  out  to  the  proper 
size,  which  is  done  at  regular  prices  to  the  trade ;  from  5  to  8  per  cent,  discount  being 
allowed  on  the  rude  bars  for  waste  in  the  tilting.  The  metal  is  rendered  so  compact  by 
the  welding  and  hammering,  as  to  become  susceptible  of  a  much  finer  polish  than  blis- 
tered steel  can  take ;  while  the  uniformity  of  its  body,  tenacity,  and  malleability  are  at 
the  same  time  much  increased ;  by  which  properties  it  becomes  well  adapted  for  making 
table  knives  and  powerful  springs,  such  as  those  of  gun-locks.  The  steel  is  also  soAened 
down  by  this  process,  probably  from  the  expulsion  of  a  portion  of  its  carbon  during  the 
welding  and  subsequent  heats ;  and  if  these  be  frequently  or  awkwardly  applied,  it  may 
pass  back  into  conunon  iron. 

3.  Cast  steel  is  made  by  melting,  in  the  best  fire-clay  crucibles,  blistered  steel,  broken 
down  into  small  pieces  of  convenient  size  for  packing;  and  as  some  carbon  is  always 
dissipated  in  the  fusion,  a  somewhat  highly  converted  steel  is  used  for  this  purpose. 
The  furnace  is  a  square  prismatic  cavity,  lined  with  fire-bricks,  12  inches  in  each  side, 
and  24  deep,  with  a  flue  immediately  under  the  cover,  3|  Inches  by  6,  for  conducting 
the  smoke  into  an  adjoining  chimney  of  considerable  height.     In  some  estaUishmenta 
a  dozen  such  furnaces  are  constructed  in  one  or  two  ranges,  their  tops  being  on  a  leT«\ 
with  the  floor  of  the  laboratory,  as  in  brass-foundries,  for  enabling  the  workmen 

*  For  minute  detaili  of  the  p»rta,  m«  the  excellent  article  TiLTma-BAMMBS,  in  £««*'#  Cfclopmdim, 
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conTenientljr  to  inspect,  and  lif^  out,  the  crucibles  with  tongs.  The  ash-pits  teramiitt 
in  a  -sabterraneoQs  passage,  which  supplies  the  grate  with  a  current  of  cool  air,  and 
serves  for  emptying  out  the  ashes.  The  crucible  stands,  of  course,  on  a  sole-piece  of 
baked  fire-clay;  and  its  mouth  is  closed  with  a  well-fitted  Ud.  Sometimes  a  little 
bottle-glass,  or  Uast-famace  slag,  is  put  into  the  crucible,  above  the  steel  pieces,  to  fonn 
a  vitreous  coating,  that  may  thoroughly  exclude  the  air  from  oxydizing  the  metal.  The 
fuel  employed  in  the  cast-steel  furnace  is  a  dense  coke,  brilliant  and  sonoroos,  broken 
into  pieces  about  the  size  of  an  e^g,  one  good  charge  of  which  is  sufficient.  The 
tongs  are  furnished  at  the  fire  end  with  a  pair  of  concave  jaws,  for  embracing  the 
curvature  of  the  crucible,  and  lifting  it  out  whenever  the  fusion  is  complete.  The^  lid 
is  thea  lemoved,  the  slag  or  scoriae  cleared  away,  and  the  liquid  metal  poured  into 
east-iron  octagonal  or  rectangular  moulds,  during  which  it  throws  out  brilliant  scintil- 
lations. 

Cast-steel  worics  much  harder  under  the  hammer  than  shear  steel,  and  will  not,  in  ill 
usual  state,  bear  much  more  than  a  cherry-red  heat  without  becoming  brittle ;  nor  can 
it  bear  the  fatigue  incident  to  the  welding  operation.  It  may,  however,  be  firmly  welded 
to  iron,  through  the  intervention  of  a  thin  film  of  vitreous  boracic  acid,  at  a  moderate  de- 
gree of  ignition.  Cast  steel,  indeed,  made  from  a  less  carbureted  bar  steel,  would  be  sos- 
ceptible  of  welding  and  hammering  at  a  higher  temperature ;  but  it  wonld  require  a 
very  high  heat  for  its  preparation  in  the  crucible. 

Iron  may  be  very  elegantly  plated  with  cast  steel,  by  pouring  the  liquid  metal  from 
the  crucible  into  a  mould  containing  a  bar  of  iron  polished  on  one  face.  In  this  dr- 
eumstance  the  adhesion  is  so  perfect  as  to  admit  of  the  two  metals  being  rolled  oat  to- 
gether ;  and  in  this  way  the  chisels  of  planes  and  other  tools  may  be  made,  at  a  moderale 
rate  and  of  excellent  quality,  the  cutting-edge  being  formed  in  the  steel  side.  Sadi 
instruments  combine  the  toughness  of  iron  with  the  hardness  of  steel. 

For  correcting  the  too  high  carbonization  of  steel,  or  equalizing  the  too  highly  con- 
verted exterior  ^  a  bar  with  the  sofler  steel  of  the  interior,  the  metal  requires  merely 
to  be  imbedded,  at  a  cementing  heat,  in  oxyde  of  iron  or  manganese ;  the  oxygen  of  which 
soon  abstracts  the  injurious  excess  of  carbon,  so  that  the  outer  layers  may  be  even  con- 
verted into  sod  iron,  whUe  the  axis  continues  steely ;  because  the  decarbonizing  advances 
far  more  rapidly  than  the  carbonizing. 

Fig,  1056  represents  the  mould  for  making  crucibles  for  the  cast-steel  worics.  m  h, 
is  a  solid  block  of  wood,  to  support  the  two-handled  outside  mould  n,  n.      This  being 

rammed  full  of  the  proper  clay  dough  or  compost  (see  Cara- 
BT^),  the  inner  mould  is  to  be  then  pressed  vertically  into  it, 
till  it  reaches  the  bottom  p,  being  directed  and  facilitated  in  its 
descent  by  the  point  k.  A  cord  passes  through  o,  by  iriiick 
the  inner  mould  is  suspended  over  a  pulley,  and  guided  in  its 
motions. 

When  a  plate  of  polished  steel  is  exposed  to  a  progressive 
heat,  it  takes  the  following  colors  in  succession :  1,  a  Axsl 
yellow ;  2,  a  pale  straw-color ;  3,  a  full  yellow ;  4,  a  brovn 
yellow ;  5,  a  brown  with  purple  spots ;  6,  a  purple ;  7,  a  Irp^t 
blue ;  8,  a  full  blue ;  9,  a  dark  blue,  vei^ng  on  black ;  after 
^  which  the  approach  to  ignition  supersedes  all  these  ookn.  if 
the  steel  plate  has  been  previously  hardened  by  being  dipped 
in  cold  water  or  mercury  when  red-hot,  then  those  successive 

_  shades  indicate  or  correspond  to  successive  degrees  of  aoAeninf 

or  tempering.  Thus,  No.  I  suits  the  hard  temper  of  a  lancet,  which  requires  the  finetf 
edge,  but  little  strength  of  metal ;  No.  2  a  little  soAer,  for  razors  and  surgeons'  ampu- 
tating instruments ;  No.  3,  somewhat  more  toughness,  for  penknives ;  No.  4,  for  cold 
chisels  and  shears  for  cutting  iron ;  No.  5,  for  axes  and  plane-irons ;  No.  6,  for  table  knives 
and  cloth  shears ;  No.  7,  for  swords  and  watch-springs ;  No.  8,  for  small  fine  saws  and 
daggers ;  No.  9,  for  large  saws,  whose  teeth  need  to  be  set  with  pliers,  and  sharpensd 
with  a  file.  After  ignition,  if  the  steel  be  very  slowly  cooled,  it  becomes  exeecdiBgiy 
soft,  and  fit  for  the  engraver's  purposes.  Hardened  steel  may  be  tempered  to  the  desirsd 
pitch,  by  plunging  it  in  metallic  baths  heated  to  the  proper  thermometric  degree,  as  fol- 
lows :  for  No.  1,  430*  Fahr. ;  No.  2,  450* ;  No.  3,  470» ;  No.  4,  490° ;  No.  5,  510" ;  Na 
6,  530*  J  No.  7,  650*5  No.  8,  560* ;  No.  9,  600*. 

Small  steel  tools  are  most  frequently  tempered,  aAer  hardening,  by  covering  their 
surface  with  a  thin  coat  of  tallow,  and  heating  them  in  the  flame  of  a  candle  till  the 
tallow  difiuses  a  faint  smoke,  and  then  thrusting  them  into  the  cold  tallow.  Rinman  long 
ago  defined  steel  to  be  any  kind  of  iron  which,  when  heated  to  redness,  and  then  planged 
m  cold  water,  becomes  harder.  But  several  kinds  of  cast  iron  are  susceptible  of  such 
hardening.  Every  malleable  and  flexible  iron,  however,  which  may  be  hardened  in  that 
way  is  a  steel.    Moreover,  steel  may  be  distinguished  from  pure  iron  by  its  glring  a 


dirk-graT  "po^  when  m  drop  of  dOute  nitric  acid  is  let  Taj]  on  itt  lurface,  vbile  inw 
aifordi  a  green  one.  Exptwied  to  the  air,  steel  rusls  leu  rapidly  Ihaa  iron ;  and  tbe 
more  h^bly  carbmtled,  Ihe  more  slowly  does  it  rnsl,  and  Ibe  blacker  is  the  spot  leA  by 

Alter  hardeniat[,  steel  seems  to  be  quite  a  different  body ;  even  its  gnnular  texture 
becomes  coarser  or  finer,  according  to  the  d^ree  of  heil  to  which  it  was  raised ;  it  grows 
so  hard  as  to  scratch  glost,  and  resist  the  keenest  file,  while  it  lumt  eicredinsly  brittle. 
When  a  ilowly  cooled  steel  rod  is  forged  and  filed,  il  becomes  capable  DfaSbrtling  agree- 
able and  harmonious  sounds  by  ila  vibraliong  ;  but  hard-tempered  steel  aSbrds  only  doll 
dearened  tones,  like  those  emitted  by  a  cracked  instrument. 

The  good  quality  of  steel  is  (bown  by  its  being  homogeneous;  being  easily  worked  at 
thefoi^ej  by  its  hardening  and  tempering  nejl;  by  its  resisting  or  overcoming  rotceag 
and  by  its  elasticity.  To  ascertain  the  firvl  point,  the  surface  should  be  ground  and  p<^ 
Izshed  on  the  wheel ;  when  its  lustre  and  tenure  will  appear.  The  second  test  reqoire* 
s  ikilful  workman  to  give  it  a  heat  suitable  to  its  nature  and  stale  of  conversion.  The 
uze  and  color  of  tlie  grain  are  best  shown  by  taking  a  bar  forged  into  a  razor  form ;  har- 
dening and  tempering  ilj  and  then  breaking  olT  the  thin  edge  in  successive  bits  with  a 
hammer  and  anvil.  If  il  had  been  fully  ignited  only  at  the  end,  then,  aAer  the  harden- 
ing, it  will  display,  on  frsclure,  a  succession  in  Ihe  aspect  of  its  grains  from  that  *itre> 
mily  to  the  other;  as  they  are  whiter  and  larger  at  Ihe  former  than  the  latter.  The  other 
qualities  become  manifest  on  filing  the  sleeli  using  il  as  a  chisel  for  cutting  iron;  or 
bending  it  under  a  heavy  weight. 

Much  interest  wan  eiciled  a  few  years  back  by  the  experiments  of  Messrs.  Slodart  and 
Fanday  on  Ihe  alloys  ofiteel  wilh  silver,  platinum,  rhodinm,  and  iridium.  Steel  refosea 
to  take  up  in  fusion  more  than  one  five-hundredth  part  of  silver;  but  with  this  minute 
quanlity  of  alloy,  it  is  said  to  hear  a  hanler  temper,  without  losing  its  tenacity.  When 
pure  iron  is  sntoliluted  for  steel,  the  alloys  so  formed  are  much  less  subjecl  to  oiydalion 
in  damp  air  than  before.  Wilh  three  per  ctni,  of  iridinra  and  osmium,  an  alloy  was  ob- 
tained which  had  the  properly  of  tempering  like  steel,  and  of  remaining  clean  and  bright, 
In  circumstances  when  siaiple  irou  became  covered  with  rasL  "  Upon  the  whole,"  aay* 
the  editor  of  the  Quarterly  Journal  of  Science,  giving  a  report  of  these  experiments  in  hia 
14lh  volume,  p.  378,  "though  we  consider  these  researches  apon  the  alloys  of  steel  m 
very  interesting,  we  are  not  sanguine  as  to  their  important  infiucnce  npon  tbe  impron- 
ment  of  the  manufacture  of  cutlery,  and  suspect  that  a  bar  of  Ihe  best  ordinary  steel,  aa- 
lecled  with  precaution,  and  most  carefully  forged,  wrought,  and  tempered,  vnder  llu  tin-* 
mtdialt  intpection  oftlu  masttr,  would  afford  cutting  inslraments  as  perfect  and  eicelleat 
as  those  composed  of  wootz,  or  of  the  alloys." 

CaM-hardetang  of  iron,  is  a  process  for  convening  a  thin  film  of  the  onter  surftee  into 
Ucel,  while  the  interior  remains  as  before.  Fine  keys  are  generally  finished  in  this  waj. 
Bee  Cabe-habdenino. 

So  great  is  the  affinity  of  iron  for  carbon,  that,  in  certain  eircn Distances,  it  will  absorb 
it  from  c&rbareled  hydrogen,  or  coal-gas,  and  thus  become  converted  into  steel.  On  thia 
principle,  Mr.  Mackintosh  of  Glasgow  obtained  a  patent  for  making  steel.  His  Aimaee 
consists  of  one  cylinder  of  bricks  built  concentrically  within  another.  The  bars  of  iron 
are  suspended  in  the  innermost,  fhim  the  topi  a  stream  of  purified  coal-fas  circnlataa 
freely  round  them,  entering  below  and  escaping  slowly  above,  while  the  bars  are  mam- 
laised  in  aatate  (^bright  ignition  by  a  fire  burning  in  the  annular  apace  between  tha 
cylinders.  The  steel  so  produced  is  of  excellent  quality;  but  the  process  does  not  seem 
to  be  so  economical  as  Ihe  ordinary  cementation  wilh  charcoal  powder. 

Damatking  of  >Utl,  is  the  art  of  giving  to  sabre  blades  a  variety  of  figures  in  the  Mflt 
of  watering.    See  DAHAacos  BuiDxa. 

Several  explanations  have  been  offered  of  the  change  in  the  conslilalion  of  steel, 
which  accompanies  the  tempering  operation ;  but  none  of  thera  seems  qnitc  salisfhetorr. 
It  seems  to  be  probable  that  the  ulllmale  molecules  are  ihrown  by  the  sodden  cooling 
into  a  construned  stale,  so  that  their  poles  are  not  allowed  to  lake  the  position  of  slrong- 
ett  attraction  and  greatest  proximity ;  and  hence  Ihe  mass  becomes  bard,  brtitle,  and 
•onewhal  less  dense.  An  analogoas  condition  may  be  justly  imputed  to  haslity  cooled 
glass,  which,  like  hardened  steel,  requires  to  be  annealed  by  a  tnbacqaent  nicely  gradua- 
ted heat,  under  the  inflnenee  of  which  tbe  partielni  assame  Ihe  position  of  repose,  and 
MDslitnte  a  denser,  softer,  and  more  lenacions  body.  The  more  sudden  the  cooling  of 
Ignited  steel,  Ihe  more  unnatural  and  constrained  will  he  the  dtstribnlion  of  its  particlea, 
and  also  the  more  refractory,  an  effect  produced  by  planging  it  into  cold  mercnry.  This 
excess  of  hardness  is  removed  in  any  required  degree  by  judicious  annealing  or  temper- 
ing. The  state  of  the  carbon  present  in  Ihe  sleel  may  also  be  modified  by  the  rate  o( 
refrigeration,  as  Mr.  Eanten  and  M.  Bryant  conceive  happens  with  cast  iron  and  the 
damask  metal.  If  the  uniform  distribution  and  combination  of  the  carbon  through  the 
■nasi,  determine  the  peculiarity  of  white  cast  iron,  which  is  a  hard  and  brittle  substance, 
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md  if  its  transition  to  the  dark-gray  and  softer  cast  metal  be  eflected  by  a  fMutial  fonu* 
tioa  of  plumbago  during  slow  cooling,  why  may  not  something  similar  be  aapposed  to  oc- 
car  with  steel,  an  analogous  compound  7 

Mr.  Oldham,  printing  engineer  of  the  Bank  of  England,  who  has  had  great  experienee 
in  the  treatment  of  steel  for  dies  and  mills,  says  that,  for  hardening  it,  the  fire  sKoakl 
never  be  heated  above  the  redness  of  sealing*wax,  and  kept  at  that  pitch  for  a  saffictent 
time.  On  taking  it  out,  he  hardens  it  by  plunging  it,  not  in  water,  bat  in  olive  oil,  o. 
rather  naptha,  previously  heated  to  200^  F.  It  is  kept  immersed  only  till  the  eballtlkNi 
ceases,  then  instantly  transferred  into  cold  spring  water,  and  kept  there  till  quite  eokl. 
By  this  treatment  the  tools  come  out  perfectly  clean,  and  as  hard  as  it  is  possible  to  mske 
cast-^teel,  while  they  are  perfectly  free  from  cracks,  flaws,  or  twist.  Large  tools  are 
readily  brought  down  in  temper  by  being  suspended  in  the  red-hot  muffle  till  they  show  m 
straw  color ;  but  for  small  tools,  he  prefers  plunging  them  in  the  oil  heated  to  400  de- 
grees ;  and  leaves  them  in  till  they  become  cold. 

Mr.  Oldham  f»ftens  his  steel  dies  by  exposing  them  to  ignition  for  the  requisite  time, 
imbedded  in  a  mixture  of  chalk  and  charcoal. 

<*The  common  mode  of  softening  steel,"  says  Mr.  Baynes,  "  is  to  put  it  into  an  iron 
case,  surrounded  with  a  paste  made  of  lime,  cow's  sail,  and  a  little  nitre  and  water;  then 
to  expose  the  case  to  a  slow  lire,  which  is  gradually  increased  to  a  considerable  heat, 
and  afterwards  allowed  to  go  out,  when  the  steel  is  found  to  be  soft  and  ready  for  the 
engraver."* 

Indian  »ieel  or  voootz, — The  wootz  ore  consists  of  the  magnetic  oxyde  of  iron,  united 
with  quartz,  in  proportions  which  do  not  seem  to  differ  much,  being  generally  about  42 
of  quartz,  and  58  of  magnetic  oxyde.  Its  grains  are  of  various  size,  down  to  a  sandy  tex- 
ture. The  natives  prepare  it  for  smeUinj;  by  pounding  the  ore,  and  winnowing  tfway 
the  stony  matrix,  a  task  at  which  the  Hindoo  females  are  very  dexterous.  The  maDiMr 
in  which  iron  ore  is  smelted  and  converted  into  wootz  or  Indian  steel,  by  the  natives  at 
the  present  day,  is  probably  the  Tery  same  that  was  practised  by  them  at  the  time  of  the 
invasion  of  Alexander ;  and  it  is  a  uniform  process,  from  the  Himalaya  monntains  to  Cape 
Comorin.  The  furnace  or  bloomery  in  which  the  ore  is  smelted,  is  from  four  to  five  feet 
high ;  it  is,  somewhat  pear-shaped,  being  about  two  feet  wide  at  bottom,  and  one  fiMt  at 
top;  it  is  built  entirely  of  clay,  so  that  a  couple  of  men  can  finish  its  erection  in  a  few 
honrsi  and  have  it  ready  for  use  the  next  day.  There  is  an  opening  in  front  about  a  foot 
or  more  in  height,  which  is  built  up  with  clay  at  the  commencement,  and  broken  down 
'at  the  end,  of  each  smelting  operation.  The  bellows  are  usually  made  of  a  goat's  skii, 
which  has  been  stripped  from  the  animal  without  ripping  open  the  part  covering  the  beDy. 
The  apertures  at  the  legs  are  tied  up,  and  a  nozzle  of  bamboo  is  fastened  in  the  opening 
formed  by  the  neck.  The  orifice  of  the  tail  is  enlarged  and  distended  by  two  slips  of 
bamboo.  These  are  grasped  in  the  hand,  and  kept  close  together  in  makinfr  the  stnte 
for  the  blast;  in  the  returning  stroke  they  are  separated  to  admit  the  air.  By  woridag 
a  bellows  of  this  kind  with  each  hand,  making  alternate  strokes,  a  pretty  uniform  blast 
ia  produced.  The  bamboo  nozzles  of  the  bellows  are  inserted  into  tubes  of  clay,  which 
pass  into  the  furnace  at  the  bottom  corners  of  the  temporary  wall  in  front.  The  foreaee 
is  filled  with  charcoal,  and  a  lighted  coal  bein?  introduced  before  the  nozzles,  the  mtss 
in  the  interior  is  soon  kindled.  As  soon  as  this  is  accomplished,  a  small  portion  of  the 
ore,  previously  moistened  with  water,  to  prevent  it  from  running  through  the  chaitoal, 
httt  without  any  flux  whatever,  is  laid  on  the  top  of  the  coals,  and  covered  with  ehareoal 
to  fill  up  the  furnace. 

In  this  manner  ore  and  ftiel  are  supplied;  and  the  bellows  are  ui^ed  for  3  or  4  htmn, 
when  the  process  is  stopped ;  and  the  temporary  wall  in  fVont  being  broken  down,  the 
bloom  is  removed  by  a  pair  of  tongs  from  the  bottom  of  the  furnace.  It  is  then  beatea 
with  a  wooden  mallet,  to  separate  as  much  of  the  scoriae  as  possible  from  it,  and,  while 
still  red-hot,  it  is  cut  through  the  middle,  but  not  separated,  in  order  merely  to  show 
the  quality  of  the  interior  of  the  mass.  In  this  state  it  is  sold  to  the  blacksmiths, 
who  make  it  into  bar  iron.  The  proportion  of  such  iron  made  by  the  natives  from  100 
parts  of  ore,  is  about  15  parts.  In  converting  the  iron  into  steel,  the  natives  cat  it  inlo 
pieces,  to  enable  it  to  pack  better  in  the  crucible,  which  is  formed  of  refractory  day, 
mixed  with  a  large  quantity  of  charred  husk  of  rice.  It  is  seldom  charged  with  more 
than  a  pound  of  iron,  which  is  put  in  with  a  proper  weight  of  dried  wood  chopped 
small,  and  both  a/e  covered  with  one  or  two  green  leaves;  the  proportions  beiagin 
general  10  parts  of  iron  to  1  of  wood  and  leaves.  The  mouth  of  the  cnicible  is  then 
stopped  with  a  handful  of  tempered  clay,  rammed  in  very  closely,  toezdnde  the  air.  Tbt 
wood  preferred  is  the  Ctmia  auriaUata,  and  the  leaf  that  of  the  jStd^riaa  gigaatmy  or 

*  History  of  tiie  Cotton  MftnufiMJCmv,  p.  t75.    If  thtt  ttrange  fftrnico  be  emplojred  by  Mr.  Laeh«t  ci  Ma»» 
chMter,  for  softeiunir  hit  dies  and  mills,  it  deMrroa  oonaidention.    Should  the  nitre  be  wed  ia  tea  gtml 
quantity  to  be  all  carbonated  by  the  gall,  it«  oxysren  may  serve  to  consuroe  some  of  the  carixm  of  the  ate*! 
and  thne  bring  it  nearer  to  iron.    The  recipe  may  be  old,  bnt  it  is  a  novelty  to  me. 
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the  Coftvohmlut  lamrifolins.  As  soon  as  the  clay  plags  of  the  crucibles  are  dry,  from 
20  to  24  of  them  are  built  up  in  the  form  of  an  arch,  in  a  small  blast  furnace ;  they  are 
icept  corered  with  charcoal,  and  subjected  to  heat  urged  by  a  blast  for  about  two  hours 
and  a  half,  when  the  process  is  considered  to  be  complete.  The  crucibles  being  now 
taken  out  of  the  furnace  and  allowed  to  cool,  are  broken,  and  the  steel  is  found  in 
the  form  of  a  cake,  rounded  by  the  bottom  of  the  crucible.  When  the  fusion  has  been 
perfect,  the  top  of  the  cake  is  covered  wirh  stris,  radiating  from  the  centre,  and  is  free 
from  holes  and  rough  projections ;  but  if  the  fusion  has  been  imperfect,  the  surface  of 
the  cake  has  a  honeycomb  appearance,  with  projecting  lumps  of  malleable  iron.  On  an 
average,  four  out  of  five  cakes  are  more  or  less  defective.  These  imperfections  have 
been  tried  to  be  corrected  in  London  by  re-melting  the  cakes,  and  running  them  into 
ingots ;  but  it  is  obvious,  that  When  the  cakes  consist  partially  of  malleable  iron  and  of 
unreduced  oxyde,  simple  fusion  cannot  convert  them  into  good  steel.  When  care  is  taken, 
however,  to  select  only  such  cakes  as  are  perfect,  to  re-melt  them  thoroughly,  and 
tilt  them  carefully  into  rods,  an  article  has  been  produced  which  possesses  all  the  re- 
quisites of  fine  steel  in  an  eminent  degree.  In  the  Supplement  to  the  Encyclopsedia 
Britannica,  article  Cutlery,  the  late  Mr.  Stodart,  of  the  Strand,  a  rery  competent  judge, 
has  declared  **  that  for  the  purposes  of  fine  cutlery,  it  is  infinitely  superior  to  the  best 
English  cast  steel." 

The  natives  prepare  the  cakes  for  being  drawn  into  bars  by  annealing  them  for  several 
hours  in  a  small  charcoal  furnace,  actuated  by  bellows ;  the  current  of  air  being  made 
to  play  upon  the  cakes  while  turned  over  before  it ;  whereby  a  portion  of  the  combined 
carbon  is  probably  dissipated,  and  the  steel  is  soAened ;  without  which  operation  the 
cakes  would  break  in  the  attempt  to  draw  them.  They  are  drawn  by  a  hammer  of  a  few 
fwunds  weight. 

The  natives  weld  two  pieces  of  cast  steel,  by  giving  to  each  a  sloping  face  jagged  all 
over  with  a  small  chisel ;  then  applying  them  with  some  calcined  borax  between,  and 
tying  them  together  with  a  wire,  they  are  brought  to  a  full  red  heat,  and  united  by  a  few 
smart  blows  of  a  hammer. 

The  ordinary  bar  iron  of  Sweden  and  England,  when  converted  by  cementation  into 
steel,  exhibits  upon  its  surface  numerous  small  warty  points,  but  few  or  no  distinct 
vesicular  eruptions;  whereas  the  Dannemora  and  the  Ulverston  steels  present,  all  over 
the  surface  of  the  bars,  well  raised  blisters,  upwards  of  three  eighths  of  ah  inch  in 
diameter  horizontally,  but  somewhat  flattened  at  top.  Iron  of  an  inferior  description, 
i^hen  highly  converted  in  the  cementing-chest,  becomes  gray  on  the  outer  edges  of  the 
fracture ;  while  that  of  Dannemora  acquires  a  silvery  color  and  lustre  on  the  edges,  with 
crystalline  facets  within.  The  highly  converted  steel  is  used  for  tools  that  require  to  be 
made  very  hard ;  the  slightly  converted,  for  softer  and  more  elastic  articles,  such  as 
sprin?s  and  sword  blades. 

STEREOTYPE  PRINTING  signifies  printing  by  fixed  types,  or  by  a  cast  typo- 
graphic plate.  This  plate  is  made  as  follows : — ^The  form,  composed  in  ordinary  typesy 
ahd  containing  one,  two,  three,  or  more  pages,  inversely  as  the  size  of  the  book,  being 
laid  flat  upon  a  slab,  with  the  letters  looking  upwards,  the  faces  of  the  types  are  brushed 
over  with  oil,  or  preferably,  with  plumbago  rblack  lead.')  A  heavy  brass  rectangular 
frame  of  three  sides,  with  bevelled  borders,  aoapted  exactly  to  the  size  of  the  pages,  is 
then  laid  down  upon  the  chase,*  to  circumscribe  three  sides  of  its  typography;  but  the 
fourth  side,  which  is  one  end  of  the  rectangle,  is  formed  by  placing  near  the  types,  and 
over  the  hollows  of  the  chase,  a  single  brass  bar,  having  the  same  inwards  sloping  bevel 
as  the  other  three  sides.  The  complete  frame  resembles  that  of  a  picture,  and  serves  to 
define  the  area  and  thickness  of  the  cast,  which  is  made  by  pouring  the  pap  of  Paris 
plaster  into  its  interior  space,  up  to  a  given  line  on  its  edges.  The  plaster  mould,  which 
soon  sets,  or  becomes  concrete,  is  liAed  gently  oflf  the  types,  and  immediately  placed 
upright  on  its  edge  in  one  of  the  cells  of  a  sheet-iron  rack,  mounted  within  the  cast-iron 
oven.  An  able  workman  will  mould  ten  sheets  octavo  in  a  day,  or  160  pages.  The 
moulds  are  here  exposed  to  air  heated  to  fully  400^  F.,  and  become  perfectly  dry  in  the 
course  of  two  hours.  As  they  are  now  friable  and  porous,  they  require  to  be  delicately 
handled.  Each  mould,  containing  generally  two  pages  octavo,  is  laid,  with  the  im- 
pression downwards,  upon  a  flat  cast-iron  plate,  called  the  floating-plate;  this  plate 
being  itself  laid  on  the  bottom  of  the  dipping-pan,  which  is  a  cast-iron  square  tray, 
with  its  upright  edges  sloping  outwards.  A  cast-iron  lid  is  applied  to  the  dipping-pan, 
and  secured  in  its  place  by  a  scr^w.  The  pan  having  been  heated  to  400°  in  a  cell  of 
the  oven,  under  the  mould-rack,  previous  to  receiving  the  hot  mould,  is  ready  to  be 
plunged  into  the  bath  of  melted  alloy  contained  in  an  iron  pot  placed  over  a  furnace, 
and  it  is  dipped  with  a  slight  deviation  from  the  horizontal  plane,  in  order  to  facilitate 
the  escape  of  the  air.    As  there  is  a  minute  space  between  the  back  or  top  surface  of 

•  Ch*M  (cAoMU,  fhune,  Pr.),  quoin,  (eow,  wedge,  Pr.),  •"  «•"»■  ^*»><*  *^^  ***»*  *•  "*  ^  prmting 
«BaM  dinetly  firom  FnuM  to  England. 
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the  mould  and  the  lid  of  the  dipping-pan,  the  liquid  metal,  on  entering  into  the 
through  the  orifices  in  its  corners,  floats  up  the  plaster  along  with  the  iron  plate'  on 
which  it  had  been  laid,  thence  called  the  floating-plate,  whereby  it  flows  freely  into  every 
line  of  the  mould,  through  notches  cut  in  its  edge,  and  forms  a  layer  or  lamina  npoa  iu 
face,  of  a  thickness  corresponding  to  the  depth  of  the  border.  Only  a  thin  metal  fihn  is 
left  upon  the  back  of  the  mould.  The  dipping-pan  is  suspended,  plunged,  and  remoTed, 
by  means  of  a  powerful  crane,  susceptible  of  vertical  and  horizontal  motions  in  all  direc- 
tions. When  lifted  out  of  the  bath,  it  is  set  in  a  water-cistern,  upon  bearers  so  pla/nd 
as  to  allow  its  bottom  only  to  touch  the  surface.  Thus  the  metal  first  concretes  bdow, 
while,  by  remaining  fluid  above,  it  continues  to  impart  hydrostatic  pressare  doriag 
the  shrinkage  attendant  upon  refrigeration.  As  it  thus  progressively  contracts  in  volane, 
more  melted  metal  is  fed  into  the  corners  of  the  pan  by  a  ladle,  in  order  to  keep  np  the 
hydrostatic  pressure  upon  the  mould,  and  to  secure  a  perfect  impression,  as  well  as  a  solid 
cast.  Were  the  pan  more  slowly  and  oquably  cooled,  by  being  left  in  the  air,  the  ihia 
film  of  metal  upon  the  back  of  the  inverted  plaster  cake  would  be  apt  to  solidify  first, 
and  intercept  the  hydrostatic  action  indispen^le  to  the  purpose  of  filling  all  the  lines  in 
its  face.  A  skilful  workman  makes  five  dips,  containing  two  pages  octavo  each,  in  the 
course  of  an  hour,  or  about  nine  and  a  half  octavo  sheets  per  day.  The  pan  being  taken 
asunder,  the  compound  cake  of  mould  and  metal  is  removed,  and  beat  upon  its  edges 
with  a  wooden  mallet,  to  detach  the  superflooas  metal.  The  stereotype  plate  is  then 
handed  over  to  the  picker,  who  planes  its  edges  truly  square,  turns  its  back  flat  upon  a 
lathe  to  a  determinate  thickness,  and  carefully  removes  the  little  imperfections  occasioned 
by  dirt  or  air  left  among  the  letters  when  the  mould  was  cast  Should  any  of  them  be 
damaged  in  the  course  of  the  operation,  they  must  be  cut  out,  and  replaced  by  solderi^ 
in  separate  types  of  the  same  size  and  form. 

STILL  (jSlambic,  Ft.  ;  Blase,  Germ.),  is  a  chemical  apparatus,  for  Taporizing  liqnids 
by  heat  in  one  part,  called  the  cucurbit,  and  condensing  the  vapors  into  liquids  in  another 
part,  called  the  refrigeratory ;  the  general  purpose  of  both  combined  being  to  separate 
the  more  volatile  fluid  particles  from  the  less  volatile.  In  its  simplest  form,  it  consists 
of  a  retort  and  a  receiver,  or  of  a  pear-shaped  matrass  and  a  capital,  furnished  with  a 
slanting  tube  for  conducting  away  the  condensed  vapors  in  drops;  whence  the  tenn  sltO, 
from  the  Latin  verb  sHllare,  to  drop.  Its  chief  employment  in  this  country  being  to  elioH 
inate  alcohol,  of  greater  or  less  strength,  from  fermented  wash,  I  shall  devote  this  arlide 
_^to  a  description  of  the  stills  best  adapted  to  the  manufacture  of  British  spirits,  referring 
'to  chemical  authors*  for  those  fitted  for  peculiar  objects. 

In  respect  of  rapidity  and  extent  of  work,  stills  had  attained  to  an  extraordinary  ptlch 
of  perfection  in  Scotland  about  thirty  years  ago,  when  legislative  wisdom  thought  fit  lo 
levy  the  spirits  duty,  per  annum,  from  each  distiller,  according  to  the  capacity  of  his 
still.  It  having  been  shown,  in  a  report  presented  to  the  House  of  Commons  in  1799, 
that  an  80-gallon  still  could  be  worked  oflT  in  eight  minutes,  this  fact  was  made  the  basis 
of  a  new  fiscal  law,  on  the  supposition  that  the  maximum  of  velocity  had  been  reached. 
But,  instigated  by  the  hopes  of  enormous  gains  at  the  expense  of  the  revenue,  the  distill- 
ers soon  contrived  to  do  the  same  thing  in  three  minutes,  by  means  of  broad-botCoDed 
shallow  stills,  with  stirring-chains,  and  lofty  capitals.  In  the  year  1815,  that  preposter- 
ous law,  which  encouraged  fraud  and  deteriorated  the  manufacture,  was  repealed.  The 
whiskey  duties  having  been  since  levied,  independently  of  the  capacity  of  the  stilt,  npoa 
the  quantity  produced,  such  rapid  operations  have  been  abandoned,  and  processes  of  econ- 
omy in  fuel,  and  purity  in  product,  have  been  sought  aAer. 

One  of  the  greatest  improvements  in  modem  distilleries,  is  completing  the  analysis 
of  crude  spirit  at  one  operation.  Chemists  had  been  long  familiar  with  the  contrivaaee 
of  Woulfe,  for  impregnating  with  gaseous  matter,  water  contained  in  a  range  of  boiUes ; 
but  they  had  not  thought  of  applying  that  plan  to  distillation,  when  Edouard  Adam» 
an  illiterate  workman  of  Montpellier,  after  hearing  accidentally  a  chemical  lecture 
upon  that  apparatus,  bethought  himself  of  converting  it  into  a  still.  He  caused 
the  boiling-hot  vapors  to  chase  the  spirits  successively  out  of  one  bottle  into  another, 
so  as  to  obtain  in  the  successive  vessels  alcohol  of  any  desired  strength  and  purity,  **  at 
ont  and  the  same  heat.**  He  obtained  a  patent  for  this  invention  in  1801,  and  was  soon 
afterwards  enabled,  by  his  success  on  the  small  scale,  to  set  up  in  his  native  city  a  mag- 
nificent distillery,  which  excited  the  admiration  of  all  the  practical  chemists  of  that 
day.  In  November,  1805,  he  obtained  a  certificate  of  certain  improvements  for  ex- 
tracting from  wine,  at  one  process,  the  whole  of  its  alcohol.  Adam  was  ao  oveijoyed, 
after  making  his  first  experiments,  that  he  ran  about  the  streets  of  Montpellier,  Idling 
everybody  of  the  surprising  results  of  his  invention.  Several  competitors  soon  entered 
the  lists  with  him,  especially  Solimani,  professor  of  chemistry  in  that  city,  and 


*  The  treatiMs  of  L«  Normand  Bud  Dubmnfaat  nfty  abo  be  oonmiltod.    Hie  Fnaeh  atUla  are  ra  ^ 
■o  much  complicated  with  a  great  many  imall  pipea  ud  paaaafea,  aa  to  b0  unfit  for  diatilliaf  tlM  |^«taM«a 
wash  of  graini. 
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Berard,  dittiller  in  the  department  of  Otrd ;  wbo,  havinf  Mnttired  oUiet  Tonna  of  cob- 
linnoDS  ilillB,  dirided  the  proGls  with  the  finl  inventor. 

The  priDciplei  of  Bpiritnoas  dintiUalion  mKy  be  stated  as  follows  :— Tlie  boiling  point 
of  alcohol  varies  with  its  deosily  or  screoglb,  in  conformilj  with  the  numbers  in  the  fol- 
hnrin;  (able: — 


Specific  gniiljr. 

BaliK  poiat,  b>  FihTitDitil't 

SpsdSc  puTiij. 

^■»'^"iii[.!"^«^""'' 

0-7939 

I6H-fio 

0-8875 

181-0" 

0-8031 

168-0 

0'g63i 

183-0 

oeiis 

168-5 

0-8765 

187-0 

0-8194 

169-0 

0-8892 

190-0 

0-8266 

172-6 

0-9013 

194>0 

0-8332 

173-5 

0-9126 

197-0 

0-8397 

175-0 

0-9234 

199^> 

0-8458 

177-0 

0-9335 

201-0 

0-S518 

179-0 

See  also  tlie  table  under  Alcohol,  ptge  22. 

Hence,  the  lower  the  temperature  of  the  spiritnoai  vapor  which  enters  Ike  rrfri- 
geraCory  apiHtratus,  the  stronger  end  purer  will  tlie  condensed  spirit  be;  because  the 
oflensive  oils,  which  are  present  in  the  wa^h  or  wine,  are  less  volatile  than  alcohol,  and 
are  brousht  over  chieHy  with  the  aqueous  vapor.  A  perfect  still  should,  therefore,  couiH 
oT  three  distinct  members;  first,  the  cucurbit,  or  kettle ;  second,  the  rectifier,  for  inter- 
cepting more  or  less  of  the  watery  and  oily  particles ;  and  third,  the  refrigerator,  or  conden- 
ser of  the  ilcoholic  vapors. 

These  principles  are  illustrated  in  the  construction  of  the  still  represented  injig'-  ^067, 
1058,  1059,  1060,  1061;  in  which  the  resources  of  the  most  refined  French  stills  are 
eoinbined  with  a  simplicity  and  solidity  suited  lo  the  grain  distilleries  or  the  United 
Kingdom.  Three  principal  objects  are  obtained  by  the  atrangemenl  here  shown;  first, 
the  eilractioa  from  fermenled  wort  or  wine,  at  one  operation,  of  a  spirit  of  any  desired 
cleanness  and  SIrenElh  ;  second,  great  economy  of  time,  labor,  and  fuel ;  third,  fteedom 
from  all  danger  of  blowing  up  or  boiling  over,  by  mismanaged  liring.  When  a  com- 
bination of  water,  alcohol,  and  essential  oil,  in  the  state  of  vapor,  is  passed  apwanlt 
ttrough  a  series  of  winding  passages,  maintained  at  a  determinate  degree  of  heal, 
between  170°  and  180°,  tlie  alcoliol  alone,  in  any  notable  proportion,  will  retain  the 
elastic  form,  and  will  proceed  onwards  into  the  refrigeratory  tube,  in  whtcb  the  said 
passages  terminate;  while  ihi;  water  and  the  oil  will  be  in  a  great  measure  condensed, 
■rresled,  and  thrown  back  into  the  body  of  the  still,  to  be  discharged  with  the  effete 

The  system  of  passagea  or  channels  represented  in.flg-  105S,iB  so  contrived  as  to  brii^ 
the  mingled  vapors  which  rise  fi-om  the  iitembic  a,  into  ample  and  intimate  conuct  with 
mclallic  surfaces,  mainloined,  in  a  water-balh,  at  a  temperature  self-regalaled  by  a  heat- 
governor.     See  THERUOSTjir. 

The  neck  of  the  alembic  tnpers  upwards,  as  shown  at  i.  Jig.  1067;  and  at  c,^g.  1058y 
it  eaters  the  bollom,  or  ingress  vestibule,  of  the  rectifier  c,f.  f  is  its  top  or  egren- 
vestibule,  which  communicates  vrilh  the  bottom  one  by  parallel  cases  or  rectangular 
channels  i,  d,  d,  of  which  the  width  is  small,  compared  with  the  length  and  heigbL 
These  cases  are  open  at  top  and  bottom,  whore  they  are  soldered  or  riveted  into  a  genera] 
frame  within  the  cavity,  enclosed  by  the  two  covers  /,  c,  which  are  secured  round  their- 
edges  e,  t,  t,  t,  with  bolts  and  packing.  Each  ease  is  occupied  with  a  numerous  seriei 
of  shelves  or  trays,  placed  at  small  distances  over  each  other,  in  a  horizontal  or  slightly 
inclined  position,  of  which  a  side  view  is  given  in  fig.  1059,  and  cross  sections  at  d,  li,  d, 
fig.  1038.  Each  shelf  is  turned  up  a  little  at  the  two  edges,  and  at  one  end.  but  idoiwd 
dowQ  at  the  other  end,  that  the  liquor  admitled  at  the  top  may  be  toai 
backwards  and  forwards  in  its  descent  through  the  system  of  shelve 
dicated  by  the  darts  and  spouts  in  Jig.  1059.  The  shelves  of  each 
blether  by  two  or  more  vertical  melaUic  rods,  which  pats  down  through  them,  uid  are 
flxed  to  each  shelf  by  solder,  or  by  screw-nuts.  By  this  means,  if  the  cover/,  be  reowved, 
the  sets  of  shelves  may  he  readily  lii^ed  out  of  the  cases  and  cleaned  ;  for  whidi  rcaaoa 
they  are  called  moMoU*. 

The  intervals  i^i,i,  jig.  1058,  between  the  cases,  are  left  for  the  free  cirenlation  of  tk« 
water  contained  in  the  Imth-vessel  g,  g ,-  these  intervals  being  considerably  oarrawerlhaN 
the  cases. 


e  to  Sow  slowly 
-eftaned 


shaped  Bomewhal  like  a  pair  of  longs.     Each  lej;  u , __.,  _. 

flat  bar  or  rultr  of  Meel,  and  one  of  brass  alloy,  rireted  faccwUe  logeUier, 

edges  up  and  down.    Tb«  liaVt,  at  k,  are  joined  lo  tbe  free  ends  of  ibeie  annponnd  but, 

which,  recoiling  by  increale  and  approaching  by  decrease  of  temperaUire,  act  bralenro 


the  stopcock  /,  filed  lolhe  pipe  of  a  cold-water  back,  and  are  so  ndjosled  by  s  xrew-nil, 
Ihat  whenever  ihe  water  in  ihe  Ijalh  vessel  g,  g,  rises  above  the  dejircd  lempenlore, 
cold  water  will  lie  ndmiKed,  ihir.ucli  Ihe  stopcock  (,  ind  pipe  B,  into  the  boLlom  of  Ik 
cistern,  and  will  displace  the  ovcr-healei  water  by  Ihe  overflow-pipe  m.  Thus  »  ptrft* 
■equilibrium  of  caloric  may  bemointained,  and  alcoholic  vapor  of  corrcspondcnmniforaiitj 
transmllled  lo  Ihe  refrigeratory. 

Fig.  1061  is  the  cold  condenser,  of  similar  conrtrnclion  lo  lhereelifier,^g,  1058;  o"^ 
[he  waler  cells  should  be  here  larger  in  proportion  to  the  vapor  channels  d,i.  T^ 
refrigeralory  system  will  be  found  very  powerlul,  and  it  prescnls  Ihe  E«at  »dtinlij("f 
permitlins;  ila  interior  to  be  readily  insptcted  and  cleansed,  ll  is  best  made  of  luiini™ 
tin,  hardened  with  a  liiile  copper  alloy. 

The  mode  of  working  Ihe  preceding  apparatus  will  be  nnderstood  by  the  laikiwu! 
instruction)!.  Into  Ihe  alembie,  a,  lei  as  much  feiinenled  liquor  be  admitted  ■»  >itl  pi^ 
tect  its  bottom  from  being  injured  by  Ihe  fire,  rcwrvinr  the  main  body  in  thtckui'^- 
back.  'Wheneyer  the  ehullilioa  in  Ihe  nlembic  has  raised  Ihe  temperature  of  Ihe  "ter- 
bath  g,  g,  lo  the  desired  pilch,  whether  that  be  170°,  175°,  or  1B0°,  Ihe  thcniBttitK 
ioslrutuent  is  to  t>e  adjusted  by  its  screw-nnl,  and  [hen  the  communicitioa  wA  dK 
eharging-back  is  to  be  opened  by  moving  Ihe  index  of  Ihe  stopcock  o,  ovtr  «  p^ 
portion  of  its  qnadranlal  arch.  The  wash  will  now  descend  in  a  slender  nfMC 
■tream,  throueh  the  pipe  o^  /,  thence  spread  into  the  horizoulal  tube  p,  p,  aid  mw 
flrom  the  orifices  of  distribution,  as  seen  in  the  fiinire,  into  the  respective  llai  tnjt  or 
«pouU.  ThemannerofitsproKres»isseenforoncseloftrays,inJis.  10S9.  Theif" 
tion  of  the  stream  in  each  shelf  is  evidently  the  reverse  of  thai  in  "-  -  -^'"  -■"■" 
below  it ;   the  torned-up  end  of  one  shelf  corresponding  If   ■'  - 

By  diffiising  the  eool  wash  or  wine  in  a  thin  film  over  such  an  ample  range  of  w- 
Ihces,  lbs  constant  tendency  of  the  hath  to  ejcecd  the  proper  limit  of  lempeiilare  B 
counteracted  to  the  utmost,  without  waste  of  lime  or  fuel ;  for  the  wash  ''"''i  " 
Iramiiu,  becomes  boiling-hot,  and  experiences  a  powerful  steam  dislillHtian.  Bf  "^ 
wrangemenl  a  very  moderate  influx  of  cold  water,  through  the  Ihcrrooslaiic  itopw*, 
suffices  to  temper  the  bath ;  such  an  extensive  vaporization  of  the  wash  prodocia?  «  »' 
aore  powerful  refrigerant  influence  than  its  simple  heating  lo  ebullition.  [(  defer"" 
lo  be  remarked,  that  tlie  maiimum  distillatory  effect,  or  the  brineing  over  the  g"^ 
qaaalirf  of  ptire  spirits  in  the  least  time,  and  wilh  the  least  tabor  and  fnel,  is  ™« 
■  -AOcomplishcd  without  the  least  steam  pressure  in  the  alerotdc ;   for  Ihe  psusgn  "* 
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mil  perrkniB  to  the  rapor;  wheress,  in  alinMl  ever;  wash.slill  hereiolbre  contrived  ftii 
»imiJ>r  parpoaes,  [he  ipiriluuus  vsponi  must  farce  their  way  through  succesiive  layers 
of  liquid,  the  total  pressure  produced  by  which  causes  undue  clevatEon  of  lemperatare, 
and  obstruction  to  Ibe  process.  Whatever  supplemeolary  rrfrigeralion  of  the  vapors  in 
Iheir  passage  through  the  hath  may  he  deemed  propei,  wil]  be  administered  by  the  ihec- 
moslalic  regulator. 

Towards  the  end  or  the  process,  after  all  the  wasli  has  entered  the  alenihie,  it  may  be 
■Ofnetimes  desirable,  for  the  sake  of  despatch,  to  modify  the  thermostat,  by  its  adjusting- 
screw,  so  that  the  bath  may  take  a  higher  temperature,  and  allow  the  residuary  feints  to 
run  rapidly  over,  into  a  separate  cistern.  This  weak  fluid  may  be  pumped  back  into  Ihe 
alembic,  as  Ibe  preliminary  cbai^e  of  a  fresh  operation. 

Tbe  above  plan  of  a  walerbath  regulated  by  the  thermostat,  may  be  used  simply  at 
a  rectifying  cistern,  without  Iransmiiiinir  the  spirit  or  wash  down  through  it.  The 
series  of  shelves  will  cause  the  vapors  from  Ihe  still  to  impinge  against  a  most  eir 
tensive  system  of  metallic  surfaces,  maintiined  at  a  steady  temperature,  whereby  their 
watery  and  crude  constituents  will  be  con'lensed  and  thrown  back,  while  their  fine 
alcoholic  particles  will  proceed  forwards  to  the  refrigeratory.  Any  ordinary  still  may 
be  readily  converted  into  this  self-ri-clifjiii;  firm,  by  merely  intcrposini<  the  cistern, 
fig.  1058,  between  the  alembic  and  the  worm-lub.  The  leading  novelty  of  the  present 
iarention  is  the  mantublt  system  of  shelves  or  Irays,  enclosed  in  metallic  cases,  seiiaraled 
by  water,  combined  with  Ihe  thermostntic  regulaluf.  By  this  combinEition,  any  quality 
of  spirits  may  be  procnred  at  one  step  from  wash  or  wine,  by  an  apparatus,  simple,  strong, 
and  easily  kept  in  order. 

The  empyreumatic  laini  which  spirits  arc  apt  lo  contract  from  Ihe  action  of  Ihe  naked 
fire  on  tbe  bottom  of  Ihe  still,  may  be  entirely  prevented  by  the  use  of  a  bath  of  potasb 
l«r>  P.  Pt  fig-  lOST  ;  f°'  thus  a  safe  and  cleclual  rani-e  of  !=r.T  [■era lure,  of  3<W°  F.,  may 
be  conveniently  obtained.    The  still  may  al^o  be  used  wiihoiit  the  baih  vessel. 

Mr.  D.  T.  Sheare,  of  Southward,  obtained  a  ralen;  in  March,  1330,  for  certain  im- 
pravements  and  additions  lo  stills,  which  are  inicnious.  They  are  founded  upon  a 
previoUB  patent,  granted  to  Joseph  Co rly,  in  1818;  a  section  of  whose  contrivance  ia 
afaown  in  jig.  1062,  consisting  of  a  flrsl  still  a,  a  second  still  b,  a  connecting  tube  c,  from 
the  one  end  to  the  other,  and  the  lube  d,  which  leads 
from  the  si'conJ  Ftili-tiead  down  through  ihe  heal  tube 
f,  t,  to  Ihe  lower  part  of  the  cundensing  apimratus. 

nenis  ile.«cribed   under  Corty's 

in  [dacing  hjies  /,/,/,  of  the 

condensing  apparaloi  in 

horitontal  positions,  and 

other,  in  order  that  the 
vapor  might  ascend 
through  them,  Ibr  Ihe 
purpose  of  discharging 
the  spirit  by  the  tup  tube 
g,  and  pii*  h 


lied 


In  e 


concentrated 


plate  or  inverted  dish  i, 
I,  i,  and  Ihe  vapor  in 
rising  from  Ihe  lube  e, 
strikes  against  Ihe  con- 
cave or  under  part  of 
the  first  dish,  and  then 
escapes  round  its  edges, 
and  over  its  convex  anr- 
face,  to  Ihe  under  part 
of  the  second  disb,  and 
so  oD  ID  the  lop,  Iha 
condensed  part  of  the  vapor  flowing  down  again  into  (he  still,  and  the  spirit  passing  ofl* 
by  Ihe  pipe  \,  at  top  ;  and  as  the  process  of  condensation  will  be  assisted  by  cooling  Ihe 
vapor  as  it  rises,  cold  water  is  made  to  flow  over  the  tops  of  the  boxes  /,  from  a  cock  k, 
and  through  small  channels  or  tubes  on  the  sides  of  the  boxes,  and  ia  ultimately  discharged 
ly  Ihe  pipe  ',  at  bottom. 

Fig.  1063  represents  a  peculiarly  skaped  tube  a,  ihrough  which  the  spirit  is  described 
•s  passing  aAcr  leaving  the  end  of  Ihe  worm  at  A,  which  tube  is  open  lo  the  atmospheric 


U88  STILL. 

til  U  i;  c,a  the  puuge  Ihrougti  which  Ihe  cuboiuc  mcid  gu  ii  deteribed  u  tmjkt 
into  the  vessel  of  water  d. 

How  the  impTDTementa  claimed  under  the  preieat  p&lent,  are  exhibited  in  fip.  IDM, 
1065,  and  1066.  Fig.  1064  represeute  the  eiteraal  appeaiaace  of  a  Kill,  Ihe  heal 
of  which  ii  made  very  capacious,  la  guard  against  OTcr-boiliog  by  auj  mismanagaBcit 
or  Ihe  fire ;  Jig.  1063  is  the  same,  parti)-  in  seclion.  On  the  top  of  the  slill-bttd  ii 
formed  (he  firgt-described  reclilyiog  apparatus,  or  aeriea  of  eondensiag  boui.  Tke 
vapor  from  the  bod;  of  the  stiti  fillius  the  head,  meets  with  (he  first  check  IrDin  IhedUk 
or  lower  vessel  i,  and  afler  passing  under  ita  et^ea,  ascends  and  strikes  against  the  Iowa 
pkrt  of  the  second  dish  oi  vessel  i,  and  so  od,  till  it  ultimately  leave*  the  uill-headbitbe 
pipe  at  lop. 

Tim  part  of  th«  apparatus  is  slightly  altered  from  the  former,  by  (be  si  __ 
hollow  convex  vessels,  instead  of  (he  inverted  dishes  belbre  described,  whkh  vi.  .. 
rims  descending  from  (heir  under  surfaces,  for  the  purpose  oT  re(aiBiitg  the  Tapor. 
The  cold  water,  wbich,  as  above  deeciibed.  Bowed  over  the  lops  of  the  boies/,lbi  the 
purpose  of  coolinl;  (hem,  now  flows  also  through  the  hollow  convex  veasels  i,  withia  ikt 
boxes,  and  by  that  means  greatly  assists  the  refrigerating  process,  by  which  the  aqiecm 
parts  of  the  vapor  are  mare  readily  condensed,  and  made  to  fall  dawn  and  Sow  back  S(u 
iolo  the  body  of  the  still,  while  the  spirituous  parts  pass  off  at  top  to  the  worm,  it  a  m] 
high  state  of  rectification. 

After  (he  water  employed  for  the  refrigeration  has  passed  over  all  the  boio,  asd 
through  all  the  vessels,'  it  is  carried  oil'  by  tbe  pipe  m,  through  the  vessel  a,  calM  the 
Wash-heater  ;  that  is,  the  vessel  in  which  the  wash  is  placed  previous  to  introdadag  il 
into  the  still.  The  pipe  m,  is  coiled  round  in  the  tower  pari  of  (he  vessel  ■,  in  ndff 
that  (he  heated  water  may  coimnuuicate  its  caloric  to  the  wash,  instead  of  hislig  ike 
beat  by  allowing  the  water  to  flow  away.  Afler  the  heated  water  has  made  Kienl 
turns  round  the  wash  heater,  it  passes  out  at  the  curved  pipe  0,  which  is  bcatnf^ii 
order  to  keep  the  coils  of  the  pipe  within  always  full  of  water. 

Instead  of  the  coiled  pipe  n,  last  described,  Ihe  patentee  propose*  KWetimes  to  [•■ 
the  hot  water  into  a  chamber  in  a  tub  or  wooden  vessel,  isatniinjSg.  ]06l,ia  whichlhe 
wash  to  be  heated  occupies  the  upper  pari  of  the  vessel,  and  is  separated  from  the  kni 
part  by  a  thin  metallic  partition. 

Tbe  *wan-neck  A,/gi.  1064  and  1065,  which  leads  from  (he  head  orthesti]I,aidHa 
(he  spirit  from  (he  Mill  through  the  wash-beater,  where  it  beennet  p«niallyeoi>M,Nl 
givOL  out  its  heat  In  Ihp  wnEh  -  nnd  from  lli>-ni-»  th. 


Should  any  spirit  rise  in  the  wash-heater  during  the  above  operatton,  it  wDl  be  wnid 
down  to  the  worm  by  the  neckp,  and  coiled  pipe,  and  discharged  at  it*  kiwer  e^  i  «>■ 
nuy  be  passed  into  the  still-head,  as  shown  in^.  1062. 

A  patent  wat  obtained  by  Mr,  Xneu  Coffey,  in  Augu^  1830,  for  a  still,  «rtich  la* 
been  tiaee  mounted  in  sereral  distilleries.  It  is  economical  in  fbel,  labor,  aid  lim^  ^ 
ia  *aid  not  to  pntdace  a  clean  spirit,  without  pecaliar  attention. 

Tbe  apparatu*  is  represented  in  jlr.  I06T.  e,b,  e,d,  is  a  lectional  view  of  that  piit 
of  the  still  wherein  the  walh  is  deprived  of  its  alcohol,  and  the  vapors  analyied.  It  il 
described  a*  consiiting  of  a  chamber  or  vcskI  a,  with  the  vertical  ehsmber  i,  c, 
placed  above  it ;  the  lower  half  of  this  chamber  is  divided  into  compartment)  by  horitat- 


leading  ■  passage  ihrougfaoDi  the 
whole  of  them,  by  which  any 
liijnid  falling  on  (he  lop  plate  - 
my  descend  into  Ihe  next  oiid«r 
il,  and  Trom  that  to  the  IbinI,  and 
won,  fVom  plale  to  plate,  at  the 
lltemile  end«,  until  il  arrives 
Ihe  last  plate,  nherein  il  /alls  il 
Ihe  Tessel  o,  by  the  pipe  f ;  ci 
of  thne  plale*  is  Curni^hed  w 
seieral  lighl  valies,  opening  up. 
wards,  Ifarough  which  any  steam 
OrTBpor  may  ascend;  il  may  also 
be  perfDraled  with  holefi,bul  they 
must  aol  be  so  nuroeroas  o 
lir^e  as  to  Bllon-  or  all  ibe  st 
pasBinff  through  them  wilhoul 
raising  th«  valves ;  c  ts  a  pipe  by 
which  the  alcoholic  vapor,  alleT 
il  has  been  anatyxed,  and  has  neqnired  the  proper  slrenglh,  is  conducted  into  Ihe  vessel 
J,  which  is  made  pcrreclly  close;  the  vapor  will  here  be  condensed  on  the  snrface  of 
Ihe  pipe  g,  g,  g;  from  this  elmmber  it  uiU  de!cend  In  n  liquid  stale  into  Ihe  pipe  h, 
whence  it  may  be  condocteil  lo  a  worm  or  refi-ireralrr,  to  be  cooled  in  the  ordinary  way ; 
i  a  a  vessel  Ihrough  which  the  spent  wash  flows,  nftcr  bein?  operaled  upon  in  the  dift- 
tilling  apparstas,  and  is  discliai^cd  in  a  stale  of  ebullition )  j  is  a  vessel  or  chamber  con- 
taining Ihe  wash  to  be  dislilieii.  A  force  pump  may  be  snbstiluled,  lo  force  Ihe  wash 
tlirooirh  Ihe  pipes  k,  and  di«lilling  apparalus,  with  Ihe  velocily  required. 

The  palenlee  ftale?  that  it  is  requisite  the  wasli  should  be  passed  through  the  pipe  k 
with  suHicient  velocily  and  force, so  as  to  prevenl  the  deposilion  ofsedimenl  in  Ihe  pipe; 
Ihe  wash,  in  its  passii;e  Ihrough  Ihc  pipe  k,  will  eradualiy  become  increased  in  lempera- 
lure  as  il  passes  through  the  spent  wa«h  in  Ihe  chamber,  and  the  close  vessel  d,  unlil  it 
is  discharged  nearly  at  ihe  boilins  point  on  llie  upper  plate  in  Ihe  chamber,  where  it 
comn  in  contact  with  Ihe  vapors  arising  from  ihe  vrisel  a,  ' 

Il  ts  lo  be  ol>served  thai  ihe  wort  does  not  reach  llie  boilini:  point  while  In  the  pipe  Jt,)c,- 
to  Mcertain  whicl^  a  thermometer  is  plneei'  on  Ihe  pipe,  and  by  increasing  or  diminisb- 
ing  Ihe  quantity  of  wash,  iis  icmpemiure  may  he  re?alatert.  The  wash,  after  beint 
discharged  from  the  pipe  k,  descends  from  plnlc  In  plnle  ns  before  mentioned,  at  which 
lime  a  supply  of  steam  fiom  a  boiler,  or  generator,  is  odmilled  into  the  apparatus,  throi^h 

The  lower  part  of  this  pipe  in  the  vessel  a  is  pierced  with  a  number  of  small  holes, 
BO  as  lo  spread  the  steam  over  the  vessel ;  il  then  rises  upward*,  passing  Ihron^h  the 
plale  by  the  small  holes  and  valves,  and  through  the  stratum  or  sheet  of  wash  flowing 
over  them  ;  Ihe  wafdi,  as  il  descends,  gives  out  a  portion  of  its  alcohol  to  Ihe  steam,  as 
il  passes  over  every  plate,  anlil  it  is  entirely  deprived  of  its  spirit,  whicb  it  will  gene- 
tally  do  by  the  time  it  arrives  al  the  Tth  or  Sih  plale;  but  it  is  belter  to  employ  a  greater 
number,  to  ifuard  against  accidents  or  nerieit. 

A  amall  steam  pipe  riaea  from  the  chamber  a,  with  ill  upper  end  opening  into  the 
boi  or  chamber;  into  this  chamber  Ihe  end  of  a  worm  projecis  from  the  cistern  of  eoM 
Water ;  the  aleam  rising  up  Ihe  pipe  is  nearlv  all  condensed  in  tbe  worm,  and  Hows  back 
mto  the  chamber  a,  by  Ihe  pipe.  The  small  porlion  of  the  steam  uneondcnaed  i« 
allowed  lo  escape  at  the  upper  end  of  Ihe  worm,  and  Ihe  Hame  of  a  amall  lamp  or  taper 
it  lo  be  constantly  kept  over  Iheorilleei  when,  shonid  Ihe  least  qnanlily  of  alcohol 
descend  wilh  Ihe  wash  into  the  chambw  o,  it  arill  rise  with  the  sleam  through  the  pipe 
and  worm,  and  immediately  lalie  firs  from  the  flame  of  the  lamp  or  taper,  thereby  warn, 
■ng  Ihe  attendant  to  increase  the  supply  of  steam  or  diminish  the  qtianlity  of  wa«h,  bs 
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I  ib«U  coadiide  Ibis  inicle  with  a  descriptifm  of  Ih«  cheap  (till  whirh  u 
employed  by  the,  chemiau  in  Berlin  Air  reciiTiiag  alcohol,    a  is  the  uh-pit ;  b,  the 

fln-place;   c,  e,  Ike 

Ban,  which  go  rji- 

lallj  round  Ihe  udet 

of  the  eacurbil  d  j  t, 

the  capital,  made  of 

block   liD,  aad   fai- 

uHhei  wUh  a  hioi 

edge,  which  6ti  liiht 

lo   a    correspoodiaf 

edge  OS  the  monlh  of 

lil  /,/,  U>e  •lantiaj 

pipe*  of  the  capital ; 

f,  the  otbI  rerrigeiB- 

toTf,  made  oT  copper  i 

h,    Ihe    wateT-|»nse 

^lasii  lube ;  i,  a  itop- 

eoek  for  emptjiaj  th« 

vessel  j    k,  ditlo  for 

drawing  off  Ihe  hot  water  from  the  jurDiec  g   I,  tube  for  the  sni'pl)'  of  coM  watei.      A 

double  cylinder  of  tin  il  placed  in  llie  tefriHtralory,  of  which  thf  oulcr  o!ie,  m,  m, 

stands  npon  three  feet,  and  is  (lirnished  wilh  a  discharge  pipe  n.     The  inner  ob^ 

0,0,  which   is  open   above,  receive*   cold  wale r  through  Ihe   pipe  p,  and   lets  the  warm 

water  Row  off  throuch  (he  rhori  tube  q  into  Ihe  rrfrieeralory.    tn  the  narrow  space  be< 

tween  the  tno  cylinders,  Ihe  vapors  proceeding  from  the  capilal  are  eondeni«d,  and  pMs 

off  in  the  liquid  state  through  n.    The  refrigeratory  h  made  oval,  in  order  lo  receive 

two  condensers  iloniMide  of  each  other  in  the  line  of  Ihe  longer  axis ;  though  only  one, 

and  that  in  the  middle,  is  represented  in  the  Gsure. 

CTOCKING  MANUFACTURE.    See  HobJeiv. 

STONE  is  earthy  mailer,  condensed  into  so  hard  a  slate  as  to  yield  only  lo  the  blowt 
of  a  hammer,  and  therefore  well  adapted  to  Ihe  purposes  of  baildiog.  Sach  was  Ike 
care  of  the  ancients  lo  provide  strong  and  dnrable  Oialerials  for  their  public  edifices,  that 
bat  for  Ihe  desolating  hands  of  modern  barbarians,  in  peace  and  in  war,  most  of  Ike 
temples  and  other  public  monumenle  of  Greece  and  of  Rome  would  have  remained  per- 
fect at  Ihe  present  day,  uninjured  by  the  elemenls  duiine  2000  years.  The  conliail,  a 
this  respect  of  Ihe  works  of  modern  architects,  especially  in  Great  Britain,  is  ray 
hnmiliBling  to  those  who  boast  so  loudly  of  social  advancemeni ;  for  there  is  scarcely  a 
public  building  of  recent  dale,  which  will  be  in  exislence  one  thousand  yean  heace. 
Many  of  Ihe  most  splendid  works  of  modern  arcliileclare  are  hastening  lo  decay,  in  what 
may  be  justly  called  the  very  infancy  of  their  existence,  if  compared' with  the  dale  of 
those  erected  in  ancient  Italy,  Grrece,  and  Eiypt.  This  is  remarkably  the  case  with  ike 
three  bridges  of  London,  Westminsler,  and  Blackfriarsj  Ibc  foundations  of  which  Inn 
to  perish,  most  visibly  in  Ihe  very  lifetime  of  their  eonslnictors.  Ever;  stone  iatcKM 
for  a  duiable  edifice,  ought  to  be  tested  as  to  its  durability,  by  immersion  in  a  satuilal 
solution  of  sulphate  of  soda,  and  ejpoiure  during  some  days  to  the  air.  The  crystalU- 
zalion  which  ensues  in  its  iolerioi,  will  cause  the  same  disintegration  of  its  sahslanee 
which  fiost  would  occasion  in  a  series  of  years. 

STONE,  ARTIFICIAL,  for  statuary  and  other  decorations  of  HtehilFciort,  has 
been  made  for  several  years  with  singular  success  at  Berlin,  hy  Mr.  Feilner.  Hi* 
tcaterials  are  nearly  the  same  wilh  those  of  English  potter}' ;  and  the  plulic  mMi  a 
fashioned  either  in  moulds  or  by  hand.  His  kilns,  wbich  are  peculiar  in  form,  and 
economical  in  fuel,  deserve  to  be  generoLy  known.  J^igi.  1069  and  1070  represent  hb 
round  kiln  i  Ji^.  1069  being  an  oblique  section  in  Ihe  line  A,  n,  c,  of  Jig.  1070,  which  is 
a  ground  plan  in  Ihe  line  d,  a,  b,  r.,  of  ^g.  1069.  The  inner  circular  space  c,  eov«d 
with  the  eUiplical  arch,  is  filled  with  [he  figures  to  be  baked,  set  upon  brick  rapports. 
The  hearth  is  a  few  feel  above  the  ground  ;  and  there  are  steps  before  the  door  4,  Ibr 
the  workmen  to  mount  by,  in  charging  the  kilo.  The  fire  is  applied  on  the  Ibnr  ude* 
under  Ihe  hearth.  The  Same  of  each  passes  along  the  straight  nuee/i,/t,and/fc.  In 
the  second  annular  flue  g,  g,  as  also  in  the  Ihird  I,  {,  the  flame  of  eadi  fire  is  kept  ajiart, 
being  separated  from  the  adjoining  by  Ihe  stones  h  and  m.  In  Ihe  fourth  flue  a,  the 
flames  again  come  together,  as  also  in  o,  and  ascend  by  the  middle  opening.  Beiidea 
this  large  orifice,  there  are  several  small  holes,  p,  p,  in  the  hearth  over  the  above  flne^ 
lo  lead  the  flames  (him  the  other  points  into  contact  with  the  various  articles.  ThtK 
are  also  channels,  q,  q,  in  the  sides,  enclosed  by  thin  walh,  r,  lo  promote  Ihe  e^juaUe 
listribution  of  the  heal ;   and  these  are  placed  right  over  the  first  fire-fluei  «.    The 
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faitilioDS  r,  ue  perforated  wilh  nmaj  holes,  Ihrough  which,  m  w«n  a*  from  their  tops, 

Ihe  flame  tatj  be  directed  iawirdi  and  downwards ;  i  are  the  vents  fur  carryin;  off  the 

1069  1070 


flnmei  into  the  a|iper  space  u,  w 
by  iron  damper-platet,  puelied  ir 
Tor  obtervini;  the  iiate  oT  ikdjik 
up.    Fig.  lOTl  ii 


I  is  usually  left  empty.  Theae  vents  can  be  cIoKd 
nugh  the  side-sUts  of  the  dome.  I,  I,  are  peep-hole*. 
n  ihe  fucnacei  but  Ihef  are  moet  cotnmonly  bricked 
nai  fig.  1072,  a  plan  of  an  exeeUenI  kiln  for  bi " 


for  the  above  puri>i>se,  or  for  burning  of  bricks.  .  .  .  _ 
lower  I  B,  the  middle  ;  c,  tbe  opperkiln  ;  and  t,  the  hood, 
teTminstins  in  (he  chioine]' ;  a,  a,  is  the  ash-pit ;  b,  b,  Ibe 
vault  for  rakin;  oal'lhe  ashes ;  it  is  covered  wilh  an  iron 
door  e.  d,  is  Ihe  peep-hole,  filled  with  a  clay  stopper ;  *, 
is  the  lirc-placej  /,/,  a  vent  in  the  middle  of  each  arch; 
g,  g,  flues  al  the  tides  of  the  archei,  sitaaled  between  Ihe 
two  Gre-plaees )  A,  i,  k,  are  apertures  for  introducing  Ihe 
aiticlel  lo  be  baked  t  I,  a  grate  for  the  fire  in  the  upper- 
mo»t  kiln;  m,  the  ash-piti  a,  the  fire-door;  o,  open- 
in  gg  Ihrongh  which  the 
fiamn  of  a  second  fire 
■re  thrown  in.  At  first, 
only  Ihe  gronnd  kiln  *, 
is  Sred,  wilh  cleR  billets 
of  pine-wood,  introduced 
at  Ibe  opening  e;  when 
Ibis  is  finished,  (he  se- 
cond is  lired ;  and  then 
(he  (bird,  in  like  man 
ncr.  This  kiln  ii  Terr 
like  the  porcelnin  kiln  oi 
SSvrea,  and  is  employed 
in  many  places  for  ha. 
kinR 


Mr.  Keene  obtained  a  patent,  abonl  a  year  a;0|  for  makinfl  a  faclitious  stone-paste  in 
tbe  foKowinE  way  :— He  dissolves  one  pound  t^  alam  in  a  gallon  of  water,  and  in  Ibis 
solution  he  soaks  eijrhly-foor  pounds  of  Rypsnm  calcined  in  small  lumps.  He  exposes 
these  lumps  in  the  open  air  6r  about  riebl  days,  till  Ihey  become  apparently  dry,  and 
Ihen  calcines  them  in  an  oven  ■(  a  doll-red  heal.  The  waste  heat  of  a  coke  oven  is  well 
adapted  Tor  this  purpose.  (See  Pitcoal,  coeino  of.)  These  lumps  being  ground  and 
siAed,  aifurd  a  fine  powder,  which,  when  mafle  op  into  a  paste  wilh  the  proper  quantity 
of  water,  forms  the  petrifying  gronnd.  The  mass  soon  concretes,  and  after  being  brushed 
over  with  a  thin  layer  of  Ihe  pelrif>ine  paste,  may  be  polished  wilh  pumice,  &.C.,  in  Ihe 
nsual  way.  It  then  affords  a  body  of  Kreat  compactness  and  durability.  If  half  a  poand 
of  copperas  be  added  to  the  Rolnlion  of  the  alum,  (he  gypsnm  paste,  irealed  aa  above,  baa 
a  fine  cream  or  yellow  color.    This  slone  stands  the  weather  well. 

STONEWARE.    (Fayntt,  Tr. i  SltiagiU,  Gtim.)    See  Pottebv. 

SrORAX,  STYRAX,  flows  from  the  twigs  and  the  irunk  of  the  LupHdambtr  ityraei. 
flma,  a  tree  which  grows  in  Louisiana,  Virginia,  and  Mexico.  Liquidamber,  at  this  >«• 
sin  is  also  called,  is  a  brown  or  a*ta-;(i«y  sobsunce,  ot  Ibe  conustence  of  turpentine, 
which  dries  up  rapidly,  has  an  agreeable  smell,  like  benzoin,  and  a  bitterish,  sharp, 
burning  taste.    It  dnsolvei  in foor parls oT  alcohol,  and  affords  1-4  per  ci   ■   "'"         " 


t.  of  bcnaoie 
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STOVE  (PotU,  Cakrifirt,  Tx. ;  0/in,  Gtrm.),  \t  a  flre-phce,  more  or  l»s«  doM,  Tor 

warmiog  Bpartmenti,  When  it  nllons  Ihe  barnin;  coals  to  be  sen),  il  is  callFd  ■  slate- 
gme.  HitherlD  stores  have  rarelyilieen  had  recourse  to  in  this  country  for  healing  oar 
sitting-rooiDa  ;  the  cheerTol  blaze  and  ventilation  of  an  open  fire  bein;;  geoeralij  prefer- 
red. Bnt  last  vinter,  b;  its  inclemencj',  gave  birth  to  a  vait  m'lllitade  of  projects  for 
increasing  wanntb  and  economizing  fuel,  many  of  Ihem  eminently  insalabriaas,  by  pre- 
venting due  renewal  of  the  air,  and  by  Ibe  introduction  of  nojjous  fumes  into  iu  When 
coke  19  burned  very  slowly  in  an  iron  box,  Ihe  carbonic  acid  gas  which  is  generated, 
being  half  as  heavy  again  as  the  atmospherical  air,  cannot  a^end  in  the  chimney  al  t^ 
temperature  of  ZW"  K. ;  but  regurgilales  into  the  apaTlment  tbrouEh  every  pore  of  Ibe 
stove,  and  poisons  the  atmosphere.  The  large  stoneware  slaves  of  France  and  Genunr 
are  free  frpm  this  vice  \  because,  being  fed  with  fuel  from  Ihe  ouUidr,  they  cannot  pro- 
dace  ■  reflux  of  carbonic  acid  into  ihe  aparlmeut,  when  their  draught  becomes  feeble,  u 
inevitably  resulls  from  the  obscurely  burning  sloves  which  have  ihe  doors  of  tbe  fire-place 
and  ash-pit  immediately  above  Ihe  heqrih-slone. 

1  have  recently  performed  some  careful  experimenls  upon  this  snbjeel,  and  find  that 
when  the  fuel  is  burning  so  slowly  in  the  slove  as  not  to  heal  the  iron  sarface  above  Ihe 
290lh  or  300th  degree  of  Fahr.,  Ihere  is  a  constant  deflui  of  carbonic  acid  pas  from  Ihe 
ash-pit  into  the  room.  This  noiious  emanalion  is  most  easily  evinced  by  applying  Ihe 
beak  of  a  matrass,  conlainjni;  a  litlle  Gonlard's  eilraci  (solulion  of  subacetaie  of  lead), 
to  a  round  bote  in  the  door  of  Ihe  ash-pit  of  a  slnve  in  this  languid  stale  of  combnslkn. 
In  a  few  seconds  the  liquid  will  become  milky,  by  Ihe  receplion  of  carbonic  acid  gas.  I 
shall  be  happy  to  aflbrd  ocular  demonstration  of  this  fact  to  any  incredolons  votaiy 
9f  the  pseudD-economical,  an ti-veo Illation  aloves,  now  so  much  in  vognc.  There  is  ao 
mode  in  which  the  health  and  life  of  a  person  can  be  placed  in  more  iusidions  jeopardy, 
than  by  silling  in  ■  room  with  its  chimney  closed  ap  with  such  a  choke-damp-vooiliBg 

Thai  fuel  may  be  consumed  by  an  obscure  species  of  combustion,  with  the  rmissioD  af 
very  Httte  heal,  nas  dearly  shown  in  Sir  M.  Davy's  Rueardif  on  Flanu.  •'  The  faeti 
detailed  on  insensible  combustion,"  says  he,  "  explain  why  so  mncb  more  heat  is  ohtaiaed 
from  fuel  when  jl  is  burned  quickly,  than  slowiyj  and  Ihey  show  that,  in  all  cases,  Ihe 
temperature  of  Ihe  acting  bodies  should  be  kepi  as  high  as  possible  ;  not  only  becaose 
the  general  increment  of  heal  is  greater,  but  likewise  because  those  combinations  are 
prevented,  which,  at  lower  temperalnres,  lake  place  without  any  considerable  producUoD 
of  heat.  These  facts  likewise  indicate  the  source  of  the  great  error  into  which  eipeii- 
mealers  hate  fallen,  in  estimating  the  heat  given  oat  in  the  combustion  of  charcoal  i  aid 
they  indicate  methods  by  which  the  temperalure  may  be  increased,  and  the  limits  U 
certain  melhods."  These  conclusions  arc  placed  in  a  strong  practical  light  by  the  foUow- 
iug  simple  experiments: — I  set  upon  the  lop  oriGce  of  a  small  cylindrical  stove,  a  benti- 
pherical  copper  pan,  containing  six  pounds  of  water,  al  60°  F.,  and  bained  briskty  nnder 
it  three  and  a  half  pounds  of  coke  in  an  hnur;  at  the  enJ  of  which  lime,  fonr  and  a  hiC 
pounds  of  water  were  boiled  off.  On  burning  the  same  weight  of  coke  almelf  a  lit 
same  furnace,  mounted  by  the  same  pan,  in  the  course  of  twelve  hours,  litlle  more  Iha 
one  half  the  quantity  of  water  was  exhaled.  Yet,  in  the  first  ca^,  Ihe  aerial  pmdiiets 
of  combustion  swept  so  rapidly  over  the  botim  cf  Ihe 
1073  pan,  as  to  communicale  to  il  not  more  than  one  roinh  d 

Ihe  effective  heal  which  might  have  been  obtained  br  oae 
of  the  plans  described  in  the  article  Evapohatio!!  ;  while 
in  the  second  case,  these  prodacti  moved  at  least  twelve 
limes  more  slowly  across  the  bottom  of  the  pan,  and  oatU 
Iherefore  to  have  been  so  much  the  more  eSeclive  in  eva- 
poration, had  they  possessed  the  fame  power  or  quaitity 
of  heat. 

Stoves,  when  properly  eonatructed,  may  be  Anpleyed 

bolh  safely  and  advantageously  to  heat  entrance-halb  npcu 

Ihe  ground  story  of  a  hoase;  but  care  shoukl  be  taken  aol 

to  vitiate  [he  air  by  passing  il  over  ignited  aarfaces,  as  is 

Ihe  case  with  must  of  Ihe  patent  stoves  now  foL'ttni  upon 

the  public.    Fig.  1073  exhibits  a  vertical  section  of  a 

stove  which  has  been  recommended  for  power  and  ecoaa- 

my;  bnt  it  is  highly  objection  able,  as  being  apt  to  Morvh 

the  air.     The   flame   of  the   fire   a,   circulalra   noad 

the  horixontal  pipes  of  cast-iron,  b,  b,  e,  e,  d,  d,  i,  t, 

which  receive  the   exlemat   air   at  the  orifice  ^  a*d 

conduci  il  up  through  lbs  series,  till  il  isanes  highly  heated  at  e,  I,  and  nay  be  thence 

conducted  wherever  it  ia  wanted.    The  amohe  escapes  Ihrongh  the  chimaey  t.     This 

■love has  evrdenlljr  two  prominent  faults;  first,  it  heats  the  air-pipea  ver;  onequallri 
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r  too  much ;  secondly,  Ihe  air,  by  the  lime  il  has  ascended  through 
the  zigzag  range  (o  (he  jiipe  (  t,  will  be  nearly  of  the  same  lemperalure  with  it.  Bod  will 
therelbre  abstract  none  of  [ts  heat.  Thug  the  upper  pipet,  if  there  be  sereniliii  tht  range, 
will  be  i]aite  inoperative,  wasting  their  warmth  open  the  loofy  air. 

Fig.  1074  exhibit!  a  IrensTersG  verlieal  lecLon  of  a  Tar  mnre  Konomical  and  powerful 
stove,  in  which  the  above  evil*  are  avoided.  The  products  of  combuGiion  of  the  fire  a, 
rise  Dp  between  ivo  brick  walls,  lo 
as  to  play  npon  the  bed  of  tiles  i, 
where,  aRer  commanicating  a 
moderale  heat  to  the  series  of  sUnl- 
in«  pipes  whose  areas  are  represent- 
ed by  (he  small  circles,  a,  a,  they 
lum  to  the  right  and  len,and  ciicn- 
late  round  the  successive  rows  of 
pipes  bb,cc,ild,rf,  and  finnlly  es- 
cape at  the  bottom  by  the  flues  g,  g, 
puraning  a  somewhat  similar  path  to 
that  of  the  burned  air  among  a 
bench  of  gas-light  retorts.  It  is 
known,  that  two  thirds  of  the  fuel 
have  been  Eaved  in  the  gas-works  by 
this  distrtbation  ofthe  furnace.  For 
the  puriwse  of  heating  Bpartmcnts, 
the  ?reat  object  is  lo  supply  a  vast 
body  of  genial  air;  and,  therefore, 
merely  saeh  a  moderate  Sie  should 
be  kept  up  in  a,  as  will  suffice  lo 
warm  all  the  pipes  prelly  equably  to 
F  are  laid  with  a  slight  slope,  are  open 
upper  in  a  common  main  pipe  or  tuD- 


the  temperature  of  220°  Fahr. ;  and,  indeed,  at 

lo  the  air  at  their  under  end«,  and  terminate  a  , .  .. , ., 

nel,  Ihey  ean  hardly  be  rendered  very  kot  by  any  inlemperonce  of  firing,  1  c 
recommend  this  slove  to  ray  readers.  If  the  lubes  be  made  ofsloneware,  its  construction 
will  cost  very  little;  and  they  may  be  made  of  any  siie,  and  multiplied  so  as  lo  carry  off 
the  whole  cfleclive  heat  of  tlie  fuel,  leaving  merely  so  much  of  it  in  the  burned  air,  as  to 
WBil  it  fairly  up  the  chimney. 

I  shall  conclude  this  article  by  a  short  extract  of  a  paper  which  was  read  before  the 
Royal  Society,  on  the  16th  of  June,  lfl36,  upon  warmng  and  vmiilatmfi  aparlmtBlt;  a 
subject  lo  which  my  mind  had  been  particularly  turned  at  thai  time,  by  the  Director! 
of  the  Customs  Fund  of  Life  Assurance,  on  account  of  the  verj-  general  state  of  indis- 
pneilion  and  disease  prevailing  among  those  of  their  officers  (nearly  100  in  number)  en- 
gaged on  doty  in  the  Long  Room  of  the  Custom  House,  London. 

"The  symptoms  of  disorder  ejiperienced  by  the  several  gentlemen  (about  twenty  in 
nnmber)  whom  I  enamined,  out  of  a  neat  many  who  were  indisposed,  were  of  ■  yerj 
uniform  character.     The  following  is  the  result  of  my  researches  :— 

"A  sense  of  tension  or  fulness  of  the  head,  with  occasional  flushings  of  the  couo- 
tmance,  throbbing  of  the  temples,  and  lertTCO,  followed,  not  unfrequently,  with  a  coa- 
fhaion  of  ideas,  very  disagreeable  to  ofRcers  occupied  with  important  and  sometime* 
iDtncBte  calculations.  A  few  are  affected  with  unpleasant  perspiration  on  their  sides. 
The  whole  of  them  complain  of  a  remBrkable  coldness  and  languor  in  their  eitrcmiliea, 
more  especially  the  legs  and  feet,  which  has  become  habitual,  denoting  languid  cir- 
culation in  these  parts,  which  requires  to  be  eonnlerscled  by  the  application  of  wann 
flannels  on  going  lo  bed.  The  pulse  if,  in  many  instances,  more  feeble,  frequenl,  sharp, 
and  irritable,  than  it  onght  to  be,  according  to  the  natural  constitution  of  the  individuals. 
The  sensations  in  the  head  occasionally  rise  to  such  a  height,  nolwilhstanding  the  moat 
tem|>erate  regimen  of  life,  as  lo  require  cupping,  and  at  other  times  depletory  remediet. 
Codiveness,  though  not  a  uniform,  is  yet  a  prevailing  symptom. 

"  The  sameness  of  the  above  ailments,  in  upwards  of  one  hundred  gentlemen,  at  very 
various  periods  of  life,  pnd  of  various  Icmperunents,  indicates  clearly  sameness  in  the 

"  The  temperature  of  the  air  in  the  Long  Boom  ranged,  in  the  three  days  of  my  expe- 
limental  inquiry,  from  69°  to  64°  of  Fahrenheit's  scale  ;  and  in  the  Eiaminer's  Boom  it 
was  about  60°,  being  kept  somewhat  lower  by  Ihe  occasional  shutling  of  the  hot-air 
»alve,  which  ia  here  placed  under  the  control  of  Ihe  gentlemen;  whereas  that  of  the 
Long  Room  is  designed  to  be  regulated  in  the  sunk  story,  by  the  fireman  of  the  stove, 
who  seems  sufficiently  earellil  to  maintain  an  equable  temperature  amidsi  all  the  *ici», 
Mtude*  of  our  winter  weather.     Upon  the  7th  of  January,  the  temperature  of  Ihe  open 
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air  'WM  bCP;  and  on  the  lUh  it  was  only  3SP ;  yet  upon  both  days  the  thenuomets  in 

the  Long  Room  indicated  the  same  heat,  of  from  62?  to  64°. 

"  The  hot  air  discharged  from  the  two  cylindrical  stove-tunnels  into  the  Loog  Bocn 
was  at  90°  upon  the  7th,  and  at  110°  upon  the  Utb.  This  air  is  dilated,  howeTer,  aad 
disguised,  by  admixture  with  a  colujpn  of  cold  air,  before  it  is  allowed  to  escape.  The 
air,  on  the  contrary,  which  heats  the  Examioer's  Room,  undergoes  no  such  mollificatioa, 
and  comes  forth  at  once  in  an  ardent  blast  of  fully  170° ;  not  unlike  the  simoom  of  the 
desert,  as  described  by  travellers.  Had  a  similar  nuisance,  on  the  greater  scale,  existed 
in  the  Long  Room,  it  could  not  have  been  endured  by  the  merchants  and  other  visiten 
on  business :  but  the  disguise  of  an  evil  is  a  very  different  thing  finom  its  removal. 
The  direct  air  of  the  stove,  as  it  enters  the  Examiner's  Room,  possesses,  in  an  eminent 
degree,  the  disagreeable  smell  and  flavor  imparted  to  air  by  the  action  of  red-hot  iroa ; 
and,  in  spite  of  every  attention  on  the  part  of  the  fireman  to  sweep  the  stove 
apparatus  from  time  to  time,  it  carries  along  With  it  abundance  of  burned  dnsty 
particles. 

'<  The  leading  characteristic  of  the  air  in  these  two  rooms,  is  its  dryness  and  disagree- 
able smell.  In  the  Long  Room,  upon  the  11th,  the  air  indicated,  by  Daniell's  hygro- 
meter, 70  per  cent,  of  dryness,  while  the  external  atmosphere  was  nearly  saturated  with 
moisture.  The  thermometer  connected  with  the  dark  bulb  of  that  instrument  stood  at 
30°  when  dew  began  to  be  deposited  upon  it ;  while  the  thermometer  in  the  air  stood  at 
64°.  In  the  court  behind  the  Custom-house,  the  external  air  being  at  35^,  dew  was 
deposited  on  the  dark  bulb  of  the  hygrometer  by  a  depression  of  only  3°;  whereas  in 
the  Long  Room,  on  the  same  day,  a  depression  of  34°  was  required  to  produce  that 
deposition.  Air,  in  such  a  dry  state,  would  evaporate  0-44  in  depth  of  water  from  a 
cisiern  in  the  course  of  twenty-four  hours ;  and  its  influence  on*the  cutaneous  »Tiiai«iii« 
must  be  proportionably  great. 

''As  cast  iron  always  contains,  besides  the  metal  itself,  more  or  less  carbon,  sulphur, 
phosphorus,  or  even  arsenic,  it  is  possible  that  the  smell  of  air  passed  over  it  in  an 
incandescent  state,  may  be  owing  to  some  of  these  impregnations ;  for  a  quantity  of 
noxious  effluvia,  inappreciably  small,  is  capable  of  affecting  not  only  the  oUacfoiy 
nerves,  but  the  pulmonary  organs.  I  endeavored  to  test  the  air  as  it  issued  from  the 
valve  in  the  Examiner's  Room,  by  presenting  to  it  pieces  of  white  paper  moistened  wiik 
a  solution  of  nitrate  of  silver,  and  perceived  a  slight  darkening  to  take  place,  as  if  liy 
sulphurous  funics.  White  paper,  -moistened  with  sulphureted  hydrogen  water,  «as 
not  in  the  least  discolored.  The  faint  impression  on  the  first  test  paper^  may  be, 
probably,  ascribed  to  sulphurous  fumes,  proceeding  from  the  ignition  of  the  myriads  of 
animal  and  vegetable  matters  which  constantly  float  in  the  atmosphere,  as  may  beseea 
in  the  sunbeam  admitted  into  a  dark  chamber :  to  this  cause,  likewise,  the  offenflre 
smell  of  air,  transmitted  over  red-hot  iron,  may  in  some  measure  be  attributed,  as  wdl 
as  to  the  hydrogen  resulting  from  the  decomposition  of  aqueous  vapor,  always  prescat 
in  our  atmosphere  in  abundance;  especially  close  to  the  banks  of  the  Thames,  bekw 
London  Bridge. 

"  When  a  column  of  air  sweeps  furiously  across  the  burning  deserts  of  Afriei  aid 
Arabia,  constituting  the  phenomenon  called  ^imoom  by  the  natives,  the  air  beeonei 
not  only  very  hot  and  dry,  but  highly  electrical,  as  is  evinced  by  lightning  and  thaader. 
Dry  sands,  devoid  of  vegetation,  cannot  be  conceived  to  communicate  any  ncsioas  gas 
or  vapor  to  the  atmosphere,  like  the  malaria  of  marshes,  called  miasmata ;  it  is,  hcaoe, 
highly  probable  that  the  blast  of  the  simoom  owes  its  deadly,  malignity,  in  reference  to 
animal  as  well  as  vegetable  life,  simply  to  extreme  heat,  dryness,  and  electrical  distiib- 
ance.  Similar  conditions,  though  on  a  smaller  scale,  exist  in  what  is  caUed  the  beU,  a 
cockle,  apparatus  for  heating  the  Long  Room  and  the  Examiner's  apartment  in  Ike 
Custom-house.  It  consists  of  a  series  of  inverted,  hollow,  flattened  pyramids  of  east 
iron,  with  an  oblong  base,  rather  small  in  their  dimensions,  to  do  their  work  anilideatly 
in  cold  weather,  when  moderately  heated.  The  inside  of  the  pyramids  is  exposed  to 
the  flames  of  coke  furnaces,  which  heat  them  frequently  to  incandescence,  while  cnrmts 
of  cold  air  are  directed  to  their  exterior  surfaces  by  numerous  sheet-iron  chanaeU. 
The  incandescence  of  these  pyramids,  or  bells,  as  they  are  vulgarly  called,  was  proved 
by  pieces  of  paper  taking  fire  when  I  laid  them  on  the  summits.  Again,  since  air  be* 
comes  electrical  when  it  is  rapidly  blown  upon  the  surfaces  of  certain  bodies,  it  oc- 
curred to  me  that  the  air  which  escapes  into  the  Examiner's  Room  might  be  in  this 
predicament.  It  certainly  excites  the  sensation  of  a  cobweb  playing  round  the  bead, 
which  is  well  known  to  all  who  are  familiar  with  electrical  machines.  To  detcnmne 
this  point,  I  presented  a  condensing  gold-leaf  electrometer  to  the  said  current  of  hoi 
air,  and  obtained  faint  divergence  with  negative  electricity.  The  electricity  must  be 
Impaired  in  its  tension,  however,  in  consequence  of  the  air  escaping  through  an  iron 
grating,  and  striking  against  the  flat  iron  valves,  both  of  which*  tend  to  redore  the 
electric  equilibrium.    The  air  blast,  moreover,  by  being  diffused  nmnd  the  glass  of  the 
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condenser  apparatas,  would  somewhat  mask  the  appearances.  Were  it  worth  whfle»  an 
apparatus  might  he  readily  constructed  for  determining  this  point,  without  any  such 
sources  of  fallacy.  The  influence  of  an  atmosphere  charged  with  electricity  in  exciting 
headache  and  confusion  of  thought  in  many  persons,  is  universally  known. 

*^  The  fetid  hurned  odor  of  the  stove  air,  and  its  excessive  avidity  for  moisture,  are  of 
themselves,  however,  sufficient  causes  of  the  general  indisposition  produced  among  the 
gentlemen  who  are  permanently  exposed  to  it  in  the  discharge  of  their  puhlic  duties. 

'^  From  there  being  nearly  a  vacuum,  as  to  aqueous  vapor,  in  the  said  air,  while  there 
is  nearly  a  plenum  in  the  external  atmosphere  round  about  the  Custom-house,  the  vicissi- 
tudes of  feeling  in  those  who  have  occasion  to  go  out  and  in  frequently,  must  be  highly 
detrimental  lo  health.    The  permanent  action  of  an  artificial  desiccated  air  on  the  an* 
mal  economy  may  be  stated  as  follows  : — 

"  The  living  body  is  continually  emitting  a  transpirable  matter,  the  quantity  of  which, 
in  a  grown  up  man,  will  depend  partly  on  the  activity  of  the  cutaneous  exhalants,  and 
partly  on  the  relative  dryness  or  moisture  of  the  circumambient  medium.  Its  average 
amount,  in  common  circumstances,  has  been  estimated  at  20  ounces  in  twenty-four 
hours. 

"  When  plunged  in  a  very  dry  air,  the  insensible  perspiration  will  be  increased ;  and,  as 
it  is  a  true  evaporation  or  gasefaciion,  it  will  generate  cold  proportionably  to  its  amount. 
Those  parts  of  the  body  which  are  most  insulated  in  the  air,  and  furthest  from  the 
heart,  such  as  the  extremities,  will  feel  this  refrigerating  influence  most  powerfully. 
Hence  the  coldness  of  the  hands  and  feet,  so  generally  felt  by  the  inmates  of  the  apart- 
ment, though  its  temperature  be  at  or  above  60^.  The  brain,  being  screened  by  the 
scull  from  this  evaporating  influence,  will  remain  relatively  hot,  and  will  get  surcharged, 
besides,  with  the  fluids  which  are  repelled  from  the  extremities  by  the  condensation, 
or  contraction,  of  the  blood-vessels,  caused  by  cold.  Hence  the  affections  of  the  head, 
such  as  tension,  and  its  dangerous  consequences.  If  sensible  perspiration  happen,  from 
debility,  to  break  forth  from  a  system  previously  relaxed,  and  plunged  into  dry  air,  so 
attractive  of  vapor,  it  will  be  of  the  kind  called  a  cold  clammy  sweat  on  the  sides  and 
back,  as  experienced  by  many  inmates  of  the  Long  Room. 

''  Such,  in  my  humble,  apprehension,  is  a  rationale  of  the  phenomena  observed  at  the 
Custom-house.  Similar  effects  have  resulted  from  hot-air  stoves  of  a  similar  kind  in 
many  other  situations. 

'^  After  the  most  mature  physical  and  medical  investigation,  I  am  of  opinion  that  the 
circumstances  above  specified  cannot  act  permanently  upon  human  beings,  without  im- 
pairing their  constitutions,  and  reducmg  the  value  of  their  lives.  The  Directors  of 
the  Customs  Fund  are  therefore  justified  in  their  apprehensions,  <  that  the  mode  of  heat- 
ing the  Long  Room  is  injurious  to  the  health  of  persons  employed  therein,  and  that  it 
must  unduly  shorten  the  duration  of  life.' 

*'It  may  be  admitted,  as  a  general  principle,  that  the  comfort  of  sedentary  individuals, 
occupying  large  apartments  during  the  winter  months,  cannot  be  adequately  secured  by 
the  mere  influx  of  hot  air  from  separate  stove  rooms :  it  requires  the  genial  influence 
of  radiating  surfaces  in  the  apartments  themselves,  such  as  of  open  fires,.of  pipes,  or 
other  vessels  filled  with  hot  water  or  steam.    The  clothing  of  our  bodies,  exposed  to 
such  radiation  in  a  pure,  fresh,  somewhat  cool  and  bracing  air,  absorbs  a  much  more 
agreeable  warmth  than  it  could  acquire  by  being  merely  immersed  in  an  atmosphere 
heated  even  to  62°  Fahr.,  like  that  of  the  Long  Room.    Tn  the  former  predicament, 
the  lungs  are  supplied  with  a  relatively  dense  air,  say  at  52°  Fahr. ;  while  the  external 
surface  of  the  body  or  the  clothing  is  maintained  at,  perhaps,  70°  or  75°.     This  dis- 
tinctive circumstance  has  not,  I  believe,  been  hitherto  duly  considered  by  the  stove 
doctors,  each  intent  on  puffing  his  own  pecuniary  interest ;  but  it  is  obviously  one  of 
great  importance,  and  which  the  English  people  would  do  well  to  keep  in  view ;  because 
it  is  owing  to  our  domestic  apartments  being  heated  by  open  fires,  and  our  factories  by 
steam  pipes,  that  the  health  of  our  population,  and  the  expectation  of  life  among  all 
orders  in  this  country,  are  so  much  better  than  in  France  and  Germany,  where  hot-air 
stoves,  neither  agreeable  nor  inoffensive,  and  in  endless  variety  of  form,  are  generally 
employed. 

**  In  conclusion,  I  take  leave  to  state  to  you  my  firm  conviction  that  the  only  method 
of  warming  your  Long  Room  and  subsidiary  apartments,  combining  salubrity,  safety, 
and  economy,  with  convenience  in  erection  and  durable  comfort  in  use,  is  by  a  series 
of  steam  pipes  laid  along  the  floor,  at  the  line  of  the  desk  partitions,  in  suitable  lengths, 
with  small  arched  junction-pipes  rising  over  the  several  doorways,  to  keep  the  passages 
dear,  and  at  the  same  time  to  allow  a  free  expansion  and  contrvaction  in  the  pipes,  there- 
by  providing  for  the  permanent  soundness  of  the  joints.** 

It  would  not  be  diflScult  to  construct  a  stove  or  stove-grate  which  should  combine 
economy  and  comfort  of  wanning  an  apartment,  with  briskness  of  combustion  and  durst* 
bility  of  the  fire,  without  any  noxious  deflux  of  carbonic  acid.     See  Chimkey. 
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fiTTRASS;  see  Pastes.  

STRAW-HAT  MANUFACTURE.  The  mode  of  preparing  the  Tuscsbt  or 
Italian  straw,  is  by  palling  the  bearded  wheat  while  the  ear  is  in  a  soft  milky  state,  the 
com  having  been  sown  very  close,  and  of  consequence  product  in  a  thin,  short,  and 
dwindled  condition.  The  straw,  with  its  ears  and  roots,  is  spread  ont  thinly  upon  ^he 
ground  in  fine  hot  weather,  for  three  or  fonr  days  or  more,  in  order  to  dry  the  sap ;  it 
is  then  tied  up  in  bundles  and  stacked,  for  the  purpose  of  enabling  the  heat  of  the  mow 
to  drive  off  any  remaining  moisture.  It  is  important  to  keep  the  ends  of  the  straw  air- 
tight, in  order  to  retain  the  pith,  and  prevent  its  gummy  particles  from  passing  off  by 
evaporation. 

AAer  the  straw  has  been  about  a  month  in  the  mow,  it  is  removed  to  a  meadow  and 
spread  out,  that  the  dew  may  act  upon  it,  together  with  the  sun  and  air,  and  promoCe 
the  bleaching,  it  being  necessary  frequently  to'  turn  the  straw  whUe  this  process  is  going 
on.  The  first  process  of  bleaching  being  complete,  the  lower  joint  and  root  is  imlled 
from  the  straw,  leaving  the  upper  part,  fit  for  use,  which  is  then  sorted  according  to 
qualities ;  and  after  being  submitted  to  the  action  of  steam,  for  the  purpose  of  extracting 
its  color,  and  then  to  a  fumigation  of  sulphur,  to  complete  the  bleaching,  the  straws  are 
in  a  condition  to  be  platted  or  woven  into  hats  and  bonnets,  and  are  in  that  state  impoitcd 
into  England  in  bundles,  the  dried  ears  of  the  wheat  being  still  on  the  straw. 

Straw  may  be  easily  bleached  by  a  solution  of  chloride  of  lime,  and  also  by  snlplniring. 
For  the  latter  purpose,  a  cask  open  at  both  ends,  with  its  seams  papered,  is  to  be  set 
upright  a  few  inches  from  the  ground,  having  a  hoop  nailed  to  its  inside,  aboat  six 
inches  beneath  the  top,  to  support  another  hoop  with  a  net  stretched  across  it,  upon 
which  the  straw  is  to  be  laid  in  successive  handfuls  loosely  crossing  each  other.  The 
cask  having  been  covered  with  a  tight  overlapping  lid,  stuffed  with  lists  of  cloth,  a 
brasier  of  burning  charcoal  is  to  be  inserted  within  the  bottom,  and  an  iron  dish  con- 
taining pieces  of  brimstone  is  to  be  put  upon  the  brasier.  The  brimstone  soon  takes 
fire,  and  fills  the  cask  with  sulphurous  acid  gas,  whereby  the  straw  gets  bleached  ia  the 
course  of  three  or  four  hours.  Care  should  be  taken  to  prevent  such  a  violent  combostiai 
of  the  sulphur  as  might  cause  black  burned  spots,  for  these  cannot  be  afterwards  removed. 
The  straw,  after  being  aired  and  softened  by  spreading  it  upon  the  grass  for  a  night. 
is  ready  to  be  split,  preparatory  to  dyeing.  Blue  is  given  by  a  boiling-hot  solution  of 
indigo  in  sulphuric  acid,  called  Saxon  blue,  diluted  to  the  desired  shade ;  yellow,  by  de- 
coction of  turmeric ;  red;  by  boiling  hanks  of  coarse  scarlet  wool  in  a  bath  of  weak  ahm 
water,  containing  the  straw ;  or  directly,  by  cochineal,  salt  of  tin,  and  tartar.  Btacfl 
wood  and  archil  are  also  employed  for  dyeing  straw.  For  the  other  colors,  see  their  re- 
spective titles  in  this  Dictionary. 

STRETCHING  MACHINE.  Cotton  goods  and  other  textile  fabrics,  either 
white  or  printed,  are  prepared  for  the  market  by  being  stretched  in  a  proper  macfcifi^ 
which  lays  all  their  warp  and  woof  yarns  in  truly  parallel  positions.  A  very  ingenjoa 
and  effective  mechanism  of  this  kind  was  made  the  subject  of  a  patent  by  Mr.  Samoel 
Morand,  of  Manchester,  in  April,  1834,  which  serves  to  extend  the  width  of  calico  ^eeea, 
or  of  other  cloths  woven  of  cotton,  wool,  silk,  or  flax,  after  they  have  become  shrank  m 
the  processes  of  bleaching,  dyeing,  &c.  I  regret  that  the  limits  of  this  volume  wQI  not 
admit  of  its  description.  The  specification  of  the  patent  is  published  in  Newton's  Jour- 
nal, for  December,  1835. 

STRONTIA,  one  of  the  alkaline  earths,  of  which  ttroniium  is  the  metallic  basiiy 
occurs  in  a  crystalline  state,  as  a  carbonate,  in  the  lead  mines  of  Strontian  in  Argyk- 
shire,  whence  its  name.  The  sulphate  is  found  crystallized  near  Bristol,  and  in  seveiil 
other  parts  of  the  world ;  but  strontitic  minerals  are  rather  rare.  The  pure  earth  is 
prepared  exactly  like  baryta,  from  either  the  carbonate  or  the  sulphate.  It  is  a  grayiU^ 
white  powder,  infusible  in  the  furnace,  of  a  specific  gravity  approaching  that  of  baryta, 
having  an  acrid,  burning  taste,  but  not  so  corrosive  as  bar}'ta,  though  sharper  than  Ihae. 
It  becomes  hot  when  moistened,  and  slakes  into  a  pulverulent  hydrate,  dissolves  in  150 
parts  of  water  at  &f,  and  in  much  less  at  the  boiling  point,  forming  an  alkaline  solutioa 
called  strontia  water,  which  deposites  crystals  in  four-sided  tables  as  it  cools.  These 
contain  68  per  cent,  of  water,  are  soluble  in  52  parts  of  water  at  ^,  and  in  about  2 
parts  of  boiling  water ;  when  heated  they  part  with  53  parts  of  water,  but  retain  the 
other  15  parts,  even  at  a  red  heat.  The  dry  earth  consists  of  84*55  of  base,  and  15-45 
of  oxygen.  It  is  readily  distinguished  from  baryta,  by  its  inferior  solubility,  and  by  its 
soluble  salts  giving  a  r^  tinge  to  flame,  while  those  of  baryta  give  a  yellow  tinge,  floo- 
iflicic  acid  and  iodate  of  soda  precipitate  the  salts  of  the  latter  earth,  but  not  those  of  the 
former.  The  compounds  of  strontia  are  not  poisonous,  like  those  of  baryta.  The  only 
preparation  of  strontia  used  in  the  arts  is  the  Nitrate,  which  see. 

STRYCHNIA  is  an  alkaline  base,  extracted  from  the  Strychto$  nux  fsomica,  Strydtmm 
ignatia,  and  the  Upas  lienU ;  which  has  been  employed  in  medicine  by  some  of  tha 
poison  doctors,  but  is  of  no  use  in  any  of  the  arts.    When  introduced  into  the  stomach, 
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■trrehnk  acts  willi  feuful  Mkergr,  eaiuin^  lock-jaw  unmBdiatelr,  Kod  tbe  death  oC  the 

inlmal  in  a  very  tbort  lime.  Half  a  grain,  Uowd  iDto  Ihe  throat  of  a  rabbil,  provM 
falat  in  five  minules. 

STUCCO.    See  Gttich. 

SUBERIC  ACID,  Is  preraied  hj  digeetiag  grated  coll  with  niDic  acid.  It  fonns 
crislals,  whicR  sublime  in  white  vapora  when  healed.    . 

SUBLIMATE,  is  any  solid  matter  reiultin;  fioiu  condensed  vapbra,  and, 

SUBLIMATION,  is  the  proceai  by  which  the  voUlile  particles  are  raised  by  heal, 
and  condensed  into  •  crystalline  mass.     See  Calcuel  and  Sal-aumoniac,  for  eum- 

SUBSALT,  is  a  salt  in  which  the  base  U  not  saturated  with  acid:  aa  subacetate  of 
lead. 

SUCCINIC  ACID,  ^cid  of  ambtr  (jicidt  juccinijut,  Fr. ;  BtnaUiiuaiin,  Germ.),  ii 
obtained  by  distilling  coarsely  pounded  amber  in  a  retort  by  itself,  witb  a  heat  gradually 
raised  ;  or  mined  with  one  Iveldh  of  its  weight  of  sulphuric  acid,  diluted  with  half  its 
weight  of  water.  The  acid  which  sublimes  is  to  be  dissolved  in  hot  water,  to  t>e  satura- 
ted trith  potassa  or  soda,  boiled  with  bone  black,  to  remove  the  foul  empyreumalic  oily 
tnaller,  filtered,  and  precipitated  by  nitrate  of  lead,  lo  eonveit  il  into  an  insoluble  succi- 
nate! which  being  washed,  is  lo  be  decomposed  by  the  equivalent  quantity  of  sulphuric 
and.  Pure  succinic  acid  forms  transparent  prisms.  The  succinate  of  ammonia  is  an 
eieellent  reagent  for  detecting  and  separating  iron. 

SUGAB(Siifrt,  Fr.;  ZucAer,  Cierm.),  is  liie  sweet  eonsfltaent of  rcgetable  and  animal 
products.  It  may  bedistingui^edinlo  two  principal  species.  The  first,  nhich  occurs  in 
the  sugar-cane,  the  beel-rool,  and  tbe  maple,  crystallizes  in  oblique  four-sided  prism^ 
termtnaled  by  two-sided  sutnmils;  it  has  a  sweetening  poiver  which  ma;  be  represented 
by  100;  and  in  ciicuoipolarization  it  bends  the  luminous  rajs  lo  the  right.  The  second 
occurs  ready  formed  in  ripe  grapes  and  other  fruits  \  it  te  also  produced  by  Ircaljng 
Starch  witb  diastase  or  sulphuric  acid.  This  species  forms  cauliflower  concretions, 
bnt  not  ime  crystals;  it  has  ■  sweetening. power  which  may  be  represented  by  60,  and 
in  circumpolarlzalion  it  bands  the  rays  lo  the  left.  Sesides  these  two  principal  kinds 
of  sugar,  some  olhera  are  distinguished  by  ehemisls  ;  as  the  sugar  of  milk,  of  manna,  of 
certain  mushrooms,  of  liquorice-rool,  and  that  obtained  from  saw-dust  and  glue  by 
Ihe  action  of  sulphuric  acid ;  but  they  have  no  importance  in  a  manufacluring  point  of 

Sugar,  eilracted  either  from  the  cane,  the  beet,  or  the  maple,  is  identical  in  its  pro- 
perties and  composition,  when  refined  lo  the  same  pilch  of  parity  ;  only  that  of  the  beet 
Mems  to  surpass  the  other  two  in  cohesiye  force,  since  la^er  and  firmer  crystals  of  it  are 
obtained  from  a  clarified  solution  of  equal  density.  It  contains  5-3  percent,  of  combined 
water,  which  can  be  separated  only  by  uniting  il  with  ojyde  of  lead,  into  what  has  been 
called  a  saccharate ;  made  by  mixing  sirup  with  finely  ground  litharge,  and  evaporating 
the  mixture  lo  dryness  upon  a  sleam-bath.  When  sugar  is  exposed  lo  a  heat  of  400" 
P.,  it  melts  into  a  bitiwn  paily  man,  but  still  retains  its  water  of  composition.  Gogar 
Outs  fused  is  no  longer  eapable  of  eryslaltizalion,  and  is  called  caramel  by  the  French. 
Il  is  used  for  coloring  liqueurs.  Indeed,  sugar  is  so  susceptible  of  change  by  heal,  that 
ifa  colorless  solution  of  it  be  exposed  for  some  lime  lo  the  temperature  of  boiling  wa- 
ter, il  becomes  brown  and  partially  ancryslallizable.  Adds  eiercise  such  an  injuriooi 
iafinence  upon  sugar,  that  oner  remaining  in  contact  with  il  for  a  little  while,  though 
they  be  rendered  thoroughly  neutral,  a  great  part  of  the  sugar  will  refase  lo  crystallize. 
Thas,  if  three  parts  of  oxalic  or  tartaric  acid  be  added  lo  sugar  in  solution,  no  erya- 
tali  of  sugar  can  be  obtained  by  evaporation,  even  thoagb  the  acids  be  ncntralizBd 
by  chalk  or  carbonate  of  lime.  By  boiling  cane  sugar  with  dilute  sulphuric  acid,  it  it 
changed  into  starch  sugar.  Hanufaclurers  of  sugar  should  be,  therefore,  particularly 
watchful  against  every  actdnloos  taint  or  impregnation.  Nitric  acid  convens  sugar  into 
oxalic  and  malic  acids.  Alkaline  matter  is  likewise  most  detrimental  lo  the  grain  of 
sugary  as  is  always  evinced  by  the  large  quantity  of  molasies  formed,  when  an  excess  of 
lemper  lime  has  been  used  in  clarifying  the  juice  of  the  cane  or  tbe  beet.  When  one 
piece  of  lump  sugar  is  rubbed  against  another  in  the  dark,  a  phosphorescent  light  ii 
Outted. 

Sngar  is  soluble  in  all  proportions  in  water  j  bat  it  lakes  fbui  parts  of  spirits  of  wine, 
of  spec.  grav.  O'BSO,  and  eighty  of  absolute  alcohol,  lo  dissolve  il,  both  being  at  a  boiling 
lemperalure.  As  the  alcohol  cools,  it  depoailea  the  sagar  in  smaQ  crystals.  Carameliaed 
and  nncryslallinble  sugar  dissolves  readily  in  alcohol.  Pure  sngar  is  unchangeable  in 
Qeoir,  even  when  disaolved  in  a  good  deal  of  water,  if  the  solution  be  kept  eovered  and 
ia  the  dark ;  bul  with  a  very  small  addition  of  gluten,  the  aolalion  toon  begins  lo  fer- 
ment, whereby  the  sugar  is  decomposed  into  alcohol  and  carbonic  acid,  and  ultimatelT 

Sugar  fonu  f*i*iiiifBl  eoinpoand*  with  tbe  nlifiable  bates.    It  diswlve*  rea^y  in 
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caustic  potash  ley,  whereby  it  loses  its  sweet  taste,  and  affords  on  eraporation  a 
which  is  insoluble  ii\  alcohol.    When  the  ley  is  neutralized  by  sulphuric  acid,  the 
recovers  its  sweet  taste,  and  may  be  separated  from  the  sulphate  of  potash  by  aloohQl,  but 
it  will  no  longer  crystallize. 

That  sirup  possesses  the  property  of  dissolving  the  alkaline  earths,  lime,  magnesk, 
strontites,  barytes,  was  demonstrated  long  ago  by  Mr.  Ramsay  of  Glasgow,  by  experi- 
ments published  in  Nicholson's  Journal,  voldme  zviii.  page  9,  for  September,  1807.  He 
foand  that  sirup  is  capable  of  dissolving  half  as  much  lime  as  it  contains  of  sugar ;  aad 
as  much  strontites  as  sugar.  Magnesia  dissolved  in  much  smaller  quantity,  and  barytes, 
seemed  to  decompose  the  sugar  entirely.  These  results  have  been  since  oonfinned  by 
Professor  Daniell.  Mr.  Ramsay  characterized  sugar  treated  with  lime  as  weak,  from  its 
sweetening  power  being  impaired;  Irom  its  solution  he  obtained,  after  some  time,  a 
deposite  of  calcareous  carbonate.  M,  Pelouze  has  lately  shown,  that  the  carbonic  add 
in  this  case  is  derived  from  the  atmosphere,  and  is  not  formed  at  the  expense  of  the  ele- 
ments of  the  sugar,  as  Mr.  Daniel]  had  asserted. 

Sugar  forms  with  oxyde  of  lead  two  combinations ;  the  one  soluble,  the  other  insoltt- 
ble.  Oxyde  of  lead  digested  in  sirup  dissolves  to  a  certain  amount,  forms  a  yellowisb 
liquor,  which  possesses  an  alkaline  reaction,  and  leaves  after  evaporation  an  unciystalli- 
zable,  viscid,  deliquescent  mass.  If  sirup  be  boiled  with  oxyde  of  lead  in  excess,  if  the 
solution  be  fittered  boiling  hot,  and  if  the  vial  be  corked  in  which  it  is  reodved, 
white  bulky  flocks  will  fall  to  its  bottom  in  the  course  of  24  hours.  This  componnd  is 
best  dried  in  vacuo.  It  is  in  both  cases  light,  tasteless,  and  insoluble  in  cold  and  boiliDg 
water ;  it  takes  fire  like  German  tinder,  (Amadou,)  when  touched  at  one  point  with  aa 
ignited  body,  and  burns  away,  leaving  small  globules  of  lead.  It  dissolves  in  acids,  aid 
alsd  in  neutral  acetate  of  lead,  which  forms  with  the  oxyde  a  subsalt,  and  sets  the  sugar 
free.  Carbonic  acid  gas  passed  through  water,  in  which  the  above  saccharate  is  diffuMd, 
decomposes  it  with  precipitation  of  carbonate  of  lead.  It  consists  of  58-26  parts  cif  oxyde 
of  lead,  and  41-74  sugar,  in  100  parts.  From  the  powerful  action  exercised  upon  sugar 
by  acids  and  oxyde  of  lead,  we  may  see  the  fallacy  and  danger  of  using  these  chemical 
reagents  in  sugar-refining.  Sugar  possesses  the  remarkable  property  of  dissolving  the 
oxyde,  as  well  as  the  subacetate  of  copper,  (verdigris,)  and  of  counteracting  tbeir  poison- 
ous operation.  Orfila  found  that  a  dose  of  verdigris,  which  would  kill  a  dog  in  an  boar 
or  two,  might  be  swallowed  with  impunity,  provided  it  was  mixed  with  a  considerable 
quantity  of  sugar.  When  a  solution  of  sugar  is  boiled  with  the  acetates  of  copper,  it  caosei 
an  abundant  precipitateofprotoxyde  of  .copper;  when  boiled  with  the  nitrates  c^  mercury 
and  silver,  or  the  chloride  of  gold,  it  reduces  the  respective  bases  to  the  metallic  state. 

The  following  Table  shows  the  quantities  of  Sugar  contained  in  Sirups  of  theannoed 
specific  gravities.*    It  was  the  result  of  experiments  carefully  made. 


Ezp«riniental  specific  gn- 

Sugar  in  100,  by 

BzperimeBtal  epeciflc  gra- 

S«gmriiil(»,ly     1 

Tity  of  wlution  at  60"  F. 

weight. 

vity  of  eolotion  at  60°  F- 

wci^ 

1-3260 

66-666 

1-1045 

25000 

1-2310 

50000 

1-0905 

21-740 

M777 

40-000 

1-0820 

20-000 

1-4400 

33-333 

1-0685 

16-666           1 

1-1340 

31-250 

1-0500 

12-500 

1-1250 

29-412 

1-0395 

10-000 

1-1110 

26-316 

If  the  decimal  part  of  the  number  denoting  the  specific  graTity  of  sirup  be  multiidiei 
by  26,  the  product  will  denote  very  nearly  the  quantity  of  sugar  per  gallon  in 
weight,  at  the  given  specific  gravity  .f 

Sugar  has  been  analyzed  ^  several  chemists;  the  following  Tablb  ediibiis 
their  results  ^« 


Gay  LiiBsao 
and  Thenard. 

BerzeliOB. 

Front. 

Tire. 

Oxygen,      -    - 
Carbon,    ... 
Hydrogen,  -    - 

56-63 

42-47 

6-90 

49-856 

43-265 

'      6-875 

53-35 

39-99 

6-66 

50-33 

43-38 

6-29 

in  100. 

*  The  author,  in  minntea  of  evidence  of  Mdaasee  Committee  of  the  Hoaie  of  Comaona,  lOl,  p.  141 
t  Thi«  rale  was  annexed  to  an  extenaive  table,  repreaenting  the  qnantitiea  of  angar  per  faOoo  eovraai 

iag  to  the  apecific  gnvitiea  of  the  airup,  oonatnicted  by  the  aathor  for  the  Ezdav,  in  aabaernaacgr  to 

Beet-root  Bill. 
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Of  tt<  imfar  com,  aad  t)u  extraOion  ef  ntfor  /ram  ii. — HlDDboldt,  afler  the  tnost 
eUlwrate  hiitorical  and  botsnicail  researcbel  In  the  New  WorJd,  baa  arnved  at  the  con- 
clusion tbat  before  Aoieriea  wu  discoTcred  by  the  Spaniaids,  the  inhabitanta  uT  that 
continent  aad  itae  adjacefil  islands  were  ealirely  unacquainted  nith  the  auger  canes,  with 
auf  of  our  earn  plants.  Bud  with  rice.  The  progrettiTS  diffiuion  of  the  cADe  has  been 
'!liu  traced  out  by  I  he  partisans  of  its  oriental  origin.  From  the  interior  of  Asia  it  «■• 
Iraniplanted  Grit  into  Cyprua,  and  thence  into  Sicily,  or  possibly  by  the  Saracens  di- 
rectly into  the  latter  island,  in  which  a  lar^  qnsatily  of  in^ar  was  uanuractured  ia 
■he  year  1 148.  Lafilnu  relates  the  donalion  made  by  William  the  Second,  kin|[  of  Sicily, 
to  the  convent  of  SU  Benoit,  of  a  mill  for  cruBhing  sugar  canes,  along  with  all  its  privi- 
Inea,  worltown,  and  dependencies  :  which  remarkable  giA  bears  the  date  of  1166.  Ae- 
cordiag  to  this  aulhor,  the  sugar  cane  must  have  been  imported  into  Europe  at  the 
period  of  (he  Crusades.  The  monk  Albertus  Aquensis,  in  the  description  which  he  hn« 
given  of  the  prucetses  employed  at  Acre  and  at  Tripoli  (o  extract  sugar,  says,  ihnt  in 
the  Holy  Land,  the  Christian  soldiers  being  short  of  proTiiions,  had  recourse  la  sugar 
canes,  which  they  cheired  for  subsistence.  Towards  the  year  1420,  Dom  Henry,  regent 
of  Portugal,  e&nsed  the  sugar  cane  to  be  imported  into  Madeira  from  Sicily.  This  plant 
Mccceded  perEsctly  in  Madeira  and  the  Canaries;  and  until  the  diicoTery  of  America 
these  islands  supplied  Europe  trith  the  greater  portion  of  the  sugar  which  it  coa- 

Tbe  cane  is  said  by  some  to  baTe  passed  IVom  the  Canaries  into  the  Brazils ;  but  by 
oUiers,  from  the  coast  of  Angola  in  Africa,  where  the  Portu)caese  had  a  sugar  colony. 
It  was  transported  in  1B06,  from  the  Brazils  and  the  Canaries,  into  HispanloU  or  Hayti, 
■here  several  crushing-mills  were  constructed  in  a  short  lime.  It  would  appear, 
moreover,  from  the  statement  of  Peler  Martyr,  in  the  third  book  of  his  first  Decade, 
written  during  the  second  eipedilion  of  Christopher  Columbus,  which  happened  between 
M93  and  1495,  that  eTen  at  this  date  the  cultivation  of  the  sugar  cane  was  widely  spread 
ii  St.  Domingo.  It  may  therefore  be  supposed  to  have  been  introduced  here  by  Co- 
lumbus himself,  al  his  first  voyajte,  along  with  other  productions  of  Spain  and  the  Canaries, 
■nd  ihal  its  cultimtion  had  come  into  considerable  activity  at  the  period  of  his  second 
eipedilion.  Towards  the  middle  of  the  17fh  century,  ihe  sugar  cane  was  imported  into 
Birbadoes  from  Brazil,  then  into  the  other  Eni^lish  West  Indian  possessions,  into  the 
^nish  Islands  on  the  coa^t  of  America,  into  Mexico,  Peru,  Chile,  and,  last  of  all.  Into 
the  French,  Dutch,  and  Danish  colonies. 

The  sugar  cane,  Anado  lacthnTiftra,  is  a  plant  of  the  graminirerons  family,  which 
varies  in  height  from  8  to  10,  or  even  to  20  feet.  Its  diam'eter  is  about  aa  inch  and  a 
half;  its  stem  is  dense,  brittle,  and  of  a  green  hue,  which  verges  to  yellow  at  Ihe  approach 
ofmaturily.  Ilisdividedbyproraineulannularjointsof  a  whitish-yellow  color,  the  plane 
of  which  is  perpendicular  to  the  axis  of  Ihe  stem.  These  joints  are  placed  about  3 
inches  apart ;  and  send  forth  leaves,  which  fall  olT  with  the  ripening  of  the  plant.  The 
leaves  are  3  or  4  feel  long,  Sal,  straight,  pointed,  from  1  to  2  inches  in  breadth,  of  a  sea- 
freen  lint,  striated  in  their  length,  allernale,  embracing  the  stem  by  their  base.  They 
are  marked  along  their  edges  with  almost  imperceptible  teeth.  In  the  lllh  or  ] 2th 
month  of  their  growth,  the  canes  push  forth  at  Ihcir  top  a  sprout  7  or  8  feel  in  height, 
nearly  half  an  inch  in  diameter,  smooth,  and  without  joints,  lo  which  the  name  orrow  is 
given.  This  rs  terminated  by  an  ample  panicle,  about  2  feet  long,  divided  into  seveni 
knotty  ramifications,  composed  of  very  numerous  flowers,  of  a  while  color,  apelaloue, 
ami  furnished  with  3  stamens,  the  anthers  of  which  are  a  lilOe  oblong.  The  rools  of 
the  sugar  cane  are  jointed  and  nearly  cylindrical!  in  diameter  they  are  alwnt  one 
tweirib  of  an  inch;  in  their  ulmost  length  I  foot,  prcscnling  over  their  surface  a  few 
short  radicles. 

The  Blem  of  the  cane  in  tts  ripe  slate  is  heavy,  very  smooth,  brittle,  of  a  yellowish- 
violet,  or  whitish  color,  according  to  the  variety.  Il  is  filled  with  a  fibrous,  spongy, 
dirty.wliite  pith,  which  contains  very  abunilBut  sweet  juice.  This  juice  is  elaborated 
separately  in  each  internodary  portion,  Ihe  funclions  of  which  ere  in  Ibis  respect  inde- 
pendent of  the  portions  above  and  below.  The  cnne  may  be  propagated  by  Seeds  or 
bnds  with  equal  facility;  but  it  is  usually  done  by  cnttings  or  joints  of  proper  lengths, 
from  15  to  20  inches,  in  proportion  to  the  nearness  of  the  joints,  which  are  generallj 
Ufcen  from  the  tops  of  the  canes,  just  below  the  leaves. 

There  are  several  varieties  of  the  sugar-cane  plant.  The  first,  and  longest  known,  ii 
the  Creole,  or  common  sugar  cane,  which  was  originally  introduced  al  Madeira.  It 
grows  freely  in  every  region  within  the  tropics,  on  a  moist  soil,  even  at  an  elevation  of 
3000  teel  above  the  level  of  the  sea.  In  Mexico,  among  the  mountains  of  Candina- 
M»MB,  il  IS  cultivated  to  a  height  of  more  than  5000  feet.  The  quantity  and  quality  oT 
sigir  which  it  yields,  is  proportional  lo  the  heat  of  the  place  where  it  grows,  provided  it 
be  ut  too  moist  and  marihjr. 
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llie  second  variety  of  this  plant  in  the  Otaheitan  cane.  It  was  introdaeed  islo  tbe 
West  Indies  about  the  end  of  the  18th  century.  This  variety,  stroii«er,  taUcr,  vidi 
longer  spaces  between  the  joints,  quicker  in  its  growth,  and  much  more  productife  is 
sugar,  succeeds  perfectly  well  in  lands  which  seem  too  much  impoverished  to  f^row  tke 
ordinary  cane.  It  sends  forth  shoots  at  temperatures  which  chill  the  grotrth  and  develop' 
ment  of  the  Creole  plant.  Its  maturation  does  not  take  more  than  a  year,  and  isscoom* 
plished  sometimes  in  nine  months.  From  the  strength  of  its  stem,  and  the  woodisess  of 
its  fibres,  it  better  resists  the  storms.  It  displays  a  better  inflorescence,  weigbs  i  tkiid 
more,  adcrds  a  sixth  more  juice,  and  a  fourth  more  sugar,  than  the  common  variety.  lis 
main  advantage,  however,  is  to  yield  four  crops  in  the  same  time  that  the  Creole  cue 
yields  only  three.  Its  juice  contains  less  feculency  and  mncilage,  whence  its  mguk 
more  easily  crystallized,  and  of  a  fairer  color. 

Besides  these  two  varieties,  another  kind  is  described  by  Humboklt  and  BooplaBd, 
under  the  name  of  the  violet  sugar-cane,  for  its  haum  and  leaves  are  of  this  color.  It 
was  transported  from  Batavia  in  1782.  It  Aowers  a  month  sooner  than  the  rest,  tkit 
is,  in  August,  but  it  yields  less  solid  sugar,  and  more  liquid,  both  of  which  have  i  violet 
tint. 

In  saying  that  the  cane  may  be  propagated  by  seeds  as  well  as  buds,  we  most  reuifc 
that  in  all  the  colonies  of  the  New  World,  the  plant  flowers,  indeed,  but  it  then  tends 
forth  a  shoot  (arrow),  that  is,  its  stem  elongates,  and  the  seed>vessel  proves  abortive. 
For  this  reason,  the  bod<joints  must  there  be  used  for  its  propagation.  It  grows  to  teed, 
however,  in  India.  This  circumstance  occurs  with  some  other  plants,  which,  wkea  pro- 
pagated by  their  roots,  cease  to  yield  fertile  seeds ;  such  as  the  banana,  the  bresdfnit, 
the  lily,  and  the  tulip. 

In  the  proper  season  for  planting,  the  ground  is  marked  out  by  a  line  into  rovs  Uffte 
or  four  feet  asunder,  in  which  rows  the  canes  are  planted  about  two  feet  apart.  The 
series  of  rows  is  divided  into  pieces  of  land  60  or  70  feet  broad,  leaving  spsces  of 
about  20  feet,  for  the  convenience  of  passage,  and  for  the  admission  of  sod  ud  tir 
between  the  stems.     Canes  are  usually  planted  in  trenches,  aboni  6  or  8  inches  dee^ 
made  with  the  hand>hoe,  the  raised  soil  being  heaped  to  one  side,  fy  eovering-in  tk 
young  cane ;   into  the  holes  a  negro  drops  the  number  of  cuttings  intended  to  be 
inserted,  the  digging  being  performed  by  other  negroes.    The  eaith  is  thes  dnn 
about  the  hillocks  with  the  hoe.    This  labor  has  been,  however,  in  many  idaees 
better  and  more  cheaply  performed  by  the  plough;   a  deep  furrow  being  inade,iBto 
which  the  cuttings  are  regularly  planted,  and  the  mould  then  properly  tamed  ii. 
If  the  ground  is  to  be  aAerwards  kept  clear  by  the  horse-hoe,  the  rows  of  csm> 
should  be  5  feet  asunder,  and  the  hillocks  2|  feet  distant,  with  only  one  cane  left  ia 
one  hillock.    AAer  some  shoots  appear,  the  sooner  the  horse-hoe  is  used;  the  Dore  will 
the  plants  thrive,  by  keeping  the  weeds  under,  and  stirring  up  the  soil.    Piant-euei 
of  the  first  growth  have  been  known  to  yield,  on  the  brick-mould  of  Jamiiea,  io  voy 
fine  seasons,  2|  tons  of  sugar  per  acre.    The  proper  season  for  pbnting  the  esse  slip^ 
containing  the  buds,  namely,  the  top  part  of  the  cane,  stripped  of  its  leaves,  tsd 
the  two  or  three  upper  joints,  is  in  the  interval  i>etween  August  and  thebeginut^" 
November.    Favored  by  the  autumnal  weather,  the  young  plants  become  Imnud 
enough  to  shade  the  ground  before  the  dry  season  sets  in ;  thereby  keepiof  tbe  roots 
cool  and  moderately  moist.    By  this  arrangement  the  creole  canes  are  ripe  for  the  miU 
in  the  beginning  of  the  second  year,  so  as  to  enable  the  manager  to  finish  his  crop  early 
in  June.    There  is  no  greater  error  in  the  colonist  than  planting  canes  at  an  imiioper 
season  of  the  year,  whereby  his  whole  system  of  operations  becomes  disturbed,  and,  iii 
certain  degree,  abortive. 

The  withering  and  fall  of  a  leaf  afford  a  good  criterion  of  the  maturity  of  the  eal^ 
joint  to  which  it  belonged ;  so  that  the  eight  last  leafless  joints  of  two  canes,  v^"!* 
cut  the  same  day,  have  exactly  the  same  age  and  the  same  ripeness,  though  ^^^jj^ 
canes  be  15  and  the  other  only  10  months  old.  Those,  however,  cut  towaids  the«w« 
the  dry  season,  before  the  rains  begin  to  fall,  produce  better  sugar  than  those  ent  in  the 
rainy  season,  as  they  are  then  somewhat  diluted  with  watery  juice,  and  require  moreen^ 
poration  to  form  sugar.  It  may  be  reckoned  a  fair  average  product,  when  one  ponnd  of 
sugar  is  obtained  from  one  gallon  (English)  of  juice. 

Rattoons  (a  word  corrupted  from  r^eitona)  are  the  sprouts  or  suckers  that  spring"^ 
the  roots  or  stoles  of  the  canes  that  have  been  previously  cut  for  sugar.  They  arc 
commonly  ripe  in  12  months ;  but  canes  of  the  first  grovrth  are  called  planl-canci,  being 
the  direct  produce  of  the  original  cuttings  or  germs  placed  in  the  ground,  and  reqnif^  a 
longer  period  to  bring  them  to  maturity.  The  firsi  yearly  return  from  the  'W*»J*** 
are  cut  over,  are  called  first  rattoons ;  the  second  year's  growth,  second  nttooos;  asdio 
on,  according  to  their  age.  Instead  of  stocking  up  his  rattoons,  holing,  and  P^^ 
the  land  anew,  the  planter  suflers  the  stoles  to  continue  in  the  ground,  and  eoaiew 
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UduU*,  u  Iha  Hne-Beldi  become  [hin  atid  impoTerltlied,  whh  snpplfimi  tbe  Tsnot  placn 
with  frafli  plinU.  By  these  means,  and  vith  Ibe  aid  of  mannre,  the  produce  or  ingar 
per  acre,  if  not  apparently  equal  to  that  fiom  planl-caaes,  fives  peihapi  in  the  long  run 
»  ^eal  reLurai  lo  the  owner,  eousiderin;  the  relative  proponioa  of  the  labor  aod  expenss 
mending  the  diftVreDl  gyslems.  The  commaa  riehljDg  an  proper  land,  such  ai  the  nd 
mil  orTrelaimey,  in  Jamaica,  is  T  hr^sheads,  of  16  cwti.  each,  to  10  acrea  of  rattooDS  ent 
Binually  i  and  such  a  planlalion  laMi  from  6  to  10  yean. 

When  the  planted  canes  are  ripe,  they  are  cut  close  above  the  ground,  by  aa  obliqae 
sectioa,  into  lei^ths  ofS  or  4  IVel,  and  Iransparted  in  bundles  to  the  miU-hoose.  If  th* 
roots  be  then  ent  off,  a  few  inches  beloir  the  lurface  of  the  soil,  and  covered  up  with  fine 
monld,  ihey  will  push  forth  mare  prolific  offsets  or,  rattooas,  than  when  left  projecting  in 

Tbe  Gml  machinea  employed  to  squeeze  the  canes,  orere  mills  similar  to  those  which 
serve  lo  crush  apples  in  some  cider  districts,  or  somewhat  like  tan-mills.  la  tbe  centre 
of  a  circular  area,  of  about  T  or  8  feel  in  diameter,  a  vertical  heavy  wheel  was  made  to 
revolve  on  its  edge,  by  allachin;  a  horse  lo  a  cross  beam  projecting  horizontally  from 
it,  and  making  it  move  in  a  circular  path.  The  cane  pieces  were  strewed  on  the  some- 
irtial  concave  bed  in  the  path  of  the  wheel,  and  the  juice  expressed  flowed  away  through 
•  channel  or  gutter  in  the  lowest  part.  This  machine  was  tedions  and  naprodnetive. 
It  was  replaced  by  the  vertical  cyll  idcr-mill  of  Gonzales  de  Velosa ;  which  has  continaed 
tilt  modern  timei,  with  little  variation  of  eitemal  Ibmi,  but  is  now  generally  suporseded 
by  the  sug&r-mill  with  horizontal  cylinder. 


Specificatioa  of,  and  Obitrvationi  Oi 
Horizontal 

Fig.  1076.  Frontelevation  of  the  entire  mill.  Fig.  1076.  Horitonlal  plaa.  Fig.  1077. 
End  elevation.  Fig.  1073.  Diagram,  showing  the  dispositions  of  the  feeding  and  ddirering 
rollers,  feediikg  board,  returner,  and  delivering  board. 

Fig.  107B.  *,  1,  solid  foundation  of  masonry]  a,  b,  bed  plate;  c,  c,  headstocks  oi 
standards  I  D,liuua  shal\  (seen  only  in ^g.  1076)  ;  e,  intermediate  shafl;  r,  r,  pluramer- 
hlocks  of  main  shafl  d  (seen  only  in  fig.  1076);  h,  driving  pinion  on  the  fly-wheel 
shall  of  engine  1  i,  first  motion  mortise  wheel  driven  by  the  plnionj  K,  second  motion 
pinion,  on  the  same  shall ;  l,  second  motion  mortise-wheel,  on  the  main  shaA  ;  u,  brayt 
of  wood,  holding  the  plummer-blocks  for  shafl  t>;  H,  wroaght-iron  straps  connecting  the 
brays  to  tbe  standards  c,  c  i  o,o,  regulating  screws  for  thebrmysi  r,  top  roller  and  gudgeons ; 
%  and  >,  the  lower  or  feeding  and  delivering  rollers  j  s,  clutch  for  the  connexion  of  the 
side  of  lower  rollers  it  and  a,  to  the  main  shad  (seen  only  in  Jig.  IOT6y ;  t,  t,  Ibe  drain 
gullersof  the  mill-bed  (seen  only  in ^g.  iOTS). 

The  same  letter*  of  reference  are  placed  respectively  on  tbe  tame  parts  of  the  mil)  in 
each  o{fig>.  1076,  1076,  and  1077. 

The  relative  diiposilion  of  the  rollers  is  shown  in  the  di>gram,j1g.  10T8,  in  which  aT» 
the  lop  roller ;  ■,  the  feeding  roller ;  c,  the  delivering  roller;  d,  the  returner  ;  z,ttaefeed 
b<«rd  ;  r,  the  delivering  board. 

The  rollers  are  made  two  inches  and  a  quarter  to  two  inehes  and  a  half  tbielt, 
and  ribbed  in  the  centre.  The  feeding  and  delivering  rollen  have  small  flanges  at 
their  ends  (as  shown  in  Jig.  1076),  between  which  the  top  roller  is  placed ;  these  kngei 
prevent  the  pressed  canes  or  begass  from  working  into  the  mill-bed.  The  feeding  and 
lop  rollers  are  generally  fluted,  and  sameiimes  diagonally,  enabling  them  tbe  better  lo 
seize  the  canes  from  the  feed-board.  It  is,  however,  on  the  whole,  considered  belter  to 
Rule  the  feeding  roller  only,  leaving  the  lop  and  delivering  rollers  plane  ;  when  the  top 
mller  is  fluted,  it  should  be  very  slightly,  for,  aRer  the  work  of  a  few  weeks,  its  surftc<- 
becomes  sufficiently  roa^h  lo  bile  the  canes  effectively.  The  practical  disadvantage  of 
fluting  tbe  delivering  rolleni,  is  in  the  grooves  carrying  round  a  portion  of  liqnor,  whielt 
is  speedily  absorbed  by  the  spongy  begass,  as  well  as  in  breaking  the  began  itsdf,  and  lhn» 
causing  great  waste. 

The  feed  board  is  now  generally  made  of  cast  iron,  and  i»  placed  at  a  eonaidersMo- 
inclination,  to  allow  the  canes  lo  slip  the  more  easily  down  to  the  rollers.  The  retarner- 
is  also  of  cast  iron,  serrated  on  the  edge,  to  admit  the  free  flowing  of  the  liquor  lo  th« 
mill-bed.  The  eoncave  returner,  formerly  used,  was  pierced  with  holes  lo  drain  off  thtt- 
liqnor,  but  it  had  the  serious  disadvantage  of  the  holes  choking  up  with  the  splinters  of. 
the  ane,  and  ha«  therefore  been  discard^.  Tbe  delivering  board  i*  of  cast  iron,  &tt«d 
dose  to  the  roller,  to  detach  any  bega«s  that  may  adhere  to  it,  *ad  oUierwia*  mix  w«i^, 
the  liqnor. 
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In  Demenra,  Saritiam,  Cayeime^  and  the  allavial  diBtriet  of  TMnidad,  it  it  wnl  to 
attach  to  the  mill  a  liquor-pomp,  with  two  barrels  and  three  aiyustmentt  ofttnke.  Hub 
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is  worked  from  the  gudgeon  of  the  top  roller.  In  action,  the  liquor  from  the  gutter  of 
the  mill-bed  runs  into  the  cistern  of  the  pump,  and  is  raised  by  the  pump  to  the  fvtttr 
which  leads  to  the  clarifieir  or  coppers.  Such  pumps  have  brass  barrels  and  coppg^ 
charging  pipes,  are  worked  with  a  yery  slow  motion,  and  require  to  be  carefhlly  t^sem 
to  the  quantity  of  liquor  to  be  raised,  which,  without  such  precaution,  is  either  not driws 
off  sufficiently  quick,  or  is  agitated  with  air  in  the  barrels,  and  delivered  to  the  gutter  m 
a  state  of  fermentation. 

In  working  this  mill,  the  feeding  roller  is  kept  about  half  an  inch  distantfioin  t^^fP? 
roller,  but  the  delivering  roller  is  placed  so  close  to  it,  as  to  allow  the  begass  to  psss  tfanogK 
unbroken. 

The  practice  with  this  mill  is  to  cut  the  sugar  canes  into  short  lengths  of  ilK«t 
three  feet,  and  biiag  them  to  the  mill  tied  up  in  small  bundles ;  there  the  fteder  vaaM 
them,  throws  them  on  the  feed  board,  and  spreads  them  so  that  they  mty  cross  ettf 


■nd  deIiT«ria$  rollerg,  Ihey  receire  Ibe  fioal  pressure,  anil  ore  mined  out  on  Ibe  Diill-floor, 
while  the  liquor  mns  bnck  and  falls  into  the  miU-bed.  Tfae  bei^a,  then  in  the  slate  of 
pah,  tdhering  to  the  Bkin  of  the  cane,  is  tied  up  in  huadles,  and  si^er  beia;  exposed  ■ 
•hort  lime  lo  Ibf  sun,  is  finatly  $loied  ia  the  begass-housc  fur  fuel.  By  an  important 
improvement  in  ihis  stage  of  ihe  process,  receaLly  introduced,  the  begats  is  carried  to  the 
beeass-haute  by  ■  carrier  chain,  worked  by  the  engine. 

The  relative  merili  of  horizontal  and  vertical  suiiar-TDills  on  this  eonslmetion  mar  ^ 
thus  stated : — The  horizonla]  mill  is  chesjicr  in  conslruclion,  and  is  more  easily  fixed; 
the  process  of  feeding  is  performed  at  about  one  half  of  liie  labor,  and  in  ■  mach  supe- 
rior manner;  the  returner  guides  the  eanes  to  receive  the  last  pressure  more  perfeetlj; 
and  the  be^ss  ia  not  so  much  broken  a.^  in  llie  vertical  mill,  but  lefl  tolerably  entire,  lo 
aa  to  be  lied,  dried,  and  stored,  with  less  trouble  and  waste. 

The  vertical  miil  has  a  considerable  advantage,  in  being  more  easily  washed ;  and  it 
can  be  readilT  »>d  cheaply  mounted  in  wooden  framing ;  bul  the  great  labor  of  feedJDg 
Ihe  vertical  mill  renders  jl  nearly  inapplicable  lo  any  higher  power  than  thai  of  aboal 
ten  horses.  In  siiiiations  where  the  moving  power  is  a  windmill,  or  a  callle-gin,  the 
vertical  mill  may  be  preferred. 

The  scale  of  prodnce  of  such  mills  varies  according  lo  Ihe  climate  and  soil.  In  Deme- 
lara,  a  well-con struded  engine  and  mill  will  produce  about  100  gallons  of  liqiwr  per 
hour  for  each  horse  power. 

The  dimensions  of  [he  most  approved  horizontal  mills  are  the«e : — 


Ho«-p 

mtr  of  E»si<». 

LcD^h  of  R'lllcii. 

D,.«.,«ofB„ll.™. 

8 
10 
12 

/t.         in. 
4            0 
4            6 
4            8 

25 

27 
28 

The  mrface  speed  of  the  rollers  is  3-4  or  3-6  feel  per  minute ;  and  lo  provide  for  the 
varying  resistance  arising  from  irregular  feedini,  or  Ihe  accidental  crossing  of  the  canea, 
by  which  the  eni;ine  is  often  broagkl  up  so  suddenly  as  to  break  the  Hy-wheel  shaft,  il  is 
necessarf  to  make  bolb  the  shaft  and  the  By-wheel  of  unusual  strength  and  weight. 

Sugar  is  manufactured  in  the  East  InJics  by  Itro  dislinci  classes  of  peraons ;  the  ryoti, 
who  raise  the  sugar  cane,  eilract  its  juice,  and  inspissate  it  to  a  lirupy  consistence ;  and 
the  gisidart,  who  complete  the  conversion  into  sugar. 

l%e  ryofi  are  Ihe  lartziers,  or  actual  cultivators  of  Ihe  soil ;  bat,  properly  spealiii^, 
they  are  merely  peasants,  toUing  under  oppressive  landlords,  and  miserably  poof. 
After  Ihey  cut  the  canes,  iJiey  eilract  the  juice  by  one  ci  other  of  the  mde  mills  or 
mortars  presently  to  be  described,  and  boil  it  down  to  an  entire  mass,  which  is  gene- 
rally called  goor,  without  mokiBg  apy  allempi  lo  clarify  il,  or  separate  tfae  grannlaT 
cngv  liinn  the  nncrjalallizBhle  molattet.    Thii  goor  ii  of  variona  qaalities ;  one  of 
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under  Ihe  name  of  jasgtTy.  There  ii  a  CMle  in  Ceylon,  called  jaggtrKnm,  vbo 
make  eufiar  from  Ihe  produce  "l  the  Caryoln  nmu,  or  Eilal  tiee;  and  ihe  rnfo'  ii 
styled  jaggery.  Sugar  is  nol  asually  made  in  Ceylon  from  the  sngai  eane ;  bat  eilba 
from  the  juice  of  the  Kitul,  fcoin  the  Coau  mict/cra,  or  Ihe  Barxtm  JMiUi/braat  (the 
Palmyra  tree.) 
Several  sorts  of  cane  are  enltirated  in  India. 

The  CadjmUt  ffif.  1079)  is  ■  purple- coloied  cane ;  fields  a  |weeler  and  ricber  jniM 
Ihftn  the  fellow  or  li:iliI-color«d,  bul  in  less  quautilies,  and  is  h£der  to  pma.    It  fivvt 
'  in  dry  lands.    When  eaten  raw,  it  is  srimetrbat  dry  and  pithy  in  tke 

107S  mouth,  but  is  esleemed  very  gocd  for  making  tugar.  It  is  not  knowa 
to  the  West  India  planter.  Tbe  leaves  rise  from  a  pcnnt  6  feet  abore 
the  ground.  An  oblique  and  IransverM  seclion  of  the  euie  is  rcfn- 
sented  by  (be  parts  near  the  bottom  of  Ihe  fif|iiiie. 

The  Poortt  a  a  light-.calored  cane,  yellow,  inclining  to  while,  deepv 
yellow  when  ripe  and  on  rich  groand.  West  India  plantei*  coaiiiler 
it  tbe  some  soit  as  one  of  theirs.  Il  is  Botler  and  more  jnicy  tbaa  the 
preceding,  bul  the  juice  is  less  rich,  and  produeet  a  weaker  sugar.  II 
requires  seven  paru  of  pootee  juice  lo  make  al  much  goor  as  it  jot- 
duced  from  six  of  tbe  cadjoolee.  Much  of  this  cane  is  brought  to  the 
Calcutta  markel,  and  eaten  raw. 

Tbe  Cullorah  thrives  in  swampf  lands,  is  light-colored,  and  grewi 
to  a  great  height.  II;  juice  is  more  watery,  and  yield*  a  i^aker  iagar 
also  than  Ihe  cadjoolee.  However,  since  much  of  Bengal  emnsts  <£ 
low  grounds,  and  since  the  npland  canes  are  apt  lo  suffer  fitMO  dioogli^ 
it  deserves  encouraiiemenl  in  ecrtaio  loealilics. 

It  is  only  large  farms  thai  eul  an  acre  of  eane  in  >  year;  <»e  mil^ 
therefore,  and  one  sel  of  Ihe  implements  used  in  inspissatiDg  the 
juice,  although  very  rude  and  simple,  serve  for  several  fanns,  and 
generally  belong  to  some  weallhy  man,  who  lets  Ibem  oat  for  hire  lo 
his  poorer  neighbors,  the  whole  of  whom  unite  to  cleu  each  otho's 
l!eldi  by  turns ;  sn  thai  though  many  people  anil  cattle  are  rmftojel 
^ g^l^V  al  one  of  these  miserable  sets  of  works,  very  few  indeed  are  hind, 
and  Ihe  greater  pari  of  Ihe  labor  is  performed  by  the  coouDon  aoA  tf 
Ihe  farms- 

Tbe  inspissated  juice,  or  extract  of  cane,  ealini  by  the  native*  mr, 
is  of  two  kinds  ;  one  of  which  may  be  termed  cake  extract,  and  tbe 
other  pot  eilrad ;  bolh  being  oRen  denonjinaled  joggery,  a*  Amc 
•tated,  by  Ihe  English  resident*. 
One  thM  of  an  acre  of  good  land  ii  Ibe  lonlheni  diilrteti,  is  reckoned  by  tke 
farmer*  lo  pradace  18,891 
pound*  of  cane,  aod  1,151 
pounds  of  pot  etlrad.  lb 
produce  in  cake  eHraet  it 
abonl  962  pounds. 

I  shall  now  detdibe  Ike 
primitrve  mde  miD  and  boi- 
ler used  in  prepaiiM  Ihe 
extract  oT  angar  caac,  aid 
which  are  otnally  let  id  tbe 
tTDls  by  Ihe  d^f .  Tbe  sill 
in  Dinajpnr,  jSn.  1080,  ia  oa 
the  principle  oTa  peaOe  aid 
mortar.  The  peMie,  how- 
ever, does  not  beat  tbe 
canei,  bul  is  mbbed  against 
than,  as  i*  doBc  in  maoy 
chemical  tritnralioai ;  oad 
the  moving  fbrce  ii  two 
oxen.  Tbe  mortar  ts  gea^ 
rally  a  lamarhid  tree,  one 
end  at  which  it  tank  deep 
in  the  gninnd,  to  gjve  it 
fiimncM.  Tho  put  pra- 
jeeting,  a,  ■,  a,  <,  ubt 
oe  abonl  two  r«el  high,  and  a  fb«  asd  a  half  In  djaneler  j  aad  la  the  npp»  end 
n  hoUow  ia  cut,  like  the  luall  Mgnenl  of  a  sphere.     In  Ihe  centra   ef  i*i^,  ■ 
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channel  d«seendi>1fttlewirpiiipendicdlBFl7,  and  then  obliquely  to  oaeude  of  the  mortar, 
M  U»t  the  JDice,  aa  •queeied  ttom  the  cane,  nini  off,  by  metuu  or  a  apoul  b,  into 
a  tlrainer  c,  tbnini:h  wfaich  il  falls  inlo  an  eailhen  poi,  thai  aianda  io  a  hole 
d,  aoder  the  spout.  The  pettle  (,  ii  a  tree  about  18  feel  in  length,  and  I  foot  in 
diameter,  ronnded  at  its  bolldm,  vhicb  rubs  against  the  mortar,  and  vhich  is  te- 
cured  ia  iU  place  by  a  bollen  or  knob,  that  goes  into  the  channel  of  ibe  mortar. 
The  movine  force  is  applied  to  a  horizontal  beam  /,  about  16  feet  hi  lennb,  which 
turns  round  about  the  mortar,  and  is  fastened  to  it  by  a  bent  bamboo  b.  It  is 
snspended  from  the  npper  end  of  (he  pestle  bf  a  bamboo  g,  which  has  been  cut 
with  part  oT  the  root,  in  which  is  fonneJ  a  piTol  that  hanjis  on  the  upper  point  of  Ibe 
pestle.  The  eatlle  ar«  yoked  lo  the  horizontal  beam,  at  about  ten  feel  from  the  mortar, 
move  roqnd  il  in  •  circle,  and  are  driven  by  a  man,  Who  sitroa  tbe  beam,  to  increase 
the  weight  of  the  Irilntating  power.  Scarcely  any  machine  more  miserable  can  be  coo- 
eeived  ;  and  it  would  be  tolally  inelfectaal,  were  not  the  cane  cnt  inlo  thin  slices.  This 
il  a  Iroubleaome  part  of  the  operation.  TTie  grinder  sila  on  the  ground,  having  before 
him  a  baml>oa  stake,  wh[ch  is  driven  into  the  earth,  with  a  deep  notch  formed  in  its  up- 
per end.  He  passes  the  canes  gradually  through  this  notch,  and  at  the  same  time  cuts 
off  the  slices  with  a  hind  of  rude  chopper. 

The  boiUBg  apparalui  is  somewhat  belter  contrived,  and  is  placed  under  a  shed, 
though  the  mill  is  without  shelter.  Tbe  fireplace  is  a  considerable  cavity  dug  in  the 
ground,  and  covered  wilh  an  irmi  boiler  p,Jig.  1081.  At  one  side  of  this,  is  an  opening 
J,  for  throwing  in  fuel)  and  opposite  lo  this,  is  another  opening,  which  communicates 
lOBl 


with  the  horizontal  flue.  This  is  formed  by  iwo  parallel  mud  walls  r,  r,  i,  i,  about  30 
feel  long,  2  fret  hi^h,  and  18  inches  distant  (Voro  each  other.  A  row  of  eleven  earthen 
boilers  (,  is  placed  on  these  walls,  and  the  interstices  ti,  are  filled  wtlh  clay,  whkh 
mmpletes  the  famace-flne,  an  opening  e,  being  lelX  al  tbe  end,  fur  ftiving  vent  to  the 
imoke. 

The  jnice,  as  it  comes  from  the  mill,  is  first  pot  into  the  earthen  boiler  that  it  moat 
distant  IVom  the  fire,  and  is  gradually  removed  from  one  boiler  to  another,  anlil  it  reaches 
■he  iron  one,  where  the  process  is  completed.  The  fireplace  is  manifeslly  on  the  same 
model  as  the  boiler  ran^e  in  the  West  Indies,  and  may  jwssiWy  have  sucgested  il,  since 
the  Hindostan  furnace  is,  no  doubt,  of  immemorial  nsaee.  The  exeeutton  of  its  parts  it 
very  rode  and  imperfecl.  The  inspissated  juice  that  can  be  prepared  in  2 1  hours  by  sneh 
a  mill,  with  \6  men  and  20  oxen,  amonnls  to  no  more  than  4T6  lbs. ;  and  it  is  only  in  Ibe 
soutbero  parts  of  (he  distriel,  where  the  people  work  nJtht  and  day,  that  the  sugar-work* 
ore  so  prodnctive.  In  the  northern  diiitricls,  the  people  work  only  during  the  day,  and 
inapissate  about  one  half  the  qnandly  of  juice.  The  average  daily  make  of  a  West  India 
■onr-house,  is  from  2  to  3  hogsheads,  of  IG  cwls.  each. 

The  Indian  manuftcturers  of  sugar  purchase  the  above  inspissated  juice  or  goor  from 
the  (armers,  and  generally  prefrr  that  of  a  granular  honey  consistence,  which  is  offered 
for  tale  in  pots.  A*  this,  however,  eannot  eonvenienlly  be  brought  from  a  distance,  aome 
of  the  cake  kind  is  also  employed.  TTie  boilers  are  of  two  sizes ;  one  adapted  for 
making  at  each  operation  about  ten  cwts. ;  the  other,  shout  eight  and  a  half.  The  latter 
is  the  segment  of  a  sphere,  nine  feet  diameter  al  the  mouth  ;  the  foriaer  is  larger.  The 
boiler  ii  sunk  into  a  cylindrical  cavity  in  the  ground,  which  serves  as  a  fireplace,  to 
that  its  edge  i*  just  above  the  floor  of  the  boiling. bouse.  The  fuel  is  thrown  in  by  an 
aperture  close  to  one  side  of  the  boiler,  and  the  smoke  escapes  by  a  horizontal  chimney 
that  peases  out  on  tbe  opposite  side  of  the  hot,  and  has  a  smaJl  ronnd  aperture,  about 
ten  feet  distant  from  tbe  wall,  in  order  lo  lessen  the  danger  from  fire.  Some  mannfac- 
tarers  have  only  one  boiler  ;  others  as  many  at  four  {  hut  each  boiler  has  a  separate  hut, 
in  one  end  of  which  is  some  spare  fuel ;  and  in  the  other,  some  bamboo  alaget,  wbieh 
aapport  cloth  strainers,  that  are  used  in  tbe  operation.  This  hut  is  about  twenty-four 
cubits  long,  and  ten  bnwd ;  bas  mad  walls,  six  cubits  high  ;  and  it  raised  about  one  cubit 
above  the  ground. 

For  each  boiler,  two  other  honset  are  required :  one  iu  which  tbe  ckiie  eitraet  it 
iep«ra(ed  by  straining  from  the  molastes,  is  about  twenty  cnbits  long  by  ten  wide;  an- 
other, about  thirty  cubit*  long,  by  eight  wide,  is  that  in  which,  alter  Ibe  extract  has  been 
strained,  boiled,  and  clarified,  the  treacle  is  separated  from  (he  sugar  by  an  operation  an- 
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These  drain  rrom  ihe  bags  sbont  24U  p< 
EQbstBDce  RDaio^ous  to  West  Indian  moliuses.  Tbt  raniaiDder  ia  Qie  bagi  ii  ■  kind  of 
coarse  mUBCoiailo  sugar ;  but  is  far  from  beiag  so  well  draiaed  and  freed  from  mbiRt 
as  that  of  the  AnlJlUs.  The  720  poandsoTthis  «a balance  are  then  pnl  into  i  baUer  vitb 
STO  pounds  of  water,  and  Ilie  mijtare  is  bailed  brisktr  for  144  miDnua,  vbeo  IW 
addilionil  ponnds  of  water  are  added,  and  the  boilia;  is  continued  far  48  miaiilM  am. 
An  alkaline  solution  is  prepared  from  the  ashes  of  Ihe  plantain  tree,  ctrevnl  oiri  ilni 
placed  in  the  bollom  of  an  earthen  pot  perforated  with  holes.  Hinety  poandi  at  ma 
are  passed  through ;  and  6  pounds  of  the  clear  lixivium  are  added  to  the  boilii^  wa^ 
whereby  a  thicV  scum  is  raised,  which  is  removed.  After  24  minole*,  fonr  aDdalulf 
pounds  of  alkaline  solution,  and  about  two  fiflhs  of  a  pound  of  lav  milk,  ate  liM; 
after  which  the  boiling  and  skimming  are  conlinued  24  mintfles.  Thii  must  be  npnud 
from  five  to  seven  limer,  until  no  more  scum  ai>pears.  S40  puundi  of  water  beiif  loi 
added,  the  liquor  is  to  be  poured  into  a  number  uf  strainers.  These  ate  bafti  of  amu 
collon  ciolb,  in  the  form  i^  inverted  quadrangular  pyramids,  each  of  which  ii  lufc^ 
from  a  frame  of  wood,  about  two  feet  square.  The  operation  of  slrainini;  ocenpin  ibou 
96  minutes.  The  strained  liquor  is  divided  into  three  parts  :  one  of  these  ii  pol  ialo  ■ 
boiler,  with  from  half  a  pound  to  a  pound  and  a  half  of  alkaline  solution,  one  twclftli  of 
a  poand  of  milk,  and  12  pounds  of  water.  After  having  boiled  for  betweeD  4S  aid  7! 
minutes,  three  quarters  of  a  pound  of  milk  are  added,  and  Ihe  liquor  is  ponmi,  in  qnl 
portions,  into  f«ur  refining  pou.  These  are  wide  at  the  moulh,  and  poinled  at  dH  ki- 
torn  ;  but  ate  not  conieal,  lor  the  sides  are  curved.  The  bollom  is  perforated,  ud  Itc 
stem  of  a  plaiilein  leaf  forrns  a  plug  for  closing  Ihe  aperture.  The  two  remainin;  [oitiDU 
of  the  strained  liquor  are  managed  in  exactly  Ihe  same  manner;  so  that  each »£■>•! 
pot'  has  its  share  of  each  portion.  When  they  have  eooled  a  little,  the  refoin;  pol 
is  removed  la  the  curing-house,  and  placed  on  the  ground  for  24  hours;  lot  dtr 
they  are  placed  on  a  frame,  whidi  supporls  them  at  some  distance  from  the  paui.  A 
wide-mouthed  vessel  is  placed  under  each,  to  receive  the  viscid  liquor  that  diiiat  Irm 
them.  In  order  to  draw  aS  this  more  eomplelely,  moist  leaves  of  the  VaiitMht  ir'tH' 
are  placed  over  the  mouth  of  the  pot,  to  Ihe  Ihickness  of  two  inches ;  after  10  vU 
days,  these  are  removed;  when  a  cru'l  of  sognr,  aboul  half  an  inch  in  thickness,  ii  IW 
on  the  (urfaee  of  Ihe  boiled  liquor.  The  crusi  being  broken  and  removed,  freih  ln<a 
ar«  repeatedly  added,  until  the  whole  sugar  has  formed;  which  require*  fniB7iio9l) 
days.  When  cake  extract  is  used,  il  does  not  require  ID  be  suaiaed  before  it  ba  pat  uU 
the  boiler. 

On  I  ha  above-described  operoce  and  preposterous  process,  il  is  needlew  lo  B>t' ■■) 
remarks.  While  il  is  adhered  la  with  the  lenacily  of  Hindoo  habit,  tbe  WcXli^ia 
has  no  reason  to  fear  the  competition  of  Ihe  East,  in  the  manufacture  of  tagar,  |nt^ 
the  former  avail  themselves  of  the  Hid?>  which  chemical  nod  mechanical  iciuMe  ait ''■4 
to  supply. 

In  every  part  of  the  Bebar  and  Pnlna  districts,  several  of  the  eonfeelinoi  ptPV 

the  coarse  article  called  thukkur,  which  is  entirely  similar  in  appeanuice  Id  Ikiifenu 

Jamaica  sugars.    They  prepare  il  by  putting  some  of  ihe  thin  extract  of  nptai» 

inio  coarse  sackcloth  bags,  and  by  laying  weights  on  (hem,  they  squeeze  oul  Ht  BdMOt 

a  process   perfectly  analogcui  >  ^ 

contemplated   in   several  Eoglii^  !■■' 

The  sugar-mill  at  Chiea  BtDw"" 
is  worked  by  a  single  pair  of  liAtoo 
or  oxen,  yig.  1082,  going  Jwai  "i* 
the  lever  a,  which  is  fixed  »  ikeKf 
of  the  rigbl-hand  iDller.  Vit  l>o 
rollers  have  endless  aeto  hiidi  h 
which  are  foimed  of  4  spiral  gnioM 
and  4  spiral  ridges,  cot  in  iWMK 
directions,  which  luiu  into  v  u* 
olher,  when  the  mill  is  i"'"*: 
These  roUers  and  their  headt  sn  <t 
one  piece,  made  of  the  loii^«»  »»J 
hardest  wood  thM  can  be  got,  tfd  ndi 
■•  will  not  impart  any  bad  taste  Is  Ihe  joiee.  They  are  supporte<i  in  a  thtrk  Uronf 
wooden  frame,  and  their  distance  from  each  olher  is  regulated  by  meani  if  vcdfOi 
vhieh  pais  through  mortisea  m  Ihe  frame  plaukh,  and  a  groove  "^^  ia  a  Ul  of  h" 
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MTl  of  bud  wood,  mod  prm  apon  Ihe  axis  of  ont  oF  the  rollers.    The  axis  of  Ihe  oth« 

pressea  igainal  the  leA-hand  side  ot  Ibe  liule  iii  Vjp  fi-a me  boards.  Tbe  cane  juice  rnoi 
dom  the  rollers,  uid  through  a  hole  is  Ihe  luwer  Ira  me- boa  nl,  InLg  ■  wooden  coudactor, 
which  earriei  il  into  an  earthen  put.  Two  lon^-iwinled  stakes  or  piles  are  diivea  into 
tiie  earlh,  to  keep  the  mill  ■lead;',  which  is  all  the  fixing  i(  requires.  The  under  part  of 
llie  loweriDDSt  plank  of  llie  frame  resu  u|toa  the  surface  of  the  groiiail,  which  is  chosen 
leiel  and  very  firm,  that  the  piles  may  hold  the  faster.  A  hale  is  duf  in  the  eartli,  im- 
nediilelj  below  the  spout  of  the  coiulnclor,  to  reeeive  the  pot. 

The  mill  uaed  in  Bordwan  and  near  Caicntta,  is  simply  two  nsall  wooden  eylinden, 
grooved,  placed  horizontally,  close  lo  each  ether,  and  turned  by  two  men,  one  at  each 
end.  This  simple  engine  is  said  completely,  but  ilowly,  to  express  the  juice.  Il  is  very 
cheap,  the  prime  cost  not  being  two  rapen ;  and  being  easily  moved  from  field  to  field, 
il  lives  much  labor  in  the  carriage  of  the  caoe.  Notwilhslanding  this  advantage,  to  rude 
a  machine  mast  leave  a  large  proportion  of  Ihe  richest  juice  in  the  cane-lrash. 

II  is  carious  lofind  io  the  ancient  arts  of  Hindoslaa  eiacl  prototypes  of  liie  sngar-roU- 
era,  horiiontal  and  upriehtj  fif  relalively  modern  invention  in  the  New  World. 

The  ingv-mill  of  Chinapatam,  fig.  10H3,  consists  of  a  nlorlar,  lever,  pestle,  and  regu- 
latar.  The  morlar  is  a  tree  about  10  feet  io  length,  and  14  incheB  in  diameter ;  a  ii  ■ 
[083  p'^^  "^  '^  upper  end  ;  t> 

is  an  outside  viewj  siid 

It  is  sunk  perpendicu- 
larly into  the  earth,  leav- 
ing one  end  £  feel  above 
Ihe  turfaec.  The  hol- 
low it  conical,  Irnncftted 
downwards,  and  Ihen 
becomes  cylinlriaal, 
wilh  a  hemispherical 
pr>'jecUon  in  its  botlom, 
to  allow  the  juice  lo  ma 
freely  to  the  small  open- 
spout,  from  which  it 
falls  into  an  earthen  pot. 
Round  Ihe  upper  luDnlh 
of  the  cone  i$  a  circular 
nvity,  which  eolleels  any  of  the  juice  thai  may  run  over  from  the  upper  ends  of  the  pie- 
ces of  cane;  and  thence  a  canal  conveys  this  juice,  down  the  outside  of  Ihe  mortar,  to 
the  spouL  The  beam  d,  is  about  16  feet  in  leneth,  and  6  inches  in  thickness,  being  cut 
onl  from  a  large  iree  thai  is  divided  by  a  fork  into  Iwo  anus.  In  the  fork  an  excavation 
is  made  for  the  mortar  b,  round  which  the  beam  turns  horizontally.  The  surface  of  this 
eicavslion  is  secured  by  a  semi-circle  of  strong  wood.  The  end  towards  the  fork  is  quite 
open,  for  changing  the  beam  without  trouble.  On  the  undivided  end  of  ihe  beam  tiU 
llie  buUock-drivar  t,  whose  cattle  are  yoked  by  a  rope  which  eomei  from  the  end  of  Iha 
heam ;  and  they  are  prevented  from  dragliati  obI  of  the  circle  by  another  rope,  which 
passes  from  the  yoke  to  the  forked  end  of  the  beam.  On  Iha  arms  /,  a  basket  is  placed, 
to  hold  Ihe  cnllings  of  canej  and  between  Ibis  and  the  mortar  sits  the  man  whtr feeds  the 
mill.  JnsI  as  ihe  pestte  cornea  round,  he  places  the  pieces  of  cane  sloping  down  into  Ih« 
cavity  of  the  mortar ;  and  after  the  pestle  hat  passed,  he  removes  those  that  have  been 
squeezed. 

or  Tint  MAJiirrAcmi  or  svoa«  ih  the  wmt  ihiiib. 

Cane-jaice  varies  exceedingly  in  richness,  with  the  natnra  oT  the  tMl,  the  cnltare,  the 
season,  and  variety  of  the  plant.  Il  is  an  opaque  fluid,  of  ■  dull  gray,  olive,  or  olire* 
green  color ;  in  taste,  balmy  and  saccharine ;  exhaling  Ihe  babamic  odor  of  Ihe  cane  ; 
■ll^hliy  viscid;  and  of  a  specific  gravity  varying  from  l'0331o  I-I06,  accrading  to  cir- 
CDmstancei.  When  fresh,  it  consists  of  two  parts;  ihe  one  liquid,  the  olher  solid;  the 
liller  of  which  being  merely  suspended  in  the  Ibrmer,  and,  Iherefbre,  separable  in  a  neat 
measure  by  Gllralion  or  repose.  The  solid  maUar  consists  of  fragments  of  the  cellnlar 
parenchyma  of  the  cane,  its  fibres,  and  bark,  mechanically  prolrnded  throui^h  the  mill  i 
mixed  with  a  very  abundant  greenish  snbalance,  like  that  called  ekIonpkyU  by  che- 

When  left  to  itself  in  the  colonial  climates,  the  jaice  rans  rapidly  into  the  acetons 
fermentation;  twenty  minutes  being,  in  many  eases,  sufficient  tn  bring  on  this  destme- 
live  change.    Hence  arises  Ihe  necessity  of  subjecting  it  immediately  lo  claiiiying  pro- 
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eesses,  speedy  in  their  action.  When  deprived  of  ito^green  fecak  nad  glatinoos  extne> 
tive,  it  is  still  subject  to  fermentation ;  bat  this  is  now  of  the  viooas  kind.  The  jniee 
flows  from  the  mill  through  a  wooden  gutter  lined  with  lead,  and  being  eond acted  into 
the  sugar-house,  is  received  in  a  sf t  of  large  pans  or  cAldrons,  called  clarifiers.  On  es- 
tates which  make  on  an  average,  during  crop  time,  from  15  to  20  hogsheads  of  sagar  a 
week,  three  darifient,  of  from  300  to  400  gallons'  capacity  each,  are  sufficient.  With  pans 
of  this  dimension,  the  liquor  may  be  drawn  off  at  once  by  a  stop-cock  or  syphon,  withoof 
disturbing  the  fecolencies  after  they  subside.  Each  clarifier  Is  hung  over  a  separate  fire, 
the  flue'  being  furnished  with  a  damper  for  checking  tht  combustion,  or  extinguishing  it 
altogether.  The  clarifiers  are  sometimes  placed  at  one  end,  and  sometimes  in  the  maklle 
of  the  house,  particularly  if  it  possesses  a  double  set  of  evaporating  pans. 

Whenever  the  stream  from  the  mill  cistern  has  filled  the  clarifier  with  fresh  jnioe,  the 
fire  is  lighted,  and  the  ttmpery  or  dose  of  slaked  lime,  diffused  uniformly  through  a  little 
juice,  is  added.  If  an  albuminous  emulsion  be  used  to  promote  the  clarifying,  very  little 
lime  will  be  required;  for  recent  cane-liquor  contains  no  appreciable  portion  of  acid  to  be 
saturated.  In  fact,  the  lime  and  alkalis  in  general,  when  used  in  small  quantity,  seem 
to  coagulate  the  glutinous  extractive  matter  of  the  juice,  and  thus  tend  to  brighten  it  upb, 
Bot  if  an  excess  of  temper  be  used,  the  gluten  is  taken  up  again  by  the  strong  affiaity 
which  is  known  to  exist  between  sugar  and  lime.  Excess  of  lime  may  always  be  cor- 
rected by  a  little  alum- water.  Where  canes  grow  on  a  calcareous  marly  soU,  in  a  favor- 
able season,  the  saccharine  matter  gets  so  thoroughly  elaborated,  and  the  glotiooos  mo- 
cilage  so  completely  condensed,  that  a  clear  juice  and  a  fine  sugar  ihay  be  obtained 
without  the  use  of  lime. 

As  the  liquor  grows  hot  in  the  clarifier,  a  scum  is  thrown  up,  consisting  of  the  coagi- 
lated  feculencies  of  the  cane-juice.  The  fire  is  now  gradually  urged  till  the  temperatare 
approaches  the  boiling  point ;  to  which,  however,  it  must  not  be  suffered  to  rise.  It  is 
known  to  be  sufficiently  heated,  when  the  scum  rises  in  blisters,  which  break  into  white 
froth;  an  appearance  observable  in  about  forty  minutes  after  kindling  the  fire.  The 
damper  being  shut  down,  the  fire  dies  out ;  and  after  an  hour's  repose,  the  clarified  liquar 
is  rcAdy  to  be  drawn  off  into  the  last  and  largest  in  the  series  of  evaporating  pans.  la 
the  British  colonies,  these  are  merely  numbered  1,  2,  3,  4,  5,  beginning  at  the  smallest, 
which  hangs  right  over  the  fire,  and  is  called  the  ttache ;  because  in  it  the  trial  of  the 
sirup,  by  t<Mchy  is  made.  The  flame  and  smoke  proceed  in  a  straight  line  along  a  fine  to 
the  chimney-stalk  at  the  other  end  of  the  furnace.  The  area  of  this  flue  proceeds,  with 
a  slight  ascent  from  the  fire  to  the  aperture  at  the  bottom  of  the  chimney ;  so  thai  be- 
tween the  surface  of  the  grate  and  the  bottom  of  the  teache,  there  is  a  distance  of  S8 
inches ;  while  between  the  bottom  of  the  flue  and  that  of  the  grand^  No,  5,  at  the  other  end 
of  the  range,  there  are  barely  18  inches. 

In  some  sugar-houses  there  is  planted,  in  the  angular  space  betwean  each  boiW)  a 
basin,  one  foot  wide  and  a  few  inches  deep,  for  the  purpose  of  receiving  the  scum  whieft 
thence  flows  off  into  the  grand  copper,  along  a  gutter  scooped  out  on  the  margin  of  tke 
bride-work.    The  skimmings  of  the  grand  are  thrown  into  a  separate  pan,  placed  at  iis 
side.    A  large  cylindrical  cooler,  about  six  feet  wide  and  two  feet  deep,  has  been  placed ia 
certain  sngar-worics  near  the  teache,  fur  receiving  successive  charges  of  its  inspesated 
simp.    Each  finished  chanre  is  called  a  skipping,  because  it  is  skipped  or  laM  onL 
The  term  etriking  is  also  applied  to  the  act  of  emptying  the  teache.  When  upon  one  Skip- 
ping of  sirup  in  a  state  of  incipient  granulation  in  the  cooler,  a  second  skipping  is  poar- 
ed,  this  second  congeries  of  saccharine  particles  agglomerates  roond  the  first  as  wudd  o( 
crystallization,  and  produces  a  larger  grain  ;  a  result  improved  by  each  saeeessive  skip- 
ping.   This  principle  has  been  lonir  known  to  the  chemist,  but  does  not  seem  to  haie 
been  always  properly  considered  or  appreciated  by  the  sugar-planter. 

From  the  above  described  cooler,  the  sirup  is  transferred  into  wooden  chests  or  baxes, 
open  at  top,  and  of  a  rectangular  shape;  also  called  coolers,  bnt  which  are  more  property 
crystallizers  or  granulators.  These  are  commonly  six  in  number ;  each  being  about  one 
foot  deep,  seven  feet  lonir,  and  five  or  six  feet  wide.  When  filled,  sudi  a  mass  is  colleci- 
ed,  as  to  favor  slow  cooling,  and  consequent  larsfe-grained  crystallization.  If  these  hons 
be  too  shallow,  the  grain  is  exceedingly  injured,  as  may  be  easily  shown  by  pouring  some 
cf  the  same  sirup  on  a  small  tray ;  when,  on  cooling,  the  sngar  will  appear  Iflte  a  mnddy 
soft  sand. . 

The  criterion  by  which  the  negro  boilers  judge  of  the  due  concentration  of  the  sinir 
in  the  teache,  is  difficult  to  describe,  and  depends  almost  entirely  on  the  sagadly  and 
experience  of  the  individual.  Some  of  them  judge  by  the  appearance  of  the  indpicnt 
grain  on  the  back  of  the  cooling  ladle  ^  bnt  most  decide  hy'*  the  tomch/'  that  is,  the  fee* 
and  appearance  of  a  drop  of  the  sirup  pressed  and  then  drawn  into  a  thread  between 
the  thumb  .and  fore-finger.  The  thread  eventually  breaks  at  a  certain  limit  of  eztea 
8iDn»  shrinking  fiom  the  thumb  to  the  suspended  finger,  in  lengths  somewhat  propoi- 
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tioiMl  to  tbe  iBtpiaMtkm  <rf'  the  rfrnp.  But  the  appMnuiee  of  mnahtian  in  the  tlmad 
mut  atsD  be  coiuidBred  i  for  m  Tucid  and  damaged  limp  ma;  give  a  long  enoufita  Ibread, 
and  yet  yirtd  almoil  no  cryslalliae  graini  when  cooled.  Tenacity  and  jtrannlai  upset 
moit,  Ihcrefare,  be  both  taken  into  the  account,  and  will  conliaDC  to  eonstilnte  the  prae- 
tieal  guide*  to  the  negro  boiler,  till  a  less  barbaroni  mode  of  coaeentrating  cane-jaice 
be  lubslitDted  for  the  pretent  naktd  Itacht,  or  war  /rytng-pan. 

That  ireak  sngBn  are  sneh  aa  contaia  an  inferior  |iroi»rtion  of  carbon  in  their  eom- 
poahion,  was  first  dedneed  by  me  frDm  my  eiperimcnla  on  tbe  ultimate  analysis  of  T^e- 
table  and  animal  bodin  ;  an  accoani  of  which  was  published  in  the  Philogophieal  lYans- 
aelions  of  the  Royal  Society  for  IB22.  Since  then,  Dr.  Front  has  arrived  at  reinlU 
coofinuatorr  of  mj  views.  See  PhilotopUcal  Transactions  Tor  1827.  Thus,  he  fodod 
pure  sanr-eandy,  and  the  best  refined  sugar,  to  contain  42-85  parts  of  carbon  per  cent.  [ 
East  India  saiai-candy,  41-9  parts;  East  India  raw  sugar  in  a  Ihoroaghly  dry  stale,  bai 
of  B  low  quality,  40-S6  ;  manna  sugar,  well  reSned,  28-7  ;  sugar  from  Narbonne  honey, 
36-36  j  sugar  from  starch,  36-2.  Heoce,  by  carametising  the  sirup  in  the  ttaclu,  not 
only  is  the  eryslallizable  sagar  blackened,  but  its  faculty  of  erystaUiiing  impaired,  aikd 
the  granular  portiim  rendered  weaker. 

A  Tiscons  sirup  containing  mnch  glaten  and  sugar,  altered  by  lime,  requires  a  higher 
tempeialure  to  enible  it  to  granulate  than  ■  pure  saccharine  sirup  \  and  therefore  the 
thermometer,  though  a  oiefal  adjuranl,  can  by  no  means  be  r^arded  at  a  sure  guide,  in 
.deteimiiiing  the  proper  instant  for  ifriJring  the  Itadu. 

Tbe  eoloaial  mriag-Aotut  is  a  capacious  building,  of  which  the  earthen  floor  is  exca- 
vated to  fonn  the  molasses  reservoir.  This  is  lined  with  sheet  lead,  boards,  tanas,  or 
other  retentive  cement ;  its  bottom  slopes  a  little,  and  it  is  partially  covered  by  an  open 
massive  frame  of  joist-work,  on  which  the  potting  casks  are  set  upright.  These  are 
merely  cmply  sugar  hogsheads,  without  headings,  having  8  or  10  holes  bored  in  their 
bottoms,  through  each  of  which  the  stalk  of  ■  plantain  leaf  U  stuck,  so  as  to  protrude 
downwards  6  or  8  inches  below  the  level  of  the  joists,  and  to  rise  above  the  top  of  the 
cask.  The  act  of  transferrin;;  the  crude  concrete  sugar  from  the  crystalliien  into  theae 
hotheads  is  called  polling.  The  bottom  holes,  and  the  spongy  stalks  stuck  in  them, 
allow  the  molasses  to  drain  slowly  downwards  into  the  tank  dllem.  In  the  common 
mode  of  procedure,  sugar  of  average  quality  is  kept  from  3  to  4  weeks  in  the  curing- 
honae;  that  which  is  soft-grained  and  elatinoos  must  remain  S  or  6  weeks.  The  curing- 
house  should  be  close  and  wanD,  to  favor  the  liquefaction  and  drainage  of  tbe  viscid 

Out  of  120  millions  of  pounds  of  raw  sngar,  which  used  to  be  annually  shipped  by  the 
St.  Domingo  planters,  only  96  millions  were  landed  in  France,  according  to  the  authority 
of  Dulrane,  constituting  a  loss  by  drainage  in  the  ships  of  SO  per  cent.  The  average 
transport  waste  at  present  in  the  sugars  of  the  British  colonies  cannot  be  estimated  at 
less  than  12  per  cent.,  or  altogether  upwards  of  27,000  tons  t  What  a  tremendous  sacri- 
fice of  property  I 

Within  these  few  years  a  very  considerable  qnanlity  of  sugar  has  been  imported  into 
Great  Britain  in  the  slate  of  concentrated  cane-juice,  containing  nearly  half  its  weight 
of  granular  sngar,  along  with  more  or  less  molasses,  according  to  the  care  taken  in  the 
bailing  operations.  I  was  at  first  ipprehensive  that  Ibe  sirup  might  undergo  some 
change  on  the  voyage;  but  among  more  than  a  hundred  samples  which  I  have  analyied 
lor  the  cnslom-honse,  I  have  not  perceived  any  traces  of  fermentation,  ^ce  sugar  softens 
in  its  grain  at  each  successive  solution,  whatever  portion  of  the  crop  may  be  destined 
for  the  refiner,  should  upon  do  account  be  granulated  in  the  colonies;  but  should  be 
transported  in  the  stale  of  a  rich  cane-sirup  to  Europe,  transferred  at  ouce  into  the 
blowing-up  cialeru,  subjected  there  to  the  reaction  of  bone  black,  and  parsed  through 
bag-fllleTs,  or  through  layers  of  the  coarsely  ground  black,  previously  to  its  final  concen- 
tration in  the  vacuum  pan.  Were  this  means  generally  adopted,  I  am  conviBced  that  30 
per  cenL  would  be  added  to  the  amonnl  of  home-made  sngar  loaves  corresponding  to  a 
given  quantity  uf  average  cane-juice;  while  30  per  cent,  would  be  taken  from  the 
amount  of  molasaes.  The  saccharine  matter  no*  lost  by  drainage  from  the  hogsheads  in 
the  ships,  amouDting  to  from  10  to  15  per  cent..  Would  also  be  saved.  The  produce  of 
the  cane  would,  on  this  plan,  reqaire  less  labor  in  the  eolonies,  and  might  be  exported  B 
or  6  weeks  earlier  than  at  present,  heeaase  (he  period  of  draln^e  in  the  onring-hoiiM 
would  be  spared. 

It  does  not  appear  that  our  sngar  colonists  have  availed  themselves  ot  the  proper 
chemical  method  of  eonntemcting  that  incipient  fermentation  of  the  cane-juice,  which 
sometimes  supervenes,  and  proves  so  injurions  to  their  products.  It  is  known  that  grap» 
must,  feebly  impregnated  with  sulphurous  acid,  by  ronning  it  slowly  iiilo  a  cask  in 
which  a  few  sulphur  matches  have  been  burned,  will  keep  without  alteration  for  a  year) 
and  if  Tiauf,  ao  muted,  is  boiled  into  a  sirup  within  a  werii  or  ten  days,  it  relaioa  no 
Mlphoreoa*  odor.    A  very  slight  mating  wouU  suffice  for  the  most  fenuentaUe  caa*. 
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juice ;  and  it  could  be  easily  gi?en,  by  baraing  a  snlpbiur  match  witkin  tbe  cktam 
diately  before  charging  it  from  the  mill.  The  cane-jniee  should,  in  this  ease,  be  healed 
in  the  clarifier,  so  as  to  expel  the  aolphurous  acid,  before  adding  the  temper  lime;  Ibi 
otherwise  a  little  calcareous  sulphite  might  be  introduced  into  the  sugar.  Thos  the 
acescence  so  prejudicial  to  the  saccharine  granulation  would  be  certainly  prercsted. 

An  AccoTTKT  of  Sugar  Imported  into  the  United  Kingdom  during  the  years  ending  5th 

January,  1837,  and  5th  January,  1838. 


Sugar,  unrefined ; 
vii.— of  tbe 

Britieb  poases- 
•ione  in  Auieiioa, 

Of  Maaritiat, 

East  India  Brit- 
iab  poaMnione, 

Eaat  India  For- 
eign poaMesiionSy 

Otber  aorta 

Total, 

Qnantitiaa  imported. 

Quantities  entared  for  Hone 
Const!  mption. 

Unaa  ainaant  of  DaSj 
laoeiTeiL 

i8r. 

1838. 

1837. 

1818. 

1897. 

188L 

Cwt,    qr.  lb. 

3,600,516  3    8 
407,303  0    8 

158,929  1  13 

71.464  8    0 
327,647  1  12 

Cwt.    qr.  lb. 

3,304,002  8    2 
537,054  1  21 

896,677  8  18 

77,090  0  18 
266,539  2  24 

Cwt.    qr.  lb. 

3  296,641  1  19 
518,228  0    5 

110,936  8    0 

20  3  18 
31  1    6 

Cwt.    qr.  lb. 

3,562,703  1  24 
588,348  3  11 

970,140  1    8 

3  3  11 
37  3  10 

£. 

3,956379 
691,596 

176,976 

66 

41 

£. 
6S6431 

12 

96 

4JM9,]61  0    7 

4,481,474  1  21 

3.925,140  0  20 

4,355^0  1    8 

4JM,9S6 

5479J17 

Au  Account  of  Sugar  Exported  in  tbe  year  ending  5th  January,  1838,  compared  with 

the  Exports  of  the  preceding  Year. 


Sugar,  of  the  British  possessions  in  America 

Mauritius    ..... 

East  India,  of  British  possessions 

Foreign        do. 

Other  sorts 

1837. 

1838. 

Cwta.    qra.  Iba. 

8,774  1   15 

2,687  3  14 

22,290  3  16 

62,384  0    4 

191,961  0  20 

Cwta.    qra.  Ra. 

9,267  0  21 

3,065  0  19 

13,283  0  22 

68,252  2  18 

354,513  1  23 

Sirup  intended  for  forming  clayed  sugar  must  be  somewhat  more  concentrated  ia  Ike 
teache,  and  run  off  into  a  copper  cooler,  capable  of  receiying  three  or  foor  sQceeme 
shippings.  Here  it  is  stirred  to  ensure  uniformity  of  product,  and  is  then  transfened  bv 
ladles  into  conical  moulds,  or  formu,  made  of  coarse  pottery,  haTinir  a  small  orifice  tf 
the  apex,  which  is  stopped  with  a  plug  of  wood  wrapped  in  a  leaf  of  maise.  These 
pots  are  arranged  with  the  base  upwards.  As  their  capacity,  when  largest,  is  fsnaiOj 
\es%  than  that  of  the  smallest  potting-casks,  and  as  the  process  lasts  sereral  weds,  tke 
daying-house  requires  to  have  very  considerable  dimensions.  Whenever  the  simp  is 
properly  granulated,  which  happens  usually  in  about  18  or  SO  hours,  the  plots  are 
removed  from  the  apices  of  the  cones,  and  each  is  set  on  an  earthen  pot  to  receive  iht 
drainings.  At  the  end  of  24  hours,  the  cones  are  tFanslerred  over  emptj  poia^  and  the 
molasses  contained  in  the  former  ones  is  either  sent  to  the  fermenting.house  or  sold. 
The  claying  now  begins,  which  consisu  in  applying  to  the  smoothed  amface  of  the 
sugar  at  the  base  of  the  cone,  a  plaster  of  argillaceous  earth,  or  tolerably  tenadoos  kMB 
in  a  pasty  state.  The  water  diffused  among  the  clay  escapes  from  it  by  slow  infiltia^ 
tion,  and  descending  with  like  slowness  through  tbe  body  of  the  sugar,  carries  sloiix 
with  it'  the  residuary  viscid  sirup  which  is  more  readily  soluble  than  the  itFBualiled 
particles.  Whenever  the  first  magma  of  clay  has  become  dry,  it  is  replaced  by  a  sccoed; 
and  this  occasionally  in  its  torn  by  a  third,  whereby  the  sugar  eone  gets  tolerably  white 
and  dean.  It  is  then  dried  in  a  stove,  cut  transversely  into  fnutOy  crushed  into  a  eouse 
powder,  on  wooden  trays,  and  shipped  off  for  Europe.  Clayed  sogars  are  sorted  iato 
different  shades  of  color,  according  to  the  part  of  the  cone  from  which  they  were  cat ; 
under  the  denomination  in  French  commerce  of  prcTnter,  Mcoad,  iroitihmj  ptiiiy  fBiww, 
and  UU ;  the  last  or  the  tip  being  an  indifferent  artide.  The  clayed  sugar  of  Cuba  is 
called  Havana  sugar,  from  the  name  of  the  shipping  port. 

Clayed  sugar  can  be  made  only  from  the  ripest  cane-juice,  for  that  which  eoatsias 
much  gluten  would  be  apt  to  get  too  much  burned  by  the  ordinary  process  of  boiUag,  to 
hrar  the  claying  operation.  The  sirups  that  run  off  from  the  second,  third,  and  fouth 
applications  of  the  day-paste,  are  concentrated  afresh  in  a  small  building  apart,  csUed 
the  refinery,  and  yidd  tolerable  susars.  Their  drainings  go  to  the  molasses  dsteru.  The 
eones  remain  for  20  days  in  the  daying-house,  before  Ibe  sugar  ia  taken  out  of  them. 

Claying  is  seldom  had  recourse  to  in  the  British  plantations,  on  account  of  the 
increase  of  labor,  and  diminution  of  weight  in  the  produce,  tat  whkh  the  improvcBenl 


in  qinditT  TicUi  bo  adequate  eootpeaMtian.  each,  howenr,  wm  tk«  citeoB  in  whieh 
Uie  Frucfa  Goa4iiiwrt  heU  ckjed  »ngn,  thU  it  wu  prepucd  in  400  plutaliooi  of  St. 
Dominga  aloDc, 


Baw,  oi  maiMndo  Bngar,  ms  Imported  from  iba  colonin,  ig  cmuioiDited  man  or 

IcM  wilh  gluten,  lime,  but  putieularlr  taramij,  whicb  give  its  grains  a  TaUo*  broaro 
lint,  an  empjienioaUc  odor,  aad  a  tatt  ebunmr  feel  in  the  hand.  IT  «uch  ni^r  be  dis- 
Mrired  in  water,  and  the  lirup  be  ovaporeted  bf  a  gentle  heat,  II  win  mSari  a  tapa  of 
Mill  inferior  qaalitj  and  appearance.  This  rapid  deterieretion  is  in  tome  measure 
cwing  to  the  injurious  operalion  of  a  prolonged  heat  upon  the  crystalline  structure,  but 
ehiefl;  tu  the  cheaiical  reaeUon  of  the  Klatinons  fermenl  and  lime  upon  Ihe  sugar. 
Tbe  Gist  eare  of  the  refiner  should  therefore  be  the  immedialE  abstraction  of  these 
■oiiovs  alteialivea,  which  he  eOects  by  the  process  called  mtllingt ;  that  it,  miiing  np 
the  sugar  in  a  pan  with  hot  water  or  steam  into  a  pap,  and  transferring  this  pap  into 
laife  sugar-moulds.  Whenever  these  beoove  cool,  their  pointi  are  anplugged,  and  the; 
aresei  tadrainfor  a  few  daysinawarm  apartment.  Sugar  thus  cleansed  is  well  pre- 
pared lor  the  next  refining  process ;  which  consists  in  putting  it  into  a  large  square 
eqpper. cistern  along  with  some  lime-naler,  (a  little  bulloct's  blood,)  and  from  fi  to  SO 
per  oeat.  of  bone  black,  and  blowing  it  np  wilh  steam;  or,  in  other  words,  injeeling 
tteam  through  the  mixture  from  nameroas  orifices  in  copper  pipes  laid  along  Ihe 
boUom  and  aidea  of  the  vessel.  Under  tbe  ioSutnce  of  the  heat  and  agitation  thaa 
occasioned,  tbe  saccharine  matter  is  perfectly  dissolved  and  incorporated  wilh  tha  albumen 
aCOit  blood  and  Ihe  bone  black.  Instead  of  the  blood,  many  refiners  employ  a  mixture  of 
gelalinaus  alumina  and  gypsam,  called  ^ningi,  prepared  bj  adding  a  solution  of  alum  to 
a  bodjr  of  lioM-water,  collecting,  washing,  and  draining  tbe  precipitate  upon  a  Glter. 
10S4  Olber  refiner*  nie  both   the  blood  and  finings,  with  advantage. 

Bone  black  is  now  very  frequently  employed  bj  the  sugar-refiner, 
not  in  a  fine  meal,  but  in  a  granular  state,  13ce  corned  gunpowder, 
for  the  purpose  of  decoloring  his  sirups  ;  in  whicb  case,  be  placet 
it  in  a  box,  in  a  stratum  S  or  10  iocbes  Ibicki  and  makes  Ihe 
sirup  percolate  downwards  through  it,  into  a  cistern  placed  be- 
neatb.  By  this  means  St  is  deprived  of  color,  and  forms  lh« 
ctaim  of  the  French  refiner.  When  the  blowing  Up  cistern  m 
charged  with  sugar,  finely  ground  bone  black,  and  blood,  Ihe  mix- 
lure  most  be  pasted  through  a  proper  system  of  filters.  ThU 
now  most  in  use  is  the  creased  bag  Glter,  represented  iufig*.  1084 
1085,  lOBS. 

The  apparatus  consists  of  an  upright  square  woodeo  case  a,  a, 

about  6  or  e  feet  high,  furnisbed  with  a  door  of  admistion  to  anange 

the  interior  objects ;  beneath  is  a  cistern  wilh  an  edncting-pipe  ibr 

receiving  and  carrying  oS  Ihe  filtered  liquor;  and  above  tbe  case 

is  another  cistern  t,  which,  like  tbe  rest,  is  lined  wiib  tinned  sheet 

copper.    Into  the   upper  cistern,  the  sirup   mixed   with  animal 

charcoal  is  introducnl,  and  passes  thence  into  the  mouths  t,  t,  of 

the  several  filters  d,  d.    These  consist  each  of  a  bag  of  thick 

Iweeled  cotton  cloth,  about  12  or  15  inches  in  diameter,  and  6  or 

8  fsct  long,  which  is  inserted  into  a  narrow  bottomless  bag  of 

caavats,  atwut'6  inches  in  diameter,  for  Ihe  porpote  of  Ibtdlng  the 

filter-bag  up  into  a  sinall  space,  and  thus  enabling  a  great  exleDt 

of  filtering  surfaces  lo  be  compressed  into  one  box.    The  orifice  of 

each  eoDipoaad  bag  is  tied  round  a  conical  brass  moath-piece  or 

nozile  t,  which  screws  lighl  into  a  corresponding  opening  in  tbe 

Goppei  bottom  of  Ihenpper  cistern.    From  40  lo  60  bags  are  mounted 

in  euh  filter  case.    The  liquor  which  first  passes  is  generally  tinged 

a  little  wilh  tbe  bone  black,  and  most  he  pumped  back  into  the  upper  cistern,  Ibr  refll- 

tratioa,    la  c<dd  weather  the  interior  of  the  ease  majr  be  kept  warm  by  a  proper  dia- 

■libation  of  staam-pipes.    Fig.   1086  showa  one  mode  of  forming  the  faanel^abaped 

nonlea  of  Ihe  bags,  in  whicb  they  are  fixed  b;  a  bayonet  catch.    Fig.  lOSfi  ahem  the 

mate  made  (lut  by  means  of  a  screwed  cap,  which  is  more  secure. 

The  next  process  in  lugar-refiaing  is  the  evaporation  of  Ihe  darifled  tirap  lo  Ibe 
gnnDlaiing  or  eryttaliiiing  pileh.  The  more  rapidly  this  ia  effected,  and  wilh  tbe  IcM 
leortbing  injury  from  fire,  the  better  and  greater  is  the  prodact  in  ai^ar-loaves.  No 
appaimlDB  answen  the  refiner't  (kmUe  pnrpoae  of  safety  and  cxpeditioD  so  well  aa  the 
aenant-pao  of  Howard. 

Fig.  1087  abowB  Ihe  stiaetnre  of  a  ainglc  vaeanm-pan.  The  horlaootal  diameter  of 
the  copper  spheroid  a,  is  not  leas  thaa  b  feet  i   the  depth  of  Ihe  under  bamiaphcn  u  u 
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least  18  inehes  fitm  the  level  of  the  plane }  and  the  height  of  the  done^over  k  S  ftet 
The  two  hemispheres  (of  which  the  inferior  one  is  double,  or  has  a  sleam-jadcet)  aie 
pnt  together  by  bolts  and  screws,  with  packing  between  the  flanges  to  preserve  ih/t 
joints  tight  against  atmospheric  pressure.  The  jacket  of  the  lower  hemisphere  fomt 
the  case  of  the  steam,  which  conmmnicates  heat  to  the  simp  enclosed  in  the  inner  hen^ 
isphere.  In  general,  Uie  pans  contain,  when  filled  to  the  flnge,  100  gallons  of  strnp, 
and  yield  about  1 1  cwts.  of  granulated  sugar,  at  every  charge. 

A,  represents  the  vacuum  spheroid ;  b,  the  neck  with  the  lid.    From  the  side  of  b,  a 

pipe  passes  into  the  lower  extremity  of  the  bent  pipe  c,  d,  which  terminates  in  the 

1087  vertical  pipe  k,  eonned- 

ed  with  the  vacnm 
main^pipe  k,  proceeding 
horizontally  from  the 
air-pomp  (not  shown  in 
the  figure).  At  the  top 
of  B,  a  valve,  moveable 
by  aserew  h,  is  placed  Ar 
establsBhing  or  enttng 
off  the  connexion  with 
the  air-pump  at  pleasore; 
Behind  f,  is  the  mea- 
sure cistern,  from  vrhich 
the  successive  charges 
are  admitted  into  the 
pan.  This  measure  is 
filled  with  the  dear  si- 
rup,  by  opening  the 
stopcock  I,  on  the  pipe 
under  the  ceiling,  vrtoch 
communicates  with  the 
filter-cistern  placed  a- 
bove.  G  is  the  valve  or 
plag-hole,  at  the  botlOB 
of  Uie  pan,  for  disehaig- 
ing  the  granulating  si- 
rup. This  plug  is  open- 
ed by  means  of  a  power- 
ful lever  attached  to  it; 
the  connexioii  with  the 
air-pump  being  previ- 
ously intercepted.  x,ii 
the  barometer,  or  as 
nometer,  for  sbowiag 
the  state  of  the  vaeoam 
corresponding  lo  the 
temperature,  r,  n,  is  a 
eistem-pipe  fbr  receiving  any  littlo  sirup  which  may  aeeklentally  Irail  over  the  nedi  b. 
Its  contents  are  let  off  by  a  stopcock  at  its  bottom  from  time  to  time,  m  shows  the 
place  of  the  prcof'ttiek,  an  ingenious  brass  rod  for  taking  out  a  sample  of  sirup  withoat 
admitting  air.    See  tn^d. 

The  charging-cistem  contains  about  20  gallons.  This  quantity  of  simp  being  iist 
admitted,  and  brought  to  a  certain  pitch  of  concentration,  a  second  measure  is  inlio- 
duced,  the  inspissation  of  which  is  supposed  by  some  refiners  to  cause  an  agglomcfulioa 
of  saccharine  matter  round  the  first  crystalline  particles.  The  repetition  of  this  proeess 
for  two  or  three  times  is  imagined  to  produce  the  large  brilliant  grain  of  TacuuiD-pBa 
sugar.  This  hypothesu  is  more  specious  than  sound,  because  the  granulating  sirup 
discharged  fVom  the  pan  is  subjected  to  a  heat  of  180^  or  190^  in  the  subjacent  steam- 
cased  receiver,  vritereby  the  granulations  are  again  reduced  to  a  very  small  sise.  lato 
this  receiver,  two  or  three  shippings  or  discharges  of  the  pan  are  admitted  in  successioa, 
and  the  whole  are  diligently  mixed  and  agitated  by  a  stirring  oar.  It  is  by^hb  piucess 
that  the  granulating  tendency  is  promoted  and  determined.  From  this  reeeiver  (absurdly 
enough  called  a  cooler)  the  moulds  are  filled  in  the  usual  way,  by  means  of  eopper  basins 
or  large  ladles. 

The  case  of  the  under  hemisphere  of.  the  vacuum-pan  is  filled  with  steam,  generaled 
under  a  pressure  of  four  or  five  pounds  on  the  square  inch ;  the  heat  of  vrhich  causes  the  in- 
terior simp  to  boil  rapidly  while  the  air-pump  is  kept  in  action.  A  small  escape-pipe  for 
vnmit  Steam  must  be  placed  at  the  opposite  side  of  the  case  or  jaeket,  to  ensure  itt  equal 
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diitrilMilHMi  I  utlfoa  itopeockbelow,  to  let  off  Ihe  water  ofeoadeiuatioa.    Tbe  pua 

■re  moanted  on  iroD  feet,  or  shut  pillars,  which  insulate  them  frooi  the  Boot,  (uid  allow 
their  whole  surface  to  be  inspected,  and  any  flaw  to  be  repaired.  The  air-pump  usually 
sUndi  in  B  cold-water  cistern,  to  favor  the  condensation  of  the  aqueous  vapor,  which  it 
draws  out  of  the  paui;  audit  is  kept  in  eonstant  action  hy  the  steajB-^ngine,  beiog  atlached 
to  the  working-beam  of  its  piston. 
Fig.  1088  exhibits  the  feueral  anangement  of  the  Tacunm-pans,  and  their  subsidiary 
Here  are  shown,  on  (he  gronud  floor,  the  healeia  e,  t,  (miscalled  coolers),  into 


which  the  concentrated  sirup  islet  down.  These  heaters  are  made  of  copper,  in  oae  piece, 
■arrounded  with  a  cast-iron  jacket,  bolted  at  the  dange  or  brim  to  it.  £aeh  pan  contains, 
when  full,  about  SSO  gallons,  equivalent  to  nearly  35  cwls.  of  cryslolliied  sugar.  They 
are  furnished  with  steom^coeks  and  waste  iteam-pipes.  Under  the  level  of  the  spheroid* 
d,  d,  the  horizontal  main-pipe  is  seen,  for  supplyiu;  the  eases  with  steam.  Id  the  face 
of  each  pan,  above  the  line  b,  b,  the  handle  of  Ihe  proof-stick  appears,  like  that  of  a  stop- 
cock. The  distribution  of  the  measure  cixlems,  and  some  other  parts  of  the  pans,  it 
slightly  varied  in  this  representation  (Vom  the  fanner.  From  Ihe  bottom  of  the  liquor 
cisterns  c,  c,  pipes  descend  to  the  charging  measures  a,  a,  below.  The  cisterns  c,  c,  ore 
made  of  copper,  and  contain  each  about  400  gallons.  Six  tons  of  refined  sogar  can  be 
turned  out  daily  in  a  three-pan  hoase. 

Ji^-  1089  represents  in  section  another  form  of  the  vaeoum-pan.      a  is  the  ipheroidal 
copper  TCBsel,  supported  by  four  iron  colomos  ft,  i.    It  may  be  diichuged  by  mMU  of 


tk«  ptpe  c,  which  ii  teenred  with  a  eonical  valve  <f.    This  may  be  opmol  or  shot,  by 
Mti^  on  the  Itret «.    The  lower  of  the  two  hemispheres  of  which  the  pan  is  compoted 
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is  double,  and  the  interstitial  space/,/,  is  filled  with  steam  by  the  pipe  g,  as  the  bealtag 
and  evaporating  agent,    h,  is  the  steam  valve ;  i,  the  pipe  for  the  efflox  of  the  condeMl 
water,    fc,  a  tube  for  the  escape  of  the  air  at  the  commencement  of  the  operatioB.    I,  is 
an  apparatus  inserted  air-tight  into  the  cover  of  the  vacunm-pan,  and  which  dips  dows 
into  the  sirup ;  serving  to  take  out  a  sample  of  it,  without  allowing  air  to  enter,  and 
hence  called  the  proof-stick.     The  construction  of  this  histrument  is  exhibited  in  /gk 
1091,  1092,  1093,  1094, 1095,  which  will  be  presently  explained,    m,  is  the  thermometer, 
which  is  also  plunged  into  the  sugar ;  behind  it,  is  the  barometer.    «,  is  the  charger  or 
gange-vessel,  filled  with  the  filtered  sirup,  which  it  discharges  by  the  pipe  n'.      o,  is  the 
cover  or  capital  of  the  vacuum-pan.    o',  is  a  safety-valve,  through  which  the  air  may  be 
admitted,  after  the  completion  of  the  process,    p,  is  a  bent  pipe,  slanting  dowuwaidi 
with  a  stopcock  q,  at  its  end,  to  receive  the  superfluous  sirup.      The  vapor,  which  is 
disengaged  from  the  sirup  during  its  concentration,  is  extracted  from  the  top  of  the 
pan  into  the  pipe  r,  passes  from  this  into  the  vessel  «,  which  is  divided  by  a  plate  of 
copper  into  two  compartments.     The  simp  forced  over  accidentally  in  the  ebullition 
goes  into  the  vessel  9,  and  passes  by  the  glass  tube  /,  into  the  pipe  p.    The  glass  tote 
serves  to  show  the  quantity  of  the  sirup  that  has  boiledover,  so  Uiat  it  n»y  be  drawa 
off  when  necessary.      For  this  purpose,  the  stopcock  v,  of  the  vessel  v,  must  be  dosei^ 
and  q  must  be  opened,  in  order  to  fill  v,  while  the  air  contained  in  it  escapes  into  the 
pan.    The  stopcock  q,  being  then  shut,  and  u,  with  the  little  air-oock  x,  opened,  the  sirap 
will  flow  into  the  large  receiver  placed  beneath  it,  commonly  but  erroneously  called  a 
cooler ;   because  it  is  a  double  copper  basin,  with  steam  In  the  interstitial  spaee.     The 
hot  steam  rushes  from  s,  into  the  cast-iron  vessel  y,  where  it  is  condensed,     z,  is  a  pipe 
for  introducing  the  water  of  condensation  through  the  copper  rose  of.  The  condensed  water 
flows  through  the  pipe  b',  and  the  valve  e',  to  the  air-pump,  which  receives  motioii  froa 
the  shaft  of  the  steam-engine. 
The  vacuum-pan  was  originally  heated  solely  by  the  admission  of  steam  between  the 
1090  double  bottom ;  but  of  late  years  the  hert 

has  been  also  applied  to  the  sirup  through 
several  coils  of  pipe  placed  within  the  pan, 
filled  with  steam  at  a  temperature  many 
degrees  above  212°  F.,  sometimes  so  high 
as  250°.     By  this  double  application  of 
heat,  the  evaporating  power  of  a  pan  has 
been  vastly  increased.     The   latest  made 
pans  have  a  considerably  flat  bottom^JIg. 
1090;  a  spiral  pipe,  laid  close  upon  it;  aM 
between    the    under   hemisphere    and   the 
upper  one,  there  is  a  space  a,  a,  2|  feet 
high,  to  give  the  sirup  room  for  frothing 
up  without  boiling  over.    The  spaee  A,  of 
the    bottom    receives   steam    of    cooooa 
pressure,  and    the    spiral    tubes,  of  ksth 
pressure.    A  pan  like  this  is  now  makiigAr 
a  house  in  London,  which  is  to  woik  off  16 
tons  of  sugai^-loaTes  daily. 
The  proof-stick,  ytg.  1095,  consists  of  a  cylindrical  rod,  capable  of  bein^  screwed  air* 
tight  into  the  pan  in  an  oblique  direction  downwards.    The  upper  or  exterior  end  is  open; 
the  under,  which  dips  into  the  sirup,  is  closed,  and  has  pn  one  side  a  slit  a  ifigt,  109],  109S) 
or  notch,  about  |  inch  wide.  In  this  external  tube,  there  is  another  shorter  tube  by  capable 

""^'  of  moving  round  in  it,  thnagh 

an  arc  of  180P.  An 
npon  the  und^  end  e, 
sponds  with  the  slit  in  Uie 
tube,  so  that  both  may  ^ 
to  coincide,  fig.  1091,  a.  A 
wooden  plug  dy  is  pot  in  the 
interior  tnb^  hut  so  as  not  to 
shut  it  entirely.  Upon  the 
upper  end  there  is  a  prqieclion 
or  piUy  which  catches  in  a  slil 
of  the  inner  tnbe,  by  whkh 
this  may  be  turned  roand  at 
pleasure.  In  the  lower  cndsf 
the  plug  there  is  a  hole  ^  ^hk^ 
can  be  placed  in  communication  with  the  lateral  openings  in  both  tabes.  Henee  it  is 
possible,  when  the  plug  and  the  inner  tube  are  brought  into  the  proper  position^  i^ 
fig.  1091,  to  fill  the  cavity  of  the  wooden  rod  with  the  simp,  and  to  take  it  out  withoat 
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■UanDg  aay  air  to  tattr.    In  order  lo  ftcUiUle  Ibe  tarataf  of  the  inner  tabe  vithin 
Ibe  oslrr,  there  ii  «  groore  in  Ibe  noder  put,  into  irfaidi  a  lllUe  greiwe  may  be 

ialradaced. 

Wbeaerer  n  proof  has  been  taken,  (he  wooden  plug  must  be  placed  in  reference  to  thn 
ianer  lube,  as  thown  in  Jig.  1091,  c,  and  then  be  turned  into  the  posilkin  a  ;  irhen  the 
eivjtf  of  the  plug  vill  a^ain  befiUel  with  sirup,  c  maat  be  now  tnnied  bacli  to  the  for- 
mer posilion,  whereby  all  interconrse  with  the  Tacuum-pan  isentofTi  the  ping  beingdrawn 
out  I  lillle,  and  pliced  out  of  communication  with  the  inner  tube.  The  plug  is  then  turned 
inlD  the  position  B,  drawn  out,  and  the  proof  eiamined  by  the  lingers. 

It  the  corresponding  atmospheric  presaurs 
:uum.pan  :— 

■|-36    J-a?    l'8d^2-05*  2-36   272  3l""3-62   4-00. 

ll'a^  120°   126=   130"    135»  H0=    145°   150°   155°    160=    166°   1T0°   176°. 

The  large  donWe  steam-basin,  which  receiTes  seieral  suecessiie  skipping!  of  tha 

rancentrated  grannlBling  simp,  serres  to  heal  it  from  the  temperature  of  160°  or  170°,  at 

which  it  IcBTCt  iheTacuum-pan,  up  to  200°  or  thereby,  before  it  is  GUedoul  into  the  moulds  | 

for  vere  it  introdneed  in  the  cooler  state,  it  would  not  eoncrete  into  sufficiently  eompACI 


elevation,  and  in^g.  1097,  in  ground  plan,  a,  is  the  pan] 
b,  its  spout;  r,  the  axis  or  pivot  round  which  it  swings 
so  as  to  empty  itself,  when  raised  behind  by  the  chain  d; 
t,  is  the  (bmece  door ;  /,  the  pa«»age  to  the  Greplaea  and 
fmite  g ;  h,h,  h,  side  Buee  for  condacUng  the  smolie  into  the 
chimney. 

The  dniy   el«riGed,  concentrated,  grannlMed,  and    re-     ' 

healed  sirup,  is  transferred,  by  means  of  copper  basins,  from 

the  coolers  into  conical  moulds,  made  either  of  brown  and 

Bomcwbal  porous  earthenware,  or  of  sheet  iron,  strongly 

painted.     The  sizes  of  the  Diaulds  vary,  from  a  capacity 

of  10  pound  loaru,  to  that  of  56  pound  batlarit — a  kind 

of  son  brown  sugar  obtained  by  Ibe  concentration  of  Iha 

inferior  sinips.     These  moulds  hare  the  orifices  at  their 

tips  closed  with   bits  of  twisted  paper,  and  are  set  ap  in 

rows  close  to  each  olber,  in  an  aiiy  apartment  adjoining 

the  coolers.    Here  Ihey  are  left  several  hours,  common^ 

the  whole    night,   aner    beini   filled,   till    their  contents 

'      become  solid,  and  they  are  lilted   next  morning  into  an 

upper  floor,  kept  st  a  temperature  of  aboot  B0°  by  means  of 

steam  (upes,  and  placed  each  orer  a  pot  to  receive  the  sirup 

draininis — the  paper  plug  being  first  removed,  and  a  tteel 

wire,  called  a  piercer,  being  thrust  up  to  clear  away  any 

concrelion   from  the  tip.      Instead  of  setting   the   lower 

portion  of  the  inverted  cones  in  pots,  some  refiners  arrange  them  in  wooden  racks,  with 

their  apices  sDspendfld  orer  longitudinal  tnilters  of  lead  or  zine,  laid  with  a  slight  slope 

upon  the  Hoor,  and  lenninating  in  a  sunk  cistern.     The  sirup  whieh  fiows  off  spon- 

taoeouily  is  called  green  sirup.      It  is  kept  separate.    In  the  coarse  of  two  or  thrae 

days,  when  the  drainage  is  nearly  eumplele,  some  finely  clarified  sirup,  made  from  loaf 

sngar,  called  liqum  by  the  refiners.  Is  poured  to  the  depth  of  about  an  inch  opon  th« 

base  of  each  cone,  the  surface  having  been  previously  rendered  level  and  solid  by  an 

iron  tool,  called  ■  bottoming  trowel.      The  liquor,  in  percolating  downwat^  being 

already  a  Baturaled  sirup,  can  dissolve  none  of  the  erjstalline  Bogsr,  but  only  the 

colored  molnssy  mstter  ;  whereby,  at  each  successive  liquoring,  the  loaf  becomes  whiter, 

from  the  base  to  the  apei.    A  few  moulds,  taken  promiscuously,  are  emptied  from  time 

to  lime,  to  inspeel  the  propesa  of  the  blanching  operation  ;   and  when  the  loaves  appear 

lo  have  acquired  as  much  coior,  according  lo  the  language  of  refiners,  as  is  wanted  fb* 

the  parlienlat  market,  they  are  removed  from  the  monUa,  turned  on  a  lathe  at  the  tips,  if 

necessary,  set  for  a  short  time  upon  their  bases,  to  diffuse  their  moisture  equally  through 

them,  and  then  inDsferred  intoasloTehealed  to  130=  or  140°  by  steam  pipes,  where  tbey 

are  allowed  to  remain  for  two  or  three  days,  lifl  they  be  baked  thoroughly  dry.    They  ara 

then  taken  out  of  the  stove,  and  put  up  in  blue  paper  for  sole. 

JB  the  above  description  of  sugar-refining,  I  have  (aid  nothing  of  the  process  of  el«y- 
tag  the  loaveiL,  because  it  is  now  nearly  obsolete,  and  abandoned  in  aU  well-appointea 
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ragw-hoiues.  Hose  oT  mj  rmdtn  nha  detire  to  beeome  ■«qa*intcd  whb  fsgw-nAiif 
upon  the  old  plan,  may  eoasult  my  Uepwliiiade  upon  thesnbjecttoUieHoiKnUeHsKi 
of  CoHMoHS  ia  July,  1333  ;  where  they  will  find  every  step  detailed,  and  (he  nuBoieil 
resullB  staled  with  minute  aceuncy.  The  ezperiments  aubMrrienl  to  that  oSdil  Rport 
were  inMiluled  parposel;  to  delemuae  the  average  yield  or  prodact,  in  doable  and  saglc 
refined  loarei,  Inmpa,  baitanls  and  ireacle,  which  JiHerent  hinds  of  lugar  would  iflM 
per  cwt,  when  refined  by  decoloring  with  not  more  than  S  per  cenl.  of  bone  black, tioilii( 
in  an  open  pan,  and  eleanog  the  loarct  with  cUy-p«p. 

The  jAysieal  eharaclers  whiiA  «erve  to  show  that  a  beet-root  it  of  good  quality,  in 
its  being  firm,  brittle,  emitlini;  a  creaking  noise  when  cut,  and  being  perrcclly  fiti 
within;  Ibe  degree  or sweetneis  is  also  a  good  iadicalioa.  The  45lh  degree  of  lilindt 
appears  to  be  the  Boulhern  limit  of  (he  SDCcenTul  growth  of  beel  in  refercDce  to  the  eimdia 
of  sugar. 

ExIraclUm  0/ Sagar  from  tht  Beet.  —  The  first  manipuktiont  to  which  the  bnU  ue 
exposed,  are  inlended  lo  clear  (hem  from  (he  adhering  earth  and  8(ones,  as  well  u  Ik 
fibrooirooU  and  portions  of  the  neck.  It  is  desirable  taeipote  (he  roots,  slier  Ibistqicnun, 
to  the  aeiion  of  a  cylinder  w^tsh in ij- machine. 

The  parenchyma  of  the  beel  h  a  gponty  mass,  whose  cells  are  filled  with  juice.  Tit 
cellular  tissue  itself,  which  furuis  usually  only  a  (wenlielh  or  twenty-filUi  of  the  «belt 
weight,  consists  of  lisneous  Gbri?.  Compression  alone,  however  powerful,  is  insriripiilr 
[o  force  out  all  the  liquor  which  Ihis  (issoe  conlaini.  To  eflect  this  object,  (he  raU 
mast  be  subjecled  to  the  action  of  an  instrument  which  will  tear  and  open  ip  (^ 
frealcM  possible  number  of  these  cells.  Eiperimenls  have,  indeed,  proved,  that  ^  Ibe 
most  considerable  pressure,  not  more  than  40  or  90  per  cent,  in  juice  from  the  bM<m 
be  obtained  t  whilst  (he  pulp  procured  by  the  aclioo  of  a  grater  prodoecs  fioD  t  j  to  JO 
percent. 

I0B8  1099 


Tkebeet-root  ratpoTHouirarineisrepresentedinj^gi.  1098,  I0!)9.  a,a,ii(l«IJ«"»- 
woth  of  the  machine ;  b,  the  feed-plate,  made  of  cast  iron,  divided  by  a  ri<^  i>U>  »• 
parts)  c,  (he  hollow  drum;  d,  its  shafl,  npon  either  side  of  whose  periphery  oils  M 
tcrewed  for  securing  the  saw  blades  t,  t,  which  are  packed  tight  against  etch  Mkr  If 
mean)  of  laths  of  wood  ;  /,  is  a  pinion  opon  the  shaft  of  (he  drum,  into  which  Ihevhielf 
works,  and  which  is  keyed  upon  the  shaft  A;  i,  is  the  driving  rigger;  k,  pillar  of  sip^i 
If  blocks  of  wood,  with  whicb  (he  workman  pushes  the  beet-roots  againsl  the  lendvuf- 
raspi  m,thecheetfor  receiving  the  beet-pap;  n,  the  wooden  cover  of  the  dnUB,  Hm^  ™ 
sheet  iron.    The  dmm  should  make  SCO  or  600  lums  in  (he  minute. 

A  few  yesTsago,  M.  Dombasle  introduced  ■  process  of  extracting  the  jnieefroa  lie 
beel  withont  either  ras|ang  or  hydraulic  pressure.  The  beeta  were  cut  iota  Ihis  ili^ 
by  a  proper  rotatory  blade-machine;  these  slices  were  pat  into  a  msceralial  ^'"J 
with  about  their  own  bulk  of  water,  at  a  temperature  of  212°  P.  After  half  sa  toin 
maceration,  (he  liquor  was  said  to  have  a  denrity  of  Z"  B.,  when  il  was  rai  rf  '■W  • 
second  similar  cistern,  upon  other  beet-roots ;  fhnn  (he  second  it  was  let  ills  ■  1^ 
and  so  on  to  a  Mh  ;  by  which  (ime,  its  density  having  risen  to  S|°,  it  wasretdlfa*" 
process  of  defecation.  Juice  procured  in  (his  way  is  transparent,  and  reqaim  V™ 
lUne  fbr  in  purificalion;  but  it  is  apt  to  rermenl,  or  to  have  its  franulaling  power  i* 
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pured  by  the  watery  dttution.  The  process  has  been  aecordingly  abandoned  in  most 
establishments. 

I  have  seen  the  followinsr  operations  snceessTully  executed  in  a  beet-root  factory  near 
Lille,  and  have  since  verified  their  propriety  in  my  own  laboratory  npon  white  beets, 
grown  near  Mitcham  in  Sarrey.  My  product  was  nearly  6-  per  cent.;  it  was  very  Adr, 
and  large  grained,  like  the  vacuum-pan  sugar  of  Demeirara,  but  without  its  clamminess. 

The  roots  were  washed  by  a  rotatory  movement  upon  a  gratiot;  made  like  an  Archim^ 
des'  screw,  formed  round  the  axis  of  a  squirrel-cage  cylinder,  which  was  laid  horizontally 
beneath  the  surface  of  water  in  an  oblong  trough.  It  was  turned  by  hand  rapidly,  with 
the  intervention  of  a  toothed  wheel  and  pinion.  The  roots,  a^r  being  sufficiently 
agitated  in  the  water,  were  tossed  out  by  the  rotation  at  the  end  of  the  cylinder  furthest 
from  the  winch.  They  were  next  hoisted  in  a  basket  up  through  a  trap-hole  into  the 
ftoor  above,  by  means  of  a  cord  and  pulley  moved  by  mechanical  power;  a  six-horse  steam 
engine,  upon  Woolfe's  expansive  principle,  being  employed  to  do  all  the  heavy  work. 
They  were  here  subjected  to  the  mechanical  grater  (rape  mecanique)^  see  figs.  1098, 1099, 
which  had,  upon  its  sloping  feed-table,  two  square  holes  for  receiving  at  least  two  beets 
at  a  time,  which  were  pushed  forwards  by  a  square  block  of  wood  held  in  the  workman's 
hand  by  means  of  a  strap.  The  rasp  was  a  drum,  having  rows  of  straight  saws  placed 
half  an  inch  apart  round  its  periphery,  paraiUl  to  the  axia,  with  teeth  projecting  about 
i  of  an  iach.  The  space  between  each  pair  of  saws  was  filled  with  a  wedge  of  wood.  The 
steel  slips,  or  saw  plates,  were  half  an  inch  broad,  twelve  inches  long,  and  serrated  on 
both  their  longitudinal  edges,  so  that  when  the  one  line  of  teeth  was  blunted,  the  other 
could  be  turned  out.    The  drum  made  750  turns  per  minute. 

The  pulp  from  the  rasp  fell  into  a  fiat  trough  placed  beneath,  whence  it  was  shovelled 
iato. small  bags.  Each- bag  had  its  mouth  folded  over,  was  laid  upon  a  wicker  plate,  and 
spread  flat  with  a  rolling-pin.  The  bags  and  hurdles  were  then  piled  in  the  hydraulic 
press.  There  were  three  presses,  of  which  the  two  allotted  to  the  first  pressure  were 
charged  alternately,  and  the  third  was  reseiT-ed  for  a  final  and  more  durable  pressure  of 
the  marc.    See  Press,  hydraulic,  and  Stearine  Press. 

The  juice  flowed  over  the  edges  of  the  wicker  plates,  and  fell  into  the  sill-plate  of 
the  press,  which  was  furnished  with  upright  borders,  like  a  tray,  through  whose  6ont 
side  a  pipe  issued,  that  terminated  in  a  leathern  hose,  for  conducting  the  juice  into  an 
elevated  cistern  in  the  boilij^g-honse.  Here  one  pound  of  slaked  lime  was  mixed  with 
every  four  hectolitres  (about  88  gallons  imp.)  of  juice.  The  mixture  was  made  to  boO 
for  a  little  while  in  a  round  pan  alongside,  whence  it  was  decanted  into  oblong  flat  filters, 
of  blanket  stuff.  The  filtered  liquor,  which  had  in  general  a  spec,  gravity  of  15®  Baumi 
(about  double  that  of  the  fresh  juice),  was  now  briskly  concentrated  by  boiling,  in  an 
oblong  pan,  till  it  acquired  the  density  of  28°  B.  The  fire  being  damped  with  raw 
coal,  the  sirup  was  run  off  rapidly  by  a  stopcock  into  a  large  basin  with  a  swing  handle, 
nod  immediately  replaced  by  fresh  defecated  liquor.  The  basin  was  carried  by  two  men 
to  the  opposite  side  of  the  boiling- house,  and  emptied  into  a  cistern  set  on  a  high 
platform,  whose  horizontal  discharge-pipe  was  provided  with  a  series  (five)  of  stopcocks, 
placed  respectively  over  five  copper  chests  (inverted  truncated  pyramids),  containing  a 
thick  bed  of  granular  bone  black,  covered  with  a  perforated  copper  plate.  The  hot  sirup 
thus  filtered  had  a  pale  straw-color,  and  was  subsequently  evaporated  in  swing  pans,^g«. 
1096,  1097,  over  a  brisk  fire,  in  quantities  equivalent  to  half  a  cwt.  of  sugar,  or  four 
hectolitres  of  average  juice. 

MAPLE  SUGAR. 

The  manufacture  of  sugar  from  the  juice  of  a  species  of  maple  tree,  which  grows 
spontaneously  in  many  of  the  uncultivated  parts  of  North  America,  appears  to  have 
been  first  attempted  about  1752,  by  some  of  the  farmers  of  New  England,  as  a  branch  of 
rural  economy.  , 

The  sugar  maple,  the  jicer  saccharinum  of  Linnaeus,  thrives  especially  in  the  States  of> 
New  York  and  Pennsylvania,  and  yields  a  larger  proportion  of  sugar  than  that  which* 
grows  upon  the  Ohio.    It  is  found  sometimes  in  thickets  which  cover  five  or  six  acxes- 
of  land ;  but  it  is  more  usually  interspersed  eunong  other  trees.    They  are  supposed  to  > 
arrive  at  perfection  in  forty  years. 

The  extraction  of  maple  sugar  is  a  great  resource  to  the  inhabitants  of  districts  far- 
removed  from  the  sea;  and  the  process  is  very  simple.    Afler  selecting  a  spot  among- 
snrrounding  maple  trees,  a  shed  is  erected,  called  the  sugar-camp^  to  protect  the  boilers- 
and  the  operators  from  the  vicissitudes  of  the  weather.    One  or  more  augers,  three 
fourths  of  an  inch  in  diameter;  small  troughs  for  receiving  the  sap;  tubes  of  elder  or. 
sumach,  8  or  10  inches  long,  laid  open  through  two  thirds  of  their  length,  and  corrcs* 
ponding  in  size  to  the  auger-bits;  pails  for  emptying  the  troughs,  and  carrying  the  sap, 
to  the  camp;  boilers  capable  of  holding  15  or  16  gallons;  moulds  for  receivings  the 
sirup  inspissated  to  the  proper  consistence  for  concreting  into  a  loaf  of  sngai^.aiidy , 
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lastly,  hatehcto  to  cut  and  cleave  the  fael,  are  the  principal  utensils  requisite  for  iSm 
manufacture.    The  whole  of  February  and  beginning  of  March  are  the  sugar  season.   ' 

The  trees  are  bored  obliquely  from  below  upwards,  at  18  or  20  inches  above  the  grovady 
with  two  holes  4  or  5  inches  asunder.  Care  must  be  taken  that  the  anger  penetrates  m 
more  than  half  an  inch  into  the  alburnum,  or  white  bark;  as  experience  hma  prored  that 
a  greater  discharge  of  sap  takes  place  at  this  depth  than  at  any  other.  It  is  also  adriaa- 
ble  to  perforate  in  the  south  face  t>f  the  trunk. 

The  trough,  which  contains  from  two  to  three  gallons,  and  is  made  eamuMmly  of 
white  pine,  is  set  on  the  ground  at  the  foot  of  each  tree,  to  receive  the  sap  which  iows 
through  the  two  tubes  inserted  into  the  holes  made  with  the  auger;  it  is  collected  together 
daily,  and  carried  to  the  camp,  where  it  is  poured  into  casks,  out  of  which  the  boikrs 
are  supplied.  In  every  case,  it  ousht  to  be  boiled  within  the  coarse  of  two  or  three  days 
from  flowing  out  of  the  tree,  as  it  is  liable  to  run  quickly  into  fermentation,  if  the  weather 
become  mild.  The  evaporation  is  urged  by  an  active  fire,  with  careAil  skimming  dnriag 
the  boiling ;  and  the  pot  is  continually  replenished  with  more  sap,  till  a  lai^ge  body  has 
at  length  assumed  a  sirupy  consistence.  It  is  then  allowed  to  cool,  and  pass«l  through  a 
woollen  cloth,  to  free  it  from  impurities. 

The  sirup  is  transferred  into  a  boiler  to  three  fourths  of  its  capacity,  and  it  is  urged 
with  a  brisk  fire,  till  it  acquires  the  requisite  consistence  for  being  poured  into  the  moulds 
or  troughs  prepared  to  receive  it.  This  point  is  ascertained,  as  usual,  by  its  exhibitiif 
a  granular  aspect,  when  a  few  drops  are  drawn  out  into  a  thread  between  the  finger  and 
the  thumb.  If  in  the  course  of  the  last  boiling,  the  liquor  froth  up  considerably,  a  small 
bit  of  butler  or  fat  is  thrown  into  it.  AAer  the  molasses  have  been  drained  from  the  con- 
creted loaves,  the  sugar  is  not  at  all  deliquescent,  like  equally  brown  sugar  from  the  case. 
Maple  sugar  is  in  ta^te  equally  agreeable  with  cane  sugar,  and  it  sweetens  as  well.  When 
refined  j  it  is  equally  fair  with  the  loaf  suear  of  Europe. 

The  period  during  which  the  trees  discharge  their  juices  is  limited  to  about  six  weeks. 
Towards  the  end  of  the  flow,  it  is  less  abundant,  less  saccharine,  and  more  difficult  to  he 
crystallized. 

{Quantity  of  Sugar  brought  into  the  Markets  of  the  World,  in  the  year  1838. 


Tons. 
British  West  Indies       '   ^        -  160,000 
Mauritius,    35,000;   and      >        Rf^ntin 
British  East  Indies  20,000  5   '    ^'""" 
Java  -  ...    36,000 

Manilla  and  Siam  -        -    30,000 


Tons. 
Bourbon    .  -  -  .    20,000 

Cuba         -  -  -  -  100,000 

Brazils      ....    95^000 
From  Beet-root,  in  France  >  <st«vi 

and  Belgium  J  "    ^^^ 

Dutch  West  Indies  -    25,000    United  States        -  -  -    ^,000 

St.  Thomas  and  St.  Croix  -      7,000  

Martinique  and  Guadaloupe     -    80,000  738,000* 

SUGAR  OF  LEAD,  property  Jcetate  of  lead  (JcetaU  de  plomb ;  8el  dt  Saiwrm, 
Fr.  J  Essigsaures  Bleioxyd,  Bleizucker^  Germ.),  is  prepared  by  dissolving  pure  lithsif^ 
with  heat,  in  strong  vinegar,  made  of  malt,  wood,  or  wine,  till  the  acid  be  satnnled. 
A  copper  boiler,  rendered  negatively  electrical  by  soldering  a  strap  of  lead  within  it,  is 
the  best  adapted  to  this  process  on  the  great  scale.    325  parts  of  finely  gnmad  and 
sifted  oxyde  of  lead,  require  575  parts  of  stron?  acetic  acid,  of  spec.  grav.  "P  Baame, 
for  neutralization,  and  aflford  960  parts  of  crystallized  sugar  of  lead.     The  oxyde  shoold 
be  gradually  sprinkled  into  the  moderately  hot  vinegar,  with  constant  stirring,  to  pre- 
vent adhesion  to  the  bottom ;  and  when  the  proper  quantity  is  dissolved,  the  solution 
may  be  weakened  with  some  of  the  washings  of  a  preceding  process,  to  dilute  the  acetate, 
after  which  the  whole  shonld  be  heated  to  the  boiling  point,  and  allowed  to  cool  slowly, 
in  order  to  settle.    The  limpid  solution  is  to  be  drawn  off  by  a  syphon,  concentrated 
by  boiling  to  the  density  of  32°  B.,  taking  care  that  there  be  always  a  faint  excess  of 
acid,  to  prevent  the  possibility  of  any  basic  salt  being  formed,  which  would  interfere  with 
the  formation  of  regular  crystals.    Should  the  concentrated  liquor  be  colored,  it  may  be 
whitened  by  filtration  through  granular  bone  black. 

Stoneware  vessels,  with  salt  glaze,  answer  best  for  crystallizers.  Their  edges  should 
be  smeared  with  candle-grease,  to  prevent  the  salt  creeping  over  them  by  tffioruead 
vegttation.  The  crystals  are  to  be  drained,  and  dried  in  a  stove-room  very  slightly 
hMted.  It  deserves  remark,  that  linen,  mlits,  wood,  and  paper,  imbued  with  sngar  of 
lead,  and  strongly  dried,  readily  take  fire,  and  burn  away  like  tinder.  When  the 
mother  waters  cease  to  afford  good  crystals,  they  shonld  be  decomposed  by  carbonate  of 
soda,  or  by  lime  skilfully  applied,  when  a  carbonate  or  an  oxyde  will  be  obtained,  fit  ftr 
treating  with  fresh  vinegar.  The  supernatant  acetate  of  soda  may  be  employed  lor  Iht 
citraction  of  pure  acetic  acid. 

*  For  thia  impoitent  teUa,  I  miadtMed  to  Jtmm  Oook,  B^.,  of 
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B  A  nwin  point  in  the  preparation  of  sugar  of  lead,  is  to  use  a  strong  acid ;   otherwise 

n  much  time  and  acid  are  wasted  in  concentrating  the  solution.    This  salt  crystallizes  io 

r-  colorless,  transparent,  four  and  six  sided  prisms,  from  a  moderately  concentrated  solution ; 

f  but  flrom  a  stronger  solution,  in  small  needles,  which  have  a  yellow  cast  if  the  acid  has 

r  been  slightly  impure.    It  has  no  smell,  a  sweetish  astringent  metallic  taste,  a  specific 

II  graWty  of  2-345;  it  is  permanent  in  the  air  at  ordinary  temperatures,  butefltoresces  when 

heated  to  96^,  with  the  loss  of  its  water  of  crystallization  and  some  acid,  falling  into  a 
5  powder,  which  passes,  in  the  air,  slowly  into  carbonate  of  lead.    The  crystals  dissoWe  in 

I'  ]|  times  their  weight  of  water  at  60°,  but  in  much  less  of  boiling  water,  and  in  8  parts  of 

t  tlcohol.    The  solution  feebly  reddens  litmus  paper,  but  has  an  alkaline  reaction  upon  the 

£  colors  of  Tiolets  and  turmeric.    The  constituents  of  the  salt  are,  68*71  oxydeof  lead, 

{  27'08  acetic  acid,  and  14*21  water,  in,  100. 

Acetate  of  lead  is  moch  used  in  calico-printing.    It  is  poisonous,  and  ought  to  be  pre- 
s  pared  and  handled  with  attention  to  this  circumstance. 

t  There  are  two  subacetates  of  lead  ;  the  first  of  which,  the  ter-subacetate,  has  three 

ii  atoms  of  base  to  one  of  acid,  and  is  the  substance  long  known  by  the  name  of  Goulard's 

extract.     It  may  be  obtaincHJ  by  digesting  with  heat  a  solution  of  the  neutral  acetate, 
E  upon  pure  litharge  or  massicot.    The  solution  affords  white  crystalline  scales,  which  do 

not  taste  so  sweet  as  sugar  of  lead,  dissolve  in  not  less  than  30  parts  of  water,  are  insolu- 
ble in  alcohol,  and    have  a  decided  alkaline  reaction  upon  test  paper.    Carbonic 
acid,  transmitted  through  the  solution,  precipitates  the  excess  of  the  oxyde  of  lead, 
0  in  the  state  of  a  carbonate,  a  process  long  ago  prescribed  by  Thenard  for  making 

white-lead.    This  subacetale  consists  of  88-66  of  oxyde,  and  13-34  acid,  in  100  parts. 
^  It  is  employed  for  making  the  orange  sub-chromale  of  lead,  as  also  sometimes  in 

jf  surgery. 

A  itx-nJtacetatey  containing  6  atoms  of  base,  may  be  obtained  by  adding  ammonia 
f  in  excess  to  a  solution  of  the  preceding  salt,  and  washing  the  precipitate  with  dilute 

r  water  of  ammoniaJ    A  white  powder  is  thus  formed,  that  dissolves  sparingly  in  cold 

water,  but  gives  a  solution  in  boiling  water,  from  which  white  silky  needles  are  de- 
posited.   It  consists  of  92*86  oxyde,  and  7-14  acid. 
,  SULPHATES,  are  saline  compounds  of  sulphuric  acid  with  oxydized  bases.    The 

minutest  quantity  of  them  present  in  any  solution,  may  be  detected  by  the  precipitate, 
insoluble  in  nitric  or  muriatic  acid,  which  they  afibrd  with  nitrate  or  muriate  of  baryta. 
They  are  mostly  Insoluble  in  alcohol. 
SULPHATE  OF  ALUMINA  AND  POTASSA,  is  alum. 

SULPHATE  OF  AMMONIA,  is  a  salt  sometimes  formed  by  saturating  the  ammonia 
liquor  of  the  gas-works  with  sulphuric  acid ;  and  it  is  employed  for  making  carbonate  of 
ammonia.     See  Ammonia  and  Sal  Ammoniac. 

SULPHATE  OP  BARYTA,  is^  the  mineral  called  heavy-spar,  which  frequently  forms 
the  flrangue  or  vein-stone  of  lead  and  other  metallic  oars. 

SULPHATE  OF  COPPER,  Roman  or  Blue  Vitriol  (Vitriol  de  CA^pre,  Fr. ;  Kup- 
f^rvUrioly  Germ.),  is  a  salt  composed  of  sulphuric  acid  and  oxyde  of  copper,  and  may  be 
(  formed  by  boiling  the  concentrated  acid  upon  the  metal,  in  an  iron  pot.    It  is,  how- 

f  ever,  a  natural  product  of  many  copper  mines,  fiom  which  it  flows  out  in  the  form  of  a 

Uue  water,  being  the  result  of  the  infiltration  cf  water  over  copper  pyrites,  which  has 
become  oxygenated  by  long  exposure  to  the  air  in  subterfanean  excavations.  The  liquid 
is  concentrated  by  heat  in  copper  vessels,  then  set  aside  to  crystallize.  The  salt  forms 
in  oblique  four-sided  tables,  of  a  fine  blue  color ;  has  a  spec,  gravity  of  2*104 ;  an  acerb, 
disagreeable,  metallic  taste ;  and,  when  swallowed,  it  causes  violent  vomiting.  It  be- 
comes of  a  pale  dirty  blue,  and  efiSoresces  slightly,  on  long  exposure  to  the  air;  when 
moderately  heated,  it  loses  36  per  cent,  of  water,  and  falls  into  a  white  powder.  It  dis- 
solves in  4  parts  of  water,  at  60°,  and  in  2  of  boiling  water,  but  not  in  alcohol ;  the  solu- 
tion has  an  acid  reaction  upon  litmus  paper.  When  strongly  ignited,  the  acid  flies  off, 
and  the  black  oxyde  of  copper  remains.  The  constituents  of  crystallized  sulphate  of 
copper  are — oxyde,  31*80;  acid,  32-14;  and  water,  36*06.  Its  chief  employment  in 
this  country  is  in  dyeing,  and  for  preparing  certain  green  pigments.  See  Schsixe's  and 
ScHWEiNFUBTH  Gbecn.  In  France,  the  farmers  sprinkle  a  weak  solution  of  it  upon 
their  grains  and  seeds  before  sowing  them,  to  prevent  their  being  attacked  by  birds  and 
insects. 

SULPHATE  OP  IRON,  Green  vitriol,  Copperas  {Couptrose  verte,  Fr. ;  Eiaen-vUriol. 
Sditoefelaurea  Eitenorydul,  Germ.),  is  a  crystalline  compound  of  sulphuric  acid  and 
protoxyde  of  iron;  hence  called,  by  chemists,  the  protosulphate ;  consisting  of,  26*10  of 
base,  29*90  of  acid,  and  44*00  of  water,  in  100  parts;  or  of  1  prime  equivalent  of 
protoxyde,  36,  +  1  of  acid,  40,  +  7  of  water,  63,= 139.  It  may  be  prepared  by  dis- 
solving iron  to  saturation  in  dilute  sulphuric  acvd,  evaporating  the  solution  till  a  pel- 
licle forms  upon  its  surface,  and  setting  it  aside  to  crystallize.  The  copperas  of 
coounerce  is  made  in  a  moch  dheaper  way,  by  stratifying  the  pyrites  found  in  the  eo«l 
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measures  ( Vitriolkies  and  Sirahlkies  of  the  Germans),  npon  a  sloping  pnddkd  pktfam 
of  stone,  leaving  the  sulphuret  exposed  to  the  wjeather,  till,  by  the  abaorptkm  of  oxygen, 
it  effloresces,  lixivinling  with  water  the  supersuiphale  of  iion  thns  fonned,  saturating  tkc 
excess  of  acid  with  plates  of  old  iron,  then  evaporating  and  cr>'8tallizing.  The  olher 
pyrites,  which  occurs  oflen  crystallized,  called  by  the  Germans  SchwrftOkk*  or  fueafciei, 
must  be  deprived  of  a  part  of  its  sulphur  by  calcination,  before  it  acquires  the  property 
of  absorbing  oxygen  O-om  the  atmosphere,  and  thereby  psssing  from  a  bisnlpliaret  ialo 
a  bisulphate.  Alum  schist  very  commonly  contains  vitriolkies,  and  affords,  aAer  being 
roasted  and  weather-worn,  a  considerable  quantity  of  copperas,  which  must  be  carefnlly 
separated  by  crystallization  from  the  alum. 

This  liquor  used  formerly  to  be  concentrated  directly  in  leaden  vessels;  bat  tbefint 
stage  of  the  operation  is  now  carried  on  in  stone  canals  of  considerable  length,  vaolted 
over  with  bricks,  into  which  the  liquor  is  admitted,  and  subjected  at  the  surface  to  the 
action  of  flame  and  heated  air,  from  a  furnace  of  the  reverberatory  kind,  constructed  at 
one  end,  and  discharging  its  smoke  by  a  high  chimney  raised  at  the  other.  See  Soda 
Manufacture.  Into  this  oblong  trough,  resting  on  dense  clay,  and  rendered  light  in 
the  joints  by  water-cement,  old  iron  is  mixed  with  the  liquor,  to  neutralize  the  excess  of 
acid  generated  from  the  pyrites,  as  also  to  correct  the  tendency  to  superoxydizement  in 
copperas,  which  would  injure  the  fine  green  color  of  the  crystals.  AAer  due  coneea- 
tration  and  saturation  in  this  surface  evaporator,  the  solution  is  run  off  into  leaden 
boilers,  where  it  is  brought  to  the  proper  density  for  affording  regular  crystals,  which  it 
does  by  slow  cooling,  in  stone  cisterns. 

Copperas  forms  sea-green,  transparent,  rhomboidal  prisms,  which  are  without  smeU, 
but  have  an  astringent,  acerb,  inky  taste ;  they  speedily  become  yellowish-brown  ia 
the  air,  by  peroxydizement  of  the  iron,  and  effloresce  in  a  waim  atmosphere:  they 
dissolve  in  1*43  parts  of  water  at  60^,  in  0*27  at  190°,  and  in  their  own  water  of  crystal- 
lization at  a  higher  heat.  This  salt  is  extensively  used  in  dyeing  black,  especially 
hats,  in  making  ink  and  Prussian  blue,  for  reducing  indigo  in  the  blue  vat,  in  the  China 
blue  dye,  for  making  the  German  oil  of  .vitJioI,  and  in  many  chemical  and  medicinal 
preparations. 

There  is  a  persulphate  and  subpersulphate  of  iron,  but  they  belong  to  the  domain  of 
chemistry.  The  first  may  be  formed,  either  by  dissolving  with  heat  one  pajt  of  red 
oxyde  of  iron  (colcothar)  in  one  and  a  half  of  concentrated  sulphuric  acid,  or  by  adding 
some  nitric  acid  to  a  hoiiing-hot  solution  of  copperas.  It  forms  with  gaUs  and  logwood 
a  very  black  ink,  which  is  ai)t  to  become  brown-black.  When  evaporated  to  dryacH^ 
it  appears  as  a  dirty  white  pulverulent  substance,  which  is  soluble  in  alcolKd.  It  con- 
sists, in  100  parts,  of  39*42  of  red  oxyde  of  iron,  and  60*58  sulphuric  acid. 

Hydraled  peroxyde  of  iron,  prepared  by  precipitation  with  alkali  from  solution  of  the 
persulphate,  is  an  excellent  antidote  against  poisuning  by  arsenic.  A  French /Mrra^Mr, 
who  had  swallowed  two  drachms  of  arsenious  acid,  was,  a(\er  an  interval  of  twenty  minotei^ 
treated  with  the  oxyde  precipitated  from  6  ounces  of  that  salt  by  caustic  potash.  It  was 
diffused  in  20  quarts  of  weak  sirup,  and  administered  in  successive  doses.  AAer  repeat* 
ed  vomiting  and  purging,  the  patient  felt  no  more  pain,  and  was  pronounced  by  the  phy- 
sician to  be  quite  convalescent. 

In  the  copperas  and  alum  works,  a  very  laree  quantity  of  ochrey  sediment  is  obtained; 
which  is  a  peroxyde  of  iron,  conUiining  a  little  sulphuric  acid  and  alumina.  This  de> 
posite,  calcined  in  reverberatory  hearths,  becomes  of  a  bright-red  color ;  and  when  gnnmd 
and  elutriated,  in  the  same  way  as  is  described  under  white  Uad^  forms  a  cheap  pigment, 
in  very  considerable  demand,  called  English  red,  in  the  French  market. 

Colcothar  of  Vitriol,  and  Crocus  of  Mars,  are  old  names  for  red  oxyde  of  iron.  Tkis 
brown-red  powder  is  obtained  in  its  purest  stale,  by  calcining  dried  sulphate  of  iron  ia  a 
furnace  till  all  its  acid  be  expelled,  and  its  base  become  peroxydized.  It  must  be  Uvi. 
gated,  elutriated,  and  dried.  This  powder  is  employed  extensively  in  the  steel  mannfoc- 
ture,  for  giving  the  finishing  lustra  to  fine  articles;  it  is  used  by  silversmiths  nnder 
the  name  of  plate  powder  and  rouge ;  and  by  the  opticians  for  polishing  the  specula  of 
reflecting  telescopes.  Much  of  the  croau  in  the  market,  is  made, however,  from  the  cop- 
peras and  alum  sediments,  and  is  greatly  inferior  to  the  article  prepared  by  the  last  pro- 
cess. The  finest  rouge  is  made  by  precipitating  the  oxyde  with  soda,  then  washing  and 
calcining  the  powder. 

An  excellent  powder  for  applying  to  razor-strops,  is  made  by  igniting  together  in  a 
crucible  equal  parts  of  well-dried  copperas  and  sea  salt.  The  heat  must  be  slowly 
raised  and  well  regulated,  otherwise  the  materials  will  boil  over  in  a  pasty  state,  and 
the  product  will  be  in  a  great  measure  lost.  When  well  made,  out  of  contact  of  air, 
it  has  the  brilliant  aspect  of  plumbago.  It  has  a  satiny  feel,  and  is  a  true  fn  oleguic, 
similar  in  composition  to  the  Elba  iron  ore.  It  requires  to  be  ground  and  elutriated ; 
af\er  which  it  affords,  on  drying,  an  impalpable  powder,  that  may  be  either  rubbed 
on  a  strop  of  smooth  buff  leather,  or  mixed  up  with  hog's-lard  or  tallow  into  a  stifl 
cerate. 


't. 
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SULPHATE  OF  LIME.    See  Gypsum. 

SULPHATE  OF  MAGNESIA,  E^iom  Salt  (Stl  amer,  Fr.;   Biitersalz,  Germ.), 
exists  in  sea-water,  as  also  in  the  waters  ofSaidschutz,  Sedlitz,  and  Pullna;  and  in  many 
^line  springs,  besides  Epsom  in  Surrey,  whence  it  has  derived  its  trivial  name,  and  from 
which  it  was  first  extracted,  in  the  year  1695,  and  continued  to  be  so,  till  modern  chem- 
*'■  istry  pointed  out  cheapef  and  more  abundant  sources  of  this  useful  purgative  salt. 

'  The  sulphate  of  magnesia,  occasionally  found  effloresced  on  the  surface  of  minerals 

'  in  crystalline  filaments,  was  called  haarsalz  (hair  salt)  by  the  older  writers.     The  bittern 

of  the  Scotch  sea-salt  works  is  muriate  of  magnesia,  mixed  with  a  little  sulphate  of 
'  magnesia  and  chloride  of  sodium.     If  the  proper  decomposing  quantity  (found  by  trial) 

of  sulphate  of  soda  be  added  to  it,  and  the  mixed  solution  be  evaporated  at  the  tem- 
perature of  122^  F.,  chloride  of  sodium  will  form  by  douhle  affinity,  and  fall  down  in 
'  cubical  crystals;    while  the  solution  of  sulphate  of  magnesia  which   remains,  being 

<  evaporated  to  the  proper  point,  will  affarJ   regular  crystals  in  four-sided  prisms  with 

four-sided  acuminations.  Or,  if  bittern  be  treated  in  a  retort  with  the  equivalent 
quantity  of  sulphuric  acid,  the  muriatic  acid  may  be  distilled  off  into  a  series  of  Woulfe's 
bottles,  and  the  sulphate  of  magnesia,  soda,  and  lime,  will  remain  in  the  retort,  from 
which  mixture  the  sulphate  uf  magnesia  may  be  separated  by  filtration  and  crystalliza- 

ttOQ. 

Magnesian  limestone  being  digested  with  as  much  muriatic  acid  as  will  dissolve  out  its 
lime  only,  will,  alter  washing,  afiurd,  with  the  equivalent  quantity  of  sulphuric  acid,  a 
pure  sulphate  of  magnesia ;  and  this  is  certainly  the  simplest  and  most  profitable  process 
for  manufacturing  this  salt  upon  the  great  scale.  Many  prepare  it  directly,  by  digesting 
Upon  magnesian  limestone  the  equivalent  saturating  quantity  of  dilute  sulphuric  acid. 
The  sulphate  of  lime  being  separated  by  subsidence,  the  supernatant  solution  of  sulphate 
of  magnesia  is  evaporated  and  crystallized. 

This  salt  is  composed  of,  magnesia  16*72,  sulphuric  acid  32-39,  and  water  50*89. 
When  free  from  muriate,  it  tends  to  effloresce  in  the  air.     It  dissolves  in  four  parts  of 
i.  water  at  32°,  in  3  parts  at  60°,  in  1-4  at  200°,  and  in  its  own  water  of  crystallization  at 

a  his/her  heat. 

SULPHATE  OF  MANGANESE  is  prepared  on  the  great  scale  for  the  calico- 
jyrinters,  by  exposing  the  peroxyde  of  the  metal  and  pitcoal  ground  together,  and  made 
into  a  paste  with  sulphuric  acid,  to  a  heat  of  400°  F.  On  lixiviating  the  calcined  mass^ 
a  solution  of  the  salt  is  obtained,  which  is  to  be  evaporated  and  crystallized.  It  forms 
pale  amethyst*co1ored  prisms,  which  have  an  astringent  bitter  taste,  dissolve  in  2|  parts 
of  water,  and  consist  of,  protoxyde  of  manganese  31*93,  sulphuric  acid  35*87,  and  water 
32*20,  in  100  parts. 

SULPHATE  OF  MERCURY  is  a  white  salt  which  is  used  in  making  corrosive 
sublimate.  See  Mercury.  The  subsulphate,  called  Turbilh  Mineral,  is  a  pale  yellow 
pigment,  and  may  be  prepared  by  washing  the  white  sulphated  peroxyde  with  hot  water, 
which  resolves  it  into  the  soluble  supersulphatc,  and  the  insoluble  subsulphate,  or  TurbUh. 
It  is  poisonous. 

SULPHATE  OF  POTASSA  is  obtained  by  first  igniting  and  then  crystallizing  the 
residuum  of  the  distillation  of  nitric  acid  from  nitre. 

SULPHATE  OF  SODA  is  commonly  called  Glauber's  salt,  from  the  name  of  the 
chemist  who  first  prepared  it.  It  is  obtained  by  igniting  and  then  crystallizing  the  resi- 
duum of  the  distillation  of  muriatic  acid  from  common  salt.  It  crystallizes  in  channelled 
6-sided  prisms.     See  Soda  Manufacture. 

SULPHATE  OF  ZINC,  called  also  White  VUriol,  is  commonly  prepared  in  the 
Harz,  by  washing  the  calcined  and  effloresced  sulphuret  of  zinc  or  blende,  on  the  same 
principle  as  green  and  blue  vitriol  are  obtained  from  the  sulphurets  of  iron  and  copper. 
Pure  sulphate  of  zinc  may  be  made  most  readily  by  dissolving  the  metal  in  dilute  sulphu- 
ric acid,  evaporating  and  crystallizing  the  solution.  It  forms  prismatic  crj'stals,  which 
have  an  astringent,  disagreeable,  metallic  taste ;  they  effloresce  in  a  dry  air,  dissolve  in 
2-3  parts  of  water  at  60°,  and  consist  of— oxyde  of  zinc,  28-29;  acid,  28*18 ;  water,  43*53. 
Sulphate  of  zinc  is  used  for  preparing  drying  oils  for  varnishes,  and  in  the  reserve  or  re- 
sist pastes  of  the  calico-printer. 

SULPHITES  are  a  class  of  salts,  consisting  of  sulphuit)U8  acid,  combined  in  equivalent 
proportions  with  the  oXydized  bases. 

SULPHOSELS  is  the  name  given  by  Berzelius  to  a  class  of  salts  which  may  be 
prepared  as  follows  : — 1.  Dissolve  a  salt  consisting  of  an  oxyde  and  an  acid  (an  oxysalt) 
in  a  very  small  quantity  of  water,  and  pass  through  the  solution  a  stream  of  sul- 
phureted  hydrogen,  till  the  salt  be  entirely  decomposed.  In  this  operation,  the  oxysaU 
is  transformed  into  a  sulphotalty  by  the  sulphur  of  the  compound  gas ;  while  its  hydrogen 
forms  water  with  the  oxygen  of  the  saline  base.  This  process  is  applicable  only  to  the 
metallic  salts ;  and  among  these,  not  to  the  nitrates,  carbonates,  or  phosphates.  2.  An- 
other method  of  pieparing  mlfhoiolti  is,  to  add  to  a  watery  solution  of  sulphuret  of 
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polBSf  iam,  an  clGclro-negKlire  melallk  sulphnrel,  which  irill  dinolve  in  Ibe  litoid  td 
Ihe  sulphurel  or  polBssinm  be  aaluralFd.  This  saline  rciopoand  ia  to  be  HDph>}cd 
to  effect  double  decani  position*  with  the  oxy»1ls;  thai  it,  lo  eoDiert  lh«  ndieil  of 
anolher  bate,  combined  viih  an  oxacid,  iato  a  SDlptao»1I.  3.  If  the  electn-neralit* 
Golphurel  be  put  in  powder  into  a  solution  of  Ihe  liydrosul]  buret  of  poUssa,  it  will  dia- 
solve  and  expel  tbe  sulphureled  hydrogen  with  efleivescenee  ;  juu  ■■  csibonic  acid  i* 
displnced  by  a  elronger  acid.  For  his  other  three  methods  of  prepaiiag  jsipluuaUt,  MC 
his  Elnnnh,  vol.  iii.  p.  336,  Fr.  translation. 

SULPHUR,  BriButime  (Soa/n,  Fr. ;  Schwe/il,  Germ.},  is  a  simple  comboitible,  aolid, 
non-melallic,  ofa  peculiar  yellow  color,  very  brittle,  tnellin;  al  the  temperature  of  SSfl* 
Fahr.,  and  poueuing,  aRer  it  has  been  fuced,  a  specific  graritj  of  1-99.  V  bra  held  ia 
a  warm  hand,  a  roll  of  sulphur  emits  a  crackling  sound,  by  the  fiaclare  of  ila  iBlaiot 
parts;  and  when  it  is  rubbed,  it  emits  a  peculiar  well-known  smell,  and  acquire!  rt  Ihc 
same  lime  ne^nliTC  electricity.  When  heated  to  the  temperalnre  of  S60°  F.  it  lakrt  fire, 
burnt  away  with  a  dull  blue  Same  of  a  suffocating  odor,  and  leaves  no  reudnsiD.  Whcm 
more  strongly  heated,  sulphur  hums  with  a  vivid  while  flame.    It  is  not  affected  hj  air 

Sulphur  is  an  abundant. product  of  nature;  eiisting  Fometimes  pure  or  inerely  mixed, 
and  al  olhers  in  inlimale  chemieal  combination  with  oiygen,  and  various  tnetals,  lutn. 
ing  sulphate*  and  aulphurets.      See  ores  of  Coffeb,  laoit,  Lud,  fcc,  aodcr  ihcae 

Fig.  1 100  represents  one  of  the  casl-iron  retorts  used  at  Hantillet  for  re£niag  sal. 
phar,  wherein  it  ia  melled  and  convened  into  vapors,  which  are  ted   into  a  laift 
chamber  for  condensation.    Tbe  body  u,  of  Ihe  retort  is  an  iron  pol,  3  feet  in  diamela 
outside,  22  inches  deep,  half  an  inch  thick,  whicli  weighs  14  cwta.,  and  receives  a  charge 
of  S  cwln.  of  erode  sulphur.     The  grate  is  8  inches  under  its  bottom,  wheocc  the  Aant 
risea  and  plays  round  ils  sidea.     A  casl-iron  capital  b,  being  luted  to  the  pot,  aad 
covered  wiih  sand,  the  opening  in  front  is  shut  with  an  iron  plate.    The  chamber  i, '» 
23  feet  k>ng,  II  feet  wide,  and   13  feet, high,  wiih  walls  32  iDehesthidc     In  the  roo^ 
al  each  gable,  TBlvea   or  lap- 
door*,  e,  10  inchn  aqaar*,  arc 
placed    at    the    boUton  of  the 
chimney  c.    The  cordatoiopo- 
ing  tbe  valve*  ar«  led  dowa  U 
the   side  of  the  faniaee.    Tbt 
entrance  to  the  chamber  i*  dnt 
with  an  iron  door.     In  the  waU 
oppocite  to  the  relortc,  ikert  ate 
two  aperture*  near  the  floor,  (m 
tailing  out  the  sulpfanr.    Each 
of  the  two  retorts  hdooging  ta 
a  chamber  is  chained  with  T)  n 
8  cwis.  of  sulphor ;   bat  eae  k 
fired  first,   attd    witfa   a  pitk 
heat,   leit  the    tiiiiinUii   lixilh 
should  overflow  I   but  vhn  the 
fumes  begin  to  rise   cofiioiuly, 
with  a  filronger  flame.     The  dn- 
tillalios  commences   witfaia  aa 
hour  of  kindling  the  fiir,  a^  is 
I       ,  ._  fire  to  the  fifSl  relorl,  the  seciad  > 

in  like  manner  set  in  operation. 

When  the  process  of  distillation  ia  resumeil,  aHer  having  been  some  lime  snapeadeA, 
eiplosioiit  may  he  apprehended,  from  the  prcf^ence  of  almoBpherical  air  ;  to  obviate  Ihe 
danger  of  which,  the  flap-duors  most  be  opened  every  ten  minutes;  but  they  ahoaU 
remain  closed  during  the  setting  of  the  relorls,  and  Ihe  reflux  of  sniphuion*  fume*  i> 
acid  should  be  carried  off  by  a  draught-hood  over  Ihe  relorta.  Tbe  distillation  is  carried 
on  without  interruption  dnring  the  week,  the  chaises  being  repeated  foar  times  ia  Ihe 
day.  By  Ihe  third  day,  ihe  chamber  acquires  such  a  degree  of  heat  as  to  preaerrc  Ih* 
iniphur  in  a  liquid  state;  on  the  sixth,  its  lemperalule  becoming  nearly  300°  F.,  ;cira 
ibe  sulphur  a  dark  hue,  on  which  account  the  furnace  ia  allowed  lo  cool  oo  Ihe  Sandaf. 
The  fittest  distilling  temperature  is  about  24S°.  The  sulphur  is  drawn  off  thniuth  two 
iron  pipes  cast  in  the  iron  doors  of  the  orifices  on  the  side  of  the  chamber  opposite  lo  tkc 
furnace.  The  iron  stoppers  being  taken  out  of  the  mouths  of  the  pipes,  the  aalphar  is 
allowed  to  run  along  an  iron  spout  placed  over  red-hot  charcoal,  into  the  appropriate 
wooden  moulds. 

Katif  nlphur  in  it*  pure  state  is  solid,  brittle,  inuuparenl,  yellow,  or  jdiow  boida- 
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mg  on  green,  and  of  a  glossy  lustre  wken  newly  broken.  It  occurs  frequently  in  crys- 
talline masses,  and  sometimes  in  complete  and  regular  crystals,  which  are  all  derivable 
from  the  rhomboidai  octahedron.  The  fractare  is  usually  conchoidal  and  shining.  Its 
specific  gravity  is  2*072,  exceeding  somewhat  the  density  of  melted  sniphur.  It  possesses 
a  very  eoasiderable  refractive  power;  and  doubles  the  images  of  objects  even  across  two 
parallel  (aces.  Sulphur,  cr>'stallized  by  artificial  means,  presents  a  very  remarkable  phe- 
nomenon ;  for  by  varying  the  processes,  crystals  are  obtained  whose  forms  belong  to  two 
dilferent  systems  of  crystallization.  The  red  tint,  so  common  in  the  crystals  of  Sicily, 
and  of  volcanic  districts,  has  been  ascribed  by  some  mineralogists  to  the  presence  of  real- 
gar, and  by  others  to  iron ;  but  Stromeyer  has  found  the  sublimed  orange-red  sniphur  of 
Vulcano,  one  of  the  Lipari  islands,  to  result  from  a  natural  combination  of  sulphur  and 
selenium.- 

It  is  extracted  from  the  minerals  containing  it,  at  Solfatara,  by  the  following  pro 
cess: — 

Ten  earthen  pots,  of  about  a  yard  in  height,  and  four  and  a  half  gallons  imperial  in  oa 
pacity,  bulging  in  the  middle,  are  ranged  in  a  furnace  called  a  gallery;  five  being  set  on  th  . 
one  side,  and  five  on  the  other.  These  are  so  distributed  in  the  body  of  the  walls  of  thj 
gallery,  that  their  belly  projects  partly  withont,  and  partly  within,  while  their  top  rises 
out  of  the  vault  of  the  roof.  The  pots  are  filled  with  lumps  of  the  sulphur  ore  of  the  size 
of  the  fist ;  their  tops  are  closed  with  earthenware  lids,  and  from  their  shoulder  proceeds 
a  pipe  of  about  two  inches  diameter,  which  bends  down,  and  enters  into  another  covered 
pot,  with  a  hole  in  its  bottom,  standing  over  a  tub  filled  with  water.  On  applying  heat 
to  tke  eallery,  the  sulphur  melts,  volatilizes,  and  runs  down  in  a  liquid  state  into  the  tubs^ 
wheie  it  congeals.  When  one  operation  is  finished,  the  pots  are  re-charged,  and  the  pro- 
cess is  repealed. 

In  Saxony  and  Bohemia,  the  sulphurets  of  iron  and  copper  are  introduced  into  large 
earthenware  pipes,  which  traverse  a  furnace-sallery;  and  the  sniphur  exhaled  flows  into 
pipes  filled  with  cold  water,  on  the  outside  of  the  furnace.   '900  parts  of  sulphuret  afford 
from  100*  to  150  of  sulphur,  and  a  residuum  of  metallic  protosulphuret.    See  MtTALLxm 
6v  and  CoppBR. 

Volcanic  sulphur  is  purer  than  that  extracted  from  pyrites;  and  as  the  latter  is  com- 
monly mixed  with  arsenic,  and  some  other  metallic  impregnations,  sulphuric  acid  made 
of  it  would  not  answer  for  many  purposes  of  the  arts ;  though  a  tolerably  good  sulphuric 
acid  may  be  made  directly  from  the  combustion  of  pyrites,  instead  of  sulphur,  in  the  lead 
chambers.  The  present  high  price  of  the  Sicilian  sulphur  is  a  great  encouragement  to 
its  extraction  from  pyrites.  It  is  said  that  the  common  English  brimstone,  such  as  was 
extracted  from  the  copper  pjrrites  of  the  Parys  mine  of  Anglesey,  contained  fully  a  fif- 
teenth of  residuum,  insoluble  in  boiling  oil  of  tnrpentine.  which  was  chiefly  orpiment ; 
while  the  fine  Sicilian  sulphur,  now  imported  in  vast  quantities  by  the  manufacturers  of 
oil  of  vitriol,  contains  not  more  than  three  per  cent,  of  foreign  matter,  chiefly  earthy,  but 
not  at  all  arsenical. 

Salphar  has  been  known  from  the  most  remote  antiquity.  From  its  kindling  at  a  mo- 
derate temperature,  it  is  employed  for  readily  procuring  fire,  and  lighting  by  its  flame 
other  bodies  not  so  combustible.  At  Paris,  the  preparation  of  sulphur  matches  constitutes 
a  considerable  branch  of  industry.  The  sulphurous  acid  formed  by  the  combustion  of 
sulphur  in  the  atmospheric  air,  is  employed  to  bleach  woollen  and  silken  goods,  as  also 
cotton  stockings;  to  disinfect  vitiated  air,  thous^h  it  is  inferior  in  power  to  nitric  acid 
vapor  and  chlorine;  to  kill  mites,  moths,  and  other  destructive  insects  in  collections  of 
zoology;  and  to  connteract  too  rapid  fei mentation  in  wine-vats,  Jbc.  As  the  same  acid 
gas  has  the  property  of  suddenly  extinguishini;  flame,  sulphur  has  been  thrown  into  a 
chimney  en  fire,  with  the  best  effect ;  a  handful  of  it  being  sometimes  suflicient.  Sulphur 
is  also  employed  for  cementing  iron  bars  in  stone ;  for  taking  impressions  from  seals  and 
cameos,  for  which  purpose  it  is  kept  previously  melted  for  some  lime,  to  give  the  casts  an 
appearance  of  bronze.  Its  principal  uses,  however,  are  fur  the  manufactures  of  vermil- 
ion, or  cinnabar,  gunpowder,  and  sulphuric  acid. 

See  Metallurgy,  page  829,  for  the  description  of  Gahn's  furnace  for  extracting  sul- 
phur from  pyrites. 

Pyrites  as  a  bi-suiphuret,  consisting  of  45*5  parts  of  iron,  and  54*5  of  sulphur,  may,  by 
proper  chemical  means,  be  made  to  give  off  one  half  of  its  sulphur,  or  about  27  per  cent. ; 
but.  great  care  must  be  taken  not  to  eenerate  snlphnrous  acid,  as  is  done  very  wastefuUy 
by  the  Fahlun  and  the  Gk)slar  processes.  By  the  latter,  indeed,  not  more  than  one  or  two 
parts  of  sulphur  are  obtained,  by  roasting  100  parts  of  the  pyritous  ores  of  the  Rammels- 
berg  mines.  In  these  eases,  the  sulphur  is  burned,  instead  of  being  sublimed.  The  re- 
sidaum  of  the  operation,  wheh  it  is  well  condncted,  is  black  sulphuret  of  iron,  which  may 
be  profitably  employed  for  making  copperas.  The  apparatus  for  extracting  sulphur  from 
pyrites  should  aidmit  no  more  air  than  is  barely  necessary  to  promote  the  sublimation. 
Sicily  produced  last  year  70,000  tons  of  sulphur,  and  Tuscany  1200;  of  which  Great  BriU 
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ain  consumed  46,000;  France,  18,000;  other  places,  6,000.    in  1820,  Great  xnicain 
sumed  only  5,000  tons. 

SULPHURATION,  is  the  process  by  which  woollen,  silk,  and  cotton  goods  are  ex- 
posed to  the  vapors  of  burning  sulphur,  or  to  sulphurous  acid  gras.  In  the  article  SraAW- 
HAT  Makufactuae,  I  havc  described  a  simple  and  cheap  apparatus,  well  adapted  to  this 
opei^alion. 

Sulphuring-rooms  are  sometimes  construeted  upon  a  great  scale,  in  wbieh  bhrnketi^ 
shawls,  and  woollen  clothes  may  be  suspended  freely  upon  poles  or  cords.  The  lloor 
should  be  flagged  with  a  sloping  pavement,  to  favor  the  drainage  of  the  water  that  drofw 
down  from  the  moistened  cloth.  The  iron  or  stoneware  vessels,  in  which  the  sulphur  is 
burned,  are  set  in  the  corners  of  the  apartment.  They  should  be  increased  in  number  ac- 
cording to  the  dimensions  of  the  place,  and  distributed  uniformly  over  it.  The  windows 
and  the  entrance  door  must  be  made  to  shut  hermetically  close.  In  the  lower  part  of  the 
door  there  should  be  a  small  opening,  with  a  sliding  shutter,  which  may  be  raised  or  low- 
ered by  the  mechanism  of  a  cord  passing  over  a  pulley. 

The  aperture  by  which  the  sulphurous  acid  and  azotic  eases  are  let  off,  in  order  to 
earry  on  the  combustion,  should  be  somewhat  larger  than  the  opening  at  the  bottom.  A 
lofly  chimney  carries  the  noxious  gases  above  the  building,  and  diffuses  them  over  a  wide 
space,  their  ascension  being  promoted  by  means  of  a  draught-pipe  of  iron,  connected  with 
an  ordinary  stove,  provided  with  a  valve  to  close  its  orifice  when  not  kindled. 

When  the  chamber  is  to  be  used,  the  goods  are  hung  up,  and  a  small  fire  is  made  ia 
the  draught-stove.  The  proper  quantity  of  sulphur  being  next  put  into  the  shallow 
pans,  it  is  kindled,  the  entrance  door  is  closed,  as  well  as  its  shutter,  while  a  vent-hole 
near  the  ground  is  opened  by  drawing  its  cord,  which  passes  over  a  pulley.  AAer  a 
few  minutes,  when  the  sulphur  is  fully  kindled,  that  vent-hole  must  be  almost  entirely 
shut,  by  relaxing  the  cord  ;  when  the  whole  apparatus  is  to  be  let  alone  for  a  saffident 
time. 

The  object  of  the  preceding  precautions  is  to  prevent  the  sulphurous  acid  gas  escaping 
from  the  chamber  by  the  seams  of  the  principal  doorway.  This  is  secured  by  closing  it 
imperfectly,  so  that  it  may  admit  of  the  passage  of  somewhat  more  air  than  can  enter  by 
the  upper  seams,  and  the  smallest  quantity  of  fresh  air  that  can  support  the  combnstioa. 
The  velocity  of  the  current  of  air  may  be  increased  at  pleasure,  by  enlarging  the  under 
vent-hole  a  little,  and  quickening  the  fire  of  the  draught-stove. 

Before  opening  the  entrance  door  of  the  apartment,  for  the  discharge  of  the  goods,  a 
small  fire  must  be  lighted  in  the  draught  furnace,  the  vent-hole  must  be  thrown  entirely 
open,  and  the  sliding  shutter  of  the  door  must  be  slid  up,  gradually  more  and  more  every 
qi^arter  of  an  hour,  and  finally  leA  wid^*  open  for  a  proper  time.  By  this  means  the  air 
of  the  chamber  will  become  soon  respirable. 

SULPHURETED  HYDROGEN,  is  a  gas,  composed  of  one  part  of  hydrogen  and  six- 
teen parts  of  sulphur,  by  weight.  Its  specific  gravity  is  1*1912,  compared  to  air=l*00(X^. 
It  is  the  active  constituent  of  the  sulphurous  mineral  waters.  When  breathed,  it  is  very 
deleterious  to  animal  life ;  and  being  nearly  twice  as  dense  as  air,  it  may  be  ponred  fion 
its  generating  bottle  into  cavities;  a  scheme  successfully  employed  by  M.  Thenaid  to  de- 
stroy rats  in  their  holes. 

SULPHURIC  ACID,  VUriolic  Jcid,  or  Oil  of  Vitriof,  (jSclde  sulfurique,  Fr. ; 
Schwefelsaure,  Germ.)  This  important  product,  the  agent  of  many  ehemical  opera- 
tions, was  formerly  procured  by  the  distillation  of  dried  sulphate  of  iron,  called  ^rsa 
vitriol,  whence  the  corrosive  liquid  which  came  over,  havine  an  oily  consistence,  ma 
denominated  oil  of  vitriol.  This  method  has  been  superseded  in  Great  Britain,  Prance, 
and  most  other  countries,  by  the  combustion  of  sulphur  along  with  nitre,  ia  laige 
leaden  chambers ;  but  as  the  former  process,  which  is  still  practised  at  Bleyl  in  Bobflais, 
and  Nordhausen  in  Saxony,  gives  birth  to  some  interesting  results,  I  shall  describe  it 
briefly. 

Into  a  long  horizontal  furnace,  or  gallery  of  brickwork,  a  series  of  earthenware  retotts, 
of  a  pear  shape,  is  arranged,  with  curved  necks  fitted  into  stoneware  bottles  or  condca- 
sers.  Each  retort  is  charged  with  sulphate  of  iron,  which  has  been  previonsty  heated 
to  moderate  redness.  The  first  product  of  the  distillation,  a  slightly  acidulous  phleem,  ii 
allowed  to  escape ;  then  the  retort  and  receiver  are  securely  luted  together.  The  fire  is 
now  raised,  and  urged  briskly  for  thirty-six  hours,  whereby  the  strong  sulphnrie  acid  is 
expelled,  in  the  form  of  heavy  white  vapors,  which  condense  in  the  cold  receiver  into  an 
oily-looking  liquid.  The  latter  portions,  when  received  in  a  separate  refrigerator,  frfr> 
quently  concrete  into  a  crystalline  mass,  formerly  called  glacial  oil  of  vitriol.  Aboat  six- 
ty four  pounds  of  strong  acid  may  be  obtained  from  six  hundred  pounds  of  cop^peras.  It 
is  brown-colored ;  and  varies  in  specific  gravity  from  1*842  to  1*896.  Its  boiling  point 
is  so  low  as  120®  Fahr.  When  re-distilled  in  a  glass  retort,  into  a  receiver  surrounded 
with  ice,  a  very  moderate  heat  sends  over  white  fumes,  which  condense  into  a  soft  solid, 
in  silky  filaments,  like  asbestos,  tough,  and  difficnit  to  cut.    When  this  is  expovd  to 
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tke  air,  it  emits  copious  fanes  of  solphnrie  (not  salpharoas)  acid.  It  burns  holes  in 
paper  as  rapidly  as  a  red-hot  iron.  Dropped  in  small  quantities  into  water,  it  excites  a 
his8ins;  noise,  like  ignited  metal ;  and  in  larger  quantities,  it  occasions  an  explosion. 
By  dropping  a  fragment  of  it  into  a  poised  vial  containing  water,  and  stoppering  in- 
stantly, to  prevent  the  ejection  of  liquid,  by  the  ebullition  which  always  ensues,  I  got  a 
dilute  acid,  containing  a  known  portion  of  the  solkl  acid,  from  the  specific  gravity  of 
which,  as  well  as  from  its  saturating  power,  I  ascertained  that  the  above  solid  sulphuric 
aeid  was  truly  anhydrous  (void  of  mat9t)y  consisting  of  1  equivalent  proportion  of  sul- 
phur, and  3  of  oxygen ;  or,  by  weight,  of  16  of  the  Ibrmer,  and  24  of  the  latter.  This 
acid  makes  a  red  solution  of  indigo. 

The  production  of  sulphuric  acid  from  sulphur  and  nitre  may  be  elesranlly  illustrated 
by  means  of  a  glass  globe  with  a  stoppered  hole  at  its  side,  and  four  bent  glass  tubes  in- 
sened  into  a  leaden  cap  in  its  upper  orifice.  The  first  tube  is  to  be  connected  with  a 
heated  matrass,  disengaging  sulphurous  acid  from  copper  filings  and  sulphuric  acid ;  the 
second  with  a  retort,  diseni^aging  more  slowly  deutoxyde  of  azote  (nitric  oxyde)  from 
copper  filings  and  nitric  acid ;  the  third  with  a  vessel  for  furnishing  steam  in  a  moderate 
current  towards  the  end  of  the  process,  when  no  water  has  been  previously  admitted  into 
the  balloon ;  the  fourth  tube  may  be  upright,  and  terminate  in  a  small  funnel.  Through 
the  o|)ening  in  the  side  of  the  Klobe,  atmospherical  air  is  to  be  admitted  from  time  to  time, 
by  removins:  the  stopper ;  after  which,  the  residuary  lighter  azote  may  be  allowed  to 
escape  by  the  funnel  orifice. 

The  nitric  oxyde  first  absorbs  oxygen  from  the  air,  becomes,  in  consequence,  nitrous 
acid  vapor,  which  giving  up  one  third  of  its  oxygen  to  the  sulphurous  acid,  converts  this, 
with  the  aid  of  water,  into  sulphuric  acid,  while  itself  returning  to  the  slate  of  nitric 
oxyde,  is  again  qualified  to  take  oxygen  from  the  air,  and  to  transfer  it  to  the  sulphurous 
acid  gas ;  and  thus  in  perpetual  rotation.  These  oxygenating  and  disoxygenating  pro- 
cesses continue  until  nearly  the  whole  oxygen  of  the  atmospheric  air  contained  in  the 
globe  is  consumed.  Were  there  little  aqueous  vapor  present,  those  gases  would  soon 
cease  to  operate  upon  each  other ;  for  though  the  nitric  oxyde  became  nitrous  acid,  this 
would  oxygenate  little  of  the  sal|»hurous  acid,  because  the  three  substances  would  con- 
dense into  white  crystals  upon  the  sides  of  the  balloon,  like  hoar  frost  upon  a  window- 
pane  in  winter.  These  indicate  a  deficiency  of  aqueous  vapor,  and  an  excess  of  nitrous 
acid.  On  the  admission  of  steam,  the  cr>'stals  disappear,  the  sulphuric  acid  is  liquefied, 
the  nitrous  acid  is  converted  into  nitric  acid  and  nitric  oxyde ;  the  former  of  which  com- 
bines with  the  water,  while  the  latter  is  converted  hy  the  atmospheric  oxygen  into  nitrous 
acid  vapor.  A  certain  quantity  of  water  is  therefore  requisite  to  prevent  the  formation 
of  that  crystalline  compound,  which  condenses  the  nitrous  acid,  and  renders  it  inoperative 
in  transforming  fresh  portions  of  sulphurous  acid  into  sulphuric.  On  these  principles 
alone  is  it  possible  to  oxygenate  the  sulphurous  acid,  by  the  nitrous  acid  resuming  and 
surrenderinir  a  dose  of  oxygen,  in  perpetual  alternation. 

It  was  MM.  Clement  and  Desormes  who  first  had  the  sagacity  to  trace  these  compli- 
cated changes.  They  showed  that  nitrous  acid  gas  and  sulphurous  acid  gas  mixed,  react 
on  each  other  through  the  intervention  of  moisture ;  that  there  resulted  thence  a  combina- 
tion of  sulphuric  acid,  deutoxyde  of  azote  (nitrous  iras),  and  water ;  that  this  crystalline 
compound  was  instantly  destroyed  by  more  water,  with  the  separation  of  the  sulphuric  acid 
in  a  liquid  state,  and  the  disensaerement  of  nitrous  iras ;  that  this  gas  re-constituted  nitrons 
acid  at  the  expense  of  the  atmospheric  oxygen  of  the  leaden  chamber,  and  thus  brought 
matters  to  their  primary  condition.  From  this  point,  starting  again,  the  particles  of 
sulphur  in  the  sulphurous  acid,  through  the  agency  of  water,  became  fully  oxygenated  by 
the  nitrous  acid,  and  fell  down  in  heavy  drops  of  sulphuric  acid,  while  the  nitrous  gas 
derived  from  the  nitrous  acid,  had  n?ain  recourse  to  the  air  for  its  lost  dose  of  oxygen. 
This  beautiful  interchange  of  the  oxygenous  principle  was  found  to  go  on,  in  their  ex- 
periments, till  either  the  sulphurous  acid,  or  oxyeen  in  the  air,  was  exhausted. 
They  verified  this  proposition,  with  regard  to  what  occurs  in  sulphuric  acid  chambers, 
^  by  mixing  in  a  crystal  ?lobe  the  three  substances,  deutoxyde  of  azote,  sulphurous  acid, 

and  atmospheric  air.    The  immediate  production  of  red  vapors  indicated  the  transforma* 
\  tion  of  the  deutoxyde  into  nitrous  acid  gas ;   and  now  the  introduction  of  a  very  little 

water  caused  the  proper  reaction,  for  opaque  vapors  rose,  which  deposited  white  star- 
form  crystals  on  the  surface  of  the  glass.    The  gases  were  once  more  transparent  and  color* 
'  1«5;  but  another  addition  of  water  melted  these  crystals  with  eflTervescence,  when  ruddy 

^  vapors  appeared.    In  this  manner  the  phenomena  were  made  to  alternate,  till  the  oxygen 

'  of  the  included  air  was  expended,  or  all  the  sulphurous  acid  was  converted  into  sul- 

^  phuric.    The  residuary  gases  were  found  to  be  nitrous  acid  gas  and  azote,  without  sul- 

:^  pharous  acid  gas ;  while  unctuous  sulphuric  acid  bedewed  the  inner  surface  of  the  globe. 

^  Hence,  I  hey  justly  concluded  their  new  theory  of  the  manufacture  of  oil  of  vitriol  to  be 

^  demonstrated. 

'  la  consequence  of  their  discovery,  the  manufacture  of  this  acid  has  received  •  such 
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imiuroTements,  that  a  Dearly  double  produet  of  it  may  bow  1)e  oUained  from  tlie 
weight  of  materials.    Indeed,  the  economy  may  be  reckoned  to  be  maeh  greater ;  for 
half  of  the  more  costly  ingredient,  the  nitre,  formerly  employed  with  a  f^vea  weight  of 
tnlphur,  suffices  at  present. 

In  the  manafacture  of  solphoric  acid  upon  the  great  scale,  two  different  systems  of 
working  were  long  prevalent ;  the  intermittent  or  periodical,  and  the  eoatiniioos  or 
uniform.  Both  were  carried  on  in  large  leaden  chambers.  In  the  former,  the  cha»- 
bers  were  closed  daring  the  period  of  combustion  and  gaseous  combination,  but  were 
opened  from  time  to  time  to  introduce  fresh  atmospheric  air.  This  method  is,  I  believe, 
generally  abandoned  now,  on  account  of  the  difficalties  and  delays  attending  it,  though 
it  afforded  large  products  in  skilful  handfe.  In  the  latter,  a  continuous  current  of  air  ii 
allowed  to  enter  at  the  oven  in  front  of  the  chamber  for  the  combustion  of  the  sulphur, 
and  there  is  a  constant  escape  of  nitrogen  gas,  with  a  little  sulphurous  acid  gas,  at  the 
remote  end  of  the  roof. 

Fig.  1 10 1  represents  a  sulphuric  acid  chamber,  a,  a,  are  the  brick  or  stone  pillars  upm 
which  it  rests ;  6,  b,  are  the  sustaining  wooden  beams  or  joists ;  c,  is  the  chimney  for  the 
discbarge  of  the  nitrogen ;  d,  is  the  roof,  and  e,  the  sole  of  the  hearth  for  the  eombnsliOB 
of  the  sulphur;  /,  is  the  cylindrical  tunnel,  or  pipe  of  lead  or  cast  iron,  for  condneling 
the  gasiform  materials  into  the  chamber ;  g,  is  the  steam  boiler ;  and  h^  the  steam-pipe. 
That  plan  is  variously  modified,  by  different  oil  of  vitriol  makers  in  this  country  and 
in  France.  Very  frequently,  the  oven  e,  <i,  is  not  .situated  under  the  chamber,  bat 
is  built  at  the  end  of  it,  as  at  t,  and  arched  over  with  brick,  the  crown  being  9 
inches  thick.  The  pipe/,  18  inches  in  diameter,  is  then  placed  outside  of  the  chamber, 
being  inserted  into  a  brick  chimney,  and,  turning  rectangularly,  enters  it  opposite  ft. 
The  sole  of  the  hearth  «,  is  a  thick  plate  of  cast  iron  (not  hollowed  as  shown  in  the 
figure),  5  or  6  feet  long,  and  3  or  4  broad,  with  a  small  fireplace  constructed  bcneaA 
it,  whose  smoke-fiue  runs  oul wards,  under  the  floor,  to  the  side  wall  of  the  buikling. 
The  oven  is  in  this  case  about  2  feet  in  height,  from  the  sole  to  the  roof;  and  it  has 
an  iron  door,  about  12  inches  by  15,  which  slides  up  and  down  in  a  tightly >fitled  iron 

frame. 


door  is  frequent- 
ly placed  in  the 
sideof  theovca, 
parallel    to  the 
long  side  of  the 
leaden  chamber. 
A    stout    coOsr 
of  lead  is  bolted 
to  the  chamber, 
where  the  pipe 
enters    it.     At 
the    middle  flf 
the  sale  of  the 
chamber,  aboat 
2  feet  above  the 
ground,  a  leadem 
trough  is  fixed, 
which  serves  as 

a  syphon-funnel  and  water-trap  for  introducing  water  to  the  acid  gases. 
Several  manufacturers  divide  the  chamb^^r  into  a  series  of  rectangular  compartments, 

by  parallel  leaden  screens,  JO  or  12  feet  asunder,  and  allow  these  compartments  to 


municale  by  a  narrow  opening,  or  a  hole  1  foot  square,  in  the  top  and  bottom  of  each 
screen  alternately.  Thus  the  fumes,  which  enter  from  the  chimney-pipe  oTer  Ir,  will  be 
forced,  by  the  screen  at  b,  to  descend  to  ],  and  pass  .through  the  opening  there,  to  cet  mto 
the  second  compartment,  whence  they  will  escape  near  the  top  at  2,  thus  circulatiag  up 
and  down,  so  as  to  occasion  a  complete  agitation  and  intermixture  of  their  hetero- 
geneous particles.  Into  the  side  of  the  chamber,  opposite  to  the  centre  of  each  com- 
partment, a  lead  pipe  enters,  and  proceeds  towards  the  middle  of  the  area,  tenniaatiu^  iu 
a  narrow  orifice,  for  discharging  a  jet  of  hiftfa-pressure  steam  from  a  boiler  loaded  with 
40  pounds  upon  the  square  inch.  This  boiler  should  be  placed  under  a  shed  exterior 
to  the  building.  It  deserves  to  be  noted,  that  the  incessant  tremoia  produced  in  this 
pipe  by  the  escape  of  the  steam,  cause  the  orifice  to  contract,  and  eventually  to  doae 
almost  entirely,  just  as  the  ])oint  of  a  glass  tube  does  when  exposed  directly  to  the  flame  of 
a  blowpipe.  Provision  should  therefore  be  made  against  this  event,  by  the  chemical 
engineer. 

Equidistant  between  the  middle  point  and  each  end  of  the  chamber,  two  round  holei 
are  cut  out  in  iU  side,  about  16  inches  in  diameter,  and  2  feet  from  the  floor;  the  sheet 
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Vtd  being  folded  back  over  Uie  face  of  the  strong  deals  wbieb  ttrengtben  tbe  cbamber 

u  that  place.    The  edges  of  the  holes  are  bevelled  outwards,  so  as  to  fit  a  large  conical 

ping  of  wood  faced  with  lead,  called  a  maa-hole  door.    One  or  other  of  these  doors  is 

opened  from  time  to  time,  to  allow  the  superintendent  to  inspect  the  process,  or  woric- 

men  to  enter,  after  the  chamber  is  well  ventilated,  for  the  purpose  of  making  repairs. 

I  The  joists  or  tie-beams,  that  bind  Uie  rafters  of  the  roof  of  both  the  leaden  chamber  and 

the  bouse,  must  be  at  least  7  inches  deep,  by  3  broad,  and  of  such  length  as  to  have 

I  their  ends  supported  upon  the  outer  wall,  or  the  columnar  supports  of  the  roof,  in  case 

a  number  of  chambers  are  enclosed  together  in  parallel  ranges  under  a  vast  shed.    These 

I  beams,  which  lie  two  feet  apart,  suspend  the  leaden  roof,  by  means  of  leaden  straps 

F  soldered  to  its  upper  surface  and  edges.    The  sides  of  the  chamber  are  sustained  by 

means  of  similar  leaden  straps  affixed  to  the  wooden  posts  (uprights),  4  inches  broad  by  8 

thick,  placed  two  or  three  feet  apart  along  the  sides  of  the  chamber ;  resting  on  the  ground 

below,  and  mortised  into  the  tie-beams  above.    Some  chambers  rest  upon  a  sand-floor ; 

p  but  they  ai  e  preferably  placed  upon  wooden  joists,  supported  by  pillars  stretching  over  an 

;  open  area,  as  shown  in  the  figure,  into  which  the  workmen  may  descend  readily,  to  examine 

t  the  bottom. 

The  outlet  c,  on  the  top  of  the  chamber,  is  sometimes  joined  to  a  long  pipe  of  lead  laid 
nearly  horizontally,  with  a  slight  inclination  upwards,  along  the  roof,  for  favoring  the 
^  condensation  and  return  of  acid  matter. 

At  the  extremity  /,  of  the  chamber,  which,  having  a  downward  slope  of  1  inch  in  every 

20  feet,  should  staud  from  3  to  6  inches  (according  to  its  length)  lower  than  t,  one  leg  of 

an  inverted  syphon  pipe  is  fixed  by  fusion,  into  which  the  liquid  of  the  chamber  passing, 

,  will  show  by  its  altitude  the  depth  on  the  bottom  within.    From  the  cup-shaped  orifice  (^ 

^  that  bent-up  pipe,  the  acid  of  the  chamber  is  drawn  oflf  by  an  ordinary  leaden  syphon  into 

^.  the  concentration  pans. 

The  sheet  lead  of  which  the  sides  and  top  are  made  should  weigh  from  5  to  6  pounds 
per  square  foot ;  that  of  the  bottom  should  be  nearly  of  double  thickness. 

Having  now  detailed,  with  sufficient  minuteness,  the  construction  of  the  chamber,  I 

shall  next  describe  the  mode  of  operating  with  it.    There  are  at  least  two  plans  at  present 

in  use  for  burning  the  sulphur  continuously  in  the  oven.    In  the  one,  the  sulphur  is  laid 

on  the  hearth  e,  (or  rather  on  the  flat  hearth  in  the  separate  oven,  above  described,)  and  is 

kindled  by  a  slight  fire  placed  under  it ;   which  fire,  however,  is  allowed  to  go  out  after 

the  first  day,  because  the  oven  becomes  by  that  time  sufficiently  heated  by  the  sulphur 

flames  to  carry  on  the  subseqilent  combustion.      Upon  the  hearth,  an  iron  tripod  is  set, 

supporting,  a  few  inches  above  it,  a  hemispherical  cast-iron  bowl  (basin)  charged  with 

nitre  and  its  decomposing  proportion  of  strong  sulphuric  acid.    In  the  other  plan,  12  parts 

of  bruised  sulphur,  and  1  of  nitre,  are  mixed  in  a  leaden  trough  on  the  floor  with  1  of 

strong  sulphuric  acid,  and  the  mixture  is  shovelled  through  the  sliding  iron  door  upon 

the  hot  hearth.    The  snccess^ive  charges  of  sulphur  are  proportioned,  of  course,  to  the 

[  size  of  the  chamber.    In  one  of  the  largest,  which  is  120  feet  long,  20  broad,  and  16 

high,  12  cwts.  are  burned  in  the  course  of  24  hours,  divided  into  6  charges,  every  fourth 

hour,  of  2  cwts.  each.     In  chambers  of  one  sixth  greater  capacity,  containing  1400 

metres  cube,  1  ton  of  sulphur  is  burned  in  24  hours.    This  immense  production  was 

first  introduced  at  Chaunay  and  Dieuze,  under  the  management  of  M.  Clement-Desormes. 

The  bottom  of  the  chamber  should  be  covered  at  fii'st  with  a  thin  stratum  of  sulphuric 

scid,  of  spec.  grav.  1-07,  which  decomposes  nitrous  acid  into  oxygen  and  nitrous  gas; 

hut  not  with  more  water,  which  would  absorb  the  nitrous  acid  vapors,  and  withdraw 

'  them  from  their  aerial  sphere  of  action.     The  vapor  of  nitric  acid,  disengaged  from 

the  nitre  on  the  hearth  of  the  oven,   when   brought  into  intimate  contact  with  the 

sulphurous  acid,  either  gives  up.  oxygen  to  it,  becomes  itself  nitrous  gas,  and  converts 

i'  it  into  sulphuric  acid;    or  combines  with  tbe  sulphurous  acid  into  the  crystalline 

compound  above  described,  which,  the  moment  it  meets  with  moisture,  is  decomposed 

into  sulphuric  acid  and  nitrous  gas.    The  atmospherical  oxygen  of  the  chamber  imme* 

diately  reconverts  this  gas  into  nitrous  or  nitric  acid  fumes,  which  are  again  ready,  with 

the  co-operation  of  sulphurous  acid  gas  and  aqueous  vapor,  to  produce  fVesh  quantities 

of  hydrous  sulphuric  acid  (oil  of  vitriol)  and  nitrous  gas.    At  low  temperatures,  this 

curious  play  of  chemical  affinities  has  a  great  tendency  to  form  the  crystalline  compornid, 

and  to  deposite  it  in  a  crust  of  considerable  thickness  (from  one  half  to  one  inch)  on  the 

'  sides  of  the  cbamber,  so  as  to  render  the  process  inoperative.    A  circumstance  of  this 

kind  occurred,  in  a  very  striking  manner,  during  winter,  in  a  manufacture  of  oil  of 

t  vitriol  in  Russia ;  and  it  has  sometimes  occurred,  to  a  moderate  extent,  in  Scotland.    Ic 

is  called,  at  Marseilles,  the  maladie  det  chambres.    It  may  be  certainly  prevented,  bjr 

maintaining  tbe  interior  of  the  chamber,  by  a  jet  of  steam,  at  a  temperature  of  100^  F. 

When  these  crystals  fall  into  the  dilute  acid  at  the  bottom,  they  are  decomposed  with  a 

violent  eflervescence,  and  a  hissing  gurgling  noise,  somewhat  like  that  of  a  tun  of  beer  in 

hrisk  fermentation. 
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M.  Clement- Desormes  demonstrated  the  proposition  relative  to  the  influence  of  tempefw 
ature  l«y  a  decisive  experiment.  He  took  a  glass  globe,  famished  with  three  tabalnrcs, 
and  put  a  bit  of  ice  into  it.  Through  the  first  opening  he  then  introduced  snlphnnns 
acid  gas;  through  the  second,  oxygen  ;  and  through  the  third^. nitrous  gas  (deutoxjde  of 
azote).  While  the  globe  was  kept  cool,  by  being  plunged  in  iced  water,  no  snlpbaric  acid 
was  formed,  though  all  the  ingredients  essential  to  its  production  were  present.  Bat  oa 
exposing  the  globe  to  a  temperature  of  100°  Fahr.,  the  four  bodies  began  immediately  to 
react  on  each  other,  and  oil  of  vitriol  was  condensed  in  visible  strite. 

The  introduction  of  steam  is  a  modem  invention,  which  has  vastly  facilitated  and 
increased  the  production  of  oil  of  vitriol.  It  serves,  by  powerful  agitation,  not  only 
to  mix  the  different  gaseous  molecules  intimately  together,  but  to  impel  them  against 
each  other,  and  thus  bring  them  within  the  sphere  of  their  mutual  chemical  attraction. 
This  is  its  mechanical  effect.  Its  chemical  agency  is  still  more  important.  By  supplying 
moisture  at  every  point  of  the  immense  included  space,  it  determines  the  formation  of 
hydrous  sulphuric  acid,  from  the  compound  of  nitric,  nitrons,  sulphurous,  and  dry  sal- 
phuric  acids.  No  sooner  is  this  reaction  accomplished,  than  the  nitrous  gas  resumes  its 
oxygen,  from  the  continuous  atmospherical  current,  and  becomes  a?ain  fit  to  operate  a 
Kke  round  of  transmutations  with  sulphurous  acid,  steam,  and  oxygen.  The  nitrogen  (azote), 
which  ought  to  be  the  only  residuum  in  a  perfectly  regulated  vitriol  chamber,  escapes,  iy 
its  relative  lightness,  at  the  opening  c,  in  the  roof,  or,  more  properly  speaking,  is  displaced 
by  the  influx  of  the  heavier  gases  at  the  enirance-pipe. 

On  the  intermittent  plan,  afler  the  consumption  of  each  charge,  and  condensation  of 
the  product,  the  chamber  was  opened,  and  freely  ventilated,  so  as  to  expel  the  residuary 
azote,  and  replenish  it  with  fresh  atmospheric  air.  In  this  system  there  were  four  distinct 
stages  or  periods: — 1.  Combustion  for  two  hours  ;  2.  Admission  of  steam,  and  seiilio^ 
for  an  hour  and  a  half;  3.  Conversion,  for  three  hours,  during  which  interval  the  drops 
of  strong  acid  were  heard  falling  like  heavy  hailstones  on  the  bottom ;  4.  Purging  of  the 
chamber,  for  three  quarters  of  an  hour. 

By  the  continuous  method,  sulphuric  acid  may  be  currently  obtained  in  the  chambet^ 
of  the  specific  gravity  1*350,  or  1*450  at  most ;  for,  when  stronger,  it  absorbs  and  retains 
permanently  much  nitrons  acid  gas ;  but  by  the  intermittent,  so  dense  as  1*550,  or  even 
1*620 ;  whence  in  a  district  Where  fuel  is  high  priced,  as  near  Paris,  this  method  recon- 
mended  itself  by  economy  in  the  concentration  of  the  acid.  In  Great  Britain,  and  even  in 
most  parts  of  France,  however,  where  ttme,  workmen's  wages,  and  interest  of  capital,  are 
the  paramount  considerations,  manufacturers  do  not  find  it  for  their  interest  in  general  to 
raise  the  density  of  the  acid  in  the  chambers  above  1*400,  or  at  most  1*500 ;  as  the  further 
increase  goes  on  at  a  retarded  rate,  and  its  concentration  from  1*400  to  1-600,  in  leaden 
pans,  costs  very  little. 

At  about  the  specific  gravity  of  1*35,  in  Great  Britain,  the  liquid  of  the  chambers  is  nm 
off',  by  the  syphon  above  described,  into  a  leaden  gutter  or  spout,  which  discharges  it  into 
a  series  of  rectangular  vessels  made  of  large  sheets  of  lead,  of  12  or  14  lbs.  to  the  square 
foot,  simply  folded  up  at  the  angles  into  pans  8  or  10  inches  deep,  resting  upon  a  giate 
made  of  a  pretty  close  row  of  wrought-iron  bars  of  considerable  strength,  under  wfaieh 
the  flame  of  a  furnace  plays.  Where  coals  are  very  cheap,  each  pan  may  hare  a  sepa- 
rate fire ;  but  where  they  are  somewhat  dear,  the  flame,  afler  passing  under  the  lovest 
pan  of  the  range,  which  contains  the  strongest  acid  (at  about  1*600),  proceeds  opvards 
with  a  slieht  slope  to  heat  the  pans  of  weaker  acid,  which,  as  it  concentrates,  is  KradaaHy 
run  down  by  syphons  to  replenish  the  lower  pans,  in  proportion  as  their  aqueous  matter  is 
dissipated.  The  3  or  4  pans  constituting  the  range  are  thus  placed  in  a  straight  line,  hot 
each  at  a  different  level,  terrace  like;  en  gradiru,tis  the  French  say. 

When  the  acid  has  thereby  acquired  the  dehsity  of  1*650,  or  1*700  at  most,  it  mast  be 
removed  from  tlie  leaden  evaporators,  because,  when  of  greater  strength,  it  would  bcgia  tp 
corrode  them ;  and  it  is  transferred  into  leaden  coolers,  or  run  through  a  Ions  refrigeratory 
worm-pipe  surrounded  by  cold  water.  In  this  slate  it  is  introduced  into  glass  or 
platinum  retorts,  to  undergo  a  final  concentration,  up  to  the  specific  gravity  of  1*842,  or 
even  occasionally  1*845,  in  consequence  of  slight  saline  impurities.  When  glass  retorts 
are  used,  they  are  set  in  a  long  sand-bath  over  a  ?allery  furnace,  resting  on  fire  tile% 
under  which  a  powerful  flame  plays;  and  as  the  flue  gradually  ascends  from  the  fire- 
place, near  to  which  it  is  most  distant  from  the  tiles,  to  the  remoter  end,  the  heat  acts 
with  tolerable  equality  on  the  first  and  last  retort  in  the  range.  When  platinum  stilU 
are  employed,  they  are  fitted  into  the  inside  of  cast-iron  pots,  which  protect  the  thio 
bottom  and  sides  of  the  precious  metal.  The  fire  being  applied  directly  to  the  iron, 
causes  a  safe,  rapid,  and  economical  concentration  of  the  acid.  The  iron  pots, 
with  their  platinum  interior,  filled  with  concentrated  boiling-hot  oil  of  vitriol,  are 
lifted  out  of  the  fire-seat  by  tackle,  and  let  down  into  a  cistern  of  cold  water,  to  effect 
the  speedy  refrigeration  of  the  acid,  and  facilitate  its  transvasion  into  carboys  packed  in 
osier  baskets  lined  with  straw.    Sometimes,  however,  the  acid  is  cooled  by  running  ft 
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•lowly  off  through  a  loog  platinum  syphon,  surrounded  by  another  pipe  filled  with  cold 
water.    Fig,  1102  shows  my  contrivance  for  this  purpose. 

The  under  stopcock  a,  being  shut,  and  the  leg 
b,  being  plunged  to  nearly  the  bottom  of  the  still, 
the  worm  is  to  be  filled  with  concentrated  cold 
acid  through  the  funnel  c.  If  that  stopcock  is  now 
shut,  and  a  opened,  the  acid  will  flow  out  in  such 
quantity  as  to  rarefy  the  small  portion  of  air  in  the 
upper  part  of  the  pipe  b,  sufficiently  to  make  the 
hot  acid  rise  up  over  the  bend,  and  set  the  syphon 
in  action.  The  flow  of  the  fluid  is  to  be  so  regu- 
lated by  the  stopcock  a,  that  it  may  be  greatly 
cooled  in  its  passage  by  the  surrounding  cold  water 
in  the  vessel  /,  which  may  be  replenished  by  means 
of  the  tube  and  funnel  (f,  and  overflow  at  e. 

A  manufacturer  of  acid  in  Scotland,  who  burns 
in  each  chamber  210  pounds  of  sulphur  in  24  hours, 
being  at  the  rate  of  420  pounds  for  20,000  cubic 
feet  (=  nearly  2000  metres  cube),  has  a  product  of 
nearly  3  pounds  of  concentrated  oil  of  vitriol  for 
every  pound  of  sulphur  and  twelAh  of  a  pound  of 
nitre.  The  advantage  of  his  process  results,  I  con- 
ceive, from  the  lower  concentration  of  the  acid  in 
the  chambers,  which  favors  its  more  rapid  produc- 
tion. 

The  platinum  retort  admits  of  from  4  to  6  opera^ 
tions  in  a  day,  when  it  is  well  mounted  and  man- 
aged. It  has  a  capital  of  platinum,  furnished  with 
a  short  neck,  which  conducts  the  disengaged  vapors  into  a  lead  worm  of  condensation ; 
and  the  liquid  thus  obtained  is  returned  into  the  lead  pans.  Greet  care  must  be  taken 
to  prevent  any  particles  of  lead  from  getting  into  the  platinum  vessel,  since  at  the  tem- 
perature of  boiling  sulphuric  acid,  the  lead  unites  with  the  precious  metal,  and  thus 
causes  holes  in  the  retort.  These  must  be  repaired  by  soldering-on  a  plate  of  platinum 
with  cold. 

Before  the  separate  oven  or  hearth  for  burning  the  sulphur  in  contact  with  the  nitre 
was  adopted,  this  combustible  mixture  was  introduced  into  the  chamber  itself,  spread  on 
iron  trays  or  earthen  pans,  supported  above  the  water  on  iron  stands.  But  this  plan  was 
Tery  laborious  and  unproductive.    It  is  no  longer  followed. 

One  of  the  characters  of  the  good  quality  of  sulphuric  acid,  is  its  dissolving  indigo 
without  altering  its  fine  blue  color. 

Sulphuric  acid,  when  well  prepared,  is  a  colorless  and  inodorous  liquid,  of  an  oily 
aspect,  possessing  a  specific  gravity,  in  its  most  concentrated  state,  of  1*842,  when  re- 
distilled, but  as  found  in  commerce,  of  1*845.  It  is  eminently  acid  and  corrosive,  so 
that  a  single  drop  will  communicate  the  power  of  reddening  litmus  to  a  {rallon  of  water, 
and  will  produce  an  ulcer  of  the  skin  when  allowed  to  remain  Ufwn  it.  If  swallowed  in 
its  strongest  state,  in  even  a  small  quantity,  it  acts  so  furiously  on  the  throat  and  stomach 
as  to  cause  intolerable  agony  and  speedy  death.  Watery  diluents,  mixed  with  chalk  or 
magnesia,  are  the  readiest  antidotes.  At  a. temperature  of  about  600^  F.,  or  a  few  de- 
frees  below  the  melting  point  of  lead,  it  boils  and  distils  over  like  water.  This  is  the 
best  method  of  procuring  sulphuric  acid  free  from  the  saline  and  metallic  matters  with 
which  it  is  sometimes  contaminated. 

The  affinity  of  sulphuric  acid  for  water  is  so  strong,  that  when  exposed  in  an  open 
saucer,  it  imbibes  one-third  of  its  weight  from  the  atmosphere  in  24  hours,  and  fully  six 
times  its  weieht  in  a  few  months.  Hence  it  should  be  kept  excluded  from  the  air.  If 
four  parts,  by  weight,  of  the  stronircst  acid  be  suddenly  mixed  with  one  part  of  water, 
both  beinc  at  50^  F.,  the  temperature  of  the  mixture  will  rise  to  300^;  while,  on  the 
<Hher  hand,  if  four  parts  of  ice  be  mixed  with  one  of  sulphuric  acid,  they  immediately 
fiquefy  and  sink  the  thermometer  to  4°  below  zero.  From  the  great  attraction  existing 
between  this  acid  and  water,  a  saucer  of  it  is  employed  to  eflfect  the  rapid  condensation 
of  aqueous  vapor  as  it  exhales  from  a  cup  of  water  placed  over  it;  both  standing  under 
the  exhausted  receiver  of  an  air-pump.  By  the  cold  produced  by  this  unchecked  evapo- 
ittioo  in  vacuo,  the  water  is  speedily  frozen. 

To  determine  the  purity  of  sulphuric  acid,  let  it  be  slowly  heated  to  the  boiling  point 
^  water,  and  if  any  volatile  acid  matter  be  present,  it  will  evaporate,  with  its  character- 
vtic  smell.  The  presence  of  saline  impurity,  which  is  the  common  one,  is  discovered 
by  evaporating  a  given  weight  of  it  in  a  small  capsule  of  platinom  placed  on  red-hot 
Binders.    If  more  than  two  grains  remain  out  of  500,  the  acid  may  be  reckoned  to  be 
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impure.  The  best  test  for  sDlphuric  acid,  and  the  soluble  salts  into  irbicli  it  entcit, 
t]ie  nitrate  of  baryta,  of  "which  182  parts  are  equiTalent  to  49  of  the  strongest  liqnid 
or  to  40  of  the  dry,  as  it  exists  in  crystallized  sulphate  of  potassa.  One  twenty  thoo^ 
sandtb  pait  of  a  grain  of  the  acid  may  be  detected  by  the  grayish-white  cloud  vhick 
baryta  forms  with  it.  100  parts  of  the  concentrated  acid  are  neutralized  bj  143  parts  of 
dry  carbonate  of  potassa,  and  by  110  of  dry  carbonate  of  soda,  both  perfeeUy  pure. 

Of  aU  the  acids,  the  sulphuric  is  most  extensively  used  in  the  arts,  and  is,  in  fact,  the 
primary  agent  for  obtaining  almost  all  the  others,  by  disengaging  them  from  their  saline 
combinations.  In  this  way,  nitric,  muriatic,  tartaric,  acetic,  and  many  oilier  acids,  are 
procured.  It  is  employed  in  the  direct  fbimation  of  alum,  of  the  sulphates  of  coj^ier, 
zinc,  potassa,  soda;  in  that  of  sulphuric  ether,  of  sugar  by  the  saccharification  of  starch, 
and  in  the  preparation  of  phosphorus,  &^c.  It  serves  also  for  opening  the  pores  of  skias 
in  tanning,  for  clearing  the  surfaces  of  metals,  for  deiermining  the  nature  of  seTeral  sails 
by  the  acid  characters  that  are  disengaged,  &c. 

According  lo  the  analysis  of  Pr.  Thomson,  the  cn'stalline  compound  deposited 
sionally  in  the  leaden  chambers  above  described  consists  of — 


Sulphurous  acid,'0-6387,  or  3  atoms. 
Sulphuric  acid,     0-5290       2 
Nitric  acid       -    0-3450       1  atom. 


Water        -        -    0-0733,  or  1  atom. 
Sulphate  of  lead,    0*0140. 


He  admits  that  the  proportion  of  water  is  a  little  uncertain ;  and  that  the  presence  of 
sulphurous  acid  was  not  proved  by  direct  analysis.  When  heated  With  water,  the  ays- 
talline  matter  disengages  nitrous  gas  in  abundance ;  lets  fall  some  sulphate  of  lead ;  and 
the  liquid  is  found  to  be  sulphuric  acid.  When  heated  without  water,  it  is  decomposed 
with  emission  of  nitrous  gas  and  fuming  nitric  acid ;  leaving  a  liquid  which,  mixed  with 
water,  produces  a  brisk  effervescence,  consisting  chiefly  of  nitrous  gas. 

The  following  Table  shows  the  quantity  of  coneentrated  and  dry  sulphuric  acid  in  100 
parts  of  dilute,  at  different  densities,  by  my  experiments,  publi^ed  in  the  Qoaiterij 
Journal  of  Science,  for  October,  1817 : — 


Liquid. 

Spec.  gniTity. 

Dry. 

Liquid. 

Spec.  gT«Tity, 

Dry. 

Liquid. 

Specgnntj. 

Diy. 

100 

1-8460 

81-54 

66 

1-5503 

53-82 

32 

1-2334 

26-09 

99 

1-8438 

80-72 

65 

1  5390 

53-00 

31 

1-2260 

25-28 

96 

1-8415 

79-90 

64 

1-5280 

62- 18 

30 

1-2 184 

24-46 

97 

1-8391 

79-09 

63 

1-6170 

51-37 

29 

1*2108 

23-65 

96 

1-8366 

78-28 

62 

1-5066 

50-55 

28 

1-2032 

22-83 

95 

i-8340 

77-46 

61 

1-4960 

49-74 

27 

1-1956 

22-01 

94 

1-8288 

76-65 

60 

1-4860 

48-92 

26 

1-1876 

21-20 

93 

1-8235 

76-83 

59 

1-4760 

48-11 

25 

1-1792 

20-38 
19-57 

92 

1-8181 

75-02 

58 

1-4660 

47-29 

24 

1-1706 

91 

1-8026 

74-20 

57 

1-4560 

46-48 

23 

1-1626 

1^75 

90 

1-8070 

73-39 

56 

1-4460 

46-66 

22 

M549 

17-94 

89 

1-7986 

72-57 

65 

1-4360 

44-85 

21 

M480 

n-12 

88 

1-7901 

71-75 

64 

1-4265 

44-03 

20 

1-14 10 

16-31 

87 

1-7^15 

70-94 

63 

1-4170 

43-22 

19 

M330 

15-49 

86 

1-7728 

70-12 

52 

1-4073 

42-40 

18 

11246 

14-68 

85 

1-7640 

69-31 

51 

1-3977 

41-58 

17 

MI65 

13-86 

84 

1-7540 

68-49 

50 

1-3884 

40-77 

16 

M090 

]3H)5 

83 

1-7425 

67-68 

49 

1-3788 

39-96 

15 

1-1019 

12-23 

82 

1-7315 

66-86 

48 

1-3697 

39-14 

14 

1-0953 

11-41 

81 

1-7200 

66-05 

47 

1-3612 

38-32 

13 

1-0887 

10^ 

80 

1-7080 

65-23 

46 

1-3530 

37-51 

12 

1-0809 

9-78 

79 

1-6972 

64-42 

46 

1-3440 

36-69 

11 

1-0743 

8-97 

78 

i-6860 

63-60 

44 

1-3345 

35-88 

10 

1-0682 

8-15 

77 

1'6744 

62-78 

43 

1-3256 

36-06 

9 

1-0614 

7-34 

76 

1*6624 

61-97 

42 

1-3165 

34-25 

8 

1-0544 

6*52 

76 

1-6500 

61-16 

41 

1-3080 

33-43 

7 

I-0477 

5-7J 

74 

1-6415 

60-34 

40 

1-2999 

32-61 

6 

1-0405 

4-89 

78 

1-6321 

69-52 

39 

1-2913 

31-80 

6 

1-0336 

4-08 

72 

1-6204 

58-71 

38 

1-2826 

30-98 

4 

1-0268 

3-S6 

71 

1-6090 

57-89 

37 

1-2740 

30-17 

3 

1-0206 

2-446 

70 

1-5975 

57-08 

36 

1-2664 

29-35 

2 

1-0140 

1-65 

69 

1-5868 

56-26 

36 

1-2572 

28^64 

1 

1-0074 

0-81M 

68 

1-6760 

66-45 

34 

1-2490 

27-72 

67 

1-5648 

54-63 

33 

1-2409 

26-9! 

1 

t. 
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SUMACH  (Eng.  and  Fr. ;  Schmack,  Gerio.)  is  the  powder  of  the  leaves,  peduncles,  and 
youDST  branches  of  the  Rhus  coriariuy  and  Rhus  cotinusy  shrubs  which  grow  in  Hungary, 
the  Bannat,  and  the  Illyrian  provinces.  Both  jfinds  contain  tannin,  with  a  little  yellow 
coloring  matter,  and  are  a  good  deal  employed  for  tanning  light-colored  leathers ;  but  the 
first  is  the  best.  With  mordants,  it  dyes  nearly  the  same  colors  as  sails.  In  calico- 
prinling,  sumach  affords,  with  a  mordant  of  tin,  a  yellow  color ;  with  acetate  of  iron, 
weak  or  strong,  a  gray  or  black ;  and  with  sulphate  of  zinc,  a  brownish-yellow.  A 
decoction  of  sumach  reddens  litmus  paper  strongly ;  gives  white  flocks  with  the  proto- 
muriate  of  tin ;  pale  yellow  flocks  with  alum ;  blue  flocks  with  red  sulphate  of  iron,  with 
an  abundant  precipitate.  In  the  south  of  France,  the  twigs  and  leaves  of  the  Coriaria 
tnyrthifolia  are  used  for  dyeing,  under  the  name  of  redoul,  or  rodou. 
.  SWEEP-WASHER  is  the  person  who  extracts  from  the  sweepings,  potsherds,  &c., 
of  reflneries  of  silver  and  gold,  the  small  residuum  of  precious  metal. 

SYNTHESIS  is  a  Greek  word,  which  signifies  combination,  and  is  applied  to  the 
chemical  action  which  unites  dissimilar  bodies  into  a  uniform  compound ;  as  sulphuric 
acid  and  lime,  into  gypsum ;  or  chlorine  and  sodium,  into  culinary  salt. 

SIRUP  is  a  solution  of  sugar  in  water.  Cane-juice,  concentrated  to  a  density  of 
1-300,  forms  a  sirup  which  does  not  ferment  in  the  transport  home  from  the  West  Indies, 
and  may  be  boiled  and  refined  at  one  step  into  superior  sugar-loaves,  with  eminent  ad- 
vantage to  the  planter,  the  refiner,  and  the  revenue. 
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TABBYING,  or  WATERING,  is  the  process  of  giving  stuflfs  a  wavy  appearance 
with  the  calender. 
^  TACAMAHAC  is  a  resin  obtained  from  the  Fagura  octandra,  a  tree  which  grows  in 

Mexico  and  the  West  Indies.    It  occurs  in  yellowish  pieces,  of  a  strong  smell,  and  a 
bitterish  aromatic  taste.    That  from  the  island  of  Madagascar  has  a  greenish  tint. 
TAFFETA  is  a  light  silk  fabric,  with  a  considerable  lustre  or  gloss. 
^  TAFIA  is  a  variety  of  rum. 

-r  TALC  is  a  mineral  genus,  which  is  divided  into  two  species,  the  common  and  the 

^  indurated.    The  first  occurs  massive,  disseminated  in  plates,  imitative,  or  crystallized  in 

small  six-sided  tables.    It  is  splendent,  pearly,  or  semi-metallic,  translucent,  flexible,  but 
!*  not  elastic.    It  yields  to  the  nail ;  spec.  grav.  2*77.    Before  the  blowpipe,  it  first  whitens 

^  and  then  fuses  into  an  enamel  globule.    It  consists  of— silica,  62 ;  magnesia,  27;  aln- 

^  mina,  1*5;  oxyde  of  iron,  3*5;  water,  6.     Klaproth  found  2|  per  cent,  of  potash  in  it. 

f.  It  is  found  in  beds  of  clay-slate  and  mica  slate,  in  Aberdeenshire,  Banffshire,  Perthshire, 

^  Salzburg,  the  Tyrol,  and  St.  Gothard.    It  is  an  ingredient  in  rouge  for  the  toilette,  com- 

r"  municatin?  soAness  to  the  skin.    It  gives  the  flesh  polish  to  soft  alabaster  fignres,  and  is 

also  used  in  porcelain  paste, 
t  The  second  species,  or  talc-slate,  has  a  greenish-gray  color;  is  massive,  with  tabular 

*  fragments,  translucent  on  the  edges,  soft,  with  a  white  streak;  easily  cut  or  broken,  but 

Li  18  not  flexible ;  and  has  a  greasy  feel.     It  occurs  in  the  same  localities  as  the  preceding. 

ji  It  is  employed  in  the  porcelain  and  crayon  manufactures ;  as  also  as  a  crayon  itself,  by 

1  carpenters,  tailors,  and  glaziers. 

TALLOW  (Suify  Fr. ;  Talgy  Germ.)  is  the  concrete  fat  of  quadrupeds  and  man. 
\  That  of  the  ox  consists  of  76  parts  of  stearine,  and  24  of  oleine;  that  of  the  sheep 

f  contains  somewhat  more  stearine.    See  Fat  and  Stearine. 

i  Tallow  imported  into  the  United  Kinedom,  in  1836,  1,186,364  cwts.  I  qr.  4  lbs.;  m 

1837,  1,308,734  cwis.  1  qr,  4  lbs.    Retained  for  home  consumption,  in  1836,  1,318,678 
cwts.  1  qr.  25  lbs. ;  in  1837,  1,294,009  cwts.  2  qrs.  21  lbs.    Duty  received,  in  1836, 
£208,284 ;  in  1837,  £204,377. 
TALLOW,  PINEY.    See  Pinet  Tallow. 

TAMPING  is  a  term  used  by  miners  to  express  the  filling  up  of  the  hole  which  they 
have  bored  in  a  rock,  for  the  purpose  of  blasting  it  with  gunpowder.    See  Mines. 

TAN,  or  TANNIC  ACID.  (Tanniny  Fr. ;  Gerhatoffy  Germ.)  See  its  preparation  and 
properties  described  under  Galls. 

The  barks  replete  with  this  principle  should  be  stripped  with  hatchets  and  bills,  from 
the  trunk  and  branches  of  trees,  not  less  than  30  years  of  age,  in  spring,  when  their  sap 
flows  roost  freely.  lYees  are  also  sometimes  barked  in  autumn,  and  leA  standing,  whereby 
they  cease  to  vegetate,  and  perish  ere  long ;  but  afford,  it  is  thought,  a  more  compact 
timber.  This  operation  is,  however,  too  troublesome  to  be  generally  practised,  and 
therefore  the  bark  is  commonly  obtained  from  felled  trees ;  and  it  is  richer  in  tannin 
the  older  they  are.  The  bark  mill  is  described  in  Gregory's  Mechanicty  and  other  similar 
wades. 
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The  following  Table  shows  the  quantity  of  extractive  matter  and  tan  in  100  paiti  of 
the  several  substances : — 
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Snbstanees. 
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White  inner  berk  of  •t>ld  oek 

« 

91 

B«rk  of  Cherry-UM 

59 

M 

Do.  young  oek  -       -       - 

77 

Do.  Sallow  .... 

— 

59 

Do.  Spanish  chestnut 

63 

so 

Do.  Poplar  -        -        -        - 

— 

76 

Do.  Leicester  willow 

79 

Do.  Hazel           -       - 

— 

79 

Colored  or  middle  bark  of   i 
oak        •        -       -         i 

19 

Do.  Ash      .        -        -        - 

— 

» 

Do.  trunk  of  Spaa-  chestnut 

— 

9b 

Do.  Spanish  chestnut 

14 

Do.  Smooth  oak  ... 

— 

104 

Do,  LeiceHter  willow 

10 

Do.  Oak,  cai  in  spring 

— . 

106 

Entire  bark  ol'  oak 

M 

Root  of  Tormentil  - 

— 

. 

40 

Do.  Spaoiah  choHtnnt 

91 

Cornus  sanguinea  of  Canada 

— 

- 

44 

Do.  Leio*  Iter  willow 

33 

109 

Bark  of  .'klder 

— 

. 

30 

Do    Elm    -        .        .        . 

IS 

98 

Do.  Apricot 

— 

. 

39 

Do.  Common  willow  • 

11 

boughs,  31 
158 

Do.  Pomegranate 

— 

* 

39 

Sicilian  sumach   .        >        • 

78 

Do.  Cornish  cherry-tree 

— 

- 

19 

Malaga  sumach    -        •        • 

79 

Do.  Weeping  willow  - 

>.— 

- 

10 

Souchong'tca       ... 

48 

Da  Bohemian  oIito     - 

^ 

- 

14 

Green  tea    -        -      .  - 

41 

Do.  Tun  shrub  with  myrtle  I 
leaves         -        -         J 

» 

Bombay  catechu  -        •        - 

261 

Bengal  catechu    .        -        - 

231 

Do.  Virginian  sumach 

_- 

• 

10 

Nut-galls      -        -        -        - 

127 

• 

40 

Do.  Gre^n  oak    -        .        - 

— 

* 

10 

Bark  of  oak,  cut  in  winter  - 

— 

30 

Do.  Service-tree. 

— 

• 

8 

Do.  beech  -        -        -        - 

_- 

31 

Do.  Rose  chestnut  of  Am«r. 

— 

. 

S 

Do.  Elder  -        -        -        - 

__ 

41 

Do.  Rose  chestnut 

— 

. 

0 

Do.  Plum-tree   -        .        . 

— 

58 

Do.  Rose  chestnut  of  Caro-  ^ 

0 

Bark  of  the  trunk  of  willow  • 

^_ 

59 

lina     ...         1 

^^■M 

* 

Do.  Sycamore    -        -        - 
Bark  of  Birch 

— . 

53 

16 

Do.  Sumach  of  Carolina     - 

._ 

. 

5 

— 

54 
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TANNING  (Tamier,  Fr. ;  Gdrhtrei,  Germ.)  is  the  art  of  converting  skin  into  LsAiiiXit 
which  see.    It  has  heen  ascertained,  beyond  a  doubt,  that  *'  the  saturated  infasions  of 
astringent  barks  contain  much  less  extractive  matter,  in  proportion  to  their  tannin,  tiiaa 
the  weak  infusions ;  and  when  skin  is  quickly  tanned  (in  the  former),  common  expe- 
rience shows  that  it  produces  leather  less  durable  than  leather  slowly  formed."*    The 
older  tanners,  who  prided  themselves  on  prod  acini?  a  substantial  article,  were  so  mwk 
impressed  with  the  advantages  of  slowly  impregnating  skin  with  astringent  matter,  that 
they  employed  no  concentrated  infusion  (ooze)  in  their  pits,  but  stratified  the  skins  vitJk 
abundance  of  ground  bark,  and  covered  them  with  soft  water,  knowing  that  its  active 
principles  are  very  soluble,  and  that,  by  being  gradually  extracted,  they  would  penetnte 
uniformly  the  whole  of  the  animal  fibres,  instead  of  acting  chiefly  upon  the  suiface,  aid 
making  brittle  leather,  as  the  strong  infusions  never  fail  to  do.     In  fact,  IfH)  poondsflf 
skin,  quickly  tanned  in  a  strong  infusion  of  bark,  produce  137  of  leather ;  while  100 
pound.s,  slowly  tanned  in  a  weak  infusion,  produce  only  117}.    The  additional  191  ponnds 
weight  in  the  former  case  serve  merely  to  swell  the  tanner's  bill,  while  they  deiermate 
his  leather,  and  cause  it  to  contain  much  less  of  the  textile  animal  solid.     Leather  this 
highly  charged  with  tannin  is,  moreover,  so  spongy  as  to  allow  moisture  to  pass  rtadily 
through  its  pores,  to  the  sreat  discomfort  and  danger  of  persons  who  wear  shoes  made 
of  it.    That  the  saving  of  time,  and  the  increase  of  product,  are  temptations  strong 
enough  to  induce  many  modern  tanners  to  steep  their  skins  in  a  succession  of  stroas  in- 
fusions of  bark,  is  sufficiently  intelligible ;  but  that  any  shoemaker  should  be  so  isnonnt 
or  so  foolish  as  to  proclaim  that  his  leather  is  made  by  a  process  so  injorions  to  its 
quality,  is  unaccountably  stupid. 

TANTALUM  is  the  rare  metal,  also  called  Columbium. 

TAPESTRY  is  an  ornamental  figured  textile  fabric  of  worsted  or  silk,  for  lining  the 
walls  of  apartments ;  of  which  the  most  famous  is  that  of  the  Gobelins  Royal  Manofae- 
lory,  near  Paris. 

TAPIOCA  is  a  modification  of  starch,  partially  converted  into  gum,  by  heating  and 
stirrinsr  cassava  upon  iron  plates.    See  Cassava  and  Starch. 

TAR  {GoudroTif  Fr. ;  Ther,  Germ.)  is  the  viscid,  brown-black,  resino-oleaginons  com- 
pound, obtained  by  distilling  wood  in  close  vessels,  or  in  ovens  of  a  peculiar  construction. 
See  Charcoal,  Pitcoal,  coking  of,  and  Pyromoneovs  Acid.  According  to  Reichenbadi, 
tar  contains  the  peculiar  proximate  principles,  paraffiiUy  eupuniy  crtoaotty  pUamat^fHt^ 
calf  besides  pyrogenous  resin,  or  pyretine,  pyrogenous  oil,  or  pyrofeine^  and  vinegar.  Tfce 
resin,  oil,  and  vinegar  are  called  empyreumatic,  in  common  language. 

Tar  imported  into  the  United  Kingdom,  in  1836,  9,797  IsU.  8  bands;    in  1837, 
*  Sii  II.  DaTj,  on  th«  Opention  of  Attringvnt  Vagvtablaa  ia  Taaainff.— FML  TVnt.  1601. 
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n,480]st8.  1  brl.    Retained  for  home  eonsaoiptlon,  in  1836,  9,6391st8.  Sbrls. ;  in  1837^ 
ll,686l8ts.  2  bris.    Duty  receiTcd,  in  )836,  jC7,231;  ^in  1837,  £^75. 

TARRAS ;  see  Cement,  and  Mortak,  hydraulic. 

TARTAR  (Tarlrty  Ft,  ;  Weinatein,  Germ.)}  called  also  argal  or  argol,  is  the  crude 
bitartrate  of  potassa,  which  exists  in  the  juice  of  the  ^pe,  and  is  deposited  from  winet 
in  their  fermentin^r  casks,  being  precipitated  in  proportion  as  the  alcohol  is  formed,  in 
oonseqnence  of  its  insolubility  in  that  liquid.  There  are  two  sorts  of  argal  known  in 
commerce,  the  white,  and  the  red ;  the  former,  which  is  of  a  pale-pinkish  color,  is  the 
crust  let  fall  by  white  wines ;  the  latter  is  a  dark-red,  from  red  wines. 

The  crade  tartar  is  purified,  or  converted  into  cream  of  tartar,  at  MontpelUer,  fay  tht 
fbllowing  process  i^-^  ' 

The  argal  having  been  ground,  under  vertical  mill-stones,  and  sifted,  one  part  of  it  is 
boiled  with  15  of  water,  in  conical  copper  kettles,  tinned  on  the  inside.  As  soon  as  it  is 
dissolved,  3|  parts  of  ground  pipe-clay  are  introduced.  The  solution  being  well  stirred, 
and  then  settled,  is  drawn  off  into  crystallizing  vessels,  to  cool ;  the  crystals  found  con* 
ereted  on  the  sides  and  bottom  are  picked  out,  washed  with  water,  and  dried.  The 
mother  water  is  employed  upon  a  fresh  portion  of  argal.  The  crystals  of  the  first  crop 
are  re-dissolved,  re-crystallized,  and  exposed  upon  stretched  canvass  to  the  sun  and  air, 
to  be  bleached.  The  clay  serves  to  abstract  the  coloring  matter.  The  crystals  formed 
upon  the  surface  are  the  whitest,  whence  the  name  cream  of  tartar  is  derived. 

Purified  tartar,  the  bitartrate  of  potassa,  is  thus  obtained  in  hard  dusters  of  small  col- 
orless crystals,  which,  examined  by  a  lens,  are  seen  to  be  transparent  4-sided  prisms.  It 
has  no  smell,  but  a  feebly  acid  taste ;  is  unchangeable  in  the  air,  has  a  specific  gravity 
of  1-953,  dissolves  iti  16  parts  of  boiling  water,  and  in  200  parts  at  60^  F.  It  is  insolu- 
ble  in  alcohol.  It  consists  of  24-956  potassa,  70*276  tartaric  acid,  and  4*768  water.  It 
afibrds,  by  dry  distillation,  pyrotartaric  acid,  and  an  empyreumatic  oil ;  while  carbonate 
of  potassa  remains  associated  with  much  charcoal  in  the  retort,  constituting  black  flux. 
Tartar  is  ased  in  dyeing,  medicine,  and  for  extracting — 

TARTARIC  ACID.  (jScide  tartarique,  Fr, ;  Weinaieinsaure,  Germ,)  This  is  pre- 
pared  by  adding  gradually  to  a  boiling-hot  solution  of  100  parts  of  tartar,  in  a  large 
copper  boiler,  26  of  chalk,  made  into  a  smooth  pap  with  water.  A  brisk  effervescence 
ensues,  by  the  dbengagement  of  the  carbonic  acid  of  the  chalk,  while  its  base  combines 
with  the  acid  excess  in  the  tartar,  and  forms  an  insoluble  precipitate  of  tartrate  of  lime. 
The  supernatant  liquor,  which  is  a  solution  of  neutral  tartrate  of  potassa,  must  be 
drawn  off  by  a  syphon,  and  decomposed  by  a  solution  of  chloride  of  calcium  (muriate 
of  lime.)  28|  parts  of  the  dry  chloride  are  sufficient  for  100  of  tartar.  The  tartrate 
of  lime,  from  both  processes,  is  to  be  washed  with  water,  drained,  and  then  subjected,  in 
a  leaden  cistern,  to  the  action  of  49  parts  of  snlphnric  acid,  previously  dilut^  with  8 
times  its  weight  of  water ;  100  of  dry  tartrate  take  75  of  oil  of  vitriol.  This  mixture, 
after  digestion  for  a  few  days,  is  converted  into  sulphate  of  lime  and  tartaric  aeid.  The 
latter  is  to  be  separated  from  the  former  by  decantation,  filtration  through  canvass,  and 
eduleoration  of  the  sulphate  of  lime  upon  the  filter. 

llie  clear  acid  is  to  be  concenthited  in  leaden  pans,  by  a  moderate  heat,  till  it  acquires 
the  density  of  40°  B.  (spec  grav.  1*38),  and  then  it  is  run  oflf,  clear  from  any  sediment, 
into  leaden  or  stoneware  vessels,  which  are  set  in  a  dry  stove-room  for  it  to  erystallixe. 
The  crystals,  being  re-dissolved  and  re-crystallised,  become  colorless  6-sided  prisms. 
In  decomposing  the  tartrate  of  lime,  a  very  slight  excess  of  sulphuric  acid  must  be  em> 
ployed ;  because  pure  tartaric  acid  would  dissolve  any  tartrate  of  lime  that  may  escape  de- 
composition. Bone  black,  previously  freed  from  its  carbonate  and  phosphate  of  lime,  by 
muriatic  acid,  is  sometimes  employed  to  blanch  the  colored  solutions  of  the  first  crystals. 
Tartaric  acid  contains  nearly  9  per  cent,  of  combined  water.  It  is  soluble  in  two  parts 
of  water  at  60^,  and  in  its  own  weight  of  boiling  water.  In  its  dry  state,  as  it  exists  hi 
the  tartrate  of  lime  or  lead,  it  consists  of  36*8  of  carbon,  3  of  hydrogen,  and  60*2  of  oxy- 
gen.   It  is  much  employed  in  calico-printing,  and  for  making  sodaic  powders. 

TARTRATES  are  salts  composed  of  tartaric  acid,  and  oxydized  ba^es,  in  equivalent 
proportions. 

TAWINO  is  the  process  of  preparing  the  white  skins  of  the  sheep^  doe,  ke»  See 
Leather. 

TEA,  green,  contains  34*6  parts  of  tannin,  5*9  of  gum,  5*7  of  vegetable  albu- 
mine,  51-3  of  Iqrneous  fibre,  with  2*5  of  loss;  and  black  tea  contains  40^  of  tannin^ 
6*3  of  gum,  6*4  of  vegetable  albumine,  44*8  of  ligneous  fibre,  with  2  of  loss.  The  ashes 
contain  silica,  carbonate  of  lime,  magnesia,  and  chloride  of  potassinm. — Frofik,  Davy 
obtained  32*5  of  extract  from  Souchong  tea;  of  which  10  were  precipitated  by  gelatine. 
He  found  8-5  only  of  tannin  in  green  tea.  The  latter  chemist  is  most  to  be  depended 
upon.  Chemical  analysis  has  not  yet  discovered  that  principle  in  ten,  to  whkh  ita  exei* 
ting  property  is  due. 
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The  Chinete  method  of  making  Black  Tut  in  Upper  jUBom^—lM.  the  fint 
youngest  and  most  tender  leaves  are  gathered ;  but  when  there  are  many  kanda  aid  a 
great  quantity  of  leaves  to  be  collected,  .the  people  employed  nip  off  with  the  foretBgcr 
and  thumb  the  fine  end  of  the  branch  with  about  four  leaves  ori,  and  sometima 
more,  if  they  look  tender.    These  are  all  brought  to  the  phtee  where  they  are  lo 
converted  into  tea;  they  are  then  put  into  a  large, circular,  open-worked  bamboo 
having  a  rim  all  rouud,  two  fingers  broad.    The  leaves  are  thinly  scattered  im. 
baskets,  and  then  placed  in  a  frame-work  of  bamboo,  in  all  appearance  like  the  aide  of  aa 
Indian  hut  without  grus,  resting  on  posts,  2  feet  from  the  ground,  widi  an  angle  of 
about  25^.    The  baskets  with  leaves  are  put  in  this  frame  to  dry  in  the  sno,  aaid  are 
pushed  up  and  brought  down  by  a  long  bamboo  with  a  circular  piece  of  wood  at  Ike 
end.    The  leaves  are  permitted  to  dry  about  two  hours,  being  occasionally  turned ;  hot 
the  time  required  for  this  process  depends  on  the  heat  of  the  sun.    When  they  bef^  to 
have  a  slightly  withered  appearance,  they  are  taken  down,  and  brought  into  the  home, 
where  they  are  placed  on  a  frame  to  cool  for  half  an  hour.    Tbey  are  then  pnt  into 
smaller  baiskets  of  the  same  kind  as  the  former,  and  placed  on  a  stand.    People  are  now 
employed  to  soAen  the  leaves  still  more,  by  gently  clapping  them  between  their  haMi% 
with  their  fingers  and  thumb  extended,  and  tossing  them  up  and  letting  them  fall,  for 
about  five  or  ten  minutes.    They  are  then  again  put  on  the  frame  daring  half  an  hom^ 
and  brought  down  and  clapped  with  the  hands  as  before.    This  is  done  three  snceesaave 
times,  until  the  leaves  become  to  the  touch  like  sod  leather ;  the  beating  and  pnttittg 
away  being  said-  to  give  the  tea  the  black  color  and  bitter  flavor.    Ailer  this  the  tea 
is  put  into  hot  cast-iron  pans,  which  are  fixed  in  a  circular  mud  fireplace,  so  that  the 
flame  cannot  ascend  round  the  pan  to  incommode  the  operator.    This  pen  is  well  heated 
by  a,  straw  or  bamboo  fire  to  a  certain  degree.    About  two  pounds  of  the  leaves  are  tliea 
put  into  each  hot  pan,  and  spread  in  such  a  manner  that  all  the  leaves  may  get  the  same 
degree  of  heat.    They  are  every  now  and  then  briskly  turned  with  the  niJced  hand,  to 
prevent  a  leaf  from  being  burnt.    When  the  leaves  become  inconveniently  hot  to  the 
hand,  they  are  quickly  taken  out  and  delivered  to  another  man  with  a  close-worked 
bamboo  basket  ready  to  receive  them.    A  few  leaves  that  may  have  been  leA  behind  are 
smartly  brushed  out  with  a  bamboo  broom ;  all  this  time  a  brisk  fire  is  kept  ap  andcr 
the  pan.    After  the  pan  has  been  used  in  this  manner  three  or  four  times,  a  backet  of 
cold  water  is  thrown  in,  and  a  soft  brickbat  and  bamboo  broom  used,  to  give  it  a  good 
soouring  out ;  the  water  is  thrown  out  of  the  pan  by  the  brush  on  one  side,  the  paa 
itself  being  never  taken  ofiT.    The  leaves,  all  hot  on  the  bamboo  basket,  are  laid  on  a 
table  that  has  a  narrow  rim  on  its  back,  to  prevent  these  baskets  from  slipping  off  when 
pushed  ai^nst  it.    The  two  pounds  of  hot  leaves  are  now  divided  into  two  or  three 
parcels,  and  distributed  to  as  many  men,  who  stand  up  to  the  table  with  the  leases  rigbt 
before  them,  and  each  placing  his  le«;s  close  together ;  the  leaves  are  next  collected  into 
a  ball,  which  he  gently  grasps  in  his  leA  hand,  with  the  thumb  extended,  the  fingcn 
close  together,  and  the  hand  resting  on  the  little  finger.    The  right  hand  mast  be  ex- 
tended in  the  same  manner  as  the  leA,  but  with  the  palm  turned  downwards,  resuagen 
the  top  of  the  ball  of  tea  leaves.    Both  hands  are  now  employed  to  roll  and  propel  tke 
ball  along ;  the  leil  hand  pushing  it  on,  and  allowing  it  to  revolve  as  it  moves;  the  z^ghC 
band  also  pushes  it  forward,  resting  on  it  with  some  force,  and  keeping  it  down  to 
express  the  juice  which  the  leaves  contain.    The  art  lies  here  in  giving  the  boll  a  cir- 
cular motion,  and  permitting  it  to  turn  under  and  in  the  hand  two  or  three  whole 
revolutions,  before  the  arms  are  extended  to  their  full  length,  and  drawing  the  ball  of 
leaves  quickly  back  without  leaving  a  leaf  behind,  being  rolled  for  about  five  minntes  in 
this  way.    The  ball  of  tea  leaves  is  from  time  to  time  gently  and  delicately  opened  with 
the  fingers,  lifted  as  high  as  the  face,  and  then  allowed  to  fall  again.    This  is  done  two 
or  three  times,  to  separate  the  leaves;  and  afterwards  the  basket  with  the  leaves  is  lifted 
up  as  often,  and  receives  a  circular  shake  to  bring  these  towards  the  centre.    The  leaves 
are  now  taken  back  to  the  hot  pans,  and  spread  out  in  them  as  before,  being  again  tam- 
ed with  the  naked  hand,  and  when  hot  taken  out  and  rolled ;  aAer  which  they  are  pat 
into  the  drying  basket,  and  spread  on  a  sieve  which  is  in  the  centre  of  the  ba^et,  and 
the  whole  placed  over  a  charcoal  fire.    The  fire  is  very  nicely . regulated }  there  most  not 
be  the  least  smoke,  and  the  charcoal  should  l>e  well  picked. 

When  the  fire  is  lighted,  it  is  fanned  until  it  gets  a  fine  red  glare,  and  the  smdce  is  aD 
gone  off;  being  every  now  and  then  stirred  and  the  coals  brought  into  the  centre,  so  as 
to  leave  the  outer  edge  low.  When  the  leaves  are  put  into  the  drying  basket,  they  are 
gently  separated  by  liAing  them  up  with  the  fingers  of  both  hands  extended  far  apart, 
and  allowing  them  to  fall  down  again ;  they  are  placed  3  or  4  inches  deep  on  the  sieve, 
leaving  a  passage  in  the  centre  for  the  hot  air  to  pass.  Before  it  is  put  over  the  fixe,  tbe 
drying  bas^j^et  receives  a  smart  slap  with  both  hands  in  the  act  of  lifting  it  ap^  whi^  is 
done  to  shake  down  any  leaves  that  might  otherwise  drop  through  the  sieve,  or  to 
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T*nt  them  -from  falling  into  the  fire  and  oecasioning  a  smoke,  which  would  Affect  and 
spoil  the  tea.  This  slap  on  the  basket  is  invariably  applied  throughout  the  stages  of  the 
tea  manufacture.  There  is  always  a  lar&[e  basket  underneath  to  receive  the  small  leaves 
that  fall,  which  are  ailerwards  collected,  dried,  and  added  to  the  other  tea;  in  no  case 
are  the  baskets  or  sieves  permilted  to  touch  or  remain  on  the  ground,  but  always  laid  on 
a  receiver  with  three  legs.  AAer  the  leaves  have  been  half  dried  in  the  drying  basket, 
and  while  they  are  still  soft,  they  are  taken  off  the  fire  and  put  into  large  open-worked 
baskets,  and  then  put  on  the  shelf,  in  order  that  the  tea  may  improve  in  colpr. 

Next  day  the  leaves  are  all  sorted  into  large,  middling,  and  small ;  sometimes  there 
are  four  sorts.  AU  these,  the  Chinese  informed  me,  become  so  many  different  kinds  of 
teas ;  the  smallest  leaves  they  called  Pha-ho,  the  second,  Pow-chong,  the  third  Su-chong, 
and  the  fourth,  or  the  largest  leaves,  Toy-chong.  After  this  assortment  they  are  again 
pnt  on  the  sieve  in  the  drying  basket  (taking  great  care  not  to  mix  the  sorts),  and  on 
the  fire,  as  on  the  preceding  day ;  but  now  ver}'  little  more  than  will  cover  the  bottom  of 
the  sieve  is  put  in  at  one  time,  the  same  care  of  the  fire  is  taken  as  before,  and  the  same 
precaution  of  tapping  the  drying  basket  every  now  and  then.  The  tea  is  taken  off  the 
&re  with  the  nicest  care,'for  fear  of  any  particle  of  the  lea  falling  into  it.  "Whenever 
the  drying  basket  is  taken  off,  it  is  put  on  the  receiver,  the  sieve  in  the  drying  basket 
taken  out,  the  tea  turned  over,  the  sieve  replaced,  the  tap  given, 'and  the  basket  placed 
again  over  the  fire.  As  the  tea  becomes  crisp,  it  is  taken  out  and  thrown  into  a  large 
receiving  basket,  until  all  the  quantit)'  on  hand  has  become  alike  dried  and  crisp ;  from 
which  basket  it  is  again  removed  into  the  drying  basket,  but  now  in  much  larger 
quantities.  It  is  then  piled  up  eight  and  ten  inches  high  on  the  sieve  in  the  drying 
basket;  in  the  centre  a  small  passage  is  left  for  the  hot  air  to  ascend;  the  fire  that  was 
before  bright  and  clear,  has  now  ashes  thrown  on  it  to  deaden  its  effect,  and  the  shakings 
that  have  been  collected]  are  put  on  the  top  of  all ;  the  tap  is  given,  and  the  basket  with 
the  greatest  care  is  put  over  the  fire.  Another  basket  is  placed  over  the  whole,  to  throw 
back  any  heat  that  may  ascend.  Now  and  then  it  is  taken  off,  and  put  on  the  receiver ; 
the  hands,  with  the  fingers  wide  apart,  are  run  down  the  sides  of  the  basket  to  the  sieve, 
and  the  tea  gently  turned  over,  the  passage  in  the  centre  again  made,  &c.,  and  the  basket 
again  placed  on  the  fire.  It  is  from  time  to  time  examined,  and  when  the  leaves  have 
become  so  crisp  that  they  break  by  the  slightest  pressure  of  the  fingers,  it  is  taken  off, 
when  the  tea  is  ready.  All  the  different  kinds  of  leaves  underwent  the  same  operation. 
The  tea  is  now  little  by  little  put  into  boxes^  and  first  pressed  down  with  the  hands  and 
then  with  the  feet  (clean  stockings  having  been  previously  put  on). 

There  is  a  small  room  inside  of  the  tea-house,  7  cubits  square  and  5  high,  having 
bamboos  laid  across  on  the  top  to  support  a  net-work  of  bamboo,  and  the  sides  of 
Uie  room  smeared  with  mud  to  exclude  the  air.  When  there  is  wet  weather,  and  the 
leaves  cannot  be  dried  in  the  sun,  they  are  laid  out  on  the  top  of  this  room,  on  the  net- 
work, on  an  iron  pan,  the  same  as  is  used  to  heat  the  leaves;  some  fire  is  put  into  it, 
either  of  grass  or  bamboo,  so  that  the  flame  may  ascend  high ;  the  pan  is  put  on  a  square 
wooden  frame,  that  has  wooden  rollers  on  its  legs,  and  pushed  round  and  round  this 
little  room  by  one  man,  while  another  feeds  the  fire,  the  leaves  on  the  top  being 
occasionally  turned;  when  they  are  a  little  withered,  the  fire  is  taken  away,  and  the 
leaves  brought  down  and  manufactured  into  tea,  in  the  same  manner  as  if  it  had  been  dried 
in  the  sun.  But  this  is  not  a  good  plan,  and  never  had  recourse  to,  if  it  can  possibly  be 
avoided. 

Tea  imported  into  the  United  Kingdom,  in  1836,  49,307,701  lbs. ;  in  1837,  36,765,735 
1b«.  Retained  for  home  comsumption,  in  1836, 49,841,507  lbs. ;  in  1837,  31,872 lbs.  Duty 
received,  in  1836,  £4,728,600;  in  1837,  £3,319,665. 

TEASEL,  the  head  of  the , thistle  {Dipsacus),  is  employed  to  raise  the  nap  of  cloth.  See 
Woollen  Manufacture. 

TEETH.    See  Bones. 

TELLURIUM,  is  a  metal,  too  rare  and  high-priced  to  be  used  in  the  arts. 

TERR A-COTTA,  literally  baked  clay,  is  the  name  given  to  statues,  architectural  deco- 
rations, figures,  vases,  &c.,  modelled  or  cast  in  a  paste  made  of  pipe  or  potteHs  clay  and  a 
fine-grained  colorless  sand,  from  Ryegatc,  with  pulverized  potsherds,  slowly  dried  in  the  air, 
and  afterwards  fired  to  a  stony  hardness  in  a  proper  kiln.    See  Stone,  ARTiriciAL. 

TERRA  DI  SIENA,  is  a  brown  ferruginous  ochre,  employed  in  painting. 

TESnrS,  are  chemical  reagents  of  any  kind,  which  indicate,  by  special  characters, 
tbe  nature  of  any  substance,  simple  or  compound.  See  Assay,  the  several  metals, 
acids  &c. 

TEXTILE  FABRICS.  The  first  business  of  the  weaver  is  to  adapt  those  parts  of 
bis  loom  which  move  the  warp,  to  the  formation  of  the  various  kinds  of  ornamental  figures 
which  the  cloth  is  intended  to  exhibit.  This  subject  is  called  the  draught,  drawing  or  reading 
in,  and  the  cording  of  looms.  In  every  species  of  weaving,  whether  direct  or  cross,  the 
whole  ditference  of  pattern  or  efiect  is  produced,  either  by  the  succession  in  which  the 
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threads  of  warp  are  introduced  into  the  heddles,  or  hj  the  saccesston  in  which  those  heddlei 
are  moved  in  the  working.  The  heddles  being  stretched  between  two  shafts  of  wood,  all 
the  heddles  connected  by  the  same  shafts  are  called  a  leaf;  and  as  the  operation  of  in- 
troducing the  warp  into  any  number  of  leaves  is  called  drawing  a  warp,  the  plan  oi  soc- 
cession  is  called  the  draught.  When  this  operation  has  been  performed  correctly,  the  next 
part  of  the  weaver's  business  is  to  connect  the  different  leaves  with  the  levers  or  t reddles 
by  which  they  are  to  be  moved,  so  that  one  or  more  may  be  raised  or  sunk  by  every 
treddle  successively,  as  may  be  required  to  produce  the  peculiar  pattern.  These  connex- 
ions being  made  by  coupling  the  different  parts  of  the  apparatus  by  cords,  this  operattoB 
is  called  the  cording.  In  order  to  direct  the  operator  in  this  part  of  his  bosineas, 
especially  if  previously  unacquainted  with  the  particular  pattern  upon  which  he  isemployed, 
plans  are  drawn  upon  paper,  specimens  of  which  will  be  found  in  figt.  1103,  1104,  Jcc 

1103  _A These  plans  are  horizontal  sections  of  a  loom,  the 

heddles  being  represented  across  the  paper  at  a,  and 
the  treddles  under  them,  and  crossing  them  at  right 
angles,  at  b.  In  figs,  1 103  and  1 104,  they  are  re> 
presented  as  if  they  were  distinct  pieces  of  wood, 
those  across  being  the  under  shaft  of  each  leaf  of 
heddles,  and  ihose  at  the  leA  hand  the  treddles. 
See  Weaving.  In  actual  weaving,  the  treddles  are 
placed  at  rizht  angles  to  the  heddles,  the 
cords  descending  perpendicularly  as  nearly 
sible  to  the  centre  of  the  latter.  Placing  them  at  the 
leA  hand,  therefore,  is  only  for  ready  inspection,  and 
for  practical  convenience.  At  c  a  few  threads  of  wvp 
are  shown  as  they  pass  through  the  heddles,  and  the 
thick  lines  denote  the  leaf  with  which  each  thread  is  connected.  Thus,  in  fig.  1103,  the 
right-hand  thread,  next  to  a,  passes  ihrouifh  the  eye  of  a  heddle  upon  the  back  leaf^  and  js 
disconnected  with  all  the  other  leaves;  the  next  thread  passes  through  a  heddle  on  theseeond 
leaf;  the  third,  through  the  third  leaf;  the  fourth,  through  the  fourth  leaf;  and  the  fifkh, 
through  the  fifth  or  front  leaf.  One  set  of  the  draught  being  now  completed,  the  weaver 
recommences  with  the  back  leaf,  and  proceeds  in  the  same  succession  again  to  the  front. 
Two  sets  of  the  draught  are  represented  in  this  figure,  and  the  same  succession,  it  is 
understood  by  weavers  (who  seldom  draw  more  than  one  set),  must  be  repeated  until  all 
the  warp  is  included.  When  they  proceed  to  apply  the  cords,  the  right-hand  part  of  the 
plan  at  6  serves  as  a  guide.  In  all  the  plans  shown  by  these  figures,  excepting  one  whiek 
shall  be  noticed,  a  connexion  must  be  formed,  by  cordine,  between  every  leaf  of  heddles  and 
every  treddle ;  for  all  the  leaves  must  either  rise  or  sink.  The  raising  motion  is  effeded 
by  coupling  the  leaf  to  one  end  of  its  correspondent  top  lever ;  the  other  end  of  ths 
lever  is  tied  to  the  long  march  below,  and  this  to  the  treddle.  The  sinking  cooneuoi 
is  carried  directly  from  under  the  leaf  to  the  treddle.  To  direct  a  weaver  wfaick  of 
these  connexions  is  to  be  formed  with  each  treddle,  a  black  spot  is  placed  when  a  leaf  is 
to  be  raised,  where  the  leaf  and  treddle  intersect  each  other  upon  the  plan,  and  the 
sinking  connexions  are  left  blank.  For  example,  to  cord  the  treddle  1,  to  tie  back 
leaf,  put  a  raising  cord,  and  to  each  of  the  other  four,  sinking  cords ;  for  the  treddle  2^ 
raise  the  second  leaf,  and  sink  the  remaininsr  four,  and  so  of  the  rest ;  the  spot  alwayi 
denoting  the  leaf  or  leaves  to  be  raised.  The  figs.  1103,  and  1104,  are  drawn  for  the 
purpose  of  rendering  the  general  principle  of  this  kind  of  plans  fanuliar  to  those 
have  not  been  previously  acquainted  with  them ;  but  those  who  have  been 
to  manufacture  and  weave  ornamented  cloths,  never  consume  time  by  representing 
either  heddles  or  treddles  as  solid  or  distinct  bodies.  They  content  themselres  with 
ruline  a  number  of  lines  across  a  piece  of  paper,  suflieient  to  make  the  intervals  between 
these  lines  represent  the  number  of  leaves  required.  Upon  these  intervals,  they  merely 
mark  the  succession  of  the  draught,  without  producing  every  line  to  resemble  a  thread 
of  warp.  At  the  left  hand,  they  draw  as  many  lines  across  the  former  as  will  afford  an 
Interval  for  each  treddle;  and  in  the  squares  prciduced  by  the  intersections  of  these  lines* 
they  place  the  dots,  spots,  or  ciphers  which  denote  the  raising  cords.  It  is  also  comnMNi 
to  continue  the  cross  lines  which  denote  the  treddle  a  considerable  length  beyond  the 
intersections,  and  to  mark  by  dots,  placed  diagonally  in  the  intervals,  the  order  cr 
cession  in  which  the  treddles  are  to  be  pressed  down  in  weaving.  The  former  of  t 
modes  has  been  adopted  in  the  remain ingySg^.  to  1 1 12 ;  but  to  save  room,  the  latter  hi 
avoided,  and  the  succession  marked  by  the  order  of  the  figures  under  the  intervals 
denote  the  treddles. 

Some  explanation  of  the  various  kinds  of  fancifVil  cloths  represented  by  these 
may  serve  further  to  illustrate  this  subject,  which  is,  perhaps,  the  most  important  ciir 
connected  with  the  manufacture  of  dloth,  and  will  idso  enable  a  person  who  thoroo^lily 
studies  them,  readily  to  acquire  a  competent  knowledge  of  the  other  vaiielieB  in  ' 
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'vUeh  are  boandless.  Fig$.  1103  and  1104  represeut  the  draught  and  cording  of  the 
two  varieties  of  tweeled  cloth  wrought  with  five  leaves  of  heddles.  The  first  is  the  re- 
gular or  ran  tweel,  which,  as  every  leaf  rises  in  regular  succession,  while  the  rest  are 
sunk,  interweaves  the  warp  and  woof  only  at  every  fiAh  interval,  and  as  the  succession 
is  uniform,  the  cloth,  when  woven,  presents  the  appearance  of  parallel  diagonal  lines,  at 
an  angle  of  about  45°  over  the  whole  surface.  A  tweel  may  have  the  regularity  of  its 
diagonal  lines  broken  by  applying  the  cording  as  in  Jig.  1104.  It  will  be  observed,  that 
in  both  figures  the  draught  of  the  warp  is  precisely  the  same,  and  that  the  whole  diflfer- 
ence  of  the  two  plans  consists  in  the  order  of  placing  the  spots  denoting  the  raising  cords, 
the  first  being  regular  and  successive,  and  the  second  alternate. 

Figs.  1105  and  1106  are  the  regular  and  broken  tweels  which  may  be  produced  with 
eight  leaves.    This  properly  is  the  tweel  denominated  satin  in  the  silk  manufacture, 
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although  many  webs 
of  silk  wrought  with 
only  five  leaves  re- 
ceive that  appella- 
tion. Some  of  the 
finest  Florentine 
silks  are  tweeled 
with  sixteen  leaves. 
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When  the  broken  tweel  of  eisht  leaves  is  used,  the  efiect  is  much  superior  to  what 
eoold  be  produced  by  a  smaller  number;  for  in  this,  two  leaves  are  passed  in  every  in- 
terval, which  gives  a  much  nearer  resemblance  to  plain  cloth  than  the  others.  For  this 
reason  it  is  preferred  in  weaving  the  finest  damasks.  The  draught  of  the  eight-leaf 
tweel  dififers  in  nothing  from  the  others,  excepting  in  the  number  of  leaves.  The  diflfer- 
ence  of  the  cording  in  the  broken  tweel,  will  appear  by  inspecting  the  ciphers  which 
mark  the  raising  cords,  and  compering  them  with  those  of  the  broken  tweel  of  five 
leaves.  Fig,  1107  represents  the  draught  and  cording  of  striped  dimity  of  a  tweel  of 
five  leaves.  This  is  the  most  simple  species  of  fanciful  tweelin?.  It  consists  of  ten 
1 107  leaves,  or  double  the  number  of  the  common  tweel. 

These  ten  leaves  are  moved,  by  only  five  treddle^  in 
the  same  manner  as  a  common  tweel.  The  stripe  is 
formed  by  one  set  of  the  leaves  flushing  the  warp, 
and  the  other  set,  the  woof.  The  figure  represents 
a  stripe  formed  by  ten  threads,  alternately  drawn 
through  each  of  the  two  sets  of  leaves.  In  this  case, 
the  stripe  and  the  intervals  will  be  equally  broad^ 
and  what  is  the  stripe  upon  one  side  of  the  cloth,  will  be  the  interval  upon  the  other, 
and  viot  lotna.  But  great  variety  of  patterns  may  be  introduced  by  drawing  the  warp 
in  greater  or  smaller  portions  through  cither  set.  The  tweel  is  of  the  regular  kind, 
but  may  be  broken  by  placing  the  cording  as  in  fig,  I  lp4.  It  will  be  observed  that 
the  conling-marks  of  the  lower  or  front  leaves  are  exactly  the  converse  of  the  other 
set;  for  where  a  raising  mark  is  placed  u|K>n  one,  it  is  marked  for  sinking  in  the  other  t 
that  is  to  say,  the  mark  is  omitted ;  and  all  leaves  which  sink  in  the  one,  are  marked 
for  raising  in  the  other :  thus,  one  thread  rises  in  succession  in  the  back  set,  and 

1108  four  sink;  but  in  the  front  set,  four  rise,  and  only 

one  sinks.  The  woof,  of  course,  passing  over  the 
four  sunk  threads,  and  under  the  raised  one,  in  the 
first  instance,  is  flushed  above;  but  where  the  re- 
verse takes  place,  as  in  the  second,  it  is  flushed 
below ;  n^nd  thus  the  appearance  of  a  stripe  is  formed. 
The  analogy  subsisting  between  striped  dimity  and 
dornock  is  so  irreat,  that  before  noticing  the  plan  for 
fancy  dimity,  it  may  be  proper  to  allude  to  the  dornock,  the  plan  of  which  is  represented 
byjiir.  1 108. 

The  draught  of  dornock  is  precisely  the  same  in  every  respect  with  that  of  striped 
dimity.  It  also  consists  of  two  sets  of  tweeling-heddles,  whether  three,  four,  or  five 
leaves  are  used  for  each  set*  The  right  hand  set  of  treddles  is  also  corded  exactly  in  the 
tame  way,  as  will  appear  by  comparing  them.  But  as  the  dimity  is  a  continued  stripe 
irom  the  beginning  to  the  end  of  the  web,  only  five  treddles  are  required  to  move  ten 
leaves.  The  dornock  being  checker-work,  the  weaver  must  possess  the  power  of  re- 
versing this  at  pleasure.  He  therefore  adds  five  more  treddles,  the  cording  of  which  is 
exactly  the  reverse  of  the  former ;  that  is  to  say,  the  back  leaves  in  the  former  case, 
having  one  leaf  raised,  and  four  sunk,  have,  by  working  with  these  additional  treddles, 
oae  l<»f  sunk  and  four  leaves  raised.  The  front  leaves  are  in  the  same  manner  reversed, 
and  the  mounting  is  complete.  So  long  as  the  weaver  continues  to  work  with  either 
.set,  a  stripe  will  be  formed,  as  in  the  dimity;  but  when  he  changes  his  feet  from  one  set 
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lo  the  otiier,  the  whole  effect  is  reversed,  and  the  checkers  formed.  The  dornock 
tern  upon  the  design-paper,  fig,  1  lOB,  may  be  thus  explained :  let  eTery  square  of  the 
design  represent  five  threads  upon  eiihcr  set  of  the  heddles,  which  are  said  by  weaven 
to  be  once  over  the  draught,  supjjosing  the  tweel  to  be  one  of  five  leaves ;  dbnaw  three 
parallel  lines,  as  under,  to  form  two  intervals,  each  representing  one  of  the  sets ;  tbe 
draught  will  then  be  as  follows : — 
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The  above  is  exactly  so  much  of  the  pattern  as  is  there  laid  down,  to  show  its  «p- 
pea^'ance ;  but  one  whole  range  of  the  pattern  is  completed  by  the  figure  I,  nearest  to 
the  right  hand  upon  the  lower  interval  between  the  lines,  and  the  remaining  figoiesi, 
nearer  to  the  right,  form  the  beginning  of  a  second  range  or  set.  These  are  to  be  re- 
peated in  the  same  way  across  the  Whole  warp.  The  lower  interval  represents  the  &t^ 
front  leaves ;  tbe  upper  interval,  the  five  back  ones.  The  first  figure  4,  denotes  that  five 
threads  are  to  be  successively  drawn  upon  the  back  leaves,  inA.  this  operation  repeated 
four  times.  The  first  figure  4,  in  the  lower  interval,  expresses  that  the  same  is  to  be 
done  upon  the  front  leaves ;  and  each  figure,  by  its  diagonal  position,  shows  how  often, 
and  in  what  succession,  five  threads  are  to  be  drawn  upon  the  leaves  which  the  iDterral 
in  which  it  is  placed  represents. 

Domocks  of  more  extensive  patterns  are  sometimes  woven  with  3,  4,  5,  and  eren  6 
sets  of  leaves;  but  aAer  the  leaves  exceed  15  in  number,  they  both  occupy  an  ineoB- 
venient  space,  and  are  very  unwieldy  to  work.  For  these  reasons  the  diaper  faameas  ii 
in  almost  every  instance  preferred. 

Fig,  1109  represents  the  draught  and  coirding  of  a  fanciful  species  of  dhnityy  in 
which    it    will  be  observed  that  the  warp  is   not    drawn    directly  from  tlie    hack 

1109  to  the  front  leaf,  as  in  the  former  examples;    bnt 

when  it  has  arrived  at  either  external  leaf,  the  draaght 
is  reversed,  and  returns  gradually  to  the  other,    ne 
same  draught  is  frequently  used  in  tweeling,  when  it 
is  wished  that  the  diagonal  lines  should  appear  upon 
the  cloth  in  a  zigzag  direction.    This  plan  ^Thftit^ 
the  draught  and  cording  which  will  produce  the  pat- 
tern upon  the  design-paper  in  fig,  1103,  a.     Were  all 
the  squares  produced  by  the  intersection  of  the  lines  denoting  the  leaves  and  treddles 
where  the  raised  dots  are  placed,  filled  the  same  as  on  the  design,  they  would  prodaee 
the  effect  of  exactly  one  fourth  of  that  pattern.    This  is  caused  by  the  reversing  of  the 
draught,  which  gives  the  other  side  reversed  as  on  the  design ;  and  when  all  the  treddles^ 
from  1  to  16,  have  been  successively  used  in  the  working,  one  half  of  the  pattern  viD 
become  complete.    The  weaver  then  goes  asrain  over  his  treddles,  in  the  reversed  order 
of  the  numbers,  from  17  to  30,  when  the  other  half  of  the  pattern  will  be  eomplefed. 
From  this  similarity  of  the  cording  to  the  design,  it  is  easy,  when  a  design  is  given,  to 
make  out  the  draught  and  cording  proper  to  work  it ;  and  when  the  cording  is  given,  to 
see  its  effect  upon  the  design. 
Fig,  \  1 10  represents  the  draught  of  the  diaper  mountinp,  and  the  cording  of  the  Ihwt 
1110  leaves,  which  are  moved  by  treddles.     From  the  plan, 

it  will  appear  that  5  threads  are  indnded  in  evefy 
mail  of  the  harnesSL  and  that  these  are  drawn  in 
single  threads  throui^h  the  front  leaves.  The  coiding 
forms  an  exception  to  the  general  rules,  that  when  one 
or  more  leaves  are  raised,  all  the  rest  mast  he  sunk; 
for  in  this  instance,  one  leaf  rises,  one  sinks,  and  three 
remain  stationary.  An  additional  mark,  therefore,  is  used  in  this  plan.  The  dots,  as 
formerly,  denote  raising  cords ;  the  blanks,  sinking  cords  *,  and  where  the  cord  is  to  be 
totally  omitted,  the  cross  marks  X  are  placed. 

Ftg.  Ull  is  the  draught  and  cording  of  a  spot  whose  two  sides  are  similar,  bat  ro> 
versed.  That  upon  the  plan  forms  a  diamond,  similar  to  the  one  drawn  upon  the  de* 
sign  paper  in  the  diagram,  but  smaller  in  size.  The  draught  here  is  reversed,  as  in  the 
dimity  plan,  and  the  treading  is  also  to  be  reversed,  after  arriving  at  6,  to  complete  the 
diamond.  Like  it,  too,  the  raising  marks  form  one  foorth  of  tbe  pattern.  la  wravins 
spots,  they  are  commonly  placed  at  intervals,  with  a  portion  of  plain  doth  between 
them,  and  in  alternate  rows,  the  spots  of  one  row  being  between  those  of  tbe 
other.  But  as  intervals  of  plain  cloth  must  take  place,  both  by  the  warp  and  woof, 
leaves  are  added  for  that  purpose.  The  front,  or  ground  leaf,  inclndes  every 
thread  of  the  whole  warp;  the  second,  or  plain  leaf,  that  part  whieh  forms  Uie  inter* 
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viJs  %f  the  wafp.  The  remaimne  leaves  form  the  spots ;  the  Erst  stx  being  allotted  to 
one  row  of  spots,  and  the  second  six  to  the  next  row ;  where  each  spot  is  in  the  centre  be- 
tween the  former.  The  reversed  draught  of  the  first 
is  shown  entire,  and  is  suceeeded  by  12  threads  of 
plain.  OneJialf  of  the  draught  of  the  next  row  is 
then  given,  which  is  to  be  completed  exactly  Uke  the 
first,  and  succeeded  by  12  threads  more  of  plain; 
when,  one  set  of  the  pattern,  being  finished,  the  same 
successiun  is  to  be  repeated  over  the  whole  warp. 
As  spots  are  formed  by  inserting  woof  of  coarser 
dimensions  than  that  which  forms  the  fabric,  every  second  thread  only  is  allotted  for  the 
spotting.  Those  included  in  the  front,  or  ground  leaf,  are  represented  by  line8»  and  the 
Spot  threads  between  them,  by  marks  in  the  intervals,  as  in  the  other  plans. 

The  treddles  necessary  to  work  this  spot  are,  in  number,  14.  Of  these,  the  two  in  the 
eentre  a,  6,  when  pressed  alternately,  will  produce  plain  cloth ;  for  6  raises  the  front  leaf, 
which  include  half  of  the  warp,  and  sinks  all  the  rest;  while  a  exactly  reverses  the  opera- 
tion. The  spot-treddle9  on  the  right  hand  work  the 
row  contained  in  the  first  six-spot  leaves ;  and  those 
upon  the  left  handy  the  row  contained  in  the  second 
six.  In  workinir  spots,  one  thread,  or  shot  of  spotting- 
woof,  and  two  of  plain,  are  successively  inserted,  by 
means  of  two  separate  shuttles. 
Dissimilar  spots,  are  those  whose  sides  are  quite 
different  from  each  other.  The  draught  only  of  these  is  represented  by  ^g.  1112. 
The  eordtns:  depends  entirely  upon  the  figure.     • 

Fig.  1113  represents  any  solid  body  composed  of  parts  lasked  together.  If  the 
darkened  squares^  be  supposed  to  be  beams  of  wood,  connected  by  cordage,  they  will 
give  a  precise  idea  of  textile  fabric.  The  beams  cannot  come  into  actual  contact, 
t>eca«!se,  if  the  tasking  cords  were  as  fine  even  as  human  hairs,  they  must  still  require 

1113  space.      The    thickness    is    that    of  one 

beam  and  one  cord;  but  if  the  cortls' 
touch  each  other,  it  may  then  be  one 
beam  and  two  cords;  but  it  is  not 
possible  in  practical  weaving  to  bring  every  thread  of  well  into  actual  contact  It 
may  therefore  he  assumed,  that  the  thickness  is  equal  to  the  diameter  of  one  thread  of 
the  warp,  added  to  that  of  one  yarn  of  the  we{l ;  and  when  these  are  equal,  the  thiclc- 

1 1 14  ness  of  the  cloth  is  double  of  that  diame- 

ter.    Denser  cloth  would  not  be  suffi- 
ciently pliant  or  flexible. 
Fig.  1 1 14  is  a  representation  of  a  see- 
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tion  of  cloth  of  an  open  fabric,  where  the  round  dots  which  represent  the  warp  are  placed 
at  a  considerable  dii^tance  from  each  other. 

Fig.  1115  may  be  sup|K>sed  a  plain  fabric  of  that  description  which  approaches  the 
inost  nearly  to  any  idea  we  can  form  of  the  most  dense  or  close  contact  of  which  yarn 
can  be  made  susceptible.     Here  the  warp  is  supposed  to  be  so  tightly  stretched  in 

1115  the  loom    as   to  retain   entirely  the 

■K  .<'-v^^/^>./r^::>s><=V^  parallel  state,  without  any  curvature, 
S^O.rrv^'^*X#^f^  i^W  and  the  whole  flexure  is  therefor* 
^A^s^^^^^^A^.^^^      ^.^^„    ^^  jh^  ^^     This  mode  of 

weaving  can  never  really  exist ;  but  if  the  warp  be  sufiiciently  strong  to  bear  any  tight 
stretching,  and  the  woof  be  spun  very  soft  and  flexible,  something  very  near  it  may  be 
produced.  This  way  of  making  cloth  is  well  fitted  for  those  goods  which  require  to 
give  consklerable  warmth ;  but  they  are  sometimes  the  means  of  very  gross  fraud  and 
imposition ;  for  if  the  warp  is  made  of  very  slender  threads,  and  the  woof  of  sleekly 
twisted  cotton  or  woollen  yarn,  where  the  fibrils  of  the  stuff,  being  but  slightly  brought 
into  contact,  are  rough  and  oozy,  a  great  appearance  of  thickness  and  strength  may  be 
given  to  th^  eye,  when  the  cloth  is  absolutely  so  flimsy,  that  it  may  be  torn  asunder  as 
easily  as  a  sheet  of  writing-paper.     Many  frauds  of  this  kind  are  practised. 

Inytg.  1116  is  given  a  representation  of  the  position  of  a  fabric  of  cloth  in  section,  as 
it  is  in  the  loom  before  the  warp  has  been  closed  upon  the  woof,  which  still  appears  as  a 

1116  straight  line.     This  figure    may  use- 

i   ^  /       A  ^  1  fully  in*istrate  the  direction  and  ratio 

of  contraction  which  must  unavoidably 
take  place  in  every  kind  of  cloth,  a^ 
9  "  cording  to  the  density  of  the  texture, 

the  dimensions  of  the  threads,  and  the  description  of  the  cloth.  Let  a,  b,  represent  one 
thread  of  woof  completely  stretched  by  the  velocity  of  the  shuttle  in  passing  between 
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the  threads  of  warp  which  are  represented  by  the  roand  dots  1^  2;  hc^  and 
distinguished  by  8,  9,  dtc.  When  these  threads  are  closed  by  the  operation  of  ihm. 
heddles  to  form  the  inner  texture,  the  first  tendency  will  be  to  move  in  the  directifln 
1,  b,  2,  by  &c.,  for  those  above,  and  in  that  of  8  a,  9  a,  &,c.,  fur  those  below  $  bat  tke 
contraction  for  a,  b,  by  its  deviation  from  a  straight  to  a  curved  line,  in  coaseqaenee 
of  the  compression  of  the  warp  threads  1  6,  2  6-,  &c.,  and  1  a,  2  a,  &c.,  in  closinffy  will 
produce,  by  the  action  of  the  two  powers  at  right  angles  to  each  other,  the  oMiqae  nr 
diagonal  direction  denoted  by  the  lines  1,  8^2,  9,  to  the  left,  for  the  threads  aboTC, 
and  that  expressed  by  the  lines  2,  8 — 3,  9,  &c.,  to  the  right,  for  the  threads  bdov. 
Now,  as  the  whole  deviation  is  produced  by  the  flexure  of  the  thread  a,  b,  if  a  is  sop- 
posed  to  be  placed  at  the  middle  of  the  cloth,  equidistant  from  the  two  extremities,  or 
MlvageSf  9L9  Ifaey  are  called  by  weavers,  the  thread  at  1  may  be  supposed  to  move  really 
in  the  direction  1  b,  and  all  the  others  to  approach  to  it  in  the  directions  represented 
whilst  those  to  the  right  would  approach  in  the  same  ratio,  but  the  line  of  approxima- 

1117  tion  would  be  inverted.     Fig,   1117 

J^^^^^^^M^^^L^^^^^^^f^    represents  that  common  fabric  used 

'WI^^I'^WRBPP^^^WBV^BW^B     for  lawns,  muslins,  and  the  middle 

kinJ  of  goods,  the  excellence  of  which  neither  consists  in  the  greatest  strength,  n<ir  in 

the  greai?^  transparency.    It  is  entirely  a  medium  between yfg.  1114  euadfig,  1115. 

In  the  eflbit?  to  give  great  strength  and  thickness  to  cloth,  it  will  be  obvions  that  the 
common  mode  ot  caving,  by  constant  intersection  of  warp  and  woof,  although  it  may 
be  perhaps  the  best  which  can  be  devised  for  the  former,  presents  invincible  obstrao- 
tions  to  the  latter,  beyond  a  certain  limit.  To  remedy  this,  two  modes  of  weaTiny  are 
in  common  use,  which,  while  they  add  to  the  power  of  compressing  a  great  quantity  of 
materials  in  a  small  compass,  possess  the  additional  advantage  of  affording  mueh  faeiUicy 
for  adding  ornament  to  the  superficies  of  the  fabric.  The  first  of  these  is  douUe  eloth, 
or  two  webs  woven  together,  and  joined  by  the  operation.     This  is  chiefly  osed  for 

1118  carpets;    and    its   geometrical 

ZSSSSSSmi^     ciples  are  entirely  the  same  as 
of  plain  cloth,  supposing    the 


to  be  sewed  together.  A  section  of  the  cloth  will  be  found  in^g.  1118.  See  CAapET. 
Of  the  simplest  kind  of  tweeled  fabrics,  a  section  is  given  in^g.  1119. 
The  great  and  prominent  advantage  of  the  tweeled  fabric,  in  point  of  textare,  arises 
(Vom  the  facility  with  which  a  very  great  quantity  of  materials  inay  be  pat  closely  to- 
gether. In  the  figure,  the  warp  is 
represented  by  the  dots  in  the  saase 
straisrht  line  as  in  the  plain  lafarics ; 
but  if  we  consider  the  directioa  and 
ratio  of  contraction,  upon  principles 
similar  to  those  laid  down  in  the  explanation  given  of  Jig.  1 116,  we  shall  readily  discover 
the  very  different  way  in  which  the  tweeled  fabric  is  affected. 

When  the  dotted  lines  are  drawn  at  a,  6,  c,  dy  their  direction  of  contraction,  iastesd 
of  being  upon  every  second  or  alternate  thread,  is  only  Qpon  every  fifth  thread,  sad 
the  natural  tendency  would  consequently  be,  to  bring  the  whole  into  the  form  repre- 
sented by  the  lines  and  dotted  circles  at  a,  by  c,  d.  In  point,  theig  of  thickness,  from 
the  upper  to  the  under  superficies,  it  is  evklent  that  the  whole  fabric  has  increased  in 
the  ratio  of  nearly  three  to  one.  On  the  other  hand,  it  will  appear,  that  four  threads 
or  cylinders  being  thus  put  together  in  one  solid  mass,  might  be  supposed  only  one 
thread,  or  like  the  strands  of  a  rope  before  it  is  twisted ;  but,  to  remedy  this,  the  thread 
being  shifted  every  time,  the  whole  forms  a  body  in  which  much  aggregate  matter  is 
compressed ;  but  where,  being  less  firmly  united,  the  accession  of  strength  acquired  by  the 
accumulation  of  materials  is  partially  counteracted  by  the  want  of  equal  firmness  of 
junction. 

The  second  quality  of  the  tweeled  fabric,  susceptibility  of  receiving  oniameat,  arises 

1120  from  its  ca]»bility  of  being  inverted  al 

pleasure,  as  in^g.  1120.  In  this  figare 
we  have,  as  before,  four  threads,  and  one 
alternately  intersected;  but  here  the 
four  threads  marked  1  and  2  are  under  the  woof,  while  those  marked  3  and  4  are 
above.  > 

Fig.  1121  represents  that  kind  of  tweeled  work  which  produces  an  ornamental  ellec^ 
and  adds  even  to  the  strength  of  a  fabric,  in  so  far  as  accumulation  of  matter  can  be 

1121  considered  in  that  light.    The  figure 

represents  a  piece  of  velvet  cut  ia 
section,  and  of  that  kind  which,  be* 
ing  woven  upon  a  tweeled  ipnoand, 
is  known  by  the  name  of  Genoa  velvet.    1st  Because,  by  eomhining  a  great  quantify 


TEXTILE  FABRICS. 


Idil 


9t  material  in  a  small  eompaM,  th«y  afford  great  warmth.  2d.  From  the  great  resist- 
ance which  they  oppose  to  external  friction,  they  are. very  dnrable.  And  3d.  Because, 
from  the  very  nature  of  the  texture,  they  afford  the  finest  means  of  rich  ornamental  deoo- 
ration. 

The  use  of  velvet  cloths  in  cold  weather  is  a  sufficient  proof  of  the  truth  of  the  first. 
The  manufacture  of  plush,  corduroy,  and  other  stu^  for  the  dress  of  those  exposed  to  the 
accidents  of  laborious  employment,  evinces  the  second ;  and  the  ornamented  velvets  and 
Wilton  carpeting  are  demonstrative  of  the  third  of  these  positions. 

In  the  figure,  the  diagonal  form  which  both  the  warp  and  woof  of  cloth  assume,  is  very 
apparent  from  the  smallness  of  the  scale.  Besides  what  this  adds  to  the  strength  of  the 
elotb,  the  flushed  part,  which  appears  interwoven  at  the  darkly  shaded  intervals,  1, 2,  du:., 
forins,  when  finished,  the  whole  covering  or  upper  surface.  The  principle,  in  so  far  as 
regards  texture,  is  entirely  the  same  as  any  other  tweeled  fabric. 

Fig,  1 122,  which  represents  corduroy,  or  Icinsc's  cord,  is  merely  striped  velvet.  The 
principle  is  the  same,  and  the  figure  shows  that  the  one  is  a  copy  of  the  other.    The  re- 

1122  maining  figures  represent  those  kinds  of 

work  which  are  of  the  most  flimsy  and 
open  description  of  texture;  those  in 
which  neither  strength,  warmth,  nor  du- 
rability is  much  required,  and  of  which 
openness  and  transparency  are  the  chief  recommendations. 

Fig.  1 123  represents  common  gauze,  or  linau,  a  substance  very  much  used  for  various 
parpoees.    The  essentia]  difference  between  this  description  of  cloth  and  all  others,  eon- 

.  .no  sists  in  the  warp  being  turned  or  twisted 

--Bfe^  _.«»..^.«*fe*_>«=fe.....<s»»^.— fc. ^^  a  rope  during  the  operation  of  weav. 

2^^S^^^^^^^^>>^>^^Z  ing,  and  hence  it  bears  a  considerable 

aoalogy  to  lau.  The  twining  of  gauze  it 
not  continued  in  the  same  direction,  but  is  alternately  from  right  to  left,  and  tnce  versd^ 
between  every  intersection  of  the  woof.  The  fabric  of  gauze  is  always  open,  flimsy,  and 
transparent;  but,  from  the  turning  of  the  warp,  it  possesses  an  unconunon  degree  of 
strength  and  tenacity  in  proportion  to  the  quantity  of  material  which  it  contains.  This 
quality,  together  with  the  transparency  of  the  fabric,  renders  it  peculiarly  adapted  for  or- 
namental purposes  of  various  kinds,  particularly  for  flowering  or  figuring,  either  in  the 
loom,  or  by  the  needle.  In  the  warp  of  gauze,  there  arises  a  much  greater  degree  of 
contraction  during  the  weaving,  than  in  any  other  species  of  cloth ;  and  this  is  produced 
by  the  turning.  The  twisting  between  every  intersection  of  weA  amounts  precisely  to  one 
complete  revolution  of  both  threads;  hence  this  difference  exists  between  this  ai|d  every 

]  124  other  species  oC  weaving,  namely,  that  the  one 

""Til     iflii^allTiliailllll'lf-    I'll  iiiirt'iyiiiiiiiiiiiMilll        thread  of  warp  is  always  above  the  woof,  and 
■^■■*sa"ajBj'"ui!^'T^"mjl]|^  ^^^  contiguous  thread  is  always  below. 

■  Fig,  II 24  represents  a  section  of  another  species  of  twisted  cloth,  which  is  known  b^ 
the  name  of  catgut,  and  which  differs  from  the  gauze  only  by  being  subjected  to  a  greater 
degree  of  tivine  in  weaving;  for  in  place  of  one  revolution  between  each  intersection,  a 
revolution  and  a  half  is  always  given;  and  thus  the  warp  is  alternately  above  and  below, 
as  in  other  kinds  of  weaving. 

Fig.  1 125  is  a  superficial  representation  of  the  most  simple  kind  of  ornamental  net-woric 
produced  in  the  loom.    It  is  called  a  whip-net  by  weavers,  who  use  .the  term  whip  for 
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any  substance  interwoven  in  cloth  for 
ornamental  purposes,  when  it  is  dis- 
tinct from  the  ground  of  the  fabric. 
In  this,  the  difference  is  merely  in 
the  crossing  of  the  warp;  for  it  is 
very  evident  that  the  crossings  at  1, 
2,  3,  4,  and  5,  are  of  different  threads 
from  those  at  6,  7,  8,  and  9.  . 
Fig.  1 126  represents,  superficially,  what  is  called  the  mailnict,  and  is  merely  a  combi- 
nation of  common  gauze  and  the  whip-net  in  the  same  fabric.    The  gauze  here  being  in 

the  same  direction  as  the  dotted  line  in 
1126  the  former  figure,  the  whole  fabric  is  evi- 

dently a  continued  succession  of  right* 
angled  triangles,  of  which  the  woof  forms 
the  basis,  the  gauze  part  the  perpendieii- 
lars,  and  the  whip  part  the  hypote* 
nuses.  The  contraction  here  being  very 
different,  it  is  necessary  that  the  ganse 
and  whip  parts  should  be  stretched  upon  separate  beams. 
In  order  to  design  ornamental  figures  upon  cloths,  the  lines  which  are  drawn  fma  the 
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top  lo  the  boltom  et  the  paper  miT  be  nppoMd  to  repreKnt  (be  mrp ;  and  thoae  itmww 
■eiosa,  Ihc  woof  oT  Ibe  web ;  aor  number  of  threads  bein^  inppoaed  to  be  isctadH  be- 
tween everr  two  iinei.  The  paper  thas  Tonns  a  doable  seale,  br  which,  in  Ibe  tnt 
instance,  Ihe  tize  and  Tonn  of  (he  patCerD  may  be  dtleimined  wilb  great  preciiiov  ;  aad 
the- whole  iubsei[uent  operaliont  of  Ibe  weaver  reflated,  bolh  id  monBljas  and  workia; 
his  loom.  'I'o  enable  the  projeclor  of  ■  new  pattern  to  jud^e  properly  of  its  eflecu,  wbea 
tranaferred  from  the  paper  to  the  cloth,  it  will  be  enentially  necessary  thmt  he  ^oaU 
bear  con  Els  ml  y  in  bis  view  the  comperalive  scale  of  maEnilnde  which  thedesi^ -will  bMi 
ia  each,  tfiEuliitini;  his  ideas  always  by  square  or  superficial  measaremnt.  Thos,  is  the 
large  design,  jig.  1127,  represenliag  a  bird  perched  upon  the  bnneh  of  a  tree,  it  wa 
JI27  ^  proper,  ia  the  fim 

place,  to  connt  Ike 
n  amber  of  spaces  fnm 
Ihe  point  oT  ibe  bill  to 
the  extremity  of  the 
tail ;  and  la  render  lUi 

be  obserred  that  er^ 
7  tenth  line  is  dimwa 
considerably  bolder 
than  the  others.   TUi 

number  in  the  dr«^ 
la  135  space*.  Coat- 
in;  B^in,  froDi  ibe 
Stem  of  the  branch  U 
the  upiKi  i>ait  ol  Ihe  bitd's  head,  be  will  Gad  76  spaces.  Between  Ihese  spaces,  tbeie 
lore,  itir  wlicile  superficial  meaiure  of  the  pattern  is  conlained.  By  the  measore  of  the 
pa|ier,  Ms  nmj  be  easily  tried  with  a  pair  of  compasses,  and  will  be  foand  to  be  neaity 
6^^  itiehes  in  length,  by  3.3  inches  in  breadlb.  Now,  if  this  is  lo  be  worea  in  a  leed 
containing  800  Jnlervals  in  37  inches,  and  if  erery  interrsl  contains  fin  threads,  sop- 
posed  lo  be  contained  between  every  two  parallel  lines,  Ihe  length  will  be  6-24  inches,  and 
the  breadlh  3-52  inches  nearly;  so  that  the  figure  upon  the  cloth  would  be  very  nemrly  el 
the  same  dimensions  as  that  upon  the  paper;  but  if  a  1200  reed  were  used,  instep  oTsa 
BOO,  the  dimensions  would  be  proportionally  contracted. 

A  correet  idea  being  formed  of  the  design,  the  wearer  may  proceed  to  mouDt  faia  Ina 

according  to  the  pattern  ;  and  this  is  done  by  two  persons,  one  of  whom  lakes  from  Iha 

desien  ihe  inslruclion!  neerspary  for  the  other  lo  follow  in  tying  his  cords. 

Fif.  liaSisarepresenlalion  of  Ihe  most  simple  species  of  lable-liaen,  which  i 


ifnelure  is  chiety  |aao- 
li<ed,  by  the  aaaie  of 
Dornocb.  Whesaial- 
tern  is  formed  upon  Iweeled  cloth,  by  rerersins  Ihe  flushing,  the  two  tides  of  tbc  bbrie 
being  dissimilar,  one  may  be  supposed  to  he  re|iresenled  by  Ihe  black  marks,  and  Ibe 
other  by  the  part  of  the  figure  which  is  left  uncolored.  For  such  a  pailern  as  Uiis,  twv 
■ets  of  common  tweel-heddles,  moved  in  the  ordinary  way,  by  a  double  succesakm  oTbfd- 
dles,  arc  sufficient.  The  other  part  of  Jig.  IIS8,  is  ■  design  of  thai  intermediatp  kind  of 
omameulai  work  which  is  called  diaper,  and  which  partakes  partly  of  the  nature  of  Ibe 
dornoek,  and  partly  <it  that  of  the  damask  and  tapestry.  The  principle  upon  which  all 
these  descriptioDt  of  goods  are  woreu  is  enliret;  the  same,  and  the  only  diBerence  is  ia 
JI29  Ihe  extent  of  the  desigB, 

I  and  the  means  by  whkk 
it    is    executed.     Fig. 
1139  is  a   desien  fhr  a 
border    oT    a    handlier- 
chief  or  napkin,  wtid 
may  be  eiecnled  eilha" 
in   Ihe  manner  of  da- 
madt,  or  as  the  spotiinf 
is  practised  in  the  light- 
er fabrics. 
THKN.ABD'S  BLUE,  or  COBALT  BLUE,   is  prepared  by  digesting  the  oiyde  rf 
cobalt  used  in  the  rolleries,  with  nitric  acid,  evaporating  the  aitiate  almost  to  diyiiesl, 
diluting  it  with  water,  and  filtering,  to  separate  sonie  aneaiale  of  inm,  wUd  asoally 
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pKclpJtatn.  He  dear  liqnoT  i«  (o  be  poured  into  a  solnlion  of  photphate  of  loda,  whence 
•a  inffilnble  phosphate  oT  cobalt  IUIb.  ThU  beiriR  well  washed,  is  Id  be  inliniate]]'  mixed 
ki  it*  nft  stale  with  ei^t  limei  iu  weishl  of  well- washed  irelnlinou!  slumtna,  which  hM 
been  obtained  bf  ponrin;  a  solation  of  alum  into  water  of  ammonia  ia  excesa.  The  anl- 
liwmly  colored  paste  it  to  be  spread  upon  plates,  dried  in  a  slove,  then  bmised  dry  in  a 
icorlar,  enclosed  in  a  eracible,  and  subjected  lo  a  cherry-red  heal  for  half  an  hour.  On 
taking  oat  the  erncfble,  and  lellinf  it  cool,  the  Sne  blue  pigmenf  is  lo  be  icmored  into  ■ 
bottle,  which  is  to  be  stopped  liil  used. 

The  arseniale  of  coball  may  be  sabsliluled,  in  Ihe  aboTc  process,  for  Ibe  phosphale,  but 
k  most  be  mixed  with  sixteen  times  its  weigtit  of  Ihe  -washed  gelatlnooi  alumina.  The 
■racaiale  is  procnred  by  pouring  Ihe  dilute  nitrate  of  cobalt  into  a  solution  of  arseniate  of 
potassa.  If  nitrate  of  cobiill  be  miied'with  the  alnmina,  and  the  mixtnre  be  treated  as 
■bore  described,  a  blue  pigment  will  also  be  obtained,  but  paler  than  the  preceding, 
■bowini  thai  the  color  consists  essentially  of  alumina  stained  with  oxyde  of  cobalt. 

THERMOMETER,  signifies  the  measure  of  heat,  lis  description  belongs  lo  a  tnalise 
OM  chemical  physics. 

.  THERMOSTAT,  ts  Ibe  name  of  an  apparatus  for  regulating  temperatore,  in  vapori- 
xation,  dirtillation,  healing  balhs  or  hot-houses,  and  Tentilaliug  spurtmcnls,  tt,;  Ibr 
which  I  oblained  a  patent  in  the  year  183 1.  It  operates  npon  the  physical  principle,  that 
when  Iwo  thin  metallic  bars  of  dllTerenl  expansibilities  are  riveted  or  soldered  facewise 
together,  any  change  of  temperature  in  them  will  cause  a  sensible  movement  of  Sexnre 
In  the  eomponnd  bar,  to  one  side  or  other ;  which  movement  may  be  made  to  operate,  by 
Ae  intervenlion  of  leiers,  Jtc,  in  any  desired  degree,  npon  valves,  stop-cocks,  stove-re- 
gisters, air-ventilators,  Jlc.  ;  so  as  to  regulate  Ihe  temperature  of  the  media  in  which  the 
■aid  conponnd  bars  are  placed.  Two  long  ralers,  one  of  steel,  and  one  of  hard  hammered 
bnus,  riveted  togelher,  answer  very  well;  the  object  being  not  simply  (o  indicale,  but  to 
eomtnl  or  modify  lemperalure.  The  following  diagrams  will  illustrate  a  few  out  of  Ihe 
Bmnerooa  appliealions  of  Ibis  instntinenl : — 

Fig,  1 130,  a,  ft,  is  a  single  (beroioetalie  bar,  consisting  of  two  ar  more  bare  or  mlert 


Fig.  I 
differe 


itly  expaniiblB  solids  (of  wl 
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n  cases,  wobd  may  be  one) :  these  bars 
or  ruieni  are  Bnnly  riveted  or  soldered  Ir^ether, 
face  lo  face.  One  end  of  the  compound  bat  is 
fixed  by  bolts  at  a,  lo  the  interior  of  the  conUin- 
ing  cistern,  bailer,  or  aparlnieni,  n,  I,  m,  b,  where- 
of the  temperature  has  to  be  regnlntsd,  and  the 
other  end  of  the  compound  bar  at  b,  is  Icfl  free  to 
move  down  towards  c,  by  the  flexure  which  will 
lake  place  when  its  lemperalure  is  raised. 

The  end  b,  is  connected  by  a  link,  b,  d,  with  a 
lever  H,  t,  which  is  moved  by  Ihe  flexure  into  the 
doited  position  h,  g,  causing  the  Inrning-valve, 
air-ventilator,  or  register,  o,  n,  to  revolve  with  a 
corresponding  angular  molion,  whereby  Ihe  lever 
will  raise  the  eqnlpobed  slide-damper  k,  i,  which 
•-  'a  suspended  by  a  link  from  the  end  t,  of  the  lever 

t,  d,  into  the  position  Ic,  h.  Thns  a  hot-bouse  or 
a  water-bath  may  have  its  temperature  r^ulated 
by  the  contemporaneous  adminion  of  warm,  and 
discharge  of  cold  air,  or  water. 

Fig.  1 131,  B,  b,  t,  is  a  tbennosialic  hoop,  im- 
mersnl   horiaonlally  beneath  the  lorfaee  of  the 
waler-batb  of  a  still.     The  hoop  ia  fixed  at  a,  and 
the  two  ends  b,  r,  arc  Connected  by  Iwo  links  b,  d, 
e,  d,  with  a  slraiiht  sliding  rod  d,  ih,  to  which  the 
hoop  will  give  an  endwise  molion,  when  its  tem- 
perature is  altered;  e,  is  an  adjusting  Mrew-nnt 
on  the  rad  rl,  k,  fbr  tetthig  the  lever/,  g,  which  is  fixed  on  the  axis  of  the  tumiug-valve 
or  eocb/,  at  any  desired  poailion,  so  that  ihe  valve  may  be  opened  or  shut  at  any  desired 
tetaperatnre,  corresponding  lo  the  widening  of  the  points  b,  e,  and  ihe  consentaneous  re- 
traction of  the  point  ((,  towards  the  eireamferenee  a,b,c,  of  Ihe  hoop.  g,h,  iianarc  gra- 
dnated  by  a  thermoineter,  afler  the  screw-piece  t  has  been  adjusted.    Through  a  hole  at 
h,  the  gaide-rod  passes,    i,  is  the  cold-water  cistern ;  i,/,  k,  the  pipe  lo  admit  cold  water ; 
i,  the  overflow  pipe,  at  which  the  excess  of  hot  water  runs  off. 

Fig.  1132  BhowaapairoTlhenDoslalie  ban,  boltedfasttogetherallheendsa.  Thefre« 
ends  ft,  c,  are  of  unequal  length,  so  as  to  act  by  the  cross  links  d,f,  on  the  slop-cock  (. 
The  tJakawe  jointed  lo  the  handle  of  the  tnining  ping  of  the  cock,  on  oppoaite  tide*  of 
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it>  centre ;  wherebf  Ihat  plug  viU  be  Inrned  roand  in  proportioa  to  the  «ideui|  tt  Al 

poinLg  b,  F.     A,  |,  ia  the  pipe  commuDlcalJng  with  the  •top-cock. 

Suppose  that  for  certain  purposes  ia  phajmacT.  df  eintc,  oi  any  olbec  etwniicil  Mt,  i 
water-balh  isreqaired  to  be  maintaiDed  steadtlf  al  ■  temperalnre  oT  ]50°F.)  Iri  Lie 
cofflbined  IhermMlalic  bars,  hinged  together  at  t,  /,  Jig.  1 133,  be  placed  in  the  Wik,  k- 
,,m,  tween  the  outer  and  inner  Teneli«,t,'i<t 

"  being  boiled  faM  to  the  ianeiTOKl  Uf,- 

and  h&Te  their  sliding  rod  Jc,  eoaMcUdtil* 
liok  with  a  lerer  filed  apon  the  tmaiBi  plof 
of  the  stop.cock  i,  which  inlradiicei  nil 
I  from  a  eiuem  m,  tbrragh  a  fift  *, 
into  tbe  bottom  put  et  the  balh.  tit 
k  lenglb  or  the  link  mntl  be  to  idjiiMed  ital 
the  flexure  of  the  hare,  when  Iher  wi  U  i 
temperature  on SCr*,  will  open  the  Mid  ■U^ 
coek,  and  admit  cold  wsiler  to  i*M  ialo  lli« 
bottom  or  the  bath  through  the  pipe  ^  % 
whereby  hoi  water  will  be  diipUcnl  tl  tk 
top  of  the  bath  throuf  h  aa  open  utoIiiv^ 
pipe  at  f.  Ad  oil  bath  naf  be  regilslfllM 
the  same  plan ;  the  bol  oil  orerfloviaf  titm 
5,  ialo  a  refrigeralory  worm,  frmn  whid  it 
maf  be  restored  to  the  cittera  n.  Wkaa 
water  bath  ia  healed  br  the  distribnlioa  if i 
tortooui  steam  pipe  throngh  il,  at  i,  a,  o,  p,  it  will  be  Decenary  to  eonneel  the  link  c(Qx 
thermostatic  bars  with  the  lever  of  the  Inrnin^  ping  of  the  Meara-eock,  oc  oi  lie  ihnOk 
valve  i,  in  order  that  the  bare,  by  their  flexure,  maf  shut  or  open  the  sleui  paa^c 
ntore  or  less,  according  as  the  temperature  of  the  water  in  the  bath  shall  tesdwm* 
lesi  to  deviate  Trom  the  pilch  lo  which  the  epgnraias  has  been  adjoited.  Tbe  wiur  J 
tbe  condensed  ileam  will  pass  olTrrom  the  sloping  winding-pipe  i,  a,  o,  p,  thrmft  tk 
tlopinj;  orifice  p.  A  saline,  acid,  or  alkaline  bath  has  a  boiling  lemperatnre  pcorwlMal 
to  its  degree  of  concentration,  and  ms;  therefore  hare  its  heat  regalated  by  inuneniigs 
thermostat  in  it,  and  eonnecline  the  working  part  of  the  inslrnment  with  s  tio^oiA  i, 
which  will  admit  water  to  dilute  the  bafh  whenever  by  evaporation  it  has  become  cieM- 
Iraled,  and  has  acquired  a  higher  boiling  point.  The  space  for  the  bath,  brlwen  Ik 
OUIer  and  inner  pans,  should  communicale  by  one  pipe  with  the  water-eislere  m;  uiM 
another  pipe,  with  a  snrely  cistern  r,  into  which  the  bath  may  be  allowed  loomli'*^ 
ring  any  sudden  eicess  of  ebullition. 

Fig.  1136  is  a  tbermDilalic  apparatus,  composed  of  three  pairs  of  bar«,  i,  d,i,«M 

are  represented  in  a  state  of  flexure  by  heal ;  but  they  becoine  nearly  strauihl  and  pinlW 

when  cold.    Ki^,  C)  is  a  guide  rod,  fixed  at  one  end  by  an  adjusting  screw  <,  in  UwHrnf 

,_,  ,   „  frame/,  (,  having  deep  guide  groorenllte 

""  '""  sides.    /,g,  is  the  working-rod,  wiidom* 

endways  when  the  bare  d,  d,  i,  ot*t»  tf 

heat  or  cold.     A  square  regisler-phu  i,  (i 

maf  be  affixed  to  the  rod  /,  g,  id  uUk 

moved  backwards  and  rorwaids  HieitlT,  ■>- 

cording  to  the  variations  of  tempenliUT;  ' 

tbe  rod  /,  s,  may  cause  the  circular  twsiij 

air-register  t,  to  revolve  by  rack  and  *kc(- 

work,  or  by  a  chain  sod  pulley.    "I^"^ 

ler-plate  k,g,  or  turning  register  t,iiiilssw 

at  the  ceiling  or  upper  part  of  [he  ekaabo', 

and  serves  to  let  out  hot  air.    ^  is  i  ptl^i 

over  whieh  a  coid  runs  to  raiseorkms 

hot-air  register  I,  which  may  be  sinuicd  iMr 

the  Soar  of  the  apartment  or  bol-lioae,  ts 

admit  hot  air  into  the  room,    r,  is  i  bM 

bead  (or  adjusting  the  tfaenDoslat,  trrMsk 

of  the  screw  at  t,  in  order  that  il  oa;  Kg*- 

late  the  temperature  to  any  degree. 

Fig.  1137  represents  a  chimney,  furnished  with  a  pyrtaiat,  a,t,  c,  acting  by  ikbiti 

t,  d,  «,  c,  on  a  damper/,  h,  g.   The  more  expanaible  metal  is  in  the  present  eii^^- 

posed  to  be  on  the  outside.    Tbe  plane  of  the  dsjnper.plale  will,  in  this  case,  k  taiMd 

store  directly  ialo  the  pauaage  of  the  draught  through  the  ehimaey  by  incrtwe  el  loajw- 

J^.  II3S  represents  a  circular  taming  register,  such  as  is  used  for  a  tlovc,  «  ^H"* 
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frrate,  'or  for  TentOating  apartments ;  it  is  furnished  with  a  series  of  spiral  thermostatic 
bars,  eaeh  bar  being  fixed  fast  at  the  circumference  of  the  circle  b,  c,  of  the  fix^  plate 
1137  of  the  air-register ;  and  all  the  bars  act  in  concert  at  the  centre  a,  of  the 

twining  part  of  the  register,  by  their  ends  being  inserted  between  the 
teeth  of  a  small  pinion,  or  by  being  jointed  to  the  central  part  of  the  turn- 
ing plate  by  small  pins. 

Fig.  1 134  represents  another  arrangement  of  my  thermostatic  apparatus 
applied  to  a  circular  turning  register,  hke  the  preceding,  for  ventilating 
apartments.  Two  pairs  of  compound  bars  are  applied  so  as  to  act  in  concert, 
by  means  of  the  links  a  e,b  e,  on  the  opposite  ends  of  a  short  lever,  which 
is  fixed  on  the  central  part  of  the  turning  plate  of  the  air-register.  The 
two  pairs  of  compound  bars  a  b,  are  fastened  to  the  circumference  of 
the  fixed  plate  of  the  turning  register,  by  two  sliding  rods  a  ^,  6  e,  which 
are  furnished  with  adjusting  screws.  Their  motion  or  flexure  is  trans- 
mitted by  the  links  a  c,  and  b  c,  to  the  turning  plate,  about  its  centre,  for 
the  purpose  of  shutting  or  opening  the  ventilating  sectorial  apertures, 
more  or  less,  according  to  the  temperature  of  the  air  which  surrounds  the  thermostatic 
taming  register.  By  adjusting  the  screws  a  (f,  and  6  c,  the  turning  register  is  made 
to  close  all  its  apertures  at  any  desired  degree  of  temperature ;  but  whenever  the  air  is 
above  that  temperature,  the  flexure  of  the  compound  bars  will  open  the  apertures. 

THIMBLE  (2>e  a  coudre,  Fr.;  Fingerkut  (ftngerhat),  Germ.),  is  a  small  truncated 
metallic  cone,  deviating  little  from  a  cylinder,  smooth  within,  and  symmetrically  pitted 
on  the  outside  with  numerous  rows  of  indentations,  which  is  put  upon  the  tip  of  the 
middle  finger  of  the  right  hand,  to  enable  it  to  push  the  needle  readily  and  safely 
through  cloth  or  leather,  in  the  act  of  sewing.  This  little  instrument  is  fashioned  in 
two  ways ;  either  with  a  pitted  round  end,  or  without  one ;  the  latter,  called  the  open 
thimble,  being  employed  by  tailors,  upholsterers,  and,  generally  speaking,  by  needle-mm. 
The  following  ingenious  process  for  making  this  essential  implement,  the  contrivance  of 
MM.  Rouy  and  Berth ier,  bf  Paris,  has  been  much  celebrated,  and  very  successful. 
Sheet-iron,  one  twenty-fourth  of  an  inch  thick,  is  cut  into  strips,  of  dimensions  suited 
to  the  intended  size  of  the  thimbles.  These  strips  are  passed  under  a  punch-press, 
whereby  they  are  cut  into  discs  of  about  2  inches  diameter,  tagged  together  by  a  taiL 
Each  strip  contains  one  dozen  of  these  blanks.  A  child  is  employed  to  make  them  red- 
hot,  and  to  lay  them  on  a  mandril  nicely  fitted  to  their  size.  The  workman  now  strikes 
the  middle  of  each  with  a  round-faced  punch,  about  the. thickness  of  his  finger,  and  thus 
sinks  it  into  the  concavity  of  the  first  mandril.  He  then  transfers  it  successively  to  an- 
other mandril^  which  has  five  hollows  of  successively  increasing  depth ;  and,  by  striking 
it  into  them,  brings  it  to  the  proper  shape. 

A  second  workman  takes  this  rude  thimble,  sticks  it  in  the  chuck  of  his  lathe,  in  order 
to  polish  it  within,  then  turns  it  outside,  marks  the  circles  for  the  gold  ornament,  and 
indents  the  pits  most  cleverly  with  a  kind  of  milling  tool.  The  thimbles  are  next  an- 
nealed, brightened,  and  gilt  inside,  with  a  very  thin  cone  of  gold  leaf,  which  is  firmly 
united  to  the  surface  of  the  iron,  simply  by  the  strong  pressure  of  a  smooth  steel  man- 
dril. A  gold  fillet  is  applied  to  the  outside,  in  an  annular  space  turned  to  receive  it,  b^ 
ing  fixed,  by  pressure  at  the  edges,  into  a  minute  groove  formed  on  the  lathe. 

Thimbles  are  made  in  this  country  by  means  of  moulds  in  the  stamping-machine.  Sea 
Stamping  of  Mktals. 

THORINA  is  a  primitive  earth,  with  a  metallic  basis,  discovered  in  1828,  by  Ber- 
zelius.  It  was  extracted  from  the  mineral  thorite,  of  which  it  constitutes  58  per  cent., 
and  where  it  is  associated  with  the  oxydes  of  iron,  lead,  manganese,  tin,  and  uranium, 
besides  earths  and  alkalis,  in  all  12  substances.  Pure  thorlna  is  a  white  powder,  without 
taste,  smell,  or  alkaline  reaction  on  litmus.  When  dried  and  calcined,  it  is  not  affected 
ty  either  the  nitric  or  muriatic  acid.  It  may  he  fused  with  borax  into  a  tranqwrent 
glass,  but  not  with  potash  or  soda.  Fresh  precipitated  thorina  is  a  hydrate,  which  dis- 
solves rf>adily  in  the  above  acids,  as  well  as  in  solutions  of  the  carbonates  of  potash,  soda, 
nnd  ammonia,  but  not  in  these  alkalis  in  a  pure  state.  This  earth  consists  of  74*5  parts 
of  the  metal  tbonnutn,  combined  with  100  of  oxygen.  Its  hydrate  contains  one  equiva- 
lent prime  of  water.  It  is  hitherto  mere'y  a  chemical  cariosity,  remarkable  chiefly  for  a 
density  of  9*402,  far  greater  than  that  of  all  the  earths,  and  even  of  copper. 

THREAD  MANUFACTURE.  The  doubling  and  twisting  of  cotton  or  linen 
yam  into  a  compact  thread,  for  weaving  bobbinet,  or  for  sewing  garments,  is  performed 
by  a  machine  resembling  the  throstle  of  the  cotton-spinner.  Fig,  1138  shows  the 
thread-frame  in  a  transverse  section,  perpendicular  to  its  length,  a,  is  the  strong 
ihuning  of  cast-iron ;  6,  is  the  crtel,  or  shelf,  in  which  the  bobbins  of  yarn  /,  l,  are  set 
loosely  upon  their  respective  skewers,  along  the  whole  line  of  the  machine,  their  lower 
ends  turning  in  oiled  steps,  and  their  upper  in  wire  eyes ;  c,  is  a  glass  rod,  across  which 
the  yank  runs  as  it  is  onwoond ;  <^  (2,  are  oblong  narrow  troughs,  lined  with  lead,  and 
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filled  with  water,  for  moisteBing  the  thread  dnriiig  its  torskm ;  the  tbreads  beug 
to  pass  through  eyes  at  the  bottom  of  the  fork  e>  which  has  an  upright  stem  for  IiAiii| 
it  out,  without,  wetting  the  fiugerB,  when  any  thing  goes  amiss;  /,  />  are  the  prcssog 
rollers,  the  under  one  g,  being  of  smooth  iron,  and  the  upper  one  hy  of  booi-wwid;  Ibe 
former  extends  from  end  to  end  of  the  frame,  in  lengths  comprehending  18  thieai^ 
which  are  joined  by  square  pieces,  as  in  the  drawing-rollers  of  the  mnle-jeany.  Tie 
nedcs  of  the  under  rollers  are  supported,  at  the  ends  and  the  middle,  by  the  staodsrdt^ 
seeured  to  square  bases  j,  both  made  of  cast  iron.  The  upper  cylinder  has  an  iroa  ui^ 
and  is  formed  of  as  many  rollers  as  there  are  threads  {  each  roller  being  kept  in  its  pbce 
upon  the  lower  one  by  ihe  guides  k,  whose  vertical  slots  recetve  the  ends  of  the  axfs. 
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The  yam  delivered  by  the  bobbin  Z,  glides  over  the  rod  c,  and  descends  into  the  tnn^ 
4,  i,  where  it  gets  wetted ;  on  emerging,  it  i^oes  along  the  bottom  of  the  rollef  g,  tvsi 
up,  so  as  to  pass  between  it  and  h^  then  turns  round  the  top  of  A,  and  finally  procccdi 
obliquely  downwards,  to  be  wound  upon  the  bobbin  m,  after  traversing  the  gnide^ye  i. 
These  guides  are  fixed  to  the  end  of  a  plate,  which  may  be  turned  up  by  a  hiDgejoistsI 
s,  to  make  room  for  the  bobbins  to  be  changed. 

There  are  three  distinct  simultaneous  movements  to  be  considered  in  thisma^iMt 
1.  that  of  the  rollers,  or  rather  of  the  under  roller,  for  the  upper  one  revolves  iKfely  *f 
friction ;  2.  that  of  the  spindles  m,  *^;  3.  the  up-and-down  motion  of  the  bobbissopos 
the  spindles. 

The  first  of  these  motions  is  produced  by  means  of  toothed  wheels,  upos  tbe  ri^t 
hand  of  the  under  set  of  rollers.  The  second  motion,  that  of  the  spindles,  is  cffeetcd  by 
the  drum  x,  which  extends  the  whole  length  of  the  Attme,  turning  upon  the  shift  f }  ud 
communicating  its  rotatory  movement  (derived  from  the  steam  pulley)  to  the  whort  ^, 
of  the  spindles,  by  means  of  the  endless  band  or  cord  a/  Each  of  these  eords  tuns  km 
spindles,  two  upon  eaeh  side  of  the  frame.    They  are  kept  in  a  proper  ttsle  of 
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^  the  weights  c',  which  act  UngentiaUy  upon  the  eireular  are  d\  fixed  to  the  extremity 
of  the  hell-crank  lever  t,  f  g\  and  draw  in  a  horizontal  direction  the  tension  pulleys  h^ 
embraeed  by  the  cords.  The  third  movement,  or  the  vertical  traverse  of  the  bobhinsy 
along  the  spindles  m,  takes  place  as  follows : — 

The  end  of  one  of  the  under  rollers  carries  a  pinion,  which  takes  into  a  earrier  wheel, 
that  communicates  motion  to  a  pinion  upon  the  extremity  of  the  shaft  m\  of  the  hearts 
shaped  puUey  n'.  As  this  eccentric  revolves,  it  gives  a  reciprocating  motion  to  the 
levers  o',  o\  which  oscillate  in  a  vertical  plane  round  the  points  ji"  p'.  The  extremities 
of  these  levers,  on  either  side,  act  by  means  of  the  links  9',  upon  the  arms  of  the  sliding 
sockets  r',  and  cause  the  vertical  rod  «',  to  slide  up  and  down  in  guide-holes  at  i[',«',  along 
with  the  cast-iron  step  v,  which  bears  the  bottom  washer  of  Ihe  bobbins.  The  periphery 
of  the  heart-wheel  n\  is  seen  to  bear  upon  friction  wheels  x,  x',  set  in  frames  adjusted  by 
screws  upon  the  lower  end  of  the  beat  levers,  at  such  a  distance  from  the  point  p",  as 
that  the  traverse  of  the  bobbins  may  be  equal  to  the  length  of  their  barrel. 

By  adapting  change  pinions  and  their  corresponding  wheel  to  the  rollers,  the  delivery 
of  the  yarn  may  be  increased  or  diminished  in  any  degree,  so  as  to  vary  the  degree  of 
twist  put  into  it  by  the  uniform  rotation  of  the  drum  and  spindles.  The  heart  jnotion, 
being  derived  from  that  of  the  rollers,  will  necessarily  vary  with  it. 

Silk  thread  is  commonly  twisted  in  lengths  of  from  50  to  100  feet,  with  hand  reels* 
somewhat  similar  to  those  employed  for  oiaking  ropes  by  hand. 

TILES.    See  Bricks. 

TILTING  OF  STEEL.  See  Steel.  Reel's  Cyclopsedia  contains  an  excellent  article 
on  this  subject. 

Tir^  (Eta in,  Fr. ;  Ztnn,  Germ.),  in  its  pure  state,  has  nearly  the  color  and  lustre 
of  silver.  In  hardness  it  is  intermediate  between  gold  and  lead;  it  is  very  malleable, 
and  may  be  laminated  into  foil  less  than  the  thousandth  of  an  inch  in  thickness;  it 
has  an  unpleasant  taste,  and  exhales  on  friction  a  peculiar  odor ;  it  is  flexible  in  rods 
or  straps  of  considerable  strength,  and  emits  in  the  act  of  bending  a  crackling  sound,  aa  if 
sandy  particles  were  intermixed,  called  the  creaking  of  tin.  A  sdaII  quantity  of  lead, 
or  other  metal,  deprives  it  of  this  characteristic  quality.  Tin  melts  at  442°  Fahr.,  and  is 
very  fixed  in  the  fire  at  higher  heats.  Its  specific  gravity  is  7-29.  When  heated 
to  redness  with  free .  access  of  air,  it  absorbs  oxygen  with  rapidity,  and  changes 
first  into  a  pulverulent  gray  protoxyde,  and  by  longer  ignition,  into  a  yellow-white 
powder,  called  putty  of  tin.  This  is  the  peroxyde,  consisting  of  100  of  metal  4*  27-2 
of  oxygen. 

Tin  has  been  known  from  the  most  remote  antiquity ;  being  mentioned  in  the  books 
of  Moses.    The  Phoenicians  carried  on  a  lucrative  trade  in  it  with  Spain  and  Cornwall. 

There  are  oaly  two  ores  of  tin ;  the  peroxyde,  or  tin-stone,  and  tin  pyrites ;  the 
former  of  which  alone  has  been  found  in  sufiicient  abundance  for  metallurgic  purposes. 
The  external  aspect  of  tin-stone  has  nothing  very  remarkable.  It  occurs  sometimes  in 
twin  crystals ;  its  lustre  is  adamantine ;  its  colors  are  very  various,  as  white,  gray, 
yellow,  red,  brown,  black ;  specific  gravity  6-9  at  least ;  which  is,  perhaps,  its  most 
striking  feature.  It  does  not  melt  by  itself  before  the  blowpipe ;  but  is  reducible  in 
the  smoky  flame  or  on  chareoal.  It  is  insoluble  in  acids.  It  has  somewhat  of  a  greasy 
aspect,  and  strikes  fire  with  steel. 

Tin-stone  occurs  disseminated  in  the  ancient  rocks,  particularly  granite ;  also  in  beds 
and  Tcins,  in  large  irregular  masses,  called  stockwtrkt ;  and  in  pebbles,  an  assemblage 
of  which  is  called  stream-works,  where  it  occasionally  takes  a  ligneous  aspect,  and  is 
termed  looot^/tn. 

This  ore  has  been  found  in  few  countries  in  a  workable  quantity.  Its  principal  locali- 
ties are,  Cornwall,  Bohemia,  Saxony,  in  Europe ;  and  Malacca  and  Banca,  in  Asia. 
The  tin-mines  of  the  Malay  peninsula  lie  between  the  10th  and  6lh  degree  of  south  lati- 
tude ;  and  are  most  productive  in  the  island  of  Junck-Cey Ion,  where  they  yield  sometimes 
800  tons  per  annum,  which  are  sold  at  the  rate  of  48/.  each.  The  ores  are  found  in  large 
eaves  near  the  surface ;  and  though  actively  mined  for  many  centuries,  still  there  is  easy 
access  to  the  unexhausted  parts.  The  mines  in  the  island  of  Banca,  to  the  east  of 
Sumatra,  discovered  in  1710,  are  said  to  have  furnished,  in  some  years,  nearly  3500  tons  ^ 
of  tin.  Small  quantities  occur  in  Gallicia  in  Spain,  in  the  department  of  Haute  Vienne 
iu  France,  and  in  the  mountain  chains  of  the  Fichtel  and  Rieseneebarge  in  Germany. 
The  columnar  pieces  of  pyramidal  tin-ore  from  Mexico  and  Chile,  are  products  of  stream- 
works.  Small  groups  of  black  twin  crystals  have  been  lately  discovered  in  the  albite  roek 
of  Chesterfield  in  Massachusetts. 

The  Cornish  ores  occur — 1.  in  small  strata  or  veins,  or  in  masses ;  2.  in  stockwei1c% 
or  congeries  of  small  veins ;  3.  in  large  veins;  4.  disseminated  in  alluTial  deposites. 

The  stenniferous  small  veins,  or  thin  flat  masses,  though  of  small  extent,  are  some- 
times very  numerous,  interposed  between  certain  rocks,  parallel  to  their  beds,  and  are 
eommonly  called  ttnofloon.    Hie  same  name  is  oecasionally  glTcn  to  stockwerks.    la 
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the  mine  of  Bottaladc,  a  tmJUor  has  been  found  in  the  ki11a«  (primithre  Mhislofe  ntk), 
thirty-six  fathoms  below  the  level  of  the  sea;  it  is  abont  a  foot  and  a  half  thick,  and  oeca- 
pies  the  space  between  a  princiiml  vein  and  its  ramification ;  hot  there  seems  to  be  so 
connexion  between  iht  floor  and  the  great  vein. 

2.  Stockwerks  occur  in  granite  and  in  the  feldspar  porphyry,  called  in  CorawiU, 
tlvan.  The  most  remarkable  of  these  in  the  granite,  is  at  the  tin-mine  of  Carduc, 
near  8t,  jltuile.  The  works  are  carried  on  in  the  open  air,  in  a  friable  granite,  eoi- 
taining  feldspar  disintegrated  into  kaolin,  or  china  clay,  which  is  traversed  by  t  ^rett 
many  small  veins,  composed  of  tourmaline,  quartz,  and  a  little  (in-stone,  that  fonn  black 
delineations  on  the  face  of  the  light-gray  granite.  The  thickness  of  these  little  veiis 
rarely  exceeds  6  inches,  including  the  adhering  solidified  granite,  and  is  oecanonallf 
much  less.  Some  of  them  run  nearly  east  and  west,  with  an  almost  vertical  dip; 
others,  with  the  same  direction,  incline  to  the  south  at  an  angle  with  the  horiaoa  of  70 
degrees. 

Stannirerous  stockwerks  are  much  more  frequent  in  the  elvan  (porphyry),  of  which  the 
mine  of  Trewidden-ball  is  a  remarkable  example.  It  is  worked  among  flattened  maisn 
of  e/ran,  separated  by  strata  of  kUlaa,  wliich  dip  to  the  east-north-east  at  a  eonsidcnUe 
angle.  The  tin  ore  occurs  in  small  veins,  varying  in  thickness  from  half  an  inch  to  8  or 
9  inches,  which  are  irregular,  and  so  much  interrupted,  that  it  is  difScnlt  to  deteniuae 
either  their  direction  or  their  inclination. 

3.  The  large  and  proper  metalliferous  veins  are  not  equally  distributed  over  the  soHaee 
of  Cornwall  and  the  adjoining  part  of  Devonshire;  but  arc  grouped  into  three  districts; 
namely,  1.  In  the  south-west  of  Cornwall,  beyond  Truro;  2.  In  the  neighborhood  of 
St.  Auslle;  and  3.  In  the  neishborhnod  of  Tavistock  in  Devonshire. 

The  first  group  is  by  far  the  richest,  and  the  best  explored.  The  formation  Doit 
abundant  in  tin  mines  is  principally  granitic;  whilst  that  of  the  copper  mines  is  sKit 
frequently  schistose  or  killas ;  though  with  numerous  exceptions.  The  great  tia  Tein 
are  the  most  ancient  metalliferous  veins  in  Cornwall ;  yet  they  are  not  all  of  one  rofns> 
tion,  but  belong  to  two  different  systems.  Their  direction  is,  however,  nearly  the  sane, 
but  some  of  them  dip  towards  the  north,  and  others  towards  the  south,  llie  fintare 
older  than  the  second ;  for  in  all  the  mines  where  these  two  sets  of  veins  are  asmdaied^ 
the  one  which  dips  to  the  north,  cuts  across  and  throws  out  the  one  which  dipalotk 
louth.    See  Mines,  p.  841. 

At  Trevan nance  mines,  the  two  systems  of  tin  veins  are  both  intersected  hj  the  ddot 
of  the  copper  veins;   indicating  the  prior  existence  of  the  tin  veins.    In  M'  ^'^ 

6,  marks  the  first  system  of  tin  veins ;  r,  the  Mcoad ; 
and  d,  the  east  and  west  copper  veins.  Sooe  of 
these  tin  veins,  as  at  Poldice,  have  been  tmd 
over  an  extent  of  two  miles ;  and  they  vair  ii 
thickness  from  a  small  fraction  of  an  inch  to 
several  feet,  the  average  width  being  from  2  lo  4 
feet ;  though  this  does  not  continue  nnifono  ftr 
any  length,  as  these  veins  are  sabjeet  to  coatiaBBi 
narrowings  and  expansions.  The  gangve  if  qwtti 
chlorite,  tourmaline,  and  sometimes  dccoaiposed 
granite  and  fluor  spar. 

4.  Mhrnal  tin  ore,  stream  tin* — Peroxyde  of  tin  occurs  disseminated  both  h  the 
alhtvium  which  coyctb  the  gentle  slopes  of  the  hills  adjoining  the  rich  tin-aincs,  and 
also  in  the  alluvium  which  fills  the  valleys  that  wind  round  their  base;  but  is  these 
numerous  dcposites  the  tin-stone  is  rarely  distributed  in  sufficient  qnantities  to  Dake  it 
worth  the  workinir.  The  most  important  explorations  of  alluvial  fm  ore  are  crooped 
in  the  environs  of  St.  Just  and  St.  Austle;  where  they  are  called  «/ream-trorfc» ;  hecavie 
water  is  the  principal  agent  employed  to  separate  the  metallic  oxyde  from  the  eand  and 
gravel. 

The  tin  mine  of  Altenberg,  in  Saxony  (fig,  1140,  which  is  a  vertical  projectioB  int 
plane  passing  from  west  to  east),  is  remarkable  for  a  stockwerk,  or  interlaced  mas 
of  ramifying  veins,  which  has  been  worked  ever  since  the  year  1458.  The  indndiag 
rock  is  a  primitive  porphyry,  superposed  upon  gneiss ;  becoming  very  quartxose  as  it 
approaches  the  lode.  This  is  ^usually  disseminated  in  minute  particles,  and  aceon* 
panied  with  wolfram,  copper,  and  arsenical  pyrites,/er  oUgiite,  sulphuret  of  molybdesaiB, 
and  bismuth,  having  gangues  of  lithomaitjfe,  fluor  spar,  mica,  and  feMspar.  Tbc  spate 
which  the  ore  occupies  in  the  heart  of  the  quartz,  is  a  kind  of  daedalus,  the  fonoei  being 
often  so  dispersed  among  the  latter  as  to  seem  to  merge  into  it;  whence  it  is  called  by 
the  workmen  zwitter,  or  am^tgaoiu.  In  1620,  the  mine  was  worked  by  21  independent 
companies,  in  a  most  irregular  manner,  whereby  it  was  damaged  to  a  depth  of  iTOfathoiDi 
by  a  dreadful  downfall  of  the  roofs.  This  happened  on  a  Sunday,  providentially,  when  the 
pious  miners  were  all  at  church.    Tha  depth  of  this  abyss,  marked  by  the  carved  faae 
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under  B.    The  parts  ejcnvaled  are  shaded  black  in  the 

%nre.    There  are  Iwo  masses  of  ore,  one  uader  the 

shaft  B,  and. another  under  ihe  shaflc;   which  at  tha 

There  in  a  direct  desci-nt  from  B  to  9.    The  depoailea 

■re  by  no  menns  in  one  rerlical  plane,  but  al  a  consider- 

e  from  eaeh  other. 

Ecendin;  shatl ;  b  is  tlie  extraction  shall,  near  the  monlh 
of  which  ihere  is  a  water-wheel;  c  it  another  extraction 
shaft,  worked  aJso  bjr  means  oT  a  waler-wbeel.  a  and 
c  are  furnished  with  ladders,  but  lor  B  Ihe  ladders  are 
placed  in  an  accessory  shaft  b' ;  under  r  a  shaft  is  sunk 
for  pumpioe  out  the  water,  by  means  of  an  bydraulie 
wheel  al  c ;  t:  is  the  gallery  or  drift  for  admitting  the 
water  which  drives  Ihe  wheels.  This  falls  300  feet,  and 
ought  to  be  applied  to  a  water-press n re  engine,  instead 
of  the  paddles  of  a  wheel.  At  n  is  (he  gallery  of  di»- 
charge  Tor  the  waters,  which  selves  also  to  ventilate  Ihe 
mine,  being  cut  to  the  day,  through  936  toisea  of  syenitie 
r  porphyry  and  gneiss,  i  is  a  great  vaalled  excaialion. 
The  mine  has  13  stages  of  galleries,  of  which  11 
serve  for  extracting  Ihe  ore;  1  is  the  mill-course;  the 
rest  are  marked  with  Ihe  numbers  3,3,  4,  Ac. ;  each 
having  besides  a  characteristic  German  name.  The  rare 
mineral  called  lopat  pyenitt  is  found  in  this  mine,  above 
to,  between  the  shafts  c  and  j>. 

The   only   rule  observed    in   taking   ore    from  this 

mine  has  been  to  work  as  much  out  of  each  of  these 

levels  as  is  possible,  withoul  endangering  the  enper- 

1   incumbent  or  collaleral   galleriesj   on  which   accouat 

man}  pillars  are  constructed  lo  support  the  roolb.    The 

mine  yields  annually   1600  quintals  (Leipzick)  of  tin, 

beinz  four  fifths  of  Ihe  whole  fnmiahed  by  the  district 

of  Altenbere ;   to  produce  which,  400,000  quintals  of  ore  are  raised.      1000  parts  of 

tbe  rock  yield  S  of  concentrated  schlich,  eciuivalenl  lo  only  4  of  metal )  being  only  1  in 

200  parts. 

But  the  roost  extensive  and  prcdaclive  stream-worliB  are  those  of  Pentowan,  near 
Si.  Autile. 

Fig.   1141   represents  a   vertical   section   of  the  Pentowan   mine,  taken   from  the 
thram'Vmk,  Happy  Union.    A  vaEt  excavation,  a,  r,  t>,  i,  has  been  hollowed  out  in 
_    .  the  open  air,  in  quest  of  the  alluvial  tin 

ore,  T,  which  occur?  here  at  an  unusonl 
I  depth,  below  the  level  of  the  strata  a,  i, 
E   Before    getting    al    this   depotite,   several 
\   successive  layers  had  to  be  sunk  through) 
■;  namely,  I,  2,  3 ;  the  gri>vel,  containing  in 
its  middle  ■  band  of  ochreous  earth  2,  or 
'    ferruginous   ctay ;    4,   a    black   peat,  per- 
-   feclly   combastible,  of  a  eoarte   texture,, 
composed  of  reeds  and  woody  fibres,  ce- 
mented into  a  mass  by  b  fine  loam;   5,. 
'-  coarM  sea-sand,  mingled  with  marine  shellsj 
6,  a  blacki«ll  marine  mud,  filled  with  shell'.     Below  these  the  deposite  of  tin-stone  occnn, 
including  fragments  of  various  size,  of  clny  slale,  flinty  slate,  quartz,  iron  ore,  jasper; 
in  a  word,  of  nil  the  rocks  and  gengues  to  be  met  with  in  the  surrounding  territory,  wilh' 
the  exception  of  granite.    Among  Ihese  fragments  there  occur,  in  rounded  particles,  •■ 
eoBTse  quactzose  sand, and  the  tin-stone,  commonly  in  smal.  grains  and  crystals.    Besaatk- 
the  bed  t,  the  clay  stale  occurs,  called  kitlai,  (a,  x,  t,)  which  supports  all  the  depotitn 
at  more  recent  formation. 

The  system  of  mining  is  very  simple.  The  succes^ve  beds,  whose  thickness  is  abowii 
m  the  figure,  are  visibly  cut  out  into  sleps  or  platforms.  By  a  level  or  gallery  of  effloi, 
Ik,  tbe  waters  flow  into  the  bottom  of  the  well  I,  m,  which  contains  Ihe  drainage  pompi; 
and  these  are  put  in  action  by  a  machine,  y,  moved  by  a  water-wheel.  The  extraction  tf 
Ihe  ore  is  eifecled  by  an  inclined  plane,  >,  cut  odI  of  one  of  the  sides  of  the  eieavatioii, 
■t  as  angle  of  about  46  degrees.  At  the  lower  end  of  thli  ilopiag  pathway  tbera  fi  m- 
79 
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place  of  loading;  and  at  its  upper  end  A,  a  hone-gu,  for  altecnately 
the  two  baskets  of  extraction  on  the  pathway  t. 

Mine  tin  requires  peculiar  care  In  its  mechanical  preparation  or  dressing^  on  ac- 
count of  the  presence  of  foreign  metals,  from  which,  as  we  have  stated,  the  stream  tin 
is  free. 

U  As  the  mine  tin  is  for  the  most  part  extremely  dispersed  throngfi  the  gangiie,  h 
must  be  all  stamped  and  reduced  lo  a  very  fine  powder,  to  allow  the  metallic  partides  lo 
be  separated  from  the  stony  matters. 

3.  As  the  density  of  tin-stoue  is  much  greater  than  that  of  most  other  metallic  ores,  it 
is  less  apt  to  run  off  in  the  washing ;  and  may,  therefore,  be  dressed  so  as  to  be  eompletely 
stripped  of  every  matter  not  chemically  combined. 

3.  As  the  peroxyde  of  tin  is  not  affected  by  a  moderate  heat,  it  may  be  exposed  to  ed- 
cination ;  whereby  the  specific  gravity  of  the  associated  sulphorets  and  arseniorets  is  m 
diminished  as  to  facilitate  their  separation. 

.  We  may  therefore  conclude,  that  tin  ore  should  be  first  of  all  pounded  veiy  Sine  in  the 
stamp-mill,  then  subjected  lo  reiterated  washings,  and  aAerwards  calcined.  The  order  cf 
proceeding  in  Cornwall  is  as  follows: — 

1.  Cleaning  the  ore, — This  is  usually  done  at  the  month  of  the  gallery  of  efflux,  by 
tating  the  ore  in  the  stream  of  water  as  il  runs  out.  Sometimes  the  ore  is  laid  on  a 
ting,  under  a  fall  of  water. 

^  2.  Sorting. — The  ore  fhus  cleaned^  is  sorted  on  the  grate,  into  four  heaps :  1. 
rich  in  tin;  2.  stones  containing  both  tin  and  copper  ore;  3.  copper  ore;  4.  sterile 
pieces,  composed  in  a  great  measure  of  stony  gangue,  with  iron  and  arsenical  pyrites.  la 
those  veins  where  there  is  no  copper  ore,  the  second  and  third  heaps  are  obviously  abaeoS. 
When  present,  the  compound  ore  is  broken  into  smaller  pieces  with  a  mallet,  and  the 
fragments  are  sorted  anew. 

3.  Stamping, — ^The  stanniferous  fragments  (No.  1)  are  stamped  into  a  sand,  of  greater 
or  less  fineness,  according  to  the  dissemination  of  the  tin-stone  in  the  gangue.  The  de- 
termination of  the  size  of  the  sand  is  an  object  of  great  importance.  It  is  regulated  by 
a  coppw  plate  pierced  with  small  holes,  through  which  every  thing  from  the  stamping- 
mill  must  run  off  with  the  rapid  stream  introduced  for  this  purpose.  This  plate  forms  te 
front  of  the  stamp  cistern. 

Several  years  ago,  all  the  stamp-mills  were  driven  by  water-wheels,  which  limited  the 
quantity  of  ore  that  could  be  worked  to  the  hydraulic  power  of  the  stream  or  watetftll; 
but  since  the  steam  engine  has  been  applied  to  this  purpose,  the  annual  product  of  tk 
has  been  greatly  increased.  On  the  mine  of  Huel  Vor,  there  are  three  steam  engiaes 
appropriated  to  the  stamping-mills.  Their  force  is  25  horses  at  least.  One  of  these 
machines,  called  south  stampa,  drives  48  pestles;  a  second,  called  old  stamps^  drives  36; 
and  a  third,  24.  The  weight  of  these  pestles  varies  from  370  to  387  pounds ;  and  they 
generally  rise  through  a  space  of  10^  inches.  The  machine  called  south  stomps,  the 
strongest  of  the  three,  gives  17|  blows  in  the  minute,  each  pestle  being  IjAed  twice  ftr 
every  stroke  of  the  piston.  The  steam  engine  of  this  mill  has  a  power  of  25  horses^  tad 
it  consumes  1062  bushels  of  coals  in  the  month.  Three  pestles  constitute  a  battery,  «r 
stamp-box. 

Washing  and  stamping  of  tin  ores  at  Polgooth,  near  St,  JIustle, — The  stamps  or  peslleB 
are  of  wot^,  6  inches  by  5}  in  the  square :  they  carry  liAing  bars  fr,  secaral 
1142  ^j^  1^  wooden  wedge  and  a  bolt  of  iron,  and  they  terminate  below  iaa 
I  lump  of  cast  iron  a,  called  the  head,  which  is  fastened  to  them  by  a  tul, 
JL  and  weighs  about  2|  cwts.  The  shank  of  the  pestle  is  streogtheDed  wSk 
iron  hoops.  A  luming-shaft  communicates  motion  to  the  stsiinps  by  cans 
stuck  round  its  circumference,  so  arranged  that  the  second  falls  while  the 
first  and  third  of  each  set  are  upliiled.  There  are  4  cams  on  one  periphery^ 
and  the  shaft  makes  7  turns  in  the  minute.  Each  stamp,  therefore,  gives 
28  strokes  per  minute,  and  falls  through  a  space  of  7|  inches.  The  stamp 
chest  is  open  behind,  so  that  the  ore  slips  away  under  the  peitles,  by  its 
weight,  along  the  indined  plane  with  the  stream  of  water.  The  bottom  cf 
the  troughs  consists  of  stamped  ores.  With  6  batteries  of  6  pestles  each,  at 
Poldice,  near  Redruth,  120  bags  of  ore  are  stamped  in  12  hours ;  each  bag 
containing  18  gallons  of  282  cubic  inches;  measuring  altogether  352  eahie 
feet,  and  864  cubic  inches. 
The  openings  in  the  front  sides  of  the  troughs  are  nearly  eight  inches  by  seven  and  a 
half;  they  are  fitted  with  an  iron-  frame,  which  is  closed  with  sheet  iron,  pierced  with  aboat 
1<60  holes  itt  the  square  inch,  bored  conieally,  being  narrower  within.  The  ore,  oa  issaing^ 
deposites  its  rough  in  the  first  basin,  and  its  slimes  in  the  following  basins.  The  rough  it 
washed  in  huddles  (see  Lkad,  page  757),  and  in  tossing-tmbs ;  the  sUmes  in  /nmJb,  and  ap  • 
on  a  kind  of  twin  tables,  called. racfcs.  Into  the  tossing4ub,  or  doUff^Jie,  1 143,  the  stamp 
ed  ore  is  throwni  along  with  a  certain  quantity  of  water^  and  a  wodunaA  tstin  it 


w-y 


TIN. 


tdsi 


a 

:i 

i: 

ij 


(I 
c 

t 


T\ 


1144 


^^^^ 


mw/mmmmmmmmm 


with  an  iron  ihovel  for  three  or  ibar  mfntes.    He  then  remores  a  little  of  .the  water 
with  a  handed  pitcher,  and  strikes  the  aiAes  of  the  tub  for  8  or  10  minutes  with  a  hammer^ 

which  hastens  the  subsidence  of  the  denser  parts.  The  water 
is  next  poured  off  by  inelinin;  the  tub  to  one  side.  In  one 
operation  of  this  kind,  four  distinct  strata  of  the  ores  may  be 
procured,  as  indicated  by  the  lines  a  byC  d^e  /  g,  hi  k,  in 
the  figure.  The  portion  b  is  to  be  washed  again  in  the 
truitking-boxy  figs,  1144,  1145;  b  is  to  be  washed  upon  the 
Grerman  chests  or  racks,  fig,  1146 ;  c,  the  most  considerable^ 
is  put  aside,  as  schlich  fitfo^  the  market ;  d,  forming  a  nucleus 
in  the  centre  of  the  tub,  is  to  be  passed  through  sieves  of 
copper  wire,  having  18  meshes  in  the  s(iuare  ineh.  This 
product  thus  affords  a  portion  d",  which  passes  through  the 
sieve,  andx>''  which  remains  upon  it ;  the  latter  is  sometimes  thrown  away,  and  at  others  is 
sabjected  to  the  operation  called  the  tU,  viz.,  a  washing  upon  the  sloping  bottom  of  a 
long  trough. 

The  slimes  are  freed  from  the  lighter  mud  in  the  trunking-box,  figa,  1144,  1145; 
which  is  fit>m  7  to  8  feet  long.    Being  accumulated  at  m,  the  workman  pushes  them 

.^  .  back  with  a  shovel  from  a  towards  6. 
The  metallic  portion  is  carried  off,  and 
deposited  by  the  stream  of  water  upon 
the  table ;  but  the  earthy  matters  are 
floated  along  into  a  basin  beyond  it. 
The  product  collected  in  the  chest  isdi» 
vided  into  two  portions;  the  one  of 
which  is  washed  onee,  and  the  other 
twice,  upon  the  rack,  fig,  1146.  This 
is  composed  of  a  frame  c,  which  carries 
a  sloping  board  or  table,  susceptible  of 
turning  round  to  the  right  or  left  upon 
two  pivots,  K,  K.  The  bead  of  the 
table  is  the  inclined  plane  t.  A  small 
board  p,  which  is  attached  by  a  band 


of  leather  l,  forms  the  communication  with  the  lower  table  c,  whose  slope  is  generally 
5  inches  in  its  whole  length  of  9  feet ;  but  this  may  vary  with  the  nature  of  the  ore, 
being  somewhat  less  when  it  is  finely  pulverized.    The  ore  is  thrown  upon  t,  in  small 

portions  of  20  or 
25  lbs.  A  woman 
spreads  it  with 
a  rake,  while  a 
stream  of  water 
sweeps  a  part  of 
it  upon  the  taUe^ 
where  it  gets 
washed.  The  fine 
mud  falls  through 
a  cross  slit  near 
the     lower     end, 

-  1  •      r  ***'**     *    basin    b. 

Alter  working  for  a  few  minutes,  should  the  schlich  seem  tolerably  lich,  the  operative 
turns  the  table  round  its  axis  k,  k,  so  as  to  tumble  it  into  the  boxes  below.    The  mud 

"^*?.?^**!.""P"®®^^^**^**^'^  B',  which  must  be  washed  again  upon  the  rack;  and  a 
sdilich  fit  for  roasting  in  B". 

The  slope  of  the  rack-table  for  washing  the  roasUd  tin  ore,  is  7|  inches  in  the  nine 

laet* 

Crn^ing  roUa  at  th4  Pembroke  mine*.— Wagons,  moved  on  a  railway  by  an  endless 
rope,  bring  the  ore  Id  be  crushed  immediately  over  the  rolls,  asT  shown  in  fig,  1147. 
A  trap  being  opened  in  the  side  of  the  wagon,  the  ore  falls  into  the  hopper  t,  whence 
It  passes  directly  between  the  twin  cylinders  c,  c,  and  next  upon  the  sieve  d,  which 
receives  a  secsaW  moUon  horizontally,  by  means  of  the  rod  l,  and  the  crank  of  the 
apntht  turning-shaft.  The  finer  portion  of  ore,  whioh  passes  through  that  sieve, 
wmm  the  heap  s.  The  coarser  portion  is  tossed  over  the  edge  of  the  sieve,  and  falls 
between  the  eylinders  cT  o\  npon  a  lower  level,  and  fbrms  the  second  heap  s'  of  sifted, 
and  s"  oi  unsifted,  ore. 

The  holes  of  the  sieves  d,  d',  being  of  the  same  size,  the  products  s,  s",  are  of  the  sams 
fitoMflL  s '  is  ground  again,  being  mixed,  in  the  uppeimost  hopper  T,  along  with  the 
iHBps  from  the  wagons. 
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nder  rolls  (aet  fig.  ]]4S)  Me  each   16  mckta. 
which  prevenli  Ihe  itufl  shinia;  laletally  ost 
oT  iu  place.     Ilw  di- 
ameter of   tbe   npper 
Kill  U  IS  inche*,  tal 
their,   length      ti  ilie 
Bame.    Both  are  mde 
oT    white    cast     itob, 
tiiOtd  or  CMc-barde*- 
td    bj  being   cast   ia 
[ron  moolds  instead  of 
■and;  aod  they  lact  a 
nxnitb,  at  least,  when 
of  gaodqaalitf.    Tbef 
make  frooi   10    la   15 
turns  in  a  minute,  ac- 
cordinft  lo   the   baxd- 
aess  of  the  Mes  of  ii« 
or    copper;   mitd    eaa 
grind  about  50  Ian»  ofneh  cupper  ore  in  12  hoois  ;  bnl  lt«t  of  the  poorer  sort. 
The  next  prcrcess  i<  Ihe  caJcinnLi  n   in  ihe  bunangjioiiit i  which  includes  serenl 
revcrberalorf  fumaces.    Al  the  mine  of  Poldice,  ihey  »re  4  or 
9  jards  loni,  by  froin  2}  la  3  jarda  wide.    Their  heuth  is  faori. 
zonlal :  Ihe  elevation,  about  26  inches  high  near  the  fireplaee^ 
sinks  slighllj  towards  the  chioiQe;.    There  is  but  one  openins, 

which  ie  in  ihe  fronl;  it  ia  clused  by  o  plale-iron  door,  lumiuf 

Above  ihe  door  Ihere  is  a  chimnej',  to  let  the  snlphurous  and  aiveni^ 
vapors  fly  off,  which  escape  out  of  Ihe  hesrih,  without  annoj-ing  the  workmen.  Thia 
chimney  leads  la  horizontal  flurs,  in  which  the  arsenious  acid  is  condensed. 

Sii  hundred  weights  of  ore  me  inlmiuced ;  the  calcination  of  which  takes  from  12  la 
J8  hours,  according  lo  the  qiianiiiy  of  pyrites  contained  in  the  ore.  At  the  begianiac 
of  the  operation,  a  modeiaie  heat  is  applied  i  afler  which  it  is  pushed  to  a  dull  red,  and 
kept  BO  during  seyeral  hours.  The  door  is  ahul ;  the  materials  are  stirred  from  lime  lo 
time  wilh  an  iron  lake,  to  expose  new  aurlhces,  and  prevent  ihem  front  alt>tl<itin*liBg  or 
ktming,  as  the  workmen  say.  The  more  pyriies  is  present,  the  more  turning  is  neeea- 
•ary.  Should  the  ore  conlain  black  oxyde  of  iron,  it  becomes  peroxydized,  aad  i*  Ibea 
easily  removed  by  a  Buhsequent  washing. 

Fig:  1149,  IIJO  represent  the  furnace  employed  at  Altenberg,  in  9uonj,  for  mastiu 
tia  ores,  s  is  the  grate  {  b,  the  sole  of  the  roasting  hearth  ;  c,  an  opening  in  th«  arched 
roof  for  introducing  the  dried  aehiich  (the  grmnd 
and  elutiialetf  ore) ;  d,  is  the  smoke-maiiile  or 
chimney-hood,  at  Ihe  end  of  the  furnace,  ander 
which  the  workmen  turn  over  the  sprcvl  schlieta, 
with  long  iron  rods  bent  at  their  ends  i  e,  it  the 
poison  vent,  which  conducts  the  arsenical  rapon 
lo  the  poison  chamber  (giJUam)  of  coodtva- 

, .    ,  When  the  ore  is  sofficienlly  calcined,  as  b 

I  ceasing   to  exhale  vapors,  it  is 
)ul,  and   expired  for  some  days  lo  1b« 
1   of  the  air,  vhich   decompose*  the  tai- 
nts, or  changes  them  lolo  lulphales.    The 
a  next  put  mlo  a  lab  Sited  with   water, 
Btirred  up  with  a  wooden  rake,  and  left  to  settle  ; 
by  which  means  the  sulphate  of  copper  that  ma; 
have  been  formed,  is  dissolved  ont.    After  sooie 
time,  this  water  is  drawn  off  into  a  large  task, 
and  its  copper  recovered  by  {seeipiution  with 
pieces  of  old  iron.    In  this  war,  almou  all  ibe 
copper  contained  in  Ihe  tin  ore  is  extracted. 
The  calcined  ore  it  sifted,  and   Irealed  again  on  the   racks,  aa  above  descnheiL 
The  pure  BChlich,  called  Uocfc  (m,  IS  sold  under  this  name  to  the  smelters;  and  that 
which  collects  oa  the  middle  part  of  the  inclined  wasb-tablea,  being  mo^  mixad  witk 
wolfram,  la  called  mock  Itad.    Thia  la  paased  once  more  Ihrongh  the  stamps,  and  walked  ; 

a  tnmldng-bax,  of  sack 


<rtien  it  also  is  sold  ai 

Biream  til 
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«f  lh«  rake;  2,  by  separatin;  tha  larger  conglomerate  pebbles  rrom  the  smaller  pure 
ones ;  picking,  stamping,  and  washing,  on  a  kind  of  sUeping-ltUiltt.  See  Metuxdbct. 
jtgi.  Sn,  678. 

The  [in  ores  or  Cornwall  nnd  Deronshire  are  all  reduced  witbin  Ihe  counties  where 
(he;  are  mined,  as  Ihe  laws  pmhibil  Iheir  eiportalion  out  of  then).  Private  inteiesls  suf- 
fer no  injarr  from  this  prohibilion  ;  because  Ihe  ves^ls  which  bring  the  fuel  from  Wales, 
for  smelline  these  ores,  relum  to  Swansea  and  Neath  loaded  with  copper  ores. 

The  smelling- works  belong  in  general  lo  indiriduBls  who  possess  no  tin  mines,  but 
who  purchase  bI  the  cheapest  rale  Ihe  ores  from' the  mining  proprietors.  The  ores  are 
appraised  acconjing  to  their  conlenis  in  metal,  and  its  flnenessi  coudiiions  which  thef 
determine  by  (he  Ibllowing  mode  of  assa;  : — When  ■  cerlain  number  of  bags  of  ore,  ol 
nearly  (he  same  quality,  are  broughi  to  ihe  works,  a  small  sample  is  l>k«n  from  each  bag, 
and  the  whole  are  well  blended.  Two  ounces  of  this  average  ore  are  mixed  with  about 
lour  per  cen(.  of  groand  coal,  put  into  an  open  earlhen  crucible,  and  healed  in  an  air 
furnace  (in  area  aboa(  len  inche;  square)  till  reduction  lakes  place.  As  the  furnace  u 
Terr  hot  trhen  the  crucible  is  introilucpil,  the  assay  is  finished  in  about  a  quarler  of  an 
hour.  The  metal  Ihus  revived  is  poured  into  a  mould,  and  what  remains  in  the  crucible 
is  pounded  in  a  mortar,  Ihst  the  grains  uf  lin  may  be  added  to  the  ingot. 

This  method,  Ihoogh  imperfecl  in  a  chemical  point  of  view,  serves  the  smelter's  pur- 
pose, as  it  alTords  hjin  a  similar  re<itilt  to  what  he  would  gel  on  the  great  scale.  A  more 
exact  assay  would  be  obiained  by  (Rising,  in  a  crucible  lined  with  bBid-ramiDed  charcoal, 
the  ore  mixed  with  five  per  ceni,  of  around  tlass  of  borax.  To  the  crucible  ■  gentle  heat 
sbould  be  applied  durinir  the  first  hour,  Ihen  a  slront  heat  during  the  second  hour,  and, 
laslly,  an  intense  heal  for  a  quarter  of  an  hour.  This  process  brings  out  IVom  four  lo  five 
per  cent,  more  tin  than  the  other ;  but  it  has  the  inconvenience  of  reducina  the  iron,  should 
any  be  present;  which  by  sabsequenl  solution  in  nitric  acid  will  be  readily  shown.  This 
assay  would  be  |oo  tedious  for  the  smeller,  who  may  have  occasion  to  iry  a  great  many 
samples  in  one  day. 

The  smelting  of  tin  ores  is  effected  by  iwn  different  methods:— 

In  the  first,  a  mixture  of  the  cm  with  charcoal  is  exposed  lo  heat  on  the  hearth  of  a 
reverberalor;  farnace  fired  with  coal. 

In  the  second,  Ihe  tin  ore  is  fused  in  a  blast  furnace,  called  a  blowing-house,  supplied 
with  wood  ehareoat.  This  method  is  practised  in  only  a  few  works,  in  order  to  obtain  a 
very  pure  quality  of  tin,  called  grn  jn  lin  in  England,  and  (lain  m  tarmtt  in  France ;  a 
meial  required  for  certain  arts,  as  dyeing,  &c.    This  method  is  applied  merely  to  stream 

w  worked  in  reverberatories,  two  kinds  of  fbma- 


the  latter  a  ground  plan,  a,  is  Ihe  fire- 
door  ihroueh  which  piicoal  is  laid  upoa 
the  "rate  b  e,  is  Ihe  fire-bridge ;  d,  the 
door  for  miroducing  the  ore;  t,  the  door 
throuth  which  the  ore  is  worked  upon 
the  hearth/;  g,-Ihe  sloke-holei  h,  an 
aperture  in  Ihe  vault  or  roof,  which  it 
opened  at  (he  discharge  of  Ihe  vniste 
schlich  to  secure  Ihe  free  escape  of  ihe 
fumes  dp  Ihe  chimney ;  i,  i,  air  channels 
for  admilling  cold  sir  under  the  fire- 
bridge and  the  sole  of  the  hearth,  with 
Ihe  view  of  protecting  Ihem  from  injnr7 
by  the  iolensily  of  the  heat  above.  k,k, 
are  basins  into  which  the  melled  lin  it 
drawn  off;  '.  Ihe  flue;  m,  Ihe  chimney, 
fi-om  3a  to  50  feel  high.  The  Toasted 
,  and  washed  schlich  ts  mixed  with  small 
coal  or  culm,  along  with  a  little  slaked 
lime,  or  Auor  spar,  as  a  flux;  each 
charge  of  ore  amounts  lo  from  19  to  24 
cwts.,  and  conlains  from  60  (o  70  p«t 
cent,  of  metal. 

fig.  1 153  represen(t  in  a  vertical  sec- 
tion Ihroufh  Ihe  luyDre,  anijig.  1154,  [q 
a  horiionlal  section,  in  Ihe  dolled  line  x, 
X,  of  fte-  I'M,  the  furnace  employed 
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for  imell[ng  tio  >t  the  En«gebir^e  mines,  in  Saxony,     a,  >re  the  rnnwm  pOtan,  if 

gneisj )  6,  b,  >ie  shrouding  or  casing  walls ;  c,  tbe  tny^n  wall ;  d,  rroDl  vail,  bMk  it 

gianllej  as  also  the  tuy6re  c.  /,  the  tole^slone,  argnBite,he«> 

1)53  out  basin-shaped;  ;,  the  cjv,  thronib  which  tile  tin  and  slaf 

are  drawn  off  into  the  fure-hearlh  h;  i,  the  sloke-hearth  i  k,  i^ 

Ihe  light  ash  chambers  i  /,  tbe  arch  of  Iheloyire;  1■^  m,  tkt 
common  Que,  which  is  placed  under  the  funiMe  and  ibe  keuikib 
Knd  has  ita  outlet  under  the  vaatt  of  the  tuyire. 

In  the  smelting  funiBces  at  Geycr,  the  fbUowiag  dinmiiii 

are  preferred :— Length  of  the  tuyere  wall,  11  inebes:  of  Uw 

breast  wall,  11  inches;  depth  of  ibe  fomace,  IT  incliea.    ffigh 

chimney-sialks  are  advantageous  where  ■  great  qwaotitj  of  oni 

is  to  be  reduced,  but  not  otherwise. 

The  Ttfimng/urnatu  we  limilar  lo  those  which  serre  for  m- 

duciag  the  ore ;  only,  iiutead  of  ■ 

basin  of  reception,  Ibey   bsTc  • 

refining   basin  placed   aloogsid^ 

into  which  the  tin  is  nin.     Tbd 

YT,""  basin  IS  aboBi  four  feet  in  diame- 

^^^^^^    ler,   and  thirty-iwo  inehet  iff; 

H^i^/^/^'-    It  eonsiits  of  an  iron  pan,  placed 

V^/^^^  over  a  grate,  in  which  a  ire  say 

be  kindled.    Above  this  pan  there 

is  a  tDmiuK  gib,  by  means  of  iriutk 

a  billet  of  wood  may  be  IhraM 

down  into  Ihe  bath  of  metal,  and 

kept  there  by  wheeling  the  |phbB 

over  it,  lowering  a  rod,  and  fixing  it  in  that  poiilian. 

Tbe  works  in  which  the  blast  furnaces  are  employed,  are  called  Uoiriag-JiovMi.  Tie 
■metling  furoacei  are  six  feet  high,  from  Ihe  bottom  of  the  crucible  (concave  hearth)  U 
the  throat,  which  is  placed  at  Ihe  ori;;in  of  a  long  and  narrow  chimney,  iatorapud  by  a 
chamber,  where  Ihe  metallic  dust,  carried  off  by  the  blast,  if  deposited.  This  cbanhet 
is  not  placed  vertically  over  the  fiirnace )  but  the  lower  portion  of  Ihe  chimney  hat  m 
oblique  direction  from  it.  The  furnace  it  lined  with  an  nprighl  cylinder  of  cast  iioi, 
coaled  inlemaUy  with  hum,  with  an  opening  in  it  far  the  blast.  This  opening,  whid 
corresponds  to  the  lateral  face  opposite  to  Ihe  cbaraing  aide,  receives  a  (ayira,  in  whid 
the  noulea  of  two  cylinder  sinitle  bellows,  driven  by  a  water-whed,  are  planted.  Tie 
W-ijtTt  opens  Bt  a  unall  height  above  the  sole  of  the  furnace.  On  a  level  with  tbe  sol^ 
tbe  iron  cylinder  presents  a  slope,  below  which  is  the  hemispherical  basin  ts!  receptioa, 
set  partly  beneath  the  interior  space  of  the  furnace,  and  partly  wilhonl.  Near  the  coract 
of  the  building  there  is  a  second  basin  of  reception,  larger  than  Ihe  Brit,  which  eaa  din 
charge  itself  into  the  former  by  a  Bloping  gutter.  Near  this  basin  there  is  another,  it 
Ihe  relining  operation.    Thefe  are  all  made  either  of  brick  or  cast  iron. 

The  qiwlity  of  the  average  ground-tin  ore  [irepared  for  smeltinz  is  such,  that  iO  part) 
of  it  yield  from  12}  to  13  of  meUllic  tin,  (62)  to  69  per  cent.)  The  treauoent  ctoiin 
of  two  operations,  mulfinf  and  rt/Snng. 

titat  optratim  i  dtacyditalim  of  Iht  on  a»d  /luim  of  Iht  ftn.— Before  Ifannriog  the 
ore  into  Ihe  smelling  rnrnace,  it  is  miied  wilh  from  one  fiHh  to  nne  eighth  of  its  weitht 
otblini  coal,  in  powder,  called  culmi  and  a  little  flaked  lime  is  sometimes  addeililo  rea- 
der Ihe  ore  more  fasihie.  These  matters  are  carefully  blended,  and  damped  with  walc^ 
lo  render  the  chargiiu;  easier,  and  to  prevent  the  blast  fmm  sweeping  any  of  it  awiy  al 
the  commcDcement.  From  12  lo  16  cwls.  are  introduced  at  a  charge;  and  the  daman 
immediately  closed  and  luled,  wbile  the  heat  is  progressively  raised.  Were  the  file  tea 
strong  at  first,  the  tin  o>yde  would  unite  with  Ihe  quartz  of  Ihe  gangue,  and  fora  aa 
enamel.  The  beat  is  applied  for  6  or  8  hours,  durint  which  the  doors  »rc  not  opeaed ; 
of  course  the  materials  aie  not  stirred.  By  this  time  the  reduction  is,  in  genenl,  fiaiib- 
ed  j  Ihe  door  of  the  furnace  is  removed,  and  Ihe  melted  mass  is  worked  ap  lo  eoaiplele 
the  Mpacationof  the  tin  from  the  scoriee,  and  to  ascertain  if  the  operation  be  in  ralBeieal 
fomarilness.  When  Ihe  redaction  Seems  to  be  finished,  the  scorne  are  taken  oat  at  the 
same  door,  wilh  an  iron  rake,  and  divided"  into  three  sortsi  those  of  Ihe  first  claM  A, 
which  constitute  al  least  three  fourlhi  of  the  whole,  htets  poor  as  possible,  and  may  be 
thrown  away;  the  scoris  of  the  second  class  b,  which  contain  some  small  Biaini  of  tin, 
are  sent  to  Ihe  stamps;  those  of  the  third  class  c,  which  are  last  removed  from  the  nr- 
ftce  of  the  bath  of  tin,  are  set  apart,  and  re  smelted,  as  containing  a  considerate  qaaa- 
tity  of  metal  in  the  form  of  grain  tin.  These  scoHe  are  in  small  quantity.  The  aUBp 
dag  contains  AUly  five  per  cent,  of  metallic  tin. 
Ai  soon  as  the  scoria  are  cleared  away,  Ibe  channel  b  opened  wUeb  irwtt  to  Ihe 
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of  reception,  into  which  the  tin  conseqaenlly  flows  ont.  Here  it  is  left  for  some 
tim^  that  the  scorisB  which  may  be  still  mixed  with  the  metal,  may  separate,  in  virtue 
of  the  difiierence  of  their  speciHc  gravitieil'.  When  the  tin  has  saificiently  settled,  it  is 
lifted  out  with  ladies,  and  poared  into  cast-iron  moulds,  in  each  of  which  a  bit  of  wood  is 
fixed,  to  form  a  hole  in  the  in];ot,for  the  purpose  of  drawing  it  out  when  it  becomes  eoU. 

KiifiMing  of  <ni.— The  object  of  this  operation  is  to  separate  from  the  tin,  as  completely 
as  possibte,  the  metals  reduced  and  alloyed  along  with  it.  These  are,  principally,  iron, 
copper,  arsenic,  and  tungsten ;  to  which  are  joined,  in  small  quantities,  some  sulphnrets 
and  arseniurets  that  have  escaped  decomposition,  a  little  unreduced  oxyde  of  tin,  and  also 
some  earthy  matters  which  have  not  passed  otf  with  the  scorie. 

Liquaiion, — The  refining  oft'  tin  consists  of  two  opeiations;  the  first  being  a  liquation, 
which,  in  the  interior,  is  etiected  in  a  reverberatory  furnace,  similar  to  that  employed  in 
smelting  the  ore,  {Jig».  1151,  1152.)  The  blocks  being  arranged  on  the  hearth  of  the 
furnace,  near  the  bridge,  are  moderately  heated ;  the  tin  melts,  and  flows  away  into  the 
refining-basin ;  but,  after  a  certain  time,  the  -blocks  cease  to  aflord  tin,  and  leave  on  the 
hearth  a  residuum,  consisting  of  a  very  ferruginous  alloy. 

Fresh  tin  blucks  are  now  arranged  on  the  remains  of  the  first;  and  thus  the  liquation 
is  continued  tilt  the  retining-basin  be  sufficiently  full,  when  it  contains  about  Ave  tons. 
The  residuums  are  set  aside,  to  be  treated  as  shall  be  presently  pointed  out. 

Rejitung  yroptr. — Now  begins  the  second  i>art  of  the  process.  Into  the  tin-bath, 
billets  of  green  wood  are  plunged,  by  aid  of  the  gibbet  above  described.  The  dis- 
engagement of  gas  from  the  green  wood  produces  a  constant  ebullition  in  the  tin; 
bringing  up  to  its  surface  a  species  of  froth,  and  causing  the  impurest  and  densest 
parts  to  fall  to  the  bottom.  That  froth,  composed  almost  wholly  of  the  oxydes  of 
tin  and  foreign  metals,  is  successively  skimmed  olf,  and  thrown  back  into  the  furnace. 
When  it  is  judged  that  the  tin  has  boiled  long  enough,  the  green  wood  is  lifted  out,  and 
the  bath  is  allowed  to  settle.  It  separates  into  diHerent  zones,  the  upper  being  the 
purest;  those  of  the  middle  are  charged  with  a  little  of  the  foreign  metals;  and  the 
lower  are  much  contaminated  with  them.  When  the  tin  begins  to  cool,  and  when  a 
more  complete  separation  of  its  diflerent  qualities  cannot  be  looked  for,  it  is  lifted  out  in 
ladles,  and  poured  into  cast-iron  moulds.  It  is  obvious,  that  the  order  in  which  the  suc- 
cessive blocks  are  obtained,  is  that  of  their  purity ;  those  formed  from  the  bottom  of  the 
basin  being  usually  so  impure,  that  they  must  be  subjected  anew  to  the  refining  process, 
as  if  they  had  been  directly  smelted  fi  om  the  ore. 

The  refining  operation  lakes  5  or  6  hours ;  namely,  an  hour  to  fill  the  basin,  three  hours 
to  boil  the  tin  with  the  green  wood,  and  from  one  to  two  hours  for  the  subsidence. 

Sometimes  a  simpler  operation,  called  tossing^  is  substituted  for  the  above  artificial 
ebullition.  To  eilect  it,  a  workman  lifts  some  tin  in  a  ladle,  and  lets  it  fall  back  into 
the  boiler,  from  a  considerable  height,  so  as  to  agitate  the  whole  mass.  He  continues 
this  manipulation  for  a  certain  time;  after  which,  he  skims  with  care  the  surface  of 
the  bath.  The  tin  is  afic-rwards  poured  into  moulds,  unless  it  be  still  impure.  In  this 
case,  the  separation  of  the  metals  is  completed  by  keeping  the  tin  in  a  fused  state  in  the 
boiler  fur  a  certain  period,  without  agitation ;  whereby  the  upper  portion  of  the  bath  (at 
least  one  half;  is  pure  enough  for  the  market. 

The  moulds  into  which  the  tin  blocks  are  cast,  are  usually  made  of  granite.  Their 
capacity  is  such,  that  each  block  shall  weigh  a  little  more  than  three  hundred  weights. 
This  metnl  is  called  block  tin.  The  law  requires  them  to  be  stamped  or  coined  by  public 
ofliccrs,  before  being  exposed  to  sale.    The  purest  block  tin  is  called  refined  tin. 

The  treatment  just  detailed  gives  rise  to  two  stanniferous  residuums,  which  have  to 
be  smelted  again.    These  are — 

1.  The  scorim  b  and  c,  which  contain  some  granulated  particles  of  tip. 

2.  The  dross  found  on  the  bottom  of  the  reverberatory  furnace,  after  re-melting  the  tiA 
to  refine  it. 

The  scoriae  c,  are  smelted  without  any  preparation  ;  but  those  marked  b,  are  stamped 
in  the  mill,  and  washed,  to  concentrate  the  tin  grains ;  and  from  this  rich  mixture,  called 
frUlUm,  smelted  by  itself,  a  tin  is  procured  of  very  inferior  quality.  This  may  be  readily 
imagined,  since  the  metal  which  forms  these  granulations  is  what,  being  less  fusible  thaa 
the  pure  tin,  solidified  quickly,  and  could  not  flow  ofi*  into  the  metallic  bath. 

Whenever  all  the  tin  blocks  have  thoroughly  undergone  the  process  of  liquation,  the 
fire  is  increased,  to  melt  the  less  fusible  residuary  alloy  of  tin  with  iron  and  some  other 
metals,  and  this  is  run  out  into  a  small  basin,  totally  distinct  from  the  refining  basin. 
After  this  alloy  has  reposed  for  some  time,  the  upper  portion  is  lifted  out  into,  block 
moulds,  as  Impure  tin,  which  needs  to  be  refined  anew.  On  the  bottom  and  sides  of  the 
basin  there  is  deposited  a  white,  brittle  alloy,  with  a  crystalline  fracture,  which  contains 
BO  great  a  proportion  of  foreign  metals,  that  no  use  can  be  made  of  it.  About  three  and 
a  half  tons  of  coal  are  consumed  in  producing  2  of  tin. 

SmtUing  of  tin  by  the  liaat  /tiniaci.— This  mode  of  reduction  employs  only  wood 
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diarcoa],  and  its  object  is  to  obtain  tin  of  the  maximum  parity  to  which  it  can  be  bramght 
by  manufacturiDg  processes.  The  better  ores  of  the  stream-works,  and  the  finer  tin  aaodi, 
are  selected  for  this. operation.  The  washings  being  always  well  perfonned,  the  oxyde 
of  tin  is  exempt  from  every  arsenical  or  sulphurous  impurity,  and  is  associated  with  no- 
thing but  a  little  hematite.    It  is  therefore  never  calcined. 

The  smelting  is  effected  without  addition ;  only,  in  a  few  cases,  some  of  the  residnaxr 
matters  of  a  former  operation  are  added  to  the  ore.  About  a  ton  and  six  tenths  of  wood 
charcoal  are  burned  for  one  ton  of  fine  smelted- tin.  The  only  rule  is,  to  keep  the 
always  full  of  charcoal  ^d  ore.  The  revived  tin  is  received  immediately  in  the 
basin ;  then  run  off  into  the  second,  where  it  is  allowed  to  settle  for  some  time.  The 
scoriae  that  run  off  into  the  first  basin,  are  removed  as  soon  as  they  fix.  These  scoriK 
are  divided  into  two  classes;  namely,  such  as  still  retain  tin  oxyde,  and  sneh  as  boU 
none  of  the  metal  in  that  state,  but  only  in  granulations.  The  metallic  bath  is  divided, 
by  repose,  into  horizontal  zones,  of  different  degrees  of  purity ;  the  more  compound  and 
denser  matters  falling  naturally  to  the  bottom  of  the  basin.  The  tin  which  forms  the  sa- 
perior  zones,  being  judged  to  be  pure  enough,  is  transvased  by  ladles  into  the  refining 
basin,  previously  heated,  and  under  which,  if  it  is  of  cast-iron,  a  moderate  fire  is  applied. 
The  tin  near  the  bottom  of  the  receiving  basin  is  always  laded  out  apart,  |o  be  again 
smelted ;  sometimes,  indeed,  when  the  furnace  is  turning  out  very  impure  tin,  none  of  h 
is  transvased  into  the  second  basin ;  but  the  whole  is  cast  into  moulds,  to  be  again  treated 
in  the  blast  Airnace. 

In  general  they  receive  no  other  preparation,  but  the  green  wood  ebullition,  bcfive 
passing  into  the  market.  Sometimes,  however,  the  block  of  metal  is  heated  till  it  be* 
comes  brittle,  when  it  is  liAed  to  a  considerable  height,  and  let  fall,  by  which  it  is  broikea 
to  pieces,  and  presents  an  agglomeration  of  elongated  grains  or  tears ;  whence  it  is  called 
grain  tin. 

On  making  a  comparative  estimate  of  the  expense  by  the  blowing-hcuse  process,  and 
by  the  reverberatory  furnace,  it  has  been  found  that  the  former  yields  about  66  per  cent. 
of  tin,  in  smelting  the  stream  or  alluvial  ore,  whose  absolute  contents  are  from  75  to  78 
parts  of  metal  in  the  hundred.  One  ton  of  tin  consumes  a  ton  and  six  tenths  of  wood 
charcoal,  and  suffers  a  loss  of  15  per  cent.  In  working  with  the  reverberatory  fuinaee^ 
it  is  calculated  that  ore  whose  mean  contents  by  an  exact  analysis  are  70  per  cent.,  yidds 
65  per  cent,  on  the  great  scale.  The  average  value  of  tin  ore,  as  sold  to  the  smelter,  is 
50  pounds  sterling  per  ton  ;  but  it  fluctuates,  of  course,  with  the  market  prices.  In  182^ 
the  ore  of  inferior  quality  cost  30/.,  while  the  purest  sold  for  60/.  One  ton  of  tin,  ob- 
tained from  the  reverberatory  furnace,  cost — 

1 1  tons  of  ore,  worth        -        -        -        -        •        -        £75     0    0 
1}  tons  of  coals,  at  10«.  per  ton         ....  0  17     6 

Wages  of  labor,  interest  on  capital,  &.C    -        -        -  3    0    0' 

78  17     6 

On  comparing  these  results  with  the  former,  we  perceive  that  in  a  bloving-komH  the 
loss  of  tin  is  15  per  cent.,  whereas  .it  is  only  5  in  the  reverberatory  furnace.  The  ex- 
pense in  fuel  is  likewise  much  less  relatively  in  the  latter  process ;  for  only  If  toas  of 
coals  are  consumed  for  one  ton  of  tin  *,  while  a  ton  and  six  tenths  of  wood  charcoal  are 
burned  to  obtain  the  same  quantity  of  tin  in  the  blowing-house ;  and  it  is  admitted  (hat 
one  ton  of  wood  charcoal  is  equivalent  to  two  tons  of  coal,  in  calorific  effect.  Hence  every 
thing  conspires  to  turn  the  balance  in  favor  of  the  reverberatory  plan.  The  operation 
is  also,  in  this  way,  much  simpler,  and  may  be  carried  on  by  itself.  The  scorise,  besides 
from  the  reverberatoi7  hearth,  contain  less  tin  than  those  derived  from  the  same  oies 
treated  with  charcoal  by  the  blast,  as  is  done  at  Altenberg.  It  must  be  remembered,  how- 
ever, that  the  grain  tin  procured  ty  the  charcoal  process  is  reckoned  to  be  finer,  and 
fetches  a  higher  price ;  a  superiority  partly  due  to  the  purity  of  the  ore  reduced,  and 
partly  to  the  purity  of  the  fuel. 

To  test  the  quality  of  tin,  dissolve  a  certain  weight  of  it  with  heat  in  muriatic  add; 
should  it  contain  arsenic,  brown-black  flocks  will  be  separated  during  the  solution,  and 
arseninreted  hydrogen  gas  will  be  disengaged,  which,^  on  being  burned  at  a  jet,  will 
deposite  the  usual  gray  film  of  metallic  arsenic  upon  a  white  saucer  held  a  little  way 
above  the  flame.  Other  metals  present  in  the  tin  are  to  be  sought  for,  by  treating  the 
above  solution  with  nitric  acid  of  spec.  grav.  1*16,  first  in  the  cold,  and  at  last  with  heat 
and  a  small  excess  of  acid.  When  the  action  is  over,  the  supernatant  liquid  is  to  be  de- 
canted off  the  peroxydized  tin,  which  is  to  be  washed  with  very  dilute  nitric  acid,  and  both 
liquors  are  to  be  evaporated  to  dissipate  the  acid  excess.  If,  on  the  addition  of  water 
to  the  concentrated  liquor,  a  white  powder  falls,  it  is  a  proof  that  the  tin  contains 
bismuth  j  if  on  adding  Sulphate  of  ammonia,  a  white  precipitate  appears,  the  tin  oob« 
tains  lead ;  water  of  amtronia  added  to  supersaturation,  will  occasion  reddtsh-browii 
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flocks,  if  iron  is  present ;  and  on  eYaporating  the  supernatant  liquid  to  dryness^  the  copper 
will  be  obtained. 

The  uses  of  tin  are  very  nnmerous.  Combined  with  copper,  in  different  proportions, 
it  forms  bronze,  and  a  series  of  other  useful  alloys ;  for  an  account  of  which  see  Copper, 
With  iron,  it  forms  tin-plate ;  with  lead,  it  constitutes  pewter,  and  solder  of  yarious 
kinds.  (See  Lead.)  Tin-foil  coated  with  quicksilver  makes  the  reflecting  surface  of  glass 
mirrors.  (See  QMJksa,)  Nitrate  of  tin  affords  the  basis  of  the  scarlet  dye  on  wool,  and 
of  many  bright  colors  to  the  calico-printer  and  the  cotton-dyer.  (See  Scablet  and  TkN 
MoaoANTS.)  A  compound  of  tin  with  gold  gives  the  fine  crimson  and  purple  colors  to 
stained  glass  and  artificial  gems.  (See  Purple  of  Cassius.)  Enamel  is  made  by  fusing 
oxyde  of  tin  with  the  materials  of  flint  glass.  This  oxyde  is  also  an  ingi'edient  in  the 
white  and  yellow  glazes  of  pottery-ware. 

An  Account  of  Tin  coined  in  Cornwall  and  Devon,  from  1817  to  1829,  indnsiye:-^ 


Yeais. 

Blocks. 

Tons. 

Yean. 

Blocka. 

Tons. 

■     1817 

25,379 

4,120 

1824 

28,602 

4,819 

1818 

23,048 

3,745i 

1825 

24,902 

4,170 

1819 

18,881 

3,065 

1826 

26,299 

4,406 

1820 

17,084 

2,773| 

1827 

31,744 

5,316 

1821 

19,273 

3,128 

1828 

28,179 

4,696 

1822 

18,732 

3,137 

1829 

26,344 

4,396 

1823 

24,077 

4,031 

Tin  imported. 
Paty,  50j.  per  cwt. 

Tin  exported. 

Tin  imported. 
Duty,  50j.  per  cwt 

Tin  exported. 

1827 
1828 
1829 
1830 
1831 

2,217 
3,386 
2,674 
15,539 
8,099 

Cwls. 
2,938 
3,258 
2,581 
10,426 
12,226 

1832 
1833 
1834 
1835 
1836 

Cuts. 

29,203 
35,124 
46,769 
17,705 
23,236 

Cwts. 
21,720 
39,850 
46,685 
23,796 
17,231 

The  principal  importations  are  from  the  Kast  India  Company's  territories  and  Ceylon : 
they  amounted  in  1832  to  24,585  cwts.;  in  1833  to  27,928;  in  1834  to  33,611;  in  1835 
to  10,104;  and  in  1836  to  17,729.  From  Sumatra  and  Java  1961  cwts.  were  imported 
in  1832,  and  1145  in  1834,  but  in  the  other  years  greatly  less. 

Declared  value  of  tin  1      1897.  1820.  1831.  1838.  1639. 

and  pewter  wares    302,255/.   235,178/.   239,143/.   282,176/.   381,076/. 


and  tin-plates  ex- 
ported in — 


1638. 
266,651/. 


1830. 
249,657/. 


1639. 
243,259/. 


1834. 
337,056/. 


1630. 

387,951/. 


Of  these  goods,  from  two  fifths  to  three  fifths  go  to  the  United  States  of  America. 

Abstkact  of  Tin  coined  in  Cornwall  and  Devon,  in  the  year  ending  June  30,  1835; 

from  the  Mining  Review^  vol.  iii. 


Smelter*. 

Blocks  of  Grain 
Tin. 

Blocks  of  Com- 
mon Tin. 

Totais. 

IS34. 

1835. 

1834. 

1835. 

1834. 

1835. 

Daobuz  and  Co.      - 

Grenfell  and  Boase      ... 

Bolitfao  and  Sons    .        -        - 

R.  and  J.  Michell 

Wheal  Vor  Adventurers  .        -        - 

Taylor,  Sons  and  Co.  - 

John  Batten  and  Son       ... 

Joseph  Came      -        .        -        - 

William  Cornish     -        - 

Gill  and  Co.  (at  Morwelham) 

Ditto        (at  Calstock) 
Rundle,  Paul  and  Co.  ... 

Total    -        - 

728 
344 
229 
101 

28 
60 

875 

196 

153 

76 

112 
49 

12 

6114 
3776 
3829 
709 
3925 

2352 
896 
622 
758 
605 

4494 

3097 

3099 

675 

4069 

1250 

2351 

851 

574 

1545 

6842 
4120 
4058 
810 
3926 

2380 
896 
622 
758 
665 

5369 

3293 

3252 

660 

4069 

1362 

2400 

851 

674 

1567 

14f»0 

1472 

23586 

21905 

25076 

23377 

Total,  in  1834, 4180  tons;  in  1835,  3899  tons.    (6  blocks  =  1  ton.) 
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TINCAL,  crude  borax. 

TINCTORIAL  MATTER.  One  of  the  most  curious  and  yalnable  ftcts 
ipon  this  sul^ect,  is,  tbat  madder  kept  in  casks,  in  a  warm  place,  undergoes  a  species  ef 
fermentation,  wbicii,  by  ripening,  or  rather  deoxydizing  the  coloring-matter,  increases  its 
dyeing  power  by  no  less  than  from  20  to  50  per  cent.  See  M.  H.  Sehtaimberger^ 
read  to  the  SodeU  Ifidustrielle  de  MMauaen^  24  November,  1837. 

TINCTURE  is  a  title  used  by  apothecaries  to  designate  aleohol,  in  a 
dilute  state,  impregnated  with  the  active  principles  of  either  TegetaMe  or 
substances. 

TIN-GLASS  is  a  name  of  bismuth. 

TIN  MORDANTS,  for  dyeing  scarlet  >- 

Mordant  a,  as  commonly  made  by  the  dyers,  is  composed  of  8  parts  of  aiiaaftiitii^  ] 
part  of  common  salt  or  sal  ammoniac,  and  1  of  granulated  tin.  This  preparmtion  is  voy 
uncertain. 

Mordant  n. — Pour  into  a  glass  globe,  with  a  long  neck,  3  parts  of  pore  nitrk 
30®  B. ;  and  1  part  of  muriatic  acid  at  17® ;  shake  ihe  glc^  gently,  aroiding  the 
sive  vapors,  and  put  a  loose  stopper  in  its  mouth.    Throw  into  this  nitro-nmriafie 
one  eighth  of  its  weight  of  pure  tin,  in  small  bits  at  a  time.    When  the  solvtkm  is 
pleie,  and  settled,  decant  it  into  bottles,  and  close  (hem  with  ground  stoppers.    It  sboald 
be  diluted  only  when  about  to  be  used. 

Mordant  c,  by  Darobonmey. — In  two  drachms  Fr.  (144  grs.)  of  pare  mnriatic  add,  dis- 
solve 18  grains  of  Malacca  tin.  This  is  reckoned  a  good  mordant  lor  brighteniBg  or 
fixing  the  color  of  peachwood. 

Mordant  d,  by  Hellot. — Take  8  ounces  of  nitric  acid,  dilnted  with  as  much  wiier; 
dissolve  in  it  half  an  ounce  of  sal  ammoniac,  and  2  drachms  of  nitre.  In  this  acid  solatioa 
dissolve  one  ounce  of  granulate  tin  of  Cornwall,  observing  not  to  put  in  a  fresh  piece 
till  the  preceding  be  dissolved. 

Mordant  e,  by  Scheffer. — Dissolve  one  part  of  tin  in  four  of  a  nitro-mariatie  acid,  pre- 
pared with  nitric  acid  diluted  with  its  own  weight  of  water,  and  one  thirty^seeoadth  of 
sal  ammoniac. 

Mordant  f,  by  Poerner. — ^Mix  one  pound  of  nitric  acid  with  one  pound  of  water,  aad 
dissolve  in  it  an  ounce  and  a  half  of  sal  ammoniac.  Stir  it  well,  and  add,  by  very  abv 
degrees,  two  ounces  of  tin  turned  into  thin  ribands  upon  the  lathe. 

Mordant  g,  by  Berthollet. — Dissolve  in  nitric  acid  of  3(P  B.  one  eighth  of  its 
of  sal  ammoniac,  then  add  by  degrees  one  eighth  of  its  weight  of  tin,  and  dilate  the 
tion  with  one  fourth  of  its  weight  of  water. 

Mordant  k,  by  Dambourney. — In  one  drachm  (72  grs.)  of  muriatic  acid  at  17",  oae  cf 
nitric  acid  at  30^,  and  18  grains  of  water,  dissolve,  slowly  and  with  some  heat,  18  gnas 
of  fine  Malacca  tiiv 

Mordant  l  is  the  birch  bark  prescribed  by  Dambourney. — ^This  bark,  dried  and  groand^ 
18  said  to  be  a  very  valuable  substance  for  fixing  the  otherwise  fugitive  colors  prodaced 
by  woods,  roots,  archil,  &c. 

TIN-PLATE.  The  only  alloy  of  iron  interesting  to  the  arts  is  that  with  til,  ■  the 
fbrmation  of  tin-plate  or  uhiie-iron. 

The  sheet  iron  intended  for  this  manufacture  is  refined  with  charcoal  instead  of  coke, 
subsequently  rolled  to  various  degrees  of  thinness,  and  cut  into  rectangles  of  diffefeat 
sizes,  by  means  of  a  shearing-machine  driven  by  a  water-wheel,  which  will  tnrn  oat  100 
boxes  a  day,  or  four  times  the  number  cut  by  hand  labor.  The  first  step  towaiis  tia- 
ning  is  to  free  the  metallic  surface  from  every  particle  of  oxyde  or  impurity,  for  any  sack 
would  inevitably  prevent  the  iron  from  alloying  with  the  tin.  The  plates  are  next  beat 
separately  by  hand  into  a  saddle  or  \  shape,  and  ranged  in  a  reverberatoiy  oven,  so  thSI 
the  flame  may  play  freely  among  them,  and  heat  them  to  redness.  They  aic  Ami 
plunged  into  a  bath,  compared  of  four  pounds  of  muriatic  acid  diluted  with  three  gaOsas 
of  water,  for  a  few  minutes,  taken  out  and  drained  on  the  floor,  and  once  more  exposed 
to  ignition  in  a  furnace,  whereby  they  are  scaled^  that  is  to  say,  cast  their  scales.  The 
above  bath  will  suffice  for  scaling  ^800  plates.  When  taken  out,  they  are  beat  level  and 
smooth  on  a  cast-iron  block,  after  which  they  appear  mottled  bine  and  white,  if  the 
scaling  has  been  thoroughly  done.  They  are  next  passed  through  €killed  rolls  or  cas^ 
iron  cylinders,  rendered, very  hard  By  being  cast  in  thick  iron  moulds,  as  has  been  long 
practised  by  the  Scotch  founders  in  casting  bushes  for  cart-wheels.  Ai\er  this  process 
of  cold  rolling,  the  plates  are  immersed,  for  ten  or  twelve  hours,  in  an  acidnloos  Itff 
made  by  fermenting  bran-water,  taking  care  to  set  them  separately  on  edge,  and  to  tara 
them  at  least  once,  so  that  each  may  receive  a  due  share  of  the  operation.  From  this 
ley-steep  they  are  transferred  into  a  leaden  trough,  divided  by  partitions,  and  charged  with 
dilute  sulphuric  acid.  Each  compartment  is  calleid  a  hole  by  the  workmen,  and  is  calcuc 
lated  to  receive  about  225  plates,  the  number  aAerwards  packed  up  together  in  m  has. 
In  this  liquid  they  are  agitated  about  an  hoar,  till  they  become  perfectly  bright,  and  free 
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Ihwi  such  bUek  spots  as  might  stain  their  surface  at  the  time  of  immersion.  This  pco- 
cess,  called  pickliog,  is  both  delieate  and  diBagreeable,  requiring  a  good  workman,  at  high 
wages.  The  temperature  of  the  last  two  steeps  should  be  at  least  90^  or  10(P  F.,  which 
is  kept  up  by  stoves  in  the  apartments.  The  plates  are  finally  scoured  with  hemp  and 
aand  in  a  body  of  water^  and  then  put  aside  for  use  in  a  vessel  of  pore  water,  under 
which  they  remain  bright  and  free  from  rust  for  many  months,  a  very  remarkable  cir- 
cumstance. 

The  tinning  follows  these  preparatory  steps.  A  range  of  rectangular  cast-iron  pots 
IS  set  over  a  fire-floe  in  an  apartment  called  the  stow,  the  workmen  stationing  themselves 
opposite  to  the  narrow  ends«  The  first  rectangle  in  the  range  is  the  tin-pot ;  the  second 
is  the  wash-pot,  with  a  partition  in  it ;  the  third  is  the  grease-pot ;  the  fourth  is  the  pan^ 
grated  at  bottom ;  the  fifth  is  the  list-pot,  and  is  greatly  narrower  than  any  of  the  rest : 
they  are  all  of  the  same  length. 

The  prepared  plates,  dried  by  rubbing  bran  upon  them,  are  first  immersed  one  by  one 
in  a  poC  filled  with  melted  tallow  alone,  and  are  left  there  for  nearly  an  hour.  They 
are  thence  removed,  with  the  adhering  grease,  into  pot  No.  1,  filled  with  a  melted 
miztnre  of  block  and  grain  tin,  covered  with  abotit  four  inches  of  taUow,  slightly  car- 
bonised. This  pot  is  heated  by  a  fire,  playing  under  its  bottom  and  round  its  sides,  till 
the  metal  becomes  so  hot  as  nearly  to  inflame  the  grease.  Here  about  340  plates 
are  exposed,  upright,  to  the  action  of  the  tin  for  an  hour  and  a  half,  or  more,  according 
to  their  thickness.  They  are  next  lifted  out,  and  placed  upon  an  iron  grating,  to  Jet 
the  superfluous  metal  drain  ofi*;  but  this  is  more  completely  removed  in  the  next  process, 
called  washing. 

lalo  the  wash-pot  No.  2,  filled  with  melted  grain  tin,  the  workman  puts  the  above 
plates,  where  the  heat  detaches  the  ribs,  and  drops.  There  is  a  longitudinal  partition 
in  it,  for  keeping  the  drop  of  tin  that  rises  in  washing  from  entering  the  vessel  where 
the  last  dip  is  given.  Indeed,  the  metal  in  the  wash-pot,  after  having  acted  on  60  or 
70  boxes,  becomes  so  foul,  that  the  weight  of  a  block  (300  cwts.)  of  it  is  transferred 
into  the  tin-pot,  No.  I,  and  replaced  by  a  fresh  block  of  grain  tin.  The  plates  being 
lifted  opt  of  the  wash-pot,  with  tongs  held  in  the  left  hand  of  the  workman,  are  scrubbed 
OB  each  side  with  a  peculiar  hempen  brush,  held  in  his  right  hand,  then  dipped  for  a 
moment  in  the  hot  tin,  and  forthwith  immersed  in  the  adjoining  grease-pot,  No.  3.  This 
requires  manual  dexterity ;  and  though  only  three-pence  be  paid  for  brushing  and  tiup 
washing  225  plates,  yet  a  good  workman  can  earn  six  shillings  and  three-pence  in  twelve 
hours,  by  pntting  5625  plates  through  his  hands.  The  final  tin-dip  is  useful  to  remove 
the  marks  of  the  brush,  and  to  make  the  surface  uniformly  bright.  To  regulate  the 
temperature  of  the  taliow-pot,  and'  time  during  which  the  plates  are  left  in  it,  requires 
great  skill  and  circumspection  on  the  part  of  the  workman.  If  kept  in  it  too  long,  they 
would  be  deprived,  to  a  certain  extent,  of  their  silvery  lustre ;  and  if  too  short,  streaki 
of  tin  would  disfigure  their  surface.  As  a  thick  plate  retains  more  heat  after  being 
lifted  out  of  the  washing-pot,  it  requires  a  proportionally  cooler  grease-pot.  This  pot 
has  pins  fixed  within  it,  to  keep  the  plates  asunder ;  and  whenever  the  workman  has 
transferred  five  plates  to  it,  a  boy  lifts  the  first  out  into  the  cold  adjoining  pan,  No.  4 ;  as 
soon  as  the  workman  transfers  a  sixth  plate,  the  boy  removes  the  second ;  and  so  on. 
The  manufacture  is  completed  by  removing  the  wire  of  tin  left  on  the  under  edge  of  the 
plates,  in  consequence  of  their  vertical  position  in  the  preceding  operations.  This  is  the 
business  of  the  litt-boy,  who  seizes  the  plates  when  they  are  cool  enough  to  handle,  and 
puts  the  lower  edge  of  each,  one  by  one,  into  the  list-pot.  No.  5^  which  contains  a  very 
little  melted  tin,  not  exceeding  a  quarter  of  an  inch  in  depth.  When  he  observes  the 
wire-edge  to  be  melted,  he  takes  out  the  plate,  and,  striking  it  smartly  wi&  a  thin  sticky 
detaches  the  superfluous  metal,  which  leaves  merely  a  faint  stripe  where  it  lay.  This 
mark  may  be  perceived  on  every  tin-plate  in  the  market. 

The  plates  are  finally  prepared  for  packing  up  in  their  boxes,  by  being  well  deansed 
from  the  tallow,  by  friction  with  bran. 

Mr.  Thomas  Morgan  obtained  a  patent,  in  September,  1829,  for  clearing  the  sheet-iron 
plates  with  dilute  sulphuric  acid  in  a  hoU,  instead  of  tcoHng  thCm  in  the  usual  way,  pre- 
vious to  their  being  cold  rolled,  annealed,  and  tinned ;  whereby,  he  says,  a  better  article 
is  produced  at  a  cheaper  rate. 

Crystallized  tin-plate^  see  Moibee  Mstalli^us.  It  woold  seem  that  the  acid  merely 
lays  bare  the  crystalline  structure  really  present  on  every  sheet,  but  masked  by  a  film  of 
redundant  tin.  Though  this  showy  article  has  become  of  late  years  vulgarised  by  its 
cheapness,  it  is  still  interesting  in  the  eyes  of  the  practical  chemist.  The  English  tin^ 
plates  marked  r  answer  well  for  producing  the  jtfoirse,  by  the  following  process.  Placo 
the  tin-plate,  slightly  heated^  over  a  tub  of  water,  and  rub  its  snrfhce  with  a  sponge 
dipped  in  a  liquor  composed  of  foor  parts  of  aquafortis,  and  two  of  distilled  water, 
holding  one  part  of  common  salt  or  sal  ammoniac  in  solution.  Whenever  the  crystai* 
line  spangles  seem  to  be  thoroughly  brought  out,  the  plate  must  be  immersed  in  water. 
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washed  either  with  a  feather  or  a  Utile  cotton  (taking  care  not  to  mb  off  the  film  of  thi 
that  forms  the  feathering),  forthwith  dried  with  a  low  heat,  and  coated  with  a  huker 
Tarnish,  otherwise  it  loses  its  lustre  in  the  air.  If  the  whole  surface  is  not  planircd  at 
once  in  cold  water,  but  if  it  be  partially  cooled  by  sprinkling  water  on  it,  the  crystalB- 
zation  will  be  finely  variegated  with  large  and-  small  figures.  Similar  results  wiU  be 
obtained  by  blowing  cold  air-  through  a  pipe  on  the  tinned  surface,  while  it  is  just  passing 
from  the  fused  to  the  solid  state;  or  a  variety  of  delineations  may  be  traced,  by  playing 
over  the  surface  of  the  plate  with  the  pointed  flame  of  a  blowpipe. 

The  following  Table  shows  the  several  sizes  of  tin-plates,  the  marks  by  which  thej'  are 
distinguished,  and  their  current  wholesale  prices  in  London :  — 


Sizes. 

No.  im 
a  box. 

Weight  of 
each  box. 

Marks  on 

the  boxes. 

Plioee  par  box,  im 

]8».                lOB. 

Jncket. 

cwi.  qrM,  lb9» 

«. 

«.  d. 

Common,  No.  1 

13f  by  10 

•  225 

1    0    0 

CI. 

47 

35 

Ditto           2      - 

131-   9i 

. 

0    3  21 

CII. 

45 

33  6 

Ditto           3      - 

12f-  H 

0    3  16 

an. 

43 

329 

Cross,       No.  1 

131-10 

1     1    0 

XI. 

53 

402 

Two  crosses,    1 

. 

. 

1     1  21 

XXI. 

58 

43  2 

Three  crosses,  1 

. 

. 

1    2  14 

XXX.  I. 

63 

47 

Four  crosses,  1 

. 

. 

1.3    7 

XXXX.  I. 

Comipon  doubles    - 

16!  —  12i 

100 

0    3  21 

CD. 

64-^1 

150 

486 

Cross  doubles 

. 

. 

1     0  14 

XD. 

73-6 

sheets 

56 

Two  pross  do. 

. 

. 

1     1     7 

XXD. 

81 

la 

606  « 

Three  cross  do. 

. 

. 

1    2'  0 

XXXD. 

88-6J 

e«eh. 

65      ! 

,  Four  cross  do. 

.. 

. 

1     2  21 

XXXXD. 

Com.  small  doubles  - 

6  —11 

200 

1    2    0 

CBD. 

69 

51  6 

Cross  do.       do. 

. 

- 

1     2  21 

XSD. 

75 

560 

Two  cross     do. 

. 

. 

1    3  14 

XX8D. 

80 

596 

Three  do.       do.      - 

. 

-. 

2    0    7 

XXXSD. 

Four   do.       do. 

* 

. 

2    1    0 

XXXXSD. 

Waster's  com.  No.  1 

31  —  10 

225 

1    0    0 

WCI. 

44 

329 

Ditto    cross,        1 

ditto 

- 

1     1     0 

WXI. 

60 

473 

These  are  the  cash  prices  of  one  wholesale  warehouse  in  Thames  sU^et ;  an  imme- 
diately adjoining  warehouse  charges  fblly  Im.  more  tipon  the  standard  ci,  and  proportioii- 
ally  upon  the  others. 

TITANIUM  is  a.xare  metal,  discovered  by  Klaproth,  in  menachanite,  in  1794.  It  hss 
been  detected  since  in  the  form  of  small  cubes  of  a  copper-red  color,  in  some  of  the  Usst 
furnaces  in  Yorkshire.  According  to  Hassenfratz,  its  presence  in  small  quantify  does 
not  impair  the  malleability  of  iron.  It  is  very  brittle,  so  hard  as  to  scratch  steel,  and 
very  light,  having  a  specific  gravity  of  only  5*3.  It  will  not  melt  in  the  heat  of  aoy  fur- 
nace, nor  dissolve,  when  crystallized,  even  in  nitro-muriatic  acid;  but  only  wbea  in  fine 
powder.  By  calcination  with  niire,it  becomes  oxygenated,  and  forms  titanate  of  poiassiu 
Traces  of  this  metal  may  be  detected  in  many  irons,  both  wrought  and  cast.  The  prin- 
cipal ores  of  titanium  arc  sphene,  common  and  foliated,  rutiky  iaerine,  meaacAam/e,  and  octo" 
hedriie  or  pyramidal  titanium  ore.    None  of  them  has  been  hitherto  applied  to  any  use. 

TOBACCO.  It  is  said  that  the  name  tobacco  was  given  by  the  Spaniards  to  the  plants 
because  it  was  first  observed  by  them  at  Tabasco,  or  Tabaco,  a  province  of  Yocataa  in 
Mexico.  In  1560,  Nicot,  the  French  ambassador  to  Portugal,  having  received  some 
*obacco  from  a  Flemish  merchant,  showed  it,  on  his  arrival  in  Lisbon,  to  the  grand  prior, 
and,  on  his  return  into  France,  to  Catherine  of  Medicis,  whence  It  has  been  called 
Nicotiana  by  the  botanists.  Admiral  Sir  Francis  Drake,  having,  on  his  way  home  from 
the  Spanish  Main  in  1586,  touched  at  Virginia,  and  brought  away  some  forlorn  colonists, 
is  reported  to  have  first  imported  tobacco  into  England.  But,  according  to  Lobel,  this 
plant  was  cultivated  in  Britain  before  the  year  1570 ;  and  was  consumed  by  smoking  in 
pipes  by  Sir  Walter  Raleigh  and  companions,  so  early  as  the  year  1584. 

The  plants  are  hung  up  to  dry  during  four  or  five  weeks ;  taken  down  out  of  the  sbeds 
in  damp  weather,  for  in  dry  they  would  be  apt  to  crumble  into  pieces ;  stratified  In  heaps, 
covered  up,  and  leA  to  sweat  for  a  week  or  two,  according  to  their  quality  and  the  state 
of  the  season ;  during  which  time  they  must  be  examined  frequently,  opened  up,  and 
turned  over,  lest  they  become  tdo  hot,  take  fire,  or  run  into  putrefactive  feimentation. 
This  process  needs  to  be  conducted  by  skilful  and  nttentive  operatives.  An  experienced 
negro  can  form  a  sufficiently  accurate  judgment  of  the  temperature,  by  thrusting  his  band 
down  into  the  heap. 
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The  tobaceo  thus  prepared,  or  oAen  without  fermentation,  is  sent  into  the  market ;  bnt, 
Wfore  beinfi^  sold,  it  most  undergo  the  inspection  of  officers,  appointed  by  the  state  with 
▼ery  liberal  salaries,  who  determine  its  quality,  and  brand  an  appropriate  stamp  upon  its 
casks,  if  it  be  sound ;  but  if  it  be  bad,  it  is  burned. 

Our  respectable  tobaeconistsare  very  careful  to  separate  all  the  damaged  leaves,  before 
they  proceed  to  their  preparation,  which  they  do.  by  spreading  them  in  a  heap  upon  a  stonQ 
pavement,  watering  each  layer  in  succession  with  a  solution  of  sea  salt,  of  spec.  grav.  1*  lOT, 
called  saucBy  till  a  ton  or  more  be  laid ;  and  leaving  their  principles  to  react  on  each  other  for 
three  or  four  days,  according  to  the  temperature,  and  the  nature  of  the  tobacco.  It  is  highly 
probable  that  ammonia  is  the  volatilizing  agent  of  many  odors,  and  especially  of  those 
of  tobacco  and  musk.  If  a  fresh  green  leaf  of  tobacco  be  crushed  between  the  lingers,  it 
emits  merely  the  herbaceous  smell  common  to  many  plants;  but  if  it  be  trituratc^d  in  a 
mortar,  along  with  a  little  quicklime  or  caustic  potash,  it  will  immediately  exhale  the 
peculiar  odor  of  snuif.  Now  analysis  shows  the  presence  of  muriate  of  ammonia  in  this 
plant,  and  fermentation  serves  further  to  generate  free  ammonia  in  it ;  whence,  by  means 
of  this  process,  and  lime,  the  odoriferous  vehicle  is  abundantly  developed.  If,  on  the  other 
hand,  the  excess  of  alkaline  matter  in  the  tobacco  of  the  shops  be  saturated  by  a  mild  dry 
acid,  as  the  tartaric,  its  peculiar  aroma  wUl  entirely  disappear. 

Tobacco  contains  a  great  quantity  of  an  azotized  principle,  which  by  fermentation 
produces  abundance  of  ammonia ;  the  first  portions  of  which  saturate  the  acid  juices  of 
the  plant,  and  the  rest  serve  to  volatilize  its  odorous  principles.  The  salt  xtrater  is  useful 
chiedy  in  moderating  the  fermentation,  and  preventing  it  from  passing  into  the  putre- 
faetive  stage ;  just  as  salt  is  sometimes  added  to  saccharine  worts  in  tropical  countries, 
to  temper  the  fermentative  action.  The  sea  salt,  or  concentrated  sea  water,  which  con- 
tains some  muriate  of  lime,  tends  to  keep  the  tobacco  moist,  and  is  therefore  preferable 
to  pure  chlorkle  of  sodium  for  this  purpose.  Some  tobacconists  mix  molasses  with  the 
salt  sattee,  and  ascribe  to  this  addition  the  violet  color  of  the  macouba  snuff  of  Mar- 
tinique ;  and  others  add  a  solution  of  extract  of  liquorice.  The  following  prescription  is 
that  used  by  a  skilful  manufacturer  : — In  a  solution  of  the  liquorice  juicC)  a  few  figs  are 
to  be  boiled  for  a  couple  of  hours ;  to  the  decoction,  while  hot,  a  few  bruised  anise-seeds 
are  to  be  added,  and  when  cold,  common  salt  to  saturation.  A  little  silent  spirit  of  wine 
being  poured  in,  the  mixture  is  to  be  equably,  but  sparingly,  sprinkled  with  the  rose  of 
a  watering-pot,  over  the  leaves  of  the  tobacco,  as  they  are  successively  stratified  upon  the 
preparation  floor. 

The  fermented  leaves,  being  next  stripped  of  their  middle  ribs  by  the  hands  of  chil- 
dren, are  sorted  anew,  and  the  large  ones  are  set  apart  for  making  cigars.  Most  of  the 
tobaccos  on  sale  in  our  shops  are  mixtures  of  different  growths ;  one  kind  of  smoking 
tobaceo,  for  example,  consists  of  70  parts  of  Maryland,  and  30  of  meager  Virginia ;  and 
one  kind  of  snuff  consists  of  80  parU  of  Virginia,  and  30  parts  of  either  Hnmesfort  or 
Warwick.  The  Maryland  is  a  very  light  tobacco,  in  thin  yellow  leaves;  that  of  Vir- 
ginia is  in  large  brown  leaves,  unctuous  or  somewhat  gluey  on  the  surface,  having  a 
smell  somewhat  like  the  figs  of  Malaga ;  that  of  Havana  is  in  brownish,  light  leaves, 
of  an  agreeable  and  rather  spicy  smell ;  it  forms  the  best  cigars.  The  Carolina  tobaeeo 
is  less  unctuous  than  the  Virginian ;  but  in  the  United  States  it  ranks  next  to  the 
Maryland. 

The  shag  tobacco  is  dried  to  the  proper  point  upon  sheets  of  copper. 

Tobacco  is  cut  into  what  is  called  shag  tobacco  by  knife^ged  chopping  stamps,  a  nuu 
chine  somewhat  similar  to  that  represented  under  MxTAiJ.nROT,y!g.  670.  For  grinding 
the  tobacco  leaves  into  snuff,  conical  mortars  are  employed,  somewhat  like  that  us^  by  the 
Hindoos  for  grinding  sugar-canes,  fig,  1080;  but  the  sides  of  the  snuff-mill  have  sharp 
ridi^es  from  the  top  to  near  the  bottom. 

Mr.  L.  W.  Wright  obtained  a  patent  in  August,  1827,  for  a  tobacco-cutting  machine, 
which  bears  a  close  resemblance  to  the  well-known  machines  with  revolving  knives,  for 
cutting  straw  into  chaff.  The  tobacco,  aAer  being  squeezed  into  cakes,  is  placed  upon  a 
smooth  bed  within  a  horizontal  trough,  and  pressed  by  a  follower  and  screws  to  keep  it 
compact.  These  cakes  are  progressively  advanced  upon  the  bed,  or  fed  in,  to  meet  the 
revolving  blades.  The  speed  of  the  feeding-screw  determines  the  degree  of  fineness  of  the 
sections  or  particles  into  which  the  tobacco  is  cut. 

I  was  employed  some  years  ago  by  the  Excise  to  analyze  a  quantity  of  snuff,  seized 
on  suspicion  of  having  been  adulterated  by  the  manufacturer.  I  found  it  to  be  largely 
drugg«i  with  pearl-ashes,  and  to  be  thereby  rendered  very  pungent,  and  abeorbent  of 
moisture ;  an  economical  method  of  rendering  an  effete  article  at  the  same  time  active  and 

aqueous. 

According  to  the  recent  analysis  of  Possett  and  Reimann,  10,000  parts  of  tobacco* 
leaves  contain  —  6  of  the  peculiar  chemical  principle  nicotim ;  1.  of  nieotianiM ;  287  of 
slightly  bitter  extractive ;  174  of  gum,  mixed  with  a  little  malic  aeid;  26*7  of  a  green 
resin ;  26  of  vegetable  albumen ;   104*8  of  a  snbstanec  anak)gon$  to  glnUn }  61  of 
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malic  acid  ;  12  of  malate  of  ammonia ;  4-8  of  s«l|iiiate  of  potana;  $'9  of  fSUmk  «f 
potassium ;  9-5  of  potaMa,  which  had  been  comhioed  with  malic  and  nitric  adds;  IH 
of  phosphate  of  lime ;  24*2  of  Ume,  which  had  been  combined  with  malic  acid  i  8^8of  slkat 
496*9  of  fibrous  or  ligneous  matter ;  traces  of  starch  ;  and  88'2S  of  wmtcr. 

Nicotine  is  a  transparent  colorless  liquid,  of  an  alkaline  nature.  It  may  be  dif> 
tilled  in  a  retort  plunged  into  a  bath  heated  to  ^^0^  J'ahreoheit.  It  has  a  priddai^ 
burning  taste,  which  is  very  durable;  and  a  pttngent,  disagreeable  smelL  It  bam  bf 
means  of  a  wick,  with  the  diffusion  of  a  vivid  light,  and  much  smoke.  Ik  aty  te 
mixed  with  water  in  all  proportions.  It  is  soluble  also  in  acetic  acid,  oil  of  atanadi, 
alcohol,  and  ether,  but  not  in  oil  of  turpentine.  It  acts  apon  the  animal  ecoaony  vitb 
extreme  violence ;  and  in  the  dose  of  one  drop  it  kills  a  dog.  It  forms  salts  with  tbeaeidi. 
About  one  part  of  it  may  be  obtained  by  very  skilful  ireatment  from  one  thoosaadof  good 
tobacco. 

Tobacco  imported  into  the  United  Kingdom,  viz.  —  nnmaniifactnred,  in  Ii36| 
52,232,907  lbs. ;  in  1837,  27,070,448  Ibf*. ;  —  manufactured,  and  snuff,  ia  1836, 
182,248  lbs. ;  in  1837,  642,287  lbs.  Retained  for  home  consumption,  nnmanafadind, 
in  1836,22,309,021  lbs.;  in  1837,  22,504,343  lbs.;— manufactured,  and  snuff, is  1^ 
159,226  lbs.;  in  1837,  145,045  lbs.  Duly  received,— on  unmanufactured  tobMeo,ia 
1836,  £3,344,703  ;  in  1837,  i:3,375, 125;  on  manufactured  tobacco,  and  snaii;  ia  1836^ 
i7l,560;  in  1837,^65,220. 

TOBAGCO-PIPES.  The  practice  of  smoking  tobacco  has  beoome  so  geaeitl  ii 
many  nations  as  to  render  the  manufacture  of  tobacco-pipes  a  oonsidenible  bmnch  tf 
industry.  Some  seek  in  the  inhalation  of  tobacco-smoke  a  pleasurable  narootisa;  olboi 
imagine  it  to  be  beneficial  to  their  health ;  but,  in  general,  smoking  is  merely  a  dimny 
resource  against  ennui,  which  ere  long  becomes  an  indispensable  stimalas.  Tte 
filthiness  of  this  habit,  the  offensive  odor  which  persons  under  its  infloenceemitihai  (bdr 
mouths  and  clothes,  the  stupor  it  too  oO«n  occasions,  as  well  as  the  sallow  complaiM) 
black  or  carious  teeth,  and  impaired  digestion,  all  prove  the  great  consumptiiHiof  tobaoes 
to  be  akin  in  evil  influence  upon  mankind  to  the  uae  of  ardent  spirits. 

Tobacco-pipes  are  made  of  a  fine<grained  plastic  white  clay,  to  which  they  hanpvei 
the  name.  It  is  worked  with  water  into  a  thin  paste,  which  is  allowed  to  settle  ia  pl>» 
or  it  may  be  passed  through  a  sieve,  to  separate  the  sihciens  or  other  stony  impanlaesi 
the  water  is  afterwards  evaporated  till  the  clay  becomes  of  a  doughy  eonsastenct,  wks 
it  must  be  well  kneaded  to  make  it  uniform.  Pipe-clay  is  found  chiefly  in  the  ide  of 
Purbeck  and  Dorsetshire.  It  is  distinguished  by  its  perfectly  white  color,  and  iU  great 
adhesbn  to  the  tongue  after  it  is  baked ;  owing  to  the  large  proportion  of  alnmiaa^ucih 
it  contains. 

A  child  fashions  a  ball  of  clay  from  the  heap,  rolls  it  out  into  a  slender  cylinder  apoa 
a  plank,  with  the  palms  of  his  hands,  in  order  to  form  the  stem  of  the  pipe.  He  stkb 
a  small  lump  to  the  end  of  the  cylinder  for  forming  the  bowl ;  which  having  doBe,k 
lays  the  pieces  aside  for  a  day  or  two,  to  get  more  consistence.  In  proportioD  as  ke 
makes  these  rough  figures,  he  arranges  them  by  dosens  on  a  board,  and  hands  them  tolte 
pipemaker. 

The  pipe  is  finished  by  means  of  a  folding  brass  or  iron  mould,  channelled  inside  of  tk 
shape  of  the  stem  and  the  bowl,  and  capable  of  being  opened  at  the  two  ends.  It  iiibmed 
of  two  pieces,  each  hollowed  out  like  a  half-pipe,  cut  as  it  were  lengthwise ;  aadtbesetvo 
jaws,  when  brought  together,  constitute  the  exact  space  for  making  one  pipe.  There  iR 
small  pins  in  one  side  of  the  mould,  corresponding  to  holes  in  the  other,  which  serve  is  giuda 
for  applyinic  the  two  together  with  precision. 

The  workman  takes  a  long  iron  wire,  with  its  end  oiled,  and  pushes  it  tbroogk  tbe 
soft  clay  in  the  direction  of  the  stem,  to  form  the  bore,  and  he  directs  the  wire  byMng 
with  his  left  hand  the  progress  of  its  point.  He  lays  the  pipe  in  the  groove  cf  on<<f 
the  jaws  of  the  mould,  with  the  wire  sticking  in  it ;  applies  the  other  jaw,  brings  tkea 
smartly  together,  and  unites  them  by  a  clamp  or  vice,  which  produces  the  eitenml 
form,  A  levier  is  now  brought  down,  which  presses  an  oiled  stopper  into  the  bowl  of 
the  pipe,  while  it  is  in  the  mould,  forcing  it  sufiSciently  down  to  form  the  cavity;  ibe 
wire  being  meanwhile  thrust  backwards  and  forwards  so  as  to  pierce  the  tube  completely 
through.  The  wire  must  become  visible  at  the  bottom  of  the  bowl,  otherwise  tl^  pipe 
will  be  imperfect.  The  wire  is  now  withdrawn,  the  jaws  of  the  mould  opened,  the  pipe 
taken  out,  and  the  redundant  clay  removed  with  a  knife.  After  dryii^  for  a  day  or 
two,  the  pipes  are  scraped,  polished  with  a  piece  of  hard  wood,  and  the  stems  beiur  beat 
into  the  desired  form,  they  are  carried  to  the  baking  kiln,  which  is  capable  of  fiiiag  fifty 
gross  in  fVom  8  to  12  hours.  A  workman  and  a  child  can  easily  make  five  grasi  of  pipes 
In  a  day. 

No  tobacco-pipes  are  so  highly  prised  as  those  made  in  Natolia,  in  Toikey,  oat  of 
meerschaum,  a  somewhat  plastic  magnesian  stone,  of  a  soft  greasy  feel,  which  is  formed 
into  pipes  after  having  beea  soAened  with  water.    It  becomes  white  and  haid  in  the  kihi. 


TODDY  Vm 

A  Uitaeeo-pine  kfla  ibtmld  diffiue  ui  equtl  h««t  U  areiT  part  of  iu  interior,  irhilo 
It  eidudes  (tie  Mulie  oT  llie  fire.  Tbe  cnicible,  or  Urge  MSger,  a,  A,figi.  1155  nnd 
1I6S,  ii  R  eyiinder,  eorered  in  with  •  dome.  It  is  placed 
over  the  fireplace  b,  and  eneloaed  within  «  rumace  oT  ordinary 
brieliworif  d,  d,  lined  with  fire-bricks  e,  b.  Between  thii  lininii 
and  the  ejlioder,  a  space  of  about  4  inches  all  round  h  Icit 
Tor  Ibe  eirenlaiiaa  of  the  dame.  There  are  12  supports  or 
ribe  belweea  the  crliader  and  the  ftaiace  lining,  which  form 
to  manjr  flues,  indicated  by  the  doited  tinea  x,\afig.  1156 
(the  dotted  circle  representing  Ihe  cflinder).  These  ribs  are 
peifiirated  with  oeeHSiontd  aperturee,  as  showQ  ia  fig.  1155, 
for  the  pnipote  ofconnecUn;  ihe  Bdjoinin^  flues  ;  but  the  maia 
im  bearing  of  the  hollow  cylinder  is  given 

bj  five  piers,  b,  b,  c,  foiined  of  bridis 
projeeling  over  and  beyond  each  other. 
One  of  these  piers  c,  is  placed  at  Ihe 
back  of  tbe  fireplace,  and  the  other  fotu 
at  the  »ides  b,  b.  These  project  nearly 
into  the  centre,  in  order  to  support  and 
strengthen  Ihe  bottom )  while  the  fluei 
paM  up  between  them,  unite  al  Ihe  top 
of  the  cylinder  in  the  dome  l,  and  dis? 
charge  the  smolie  by  the  chimnej  n, 

The  lining  r,  ■,  i,  of  the  chimney  il 

open  on  one  side  to  form  the  door,  by  which  tbe  cylinder  is  charged  and  dischar^wL 
The  opening  is  permanently  closed  as  highai  k,fig.  1155,  by  an  iron  pUte  plastered  over 
with  fireclay ;  abore  this  it  is  led  open,  and  shut  merely  with  temporary  brick-work 
while  the  furnace  is  tfoint:.  When  this  is  removed,  the  funiaee  can  be  filled  or  emptied 
through  the  opening,  tbe  cylindric  craeible  having  a  oorrespoodent  aperture  in  iu  side, 
which  19  eloaed  in  the  rollowiut  inseniou  way,  while  the  furnace  is  in  action.  Ths 
workman  Qrjt  spreads  a  biyer  of  clay  raond  the  edge  of  Ihe  opening,  he  then  sticks  the 
Items  of  broken  pipes  across  fton  one  side  to  the  other,  and  plasters  up  the  interstices 
with  clay,  exactly  like  the  lalh-and-plasler  work  of  a  ceiling.  The  whole  of  the  cylinder, 
indeed,  is  conslmeled  in  this  manner,  the  bollom  t>eing  composed  of  a  great  many 
fiaiments  of  pipe  stems,  radiating  (o  the  eenlre;  these  are  coated  at  the  circumfereaee 
with  a  layer  of  elay.  A  number  oF  bowls  of  brokeq  pipes  are  inserted  in  the  clay ;  in 
Ihew  other  fragments  are  placed  aprighl,  to  form  tbe,sides  of  the  cylinder.  The  ritia 
roand  ihe  outside,  which  form  the  Sues,  are  made  in  the  same  way,  as  well  as  the  dome 
L ;  by  which  means  the  cylindric  case  may  be  made  very  ilrong,  and  yet  so  thin  **  to 
require  little  clay  in  Ihe  hoilding,  a  modeiale  fire  lo  heat  il,  while  il  is  not  apt  to  split 
asunder.  The  pipes  are  arranged  within,  as  shown  in  the  figure,  with  their  bowls  reM- 
ing  agatnsl  Iheeircumference,  and  their  ends  supported  oneircular  pieces  of  clay  r,  which 
are  set  up  in  Ihe  centre  for  that  purpose.  Six  small  ribs  are  made  to  projecl  inwards  all 
rsvod  the  crucible,  at  the  proper  heights,  lo  aapport  the  different  ranges  of  pipei,  wilhoat 
harin^  so  many  resting  on  each  other  as  to  endanger  their  twing  crnshed  by  the  weighL 
By  this  mode  of  dislribalion,  the  furnace  may  contain  50  gross,  or  T200  pipes,  all  b^ed 
within  8  or  9  honrs;  tbe  fire  being  gradually  raised,  or  damped  if  occasion  l>e,  by  a  plate 
partially  slid  over  itae  chimney  top, 

TODDY,  Sura,  JV(«-ra,  sweel  juice. — The  proprietors  of  eocoa-nnl  plantations  in 
the  peninsula  of  India,  and  in  Ihe  Island  of  Ceylon,  instead  of  colleclinz  a  crop  of  nals, 
frequently  reap  the  produce  of  tha  trees  by  eilracting  sweel  juice  from  the  flower- 
stalk.  When  the  flowering  branch  is  half  shot,  the  toddy-drawer*  bind  tbe  slock  round 
with  a  yonng  coeoa-nul  leaf  in  several  places,  and  beat  the  spadii  with  a  short  baton  of 
ebooy.  This  beating  is  repealed  daily  for  leo  or  twelve  days,  and  alwat  ihe  end  of  that 
porud  a  portion  of  Ihe  fiower-slalk  is  cut  off.  The  stnmp  then  begins  lo  bleed,  and  aa 
earthen  vessel  (chatty)  or  a  ealabath  is  suspended  under  it,  to  receive  the  juice,  which 
is  by  Ihe  Europeans  called  loddy. 

A  Ihin  slice  is  taken  from  Ihe  stomp  daily,  and  the  toddy  is  removed  twice  a  day, 
A  cocoo-nul  frequently  pushes  out  a  new  ipo^iz  once  smooth;  and  aner.eaeh  spadix 
begins  to  bleed,  il  continues  to  produce  freely  for  a  month,  by  which  time  another  ia 
ready  to  sopply  its  place.  The  old  spadix  continues  lo  give  a  little  juice  for  aooiher 
monlh,  aAer  which  il  wilhera;  so  that  t>.:re  are  sometimes  Iwo  pots  attached  to  a  tree 
at  one  lime,  but  never  more.  Each  of  these  spadices,  if  allowed  lo  grow,  would  pro- 
duce a  bonch  of  nuts  from  two  to  twenty.  Trees  in  a  good  soil  produce  twelve 
banches  in  Ihe  year;  bat  when  less  favorably  silualed,  they  often  do  nol  give  more 
than  eix  bunches.  The  quantity  of  six  English  pinu  of  toddy  it  tMoetime*  yielded  br 
■  tree  daily. 


I 


1264  TRIPOLI. 

Toddy  is  much  in  demand  as  a  beverage  in  the  neighborhood  o€  viUagea,  especially 
where  European  troops  are  stationed.  When  it  is  drunk  before  sunrise,  it  is  a  eool,  d^ 
Hcious,  and  particularly  wholesome  beverage ;  but  by  eight  or  nine  o'clock  fenncBtatioB 
has  made  some  progress,  and  it  is  then  highly  intoxicating.* 

TOLU,  is  a  brownish-red  balsam,  extracted  from  the  stem  of  the  Myroxilon  tdniferum, 
a  tree  which  grows  in  South  America.  It  is  composed  of  resin,  oil,  and  benzoic  acid. 
Raving  an  agreeable  odor,  it  is  sometimes  used  in  perfumery.  It  has  a  place  in  the 
Materia  Medica,  but  for  what  good  reason  I  know  not. 

TOMBAC,  is  a  white  alloy  of  copper. 

TONKA  BEAN,  the  fniit  of  the  Dipterix  odorata,  afibrds  a  concrete  crystaUine  vnb. 
tile  oil  (sfearopUfu),  called  eoumarvM  by  the  French.  It  is  extracted  by  digesdoa 
with  alcohol,  which  dissolves  the  stearoptdne,  and  leaves  a  fat  oil.  It  has  an  atre&> 
Able  smell,  and  a  warm  taste.  It  is  fusible  at  122°  Fahrenheit,  and  volatile  at  h^ber 
heats# 

TOPAZ.    See  Lapidakt. 

TORTOISE-SHELL,  or  rather  scales,  a  homy  substance,  that  covers  the  bard 
covering  of  a  bony  contexture,  which  encloses  the  Teatudo  iTnbrienta,  Linn.  The 
Ise  or  plates  of  this  tortoise  are  13  in  number,  and  may  be  readily  separated  from  the  bony 
part  by  placing  fire  beneath  the  shell,  whereby  they  start  asunder.  They  vary  in  thick- 
ness from  one  eighth  to  one  quarter  of  an  inch,  according  to  the  age  and  size  of  the  am- 
mal,  and  weigh  from  5  to  25  pounds.  The  larger  the  animal,  the  belter  is  the  sbelL 
This  substance  may  be  softened  by  the  heat  of  boiling  water ;  and  if  compressed  in  this 
state  by  screws  in  iron  or  brass  moulds,  it  may  be  bent  into  any  shape.  The  moaUi 
being  then  plunged  in  cold  water,  the  shell  becomes  fixed  in  the  form  imparted  by  the 
mould.  If  the  turnings  or  filings  of  tortoise-shell  be  subjected  skilfully  to  snnadaally  in- 
creased compression  between  moulds  immersed  in  boiling  water,  compact  objects  of  any 
desired  ornamental  figure  or  device  may  be  produced.  The  soldering  of  two  pieces  of 
scale  is  easily  efl^ected,  by  placing  their  edges  together,  after  they  are  nicely  filed  to  one 
bevel,  and  then  squeezing  them  strongly  between  the  long  flat  jaws  of  hot  iron  pincen^ 
made  somewhat  like  a  hairdresser's  curling-tongs.  The  pincers  should  be  strong,  Ifcidk, 
and  just  hot  enough  to  brown  paper  slightly,  without  burning  it.  They  may  be  soldered 
also  by  the  heat  of  boiling  water,  applied  along  with  skilful  pressure.  But  in  whatefer 
way  this  process  is  attempted,  the  surfaces  to  be  united  should  be  made  tctv  smooli, 
level,  and  clean ;  the  least  foulness,  even  the  touch  of  the  finger,  or  breathing  upon  then, 
would  prevent  their  coalescence.    See  Hobn. 

TOUCH-NEEDLES,  and  TOUCH-STONE,  are  means  of  aseertaining  the  qoalilyor 
gold  trinkets.    See  Assay. 

TOW.    See  Plax. 

TRA6ACANTH,  GUM.  {Gomme  adracant€,  Fr. ;  Traganih  Genn.)     See  Gnr. 

TRAVERTfNO.    See  Tufa. 

TREACLE,  is  the  viscid  brown  unerystaHixable  simp  which  drains  from  the  sagar-i»> 
lining  moulds.  Its  specific  gravity  is  generally  1*4,  and  it  contains  upon  an  averace  75 
per  cent,  of  solid  matter,  by  my  experiments. 

TRIPOLI  {Terre  pourrie,  Fr. ;  Tripel,  Germ.),  rotten-stone,  is  a  mineral  of  n 
earthy  fracture,  a  yellowish-gray  or  white  color,  composition  impalpably  fine,  neager 
to  the  touch,  does  not  adhere  to  the  tongue,  and  bums  white.  Its  anakirae,  the 
PotUrschUfer,  occurs  in  thin  fiat  foliated  pieces,  of  the  above  colors,  occasionally  striped; 
soft,  absorbent  of  water;  spec.  grav.  1*9  to  2*2. 

M.  Ehrenberg  has  shown  that  both  of  these  friable  homogeneous  rocks,  which  consist 
almost  entirely  of  silica,  are  actually  composed  of  the  exuviae  or  rather  the  skelefoas  of 
inftisoria  (animalcula)  of  the  family  of  BarcUlaricBj  and  the  genera  Cocooaema, 
Itc.  They  are  recognised  with  such  distinctness  in  the  microscope,  that  their 
with  living  species  may  be  readily  traced ;  and  in  many  cases  there  are  no  a] 
differences  between  the  living  and  the  petrified.  The  species  are  distingnished  by  the 
namber  of  partitions  or  transverse  lines  upon  their  bodies.    The  length  is  about .  L^  ef  a 

line.     M.  Ehrenberg  made  his  observations  upon  the  tripolis  of  Billen  in  Bohemn,  of 
Santafiora  in  Tuscany,  of  the  Isle  of  France,  and  of  Francisbad,  near  Eger. 

The  meadow  iron  ore  {Fer  limoneux  des  maraia)  is  composed  almost  wholly  of  the 
OaelloryJla  foruginea.    Most  of  these  infusoria  are  lacustrine ;  but  others  are 
particularly  the  tripolis  of  the  Isle  of  France. 

According  to  the  chemical  analysis  of  Bucholz,  tripoH  consists  of-— siliea,  81 ; 
1-5;  oxyde  oC  iron,  8 ;  sulphuric  acid,  3*45 ;  water,  4-55.  This  specimen  was  probably 
found  in  a  coal-field.  The  tripoli  of  Corfu  is  reckoned  the  best  for  scouring  or  hr^htoi- 
'ng  brajss  and  other  metals.    Mr.  Phillips  found  in  the  Derbyshire  rotten^stooe  (i 
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BtikeweU),  86  of  alamiaa,  4  of  silica,  and  10  of  earbon — being  a  remarkable  differenee 
in  composition  from  the  Bohemian. 

TUFA,  or  TUF,  is  a  gray  depbsite  of  calcareous  carbonate,  from  springs  and  streams. 

TULA  METAXi,  is  an  alloy  of  silver,  copper,  and  lead. 

TUNGSTEN  ^Eng.  and  Fr% ;  Wolfram^  Germ.),  is  a  peculiar  metal,  which  occurs  in 
the  state  of  an  acid  (the  t%ngttic\  combined  with  various  bases,  as  with  lime,  the  Oxydes 
of  iron,  manganese,  and  lead.  The  metal  is  obtained  by  reduction  of  the  ore,  or  the  d»- 
oxydizement  of  the  add,  in  the  form  of  a  dark  steel-gray  powder,  which  assumes  ander 
the  burnisher  a  feeble  metallic  lustre.    Itf  specific  gravity  is  17*22. 

TURBITH  MINERAL,  is  the  yellow  sabsnlphate  of  mercury. 

TURF  (Pea/,  Scotch;  Tonrbe,  Fr.;  Torf,  Germ.),  consists  of  vegetable  matter,  chiefly 
of  the  moss  family,  in  a  state  of  partial  decomposition  by  the  action  of  >  water.  Out, 
during  summer,  into  brick-shaped  pieces,  and  dried,  it  is  extensively  used  as  Aiel  by- the 
peasantry  in  every  region  where  it  abounds.  The  dense  black  turf,  which  forms  the  lower 
stratum  of  a  peat-moss,  is  much  contaminated  with  iron,  sulphur,  sand,  ^.,  while 
the  lighter  turf  of  the  upper  strata,  though  nearly  pure  vegetable  matter,  is  too  bulky  for 
transportation,  and  too  porous  for  factory  fuel.  These  defects  have  been  happily 
removed  by  Mr.  Williams,  managing  director  of  the  Dublin  Steam  Navigation  Company, 
who  has  recently  obtained  a  patent  for  a  method  of  converting  the  lightest  and  purest 
beds  of  peat-moss,  or  bog,  into  the  four  following  products :  1.  A  brown  combustible 
solid,  denser  than  oak;  -2.  A  charcoal,  twice  as  compact  as  that  of  hardwood;  3.  A 
factitious  coal ;  and  4.  A  factitious  coke ;  each  of  which  possesses  very  valuable  pixh 
perties. 

Mr.  D'Ernst,  artificer  of  fire-works  to  Vanxhall,  has  proved,  by  the  severe  test  of  co- 
lored fires,  that  the  turf  charcoal  of  Mr.  Williams  is  20  per  cent,  more  combustible  than 
that  of  oak.  Mr.  Oldham,  engineer  of  the  Bank  of  England,  has  applied  it  in  softening 
his  steel  plates  and  dies,  with  remarkable  success.  But  one  of  the  most  important  results 
of  Mr.  Williams's  invention  is,  that  with  iO  cwts.  of  pitcoal,  and  2^  cwts.  of  his  factitious 
coal,  the  same  steam  power  is  now  obtained,  in  navigating  the  Company's  ships,  as  with 
17)  cwts.  of  pitcoal  alone ;  thereby  saving  30  per  cent,  in  the  stowage  of  fuel.  What  a 
prospect  is  thus  opened  up  of  turning  to  admirable  account  the  unprofitable  bogs  of  Ire- 
land ;  and  of  producing,  from  their  inexhaustible  stores,  a  superior  fuel  for  every  purpose 
of  arts  and  engineering  t 

The  turf  is  treated  as  follows :— Immediately  aAer  being  dug,  it  is  triturated  under  re- 
volving edge- wheels,  faced  with  iron  plates  perforated  all  over  their  surface,  and  is  for- 
ced by  the  pressure  through  these  apertures,  till  it  becomes  a  species  of  pap,  which  is 
freed  from  the  greater  part  of  its  moisture  by  squeezing  in  a  hydraulic  press  between 
layers  of  caya  cloth,  then  dried,  and  coked  in  suitable  ovens. — (See  Chakcoal,  and  Pit- 
coal, COKING  or.)  Mr.  Williams  makes  his  factitious  coal  by  incorporating  with  pitch 
or  rosin,  melted  in  a  caldron,  as  much  of  the  above  charcoal,  ground  to  powder,  as  will 
fonn  a  doughy  mass,  which  is  moulded  into  brieks  in  its  hot  and  plastic  state.  From  the 
experiments  of  M.  Le  Sage,  detailed  in  the  5th  volume  of  «The  Repertory  of  Arts,^ 
charred  ordinary  turf  seems  to  be  capable  of  producing  a  far  more  intense  beat  than  com- 
mon charcoal.  It  has  been  found  preferable  to  all  other  fuel  for  case-hardening  iron, 
tempering  steel,  forsring  horse-shoes,  and  welding  gun-barrels.  Since  turf  is  partially 
carbonized  in  its  native  state,  when  it  is  condensed  by  the  hydraulic  press,  and  fully  char- 
red, it  must  evidently  afibrd  a  charcoal  very  superior  in  calorific  power  to  the  porous  sub> 
stance  generated  from  wood  by  fire. 

TURKEY  RED,  is  a  brilliant  dye  produced  on  cotton  goods  by  Maodsr. 

TURMKRIC,  Curciimay  Terra  nurita,  (Souchet,  or  Safran  des  InieSy  Fr. ;  Oe&vmrzd^ 
Germ.),  is  the  root  of  the  Curcuma  hm^a  and  rotunda,  a  plant  which  grows  in  the  East 
Indies,  where  it  is  much  employed  in  dyeing  yellow,  as  also  as  a  condiment  in  curry  sauee- 
or  powder.  The  root  is  knotty,  tubercular,  oblong,  and  wrinkled ;  pale-yellow  without . 
and  brown^ellow  within ;  of  a  peculiar  smell,  a  taste  bitterish  and  somewhat  spicy.  It 
contains  a  peculiar  yellow  principle,  called  c»rrttmmc,  a  brown  coloring-matter,  a  volatile 
oil,  starch,  &c.  The  yellow  tint  of  turmeric  is  changed  to  brown-red  by  aUcalis,  alka- 
line earths,  subacetate  of  lead,  and  several  metallic  oxydes ;  for  which  reason,  pap«r 
stained  with  it  is  employed  as  a  chemical  test. 

Turmeric  is  employed  by  the  wool-dyers  for  compound  colors  which  require  an  adtniJB» 
tare  of  yellow,  as  for  cheap  browns  and  olives.  As  a  yellow  dye,  it  is  employed*  only 
upon  silk.  It  is  a  very  fugitive  color.  A  yellow  lake  may  be  made  by  boiling  tur- 
meric powder  with  a  solution  of  alum,  and  pouring  the  filtered  decoction  upon  poindM 
chalk. 
TmNSOLE.  See  Archil  and  Litmus. 
TURQUOIS.    See  Lapidary. 

TURPENTINE  (TerMi/Ains,  Fr. ;  Terpmiihhiy  Gcim.),  is  a  sabttuioe  whUi.  fltm. 
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•sat  of  incisUms  made  it  the  stemi  of  leveral  species  of  pines.    It  has  the 

gray-yellow  color  of  hooey.    It  has  a  smell  which  is  not  disagreeable  to  many 

.warm^  sharp,  bitterish  taste ;  dries  into  a  solid  in  the  air,  with  the  eYaporatioa  of  its 

volatile  oil.    It  becomes  quite  fluid  at  a  moderate  elevation  of  temperature,  and  bnBB  at 

«  higher  heat,  with  a  bright  but  a  very  fuliginous  flame.  oTtoere  are  screrml 

of  tnrpentine.  i 

1.  Comnum  ^urpen/inc,  is  extracted  firom  incisions  in  the  Pimu  abut  and  Pimm 
trU,\,  It  has  little  smell ;  but  a  bitter  burning  taste.    It  c<msists  of  the  Tolatile  oil  of  tn^ 
pentine  to  the  amount  of  from  5  to  25  per  cent,  j  and  of  rosin  or  colophony^ 

2.  Venice  turpeniiney  is  extracted  from  the  Pimu  larix  (larch),  and  the  Frenck  tuipca- 
tine  from  the  PiaiM  mariiima.  The  first  comes  from  Styrta,  Hungary,  the  Tyrol,  and 
&prl(zerland,  and  contains  from  18  to  25  per  cent,  of  oil ;  ihe  second,  fron  Ibe  smitli  cf 
France,  and  contains  no  more  than  12  per  cent,  of  oil.  The  oil  of  all  the  tarpeatines  is 
extracted  by  distilling  them  along  with  water.  They  dissolve  in  all  proportiona  in  aleohol, 
without  leaving  any  residuum.  They  also  combine  with  alkaline  leys,  and  in  gcscia] 
with  the  salifiable  bases.    Venice  turpentine  contains  also  succinic- aeid. 

3.  Turpentine  of  Strasbourg  is  extracted  from  the  Pimu  picea  and  jSbu9  exteitm.     It 
affords  33*5  per  cent,  of  volatile  oil,  and  some  volatile  or  crystallizable  resin, 
^tractive  matter  and  succinic  acid. 

4.  Turpentine  of  the  Carpathian  mountains,  and  of  Hungary ;  the  first  of  which 
firom  the  Ptnttf  eembroy  and  the  second  from  the  Pimue  ntago*.    They  leaeoible  that  of 
Strasbourg. 

5.  Turpentine  of  Canada,  called  Canada  balsam,  is  extracted  from  the  Pimm*  ewaa 
dmm  and  baUamea,    Its  onell  is  much  more  agreeable  than  that  of  the  pveeeding  spe- 
eiea. 

.  6.  Turpentine  of  Cyprus  or  Chio,  is  extracted  from  the  PiUaeta  UrAvdhnu^  It  has  a 
yellow,  greenish,  or  blue*green  color.  Its  smell  is  more  agreeable,  and  taaite  lets  acdd, 
than  thoae  of  the  preceding  sorts* 

Common  tnrpentine  imported  into  the  United  Kingdom,  in  1836,  370,981  cwts.  1  qr. 
^Ibs.;  in  1837,  415,023  cwts.  1  qr.  10  lbs.  Retained  for  home  eonsno&iition,  la  1836, 
841,603  cwu.  18  lbs. ;  in  1837,  405,772  cwts.  2  qrs.  14  Iba.  Duty  received,  ia  183^ 
^74,052;  in  1837,  ^87,918. 

TURPENTINE,  OIL  OF,  sometimes  called  essence  of  turpentine.  As  found  in  eoa- 
merc^,  it  contains  more  or  less  rosin,  from  which  it  n^ay  be  freed  by  re-distillatioB  ahiag 
with  water.  It  is  colorless^  limpid,  very  fluid,  and  possessed  of  a  very  peculiftr  smelL  Iti 
specific  gravity,  when  pure,  is  0*870 ;  that  of  the  oil  commonly  sold  in  London,  b  0*875. 
It  always  reddens  litmus  paper,  from  containing  a  little  succinic  add.  According  to  Op- 
pennann,  the  oil  which  has  been  repeatedly  rectified  over  chloride  of  calciiun,  consists  af 
84*60  carbon,  U*735  hydrogen,  and  3-67  oxygen.  When  oil  of  turpentine 
little  alcohol,  it  bums  with  a  cWr  flame ;  but  otherwise  it  aflfords  a  very  smoky 
Chlorine  inflames  this  oil ;  and  luuriatic  aeid  converts  it  into  a  crystalliBe 
Uke  camphor.  It  is  employed  extensively  in  varnishes,  paints,  ^.,  as  also  in 
^  TUTENA6,  is  an  alloy  of  copper  and  zinc. 
TYPE,  (Caractire,  Fr. ;  Dmckbuekstabe,  Germ.)  The  first  care  of  the  letter-cotter  is 
to  prepaid  well-tempered  steel  punches,  upon  vrhich  he  draws  or  marks  the  exact  shape 

of  the  letter,  with  pen  and  ink  if  it  be  large,  bat  with  n 
smooth  blunted  point  of  a  needle  if  it  be  small ;  and  then, 
with  a  proper  sized  and  shaped  graver  and  scvlpior,  he  dig^ 
or  scoops  out  the  metal  between  the  strokes  vpon  the  Iheeot 
the  punch,  leaving  the  marks  untouched  and  promlneBL  Hs 
next  works  the  outside  with  files  till  it  be  fit  for  the  ssatrii. 
Punches  are  also  made  by  hammering  down  the  holkrw^ 
filing  up  the  edges,  and  then  hardening  the  soil  slecL  B^ 
fore  he  proceeds  to  sink  and  justify  the  matrix,  he  providetn 
moald  to  justify  them  by,  of  which  a  good  figure  is  shown  In 
phUe  XV.,  MisceUmnifyfige,  2, 3,  ofRms's  Cydopmdim. 

A  matrix  is  a  piece  cf  brass  or  copper,  abont  an  inch  and 
a  half  long,  and  thick  in  proportion  to  the  sine  of  the  teller 
whieh  it  is  to  contain.  In  this  metal  the  face  of  the  kttcc 
intended  to  be  cast  is  sunk,  by  striking  it  with  the  poacdl  !• 
a  depth  of  about  one  eighth  of  an  inch.  The  miaU^  /igm 
.  1157,  in  which  the  types  are  cast,  is  composed  of  two  parts. 
The  outer  part  is  made  of  wood,  the  inner  of  steeL  At  thtt 
top  it  has  a  hoppo'-mouth  a,  into  which  the  toed  type-metal 
is  poured.  The  interior  cavity  is  as  uniform  as  if  H 
been  hollowed  oat  of  a  angle  piece  of  timAi 
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balf,  wh.ch  forms  two  of  the  four  sides  of  the  letter,  is  exactly  fitted  to  the  other.  The 
matrix  is  placed  at  the  bottom  of  the  mould,  directly  under  the  centre  of  the  orifice,  and 
is  held  ia  its  position  by  a  spring  b.  Every  letter  that  is  cast  can  be  loosened  from  the 
matrix  only  by  removing  the  pressure  on  the  spring. 

A  good  type-foandry  is  always  provided  with  several  fbrnaeesy  each  sarmonnCed  with 
an  iron  pot  containing  the  melted  alloy,  of  3  parts  of  lead  and  I  of  antinmiy.  lato  this 
pot  the  founder  dips  the  very  small  iron  ladle,  to  lift  merely  as  maeh  metal  as  will  cast  a 
single  letter  at  a  time.  Having  poured  in  the  metal  with  his  right  hand,  and  returned  tht 
ladle  to  the  melting-pot,  the  founder  throws  up  his  leA  hand,  which  holds  the  monld, 
above  his  head,  with  a  sudden  jerk,  supporting  it  with  his  right  hand.  It  is  this  nowe^ 
meat  which  forces  the  metal  into  all  the  interstices  of  the  matrix ;  for  without  it,  the 
metal,  especially  in  the  smaller  moulds,  would  not  be  able  to  expel  the  air  and  reach  th« 
bottom.  The  pouring  in  the  metal,  ihe  throwing  up  the  mould,  the  unciosing  it,  removing 
the  pressure  of  the  spring,  picking  oiii  the  cast  letter,  closing  the  mould  again,  and  re- 
applying the  spring  to  be  ready  for  a  new  operation,  are  all  performed  with  such' astonish* 
ing  rapidity  and  precision,  that  a  skilful  workman  will  turn  out  Art  hundred  good  lettem 
in  an  hour,  being  at  the  rate  of  one  every  eighth  part  of  a  minute.  A  considerable  piece 
of  metal  remains  attached  to  the  end  of  the  type  as  il  quits  the  mould.  There  are  nicks 
upon  the  lower  edge  of  the  types,  to  enable  the  compositor  to  place  them  upright,  without 
looking  at  them. 

From  the  table  of  the  ctuter^  the  heap  of  types  turned  out  of  his  mould,  is  transferred 
from  time  to  time  to  another  table,  by  a  boy,  whose  business  it  is  to  break  off  the  super- 
fluous metal,  and  that  he  does  so  rapidly  as  to  clear  from  2000  to  5000  types  in  an  houri 
a  very  remarkable  despatch,  since  he  must  seize  them  by  their  edges,  and  not  by  their 
feeble  flat  sides.  From  the  breaking-ofi*  boy,  the  types  are  taken  to  the  ruMer,  a  man 
who  sits  in  the  centre  of  the  workshop  with  a  grit-stone  slab  on  a  table  before  him,  and 
having  on  the  fore  and  middle  finger  of  his  right  hand  a  piece  of  tarred  leather,  passes 
each  broad  side  of  the  type  smartly  over  the  stone,  turning  it  in  the  movement,  and  that 
ID  dexterously,  as  to  be  able  to  rub  2000  types  in  an  hour. 

From  the  rubber,  the  types  are  conveyed  to  a  boy,  who,  with  equal  rapidity,  sets  them 
up  in  lines,  in  a  long  shallow  frame,  with  their  faces  uppermost  and  nicks  outwards. 
This  frame,  containing  a  full  line,  is  put  into  the  dresser's  hands,  who  polishes  them  on 
each  side,  and  turning  them  with  their  laces  downwards,  cuts  a  groove  or  channel  in 
their  bottom,  to  make  them  stand  steadily  on  end.  It  is  essential  that  each  letter  be  per- 
Isctly  symmetrical  and  square;  the  least  inequality  of  their  length  wouM  prevent  them 
from  making  a  fair  impression ;  and  were  there  the  least  obliquity  in  their  sidefs  it  wauid 
be  quite  impossible,  when  200,000  single  letters  are  combined,  as  in  one  side  of  the  Ttmet 
newspaper,  that  they  could  hokl  together  as  they  require  to  do,  when  wedged  up  in  the 
chases,  as  securely  as  if  that  side  of  type  formed  a  solid  plate  of  metal.  Each  letter  is  finally 
tjed  up  in  lines  of  convenient  length,  the  proportionate  numbers  of  each  variety,  smaU 
letters,  points,  large  capitals,  small  capitals,  and  figures,  being  selected,  when  the  fount 
of  type  is  ready  for  delivery  to  the  printer. 

The  siyea  of  types  cast  in  this  country  vary  from  the  smallest,  called  diamond,  of  which 
205  lues  are  contained  in  a  foot  length,  to  those  letters  employed  in  placards,  of  which  a 
angle  letter  may  be  three  or  four  inches  high.  The  names  of  the  different  letters  and 
their  dimensions^  or  the  number  of  lines  which  each  occupies  in  a  foot,  are  stated- in  the 
folbwing  table :— 


Double  Pica,     - 

-    4li 

Small  Pica,    - 

-      83 

Nonpareil,    • 

.    143 

Paragon, 

44| 

Long  Primer, 

89 

Agate, 

166 

Great  Primer,    - 

-    51i 

Bourgeois, 

-    102i 

Pearl,  - 

-    178 

English, 

64 

Brevier, 

1121 

Diamond,  - 

205 

Pica,         -       . 

-    71i 

Minion, 

-    128 

T.  Aspukwall,  Esq.;  the  American  Consul,  obtained,  in  May,  18S8,  a  patent  for  an  tm^ 
proved  method  of  casting  printing  types  by  means  of  a  mechanical  process,  being  a  eons* 
mnnieation  from  a  foreigner  residing  abroad.  The  machine  is  described,  with  six  expkk 
■atory  figures,  in  the  second  series  of  Newton's  Journal,  vol.  v.  page  212.  The  patentee 
4oes  not  claim,  a*  his  invention,  any  of  the  parts  separatdy,  but  the  general  process  and 
arnrngenent  of  msnhinery;  more  particularly  the  manner  of  suspending  a  swing  table 
(opott  whieh  the  working  parts  ate  mouated)  out  of  the  horizontal  and  perpendicular  po- 
■tion  I  the  mode  of  ntoving  the  table  with  the  parts  of  the  mould  towards  the  melting 
pot;  the  manner  of  bringing  the  parts  of  the  mould  together,  and  keeping  them  dosed 
darinr  the  operation  of  casting  the  types.  Several  other  mechanical  schemes  have  been 
proyosed  for  fouhdfng' types,  but  I  have  been  informed  by  wry  competent  judges,  Messrs* 
Clowes,  that  ttone  of  them  can  compete  in  practical  utility  with  that  dexterity  and  precisioB 
sf  hai<&woric,  whieh  i  hare  efieu  seea  practised  in  their  great  printiag  establishment  hi 
fittunfofd  piteeL 
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ULTRAMARINE  (Outrtmer,  Fr. ;  Ultramarnu,  Germ.),  is  «  beautiful  bloe 
obtained  fjrom  tbe  variegated  bloc  mineral,  called  lazolite  (lapU  lazuli),  by  the  firiElov- 
inf(  process : — Grind  the  stone  to  fragments,  rejecting  all  the  colorless  bits,  calcine  at  a 
red  heat,  quench  in  water,  and  then  grind  to  an  impalpable  powder  alang  with  water,  'm 
u  paint>mill  (see  Paint9,  orindiko  of),  or  with  a  porphyry  slab  and  muller.  The  pute, 
being  dried,  is  to  be  rubbed  to  powder,  and  passed  through  a  silk  sieve.  100  parts  of  il 
ate  to  be  mixed  with  40  of  rosin,  20  of  white  wax,  25  of  linseed  oil,  and  15  o€  Bnignady 
pitch,  previously  melted  together.  This  resinous  compound  is  to  be  poured  hot  into  eofai 
water;  kneaded  well  first  with  two  spatulas,  then  with  the  hands,  and  then  Ibimed  into 
one  or  more  small  rolls.  8ome  persons  prescribe  leaving  these  pieces  in  Che  water  dariag 
fiAeen  days,  and  then  kneading  them  in  it,  whereby  they  give  oat  the  blue  pigment,  ap- 
parently because  the  ultramarine  matter  adheres  less  stronsly  than  the  gangwe,  or  merely 
silicious  matter  of  Ihetninerai,  to  the  resinous  \m9te.  MM.  Clement  and  Desormes,  who 
were  the  first  to  divine  the  Irue  nature  of  this  pigment,  think  that  the  soda  contained  in  the 
lazulite,  uniting  with  the  oil  and  the  rosin,  forms  a  species  of  soap,  which  serves  to  wash 
out  the  coloring-matter.  If  it  should  not  se|iarate  readily,  water  heated  to  about  150^  F. 
should  be  had  recourse  to.  When  the  water  is  sufficiently  charged  with  blue  color,  it 
is  poured  off  and  replaced  hy  fresh  water ;  and  the  kneading  and  change  of  water  are 
repeated  till  the  whole  of  the  color  is  extracted.  Others  knead  the  mixed  reainoos  mass 
under  a  slender  stream  of  water,  which  runs  off  with  the  color  into  a  large  emrthen  pan. 
The  first  waters  affoi-d,  by  rest,  a  deposite  of  the  finest  ultramarine ;  the  second,  a 
somewhat  inferior  article,  and  so  on.  Each  must  be  washed  afterwards  with  semal 
more  waters,  before  they  acquire  the  highest  quality  of  tone ;  then  dried  separately,  and 
freed  from  any  adhering  particles  of  the  pitchy  compound  by  digestion  in  alcohol.  The 
remainder  of  the  mass  being  melted  with  oil,  and  kneaded  in  water  eontaininic  a  Utile 
soda  or  potash,  yields  an  inferior  pigment,  called  uliramarine  a^it.  The  best  aitraiaia 
riv€  is  a  splendid  blue  pigment,  which  works  well  with  oil,  and  is  not  liable  to  ehaage  by 
time.  Its  price  in  Italy  was  five  guineas  the  ounce,  a  few  years  ago,  but  it  is  now  great^ 
reduced. 

The  blue  color- of  laxulite  had  been  always  ascribed  to  iron,  till  MM.  Clement  aad 
Desormes,  by  a  most  careful  analysis,  showed  it  to  consist  of— silica,  34;  ahuniaa,  33; 
sulphur,  3 ;  soda,  22 ;  and  that  the  iron,  carbonate  of  lime,  &c.,  were  accidental  iB|!T^> 
dienls,  essential  neither  to  the  mineral,  nor  to  the  pigment  made  from  it.  By  aaoiher 
analyst,  the  constituents  are  said  to  be — silica,  44 ;  alumina,  35 ;  and  soda,  21 ;  and  by  a 
third,  potassa  was  found  instead  of  soda,  showing  shades  of  difference  in  the  eonposiiaaa 
of  the  stone. 

Till  a  few  years  ago,  every  attempt  failed  to  make  ultramarine  artificially.     At  leaiiith, 
in  1828,  M.  Guimet  resolved  the  problem,  guided  by  the  analysis  of  MM.  Clemeni  and 
Desormes,  and  by  an  observation  of  M.  Tassaert,  that  a  blue  substance  like  nknunaiae 
was  occasionally  produced  on  the  sandstone  hearths  of  his  reverberatory  soda  farasees. 
Of  M.  Guimet's  finest  pigment  I  received  a  bottle  several  years  ago,  from  ny  fiiead  K. 
Merim^,  Secretary  of  the  Ecole  de  Beaux  j]r1»y  which  has  been  found  by  artisis  little,  tf 
any,  inferior  to  the  lazulite  ultramarine.    M.  Guimet  sells  it  at  sixty  francs  per  pood 
French, — which  is  little  more  than  two  guineas  the  English  pound.      He  has  kepi 
his  process  secret.     But  M.  Gmelin,  of  Tiibini^en,  has  published  a  preseriptioa  for 
making  it ;  which  consists  in  enclosing  careftilly  in  a  He?«ian  crucible  a  mixture  of  two 
parts  of  sulphur,  and  one  of  dry  carbonate  of  soda,  heating  them  gradually  to  redaess  till 
the  mass  fuses,  and  then  sprinkling  into  it  by  degrees  another  mixture,  of  silicate  of  soda, 
and  aluminate  of  soda;  the  first  containing  seventy-two  parts  of  silica,  and  the  second 
seventy  parts  of  alumina.    The  crucible  must  be  exposed  aAerthis  for  an  boor  to  the  fire. 
The  ultramarine  will  be  formed  by  this  time ;  only  it  contains  a  little  sulphur,  which  can 
be  separated  by  means  of  water.    M.>Persoz,  professor  of  chemistry  at  Sirasbovre,  has 
likewise  succeeded  in  making  an  ultramarine,  of  perhaps  still  better  quality  than  that  of 
M.  Guimet.    Lastly,  M.  Robiquet  has  announced,  that  it  is  easy  to  form  ultrasMriBe, 
by  heating  to  redness  a  proper  mixture  of  kaolin  (China  clay),  sulphur,  and  eaiboBUie 
of  soda.    It  would  therefore  appear,  from  the  preceding  detuls,  that  ultranariae  aay 
be  regarded  as  a  compound  of  silicate  of  alumina,  silicate  of  soda,  with  sulphuret  m 
sodium ;  and  that  to  the  reaction  of  the  last  constituent  upon  the  former  two^  it  owes  its 
eolor. 

UMBER,  is  a  massive  mineral ;  fracture  large  and  flat;  eoachoidal  in  the graaC,  Tery 
fine  earthy  in  the  small;  dull;  eolor,  liver,  chestnut,— dark  yellowish  browa;  ofque; 
does  not  wil,  but  writes ;  adheres  strongly  to  the  tongue,  feels  a  little  Itwgh  and  nwnger, 
and  is  very  soft ;  specific  gravity  8-2.  It  occurs  in  beds  .with  brown  jasper  in  the  Island 
of  Cyprus,  and  is  used  by  painters  as  a  brown  color,  and  to  make  vmmish  ^  q]niaU(f 
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URANIUM,  is  a  rare  metal,  first  discovered  by  Klaproth,  In  the  blaek  mineral  called 
peeMUende^  foand  in  a  mine  near  Johann<-Georgen'Siadt,  in  Saxony,  and  which  is  a  snl- 
phuret  of  uraniam.  A  donble  phosphate  of  a  ran  tarn  and  eopper,  called  gnen  wranUe,  and 
aran  micay  occurs  in  Cornwall.  It  has  been  rednced  to  the  metallic  state  by  varioas 
deriees,  but  it  has  hardly  the  appearance  of  metal  to  the  naked  eye,  and  from  the  rarity 
of  its  ores  is  not  likely  to  be  of  any  importance  in  the  arts. 

URAO,  is  the  native  name  of  a  sesquicarbonate  of  soda  found  at  the  bottom  of  certaia 
lakes  in  Mexico,  especially  to  the  norih  ofZacatecas,  and  in  several  other  proYinoes; 
also  in  South  America  at  Columbia,  48  English  miles  from  Merlda. 


V. 

VALONIA,  is  a  kind  of  acorn,  imported  iVom  the  Levant  and  the  Morea  for  the  nae 
i  of  tanners,  as  the  hnsk  or  cup  contains  abundance  of  tannin.    The  quantity  imported 

,  lor  home  consumption  in  1836,  was  80,511  cwts. ;    of  whicht  Turkey  furnished  58,724, 

,  Italy  ami  the  Italian  islands,  7209. 

VANADIUM,  is  a  metal  discovered  by  Sefstrom,  in  1830,  in  a  Swedish  iron,  rewarka- 
ble  for  its  ductility,  extracted  from  the  iron  mine  of  Jaberg,  not  far  from  Jonkdping. 
Its  name  is  derived  from  Vanadis,  a  Scandinavian  idol.  This  metal  has  been  found  in 
the  state  of  vanadic  acid,  in  a  lead  ore  from  Zimapan,  in  Mexico.  The  finery  cinders  of 
the  Jaberg  iron  contain  more  vanadium  than  the  metal  itself.  It  exists  in  it  as  vanadie 
acid.  For  the  reduction  of  this  acid  to  vanadium,  see  Berzetios's  Traiti  <U  CAtinin,  Tol. 
iv.  p.  644.  Vanadium  is  white,  and  when  its  surface  is  polished,  it  resembles  silver  or 
molybdenum  more  than  any  other  metal.  It  combines  with  oxygen  into  two  oxydes  and 
an  acid. 

The  vanadate  of  ammonia,  mixed  with  infusion  of  nutgalls,  forms  a  blaek  liquid, 
which  is  the  best  writing-ink  hitherto  known.  The  quantity  of  the  salt  requisite  is  so 
•mall  as  to  be  of  no  importance  when  the  vanadium  comes  to  be  more  extensively  ex- 
tracted. The  writing  is  perfectly  black.  The  acids  color  it  bine,  but  do  not  remove 
it,  as  they  do  tannate  of  iron :  the  alkilis,  diluted  so  far  as  not  to  injure  the  paper,  do  not 
dissolve  it ;  and  chlorine,  which  destroys  the  black  color,  does  not,  however,  make  the 
traces  illegible,  even  when  they  are  subsequently  washed  with  a  stream  of  #ater.  It  is 
perfectly  fluent,  and,  being  a  chemical  solution,  stands  in  want  of  no  viscid  srum  to  sus^ 
pend  the  color,  like  common  ink.  The  InHuence  of  time  upon  it  remains  to  be 
tried. 

VANILLA,  is  the  oblong  narrow  pod  of  the  EpuUndron  twattta,  Linn.,  of  the  natural 
family  Ordiidea,  which  grows  in  Mexico,  Colombia,  Peru,  and  on  the  banks  of  the 
Oronoeo. 
The  best  comes  from  the  forests  round  the  village  of  Zentila,  in  the  intendaney  of 
I  Oaxaca. 

'  The  vanilla  plant  is  cultivated  in  Brazil,  in  the  West  Indies,  and  some  other  tropical 

'  countries,  but  does  not  produce  fruit  of  such  "a  delicious  aroma  as  in  Mexico.    It  clings 

like  a  parasite  to  the  trunks  of  old  tree^,  and  sucks  the  moisture  which  their  bark  de- 
I  rivies  from  the  lichen^t,  and  other  cryptoi^atnia,  but  without  drawing  noarishment  from 

the  tree  itself,  like  the  ivy  and  mistletoe.  The  fruit  is  subcylindric,  about  8  inches 
Ions?,  one-celled,  siliqnose,  and  pulpy  wiihin.  It  should  be  gathered  before  it  is  fully 
ripe. 

When  about  12000  of  these  pods  are  collected,  they  are  strung  like  a  garland  by  their 
lower  end,  as  near  as  possible  to  the  foot-stalk ;  the  whole  are  plunged  for  an  instant 
in  boiling  water  to  blanch 'them;  they  are  then  hung  up  in  the  open  air,  and  exposed 
to  the  sun  for  a  few  hours.  Next  day  they  are  lii^htiy  smeared  with  oil,  by  means  of  a 
feather,  or  the  fingers;  and  are  surrounded  with  oiled  cotton,  to  prevent  the  valves  from 
openine.  As  they  become  dry,  on  inverting  their  upper  end,  they  discharge  a  Tisekl 
liquid  from  it,  and  they  are  pressed  at  several  times  with -oiled  fingers  to  promote  its 
flow.  The  dried  pods  lose  their  appearance,  grow  brown,  wrinkled,  soft,  and  shrink 
into  one  fourth  of  their  original  size.  In  this  slate  they  are  toached  a  second  time 
with  oil,  but  very  sparingly ;  because,  with  too  much  oil,  they  would  lose  much  of  their 
delicious  perfume.  They  are  then  packed  for  the  market,  in  small  bundles  of  50  or 
100  in  each,  enclosed  in  lead  foil,  or  tight  metallic  cases.  As  it  comes  to  ns,  vanilla  is 
a  capsular  fruit,  of  the  thickness  of  a  swan's  quill,  straight,  cylindrieal,  but  somewhat 
flattened,  truncated  at  the  top,  thinned  oflf  at  the  ends,  glistening,  wrinkled,  furrow^ 
lengthwise,  flexible,  from  5  to  10  inches  long,  and  of  a  reddish-brown  color.  It  con- 
tains a  pulpy  parenchyma,  soft,  unctuous,  very  brown,  in  which  are  imbedded  blaek, 
briUiaiit,  very  small  seeds.    Its  smell  is  ambrosiatal  and  aromatic ;  its  taste  hot,  ud 
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tether  twcelish.  Thcge  properties  seem  to  depend  upon  an  esteatial  oil,  wid  tSam  «pM 
iwazoio  acid,  whieh  forma  efflorescences  upon  the  surface  of  the  frait.  The  polpf  part 
poasesaes  alone  the  aromatic  quality ;  the  pericarptum  has  hardly  any  smelL 

The  kind  most  esteemed  in  France,  is  called  Ug  vanilla;  it  is  atwat  6  inches  V»f» 
from  i  to  I  of  an  inch ,  broad,  narrowed  at  the  two  ends;,  and  enrred  at  the  base ; 
somewhat  soA  and  viscid,  of  a  dark-reddish  color,  and  of  a  moat  delicious  flavor,  Ifloe 
diat  of  Balaam  of  Peru.  It  is  called  vanilla  givriet,  when  it  is  covered  with  effloreaccaees 
of  benxoi^  acid,  afler  having  been  kept  in  a  dry  place,  and  in  vessels  not  hecmetkaily 
closed. 

The  second  sort,  called  vanilla  simarotuiy  or  bastard,  is  a  little  smaller  than  the  pre- 
ceding, of  a  less  deep  brown  hue,  drier,  less  aromatic,  destitute  of  eflkNreacenee.  h  k 
said  to  be  the  produce  of  the  wild  plant,  and  is  brought  from  St.  Domingo. 

A  third  sort,  which  comes  from  Brazil,  is  the  vamllon,  or  large  vmntUn  of  the  FnaA 
market ;  the  vanilla  pampnna  or  6ova  of  the  Spaniards.  Its  length  is  from  5  to  6  inches; 
its  breadth  from  one  half  to  three  quarters  of  an  inch.  It  is  brown,  soft,  viscid,  nhnort 
nlwayi  open,  of  A  ptr6ng  smell,  bat  less  agreeable  than  the  Uq.  It  is  sometimes  a  little 
spoiled  by  an  incipient  fermentation.  It  is  cured  with  sugar,  and  endoaed  in  tin-plaie 
boxes,  which  contain  from  20  to  60  pods. 

Vanilla,  as  an  aromatic,  is  much  sought  after  by  makers  of  chocolate,  ice^  nnd  creastf; 
by  confectioners,  perfumers,  and  liquorists,  or  distillers.  It  is  difficnlUj  rednced  to  fae 
particles  $  but  it  may  be  sufficiently  attenuated  bj  .cutting  it  into  small  bita»  nnd  gzindiag 
these  along  with  sugar.  The  odorous  principle  can,  for  some  purposes,  be  extnicted  hf 
nleohol.  Their  analysis  by  Bucholz  is  unsatisfactory,  and  refers  obviously  to  the  coarsest 
sort.    Berzelius  says  that  the  efflorescences  are  not  acid. 

VAPOR  {Vaptwr,  Fr.$  Dan^,  Germ.),  is  the  state  of  elastic  or  ndrilonn  fluidity 
into  which  any  substance,  naturally  solid  or  liquid  at  ordinary  tempemturea,  may  be 
eonverted  by  the  agei^ey  of  heat.    See  EvAFoaATioii . 

VARNISH  (FernM,  Fr. ;  FimUs,  Qerm.),  is  a  solution  of  resinous  matter,  which  m 
spread  over  the  surface  of  any  body,  in  order  to  give  it  a  shining,  transparent^  and  hard 
coat,  capable  of  resisting,  in  a  greater  or  less  degree,  the  influences  of  nir  nnd  moistaie. 
Such  a  coat  consists  of  tiie  resinous  parts  of  the  solution,  which  ranain  in  n  thia  hyer 
upon  the  sudhce,  after  the  liquid  solvent  has  either  evaporated  away,  or  has  dried  apw 
When  large  quantities  of  spirit  varnish  are  to  be  made,  a  common  stiU,  mounted  with  its 
eapital  and  worm,  is  the  vessel  employed  for  containing  the  materials,  and  it  is  placed  in  a 
steam  or  w«ter  bath.  The  capital-  should  be  provided  with  a  stuffing-box,  thfoogfa  which 
a  stiiring-rod  may  pass  down  to  the  bottom  of  the  still,  with  a  cross-piece  at  its  lower 
end,  and  a  handle  or  winch  at  its  top.  At\er  heating  the  bath  till  the  alcohol  boils  and 
begins  to  distil,  the  heat  ought  to  be  lowered,  thsit  the  solution  may  eontinae  to  proceed 
in  an  equable  manner,  with  as  little  evaporation  of  spirit  as  possible.  The  operatioa  oiay 
be  supposed  to  be  complete  when  the  rod  can  be  easily  turned  round.  The  Tarnish  Buiil 
be  passed  through  a  silk  sieve  of  proper  fineness ;  then  filtered  through  porous  paper,  ar 
Ullowed  to  clear  leisurely  in  stone  jars.  The  alcohol  which  has  come  over  shoold  be 
added  to  the  varnish,  if  the  just  proportions  of  the  resins  have  been  introduced  at  6nL 
The  following  are  reekoned  good  French  recipes  for  varaishes  :— 

lVkil4  spirit  vamtMh. — Sandaraeh,  250  parts;  mastic  in  tears,  61;  elemi  resiB,3Si 
turpentine  {V«nice>«  64;  alcohol,  of  85  per  cent.,  1000  parts  by  measure. 

The  turpentine  is  to  be  added  aAer  the  resins  are  dissolved.  This  ia  a  briOisttt 
vanish,  but  not  so  hard  as  to  bear  polishing. 

Var9dsk  for  the  wood  toys  of  Spa.  Tender  copal,  75  parts;  mastic,  12-5;  Teaiee 
turpentine,  6*5 ;  alcohol,  of  95  per  cent.,  100  parts  by  measure ;  water  ounces,  lor  ex- 
ample, if  the  other  parts  be  taken  in  ounces. 

The  alcohol  must  be  first  made  to  act  upon  the  copal,  with  the  aid  of  n  little  oil  of 
lavender  or  camphor,  if  thought  fit;  and  the  solution  being  passed  through  a  Uaea  clolh, 
the  mastic  must  be.introdiic^.  After  it  is  dissolved,  the  Venice  turpentine,  previoasly 
melted  in  a  water-bath,  should  be  added ;  the  lower  the  temperature  at  which  these 
opemtions  are  carried  on,  the  more  beanliful  will  the  varnish  be.  This  vnmish  oight 
to  be  very  white,  very  drying,  and  capable  of  being  smoothed  with  pumice-stoae  and 
poliahed. 

.  Vandsh/or  certain  parts  of  Mrriagst.^'Handarach,  190  parts ;  pale  shellac,  95; 
125;  turpentine,  190;  alcohol,  at  85  per  cenu,  1000  parts  by  measure. 

Famw4/br  ea6iiMt-mafor».-*^ale  shellac,  750  parts;    mastic,  64  ;    alcoholp  at  90 
etnt.,  1000  parts  by  measure.    The  solution  is  made  in  the  cold,  with  the  ak 
stirting*    II  is  always  muddy,  and  is  employed  without  being  filtered. 

With  the  same  resins  and  proof  spirit  a  varnish  is  made  (or  the  bookbinders  to  do  ovcx 
their  morocco  leather. 

Thi  i^fmskof  Watm^for  giUUd  articks.—Gum  lac,  in  grain,  125  paiU;  gaahos^, 
VUk;  dragon's  hh>od>  125 ;  nnnotto,  125;  safirout  32.    £ai^  resin  must  be  dasdlved  i» 
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1M0  faru  Vf  .aeMare,  of  bIcoIioI  of  90  per  cent ;  two  separate  tieetaKt  aaui  be 
Buvle  wiUi  the  dragon's  btood  end  annotto,  in  1000  iMrts  of  such  alcohol;  and  a  proper 
proportion  of  each  should  be  added  to  the  varnish,  according  to  the  shade  of  golden  eolor 
waated. 

For  AxihK  engravings  or  lithographs  npon  wood,  a  varnish  called  tnerrfast  is  naed  la 
France,  which  differs  from  others  chieflf  in  containing  more  Venice  turpentine^  to  make 
it  sticky ;  it  consists  of-— saodarach,  250  parts ;  mastic  in  tears,  64 ;  rosin,  125 ;  Yeniee 
turpentine,  250;  alcohol,  1000  paru  by  measure. 

Copal  vami$h, — Hard  copal,  300  ijaris;  drying  linseed  or  not  oil,  from  125  to  250 
parts;  oil  of  turpentine,  500;  these  three  substances  are  to  be  pat  into  three  separate 
vessels ;  the  copal  is  to  be  fused  by  a  somewhat  sudden  application  of  heat ;  the  drying 
oil  i»  to  be  heated  to  a  temperature  a  little  under  ehuUition,  and  is  to  be  added  by  small 
portions  at  a  time  to  the  melted  copal.  When  this  combination  is  made,  and  the  heat  a 
little  abated,  the  essence  of  turiientine,  likewise  previously  heated,  is  to  be  introduced  by 
degrees;  some  of  the  volatile  oil  will  be  dissipated  at  first;  but  more  being  added,  the 
anion  will  take  place.  Great  care  must  be  taken  to  prevent  the  turpentine  vapor  from 
catching  tire,  which  mitht  occasion  serious  accidents  to  the  operator.  When  the  varnish 
is  made,  and  has  cooled  down  to  about  the  130lh  degree  of  Fahr.,  it  may  be  strained 
through  a  filter,  to  separate  the  impurities  and  undissolved  copal. 

Almost  ajl  varnish-makers  think  it  indispensable  to  combine  the  drying  oil  with  the 
copal,  before  adding  the  oil  of  turpentine ;  but  in  this  they  are  mistaken.  Boiling  oil  of 
turpentine  combines  very  readily  with  fused  copal ;  and,  in  some  cases,  it  would  probably 
be  preferable  to  commence  the  operation  with  it,  adding  it  in  successive  small  quantities. 
Indeed,  the  whitest  copal  varnish  can  be  made  only  in  this  way  ;  for  if  the  drying  oil  have 
been  heated  to  nearly  its  boilin.<  point,  it  l>ecomes  colored,  and  darkens  the  varnish. 

This  varnish  improves  in  clearness  by  keeping.  Its  consistence  may  be  varied  by 
varying  the  proportions  of  the  ingredients,  within  moderate  limits.  Good  varnish,  ap- 
plied in  summer,  should  become  so  dry  in  24  hours  that  the  dust  will  not  Stick  to  it,  nor 
receive  an  impression  from  the  fingers.  To  render  it  sufficiently  dry  <and  hard  for  polish- 
ing, it  must  be  subject^]  for  several  days  to  the  heat  of  a  stove. 

MUk  of  wax  is  a  valuable  varnish,  which  may  be  prepared  as  follows: — Melt  in  a 
porcelain  capsule  a  certain  quantity  of  white  wax,  and  add  to  ii,  while  in  fusion,  an  equal 
quantity  of  spirit  of  wine,  of  sp.  grav.  0-830  ;  stir  the  mixture,  and  pour  it  upon  a  large 
porphyry  slab.  The  granular  mass  is  to  be  converted  into  a  paste  by  the  muller,  wkh 
the  addition,  from  time  to  time,  of  a  little  alcohol ;  and  as  soon  as  it  appears  to  be  smooth 
and  homogeneous,  water  is  to  be  introduced  in  small  quantities  successively,  to  the  amount 
of  four  times  the  weight  of  the  wax.  This  emulsion  is  to  be  ihrn  passed  through  canvass, 
io  order  to  separate  such  particles  as  may  be  imperfectly  incorporated. 

The  milk  of  wax,  thus  prepareJ,  may  be  spread  with  a  smooth  brush  upon  the  surfaee 
of  a  painting,  allowed  to  dry,  and  then  fused  by  passing  a  hot  iron  (salamander)  over 
its  surface.  When  cold,  it  is  to  be  rubbed  with  a  linen  cloth  to  bring  out  the  lustre.  It 
is  to  the  unchangeable  quality  of  an  encaustic  of  this  nature,  that  the  ancient  paint* 
ines  upon  the  walls  of  Herculaneum  and  Pompeii  owe  their  freshness  at .  the  present 
day. 

The  most  recent  practical  account  of  the  manufacture  of  varnishes,  is  that  communi- 
cated by  Mr.  J.  Wilson  Neil  to  the  Society  of  Arts,  and  published  in  the  49th  volume  of 
their  "  Transactions.*'  , 

The  building  or  shed  wherein  varnish  is  made,  ought  to  be  quite  detached  from  any 
buildinss  whatever,  to  avoid  accidents  by  fire.  For  general  purposes,  a  building  about 
18  feet  by  16  is  sufficiently  lars^e  for  manufacturin?  4000  gallons  and  upwards  annually, 
provided  there  are  other  convenient  buildings  for  the  purpose  of  holding  the  utensils,  aiid 
warehousing  the  necessary  stock. 

procure  a  copper  pan,  made  like  a  common  washing-copper,  which  will  contain  from 
fiAy  to  eighty  gallons,  as  occasion  may  require ;  when  wanted,  set  it  upon  the  boiling 
furnace,  and  fill  it  up  with  linseed  oil  within  five  inches  of  the  brim.  Kindle  a  fire  in 
the  furnace  underneath,  and  manage  the  fire  so  that  the  oil  shall  gradually,  but  slowly, 
increase  in  heat  for  the  first  two  hours;  then  increase  the  heat  to  a  gentle  simmer;  and  if 
there  is  any  scum  on  the  surface,  skim  it  off  with  a  copper  ladle,  and  put  the  skimming 
away.  Let  the  ov)  boil  gently  for  three  hours  longer ;  then  introduce,  by  a  little  at  a  time, 
one  quarter  of  an  ounce  of  the  best  calcined  magnesia  for  every  gallon  of  oil,  occasionally 
stirring  the  oil  from  the  bottom.  When  the  magnesia  is  all  in,  let  the  oil  boil  rather 
smartly  for  one  hour;  it  will  then  be  sufficient.  Lay  a  cover  over  the  oil,  to  keep  out 
the  dust  while  the  fire  is  withdrawn  and  extinguished  by  water;  next  uncover  the  oiij  and 
leave  it  till  next  morning;  and  then,  while  it  is  yet  hot,  ladle.it  into  the  carry ing^aek, 
or  let  it  out  throus^h  the  pipe  and  cock;  carry  it  away,  and  deposite  it  in  eitberatia 
or  leaden  cistern,  for  wooden  vessels  will  not  hold  it ;  let  it  remaw  to  settle  for  at  least 
duree  months.    The  magnesia  will  absorb  all  the  acid  and  mocilage  from  the  oO,  awl 
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fkll  to  the  bottom  of  die  eistern,  Icamir  the  oil  clear  and  transpaioit,  and  fit  Ibr  vw. 
Recollect,  when  the  oil  is  taken  oot,  not  to  (li8tui:b  the  bottoms,  which  are  only  fit  far 
Uack  paint. 

OXKBRAL  OBSCaVATIONS  AND  PRECADTI0K8  TO  BE  OBSERTKD  IN  MAXIlfO  TAJUfllBna. 

Set  on  the  boDing-pot  with  B  gallons  of  oil ;  kindle  the  fire ;  then  lay  the  fire  in  tlie 
gnm-furnaee;  have  as  many  81b.  bag:}  of  gum-copal  all  ready  weighedpupy  as  wiD  be 
wanted ;  put  one  81b.  into  the  pot,  put  fire  to  the  famace,  set  on  the  gum-pot;  in  three 
minotes  (if  the  fire  i^  brisk)  the  gum  will  begin  to  fose  and  give  ont  its  gas,  steam,  aad 
acid;   stir  and  divide  the  gum,  and  attend  tu   the  rising  of  it,  as  before  directed. 
Eight  pounds  of  copal  take  in  general  from  siiteen  to  twenty  minutes  in  fusing,  from  the 
beginning  till  it  gets  clear  like  oil,  but  the  time  depends  very  much  on  the  heat  of  the 
fire,  and  the  attention  of  the  operator.    During  the  first  twelve  minutes,  while  the  gam 
is  fusing,  the  assistant  most  look  to  the  oil,  and  bring  it  to  a  smart  simmer ;  for  it  o^it 
to  be  neither  too  hot,  nor  yet  too  culd,  but  in  appearance  beginning  to  boil,  which  he 
is  strictly  to  observe,  and,  when  ready,  to  call  out,  **  Bear  a  hand  I'*    Then  iinmediatdy 
both  lay  hold  of  a  handle  of  the  boUing-pot,  lift  it  right  up,  so  as  to  clear  the  plate, 
carry  it  ont  and  place  it  on  the  ash-bed,  the  mnker  instantly  returning  to  the  gum-pot, 
while  the  assistant  puts  three  copper  ladlefuls  of  oil  into  the  copper  ponring-ja^ 
bringing  it  in  and  placing  it  on  the  iron  plate  at  the  back  of  the  gum-pot  to  keep  hot 
until  wanted.    When  the  maker  finds  the  gum  is  nearly  all  completely  fosed,  and  that 
it  will  in  a  few  minutes  be  ready  for  the  oil,  let  him  call  out,  '*  Ready  oU  !*'     The  assist- 
ant is  then  to  lift  up  the  oil-jack  with  both  hands  ;  one  under  the  bottom  and  the  other 
on  the  handle,  laying  the  spout  over  the  edge  of  th^  pot,  and  wait  until  the  maker  calls 
ont,  <<  Oil  !*'    The  assistant  is  then  to  pour  in  the  oil  as  before  directed,  and  the  boiling 
to  be  continued  until  the  oil  and  gum  become  concentrated,  and  the  mixinre  looks 
clear  on  the  glass;    the  gum  pot  is  now  to  be  set  upon   the  brick-stand  nntil  the 
assistant  puts  three  more  ladlefuls  of  hot  oil  into  the  pouring-jack,  and  three  more  into 
a  spare  tin  for  the  third  run  of  gum.    There  will  remain  in  the  boiling-pot  still  3| 
gallons  of  oil.    Let  the  maker  put  his  right  hand  down  the  handle  of  the  giun-poc  aev 
to  the  side,  with  his  left  hand  near  the  end  of  the  handle,  and  with  a  firm  grip  lift  the 
gum-pot,  and  deliberately  lay  the  edge  of  the  gum-pot  over  the  edge  of  the  boiling-pot 
until  all  its  contents  run  Into  the   boiling- pot.    Let  the   gum-pot   be  held,  with  its 
bottom  turned  upwards,  for  a  miiiute  rigj)t  over  the  boiling-pot.    Observe,  that  when- 
ever the  maker  is  beginning  to  pour,  the  assistant  stands  ready  with  a  thick  piece  of 
old  carpet,  without  holes,  and  sufficiently  large  to  cover  the  mouth  of  the  boiling-pet 
should  it  catch  fire  during  the  pouring,  which  will  sometimes  happen  if  the  gum-pot  ii 
very  hot ;  should  the  gum-pot  fire,  it  has  only  to  be  kept  bottom  upwards;,  and  it  wfll 
go  out  of  itself;  but  if  the  boiling-pot  should  catch  fire,  during  the  pouring,  let  the 
assistant  throw  the  piece  of  carpet  quickly  over  the  blazin?  pot,  holding  it  down  all 
round  the  edges  ;  in  a  few  minutes  it  will  be  smothered.    The  moment  the  maker  kas 
emptied  the  gum-pot,  he  throws  into  it  half  a  gallon  of  turpentine,  and  with  the  nmA 
unmediately  washes  it  from  top  to  bottom,  and  instantly  empties  it  into  the  flat  tin  jack : 
he  wipes  the  pot  dry,  and  puts  in  8  pounds  more  gum,  and  sets  it  upon  the  foraaee;  pro- 
ceeding with  this  run  exactly  as  with  the  last,  and  afterwards  with  the  third  ran. 
There  will  then  be  8  gallons  of  oil  and  24  pounds  of  gum  In  the  boiling-oot,  under  which 
keep  up  a  brisk  strong  fire  until  a  scum  or  froth  rises  and  covers  all  the  surface  of  tbe 
contents,  when  it  will  begin  to  rise  rapidly.    Obser^-e,  when  it  ri^es  near  the  rivets  of 
the  handles,  carry  it  from  the  fire,  and  set  it  on  the  ash-bed,  stir  it  down  agaia,  aad 
scatter  in  the  driers  by  a  little  at  a  time ;  keep  stirring,  and  if  the  fh>thy  head  goes 
down,  put  it  upon  the  furnace,  and  introduce  gradually  the  remainder  of  the  drien, 
■always  carrying  out  the  pot  when  the  ftt)th  rises  near  the  rivets.    In  general,  if  the  fire 
be  good,  all  the  time  a  pot  requires  to  boil,  from  the  time  of  the  last  gum  being  poued 
in,  is  about  three  and  a  half  or  four  hours ;  but  Htm  is  no  criterion  Ibr  a  banner  lo 
judge  by,  as  it  may  vary  according  to  the  weather,  the  quality  of  the  oil,  the  quality  of 
the  gum,  the  driers,  or  the  heat  of  the  fire,  &c. ;  therefore,  about  the  third  hoar  of 
boiling,  try  it  on  a  bit  of  glass,  and  keep  it  boiling  until  it  feels  strong  and  stringy  be> 
tween  the  fingers;  it  is  then  boiled  sufficiently  to  carry  it  on  the  ash-bed,  and  to  bestured 
down  until  it  is  cold  enough  to  mix,  which  will  depend  much  on  the  weather,  vary- 
ing from  half  an  hour,  in  dry  frosty  weather,  to  one  hour  in  warm  summer  weather. 
Previous  to  beginning  to  mix,  have  a  sufficient  quantity  of  turpentine  ready,  fill  the 
pot,  and  pour  in,  stirring  all  the  time  at  the  top  or  surface,  as  b?ft>re  directed,  until 
there  are  fifteen  gallons,  or  five  tins  of  oil  of  turpentine  introduced,  which  will  leave  it 
quite  thick  enough  if  the  gum  is  good,  and  has  been  well  run ;  but  If  the  gam  was  of 
a  weak  quality,  and  has  not  been  well  fused,  there  ought  to  be  no  more  than  twelve 
gallons  of  turpentine  mixed,  and  even  that  may  be  too  much.    Therefore,  whea  twelve 
tvllons  of  turpentine  have  been  introdnccxl,  have  a  flat  saucer  at  hand,  and  poor  into  it 


VARNISH. 


Uf73 


«  portion  of  the  varnishy  and  ia  two  or  three  miciitee  ii  will  show  whether  it  is  too 
thick ;  if  not  sufficiently  thin,  add  a  little  more  torpentine,  and  strain  it  off  quickly. 
As  soon  as  the  whole  is  stored  away,  poor  in  the  turpentine,  washings,  with  which  the 
gam- pots  have  heen  washed,  into  the  boiling-pot,  and  with  the  swish  quickly  wash 
down  all  the  varnish  from  the  pot  sides ;  afterwards,  with  a  large  piece  of  wooUen  rag 
dipped  in  pumiee- powder,  wash  and  polish  every  part  of  the  inside  of  the  boiling-pot, 
|»erforming  the  same  operation  on  the  ladle  and  stirrers ;  rinse  them  with  the  turpen- 
tine washings,  and  at  last  rinse  them  altogether  in  clean  turpentine,  which  also  put  to 
the  washings ;  wipe  dry  with  a  clean  soft  rag  the  pot,  ladle,  stirrer,  and  funnels,  and 
lay  the  sieve  so  as  to  be  completely  covered  with  turpentine,  which  will  always  keep  it 
from  gumming  up.  The  foregoing  directions  concerning  running  the  gum,  and  pouring 
in  the  oil,  and  also  boiling  off  and  mixing,  are,  with  very  little  difference,  to  be  observed 
in  the  making  of  all  sorts  of  copal  varnishes,  except  the  differences  of  the  quantities  of 
oil,  gum,  &c.,  which  will  be  found  under  the  various  descriptions  by  name,  which  will  be 
hereafter  described. 

The  choice  of  linseed  oil  is  of  peculiar  consequence  to  the  varnish-maker.  Oil  from 
fine  full-grown  ripe  seed,  when  viewed  in  a  vial,  will  appear  limpid,  pale,  and  brilliant; 
it  is  mellow  and  sweet  to  the  taste,  has  very  little  smell,  is  specifically  lighter  than  im- 
pure oil,  and,  when  clarified,  dries  quickly  and  firmly,  and  does  not  materially  change  the 
eolor  of  the  varnish  when  made,  but  appears  limpid  and  brilliant. 

Copal  vamUhea /or  Jim  paitUingt,  4rc. — Fuse  8  pounds  of  the  very  cleanest  pale  African 
gnm  copal,  and,  when  completely  run  fiuid^  pour  in  two  gallons  of  hot  oil,  old  measure ; 
let  it  boil  until  it  will  string  vei7  strong ;  ,and  in  about  fifteen,  minutes,  or  while  it  is 
yet  very  hot,  pour  in  three  gallons  of  turpentine,  old  measure,  and  got  from  the  top  of 
a  cistern.  Perhaps,  during  the  mixing,  a  considerable  quantity  of  the  turpentine  will 
escape ;  but  the  varnish  will  be  so  much  the  brighter,  transparent,  and  fluid;  and  will  work 
freer,  dry  more  quickly,  and  be  very  solid  and  durable  when  dry.  After  the  varnish  has 
been  strained,  if  ii  is  found  too  thick,  before  it  is  quite  cold,  heat  as  much  turpentine,  and 
mix  with  it,  as  will  bring  it  to  a  proper  consistence. 

Cabinet  varnish  — Fuse  7  pounds  of  very  fine  African  gum  copal,  and  pour  in  half  a 
gallon  of  pale  clarified  oil ;  in  three  or  four  minutes  after,  if  it  feel  stringy,  take  it  out 
of  doors,  or  into  another  building  where  there  is  no  fire,  and  mix  with  it  three  gallons 
of  turpentine ;  afterwards  strain  it,  and  put  it  aside  for  ,nse.  This,  if  properly  boiled^ 
will  dry  in  ten  minutes;  but  if  too  strongly  boiled,  will  not  mix  at  all  with  the  turpen- 
tine ;  and  tometimesj  when  boiled  with  Ihe  turpentine,  will  mix,  and  yet  refuse  to  incor- 
porate with  any  other  varnish  less  boiled  than  itself:  therefore  it  requires  a  nicety  which 
is  only  to  be  learned  from  practice.  This  varnish  is  chiefly  intended  for  the  use  of  ja- 
panners,  cabinet-painters,  coach-painters,  &.c. 

JBest  body  copal  varnish  /or  coach-makers,  ^r. — This  is  intended  for  the  body  parts  of 
coaches  and  other  similar  vehicles,  intended  for  polishing. 

Fuse  8  lbs.  of  fine  African  gum  copal ;  ndd  two  gallons  of  clarified  oil  (old  measure)  ; 
boil  it  very  slowly  for  four  or  five  hours,  until  quite  stringy;  mix  with  three  gallons  and 
a  half  of  turpentine ;  strain  off,  and  pour  it  into  a  cistern.  As  they  are  too  ^ow  in  dry- 
ing, coach-makers,  painters,  and  varnish-makers,  have  introduced  to  two  pots  of  the  nrt- 
ceding  varnish,  one  made  as  follows : — 


8  lbs.  of  fine  pale  fum  anime ; 
2  gallons  of  clarified  oil ; 


3i  gallons  of  turpentine. 
To  be  boiled  four  hours. 


Q^ick  drying  bod^  copal  vamiahyfor  coadiety  4rc» 


(2.)  8  lbs.  of  fine  gum  anim^; 
2  gallons  of  clarified  oil ; 
i  lb.  of  white  copperas ; 
3|  gallons  of  turpentine. 
Boiled  as  before. 


(1.)  S  lbs.  of  the  best  African  copal; 
2  gallons  of  clarified  oil ; 
i  lb.  of  dried  sugar  of  lead; 
3|  gallons  of  turpentine. 

Bolted   tiU  stringy,  and  mixed  and 

strained. 

To  be  mixed  and  strained  while  hot  into  the  other  pot.  These  two  pots  mixed  togetaia. 
will  dry  in  six  hours  in  winter,  and  in  four  in  summer;  it  is  very  useftil  for  vamishiag 
old  work  on  dark  colors,  8lc. 

Best  paU  carriage  vamith. 


(1.)  8  lbs.  2d  sorted  African  copal; 
2}  gallons  of  clarified  oD. 
Boiled  till  very  stringy. 
4  lb.  of  dried  copperas ; 
I  lb.  of  litharge; 

5|  gallons  of  turpentine. 
StrainoH  Xu;, 


(2.)  8  lbs.  of  2d  sorted  gnm  anlm^  | 
2t  gallons  of  clarified  oil ; 
^  lb.  of  dried  sugar  of  lead; 
tlb.  of  litharge; 
5|  gallons  of  turpentine. 
Mix  this  to  the  first  while  hot« 
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Thh  Tmmith  will  dry  bard,  if  weU  boiled,  in  lour  boufs  !■  nunner,  aad  in  six  n  wm- 
ter.  As  the  name  denotes,  it  is  intended  for  tbe  Taniisbing  of  the  wheels,  springs,  mad 
carriage  parts  of  coaches,  chaises,  Itc. ;  also,  it  is  that  description  of  Tarnish  vbick  is 
generally  sold  to  and  used  by  home-painters,  deeorators,  fte.  {  ns  fiom  itn  dryiag  qwHqr 
and  strong  gloss,  it  suits  their  general  purposes  well. 

Second  carriage  vamitk^ 


i  lb.  of  dried  sugar  of  lead; 
I  lb.  of  dried  eopperas. 
Boiled  and  mizied  as  bcfoe. 


Waintcoi  varnteh, 

M  gallons  of  torpentine. 
To    be   well    boiled   nntfl  it 
very  strong,  and  then  mixed  and 
strained. 


8  lbs.  of  2d  sorted  gum  anim^  $ 
2|  gallons  of  fine  diarified  oil ; 
5}  gallons  of  torpentine } 
J  lb.  of  litharge ; 

8  lbs.  of  2d  sorted  gum  anime ; 
3  gallons  of  clarified  oil ; 
i  lb.  of  litharge ; 
I  lb.  of  dried  sugar  of  lead ; 

Mahogany  varnish  is  made  either  wiA  the  same  proportions,  with  a  little  darker 
otherwise  it  is  wainscot  varnish,  with  a  small  portion  of  gold  size. 

Black  japan  is  made  by  putting  into  the  set-pot  48  pounds  of  Naples,  or  any  other  of 
the  foreign  asphaltoms,  (except  the  Egyptian.)  As  soon  as  it  is  melted,  pour  in  10  gal- 
lons of  raw  linseed  oil;  keep  a  moderate  fire,  and  fuse  8  pounds  of  dark  gum  anime  ia 
the  gum-pot ;  mix  it  with  2  gallons  of  hot  oil,  and  pour  it  into  the  set-pot.  AAerwaids 
fuse  10  pounds  of  dark  or  sea  amber  in  the  10  gallon  iron  pot ;  keep  stirring  it  while 
fusing ;  and  whenever  it  appears  to  be  overheated,  and  rising  too  high  in  tbe  pot,  lift  it 
from  the  fire  for  a  few  minutes.  When  it  appears  completely  fo^ ed,  mix  in  2  gallons  of 
hot  oil,  and  pour  the  mixture  into  the  set-pot ;  continue  the  boiling«>for  3  hours  longer, 
and  during  that  time  introduce  the  same  quantity  of  driers  as  before  directed ;  draw  out 
the  fire,  and  let  it  remain  until  morning;  then  boil  it  until  it  rolls  hard,  as  before  directed; 
leave  it  to  cool,  and  afterwards  mix  with  turpentine. 

Pale  amber  varnish, — Fuse  6  pounds  of  fine  picked  very  pale  transparent  amber  ta 
the  gum-pot,  and  pour  in  2  gallons  of  hot  clarified  oil.  Boil  it  until  it  strings  very  sUDag. 
Mix  with  4  gallons  of  turpentine.  This  will  be  as  fine  as  body  copal,  will  work  very 
free,  and  flow  well  upon  any  work  it  is  applied  to ;  it  becomes  very  hard,  and  is  the  meat 
durable  of  all  varnishes ;  it  is  very  excellent  to  mix  in  copal  varnishes,  to  give  them  a 
hard  and  durable  quality.  Observe;  amber  varnish  will  always  require  a  long  time  be- 
fore it  is  ready  for  polishing. 

Best  Brunstpick  black. — In  an  iron  pot,  over  a  slow  fire,  boil  45  pounds  of  forriga 
asphaltum  for  at  least  6  hours ;  and  during  the  same  time  boil  in  another  iron  pot  6  gal- 
lons of  oil  which  has  been  previously  boiled.  During  the  boiling  of  the  6  gallons,  iatro- 
duce  6  pounds  of  litharge  gradually,  and  boil  until  it  feels  stringy  between  the  fingcfs; 
then  ladle  or  pour  it  into  the  pot  containing  the  boiling  asphaltum.  Let  the  mixture  boO 
until,  upon  trial,  it  will  roll  into  hard  pills ;  then  let  it  cool,  and  mix  it  with  23  galkms  ef 
turpentine,  or  until  it  is  of  a  proper  consistence. 

Iron-work  black. — Put  48  pounds  of  foreign  asphaltum  into  an  iron  pot,  and  boil  fir 
4  hours.  During  the  first  2  hours,  introduce  7  pounds  of  red  lead,  >  pounds  of  lithaigc^ 
3  pounds  of  dried  copperas,  and  10  gallons  of  boiled  oil ;  add  1  eight-pomnd  ran  of  dufc 
gum,  with  2  gallons  of  hot  oil.  AAer  pouring  the  oil  and  gum,  continue  the  boiling  two 
hours,  or  until  it  will  roll  into  hard  pills  like  japan.  When  cool,  thin  it  olT  with  thirty 
gallons  of  turt)entiae,  or  until  it  is  of  a  proper  consistence.  This  varnish  ia  intended  fir 
blacking  the  iron-work  of  coaches  and  other  carriages,  Itc. 

Jl  cheap  Brummck  black.^-Pui  28  pounds  of  common  black  pitdi,  and  28  pounds  of 
common  asphaltum  made  firom  gas  tar,  into  an  iron  pot;  boil  both  for  8  or  10  hoan^ 
which  will  evaporate  the  gas  and  moisture ;  let  it  stand  all  night,  and  early  next  moim- 
ing,  as  soon  as  it  boils,  put  in  8  gallons  of  boiled  oil ;  then  introduce,  gradually,  10 
pounds  of  red  lead,  and  10  pounds  of  litharge,  and  boil  for  3  boors,  or  until  it  will  laV 
vecy  hard.  When  ready  for  mixing,  introduce  20  gallons  of  turpentine,  or  more,  until 
of  a  proper  consistence.  This  is  intended  for  engineers,  founders,  ironmongers,  fc.c.;  it 
will  dry  in  half  an  hour,  or  less,  if  properly  boiled. 

Axioms  observed  in  the  making  of  copal  vamiahee. — ^The  more  minutely  the  gam  is 
run,  or  fused,  the  greater  the  quantity,  and  the  stronger  the  produce.  The  msre 
regular  and  longer  the  boiling  ot  the  oil  and  gum  together  is  eontinued,*tbe  more  final 
or  free  the  varnish  will  extend  on  whatever  it  is  applied  to.  When  the  mixture  of  oil  and 
gum  is  too  suddenly  brought  to  string  by  too  strong  a  heat,  the  varnish  requires  more 
than  its  just  proportion  of  turpentine  to  thin  it,  whereby  its  oHy  and  gummy  qaaliiy  is 
reduced,  which  renders  it  less  durable ;  neither  will  it  flow  so  well  in  laying  on.  The 
greater  proportion  of  oil  there  is  used  in  varnishes,  the  less  thejc  are  liable  to  cnck, 
because  the  tougher  and  soAer  they  are.   By  increasing  the  proportion  of  gum  in  vamishfi. 
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the  thicker  vJlL be  th»alnitiim)  the  firmer  they  wOl  set  solid,  and  the  qaieker  they  will 
dry.  Whea  varnishes  are  quite  new  made,  and  most  be  sent  out  for  use  before  they  are 
of  suificient  ag? ,  they  most  always  be  leA  thicker  than  if  they  wefe  to  be  kept  the  proper 
time.  Varnish  made  from  Jiriean  copal  atone  possesses  the  most  elasticity  and  trani^- 
rency.  Too  much  driers  in  varnish  render  it  opaque  and  unfit  for  delicate  colors.  Cop- 
peras does  not  combine  with  varnish,  bat  only^  hardens  it.  Sugar  of  lead  does  combine 
with  varnish,  Turpeaiine  improves  by  a^e ;  and  varnish  by  being  kept  in  a  vrarm  place. 
AH  copal  or  oil  varnishes  require  ace  before  they  are  used. 

ConiMing  QfrftroaltOMin— All  hodfy  varnishes  are  intended  and  ought  to  haye  ](  lbs.  of 
gum  to  each,  gallon  of  .vamisb,  when  the  varnish  is  stnuned  off,  and  cold ;  but  as  UiefAiii- 
mMg,Mp^  or  quaatity  of  tarpeotine  required  to  bring  it  to  its  proper  eonsistence,  depends 
very  mach  apon  the  degree  of  boiling  the  varnish  has  undergone,  therefore,  when  the  gum 
and  oil  hare  not  been  strongly  boiled,  it  requires  less  turpentine  Ibr  that  purpose ;  whereas^ 
when  the  gum  and  oU  are  very  strongly  boiled  together,  a  pot  of  20  gallons  will  require 
perhaps  3  gallons  above  the  regular  proponkmate  quantity ;  and  if  mixing  the  turpentine 
i&  commenced  too  soon,  and  the  pot  not  sufiSciently  cool,  there  will  be  frequently  above  a 
gallon  and  a  half  of  turpentine  lost  by  evaporation. 

All  carriage,  wainscot,  aad  mahogany  varnish  ought  to  have  fully  one  pound  of  gum  for 
each  gallon,  when  strained  and  oold ;  and  should  one  pot  require  more  than  its  proportion 
of  turpentine,  the  following  pot  can  easily  be  left  not  quite  so  strongly  boiled ;  then  it 
will  require  less  turpentine  to  thin  it  up. 

Gold  size^  whether  pale  or  dark,  ought  to  have  fully  half  a  pound  of  good  gum  copal  to 
each  gallon,  when  it.  is  finished ;  and  the  best  black  japan,  to  have  half  a  pound  of  good 
gum,  or  upwards,  besides  the  quantity  of  asphaltum. 

Fine  nuutic,  or  picture  varnish. — Put  5  pounds  of  fine  picked  gtm  mastic  into  a  new 
four-gallon  tin  bottle;  get  ready  2 pounds  of  glass,  bruised  as  small  as  barley;  wash  it 
several  times;  afterwards  dry  it  .perfectly,  and  pot  it  into  the  bottle  with  2  gallons  of  tur- 
pentine that  has  settled  some  time ;  put  a  piece  of  soft  leather  under  the  bung ;  lay  the 
tin  on  a  sack  apou  the  counter,  table,  or  any  thing  that  stands  solid ;  begin  to  agitate  the 
tin,  smartly  rolling  it  backward  and  forwaitl,  causing  the  gum,  glass,  and  turpentine,  to 
work  as  if  in  a  barrel-churn  for  at  least  4  hours,  when  the  varnish  may  be  emptied  out  into 
•py  thing  aufficienlly  dean,  and  lai^e  enough  to  hold  it.  If  the  enm  is  not  all  dissolved^ 
return  the  whole  into  the  bottle,  Aod  agitate  as  before,  until  all  the  gum  is  dissolved ; 
then  strain  it  through  fine  thin  muslin  into  a  clean  tin  bottle :  leave  it  uncorked,  so  thai 
the  air  can  gel  in,  but  no  dost;  let  it  stand  for  9  months,  at  least,  before  it  is  used ;  for 
the  longer  it  is  kept,  the  tougher  it  will  be,  and  less  liable  to  chill  or  bloom.  To  prevent 
mastic  varnish  from  chilling,  boil  one  quart  of  river  sand  with  two  ounces  of  pearl-ashes ; 
afterwards  wash  the  sand  three  or  four  times  with  hot  water,  straining  it  each  time ;  put 
the  sand  on  a  soap-plate  to  dry,  in  an  oven ;  and  when  it  is  of  a  good  heat,  pour  half  a 
pint  of  hot  sand  into  each  gallon  of  varnish,  and  shake  it  well  for  five  minutes ;  it  will 
soon  settle,  and  carry  down  the  moisture  of  the  gum  and  turpentine,  which  is  the  general 
cause  of  mastic  varnish  chilling  on  paintings* 

Common  maetic  vafmwA.— Put  as  mach  gum  mastie,  unpicked,  into  the  gum-pot  as  may 
be  required,  and  to  every  2}  pounds  of  gum  pour  in  1  gallon  of  cold  turpentine ;  set  the 
pot  over  a  very  moderate  Art;  aad  stir  it  with  the  stirrer;  be  careful,  when  the  steam  of 
the  tarpentine  rises  near  the  mouth  of  the  pot,  to  cover  it  with  the  carpet,  and  carry  ft 
out  of  door%  as  the  vapor  is  very  apt  to  catch  fire.  A  few  minutes'  low  heat  will  perfectly 
dissolve  8  pounds  of  gum,  which  will,  with  4  galh>ns  of  turpentine,  produce,  when  strain- 
ed, 4i  gallons  of  varnish ;  to  which  add,  while  yet  hot,  5  pints  of  pale  turpentine  varnish, 
which  improves  the  body  and  hardness  of  the  mastic  varnish. 

CryUal  vamuA,  may  be  made  either  in  the  vamish-faouse,  drawing-room,  or  parlor. 
Procure  a  bottle  of  Canada  balsam,  which  can  be  had  at  any  druggist's ;  draw  out  the 
cork,  and  set  the  bcutUe  of  balsam  at  a  little  distance  fVom  the  fire,  turning  it  round  several 
times,  until  the  heat  has  thinned  it ;  then  have  something  that  will  hold  as  much  as  double 
the  quantity  of  balsam ;  eanry  the  balsafo  fhom  the  fire,  and,  while  fluid,  mix  it  with  the 
same  quantity  of  good  turpentine,  and  shake  them  together  until  they  are  well  incorpora- 
ted ;  in  a/ few  days  the  varnish  is  fit  for  use,  particularly  if  it  is  poured  into  a  half-gallon 
g^ss  or  stone  bottle,  and  kept  in  a  gentle  warmth.  This  varaish  is  used  for  maps,  prints, 
charts^  drawings^  paper  ornaments,  &e. ;  and  when  made -upon  a  larger  scale,  requires 
ooly  warming  the  balsam  to  mix  with  the  turpentine. 

WluU  ktvrd  MfrirH'Of^wine  mtfmuA.^-Put  6  pounds  of  gum  sandaraeh  into  a  four-gallon 
tio  bottle,  with  2  gallons  of  spirits  of  wine,  fiO  over  proof,  and  agitate  it  until  dissolved, 
exactly  as  directed  for  the  best  mastic  varnish,  reooUeeting,  if  washed  glass  is  used,  that 
it  is  convemeat  to  dip  the,  bottle  containing  the  gum  and  spirits  into  a  copperful  of  hot 
water  every  10  minaias-^the  bottle  to  be  immersed  only  2  minutes  at  a  time — which  win 
greatly  assist  the  dissolving  of  thi»  gum ;  but,  above  all,  be  careful  to  keep  a  firm  hok! 
over  the  cork  of  the  boltle>  otherwiae  the  rarefaction  will  drive  the  cork  out  with  the 
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force  oT  a  ghot,  and  perhaps  set  fire  to  the  place.  The  bottle,  every  time  it  is  heatel, 
ought  to  be  carried  awaj  from  the  fire ;  the  cork  shooM  be  eased  a  little,  to  allow  the 
rarefied  air  to  escape  $  then  driven  tight,  and  the  agitation  oontinoed  in  this  manner 
until  all  the  gum  is  properly  dissolved)  which  is  easily  known  by  having  an  empty  tia 
can  to  pour  the  varnish  into,  until  near  the  last,  which  is  to  be  poured  into  a  gallon  mea- 
sure, ir  the  gum  is  not  all  dissolved,  letum  the  whole  into  the  four-gallon  tin,  and  con- 
tinue the  agitation  until  it  is  ready  to  be  strained,  when  every  thing  ought  to  be  quite 
ready,  and  perfectly  clean  and  dry,  as  oily  tins,  funnels,  strainers,  or  any  thing  damp,  or 
even  cold  weather,  will  chiU  and  spoil  the  varnish.  After  it  is  strained  off,  put  into  the 
varnish  one  quart  of  very  pale  turpentine  varnish,  and  shake  and  mix  the  two  well 
together.  Spirit  varnishes  should  be  kept  well  corked ;  they  are  fit  to  use  the  day  after 
being  made. 

Brown  hard  tpirit  wimuk^  is  made  by  putting  into  a  bottle  3  pounds  of  gum  sandarad, 
with  2  pounds  of  shellac,  and  2  gallons  of  spirits  of  wine,  60  over  proof;  proceeding 
exactly  as  before  directed  for  the  white  hard  varnish,  and  agitating  it  when  eoU,  i^ich 
requires  about  4  hours'  time,  without  any  danger  of  fire;  whereas,  maldng  any  spirit 
varnish  by  heat  is  always  attended  with  danger.  No  spirit  varnish  ought  to  be  made 
either  near  a  fire  or  by  candle  light.  When  this  browi^hard  is  strained,  add  one  quart  ol 
turpentine  varnish,  and  shake  and  mix  it  well :  next  day  it  is  fit  for  use. 

The  Ckimtt.  varnuA,  comes  from  a  tree  which  grows  in  Cochin-Chtna,  China,  and 
Siam.    It  forms  the  best  of  all  varnishes. 

Gold  lacker, — Pol  into  a  clean  four-gallon  tin,  1  iwuad  of  ground  turmeric,  ]|  ounces 
of  powdered  gamboge,  3|  pounds  of  powdered  gum  sandarach, }  of  a  pound  of  shellac,  and 
2  gallons  of  spirits  of  wine.  AAer  being  agitated,  dissolved,  and  strained,  add  1  piat  of 
turpentine  varnish,  well  mixed. 

Rid  tjririi  ladur.  Pale  hrau  ladeer. 


2  gallons  of  spirits  of  wine; 

1  pound  of  dragon's  blood ; 

3  pounds  of  Spciish  annotto ; 
3}  poands  of  gum  sandarach; 

2  pints  of  turpentine. 

Made  exactly  as  the  yellow  gold  lacker. 


2  gallons  of  spirits  of  wine ; 

3  ounces  of  Cape  aloes,  cut  small; 
1  pound  of  fine  pale  shellac; 

1  ounce  gamboge,  cut  small. 
No  turpentine  varnish.     Made  ezaelly  as 
before. 


But  observe,  that  those  who  make  lackers,  frequently  want  some  paler,  and  tome  darker, 
and  sometimes  inclining  more  to  the  particular  tint  of  certain  of  the  eomponent  ingredi- 
ents. Therefore,  li'  a  four-ounce  vial  of  a  strong  solution  of  each  ingredient  be  prepared, 
a  lacker  of  any  tint  can  be  produced  at  any  time. 

Preparation  of  linseed  oil  for  making  vamithee. — ^Put  25  gallons  of  linseed  oil  into  at 
iron  or  copper  pot  that  will  hold  at  least  30  gallons;  put  a  fire  under,  and  gradually  in- 
crease the  heat,  so  that  the  oil  may  only  simmer,  for  2  hours ;  during  tbat  time  the  ereat- 
est  part  of  its  moisture  evaporates ;  if  any  scum  arises  on  the  sorfiice,  skim  it  ol^  and 
put  that  aside  for  inferior  purposes.  Then  increase  the  fire  gradually,  and  sprinkle  ii, 
Vy  a  little  at  a  lime,  3  lbs.  of  scale  litharge,  3  lbs.  of  good  red  lead,  and  2  tlis.  of  Taritey 
umber,  all  well  dried  and  free  from  moisture.  If  any  moist  driers  are  added,  they  vill 
cause  the  oil  to  tumefy ;  and,  at  the  same  time,  darken  it,  causing  it  to  loo^  opaque  asd 
thick,  ropy  and  clammy,  and  hindering  it  from  drying  and  hardening  in  proper  time ;  be- 
sides, it  will  lie  on  the  working  painting  like  a  piece  of  bladder  skin,  and  be  very  apt  to 
rise  in  blisters.  As  soon  as  all  the  driers  are  sudded  to  the  oil,  keep  quietly  stirring  the 
driers  from  the  bottom  of  the  pot ;  otherwise  they  will  bum,  which  will  cause  the  iSl  to 
blacken  and  thicken  before  it  is  boiled  enough.  Let  the  fire  be  so  regulated  that  the  oil 
shall  only  boil  slowly  for  three  hours  from  the  time  all  the  driers  were  added ;  if  it  then 
ceases  to  throw  up  any  scum,  and  emits  little  or  no  smoke,  it  is  necessary  to  test  its  tes^ 
perature  by  a  few  quill  tops  or  feathers*  Dip  a  quill  top  in  the  oil  every  two  minntes» 
for  when  the  oil  is  boiled  enough,  the  quill  top  wflli  crackle  or  curl  up  quite  burnt;  if  w^ 
draw  out  the  fire  immediately,  and  let  the  oil  remain  in  the  pot  at  least  from  10  to  24 
hourfl,  or  longer  If  convenient,  for  the  driers  settle  much  sooner  when  the  oil  b  kft  to 
cool  in  the  pot,  than  when  it  is  immediately  taken  out. 

Poppu  oil, — ^Into  four  pints  of  pure  soft  water,  put  two  ounces  of  foreign  white  vitriol; 
ararm  the  water  in  a  clean  copper  pan,  or  glazed  earthen  jar,  until  the  ritriol  is  dinolv- 
ed ;  pour  the  mixture  into  a  clean  glass  or  stone  bottle,  large  enough  to  contain  three 
gallons ;  then  add  to  the  solution  of  vitriol  one  gallon  and  a  half  of  poppy  oO,  code  aad 
agitate  the  bottle  regularly  and  smartly  for  at  least  two  hours ;  then  pour  out  the  eonteati 
into  a  wide  earthenware  dish :  leave  it  at  rest  for  eight  days,  when  the  oil  will  be  deat 
and  brilliant  on  the  surface,  and  may  be  taken  off  with  a  spoon  or  flat  skimmer,  and  pel 
up  in  a  glass  bottle  and  exposed  to  the  light,  which  in  a  few  weeks  renders  the  oil  exceed, 
ft^ly  limpid  and  colorless. 
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NfU^ily  0.  ml  of  wahiuU,  i»  extracted  by  expre«sioa;  and  that  which  is  extracted 
without  heal,  ie  certainly  the  most  pale,  pare,  and  nutritive  seasoning,  and  retains  an 
exquisite  taste  of  the  fruit.  That  designed  for  the  arts  is  of  inferior  quality,  and  is 
plentifully  imported  to  us  from  France ;  the  heat  it  undergoes  in  its  torrefaction,  previous 
to  its  egression,  disposes  it  to  dry  more  quickly  than  -that  expressed  by  the  cold  process ; 
but,  at  the  same  time,  the  heat,  though  it  frees  it  from  its  unctuous  quality,  gives  Jt  more 
color.  When  it  hal  been  extracted  by  the  cold  process,  it  may  be  prepared  in  the  same  way 
as  directed  for  the  poppy  oil. 

In  the  above  article  I  have  retained  the  workmen's  names— gum,  white  vitriol,  ke*f 
instead  of  resin,  sulphate  of  zinc,  &.c. 

VEINS  (Fiknsy  Fr. ;  Gunge,  Germ.),  are  the  fissures  or  rents  in  roeks,  which  are  filled 
with  peculiar  mineral  substances,  most  commonly  metallic  ores. 

VEIN  STOP^ES,  or  GANGITES,  are  the  mineral  substances  which  accompany,  andfire- 
quenlly  enclose,  the  metallic  ores. 

VELLUM,  is  a  fine  sortof  Pabchment,  which  see. 

VELVET  (Fetovrt,  Fr. ;  Sammety  Germ.),  a  peculiar  stuff,  theaature  of  which  is  ex« 
plained  under  Fustian  and  Textile  Fabrics. 

VE-VETIAN  CHALK,  is  Steatite. 

VENUS,  is  the  myihological  name  of  copper. 

VEN  riL ATION,  or  the  renewal  of  fresh  air  in  stagnant  places,  is  nowhere  exhibited 
to  such  advantage  as  in  the  coal  mines  of  Northumberland  and  Durham,  where 
Mr.  Buddie  has  carried  well  nigh  to  systematic  perfection  the  plan  of  coursing  the 
air  through  the  winding  galleries,  originally  contrived  about  the  year  1760,  by  Mr.  James 
Spedding,  of  Workington,  the  ablest  pitman  of  his  day.*  He  converted  the  whole  of 
the  passages  into  air-pipes,  so  to  speak,  drew  the  current  of  air  from  the  downcast  pit, 
then  traversed  it  up  and  down,  and  ronnd  about,  through  the  several  sheaths  of  the 
workings,  so  that  no  parlicular  gallery  was  leA  without  a  current  of  air.  He 
thereby  succeeded  in  actually  expelling  the  noxious  gases  from  the  mines;  those 
demons,  which  in  GJermany,  at  no  remote  era,  were  wont  to  be  combated  by  the  priests 
with  impotent  exorcisms  or  pious  frauds.  Before  Mr.  Buddie  introduced  his  im- 
provements, he  has  known  the  air  to  be  led  through  a  series  of  workings,  thirty  miles 
long,  before  it  made  its  exit.  There  is  in  every  coal  mine  an  experienced  corps,  called 
wastemen,  because  they  travel  over  the  waste,  or  the  exhausted  regions,  who  can  tell  at 
once,  by  the  whistling  sound  which  the  air  makes  at  the  crevices  in  certain  partitions  and 
doors,  whether  the  ventilation  be  in  good  condition  or  not.  They  hear  these  stoppings 
begin  to  ting  or  caU,  as  they  say,  whenever  an  interruption  takes  place  in  any  point  of  the 
labyrinthian  line.  Another  indication  of  something  being  wrong,  is  when  the  doors  get  so 
heavy,  that  the  boys  in  attendance  upon  them  find  them  difiicuU  to  shut  or  open.  The 
instant  such  a  defect  is  discovered  by  any  one,  he  cries  aloud,  <<  Holloa,  there  is  something 
wrong — the  doors  are  calling  !" 

In  Mr.  Spedding's  system,  the  whole  of  the  return  air  came  in  one  current  to  hit 
rarefying  furnace  (see  letter  Cyfig,  1158),  whether  it  was  at  the  explosive  point  or  not. 
This  distribntion  was  often  fraught  with  such  danger,  that  a  torrent  of  water  had  to  b« 
kept  in  readiness,  under  the  name  of  the  waterfall,  to  be  let  down  to  extinguish  the  fire  in  a 
moment.  Many  explosions  at  that  time  occurred,  from  the  furnaces  below,  and  also  down 
through  tubes  from  the  furnaces  above-?round. 

About  the  year  1807,  Mr.  Buddie  had  his  attention  intensely  occupied  with  this  most 
important  object,  and  then  devised  his  plan  of  a  divided  current,  carrying  that  portion 
through  the  active  furnace  c,^g.  1 158,  and  the  portion  of  the  air  from  the  foul  workings 
of  the  air  which,  descending  in  the  downcast  pit  a,  codrsed  through  the  cUan  workings, 
up  the  dumb  furnace  d,  till  it  reached  a  certain  elevation  in  b,  the  upcast  pit,  above  the 
fireplace.  The  pitmen  had  a  great  aversion,  however,  at  first,  to  adopt  this  plan,  as  they 
thought  that  the  current  of  air,  by  beinsr  split,  would  lose  its  ventilating  power ;  but 
they  were,  ere  long,  convinced  by  Mr.  Buddie  to  the  contrary.  He  divides  the  main 
current  into  two  separate  streams,  at  the  bottom  of  the  pit  a,  as  shown  by  darts  in  the 
figure ;  the  feathered  ones,  representing  that  part  of  the  pit  in  which  the  course  of  the 
current  of  air  is  free  from  explosive  mixture,  or  does  not  contain  above  one  thirtieth 
of  carbureted  hydrogen,  as  indicated  by  its  effect  upon  the  flame  of  a  candle.  The 
naked  darts  denote  the  portions  of  the  mine  where  the  air,  being  charged  to  the  firing 
point,  is  led  off  towards  d,  the  dumb  furnace,  which  communicates  with  the  hot  upcast 
shaft,  out  of  reach  of  the  Aame,  and  thence  derives  its  power  of  draught.  By  suitable  alter* 
ations  in  the  stoppings  (see  the  various  transverse  lines,  and  the  crosses),  any  portion  of 
the  workings  may,  by  the  agency  of  the  furnace,  be  laid  out  of,  or  brought  within,  the 
course  of  the  vitiated  current,  at  the  pleasure  of  the  skilful  mine  viewer ;  so  that,  if  he 
Ibind  it  necessary,  he  could  confine,  by  proper  arrangemenu  )f  his  furnace,  all  the 
▼itiated  current  to  a  mere  gas-pipe  or  drift,  and  direct  it  wholly  iirough  the  dumb  fur- 

*  Miniiiff  •ofineen  aw  th«  t«rm  gopd  jNftium,  m  adminli  do  go^i  Mtmmif    )  denote  a  proficient  ia  h|s 


me  VBRATBIHE. 

wee.  Daring  a  praetiee  of  iwmt?  jMn,  Mr.  Saddle  bM  DM  met  irilh  ■dtmcMMd 
eoiiMqurnce  of  a  der^ct  in  the  sloppinis  preTcnliag  Ibe  eamjiru  diriMM  of  Ikt  u. 
The  engineer  his  it  Ihua  within  his  power  lo  dM>^  -or  innlate  thoae  pottka*  tf  ll« 
mine  in  which  there  i>  a  great  eindation  of  fas,  from  the  real  i  aod,  indeed,  it  b  o- 
tinnally  making  chancres,  barmMrin;;  and  leading  carreDtl,  M  to  Ipeak  ;  MnetiBCi  tqiaj 
one  division  or  panel  upon  the  oae  air-eonne,  and  tanetimei  npon  tke  otbo',  jiM  It 
toil  the  immediate  emergeaef.  As  aoon  as  aaf  district  kaa  enaed  lo  bedugen«i,kr 
the  exhaustion  or  the  gas-blowerv,  it  ii  lianirerred  from  the  Tanl  to  the  pore  air  cttiwe,  ikn 
gnapDwder  maj  be  latelT  nied,  as  also  nndlea,  inalead  of  DaT)'V  luiqi^  which  gire  1m 
light. 

Thequantitf  oTair  put  down  into  lh«  WallMDd  coilierr,  at  the  timeof  thelaitdKidfld 
tcctdent,  ISlh  June,  i83o,  Was  not  less  than  AOOO  cnbic  feet  per  minute,  whenee  it  has  kM 
JDitly  inrerT«d  that  the  explonion  was  caused  br  the  rashness  lA"  a  waMemaa  earrjingt 
light  through  a  door  into  a  Toul  clriA. 

Till  the  cutting  out  or  the  pillars  commences  (see  the  right .  end  of  the  diagitBi),  tk 
TBDliletion  of  the  several  passages,  boanls,  kc.,  msr  be  kept  perfect,  sapposij  Ik 
woridng  extended  no  Tunher  than  a,  or  bi  brcau^e,  as  long  as  there  are  pilbin  slaadi^^ 


•TCTT  passage  ma;  be  converted  into  an  air-conduit.  Tor  leading  •  oiiTeat  of  air  Ii  sq 

diieclioD,  either  lo  c,  the  burning,  or  □,  the  dumb  furnace.  But  the  first  pillac  ihsl  ii 
Tcmored  deranxea  the  ventilalion  at  that  spot,  and  takes  away  the  means  of  carrriBf  lbs 
air  into  Ihe  ftirlher  recess  towards  c.  In  takina  out  the  pillBrs,theminer»alirBjs  wwtis 
wind wanl,  that  is  lo  say,  againsl  Ihe  stream  of  air;  so  that  whatever  gas  may  betnlnJ 
aball  be  inimedialely  carried  off  from  the  people  at  work.  When  a  range  of  pillui  tM 
been  removed,  as  at  d,  t,f,  no  power  remains  of  dislodging  the  gas  from  Ihe  sedm  of 
Uie  mine  beyond  a,  b  f  and  u  the  pillars  are  successively  cut  away  to  the  led  hasdif  ik 
line  a,b,  Ihe  size  of  the  gonf,  or  void,  is  increased.  This  vacuity  is  a  tme  gas-holfa, « 
Mservuir,  continually  discbaiiing  itself  at  the  points  g.  A,  i,  into  the  circalaiing  cnrKU, 
to  be  carried  off  by  Ihe  gas-pipe  drift  at  the  dumb  furnace,  but  not  to  be  suffered  net  la 
come  in  contact  with  flame  of  any  description.  The  next  range  of  working,  is  the  lis* 
of  pillars  lo  the  left  of  a,bi  the  coal  having  been  entirely  cleared  oul  erf  the  space  lolk 
light,  where  Ihe  placeof  the  pillars  is  marked  by  dotted  lines.  The  roof  in  the  waste  wa 
falls  down,  and  gela  fractured  up  to  Ihe  next  seam  of  coal,  called  the  yard-coal  seaffl,«tick, 
aboundiju!  in  gas,  sands  it  down  in  targe  qnantilies,  and  keeps  the  immense  gas«ncler,« 
goaf  below,  continually  replenished.     See  Stove. 

VERATBINE,  is  a  vegetable  alkali,  qf  a  poisonous  nature,  ntracted  frm  ik 
seeds  of  Ihe  Veralmn  labadiiia,  the  rooLs  of  the  Feratrum  a&uni,  or  white  heUebon,asl 
of  Calchicum  aulvmnalt,  or  meadovr  saffron,  in  which  plants  it  exists  combined  ckitfT 
with  gallic  acid.  K  is  obtained  in  the  form  of  a  white  powder.  It  has  aa  acrid,  bon- 
ing taste,  but  without  any  bitterness  ;  it  has  no  smell ;  but  when  snuQed  into  the  oortiil^ 
it  excitea  violent  and  dangerous  saeeiing.  It  mells  at  a  beat  of  122°  F.,  and  eoDcrclM 
OQ  cooling,  into  a  Innsparenl  yelkiwish  mass.  It  restores  the  blue  color  of  reddoe* 
litmus  paper.  It  is  hardly  soluble  in  water  or  ether,  bat  abundantly  in  alcobol.  It 
consists  of— carbon  6675,  hydri^ea  S'34,  nitrogen  5-04,  and  oxygen  19-60.  Its  nliM 
Compoaods  have  an  acrid  and  bum iog  taste.  Teratrine  resembles  stryehnineaDd  bncine, 
in  iU  effects  upon  living  bodies,  prodocing  letaaiis  and  death  in  a  moderate  dose;  po^ 
withttaading  which,  il  has  been  prescribed  bf  some  of  our  poison  doctors,  espedaUy  mixta 
with  h(^s  lard,  ID  the  form  of  frictions  on  the  forehead,  for  nervoos  maladies;  butsdlo^ 
I  believe^  with  any  good  effitcts. 
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VERDIGRIS.  {FirUde-gruy  Fr.;  Grmuptm^  Qtrm.)  The  copper  ued  in  thk 
manuractare,  is  formed  into  round  sheets,  from  20  to  25  inches  diameter,  by  one  twenCy- 
fonrih  pf  an  inch  in  thiekneas.  Each  sheet  is  then  divided  into  oblong  squares,  from  4 
to  6  inches  in  length,  by  3  broad ;  and  weighing  about  4  ounces.  They  are  separately 
beaten  upon  an  anvil,  to  smooth  their  surfaces,  to  consolidate  the  metal,  and  to  free  it 
from  scales.  The  refuse  of  the  grapes,  af\er  the  extraction  of  their  juice,  formerly 
thrown  on  to  the  dunghill,  is  now  preserved  for  the  purpose  of  making  verdigris.  It  is 
put  loosely  into  earthen  vessels,  which  are  usually  16  inches  high,  14  in  diameter  at 
the  widest  part,  and  about  22  at  the  mouth.  The  vessels  are  then  covered  with  lids^ 
which  are  surrounded  by  straw  mats.  In  this  situation  the  materials  soon  become 
heated,  and  exhale  an  acid  odor ;  the  fermentation  beginning  at  the  bottom  of  the  cask, 
and  gradually  rising  till  it  actuate  the  whole  mass.  At  the  end  of  two  or  three  days^ 
the  manufacturer  removes  the  fermeoting  materials  into  other  vessels,  in  order  to  check 
the  process,  lest  putrefaction  should  ensue.  The  copper  plates,  if  new,  are  now  pre- 
pared, by  rubbing  them  over  with  a  linen  cloth  dipped  in  a  solution  of  verdigris;  and  they 
are  lakl  np  alongskle  of  one  another  to  dry.  If  the  plates  are  not  subjected  to  this 
kind  of  preparation,  they  will  become  black,  instead  of  green,  by  the  first  operation. 
When  the  plates  are  ready,  and  the  materials  in  a  fermenting  state,  one  of  them  is  pat 
into  the  earthen  vessel  for  24  hours,  in  order  to  ascertain  whether  it  be  a  proper  period 
to  proceed  to  the  remaining  part  of  the  process.  If,  at  the  end  of  this  period,  the  plate 
lie  covered  with  a  uniform  green  layer,  concealing  the  whole  copper,  everything  is 
right;  bat  if,  on  the  contrary,  liquid  drops  hang  on  the  surface  of  the  metal,  the  work- 
men say  the  plates  are  tweaiing,  and  conclude  that  the  heat  of  the  fermented  mass  has 
been  inadequate ;  on  which  account  another  day  is  allowed  to  pass  before  making  a  simi- 
lar trial.  When  the  materials  are  finally  found  to  be  ready,  the  strata  are  formed  in  the 
Ibllowing  manner.  The  plates  are  laid  on  a  horixootal  wooden  grating,  fixed  in  the 
middle  of  a  vat,  on  whose  bottom  a  pan  full  of  burning  charcoal  is  placed,  which  heats 
them  to  such  a  degree,  that  the  women  who  manage  this  work  are  obliged  to  lay  hold 
of  them  frequently  with  a  cloth  when  they  lift  them  out.  They  are  in  this  state  put 
into  earthen  vessels,  in  alternate  strata  with  the  fermented  materials,  the  uppennost 
and  undermost  layers  being  composed  of  the  expressed  grapes.  The  vessels  are  covered 
with  their  straw  mats,  and  leA  at  rest.  From  30  to  40  pounds  of  copper  are  pat  into 
one  vessel. 

At  the  end  of  10,  12,  16,  or  20  days  the  vessels  are  opened,  to  ascertain,  by  the 
materials  having  become  white,  if  the  operation  be  completed. 

Detached  glossy  crystals  will  be  perceived  on  the  surface  of  the  plates ;  in  which 
case  the  grapes  are  thrown  away,  and  the  plates  aFe  placed  upright  in  a  corner  of  the 
verdigris  cellar,  one  against  the  other,  upon  pieces  of  wood  laid  on  the  ground.  At  the 
end  of  two  or  three  days  they  are  moistened  by  dipping  in  a  vessel  of  water,  after  which 
they  are  replaced  in  their  former  situation,  where  they  remain  seven  or  eight  days,  and 
are  then  subjected  to  momentary  immersion,  as  before.  This  alternate  moistening  and 
exposure  to  air  is  performed  six  or  eight  times,  at  regular  interrats  of  abont  a  week.  As 
these  plates  are  sometimes  dipped  into  damaged  wine,  the  workmen  term  these  immer- 
sions, one  wine,  two  totiMt,  ^. 

By  this  treatment,  the  plates  swell,  become  green,  and  covered  with  a  stratum  of 
verdigris,  which  is  readily  scraped  off  with  a  knife.  At  each  operation  every  Tessel  yieklt 
from  five  to  six  pounds  of  verdigris,  in  a  fr$Mh  or  humid  state;  which  is  sold  to  whole- 
sale dealers,  who  dry  it  for  exportation.  For  this  purpose,  they  knead  the  paste  in 
vooden  troughs,  and  then  trantier  it  to  leathern  bags,  a  foot  and  a  half  long,  and  ten 
inehes  in  diameter.  These  bags  are  exposed  to  the  sun  and  air  till  the  verdigris  has  at- 
tained a  sufficient  degree  of  hardness.  It  loses  about  half  its  weight  in  this  operation) 
and  it  is  said  to  be  knife-proof,  when  this  instrument,  plunged  through  the  leathern  bag, 
eannot  penetrate  the  loaf  of  verdigris. 

Hie  manufacture  of  verdigris  at  Montpeilier  is  altogether  domestic.  In  most  win« 
fitfm-honses  there  is  a  verdigris  cellar;  and  its  principal  operations  are  conducted  by  the 
females  of  the  fhmily.  They  consider  the  forming  the  strata,  and  scraping  off  the  ver> 
digris,  the  most  troublesome  part.  Chaptal  says  that  this  mode  of  making  verdigris  wtrahl 
admit  of  some  improvements;  for  example,  the  acetification  requires  a.  warmer  tempera- 
ture than  what  usually  arises  in  the  earthen  vessels;  and  the  plates,  when  set  aside  to 
generate  the  coat  of  verdigris,  require  a  different  degree  of  heat  and  moisture  ftom  that 
raquisite  for  the  other  operations. 

Verdigris  is  a  mixture  of  the  crystallized  acetate  oC  copper  and  the  snb-aeetate,  hi 
varying  proportions.  According  to  Vauquelin's  researches,  there  are  three  compounds 
of  oxyde  of  copper  and  acetic  acM ;  1.  a  subacetate,  insoluble  in  water,  but  decomposing 
m  that  fluid,  at  common  tempefatures  changing  into  peroxyde  and  acetate ;  2.  a  neutral 
aeetate,  the  solution  of  which  is  not  altered  at  common  temperatures,  bot  is  deeompoaed 
ty  cbvDitioiiy  beeomiag  penayde  and  niperaeetate ;   aad^  3.  snperaeetate,  which  ia 


1880  VERDITER. 

aolotioa  is  not  decomposed,  either  at  common  temperatures  or  at  the  boiliofr  point ,  awi 
which  cannot  be  obtained  in  crystals,  except  by  slow  spontaneous  evaporation,  in  air  or 
<n  vacuo.  The  first  salt,  in  the  dry  state,  contains  66*dl  oi*  osyde;  the  seeond,  44-44 : 
and  the  third,  33*34. 

Mr.  Phillips  has  given  the  following  analyses  of  French  and  English  Terdigriis 
AimaU  ofPhiiotopky,  No.  21.— 

French  Ve.digns.    Eafli^h  V«nliniiL 

Acetic  acid            -  29-3  29-62 

Peroxyde  of  copper  43*5  44*25 

Water           -        -  25-2  25*51 

Impurity       •        -  20  0*62 

100*0  10000 

Distilled  verdigrU,  as  it  was  long  erroneously  called,  is  merely  a  Hnaeetait  or  snpcr- 
aeetate  of  copper,  made  by  dissolving,  in  a  copper  kettle,  onejuirt  of  verdigris  in  two  ef 
distilled  vinegar  $  aiding  the  mutual  action  by  slight  heat  and  agitation  with  a 


spatula.  When  the  liquor  has  taken  its  utmost  depth  of  color,  it  is  allowed  to  aeitlc^ 
and  the  clear  portion  is  decanted  off  into  well-glazed  earthen  vessels.  Fr%h  vinegar  is 
poured  on  the  residuum,  and  if  its  color  does  not  become  deep  enough,  more  verdigris  u 
added.  The  clear  and  saturated  solution  is  then  slowly  evaporated,  in  a  vessel  kcpC 
uniformly  filled,  till  it  acquires  the  consistence  of  sirup,  and  shows  a  pellicle  on  its  sar- 
face ;  when  it  is  transferred  into  glazed  earthen  pans,  called  oulas  in  the  ooantry.  la 
each  of  these  dishes,  two  or  three  slicks  are  placed,  about  a  foot  long,  cleft  till  withia 
two  inches  of  their  upper  end,  and  having  the  base  of  the  cleft  kept  asunder  bj  a  bit  cf 
wood.  This  kind  of  pyramid  is  suspended  by  its  summit  in  the  liquid.  All  these  vessels 
are  transported  into  crystallizing  rooms,  moderately  heated  with  a  stove,  and  left  in  the 
same  state  for  15  days,  taking  care  to  maintain  a  uniform  temperature.  Thus  are  o^ 
tained  very  fine  groups  of  crystals  of  acetate  of  copper,  clustered  round  the  wooden  rods; 
on  which  they  are  dried,  taken  off,  and  sent  into  the  market.  They  are  distinctly  rhonn 
boidal  in  form,  and  of  a  lively  deep  blue  color.  Each  cluster  of  crystals  weighs  insi 
five  to  six  pounds ;  and,  in  general,  their  total  weight  is  equal  to  about  one  thud  df  the 
Terdigris  employed. 

The  cr)'stallized  binacetate  of  commerce  consists,  by  my  analysis,  of— acetic  acid,  SH; 
oxyde  of  copper,  39*6 ;  water,  8*4,  in  100.  I  have  prepared  crystals  which  contain  no 
water.  There  is  a  triple  acetate  of  copper  and  lime,  which  resembles  distilled  TentigrisiB 
color.  It  was  manufactured  pretty  extensively  in  Scotland  some  >'ears  ago,  and  fetched  a 
high  price,  till  I  published  an  analysis  of  it  in  the  Edinburgh  Philosophical  Journal.  It 
is  much  inferior,  for  all  uses  in  the  arts,  to  the  proper  binacetale. 

VERDITER,  or  BLUE  VERDITER.  This  is  a  precipitate  of  oxyde  of  copper  vilh 
lime,  made  by  adding  that  earth,  in  its  purest  state,  to  the  solution  of  nitrate  of  eopfier, 
obtained  in  quantities  by  the  refiners,  in  parting  gold  and  silver  from  eopper  by  aitne 
acid.  The  cupreous  precipitate  must  be  triturated  with  lime,  after  it  is  nearly  dry,  la 
bring  out  the  fine  velvety  blue  color.  The  process  is  delicate,  and  readily  misgives  ii 
unskilful  hands. 

The  cendres  bltues  sn  p&U  of  the  French,  though  analogous,  are  in  some  respects  a  di& 
ferent  preparation.  To  make  it,  dissolve  sulphate  of  copper  in  hot  water,  in  saeh  pr»> 
portions  that  the  liquM  may  have  a  density  of  1*3.  Take  240  pound  measures  of  this  so- 
lution, and  divide  it  equally  into  4  open-headed  casks ;  add  to  each  of  these  45  poand 
measures  of  a  boiling-hot  solution  of  muriate  of  lime,  of  specific  gravity,  1-317,  whereby 
a  double  decomposition  will  ensue ;  with  the  formation  of  muriate  of  copper  and  soiphsie 
of  lime,  which  precipitates.  It  is  of  consequence  to  work  the  materials  well  together 
at  the  moment  of  mixture,  to  prevent  the  precipitate  agglomerating  in  unequal  masses. 
After  leaving  it  to  settle  for  12  hours,  a  small  quantity  of  the  clear  liquor  oMy  be  ex- 
amined, to  see  whether  the  just  prot>ortions  of  the  two  salts  have  been  employed,  which 
i«  done  by  adding  either  sulphate  of  copper  or  muriate  of  lime.  Shouki  either  cause 
much  precipitation,  some  of  the  other  must  be  poured  in  till  the  equivalent  deeompositioa 
be  accomplished ;  though  less  harm  results  from  an  excess  of  sulphate  of  copper  than  of 
muriate  of  lime. 

The  muriate  of  copper  is  to  be  decanted  from  the  subsided  gypsum,  which  most  be 
drained  and  washed  in  a  filter;  and  these  blue  liquors  are  to  be  added  to  the  stranger; 
and  the  whole  distributed,  as  before,  into  4  casks  j  composing  in  all  670  pound  measans 
of  a  green  liquor,  of  1*151  specific  gravity. 

Meanwhile,  a  magma  of  lime  is  to  be  prepared  as  foltows:— 100  pounds  cf  quick- 
lime are  to  be  mixed  up  with  300  pounds  of  water,  and  the  mixture  is  to  be  paaed 
through  a  wire-gauze  sieve,  to  separate  the  sandy  and  stony  particles,  and  thea  to  be 
ground  in  a  proper  mill  to  an  impalpable  paste.  About  70  or  80  pounds  of  this  mixo 
tnre  (the  beauty  of  the  color  is  inversely  as  the  quantity  of  lime)  are  to  be  dislribvted 
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is  e%«al. portions  Jbelweea  the  four  caske,  strongly  stirring  all  the  |ime.with  a  wooden 
spatula.  It  is  thea  left  to  seltle^and  the  limpid  liquor  is  tested  by  ammoaia,  which 
ought  to  occasioa  only  a  faint  blue  tinge ;  but  if  the  color  be  deep  blue,  more  of  the 
lime  paste  flittst  be  added..  The  precipitate  isnow  to  be  washed  by  decantatiou,  em- 
ploying for  this  purpose  the  weak,  washings  of  a  former  operation ;  and  #  is  lastly  to  be 
Iraiaod  and  washed  on  a  cloth  filler^  The  proportions  of  material  ^frescribed  above, 
fturnish  from  500  to  540  pounds  of  green  paste. 

Before  making  further  use  of  this  paste,  the  quantity  of  water  present  in  it  must  be 
determined  by  drying  100  or  200  grains.  If  it  contain  27  per  cent,  of  dry  matter,  .12 
pounds  of  it  may  be  put  into  a  wooden  bucket  (and  more  or  less  in  the  ratio  of  12  to 
27  per  ceUt.)  capable  of  containing  17|  pints ;  a  pound  (measure)  of  the  lime  paste  is  then 
to  be  rapidly  mixed  into  it;  immediately  afterwards,  a  pint  and  a  quarter  of  a  watery  aO' 
Intion  of  the  pearlash  of  commerce,  of  spec.  grav.  I' 114,  previously  prepared;  and  the 
whole  mixture  is  to  be  well  stirred,  and  immediately  transferred  to  a  color-mill,  The 
quicker  this  is  done,  the  more  beautiful  is  the  shade. 

On  the  other  hand,  two  solutions  must  have  been  previously  made  ready,  one  of  sal- 
ammoniac  (4  oz.  troy  dissolved  in  3^  pints  of  water),  and  another  of  sulphate  of  copper 
(8  oz.  troy  dissolved  in  3|  pints  of  water). 

When  the  paste  has  come  entirely  through  the  mill,  it  is  to  be  quickly  put  into  a 
jar,  and  the  two  preceding  solutions  are  to  be  simultaneously  poured  into  it;  when  a 
oork  is  to  be  inserted,  and  the  jar  is  to  be  powerfully  agitated.  The  cork  mqst  now  be 
seen  red  with  a  fat  lute.  At  the  end  of  four  days  this  jar  and  three  of  its  fellows  are  to 
be  emptied  into  a  large  hogshead  nearly  full  of  clear  water,  and  stirred  well  with  a 
paddle.  After  repose,  the  supernatant  liquid  is  run  off;  when  it  is  filled  up  again  with 
water,  and  elutriated  several  times  in  succession,  till  the  liquid  no  longer  tinges  turmeric 
paper  brown.  The  deposite  may  be  then  drained  on  a  cloth  filter.  The  pigment  is 
fold  in  the  state  of  a  paste ;  and  is  used  for  painting,  or  printing  paper-hangings  for  the 
walb  of  apartments. 

The  abore  prescribed  proportions  furnish  the  superfine  Uue  paste :  for  the  second 
ifBality,  one  half  more  qnicklime  paste  is  used ;  and  for  the  third,  double  of  the  lime  and 
Ml  ammoniac ;  but  the  mode  of  preparation  is  in  every  case  the  same. 

This  paste  may  be  dried  into  a  blue  powder,  or  into  crayons  for  painters,  by  exposing 
-t  on  white  deals  to  a  very  gentle  heat  in  a  shady  place.  This  is  called  cmdret  fr/«M« 
m  frierrt. 

V£RDIT£R,  or  BREMEN^  GREEN.  This  pigment  is  a  light  powder,  like  magnesia, 
toving  a  blue  or  bluish  green  color.  The  first  is  most  esteemed.  When  worked  up  with 
oil  or  glue,  it  resists  the  air  very  well ;  but  when  touched  with  lime,  it  is  easily  affected, 
provided  it  has  not  been  long  and  carefully  dried.  A  strong  heat  deprives  it  of  its  lustre, 
and  gives  it  a  brown  or  blackish-green  tint. 

The  following  is,  according  to  M.  J.  G.  Gentele,  the  process  of  fabrication  in  Bremen, 
Oaasel,  Eisenach,  Minden,  &e. : — 

a.  225  lbs.  of  sea  salt,  and  222  lbs.  of  blue  vitiiol,  both  free  from  iron,  are  mixed  in  the 
dry  state,  then  reduced  between  mill-stones  with  water  to  a  thick  homogeneous  paste. 

b,  925  lbs.  of  plates  of  old  copper  are  cut  by  scissors  into  bits  of  an  inch  square,  then 
thrown  and  agitated  in  a  wooden  tub  oontaining  two  lbs.  of  sulphuric  acid,  diluted  with 
a  sufficient  quantity  of  water,  for  the  purpose  of  separating  the  impurities;  they  are  after- 
wards washed  with  pure  water  in  casks  made  to  revolve  upon  their  axes. 

e.  The  bits  of  copper  being  plaeed  in  oxydation-ciiests,  along  with  the  magma  of 
common  salt  and  blue  vitriol  previously  prepared  in  strata  oi  half  an  inch  thick,  they  are 
left  for  some  time  to  their  mutual  reaction.  The  above  chests  are  made  of  oakea 
planks  joined  without  iron  nails,  and  set  aside  in  a  eellar,  or  other  place  of  moderate 
temperature. 

The  saline  mixture,  which  is  partially  converted  into  sulphate  of  soda  and  chloride  of 
copper,  absorbs  oxygen  from  the  air,  whereby  the  metallic  copper  passes  into  a  hydrated 
oxyde,  with -a  rapidity  proportioned  to  the  extent  of  the  surfaces  exposed  Co  the 
atmosphere.  'In  order  to  increase  this  exposure,  during  the  three  months  that  tha 
proeess  requires,  the  whole  mass  must  be  turned  over  once  every  week,  with  a. 
copper  shovel,  transferring  it  into  an  empty  chest  alongside,  and  then  back  into  the 
fcRnerone.  / 

At  the  end  of  three  month%  the  corroded  eopper  soales  must  be  picked  oat,  and  the 
acinic  partkles  sepacated  from  the  slimy  oxyde  with  the  help  of  as  little  water  e» 
potsible. 

111.  This  6xydised  tcklaniy  or  mud,  is  filtered,  then  thrown,  by  means  of  a  backet  oon* 
taianMg  SO  pounds,  into- a  tid>,  where  it  is  carefully  divided  or  eomminoted. 

-^•Fer'  every'  yiapailiiils  of  sdilam  thus  thrown  into  the  laige  tufa^  1%  pounda  ef 
iiMHlatle4eid,«tMl£^Banai<»aire  to  be  added;   (he  mixture  is  to  be^timdiaod  llMfti 
left  at  rest  for  24  or  36  houn. 
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/.  Into  another  tub,  ealled  the  blue  back,  there  is  to  be  intradiieedy  m  like 
for  every  six  pailfals  of  the  aeidified  $chlawi^  lb  simikr  pailfals  of  a  aolntkiD  of  cokckM 
clear  caustic  alkali,  at  19°  Baam6. 

g.  When  the  back  (€)  has  remained  long  enough  at  rest,  there  is  to  be  poued  into  il 
a  pail  of  pare  water  for  every  pail  of  fc/Uamp 

h.  When  all  is  thus  prepared,  the  set  of  workmen  who  are  to  empty  the  back  (0>  and 
those  who  are  to  slir  (/),  must  be  placed  alongskle  of  each.  The  first  set  Inuttlcr  the 
tchlam  rapklly  into  the  latter  back ;  where  the  second  set  mix  and  agitate  it  all  the  time 
requisite  to  convert  the  mass  into  a  consistent  state,  and  then  leave  it  at  rest  finom  36  to 
48  hours. 

The  whole  mass  is  to  be  now  washed ;  with  which  view  it  is  to  be  stirred  about  with 
the  affusion  of  water,  allowed  to  setUe,  and  the  supernatant  liqoor  is  drawn  oIL  This 
process  is  to  be  repeated  till  no  more  traces  of  po>tash  remain  among  the  blue.  The 
deposite  most  be  then  thrown  upon  a  filter,  where  it  is  to  be  kept  moist,  and  exposed 
freely  to  the  air.  The  pigment  is  now  squeezed  in  the  filter-bags,  cut  into  bits,  and  dried 
m  the  atmosphere,  or  at  a  temperature  not  exceeding  78°  Fahr.  It  la  only  after  the 
most  complete  desiccation  that  the  color  acquires  its  greatest  lustre. 

VERMICELLI,  is  a  paste  of  wheat  flour,  drawn  out  and  dried  in  slender  cytinden^ 
more  or  less  tortuous,  like  worms,  whence  the  Italian  name.  The  gmov  of  the  French 
is  wheat  coarsely  ground,  so  as  to  free  it  from  the  husk ;  the  hardest  and  whitest  poi^ 
being  separated  by  siAing,  is  preferred  for  making  the  finest  bread.  When  this  grvas 
is  a  little  more  ground,  and  the  dust  separated  from  it  by  the  bolting»maehine,  the 
granular  substance  called  MmouU  is  obtained,  which  is  the  basis  of  the  best  pastes. 
The  soAest  and  purest  water  is  said  to  be  necessary  for  making  the  most  plastic  ver* 
micelll  dough  ;  12  pounds  of  it  being  usually  added  to  50  pounds  of  seimmlt.  It  is 
better  to  add  more  ttmouie  to  the  water,  than  water  to  the  «emo«/e,  in  the  ad  of 
kneading.  The  water  should  be  hot,  and  the  dough  briskly  worked  while  still  wazai. 
The  Italians  pile  one  piece  of  this  dough  upon  another,  and  then  tread  it  well  with 
their  feet  for  two  or  three  minutes.  They  aflerwards  work  it  for  two  hours  with  a 
powerful  rolling-pin,  a  bar  of  wood  from  10  to  12  feet  long,  larger  at  the  one  end  thn 
the  other,  having  a  sharp  cutting  edge  at  the  extremity,  attached  to  the  large  kneading^ 
trough. 

When  the  dough  is  properly  prepared,  it  is  reduced  to  thin  ribandss,  cyliodcfs^or 
tubes,  to  form  vermicelli  and  macaroni  of  different  kinds.  This  operation  is  peiftnwd 
by  means  of  a  powerful  press.  This  is  vertical,  and  the  iron  plate  or  follower  cankd  by 
the  end  of  the  screw  fits  exactly  into  a  cast-iron  cylinder,  ealled  the  hei/,  like  a  saassge- 
machine,  of  which  the  bottom  is  perforated  with  small  holes,  of  the  shape  and  sise  in- 
tended for  the  vermicelli.  The  hdl  being  filled,  and  wanned  with  a  charcoal  fire  to  thia 
the  dough  into  a  paste,  this  is  forced  slowly  through  the  holes,  and  is  immediately  cooled 
and  dri^  by  a  fanner  as  it  protrudes.  When  the  threads  or  fillets  have  acquired  the 
length  of  a  foot,  they  are  grasped  by  the  hand,  broken  off,  and  twisted,  while  still  ieii- 
ble,  into  any  desired  shape  upon  a  piece  of  paper. 

The  macaroni  requires  to  be  made  of  a  less  compact  dough  than  the  yermieellL  The 
former  is  furced  through  the  perforated  bottom,  usually  in  fillets,  which  are  afterwaidi 
ibrmed  into  tubes  by  joining  their  edges  together  before  they  have  had  time  to 
dry.  The  lata^nes  are  macaroni  leA  in  the  fillet  or  riband  shape. 
.  VERMILION,  or  Chmabar,  is  a  compound  of  mercury  and  sulphur  in  the 
of  100  parts  of  the  fortner  to  16  of  the  latter,  which  occurs  in  nature  as  a  conamon  oie  of 
quicksilver,  and  is  prepared  by  the  chemist  as  a  pigment,  under  the  name  of  YennihoB. 
It  is,  properly  speaking,  a  bisulphuret  of  mercury.  This  artificial  compound  being  ex- 
tensively employed,  on  account  of  the  beauty  of  its  color,  in  painting,  for  maldng  red 
sealing-wax,  and  other  purposes,  is  the  object  of  an  important  manufacture.  When  ver- 
milion is  prepared  by  means  of  sublimation,  it  concretes  in  masses  of  considenble 
thickness,  concave  on  one  side,  convex  on  the  other,  of  a  needle-form  texture ;  brown- 
ish-red in  the  lamp,  but  when  reduced  to  powder,  of  a  lively  red  color.  On  cxposore 
to  a  modertite  heat,  it'  evaporates  without  leaving  a  residuum,  if  it  be  not  contaminated 
with  red  lead ;  and  at  a  higher  heat,  it  takes  fire,  and  bums  entirely  away,  with  a  hiae 
flame. 

Holland  long  kept  a  monopoly  of  the  manufacture  of  vermilion,  from  being 
possession  of  the  art  of  giving  it  a  fine  flame  color.  MeanwhUe  the  French 
examined  this  product  with  great  care,  vnder  an  idea  that  the  failure  of  other 
to  rival  the  Dutch  arose  Arom  ignorance  of  its  true  composition ;  some,  with 
imagined  that  it  contained  a  little  hydrogen  ^  and  others,  with  Fooreroy,  believed  that 
the  mercury  contained  in  it  was  oxydized ;  but,  eventually,  Seguin  proved  that  both  of 
these  opinions  were  erroneous;  having  asceitained,  on  the  one  hand,  that  aohiidra- 
fenous  matter  was  given  out  in  the  decomposition  of  dnaabar,  and  on  the  other 
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salplnir  and  mereiiry,  by  eombtntng,  were  transToimed  into  the  red  snlphnreC  m  close 
▼etsels,  without  the  aceess  of  any  oxygen  whatever.  It  was  likewise  supposed  that 
the  toltttion  of  the  problem  might  be  found  in  the  difference  of  composition  between 
the  red  and  black  sulphorets  of  mercury ;  and  many  conjectures  were  made  with  this 
view,  the  whole  of  which  were  refuted  by  Seguin.  '  He  demonstrated,  in  fact,  that  a 
nere  ehange  of  temperature  was  sufficient  to  convert  the  one  sulphuret  into  the  other, 
without  occasioning  any  variation  in  the  proportion  of  the  two  elements.  Cinnabar, 
moderately  heated  in  a  glass  tube,  is  convertible  into  ethiops,  which  in  its  turn  is  changed 
into  cinnabar  by  exposing  the  tube  to  a  higher  temperatare;  and  thence  he  was  led  to  con 
dade  that  the  difference  between  these  two  sulphurets  was  owing  principally  to  the  state  of 
the  combination  of  the  constituents.  It  would  seem  to  result,  from  all  these  researches, 
that  cinnabar  is  only^n  intimate  compound  of  pure  sulphur  and  mercury,  in  the  propor- 
tions pointed  out  by  analysis ;  and  it  is  therefore  reasonable  to  conclude,  that  in  order 
to  make  fine  vermilion,  if  should  be  sufficient  to  effect  the  union  of  its  elements  at  a 
high  enough  temperature,  and  to  exclude  the  influence  of  all  foreign  matters;  but, 
notwithstanding  these  discoveries,  the  art  of  making  good  vermilion  is  nearly  as 
much  a  mystery  as  ever.  M.  Seguin,  indeed,  announced  in  his  Memoirs,  that  he  had 
succeeded  in  obtaining,  in  his  laboratory,  as  good  a  cinnabar  as  that  of  Holland,  and 
at  a  remanerative  price ;  but  whatever  truth  may  be  in  this  assertion,  or  however 
mneh  the  author  may  have  been  excited  by  the  love  of  honor  and  profit,  no  manu- 
facture on  the  great  scale  sprung  up  under  his  auspices.  France  is  still  as  tributary  as 
ever  to  foreign  nations  for  this  chemical  product.  At  an  exposition  some  years  ago, 
indeed,  a  sample  of  good  French  v'ermtKon  was  brought  forward  to  prove  that  the 
problem  was  nearly  solved }  but  that  it  is  not  so  completely,  may  be  inferred  from  the 
silence  on  this  subject  in  M.  Dupin's  report  of  the  last  exposition,  in  1834,  where  we 
see  so  many  chemical  trifles  honored  with  eulogtums  and  medals  by  the  judges  of  the 
show.  The  English  vermilion  is  now  most  highly  prized  by  the  French  manufacturers 
of  sealing-wax. 

M.  Tuckert,  apothecary  of  the  Dutch  court,  published,  long  ago,  in  the  jinnaleM  de 
Chimie,  vol.  iv.,  the  best  account  we  yet  have  of  the  manufacture  of  vermilion  in  Holland; 
one  which  has  been  since  verified  by  M.  Pnysse,  who  saw  the  process  practised  on  the 
great  scale  with  success. 

"  The  establishment  in  which  I  saw,  several  times,  the  fabrication  of  sublimed  sul- 
phuret of  mercury,'*  says  M.  Tuckert,  «  was  that  of  Mr.  Brand,  at  Amsterdam,  beyond 
the  gate  of  Utrecht ;  it  is  one  of  the  most  considerable  in  Holland,  producing  annually^ 
from  three  furnaces,  by  means  of  four  workmen,  48,000  pounds  of  cinnabar,  besides  other 
mereorial  preparations.    The  foUowine  process  is  pursued  here  : — 

**The  ethiops  is  first  prepared  by  mixing  together  150  pounds  of  sulphur,  with  1080 
poonds  of  pure  mercury,  and  exposing  this  mixture  to  a  moderate  heat  in  a  flat  polished 
iron  pot,  one  foot  deep,  and  two  feet  and  a  half  in  diameter.  It  never  takes  fire,  pro- 
vided the  workman  understands  his  business.  The  black  sulphuret,  thus  prepared,  is 
ground,  to  facilitate  the  filling  with  it  of  small  earthen  bottles  capable  of  holding  about 
24  ounces  of  water ;  from  30  to  40  of  which  bottles  are  filled  beforehand,  to  be  ready 
when  wanted. 

**  Three  great  subliming  pots  or  vessels,  made  of  very  pure  clay  and  sand,  have  been 
previously  coated  over  with  a  proper  lute,  and  allowed  to  dry  slowly.  These  pots  are  set 
upon  three  furnaces  bound  with  iron  hoops,  and  they  are  covered  with  a  kind  of  iron 
dome.  The  furnaces  are  constructed  so  that  the  flame  may  freely  circulate  and  play 
upon  the  pots,  over  two  thirds  of  their  height. 

**  The  sublimins;  vessels  having  been  set  in  their  places,  a  moderate  Are  is  kindled  in 
the  eveninir,  which  is  gradually  augmented  till  the  pots  become  red.  A  bottle  of  the 
black  sulphuret  is  then  poured  into  the  first  in  the  series,  next  into  the  second  and 
third,  in  succession ;  but  eventually,  two,  three,  or  even  more,  bottles  may  be  emptied 
in  at  once;  this  circumstance  depends  on  the  stronger  or  weaker  combustion  of  the 
salphuret  of  mercury  thus  projected.  After  its  introduction,  the  flame  rises  4  and 
sometimes  6  feet  high ;  when  it  has  diminished  a  little,  the  vessels  are  covered  with  a  . 
plate  of  iron,  a  foot  square,  and  an  inch  and  a  half  thick,  made  to  fit  pierfectly  eloe€. 
la  this  manner,  the  whole  materials  which  have  been  prepared  are  intrad«ieed,  in 
the  course  of  34  hours,  into  the  three  pots ;  being  for  each  pot  360  pounds  of  loercnry, 
and  50  of  sulphur;  in  all,  410  pounds." 

The  degree  of  flriog  is  judged  of,  from  time  to  time,  by  lifting  off  the  corer ;  for  if 
the  flame  rise  several  feet  above  the  moplh  of  the  po^  the  heat  is  too  great ;  if  it  be 
hardly  visible,  the  heat  is  too  low.  The  proper  criterion  being  a  vigorous  flanie  play- 
ing a  few  inches  above  the  Tcssel.  Id'  the  last  of  the  36  hours'  process,  the  mass  should 
be  dexterously  stirred-  up  every  15  or  20  minutes,  to  quicken  the  sublimation.  The 
tabliraing  pots  are  then  allowed  to  cool,  and  broken  to  pieces  in  order  to  collect  all  the 
▼ermilion  incrusted  within  them;  and  which  nsnally  amoants  to  400  lbs.,  being  a  loss  oi 
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only  60  cm  each  ▼eneL  The  lumps  jure  to  be  groaiid  along  wiUi  water  lietweeii 
stones,  elutriated,  passed  thjroup;h  sieves,  and  dried.  It  is  said  tbat  ihe  rtdi  tone  oC  tiK 
Chinese  vermilion  may  be  imitated  by  adding  to  the  materials  for  sobUming  one  pa 
cent,  of  sulpharet  of  antimony,  and  by  digesting  the  gronad  article  first  in  a  solotiiMi  of 
sulphuret  of  potassa,  and,  finally,  in  diluted  muriatic  acid. 

The  bumid  process  of  Kireboff  has  of  late  years  been  so  mocb  improTed,  as  10 
furnish  a  vermilion  quite  equal  in  brilliancy  to  the  Chinese.  The  foUowing  praccas 
has  been  recommended.  Mercury  is  triturated  for  several  hours  with  anlphar,  in  the 
cold,  till  a  perfect  ethiops  is  formed ;  potash  ley  is  then  ailded,  and  the  tiitaratioa  is 
continued  for  some  time.  The  mixture  is  now  heated  in  iron  vessel^  with  riHi^fMl 
stirring  at  first,  but  aAerwards  only  from  time  to  time.  The  temperatue  nnat  be 
kept  up  as  steadily  as  possible  at  130°  Fahr.,  adding  fresh  supplies  of  water  as  it 
porates.  When  the  mixture  which  was  black,  becomes,  at  the  end  of  aosDe 
brown-red,  the  greatest  caution  is  requisite,  to  prevent  the  temperature  froB  being 
above  J 14%  and  to  preserve  the  mixture  quite  liqaid,  while  the  eomponnd  of  snlpMr 
and  mercury  should  always  be  pulverulent.  The  color  becomes  red,  and  brightens  in  its 
hue,  oAen  with  surprising  rapidity.  When  the  tint  is  nearly  fine,  the  proee»  ahoald  he 
continued  .at  a  gentler  heat,  during  some  hours.  Finally,  the  vermilion  is  to  be  elalri- 
ated,  in  order  to  separate  any  particles  of  running  mercury.  The  three  ingredienis  shooU 
be  very  pure.  The  proportion  of  product  varies  with  that  of  the  constituents,  aa  we  see 
from  the  following  results  of  expeiiments,  in  which  300  parts  of  mnrcury  were  always  c»- 
ployed,  and  from  400  to  450  of  water : — 

Sulphmc.  PotMh.  TMnflioA  ofalauMd. 

114  75  330 

115  75  331 
120  120  321 
150  152  382 
120  180  245 
100                                   180                               244 

60  180  142 

The  first  proportions  are  therefore  the  most  advantageous;  the  last,  which  nie  thoee  of 
M.  KirchofT  himself,  are  not  so  good. 

Brunner  found  that  300  parts  of  quicksilver,  1 14  of  sulphur,  75  of  caustic  potassa,  and 
iVom  400  to  450  of  water,  form  very  suitable  proportions  for  the  moist  procesa ;  that  the 
best  temperature  was  113°  F. ;  and  that  12^  was  the  highest  limit  of  heat  compatiUe 
with  the  production  of  a  fine  color. 

The  theory  of  this  process  is  by  no  means  clear.  We  may  suppose  that  n  snlpharet 
of  potassium  and  mercury  is  first  formed,  which  is  eventually  destroyed,  in  proportion  as 
the  oxygen  of  the  air  acts  upon  the  sulphuret  of  potassium  itself.  There  may  also  be  pio* 
duced  some  hyposulphite  of  mercury,  which,  under  the  same  influence,  would  be  trans- 
formed into  sulphuret  of  mercury  and  sulphate  df  potash. 

Sulphuret  of  potassium  and  mercury  furnish  also  vermilion,  but  it  is  not  beantifiiL 
Red  oxyde  of  mercury,  calomel,  turbilh  mineral,  and  the  soluble  mercury  of  Hahnemaaa, 
treated  with  the  sulphuret  of  potassium,  or  the  hydrosulphuret  of  ammonia,  are  all  capa- 
ble of  giving  birth  to  vermilion  by  the  humid  way. 

The  vermQion  of  commerce  is  often  adulterated  with  red  lead,  brickduat,  dragon^ 
blood,  and  realgar.  The  first  two,  not  being  volatile,  remain  when  the  vermilioa  is 
heated  to  its  subliming  point;  the  third  gives  a  red  tincture  to  alcohol;  the  foaith 
exhales  its  peculiar  garlic  smell  with  heat)  and  when  calcined  in  a  crucible  withcarboa- 
ate  of  soda,  and  nitre  in  excess,  affords  arsenic  acid,  which  may  be  detected  by  the 
'^hemical  tests 
^  VINEGAR  MAXWFACTORY,  BY  MALT.    Annual  produce,  100,000  gnUon& 

Erpen$esfor  one  month,  £    a.    A 

Cost  of  material  and  fuel  for  8,333  gallons,  at  Sfd.  -  -  303  16    S 

Wages  to  8  workmen,  at  25*.  per  week        -        -  -  -    40    0    0 

Sidaries  to  clerks,  manager,  and  traveller      •       -  -  -    83    6    8 

IVaveUing  expenses -  -3000 

Three  horses'  keep     -       -       -       -       -       •  -  -7  10    0 

Rent  and  taxea -       -  -  -2500 

JM89  IS  10 

,    Expenses  for  5  months,  at  489L  12t  lOd.     *       •       -       -  2448    4    2 

Duty  on  41,665  gaUona,  at  2(i. 347    42 

Sto^ofntensik        -       . 1500    0    0 

£4295    8    4 


TIOLET  DVfi.  IStt 

Prodfnee  of  100,000  gaUons,  at  It.  M. £M33    <    » 

Expenses  for  12  months,  at  4891.  ti$.  lOd.     -        -       £6,875  18    0 

Daty  on  100,000  gallons,  at2rf 83368 

Interest  on  capital,  4,295f.  St.  4d 214    4    6 

6,928    9    1 


Net  profit £1,409  17    7 

See  Acetic  Acid.  ' 

YIOXJST  DYE)  is  praduoed  by  a  mixtnve  of  red  and  bine  eoloring-matters,  which  are 
mpplied  in  sueeetrion.  SiUc  is  dyed  a  fnvitive  violet  with  either  archil  or  Brniil  wood ; 
iMit  a  fine  fast  violet^  first  by  a  crimaoo  with  eoohtneal,  without  tartar  or  tin  mordant,  aad 
ftfter  washing^  iris  dipped  in  the  indigo  Tat.  A  finish  is  sometimes  given  with  archil. 
A  violet  is  also  given  to  silk,  by  passing  it  through  m  solntion  of  verdigris»  then  through 
ft  bath  of  logwiKKl,  and,  lastly,  throngh  alum  water.  A  more  beanlifttl  violet  may  be 
eommnnieatdl  by  passing  the  alnmed  silk  through  a  bath  of  Brazil  wood,  and  aAer  wmsh- 
iag  it  in  the  river,  through  a  bath  of  archiU 

To  prodace  violets  on  printed  calicoes,  a  dilute  acetate  of  iron  is  the  mordant,  aad  the 
-dye  is  madder.    The  mordanted  goods  should  be  well  danged. 

A  good  process  for  dyeing  cottons  violet,  is-^-first,  to  gall,  with  18  or  20  pounds  of  nut- 
galls  for  every  100  pounds  of  cotton ;  second,  to  pass  the  stuff,  still  hot,  through  a  mordant 
composed  of^-^lum,  10  ponads;  iron^liqoor,  at  \^  B.,  and  sulphate  of  copper,  each  6  or 
6  pednds ;  water,  from  24  to  28  gallons;  worfcins;  it  well,  with  alternate  steeping,  squees- 
ing,  airing,  dipping,  squeezing,  and  washing;  third,  to  madder,  with  its  own  weight  of 
the  root  {  and  fofurtfa,  to  brightea  with  soap.  If  soda  be  vsed  at  the  ead,  instead  of  soap, 
the  eoloc  called  prvm  Hb  nuMtiBwr  will  be  produced ;  and  by  varying  the  doses  of-  the  in 
gredients,  a  variety  of  violet  tints  may  be  given. 

The  best  vMets  are  produced  by  dyeing  yarn  or  cloth  which  has  been  prepared  with 
oil  as  for  the  Turkey-red  process.    See  MASDEa. 

For  the  violet  jyrwMaa,  a  little  nitrate  of  iron  is  mixed  with  the  alum  mordant,  which 
makes  a  black)  but  this  ks  ehanged  into  vioUt  pruwau,  by  a  madder  bath,  followed  by  a 
-Mghtening  with'soapj'  • 

VITRlFfABLt:  COLORS,*  see  Ekamels,  Pastes,  PoTTEar,  and  ^tainkd  Glass. 

Vitriol,  from  rt7r«m,  glass,  is  the  old  chemical,  and  still  the  vulgar  appellation  of 
sulphuric  acid,  and  of  many  of  its  compounds,  which  in  eertain  states  have  a  glassy  ap- 
pearance: thus  — 

Vitriolic  acid,  ov  oil  of  vitriol,  is  sulphuric  acid ;  blue  vitriol,  is  soT|ibate  of  copper ; 
green  vitriol,  is  green  solphate  of  iron ;  vitriol  of  Mars,  is  red  sulphate  of  iron ;  and 
white  vitriol,  is  sulphate  of  line. 


WACKE,  is  a  massive  mineral,  intermediate  between  claystone  and  basalt.  It  is  of  a 
greenish-gray  color;  vesicular  in  structure;  dull,  opaque;  streak  shining;  soft,  easily 
frangible ;  specl  grav.  2*55  to  2*9 ;  it  fuses  like  basalt. 

WADD,  is  the  provincial  name  of  plumbngo  in  Cumberland ;  and  also  of  an  ore  ol 
manganese  in  Derbyshire,  which  consists  of  the  peroxyde  of  that  metal,  associated  with 
nearly  its  own  weight  of  oxyde  of  iron. 

WADDING  {OuatBf  Fr.;  Watte,  Germ.),  is  the  spongy  web  which  serves  to  line 
'  ladies'  pelisses,  &c.  Onaie,  or  Wai,  was  the  name  originally  given  to  the  glossy  downy 
tufts  found  in  the  pods  of  the  plant  commonly  called  .^pocyn,  and  by  botanists  Mciepiat 
Syriaeay  which  was  imported  from  Egypt  and  Asia  Minor  for  the  purpose  of  stuffing  cash- 
ions,  Ac.  Wadding  is  now  made  with  a  lap  or  fleece  of  eotton  prepared  by  the  carding- 
engine  (see  Carding,  Cotton  Manitpactcrb),  which  is  applied  to  tissue  paper  by  a  coat 
of  size,  made  by  boiling  the  cuttings  of  hare-skins,  and  adding  a  little  alum  to  the  gelatin- 
ous solution.  When  two  laps  are  glued  with  their  faces  together,  they  form  the  most 
downy  hind  of  wadding. 

WAFBR8.  There  are  two  manners  of  manufacturing  wafers:  1,  with  wheat  flour 
and  water,  for  the  ordinary  kind;  and  2,  with  gelatine.  I.  A  eertain  quantity  of  fine 
flour  is  to  be  diffused  through  pore  water,  and  so  mixed  as  to  leave  no  clotty  particles. 
This  thin  pap  fs  then  colored  with  one  or  other  of  the  matters  to  be  particularly 
described  under  the  second  bead ;  and  which  are,  vermilion,  sulphate  of  indigo^  and 
gamboge.  The  pap  is  not  allowed  to  ferment,  but  must  be  emptoyed  immediately  after  It 
h  BuxecL    For  this  purpose  a  tool  is  employed,  consisting  of  two  plates  of  iron,  which 


1^33  WATEIUPROOF  CLOTH. 

come  together  like  piDCcrs  or  a  pair  of  tongs,  leaTing  a  certain  small  dcfiiiite  »pace  h^ 
twixt  them.  These  plates  are  first  slightly  heated,  greased  with  baiter,  filled  with  the 
pap,  closed,  and  (hen  exposed  for  a  short  time  to  the  heat  of  a  charcoal  %re.  The  in» 
plates  being  allowed  to  oool,  on  opening  them,  the  thin  cake  appears  dry,  solid,  briltky 
and  about  as  thick  as  a  playing-card.  By  means  of  annular  punches  of  different  sizeSy 
with  sharp  edges,  the  cake  is  cat  into  wafers.  2.  The  transparent  wafers  are  made  aa 
follows: — 

Dissolve  fine  glue,,  or  ising-glass,  in  such  a  quantity  of  water,  that  the  solntioo,  when 
cold,  may  be  consistent.  Let  it  be  poured  hot  upon  a  plate  of  mirror  glass,  (previomsly 
warmed  with  steam,  and  slightly  greased,)  which  is  fitted  in  a  metallic  frame,  with  edgea 
just  as  high  as  the  wafers  shonld  be  thick.  A  second  plate  of  glass,  heated  and  greaaed, 
is  laid  on  the  surface,  so  as  to  touch  every  point  of  the  gelatine,  resting  on  the  edges  «l 
the  frame.  By  this  pressure,  the  thin  eake  of  gelatine  is  made  peife^y  anifonn.  Wkea 
the  two  plates  of  glass  get  cold,  the  gelatine  becomes  solid,  and  inay  easily  be  removed. 
It  is  then  cut  with  proper  punches  into  discs  of  difierent  sizes. 

The  coloring-matters  ought  not  to  be  of  an  insalubrious  kind. 

For  red  wafers,  carmine  is  well  adapted,  when  they  are  not  to  be  transparent;  bat  this 
color  is  dear,  and  can  be  used  only  for  the  finer  kinds.  Instead  of  it,  a  deeoetion  of  Brazil 
wood,  brightened  with  a  little  alum,  may  be  employed. 

For  yellow,  an  infusion  of  saffron  or  turmerie  has  been  preseribed ;  bat  a  decoelkm  <d 
weld,  fustic,  or  Persian  berries,  might  be  used* 

Sulphate  of  indigo,  partially  saturated  with  potash,  is  nsed  for  the  blue  wafers ;  and  this 
mixed  with  yellow,  for  the  greens.  Some  recommend  the  sulphate  to  be  nearly  nentraliied 
with  chalk,  and  to  treat  the  liquor  with  alcohol,  in  order  to  obtain  the  best  Uae  dye  ioi 
wafers. 

Common  wafers  are,  nowever,  colored  with  the  substances  mentioned  at  the  bcgiBnine 
of  the  article;  and  for  the  cheaper  kinds,  red  lead  is  used  instead  of  vermilion,  and  tur- 
merie insteail  of  gamboge. 

WALNUT  HirSKS,  or  PEELS  (BrtnU  dea  noix,  Fr.),  are  much  employed  by  tke 
French  dyers  for  rooting  or  giving  dun  colors. 

WARP  (Chaine,  Fr. ;  Kiite^  Jiudiweify  Zettel,  Germ.),  is  the  name  of  the  longilndiMl 
threads  or  yams,  whether  of  cotton,  linen,  silk,  or  wool,  which  being  deeussaled  nt  right 
angles  by  the*  woof  or  weft  threads,  form  a  piectf  of  cloth.  The  warp  yams  aie  pnrallei^ 
and  continuous  from  end  to  end  of  the  web.  See  Wsavino,  for  a  deacriptioB  of  the 
warptng'Tniil. 

WASH,  is  the  fermented  wort  of  the  distiller. 

WASHING.    See  Bleaching,  and  Scoubino. 

WATERING  OF  STUFFS  (Moirage,  Fr.)i  is  a  process  to  which  silk  and  oiker 
textile  fabrics  are  subjected,  for  causing  them  to  exhibit  a  variety  of  nodulated  re- 
flections, and  plays  of  light.  It  is  produced  by  sprinkling  water  upon  the  goods, 
then  passing  them  through  a  calender,  either  with  cold  or  hot  rollers,  plain  or 
indented. 

WATER.PROOF  CLOTH.    See  Caoutchouc,  and  Gelatine. 

A  patent  was  obtained,  in  August,  1830,  by  Mr.  Thomas  Hancock,  for  reBderiiig> 
iile  fabrics  impervious  to  water  and  air,  by  spreading  the  liquid  juice  of  the  caoatehooc 
tree  upon  the  surfaces  of  the  goods,  and  then  exposing  them  to  the  air  to  dry.    It 
not  appear  that  this  project  has  been  realized  in  our  manufactures. 

Mr.  William  Simpson  Potter  proposes,  in  his  patent  of  April,  1835,  to  render 
water-proof  by  imbuing  them  with  a  solution  of  ising-slass,  alum,  and  soap,  by  means  of 
a  brush  applied  to  the  wrong  side  of  the  cloth,  distended  upon  a  table.  After  ii  is  dry,  it 
must  be  brushed  on  the  wrong  side,  against  the  ^rain.  Then  the  brush  is  to  be  dipped  in 
clean  water,  and  passed  lii^htjy  over  the  cloth.  The  gloss  caused  by  the  above  appUcnoon 
can  be  taken  off  by  brushing  the  goods  when  they  are  dry.  Cloth  so  prepared  is  said  Us 
be  impervious  to  water,  but  not  to  air. 

I  have  examined  woollen  cloth  now  on  sale  in  a  shop  in  the  Strand,  which  aaay  be 
breathed  through  with  the  greatest  facility,  but  which  retains  water  upon  its  surface,  as 
IS  evinced  by  a  body  of  water  standing  upon  a  concave  piece  of  it  tied  over  a  show«glnas 
in  the  window. 

Mr.  Sievier's  [dan  of  rendering  cloth  water-proof,  for  which  he  obtained  n  patent  in 
December,  1835,  consists  in  spreading  over  it,  with  a  brush,  a  solutioa  of  India  rubber  m 
•pirits  of  turpentine,  at  one  or  more  applications,  ana  then  applying  a  similar  solatioa 
mixed  with  acetate  of  lead,  litharge,  sulphate  of  cine,  gum  masiic,  or  other  drying  iDale- 
rial.  He  next  takes  wool,  or  other  textile  material,  cut  into  proper  lengths,  and  spreads  it 
upon  the  surface  of  the  fabric  varnished  in  this  manner,  for  the  purpose  of  forming  tbe 
nap  or  pile.  He  then  presses  the  doth  by  means  of  roUers,  or  brushes,  so  as  to  fix  tks 
nap  finnly  to  its  surface. 
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Mineral  ihHet8  nmy,  hi  most  eases,  be  aitffieial)^  prepared,  by  the  skflflil  applieatfon 
of  tlie  knowled^  derived  from  analysis,  with  such  precision  as  to  imitate  rery  closely 
the  native  sprtngrs.  When  the  various  earthy  or  metallic  constituents  are  held  in  solu- 
tion by  carbonic  acid,  or  sulphureted,  they  should  be  placed,  along  with  their  due  propor- 
tions of  water^  in  the  receiver  of  the  aerating  machine  (see  Soda  Water),  and  then  the 
proper  qaantity  of  gas  should  be  injected  into  the  water.  Sufficient  agitation  will  be 
given  by  the  action  of  the  forcing-pump  to  promote  their  solution. 

WAX  (Ore,  Fr.;  Wdeha,  Oerm.),  is  the  substance  which  forms  the  cells  of  bees. 
It  was  long  supposed  to  be  derived  from  the  pollen  of  plants,  swallowed  by  these 
iiweets,  and  merely  voided  under  this  new  form ;  but  it  has  been  proved  by  the  experi- 
neots,  first  cfC  Mr.  Hunter,  and  more  especiaJly  of  M.  Huber,  to  be  the  peculiar 
secretion  of  a  certain  organ,  which  forms  a  part  of  the  small  sacs,  situated  on  the  sides 
of  the  median  line  of  the  abdomen  of  the  bee.  On  raising  the  lower  segments  of  the 
mbdomen,  these  sacs  may  be  observed,  as  also  scales  or  spangles  of  wax,  arranged  in 
pairs  upon  each  segment.  There  are  none,  however,  ander  the  rings  of  the  males  and 
the  queen.  Each  individual  has  only  eight  wax  sacs,  or  pouches;  for  the  first  and  the 
last  ring  are  not  provided  .with  them.  M.  Huber  satisfied  himself  by  precise  experi- 
ments that  bees,  though  fed  with  honey,  or  sugar  alone,  produced  nevertheless  a  very 
considerable  quantity  of  wax;  thus  proving  that  they  were  not  mere  collectors  of  this 
substance  from  the  vegetable  kingdom.  The  pollen  of  plants  serves  for  the  nourishment 
of  the  larvae. 

But  wax  exists  also  as  a  vegetable  product,  and  may,  in  this  point  of  ?iew,  be 
regarded  as  a  concrete  fixed  oil.  It  forms  a  part  of  the  green  fecnla  of  many  plants, 
particularly  of  the  cabbage ;  it  may  be  extracted  from  the  pollen  of  most  flowers ;  as 
miso  from  the  skins  of  plums,  and  many  stone  fruits.  It  constitutes  a  varnish  upon  the 
upper  surface  of  the  leaves  of  many  trees,  and  it  has  been  observed  in  the  juice  of  the 
cow'tree.  The  berries  of  the  Myrica  angtutifolia,  latifoUay  as  well  as  the  ceriferay  afford 
mbundance  of  wax. 

Bees'  wax,  as  obtained  by  washing  and  melting  the  comb,  is  yellow.  It  has  a  peculiar 
smell,  resembling  honey,  and  derived  from  it,  for  the  cells  in  which  no  honey  has  been  de- 
posited, yield  a  scentless  white  wax.  Wax  is  freed  from  its  impurities,  and  bleached,  by 
melting  it  with  hot  water  or  steam,  in  a  tinned  copper  or  wooden  vessel,  letting  it 
settle,  running  off  the  clear  supernatant  oily-looking  liquid  into  an  oblong  trough  with 
m  line  of  holes  in  its  bottom,  so  as  to  distribute  it  upon  horizontal  wooden  cylinders;, 
made  to  revolve  half  immeesed  in  cold  water,  and  then  exposing  the  thin  ribands  or 
films  thus  obtained  to  the  blanching  action  of  air,  light,  and  moisture.  For  this  pur- 
pose, the  ribands  are  laid  upon  long  webs  of  canvass  stretched  horizontally  between 
standards,  two  feet  above  the  surface  of  a  sheltered  field,  having  a  free  exposure  to  the 
sunbeams.  Here  they  are  frequently  turned  over,  then  covered  by  nets  to  prevent  their 
bein?  blown  away  by  winds,  and  watered  from  time  to  time,  like  linen  upon  the  grass 
field  in  the  old  method  of  bleaching.  Whenever  the  color  of  the  wax  seems  station* 
mry,  it  is  collected,  remelted,  and  thrown  again  into  ribands  upon  the  wet  cylinder,  in 
order  to  expose  new  surfaces  to  the  blanching  operation.  By  several  repetitions  of 
these  processes,  if  the  weather  proves  favorable,  the  wax  eventually  loses  its  yellow 
tint  entirely,  and  becomes  fit  for  forming  white  candles.  If  it  be  finished  under  rain,  it 
will  become  gray  on  keepin?,  and  also  lose  in  weight. 

In  France,  where  the  purification  of  wax  is  a  considerable  object  of  manufacture,  about 
four  ounces  of  cream  of  tartar,  or  alum^  are  added  to  the  water  in  the  first  melting- 
eopper,  and  the  solution  is  incorporated  with  the  wax  by  diligent  manipulation.  The 
whole  is  left  at  rest  for  some  time,  and  then  the  supernatant  wax  is  run  off  into  a 
settling  cistern,  whence  it  is  discharged  by  a  stopcock  or  tap,  over  the  wooden  cylinder 
revolving  at  the  surface  of  a  large  water-cistern,  kept  cool  by  passing  a  stream  con- 
tinaally  through  it. 

The  bleached  wax  is  finally  melted,  strained  through  atlk  Sieves,  and  then  run  into 
circular  cavities  in  a  moi^ened  table,  to  be  cast  or  moulded  into  thin  disc  pieces, 'weigh- 
ing from  two  to  three  ounces  each,  and  three  or  four  inches  in  diameter. 

Pf either  chlorine,  nor  even  the  chtorides  of  lime  and  alkalis,  can  be  employed  with  any 
advantage  to  bleach  wax,  because  they  render  it  brittle,  and  impair  its  burning  quality. 

Wax  purified,  as  above,  is  white  and  translucent  in  thin  segments  f  it  has  neither  taste 
nor  smell;  it  has  a  specific  gravity  of  from  0*960  to  0*966;  it  does  not  liquefy  till  it  be 
heated  to  154|^  F. ;  but  it  softens  at  86^,  becoming  so  plastic,  that  it  may  be  moulded  by 
the  hand  Into  any  form.    At  32P  it  is  hard  and  brittle. 

It  is  not  a  simple  substance,  but  consists  of  two  species  of  wax,  which  may  be  easily 
separated  by  boiling  alcohol.  The  resulting  solution  deposites,  on  cooling,  the  waxy 
body  called  eerttw.  The  undissolved  wax,  being  once  and  again  treated  With  boiling 
alcohol,  finally  affords  from  70  to  90  per  cent,  "of  its  weight  of  cerine.  The  insoluble 
reaHaum  is  the  myrMie  of  Dr.  John,  so  called  because  it  exists  in  a  much  larger  pro- 
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portion  in  tlie  mi  of  lite  Myriea  evifara.    It  i*  greUlr  detMer  th>a  mx,  briac  <f  the 

iBiDe  specific  gravity  m  w&ter ;  and  mcT  be  dittiUed  wjUkidI  daomixaitia*,  whick  ccriac 
nnder^s.    Sve  Ibete  two  arlidea. 

Wax  ia  adiilleraled  KUnftiiDes  with  lUrch  ;  ■  Trand  CBiily  drtected  by  oil  of  latpn- 
line,  which  ditiolvn  the  fonner,  waA  Icktm  ibe  latin  aohatance ;  and  man  OcqwMl* 
with  oiullan  tuet.  Tbii  fnud  ma;  be  ducovered  bf  dry  diitillalioD  ;  for  wu  dMa  ■•< 
thereby  alfonl,  like  tallow^  aebacic  acid  (benznic),  which  u  hnown  bj  it*  nrrMii»ia|  a 
piccipilale  in  a  solution  of  acetate  of  lead.  It  a  said  that  two  per  eeat.  «f  •  tallow 
topfaiBtication  may  be  discovered  in  Uiis  way. 

Bees'  wii  imported  for  home  coniumpliDU :— in  I83S,  unUeached,  4,449  c«l&; 
bleached,  243  cwis. ;— in  1836,  unblached,  4,673  ewu.;  bleached,  121  cvta.  D«f, 
when  from  British  poasessions,  IOj.  ,-  from  foreign,  3(lt. 

WAX,  MINERAL,  or  Otoctritt,  is  a  solid,  of  a  brown  color,  of  Tariou  ih^ai, 
tranalucenl,  and  fusible  tike  bres'  vraii  idigblly  bituioinoBS  to  thi  mell,  of  a  foliatid 
texlure,  a  conchoidal  fracture,  but  naming  lenaeily,  so  that  it  can  be  pnlTcrued  a 
a  morlBr.  Us  upeciGc  gravity  varies  from  U'900  to  U'953.  Candles  have  bc«  Bade 
or  il  in  AlolUavii,  which  give  a  tolerable  light.  It  ocears  al  the  foot  of  tbe  CarpalhiaBa 
near  Slaoik,  beneaih  a  bol  of  bituminous  slate-clay,  in  masses  of  thm  SO  to  100  paaads 
weight.  Layers  of  brown  amber  are  found  in  Ihe  neighborhood.  It  i*  asaoejalri  with 
variegated  sandstone,  rock  sail,  and  beds  of  coal  (lignite  t).  It  is  analogous  to  kttdiMim. 
Something  similar  has  been  discovered  in  a  traubU  at  Urpeth  colliery,  near  Ncwcastte,  CO 
falhoniB  beneath  the  sorface.  Oiocsrite  consists  of  diffrient  bydro-carbujcteii  coaipauiis 
associated  together  ;  the  whole  being  composed,  nUmalely,  of— hydiogea  14,  cachoa  M, 
T«ry  nearly. 

WEAVING    (7ui8g<,    Fi.;    WAtrti,    Germ.),   i*    performed    by    the    impkBot 
called  Joom  in  English,  milier  i  liatr  in  French,  and  tHtertfaU  in  GeimaB.     The  pt*- 
cess  of  warping  must  always  precede  weaving.     lis  object  ii  to  arrange  all  the  kagi- 
tndinal  threads,  which  are  to  form  the  chain  of  the  web,  alongside  of  each  olhcf  ia  sac 
parallel  plane.    Such  a  number  of  bobbins,  filled  with  yam,  must  thcirlcHV  be  laliea  as 
will  furnish  the  qnanlily  required  for  the  leuglh  of  the  intended  piece  of  ekMb.    Oae 
tilth  of  that  number  of  bobbins  is  usually  mounted  at  once  in  the  warp  mill,  bciag  Ml 
loosely  in  a  horizontal  direction  upon  wire  skewers,  or  spindles,  in  a  sqaare  fraae,  s» 
that  they  may  revolve,  and  give  off  the  yarn  freely.    The  warper  aits  al  a,  Jig.  lljd, 
and  cause*  the  reel  a  to  revolve,  by  turning  round  with  hit  hand  the  wheel  c,  with  the 
endless   rope    fir   baad  b. 
The    bobbiaa    filled    with 
yam    are    [4accd    n   Ihe 
irame  e.  There  it  a  sbdiag 
piece  at  r,  called  ihe  ink 
boi,  which   rises  aad  lalh 
by  the  coiliog  aad  aacoA- 
ing  of  the  cord  c,  miad 
the  central  ahaA  of  Ihe  letf 
H.    By  thii  tiuple  eaaln- 
Tance,  the  band  of  warp- 
yams    it    wonnd  spnH), 
fhun  top  to  bolloak,  arcia 
tbe  reel,     i,  i,  i,  are  wniid. 
en  pint  whieh  separate  the 
different     baiida.        Nasi 
warping    mi  11*    arc    tt   • 
prismatic      Icnn ;    having 
twelve,  eiibteea,  or  More 
aides.      Ttie  red  it  eon- 
monly  about    six   leel    •■ 
diameter,   and   aena   leet 
la  height,  so  as  to  lerre  for  measuring  exactly  upon  itt  periphery  the  total  leaglh  of 
the  warp.     All  ihe  threads  from  the  franie  x,  past  through  the  heek  r,  which  inaaiiM 
oT  a  series  of  finely-polithed  hard-tempered  steel  pins,  wiih  a  amal)  hole  al  Ihe  apfici 
part  of  each,  to  receive  and  guide  one  thread.    The  heck  is  divided  into  two  parity 
either  of  which  may  be  lifted  by  a  small  handle  below,  while  their  eyea  an  placed 
allernalely.     Hence,  when  one  of  Ihem  is  raised  a  little,  a  vacuity  is  formed  Wfi-ia 
the  two  bands  of  the  warp  ;  but  when  the  other  is  raised,  tbe  vacnily  is  revervad.     Ia 
this  way,  Ihe  lease  is  prodDced  al  each  end  of  Ihe  warp,  and  it  is  prcserrcd  by  apfuv- 
priale  wooden  pegs.    The  lease  being  carefully  lied  up,  affords  a  goide  to  the  weaver 
for  interling  his  lette-rods.    The  warpint  mill  is  turned  allernalely  from  right  to  left, 
and  from  left  to  right,  lill  a  sufficient  number  of  yarns  are  eoiled  looad  it  lo  fooD  Ue 
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bKuHh  that  it  wMleJ  j  tbt  warpert  prineipd  rare  being  to  tie  imiMdiateIr  every  Ibrcad 
as  It  breaki,  oiiecwiBe  deficienciei  would  be  ocosioned  in  the  chain,  injurioui  lo  the  ap- 
peaiance  of  the  web,  or  productive  of  much  anaoyaace  to  the  weaver. 

The  simpleil  and  probably  the  moU  aDcienl  oT  loonii,  now  lo  be  secD  in  aelion,  If 
that  oT  the  UindoD  unly,  Bhowa  in^g.  1160.  II  conaiats  of  two  bamboo  roller*  j  one  for 
(he  warp,  and  another  for  the 
woven  cloth  ;  with  a  pair  of 
heddlet,  for  parting  the  warp, 
to  permit  the  weft  to  be  drawn 
acnw«  between  its  upper  and 
under  threads.  The  shuttle  i« 
a  Blender  rod,  liii e  a  large  net- 
lin;  needle,  rather  longer Ihan 
Ihe  web  is  broad,  and  is  made 
nie  oT  as  a  hatten  or  la;,  t« 
strike  hi ^ -  ■■ 


thread    of    weft, 
against  the  elcMd  rabtic.    The 
Hindoo  carries  (his  simple  im- 
plement, with  his  water  pitcher, 
rice  pot,and  hooka,  to  the  foot 
oranr  tree  whiehcanaflbrd  him 
acomrorlable  shade  i  he  Iher* 
digs  a  lai^  hole,  lo  receive  hJi 
legs,  abAig  with  the  treddles  or  lower  part  at  the  harness ;   he  next  extends  his  warp^ 
b;  faslenint;  hit  two  bamboo  rollers,  at  a  proper  distance  from  each  otiier,  with  pins, 
into  the  sward  j  he  attaches  the  heddlcs  lo  a  convenient  branch  of  (he  tree  overhead ; 
inserts  his  (treat  toes  into  two  loops  under  the  gear,  (o  serve  him  for  Ireddles  ,■  Issilj',  he 
sbedsthewarp,draw9  through  the  weft,  and  bealsitcloM  up  to  the  web  with  hisrodshullle 

The  European  loom  is  represented  in  its  plainest  stale,  as  it  has  existed  for  several 
c<nluries,«n^g.   1161.     A  ji  the  warp-beam,  round  which  the  chain  has  been  wound  ;  B 
represents  the  flat  rods,  usually  three  in  number,  which  pass  across  between  its  threads, 
to  preserve  the  lease,  or  the  plane  of  decussation  for  the  well ;  c  shows  Ihe  heddles  or 
healds,  coniiiling  of  twines  looped  in  the  middle,  through  which  loops  the  warp  yam* 
arc  drawn  one  half  through  the  front  heddle,  and  the  other  through  the  back  one;  by 
moving  which,  the  decussation  is  readily 
effeclpd.    The  yarns  then  pass  through 
the  dents  of  the  REu>  under  o,  which 
is  set  in   a   moveable    swing.frame  a, 
called  (he   lathe,  lay,  and  also  bstlen, 
because  il  btati  faome  the  weft  lo  the 
web.    The  lay  is  freely  suspended  lo  a 
cross-bar  r,  attached   by  rulers,  called 
Ihe  nim-dt,  lo  the   lop  of   the  lateral 
standards  of  the  loom,  so  as  lo  oscillate 
npon  it.      The  weaver,  silting  on  the 
bench  G,  presses  down  one  of  the  Ired- 
dles at  H,  with  one  of  his  feel,  whereby 
he     raises    Ihe     corresponding     heddle, 
but  sinks  the  alternate  one  )  (has  sheds 
Ihe  warp,  by  lifling  and  depressing  each 
.^^^^af^^>  altrrnale  thread,  through  a  little  space, 

^^^■^^^?^^^*^  and    opens  a   pathway    or  race-course 

Ibrlhe  shnttle  to  travei-se  ihe  middle  of  the  warp,  npcin  its  two  friction  rollers  u,m.  For 
this  purpose,  he  lays  hold  cd*  the  picking-peg  in  his.  r^ht  hand,  and,  with  a  smart  jerk  of 
bis  wrist,  drives  Ihe  fly-shullle  swiftly  from  one  side  of  the  loom  lo  the  other,  between 
Ibe  shed  warp  yams.  The  shool  of  weft  being  thereby  left  behind  from  the  shuttle  pirn 
or  eop,  the  weaver  brings  home,  by  pulling,  the  lay  with  its  reed  towards  him  by  his  left 
hand,  with  such  force  as  Ihe  closeness  of  the  texture  requires.  The  web,  as  thus  woven, 
ia  wound  up  by  turning  round  the  cloth  beam  i,  furnished  with  a  ralchet-wheel,  which 
takcsinloahokling  tooth.  The  plan  of  throwing  ihe  shuttle  by  Ihe  picking-peg  and  cord, 
is  a  great  improvement  upon  Ihe  old  way  of  throwing  it  by  hand.  It  was  contrived  eiaetlj 
a  eeatnry  ago,  by  John  Kay,  of  Bary  in  Lancashire,  but  then  residenl  in  Colchester,  and 
was  called  Ihe  fly-shuttle,  from  its  speed,  as  it  enabled  the  weaver  lo  make  double  the 
quantity  of  narrow  cloth,  and  maeh  more  broadctolh,  in  the  same  lime. 

The  ciolh  ia  kept  distended,  during  the  operation  of  weaving  by  means  of  two  pjeeaa 
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oriiarS  wbbd,  ctHed  a  templet,  fiirnished  witb  sharp  iron  points  in  their  ends, 
hold  of  the  opposite  selvages  or  lists  of  the  web.  The  warp  and  web  are  kept  lon^tiidiiially 
stretched  by  a  weighted  cord,  which  passes  round  the  warp-beam,  and  which  teads  coa- 
tinnally  to  draw  back  the  cloth  iVom  its  beam,  where  it  is  held  fast  by  the  ratehet  tootk 
8ee  Fust^AN,  Jacquaeo  Loom,  Reed,  and  Textiuc  Fabrics. 
The  greater  part  of  plain  weaving,  and  much  even  of  the  figured,  is  oow  perfonacd  bv 

1164  iie2 


tlw  poirer  loom,  called  nUtitr  nUcaniqme  d  Utter y  in  French.  JFt^.  1162^  represents  the 
^astFJfon  power  loom  of  Sharp  and  Roberts.  a,  a',  are  the  two  SHie  nprifEhts,  or 
standards,  on  the  front  of  the  loom,  o^  is  the  great  arch  of  cast  iron,  which  hinds  the 
two  sides  together,    b,  ia  the  front  eross-beam,  tenninatiag,  in  the  forks  e^ej  whose 
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ends  are  bolted  to  the  opposite  standards  a,  a',  so  as  to  bind  tbe  framework  most  firmly 
together.  o\  is  the  breast  beam,  of  wood,  nearly  square ;  its  upper  surface  is  sloped  a 
little  towards  the  Aont,  and  its  edge  rounded  off,  for  the  web  to  slide  smoothly  over  it,  in 
its  progress  to  the.  cloth  beam.  The  beam  is  supported  at  its  end  upon  brackets,  and  is 
secored  by  the  bolts.- g',  g'*  h,  is  the  cloth  beam,  a  wooden  cylinder,  mounted  with 
iron  n^udgeons  at  its  ends,  that  on  the  right  hand  being  prolonged  to  carry  the  toothed 
winding  wheel  h\  ^,  is  a  pinioiv  in  gear  with  h'.  h",  is  a  ratchet  wheel,  mounted 
upon  the  same  shaA  h"\  as  the  pinion  h',  W,  is  the  click  of  the  ratchet  wheel  h".  h''\ 
is  a  long  bolt  fixed  to  the  frame,  serving  as  a  shall  to  the  ratchet  wheel  h'\  and  the 
pinion  h\  i,  is  the  iront  heddle-leaf,  and  i',  the  back  one.  J,  J,  j',  j',  jacks  or  pulleys 
aad  straps,  for  raising  and  depressing  the  leaves  of  the  heddles.  j",  is  the  iron  shaft 
which  carries  the  jacks  or  system  of  pulleys  j,  j,  j'>  i\  k,  a  strong  wooden  ruler^  con- 
necting the  front  heddle  with  its  tceddle.  l,  l',  the  front  and  rear  marches  or  treddle- 
piecesi,  for  depressing  the  heddle  leaves  alternately,  by  the  intervention  of  the  rods  fc, 
(and  k\  hid  behind  k),  m,  m,  are  the  two  swords  (swing  bars>of  the  lay  or  batten,  v^ 
i%  the  upper  cross-bar  of  the  lay,  made  of  wood,  and  supported  upon  the  squares  of  the 
levers  n,  n\  to  which  it  is  firmly  bolted,  n",  is  the  lay-cap,  which  is  placed  higher  or 
lower,  according  to  the  breadth  of  tbe  reed ;  it  Is  the  part  of  t)ie  lay  which  the  hand- 
loom  weaver  seizes  with  his  hand,  in  order  to  swing  it  towards  him.  n'  is  the  reed 
contained  between  the  bar  n,  and  the  lay-cap  n'.  o,  o,  are  two  rods  of  iron,  perfectly 
round  and  straight,  mounted  near  the  ends  of  the  batten*bar  n,  which  serve  as  guides  to 
the  drivers  or  peckers  o,  o,  which  impel  the  shuttle.  These  are  made  of  butfalo  hide, 
and  sboaid  slide  freely  on  their  guide-rods,  o",  o',  are  the  fronts  of  tbe  shuttle-boxes; 
they  have  a  slight  inclination  backwards,  p,  is  the  back  of  them.  See  figs,  1 163  and  1 164. 
o'',  o",  are  iron  plates,  forming  the  bottoms  of  the  shuttle-boxes,  p,  small  pegs  or  pins, 
planted  in  the  posterior  faces  p  (fig.  1164)  of  tbe  boxes,  round  which  the  levers  p'  turn. 
These  levers  are  sunk  in  the  substance  of  the  faces  p,  turn  round  pegsp,  being  pressed 
from  without  inwards,  by  the  springs  p\  2'\fig,  1162,  (to  the  right  of  k.)  is  the  whip 
dr  lever,  (and  ^",  its  centre  of  motion,  corresponding  to  tbe  right  arm  ancT  elbow  of  the 
wearer,)  which  serves  to  throw  the  shuttle,  by  means  of  the  pecking-cord  p''^  attached  at 
its  other  end  to  the  drivers  o,  o. 

On  the  axis  of  q^',  a  kind  of  eccentric  or  heart  wheel  is  mounted,  to  whose  concave 
part,  the  middle  of  the  double  band  or  strap  r,  being  attached,  receives  impulsion ;  its 
two  ends  are  attached  to  the  heads  of  tbe  bolts  r^,  which  carry  the  stirrups  r'\  that  may 
be  adjusted  at  any  suitable  height,  by  set  screws. 

8  (see  the  leA-hand  side  of^g.  1162)  is  the  moving  shall,  of  wrought  iron,  resting  on 
the  two  ends  of  the  frame,  s'  (see  the  right-hand  side)  is  a  toothed  wheel,  mounted  ex- 
teriorly to  the  frame,  upon  the  end  of  the  shaA  s.  9^*  (near  s')  are  two  equal  elbows,  in  the 
a«ine  direction,  and  in  the  same  plane,  as  the  shaft  s,  opposite  to  the  swords  m,  m,  of  the  lay. 

z,  is  the  loose,  and  i\  the  fast  pulley,  or  riggers,  which  receive  motion  from  the  steam- 
shaft  of  the  factory,  z",  a  small  fly-wheel,  to  regulate  the  movements  of  the  main  shaft 
of  the  loom.   . 

T,  is  the.shaA  of  the  eccentric  tappets,  cams,  or  wipers,  which  press  the  treddle  levers 
alternately  up  and  down ;  on  its  right  end  is  mounted  t',  a  toothed  wheel  in  gear  with 
the  wheel  s',  of  one  half  its  diameter.  t'\  is  a  cleA  clamping  collar,  which  serves  to  suj[>- 
port  the  shaft  t. 

V,  is  a  lever,  which  turns  round  the  bolt  u,  as  well  as  the  click  h'{,  v\  is  tbe  click  of 
traction,  for  turning  round  the  cloth  beam,  jointed  to  the  upper  extremity  of  the  lever  u } 
its  tooth  u'y  catches  in  the  teeth  of  the  ratchet  wheel  h".  tt",  is  a  long  slender  rod» 
fixed  to  one  of  the  swords  of  the  lay  m,  serving  to  push  the  lower  end  of  the  lever  u,  when 
the  lay  retires  towards  the  heddle  leaves. 

,  x>  is  a  wrought-iron  shaft,  extending  from  the  one  shuttle- box  to  the^ther,  supported 
at  its  ends  by  the  bearings  or,  x, 

T,  is  a.  bearing,  affixed  exteriorly  to  the  frame,  against  which  the  spring  bar  f,  rests, 
near  its  top,  but  is  fixed  to  the  frame  at  its  bottom.  The  spring  falls  into  a  notch  in  tbe 
bar  T,  and  is  thereby  held  at  a  distance  from  the  upright  a,  as  long  as  the  band  is  upon 
the  loose  pulley  z^ ;  but  when  the  spring  bar  is  disengaged,  it  faUs  towards  a,  and  carries  the 
band  upon  the  fast  pulky  x,  so  as  to  put  the  loom  in  gear  with  the  steam-shaft  of  the  factory. 

Weaving,  by  this  powerful  machine,  consists  of  four  operations :  1.  to  shed  the  warp 
bf  means  of  tbe  heddle  leaves,  actuated  by  the  tappet  wheels  upon  the  axis  q",  the  rods 
k,  k',  the  crosa-bar  s,  and  the  eyes  of  the  heddle  leaves  i,  i' ;  2.  to  throw  t^e  shuttle  (see 
fig.  ii31),.  by  means  of  the  whip  lever  p",  the  driver  cord  p,  and  the  pecker  o;  3.  to  drive 
home  the  weft  )ff  the  batten  n,  n';  4.  to  unwind  the  chain  from  the  warp  beam,  and  {o 
draw  it  progressively  forwards^  and  wind  the  finished  web  upon  the  cloth  beam  h,  by 
the  eUc)(  an4  toothed  wheel  mechanism  at  the  right-hand  side  of  the  frame.  For  more 
nionte  deUilf»  tJk/^Jmia  may  consult  Th^  Coitfm  Manntfacturt  of  Gnat  Britain^  voL  ii. 
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WEFT  (Trame,  Fr. ;  Eintrag,  Genn.),  is  the  name  of  the  jutm  or  tliraiAi  vlikh 
run  from  selvage  to  selvage  in  a  web. 

WELD  {Voutde,  Fr. ;  Wau^  GtUbkrauty  Genn.),  is  an  annual  herbaceous  plaal, 
which  grows  all  over  Europe,  called  bf  botanists  Rntda  kuteoiA.  The  stems  and  the 
leaves  dye  yellow ;  and  among  the  dyes  of  organic  nature,  they  rank  next  to  the  pJei'iisa 
berry  for  the  beauty  and  fastness  of  color.  The  whole  plant  is  cropped  when  in  seed,  at 
which  period  its  dyeing  power  is  greatest ;  and  after  being  simply  dried,  is  brongfat  into 
the  market. 

Chevreul  has  discovered  a  yellow  coloririg  principle  in  weld,  which  he  fans  enlfcd 
luieoline.  It  may  be  sublimed,  and  thus  obtained  in  long  needle-4brm,  tmnsparent, 
yellow  crj'stals.  Luteoline  is  but  sparingly  soluble  in  water ;  but  It  nevertheless  dyes 
alumed  silk  and  wool  of  a  fine  jonquil  color.  It  is  soluble  in  alcohol  and  ether;  it  coni- 
bines  with  acids,  and  especially  with  bases. 

When  weld  is  to  be  employed  in  the  dye-bath,  it  should  be  boiled  for  three  qnnilen 
of  an  hour;  after  which  the  exhausted  plant  is  taken  out,  because  it  ocenpies  too  mwk 
room.  The  decoction  is  rapidly  decomposed  in  the  air,  and  ought  theref(M«  to  be  made 
only  when  it  is  wartted.    It  produces,  with 

Solution  of  ising-glass  -  -  -  -  a  slight  turbidity. 
Litmus  paper  .  .  .  .  .a  faint  reddening. 
Potash  ley     --•-••    a  golden  yellow  tint. 

Solution  of  alum a  faint  yellow. 

Protoxyde  salts  of  tin     -        •        .        .    a  rich  yellow  ^ 

Acetate  of  lead ditto  >  predpttatmu 

Salts  of  copper       .....    a  dirty  yellow-brown  7 
Sulphate  of  red  oxyde  of  iron  -        -        -    a  brown,  passing  into  olive. 

A  lack  is  made  from  decoction  of  weld  with  alum,  precipitated  by  carbonate  of  soda  «r 
potassa.     See  Yellow  Dt£. 

WELDING  (Souder,  Fr. ;  Schwettsen,  Germ.),  is  the  property  which  pieces  of 
wrought  iron  possess,  when  heated  to  whiteness,  of  uniting  intimately  and  pemanciitlj 
under  the  hammer,  into  otic  body,  without  any  appearance  of  junction.  Tlie  wekfing 
temperature  is  usually  estimated  at  from  6QP  to  90°  of  Wedgewood.  When  a  skilfd 
blacksmith  is  about  to  perform  the  welding  operation,  he  watches  minutely  the  effect  af 
the  heat  in  his  forge-fire  upon  the  two  iron  bars ;  and  if  he  perceives  them  beginning 
to  burn,  he  pnlls  them  our,  rolls  them  in  sand,  which  forms  a  glassy  silicate  of  iroa 
upon  the  surface,  so  as  to  prevent  further  oxydizement ;  and  then  laying  the  one  pn^ 
perly  upon  the  other,  he  incorporates  them  by  his  right-hand  hammer,  being  assoied 
by  another  workman,  who  strikes  the  metal  at  the  same  time  with  a  heavy  forge- 
hammer. 

Platinnm  is  not  susceptible  of  being  welded,  as  many  ehemical  authors  have  eiiooeuas- 
ly  asserted. 

Mr.  T.  H.  Russell,  of  Handsworth,  near  Birmingham,  obtained  a  patent,  in  May,  183^ 
for  manufacturing  welded  iron  tubes,  by  drawing  or  passing  the  skelp,  or  fillet  of  ifaeeC 
iron,  five  feet  long,  between  dies  or  holes,  formed  by  a  pair  of  grooved  rollers,  placed 
with  their  sides  contiguous ;  for  which  process,  he  does  not  previously  torn  op  the  ritdp 
from  end  to  end,  but  he  does  this  so  as  to  bring  the  edges  together  at  the  time  whea  the 
welding  is  performed.  He  draws  the  skelp  throueh  two  or  more  pairs  of  the  above 
pincers  or  dies,  each  of  less  dimension  than  the  preceding.  In  making  tubes  of  aa  iack 
of  internal  diameter,  a  skelp  four  inches  and  a  half  broad  is  employed.  The  twin  rollefS 
Involve  on  vertical  axes,  which  may  be  made  to  approach  each  other  to  give  pressare; 
and  they  are  kept  cool  by  a  stream  of  water,  while  the  eSkelp,  ignited  to  the  welding  hea^ 
is  passed  between  them.  They  are  afiixed  at  about  a  foot  in  front  of  the  month  of  the 
furnace,  on  a  draw-bench ;  there  being  a  suitable  stop  within  a  few  inches  of  the 
rollers,  jagainst  which  the  workman  may  place  a  pair  of  pincers,  having  a  bdl- 
mouthed  hole  or  die,  for  welding  and  shaping  the  tube.  In  the  first  passage  between  the 
rollers,  a  circular  revolving  plate  of  iron  is  let  down  vertically  between  them,  to  prevent 
the  edges  of  the  skelp  from  overlapping,  or  even  meeting.  The  welding  in  perlbmei  at 
the  last  passage. 

WELLS,  ARTESIAN.  See  also  Artesian  Weixs.  The  following  aceonnt  of  a 
successful  operation  of  this  kind,  lately  performed  at  Mortlake,  in  Surrey,  deserves  to 
be  recorded.  The  spot  at  which  this  undertaking  was  begun,  is  within  100  feet  of  the 
Thames.  In  the  first  instance,  an  auger,  seven  inches  in  diameter,  was  used  in  pene- 
trating 20  feet  of  superficial  detritus,\nd  200  feet  of  London  clay.  An  imn  cvbe,  8 
inches  in  diameter,  was  then  driven  into  the  opening,  to  dam  oiit  the  land-sprinfs  and 
the  percolation  from  the  river.  A  4-inch  auger  was  next  introduced  through  the  iron 
tube,  and  the  boring  was  continued  until,  the  London  clay  having  been  perforated  to 
the  depth  of  240  feet,  the  sands  of  the  plastic  clay  were  reached,  and  water  of  the  softest 
and  purest  nature  was  obtained ;  but  the  supply  was  not  soffieient,  and  it  did  sot 
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the  svrfiwe.  The  work  was  proceeded  with  aeeovdingly ;  and  after  66  feet  of  altematih^ 
beds  of  sand  and  day  had  been  penetrated^  the  chalk  was  touched  upon.  A  second 
tabe,  4|  inches  in  diameter,  was  then  driven  into  the  chalk,  to  stop  oat  the  water  of 
the  plastic  sands;  and  through  this  tube  an  anger,  3|  inches  in  diameter,  was  introduced, 
and  worked  down  through  35  feet  of  hard  chalk,  abounding  with  flints.  To  this  succeeded 
a  bed  of  soft  chalk,  into  which  the  instrnment  suddenly  penetrated  to  the  depth  of  1^  feet. 
On  the  auger  being  withdrawn,  water  gradually  rose  to  the  surface,  and  overflowed. 
The  expense  of  the  work  did  not  exceed  300/.  The  general  summary  of  the  strata  pene» 
tratcd  '»  as  follows : — Gravel,  20  feet ;  London  clay,  250 ;  plastic  sands  and  days,  55 ; 
hard  chalk  with  flints,  35 ;  soft  chalk,  15  ;=375  feet. 

WHALEBONE  (Baleine,  Fr.;  Fischbeine,  Germ.),  is  the  name  of  the  horny 
laminiB,  consisting  of  fibres  laid  lengthwise,  found  in  the  mouth  of  the  whale,  which,  l^ 
the  fringes  upon  theinedges,  enable  the  animal  to  allow  the  water  to  flow  out,  as  through 
rows  of  teeth  (whtcti  it  wants),  from  between  its  capacious  jaws,  but  to  catch  and 
detain  the  minnte  creatures  upon  which  it  feeds.  The  fibres  of  whalebone  have  little 
lateral  cohesion,  as  they  are  not  transversely  decussated,  and  may,  therefore,  be  readily 
detached  in  the  form  of  long  filaments  or  bristles.  The  btadety  or  scythe-shaped  ^ates, 
are  externally  compact,  smooth,  and  susceptible  of  a  good  polish.  They  are  connected, 
in  a  paralld  series,  by  what  is  calltfd  the  gunr  of  the  animal,  and  are  arranged  along  each 
side  of  its  mouth,  to  the  number  of  about  300.  The  length  of  the  longest  6/ade,  which 
IS  nsoally  found  near  the  middle  of  the  series,  is  the  gauge  adopted  by  the  fishermen  to 
designate  the  size  of  the  fish.  The  greatest  length  hitherto  known  has  been  15  feet, 
bat  it  rarely  exceeds  12  or  13.  The  breadth,  at  the  root  end,  is  from  10  to  12  inches; 
and  the  average  thickness,  from  four  to  five  tenths  of  an  inch.  The  series,  viewed 
altogether  in  the  mouth  of  the  whale,  resemble,  in  general  form,  the  roof  of  a  house. 
They  are  cleansed  and  softened  before  cutting,  by  boiling  for  two  hours  in  a  long 
copper. 

Whalebone,  as  brought  from  Greenland,  is  commonly  divided  into  portable  junks  or 
pieces,  comprising  ten  or  twelve  blades  in  each ;  but  it  is  occasionally  subdivided  into 
separate  blades,  the  gum  and  the  hairy  fringes  having  been  removed  by  the  sailors 
daring  the  voyage.  The  price  of  whalebone  fluctuates  from  50/.  to  150/.  per  ton. 
The  blade  is  cut  into  parallel  prismatic  slips,  as  follows :  — It  is  clamped  horizontally, 
with  its  edge  op  and  down,  in  the  large  wooden  vice  of  a  carpenter's  bench,  and  is  then 
planed  by  the  following  tool :  fig,  1 165,  a,  b,  are  its  two  handles.;  c,  d,  is  an  iron 
plate,  with  a  guide-notch  e;   f,  is  a  semicircular'  knife,  screwed  flrmly  at  each  end  to 

the  ends  of  the  iron  plate  c,  o,  having  its  cutting  edge 
adjusted  in  a  plane,  so  much  lower  than  the  bottom  of  the 
notch  £,as  the  thickness  of  the  whalebone  slip  is  intended 
to  be;  for  different  thicknesses,  the  knife  may  be  set  by 
the  screws  at  different  levels,  but  always  in  a  plane  paralld 
to  the  lower  guide  surface  of  the  plate  c,  d.  The  work- 
man, taking  hold  of  the  handles  a,  b,  applies  the  notch 
of  the  tool  at  the  end  of  the  whalebone  blade  furthest  from 
him,  and  with  his  two  hands  pulls  it  steadily  along,  so  as  to  shave  off  a  slice  in  the  di- 
rection of  the  fibres;  being  careful  to  cut  none  of  them  across.  These  prismatic  slips 
are  then  dried,  and  planed  level  upon  their  other  two  surfaces.  The  fibrous  matter  detached 
in  this  operation,  is  used,  instead  of  hair,  for  stuffing  mattresses. 

From  its  flexibility,  strength,  elasticity,  and  lightness,  whalebone  is  employed  for  many 
purposes :  for  ribs  to  umbrellas  or  parasols ;  for  stifiiening  stays ;  for  the  frame-work  of 
hats,  &c.  When  heated  by  steam,  or  a  sand-bath,  it  softens,  and  may  be  bent  or  moulded, 
like  horn,  into  various  shapes,  which  it  retains,  If  cooled  under  compression.  In  this  way, 
snuff-boxes,  and  knobs  of  walking-sticks,  may  be  made  from  the  thicker  parts  of  the  blade. 
The  surface  is  polished  at  first  with  ground  pumice-stone,  felt,  and  water ;  and  finished 
with  dry  quicklime,  spontaneously  slaked,  and  sifted. 

WHEAT.  (Triticum  vulgare,  Linn. ;  Froment,  Fr. ;  Waizen,  Germ.)  See  Bbead, 
Gluten,  and  ^arch. 

WHEEL  CARRIAGES.  Though  this  manufactnre  belongs  most  properly  to 
a  treatise  upon  mechanical  engineering,  I  shall  endeavor  to  describe  the  parts  of  a 
carriage,  so  as  to  enable  gentlemen  to  jodee  of  its  make  and  relative  merits.  The 
external  form  may  vary  with  every  freak  of  fashion ;  but  the  general  structure  of  a  vehide, 
as  to  lightness,  elegance,  and  strength,  may  be  judged  of  from  the  following  figure  and 
description. 

Fig,  1166,  shows  the  body  of  a  chariot,  hnog  npon  an  iron  carriage,  with  iron  wheels, 
axletrees,  and  boxes ;  the  latter,  by  a  simple  contrivance,  is  close  at  the  out-head,  by  which 
means  the  oil  cannot  escape;  and  the  fastening  of  the  wheel  being  at  the  in-head,  as  will 
be  explained  afterwaids,  gives  great  security,  and  prevents  the  possibility  of  the  wheel  being 
taken  off  by  any  other  carnage  mnning  aipiianst  it. 
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Fig.  116T,  ihowt  IhcMin  of  an  ■xlelree,  tmed  petliEeUr  trac,  witk  Iwocsl 
Mild,  u  Been  al  G  and  a.  The  poTU  Seom  o  1«  ■  are  made  cylindricaL  At  K 
nail,  llie  puiposeof  vhich  will  be  explained  inylg.  1171. 


Fig.  1 1 68,  i*  the  longitudinal  lecUoa  or  a  metal  nave,  which  also  Ainna  the  bnA,  tm 
Ibe  better  fiiting  oC  which  to  the  ailetree,  it  is  bored  oat  of  Ihe  solid,  aod  made  qniie  ait^ 
tight  upon  ihr  pin;  and  for  retainiiiE  the  oil,  it  is  left  c'oie  at  llie  out-head  d. 

Fig,  1 169,  repressDls  a  collet,  made  of  metal,  turaed  peifectly  tiue,  tbe  least  dianeUr 
of  which  IB  made  the  lame  with  that  parlor  the  ailetree  h,  Jig.  11S7,  and  its  prealol 
diameter  the  Fame  with  that  of  the  solid  collar  G,^g.  U6T.  This  collet  is  mad*  viik  a 
joint  at  a,  and  opens  at  p.  Two  groores  are  represented  at  qq,  gq,  which  are  acen  at  the 
■ame  letters  in  ^f.  1170,  as  also  the  dovetail  r,  in  boUl  Ggnres. 

Jig.  1170,  isan  edge  view  of  the  collel.yig.  1169. 

Fig.  1 17 1,  is  a  longiludinal  section  oC  an  ailetree  arm,  nave  or  hash,  and  fasteBiac. 
A,  B,  is  Ihe  arm  of  the  axlettee,  bored  up  the  centre  from  B  to  E.     c,  c,  d,  the  naTC,  vhitt 


•Mweraajiofor  Ihe  bash,      f,  b,  Ibeeoltel  (tee  figi.  1169  and  IITO),  pnt  into  its  ptace. 

S,q,  two  (tcel  ping,  paaaine  ihron;t  the  ia-hend  of  the  bush,  and  filltnii  dp  tbe  gream* 
I  the  collet,  w,  w,  a  caped  honp,  sofficientlf  broad  to  ecmr  the  ends  of  said  pins,  wad 
nukde  fast  to  Ihe  bush  hj  screws.  This  hoop,  when  w  fastened  lo  Ihe  bn«h,  ivmBli 
the  poaaibilily  of  the  pins  f,  q,  tiom  Bettins  out  of  their  places.  «,  «,  is  a  leather 
washer,  interposed  belwiil  the  in-head  of  the  bnsb  and  the  larger  solid  collar  of  Ibe 
ailetrte,  lo  prevent  the  escape  of  oil  at  the  in-haad.  %,  il  a  icrew,  the  beW  of  whid 
is  new  the  letter  K,  in  fig.  1 167.  Thii  screw  beiag  undone,  and  oil  povred  iato  the 
bale,  it  flows  down  the  bore  in  the  centre  of  the  ajletree-am,  and  /ilia  the  »pMC  a,  left 
bf  the  ana,  being^ebout  un«  inch  sbotler  than  ihe  bore  of  the  baah,  and  the  •erew,  M^ 
aHerwardi  replaced,  keeps  all  tighL    In  pvttiaf  on  iba  wbael,  a  Utile  tJttnfiit  la  b^ 
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pal  M*  Ok  ipM«  betwiil  lh<  cdlet  p,  a,  and  the  imrga  coUu.  The  mUar  »,  ^  haa^ 
Nwveable  roDDd  \be  aileiree  acm,  and  beis^  madt  Tact  lo  Uie  bmh  bf  me&DS  of  the  tiro 
pins  q,  q,  raolrea  110111;  with  Ihe  buBb,  acling  agalnsl  the  aoliil  collar  o,  of  the  irm,  sad 
Iraepi  Ibe  wheel  fast  to  (he  uklree,  uotil  by  reniuvin^  the  <Mpei  hoop  W,  w,  and  driving 
ovt  IhF  pin«  f,  q,  the  collet  becomes  (liiengaieil  rrom  the  bush. 

The  dovetail,  seen  upon  ihe  colleC  ■(  r,^;.  1 170,  has  a  cormpondinf  grooTC  cnl  in  Ihe 
tHUb,  lo  receive  it,  in  coneeqaence  oT  wbicli  the  wheel  musl  of  necessity  be  put  on  so  that 
tke  collet  and  piu  Gl  exacllf.  These  wheels  nry  rarel;  require  to  be  Mken  off,  and  tbef 
Will  ran  a  ihoonad  miles  without  requiring  Tresh  oiling. 

The  apobesorihe  wheel,  nude  of  maUenble  iron,  are  screwed  into  the  bush  or  nave  at 
c,  cyi^i.  llliS,  1IT1,b11  round.  The  felloes,  composed  merely  of  I*o  ban  of  Iron,  bent 
■ato  a  circle  edgewa;-!,  are  pat  on,  the  one  ou  the  tVoni,  the  other  on  the  bach,  of  the 
•pokes,  whieh  have  shoulders  on  both  sides  to  support  the  felloes,  and  all  three  are  allached 
tDfrelherbf  riTets  ihrouiih  ihem.  The  space  between  the  two  iron  rings  forming  the  felloes, 
■trauld  be&lled  up  with  liehi  wood,  the  tire  then  puton,  and  rasteued  to  ihefeUoesby  bolts 
mut  glands  clasping  bolb  felloes. 

This  is  a  carriage  without  ■  mortise  or  tenon,  or  wooden  joint  of  an;  kind.  It  is,  at  an 
Kveraee,  one  seventh  lighter  than  any  of  those  buill  on  the  ordinary  construclion. 

The  design  of  Mr.  W,  Mason's  patent  invention,  of  jSZT,  is  lo  give  any  required 
pressure  lo  the  ends  ut'  what  are  called  mail  atlelrees,  in  order  to  prevent  [heir  shaking 
in  Ibe  botes  oT  the  wherls.  This  object  is  effected  by  the  inlroduclion  of  leather  collars 
M  ceclaio  parts  oC  the  box,  and  by  a  contrivance,  in  whieh  the  outer  cap  is  screwed  up^ 
•o  ■*  to  bear  against  the  end  of  the  axlctree  with  nair  degree  of  tightness,  and  is  held  in 
.itaatsiUalion,  withoui  the  poasibility  ofturniag  round,  or  allowing  llie  aileuee  to  become 

Sig.  llVi,  shows  the  section  of  the  box  of  a  wheel,  with  the  end  of  the  aileiree 
$e«ared  in  it.    The  general  form  of  ihe  box,  and  of  the  axle,  is  the  same  as  other  mail 
li;a  1173  axles,    there    being 

recesses  in  the  bok 
fix  the  Tcceptioo  of 
oil.  At  the  end  of 
tbe  axle,  a  cap  a,  ii 
inserted,  with  a  lea- 


cienlV  tizhl,  is  held  In  that  situ 

allonbyapir 

rflhe  iron  box;  a  repiescnlat 

ion  of  this  en 

In  the  cap  a,  there  is  also  a  1 

jtroove  for  co 

in  it,  bearing  agaiost 

tbe  end  uf  Ihe  aile  i 

which     cap,    when 

screwed     up     suffi- 

:rew  passed  through  the  cap  a,  into  the  end 

heiron  box  beingabown  atjifc.  1173. 

lag  the  oil  (0  the  interior  i^  the  box,  with 

a  Ecrnr  si  tne  opening,  li<  prevent  it  running  ont  as  the  wheel  goes  round. 

The  partiealar  claims  of  improvement  are,  the  leather  collar  against  the  end  of  tbeule; 
the  pin  going  through  one  of  Ihe  holes  in  Ihe  end  of  the  boi,  toflx  it)  and  the  channel  for 
eoad acting  the  oil- 
Mr.  Mason's  patent,  of  August,  l^tO,  applies  also  to  the  boxes  and  axles  of  that  con- 
■trwtionofcvriage  wheels  whieh  are  fined  with  the  so  called  mail-boles;  but  parlof  tha 
iavealion  applies  to  other  ailes. 

Fig.  1174,  represents  the  naieof  a  wheel,  with  Ihe  box  for  the  axle  within  it,  both 
ita»wn  in  sectioa  longitudinally  ;  Jig.  1 175,  is  a  section  of  Ihe  axle,  uken  in  the  sume 
direction  ;  andjlg.  1 176,  rcpre)<enls  the  screw  cap  and  oil-box,  which  aUaches  to  iheouler 
ezlremily  of  the  axle-box.  Supposing  the  parts  were  put  together,  that  is,  Ihe  axle  inserted 
iaio  the  box,  then  Ihe  iatention  of  the  diil'erent  parts  will  be  perceived. 

Tbe  cylindrical  recess  a,  in  the  box  of  the  nave,  is  designed  to  fit  the  cylindrical  part 
of  the  axle  b  ;  and  Ihe  conical  part  c,  of  the  axle,  to  shoulder  up  against  a  corresponding 
«dalca1  cavity  in  Ihe  box,  with  a  washer  of  leather  lo  prerenl  its  ahakuig.  A  collar  d, 
'^mcd  by  ■  melallie  ritlti,  fits  loosely  upon  a  cylindrical  part  oflhe  axle,  and  is  kepi  itiere 
14  "  fl«lf  <  or  rim,  flxed  behind  Ihe  cone  c.  Several  strong  pins  /,/,  are  cast  into  the- 
IsBck  part  of  the  box  I  which  pins,  when  the  wheelisallaohed,  pass  ihnmKhcorrMpondin^ 
kotcsin  ltaee<rilar  d  1  and  nuts  being  screwedon  to  the  ends  of  the  pins/,  behind  the  coUaCr 
keep  th«  wheel  Kcmely  attached  lo  Ihe  axle.  TheMrew-eapg,!*  then  inseried  into  tha 
reuM  k,  at  the  outer  ^rt  of  the  box,  it*  conical  end  Mid  saialt  tube  i,  passing  into  the  reeaa- 
■  It,  in  the  nd  of  Ihe  axle. 

>  The  pans  beiag  thus  <oDB«eted,  tbe  oil  cMiMined  within  tbe  cap  f,  will  flow  thi*^ 
dM  nnall  take  i,  in  its  end,  into  the  TecessarcTlindriealeliaiinell,  within  Ihe  axle,  aid  «ai 
thtace  pan  Ihnwgh  a  small  hole  in  the  side  cf  Ihe  axle,  ioto  the  cylindrical  Teeciia,iif 
the  box  t  andthM'  t«dging  in  tie  gtoon  and  other  caTitiM  witUn  the  box,  win  h- 
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briette  the  ule  ■>  the  wheel  gott  lonnd.    There  ii  aln  a  imall  gtoove  cM  m  Oe  •* 

tide  of  Ibe  Bile,   for  eoidaetiag  the  oil,  in  order  Ihu  il  ma;  be  more  eq*llr  ^ 

IJ74  tribatol  over  iha  mTftee  ud  lite  tmr- 

ingt.    Tbii  ccntlmdion  of  ibe  boi  Md 

]  Yjg        ule,  u  far  u  tlie  iBbricslioa  fon,  aq 

be  applied  to  Ihe  ailei  of  wbedi  i» 

ftroeiat ;  bvl  that  part  of  the  iaTnlaa 

which  is  designed  to  gire  icnala  ma- 

rilr  in  the  atlachmCDt  of  the  whed  W 

the  carriage,  ap|diea  parlienlai);  W  aail 

Mr.  William  HaaiHi'B  paleal  ii- 
lention  for  wheel  carriaf'a,  of  A^fMl, 
1831,  will  be  andentood  by  reTernet 
to  the  anneied  Sgnns.  Fig.  IIH,  iii 
plan  showing  the  forc-ailetm  bed  ». «, 
of  a  four-wheeled  eairia^  to  wtick 
the  axletreet  b,  b,  are  jointed  il  oek 
ending.  llTS  is  an  enlarged  plu  {  sid 
fig.  1 179  an  elevation,  or  iideTiew<]fat 
end  of  the  said  fore-ailetrcc  bed,  itnf 
n  ColUn)ie's  nileliee  joinled  U>  ik 
;,  which  pastes  tbrongh  and  In 


Tbe  aiietree  b,  is  Grml;  onited  with  the  upper  end  (,  of  the  pin  or  bolt  t,  — 
lower  end  of  it,  which  is  tqaared,  Ihe  t[uide  piece/,  is  alto  fitted,  and  seoired  ij  « 
aerewg,  iDdcapornat^seenin  A$.  1179,  and  in  section  iafig.  I1B2.  TbercaRiothB 
waahers  i,  i,  let  into  leceESee  made  to  receive  them  in  the  parli  a,  b,  aad^^  the  iilnl  <■ 

which  is  to  prcTenl  the  oil  from  escaping  that  is  intro 

dicnlar  bole  seen  in  fig.  1182,  which  hole  is  eloeed  b. 

it.    The  oil  is  diffnacd,  or  spread  over  the  surface  of  (be  cylinder  c,  -j ^^ 

branch  leading  from  Ihe  bottom  of  Ihe  hole  into  a  groove  formed  anrand  Ite  cflBW 
wid  also  bf  means  of  two  tongitndinal  (taps  or  cavitiet  made  within  the  hcdc,"  ■^°V 
ufigt.  IISO,  and  IISI.  The  gnide  piece /,  ia  affiled  at  right  angles  wilh  ihs  *» 
fee{,  at  shown  in  Jtg.  I1T8,  nod  tnmi  freely  and  tleadilj  in  Ihe  cylindrical  bole  < 

*iletree  hed  a.      Ia  like  Esuaer,**  • 

the  other  end  of  the  inn  tot*viD«t  •» 


introduced  throngbthe  ceotialpuT'*' 
•ed  by  means  of  a  screw  iuetfll  >*■> 
:e  of  Ihe  cylinder  e,  by  nwans  rf  s  bK 
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The  outer  ends  of  the  guide  pieces/,/,  are  jointed  to  the  splioter-har  n,fig,  1181,  as  fol- 
lows : — Fig.  1 183,  is  a  plan,  and  Jig,  1 184,  a  section  of  the  joint  o,  in  Jig*  1 177,  shown  on 
an  enlarged  scale ;  a  cylindrical  pin  or  bolt  c,  is  firmly  secured  in  the  spUuter-bar,  and  round 
the  lower  part  of  the  said  pin  or  bolt  the  guide  piece/,  turns,  and  is  made  fast  in  its  place 
1>y  the  screw  g,  and  screwed  nut  A. 

Oil  is  conveyed  to  the  lower  part  of  the  cylindrical  pin  c,  in  a  similar  manner  to  that 
alreadv  described,  and  two  leather  washers  are  likewise  furnished,  to  prevent  its  escape. 
The  connecting  joiot  at  the  opposite  end  of  the  splinter  bar  n,  is  constructed  in  a 
similar  manner.  The  fulchel  or  socket  p,  p,  for  the  pole  of  the  carriage,  must  also  be 
jointed  to  the  middle  of  the  fore-axletree  b^  and  splinter-bar,  in  a  similar  manner.  The 
swingletreesf,  9,ylg.  1177,  are  likewise  jointed  in  the  same  way  to  the  splinter-bar. 
Fig,  1185,  is  a  side  view  of  these  parts.  The  fore  wheels  of  the  carriage,  ^g.  1177,  are 
famished  with  cast-iron  boxes,  as  usual.  The  dotted  lines  show  the  action  of  the  pole 
p,  py  upon  the  splinter-bar  n,  and  as  eommuniratpd  through  the  latter  to  the  guide 
pieces/,/,  connected  with  the  axletrees  6, 6,  so  as  to  lock  the  wheels  r,  r,  as  shown  in  that 
figure. 

The  axletree  may  be  incased  in  the  woodwork  of  the  fore-bed  of  the  carriage,  as 
usual,  and  as  shown  by  dotted  lines  in  the  back  end  view  thereof,  yig.  1186;  and  the 
framing  $,  Jig,  1 187,  may  be  affixed  firmly  upon  the  said  woodwork,  in  any  fit  and 
proper  manner,  as  well  as  the  fore-springs  /,  /,  shown  in  Jig$,  1186  and  1187,  and  like- 
wise in  the  side  ▼iew,yig.  1 188.  In  certain  cases  it  may  be  desirable  to  fix  the  cylindrical 
pin  or  bolt  c,  firmly  in  the  splinter-bar  n,  in  the  manner  shown  in  Jigs,  1189  and  1190 ; 
the  swingletrees  q,  9,  and  guide  pieces/,/,  turning  freely  aboye  and  below  upon  the  said 
pin  or  bolt,  and  secured  in  their  places  thereon  by  screws  and  screwed  nuts,  oil  being  also 
supplied  through  holes  formed  in  both  ends  of  the  said  pin  or  bolt,  and  leather  washers 
pnivided,  as  in  the  above-described  instances. 

Mr.  Gibbs,  engineer,  and  Mr.  Chnplin,  coach-maker,  obtained  a  patent,  in  1832,  for 
the  construction  of  a  four-wheeled  carriage  which  shall  be  enabled  to  turn  within  a 
small  compass,  by  throwing  the  axles  of  all  the  four  wheels  simultaneously  into  different 
positions.      They  effect  this  object  by  mounting  each  wheel  upon  a  separate  jointed 

.JO J  /i»'"**C^\^..-'-^^N  **'®>  ""'^  ^^  connecting  the  free 

^^^^^^'"'^    '  ends  of  the  four  axles  by  jointed  rods 

or  chains,  with  the  pole  and  splinter- 
bar  in  front  of  the  clirriafl;e. 

To  fix  the  ends  of  the  spokes  of 
wheels  to  the  felloe  or  rim,  with 
greater  security  than  had  been  ef- 
fected by  previous  methods,  is  the 
object  of  a  contrivance  for  which 
William  Howard  obtained  a  patent, 
in  February,  1830.  Fig.  1191  shows 
a  portion  of  a  wheel  constructed  on 
this  new  method;  a,  is  the  nave, 
of  wood ;  6,  6,  6,  wooden  spokes, 
inserted  into  the  nave  in  the  usnal 
way ;  c,  c,  is  the  rim  or  felloe,  in- 
tended to  be  formed  by  one  entire  circle  of  wrought  iron ;  d,  and  «,  s,  are  the  shoes 
or  blocks,  of  cast  iron,  for  receiving  the  ends  of  the  spokes,  which  are  secured  by  bolts 
to  the  rim  on  the  inner  circumference.  The  cap  of  the  bk>ck  d,  is  removed,  for  the 
purpose  of  showing  the  internal  form  of  the  block  ;  e,  e,  have  their  caps  fixed  on,  as 
they  would  appear  when  the  spokes  are  fitted  in.  One  of  the  caps  or  shoes  is  shown 
detached,  upon  a  larger  scale,  at  fig.  1 192,  by  which  it  will  be  perceived  that  the  end 
1192  of  the  spoke  is  introduc^  into  the  shoe  on  the  side.    It  is  proposed 

ihfA  the  end  of  the  spoke  shall  not  reach  quite  to  the  end  of  the 
recess  formed  in  the  block,  and  that  it  shall  be  made  tight  by  a 
wedge  driven  in.    The  wedge  piece  is  to  be  of  wood,  as  fig.  1193, 
with  a  small  slip  of  iron  within  it ;  and  a  hole  is  perforated  in  the 
back  of  the  block  or  shoe,  for  the  wedge  to  be  driven  through.    When  this  is  done,  the 
ends  of  the  spokes  become  confined  and  tight ;   and  the  projecting  extremities  of  the 
1 J93    wedges  being  cut  off,  the  caps  are  then  attached  on  the  face  of  the  block,  as  at 
p^     e,  e,  by  pins  riveted  at  their  ends,  which  secures  the  spokes,  and  renders  it 
^"^     impossible  for  them  to  be  loosened  by  the  vibrations  as  the  wheel  passes 
over  the  ground.    One  important  use  of  the  wedges,  is  to  correct  the  eccentric  figure  of 
the  wheel,  which  may  be  readily  forced  out  in  any  part  that  may  be  out  of  the  true 
form,  by  driving  the  wedge  up  further;  and  this,  it  is  considered,  will  be  a  very  im- 
portant advantage,  as  the  nearer  a  wheel  can  be  brought  to  a  true  circle,  the  easier  it 
will  run  npon  the  road.     The  periphery  of  the  wheel  is  to  be  protected  by  a  tire, 
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whMi  mar  ^*  pul  on  in  pi«n,  and  bolted  tliroaih  the  rdloc;  or  it  mar  be  made  in  o»e 
rini',  and  allached,  while  hoi,  in  the  usual  «aj. 

Mr.  Reedhfsd's  patenl  irnprovemenla  in  the  eonslruclioD  of  carriages,  are  reprctented 
in  the  following  fisorcs,    Thej  were  speciHed  in  Julj,  IS33. 

Fig.  1 194,  is  a  plan  or  horizoaul  Tiew  oT  the  Tore  perl  oT  a  carriage,  inleoded  to  be 
Jrawn  by  horee!,  shonin?  ihe  fore  wheels  in  their  posiltoa  when  ntnnine  in  a  atnirht 
coarK ;  Jig,  1 195,  'n  a  simiJar  view,  ihowinij:  the  wheeU  aa  locked,  whet,  in  the  set  «f 
1194  1195 


tarniDfc;  lig.  1196,  i^nTront  end  elevation  of  the  nme;  Jig.  1I9T,  ia  a  aeetioB  Uke« 

thrDDKh  the  centre  a(  the  Tore  axleti  ec  ;  and  fiif.  1 19S,  ia  a  side  elevation  of  the  gnenl 
appearance  of  a  tlage-coach,  wilh  Ilie  improvemCBla  appended  :  a,  a,  are  two  ■pliaur- 
ban,  with  their  rollet-botts,  fur  conneclinR  the  trace*  oC  the  barnett  {  theae  spliDter-han 
•re  attached,  by  the  bent  ironi  b,  b,  \o  two  shnrl  atlelrees  or  aile-boxea  c,  t,  whieh  cmTTf 
Ike  BXlen  or  the  fore  wtaepls  t^  d,  and  turn  upon  vertical  pins  or  bolte  t,  t,  passed  throng 
the  fore  aitetree  /,  the  splinler-bnrs  and  axle-boxeB  bein;  mouaied  *a  as  to  more 
l>arallel  to  each  other,  the  laller  parlnkinE  of  any  molion  given  to  Ihe  splinter-bars  bf 
Ihe  bones  in  diawing  the  carriase  forward,  and  thereby  prodncinj  the  locking  of  tks 
wheela,  aa  ahomi  in  fig.  1 195 ;  and  in  order  thai  the  two  wheels,  and  their  axles  aai 
ftxle-boxea,  tocher  with  the  splinler-bars  n,  a,  may  move  slmnltaneoDsly,  the  latter  an 
eonaected  bf  pivola  to  Ihe  end  of  the  links  or  levers  g,  g,  which  are  attached  to  the  arma 
i,  t,  which  receive  the  pole  of  the  coach  by  a  hinse-joint  or  pin  h ;  the  arms  i,  i,  ttiraiag 
on  a  vertical  fnlcrum-pia  k,  paned  throuEh  the  main  axlelree/,  as  Ihe  pole  ia  moved  thm 
one  aide  to  theolfaef. 

The  axles  o,  o,  are  firmly  fixed  into  the  naves  of  the  wheels,  as  reprearnted  in  Ibe  atle 
Tiewofa  wheeldelached,at/i«.  1300,  the  ailei  bein;  moantpd  go  as  to  revolr«  wiikia 
tlwif  boxea  in  the  following  iiianaer:^The  axle-boxes,  which  answer  the  parpoae  ef 
ahsrt  axletreea,  are  formed  of  iron,  and  consist  of  one  main  or  bollom  plate  I,  seed  bat 
in  jigi.  1200  and  1199;  upon  this  bottom  plale  is  furmed  Ibe  chamber  tti,  m,  CBrryia; 
the  two  aati-frietioo  rollem  a.  n,  which  turn  on  abort  axlea  passed  thnnfh  Ihe  stdes  aad 
partition  at  the  nppcr  part  of  the  ehambers.  These  antt>friclioa  rolleia  bear  Bpoa  tbe 
cjlindrical  parts  of  the  axle  o,  of  each  wheel,  aad  anpporl  the  weight  of  the  coach  ;  p,  ■ 
a  bearing  firmly  secured  in  the  aile-box  lo  ilie  plate  J,  for  the  end  of  the  axle  o  lo  i^ 
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wheel*  are  laeluDS,  wUdi  bolt  it  enluged  witbin  tlie  box,  ud  bu  u  cjc  for  the  uto 

U  pus  Lbrougb,  being  firmlf  secured  la  the  pl«le  /,  uid  kIm  to  Ibe  sidei  or  ihe  box.   Fig. 
1200,  it  K  plan  or  horizoDt&l  view  oC  to  aiJe  tad  iti  box,  belonging 
1200  lo  one  o[  the  Toce  wheels ;  a  pi«ce  ^  is  txrd  lo  Ibe  under  aide  of  Ibe 

Dwin  axletrecj  which  supports  the  ends  ol  the  plates  I,  tmd  iherebf 
relieves  the  pins  (,  t,  ot  the  slraia  they  would  otherwise  have  to 
withstand.  I'he  ailra  of  the  bind  wheels  are  mounted  upon  similar 
plates  1,  /,  (vilh  healings  ojid  chambers  with  aati-fricUoD  rollers; 
but  as  these  are  not  required  lo  loclc,  the  plates  J,  J,  are  fixed  on  to 
the  under  side  of  the  hind  axletree  by  screw-nuts;  (here  are  small 
openings  or  doors,  which  can  be  reinoved  for  the  purpose  of  uo- 
screwiog  the  nuts  and  coUanof  the  bearings p,  when  Ibe  wheel  is 
required  to  be  taken  off  the  earriage,  vhen  Ibe  axle  can  be  with- 
drawn from  the  boxes.  If  it  should  be  thought  necessarf,  other 
chambers  with  friction  rollers  may  be  pbiced  on  Ibe  under  Kide  of 
the  plale  J,  lo  bear  up  Ibe  end  of  the  axles,  and  relieve  the  bearing 
p.  In  order  lo  stop  or  impede  the  progress  of  a  carriage  in  passing 
down  billt,  iherr  is  a  grooved  friction  or  biabe  wheel  (,  fixed,  by 
clamps  or  olherwise,  on  la  the  spokes  of  one  of  Ibe  bind  wheels; 
»,  is  a  brake-band  or  spring,  of  loelal,  encircling  the  friclion  wheel,  one  end  of  which 
band  i*  hied  into  the  standard  v,  upon  ihe  bind  aileliee,  and  the  olber  aid  coa- 
necled  by  a  Joinl  to  the  sborler  end  of  the  lever  w,  which  has  its  fulcrutn  in  Ihe  slandard 
v;  Ihii  lever  extends  up  to  ibe  bind  seal  of  Ihe  coach,  as  shown  in  yig.  IIUS,  and  is  in- 
leaded  lo  be  under  the  command  of  the  guard  or  passengers  of  the  coach,  aiid  when  de- 
scending a  hill,  or  on  oceasioa  of  Ihe  boises  running  awaf,  the  longer  end  of  the  lever  is 
lo  be  depressed,  which  wilt  raise  ihe  sborier  end,  and,  conseiinenlly,  bring  the  hand  or 
spring  u,  in  contact  wilh  Ibe  surface  of  Ibe  friction  wheel,  and  thereby  retard  its  revolu- 
tion, and  prevent  the  coach  travelling  loo  fastj  or,  instead  of  attaching  the  friction 
bi»ka  lo  the  hind  wheel,  m  represented  in  Jig.  119%  it  may  he  adapled  lo  the  fore 
I19B 


wheels,  and  (he  eid  of  ihe  lexer  brouht  up  lo  Ibe  sideoflhe  root-board,  or  under  it,  anS 
witbin  eomoHwd  of  Ibe  eoachman,  the  standard  which  carries  (he  fnlernm  beinir  made  to 
move  upon  a  pivot,  to  accommodate  Ihe  locking  of  the  wheels.  It  will  be  observed,  llMl 
by  these  improved  eonslruedons  of  Ihe  carriage,  and  mule  of  locking,  the  palentee  is 
enabled  to  use  much  larger  fore  wheels  than  in  common,  and  that  the  splinter-bars  will 
always  be  in  (he  position  of  right  angles  wilh  the  track  or  way  of  the  horse*  In  drmwinfc 
the  carriage,  by  which  they  are  nnch  relieved,  and  always  pull  in  a  direct  and  equal 

A  manifest  defect  in  all  fonr-wbeeled  carriages,  involving  vast  snperfluouB  friction,  is 
the  small  size  of  Ihe  front  wheels ;  a  defect  which  has  existed  ever  since  Waller  Rippon 
made  "  Ihe  first  hollow  Immmg  coach  with  pillars  and  arches  for  her  majealy  Queen 
Mary,  being  then  her  servant,"  until  the  railroad  era,  when  our  engineers  remedied  the 
dcfecl  by  equalising  the  wheels,  •!  the  expense  of  another  defect — sacrificing  ihe  power 
of  inrning,  and  thus  produeini  great  laleral  friction ;  whence  a  train  of  evil  consequence* 
tcsolt  1— neccMarily  increased  strength,  and  consequently  increased  weight  of  the  carria< 
ges;  increased  power  nnd  weight  of  the  engine  lo  diaw'them,  and  ovcFCome  the  frictian; 
■nd,  of  coarse,  increased  strength  of  rails,  and  greater  solidity  of  railway. 

These  defects  an  at  last  remedied  by  an  inrenlion  paleated  by  Mr,  William  Adanu, 
author  of  a  work  entitled  "  English  Pleasure  Carriages."  Instead  of  placing  the  perch- 
facdt,  or  turning  cmtrt^  as  ia  eoouoonly  done,  over  the  front  aile,  he  places  ii  at  a  con- 
TCaiMtdiilanccWKiBmhe  Irani  and  hind  axle*  i  w  thu  when  tnining  the  carriage  th« 
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front  wheels,  instead  of  turning  bneaih  the  body,  as  is  eommon,  torn  ontside  of  it, 
the  driver'!  seat  turns  with  them ;  thus  giving  him  a  perfect  command  over  his  hones  in 
aU  positions,  instead  of  the  usual  dangerous  plan,  which  renders  a  driver  UaUe  to  he 
pulled  off  his  box  by  a  restiff  horse,  when  in  the  act  of  turning.  A  carriage  constructed 
on  Mr.  Adams's  plan  may  also  be  driven  round  a  corner  at  full  speed,  without  asy  risk  of 
overturning,  as  the  weight  is  equally  poised  on  the  axles  in  all  positions.  It  is  well  knowa 
that  the  oversetting  of  stage  coaches  usually  takes  place  when  turning  a  corner,  the 
momentum  urging  the  vehicle  in  a  right  line,  while  the  horses  are  pulling  at  an  angle. 
By  the  new  arrangement  the  front  wheels  may  be  made  equal  to  the  hind  ones,  or  of  any 
desirable  height,  and  at  the  same  time  the  body  may  be  kept  as  low  as  may  be  thooght 
convenient,  even  almost  close  to  the  ground,  if  desired.  Thus  two  important  ofagectSy 
hitherto  deemed  incompatible,  are  combined — high  wheels  and  a  low  centre  of  gravity. 
These  carriages  are  therefore  essentially  safety  carriages,  while  the  friction  is  redneed  to 
a  minimum.  The  principle,  in  its  various  modifications,  is  applicable  to  every  variety  of 
carriage,  both  those  of  the  simply  useful  kind,  and  those  where  beauty  of  fonn  and  eokv 
are  prime  requisites. 

Another  roost  important  part  of  Mr.  Adams's  invention,  is  his  new  mode  of  spiing  sus- 
pension ;  applying  the  principle  of  the  bow  and  string,  for  the  first  time,  to  obviate  the 
effects  of  concussion  in  wheel  carriages.  All  the  springs  hitherto  in  use  for  wheel  carria- 
ges, have  been  friction  springs,  composed  of  long  sliding  surfaces,  uncertain  in  their  no- 
tion, and  liable  to  quick  destruction  by  rust.  But  Mr.  Adams's  springs  are  essentially 
elastic,  being  formed  of  single  plates  abutting  endways,  so  that  all  IKction  is  remove^ 
and  they  can  be  hermetically  sealed  within  paint  to  prevent  their  corrosion.  He  has 
various  modes  of  applying  the  bow,  either  single  or  double,  above  or  below  the  axle;  bnt 
one  most  important  feature  is,  that  the  axle  being  attached  to  the  fiexible  cords  or  braces^ 
the  concussion  which  affects  the  wheels,  either  laterally,  vertically,  or  in  the  line  of  pro> 
gress,  is  perfectly  intercepted,  without  the  unpleasant  oscillation  experienced  in  carriages 
where  the  same  purpose  is  accomplished  by  the  use  of  the  curved  qt  C  spring.  Mr. 
Adams's  brace  bting,  at  the  same  time,  a  non-conductor  of  sound,  the  rattling  of  Ike 
wheels  does  not  annoy  the  rider  as  ia  ordinary  carriages.  His  springs  are  eqonlly  applica- 
ble to  vehicles  with  two  and  four  wheels. 

The  advantages  of  these  carriages  may  be  thus  summed  up : — ^A  great  diminution  of 
the  total  weight }  a  diminution  of  resistance  in  draught  equal  to  about  one  third  {  increoae 
of  safety  to  the  riders :  increased  durability  of  the  vehicle ;  absence  of  noise  nnd  vibvn* 
tion ;  absence  of  oscillation. 

To  these  qualities,  so  desirable  to  all,  and  especially  those  of  delicate  nervous  U 
meat,  may  be  added — greater  economy,  both  in  the  first  cost  and  maintenanee. 

The  whirling  public  so  blindly  follows  fashionable  caprice  in  the  choice  of  a 
as  to  have  hitherto  paid  too  little  attention  to  this  fundamental  improvement;  but 
intelligent  individuals  have  fully  verified  its  practical  reality.    Having  inspected 
forms  of  two-wheeled  and  four-wheeled  carriages,  in  the  patentee's  premises  in  Drary 
Lane,  I  feel  justified  in  recommending  them  as  being  constructed  on  the  soundest 
ical  principles ;  and  have  no  doubt,  that  if  reason  be  allowed  to  decide  upon  their 
they  will  ere  long  be  universally  preferred  by  all  who  seek  for  easy-moving,  safe, 
comfortable  vehicles. 

WHETSLATE,  is  a  massive  mineral  of  a  gr^enish-^ray  color;  feebly  glinunering; 
fracture,  slaty  or  splinter)';  fragments  tabular;  translucent  on  the  edges;  feels  mther 
greasy ;  and  has  a  spec.  grav.  of  2*722.  It  occurs  in  beds,  in  primitive  siad  tmasitkin 
slates.  Very  fine  varieties  of  whetslate  are  broaght  from  Turkey,  called  toM-atonea,  wkick 
are  in  much  esteem  for  sharpening  steel  instruments. 

WHEY  (Petit  lait,  Fr. ;  MoUcen,  Germ.),  is  the  greenish-nay  liquor  which  exudes  €nm 
the  cunl  of  milk.  Seheele  states,  that  when  a  pound  of  milk  is  mixed  with  a  spoonM  oC 
proof  spirit,  and  allowed  to  become  sour,  the  whey  filtered  off,  at  the  end  of  a  month  or  n 
little  more,  is  a  good  vinegar,  devoid  of  lactic  acid. 

WHISKEY,  is  dilote  alcohol,  distilled  from  the  fermented  worts  of  malt  or  grains. 

WHITE  LEAD,  Carbomate  ifUady  or  Ceruse.  (Blanc de  plmnb^  Fr.;  B/tt«ci«a,  Genu.) 
This  preparation  i«  the  only  one  in  general  use  fur  painting  wood  and  the  plaster  walls  of 
apartments  white.     It  mixes  well  with  oil,  without  having  its  bright  color  impaired, 
spreads  easily  under  the  brush,  and  gives  a  uniform  coat  to  wood,  stone,  metal,  jtc.     It 
is  employed  either  alone,  or  with  other  pigments,  to  serve  as  their  basis,  and  to  give  thca 
body.    This  article  has  been  long  manufactured  with  much  success  at  Klagenfnrth  in 
Cariathia,  and  its  mode  of  pre]kiration  has  been  lately  described  with  preciskm   hf 
Marcel  de  Serres.     The  great  white-lead  establishments  at  Krems,  whence,  thoogh 
incorrectly,  the  terms  white  of  Krenrnitz  became  current  on  the  continent,  have  ben 
abandoned. 

1.  The  lead  comes  fVom  Bleyberg ;  it  is  very  pure,  and  particularly  free  from  cnntnwtK 
nation  with  iron,  a  point  esseatial  to  the  beauty  of  itt  factitious  caibonate.    It  is  mtMei 
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m  ordinary  pr>ts  of  east  iron,  and  cast  into  ihects  of  varjnng  tliieknets,  aeeording  to  the 
pleasure  of  the  mannfacturer.  These  sheets  are  made  by  pouring  the  melted  lead  upon 
an  iron  plate  placed  over  the  boiler ;  and  whenever  the  surface  of  the  metal  beftins  to 
consolidate,  the  plate  is  slightly  sloped  to  one  side,  so  as  to  run  off  the  still  liquid  metal^ 
and  leave  a  lead  sheet  of  the  desired  thinness.  It  is  then  lifted  off  like  a  sheet  of  paper; 
and  as  the  iron  plate  is  cooled  in  water,  several  hundred  weights  of  lead  can  be  readily 
cast  in  a  day.  In  certain  white-lead  works  these  sheets  are  one  twenty-fourth  of  an 
iaeh  thick ;  in  others,  half  that  quantity ;  in  some,  one  of  these  sheets  takes  up  the  whole 
"width  of  the  conversion-box ;  in  others,  four  sheets  are  employed.  It  is  of  conse- 
quence not  to  smooth  down  the  faees  of  the  leaden  sheets ;  becaose  a  rough  surface  pre- 
sents more  points  of  contact,  and  is  more  readily  attacked  by  acid  vapors,  than  a  polish- 
ed one. 

2.  These  plates  are  now  placed  so  as  to  expose  nn  extensive  surface  to  the  acid  fumes, 
by  foldinar  each  other  over  a  square  slip  of  wood.  Beini?  suspended  by  their  middle,  like 
a  sheet  of  paper,  they  are  arranged  in  wooden  boxes,  from  4)  to  5  feet  lone,  12  to  14 
inches  broad,  and  from  9  to  1 1  inches  deep.  The  boxes  are  very  substantially  eonstmet- 
ed ;  their  joints  being  mortised ;  and  whatever  nails  are  used  being  carefully  covered. 
Their  bottom  is  made  ti^ht  with  a  coat  of  pitch  about  an  inch  thick.  The  months  of  the 
boxes  are  luted  over  with  paper,  in  the  works  where  fermenting  horse-dung  is  employed 
as  the  means  of  procuring  heat,  to  prevent  the  sulphureted  and  phosphux^ted  hydrogen 
from  injuring  the  purity  of  the  white  lead.  In  Carinthia  it  was  formerly  the  practice, 
as  also  in  Holland,  to  form  the  lead  sheets  into  spiral  rolls,  and  to  place  them  so  coiled 
up  in  the  chests;  but  this  plan  is  not  to  be  recommended,  because  these  rolls  present 
obviously  less  surface  to  the  nelion  of  the  vapors  are  apt  to  fall  down  into  the  liquid  at 
the  bottom,  and  thus  to  impair  the  whiteness  of  the  lead.  The  loWer  edges  of  the  sheets 
«re  suspended  about  two  inehe«  and  a  half  from  the  bottom  of  the  box;  and  they  must 
not  touch  either  one  another  or  its  sides,  for  fear  of  obstructing  the  vapors  in  the  first 
case,  or  of  injurinar  the  color  in  the  second.  Before  introducing  the  lead,  a  peculiar  acid 
liquor  is  put  into  the  box,  which  differs  in  different  works.  In  some,  the  proportions  are 
four  quarts  of  vinesrar,  with  four  quarts  of  wine-lees;  and  in  others,  a  mixture  is  made 
of  twenty  pounds  of  wine-lees,  with  eight  and  a  half  pounds  of  vinegar,  and  a  pound  of 
carbonate  of  potash.  It  is  evident  that  in  the  manufactories  where  no  carbonate  of  pot- 
ash is  employed  in  the  mixture,  and  no  dung  for  heating  the  boxes,  it  is  not  necessary  to 
late  them. 

3.  The  mixture  being  poured  into  the  boxes,  and  the  sh«*ets  of  lead  suspended  within 
them,  they  are  carried  into  a  stove-room,  to  receive  the  requisite  heat  for  raising  round 
the  lead  the  corrosive  vapors,  and  thus  converting  it  into  carbonate.  This  apartment  it 
heated  generally  by  stoves,  is  about  9  feet  hiirh.  30  feet  long,  and  24  feet  wide,  or  of  siieh 
a  size  as  to  receive  about  90  boxes.    It  has  only  one  door. 

The  heat  should  never  be  raised  above  86^  Fahr. ;  and  it  is  nsually  kept  up  for  fifteen 
days,  in  which  time  the  operation  is,  for  the  most  part,  completed.  If  the  beat  be  too 
high,  and  the  vapors  too  copious,  the  carbonic  acid  escapes  in  a  great  measure,  and  the 
metallic  lead,  less  acted  upon,  affords  a  much  smaller  product. 

When  the  process  is  well  managed,  as  much  carbonate  of  lead  is  obtained,  as  there 
was  employed  of  metal ;  or,  for  300  pounds  of  lead,  300  of  ceruse  are  procured,  besides  a 
certain  quantity  of  metal  after  the  crusts  are  removed,  which  is  returned  to  the  melting- 
pot.  The  mixture  introduced  into  the  boxes  serves  only  once ;  and  if  carbonate  of  potash 
has  been  used,  the  residuary  matter  is  sold  to  the  hatters. 

4.  When  the  precedinsr  operation  is  supi>osed  to  be  complete,  the  sheets,  being  remored 
from  the  boxes,  are  found  to  have  grown  a  quarter  of  an  inch  thick,  though  previoosly 
not  nbitve  a  twelfth  nf  that  thickness.  A  few  pretty  large  crystals  of  aeeinte  of  lead  are 
sometimes  observed  on  their  edges.  The  plates  are  now  shaken  smartly,  to  cause  the 
crust  of  cirbonate  of  lead  formed  on  their  surfaces  to  fall  off.  This  carbonate  is  put  into 
larsre  cis^terns,  and  washed  ver)'  clean.  The  cistern  is  of  wood,  most  commonly  of  a  square 
shape,  and  divided  into  from  seven  to  nine  compartments.  These  are  of  equal  capacity, 
but  unequal  height,  so  that  the  liquid  may  be  made  to  overflow  from  one  to  the  other. 
Thereby,  if  the  first  chest  is  too  full,  it  decants  its  excess  into  the  second,  and  so  on  in 
succession.    See  RrNsrivo  Machinb. 

The  water  poured  into  the  first  chest  passes  successively  into  the  others,  a  slight  agi- 
tation being  meanwhile  kept  up,  and  there  deposites  the  white  lead  diffused  in  it  propor- 
tionally, so  that  the  deposite  of  the  last  compartment  is  the  finest  and  lightest.  After  this 
washing,  the  white  lead  receives  another,  in  large  vats,  where  it  is  always  kept  under 
water.  It  is  lastly  lifted  out  in  the  state  of  a  liquid  paste,  wilfa  wooden  spoons,  and  laid 
on  drying-tables  to  prepare  it  for  the  market. 

The  white  lead  of  the  last  compartment  is  of  the  first  qnality,  and  is  called  on  thecon- 
tinent  silver  white.    It  is  employed  in  fine  painting. 

When  white  lead  is  mixed  in  equal  quantities  with  gromd  sulphate  of  barytes,  it  is 
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known  fa  France  and  Geiintny  by  the  name  of  Venice  white.  Another  qnalitr,  adulter- 
ated with  double  its  weiirht  of  sulphate  of  barytes,  is  styled  Hamburg h  white ;  and  % 
fourth,  havine  three  parts  of  sulphate  to  one  of  white  lead,  cets  the  name  of  Dnleh  whiter 
When  the  sulphate  of  bar>'te8  is  very  white,  like  that  of  the  Tyrol,  these  mixtnrea  an 
reckoned  preferable  for  certain  kinds  of  paintinr,  as  the  barytes  comronnicates  opacity  Id 
the  color,  and  protects  the  lead  from  being  speedily  darkened  by  snlphmneons  smoke  or 
vapors. 

The  hiffh  reputation  of  the  white  lead  of  Krems  was  by  no  means  doe  to  the  barytei^ 
for  the  first  and  whitest  quality  was  mere  carbonate  of  lead.  The  freedom  from  siWer  of 
the  lead  of  Villach,  a  very  rare  circumstance,  is  one  cause  of  the  superiority  of  its  car- 
bonate ;  as  well  as  the  f^kilful  and  laborious  manner  in  which  it  is  washed,  and  separated 
from  any  adhering  particle  of  metal  or  sulphuret. 

In  England,  lead  is  converted  into  carbonate  in  the  following  way : — ^The  metal  is  cast 
into  the  form  of  a  net-work  gratinir,  in  moulds  about  fifteen  inches  long,  and  four  or  five 
broad.  Several  rows  of  these  are  placed  over  cyh'ndrical  glazed  earthen  pots,  about  Ibor 
or  five  inches  in  diameter,  containing  some  treacle-vinecar,  which  are  then  covered  witk 
straw ;  above  these  pots  another  range  is  piled,  and  so  in  succession,  to  a  convenient 
height.  The  whole  are  imbedded  in  spent  bark  from  the  tan-pit,  brought  into  a  ferment- 
ing state  by  being  mixed  with  some  bark  used  in  a  previous  process.  The  pots  are  left 
undisturbed  under  the  influence  of  a  fermentinc  temperature  for  eight  or  nine  we^s.  In 
the  course  of  this  time  the  lead  gratines  become,  irenerally  speakin?,  converted  throuch- 
ont  into  a  solid  carbonate,  which  when  removed  is  levisrated  in  a  proper  mill,  and  elutri- 
ated with  abundance  of  pure  water.  The  plan  of  inserting  coils  of  sheet  lead  into  earthen- 
ware pipkins  containing  vinegar,  and  imbedding  the  pile  of  pipkins  in  fermentine  hors^ 
dung  and  litter,  is  now  little  used  ;  because  the  coil  is  not  uniformly  acted  on  by  the  add 
vapors,  and  the  sulphureted  hydrogen  evolved  from  the  dung  is  apt  to  darken  the  white 
lead. 

In  the  above  processes,  the  conversion  of  lead  into  carbonate  seems  to  be  efiected  bf 
keeping  the  metal  immersed  in  a  warm,  humid  atmosphere,  loaded  with  carbonic  and  aeetie 
aeids ;  and  hence  a  pure  vinegar  does  not  answer  well ;  but  one  which  is  soaceplible,  by 
its  spontaneous  decomposition  in  these  circumstances,  of  yielding  carbonic  acid.  Snch 
are  tartar,  wine  lees,  molasses,  Ite. 

Another  process  has  lately  been  practised  to  a  considerable  extent  in  Franee,  thoarh  il 
does  not  afiford  a  white  l6ad  equal  in  body  and  opacity  to  the  products  of  the 
operations.  M.  Thenard  first  established  the  principle,  and  MM.  Brechos  and 
contrived  the  arrangements  of  this  new  method,  which  was  subsequently  execated  on  a 
great  scale  by  MM.  Roard  and  Brechoz. 

A  subacetate  of  lead  is  formed  by  digesting  a  cold  solution  of  uncnrstallized  ncctate, 
over  litharge,  with  frequent  agitation.  It  is  said  that  66  pounds  of  purified  pyrolieneoos 
aeid,  of  specific  cravity  1*056,  require,  for  makine  a  neutral  acetate,  58  pounds  of  litharge; 
and  hence,  to  form  the  subacetate,  three  times  that  quantity  of  base,  or  174  pound%  mnal 
be  used.  The  compound  is  diluted  with  water  as  soon  as  it  is  formed,  and  beins  decnnled 
oflT  quite  limpid,  is  exposed  to  a  current  of  enrbonic  acid  gas,  which,  uniting  with  tbe  twn 
extra  proportions  of  oxyde  of  lead  in  the  subacetate,  precipitates  them  in  the  form  of  a 
white  carbonate,  while  the  liquid  becomes  a  faintly  acidulous  acetate.  The  carbonic 
may  be  extricated  from  chalk,  or  other  compounds,  or  generated  by  combustion  of 
coal,  as  at  Clichy ;  but  in  the  latter  case,  it  must  be  transmitted  through  a  solotioQ  of 
acetate  of  lead  before  bein?  admitted  into  the  subacetate,  to  deprive  it  of  any  particles  of 
salphnreted  hydrogen.  When  the  precipitation  of  the  carbonate  of  lead  is  completed,  and 
well  settled  down,  the  supernatant  scetate  is  decanted  off,  and  made  to  act  on  nnothcr 
dose  of  litharge.  The  deposite  being  first  rinsed  with  a  little  water,  this  washing  is  added 
to  the  acetate;  after  which  the  white  lead  is  thoroughly  elutriated.  This  repetition  of  tibe 
process  may  be  indefinitely  made;  hut  there  is  always  a  small  loss  of  acetate^  which  mwt 
be  repaired,  either  direetly  or  by  adding  some  vinesrar. 

In  order  to  obtain  the  finest  white  lead  by  the  process  with  earthen  pots  contnintng 
vinegar  buried  in  fermenting  tan,  and  covered  by  a  eratinff  of  lead,  the  metal  should 
be  so  thin  as  to  be  entirely  convertible  into  carbonate  ;  for  whenever  any  of  it 
it  is  apt  to  give  a  srray  tint  to  the  product ;  if  the  temperature  of  the  fermenting 
is  less  than  W*  Fahr.,  some  particles  of  the  metal  will  resist  the  action  of  the  vine^nr, 
and  degrade  the  color ;  and  if  it  exceeds  122^,  the  white  verses  into  yellow,  in  con 
sequence  of  some  carbonaceous  compound  beinr  developed  from  the  principles  of  the 
acetic  acid.  The  dung  and  tan  have  been  generally  supposed  to  act  in  this  ptroeess  b^ 
supplying  carbonic  aek),  the  result  of  their  fermentation;  but  it  is  now  sak!  thai 
this  explanation  is  inexact,  because  the  best  white  lead  can  be  obtained  by  the  entire 
exclusion  of  nir  firom  the  pots  iu  which  the  carbonisation  of  the  metal  is  carried  on. 
We  are  thence  led  to  conclude  that  the  lead  is  mcydised  at  the  expense  of  the  oxysen  cl 
the  vinegar,  nnd  carboanied  by  the  agenoy  of  its  oxygen  and  eerbon ;  the  hfdrofett  ef 


WHITE  LEAD. 


1305 


the  «eid  betag  left  to  assoeiate  itselfwith  tke  remainiiig  oxffen  and  carbon^  so  as  to  eon* 
etitale  aa  ethereous  eoaapoaad :  thus,  sapposing  thetliree  atoms  of  oxvgen  to  form,  with 
one  of  lead  and  one  of  cartion,  an  atom  of  earbooate,  then  tbe  remaUung  three  atoms  of 
carbon  and  three  of  hydrogen  woold  compose  olefiant  gas. 

It  ie  costomary  on  the  coatiaent  to  monld  the  white  lead  into  coni<nl  loaves,  befbre 
sending  them  into  the  market.  This  is  done  by  stuffing  well-drained  white  lead  into 
lingiazed  earthen  pots,  of  the  requisite  sise  and  shape,  and  drying  it  to  a  solid  mass,  by 
exposing  these  pots  in  stove -rooms.  The  monlJs  being  now  inverted  on  tables,  discharge 
their  contents,  which  then  receive  a  final  desiecatioa ;  and  are  afterwards  pot  up  in  pale* 
blue  paper,  to  set  otf  the  white  color  by  contrast.  Nothing  in  all  the  white-lead  process 
is  aoi^jarioas  as  this  pot  operation;  auseleas  step,  fortunately  unknown  in  Great  Britain. 
Neither  greasing  the^shin,  oor  wearing  thick  gloves,  can  protect  the  operators  from  the 
diseases  induced  by  the  poisotfous  action  of  the  white  lead;  and  hence  they  must  be  soon 
sent  off  to  some  other  department  of  the  work. 

It  ha)  been  supposed  that  tbe  differences  observed  between  the  ceruse  of  Glichy  and 
the  coomon  kinds,  depeni  on  the  greater  cojipactness  of  the  particles  of  the  latter,  pro* 
ducei  by  their  slower  at^gregation ;  as  also,  according  to  M.  Robtquet,  on  the  former 
ooataiqin?  considerably  less  carbonic  acid.    See  infri. 

Mr.  llain  proposed,  in  a  patent  dated  June,  1826,  to  produce  white  lead  with  the  aid  of 
the  following  apparatus.  afa{  fig,  120 1)  are  the  sidis-walls  of  a  stove-room,  constructed  of 
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cement;  c,  c,  are  the  side-plates,  between 
which  and  the  walla,  a  quantity  of  refuse 
tanner's  bark,  or  other  suitable  vegetable 
matter,  is  to  be  introduced.  The  same  map 
terial  is  to  be  pnt  also  into  the  lower  part 
at  d  (upon  a  false  bottom  of  grating  7)  The 
tan  shoukl  rise  to  a  considerable  height, 
and  have  a  series  of  strips  of  sheet  lead  e,  s,  s^ 
placed  upon  it,  which  are  kept  apart  by 
bloeks  or  some  other  convenient  meaBt> 
with  a  space  open  at  one  end  of  the  plates^ 
for  the  passage  of  the  vapors;  but  above 
the  upper  plates,  boards  are  placed,  and 
covered  with  tan,  to  confine  them  there.  In 
the  lower  part  of  the  chamber,  coils  of  steam-pipe/,/,  are  laid  in  different  directions  to 
distribute  heat ;  g,  is  a  funnel-piiie,  to  conduct  vinegar  into  the  lower  part  of  the  vessel  | 
and  h,  is  a  cock  to  draw  it  off,  when  the  operation  is  suspended.  The  acid  vapors  raised 
by  the  heat,  pass  up  throui^h  the  spent  birk,  and  on  coming  into  contact  with  the  sheets 
of  lead,  corrode  them.  The  quantity  of  acid  liquor  should  not  be  in  excess ;  a  point  to 
be  ascertained  by  means  of  the  small  tube  i,  at  top^  which  is  intended  for  testing  it  by  the 
tongue.  A:,  is  a  tube  for  inserting  a  thermometer,  to  watch  the  temperature,  which  shoald 
not  exceed  170^  Fahr.  I  am  not  aware  of  what  success  has  attended  this  patented  ar- 
rangement.    The  heat  prescribed  is  far  too  great. 

A  maenificent  factory  has  been  recently  erected  at  West  Bromwich,  near  Birming^ 
ham,  to  work  a  patent  lately  granted  to  Messrs.  Gossage  and  Benson,  for  making  whits 
lead  by  mixing  a  small  quantity  of  acetate  of  lead  in  solution  with  slightly  damped 
litharge,  contained  in  a  Ion?  stone  trough,  and  passing  over  the  surface  of  the  trough 
eurrents  of  hot  carbonic  acid,  while  its  contents  are  powerfully  stirred  up  by  a  tra^ 
veiling;- wheel  mechanism.  The  product  is  afterwards  ground  and  elutriated,  as  usual. 
Tbe  carbonic  acid  gas  is  produced  fVom  the  combustion  of  coke.  I  am  told  that 
40  tons  of  excellent  while  lead  are  made  weekly  by  these  chemico-mechanioal  opera* 
tions. 

Messrs.  Button  and  Dyer  obtained  a  patent  about  a  year  and  a  half  ago,  for  making 
white  lead  by  transmitting  a  current  of  purified  carbonic  aeid  gas,  from  the  combustion 
of  coke,  through  a  mixture  of  litharge  and  nitrate  of  lead,  diffused  and  dissolved  in 
water,  which  is  ke|)t  in  constant  agitation  and  ebullition  by  steam  introduced  through  n 
perforated  coil  of  pipes  at  the  bottom  of  the  tub.  The  carbonate  of  lead  is  formed  here 
upon  the  principle  of  Thenard's  old  process  with  the  snbacetate ;  for  the  nitrate  of  lead 
forms  with  the  litharge  a  subnitrate,  which'  is  forthwith  transformed  into  carbonate  and 
neutral  nitrate,  by  tbe  agency  of  the  carbonic  acid  gas.  I  have  discovered  that  all  sorts 
of  white  lead  produced  by.  precipitation  from  a  liquid,  are  in  a  semi-crystalline  condition ; 
they  appear,  therefore,  semi-transparent,  when  viewed  in  the  microscope;  and  do  not  cover 
■o  well  as  white  lead  made  by  the  process  of  vinegar  and  tan,  in  which  the  lead  has  remain* 
ed  always  solid  duriag  its  transition  (Vom  the  blae  to  the  white  state ;  and  hence  consists- 
offHwitte  particles. 

A  patent  was  obtained^  in  December,  1H3B,  by  John  Bnptiste  Conatantlne  Torassa, 
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and  others,  for  making  white  lead  by  agitating  the  granulated  metal,  or  ihol,  in  tn|« 
or  barrels,  along  with  water,  and  exposing  the  mixture  of  lead-dust  aod  water  to  the 
air,  to  be  oxydized  and  carbonated.  It  is  said  that  upwaids  of  100/)00/.  IwTe  beaa 
expended  at  Chelsea,  by  a  joint  stock  company,  la  a  factory  oonstmeted  for  exeeotiag 
the  preceding  most  operose  and  defective  process;  which  has  been,  many  yeaia  ago^ 
tried  without  success  in  Germany.  I  am  eouvineed  that  the  whole  of  these  reeenl  pro> 
jects  for  preparing  white  lead,  are  inferior  in  economy,  and  quality  of  prodnee,  to  the 
old  Dutch  process,  which  may  be  so  arranged  as  .to  convert  sheets  of  bine  lend 
thoroughly  into  the  best  white  lead,  within  the  space  of  12  days,  at  less  expense  of  labsr 
than  by  any  other  plan. 

White  lead,  as  obtained  by  precipitation  from  the  aeetate,  subaeetate,  and  sabnitnte, 
is  a  true  carbonate  of  the  metal,  consisting  of  one  prime  equivalent  of  lead  104,  oae  of 
oxygen  8,  and  one  of  carbonic  acid  22 ;  whose  sum  is  134,  the  atomic  veigia  of  the 
compound ;  or,  of  lead,  77*6;  oxygen,  6;  carbonic  acid,  16*4;  in  100  parts.  It  has 
been  supposed,  by  some  authors,  that  the  denser  and  better-covering  white  lead  of  Krbs 
and  Holland  is  a  kind  of  snbcarbonate,  containing  only  9  per  cent,  of  carbonic  acid ;  hoi 
this  view  of  the  subject  does  not  accord  with  my  researches. 

Wick  {Mlche,  Fr. ;  Docht,  Grerm.),  is  the  spongy  cord,  usually  made  of  soft  spun 
cotton  threads,  which  by  capillary  action  draws  up  the  oil  in  lamps,  or  the  melted  taflow 
or  wax  in  candles,  in  ^mall  successive  portions,  to  be  burned.  In  common  wax  and 
tallow  candles,  the  wick  is  formed  of  parallel  threads ;  in  the  steariae  candles,  the  wick 
is  plaited  upon  the  braiding  machine,  moistened  with  a  very  dilate  sulphuric  acid,  aad 
dried,  whereby,  as  it  burns,  it  falls  to  one  side  and  consumes  without  requiring  to  be 
snuffed ;  in  the  patent  candles  of  Mr.  Palmer,  one  tenth  of  the  wick  is  first  imbued  with 
subnitrate  of  bismuth  ground  up  with  oil,  the  whole  is  then  bound  round  in  the  manner 
called  gimping ;  and  of  this  wick,  twice  the  length  of  the  intended  candle  is  twisted 
double  round  a  rod,  like  the  eaducnu  of  Mercury,  This  rod  with  its  coil  beinj^  inserted 
in  the  axis  of  the  candle  mould,  is  to  be  enclosed  by  pouring  in  the  melted  taUow ;  and 
when  the  tallow  is  set,  the  rod  is  to  be  drawn  out  at  top,  leaving  the  wick  in  the  candle. 
As  this  candle  is  burned,  the  ends  of  the  double  wick  stand  out  sideways  beyond  the 
flame ;  and  the  bismuth  attached  to  the  cotton  being  acted  upon  by  the  oxygen  (>f  the  at- 
mosphere, causes  the  wick  to  be  completely  consumed,  aad,  therefore,  saves  the  troofele 
of  snuffing  it. 

WINCING-MACHINE,  is  the  English  name  of  the  dyer's  reel,  which  he  suspends 
horizontally,  by  the  ends  of  its  iron  axis  in  bearings,  over  the  edge  of  his  vat,  so  that  Ihe 
line  of  the  axis,  being  placed  over  the  middle  partition  in  the  copper,  will  pennit  the  pieee 
of  cloth  which  is  wound  upon  the  reel  to  descend  alternately  into  either  compartment  of 
the  bath,  according  as  it  is  turned  by  hand  to  the  right  or  the  left.  For  an  excellent  ad^ 
acting  or  mechanical  wince,  see  Dyking. 

WINE,  is  the  fermented  juice  of  the  grape.  In  the  more  southern  states  of  Europe, 
the  grapes,  being  more  saccharine,  afford  a  more  abundant  production  of  alcohol,  uad 
stronger  wines,  as  exemplified  in  the  best  port,  sherry,  and  madeira.  The  iaflneoee 
of  solar  heat  upon  the  vines  may,  however,  be  mitigated  by  growing  them  to  oiodcfate 
heights  on  level  ground,  and  by  training  them  in  festoons  under  the  shelter  of  tree& 
In  the  more  temperate  climates,  such  as  the  district  of  Burgundy,  the  finer  flnvored 
wines  are  produced ;  and  there  the  vines  are  usually  grown  upon  hilly  slopes  froal- 
insT  the  south,  with  more  or  lesi  of  an  easterly  or  westerly  direction,  as  on  ihe  Cdte 
d'Or,  at  a  distance  from  marshes,  forests,  and  rivers,  whose  vapors  might  deteriorate 
the  air.  The  plains  of  this  district,  even  when  possessing  a  simitar  or  nnaIo|PBns 
soil,  do  not  produce  wines  of  so  agreeable  a  flavor.  The  influence  of  tempentaie  be- 
comes very  manifest  in  countries  farther  north,  where,  in  consequence  of  n  lew  de- 
grees of  thermometric  depression,  the  production  of  generous  agreeable  wine 
impossible. 

The  land  most  favorable  to  the  vine  is  light,  easily  permeable  to  water,  hat 
what  retentive  by  its  composition ;  with  a  sandy  sabeoil,  to  allow  the  excess  of  moistste 
to  drain  readily  off.  Calcareous  soils  produce  the  highly  esteemed  wines  of  the  C6te 
d'Or ;  a  granite  debris  forms  the  foundations  of  the  lands  where  the  Hermitage  wines 
are  grown ;  silicious  soil  interspersed  with  flints  furnishes  the  celebrated  wines  of 
ChAteau-Neuf,  Ferte,  and  La  Oaude ;  schistose  districts  afford  also  good  wine,  as  that 
called  la  Matgue,  Thus  we  see  that  lands  differing  in  chemicnl  composition,  but 
possessed  of  the  proper  physical  qualities,  may  produce  most  agreeaUe  wines ;  and  no 
also  may  lands  of  like  chemical  and  physical  constitution  produce  Tarious  kinds  of 
wine,  according  to  their  varied  exposure.  As  a  striking  example  of  the^e  eflects>  we 
may  adduce  the  slopes  of  the  hills  which  grow  the  wines  of  Montrachet.  The  insalated 
part  towards  the  top  furnishes  the  wine  called  Cktvali§r  Afon/rncftel,  which  is  less 
esteemed,  and  sells  at  a  much  lower  price,  than  the  delicious  wine  grown  on  the  middle 
height,  called  tme  Montraehii.    Beneath  this  district,  and  in  the  surronndjn^  plnia% 
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the  Tines  afibrd  a  fkr  inferior  artiele,  called  bastard  Mcntradut,  The  oppoeite  side  of 
the  hills  prodaees  very  ind^erenc  wine.  Similar  differences,  in  a  greater  or  less  degree^ 
are  ohserrable  relatively  lo  the  districts  which  grow  the  Pomard,  Volnay,  Beanne,  Nuits, 
Vongeot,  Ghambertin,  Romance,  &c.  Everywhere  it  is  found,  that  the  reverse  side  of 
the  hilt,  the  summit,  and  the  {i^ain,  although  generally  consisting  of  like  soil,  afford  infe- 
rior wine  to  the  middle  southern  slopes. 

Jinulioration  of  the  loi/.— When  the  vine  lands  are  too  light  or  too  dense,  they  may 
be  modified,  within  certain  limits,  by  introducing  into  them  either  argillaceous  or  sili- 
eiona  matter.  Marl  is  excellent  for  almost  all  grounds  which  are  not  previously  too 
calcareous,  being  alike  useful  to  open  dense  soils,  and  to  render  porous  ones  more  reten* 
tive* 

Iffftwre.— For  the  vine,  as  well  as  all  cultivated  plants,  a  manure  supplying  azotized 
or  animal  nutriment  may  be  used  with  great  advantage,  provided  care  be  taken  to 
ripen  it  by  previous  fermentation,  so  that  it  may  not,  by  absorption  in  too  crude  a 
state,  impart  any  disairreeable  odor  to  (he  grape ;  as  sometimes  happens  to  the  vines 
grown  in  the  vicinity  of  great  towns,  like  Paris,  and  near  Argenteuil.  There  is  a  com- 
post used  in  France,  called  animaHzid  blacky  of  which  from  one  fiflh  to  one  half  of  a  litre 
(old  English  quart)  serves  sufficiently  to  fertilize  the  root  of  one  vine,  when  applied  every 
year,  or  two  years.  An  excess  of  manure,  in  rainy  seasons  especially,  has  the  effect  of 
rendering  the  grapes  large  and  insipid. 

The  ground  is  tilled  at  the  same  time  as  the  manure  is  applied,  towards  the  month  of 
March ;  the  plants  are  then  dressed,  and  the  props  are  inserted.  The  weakness  of  the 
plants  renders  this  practice  useAil ;  but  in  some  southern  districts,  the  stem  of  the  vine, 
when  supported  at  a  proper  height,  acquires  after  a  while  sufficient  size  and  strength  to 
stand  alone.  The  ends  of  the  props  or  poles  are  either  dipped  in  tar,  or  charred,  to  pre- 
vent their  rotting.  The  bottom  of  the  stem  must  be  covered  over  with  soil,  after  the 
spring  rains  have  washed  it  down.  The  principal  husbandry  of  the  vineyard  consists  in 
digging  or  ploughing  to  destroy  the  weeds,  and  to  expose  the  soil  to  the  influence  of  the 
air,  during  the  months  of  May,  June,  and  occasionally  in  August 

The  vintage,  in  the  temperate  provinces,  generally  takes  place  about  the  end  of 
September ;  and  it  is  always  deteriorated  whenever  the  fruit  is  not  ripe  enough  before 
the  15th  or  20th  of  October;  for,  in  this  case,  not  only  is  the  must  more  acid,  and  less 
saccharine,  but  the  atmospherical  temperature  is  apt  to  fall  so  low  during  the  nights,  as 
to  olistruct  more  or  less  its  fermentation  into  wine.  The  grapes  should  be  plucked  in 
dry  Weather,  at  the  interval  of  a  few  days  after  they  are  ripe;  being  usually 
gathered  in  baskets,  and  transported  to  the  vats  in  dorsels,  sufficiently  tight  to  prevent 
the  juice  from  running  out.  Whenever  a  layer  about  14  or  15  inches  thick  has  been 
spread  on  the  bottom  of  the  vat,  the  treading  operation  begins,  which  is  usually 
repeated  after  macerating  the  grapes  for  some  time,  when  an  incipient  fermentation 
has  softened  the  texture  of  the  skin  and  the  interior  cells.  When  the  whole  bruised 
grapes  are  collected  in  the  vat,  the  juice,  by  means  of  a  slight  fermentation,  reacts, 
through  the  acidity  thus  generated,  upon  the  coloring  matter  of  the  husks,  and  also 
upon  the  tannin  i*ontain^  in  the  stones  and  the  fruit-stalks.  The  process  of  ferments^ 
tion  is  suffered  to  proceed  without  any  other  precaution,  except  forcing  down  from  time 
to  time  the  pellicles  and  pedicles  floated  up  by  the  carbonic  acid  to  the  top  j  but  it  would 
be  less  apt  to  become  acetous,  were  the  months  of  the  vats  covered.  With  this  view, 
M.  Sebille  Auger  introduced  with  success  his  elastic  bung  in  the  manufacture  of  wine  in 
the  department  of  the  Maine-et-Loire. 

With  whatever  kind  of  apparatus  the  fermentation  may  have  been  regulated,  as  soon 
as  it  ceases  to  be  tumultuous,  and  the  wine  is  not  sensibly  saccharine  or  muddy,  it  must 
be  racked  off  from  the  lees,  by  means  of  a  spigot,  and  run  into  the  ripening  tons.  The 
mare  being  then  gently  squeezed  in  a  press,  affords  a  tolerably  clear  wine,  which  is  dis- 
tributed among  the  tuns  in  equal  proportions ;  but  the  liquor  obtained  by  stronger  pres« 
sare  is  reserved  for  the  casks  of  inferior  wine. 

In  the  south  of  France  the  fermentation  sometinkes  proceeds  too  slowly,  on  account  of 
the  must  being  too  saccharine;  an  accident  which  is  best  eountemcted  by  maintaining 
a  temperature  of  about  65^  or  68^  F.,  in  the  tun-room.  When  the  must,  on  the  other 
hand,  i«  too  thin,  and  deficient  in  sugar,  it  must  be  partially  concentrated  by  rapid  boil- 
ing, before  the  whole  can  be  made  to  ferment  into  a  good  wine.  By  boiling  up  a  part  of 
the  must  for  this  purpose,  the  excess  of  ferment  is  at  the  same  time  destroyed.  Should 
this  concentration  be  inconvenient,  a  certain  proportion  of  sugar  must  be  introduced,  im« 
mediately  after  racking  it  off. 

The  specific  gravity  of  must  varies  with  the  richness  and  ripeness  of  the  grapes  which 
afford  it;  being  in  some  cases  so  low  as  1*0627,  and  in  others  so  high  as  1*1283.  This 
happens  particularly  in  the  south  of  France.  In  the  district  of  the  Necker  in  Germany^ 
the  specific  gravity  varies  from  1*060  to  1-090 ;  in  Heidelberg,  frcm  1-039,  to  1*091  $  but 
it  varies  much  in  different  years. 
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After  the  fenBenCfttiim  i$  complete,  tlie  vmens  put  toumU  of  water,  akoM,  ■ 
eolortng-matler,  a  peculiar  aromatic  principle,  a  Uttle  andecompowd  suear,  bitartiate  ai4 
malate  of  potaesb,  tartrate  of  lime,  muriate  of  aoda,  and  tannin;  the  latter  saWuiices  ke^ 
ittg  in  small  proportions. 

It  iB  known  that  a  few  green  grapes  are  capable  of  spoiling  a  whole  cask  of  wise,  ud 
therefore  they  are  always  allowed  to  become  completely  ripe,  and  even  sondiiaes  is 
undergo  a  species  of  slight  fermentation,  before  being  plucked,  which  enmpletes  ikc 
development  of  the  saccharine  principle.  At  other  times  the  grapes  are  galhend  wkei- 
ever  they  are  ripe,  but  are  left  for  a  few  days  on  wicker-floors,  to  sweeten,  befocc  boBg 
pressed. 

In  general  the  whole  vintage  of  the  day  is  pressed  in  the  evening,  and  the  midui| 
must  is  received  in  separate  vats.  At  the  end  usually  of  6  or  8  hoars,  if  the  tcnpen- 
Uure  be  above  50^  F.,  and  if  the  grapes  have  not  been  too  cold  when  plncked,  a  d&k 
or  «cum  is  formed  at  the  surface,  which  rapidly  increases  in  thickness.  Afler  il 
acquires  such  a  consistence  as  to  crack  in  several  places,  it  is  taken  off  with  a  dumaer, 
and  drained ;  and  the  thin  liquor  is  returned  to  the  vat.  A  few  hoars  aAcnnidi 
another  coat  of  froth  is  formed,  which  is  removed  in  like  manner,  and  sooetiffla  t 
third  may  be  produced.  The  regular  vinous  fermentation  now  begins,  charaderizd 
by  air-bubbles  rising  up  the  sMes  of  the  staves,  with  a  peculiar  whizzins  as  thry  iMcik 
at  the  surface.  At  this  period  all  the  remaining  froth  should  be  quickly  skiniDed  (^ 
and  the  clear  subjacent  must  be  transferred  into  barreU,  where  it  is  left  to  lipcs  by  t 
regular  fermentation. 

The  white  wines,  which  might  be  disposed  to  beooote  stringy,  from  a  deficiest  stff^ 
of  tannin,  may  be  preserved  from  this  malady  by  a  due  addition  of  the  footstalks  of  riye 
grapes.  The  tannin,  while  it  tends  to  preserve  the  wines,  renders  them  also  Bsrea? 
to  clarify,  by  the  addition  of  while  of  egg,  or  isiog-glass. 

The  white  wines  should  be  racked  off  as  soon  as  the  first  frosts  have  made  then  ektr, 
and  at  the  latest  by  the  end  of  the  February  moon.  By  thus  separating  the  vi&e  fna 
rhe  lees,  we  avoid,  or  render  of  little  consequence,  the  fermentation  whici  takes  place  « 
the  return  of  spring,  and  which,  if  too  brisk,  would  destroy  all  its  sweetness,  by  <ieeo»- 
posing  the  remaining  portion  of  sugar. 

The  characteristic  odor  possessed  by  all  wines,  in  a  greater  or  less  degree,  is  pv^ 
duced  by  a  peculiar  substance,  which  possesses  the  characters  of  an  essential  oil  As  it 
ia  not  volatile,  it  cannot  be  confounded  with  the  aroma  of  wine.  When  Isige  q«B- 
titles  of  wine  are  distilled,  an  oily  substance  is  obtained  towards  the  end  of  tbe  opo^- 
ation.  This  may  also  be  procured  from  the  wine  lees  which  are  deposited  ia  the 
casks  aAer  the  fermentation  has  eommenced.  It  forms  one  forty  thousandih  part  of  tk 
wine ;  and  consists  of  a  peculiar  new  acid,  and  ether,  each  of  which  has  been  eaUed  tk 
cenanthic.  The  aeid  is  analogous  to  the  fatty  acids,  and  the  ether  ia  liquid,  but  iasolobie 
in  water.  The  acid  is  perfectly  white  when  pure,  of  the  consistence  of  butter  at  fiO^j 
melts  with  a  moderate  heat,  reddens  litmus,  and  dissolves  in  caustic  and  carbosatedtlU' 
lis,  as  well  as  in  alcohol  and  ether.  (Enanthic  ether  is  colorless,  has  an  extrerndTftmC 
smell  of  wine,  which  is  almost  intoxicating  when  inhaled,  and  a  powerful  disagretaUe 
taste.    Liebig  and  Pelouze, 

Sparkling  vHnet.^^ln  the  manufacture  of  these,  black  grapes  of  the  first  qoalit?^ 
usually  employed,  especially  those  gathered  upon  the  vine  called  by  the  Frenek  iMi>» 
cultivated  on  the  best  exposures.  As  it  is  important,  however,  to  prevent  theoolonif| 
matter  of  the  skin  from  entering  into  the  wine,  the  juice  should  be  squeezed  ssgeodjan 
rapidly  as  possible.  The  liquor  obtained  by  a  second  and  third  pressing  is  resencd  W 
inferior  wines,  on  account  of  the  reddish  tint  which  it  acquires.  The  omrc  is  thn  aati 
with  the  grapes  of  the  red-wine  vats. 

The  above  nearly  colorless  must  is  immediately  poured  into  tuns  or  casio,  till  aboat 
three  fourths  of  their  capacity  are  filled,  when  fermentation  soon  begins.  Tfaisisallovn 
to  continue  under  the  control  of  the  elastic  bung,  above  mentioned,  for  about  16  days, 
and  then  three  fourths  of  the  casks  are  filled  up  with  wine  from  the  rest.  The  cades  are 
now  closed  by  a  bung  secured  with  a  piece  of  hoop  iron  nailed  to  two  contigaoiis  stavo- 
The  easks  should  be  made  of  new  wood,  but  not  of  oak — though  oh)  white  wisecadts 
are  occasionally  used. 

In  the  month  of  January  the  clear  wine  is  racked  oflT,  and  is  fined  by  a  amsll  qin>- 
tity  of  ising-glass  dissolved  in  old  wine  of  the  same  kind.  Forty  days  sAerwanb  a 
second  finina:  is  required.  Sometimes  a  third  may  be  useful,  if  the  lees  be  ^'"''^, 
In  the  month  of  May  the  clear  wine  is  drawn  off  into  bottles,  taking  care  la  add  to 
each  of  them  a  small  measure  of  what  is  called  ft^aor,  which  is  merely  about  ^.P^5?V 
of*  a  sirup  made  by  dissolving  sogar^oaody  in  while  wine.  The  bottles  beiag  nliei, 
and  their  corks  secured  by  packthread  and  wire,  they  ase  laid  on  their  side^  tftj" 
BOMth,  with  their  mouths  sloping  downwards  at  an  ang^e  of  about  twenty  degrssa,  n 


«nler  tbat  any  oediHiait  may  fall  into  the  neek.  At  the  end  of  8  or  10  days,  the  indma' 
tion  of  the  bottles  is  increased,  when  they  are  slightly  tapped,  and  placed  in  a  vertical 
positioa;  so  that  after  the  lees  are  all  collected  ia  the  neck,  the  cork  is  partially  removed 
for  aa  instant,  to  allow  the  sediment  to  be  espelled  by  the  pressure  of  the  gas.  If  ibe 
wine  be  still  muddy  in  the  bottles,  along  with  a  new  dose  of  /tgicor,  a  small  qaantity  of 
fining  shouM  be  added  to  each,  and  the  bottles  should  be  placed  again  in  the  inverted 
position*  At  the  end  of  2  or  3  monlhit,  the  sediment  collected  over  the  cork  is  dexte- 
rously discharged ;  and  if  the  wine  be  still  deficient  ia  transparency,  the  same  process  of 
fining  must  be  repeated. 

Sparkling  wine  (vin  mouueux),  prepared  as  above  described,  is  fit  for  drinking  usually 
mt  the  end  of  from  18  to  30  months,  according  to  the  state  of  the  seasons.  It  is  in 
Champagne  that  the  lighiesC,  most  transparent,  and  most .  highly  flavored  wines  have 
beeo  hiiborto  made.  The  breakage  of  the  bottles  in  these  sparkling  wines  amounts 
fteqnently  to  thirty  per  cent.,  a  circumstance  which  adds  greatly  to  their  cost  of  pro- 
duction. 

Weak  wines  of  bad  growths  ought  to  be  eonsumed  within  12  or  15  months  after  being 
jnanafactured ;  and  should  be  kept  meanwhile  in  cool  cellars.  White  wines  of  middling 
strength  ous^ht  to  be  kept  in  casks  constantly  full,^and  carefully  excluded  from  contact 
•f  air,  and  the  racking  oif  should  be  done  as  quickly  as  possible.  As  the  most  of  them 
are  injured  by  too  much  fermentation,  this  process  should  be  so  regulated  as  always  to 
leave  a  little  sugar  undecomposed.  It  is  useful  to  counteract  the  absorption  of  oxygen, 
and  the  consequent  tendency  to  acidity,  by  burning  a  sulphur  match  in  the  casks  into 
which  they  are  about  to  be  ron.  This  is  done  by  hooking  the  match  to  a  bent  wire,  kindling 
and  suspending  it  within  the  cask  through  the  bung-hole.  Immediately  on  withdrawing 
Ibe  match,  the  cask  should  be  corked,  if  the  wine  be  not  ready  for  transfer.  If 
the  burning  sulphur  be  extincuished  on  plunging  it  into  the  cask,  it  is  a  proof  of  the 
cask  being  unsound,  and  unht  for  receiving  the  wine ;  In  which  case  it  should  be  well 
cleansed,  firsi  with  lime-water,  then  with  very  dilute  sulphuric  <acid,  and  lastly  with  boil- 
ing water. 

Wia«H^l]ars  ought  to  be  dry  at  bottom,  floored  with  flags,  have  windows  opening  to  the 
north,  be  so  much  sunk  below  the  level  of  the  adjoining  ground  as  to  possess  a  nearly 
uniform  temperatare  in  summer  and  winter ;  and  be  at  such  a  distance  from  a  frequented 
kighway  or  street  as  not  to  sufler  vibration  from  the  motion  of  carriages.. 

Wines  should  be  racked  ofi'in  cool  weather;  the  end  of  February  being  the  fittest  time 
for  Itvht  wines.  Strong  wines  are  not  racked  off  till  they  have  stood  a  year  or  eighteen 
months  upon  the  lees,  to  promote  their  slow  or  insensible  fermentation.  A  syphon  well 
managed  serves  better  than  a  faucet  to  draw  off  wine  clear  from  the  sediment.  White 
wines,  before  being  bottled,  should  be  fined  with  ising-glass;  red  wines  are  usually  fined 
with  whites  of  eggs  beat  up  into  a  froth,  and  mixed  with  two  or  three  limes  their  bulk  of 
water.  But  some  strons  wines,  which  are  a  little  harsh  from  excess  of  tannin,  are  fined 
with  a  little  sheep  or  bullock's  blood.  Occasionally  a  small  quantity  of  sweet  glue  is  used 
for  thil  purpose. 

The  foUowiTig  maladies  o/ivinety  are  certain  accklental  deteriorations,  to  which  remedies 
should  be  speedily  applied. 

La-pottise  (pushing  out  of  the  cask),  is  the  name  given  to  a  violent  fermentative  move- 
ment, which  occasionally  supervenes  after  the  wine  has  been  run  off  into  the  casks.  If 
these  have  heen  tightly  closed,  the  interior  pressure  may  increase  to  such  a  degree 
as  to  burst  the  hoops,  or  cause  the  seams  of  the  staves  or  ends  to  open.  The  elastic 
bangs  already  described  will  prevent  the  bursting jof  the  casks;  but  something  must  be 
done  to  repress  the  fermentation,  lest  it  should  destroy  the  whole  of  the  sugar,  and  make 
the  wine  unpalatahly  harsh.  One  remedy  is,  to  transfer  the  wine  into  a  cask  previously 
Aunigated  with  burning  sulphur ;  another  is,  to  add  to  it  about  one  thousandth  part  of 
sulphite  of  lime;  and  a  third,  and  perhaps  the  safest,  is  to  introduce  half  a  pound  of  mus- 
tard'Seed  into  eaeh  barrel.  At  any  rale,  the  wines  should  be  fined  whenever  the  move- 
ments are  allayed^  to  remove  the  floating  fbrment  which  has  been  the  cause  of  the  mis- 
chief. 

TnnUng  soar.— -The  production  of  too  much  acid  in  a  wine,  is  a  proof  of  its  containing 
originally  too  little  alcohol,  of  its  being  exposed  too  largely  to  the  air,  or  to  vibrations, 
or  to  too  high  a  temperature  in  the  cellar.  The  best  thing  to  be  done  in  this  case  is,  to 
mix  it  with  its  bulk  of  a  stronger  wine  in  a- less  advanced  state,  to  fine  the  mixture,  to 
bottle  it,  and  to  eonsame  it  as  soon  as  possible^  for  it  will  never  prove  a  good  keeping 
wine.  T])u«  diiUmyer  in  wines  formerly  gave  rise  to  the  very  dangerous  practice  of  add- 
ing litharge  as  a  sweetener;  whereby  a  qaantity  of  acetate  or  sugar  of  lead  was  formed 
in  the  liquor,  productive  of  the  most  deleterious  consequences  to  those  who  dranK 
of  it  In  France,  the  regulations  of  police,  and  the  enlightened  turveillance  of  the 
esoncil  of  salubrity,  have  completely  pat  down  this  gross  abuse.    The  saturation  of  the 
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acid  by  lime  and  other  alkaline  bases  lias  generally  a  prcjudieial  effeet,  and  njvrei 
or  less  the  vinous  flavor  and  taste. 

Ropinus  or  vUcidity  of  wines, — ^The  cause  of  this  phenomenon,  which  renden  vineosit 
for  drinking,  was  altogether  unknown,  till  M.  Francois,  an  apothecary  of  Nantes,  dcsioi- 
straled  that  it  was  owing  to  an  azotized  matter,  analogous  to  gUadiae  (gluten) ;  ud  ii 
fact  it  is  the  white  wines,  especially  those  which  contain  the  least  tannin,  which  u«  tA- 
ject  to  this  malady.  He  also  pointed  out  the  proper  remedy,  in  the  addition  of  lam 
under  a  rather  agreeable-  form,  namely,  the  bruised  berries  of  the  mountain-ash  (sorMtr), 
in  a  somewhat  unripe  state ;  of  which  one  pound,  well  stirred  in,  is  sufficient  for  •  bind 
After  agitation,  the  wine  is  to  be  leA  in  repose  for  a  day  or  two,  and  then  racked  o£ 
The  tannin  by  this  time  will  have  separatend  the  azotized  matter  from  the  Ikpior,  nd  l^ 
moved  the  ropiness.    The  wine  is  to  be  fined  and  bottled  off. 

Tke  taste  of  the  cask;  which  sometimes  happens  to  wine  put  into  casks  which  ha!  r- 
mained  long  empty,  is  best  remedied  by  agitating  the  wine  for  some  time  with  •  fpoosiil 
of  olive  oil.  An  essential  oil,  the  chief  cause  of  the  bad  taste,  combines  with  the  Ind 
oil,  and  rises  with  it  to  the  surface. 

According  to  a  statement  in  the  Dietiomtaire  Technologuiuey  the  annual  prodncf  tf  i 
hectare  of  vineyard,  upon  the  average  of  1 13  years,  in  the  district  of  Tolsar,  it  1779 
litres,  which  fetch  0*877  francs  each,  or  200  francs  the  piece  of  228  litres,  amosifiig  ii 
all  to  1672  francs.  Deducting  for  expenses  and  taxes  {cowtributUms)  672  francs,  tim 
remain  1,100  francs  of  net  proceeds ;  and  as  the  value  of  the  capital  may  be  esiioatcdit 
23,000  francs,  the  profit  turns  out  to  be  no  more  than  5  per  cent.  The  net  proceeds  n 
the  growths  of  Beaune,  Nnits,  &c.,  does  not  exceed  600  francs  per  hectare  (Macra)) 
and  therefore  is  equivalent  to  only  2|  per  cent,  upon  the  capital. 

The  quantity  of  alcohol  contained  in  diflerent  wines,  has  been  made  the  snbjectoffli- 
borale  experiments  by  Brande  and  Fontenelle ;  but  as  it  must  evidently  vary  with  diftr> 
ent  seasons,  the  results  can  be  received  merely  as  approximative,  llie  only  sppanu 
required  for  this  research,'  is  a  small  still  and  refrigeratory,  so  well  fitted  npssiopefBii 
none  of  the  spirituous  vapors  to  be  dissipated.  The  distilled  liquor  should  be  reeeirai  ii 
a  glass  tube,  graduated  into  one  hundred  measures,  of  such  capacity  as  lo  eostaii  tte 
whole  of  the  alcohol  which  the  given  measure  of  wine  employed  is  capable  of  yieUiai. 
In  the  successive  experiments,  the  quantity  of  wine  used,  and  of  spirit  distilled  om,  b^ 
ing  the  same  in  volume,  the  relative  densities  of  the  latter  will  show  at  once  the  rehtife 
strengths  of  the  wines.  A  very  neat  small  apparatus  has  been  contrived  for  the  pupM 
of  analyzing  wines  in  this  manner,  by  M.  Gay  Lussac.  It  is  constnieted,  and  add  at  i 
moderate  price,  by  M.  Collardeau,  No.  56,  Rue  Faubourg  St.  Martin,  Paria.  The  pa- 
portion  siven  by  Brande  (T&ble  I.),  has  been  reduced  to  the  standard  of  absofaite  alskd 
by  Fesser ;  and  that  by  Fontenelle  (Table  IE.),  to  the  same  standard  by  Schnhaftb;  h 
in  the  following  tables : — 

Table  I. 

w 


Name  of  the  wine. 


Port  Wine, 

Port  Wine, 

Mean, 

Madeira, 

Madeira,... 

Sherry, 

Sherry 

Bordeaax,  Claret, 

Bordeaux,  Claret, 

CalcaTeUa, 

Lisbon* ...•.>......... 

Malajra, 

BnceUas, 

Red  Madeira, 

Malmaey, 

Marsala, 

Marsala, 

Champagne,  [rose],. . . . 
Chanpagna,  [white],.. 

Boifundy, 

Burgundy, 

White  Hermitage, 

Red  Hermitage, 

Heck, 7: 

Hock 

Vin  de  Grave, 


8p.  gray. 


0-97616 
0-97S00 
0-97460 
097610 
0  07333 

ovrois 

0-97700 
0-97410 
0-9709S 
0-979S0 
0-97840 
0-96000 
0-97890 
0-97899 
0-98090 
0-98190 
0-96000 
0-98608 
0-96450 
0*98300 
0-96540 
0-97990 
0-99499 
0-98290 
0-96873 
0-98450 


100  measures 
contain  at  60^  F. 


Alcohol  Absolute 
of  0*835.   alcohol. 


31*40 
85-83 
93-49 
1934 
31-48 
18-35 
1983 
19-91 
1639 
1810 
18-94 
17-90 
18-49 
18-40 
16  40 
15-96 
17-96 
11-80 
19-80 
14-53 
11*95 
17*43 
19-39 
14*37 
8*66 
19-60 


19*89 
93  99 
9175 
1791 
99-61 
17-QO 
18-37 
11-95 
19-11 
16-76 
17-45 
19-98 
17-99 
1704 
15-91 
14-31 
15-96 
10-46 
11-84 
13-34 
1106 
16-14 
U-40 
13-31 
8-06 
1184 


Nama  of  the  wine. 


Pmntignacy 

Cote-Roti, 

Roussillon, 

Cape  Madeira, 

Mascat, 

Constantia, 

Tinto 

Schiraa, 

Syraoase, 

Nice, 

Tokay, 

Raisin  Wine, 

Drained  grape  Wine,.. 
LachryaiB  CJiriati, .... 

Curxant  Wine, 

Gooaeberry  Wine, 

Elder  Winil,.. 

Cider, 

P«"y,... 

Brown  Stoot,. 

Ale, 

Porter 

Rum, 

HoUanda, 

Scotch  Whiakey, 
Irish  Whiskey,.. 


.....  1 


5p.gratVi 


0-O6498 
0*98495 
0*06005 
0-97994 
0-97913 
OHJ7770 
096399 
0-96176 
0-96900 
0-06963 
OH)6760 
0-97805 
fHfmi 

0-97606 
0^6990 

0-96760 

0-99116 


100 


Aloohfll  A)>oI«it 
flfO«5.il«^ 


0-93494 
0-93859 


17-70 

11 » 

13-97 

113« 

17-94 

15* 

1811 

»o 

10« 

i:« 

19-71 

I8« 

134 

ita 

15*51 

14-35 

lyoB 

1414 

liiA 

13* 

0« 

015 

95*77 

V» 

1»1I 

l«-i7 

1970 

I89i 

80-ii 

IMI 

II*9i 

iHt 

Off 

0-H 

M0 

0-30 

MB 

MO 

4iO 

S-flO 

53i6 

4^71 

Sl-M 

#7-ff 

9419 

iMO 

5^00 

JMIJ 
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Table  If. 

« 

Nane  of  the  Win*. 

Ahaolnte 
alcohol. 

Nana  of  the  Wina. 

Ahaolote 
aleohol. 

Name  of  the  Wine. 

Afatolnte 
alcohol. 

Rom9§iIhm  {Satttrn 

Pyrenees,) 
Rive-wltea  18  yr8.ald 
BanyuUa     18       " 
Collyovrra  15       ** 
Salcaa         10       » 

Department  of  the 
And*. 
Fitou  and  Lan- 

cak^  10  yia.  old 
1  Upalme      10       '< 

9156 
9293 
9060 
8*580 

8-568 
8-790 

Sljean          8  yn.  oHd 
Narbonne     8       *' 
Lezignan    10       ** 
MirapeiuetlO       *' 
Careaaonae  8      ** 

Department  of  CHe- 

rttult. 
Niiean          9       " 
Rexien         8       " 
Montagnac  10       " 
M^za           10       " 

8-635 
8-379 
;8-173 
8-589 
7190 

7-890 

7-738 
8108 
7-819 

Montpellier    5  yn.  old 
Lnnel            8       " 
Frontignan     5       " 
Red  Hermitage  4   " 
White    do. 
Borgnndy      4       *• 
Grave            3       " 
Champagne  (sparkling) 

Do.  white      do. 

Do.  roia 
Bordeaux 
Tooloose 

7413 
7-564 
7-098 
5838 
7056 
6195 
5-638 
5880 
5-M5 
4-U56 
6-186 
5097 

WINE,  FAMILY,  may  be  made  by  the  following  recipe : — ^Take  black,  red,  white 
cnrranta,  ripe  cherries  (black  hearts  are  the  best),  and  raspberries,  of  each  an  eqaal 
quantity.  To  4  pounds  of  the  mixed  froit,  well  bruised,  put  1  srallon  of  clear  soft  water; 
sleep  three  days  and  nights,  in  open  vessels,  frequently  stirring  up  the  magma ;  then 
strain  through  a  hair  sieve ;  press  the  residuary  pulp  to  dryness,  and  add  its  juice  to  the 
former.  In  each  gallon  of  the  mixed  liquors  dissolve  3  pounds  of  good  yellow  musco- 
vado sugar ;  let  the  solution  stand  other  three  days  and  nights,  frequently  skimming  and 
stirring  it  up ;  then  tun  it  into  casks,  which  shouM  remain  full,  and  purging  at  the  bung- 
hole,  about  two  weeks.  Lastly,  to  every  9  gallons  put  1  quart  of  good  Cognac  brandy 
(but  not  the  drugged  imitations  made  in  London  with  grain  whiskey),  and  bung  down. 
If  it  does  not  soon  become  fine,  a  steeping  of  ising-glass  may  be  stirred  into  the  liquid,  in 
the  proportion  of  about  half  an  ounce  to  9  gallons.  I  have  found  that  the  addition  of  an 
ounce  of  cream  of  tartar  to  each  gallon  of  the  fermentable  liquor,  improves  the  quality 
cf  the  wine,  and  makes  it  resemble  more  nearly  the  produce  of  the  grape. 

WINE-STONE  is  the  deposile  of  crude  tartar,  called  argal,  which  settles  on  the  sides 
tod  bottoms  of  wine  casks. 

WIRE-DRAWING.  (TrefiUrk,  Fr. ;  Drakt-ziekehy  Drahizug,  Gei-m.)  When  n 
oblong  lump  of  metal  is  forced  through  a  series  of  progressively  diminishing  apertures  in 
a  steel  plate,  so  as  to  assume  in  its  cross  section  the  form  and  dimensions  of  the  last 
hole,  and  to  be  augmented  in  length  at  the  expense  of  its  thickness,  it  is  said  to  be  wire- 
drawn. The  piece  of  steel  called  the  draw-plate  is  pierced  with  a  regular  gradation  of 
holes,  from  the  largest  to  the  smallest ;  and  the  machine  for  overcoming  the  lateral  adh&> 
sion  of  the  metallic  particles  to  one  another,  is  called  the  draw-henA,  The  pincers  which 
ioy  hold  of  the  extremity  of  the  wire,  to  pull  it  through  the  successive  holes,  are  adapted 
to  bite  it  firmly,  by  having  the  inside  of  the  jaws  cut  like  a  file.  For  drawing  thick  rods 
of  gilt  silver  down  into  stout  wire,  the  hydraulic  press  has  been  had  recourse  to  with 
advantage. 

Fig.  1202  represents  a  convenient  form  of  the  draw>bencb,  where  the  power  is  applied 
by  a  toothed  wheel,  pinion,  and  rack-work,  moved  by  the  hands  of  one  or  two  nen 


ing  at  a  winch;  the  motion  being  so 
regulated  by  a  fly-wheel,  that  it  does 
not  proceed  in  fits  and  starts,  and  cause 
inequalities  in  the  wire.  The  metal 
requires  to  be  annealed,  now  and  tbeuy 
between  successive  drawings,  othei^ 
wise  it  wouU  become  too  hard  and 
brittle  for  further  extension.  The  red 
upon  which  it  is  wound  is  sometimes 
mounted  in  a  cistern  of  sour  mall 
beer,  fur  the  purpose  of  clearing  off^ 
or  loosening  at  least,  any  crust  of 
ozyde  formed  in  the  annealing,  before  the  wire  enters  the  draw-plate. 

When,  for  very  aeeurate  purposes  of  science  or  the  arts,  a  considerable  length  of  nni- 
Ibrm  wire  is  to  be  drawn,  a  plate  with  one  or  more  jewell«]  holes,  that  is,  filled  with  one 
or  more  perforated  rubies,  sapphires,  or  chrysolites,  can  alone  be  trusted  to,  because  the 
boles  even  in  the  best  steel  become  rapidly  wkler  by  the  abrasion.  Through  a  hole  in  a 
mby,  0*0033  of  an  inch  in  diameter,  a  silver  wire  170  miles  long  has  been  drawn,  which 
poasessed  at  the  end  the  very  same  section  as  at  tbe  beginning ;  a  result  determined  by 
weighing  portions  of  equal  length,  as  also  by  measuring  it  with  a  micrometer.  The  hole  in 
«B  ordinary  draw-plate  of  soA  steel  becomes  so  wide  Iqr  drawing  14,000  fathoms  of  brass 
wire,  that  it  requires  to  be  narrowed  before  the  original  sized  wire  can  be  again  obtained. 
Wire,  by  being  diminished  one  half,  one  third,  one  fourth,  Itc,  in  diameter,  is  ang. 
■anted  in  length  respeetivelT.  four.  nine,  sixteen  times.  Ae.    The  speed  with  which  it 
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majr  be  prudently  drawn  out,  depends  upon  Uie  ductility  and  tenaeity  or  the  metal;  bit 
may  be  always  increased  the  more  the  wire  becomes  aUenoated,  because  its  psrtida 
progressively  assume  more  and  more  of  the  filamentous  form,  and  accommodate  ibos- 
selves  more  readily  to  the  extending  force.  Iron  and  brass  wires,  of  0*3  inch  is  disnw- 
ter,  bear  drawing  at  the  rate  of  from  12  to  15  inches  per  second;  but  when  of  (H)25  {X) 

of  an  inch,  at  the  rate  of  from  40  to  45  inches  in  the  same  time.  Finer  silver  and  cof 
per  wire  may  be  extended  from  60  to  70  inches  per  second. 

By  enclosing  a  wire  of  platinum  within  one  of  stiver  ten  times  thicker,  and  draiis; 
down  the  compound  wire  till  it  be  .1^  of  an  inch,  a  wire  of  platinom  oif  «^.  of  in 

inch  will  exist  in  its  centre,  which  may  be  obtained  apar^  by  dissolving  the  silver  tvaj 
in  nitric  acid.    This  pretty  experiment  was  first  made  by  Br.  Wollaston. 

The  French  draw-plates  are  so  much  esteemed,  that  one  of  the  best  of  them  used  to 
be  sold  in  this  country,  durins:  the  late  war,  for  its  weight  in  silver.  The  boles  ire 
formed  with  a  steel  punch;  being  made  large  on  that  side  where  the  wire  esters, ill 
diminishing  with  a  regular  taper  to  the  other  side.  In  the  act  of  drawing,  they  miut  be 
well  supplied  with  grease  for  the  larger  kinds  of  wire,  and  with  wax  for  the  similler. 

WOAD  (Voued£,  Ptutel,  Fr. ;  Waid,  Germ. ;  Isaii9  tindoria,  Linn.),  the  gUutwm  d 
the  ancient  Gauls  and  Germans,  is  an  herbaceous  plant  which  was  formerly  much  cslli 
Tated,  as  affording  a  permanent  blue  dye,  but  it  has  been  in  modem  times  well  airt 
superseded  by  indigo,  Pliny  says,  f*  A  certain  plant  which  resembles  fHavtago,  ealM 
glastwm^  is  employed  by  the  women  and  girls  in  Great  Britain  for  dj'eing  their  bodisall 
over,  when  they  assist  at  certain  religious  ceremonies;  they  have  then  the  color  of 
Ethiopians.^' — Hitt,  Nat,  cap.  xxii.  §  2. 

When  the  arts,  which  had  perished  with  the  Roman  empire,  were  revived,  in  themidile 
M%t8f  woad  beean  to  be  generally  used  for  dyeing  bine,  anid  became  an  object  oT  amt 
extensive  cultivation  in  many  countries  of  Europe.  The  enrinms  of  Tonloiise  lad 
Hirepoix,  in  Upper  Languedoc,  produced  annually  40,000,000  pounds  of  the  pnpanrf 
uroad,  or  pastel,  of  which  200,000  bales  were  consumed  at  Bordeanx.  Bemai,  a  lick 
manufacturer  of  this  drug,  became  surety  for  the  payment  of  the  ransom  of  hit  lia& 
Francis  L,  then  the  prisoner  of  Charles  V.  in  Spain. 

The  leaves  of  woad  are  fermented  in  heaps,  to  destroy  certain  ▼egetaMe  priacipln 
injurious  to  the  beauty  of  the  dye,  as  also  to  elaborate  the  indigoferons  matter  prnnt, 
before  they  are  brought  into  the  market ;  but  they  should  be  carefoUy  nratebed  doriic 
this  process.    Whenever  the  leaves  have  arrived  at  maturity,  a  point  judged  of  rerr  dif- 
ferently in  different  countries,  they  are  stripped  off  the  plant,  a  cropping  which  is  rpiwafcd 
as  often  as  they  shoot,  being  three  or  four  times  in  Germany,  and  eight  or  ten  tiomii 
Italy.    The  leaves  are  dried  as  quickly  as  possible,  but  not  so  much  as  to  become  bhck; 
nnd  they  are  ground  before  they  eet  quite  dr}'.    The  resulting  paste  is  laid  upun  afloiiar 
pavement,  with  gutters  for  conducting  the  juice,  which  exudes  into  a  lank;  tliebcap 
being  tramped  from  time  to  time,  to  promote  the  discharge  of  the  juice.     The  woadftr- 
ments,  swells,  and  cracks  in  many  places,  which  fissures  must  be  closed ;  the  whole  kenf 
occasionally  watered.    The  fermentation  is  continued  for  twenty  or  thirty  days  in  ^ 
arealher ;  and  if  the  leaves  have  been  gathered  dry,  as  in  Italy,  for  four  months.   Whri 
Ille'ftenMttted  heap  has  become  moderately  dry,  it  is  ground  again,  and  put  np  in  e^n 
of  from  one  to  three  pounds ;  which  ore  then  fully  dried,  and  packed  up  in  bundle!  for 
the  market.     Many  dyers  subiect  the  pastel  to  a  second  fermentation. 

1,600  square  toises  (fathoms)  of  land  afford  iii  two  cuttkigs  at  least  19,000  poondsof 
leaves,  of  which  weight  four  fifths  are  lost  in  the  fermentation,  leaving  3,8?0  fwaudsof 
{Nistel,  in  loaves  or  cakes.  When  eood,  it  has  rather  a  yellow^  or  green ish -yellov,  tbaa 
A  blue  color:  it  is  light,  and  slightly  humid ;  it  gives  to  paper  a  ]Ale-greeB  tiaee;  aad 
improves  by  age,  in  consequence  of  an  obscure  fermentation;  for  if  kept  fbw  Tews»* 
dyes  twice  as  much  as  after  two  years.  According  to  Hellot,  4  pounds  of  Guttinalt  m- 
digo  produce  the  same  effect  as  210  pounds  of  the  pastel  of  Albi.  At  Quins,  io  Pin- 
mont,  the  dj'ers  estimate  that  6  pounds  of  indigo  are  equivalent  to  300  of  pastel;  bat 
Obaptal  thinks  the  indigo  underrated. 

Pastel  will  dye  blue  of  itself,  but  it  is  commonly  employed  as  a  fermentative  addiuca 
to  the  proper  blue  vat,  as  described  under  Indigo. 

Fresh  woad,  analyzed  by  Chevreul,  afforded,  in  100  parts,  05*4  of  juice.  After  being 
■teeped  in  water,  the  remaining  mass  yielded,  on  expression,  29-65  of  liqokl ;  ^'■f'J 
whole,  95-05  parts,  leaving  4-96  of  ligneous  fibre.  The  jniee,  by  filtration,  gave  1*»  « 
green  fecula.  100  parts  of  fresh  woad,  when  dried,  are  reduced  to  13*76  parts.  Ako- 
hoi,  boiled  upon  dry  woad,  deposites,  after  cooling,  indigo  in  microscopic  needles;  htH  !*«« 
cannot  be  separated  from  the  vegetable  albumine,  which  retains  a  greenish-ffar  »hir. 

WOLFRAM  is  the  native  tunestate  of  iron  and  manganese,  a  mineral  whici  ay* 
in  primitive  formations,  alonsr  with  the  ores  of  tin,  antimony,  and  lead,  in  ^*52!"?* 
Erzegebirge,  in  Cornwall,  Switzerland,  North  America,  Jtc.  It  i»  nscd  by  themiBti  for 
obtaining  tungstic  acid  and  tungstei. 
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WOOD  (Baity  Fr. ;  Holz,  Germ.),  is  the  hard  but  porous  tissue  between  the  pith 
and  the  bark  of  trees  and  shrubs,  through  which  the  chief  part  of  the  juices  is  con- 
ducted from  the  root  towards  the  branches  and  leaves,  during  the  life  of  the  vegetable. 
The  ligneous  fibre  is  the  substance  which'  remains,  aAer  the  plant  has  been  subjected  to 
the  solvent  action  of  ether,  alcohol,  water,  dilute  acids,  and  caustic  alkaline  leys.  It  is 
considered  by  chemists  that  dry  timber  consists,  on  an  average,  of  96  parts  of  fibrous, 
and  4  of  soluble  matter,  in  100;  but  that  these  proportions  vary  somewhat  with  the  sea- 
sons, the  soil,  and  the  plant.  All  kinds  of  wood  sink  in  water,  when  placed  in  a  basin 
of  it  under  the  exhausted  receiver  of  an  air-pump;  showing  their  specific  gravity  to  be 
greater  than  1*000.  That  of  fir  and  maple  is  stated,  by  chemical  authors,  to  be  1*46} 
and  that  of  oak  and  beech,  at  1*53;  but  I  believe  them  to  have  all  the  same  spec.  grav. 
as  the  fibre  of  fiax ;  namely,  1*50,  as  determined  by  me  some  years  ago.* 

Wood  becomes  snow-white,  wh^n  exposed  to  the  action  of  chlorine ;  digested  with 
sulphuric  acid,  it  is  transformed  first  into  gum,  and,  by  ebullition  with  water,  aOerwante 
into  grape-sugar ;  with  concentrated  nitric  acid,  it  grows  yellow,  loses  its  coherence,  falls 
into  a  pulverulent  mass,  but  eventually  dissolves,  and  is  converted  into  oxalic  acid ;  with 
strong  caustic  alkaline  leys,  in  a  hot  state,  it  swells  up  excessively^  dissolves  into  a 
homogeneous  liquid,  and  changes  into  a  blackish-brown  mass,  containing  oxalic  and 
acetic  acids. 

The  composition  of  wood  has  been  examined  by  Gay  Lussac  and  Thenard,  and  Dr. 
Front.    The  first  two  chemists  found  it  to  consist,  in  100  parts,  of-^ 

Oak.  B«Mh. 

Carbon    ....    52-53  51*45 

Hydrogen  -  -  -      6*69  6-82 

0;ty«en    -  -  -  -    41-78  42*73 

According  to  Dr.  Front,  the  oxygen  and  hydrogen  are  in  the  exact  proportions  to  form 
water.  Willow  contains  50,  and  box  49-8  per  cent,  of  carbon  ;  each  containing,  there- 
fore, very  nearly  44-444  of  oxygen,  and  5*555  of  hydrogen.  In  the  analyses  of  Gay 
Lussac  and  Thenard,  there  is  a  great  excess  of  hydrogen  above  what  the  oxygen  requires 
'JO  form  water.  Auihenrieth  sUted,  some  years,  ago,  that  he  (bund  that  fine  sawdns^ 
nixed  with  a  sufiicient  quantity  of  wheat  flour,  made  a  coherent  dough  with  water,  which 
brmed  an  excellent  food  for  pigs;  apparently  showing  ihat  the  digestive  organs  of  this 
tnimal  could  operate  the  same  sort  of  change  upon  wood  as  sulphuric  acid  does. 

Table  of  the  Distillation  of  One  Pound  of  Wood,  dried,  at  86**  Fahr. 


f  ■ 

Name  of  the  wood. 

Wefyht  of 

wood  acid. 

One  ounce  of  the 

acid  saturates  of 

carbonate  of 

potash. 

Weight  of  the 

ooiubustible 

oil. 

Weight  of  the 
charcoal. 

White  birch  .... 
Red  beech          ... 
Frick  wood  (spindle  tree) 
Large  leaved  linden    > 
Red  or  scarlet  oak 
White  beech       . 
Common  ash          ... 
Horse  chestnut  ... 
Italian  poplar        ... 
Silver  poplar      .        -        - 
White  willow        ... 
Root  of  the  sassafras  laurel 
Wild  service  tree  ... 
Basket  willow    ... 
Dogberry  tree        ... 
Buckthorn          ... 
Logwood       .... 
Alder         .        -        .        . 
Juniper         .... 
White  fir  (deal) 
Common  pine  wood 
Savine  tree         ... 
Red  deal  (pine)     ... 
Guiac  wood  -    > 

Ounces, 

7 

7 

H 

7 

61* 

n 

6f 

7 
8 
7 

n 

7f 

i 

6 
6 

Chrains, 
44 
44 
40 
41 
40 
40 
34 
31 
30 
30 
28 
29 
28 
27 
27 
26. 
26 
22 
23 
23 
22 
20 
18 
16 

Ounces, 

1! 

2 
Ii 

l| 

li 

i| 
il 

i| 
If 
If 

w 

If 

If 

ll 

21 

Ounce*. 
3f 
3| 

^ 

H 

4* 

3i 
3i 
3| 
3| 

3f 
3| 

H 

3i 
3* 

i! 

4 

3*. 

3i 
H 

3| 

Ii 

*  **  From  the  small  difTerance  found  br  experiment  between  the  spedilo  gnrrity  of  flax  (1*90)  and  oToot- 
t4iD  (1*47).  1  am  ineUaed  to  think  that  the  deositj  of  both  may  be  conaidHed  to  be  aqnalt^Of  1*S0.— PM- 


lassfAy  ar  JICmifacliirM,  8d  edition,  pp.  97,  88, 99. 
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WOOF  is  the  same  as  Weft. 

WOOLTJIN  MANUFACTURE.  In  reference  to  textile  fabrics,  sheep's  wool  is  of 
two  dUTerent  sorts,  the  short  and  the  long  stapled ;  each  of  which  reqaires  diflcnat 
mod^  of  manufacture  in  the  preparation  and  spinning  processes,  as  also  in  the  trestmat 
of  the  cloth  after  it  is  woven^  to  fit  it  for  the  market.  Each  of  these  is,  moreover,  dii- 
tinguished  in  comn^erce  by  the  names  of  fleece  wools  and  dead  wools,  according  as  ihej 
have  been  shorn  at  the  usual  annual  period  from  the  living  animal,  or  are  cot  from  iu 
skin  after  death.  The  latter  are  comparatively  harsh,  weak,  and  incapable  of  imbibiig 
the  dyeing  principles,  more  especially  if  the  sheep  has  died  of  some  malignant  distemper. 
The  annular  pores,  leading  into  the  tubular  cavities  of  the  filaments,  seem,  in  this  eiM^ 
to  have  shrunk  and  become  obstructed.  The  time  of  year  for  sheep-shearing  most  fsTor- 
able  to  the  quality  of  the  wool,  and  the  comfort  of  the  animal,  is  towards  the  end  of 
Jane  and  beginning  of  July ; — the  period  when  Lord  Leicester  hokls  his  celebrated  rail 
(hie  for  that  interesting  purpose. 

The  wool  of  the  sheep  has  been  surprisingly  improved  by  its  domestic  cnUore.    The 
mon/lon  (Ovia  aries),  the  parent  stock  from  which  our  sheep  is  undoubtedly  derive^ 
and  ivhich  is  still  found  in  a  wild  state  upon  the  mountains  of  Sardinia,  Corsica,  Baittiy, 
Greece,  and  Asia  Minor,  has  a  very  short  and  coarse  fleece,  more  like  hair  than  vool. 
When  this  animal  is  brought  under  the  fostering  care  of  man,  the  rank  fibres  gradaallf 
disappear ;  while  the  sofl  wool  round  their  jroots,  little  conspicuous  in  the  wild  animal, 
becomes  singularly  developed.     The  male  most  speedily  undergoes  this  change,  aod  cos- 
tinues  ever  afterwards  to  possess  far  more  power  in  modifying  the  fleece  of  the  ofispriog, 
than  the  female  parent.    The  produce  of  a  breed  from  a  coarse- woolled  ewe  and  afioe- 
woolled  ram  is  not  of  a  mean  quality  between  the  two,  but  half-way  nearer  that  of  the 
sire.     By  coupling  the  female  thus  generated  with  such  a  male  as  the  former,  another 
improvement  of  one  half  will  be  obtained,  affording  a  staple  three  fourths  finer  than  thit 
of  the  grandam.    By  proceeding  inversely,  the  wool  would  be  as  rapidly  delerioraied. 
It  is,  therefore,  a  matter  of  the  first  consequence  in  wool  husbandry,  to  exclude  from  the 
flock  all  coarse-fleeced  rams. 

Long  wool  is  the  produce  of  a  peculiar  variety  of  sheep,  and  varies  in  the  length  of 
its  fibres  from  3  to  8  inches.  Such  wool  is  not  carded  like  cotton,  but  combed  like  to, 
either  by  hand  or  appropriate  machinery.  Short  wool  is  seldom  longer  than  3  or  4 
inches ;  it  is  susceptible  of  carding  and  feltinr,  by  which  processes  the  filaments  become 
first  convoluted,  and  then  densely  matted  together.  The  shorter  sorts  of  the  comhiof 
wool  arc  used  principally  for  hosiery,  though  of  late  years  the  finer  kinds  have  heea 
extensively  worked  up  into  Merino  and  mousseline-de-laine  fabrics.  The  longer  voob 
of  the  Leicestershire  breed  are  manufactured  into  hard  yarns,  for  worsted  pieces,  sacfa  ai 
waistcoats,  carpets,  bombazines,  poplins,  crapes,  &c. 

The  wool  of  which  i^ood  broadcloth  is  made  should  be  not  only  shorter,  bot,  geaeially 
speaking,  finer  and  soAer  than  the  worsted  wools,  in  order  to  fit  them  for  the  follins:  pro- 
cess. Some  wool-sorters  and  wool-staplers  acquire  by  practice  great  nicety  of  disoei' 
meat  in  judging  of  wools  by  the  touch  and  traction  of  the  finders.  Two  yean  aeO|I 
made  a  series  of  observations  upon  different  wools,  and  published  the  resolts.  T^ 
filaments  of  the  finer  qualities  varied  in  thickness  from  -r^^ne  to  y^^  of  an  inch;  their 
structure  is  very  curious,  exhibiting,  in  a  good  achromatic  microscope,  at  internals  of  ahnt 
^4^of  an  inch,  a  series  of  serrated  rings,  iiAbricated  towards  each  other,  like  the  joints 
of  j&^uife/um,  or  rather  like  the  scaly  zones  of  a  serpent's  skin.  See  PhUoiOfhi  ^ 
Manu/acturesy    gs,  11,  12,  pa?e  91,  second  edition. 

There  are  four  distinct  qualities  of  wool  upon  every  sheep ;  the  finest  being  npos  the 
spine,  from  the  neck  to  within  6  inches  of  the  tail,  including  one  third  of  the  breadth  of 
the  back;  the  second  covers  the  flanks  between  the  thighs  and  the  shoulders;  thethiid 
clothes  the  neck  and  the  rump ;  and  the  fourth  extends  upon  the  lower  part  of  the  seek 
and  breast  down  to  the  feet,  as  also  upon  a  part  of  the  shoulders  and  the  thighs,  to  the 
bottom  of  the  hind  quarter.  These  should  be  torn  asunder,  and  sorted,  immediately  aAer 
the  shearing. 

The  harshness  of  wools  is  dependant  not  solely  upon  the  breed  of  the  anioia],  or  the 
climate,  but  is  owing  to  certain  peculiarities  in  the  pasture,  derived  from  the  soil.  It  ii 
known,  that  in  sheep  fed  upon  chalky  districts,  wool  is  apt  to  get  coarse;  bat  in  those 
upon  a  rich  loamy  soil,  it  becomes  soft  and  silky.  The  ardent  sun  of  Spain  renders  the 
fleece  of  the  Merino  breed  harsher  than  it  is  in  the  mflder  climate  of  Saxony.  SmeaiiBg 
sheep  with  a  mixture  of  tar  and  butter  is  deemed  favorable  to  the  softness  of  (hcff 
wool. 

All  wool,  in  its  natural  state,  contains  a  quantity  of  a  peculiar  potash-soaii,  secreted 
by  the  animal,  called  in  this  country  the  yolk ;  which  may  be  washed  out  by  water  aknCi 
with  which  it  forms  a  sort  of  lather.  It  constitutes  from  25  to  90  per  cent  of  the  woo, 
being  most  abundant  in  the  Merino  breed  of  sheep ;  asd  however  hJon\k  to  ^ 
Xrowth  of  the  wool  on  the  living  animal^  shoukl  be  teken  out  soob  after  it  ii  Aan,M 
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bseome  hard  ind  brittle.  AHer 
the  wuol  shunld  be  well  preased, 
1,000,000  packs  o(  wool,  and  un- 


it i^jun!  tbe  Sbm  by  rermenlatioa,  and  caui 
Itdng  washed  in  water,  aomewbat  mare  than 
and  careAillr  dried.  England  grows  anaua 
portt  100,000  bans. 

Wool  imported  into  ibe  United  Kingdom,  in  1836,  6-1,239,977  Ibs.i  in  1837,  48,306,121 
lbs.  Relainedrorbome  consumi)tioTi,iD  I8J6,  60,724,795  lbs.i  in  1837,  43,148,297  lb«. 
Duly  received,  in  1836,  £190,075  ;  in  1837,  j:il8,519. 

Haring  premised  these  general  observalians  on  wool,  I  ^lal]  now  proceed  to  Ifeat  oT 
its  manufactnre,  beginning  with  thai  of  wool-combing,  or 


In  this  branch  o[  boBiness,  a  long  stapled  and  firm  fibre  it  required  to  form  a  smooth 
lerelfam,  little  liable  to  shrink,  curl,  or  fell  in  weaving  and  finishtns;  Iheeloth.  It  most 
not  be  entangled  by  eardinfi,  but  stretched  in  lines  as  jwralltl  as  possible,  by  a  suitable 
system  of  combmg,  mannsl  or  mechnnical. 

When  the  long  wool  is  brought  into  the  worsted  fsctor]',  it  i^Grst  of  all  washed  by 
men  with  soap  and  water,  who  are  paid  for  their  labor  by  the  piece,  and  are  each  Assisted 
by  a  boy,  who  receives  (he  woul  as  it  issues  from  hetiveen  the  drying;  ifiieezerj,  (see  Bleach- 
INO.)  The  boy  carries  alf  the  wool  in  baskets,  and  spreads  it  erenly  Upon  the  Hoar  of 
the  drjing-room,  usuallj  an  apartment  iiver  the  boilers  of  the  sleam- engine,  which  is  thus 
economically  heated  to  the  proi'cr  lemperature.  The  health  o(  the  boys  employed  in  this 
business  is  found  lo  be  not  at  all  injured. 

The  wool,  when  properly  dried,  is  transferred  to  a  niachine  called  the  pltuktr,  which 
is  always  superintended  by  a  boy  of  12  or  14  years  or  age,  being  very  li^hl  work.  He 
lays  Ibe  treltes  of  wool  pretty  evenly  upon  the  feed-apron,  or  table  covered  with  an 
endlesi  moving  web  of  canvass,  which,  as  il  advances,  delivers  Ibe  ends  of  the  long  tufts 
to  a  pair  of  fluted  rollers,  whence  il  is  introduced  into  a  fanning  apparatus,  somewhat 
■iniilar  to  the  kUIi/ib  employed  in  the  cotton  manufacture,  which  see.  The  litamenU 
■re  turned  out,  at  the  opposite  end  of  this  winnowing  machine,  straightened,  cleaned, 
and  ready  for  the  combing  operation.  According  to  the  old  practiceof  the  trade,  and  sllU 
^  .f^n  fur  the  finer  descrii>lions  of  the  long  staple, 

according  lo  ibe  present  practice,  ibe  wool 
is  carded  by  hand.    This  is  far  more  severe 
lobar  Ihnn  any  suhservienl  to  machinery, 
and  if  carried  on  in  rooms  rendered  close 
and  hot  by  the  number  of  stoves  requisite 
to  heat  the  combs,  and  so  enable  Ihem  to 
render  the  fibres  son,  Rrxible,  and  elastic 
Thi«  is  a  lask  ai  which  only  robust  men 
are  enitaged.    They  use  three  implrmenls; 
a  pair  of  combs  for  each  \vv«oii ;  2.  a  post,  -o  which  one  of  the  combs  can  he  fitedi 
a  comb-pot,  or  small  stove  liir  heatitie  the  leclh  of  (he  combs.     Each  comb  is  composed 
either  of  two  or  three  rows  of  [Winled   tapering  steel   teeth  b, 
fig.  120a,  disposed  in  two  or  three  parallel  planes,  each  row  being 
a  lillle  lonEer  than  the  precpding.     They  are  made  fast  at  the 
■  wooden  stock  or  head  t,  which  is  covered  with  horn, 
a  handle  if,  fixed  into  it  at  right  angles  lo  the  linesnfthe 
The  B|iace!  between  these  two  or  three  planes  of  icetb, 
one  third  of  an  inch  at  their   bottoms,  but  somewhat 
iheir  lips.     I'he  Hrst  combing,  when  the  fibres  are  most 
entangled,  is  perfornieil  with  Ihe  two-row  toothed  combs;  the 
second,  or  finishing  combing,  with  Ihe  three-row  toothed. 

In  the  workshop  a  post  is  planted.  C^f.   1204),  upriehl,  for 
resting   Ihe   combs    occasionally    upon,   during    the   operation. 
An  iron  stem  g,  projects  from  il  borlaonlally,  having  its  end 
turned  up,  so  as  to  pass  through  a  hole  in  the  handle  of  the 
comb.    Near  its  point  of  insertion  into  Ihe  post,  there  is  an- 
other staple  poiul  A,  which  enters  into  the  hollow  end  of  the 
handle;  which,  between  these  two  catches,  is  firmly  secured  to 
Ihe  post.     The  stove  is  a  very  simple  affair,  consisting  merely  U 
a  flat  Iron  plate,  healed  by  fire  or  steam,  and  sarmounied  with  a 
r  plate,  al  an  interval  sufficient  lo  allow  the  teeth  to  be 
iMMted  between  them  at  one  tide,  which  is  left  open,  while' the  space  between  their 
•dge*,'  on  Ihe  otber  sides,  is  closed  to  confiae  the  heat. 

In  eombing  the  wool,  the  workman  lakes  it  up  in  tresses  of  about  four  ounces  each, 
»  k  with  oil,  and  rollt  it  about  in  his  hand*,  to  render  all  tbe  fiUineals  equally 
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anctuous.  Some  harsh  dry  wools  require  one  sixteenth  their  weight  of  oil,  otben  m 
more  than  a  fortieth.  He  next  attaches  a  heated  eomb  to  the  post,  with  its  teeth  poistd 
upwards,  seizes  one  half  of  the  tress  of  wool  in  his  hands,  throws  it  over  the  teeth,  ikei 
draws  it  through  them,  and  thus  repeatedly,  leaving  a  few  straight  filaments  each  tine  npon 
the  comb.  When  the  comb  has  in  this  way  collected  all  the  wool,  it  is  placed  with  it!  poinis 
inserted  into  the  cell  of  the  stove,  with  the  wool  hanging  down  outside,  eiposed  to 
the  influence  of  the  heat.  The  other  comb,  just  removed  in  a  healed  state  from  the 
stove,  is  planted  upon  the  post,  and  furnished  in  its  turn  with  the  remaining  two^noee 
tres9  of  wool;  aAer  which  it  supplants  the  preceding  at  the  stoTe.  Having  both  coDhi 
now  hot,  he  holds  one  of  them  with  his  left  hand  over  his  knee,  being  seated  opcm  a  lov 
stool,  and  seizing  the  other  with  his  right  hand,  he  combs  the  wool  upon  the  fint,  bf 
introducing  the  teeth  of  one  comb  into  the  wool  stuck  in  the  other,  and  drawing  then 
through  it.  This  manipulation  is  skilfully  repeated,  till  the  fibres  are  laid  tmly  parallel, 
like  a  flat  tress  of  hair.  It  is  proper  to  begin  by  combing  the  tips  of  the  tresa,  and  to 
advance  progressively,  from  the  one  end  towards  the  other,  till  at  length  the  combs  are 
worked  with  their  teeth  as  closely  together  as  is  possible,  withont  bringing  them  into  col- 
lision. If  the  workman  proceeded  otherwise,  he  would  be  apt  to  rupture  the  filameots, 
or  tear  their  ends  entirely  out  of  one  of  the  combs.  The  flocks  led  at  the  end  of  the 
process,  because  they  are  too  short  for  the  comber  to  grasp  them  in  his  hand,  are  called 
noyls.  They  are  unfit  for  the  worsted  spinner,  and  are  reserved  for  the  coane  clolk 
manufacture. 

The  wool  finally  drawn  off  from  the  comb,  thouffh  it  may  form  •  uniform  tresi  of 
straight  filaments,  must  yet  be  combed  again  at  a  somewhat  lower  temperature,  to  pre- 
|)are  it  perfectly  for  the  spinning  operation.  From  ten  to  twelve  slivers  are  then  anuged 
in  one  parcel. 

To  relieve  *the  workman  from  this  laborious  and  not  very  salnbrioas  task,  has  beea 
the  object  of  many  mechanical  inventions.     One  of  these,  considerably  employed  in  this 
country  and  in  France,  is  the  invention  of  the  late  Mr.  John  Collier,  of  Paris,  forwbidi 
a  patent  was  obtained  in  England,  under   the  name  of  John   Piatt,  of  Salford,  ia 
November,  1827.    It  consists  of  two  comb-wheels,  about  ten  feet  in  diameter,  bariig 
hollow  iron  spokes  filled  with  steam,  in  order  to  keep  the  whole  apparatus  at  a  proper 
combing  heat.    The  comb  forms  n  circle,  made  fast  to  the  peripheiy  of  the  wheel,  the 
teeth  being  at  right  angles  to  the  plane  of  the  wheel.     The  shafts  of  the  two  wheels  are 
mounted  in  a  strong  frame  of  cast  iron ;  not,  however,  in  horizontal  positions,  hot  ioeliaed 
at  acute  angles  to  the  horizon,  apd  in  planes  crossing  each  other,  so  that  the  teeth  of  oae 
circular  comb  sweep  with  a  steady  obliquity  over  the  teeth  of  the  other,  in  a  doH 
ingenious  manner,  with  the  effect  of  combing  the  tresses  of  wool  hung  upon  them.   Tbc 
proper  quantity  of  long  wool,  in  its  ordinary  state,  is  stuck  in  bandfuls  upon  the  vked, 
revolving  slowly,  by  a  boy,  seated  upon  the  ground  at  one  side  of  the  machine.    Wbet- 
ever  the  wheel  is  dressed,  the  machine  is  made  to  revolve  more  rapidly,  by  shiftiiur  id 
driving-band  on  another  pulley;  and  it  is  beautiful  to  observe  the  delicacy  aodprecian 
with  which  it  smooths  the  tangled  tress.     When  the  wools  are  set  in  rapid  rotatkm,  Ik 
loose  ends  of  the  fleece,  by  the  centrifugal  force,  are  thrown  out,  in  the  direction  of  ndid 
upon  the  teeth  of  the  other  revolving  comb- wheel,  so  as  to  be  dlrawn  out  and  made  tiilT 
straight.     The  operation  commences  upon  the  tips  of  the  tresses,  where  the  wheels, )9 
the  oblique  posture  of  their  shaf\s,  are  at  the  greatest  distance  apart;  but  astbephMS 
slowly  approach  to  parallelism,  the  teeth  enter  more  deeply  into  the  wool,  till  tbey  ps*- 
gressively  comb  the  whole  length  of  its  fibres.    The  machines  being  then  throws  oat  of 
gear,  the  teeth  are  stripped  of  the  tresses  by  the  hand  of  the  attendant;  the  noyd,  or  short 
refuse  wool,  being  also  removed,  and  kept  by  itself. 

This  operation  being  one  of  simple  superintendenee,  not  of  handieraA  effort  and  skill, 
like  the  old  combing  of  Ion?  wool,  is  now  performed  by  boys  or  girls  of  13  and  14  jean 
of  age ;  and  places  in  a  striking  point  of  view  the  influence  of  automatic  mechanism,  m 
so  embodying  dexterity  and  intelligence  in  a  machine,  as  to  render  the  cheap  and  tiaeta* 
ble  labor  of  children  a  substitute  for  the  high-priced  and  often  refractory  exertions  of 
workmen  too  prone  to  capricious  combinations.  The  chief  precaation  to  be  takea  vith 
this  machine,  is  to  keep  the  steam-joints  tight,  so  as  not  to  wet  the  apartments,  and  to 
provide  due  ventilation  for  the  operatives. 

The  following  machine,  patented  by  James  Noble,  of  Haliikz,  worsCed-cpinjier,  ffl 
February,  1834,  deserves  particular  notice,  as  its  mode  of  operation  adapts  it  well  abofor 
heckling  flax.  In  Jig.  1205  the  internal  structure  is  exhibited.  The  frame-worfc^  f» 
supports  the  axle  of  a  wheel,  ft,  6,  in  suiuble  bearings  on  each  tide.  To  the  face  dT  tha 
wheel  is  affixed  the  eccentric  or  heart-wheel  cam  c,  c.  On  the  upper  part  of  the  P^[*^ 
of  this  cam  or  heart-wheel,  a  lever  d,  d,  bears  merely  by  its  gravity;  ^"^  ^  ^ 
which  lever  is  connected  by  a  joint  to  the  crank  e.  By  the  ratfttiim  of  the  c'*'^^^^ 
will  be  perceived  that  the  lever  d^  will  be  slidden  to  and  fro  on  the  npper |mt«g* 
pcnpheiy  of  the  eccentric  or  ketrt-wheei  earn  c,  the  oater  end  of  the  lew  i^  cMiyaf 
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tt«  apper  or  woriiiag  comb  or  ncdUe-poiDts  /,  mi 


t  moTci,  peribnning  mn  elUptiad 

I'MO  curre,  wUeh  cam 

will  be  dcpcDdanl 

upOD   Ihe  pouiioa 

;  ot  the  be>it-whed 

I  cam  c,  thM  gaidn 

'■  it.      A    moveable 

rrame  g,  carriM  a 
leiiet  of  point*  A, 
which  are  to  con- 

eomb  or  fmne  of 
n«edle(.  IniotheM 
lower  oeedJei  Ihe 
rough  uncombed 
wool  1$  to  be  fed  by  haod,  and  to  be  drawn  out  and  combed  ilraiiihl  bj  the  movemenli 
of  the  upper  or  working  comb. 

As  it  in  imporiani,  in  order  to  prevent  watte,  that  the  ends  or  the  wool  thonld  be 
firtt  combed  out,  and  [hat  [he  needle-point*  should  be  made  (o  penctiale  the  wool  pro- 
gressively, the  moveable  frame  ;,  is  in  the  first  instance  placed  at  Tar  back  as  possible; 
and  the  action  of  the  lever  d,  during  the  whole  operation,  is  so  directed  by  ihe  varying 
positions  of  the  cam-wheel,  as  to  allotr  the  npper  comb  to  enter  ■(  first  a  very  little 
war  only  into  the  wool ;  but  as  the  operation  of  combine  goes  on,  the  frame  with  (be 
lower  combi  is  made  to  aJvance  xradually,  and  (he  relative  positions  of  ihe  revolving 
heart  cBm-wheel  c,  being  also  gradually  changed,  the  opper  or  wwkinf  needles  are  at 
len(;th  allowed  to  be  drawn  eompletety  Ihrongh  the  wool,  for  the  purpose  of  combing  out 
straight  the  whole  length  of  its  fibre.  • 

In  order  to  give  lo  the  machine  the  necessary  movemenlt,  a  train  of  toothed  wheels 
Kod  pinions  is  mounted,  mostly  on  studs  attached  to  Ihe  side  of  the  frame;  wljieh 
(rain  of  wheels  snd  pinions  is  shown  by  dots  in  the  figure,  to  avoid  eonHision.  The  driving 
power,  a  horse  or  steam-engine,  is  communiealrd  by  a  band  to  a  rigger  on  the  short  axle 
i  1  which  axle  carries  a  |<inion,  taking  into  one  of  the  wheels  of  the  train.  From  thia 
wheel  the  crank  »,  that  works  the  lever  d,  is  driven  ;  and  also  by  gear  from  the  same 
pinion,  the  axle  of  the  wheel  b,  carrying  the  eccentric  or  hesrl-whee!  cam,  ii  also  actuated, 
bat  slower  than  the  crank-aile. 

At  the  end  of  Ihe  aiU'  of  the  wheel  6,  snd  cam  c,  a  bevel  pinion  it  affixed,  which 
gears  into  a  corrcspundine  bevel  pinion  on  the  end  of  the  lateral  shaft  k.  The  reverse 
end  of  this  shad  had  n  worm  or  enill'-^s  screw  /,  taking  into  ■  toothed  Wheel  tn;  and 
tbil  last-men lioned  toothed  wheel  tnn  into  a  rack  at  ihe  under  part  of  Ihe  frame  g. 

3vemenis  of  Ihe  train  of  wheels,  a  slow 
molioii  is  given  lo  ihe  frame  g,  '^  which  the  lower 
needles  carrying  the  wool  are  progressively  ad- 
vanced a!  the  operation  goes  on  \  and  also,  that  bj 
the  other  wheels  of  the  train,  the  heart- wheel  cam 
is  made  to  rutale,  for  the  purpose  of  giving  suck 
varj'inE  directions  tothestrokeof  the  lever  which 
slides  upon  its  periphery,  and  lo  Ihe  working 
eomb,  ns  shall  cause  Ihe  comb  to  operate  gradual- 
ly upon  ihe  wool  as  ii  is  brought  forward.  Tbe 
eonatruction  of  Ihe  frames  which  hold  the  needles, 
and  the  manner  of  fixing  them  in  tbe  machine,  pre- 
sent no  features  of  importance ;  it  is  therefore  un- 
necessary to  describe  them  farther,  than  lo  say, 
Ihat  the  heckles  are  to  be  heated  when  used  for 
combing  wool.  Instead  of  intntdacing  (he  wool  t« 
be  combed  irito  the  lower  needles  bjr  hand,  it  ig 
sometimes  fed  in,  by  meins  of  an  endless  feediav- 
cloth,  as  shown  \ajtg.  1206.  This  endless  cloth  it 
distended  over  two  rollers,  which  are  made  to  re- 
volve, for  the  pur^iose  of  carrying  the  elolh  witk 
Ihe  wool  forward,  by  means  of  the  endlesa  screw 
and  pinions. 

A  tliehl  variation  in  Ihe  maehine  is  shown  at 
j!f.  1207,  (br  the  purpose  of  combing  wool  of  long 
flbre,  which  difien  from  the  fanner  onljr  in  placinft 
the  eombi  or  needle  points  ttpon  a  revolnog  cjr- 
linderorihaR.  At theendafthcaileaftbiathaft 
there  is  «  toolhed  wheel,  which  iaacinalvd  by  u 
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esdlen  Kcrcw  upon  ■  lateral  itulL  Tbe  ixle  of  the  cj-Under  on  wbiek  the  needa  m 
Bxed,  is  mounleil  in  a  movrible  frime  or  carriaze,  ia  order  that  the  poiots  of  the  leiAi 
may,  in  tbe  first  imtance,  be  brauphi  to  act  opon  the  ends  uf  the  wool  only,  and  oltimiltli 
be  10  advanced  ai  to  enable  the  whde  length  of  the  fibres  to  be  drawn  thnmfL  Tk 
proeretuTe  adrancement  of  ihia  earriajre,  wllh  Ihe  needle  e;linder,  ii  eSceted  by  ita 
agencf  of  the  endleu  screir  on  the  lateral  shaft  before  menlioned. 

Some  combing -machines  reduce  the  wool  into  a  eonlinuons  iNver,  which  n  nd] 
for  the  drawlns-fiamei  but  the  short  elivcrs  prodaced  by  the  band  combing,  Dnut  te 
first  joined  together,  br  what  is  called  jdaHking.  Tbe  sliver*  are  rolled  up  b)  tbe 
combers  (en  or  twelve  toiether,  in  balls  called  tops,  each  of  which  weifhi  lulT  ■ 
pound.  AI  the  spinnin|[-mill  these  are  unrolled,  and  Ihe  sliven  are  laid  on  a  long  pbik 
or  IrooEh,  with  the  ends  lappinic  over,  in  order  to  splice  the  long  end  of  one  iUtci  iilD 
the  short  end  of  another.  Tbe  long  end  ia  tbal  which  was  drawn  off  flrat  Irom  tte  oiaki 
Mwl  contains  1  he  longer  fibres)  the  ehort  is  that  which  comes  last  from  the  comb,  ill 
conlaini  the  shorter.  The  wool-comber  lays  all  the  slivers  of  each  b^  the  saiae  n;, 
UMJ  mark*  the  long  end  of  each  bf  IwislJnff  up  tbe  end  of  the  sliver.  It  isiciiriaB 
Circamstance,  that  when  a  top  or  ball  of  slivers  is  unrolled  and  stretched  out  itr*i|h, 
ther  will  not  separate  from  each  other  witbout  tearing  and  breaking,  if  Ihe  MpanliM 
11  bef(iin  at  the  short  ends ;  bul  if  thef  are  first  paited  al  the  long  ends,  the;  will  readilr 

The  loachine  for  combing  long  wool,  for  which  Messrs.  Donisihorpe  and  Ranoi 
obtained  ■  patent  in  April,  I33&,  has  been  found  to  work  well,  and  Ihercfore  nxiili 
a  detailed  descripltoo  :— 

Fig.   1208,  is  u  eleraliaaiA- 
1209  an  end  Tiew;   and  jSf.  l!ll 
B    plan;     in   which    a,  a,    is  At 
framinci   t,  the  main  shaft,  btsr- 
ing    a    pinion    whieh   driTCi  Ihe 
wheel  and  Amit  r,  in  gear  vilh  Iht 
wheel   d,  on   the  shall  i.     L>M 
each  of  the  wheels  c  and  i,  tin 
are    two    projectioas   or  sladi  /, 
which    cause    the    actios  cl  Ik 
combs  g,  g,  of  which  *,  A,  ire  lit 
Ubies  or  caiTiaKe*.    Thne  it  ca- 
pable of  iliding  aloag   tk  ippa 
guide     rails    of    the    fnuiif  > 
Throngh  these  Carriages  or  ttUS 
A,  k,  ihere  are  opcninf*  or  ili^ 
tbown   by  dotted   lines,  which  ad 
as  guides  to  Ihe  holders  i,  i,  if  tht 
combs  g,  g,  rendering  the  boHM 
*usce]itibJe    of    motion    at    nrti 
angles  to  the  course  poisncd  b;  it 
tables  k.    Tbe  combs  are  tpteined  >n  the  holders  i,  j,  by  meani  of  ihe  lever  haadlaj,h 
which  move  npon  inclined  surfaces,  and  nre  made  lo  press  on  the  surface  of  thebrni 
of  Ihe  combs  g,  g,  so  as  to  be  retained  in  their  places  ;   and  Ihry  arc  also  bdd  br  inih 
affiled  to  Ihe  hcdders,  which  pass  into  the  comb-heada.     From  the  under  siiedlkl 
tables,  forked  projections  t,  i,  stand  out,  whieh  pass  Ihroueh  the  openings  or  tiiu  feurf 
in  the  tables  A  A ;   these  projections  are  worked  from  side  to  tide  bj  the  frame  k,t 
which  tuminir  on  Iheeiisor  shaft /,  J,  is  canted  I o  vibrair,  or  rock  la  and  Cn^br  I** 
arms  m,  moved  by  Ibe  eccentric  groove  n,  made  fast  id  the  shafi  (.     The  tablet  L»t 
drawn  inwards,  by   weighls  luspeitdrd  on  coids  or  slraps  o,  o,  whieh  pass  over  ftitti<" 
palleya  p,  p  ;    whereby  Ihe  weiihls  hare  a  constant  tendency  lo  draw  the  comb  ia"  ^ 
centre  of  the  machine,  as  soon   as  il  is  released  by   the  studs  /,  pasting  bejmd  ik 
projecting  arms   g,  on  Ihe  tables.     On   the  shaO  <-,  a  driving-toolh  or  catch  r,  iiUti, 
which   lakes  inio  the  ratchet  wheel  i,  and   propeN  one  of  its  trelh  at  every  rrnlilioa 
of  the  shafl  f.     This  ralchet  wheel  Iwrns  on  an  axis  Bt  I ;    to  the  ratchet  ihe  pnllef  •  • 
made  fasi,  lo  which  the  cord  or  band  <d  is  secured,  as  al«o  to  the  pulley  x,  on  th'  m> 
y.     On  the  shaft  y,  Ihere  are  two  other  pulleys  r,  z,  haviof  Ihe  cords  or  basib  ^  h 
made  fast  to  them,  and  also  to  Ihe  end  of  Ihe  gauge  plates  a,  nimished  wilk  (nut- 
ated steps,  against  which  Ihe  tables  A,  A,  are  drawing  al  each  opcralion  of  the  nst*!"^ 
In  proportion  as  these  gause-plales  are  raised,  the  nearer  the  carriages  or  lahlsl,  nH 
be  able  to  advance  to  ihe  centre  of  Ihe  oiachim  -i-  .  - 

to  lay  h  ""     "       
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•  r«M,  which  in  ihe  eonne  oT 
,  filed  lo  the  Bbafl  o,  ihal  turw 
la  bearing!  u.     Ti>  lhit»tian  the  ie\ris  i  and  j,  are  also  Giedj  i  ferv- 
1209  ing  to  throw  out  the  click  or  calch  k,  rtom  Ihe  ratchet  wheel,  by  which 

'  "'  >  machine  will  he  rclemeJ,  and  resloreil  to  position* 
12  again.     The  lever  j,  serves  to  slide  the  drnin  upon 
1  b,  out  of  aear,  bj  msann  of  Ihe  forked  handle  l,  wher 
10  be  stopped,  whenever  il  has  finiFhed  cotnbing  a  cer- 
wool.   The  combs  which  hold  Ihe  wool  have  a  molioa 
er  lo  take  the  wool  out  of  the  way  of  (he  combs  g,  g, 
wn  into  ihr  centre  of  Ihe  maciiine  i  while  the  holding 
to  lay  Ihe  wool  araona  the  poinia  of  ihe  comlw  (,  f. 
For  oblBinint  ibis  upward  and  downward  motion, 
the  combs  m,  m,  arc  |i|aeed  upon  the  frame  b,  and 
reiained  there  jnsl  as  the  combg  ;,E,  are  upon  tb« 
holdeit  i,  1.    'I'he  rramina;  n  is  made  fast  to  Ihe  bu 
or  ipindle  o,  which  movei  vertically  through  npen- 
iDts  in  the  croEs-head  p,  and  the  cross- fra mine  of 
Ihe  machiic  « ;  from  Ihe  top  of  which,  there  is  a 
strap  passes  o»er  pulleys  with  a  weight  suspended 
lo  ill  Ihe  cro»-head  beinfr  sopported   by  Ihe  two 
^uide-rod*  a,  fited  lo  the  cross-framina  «.     It  is  bj 
Ihe  caicle-roda  a,  and  the  spindle  o,  thai  the  frame 
H  is  made  to  moTe  np  and  down  ;  while  Ihe  spiodle 
is  made  lo  rise  by  Ihe  studs/,  as  ihe  wheels  c  and  d 
come  successively  under  Ihe  sinda  t,  on  ihe  spin- 
dle o. 

A  quantity  of  wool  is  to  be  placed  on  each  of  the 
combs  g,  f,  and  M,  m,  ihe  mnchiue  being  in  the  po- 
sition shown  in  Jig.  1210.  When  the  main  shaA  b, 
is  set  in  motion,  il  will  drive  by  its  pinion  Ihe  UMth- 
cd  wheel  c,  and  therefrom  the  remainini  parts  of 
Ibo  machine.  The  firsl  eflecl  of  Ihe  movement  will 
be  to  iai«e  Ihe  combs  m,  m,  soffieienlly  high  to 
1210  remove  the  wood  oul  of  ihe  way 

of  Ihe  combs  %,  ;,  which  will  be 
drawn  towards  Ihe  centre  of  Ihe 

leased  by  Ihe  slnds/,  passinE;  the 
projeclin*  arms  q,  on  Ihc  tablet 
h  t  but  Ihc  distance  between  Ihe 
combs  g,  g,  and  the  combs  H,  H, 
will    depend    on   Ihe    heishl   to 
which  the  (i^use-plalcs  ■,   have 
bem   raised.      Thete  plales  are 
raised  one  step  at  .each  revolu- 
tion of  the  shall  c ;  the  combs  g, 
jr,  will   therefore  be  coniiniiaDy 
approarhing  more  nearly  lo  Ihe 
combs  H,  M,  till  the  plates  i,  are  so  moch  raised  as  lo  permit  the  tables  i,  to  ap- 
proach  the   plates  a.  below  the  lowest  step  or  tiradualion,  when   ibe  machine  wilt 
continue  to  work.    Notwilhstandini  ihe  plates  a,  continuing  to  rise,  Ihece  bein;  only 
parallel  surfaces  ngainsi  which  the  tallies  come,  Ibe  combs  g,  g,  will  sDccesaively  come 
to  Ihe  snme  position,  till  the  inclined  pnijeclion  E,  on  the  ralchel  wheel  (,  comes  under 
Ihe  lever  r.  which  will  slop  the  tnnchine.       The  wool  which  has  been  combed  is  then  to 
be  removed,  and  a  fresh  quantity  introduced.    It  should  be  remarked,  that  the  combs  g, 
f,  are  continually  moving  from  side  to  »^ide  of  the  machine,  at  ihe  same  time  thai  they  are 
combing  oul  the  wool.    The  chief  ohjccl  of  Ihe  invention  is  obviously  lo  give  the  abow 
peculiar  motions  lo  the  combs  g,  g,  and  k,  m  ;  which  may  be  applied  also  to  combing  goat- 
hair. 

For  the  purposes  of  Ihe  worsted  manufacture,  wool  should  be  rendered  inelastic  to  8 
eonsiderabl'!  de)lree,  so  that  its  fibres  may  form  long  lines,  capable  of  being  twisted  into 
tlraight  level  yarn.  Mr.  BnjIilTe,  of  Kendal,  has  sonjtht  to  accomplish  this  object, 
first,  by  iniiodocing  into  Ihe  rfraioing  machine  a  rapidly  reiolving  wheel,  in  contact  with 
Ihe  front  drawing  roller,  by  whose  friction  the  filaments  are  heated,  and  at  the  latne 
lime  denrivcd  of  iheir  curling  elasticity;  secoodly,  by  employing  a  nnveable  regnlaliag 
roller,  by  which  the  extent  of  surface  on  the  periphery  at  the  wheel  Ibu  Uiu  leagthaot 
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wool  is  to  act  upon,  may  be  increased  or  diminished  at  pleasare,  and,  cuayeqncatiy,  tin 
effect  regulated  or  tempered  as  the  quality  of  the  wool  may  require ;  thirdly,  the  en- 

^  ploymeat  of  steam  in  a  rotatory  dnim,  or  hoi- 

^^^  ^  lowed  wheel,  in  place  of  the  wheel  first  de- 

scribed, for  the  purpose  of  heating  the  wool, 
in  ihe  process  of  drawing,  in  order  to  facili- 
tate the  operation  of  straightening  the 
fibres. 

These  objects  may  he  effected  in  serenl 
wayss  that  is,  the  machinery  may  be  vsri- 
oosly  constructed,  and  still  embrace  the 
pri nciples  proposed.  Fig.  1211,  shows  one 
mode:  —  a,  is  the  friction  wheel;  b,  the 
front  drawing  roller,  placed  in  the  dnwing 
frame  in  the  same  way  as  usual ;  the  It/^er 
wheel  a,  constituting  the  lower  roller  of  the 
pair  of  front  drawing  rollers ;  r,  and  d,  are 
the  pair  of  back  drawing  rollers,  which  are 
actuated  by  gear  connected  to  the  front  roll- 
ers, as  in  the  ordinary  construction  oTdnw- 
ing  machines,  the  front  rollers  moving  very  considerably  faster  than  the  back  rollers,  asd, 
consequently,  drawing  or  extending  the  fibres  of  the  sliver  of  wool,  as  it  passes  ihroagh 
between  them;  e,  is  a  guide  roller,  bearing  upon  the  periphery  of  the  large  wheel;/, is 
a  tension  roller,  which  presses  the  fibres  of  the  wool  down  upon  the  wheel  a. 

Now,  supposing  the  back  rollers  c  and  d  to  be  turned  with  a  given  velocity,  and  the 
front  roller  6  to  be  driven  much  faster,  the  effect  would  be,  that  the  fibres  of  wool  eonsti- 
tuting  the  sliver,  passing  through  the  machine,  would  be  considerably  extended  betveei 
b  and  d,  which  is  precisely  the  effect  accomplished  in  the  ordinary  drawing  frame;  bat 
the  wheel  a,  introduced  into  the  machine  in  place  of  the  lower  front  drawing  roller,  b^ 
ing  made  to  revolve  much  faster  than  b,  the  sliver  of  wool  extended  over  the  upper  part 
of  its  periphery  from  6,  to  the  tension  roller  /,  will  be  subjected  to  very  considerable 
friction  from  the  contact ;  and,  consequently,  the  natural  curl  of  the  vrool  will  be  taken 
out,  and  its  elasticity  destroyed,  which  will  enable  the  wool  to  proceed  in  a  eoooected 
roving  down  to  the  spindle  or  flier  h^  where  it  becomes  twisted  or  spun  into  a  woisted 
thread. 

In  order  to  increase  or  diminish  the  extent  to  which  the  fibres  of  wool  are  spread  orer 
the  periphery  of  the  wheel  a,  a  regulating  roller  is  adapted  to  the  machine,  as  shown  it 
g,  in  place  of  the  tension  roller  /•  This  regulating  roller  g,  is  mounted  by  its  pivots  it 
bearings  on  the  circular  arms  h,  shown  by  dots.  These  circular  arms  torn  loosely  opM 
the  axle  of  the  wheel  a,  and  are  raised  or  depressed  by  a  rack  and  a  winch,  notshowaia 
the  figure;  the  rack  taking  into  teeth  on  the  periphery  of  the  circular  arms.  It  viS 
hence  be  perceived,  that  by  raising  the  circular  arms,  the  roller  g,  will  be  canicd  back- 
ward, and  the  fibres  of  wool  pressed  upon  the  periphery  of  the  wheel  to  a  greater  exteoL 
On  the  contrary,  the  depression  of  the  circular  arms  will  draw  the  roller  g,  forward,  aid 
cause  the  wool  to  be  acted  upon  by  a  smaller  portion  of  the  periphery  of  the  wheel  OyOi 
consequently  subject  it  to  less  friction. 

When  it  is  desired  to  employ  steam  for  the  purpose  of  heating  the  wool,  the  wheel  •, 
is  formed  as  a  hollow  drum,  and  steam  from  a  boiler,  in  any  convenient  sitoalioa,  fe  cob- 
veyed  through  the  hollow  axle  to  the  interior  of  the  drum,  which,  .becoming  heated  bf 
that  means,  communicates  heat  also  to  the  wool,  and  thereby  destroys  its  curl  and  dtf- 
ticity.  • 

Breaking-framt. — Here  the  slivers  are  planked  y  or  spliced  together,  the  long  end  ofoae 
to  the  short  end  of  another ;  aAer  which  they  are  drawn  out  and  extended  by  the  roOen 
of  the  breaking- fru me.  A  sketch  of  this  machine  is  given  in  fig,  1212.  It  consists  ai 
4  pairs  of  rollers,  a,  b,  c,  d.  The  first  pair  a,  receives  the  wool  from  the  indioed  trongb 
£,  which  is  the  planking-table.  The  slivers  are  unrolled,  parted,  and  hung  loosely  over 
ft  pin,  in  reach  of  the  attendant,  who  takes  a  sliver,  and  lays  it  flat  in  the  trough,  and  the 
end  is  presented  to  the  rollers  a,  which  being  in  motion,  will  draw  the  wool  in ;  the  direr 
is  then  conducted  through  the  other  rollers,  as  shown  in  the  figure :  when  the  sliver  has 
passed  half  thr«)ugh,  the  end  of  another  sliver  is  placed  upon  the  middle  of  the  first,  tad 
they  pass  through  together;  when  this  second  is  passed  half  through,  the  end  of  a  third 
is  applied  upon  the  middle  of  it,  and  in  this  way  the  short  slivers  juoduced  by  the  ccaab- 
ing  are  joined  into  one  regular  and  even  sliver. 

The  lower  roller  c  receives  its  motion  from  the  mill,  by  means  of  a  pulley  opon  ^ 
end  of  its  axis,  and  an  endless  strap.  The  roller  which  is  immediately  over  it,  is  hone 
down  by  a  heavy  weight,  suspended  from  hooks,  which  are  over  the  pivots  of  the  npp^ 
roller.    The  fourth  pair  of  roUers  d,  moves  with  the  same  velodty  as  c,  betsg  toned 
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kr  means  or  s  imnll  irhnl  upon  the  end  of  the  axis  of  the  roller  c,  which  taroa  a  wheel 
oT  the  tanie  tize  apon  the  axis  o{  Ihe  rollet  d,  by  maaaa  of  aa  iatermediate  wheel  d, 
wbidi  makes  both  roUeri  turn  the  Mme  way  round.    The  Ant  and   second  pairs  of 

rollera,  A    and   a, 

third  as  quick  a« 
c  and  D,  in  order 
to  draw  out  the 
sliver  between  ■ 
and  c  to  three 
limes    the    lenitb 

on  Ihe  pUnii ins- 
table. The  slow 
motion  of  the  roli- 

by  a   lai^e    wheel 

a,   fixed   upon   th« 

axis  or   ihe  roller 

A,   and    turned  bj 

the       in  termed  iate 

cog-wheels      b,    c, 

and  d ;    the  Utter 

eommuniCBtes  between  Ihe  rollers  c  and  d.    The  pinions  on  the  rollers  c  and  d  bein^only 

one  third  Ihe  size  of  Ihe  wheel  a,  c  and  d  turn  three  limes  as  fast  as  a,  for  b,  c,  and  d,  are 

onlr  intermediate  wheele.    The  rollers  b  turn  at  Ihe  tame  rate  as  a.    The  upper  roller 

■  is  loaded  with  a  hear;  weight,  aimilar  to  the  rollers  a  ;  but  Ihe  olher  rollers,  b  and  d, 

are  no  further  loaded  than  the  weiihl  of  the  rollers. 

The  two  pairs  of  rolleii  a,  i,  and  c,  d,  are  mounted  in  sepanite  frames ;  nnd  that  frame 
which  contains  the  third  and  fourih  pairs  c,  □,  slides  upon  the  casl-iron  frame  r,  which 
saiiports  the  machine,  in  order  to  increase  or  diminish  the  distance  between  the  rollers 
B  and  c.  There  is  a  screw/,  by  which  Ihe  frame  of  the  rollers  is  moved,  so  as  to  adjast 
the  machine  according  to  the  length  of  Ihe  fibre  of  the  wool.  The  space  between  b  and 
c  should  be  rather  more  than  the  length  of  the  fibres  of  the  wool.  The  intermediate 
wheels  t  and  c,  are  supported  upon  pieces  of  iron,  which  are  moveable  on  centres]  Ihe 
centre  for  the  piece  which  aupiiorts  the  wheel  b  is  concentric  with  the  axis  of  the  roller 
a;  and  the  supportin*  piece  for  the  wheel  c  is  fitted  on  the  centre  of  the  wheel  d.  Bj 
moring  these  pieces  the  intenncdiale  wheels  b  and  c  can  be  nlwafs  kept  in  contact,  al- 
thouih  the  distance  between  the  rollers  is  varied  at  times.  By  means  of  this  breaking- 
ftame,  the  perpetual  sliver,  which  is  made  up  by  planking  the  sliver  together,  is  equal- 
ised, and  drawn  out  three  times  in  length,  and  delivered  into  the  can  c. 

Srainmg  framt. — Three  of  these  cans  nre  removed  to  the  drawing-frame,  which  i* 
siioilar  to  Ihe  breaicing-franie,  except  that  there  is  no  pUnkinglabJe  G.  There  are 
flxe  sets  of  rollers,  all  fixed  npoa  one  common  frame  f,  the  breaking-frame,  which  we 
have  described,  being  Ihe  first.  As  fast  as  the  sliver  comes  through  one  set  of  rollers,  it 
is  received  into  a  can,  and  then  three  of  these  cans  are  put  together,  and  passed  again 
thronih  another  set  of  rollers.  In  the  whole,  the  wool  must  pass  through  the  breakei 
and  four  drawing- frames  before  the  roving  is  beiun.  Th,e  draught  being  usuallf  four 
times  at  each  operation  of  drawing,  and  three  times  in  the  breaking,  the  whole  will  be 
3  X  4  K  -t  X  4  X  4  =  768  :  but  to  suit  dift'erent  sorts  of  woo],  Ihe  three  last  drawing- 
frames  are  capahle  of  nuking  a  greater  draught,  even  to  five  limes,  by  changing  the  pin- 
ions ;  accordingly  the  draught  will  l»3x4X5X5X5  =  1500  times. 

The  'ize  of  the  sliver  is  diminished  by  these  repealed  drawings,  because  only  tbtee 
iljvera  are  put  together,  and  they  are  drawn  out  four  timet  j  so  that,  in  the  whole,  the 
•liver  is  reduced  lo  a  fourih  or  a  ninth  of  its  original  bulk. 

The  break ing-frame  and  drawing-frame  which  are  used  when  the  slivers  are  pre- 
parol  by  ihe  cotnbing-machines,  are  diH'errntly  constructed;  they  have  no  planking- 
table,  but  receive  three  of  the  perpetual  slivers  of  the  eombing-machine  from  as  roanj 
tin  cans,  and  draw  Ibem  out  from  ten  to  livelve  limes.  In  this  case,  all  the  four 
rollera  eontribnte  to  Ihe  operation  of  drawing:  thus  the  second  rollers  B,  move  2t 
times  as  fast  as  the  rollers  A  i  the  third  rollers  c,  move  8  times  as  fail  as  a  j  and  Ihe 
(burth  rollers  e,  move  101  limes  as  last  as  a.  In  this  case,  the  motion  is  given  to  the 
ditferenl  rollera  by  means  of  bevelled  wheels,  and  a  horizontal  axis,  which  exienda 
•eroM  the  ends  of  all  the  four  rollers,  lo  commnnicale  molion  from  one  pair  of  rollers  lo 

There  are  three  of  these  syste.iu  of  rollera,  which  are  all  mounted  on  Ine  satne 
ftame;  and  the  firal  one  through  which  the  wool  ptSKi,  iscallel  the  breaking-frame) 
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bat  it  do«8  not  differ  from  the  others,  which  are  called  drawing-framet.  The  diren 
which  have  passed  through  one  system  of  rollers,  are  colleeted  four  or  ive  together,  aad 
pot  through  the  drawing-rollers.  In  all,  the  slivers  pacs  through  three  drawings,  aad 
the  whole  eitension  is  seldom  less  than  1000  times,  and  for  some  kinds  of  wool  moch 
greater. 

AAer  the  drawing  of  the  slivers  is  finished,  a  pound  weight  is  taken,  and  k  messored 
by  means  of  a  cylinder,  in  order  to  ascertain  if  the  drawing  has  been  properly  c#odQctcd; 
if  the  sliver  does  not  prove  of  the  length  proposed,  according  to  the  size  of  worsted  whidi 
is  intended  to  be  spun,  the  pinions  of  some  of  the  drawing-frames  are  changed,  lo  make 
the  draught  more  or  less,  until  it  is  found  by  experiment  that  one  pound  of  the  sJivef 
measures  the  required  length. 

Hoving-frame, — ^This  is  provided  with  rollers,  the  same  as  the  drawing-frames ;  it  takes 
in  one  or  two  slivers  together,  and  diaws  them  out  four  times.  By  this  extensioii,  the 
sliver  becomes  so  small,  that  it  would  break  with  the  slightest  force,  and  it  is  therefore 
necessary  to  give  some  twist ;  this  is  done  by  a  spindle  and  flier.  See  Bovim^,  tude- 
Cotton  Manufacture. 

Spinning-frame, — This  is  so  much  like  the  roving-fVame,  that  a  short  descriptios 
will  be  sufficient.  The  spindles  are  more  delicate,  and  there  are  three  pairs  of  rollen^ 
instead  of  two;  the  bobbins,  which  are  taken  off  from  the  spindles  of  the  roTing- 
frame,  when  they  are  quite  full,  are  stuck  upon  skewers,  and  the  roving  which  proceeds 
from  them  is  conducted  between  the  rollers.  The  bade  pair  turns  round  slowly ;  the 
middle  pair  turns  about  twice  for  once  of  the  back  rollers;  and  the  front  pair  makes 
from  twelve  to  seventeen  tarns  for  one  turn  of  the  back  roller,  according  to  the  degree  of 
extension  which  is  required. 

The  spindles  must  revolve  very  quickly  in  the  spinning-frame,  in  order  to  give  the 
requisite  degree  of  twist  to  the  worsted.  The  hardest  twisted  worsted  is  called  tamay 
warp ;  and  when  the  size  of  this  worsted  is  such  as  4o  be  20  or  24  hanks  to  the  pooad 
weight,  the  twist  is  about  10  turns  in  each  inch  of  length.  The  least  twist  is  gives  to 
the  woriited  for  fine  hosiery,  which  is  from  18  to  24.  hanks  to  the  pound.  The  twist  is 
from  5  to  6  turns  per  inch.  The  degree  of  twist  is  regulated  by  the  size  of  the  whirls  or 
pulleys  upon  the  spindle,  and  by  the  wheel-work  which  communicates  the  motkNi  to  the 
front  rollers  from  the  band-wheel,  which  turns  the  spindles. 

It  is  needless  to  enter  more  minutely  into  the  description  of  the  spinning  machiaery, 
because  the  Anted  roller  construction,  invented  by  Sir  Richard  Arkwright,  fully  described 
under  Cotton  Manufacture,  is  equally  applicable  to  worsted.  The  differraee  b^ 
tween  the  two  is  chiefly  in  the  distance  between  the  rollens,  which,  in  the  worsted-fiame, 
is  capable  of  being  increased  or  diminished  at  pleasure,  according  to  the  lensrth  of  the 
fibres  of  the  wool ;  and  the  draught  or  extension  of  the  roving  is  far  greater  titan  in  the 
cotton. 

Reeling, — ^The  bobbins  of  the  spinning-frame  are  placed  in  a  row  upon  wires  before 
a  long  horizontal  reel,  and  the  threads  from  20  bobbins  are  wound  off  U^ether.    The 
reel  is  exactly  a  yard  in  circumference,  and  when  it  has  wound  off  80  turns  >t  rings  a 
bell ;  the  motion  of  the  reel  is  then  stopped,  and  a  thread  is  passed  round  the  80  toras 
or  folds  which  each  thread  has  made.     The  reeling  is  then  continued  till  another  80 
yards  is  wound  off,  which  is  also  separated  by  interweaving  the  same  thread  ;  each  of 
these  separate  parcels  is  csJIed  a  ley,  and  when  7  such  leys  are  reeled,  it  is  called  a  haafc, 
which  contains  560  yards.     When  this  quantity  is  reeled  off,  the  ends  of  the  faiadisg 
thread  are  tied  together,  to  hind  each  hank  fast,  and  one  of  the  rails  of  the  reel  is  strack 
to  loosen  the  hanks,  and  they  are  drawn  off  at  the  end  of  the  reel.    These  hanks  are 
next  hung  upon  a  hook,  and  twisted  up  hard  by  a  slick ;  then  doubled,  and  the  two  parts 
twisted  together  to  make  a  firm  bundle.    In  this  state,  the  hanks  are  weighed  by  a  snail 
index  machine,  which  denotes  what  number  of  the  hanks  will  weigh  a  pound,  aad  they 
are  sorted  accordingly  into  different  parcels.    It  is  by  this  means  that  the  number  of  the 
worsted  is  asceitained  as  the  denomination  for  its  fineness :  thns  No.  24  meansy  that  24 
hanks,  each  containing  560  yards>  will  weigh  a  pound,  and  so  on. 

This  denomination  is  different  from  that  used,  for  cotton,  because  the  hank  of  eoOoa 
contains  840  yards,  instead  of  560 ;  but  in  some  places  the  worsted  hank  is  made  of  the 
same  length  as  the  cotton. 

To  pack  up  the  worsted  for  market,  the  proper  number  of  hanks  is  collected  to  nnke 
a  pound,  according  to  the  number  which  has  been  ascertained ;  these  are  weigfaed,  as  a 
proof  of  the  correctness  of  the  sorting,  then  tied  u^  in  bundles  of  one  pound  each,  aad 
lour  of  these  bundles  are  again  tied  together.  Then  60  sueh  bundles  are  packed  up  ia  a 
sheet,  making  a  bale  of  240  pounds,  ready  for  market. 

Of  the  treatment  of  short  wool  for  the  cMh  tnami/iieiitre.-— Short  wool  resemblca  eocuaa 
not  a  little  in  the  structure  of  its  filaments,  and  is  cleaned  by  the  vnlly,  as  eoctos  n  bf 
the  willow,  which  opens  up  the  matted  fieece  of  the  wool-stapler,  and  deaas  it 
accidental  impurities.    Sheep's  wool  for  working  into  coane  goods,  mast  be 
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peatedlj.  Ikrongh  ihi*  oiaehine,  bolb  berore  and  aner  it  is  dyed ;  Ihe  liecond  h«t  lime  Tor 
th«  purpose  oT  Uwkding  the  dtfiereot  (orb  lo^elher,  and  l)ic  last  Tor  imbaing  the  fibres 
intioMlcly  with  oil.  Tbe  oilBJ  wool  ii  Dcit  nibjecied  to  a  Gnt  carding  operation  called 
aeribtlins,  nberebr  il  is  converled  iato  a  broad  thin  fleece  or  lap,  as  cotton  is  by  the 
breaker-cards  of  ■  cotton  mill.  Tb«  woollen  lap  is  then  worked  by  [he  cards  proper, 
which  deliver  il  in  a  narrow  band  or  lUver.  By  this  process  the  wtMri  expands  greBlly 
in  all  iiB  dimensions ;  wbUe  the  broken  or  short  filaments  gel  entaagled  by  croesing  in 
every  possible  direcUoH,  which  prepares  them  for  the  rnlliae  operation.  See  CarMag, 
nnder  Cottok  Makdfactubc 

The  itvbbing  jaaMttt,  or  HUy,  reduces  the  separate  r«ll*  of  eardingi  into  •  continaons 
lightly  iwiatel  »foigj  cord,  which  is  sometimes  called  a  roriDg.    Fig.  1213  is  a  per- 


■peclive  representation  or  the  slabbing  machine  in  most  common  use.  a,  a,  it  Ihe 
wooden  Trame  ;  within  which  ia  the  moveable  carriage  n,  d,  which  ran*  upon  tbe  lowel 
tide  rails  at  a,  a,  on  friction  wheels  al  I,  2,  to  make  it  more  easily  backwards  and  for- 
wards Tram  one  end  oT  the  frame  l»  the  other.  The  carriage  contains  a  series  oT  sled 
■pindles,  marked  3,  3,  which  receive  rapid  rotation  from  a  long  tin  dram  F,  by  means  of 
a  series  of  cords  passing!  round  the  pulley  or  whorl  of  each  spindle.  This  drum,  6  inchet 
in  diameter,  is  covered  wilh  paper,  and  extends  across  the  whole  breadth  of  tbe  carriaie. 
The  spindles  are  set  nearly  upright  in  a  rrame,  and  nboul  4  inches  apart ;  their  under 
ends  beins{  pointed  conically,  turn  in  brass  sockets  called  steps,  and  are  retained  in  their 
poaitiun  hy  a  small  brass  collet,  which  embraces  each  spindle  at  about  the  middle  of 
lis  length.  The  upper  hairnf  each  spindle  projects  above  the  tap  oT  the  (Vaoie.  The 
drum  revolves  horizantally  before  the  spindles,  having  in  axis  a  little  below  the  line  of 
the  whorls ;  and  receives  motion,  by  a  pulley  at  one  of  its  ends,  from  an  endless  band 
which  passes  ronnd  a  wheel  c,  like  Ihe  large  domestic  wheel  formerly  used  in  spinning 
wool  by  band,  and  of  similar  dimensions.  This  wheel  is  placed  upon  the  outside  of 
Ihe  main  frame  of  the  machine,  and  has  its  thaCis  supported  by  upright  standards  upoa 
the  enrriase  □.  It  is  turned  by  the  spinaer  placed  at  n,  wilh  his  right  hand  applied  to  • 
winch  R,  which  gives  motion  to  the  jiram.  and  thereby  causes  Ihe  spindles  to  revolve 
with  great  velocity. 

Each  spindle  receives  a  rafl  cylinder  or  carding  of  wool,  which  comes  through  beaeatli 
a  wooden  roller  c,  c,  at  the  one  end  of  the  frame.  This  it  the  biliy  mUtr,  so  much  talked 
of  in  the  controversies  between  the  operatives  and  masters  in  the  cotton  factories,  as  •• 
instrument  of  cruel  punishment  to  children,  though  no  such  machine  has  been  used  in 
cotton  milts  for  half  a  century  at  least.  These  woollen  rolls  proceed  lo  the  series  of 
spindles,  standing  in  the  carriage,  in  nearly  a  horizontal  plane.  By  the  alternate  advance 
and  retreat  of  tbe  carriage  upon  its  railway,  the  spindles  are  made  to  approach  lo,  and 
recede  Cram,  the  roller  c,  with  Ihe  elTecl  of  drawing  out  a  given  length  of  the  sofl  coid, 
wilh  any  desired  dezree  of  twist.  In  the  following  manner  : — 

The  carding  rolls  are  laid  down  straight,  side  hy  side,  npon  lbs  endless  doth, 
Miaioed  in  an  indined  direction  between  two  rollen,  one  of  wiiich  is  seen  at  a,  and  the 
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other  lies  behind  c.  One  carding  is  allotted  to  a  spindle ;  the  total  nunber  of  ead  ii 
one  machine  being  from  50  to  100.  The  roller  c,  of  light  wood,  presses  gently  witt 
its  weight  upon  the  cardings,  while  they  move  onwards  over  the  endless  cloth,  with  the 
running  out  of  the  spindle  carriage.  Immediately  in  front  of  the  said  roller,  there  is  t 
horizontal  wooden  rail  or  bar  g,  with  another  beneath  it,  placed  across  the  frame.  The 
canling  is  conducted  through  between  these  two  bars,  the  moveable  upper  one  beins 
raised  to  let  any  aliquot  portion  of  the  roll  pass  freely.  When  this  bar  is  again  kt 
down,  it  pinches  the  spongy  carding  fast ;  whence  this  mechanism  is  called  the  cltsp. 
It  is  in  fact  the  clove^  originally  used  by  Hargreaves  in  his  cotlon-jenny.  The  moTcable 
upper  rail  o,  is  guided  between  sliders,  and  a  wire  7,  descends  from  it  to  a  lerer  c. 
When  the  spindle  carriage  d,  d,  is  wheeled  close  home  to  the  billy  roller,  a  wheel  5,  lifts 
the  end  6  of  the  lever,  which,  by  the  wire  7,  raises  the  upper  bar  or  rail  c,  so  as  to  opes 
the  clasp,  and  release  all  the  card  rolls.  Should  the  carriage  be  now  drawn  a  little  way 
from  the  clasp  bars,  it  would  tend  to  pull  a  corresponding  length  of  the  cardings  fonraid 
from  the  inclined  plane  b,  c.  There  is  a  small  catch,  which  lays  hold  of  the  apper  bar 
of  the  clasp  a,  and  hinders  it  from  falling  till  the  carriage  has  receded  to  a  certain  dis- 
tance, and  has  thereby  allowed  from  7  to  8  inches  of  the  cardings  to  be  taken  oat.  A 
stop  upon  the  carriage  then  comes  against  the  catch,  and  withdraws  it ;  thus  allowing  the 
upper  rail  to  fall  and  pinch  the  carding,  while  the  carriage,  continuing  to  recede,  drtvs 
out  or  stretches  that  portion  of  the  roll  which  is  between  the  clasp  and  the  spindle  points. 
But  during  this  time  the  wheel  has  been  turned  to  keep  the  spindles  revolving,  eommoni- 
eating  the  proper  degree  of  twist  to  the  cardings  in  proportion  to  their  extension,  so  as  to 
prevent  them  from  breaking. 

It  might  be  imagined  that  the  stubbing  coitls  would  be  apt  to  coil  round  the  spindks; 
but  as  they  proceed  in  a  somewhat  inclined  direction  to  the  clasp,  they  receive  merely  a 
twisting  motion,  continually  slipping  over  the  points  of  the  spindles,  without  getting 
wound  upon  them.  Whenever  the  operative  or  slubber  has  given  a  due  degree  of  twist 
to  the  rovings,  he  sets  about  winding  them  Upon  the  spindles  intom  conical  shape, for 
which  purpose  he  presses  down  the  faller-wire  8,  with  his  left  hand,  so  as  tobearitdova 
from  the  points  of  the  spindles,  and  place  it  opposite  to  their  middle  part.  He  next  makes 
the  spindles  revolve,  while  he  pushes  in  the  carriage  slowly,  so  as  to  coil  the  slabbiBg 
upon  the  spindle  into  a  conical  cop.  The  wire  8,  regulates  the  wioding-on  of  the  whole 
series  of  slubbings  at  once,  and  receives  its  pioper  angle  of  depression  for  this  pupose 
from  the  horizontal  rail  4,  which  turns  upon  pivots  in  its  ends,  in  brasses  fixed  on  the 
standards,  which  rise  from  the  carriage  d.  By  turning  this  rail  on  its  pivots,  the  wire  8 
may  be  raised  or  lowered  in  any  degree.  The  slubber  seizes  the  rail  4  in  his  left  haii 
to  draw  the  carnage  out ;  but  in  returning  it,  he  depresses  the  faller-wire,  at  the  sane 
time  that  he  pushes  the  carriage  before  him. 

The  cardings  are  so  exceedingly  tender,  that  they  would  readily  draw  out,  or  em 
break,  if  they  were  dragged  with  friction  upon  the  endless  cloth  of  the  inclined  plaae. 
To  save  this  injurious  traction,  a  contrivance  is  introduced  for  moving  the  apron.  Aeoid 
is  applied  round  the  groove  in  the  middle  part  of  the  up'per  roller,  and  aAer  passing  onr 
pulleys,  as  shown  in  the  figure,  It  has  a  heavy  weight  hung  at  the  one  end,  and  a  lifht 
weight  at  the  other,  to  keep  it  constantly  extended,  while  the  heavy  weight  teols  to 
torn*the  rollers  with  their  endless  cloth  round  in  such  a  direction  as  to  bring  forvud 
the  rovings,  without  putting  any  strain  upon  them.  Every  time  that  the  carriase  ii 
pushed  home,  the  larger  weight  gets  wound  up ;  and  when  the  carriage  is  drawn  ost, 
the  greater  weight  turns  the  roller,  and  advances  the  endless  apron,  so  as  to  delirer  tfae 
carding  at  the  same  rate  as  the  carriage  runs  out ;  but  when  the  proper  quantity  ii^ 
livered,  a  knot  in  the  rope  arrives  at  a  fixed  stop,  which  does  not  permit  it  to  move  aar 
further ;  while  at  the  same  instant  the  roller  5  quits  the  lever  6,  and  allows  the  npper  nil 
G,  of  the  clasp  to  fall,  and  pinch  the  carding  fa^st ;  the  wheel  e,  being  then  set  in  DOtion} 
makes  the  spindles  revolve }  and  the  carriage  being  simultaneously  drawn  ont,  eiteods 
the  slubbings  While  under  the  influence  of  twisting.  In  winding  up  the  sinbbiofs,  the 
operative  must  take  care  to  push  in  the  carriage,  and  to  turn  the  wheel  round  at  snch 
rates  that  the  spindles  will  not  take  up  faster  than  the  carriage  moves  on  its  railway, 
or  he  would  injure  the  slubbings.  The  machine  requires  the  attendance  of  a  child,  to 
bring  the  cardings  from  the  card-enzine,  to  place  them  upon  the  sloping  feed-cloth, and  to 
join  the  ends  of  the  fresh  ones  carefully  to  the  ends  of  the  others  newly  drawn  nnder  the 
roller.  Slubbinsrs  intended  for  warp-yarn  most  be  more  twisted  than  those  for  weft; 
but  each  must  receive  a  degree  of  torsion  relative  to  the  quality  of  wool  an*!  of  the  cloth 
intended  to  be  made«  In  general,  however,  no  morie  twist  should  be  given  to  the  slab- 
bings  than  is  indispensable  for  enabling  them  to  be  drawn  out  to  the  requisite  slender- 
ness  without  breaking.  This  twist  forms  no  part  of  the  twist  of  the  finished  jvn,  for 
the  stubbing  will  be  twisted  in  the  contrary  direction,  when  spun  aAerwards  in  the  jenny 
or  mole. 

I  may  here  remark,  that  various  machines  have  been  constracted  of  Itte  ynn  for 
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making  continuous  card-endS)  and  slabbings^  in  imitation  of  the  carding  and  roving  of 
the  Cotton  Mamufactuke  ;  to  which  article  I  therefore  refer  my  readers.  The  woo] 
slabbing*  are  now  spun  into  yarn,  in  many  factories,  by  means  of  the  mule.  Indeed,  I 
have  seen  in  France  the  finest  yarn,  for  the  mousaeline'de-laine  fabrics,  beautifully  spun 
upon  the  self-actor  mule  of  Sharp  and  Roberts.* 

Tentering. — When  thecloih  is  returned  from  the  fulling-mill  (which  see),  it  is  stretched 
upon  the  tenter'^frame,  and  left  in  the  opejn  air  till  dry. 

In  the  woollen  manufacture,  as  the  cloth  suffers,  by'  the  operation  of  the  fulling-mill,  a 
shrinkage  of  its  breadth  to  well  nigh  one  half,  it  must  at  fii-st  be  woven  of  nearly  double 
its  intended  width  when  finished.  Superfine  six-quarter  broad  cloths  must  therefore  be 
tamed  out  of  the  loom  twelve  quarters  wide. 

Burling  is  the  name  of  a  process,  in  which  the  dried  cloth  is  examined  minntely  in  every 
part,  free<i  from  knots  or  uneven  threads,  and  repaired  by  sewing  any  little  rents,  or  in- 
serting sound  yarns  in  the  place  of  defective  ones. 

Teasling. — The  object  of  this  operation  is  to  raise  up  the  loose  filaments, of  the 
wuoUen  yarn  into  a  nap  upon  one  of  the  surfaces  of  the  cloth,  by  scratching  it  either 
with  thi«tle-heads,  called  teasels,  or  with  teasling-cards  or  brushes,  made  of  wire.  The 
natural  teasels  are  the  balls  which  contain  the  seeds  of  the  ))lant  called  BipsacutfuU 
lorum ;  the  scales  which  form  the  balls  project  on  all  sides,  and  end  in  sharp  elastic 
points,  that  turn  downwards  like  hooks.  In  tensling  by  hand,  a  number  of  these  balls 
are  put  into  a  small  wooden  frame,  having  crossed  handles,  eight  or  ten  inches  long ; 
and  when  thus  filled,  form  an  implement  not  unlike  a  curry-comb,  which  is  used  by 
two  men,  who  seize  the  teasel-frame  by  the  handles,  and  scrub  the  face  of  the  cloth, 
hung  in  a  vertical  position  from  two  horizontal  rails,  made  fast  to  the  ceiling  of  the 
workshop.  First,  they  wet  the  cloth,  and  work  three  times  over,  by  strokes  in  the 
direction  of  the  warp,  and  next  of  that  of  the  weft,  so  as  to  raise  all  the  loose 
fibres  from  the  felt,  and  to  prepare  it  for  shearing.  In  large  manufactories,  this 
dressing  operation  is  performed  by  a  machine  called  a  gig-mill,  which  orit^inally  con- 
sisted, and  in  most  places  still  consists,  of  a  cylinder  bristled  all  over  with  the  thistle- 
heads,  and  made  to  revolve  rapklly  while  the  cloth  is  drawn  over  it  in  a  variety  of 
directions.  If  the  thistle  be  drawn  in  the  line  of  the  warp,  the  points  act  more  effi- 
caciously upon  the  weft,  being  perpendicular  to  its  softer  spun  yarns.  Inventors  who 
have  tried  to  give  the  points  a  circular  or  ol)lique  action  between  the  warp  and  the 
weft,  proceed  apparently  upon  a  false  principle,  as  if  the  cloth  were  like  a  plate  of 
metal,  whose  substance  could  be  pushed  in  any  direction.  Teasling  really  consists  in 
drawing  out  one  end  of  the  filaments,  and  leaving  the  body  of  them  entangled  in  the 
cJolh ;  and  it  should  seize  and  pull  them  perpendicularly  to  their  length,  because  in 
this  way  K  acts  apon  the  ends,  which  being  least  implicated,  may  be  most  readily 
disengaged. 

When  the  hooks  of  the  thistles  become  clogged  with  flocks  of  wool,  they  must  be 
taken  out  of  the  frame  or  cylinder,  and  cleaned  by  children  with  a  small  comb.  Moisture, 
moreover,  softens  their  points,  and  impairs  their  teasling  powers;  an  effect  which  needs 
to  be  counterbalanced,  by  taking  them  out,  and  drying  them  from  time  to  time.  Many 
contrivances  have,  therefore,  been  proposed  in  which  metallic  teasels  of  an  unchangeable  na- 
ture, mounted  in  rotatory  machines,  driven  by  power,  have  been  substituted  for  the  vege* 
table,  which  being  required  in  proditrious  quantities,  becomes  sometimes  excessively  scaree 
ami  dear  in  the  clothing  districts.  In  1818,  several  schemes  of  that  kind  were  patented  in 
France,  of  which  those  of  M.  Arnold-Mfrick,  and  of  MM.  Taurin  frdres,  of  Elbceuf,  are 
described  in  the  16th  volume  of  Brevets  d^InverUUm  expires.  Mr.  Daniell,  cloth  manofae- 
turer  in  Wilis,  renewed  this  invention  under  another  form,  by  making  his  rotatory  cards 
with  two  kinds  of  metallic  wires,  of  unequal  length  ;  the  one  set,  long,  thin,  and  delicate, 
representing  the  points  of  the  thistle ;  the  other,  shorter,  stiffer,  and  blunter,  being  in- 
tended to  stay  the  cloth,  and  to  hinder  the  former  from  entering  too  far  into  it.  But  none 
of  these  processes  have  succeeded  in  discarding  the  natural  teasel  from  the  most  eminent 
manufactories. 

The  French  covernment  purchased,  in  1807,  the  patent  of  Douglas,  an  English  me- 
ehanist,  who  had,  in  1802,  imported  into  France  the  best  system  of  gig-mills  then  used 
in  the  west  of  England.  A  working  set  of  his  machines  having  been  placed  in  the  Con- 
Mtrvatoire  du  jSris,  for  public  inspection,  they  were  soon  introduced  into  most  of  the 
French  establishments,  so  as  generally  to  supersede  teasling  (lainage)  by  hand.  A  de- 
soription  of  them  was  published  in  the  third  volume  of  the  BrewU  d'Invention,  The  follow- 
ing is  an  outline  of  some  subsequent  improvements  : — 

1.  As  it  was  imagined  that  the  seesaw  action  of  the  hand  operative  was  in  some  re- 
•peets  more  effectual  than  the  uniform  rotation  of  a  gig-mill,  this  was  attempted  to  be 
imitated  by  an  alternating  movement. 

*  8m  thia  adiniTahla  Baohiaft  folly  dawribed  and  dalinaatad  in  ny  Calfaa  Mam^ketmr§  of  Onat 
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2.  Others  conceiTed  that  the  seesaw  motion  was  not  essential,  bat  that  it  was  sdm- 
tat^eoas  to  make  the  teasels  or  cards  act  in  a  rectilinear  direction,  as  in  working  hy  hud: 
this  action  was  attempt^  by  placing  the  two  ends  of  the  teasel-frame  in  grooves  formed  like 
the  letter  d,  so  that  the  teasel  should  act  on  the  cloth  only  when  it  came  into  the  reoil- 
linear  part.  Mr.  Wells,  machine-maker,  of  Manchester,  obtained  a  patent,  in  1832,  Ibr 
this  construction. 

3.  It  was  supposed  that  the  teasels  should  not  act  pcrpendicnlaily  to  the  weft,  bit 
obliquely  or  circularly  upon  the  face  of  the  cloth.  Mr.  Ferrabee,  of  Gloneester,  pateat- 
ed,  in  1830,  a  scheme  of  this  kind,  in  which  the  teasels  are  mounted  upon  two  endless  chains, 
which  traverse  from  the  middle  of  the  web  to  the  se!vage  or  list,  one  to  the  right,  and 
another  to  the  left  hand,  while  the  clolh  itself  passes  nnder  them  with  such  a  vekcitr, 
that  the  effect,  or  resultant,  is  a  diagonal  action,  dividing  into  two  equal  parts  the  rec- 
tangle formed  by  the  weA  and  warp  yarns.  Three  patent  machines  of  Mr.  George  Old- 
land— the  first  in  1830,  the  second  and  third  in  1832— all  proceed  upon  this  prineiple 
In  the  first,  the  teasels  are  mounted  upon  discs  made  to  turn  flat  upon  the  surface  of  tlit 
clolh ;  in  the  second,  the  rotating  discs  are  pressed  by  corkscrew  spiral  springs  agaiait 
the  cloth,,  which  is  supported  by  an  elastic  cushion,  also  pressed  against  the  discs  by 
springs ;  and  in  the  third  machine,  the  revolving  discs  have  a  larger  diameter,  and  ib^ 
turn,  not  m  a  horizontal,  but  a  vertical  plane. 

4.  Others  fancied  that  it  would  be  beneficial  to  support  the  reverse  side  of  thecklk 
by  flat  hard  surfaces,  while  acting  upon  its  face  with  cards,  or  teasels.  Mr.  Joseph 
Cliseld  Daniell,  having  stretched  the  cloth  upon  smooth  level  stones,  teasels  them  bf 
hand.  5.  Messrs.  Charlesworth  and  Mellor  obtained  a  patent,  in  1829,  for  sapporting 
the  back  of  the  cloth  with  elastic  surfaces,  while  the  part  was  exposed  to  the  tnaling 
action.  6.  Elasticity  has  also  been  imparted  to  the  teasels,  in  the  three  patent  iavn- 
tions  of  Mr.  Sevill,  Mr.  J.  C.  Daniell,  and  Mr.  R.  Atkinson.  7.  It  has  been  thoofU 
useful  to  separate  the  teasel-frames  upon  the  drum  of  the  gig-mill,  by  simple  rollera,  or 
by  rollers  heated  with  steam,  in  order  to  obtain  the  combined  effect  of  ealenderiof 
and  teasling.  Mr.  J.  C.  Daniell,  Mr.  G.  Haden,  and  Mr.  J.  Rayner,  have  obtaiaed 
patents  for  contrivances  of  this  kind.  8.  Several  French  schemes  have  been  Dooaid 
for  makinir  the  gisr-drum  act  upon  the  two  sides  of  the  cloth,  or  even  to  mount  two  droDS 
on  the  same  oyichine.  ^ 

Mr.  Jones,  of  Leeds,  contrived  a  very  excellent  method  of  stretching  the  cloth,  so  is 
to  prevent  the  formation  of  folds  or  wrinkles.  (See  Newton's  Journal,  vol.  viii.,  3i 
series,  page  126.)  Mr.  Collier,  of  Paris,  obtained  a  patent,  in  1830,  for  a  greatly 
improvol  gig-mill,  upon  Douglas's  plan,  which  is  now  much  esteemed  by  the  Freacb 
clothiers.  The  following  figures  and  description  exhibit  one  of  the  latest  and  besttea^ 
machines.  It  is  the  invention  of  M.  Dubois  and  Co.,  of  Louviers,  and  is  now  doiag  a- 
eellent  work  in  that  celebrated  seat  of  the  cloth  manufacture. 

To  the  fulling-mill,  the  woollen  web  acquires  body  and  thickness,  at  the  expeaie  of 
its  other  dimensions  ;  for  being  thereby  reduced  about  one  third  in  length,  and  oae  hilf 
in  breadth,  its  surface  is  diminished  to  one  third  of  its  size  as  it  comes  out  of  the  Kmb; 
and  it  has,  of  course,  increased  threefold  in  thickness.  As  the  filaments  draws  M 
by  teasling  are  of  very  nne()ual  lengths,  they  must  be  shorn  to  make  them  level,  sad 
with  different  degrees  of  closeness,  according  to  the  quality  of  the  staff,  and  tbeap* 
pearance  it  is  desired  to  have.  But,  in  general,  a  single  operation  of  each  kind  is  is- 
sufficient ;  whence,  after  having  passed  the  cloth  once  through  the  gig-mill  and  sue 
throush  the  shearing-machine  (tondeuse),  it  is  ready  to  receive  a  second  teasling,  deeper 
than  the  first,  and  then  to  suffer  a  second  shearing.  Thus,  by  the  alternate  repetiwa 
of  these  processes,  as  of\en  as  is  deemed  proper,  the  cloth  finally  acquires  its  wtsbed^br 
appearance.  Both  of  these  operations  are  very  delicate,  especially  the  first ;  and  if  tbcy 
be  ill  conducted,  the  cloth  is  weakened,  so  as  to  tear  or  wear  most  readily.  On  the  oUier 
hand,  if  they  be  skilfully  executed,  the  fabric  becomes  not  only  more  sightly,  bat  it  re- 
quires strength  and  durability,  because  its  face  is  changed  into  a  species  of  for,  wbieh 
protects  it  from  friction  and  humidity. 

Fifis,  1214,  1215,  represent  the  gig-mill'  in  section,  and  in  front  elevation.  a,b,c,i^ 
A',  b',  c',  d',  being  the  strong  fVame  of  iron,  cast  in  one  piece,  having  its  feet  eahffged 
a  little  more  to  the  inside  than  to  the  outside,  and  bolted  to  large  blocks  in  tbe  Aone 
pavement.  The  two  uprights  are  bound  together  below  by  two  cross-beams  a^ 
being  fastened  with  screw-bolts  at  the  ears  a'',  a'' ;  and  at  top,  by  the  wrougbt-iroa 
stretcher-rod  d,  whose  ends  are  secured  by  screw-nuts  at  d,  d'.  The  drum  is  memted 
upon  a  wpought-iron  shaft  p,  which  bears  at  its  right  end  {fig.  1215),  exterior  to  the 
frame,  the  usual  j-iggers,  or  fast  and  loose  pulley,  ff^f  which  give  motioB  Is  Ibe 
machine  by  a  band  from  the  main  shaft  of  the  mill.  On  its  right  end,  wilhia  tbe  fiame^ 
the  shaft  r,  has  a  bevel  wheel  p',  for  transmitting  moyement  to  the  cKKh,  u  A«fl,  ^ 
afterwards  explained.  Three  crown  wheels  o,  of  which  one  is  shown  in  the  sectioii, 
fig.  1214,  are,  as  usual,  keyed  by  a  wedge  to  the  shaft  f.    Their  eontotf  B  a  sianoai 
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band,  with  six  semi-cylindrical  hollows,  separated  alternately  by  as  many  poitioaiof 
the  periphery.  One  of  these  three  wheels  is  placed  in  the  middle  of  the  shaA  f,  and  ibe 
other  two,  towards  its  extremities.  Their  size  may  be  judged  of,  from  inspeclioo  of  jif. 
1214.  After  having  set  them  so  that  all  their  spokes  or  radii  correspond  exactly,  the  16 
sldew  H,  are  made  fast  to  the  16  portions  of  the  periphery,  which  correspond  in  the  tlurc 
wheels.  These  sides  are  made  of  sheet  iron,  curved  inio  a  gutter  form,  yig.  1214,  bat  round- 
ed olf  at  the  end,y(g.  1215,  and  each  of  them  is  fixed  to  the  three  felloes  of  the  whcek  b. 
three  bolls  h.  The  elastic  part  of  the  plate  iron  allows  of  their  being  snlEciently  well  ad 
justed,  so  that  their  flat  portions  furthest  from  the  centre  may  lie  pretty  truly  on  a  cylindriea] 
surface,  whose  axis  would  coincide  with  that  of  the  shaA  f.' 

Between  the  16  sides  there  are  16  intervals,  which  correspond  to  the  16  hollowian 
of  each  of  the  wheels.  Into  these  intervals  are  adjusted,  with  proper  prectotiots, 
16  frames  bearing  the  teasels  which  are  to  act  upon  the  cloth.  These  are  fitted  is  as 
follows : — £ach  has  the  shape  of  a  rectangle,  of  a  length  equal  to  that  of  the  dnun, 
but  their  breadth  only  large  enough  to  contain  two  thistle-heads  set  end  to  e«J, 
thus  making  two  rows  of  parallel  teasels  throughout  the  entire  length,  (see  the  coaioar 
in  Jig.  1214.)  A  portion  of  the  frame  is  represented  in  fig.  1216.  The  lartendei, 
auainst  which  the  tops  of  the  teasels  rest,  is  hollowed  out  into  a  semi-cylinder,  and  its 
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opposite  side  is  clefl  throughout  its  vbole 
length,  to  receive  the  tails  of  the  teasds, 
which  are  seated  and  compressed  in  it.  Tbere 
are,  moreover,  cross-bars  t,  which  serve  to 
maintain  the  sides  of  the  frame  i,  at  an  iiin- 
riable  distance,  and  to  form  short  eonptrt- 
ments  for  keeping  the  thistles  compact.  The 


ends  are  fortified  by  stronger  bars  fc,  k,  with  projecting  bolts  to  fasten  the  fraoes 
between  the  ribs.  The  distance  of  the  sides  of  the  frame  i,  i',  ought  to  be  soeh,  tbat 
if  a  frame  be  laid  upon  the  drum,  in  the  interval  of  two  ribs,  the  side  i  will  rest  npoa 
the  inclined  plane  of  one  of  the  ribs,  and  the  side  i'  upon  the  inclined  plane  of  the 
other  (see  fig.  1214) ;  while  at  the  same  time  the  bars  fc,  of  the  two  ends  of  the  fraiDC^ 
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rest  upon  the  flat  parts  of  the  ribs  themselves.   This 

point  being  secured,  it  is  obvious,  that  if  the  ends  of 

r"        'iii    U ui         I     ihe  bars  k  be  stopped,  the  frame  will  be  made  fast 

•^  '     But  they  need  not  be  fixed  in  a  permanent  naa- 

ner,  because  they  must  be  frequently  remwed 
and  replaced.  They  are  fastened  by  the  damp 
(figi.  1217,  1218),  which  is  shut  at  the  one  end,  aad 
furnished  at  the  other  with  a  spring,  which  eaa  be 
opened  or  shut  at  pleasure.  2  and  4,  in  fig.  1»1^ 
(near  the  right  end  of  the  shaft  f),  shows  theplaeeof 
the  clamp,yig*.  1217,  1218.  The  bar  of  the  right  hand  is  first  set  in  the  clamp,  by  hoMiaf 
up  its  other  end ;  the  frame  is  then  let  down  into  the  left-hand  clamp. 

The  cloth  is  wound  upon  the  lower  beam  Q,  fig.  1214;  thence  it  passes  in  coaiaet 
with  a  woj)den  cylinder  t,  turning  upon  an  axis,  and  proceeds  to  the  upper  beam  r,oa 
to  which  it  is  wound  :  by  a  contrary  movement,  the  cloth  returns  from  the  beam  FtoQi 
over  the  cylinder  t  ;  and  may  thus  go  from  the  one  to  the  other  as  many  times  as  shall 
be  requisite.  In  these  successive  circuits  it  is  presented  to  the  action  of  the  leaseb, 
under  certain  conditions.  In  order  to  be  properly  teasled,  it  most  have  an  e^aal 
tension  throughout  its.  whole  breadth  during  its  traverse;-  it  must  be  broufhi  iaio 
more  or  less  close  contact  with  the  drum,  according  to  the  nature  of  the  cloth,  and 
the  stage  of  the  operations ;  sometimes  being  a  tangent  to  the  surface,  and  soinetuno 
embracing  a  greater  or  smaller  portion  of  its  contour,  it  must  travel  with  a  deienniBate 
speed,  dependant  upon  the  velocity  of  the  drum,  and  calculated  so  as  to  produce  ihcbest 
result :  the  machine  itself  must  make  the  stufif  pass  alternately  from  one  winding  beam  to 
the  other. 

In  fig.  1215,  before  the  front  end  of  the  machine,  there  is  a  vertical  shaA  l,  as  hag 
as  the  framework,  which  revolves  with  great  facility,  in  the  bottom  step  /,  the  maMle 
collet  l\  and  top  collet  ^',  in  the  prolongation  of  the  stretcher  r.  Upon  this  ^jvitn 
shaft  are  mounted — 1.  a  bevel  wheel  l'  ;  2.  an  upper  bevel  pinion  m,  with  its  ***'"'' 
3,  a  lower  bevel  pinion  n,  with  its  boss  n'.  The  bevel  wheel  l'  is  keyed  upon  the  shaft 
L,  and  communicates  to  it  the  movement  of  rotation  which  it  receives  from  the  P""^ 
/,  with  which  it  is  in  gear ;  but  the  pinion  /,  which  is  mounted  upon  the  shaft  rot  «* 
drum,  participates  in  ihe  rotation  which  this  shaA  receives  from  the  prime  loover,  by 
means  of  the  fast  rigger-pulley  f".  The  apper  pinion  m  is  independent  upon  the  diall 
L;  that  is  to  say,  it  may  be  slidden  along  it,  up  and  down,  without  being  drives  by  it; 
but  it  may  be  turned  in  an  indirect  manner  by  means  of  liz  curved  teeth,  prqjeetiog  noB 
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its  bottom,  aifd  which  may  be  rendered  active  or  not^  at  pleasure ;  these  carved  teeth, 
and  their  intervals,  correspond  to  similar  teeth  and  intervals  upon  the  top  of  the  boss 
M',  which  is  dependent,  by  feathered  indentations,  upon  the  rotation  of  i^  thougli  it  can 
slide  freely  up  and  down  upon  it.  When  it  is  raised,  therefore,  it  comes  into  gear  with 
M.  The  pinion  N,  and  its  boss,  have  a  similar  mode  of  being  thrown  into  and  out  of  gear 
with  each  other.  The  bosses  m'  and  n%  ought  always  to  be  moYed  simultaneously,  in 
order  to  throw  one  of  them  into  gear,  and  the  other  out  of  gear.  The  shaA  l  serves  to 
put  the  cloth  in  motion,  by  means  of  the  bevel  wheels  f"  and  q",  upon  the  ends  of  the 
beams  p,  q,  which  take  into  the  pinions  m  and  «. 

The  mechanism  destined  to  stretch  the  cloth  is  placed  ai  the  other  end  of  the 
machine,  where  the  shafts  of  the  beams  p,  q,  are  prolonged  beyond  the  frame,  and  heux 
at  their  extremities  v'  and  q',  armed  each  with  a  brake.  The  beam  p  (fig,  1214),  tarns 
in  an  opposite  direction  to  the  drum ;  consequently  the  elolh  is  wound  upon  p,  and 
unwound  from  q.  If,  at  the  same  time  as  this  is  going  on,  the  handle  11%  of  the  brake* 
shaf^  be  turned  so  as  to  clasp  the  brake  of  the  pulley  q',  and  release  that  of  the  pulley  t^p 
it  is  obvious  that  a  greater  or  smaller  resistance  will  be  oecasioned  in  the  beam  %  and 
the  clolh  which  pulls  it  in  unwinding,  will  be  able  to  make  it  turn  only  when  it  has 
acquired  the  requisite  tension;  hence  it  will  be  necessary,  in  order  to  increase  or 
diminish  the  tension,  to  turn  the  handle  n"  a  little  more  or  a  little  less  in  the  direction 
which  clasps  the  brake  of  the  pulley  q,' ;  and  as  the  brake  acts  in  a  very  equable  manner, 
a  very  equable  tension  will  take  place  all  the  time  that  the  cloth  takes  to  pass.  Besides, 
should  the  diminution  of  the  diameter  of  the  beam  q,  render  the  tension  less  efficacious 
in  any  considerable  degree,  the  brake  would  need  to  be  undamped  a  very  little,  to  re- 
store the  primitive  tension. 

When  the  cloth  is  to  be  returned  from  the  beam  f,  to  the  beam  q,  z  must  be 
lowered,  to  put  the  shaft  l  out  of  gear  above,  and  in  gear  below ;  then  the  cloth-beam 
Q,  being  driven  by  that  vertical  shaft,  it  will  turn  in  the  same  direction  as  the  drum,  and 
will  wind  the  cloth  round  its  surface.  In  order  that  it  may  do  so,  with  a  suitable  tension, 
the  pulley  q'  must  be  left  free,  by  clasping  the  brake  of  the  pulley  p',  so  as  to  oppose  an 
adequate  resistance. 

The  cloth  is  brought  into  more  or  less  close  contact  with  the  drum  as  follows : — There 
is  for  this  purpose  a  wooden  roller  t,  against  which  it  presses  in  passing  from  the  one 
winding  beam  to  the  other,  and  which  may  have  its  position  changed  rclaiively  to  the 
drum.  It  is  obvious,  for  example,  that  in  departing  from  the  position  represented  in 
ftg.  1214,  where  the  cloth  is  nearly  a  tangent  to  the  drum,  if  the  roller  t'  be  raised, 
the  cloth  will  cease  to  touch  it ;  and  if  it  be  lowered,  the  cloth  will,  on  the  contrary, 
embrace  the  drum  over  a  greater  or  less  portion  of  its  periphery.  For  it  to  produce 
these  effects,  the  roller  is  borne  at  each  end,  by  iron  gudgeons,  upon  the  heads  of  an 
arched  rack  t"  (fig.  1214),  where  it  is  held  merely  by  pins.  These  racks  have  the  same 
curvature  as  the  circle  of  the  frame,  against  which  they  are  adjusted  by  two  bolts  ;  and 
by  means  of  slits,  which  these  bolts  traverse,  they  may  be  slidden  upwards  or  down- 
wards, and  consequently  raise  or  depress  the  roller  r.  But  to  graduate  the  movements, 
and  to  render  them  equal  in  the  two  racks,  there  ;s  a  shaft  u,  supported  by  the  uprights 
of  the  frame,  and  which  carries,  at  each  end,  pinions  u',  u'',  which  work  into  the  two 
racks  t',  t"  ;  this  shaft  is  extended  in  front  of  the  frame,  upon  the  side  of  the  head  of  the 
machine  (ftg.  1215),  and  there  it  carries  a  ratchet  wheel  tt,and  a  handle  »'.  The  work- 
man, therefore,  requires  merely  to  lay  hold  of  the  handle,  and  turn  it  in  the  direction  of 
the  ratchet  wheel,  to  raise  the  racks,  and  the  roller  t,  which  they  carry;  or  to  lift  the- 
click  or  catch,  and  turn  the  handle  in  the  opposite  direction,  when  he  wishes  to  lower  the- 
roller,  so  as  to  apply  the  cloth  to  a  larger  portion  of  the  drum. 

CLOTH  CROPFIirO. 

Of  machines  for  cropping  or  shearing  wooUen  cloths,  those  of  Lewis  and  Davis  hsTe 
been  very  generally  used.  • 

Fig,  1219  is  an  end  view,  and^.  1220  is  a  side  view,  of  Lewis's  machine  for  sl^earing 
doth  from  list  to  list.  Fig,  1221  is  an  end  view  of  the  carriage,  with  the  rotatory  cutter  de- 
tached from  the  frame  of  the  machine,  and  upon  a  larger  scale ;  a,  is  a  cylinder  of  metal,, 
on  which  is  fixed  a  triangular  steel  wire;  this  wire  is  previously  bent  round  the  cylinder- 
in  the  form  of  a  screw,  as  represented  at  a,  a,  in^g.  1219,  and,  being  hardened,  is  intended' 
to  eonstitute  one  edge  of  the  shear  or  cutter. 

The  axis  of  the  cylindrical  cutter  a,  turns  in  the  frame  b,  which,  having  proper  ad- 
justments, is  mounted  upon  pivots  c,  in  the  standard  of  the  travelling  carriage  d,  d  ;  and' 
s,  is  the  fixed  or  ledger  blade,  attached  to  a  bar  /,  which  constitutes  the  other  edge  of 
the  cutter;  that  is,  the  stationary  blade,  against  which  the  edges  of  the  rotatory  cutter  act ; 
/  and  g,  are  flat  springs,  intended  to  keep  the  cloth  (shown  by  dots)  up  ^gainst  the. 
eatting  edges.    The  form  of  these  flat  springs  /,  g,  is  shown  at  figt,  1222  and  1223^ 
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u  eoniliting  of  phrta  of  Ihin  meul  cnl  into  parrmr  Mpt  [fig.  I£2S),  or  pcrilnid 

wilh  long  hules,  [fig.  1223.)    Theii  object  is  to  support  the  cJolh,  which  it  inlnded  to 

pan  betweea  Ibein,  aad  uperate  u  a  spring  bed,  beariag  the  snifaee  of  the  cluh  igaiMI 

the  cutten,  to  llU  ib 

piie    IH-    nap   Mmj    x 

cropped  off  01  ihon  u 

the  carriage  d  a  dnn 

,      llong   the  lop  laili  if 

the    EtBDdftnl    or  JraM 

oT  the  maehinc  li,^lir 

means  oC  cordt. 

The  piece  at  dKt 
10  be  fkorn,  i>  woud 
upon  the  beam  k,  ui 
its  end  is  Ihea  a»- 
ducted  Ibrougb  the 
machine,  belvees  Ht 
flat  spring!  /  and  (  (ai 
shown  in  fig,  12Si;,  w 
the  other  bMm  i,  imI  ii 
then  made  Tnt;  Ik 
imall  hooks,  called  halvIiK 
and  diairn  light,  is  held  fit 


hoolu.    The  cloth  being  thus  placed  in  the  machi 


IS  of  i-alchels  on  the  rnJs  of  the  beams  k  nnd  J,  and  pails.  Id  ctmata^ 
iog  the  nperation  of  shearing,  the  carriige  d,  inusl  be  brought  back,  as  in  fif.  1221,  M 
thai  the  cutters ahnUbeckgu It 
the  list;  the  frame  oT  the  ciun 
is  raised  op  on  its  piniu  all 
recedes,  in  order  to  keep  lit 
cloth  from  injury,  bat  ii  !•*- 
ered  again  pretiouslf  to  btof 
pat  in  ncLioB.  A  band  orviMk 
is  applied  to  tlie  ri^er  o' P*l- 
ler  m,  which,  bj  means  ta  u 
endless  Cord  passed  roa>d  Ik 
pullej  a,  at  (he  re¥erse  tti^ 
the  aile  of  m,  and  lousil  Ike 
other  palleja  o  and  ]i,tritt 
■mall  pulley  q,  oa  the  iilerf 
the  eyiindrical  enlter,  tim  Ac 
cflindrieat  cotter  a  Terj  nlii 
rotalory  motion ;  at  Ibc  nM 
time  a  worm,  or  endless  mew, 
on  the  Mle  of  m  and  ■,  lik^ 
iato  the  teeth  of  the  large  wheel  r,  caases  Ihst  wheel  lo  levolve,  and  a  small  dron^ 
upon  its  aile,  to  coil  np  the  cord,  by  whieh  the  carriage  d,  with  the  cutteis  a  and  t,  aii 
the  spring  bed  /  and  r,  ere  slowly,  but  progressively,  made  to  advance,  and  lo  carry  the 
cutters  OTBT  the  hce  of  the  clulti,  from  list  to  list ;  Ihe  rapid  roulion  of  the  enttinf  ef^ 
der  a,  producing  the  operaLion  of  croppintj  or  shearing  the  pile. 

Upon  the  cutting  cylinder,  between  Ihe  spiral  blades,  it  is  proposed  to  place  strips  « 
plash,  to  answer  the  pnrpose  of  brushes,  lo  raise  the  nap  or  pile  as  the  eyUadtf  p« 
atonod,  and  thereby  assist  in  bringing  the  points  oTlhe  wool  np  to  the  cotters. 
The  some  contrivance  ii  adapted  to  a  machiite  for  sbearing  the  doth  haglhwiK. 


WOOLUIN  MANUFACTUEE. 


1881 


Fig*  1224,  is  a  geometrical  elevaiioa  of  one  tide  oflklr.  Davis's  aaehiae.  Fig.  1226, 
a  plan  or  horizontal  repiesentatioa  of  the  same,  as  seen  in  the  top;  and  Jig,  1226,  a  see- 
tioo  taken  vertically  across  the  machine  near  the  middle,  for  the  purpose  of  display- 
ing the  working  parts  more  perfectly  than  in  the  two  preceding  figures.  These 
three  figures  represent  a  complete  machine  in  working  condition,  the  cutters  being 
worked  by  a  rotatory  motion,  and  the  cloth  so  placed  in  the  carriage  as  to  he  cut  from 
Ust  to  list.  0,  a,  a,  is  a  frame  or  standard,  of  wood  or  iron,  firmly  bolted  together  by 
cro^  braees  at  the  ends  aad  in  the  middle.    In  the  upper  side-rails  of  the  standard. 


there  is  a  series  of  axles  carrying  anti-frietion  wheels  b,  b,  b,  upon  which  the  side-railt 
Cy  c,  of  the  carriage  or  frame  that  bears  the  cloth  runs,  when  it  is  passing  under 
the  cutters  in  the  operalioo  of  shcarimr.  The  side-rails  c,  r,  are  straight  bars  of  iron, 
l9rmed  with  edges  o,  on  their  under  sides,  whieh  run  smoothly  in  the  grooves  of  the 
roUers  b,  6,  b.    These  side-rails  are  firmly  held  together  by  the  end  stretchers  d,  d. 


The  sliding  frame  has  attached  to  it  the  two  lower  roUers  <, «,  upoa  which  the  eloth 
intended  to  be  shorn  is  wound ;  the  two  upper  lateral  rollers/,/,  over  which  the  eloth  it 
eondueted  and  held  ap ;  and  the  two  end  rollers  g,  g,  by  whieh  the  habiting  rails  hyhj  are 
drawn  tighL 

In  preparing  to  shear  a  pi^e  of  cloth^  the  whole  length  of  the  piece  is,  in  the  llrst 
place,  tightly  rolled  upon  one  of  the  lower  roUers  «,  which  must  be  something  longer 
than  the  breadth  of  the  cloth  from  list  to  list.  The  end  of  the  piece  is  then  raised^ 
and  passed  over  the  top  of  the  lateral  rcdlers  /,  /,  whence  it  is  carried  down  to  the 
other  roller  e,  and  its  end  or  farral  is  made  fast  to  that  n^er.  The  hooks  of  the  ha* 
biting  rails  h,  4,  are  then  pnt  into  the  lists,  and  the  two  lower  rollers  s, «,  with  the  two 
end  rollers  g,  g,  are  then  turned,  for  the  purpose  of  drawing  up  the  eloth,  and  straining 
it  tight,  which  tension  is  preserved  by  ratchet  wheels  attached  to  the  ends  of  the  re- 
spective rollers,  with  palls  dropping  into  their  teeth.  The  frame  earrying  the  doth  if 
BOW  sUdden  along  npon  the  tap  staiwlani  tails  by  hand,  so  that  the  list  shall  be  brovght 
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fiearly  up  to  the  cutter  t,  t,  ready  to  commence  the  shearing  operation ;  the  bed  it  tkea 
faiwd,  which  brin^  the  cloth  up  against  the  edges  of  the  shears. 
The  construction  of  the  bed  will  be  seen  by  reference  to  the  cross  teetion,yif .  198. 

jnng  It  eonsistsoT  u 

iron  or  ocher 
metal  roller  Jir,ft^ 
tamed  to  a  tnily 
cjlindncalfigve^ 
akd  eoTered  witk 
doth  or  letlher, 
to  aflbrd  asutt 
degree  of  tl» 
ticity.  This  roller 
is  moonted  opoi 
piTols  IB  a  frafltt 
ly^andisrappor- 
ted  by  a  saialkr 
roller  in,siouhHj 
mounted,  vhick 
roUer  m,  is  ia- 
tended  owrrly  to 
preTeat  any 
bending  or  de- 
pression of  tte 
central  part  of 
the  upper  roller  or  bed  k^  k,  so  that  the  cloth  may  be  kept  in  dose  eontftct  with  the  whole 
length  of  the  catting  blades. 

In  order  to  allow  the  bed  k  to  rise  and  fall,  for  the  purpose  of  bringing  the  cloth  «p  to 
the  cutters  to  be  shorn,  or  lowering  it  away  from  them  after  the  operation,  the  frame  ^ 
is  made  to  slide  np  and  down  in  the  grooved  standard  n,  «,  the  moveable  part  eseioKd 
within  the  standard  being  shown  by  dots.  This  standard  a,  is  situated  about  the  middle 
of  the  machine,  crossing  it  immediately  under  the  cutters,  and  is  made  fast  to  the  frames, 
by  bolts  and  screws.  There  is  a  lever  o,  attached  to  the  lower  cross-railof  the  staodsrd, 
which  turns  upon  a  fulcrum-pin,  the  extremity  of  the  shorter  arm  of  which  lever  actsaader 
the  centre  of  the  sliding-frame,  so  that  by  the  lever  o,  the  slidlng-framei,  with  the  bed,  mtj 
be  raised  or  lowered,  and  when  so  raised,  be  held  up  by  a  spring  catch/. 

It  being  now  explained  by  what  means  the  bed  which  supports  the  doth  is  constraeted, 
and  brought  up,  so  as  to  keep  the  cloth  in  close  contact  with  the  cutters,  while  the  oper- 
ation of  shearing  is  going  on ;  it  is  necessary  io  the  next  place  to  describe  the  eoostractioB 
of  the  cutters,  and  their  mode  of  working ;  for  which  purpose,  in  addition  to  what  is  shovi 
in  the  first  three  figures,  the  cutters  are  also  represented  detached,  and  upon  a  larger  seski 
in  fig.  1227. 

portion  of  the  cutters  in  the  same  situation  as  is  fg. 
ii  ^g^       1221;  andakmgsideofitisascctioaor 

f  ^)<r.^w»i^^     ^^c    same,  taken  throagh  it  at  risht 


angles  to  the  former ;  p,  is  a  netallie 
bar  or  rib,  somewhat  of  a  wedee  form, 
which  is  fastened  to  the  top  part  of  the 
standard  a,  «,  seen  best  in  j^.  lS9fl 
To  this  bar  a  straight  blade  of  steel  ^,  is  attached  by  screws,  the  edge  of  which  «aadi 
forward  even  with  the  centre  or  axis  of  the  cylindrical  cutter  i,  and  forms  the  ledger  bWe, 
or  lower  fixed  edge  of  the  shears.  This  blade  remains  stationary,  and  is  in  dose  eostad 
with  the  pile  or  nap  of  the  cloth,  when  the  bed  k  is  raised,  in  the  manner  above  desoihei 
The  entter  or  upper  blade  of  the  shears  is  formed  by  inserting  two  or  more  strips  of 
plate  steel  r,  r,  in  twisted  directions,  into  grooves  in  the  metallic  cylinder  t,  t,  tbe  edg« 
of  which  blades  f ,  as  the  cylinder  i  revolves,  traverse  along  the  edge  of  the  fixed  or  l«d«r 
blade  g,  and  by  their  obliquity  produce  a  cutting  action  like  shears ;  the  edses  of  the  two 
blades  taking  hold  of  the  pile  or  raised  nap,  as  the  cloth  passes  under  it,  shaves  off  the 
svperfluons  ends  of  the  wool,  and  leaves  the  face  smooth. 
.  Rotatory  motion  is  given  to  the  cottin?  cylinder  t,  by  means  of  a  band  leadhkg  fitn  the 
wheel «,  whidi  passes  ronnd  the  pulley  fixed  on  the  end  of  the  cylinder  t,  tbe  wheel  i  briag 
driven  by  a  band  leading  from  the  rototory  part  of  a  steam-engine,  or  any  other  first  morer, 
and  passed  round  the  rigcer  /,  fixed  on  the  axle  «.  Tension  is  given  to  this  basd  kfs 
tightening  palley  «,  mounted  on  an  adjustable  sliding-pieceif,  which  is  secured  to  the  ataad- 
nid  by  a  screw;  and  this  rigger  is  thrown  in  and  ont  of  gear  by  a  dntch-box  and  lever,  wtaeh 
sals  the  maehine  going,  or  stops  it.  ^^ 

fa  Mder  to  give  a  drawing  stroke  to  the  emU&ty  which  will  eaTwe  the  piece  «j^ 
to  be  shorn  oflf  with  better  effect,  the  upper  cutter  has  a  slight  lateral  action,  prodacei 


In  this  figure  is  exhibited 
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hf  the  axle  of  the  cutting  cylinder  being  made  fluffiotentlir  long  to  allow  of  its  sliding 
laterally  about  an  inch  in  its  beariags ;  which  sliding  is  effected  by  a  cam  w,  fixed  at 
one  end.  This  cam  is  formed  by  an  oblique  groove,  cot  round  the  axle  (see  Wyfig.  1227), 
and  a  tooth  x,  fixed  to  the  frame  or  standard  which  works  in  it,  as  the  cylinder  revolves. 
By  means  of  this  tooth,  the  cylinder  is  made  to  slide  laterally,  a  distance  equal  to  the 
obliquity  of  the  groove  10,  which  produces  the  drawing  stroke  of  the  upper  shear.  In 
order  that  the  rotation  of  the  shearing  cylinder  may  not  be  obstructed  by  friction,  the 
tooih  r,  is  made  of  two  pieces,  set  a  little  apart,  so  as  to  afford  a  small  degree  of  elasticity. 

The  manner  of  passing  the  cloth  progressively  under  the  cutters  is  as  follows : — On 
the  axle  of  the  wheel  «,  and  immediately  behind  that  wheel,  there  is  a  small  rigger,  from 
which  a  baud  passes  to  a  wheel  ijy  mounted  in  an  axle  tumins  in  bearings  on  the  lower 
•ide-rail  of  the  standard  a.  At  the  reverse  extremity  of  this  axle,  there  is  another  small 
rigger  1,  from  which  a. band  passes  to  a  wheel  2,  fixed  on  the  axle  3,  which  crosses  near 
the  middle  of  the  maehiuf,  seen  in^lg.  1226.  Upon  this  axle  there  is  a  sliding  pulley  4, 
round  which  a  cord  is  passed  several  times,  whose  extremities  are  made  fast  to  the  ends 
of  the  slidinar  carriage  d;  when,  therefore,  this  pulley  is  locked  to  the  axle,  which  is  done 
by  a  clutch  box,  the  previously  described  movements  of  the  machine  cause  the  pulley  4 
to  revolve,  and  by  means  of  the  rope  passed  round  it,  to  draw  the  frame^  with  the  cloth, 
Blowly  and  progressively  alon?  under  the  cutters. 

It  remains  only  to  point  out  the  contrivance  whereby  the  machinery  throws  itself  out 
of  gear,  and  stops  its  operations,  when  the  ed^e  of  the  cloth  or  list  arrives  at  the  cutters. 

At  the  end  of  one  of  the  habiting  rails  A,  there  is  a  stop  affixed  by  a  nut  and  screw  5, 
vrhich,  by  the  advance  of  the  carriage,  is  brought  up  and  made  to  press  against  a  lever 
6 ;  when  an  arm  from  this  lever  6,  acting  under  the  catch  7,  raises  the  catch  up,  and 
allows  the  hand-lever  8,  which  is  pressed  upon  by  a  strong  spring,  to  throw  the  clutch- 
box  10,  out  of  gear  with  the  wheel  8  j  whereby  the  evolution  of  the  machine  instantly 
ceases.  The  lower  part  of  (he  lever  6,  being  connected  by  a  joint  to  the  top  of  the  lever 
1',  the  receding  of  the  lever  6,  draws  back  the  lower  catch  j,  and  allows  the  sliding  frame 
ly  I,  within  the  bed  Ar,  to  descend.  By  now  turning  the  lower  rollers  s,  e,  another  portion 
of  the  cloth  is  brouarht  up  to  be  shorji;  aad  when  it  is  properly  babit^  and  strained,  by 
the  means  above  described,  the  carrtase  is  slidden  back,  and,  the  parts  being  all  thrown 
into  gear,  the  operation  goes  on  as  before. 

Mr.  Hirst's  improvements  in  manufacturing  woollen  cloths,  for  which  a  patent  was  ob- 
tained in  February,  1830,  apply  to  that  part  of  the  process  where  a  permanent  lustre  is 
^ven  usually  by  what  is  called  roll-boiling;  that  is,  stewing  the  cloth,  when  tightly 
wound  upon  a  roller,  in  a  vessel  of  hot  water  or  steam.  As  there  are  many  disadvanta- 
ges attendant  upon  the  operation  of  roll-boiling,  such  as  injuring  the  cloths,  by  over- 
heating them,  which  weakens  the  fibre  of  the  wool,  and  also  changes  some  colors,  he 
fiubslitoted,  in  place  of  it,  a  particular  mode  of  acting  upon  the  cloths,  by  occasional  or 
intermitted  immersion  in  hot  water,  and  also  in  cold  water,  which  operations  may  be  per- 
formed either  with  or  without  pressure  upon  the  cloth,  as  circumstances  may  require. 

The  apparatus  which  he  proposes  to  employ  for  carrying  on  his  improved  process,  it 
shown  in  the  accompanying  drawing.    Fig.  1228,  is  a  front  view  of  the  apparatus,  com- 


plete, and  ia  working  order;  fig.  1229,  is  a  section,  taken  transversely  through  the  mid- 
dle of  the  machine,  in  the  direction  of  fig,  1230 ;  and  fig,  1230,  is  an  end  view  of  the 
same ;  a,  a,  a,  is  a  vessel  or  tank,  made  of  iron  or  wood,  or  any  other  suitable  material : 
•bping  at  the  baek  and  fronts  and  perpendicular  at  the  ends.    This  tank  most  be  tvA- 


13S4  WOOLLEN  UAHUFACTDBE. 

dentlr  iHge  toadroit  of  hkirUiediRnulercf  theerliDderatdniiiitvi,t,bcUK  innaMtf 
mto  it,  whicb  drum  U  tboiit  roar  Tect  duunetec,  tad  kbout  lii  Tett  ta>g,  or  •ometbiig 
more  Uuin  Ihe  width  oT  the  piece  oT  clolh  inteoded  lo  be  apented  upon.     Thi*  erHnilrt 

of  wood  eat  radi&Ur  iw 
their  edges,  lecnred  lif 
•crew-bolt>  to  the  rim*  it 
the  iroB  wheels,  bavia( 
Brmi,  with  u  «xle  pu*- 
ing  thnm^h  the  ouddle. 

The  erliixler  or  dr^ 
beiag  that  formed,  rett- 
dtted  imooth  oo  ju  pe- 
ripherr,  Kod  mcmiited  np- 
00  it*  ule  ia  the  tmnk, 
the  piece  of  cloth  ii 
woDBtl  upon  it  ke  tiglitlT 
M  poMibie,  which  !■  doac 
bf  plsciag  it  in   K  hemp 


rollers  d.  e,  and  then  •eeoring  it  to  the  dram,  the  eloth  is  progreniTeIr  dnwn  froiB  the 
he>p,  between  the  teDrion-rollere,  which  are  eoaSned  by  a  pall  and  ratchet,  oo  lo  the 
periphery  of  the  dram,  by  eauiias  ihe  dram  to  rerolre  opoo  iu  aiii,  nalil  the  whale 
piece  of  cloth  is  tigbllj  waand  apoo  Ihe  dromi  il  ii  then  boaod  mind  with  caavaw  a 
other  wrappers,  to  keep  it  secare. 

If  Ibe  lank  has  nut  been  prevkiaslr  eharged  wilh  clean  and  pare  water,  it  is  bow  fiDed 
to  the  brim,  ai  shown  at  fi%.  1S29,  and  openins  the  Mop-cock  of  Ihe  pipe  /,  which  leadi 
from  n  boiler,  the  steam  ii  alknred  to  blow 
throagh  Ihe  pipe,  and  dischar^te  itadf  at 
the  lower  end,  by  which  means  the  lea- 
peralure  of  the  water  la  raised  io  the  talk 
to  aboal  170°  Fahr.  Before  the  tempen- 
Inre  of  tbe  waler  has  got  up,  the  dnaa  ia 
set  ia  slow  ralalory  mo«ion,  in  order  lh« 
the  doth  may  be  antfonnly  heated  throagh- 
am  ;  Ihe  dram  makia^i  about  one  rutatiaa 
per  minnle.  Tlie  eloth,  by  immeinos  ia 
the  hot  waler,  and  passing  tbronirh  Ibe 
cold  air,  in  suceesiion,  for  the  *p*ee  cf 
abont  eight  hoais,  gets  a  smooth  soA  Ac«^ 
the  tenure  nol  being  rendered  hush,  or 
otherwise  injarcd,  as  isfreqneiktljrthecaM 
by  roll-boiling. 

Dniform  rotatory  moliaii  Io  the  dran  i* 
shown  in  fi%.  122S,  in  which  g  Is  an  ea4- 
less  screw  or  worm,  placed  horixoataDy, 
and  driren  by  a  sleam^ngiae  or  aay  Dcber 
iployed  in  the  factory.  This  endless  screw  takes  into  Ihe  teeth  <£,  aad 
drires,  the  icrtioal  wheel  A,  upon  Ihe  axle  of  which  Ihe  coupIinE-box  t,  i,  is  fixed,  and, 
consequenlly,  eoBtinualtf  revotra  with  it  At  tbe  end  oTthr  shaft  of  the  dram,  a  pair 
of  sliding  clulehrs  k,  fc,  are  oioanted,  which,  when  piojeeled  forward,  ns  shown  by  dav 
in^f.  1228,  r>rcx)uee  Ihe  coupling  or  lacking:  of  Ihe  drum-Hhan  lo  the  driTin«[  wheel,  l^ 
which  the  drum  is  put  in  motion  ;  hut  on  withdrawing  the  cluiches  k,  k,  from  the  eoap- 
ling-box  i,  i,  as  in  the  figure,  ihe  drum  immedialely  staads  slill. 

Aner  operntinit  upon  Ihe  clolh  in  the  way  described,  by  passim  il  Ihroaib  hot  wftl^ 
Ibr  Ihe  space  of  time  required,  Ihe  hot  waler  is  to  be  wilhdrswn  by  a  cock  at  the  botioaa, 
or  otherwise,  and  cold  wiler  introduced  Into  the  tank  in  lis  stead  ;  ia  which  cold  wnter 
the  doth  is  to  be  continued  turnint,  in  the  manner  abate  described,  for  Ihe  space  cf 
twen(|r-ruar  hours,  which  will  perfecily  fii  ibe  lustre  that  the  face  of  tbe  cloth  has  ae- 
quircd  by  its  immerstan  in  Ihe  hoi  water,  and  leave  Ihe  pile  or  nap,  to  the  toacb,  it  a  aoA 
•ilky  stale. 

In  Ihe  cold  water  oparMioa  he  sometimes  employs  a  heaij  pressing  roller  t,  which* 
being  oaounted  ia  slots  in  Ihe  frame  or  slaodard,  revutres  with  the  large  dram,  raUing 
cvn  the  back  oT  the  cloih  ■■  il  goes  round.    This  roller  may  be  made  to  act  apoa  the 
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dotb  with  any  required  pressare,  by  depressing  the  screws  m,  m,  or  by  the  emitloyment 
of  weighted  levers,  if  that  should  be  thought  necessary. 

Pressing  is  the  last  finish  of  cloth  to  give  it  a  smooth  level  surface.  The  piece  is 
folded  iMckwards  and  forwards  in  yard  lengths,  so  as  to  form  a  thick  package  on  the 
board  of  a  screw  or  hydraulic  press.  Between  every  fold  sheets  of  glazed  paper  are 
placed  to  prevent  the  contiguous  surfaces  of  cloth  from  coming  into  contact ;  and  at 
the  end  of  every  twenty  yards,  three  hot  iron  plates  are  inserted  between  the  folds,  the 
plates  being  laid  side  by  side,  so  as  to  occupy  the  whole  surface  of  the  folds.  Thin 
sheets  of  iron  not  heated  are  niso  inserted  above  and  below  the  hot  plates  to  moderate 
the  heat.  When  the  packs  of  cloth  are  properly  folded,  and  piled  in  sufficient  number 
in  the  press,  they  are  subjected  to  a  severe  compression^  and  left  under  its  influence  till 
the  plates  get  cold.  The  cloth  is  now  taken  out  and  folded  again,  so  that  the  creases  of 
the  former  folds  may  come  opposite  to  the  flat  faces  of  the  paper,  and  be  removed  by  a 
second  pressure.  In  finishin?  superfine  cloths,  however,  a  very  slight  pressure  is  given 
with  iron  platen  but  moderately  warmed.  The  satiny  lustre  and  smoothness  given  by 
strong  compression  with  much  heat  is  objectionable,  as  it  renders  the  surface  apt  to  be 
come  spotted  and  disfigured  by  rain. 

WOO  VZ,  is  the  Indian  name  of  steel. 

WORT,  is  the  fermentable  infusion  of  malt  or  grains.    See  Beer. 

WOaLFK'S  APPARATUS,  is  a  series  of  vessels,  connected  by  tubes,  for  the  par- 
pose  of  condensing  gaseous  products  in  water.  See  Acetic  AciD,)ig.  1  j  also  Muriatic 
Acid. 

X. 

XANTHINE,  is  the  name  given  by  Kahlmann  to  the  yellow  dyeing-matter  contained 
inmaadei. 


Y. 

YEAST,  is  the  froth  of  fermenting  worts.    See  Beer  and  Fermentation. 

YELLOW  DVE.  (Teinture  jaumyFr.]  Gs/ft/ir^cn,  Germ.)  Jlnnotto^  dytrU-broom^ 
(OtnUta  tinetoriaf)  fustic,  fusiety  Persian  or  French  berries,  quercitron  bark,  saw-wort^ 
(Strralula  iinctoria,)  turmeric,  weld,  and  wilUAo  leaves,  are  the  principal  yellow  dyes 
of  the  vegetable  kingdom ;  chi ornate  of  lead,  iron-oxyde,  nitric  acid,  (for  silk,)  sulphurei 
of  antimony,  and  sutphuret  of  arsenic,  are  those  of  the  mineral  kingdom.  Under  these 
articles,  as  also  under  CALrco-psiNTiNti,  Dyeing,  and  Mordants,  ample  instructions 
will  be  found  for  communicating  this  color  to  textile  and  other  fibrous  substances. 
Alumina  and  oxyde  of  tin  are  the  most  approved  bases  of  the  above  vegetable  dyes.  A 
nankin  dye  may  be  given  mthbablah,  especially  to  cotton  oiled  preparatory  to  the  Turkey 
red  process.     See  Madder. 

YELLOW,  KING^,  is  a  poisonous  yellow  pigment.    See  Arsenic  and  Orpiment. 

YTTRIA,  is  a  rare  earth,  extracted  from  the  minerals  gadolinite  and  yttrotantalite^ 
being  an  oxyde  of  the  metal  yttrium. 


z. 

ZAPFRE.    See  Cobalt. 

ZKDOARY,  is  the  root  of  a  plant  which  grows  in  Malabar,  Ceylon,  &e.  It  occurs 
in  wrinkled  pieces,  externally  ash-colored,  internally  brownish-red ;  possessed  of  a  fra- 
irrant  odor,  somewhat  resembling  camphor;  and  of  a  pungent,  aromatic,  bitterish  taste. 
It  contains,  according  to  Bncholz,  1'42  of  volatile  oil,  of  a  burning  camphorated  taste; 
3-60  of  a  soft,  bitter,  aromatic  resin ;  11*75  of  a  bitter  aromatic  extract,  mixed  with  a 
little  resin  and  potash-salts ;  4*5  of  gum ;  9  of  vegetable  mucilage ;  3*60  of  starch ; 
8*0  of  a  starchy  extract  from  the  woody  fibre,  by  means  of  caustic  potassa,  along  with 
3 1^2  of  another  matter,  12*89  of  woody  fibre,  and  15  of  water.  According  to  Morin^ 
this  root  contains,  besides,  an  azotized  substance,  analogous  to  the  extract  of  beef. 

ZIMOMR,  is  a  principle  supposed  by  Taddei  to  exist  in  the  gluten  of  wheat-flonr. 
Its  identity  is  not  recognised  by  later  chemists. 

ZIRCON".     See  HvAcrNTH  and  Lapidary. 

ZlRCONIA,  is  a  rare  earth,  extracted  from  the  minerals  zircon  and  hyacinth ;  it  is 
an  oxyde  of  zirconium,  a  substance  possessing  externally  none  of  the  metallic  characten^ 
but  resembling  rather  charcoal  powder,  which  burns  briskly,  and  almost  with  explosife 
violence. 
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ZINC,  is  a  metal  oC  a  blaish-white  color,  of  considerable  1o»tre  wben  biokem 
across,  but  easily  tarnished  by  the  air;  its  fracture  is  backly^and  foliated  with  shiaU 
focets,  irregularly  set.  It  has  little  cohesion,  and ,  breaks  in  thin  plates  before  the  ham* 
mer,  unless  it  has  been  previously  subjected  to  a  res:ulated  process  of  lamiDatioa,  at  the 
temperature  of  from  220°  to  300°  F.,  whereby  it  becomes  mallaable,  and  retains  iu  mal- 
leability and  ductility  aAerwards.  On  this  sini^ular  property,  a  patent  was  taken  oat  hf 
Messrs.  Hobson  and  Sylvester,  of  Sheffield,  many  years  ago,  for  manufacturing  sheet  xi»c, 
for  covering  the  roofs  of  houses,  and  sheathing  ships ;  but  the  low  price  of  copper  at  thai 
time,  and  its  superior  tenacity,  rendered  their  patent  ineffective.  The  specific  gravity  «f 
zinc  varies  from  6-9  to  7*2,  according  to  the  condensation  it  has  received.  It  melts 
tinder  a  red  heat,  at  about  the  680lh  or  700lh  degree  of  Fahrenheit's  scale.  Whea  cat- 
posed  to  this  heat  with  contact  of  air,  tlie  metal  takes  fire,  and  burns  with  a  brilltamt 
bluish-white  lisfht,  while  a  few  flocculi,  of  a  woolly-looking  white  matter,  rise  out  of  the 
cracible,  and  float  in  the  air.  The  result  of  the  combustion  is  a  white  ifowder,  fonnerty 
called  flowers,  but  now  oxyde  of  zinc ;  consisting  of  34  of  metal,  and  8  of  ozygeii,  beia^ 
their  respective  prime  equivalents;  or,  in  100  parts,  of  81  and  19. 

The  principal  ores  of  zinc  are,  the  sulphuret  called  blervU,  the  silicate  called  catawumg^ 
and  tlie  sparry  calamine,  or  the  carbonate. 

1.  Blende  crystallizes  in  the  garnet-dodecahedron ;  its  fracture  is  highly  concfaoidal; 
lustre,  adamantine ;  colors,  black,  brown,  red,  yellow,  and  green ;  transparent  or  traas- 
lucent;  specific  irravity,  4.  It  is  a  simple  sulphuret  of  the  metal;  and,  therefore,  coa- 
sists,  in  its  pure  state,  of  34  of  zinc,  and  16  of  sulphur.  It  dissolves  in  nitric  acid,  with 
diseneagement  of  sulphureted  hydrogen  gas.  It  occurs  in  beds  and  veins,  accompanied 
chiefly  by  galena»  iron  pyrites,  copper  pyrites,  and  heavy  spar.  There  is  a  radiated 
variety  found  at  Przibram,  remarkable  for  eontainine  a  laree  proportion  of  eadminiB. 
Blende  is  found  in  great  quantities  in  Derbyshire  and  Cumberland,  as  also  in  Cornwall. 

2.  Ca7amt7t«,  or  silicate  of  zinc,  is  divided  into  two  species;  the  prismatic  or  electric 
calamine,  and  the  rhomboidal ;  though  they  both  agree  in  metallnrgic  treatment.  Tbe 
firtt  has  a  vitreous  lustre,  inclining  to  pearly;  color,  white,  but  occasionally  Uae, 
green,  yellow,  or  brown  ;  spec.  grav.  3*38.  It  oAen  occurs  massive,  and  in  botroidal 
shapes.  This  species  is  a  compound  of  oxyde  of  zinc  with  silica  and  water ;  and  its 
constituents  are — zinc  oxyde,  66-37 ;  silica,  26-23 ;  water,  7*4 ;  in  100  parts.  Redneed 
to  powder,  it  is  soluble  in  dilute  sulphuric  or  nitric  acid,  and  the  solution  gelatinises 
on  coolinz.  It  emits  a  green  phosphorescf^nt  li?ht  before  the  blowpipe.  The  second 
species,  or  rhombohedral  calamine,  is  a  carbonate  of  zinc.  Its  specific  gravity  1%  4*442, 
much  denser  than  the  precedins.  It  occurs  in  kidney-shaped,  botroidal,  staladitic,  and 
other  Imitative  shapes;  surface  generally  roughs  composition  columnar.  MassiTe,  with 
a  granular  texture,  sometimes  impalpable;  strongly  coherent.  According  to  Smith- 
Bon's  analysis,  Derbyshire  calamine  consists  of — oxyde  of  zinc,  65*2 ;  carbonic  acid,  34*8; 
which  coincides  almost  exactly  with  a  prime  equivalent  of  the  oxyde  and  acid,  or  42  4* 
22  =  64. 

The  mineral  genus  called  ztnc-ore,  or  red  oxyde  of  zinc,  is  denser  than  either  of  the 
above,  its  spec.  grav.  being  5*432.  It  is  a  compound  of  oxyde  of  zinc  88,  and  oxyde  of 
iron  and  manganese  12.  It  is  found  massive,  of  a  granular  texture,  in  large  quantities, 
in  several  localities,  in  New  Jersey.  It  is  set  free  in  several  metallurgic  processes;,  and 
oecurs  crystallized  in  six-sided  prisms  of  a  yellow  color,  in  the  smeltiog-works  of  Kcenig- 
shntte  in  Silesia,  according  to  Mitscherlich. 

The  zinc  ores  of  England,  like  those  of  France,  Flanders,  and  Silesia,  occar  in  two 
geological  localities. 

The  first  is  in  veins  in  the  carboniferous  or  monntain  limestone.  The  blende  and  the 
calamine  most  usually  accompany  the  numeroas  veins  of  galena  which  traverse  tlMl 
limestone ;  though  there  are  many  lead  mines  that  yield  no  calamine ;  and,  on  the  other 
hand,  there  are  veins  of  calamine  alone,  as  at  Matlock,  whence  a  very  considerahk 
quantity  of  this  ore  is  obtained. 

In  almost  every  point  of  England  where  that  metalliferous  limestone  appears^  there 
are  explorations  for  lead  and  zinc  ores.  The  neighborhood  of  Alston*moor  in  Comber- 
land,  of  Castleton  and  Matlock  in  Derbyshire,  and  the  small  metalliferous  belt  of  Flint- 
shire, are  peculiarly  marked  for  their  mineral  riches.  On  the  north  side  of  the  last  coanty, 
calamine  is  mined  in  a  rich  vein  of  galena  at  Holywell,  where  it  presents  the  singalar  ap- 
pearance of  occurring  only  in  the  ramifications  that  the  lead  vein  makes  from  east  to  west, 
and  never  in  those  from  north  to  south ;  while  the  blende,  abundantly  present  ia  tliii 
mine,  is  found  indifferently  in  all  directions. 

The  second  locality  of  calamine  is  in  the  magnesian  limestone  fonnation  of  the 
English  geologisto,  the  alpine  limestone  of  the  French,  and  the  zechstein  of  Che 
Germans.  The  calamine  is  disseminated  through  it  in  small  contemporaneons 
which,  running  in  all  directions,  form  the  appearance  of  network.  These  veins 
cnnunoDly  a  thickness  of  only  a  few  inches ;  bat  in  certain  eases  they  extend  to  foar 
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ia  conaequeDCe  of  (he  naian  of  wversl  sn>>ll  ann  idID  t  mus.    The  eiplorationi  or 

dlaiQine  in  Ihe  maineslan  liineslone,  &re  ailuaW  chieAf  on  Ihe  flanks  of  the  Mcadip 
Uill>,  a  chain  which  exiends  in  a  aurihwnt  and  souUeasi  direction,  frtiui  Ihe  canal 
ot  Bri^lol  Id  t'rume.  The  ealamiae  is  worked  mostly  in  Ihe  paiithes  of  Plii|>ham 
and  Ituburau^h,  as  also  near  Rickfarc!  and  BroodSeld-Doron,  by  means  uf  a  greal  multi- 
tude of  fmM  shafts.  The  miners  pay,  for  the  privilege  of  working,  a  lax  of  if.  sterliag 
per  aanum  lo  ihe  Lords  of  the  Treasury  ;  and  they  sell  Ihe  oi'es,iaixcd  with  a  considera- 
ble quantity  of  carbonate  of  lime,  for  IJ.  per  too,  at  Phipham,  after  washing  it  slightly  io 
k  sieve.  They  are  despatched  lo  Bristol,  where  Ihey  receire  a  new  washing,  in  order  Io 
separate  the  galena. 


The  grealer  part  of  the  sine  works  are  situated  in  the  neighbOThood  of  BtrminahMD 
and  Brislol.  The  manufaclure  of  bras>,  which  has  been  long  one  of  Ihe  staple  arliclet 
of  Ihese  towna,  was  prohaHIf  ihe  cause  of  Ihe  introduction  of  this  branch  of  industr;, 
at  Ihe  period  when  brass  began  lo  be  made  by  the  direct  union  of  copper  with  metallic 
zinc,  instead  of  calamine.  A  f'rw  zinc  furnacei  eiisl  also  io  the  neighborhood  of 
ShelBeld,  amid  Ibe  coal-pits  surronndini;  that  town.  Bristol  and  Birmingham  derive 
their  chief  snpply  of  ores  from  Ihe  Mendip  Hills  and  Flintshire;  and  Sheffield,  from 

The  calaoiinc,  freed  from  the  galena  by  sorting  wllh  ihe  hand,  is  calcined  before  its  in- 
troduFtion  inio  the  smelting-fQ maces,  by  heini;  exposed,  coarsely  bruised,  io  reverberatory 
OTens,  10  feet  loi>«,  and  8  broad,  in  s  layer  6  inches  thick.  In  some  establishments  the 
ealcination  i«  omltled,  and  Ihe  calamine,  broken  into  pieces  about  the  size  of  a  pigeon'i 
egz,  is  mixed  with  ils  bulk  of  small  cimt. 

Zioc  is  snjclted  in  England,  likewise  from  blende,  (sulphnrec  of  zinc.)  This  ore, 
after  beini  washed,  and  broken  into  pieces  of  the  size  of  a  filbert,  was  sold  a  few  years 
•CO  Rl  the  mine  of  Holywell  for  31.  a  ton,  or  half  the  price  of  calamine.  It  is  roasled, 
without  any  other  preparation,  in  reverberalory  furnacesi  which  are  about  S  feel  wide, 
and  If)  Ion;;  the  distance  between  Ihe  roiif  and  the  sole  beineSO  inches,  and  the  height 
of  the  lire-briilge,  18.  The  layer  of  blende,  which  is  placed  on  the  hearth,  is  about  4  or 
fi  inches  thick  ;  and  it  Is  Cunlinually  stirred  Up  with  rmkes.  One  tun  uf  it  requires,  for 
roa!'tinE,  four  Ions  of  coals;  and  it  lulTers  a  loss  of  20  per  cent.  The  operation  take! 
fVoin  ID  to  12  hours.  The  mixture  of  reducing  consists  of  one  fonnh  part  of  the  deaul- 
phureted  oxyde,  one  fuurlh  of  calcined  calaniine,  and  one  half  part  of  charcoal;  whiell 
dffurJs  commonly  30  per  cent,  of  line. 

The  English  nirnaces  for  smelting  zinc  ores  are  somelirncs  qnedrangular,  sometimes 
round  ;  Ihe  latter  form  being  girererable.  They  a;e  mounted  with  from  6  lo  8  cruciUes  or 
pal*  iffig-  1231),  arched  over  with  a  enpola  a,  placed  under  a  conical  chimney  b,  which 
serves  to  give  a  slrong  draught,  and  to' 
carry  off  the  smoke.  In  this  cone  Ihera 
are  as  many  doors  c.  c,  c,  as  there  are  pots 
in  the  furnace ;  and  an  equal  number  of 
vents  d,  d,  d,  in  Ihe  cupola,  through  which 
the  smoke  may  escape,  and  the  pda  wii^ 
beset.  In  the  surronnding  walls  thereW 
holes  for  taking  bul  the  pots,  when  they 
become  unserriceable  ;  after  the  pols  aru 
set,  Ihese  boles  are  bricked  np.  The  pola 
are  heated  to  ignition  in  a  reverberalory 
furnace  before  being  set,  and  are  put  in  by 
means  of  iron  tonir  machinery  su;iported 
upon  two  wheels,  as  is  the  case  with  glass- 
house pols.  (,  is  the  grate ;  /,  the  dour  Ibr 
the  fuel  i  g,  Ihe  ash-pit.  The  pots  K,  h,  h, 
have  a  hole  in  the  centre  of  their  baltom, 
which  is  closed  with  a  wooden  plug,  when 
they  are  set  charged  with  calamine,  mixed 
wilh  one  seventh  of  coal ;  which  coal  prc- 
Tents  Ihe  mixtuTc  from  falling  through  the 
orifice,  when  the  heat  rises  and  consumes 
the  plug.  The  sole  ofthe  hearth  if  t,  upon 
which  the  crucibles  stand,  is  prrforalcd 
Wider  each  ofthem,  so  that  ihey  can  be  reached  from  below;  to  the  bottom  orifice  of  the 
pot,  when  Ihe  distillation  begins,  a  tone  sheeMron  pipe  k,  is  joined,  which  dips  at  ils  end 
iDlo  a  water  vessel  t,  for  receiving  in  drops  Ihe  condensed  vapors  of  Ihe  zinc    The  pol 
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is  charged  from  above,  through  an  orifice  in  the  lid  of  the  pot,  which  is  left  open  sfta 
^he  firing,  till  the  bluish  color  of  the  flame  shows  the  volatilization  of  the  metal; 
immediately  whereupon  the  hole  is  covered  with  a  fire^tile  m.  The  ^iron  tabes  an 
apt  to  get  obstructed  during  the  distillation,  and  must  therefore  be  occasional! j  cleared 
out  with  a  redhot  rod.  When  the  distillation  is  finished,  the  iron  pipes  most  be 
removed ;  the  coaly  and  olher  contents  of  the  pot  cleared  away.  A  pot  lasts  abont  four 
months  upon  an  average.  Five  distillations  may  be  made  in  the  course  of  14  days,  is 
which  from  6  to  10  tons  of  calamine  may  be  worked  up,  and  from  22  to  24  tons  of  eoab 
consumed,  with  a  product  of  two  tons  of  zinc.  The  metal  amounts  to  from  25  to  40  pe 
cent,  of  the  ore. 

1,  2,  is  the  level  of  the  upper  floor ;  3,  4,  level  of  the  lower  ceiling  of  the  lower  floor. 

Fig,  1232,  ground  plan  on  the  level  of  ],  2;  only  one  half  is  here  shown. 

The  zinc  collected  in  this  operation  is  in  the  fonn  of  drops,  and  a  very  fine  povder, 
jingled  with  some  oxyde.  It  must  be  melted  in  an  iron  pot  or  boiler,  set  in  a  proper 
furnace ;  and  the  oxyde  is  skimmed  ofl'  the  surface,  to  be  returned  into  the  crucibles. 
The  melal  is,  lastly,  ca>t  into  square  bars  pr  ingots. 

The  crucibles  are  discharged  at  the  end  of  each  operation,  by  withdrawing  the  condea- 
s^,  breaking  with  a  rake  the  piece  of  charcoal  which  shuts  their  bottom,  and  IheneBiplj- 
ing  them  completely,  by  shaking  their  upper  part.  In  replacing  the  condenser-pipe  i( 
(sec  second  pot  from  the  right  hand,  fig.  1230),  the  flange  at  its  top  is  covered  with  a 
ring  of  loam-lute,  pressed  against  the  conical  bottom  of  ihe  crucible,  and  secured  io  its 
place  by  means  of  two  parallel  rods  o,  o,  which  can  be  clamped  by  screws  projecUag  hori- 
zontally from  the  vertical  tunnel.     See  their  piaces,  indicated  by  two  open  dots  Dearo,o. 

A  smeller  and  two  laborers  are  employed  in  conducting  a  furnace;  who  make,  wilh 
a  mixture  ofequal  parts  of  fire-clay,  and  cement  of  old  (X)unds  finely  ground,  ibe  i^olsor 
crucibles,  which  last  about  four  months.  Five  charges  are  made  in  15  days ;  these  voifc 
up  from  6  to  10  tuns  of  calamine,  consume  from  22  to  24  tons  of  coals,  and  (troduct*  2  teas 
of  zinc,  upon  an  average.    The  following  estimate  of  prices  was  made  a  few  years  a^:— 

3  tons  of  calamine,  at  j£6  - £18    0    0 

24  ditto  coal,  at5« 600 

A  smelter,  at  2  guineas  a  week  >-....  220 
Two  laborers,  each  at  4a.  per  day  •  -  .  •  -  2  16  0 
Incidental  expenses     ........         100 
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£29  18  0 
The  calamine  of  Alston  moor,  used  at  Sheffield,  is  not  so  rich ;  it  produces  at  most  oolf 
25  per  cent,  of  zinc.  The  coals  are  laid  down  at  a  cost  of  5s.  8^.  per  ton  ;  and  the  cala- 
mine laid  down  there  5/. ;  whence  the  zinc  will  amount  to  321.  lis.  per  Ion.  Tbeeoa- 
siderable  importations  of  zinc  from  Belgium  and  Germany,  for  some  years  back,  ban 
caused  a  considerable  fall  in  its  price. 

At  Liittich,  where  th«)  calamine  of  Altenberg,  near  Aix-la-Chapelle,  is  smelted,  a 
reduction  furnace,  containing  long  boiizontal  earthen  tubes,  is  employed.  The  roasted 
calamine  is  finely  ground,  and  mixed  with  from  one  thind  to  two  thirds  its  vdume  of  coke 
or  charcoal,  broken  to  pieces  the  size  of  nuts. 

Fig.  1233  represents  this  zinc  furnace  in  elevation ;  and  fig.  1234  in  a  verlicBl 
section  through  the  middle.      From  the  hearth  to  the  bottom  of  the  chimney  it  ii 

9  feet  hish,  and  the  chimney  itself  ii 
18  or  20  feet  hieh,  n,  is  the  a^h-pit; 
6,  the  grate ;  c,  the  fireplace ;  i,  tbe 
hearth;    e,  e,  the  laboratory;  /,  tbe 


upper  arch,  which  closes  in  tbeJtbw- 
ator>';  /',  the  second  arch,  ^kiA 
forms  the  hood-cap  of  the  fiiraace;  f, 
the  chimney;  A,  the  fire-wall,  vbieb 
rests  against  a  supporting  wall  of  Ibe 
smelting-house.  Through  the  vauhed 
hearth  the  flame  of  the  fire  drawl 
through  ten  flues  t,  i,  two  pUced  ia 
one  line;  betwixt  these  five  fairs  of 
drauffht-openings,  upon  the  sole  of  ibe 
hearth,  the  undermost  earthen  tabes  t, 
immediately  rest.  The  second  aad 
third  rows  of  lubes  fc,  k,  lie  ia  a 
parallel  direction  over  each  otber,  at 
about  one  inch  apart;  in  Ibc  sixth 
row  there  are  only  two  tubes ;  so  thai 
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there  are  22  tubes  altogether  in  one  furnace     At  their  two  ends  these  tubes  rem 
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>poa  fiic-tiki,  whieb  lan&,  wilb  the  Bide-vtlla,  a  kiod  of  checker-work  I,  I.  Tlie  lube* 
■re  4  reel  bing,  4  to  5  ioehet  ia  diameter  withia,  five  fourths  of  ta  inch  [hick.  The  flie^ 
which  vrires  at  the  Unrmtorr  through  the  fines  t,  i,  playe  round  the  lubes,  and  passes 
off  throaih  ttte  apernm  m,  tn,  jn  both  arches  of  the  fnnuce,  into  the  chimnejr.  «,  Is 
ui  opening  in  the  front  wall  bclweea  the  two  arches,  which  serrcB  to  modify  the  draught, 
by  adniiiting  nwre  or  lees  of  the  external  air. 

The  two  slepder  side  walls  o,  o,  of  the  fnraace,  «r«  a  foot  dtstant  from  the  ehedicf- 
woik,  w  that  on  the  horlEonta!  iron  bars  9,  f,  snpported  by  the  hooks  p,  y,  the  iron 
reeeimv  r,  r,  naf  hnve  raam  lo  rest  at  their  fore  pari.  The«e  reeeiveis  are  eonical 
pipesof  east  iron,  H  foot  long,  poKteriarty  1}  inch,  and  anteriorly  1  inch  wide  at  the 
almost.  Alter  the  earthen  tubes  hare  been  filled  with  the  ore  to  be  smelted,  these 
conical  pipes  i.re  Inted  to  them  in  a  slif  htly  slanting  position.  These  cones  lost  uo 
mare  than  three  weeks;  and  are  ftcnerally  lengthened  with  narrow-nioutbed  wroufht- 
iron  tabes,  to  prerral  the  oombustion  of  the  zinc,  by  contact  of  air.  When  the  furnace 
is  in  aeliriiy,  a  blue  flame  is  to  be  seen  at  the  mouths  of  aU  these  pipes.  Every  two 
honrf  the  liquefied  metal  is  rnked  out  into  a 
shovel  placed  beneath;  and  in  12  hours  the  charge 
is  distilled  ;  aCter  which  the  tubes  are  cleared  oot, 
and  re-cbarged.  100  pounds  of  metallic  zinc  are 
the  product  of  on«  operalion.  It  is  remelted  st  a 
loss  of  ten  per  cent.,  and  cast  into  moulds  for  sale. 
Fig.  1233  is  a  longitudinal  section  of  the  rur> 
naee  for  cakining  calamine  in  Upper  Silesia; 
1236  fig.  1236  is  a  ground  plan  of  the  furnace,    a,  is  the 

orifice  in  the  vault  or  dome,  for  the  introductiOD 
of  the  ore;  b,b,  apertures  in  the  side- walls,  shut 
with  doors,  through  which  the  matter  may  be 
turned  over;  c,  the  chimney;  d,  the  lire-bridge; 
t,  the  giale ;  /,  the  feed  opening  of  the  fire,  the 
fhel  being  pilcoal.  The  catainine  is  stirred  about 
every  hour;  and  aller  being  well  calcined  during 
5  or  8  hoars,  it  is  withdrawn  ;  and  a  new  charge 
is  put  in.  These  Silecian  furnaces  admit  of  30 
cwts.  at  ■  lime ;  and  for  roasUng  every  100  cwtl.  15  Prussian  bushels  of  fuel,  equal  to  23 
English  bushels,  are  employed.  These  calcining  fumaeei  are  sometimes  built  along- 
side of  the  zinc  smcl ling-furnaces,  and  are  healed  by 
the  waste  flame  of  the  latter.  The  roasting  is  per- 
formed in  the  Netherlands  in  shans,  like  unall  bi^ 
iron -furnaces,  called  schachtofen. 

The  hearth  a,  in  fin.  123T,  1238,  is  constructed  foi 
working  with  5  muffles,  one  of  which  ia  long,  and  four 
short.  The  muffies  are  made  upon  moulds,  of  fire- 
clay mixed  with  ground  polsherds.  The  receivers 
■re  stoneware  bottles.  The  grate  is  ten  inehes  be- 
neath the  level  of  the  hearth,  b,  the  firebridge,  is 
proportionally  high  to  diminish  the  force  of  the  flame 
upon  Ihe  hearth,  that  it  may  not  strike  the  muffles. 
c,  is  the  opening  through  which  Ihe  muffles  arc  put 
in  and  laken  out;  during  the  firing  it  ia  partly  filled 
with  bricks,  so  that  the  smoke  and  flame  may  escape 
between  Ibem ;  d,  d,  are  openings  for  adjusting  the 
pntilions  of  Ihe  muffles;  t,  cross  hoops  of  iron,  lo 
f^lrencihen  the  brick  aTch  ;  /,  is  a  bed  of  sand  under 
Ihe  sole  of  Ihe  hearth.  During  the  fir^l  two  days,  the 
fire  is  applied  under  the  grating;  Ihe  heat  must  be 
very  slowly  raised  to  redness,  al  which  pitch  it  must 
be  maintained  during  two  days.  From  8  lo  10  days 
are  required  for  the  firing  of  Ihe  muffles. 

The  furnace  shown  in'jigi.  1239,  1240,  1241,  U  for 
Ihe  melting  of  the  meUUic  line.  Fig.  1240  is  « 
front  view  ;  fig.  1239  a  tr«nsverse  seclion  ;  fig.  124! 
a  view  from  above  ;  a,  is  ihe  fire-door  ;  b,  the  (rale  ; 
c,  the  fire-bridge;  d,  Ihe  -flue;  t,  the  chimney  i 
/,/,/,  east-iron  melling-pots,  which  contain  each  about  10  cwts.  of  Ihe  metal.  The  beat 
is  modenled  by  Ihe  successive  addition  of  pieces  of  cold  xinc.  The  inside  of  Ihe  poU 
•boold  be  coaled  with  loam,  lo  prevent  Ihe  iron  being  attacked  by  the  nae.    When  tli« 
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line  U  intcDded  (o  be  uuinated,  it  ihonld  be  mdlcd  wilh  tl>e  loweil  f— "''■  heal,  mai 

pouretl  inio  liot  muuldg. 
WhcD  the  line  orea  conuin  Mdmium,  Ibis  dkUI  distil*  over  a  Ibe  Tofm  of  trawi 
oxyde,   with  the  £ral  portioDi,  beiDg  mart  vduile 
than  line. 

Uniler  Biam  and  Corm,  tha  most  nvfal  Maji 
□f  zinc  are  dcMribed.  The  nilphale,  Tslgarlf  ealM 
wiiile  vitiiut,  i(  made  rrom  the  folpfanrel,  bj  rout- 
ing it  gently,  and  Ibea  eipocing  it  apom  alofui 
teiraces  ID  Ibe  action  of  air  and  iDoiMBrc,  aj  b« 
been  Tuliy  detailed  under  Sulthati  or  Imow.  The 
purest  sulphate  of  xinc  is  made  b;  diMolriaf  the 
metal  in  dilute  lulphuric  acid,  digratinf  the  nhdiaa 
over  tome  of  the  metal,  filtering,  eTapoiaUBg,  aid 
crjslalliiinf. 
Sulpbale  of  line  ii  added  at  a  drier  to  japan  Tai- 

The  onlinary  line  found  in  the  market  'a  mem 

pure  ;  but  cunlaias  lead,  cadmium,  artenic,  coppo, 
iron,  and  carbon ;  fiom  lome  of  which,  it  may  be 
freed  in  a  Rreal  degree  by  dittillation  ;  but  even  at^er  Ibis  procea*  it  retains  a  little  Itad, 
with  all  the  nrpenic  and  cadmium.  The  aeparation  of  the  laller  is  described  trndei  Cu- 
HICM.  Zinc,  free  from  other  DJelali,  may  be  ubuined  by  dislilling  a  miilare  of  ebaicod 
and  its  subcarhonate,  precipilaled  from  the  crj-sLallized  aulphate  by  carbonate  of  nAt. 
By  holding  a  porcelain  saucer  over  the  flame  of  hydrogen  produced  fromthe  action  ef  dihrte 
sulphnric  scid  upon  any  rample  of  the  zinc  of  commerce,  the  presence  of  anraic  in  it 
may  be  made  manifest  by  the  deposileora  fray  film  of  the  laller  metal.  Antimony,  ko*- 
ever,  produce*  a  lomewhal  similar  eflecl  to  aisenic. 

Zinc  is  cilf  niively  employed  for  making  waler-cistems,  baths,  spouts,  pipe*,  pWa 
(or  the  zincngrapher,  for  vollaic  balleriei,  filings  for  Gre-woiks,  coTering  ruoTs,  and  a 
great  many  archileclural  purposes,  especially  in  Berlin  ;  because  this  metal,  Bfler  il  fcts 
covered  with  a  thin  film  of  oxyJe  or  carbonate,  suffers  no  further  ehiuge  by  kag  of^ 
■Pre  to  the  weather.  One  capilal  objecLion  lo  linc  as  a  roofing  material,  is  it«  conbaMi- 
billiy. 

Chloride  of  zinc  has  been  recently  used  wilh  great  adTUtage  as  an  eachuvtie  Iv 
removini;  eaneeraui  tumors,  and  healing  valions  ill-const itutioned  oleeiv.  It,  as  also  ike 
nitrate,  forms  an  ingredient  in  (he  resist  pastes  for  the  pale  hlnea  of  the  indigo  Tal. 

Speller  (xinc)  imported  forborne  consumplion— in  1836,  S3,604  cwtt.i  in  1836^4I|UI 
cwts.    Doty — in  cakes,  2j.  ;  nol  in  cakes,  lOt.  per  ewt. 
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PREFACE. 


In  laying  this  Supplement  to  my  Dictionary  of  Arts,  Manufactures,  and  Mines* 
before  the  world,  while  I  gratefully  acknowledge  the  indulgence  with  which  that 
work  has  been  received,  may  I  be  permitted  to  advert  very  briefly  to  some  of  rov 
present  endeavors  to  render  it  less  undeserving  of  public  favor,  though,  after  all 
my  efforts,  it  will  by  no  means  realise  either  my  own  wishes  and  intentions,  or  the 
expectations  of  ail  my  readers  ? 

To  investigate  thoroughly  any  single  branch  of  art,  we  should  examine  it  in  its 
origin,  objects,  connexion  with  kindred  arts,  its  progressive  advancement,  latest 
improved  state,  and  theoretical  perfection.  The  general  principles  on  which  it  is 
founded,  whether  belonging  to  the  mechanical,  the  physical,  the  chemical  sci- 
ences, or  to  natural  histoiy,  should  be  fully  expounded,  and  tested  by  an  applica* 
tion  to  its  practical  working  on  the  great  scale.  The  maximum  effect  of  the  ma- 
chinery which  it  employs,  and  the  maximum  product  of  the  chemical  mixtures 
and  operations  which  it  involves,  should  in  every  case  be  calculated  and  compared 
with  (he  actual  results. 

Such  have  been  my  motives  in  the  numerous  consultations  I  have  had  with 
manufacturers  relatively  to  the  establishment  or  amelioration  of  their  factories,  and. 
when  they  are  kept  steadily  in  view,  they  seldom  fail  to  disclose  whatever  is  erro- 
neous or  defective,  and  thereby  to  lead  to  improvement.  It  will  not  be  denied  by 
any  one  conversant  with  the  productive  arts,  that  very  few  of  them  have  been, 
either  cultivated  or  described  in  this  spirit.  It  is  to  be  hoped,  however,  that  the 
period  is  not  remote,  under  the  intellectual  excitement  and  emulation  now  so  prev-* 
alent  in  a  peaceful  world,  when  manufactories  will  be  erected,  and  conducted 
upon  the  most  rational  and  economical  principles,  for  the  common  benefit  of 
mankind.  Meanwhile  it  is  the  duty  of  eveiy  professor  of  practical  science  to 
contribute  his  mite  toward  this  desirable  consummation. 

It  is  under  a  sense  of  this  responsibility  that  I  have  written  the  leading  articles 
of  this  Supplement,  having  enjoyed  some  peculiar  advantages  in  my  profession, 
for  making  the  requisite  researches  and  comparisons.  I  trust  that  not  many  of 
theio  deserve  to  be  regarded  as  trite  compilations  or  as  frivolous  novelties,  with  the 
exception  of  a  few  of  the  notices  of  recent  patents,  which  I  have  intentionally 
exhibited  as  beacons  to  deter  from  treacherous  quicksands,  not  as  lights  to  friendly 
havens.  I  have  sought  sincerely  to  make  them  all  conducive,  more  or  less,  to 
utility ;  being  either  new  contributions  to  the  old  stock  of  knowledge,  or  additions. 
and  corrections  to  the  miscellaneous  volume  of  which  the  present  is  the  sequel. 

Arrow  Root  is  here  for  the  first  time  treated  as  a  well-organized  manufacture, 
in  conformity  with  my  quondam  definition :  **  Manufacture  is  a  word  which,  io 
the  vicissitude  of  language,  has  come  to  signify  the  reverse  of  its  intrinsic  mean- 
ingf  fur  it  now  denotes  every  extensive  product  of  art  which  is  made  by  machinery, 
with  little  or  no  aid  of  the  human  hand ;  so  that  the  most  perfect  manufacture  is 
that  which  dispenses  entirely  with  manual  labor."* 

Arrow  root  being  the  purest  and  most  agreeable  variety  of  fecula^  and  therefore 
one  of  the  most  powerful  nutriments,  deserves  more  attention  from  the  colonial 
planter  than  it  seems  hitherto  to  have  received.  As  it  has  been  now  so  judiciously 
prepared  in  the  iiland  of  Sl  Vincent,  by  the  proprietor  if  the  Hof  .well  estatSt 

*  **  VbOo&effhj  of  Manoflietarasi''  page  1. 
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it  will,  I  hope,  amply  repay  his  enterprising  and  liberal  spirit,  seeing  that  be  eop- 
plies  OS  with  an  article  equal  if  not  superior  to  the  best  from  Bermudas,  at  two 
thirds  of  the  price. 

To  Artraian  Wells  an  interesting  notice  has  been  added  of  the  sacoeasiiil 
labors  of  MM.  Arago  and.Malot  at  Grenelle,  near  Paris. 

I  doubt  not  that  should  cockneys  happen  to  read  what  is  here  said  of  Batauah 
Beer,  they  will  feel  no  little  surprise,  mixed  with  scorn  and  incredulity,  when 
told  that  the  mystery  of  brewing  is  more  philosophically  studied  and  incompBia- 
bly  better  understood  in  Munich  than  in  London,  and  indeed  throughout  all  Ba- 
varia, than  in  Old  England ;  but  such  is  certainly  the  fact,  as  every  delicate 
stomach  will  experience  which  is  cheered  with  the  beverage  of  the  former  capi- 
tal, and  loaded  with  the  heavy-vM  of  the  latter*  The  brief  outline  here  offered 
to  my  readers  has  been  carefully  drawn  from  the  best  sources  of  information, 
obtained  during  several  excursions  into  Germany.  It  will,  I  hope,  induce  the 
brewers  of  this  country  to  set  more  value  on  chemical  science  than  they  hare 
heretofore  done,  and  thereby  eventually  lead  to  a  radical  reform  of  our  colossal 
establishments  for  extracting  from  malt  a  beverage  more  aliin  to  that  of  fermented 
grape-juice,  in  its  freedom  from  vinegar  and  gluten,  so  abundant  now  in  the  greater 
part  of  the  British  porters  and  beers. 

Under  Biscuits  will  be  found  a  complete  description,  with  figures,  of  the 
grand  automatic  bakeries  of  Deptford  and  Portsmouth,  which  provide  our  lardy 
tars  with  the  staff  of  life  in  the  soundest  state. 

The  perusal  of  the  article  Bread  will  prompt  the  wish  that  our  land-holding 
legislators  would  consent  to  let  the  people  under  their  domination  get,  at  a  mod- 
erate cost,  some  of  the  wheat  of  southern  Europe,  much  richer  than  that  of  our 
average  home  growth  in  the  azotized  glutinous  principle,  so  essential  to  the  for- 
mation of  our  blood  and  muscles;  a  wheat  adapted  to  make  a  superior  bread,  snch 
as  that  called  pain  du  gruau  in  Paris,  and  also  a  superior  macaroni,  like  the  Nea- 
politan, in  this  department  of  industry,  so  important  for  the  welfare  of  the 
population,  the  French  have  set  us  the  example  of  applying  to  it  the  economical 
resources  of  the  factory  system,  having  organized  a  self-acting  bakery,  in  which 
bread  of  the  finest  quality  is  made  on  the  great  scale,  in  smokeless  ovens  of  a 
nicely  regulated  temperature.  Meanwhile,  the  mass  of  her  majesty *s  subjects 
ate  dependant  for  their  bread  upon  a  multitude  of  tradesmen  of  slender  means, 
who  earn  a  scanty  livelihood  by  hard  labor,  and  who  work  up  a  weak  inferior  flow 
into  a  bad  bread,  which  they  are  too  often  tempted  to  whiten  with  alum  and 
other  unwholesome  drugs.  The  penalty  liable  to  be  inflicted  upon  bakers  for 
having  alum  on  their  premises,  is  commonly  evaded  by  letting  it  be  added  to  tbe 
flour  in  the  mill.  Why  do  not  our  wise  legislators  enact  a  law  for  the  sam- 
mary  conviction  and  punishment  of  a  baker  selling  bread  with  alum  in  it ;  a  safine 
compound  most  easily  detected  by  chemical  analysis  ? 

1  was  lately  called  upon  professionally  to  examine  the  very  white  bread  of  a 
fashionable  baker  of  high  pretensions,  and  found  it  to  contain  a  notable  quantity 
of  alum;  so  much  so,  as  to  have  been  directly  offensive  to  the  stomachs,  and 
hurtful  to  the  health  of  several  individuals  in  the  family  using  it.  This  is  no  sol- 
itary case,  but  is,  I  believe,  that  of  a  large  proportion  of  the  bakers  in  Loodoo, 
and  suburbs,  who  operate  upon  a  partially  damaged  flour,  as  one  may  easily  sor- 
mise  from  the  disagreeable  odor  exhaled  from  the  hot  loaves  in  too  many  of  their 
shops.  Yet  what  individual  will  be  Quixotic  enough  to  attack  the  numerous  sod 
ever-changing  arms  of  this  Briareus  ?  Who  would  choose  to  incur  the  troable, 
responsibility,  and  expense  of  prosecuting  a  frequent  misdemeanor  of  this  kind, 
relatively  to  which  the  want  of  flne  wheat  in  the  market  is  a  principal  motive  and 
apology  ? 

From  these  evils  our  grandees  are  exempt,  as  they  bake  their  bread  at  home 
of  the  best  materials.  Though  they  are  apparently  regardless  of  the  injoiy  suf- 
fered by  the  public  from  this  source,  they  are,  however,  quite  alert  in  the  execu- 
tion of  the  game  and  excise  laws,  the  stringent  penalties  of  which  are  inexorably 
inflicted  against  petty  transgressors,  exposed  to  temptations  often  too  strong  for 
the  infirmity  of  humao  nature  to  resist. 

In  evety  well-governed  state  of  cantinental  Europe  there  exists  a  Board  ot 
Health,  or  Conseil  de  SalubriUf  copapoaed  of  emineot  physicians,  chemists,  and 
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engineers,  appointed  to  watch  over  wfaateyer  may  affect  injuriously  the  public 
health  and  comfbrf.  In  France,  this  commission  consists,  for  the  capital,  of  seven 
members,  who  have  the  surveillance,  in  this  respect,  of  markets,  factories,  places 
of  public  amusement,  bakeries,  shambles,  secret  medicines,  &c.  This  tribunal  has 
discharged  its  functions  to  the  entire  satisfaction  of  their  fellow-citizens,  as  appears 
from  the  following  autheotic  report :  ^*  Non  seulemenl  unefotde  dt  causes  dHn- 
saluhrite  disparurenl,  mats  beaucoup  de  moyens,  dt  procidls  nouveaiix  furent  pro- 
jtosis  pour  assamir  les  Arts  et  Us  Metiers^  qui  j usque  Id  avaient  paru  inseparables 
de  ties  causes  d*insalubriU ;  la  plUpart  de  ces  moyens  eurent  un  plein  succh.  II 
n'y  a  pas  eTexempte  que  les  membres  du  Conscil  appeles  a  donner  leur  avis  sur  des 
putinlesff/rmies  contre  des  fabnques^  aient  jamais  repondu  quHlfallait  les  sujmmer 
sans  avoir  ckerckS  eux-memes  d  aplanir  les  difficultesj  que  prlsentait  aux  fabncants, 
fassainissement  de  leur  arU  etpresque  toujour s  ils  sont  parvenu  dresoudre  Ic  proh- 
Ume.  Le  Conseil  de  Saluhrit^t  que  Von  ne  saurail  trop  signaler  d  la  reconnais- 
sance de  publique,  est  une  institution  que  les  nations  Hranghes  admirenty  et  s'^effot' 
eeront  d'imiter  sans  doute.*^* 

From  this  confident  hope  of  emulation  by  other  nations,  the  author  of  these 
excellent  observations  would  have  excepted  the  United  Kiogdom,  had  he  known 
how  little  paternal  care  is  felt  by  the  government  for  the  general  interests  of  the 
people.  In  Germany,  indeed,  where  the  fatherland  feeliog  is  strong  in  the  breasts 
even  of  those  rulers  whom  we  are  apt  to  consider  despots,  similar  boards  of  health 
are  universally  established,  whereas  our  legislative  oligarchy  frames  laws  chiefly 
for. the  benefit  of  its  own  class  and  dependants;  as  happened  in  the  old  time, 
when  there  was  no  king  in  Israel  to  regard  alike  the  interests  of  the  poor  and  the 
rich. 

The  Prussian  municipal  law  (Allgemeine  Landrecht)  contains  the  following 
enactments  with  regard  to  the  sale  of  spoiled  or  adulterated  victuals.  Th.  II.  Tit. 
20;  Abschnitt  II;  §§722  to  725.  *♦  No  persdn  shall  knowingly  sell  or  commu- 
nicate to  other  persons  for  their  use,  articles  of  food  or  drink  which  pdssess  prop- 
erties prejudicial  to  health,  under  a  penalty  of  fine  or  bodily  punishment.  Who- 
soever adulterates  any  such  victuals  in  any  manner  prejudicial  to  health  or  mixes 
them  with  unwholesome  materials,  especially  by  adding  any  preparation  of  lead 
to  liquors,  shall,  according  to  the  circumstances  of  the  case,  and  the  degree  of 
danger  to  health,  be  liable  to  imprisonment  in  a  correction-house,  or  in  a  fortress, 
during  a  period*  varying  from  one  to  three  years.  Besides  this  punishment,  those, 
who  are  found  guilty  of  knowingly  selling  victuals  which  are  damaged  or  spoiled 
.  (verdorbener)^  or  mixed  with  deleterious  additions,  shall  be  rendered  incapable  for 
ever  of  carrying  on  the  same  branch  of  business.  The  articles  in  question  shall, 
be  destro3*ed,  if  incorrigibly  bad,  but  if  otherwise,  they  are  to  be  improved  as  far- 
as  possible  at  the  cost  of  the  culprit,  and  then  confiscated  for  the  benefit  of  the 
poor.  Further,  whosoever  mixes  victuals  or  other  goods  with  foreign  materials, 
for  the  purpose  of  increasing  their  weight  or  bulk,  or  their  seeming  good  quali- 
ties, in  a  deceitful  manner,  shall  be  punished  as  a  swindler.*' 

It  19  singular  how,  amid  the  law-making  mania  which  has  actuated  our  senators- 
for  many  sessions,  that  not  even  one  bill  has  been  framed  for  the  protection  of  the- 
people  from  spoiled  and  adulterated  foods  and  drinks. 

For  the  article  on  Brick-Making,  my  readers  are  indebted  to  a  valuable  comr 
monicatinn  to  the  Institution  of  Civil  Engineers,  and  the  judicious  remarks  on  it 
by  several  of  its  members.  At  its  conclusion,  a  notice  is  inserted  of  one  of  those 
abuses  which  too  often  recur  in  our  courts  of  judicature,  in  consequence  of  sci- 
entific witnesses  merging  the  dispassionate  philosopher  in  the  mercenary  partisan, 
and  striving  to  mislead  th^  judge  and  jUiy,  by  giving  a  one-sided  view  of  the  mat- 
ter submitted  to  their  candid  examination.  Such  procedure  is  injurious,  not 
merely  to  the  individual  casuist,  but  to  the  cause  of  science.  What  a  close  afifinity 
is  there  between  these  quibblers  and  the  venal  philosophists  so  graphically  ^r- 
trayed  by  Lucian ! 

In  addition  to  the  sectional  view  of  the  four-colored  calico-printing  machine, 
given  in  the  Dictionary,  an  outside  view  of  this  admirable  mechanism  i»  now  pre- 
sented to  my  readers ;  the  two  together  constituting  the  only  good  representatioii* 
of  It  hitherto  made  public. 

*  "  DicUonnaIre  Technologiqne/'  torn,  ii.,  p.S93. 
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The  production,  ptopertiei,  and  manufacture  of  caoutchouc,  are  treated  hero  » 
considerable  detail,  peculiar  facilities  having  occurred  to  me  for  the  thorough  in- 
vestigation of  ihis  novel  branch  of  industry.  If,  along  with  the  account  now 
given,  the  articles  Bookbindino,  Braidins  Machink,  and  Elastic  Bards  of 
the  Dictionary  be  consuUedi  the  student  will  possess  a  pretty  complete  knowledge 
of  caoutchouc. 

Chocolate  is  also  a  new  contribution  to  my  work,  which  I  have  been  enabled 
to  make  in  consequence  of  extensive  experimental  researches.  It  is  to  b«  hoped 
that  our  intrepid  sailors  will  be  allowed  to  reap  the  full  benefit  of  the  investiga- 
tions which  I  made  in  their  behalf,  by  desire  of  the  Lords  Commiasiooera  of  the 
Admiralty,  and  that  their  daily  breakfast  beverage  will  be  for  the  future  more  sol- 
uble, emulsive,  and  nutritious,  than  I  found  it  to  be  on  commencing  my  researches, 
at  which  time  about  three  fourths  of  the  cocoa  was  so  coarsely  ground,  for  the 
service  of  the  navy,  as  to  be  left  in  a  state  altogether  unfit  for  digestion. 

The  various  new  modes  of  producing  pictorial  impressions  by  the  agency  of 
light  on  chemically  prepared  surfaces  are  described  under  the  titles,  Cai^ottps, 
Daouerrottfk,  Fhotooraphy,  6cc,  The  somewhat  kindred  copying  an  by 
electricity,  is  treated  under  the  article  Electro- Metallurgy. 

Fermentation  will  be  found  a  useful  companion  to  the  account  of  Bavarian 
beer :  both  being  calculated  to  invite  brewers  and  distillers  to  look  more  narrowly 
than  they  seem  to  have  done  into  the  interesting  world  of  organic  chemistry,  so 
successfully  explored  in  Germany  and  France,  but  so  little  studied  in  this  country. 

Gas  Light  has  been  contributed  by  a  most  intelligent  friend,  and  deserves  to 
be  regarded  as  a  standard  treatise  on  this  important  branch  of  engineering,  con- 
densed into  the  shortest  possible  space  consistent  with  perspicuity. 

Gdano,  destined  ere  long  to  become  the  chief  pabulum  of  British  agriculture 
and  thereby  to  emancipate  our  landholders  and  farmers  from  their  exositopkcfbia 
their  dread  of  the  importation  of  foreign  corn,  has  been  discussed  at  considerable 
length  from  peculiar  sources  of  information. 

Under  Iron  and  Smelting  are  given  descriptions,  with  figures,  of  the  best 
plans  of  the  apparatus  for  the  hot-air  blast,  and  for  feeding  the  blast  furnace  with 
mine,  limestone,  and  fuel ;  both  being  original  contributions  from  an  eminent 
engineer. 

The  Seed-Crushing  oil  manufacture  is,  I  believe,  now  for  the  first  time  in  this 
country  represented  by  a  complete  set  of  figures,  exhibiting  the  various  parts  of 
\he  wedge  stamping-mill;  the  oldest  and  probably  still  the  heat  plan  of  extracting 
oil  from  seeds. 

Pepper  presents  an  instructive  example  of  the  fallacy  of  chemical  evidence, 
«imetinies  too  inconsiderately  given  in  a  court  of  justice.  Were  the  solemn 
•sanctity  of  an  oath  rightly  impressed  on  the  minds  of  scientific  men,  they  would 
rnot  testify  to  anything  but  what  they  did  mast  surely  know^  and  would  escape  the 
iPemorse  and  obloquy  consequent,  in  feeling  minds,  on  having  borne  false  witness 
(^inst  their  neighbor. 

The  Saccharoaieter  table  printed  at  first  for  the  Dictionary,  but  omitted  along 
vwiih  some  other  articles  of  less  importance,  for  want  of  room,  is  now  given  with 
certain  improvements. 

Smoke-prevention,  is  a  matter  of  such  moment  to  the  comfort  and  salubrity 
•of  all  our  large  tpwns,  and  even  of  many  semi-rural  districts,  that  in  promoting 
the  publicity  of  Mr.  Charles  Wye  Williams's  unexceptionably  simple  and  suc- 
cessful plan  for  efi^ecting  a  consummation  so  earnestly  to  be  wished  for,  I  am  con- 
scious of  merely  discharging  a  professional  duty. 

Spinning  exhibits  a  short  but  systematic  view  of  tlie  admirable  self-acting 
system  invented  by  Mr.  Bodmer,  whereby  all  the  operations  in  a  colton-facioiy 
are  linked  together  in  regular  succession,  and  co-operate,  with  little  or  no  manual 
aid,  toward  turning  out  a  perfect  product.  This  invention  constitutes  a  true 
automatic  era  in  textile  factories.  I  trvtst  the  author  of  these  inventions  will  be 
duly  recompensed  for  the  ingenuity  and  labors  of  very  many  years. 

In  the  spinning  of  fine  .fiax  yarn  by  machineiy,  the  greatest  mechanical  con- 
•queslt  which  our  factories  have  made  In  our  own  days  over  the  industry  of  rival 
nations,  a  capital  improvement  has  been  recently  made  by  Mr.  Westly  of  Leeds 
tiisiiirmer  invention,  the  screw  gill  or  spiral  comb  described  in  the  Dictionary, 
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under  Fi«ax,  i*  uow  diiiyenaUy  employed*  His  new  contriTaiice  ieciilM  ihe- 
SuvKR  Roving,  of  which  a  description  will  be  found  in  the  Appendix,  having 
come  too  lately  to  hand  for  iosertion  in  ita  proper  plaee.  It  promises  to  be  a  still' 
more  valuable  improvement  in  this  difficult  branch  of  manufacture  than  even  the 
spiral  comb. 

The  table  entitled  Spirits  exhibits  die  correspondence  between  the  technical 
uomeoclatuie  of  our  excise  as  reckoned  in  over-proof  and  under-proof  strengths, 
and  the  simple  scale  of  specific  gravity  as  understood  and  ^agreed  upon  all  over 
the  world.  Since  alcohol  alone,  and  not  water,  is  the  subject  of  taxation,  why 
not  have  an  alcohoUmeier,  like  that  of  Gay  Lussac,  which  shows  at  once  the 
proportion  of  taxable  stuff  in  any  spirit  7  (See  Alcohol  in  the  Dictionary.)  As, 
however,  our  excise  laws,  like  those  of  the  Modes  and  Persians,  are  not  likely  to 
be  changed  in  conformity  with  any  scientific  remarks^  tbe«above  table  is  a  desider- 
atum to  practical  chemists. 

.  8(joA&  OF  Potatoes,  being  a  recent .  manufacture  in  this  country,  is  fully 
investigated  from  my  own  professional  resources. 

Tobacco  is  discussed  at  considerable  length,  valuable  materials  for  this  inquiry 
having  been  altbrded  in  the  Report  of  the  recent  Committee  of  the  House  of 
Commons.  While  this  plant  is  a  rank  weed,  conducive  neither  to  the  sustenance 
nor  health  of  man,  and  therefore  a  most  fit  object  for  deriving  from  irs  consumeis  a 
fiscal  revenue,  it  affords  instructive  lessons  on  the  influence  of  our  fiscal  adminis- 
tration on  arts  and  manufactures. 

When  the  duty  on  an  article  is  more  than  ten  times  its  iotrinsie  valuef  it  must 
become  the  subject  of  perpetual  and  enormous  frauds,  and  engender  innumerable 
misdemeanors  and  crimes.  Toward  the  prevention  and  punishment  of  these 
trans<;ressions  of  the  fiscal  laws,  a  cumbrous,  complex,  costly,  somewhat  arbitrary 
and  despotic  system  of  espionage  and  prosecution  must  be  organizeid.  The 
working  of  this  vast  machinery  is  well  shown  in  the  committee's  report,  and 
must  excite  uncomfortable  feelings  in  every  honorable  mind.  We  here  see,  on  a 
somewhat  magnified  scale,  the  system  of  interference  with,  and  prying  into,  pro> 
cesses  of  art  and  manufacture  which  accompanies  and  characterizes  all  the  oper- 
ations of  the  excise.  This  device  for  collecting  revenue  for  the  necessities  of 
the  stale  is  the  Pandora's  box  of  the  dethroned  Stuarts;  and  should  have  been 
expatriated  with  that  ill-starred  family.  We  mny  say  of  it,  Quicqttid  tangit, 
deocnaU  No  brai^ch  of  industry  can  acquire  its  due  development  under  its  wiry 
training  and  fastening*  Had  the  incubus  of  the  excise  overlaid  our  textile  man- 
ufactures of  woqI,  cotton,  fiax,  and  silk,  how  dwarfish  would  their  stature  hare 
remained,  and  how  meanly  would  they  have  quailed  under  the  unrestrained  labor 
ftf  rival  nations;  whereas  now  they  afford  employment,  with  food,  ra^imem,  and 
lodging,  to  millions  of  our  people.  For  the  manufacture  of  glass  in  all  its  useful 
and  ornamental  branches,  this  country  possesses  indigenous  resources  superior  to 
those  of  every  other  one,  in  its  stores  of  fuel  and  vitrifiable  materials  of  every 
kind,  and  yet  it  is  surpassed  by  France,  Switzerland,  and  Bavaria,  in  glass  for  op- 
tical purposes,  and  by  Bohemia  in  the  quality  and  execution  of  decorative  glass. 
Our  scientific  chemists  have  been  obliged  to  get  all  their  best  glass  apparatus  from 
Germany,  via  Hamburgh. 

Surely  our  glass-makers  are  the  same  race  of  people  as  our  manufacturers  of 
iron,  fine  cotton  yarn,  muslin,  bobbin-net,  broad  silks,  &c.,  which  defy  the  com-^ 
petition  of  the  world,  and  if  unshackled  by  the  excise  they  would  ere  long  turn 
the  scale  against  their  foreign  rivals,  now  their  superiors.     The  incessant   and 
vexatious  espionage  of  the  excise  is  a  bar  to  all  invention  in  every  art  under  its 
control.     Who  would  expend  thought,  science,  labor,  and  money,  in  maturing 
any  discovery  or  improvement,  by  experiments  necessarily  conducted  under  the 
eyes  of  needy  excisemen,  who  would  tell  all  they  have  seen  for  a  trifling  bribe  ? 
Perhaps  the  gigantic  scale  of  our  spirit  distilleries  may  be  appealed  to  in  proof 
of  the  fostering  care  of  the  excise,  under  which  they  have  been  reared.     But  this 
overgrowth,  when  well  looked  into,  is  no  evidence  of  a  sound  constitution,  but 
merely  of  the  depravity  of  a  grovelling  uneducated  people.     In  facti  our  distil- 
leries produced  until  very  lately  a  very  impure  and  offensive  spirit,  strongly  imbued 
with  noxious /u^^^ot'/,  or  oil  of  grains  (see  Alcohol  in  this  Supplement)^  and  but 
for  the  recent  introduction  of  Mr.  Coffey's  still  into  some  distilleries*  they  would 
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all  have  been  yet  sending  forth  a  similar  crude  spirit.  But  though  Mr.  Coffey 
was  for  many  years  an  officer  of  excise,  and  therefore  did  adapt  his  patent  inven- 
tion to  all  the  just  requirements  of  the  revenue  laws,  he  has  met  with  veiy  vexa- 
tious obstructions  in  the  erection  of  his  stills  and  on  the  moat  frivolous  pretences. 

As  a  genera]  corollary  from  my  long  experience  in  the  conduct  of  arts  and 
manufactures,  1  feel  warranted  to  declare,  that  the  excise  system  is  totally  incom- 
patible with  their  healthy  growth,  and  is  in  itself  the  fruitful  parent  of  fraud* 
perjury,  theft,  and  occasionally  murder.  The  sooner  this  portion  of  the  revenue, 
so  oppressively,  so  expensively,  and  so  offensively  collected,  is  replaced  by  an 
equitable  tax  on  property,  the  better  for  the  welfare  of  this  mat  country.  I  have 
no  quarrel  with  the  gentlemen  who  administer  the  excise  Taws;  several  of  them 
with  whom  I  have  been  professionally  conversant  I  esteem  very  highly  as  intdli- 
gent  and  upright  men,  who  do  what  they  deem  their  duty  in  a  conscientious  man- 
ner. But  in  concluding  a  very  extensive  survey  of  the  great  branches  of  oar 
national  industry,  this  vile  obstacle  to  their  progressive  growth  became  so  mani- 
fest, that  it  would  have  been  pusillanimous  to  shrink  from  the  task  of  pointnig 
out  the  magnitude  of  the  evil. 

Ven TiLATiorr  describes  the  plan  now  organized  in  the  Reform  Club  House, 
which  I  inculcated  in  the  Philosophy  of  Manufactures,  published  in  1835,  as  also 
in  a  paper  read  before  tlie  Royal  Society  in  1836,  and  which  was  copied  into  sev- 
eral of  the  scientific  journals  of  that  period.  About  the  same  time.  Dr.  Reid 
was  erecting  a  huge  factory  fliroace  and  chimney  for  the  ventilation  of  the  House 
of  Commons,  which  would  have  been  accomplished  more  effectually  at  one  half 
of  the  expense,  and  without  any  architectural  disfigurement,  by  my  method  of 
ventilating  fans,  which  was,  in  fact,  that  long  practised  in  our  great  textile  facto- 
ries. The  doctor  has,  I  understand,  renounced  his  chimney  draughts  in  ventila- 
tiug  the  Court  of  Exchequer  at  Westminster,  and  adopted  a  similar  system  to 
that  of  the  Reform  Club  House.  I  hope  he  will  pursue  the  same  plan  in  the 
new  Houses  of  Parliament,  as  it  may  be  mounted  at  a  very  small  cost,  and  with- 
out occasioning  the  least  unsightly  appearance  or  any  annoyance. 

I  have  subjoined  in  an  Appendix  a  brief  treatise,  entitled  CHEMiSTnr  Simpu- 
FiBo,  which,  being  duly  studied,  will  prove  a  useful  gnide  to  innctitionerB  in 
testing  alkalis,  acids,  and  bleaching  substances,  in  several  departments  of  the 
chemical  arts. 

A  few  of  the  articles  marked  in  the  Dictionary  for  reference  to  the  Supplement, 
were,  on  reconsideration,  not  found  susceptible  of  useful  annotation.  Mont  of 
these  references  were,  indeed,  statistical  details,  which  are  given  from  the  latest 
and  best  sources  in  Mr.  M^Culloch's  excellent  Dictionary  of  Commerce. 

LoHDoa,  13  Charlotte  Street.  Bedford  Square, 
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ACETIC  ACID.  Rapid  acd\fieaiion,  or  the  quick  formation  of  Tinegar,  was 
praetiaed  upon  mail  worts  in  this  country  long  before  the  rapid  conversion  of  alcohol 
into  vinegar  was  introduced  into  Germany.  In  the  year  1842,  Mr.  Ham  obtained 
his  patent  for  an  improved  method  of  making  vinegar,  which  is  described  in  the  dic- 
tionary. His  son,  Mr.  F.  Haoi,  of  Norwich,  civil  engineer,  states  that  for  some  years,  four 
of  the  largest  country  manufactories  in  the  kingdom  have  been  at  work  upon  his  father's 
plan,  and  that  they  are  now  in  successful  competition  with  the  great  Londpn  establish- 
ments. The  apparatus  consists  of  a  huge  vat,  in  the  centre  of  which  is  a  revolving 
pump,  having  two  or  more  shoots  pierced  with  holes,  whereby  a  constant  shower  of 
the  fermented  wort,  called  wash,  b  kept  falling  from  the  top.  The  under  part  of  the 
▼at  contains  the  wash ;  the  upper  part,  birch  twigs  properly  prepared,  which  are  so 
pla'eed  as  not  to  interfere  with  the  revolving  shoots.  Between  the  surface  of  the  wash 
and  the  rafters  which  support  the  twigs,  a  space  of  a  few  inches  is  left  vacant,  into 
which  one  or  more  holes  in  the  side  of  the  vat  admit  the  air  spontaneously  or  have  it 
forced  in.  The  wash  is  maintained,  by  steam  pipes  immersed  in  it,  at  a  temperature 
of  from  90°  to  100®  F.,  so  that,  in  consequence  of  the  extensive  application  of  the 
atmospheric  oxygen  during  the  trickling  through  the  twigs,  it  may  be  made  sour  in  the 
course  of  48  hours;  but,  in  general  practice,  it  is  completely  acetified  in  from  15  to 
20  days.  By  this  apparatus,  a  wort  brewed  from  raw  grain,  with  only  one  seventh  of 
malt,  will  produce  a  vinegar  equal  to  that  from  malt  alone ;  and  the  acetifying  process 
may  be  arrested  whenever  it  is  completed,  thus  preventing  the  risk  of  the  vinegar 
running  into  the  putrefactive  stage,  as  happens  occasionally  in  the  slow  plan  of  fer- 
mentation. The  admission  of  air  is  so  moderated  as  not  to  dissipate  the  aloobol  of  the 
wash  by  evaporation.  A  wort  of  24  lbs.  gravity  per  Richardson's  instrument,  equal 
to  1*066  sp.  gravity,  will  in  this  way  yield  an  acid  of  revenue  proof. 

This  old-going  process  is  essentially  the  same  with  that  for  which  John  W.  Neale 
and  James  Edouard  Duydc  obtained  a  patent  in  September,  1841,  with  this  difference, 
that  they  employ  the  expressed  juice  of  beet-roots  instead  of  corn-wort. 

The  total  number  of  vinegar  factories  in  the  United  Kingdom  was  a  few  years  ago 
only  48,  of  which  five  of  the  principal  are  in  London,  four  being  on  the  Surrey  side  of 
the  Thames.  In  these,  malt  vinegar-making  is  associated  with  the  manufacture  of 
British  wines,  called  <<  sweets"  by  the  excise.  The  fermented  wort  or  wash  is  acetified 
either  by  <<  stoving  or  fielding."  By  the  first  plan,  casks  containing  the  wash  are  arranged 
in  close  rooms,  heated  by  steam^pipes  or  stoves.  By  the  second  plan,  the  casks,  each 
holding  somewhat  more  than  100  gallons,  are  laid  on  their  sides,  with  the  bung- 
holes  up,  and  distributed  in  long  parallel  rows,  two  or  more  deep,  with  narrow  lanes 
between.  A  flexible  pipe  or  hose,  in  connexion  with  the  great  wash  tun  in  the  brew- 
house,  is  laid  alongside  of  the  casks,  for  the  purpose  of  filling  them,  and  keeping  them 
supplied  in  case  of  leakage,  or  evaporation.  The  wash  requires  usually  several  months 
for  its  complete  acetification,  during  which  time  the  bung-holes  are  left  open  in  fine 
weather,  but  covered  with  a  tile  in  the  time  of  rain.  When  the  acetous  fermentation  is 
eompleted,  the  contents  of  the  easks  are  transferred  by  a  syphon  into  a  shoot  laid  on 
the  ground,  whence  it  is  drawn  by  a  pump  into  a  store  vat  within  doors.  It  is  next 
clarified  in  very  large  vats,  ealled  «  rapes,"  because  in  them  it  is  filtered  slowly  and 
repeatedly  through  a  compacted  heap  of  the  stalks  and  skins  of  raisins,  called  rape, 
which  is  the  refuse  of  the  British  wine  manufacture. 

In  1838,  2,628,978  gallons  of  vinegar  pdd  duty  in  En^nd ;  in  1839,  2,939,665 ; 
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and  in   1840,  3,021,130 ;   upon  which  the  gross  amount  of  duty  was  respectiTd^rs 
21,908/.  3«.;  24,488/.  17«.  6d. ;  and  25,978/.  12«.  9</. 

In  Scotland,  in  the  same  years,  15,626  gallons ;  14,532;  and  12,967;  on  which  the 
duty  charged  was,  respectively,  130/.  As.  -id, ;  121/.  2». ;  and  111/.  19«.  7d. 

In  Ireland,  in  the  same  years,  48,158  gallons;  50,508;  and  56,812;  on  which  the 
duty  charged  was,  401/.  6^.  4^.;  420/.  18«.;  and  489/.  13<. 

In  the  German  process  of  SchutzenboiCh  for  the  rapid  formation  of  vinegar,  180 
measures  (of  2  litres,  or  2  quarts  each)  of  water  are  added  to  20  of  alcohol  of  from 
44  to  45  per  cent,  by  Tralles,  and  6|  of  vinegar,  containing  3|  per  cent,  of  acetic 
acid.  These  206^  measures  produce  on  the  average  203  to  ^4  of  vinegar  of  the 
above  strength.  The  process  of  acetification  in  the  graduation  tubes  {graidirfduer) 
is  finished  in  about  48  houra,  and  furnishes  a  vinegar  of  ohly  2*75  per  cent,  of  add 
strength.  The  liquid  still  contains  some  unchanged  alcohol,  and  it  is  therefaie 
transferred  into  tuns,  where  it  completes  its  oxygenation.  The  heat  of  the  chamber 
being  about  90°  F.,  occasions  the  stream  of  air  that  is  passed  through  the  above  mate- 
rials to  carry  off  unproductively  one  tenth  of  the  alcohol  at  least.  Of  the  air  tba 
passes  through  the  apparatus,  only  3  per  cent,  of  its  oxygen  is  converted  into  carbonic 
acid.*  An  increase  in  the  proportion  of  alcohol  in  the  mixture  is  not  found  favorable 
to  increased  production  of  vinegar. 

The  theory  of  the  acetification  of  alcohol  was  first  fully  cleared  up  by  the  researches 
of  Liebig  on  aldehyde.  For  the  production  of  100  pounds  of  hydrated  acetic  acid,  53 
pounds  of  oxygen  are  required,  which  are  contained  in  227  pounds  of  air,  and  oxygenale 
77  pounds  of  absohite  alcohol. 

The  conversion  of  the  alcohol  of  fermented  liquors  into  vinegar  may  be  cfaeaiically 
represented  as  follows :  Alcohol  is  a  compound  of  four  atoms  of  carbon,  six  of  hjdrogea, 
and  two  of  oxygen,  or  in  symbols  C*  H<  Ot.  In  certain  circumstances  (as  the  first  stage 
of  Bcetification)  it  loses  two  atoms  of  hydrogen,  and  becomes  aldehydty  or  dehydrogenated 
alcohol,  04  H4  Of.  This  body  readily  absorbs  two  atoms  of  oxygen  on  exposure  to  air, 
and  thus  forms  one  atom  acetic  acid ;  in  symbols,  C*  H3  Os  -j-  1  atom  water  (H  0). 
These  results  are  obtained  in  the  exposure  of  vapor  of  alcohol  to  platinum  spooge, 
or  platinum  mchr.  In  all  cases  it  is  presumed  that  aldehyde  is  first  produced,  then 
vinegar.  The  quick  vinegar  process  hss  been  in  this  country  advantageously  apfM 
to  the  acetification  of  a  solution  of  starch  sugar  made  by  the  agency  of  either  maJi  or 
sulphuric  acid.  But  as  our  excise  laws  are  adverse  to  the  spirituous  fermentation  of 
such  sugar,  the  starch  liquor,  aAer  being  boiled  with  one  per  cent,  of  snlphnrie  add,  ii 
directly  fermented  into  a  crude  wash,  which  is  then  acetified  by  the  foUowiag 
method  : — 

A  very  large  slightly  conical  tub  or  tun,  14  feet  wide  at  bottom,  15  at  top,  and  IS 
high,  turns  out  in  a  giv6n  time  as  much  vinegar  as  is  in  Germany  obtained  from  six  tabs 
8  feet  high  and  4  feet  wide.    Our  larger  mass  of  materials  geno-ates  and  maintains  so 
much  heat  in  the  oxidation  of  the  spirit,  as  to  require  no  stove-heating  in  a  property 
constructed  chamber.    Two  and  a  half  feet  above  the  bottom  of  the  above  tun,  a  false 
bottom  is  laid.    The  space  above  this  bottom  is  filled  with  coopers'  wood  sbavinfs 
and  chips,  and  the  space  beneath  is  destined  to  receive  the  liquor  as  it  trickles  down 
on  the  true  bottom,  in  order  to  be  pumped  up  in  continual  circulation.     At  a  moderalr 
height  above  the  tun,  the  resen'oir  of  the  wash  is  placed,  which  discharges  itself 
through  a  regulating  stop-cock,  or  valve,  into  a  pipe  in  its  bottom,  which  passes  dovo 
through  a  pretty  large  hole  in  the  middle  of  the  lid  of  the  tun,  and  terminates  a  fev 
inches  under  it,  in  a  cross  pipe  shut  at  the  ends,  which  is  made  to  revolve  slowly  br 
mechanical  power,  in  a  horizontal  direction  round  the  end  of  the  vertical  pipe.    7%i9 
cross  pipe  is  long  enough  to  reach  nearly  to  the  sides  of  the  tun,  and,  being  pierced  vjdi 
small  holes  in  its  under  side,  delivers  the  fermented  liquor,  in  minute  streams,  eqaatt! 
all  over  the  surface  of  the  chips  of  wood.    It  thence  falls  Into  the  lower  compaitBcal 
of  the  tun,  through  holes  round  the  drcumferenee  of  the  false  bottom,  whence  it  is 
pumped  up  a^in,  under  certain  modifications,  to  be  presently  described. 

The  air  for  oxygenating  the  alcohol  into  vinegar  is  supplied  from  two  floatiBg 
gasometers,  which  are  made  to  rise  and  fall  alternately  by  steam  power.  The  ascending 
one  draws  its  air  fVom  a  pipe  which  passes  into  the  centre  m  the  tun,  immediately 
under  the  false  bottom,  and  as  it  redescends  it  discharges  that  air  through  a  pipe  into 
a  cistern  of  water,  which  condenses,  and  retains  the  alcoholic  vapor  drawn  off  with 
the  air.  This  water  is  used  in  making  the  next  acetifying  mixture.  The  fresh  air  is 
admitted  in  the  top  of  the  tun  by  the  sides  of  the  vertical  liqnorpipe,  which  is  somewhat 
smaller  than  the  hole  through  which  it  passes.  Proper  valves  are  placed  upon  the  pipes 
connected  with  the  gasometer  pump,  whereby  thfc  air  di^wn  fVom  the  bottom  empart- 
ment  is  prevented  from  returning  thither.    A  small  forcing-pnmp  is  employed  t» 
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l&e  Iktaor  contimuillf  finom  the  bottom  of  the  tun  to  the  d^tern  overhead.  By  this 
urrangement  good  vinegar  may  be  made  in  a  few  days,  without  any  perceptible  loss  of 
materials.  The  progress  of  the  acetification  in  this  apparatus  is  ascertained  by  testing 
the  air  for  oxygen  as  it  is  slowly  drawn  into  the  gasometers,  or  expelled  from  them. 
For  this  purpose  a  bundle  of  twine,  which  has  been  impregnated  with  solution  of  sugar 
of  lead,  and  dried,  is  set  fire  to,  and  plunged  into  a  bottle  filled  with  the  air.  In 
general,  it  is  so  well  disoxygenated  and  carbonated,  that  the  ignition  is  immediately 
extinguished.  By  regulating  the  warmth  of  the  apartment,  the  motion  of  the  gasome- 
ter, and  the  admission  of  air,  the  due  progress  of  the  acetification  may  be  secured. 
The  vinegar  has  an  average  strength  of  5|  per  cent,  of  acetic  acid  hydrate,  and  is  im- 
mediately ready  for  the  market. 

Hitherto  it  has  been  generally  imagined  that  the  formation  of  vinegar  is  accom- 
plished bv  a  peculiar  fermentation,  which  has  been  called  the  acetous,  in  contradistinc- 
tion from  the  vinous,  the  panar>',  the  putrefactive,  &.c.  But  this  doctrine  is  doubtful. 
The  experiments  which  serve  us  its  base,  and  which  should  reveal  the  nature  of  its  pe- 
culiar ferment,  as  also  the  chemical  reactions  which  take  place  in  its  progress,  all 
seem  to  place  this  phenomenon  somewhat  out  of  the  sphere  of  fermentation  properly 
so  called.  Every  fennentation  operates  by  resolving  a  body  into  compounds  less  com- 
plex than  itself.  But  the  so-called  acetic  fermentation  serves  to  combine,  on  the  con- 
trary, two  bodies,  viz.,  alcohol  and  aldehyde,  with  the  oxygen  of  the  air ;  and  this 
is  the  only  case  where  fermentation  produces  such  an  action,  which  is  a  true  com- 
bustion. 

Yet  it  must  be  confessed  that  the  acetic  seems  to  possess  all  the  characters  of  the 
other  fermentations;  namely,  the  union  of  an  organized  body  or  ferment  with  a  fer- 
mentable organic  matter.  The  former  is  found  in  that  mucous  substance  called  mother 
of  vinegar,  and  which  is  seen  floating  on  the  surface  of  vinegar  in  the  act  of  its  gene- 
ration. It  begins  to  appear  with  the  acid  fermentation,  and  it  continues  to  be  formed 
during  its  whole  progress.  It  is  at  first  a  pellicle  composed  of  globules  much  more 
minute  than  those  which  constitute  yeast;  and  they  are  often  irregularly  grouped. 
The  pellicle  becomes  afterward  thicker  in  body  and  consistence,  exhibits^  more  distinct 
granular  forms,  and  acquires  a  tendency  to  be  distributed  Jn  stripes  or  narrow  bands. 
The  mode  of  the  reproduction  of  these  globules  is  quite  unknown ;  but  they  seem  some- 
what akin  to  the  slimy  deposite  of  sulphureous  mineral  waters  called  baregine. 

If  the  study  of  the  acetic  ferment  be  mysterious,  it  is,  however,  clear  that  the  convert 
sion  of  alcohol  into  vinegar  never  takes  place  in  the  common  process  without  the  pres- 
ence of  an  albuminous  substance,  and  of  the  condition  favorable  to  all  fermentations, 
besides  the  necessary  access  of  air,  not  only  at  the  commencement  (as  suffices  for  the 
vinous)  but  during  all  its  course.  Hence  every  weak  spirituous  liquor  which  contains 
ftn  albuminous  matter  or  any  ferment  may,  with  contact  of  air,  and  a  temperature  of 
from  60^  to  90°  F.,  give  birth  to  vinegar.  If  the  mixture  be  too  rich  in  alcohol,  or 
if  the  azotised  matter  be  absent,  or  if  the  temperature  be  much  above  or  below  these 
4WO  points,  the  phenomenon  of  acetification  stops.  There  are,  therefore,  several  hidi- 
cations  oC  the  existence  of  a  peculiar  vinegar  fermentation;  though  it  should  be 
observed  that  the  production  of  lactic  acid  (as  from  fermenting  cabbage,  starch.  &c.) 
has  sometimes  misled  chemists  into  the  belief  of  an  acetic  fermentation.  I  shall,  on 
this  account,  point  oat  here  briefly  the  distinction  between  the  two  processes. 

The  acetic  fermentation  requires  the  presence  of  ready  formed  alcohol  and  of  the 
air ;  the  lactic,  on  the  contrary,  proceeds  with  starchy  or  saccharine  mixtures,  without 
the  intervention  of  alcohol  or  of  atmospheric  oxygen ;  and  when  once  begun,  it  will 
go  on  of  itself.  The  acetifying  process  presents,  moreover,  a  striking  analogy  with 
the  phenomenon  of  nitrification,  in  the  necessity  of  an  elevated  temperature  and  the 
influence  of  porous  bodies  to  divide  the  particles  of  the  liquids  and  the  air.  Thus 
gaseous  ammonia  mixed  with  oxygen,  when  passed  through  a  tube  containing  spongy 
platinum  slightly  heated,  becomes  nitric  acid ;  when  Rulphhrous  acid  gas  and  oxygen 
are  passed  through  hot  pumice-stone  they  become  sulphuric  acid ;  and  when  lime  or 
potash,  diffused  through  porous  matter,  is  placed  in  contact  with  ammoniacal  emana- 
tions, in  the  artificial  nitre  beds,  or  nitrifiable  soils,  nitrate  of  lime  or  potash  is  formed: 
In  like  manner,  under  the  influence  of  spongy  platinum,  alcohol  (C4H40-|-  H^O)  and 
air  may,  by  a  true  oxidisement  of  the  ethereous  part  of  the  alcohol  (C4H40)  produce 
aldehyde  (C<H<Oi),  which  passes  afterward  into  acetic  aoid  (C^HaOs-f  water,  HO). 
On  these  principles  we  may  conceive  that  vinegar  rnnst  be  readily  formed  when 
alcoholic  wash,  at  a  proper  temperature,  is  extensively  exposed  to  atmospheric  air,  by 
being  spread  over  the  surfaces  of  wooden  twigs,  or  chips  in  the  German  gradualort. 
In  some  districts  cider  is  rapidly  acetified  by  being  made  to  tricUe  cautiously  along 
strings  suspended  vertically  between  two  vats.  See  Acetic  Acid  and  Oraduatob  in 
the  dictionary. 
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ALCOHOL,  as  ohtained  by  the  distillation  of  wiae,  of  fermented  corn-wort,  or 
potato  syrup,  possesses  different  flavors,  which  arise  from  what  the  Crennans  ciR 
Fusel  oil,  and  which  oil  differs  in  those  several  spirituous  liquors.  That  of  wine  has 
been  called  Onanthic  ether.  It  is  resolvable  into  ether  (oxide  of  ethal)yand  a  pecnliv 
fatty  acid,  the  Onanthfc. 

The  cenanthic  ether  of  com  spirit  contains  an  additional  oQ,  called  com  oil,  whkh 
has  a  most  offensive  smell.  The  potato  fusel  oil  differs  from  that  obtained  from  grain 
spirit.  It  has,  at  the  first  impression,  in  >  its  pure  state,  a  strong,  not  disagreeable 
smell,  which  afterward  becomes  extremely  nauseous,  and  excites  an  acrid  bnmiag 
taste.  The  inhalation  of  its  vapor  causes  a  feeling  of  oppression,  and  ramiting.  All 
these  fusel  oils  are  readily  soluble  in  alcohol,  but  not  in  water,  whence,  when  poored 
into  the  latter,  they  make  a  milky  mixture.  The  potato  fusel  oil  contains  no  sotoirfar 
from  the  potatoes,  as  has  been  alleged,  though  this  noxious  principle  exists  in  all  pola- 
toes,  especially  after  germination.    It  is  not  a  volatile  product. 

Com  damaged  by  rain  in  harvest-time  affords,  afler  mashing  and  fermentation, 
a  most  offensive  fusel  oil,  which  irritates  the  eyes  and  nostrils,  and  smells  like  a  sola* 
tion  of  cyanogen  in  alcohol.  Spirits  so  contaminated  intoxicate  more  powerfully  than 
purer  spirits,  and  are  apt  to  bring  on  temporary  madness  and  subsequent  indisposi. 
tion.  This  noxious  substance  does  not  combine  with  gases ;  and,  being  more  Tohtile 
than  alcohol,  it  may  be  drawn  off  by  distillation  in  a  concentrated  state.  It  is  separa- 
ted to  a  considerable  degree  in  Germany  by  diluting  the  foul  spirits  with  water, 
mixing  m  a  portion  of  olive  or  other  bland  ml,  letting  the  oil  gather  on  the  top,  draw- 
ing  off  the  spirituous  liquor  from  below,  and  subjectify  it  to  rectification.  When  the 
spirit  so  rectified  is  kept  for  2  or  3  months  in  a  cask,  corked,  but  not  too  closely,  the 
noxious  oenanthic  compound  disappears,  in  some  measure  by  its  spontaneous  decompiK 
sition.    For  statistics  and  excise-proof  table,  see  Spikits. 

The  high  price  of  alcohol  in  this  country,  in  consequence  of  the  heavy  fiscal  dntiesy 
and  its  low  price  in  most  other  countries,  where  it  is  nearly  duty  free^  has  led  to  its 
contraband  importation  under  various  disguises.  Sometimes  it  is  introduced  under  tht 
mask  of  oil  of  turpentine,  from  which  it  can  be  sufilciently  freed  by  rectification  Ibr  the 
purpose  of  the  gin  manufacturers.  Sometimes  it  is  disguised  with  wood  naphtha,  or 
wood  vinegar ;  from  the  latter  of  which  it  may  be  separated  by  distillation  in  a  water 
bath ;  but  from  the  former  it  is  more  difficult  to  extricate  it,  as  alcohol  and  wood  spirit 
are  nearly  equally  volatile.  It  has  also  been  disguised  with  eoal  naphtha ;  but  frtm 
this  it  may  be  easily  separated  by  distillation,  on  account  of  the  great  difference  be- 
tween the  boiling  points  of  the  two  liquids ;  besides,  coal  naphtha  will  not  combine 
with  water,  as  alcohol  does. 

When  the  object  is  to  discover  whether  wood  spirit  contains  alcohol,  we  may  pro- 
ceed as  follows :  Add  to  the  suspected  liquid  a  little  nitric  acid,  of  spedfie  gravity 
1*45.  If  alcohol  be  present,  in  even  small  proportions,  an  effervescence  win  ensnc^ 
from  the  evolution  of  etherised  nitrous  gas,  with  its  characteristic  ethereoos  snell. 
On  treating  the  mixture  with  a  nitrous  solution  of  mereory,  as  in  the  procesi  for  fnl- 
aiinate  of  mercury^  an  effervescence  will  take  place^  the  dense  vapor  of  etherised 
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evial  gas  will  appear,  and  a  certam  pioportioD  of  fubiimatff  will  be  formed,  eorre- 
sponding  pretty  closely  to  the  proportion  of  alcohol  in  the  wood  naphtha  mixture. 

As  the  boiling  point  of  wood  spirit  is  only  about  145®,  while  that  of  alcohol,  of  like 
specific  gravity  (0*825),  is  173°  F.,  a  good  criterion  of  the  proportion  of  the  two  liquids 
present  in  the  mixture  may  be  found  in  its  boiling  temperature. 

Pure  wood  spirit,  when  mixed  with  the  above  nitric  acid,  becomes  of  a  ruby  tint^ 
but  remains  tranquil.  Alcohol  continues  colorless,  but  enters  into  violent  ebullition, 
and  is  nearly  all  dissipated  in  fumes. 

Alcohol  diluted  with  water  has  a  less  resultant  density  than  wood  spirit  of  like 
strength  similarly  diluted.  While  alcohol  thus  becomes  of  0*920,  wood  spirit  becomes 
0-926  or  0-927. 

Il'  wood  spirit  be  contained  in  alcohol,  it  may  be  detected  to  the  greatest  minuteness 
by  the  tc?t  of  caustic  potash,  a  little  of  which,  in  powder,  causing  wood  spirit  to  be- 
come speedily  yellow  and  brown,  while  it  gives  no  tint  to  alcohol.  Thus  1  per  cent.> 
of  wood  spirit  may  be  discovered  in  any  sample  of  spirits  of  wine.  For  further  detaUs 
upon  this  analytical  inquiry,  see  my  pamphlet,  entitled  Tht  Revenue  in  Jeopardy, 

ALGAROYILLA.  This  substance  is  called  by  the  Spaniards  Mgaroba,  from  the 
resemblance  it  bears  to  the  fruit  of  the  Carob  (Ceratonia  iUiqwiyy  which  is  a  native  of 
Europe,  in  the  southern  countries  of  Spain  and  Portugal.  The  substance  lately  ana- 
lysed by  me  is  the  fruit  of  a  tree  which  grows  in  Chile,  of  which  the  botanical  name  is 
Prwopis  paUida,  according  to  Captain  Bagnald,  R.  N.,  who  first  brought  a  sample  of 
it  to  this  country  in  the  year  1832.  It  consists  of  pods  bruised  and  agglutinated  more 
or  less  with  the  extractive  exudation  of  the  seeds,  and  husks.  According  to  a  more 
recent  determination,  algarovilla  is  said  to  be  the  product  of  the  tree  Juga  Martiue 
of  Santa  Martha,  a  province  of  New  Carthagena. 

It  is  an  astringent  substance  replete  with  tannin,  capable,  by  its  infbsion  in  water,  of 
tanning  leather,  for  which  purpose  it  possesses  more  than  four  times  the  power  of  good 
oak  bark.  Its  active  matter  is  very  soluble  in  water  at  a  boiling  temperature.  The 
seeds  are  merely  nutritive  and  demulcent,  but  contain  no  astringent  property.  This 
resides  in  the  husks.  The  seeds  in  the  entire  pod  constitute  about  l-5th  of  the  weighty 
and  they  are  three  or  four  in  number  in  each  oblong  pod.  Alcohol  of  60  per  cent,  over 
proofs  dissolves  64  parts  in  100  of  this  substance.  The  solution  consists  chiefly  of  tan- 
nin, with  a  very  little  resinous  matter.  Water  dissolves  somewhat  moce  of  it,  and 
affords  a  very  styptic-tasted  solution,  which  precipitates  solution  of  isinglass  very  co- 
piously, like  infusion  of  galls  and  catechu.  Its  solution  forms  with  sulphate  of  iron  a 
black  precipitate,  which  is  kept  fioating  by  means  of  the  gum  present,  and  thereby 
constitutes  good  ink.  My  report  to  the  merchant  was  written  with  a  combination  thus 
made,  in  proportions  taken  at  random ;  and  there  is  no  doubt  that  by  using  a  stronger 
decoction  of  the  algarovilla,  along  with  a  proper  proportion  of  copperas,  an  excellent 
black  ink  might  be  prepared  without  any  other  addition. 

I  find  that  a  decoction  of  the  algarovilla  affords  with  cotton  cloth,  mordanted  with 
tin  solution,  as  also  with  acetate  of  alumina  liquor,  a  brilliant  yellow  die  $  the  former 
being  the  brighter  and  fuller  of  the  two.     • 

A  tincture  of  algarovilla  might  be  used  as  an  astringent  in  medicine ;  or  probably 
a  decoction  of  the  whole  substance  would  be  preferable,  on  account  of  the  demulcent 
quality  of  the  seeds  when  bruised.  As  an  article  of  commerce  it  can  not  be  rated  at  a 
high  price,  nor  should  it  pay  much  duty  till  its  value  as  an  article  of  manufactures  or 
medicine  be  fully  ascertained. 

ALMONDS.  Imported  in  1839,  28,261  cwt.j  in  1840,  27,566.  Retained  for  con- 
amnption,  9,785  and  7,935,  respectively. 

ALUM.    In  the  alum  works  on  the  Yorkshire  coast,  8  dififerent  liquors  are  met  with* 
1st.  "  Raw  Liquor."    The  calcined  alum  shale  is  steeped  in  water  till  the  liquor 
has  acquired  a  specific  gravity  of  9  or  10  penny  weights,  according  to  the  languagt 
of  the  alum-maker. 
2d.  "Clarified  Liquor."    The  raw  liquor  is  brought  to  the  boiling, point  in  lead 
pans,  and  suffered  to  stand  in  a  cbtem  tUl  it  has  cleared :  it  is  then  called  clari- 
fied liquor.    Its  gravity  is  raised  to  10  or  1 1  pennyweights. 
3d.  "  Concentrated  Liquor."    Clarified  liquor  is  boiled  down  to  about  20  penny- 
weights.   This  is  kept  merely  as  a  test  of  the  comparative  value  of  the  potash 
salts  used  by  the  alum-maker. 
4th.  **  Alum  Mother  Liquor."    The  alum  pans  are  fed  with  clarified  liquor,  which 
IS  boiled  down  to  about  25  or  30  pennyweights,  when  a  proper  quantity  of  pot- 
ash salt  in  solution  is  mixed  with  it,  and  the  whole  run  into  coolers  to  crystal- 
lize.   The  liquor  pumped  from  these  rough  crystals  is  called  "  alum  mothers."  ^ 
5th.  "Salts  Mothers."     The  alimi  mothers  are  boiled  down  to  a  crystallizing 
point,  and  afford  a  crop  of  "  Rough  Epsom,"  which  is  a  sulphate  of  magnesia 
and  protoxide  of  iron. 


16  ALUM. 

6th  and  7th.  ''Alum  Washings.''  The  rongh  crystab  ai  alum  (No.  4),  afe 
washed  twice  in  water,  the  first  washing  being  about  4  pennyweights,  the  second 
about  2|,  the  difierence  in  grayity  being  due  to  mother  liquor  clinging  to  the 
crystals. 

8th.  "  Tun  Liquor."  The  washed  crystals  are  now  dissolved  in  boiling  water,  and 
run  into  the  "  roaching  tuns"  (wood  vessels  lined  with  lead)  to  crystallize.  The 
mother  liquor  of  the  <'  roach  alum"  is  called  **  tun  liquor ;"  it  is,  of  coarse,  not 
quite  so  pure  as  a  solution  of  roach  alum  in  water. 

The  alum-maker's  sp.  gr.  bottle  holds  80  pennyweights  of  water,  and  by  10  penny- 
weights he  means  10  more  than  water,  or  90. 

The  numbers  on  Twaddle's  hydrometer,  divided  by  2*5,  gave  alum-maker's  penny- 
weights. 

The  alum-maker  tests  his  samples  of  potash  salts  comparatively  by  dissolving  equal 
weights  of  the  different  samples  in  equal  measures  of  alum  liquor  at  20  pennyweights, 
heated  up  to  the  boiling  point,  and  weighing  the  quantity  of  alum  crystals  produced 
on  cooling. 

For  the  above  information  I  am  indebted  to  my  friend  Mr.  Maurice  Scanlan,  who 
superintended  for  some  time  the  Mulgrave  alum  works. 

He  informs  me  that  61  <^  tons  of  the  alum  rock  at  the  Mulgrave  works  to  the  north 
of  Whitby,  yield,  after  calcination,  &c.,  one  ton  of  alum. 

It  has  been  computed  that  with  sulphur  at  6/.  per  ton,  sulphuric  acid  of  spec.  grav. 
1*750  can  be  produced  at  3/.  per  ton,  including  the  mere  cost  of  making  :  this  add 
contains  2  atoms  of  water :  174  tons  of  this  acid,  and  87}  tons  of  sulphate  of  potash, 
with  the  pipe-clay,  will  form  474  tons  of  alum ;  so  that  the  neat  cost  would  be  522f., 
for  tlie  acid-|-1047/.  for  the  sulphate  of  potash  =1569/. ;  which  sum,  divided  by  474, 
gives  a  quotient  of  3/.  6«.  for  the  neat  cost  of  1  ton  of  alum  by  the  direct  process. 

At  the  pit  1  ton  of  alum,  rock  or  mine,  coast  3/.  As, ;  to  which,  adding  the  cost  of  the 
potash  salt  for  I  ton  of  alum,  3/.  15«.,  they  constitute  together  an  amount  of  6/.  19ff. 
From  the  latter  sum  1/.  10.f.  must,  however,  be  deducted  for  the  value  of  vough  Epsom 
salt  produced,  leaving  a  balance  of  5/.  9«v  for  the  cost  of  a  ton  of  mine-alum,  prior  to 
evaporation  and  crystallization. 

A  patent  was  obtained  in  November,  1839,  by  Mr.  WUliam  Wiesmann,  of  Dues- 
burg,  for  improvements  in  the  manufacture  of  alum.  He  subjects  potter's  day  to  a 
moderate  red  heat,'  grinds  it,  and  subjects  the  powder,  in  leaden  pans,  to  the  action  of 
concentrated  sulphuric  acid  (66°  Beaume),  taking  care  to  use  excess  of  clay  and  a 
moderate  heat.  This  mixture  is  to  be  stirred  till  it  is  dry,  then  treated  with  boiliof 
water,  in  order  to  dissolve  the  sulphate  of  alumina  formed.  So  far  the  process  b  old 
and  well-known.  The  novelty  consists  in  freeing  the  saline  solution  from  iroo  by 
ferrocyanure  of  potassium  (prussiate  of  potash).  When  the  iron  has  been  all  throwa 
down  in  the  form  of  prussian  blue,  the  liquor  is  allowed  to  settle,  the  supernatant  pore 
sulphate  is  drawn  off,  and  evaporated  till  it  forms  on  cooling  a  concrete  mass,  which 
may  be  moulded  into  the  shape  of  bricks,  &c.,  for  the  convenience  of  packing.  He 
proposes  to  cr}'stallize  his  alum ;  but  he  will  find  this  process  rather  difficult.  Hie 
Prussian  blue  obtained  may  be  reconverted  by  any  alkaline  solution  into  a  ferrocyanide, 
and  again  employed  on  a  fresh  quantity  of  the  raw  sulphate.  How  be  is  to  precipitate 
the  iron  by  sulphate  of  lime,  as  he  states,  I  can  not  comprehend. 

Dr.  Turner's  process  for  making  alum  from  felspar  is'  thus  described  by  hira  m 
the  specification  of  his  patent,  sealed  October  8,  1842.  If  it  be  desired  to  make 
a  potash  alum,  the  best  substance  to  operate  upon  is  a  potash  felspar.  This  felspar 
is  ground  in  a  common  edge-stone  mill  to  the  consistency  of  fine  sand  (a  proress 
which  is  much  assisted  by  first  heating  it  to  redness,  and  then  plunging  it  is  cold 
water) ;  it  is  then  mixed  with  its  own  weight  of  sulphate  of  potash,  and  placed  ra  the 
upper  part  of  the  inclined  bed  of  a  reverberatory  furnace  (being  such  a  furnace  as  is 
known  in  the  potteries  as  a  frit  furnace),  and  which  furnace  has  previously  been 
brought  to  a  full  white  heat.  When  by  the  action  of  the  heat  a  glass  has  been  pro- 
duced, and  is  obtained  to  flow  down  the  inclined  bed  of  the  furnace,  to  such  glass  is  to 
be  added  gradually,  at  the  lower  end  of  the  famace,  as  much  carbonate  of  potash  as 
was  before  used  of  sulphate  of  potash.  And  this  process  of  placing  the  mixture  of 
felspar  and  sulphate  of  potash  at  the  upper  part  of  the  bed  of  the  furnace  is  to  be 
repeated,  adding  at  the  lower  part  of  the  bed,  gradually  and  proportionally,  as  the 
glass  fiows  down  from  the  upper  part,  the  carbonate  of  potash,  as  before  mentioned. 
This  is  continued  until  the  sack  of  the  furnace  is  filled  with  the  glass ;  this  glass  is  then 
fit  for  the  next  process.  The  preparation  of  the  glass  may  also  be  aJTected  in  a 
reverberatory  furnace  with  a  flat  bed ;  and  the  facility  of  removing  the  glass  from  such 
a  furnace  is  an  advantage.  In  this  case  no  carbonate  must  be  added  to  the  mixture 
until  the  sulphate  of  potash  is  observed  to  be  completely  decomposed.  On  boiling  in 
water  the  glass  thus  obtained^  the  same  quantity  of  potash  as  was  added  to  the  fekpar 
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and  two  thirds  of  the  silies  contained  in  the  felspar  are  dissolved,  while  the  remaining 
one  third  of  the  silica  and  the  alnmina,  and  an  equal  quantity  of  potash  as  the  felspar 
originally  contained,  are  left  in  the  form  of  a  light  porons  substance,  similar  in 
chemical  composition  to  the  mineral  commonly  called  elseolite ;  this  porous  substance 
is  carefully  separated  from  the  said  solution,  and  washed  with  water  until  freed  from 
the  silicate  of  potash,  then  placed  in  an  open  leaden  cistern  or  boiler,  and  boiled  with 
dilute  sulphurie  acid  of  the  specific  grarity  1*2  (one  and  two  tenths).  This  acid  will 
contain  about  the  quantity  of  water  required  for  the  solution  and  crystallization  of  the 
alum  produced  by  the  decomposition  of  the  ekeolite;  the  quantity  of  the  dilate 
sulphuric  must  be  such  as  will  contain  about  160  lbs.  of  dry  sulphuric  acid  for  every 
286  lbs.  of  felspar  rock  (if  that  rock  be  used),  and  in  like  proportion  to  the  silica  and 
alumina  contained  in  the  substance,  if  any  other  substance  be  used,  as  it  is  important 
that  the  alum  suiution  thus  obtained  should  not  contain  an  excess  of  acid.  I 
recommend  that  only  four  lif^bs  of  the  proposed  quantity  of  dilute  sulphuric  acid 
should  be  used  in  the  first  operation,  which  will  leave  a  portion  of  the  elsollte 
undecoijaposed ;  but  by  acting  upon  this  undecomposed  portion,' after  the  solution  has 
been  drawn  c^,  with  the  full  quantity  of  dilute  acid  to  be  used  in  the  next  operation, 
it  will  be  completely  decomposed,  and  the  alum  thus  formed  becomes  part  of  the  next 
batch.  In  this  way  a  neutral  solution  of  alum  is  obtained  at  each  process.  The 
boiling  solution,  after  the  sediment  subsides,  is  drawn  into  coolers,  such  as  are  com- 
monly used  for  the  crystallization  of  alum  ;  here  about  four  fifths  of  the  ahim  held  in 
solution  will  form  into  crystals.  The  mother-liquor  from  the  coolers  is  boiled  in  any 
convenient  boiler  to  dryness,  in  order  to  render  the  silica  it  contains  insoluMe ;  the 
residuum  is  boded  either  in  water  or  in  the  mother-liquor  from  the  roach ing  tubs,  so 
as  to  dissolve  the  alum  it  contains,  and  the  process  of  crystallization  repeated.  Had 
the  above  process  been  performed  with  the  salts  of  soda  instead  of  potash,  a  soda  alum 
would  have  been  formed.  For  this  purpose  the  soda  felspar  or  albite  should  be 
selected.  The  potash  or  soda  (as  the  case  may  be)  contained  in  the  liquor, 
drawn  as  aforesaid  from  the  elseolite  (or  nepheline,  which  is  formed  when  soda  is 
used),  may  be  recovered  by  either  of  the  following  processes :  The  strong  solu- 
tions which  are  obtained,  about  the  specific  gravity  of  1*2  are  placed  in  any 
convenient  vessel  in  which  a  stream  of  carbonic  acid  gas,  obtained  in  any  convenient 
method,  may  be  driven  through  them,  the  carbonic  acid  becomes  absoroed,  and  the 
solution  assumes  the  form  of  a  gelatinous  m^s :  this  mass  consists  of  carbonate  of 
potash  or  soda  and  hydrate  of  sUica.  On  drying  this  mass  in  a  furnace,  which  must 
never  be  allowed  to  rise  to  red  heat  even  in  the  dark,  the  silica  loses  its  water  and 
beeomes  insoluble;  the  potash  or  soda  may  then  be  separated  from  it  in  the  form  of  a 
sesquicarbonate  of  potash  or  soda,  by  solution  and  evaporation  to  dryness.  The  other 
process,  which  under  most  circumstances  will  be  found  more  economical  and  convenient, 
is  to  allow  the  boiling  solution  of  silicate  of  potash  or  soda  to  filter  through  a  bed  of 
caustic  lime,  when  it  will  be  found  that  the  lime  has  combined  with  the  silicate,  and 
a  caustic  potash  or  soda  ley  is  obtained.  This  process  may  be  conveniently  conducted  in 
an  apparatus  similar  to  that  used  by  soap-makers  for  the  preparation  of  their  caustic  leys. 
The  potash  or  soda  may  then  be  readily  obtained  as  caustic  potash  or  soda,  or  as  caiv 
bonate,  by  the  known  processes  used  in  making  soda.  The  weak  solutions  of  silicate 
of  potash  or  soda  are  used  to  decompose  another  portion  of  the  glassy  substance. 

Now  I  do  not  claim  as  new,  or  as  my  invention,  any  particular  form  of  yessel  or 
apparatus  in  which  or  with  which  my  operations  may  be  conducted ;  nor  do  I  claim  any 
particular  proportions  in  which  the  alkaline  salts  may  be  used.  But  I  claim  as  new, 
and  as  my  invention,  the  improvements  aforesaid,  and  the  production  of  substances 
similar  to  eleeolite  and  nepheline  artificially,  by  the  decomposition  by  water  of  the 
glassy  substances  produced  by  the  fusing  of  felspar  as  aforesaid,  or  other  mineral  sub* 
stances  containing  silica  and  alumina,  with  salts  of  potash  and  soda,  as  aforesaid,  and 
the  use  and  application  of  such  artificial  eleeolite  and  nepheline  in  the  production  and 
manufacture  of  ahim,  as  afbresaid.  I  also  claim  the  process,  as  above  described,  for 
separating  the  alkalies  from  silica  by  means  of  caustic  lime. 

ANCHOVIES,  ESSENCE  OF.  I  insert  this  article  to  show  on  what  slender 
pretence  of  invention  a  patent  may  be  obtained.  Mr.  John  Masters,  of  Leicester, 
makes  his  improved  transparent  preparation,  by  placing  in  a  kettle  any  given  quantity  of 
anchovies  in  the  state  in  which  they  are  imported,  along  with  their  own  weight  of 
water,  exposing  the  kettle  to  a  simmering  heat  for  two  or  three  hours,  removing  the 
kettle,  and  straining  its  contents  when  cold,  first  by  suitable  pressure  through  a  strong 
canvas  bag,  and  next  filtered  through  a  flannel  or  paper  till  a  clear  liqaor  is  obtained. 
If  it  be  desired  to  render  the  essence  thicker,  the  material  used  for  this  purpose  should 
be  transparent.  He  says  that  flour  is  used  for  thickening  the  common  easence.  I 
presume  he  would  prefer  gelatine,  gum,  or  arrow  root  for  his  transparent  thickening, 
though  he  does  not  specify  anything. 
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ANNOTTO  or  ANNATTO.    Imported  in  1839,  303,489  Hit. )  in  1S40,  &U8,4A9, 

Retained  for  eomumption,  224,794  and  330,490,  respectively. 

ARCHIL  has  been  latdy  the  object  of  onmerous  chemical  rescuches,  but  hitherto, 
it  most  be  owned,  without  producing  any  results  useful  to  the  dyer,  ao  as  to  pronoce 
the  solidity  of  this  beautiful  and  now  cheap  dye.  The  new  experiments  of  Schunk, 
performed  in  Liebig's  laboratory,  tend  to  show  that  the  whole  matter  is  still  inrolTed 
in  much  mystery.  By  the  action  of  either  on  the  VanoUuia  laeUa  (one  of  the  archil 
lichens),  in  an  apparatus  of  displacement,  he  obtained  crystals,  which  he  ealls  /coaaorae. 
It  is  convertible  into  the  orcine  of  Robiquet  and  Heeren  by  hot  barytea  water.  Wkca 
moistened  with  water  of  ammonia,  and  exposed  to  the  air,  it  gradually  assumes  the 
archil  tiiit.  Liebig  is  of  opinion,  that  this  product,  and  some  other  aoalogoos  oaes, 
vary  according  to  the  nature  of  the  solvents  and  the  temperature  of  the  digestiouy  so 
that  they  probably  are  mere  metamorphoses  of  the  seliVsame  one  or  two  aobetanoesy 
pre-existing  in  the  lichens.  Since  Iteanorint  is  decomposed  by  boiling  water  iilo 
carbonic  acid,  and  orcine,  it  may  also  undergo  this  change  from  the  boiling  alcohol 
employed  in  Schunk's  researches. 

When  ammonia  acts  upon  orcine,  it  gives  it  a  dark  blood-red  color,  and  converts  it 
into  orceifu,  a  new  compound  containing  azote,  but  in  a  diiferent  state  nf  combinatioa 
from  what  it  is  in  ammonia.  This  orceine  is  the  true  coloring  matter  of  the  archil  or 
orseille ;  and,  according  to  Robiquet,  it  is  here  in  the  state  of  an  orceaie  of  »"»'~^"j 
requiring  for  its  production  the  co-operation  of  air  and  water.  In  these  circumstanees 
the  orceme  absorbs  oxygen,  and  is  transformed  into  orceate  of  ammonia,  without  any 
other  product,  even  carbonic  acid,  being  formed.  Farto^rtae,  erylAriae,  and  psscrf»- 
cry^rine,  three  products  obtained  by  Robiquet  and  Heeren ;  the  first  from  Variolaria 
diaUxUay  the  second  and  third  from  Parmdia  roccella,  and  Lecaaora  /arf  area,  are  inter- 
esting merely  in  a  scientific  point  of  view.  The  last  two  are  transformed  into  led 
coloring  matters  by  ammonia  and  air.  '^  Latterly,"  says  Liebeg,  "  Kane  has  made 
these  two  substances  objects  of  a  particular  investigation ;  but  the  researches  of  this 
chemist  are  far,  as  appears  to  me,  from  clearing  up  their  history."*  I  need  not  there- 
fore, give  any  account  of  these  researches,  which  occupy  a  large  portion  of  a  reeeat 
volume  of  the  Philosophical  Transactions. 

ToumeaoU.  or  litmus,  consists,  according  to  Peretti,  of  a  red  coloring  matter,  rendered 
blue  by  combination  with  ammonia. 

ARROW  ROOT.  This  plant  has  been  lately  cultivated  with  great  success^  asA 
its  root  manufactured  in  a  superior  manner,  upon  the  Hopewell  estate,  in  the  island  of 
St.  Vincent.  It  grows  there  to  the  height  of  about  3  feet,  and  it  sends  down  its  tap 
roots  from  12  to  18  inches  into  the  ground.  Its  maturity  is  known  by  the  flagging 
and  falling  down  of  the  leaves,  an  event  which  takes  place  when  the  plant  is  from  10  to 
12  months  old.  The  roots  being  dug  up  with  the  hoe  are  transported  to  the  waahiag- 
house,  where  they  are  thoroughly  freed  from  all  adhering  earth,  and  next  taken  individ- 
ually into  the  hand,  and  deprived  by  a  knife  of  every  portion  of  their  skina,  while 
every  unsound  part  is  cut  away.  This  process  must  be  performed  with  great  aieety, 
for  the  cuticle  contains  a  resinous  matter,  which  imparts  color  and  a  disagreeable 
flavor  to  the  ferula,  which  no  subsequent  treatment  can  remove.  The  skinned  roots 
are  thrown  into  a  large  cistern,  with  a  perforated  bottom,  and  there  exjMMed  to  tke 
action  of  a  copious  cascade  of  pure  water,  till  this  runs  ofl"  quite  unaltered.  The 
cleansed  roots  are  next  put  into  the  hopper  of  the  mill,  and  are  subjected  to  the  power- 
ful pressure  of  two  pairs  of  polished  rollers  of  hard  brass ;  the  lower  pairs  of  raikn 
being  set  much  closer  together  than  the  upper.  (See  the  accompanying  figure.)  The 
atarchy  matter  is  thus  ground  into  a  pulp,  which  fhUs  into  the  receiver  placed  beneatk, 
and  is  thence  transferred  to  large  fixed  copper  cylinders,  tinned  inside,  and  perfimted 
at  the  bottom  with  numerous  minute  orifices,  like  a  kitchen  drainer.  Within  thoc 
cylinders,  wooden  paddles  are  made  to  revolve  with  great  velocity,  by  the  power  of  a 
water-wheel,  at  the  same  time  that  a  stream  of  pure  water  is  admitted  from  abore. 
The  paddle-arms  beat  out  the  fecula  from  the  fibres  and  parenchyma  of  the  pulp,  aid 
discharge  it  in  the  form  of  a  milk  through  the  perforated  bottom  of  the  cytinder. 
This  starchy  water  runs  along  pipes,  and  then  through  strainers  of  fine  muslin  inia 
large  reservoirs,  where,  after  the  fecula  has  subsided,  the  supernatant  water  is  drawi 
ofi",  and  fresh  water  being  let  on,  the  whole  is  agitated  and  left  again  to  repose.  Thii 
process  of  ablution  is  repeated  till  the  water  no  longer  acquires  anything  from  the 
fecula.  Finally,  all  the  deposites  of  fecula  of  the  day^s  work  are  collected  into  one  cis- 
tern, and,  being  covered  and  agitated  with  a  fresh  charge  of  water,  are  allowed  to  settle 
till  next  morning.  The  water  being  now  let  off,  the  deposite  is  dcimmed  with  palette 
knives  of  Grerman  sUver,  to  remove  any  of  the  superficisJ  parts,  in  the  slightest  degree 
eolored ;  and  only  tho  lower,  purer,  and  denser  portion  ia  prepared  by  dlry>*X  ^^  ^^ 

*  Traits  de  Chimie  Orgmntque,  taUL  U.,  p.  477. 
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mUkct.  The  drrii^-iMnw  ob  ihe  Hopewell  eatmte  ia  conitrncted  Iflte  the  hot-bonSe  of 
•n  Ei^lnb  puileii.  Bat  inslMd  of  plants,  it  contaiiu  mhovx  4  doien  of  drying  pans 
Made  of  copper,  7^  feet  bf  H,  Bad  tinned  inside.  Each  pan  ii  anpported  on  a  car- 
riage, baving  iron  ailea,  with  lignitm  vita  wheels,  like  Ihoae  of  a  nilway  carriage,  and 
the;  ma  on  rmils.  Immediately  after  laarise,  tbeie  carriage*  with  their  pani  covered 
with  while  jcnaae,  to  exclude  doit  and  iniects,  are  ran  ant  into  the  open  air,  but  if  rain 
be  apprehended,  they  are  nin  back  nnder  the  glazed  roof.  In  about  1  days  the  fecula 
ia  tboronghly  dry  and  ready  lo  be  packed,  with  German  silver  shawls,  into  tins  or 
Americaa  floor  barrels,  lined  with  paper  attached  with  arrow  root  paste.  The  packages 
ate  never  sent  (o  this  coonlry  in  the  bold  of  the  ship,  u  their  contents  are  Easily 
tainted  bf  noisome  effluvia,  of  sugar,  Ac.  By  such  a  skilful  series  of  operations,  and 
by  such  precautious,  the  anow  rtkot  thus  manufactured  may  vie  with  auy  eimilnr  pre- 
paraliou  iu  the  Bermndas  or  any  other  part  of  the  world.  I  have  found  it,  on  analysis 
and  trial,  to  be  pure,  powerful,  and  agreeable,  and  a  most  wholesome  artitle  of  food. 
Fig,  1.  Plan  of  arrow  root  grinding-mill,  and  of  2  sets  of  copper  cylinder  washing- 
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root  mill,  wilh  wheels  and  piniooi,  diteDgagiDg  lever,  fee.    Fig.  3.  Bad  elevMioa  «f 
copper  wnshmg-cjrlmders,  with   presB-fnuning,  &c.    The  washing-crlioden   are  6) 
feet  loDg  oad  3^  in  diameter.    The  mUUroIlen  are  3  feet 
^  Ion;  and  I  foot  in  diameter. 

The  uaeg  of  arraiff  root  are  too  veil  knovn  and  aditM)*- 
ledged  to  require  recoanlini;  here.  It  h  the  most  elevut 
and  the  richest  of  bII  the  fecnlas,  and  beio^  noir  nnBii- 
faclnred,  with  the  odvanfage  of  excellent  machinery,  aaJ 
abundaace  of  pure  water,  in  the  fertile  bland  of  St.  Vincnt, 
it  may  be  broa;;Iit  into  our  market  at  h  maeh  more  tDoHrrate 
price  than  it  has  heretofore  been  supplied  froai  less  farond 
localities.  The  Bermuda  arrow  root  ii  treated  necessarflr 
with  rain  water  collected  in  tanks,  and  therrfore  »  oeca- 
J  sionally  soiled  with  ioeects,  from  which  the  St.  Vincent  arti- 
cle is  entirely  free. 
The  presence  of  potato  starch  in  arrow  root  may  be  discovered  by  the  microscope. 
Arrow  root  consists  of  regular  ovoid  particles  of  nearly  eqnal  size,  wherras  potato 
starch  consists  of  particles  <f  an  irregular  ovoid  or  tntncatri  form,  exceediDE:lT  "ref- 
ular  in  their  dimensions,  some  beinir  so  large  as  js^g  of  an  inch,  and  oLben  odIt  ^^'n- 
But  the  most  convenient  test  is  dilute  nitric  acid  of  MO  (about  the  atrenKlh  of  siDgVe 
aquafortis),  which,  when  triturated  in  a  mortar  with  the  starch,  forms  imrot^ialelT  a 
transparent  very  viscid  paste  or  jelly.  Flour  starch  eihibits  a  lite  appearance.  Arrow 
root,  however,  forms  an  opaque  paste,  and  takes  a  much  longer  time  to  become  viscid. 
(Dr.  Seharting  in  Lidiig'i  ^tfano/eii.) 

Arrow  root  may  be  distinguished  from  potato  starch,  not  only  by  the  diffcTenl  size 
of  its  particles,  but  by  the  difference  of  structure.  Their  surfaces  in  the  arrow  root 
are  smooth,  and  free  from  the  streaks  and  furrows  seen  in  the  potato  panielen  by  a 
good  microscope.  Tlie  arrow  root,  moreover,  is  destitute  of  that  felid  unwboteMMDC 
oil,  extrectable  by  alcohol  from  potato  starch. 

Liebig  places  the  powers  of  arrow  root,  as  a  nutriment  ts  man,  in  a  very  rpmut- 
able  point  of  view,  when  he  slates  that  15  paunila  of  flesh  coDtaio  no  more  carbon  ftm 
supplying  animal  heat  by  its  combustion  into  carbonic  acid  in  the  system,  thia  4 
pounds  of  starch  ;  and  that  if  a  savage,  with  one  animal  and  an  equal  weight  of  staroh, 
could  maintain  life  and  health  for  a  certain  number  of  days,  he  would  be  compelled,  if 
confined  to  flesh  alone,  in  order  to  pracure  the  carbon  necessary  for  respiration,  duriaj 
the  same  time,  to  consume  five  such  animals. 

Arrow  root  imported  in  1839,  303,489;  in  1840,  408,469  lbs.)  rcUined  for  eoa 
sumption,  a2<l,T94  and  ^30,490  lbs.  respectively. 

ARTESIAIf  WELLS.  Fig.  4,*  represents  the  mannei  in  which  the  condeued 
water  of  the  heavens  distributes  itself  under  the  siuface  of  oor  $;Iobe.  Here  we  have 
a  geological  section,  showing  the  succession  of  the  several  fomations,  and  the  sheets  m 
laminiE  of  water  Ihal  exist  at  their  tKiandaries,  as  well  as  in  their  sandy  beds.  71>c 
figure  shows  also  very  plainly  that  (he  height  to  which  the  water  re<u:et^  in  Ibe 
bore  of  a  well,  depends  upon  the  heig)]!  of  the  reservoir  which  sopplies  the  sheet  of 
water  to  which  the  well  is  perforated.    Thus  the  two  wells,  a,  a,  having  gone  down  (n 

•  At  ths  and  of  the  votaHic.       "' 
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the  two  aqaeoiu  exponaei  below,  vho«e  respective  ffatera  of  snppl]'  ttrc  deriveJ  from 
the  percalntiona  h  l'  and  n  a,',  will  afford  rising  waters,  wtiich  will  come  lo  Ibe  sur- 
ftce ;  while  in  Ihe  well  B,  supplied  by  the  sheet  p,  c'  d',  the  walera  will  apoul  above  the 
farfaee,  and  in  Ihe  well  c  they  will  remain  short  of  it.  The  same  figure  shows  that 
tbeee  welts  oftca  traverse  sheets  of  water  that  rise  to  different  heiRhts.  Thus  in  the 
well  c,  there  are  five  columns  of  ascending  waters,  which  rise  lo  heights  proportional 
to  the  points  whence  they  take  their  origin.  Several  of  these  will  be  spouting  or  over- 
flowing, bnl  Eome  will  lemnin  beneath  the  surface. 


The  older  geologieal  formations  are  seldooi  propitious  to  the  coostruclion  of  Artc- 
lian  wells,  nn  accoaat  of  the  comjiact  massiveness  of  their  rocks,  of  Ihe  few  fissure* 
or  porous  places  in  them,  and  of  the  rarity  of  filltiinK  strata  overlying  retentive  ones.  It 
a  tberefore  vain  lo  attempt  the  formation  of  an  Dvcrflowingsprinir,  apon  the  above  prin- 
ciples, in  terrilories  of  granite,  gneiss,  mountain  limestooe,  and  basalt.  Among  transition 
and  secondary  formations,  such  wells  will  rarely  furnish  ■  supply  of  i;ood  water.  The 
latter  sirnta  of  allernaling  clay  and  variegated  sandstone  contain  so  much  f;y]isum  and 
rock  sail  as  to  impregnate  therewith  the  waters  derived  from  them  to  an  unpalatable 
de<iree.  It  is  in  the  sandy,  calcareous,  and  argillaceous  strata  of  the  Juiu  limestone, 
indeed,  that  borings  may  most  probably  be  made  for  brine  springs.  The  hot  sprin([« 
vllich  burst  out  of  the  ground  in  primitive  rucky  districts  come  undoubtedly  from  a 
great  depth  under  the  surface,  and  derive  iheir  temperature,  and  also  probably  Ibeil 

waters,  from  the  vapors  of  deep-sealed  valcaooesin  connexion  with  the  sea.    A  oiinir 

representation  of  such  springs  is  exhibited  in  the  intermilting  ibuntains  of  fresh  v 
on  the  shoulder  of  Vesuvius,  Springs  of  this  kind,  which  vary  with  the  seasons,  may  ue- 
rivc  a  portion  of  their  water  from  the  surface  of  Ihe  earth,  from  which  it  may  sink  through 
clefHs  in  the  primitive  rocks,  till  meeting  in  its  descent  with  stony  obstruclions  and  ascenil- 
iag  steam,  it  is  forced  to  remount  in  a  heated  state  to  the  day,  like  the  GeisiTS  in  Iceland. 
The  raosi  remarknble  example  of  an  Artesian  well  is  that  recently  formed  at  Crenelle, 
a  suburb  at  Ihe  southwest  of  Paris,  where  there  was  a  great  want  of  water.  It  cost . 
eight  years  of  dillieult  labor  lo  perforate.  The  geological  slrala  round  the  French 
capital  are  all  of  the  tertiary  class,  and  constitute  a  basin,  like  thai  shown  in  fig-  4. 
The  bottom  of  this  basin  is  chalk  i  A  A  are  terliaiy  strata  above  the  chalk ;  B  B,  chalk 
or  cretaceous  carbonate  of  lime  ;  c  c,  d  n,  green  sand  and  clay ;  e  e,  oolite  and  Jura 
limestone  (mnxchelkatk)  ;  e  a,  genernl  slope  of  the  surface  of  the  country  from  J.angres 
to  Paris :  m  a,  Ihe  level  of  the  sea.  Over  a  circular  space,  of  which  Paris  is  Ih"  centre, 
and  which  is  bounded  by  Ihe  towns  of  LaoD,  Mantes,  Blois,  Sancerre,  Noecnt-aui^ 
Seine,  and  Epernay,  these  strata  are  found  upon  the  surface,  concealini  the  chalk  ;  but 
an  the  other  aide  of  these  towns,  the  ed^eoflhe  basin  being  passed,  the  chulk  is  gener- 
ally liie  superficial  bed.  By  looking  at  Ihe  order  of  these  tertiary  strata,  il  is  eatr 
to  perceive  the  obstacles  that  M.  Malot,  Ihe  engineer  of  the  well,  had  lo  overcoine,  and 
the  ditliculty  and  hazard  of  hi*  undertaking.  The  surface  at  Crenelle  consists  cf 
gravel,  pebbles,  and  fragments  of  rock,  which  have  been  deposited  by  Ihe  waters  at 
•onie  period  anterior  to  any  historical  record.  Below  this  layer  of  detritus,  il  was 
known  lo  the  engineer,  by  geological  induction,  as  well  as  previous  experience,  that  at 
Grenelle,  marl  and  clay  would  be  found,  instead  of  the  limestone  which  generally  fonn* 
the  immediately  subjacent  stratum.  He  waj  aware  thai  be  had  to  bore  about  440 
yards  !  deep  before  he  should  arrive  at  the  sheet  of  water  (s,  figfirt)  which  flows 
in  Ihe  gmvel  below  the  limestone,  and  supplies  the  wells  of  St.  Ouen,  St.  Denis,  and 
Stains,  t'ndcrncath  Ihe  marl  and  the  clay,  the  boring  rods  had  to  perlbrale  pure 
firavel,  plastic  clay,  and  finally  chalk,  which  forms  the  bnltom  of  the  genera]  Icrljarj 
iMsin,  as  we  have  seen.  No  calculation  from  geological  data  could  determine  Ihe 
thickness  of  thi*  stratamof  chalk,  which,  from  its  powers  of  resistance,  might  present 
«>  ■Imcwt  iunpenible  nbatade.     The  experieDce  acquired  in  baring  the  wtdla  of 
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Elbeaf,  Rouen,  and  Tours,  was  in  this  respect  but  a  very  imperfect  guide.  But 
posing  this  obstacle  to  be  overcome,  was  he  sure  of  finding  a  suppljr  of  Water  beU 
this  muss  of  chalk  7  In  the  first  place,  the  strata  c  d  below  the  chalk  possessed,  as 
shall  see,  all  the  necessary  conditions  for  producing  Artesian  springs,  namely, 
sive  layers  of  clay  and  gravel,  or  of  pervious  and  impervious  beds.  M.  Malot 
fidently  relied  on  his  former  experience  of  the  borings  of  the  wells  at  Rouen,  Elbevi^ 
and  Tours,  where  abundant  supplies  of  water  had  been  found  below  the  chalk,  betweeA 
similar  strata  of  clay  and  gravel. 

But  one  other  condition  is  requisite  to  ensure  the  rising  of  the  water  in  an  ArtesiaB 
well,  namely,  that  the  feeding  level  of  infiltration  should  be  higher  than  the  orifice  is 
the  bore  above  which  the  water  is  to  ascend.  This,  however,  turned  out  to  be  the  caw 
with  Grenelle.  M.  Arago  had  shown  that  the  water  of  the  spring  here  would  neces- 
sarily rise  to  the  surface,  because  in  the  well  at  Elbeuf,  which  is  nearly  9  yards  above 
the  level  of  the  sea,  the  water  rises  from  27  to  29  yards  above  the  surface  of  the  earth, 
and,  consequently,  from  36  to  38  yards  above  the  ocean  level.  Now,  as  the  orifice  of 
the  bore  at  Grenelle  is  only  34  yards  above  the  same  level,  it  follows,  that  if  the  iden- 
tical spring  be  met  with,  the  water  must  ri^  above  the  earth's  surface  at  Grenelle. 

The  necessary  works  were  commenced  with  boring  rods  about  9  yards  long,  attached 
to  each  other,  and  which  could  be  raised  or  lowered  by  mechanical  power,  while  an 
ingenious  method  was  adopted  for  giving  them  a  rotary  motion.  The  diameter  of 
the  bore  was  about  6  inches.  The  instrument  aflixed  to  the  end  of  the  lowest  boring 
rod  was  changed  according  to  the  difi'erent  strata  which  were  successively  attacked; 
the  form  suited  for  passing  through  the  softer  materials  near  the  surface  being  nasut- 
able  for  boring  through  the  chalk  and  flint,  as  a  hollow  tube  was  used  for  the  fonacTy 
while  a  chisel-shaped  tool  was  employed  to  penetrate  the  latter.  The  size  of  the  rods 
was  lessened  as  the  depth  increased  ;  and,  since  the  subterranean  water  was  not  reached 
so  soon  as  was  expected,  it  became  requisite  to  enlarge  five  several  times  the  diameter 
of  the  bore,  in  order  to  permit  the  work  to  be  successfully  prosecuted.  Accidents  oc- 
curred which  tried  the  patience  of  the  projectors.  In  May,  1837,  when  the  boring  had 
extended  down  to  a  depth  of  418  yards,  the  hollow  tube,  with  nearly  90  yards  of  the 
long  rods  attached  to  it,  broke,  and  fell  to  the  bottom  of  the  hole,  whence  it  became 
necessary  to  extract  the  broken  parts  before  any  further  progress  could  be  made.  The 
dUBculty  of  accomplishing  this  task  may  be  conceived;  for  thedififerent  fragments  were 
not  all  extracted  until  aAer  the  constant  labor  of  15  months.  Again,  in  April, 
1840,  in  passing  through  the  chalk,  the  chisel  attached  to  the  boring  rod  got  detached 
and  before  it  could  be  recovered,  several  months  were  spent  in  digging  around  alxnit  it. 
A  similar  occurrence  created  an  obstacle  which  impeded  the  work  for  3  months, 
but,  instead  of  withdrawing  the  detached  part,  it  was  forcibly  driven  down  anaong  the 
stratum  of  gravel.  At  length,  in  February,  1841,  aAer  8  years'  labor,  the  rods 
suddenly  descended  several  yards,  having  pierced  into  the  vault  of  the  subterranean 
waters  so  long  sought  after  by  the  indefatigable  engineer.  A  few  hours  afterward,  he 
was  rewarded  for  all  his  anxious  toils ;  for  lo !  the  water  rose  to  the  surface,  and  dis 
charged  itself  at  the  rate  of  600,000  gallons  per  hour! 

The  depth  reached  down  was  602  yards,  or  about  three  times  the  height  of  Si.  Paul's. 
The  pipe  by  which  the  water  reaches  the  surface  has  been  recently  carried  to  a  height 
nearly  level  with  the  source  of  supply.  The  portion  of  the  pipe  above  the  ground  is 
surrounded  with  a  monumental  pagoda  of  ornamental  carpentry,  and  it  discharges  a 
circular  cascade  of  clear  water  continually  into  a  circular  iron  reservoir,  to  be  thence 
conveyed  by  a  lateral  pipe  to  the  ground.  The  water  is  well  adapted  for  all  domestic 
uses,  and  it  will  be  unfailing,  being  supplied  from  the  infiltration  of  a  surface  of  coun- 
try nearly  200  miles  in  diameter.  The  Artesian  wells  of  Elbeuf,  Rouen,  and  Tours, 
which  were  formed  many  years  ago,  overflow  in  never-varying  streams  ;  and  the  ancient 
Artesian  well  at  Lillers,  in  the  Pas  de  Calais,  has  for  about  seven  centuries  famished 
a  constant  and  equable  supply. 

The  opportunity  of  ascertaining  the  temperature  of  the  earth  at  different  depths,  was 
not  neglected  during  the  progress  of  the  works  at  Grenelle.  Thermometers  placed  at 
a  depth  of  thirty  yards  in  the  wells  of  the  Paris  Observatory  invariably  stand  at  53* 
Fahrenheit.  In  the  well  at  Grenelle  the  thermometer  indicated  74*  F.  at  a  depth  of 
442  yards,  and  at  550  yards  it  stood  at  79*.  At  the  depth  finally  arrived  at  of  60S 
yards,  the  temperature  of  the  water  which  rose  to  the  surface  was  81*,  corrohoiatiag 
previous  calculations  on  the  subject.  For  a  descent  of  572  yards  there  is  an  increase  of 
temperature  equal  to  28°  F.,  which  is  20*4  yards,  or  61-2  feet  for  each  degree  of  that 
scale.  Now  that  the  skilful  labor  of  so  many  years  is  terminated,  the  Parisiaas  regret 
that  the  sutrterranean  sheet  of  water  had  not  lain  1,000  yards  beneath  the  8nrfkee,that 
they  might  have  had  an  overflowing  stream  of  water  at  104*,  to  furnish  a  cheap  sappif 
to  their  numerous  hot-bath  establishments. 

ASPHALTIC  PAVEMENT;  see  Brnwiar. 
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BALSAM  OF  CAPIYI,  or  Copaiva  Balaam.  This  substance,  which  is  exteosirely 
Qwd  in  medicine,  is  often  adulterated.  Formeriy  some  unctuous  oil  was  mixed  with 
it,  but  as  this  is  easily  dueovered  by  its  insolubility  in  alcohol,  castor  oil  has  since 
been  used.  The  presence  of  this  cheaper  oil  may  be  detected,  1,  by  agitating  the  bal- 
sam with  a  solution  of  caustic  soda,  and  setting  the  miiture  aside  to  repose ;  when  the 
balsam  will  come  to  float  clear  on  the  top,  and  leare  a  soapy  thick  magma  of  the  oil 
below ;  2,  when  the  balsam  is  boiled  with  water,  in  a  thin  film,  for  some  hours,  it  will 
beeome  a  brittle  resin  on  cooling,  but  it  will  remain  viscid  if  mixed  with  castor  cil ; 
3,  if  a  drop  of  the  oil  on  white  paper  be  held  over  a  lamp,  at  a  proi)er  distance,  its  vol- 
atile oil  will  evaporate  and  leave  the  brittle  resin,  without  causing  any  stain  aronud, 
which  the  presence  of  oil  will  produce ;  4,  when  three  drops  of  the  balsam  are  poured  into 
a  watch-glass,  alongside  of  one  drop  of  sulphuric  acid,  it  becomes  yellow  at  the  point  of 
oootact,  and  altogether  of  a  safl'ron  hue  when  stirred  about  with  a  glass  rod,  but  if 
sophisticated  with  castor  oil,  the  mixture  soon  becomes  nearly  colorless  lilcc  white 
ikoaey,  though  after  some  time  the  acid  blackens  the  whole  in  either  case ;  5,  if  3  parts 
in  bulk  of  the  balisam  be  mixed  with  1  of  good  water  of  ammonia  (of  0*970  sp.  grav.) 
ia  a  glass  tube,  it  will  form  a  transparent  solution,  if  it  be  pute,  but  will  form  a  white 
liniment  if  it  contain  castor  oil ;  6,  if  the  balsam  be  triturated  with  a  little  of  the  com- 
mon magnesia  alba,  it  will  form  a  clear  solution,  from  which  acids  dissolve  out  the  mag- 
nesia, and  leave  the  oil  transparent  if  it  be  pure,  but  opaque  if  it  be  adulterated.  When 
turpentine  is  employed  to  falsify  the  balsam,  the  fraud  is  detected  by  the  smell  on 
heating  the  compound. 

BARILLA.  Imported  in  1841,  2,131  tons;  in  1842,  2;i41.  Retained  for  consump- 
tion, 2,369  and  2,139,  respectively. 

BEER.  The  Germans  from  time  immemorial  have  been  habitually  beer-drinkers, 
nnd  have  exercised  much  of  their  technical  and  scientific  skill  in  the  production  of  beer 
of  many  different  kinds,  some  of  which  are  little  known  to  our  nation,  while  one  at 
least,  called  Bavarian,  possesses  excellent  qualities,  entitling  it  to  the  attention  of  all 
brewers  and  consumers  of  this  beverage.  The  peculiarities  in  the  manufacture  of  Ba- 
varian beer  have  recently  attracted  the  attention  of  the  n.ost  eminent  chemists  in  Grer- 
many,  especially  of  Professor  Liebig,  and  much  new  light  has  thereby  been  thrown 
upcrn  this  curious  portion  of  vegetable  chemistry,  which  I  shall  endeavor  to  reflect  upon 
tbe  present  article. 

The  following  is  a  list  of  the  principal  beers  at  present  brewed  in  G^ermany  :— 

^.  Brown  beer  of  Merscburg ;  of  pure  barley  malt. 

2.  —  —  barley  malt  and  beer-root  sugar. 

3.  —  barley  malt,  potatoes,  and  beet-root  syrup. 

4.  '—  refined  beet-root  syrup  alone. 
6.  Covent  or  thin  beer. 

6.  Berlin  white  beer,  or  the  Champagne  of  the  north. 

7.  Broyhan,  a  famous  Hanoverian  beer. 

8.  Double  beer  of  Grunthal. 

9.  Bavarian  beer ;  1.  Summer  beer;  2.  Winter  beer. 

10.  —       Bock-beer. 

11.  Wheat  Lager-hecT  (slowly  fermented). 

12.  White  bitter  beer  of  Erlangen. 

Considerable  interest  among  men  of  science,  in  favor  of  .the  Bavarian  beer  procassy 
has  been  excited  ever  since  the  appearance  of  Liebig's  Organic  Chemistry,  first  pab^. 
lished  about  three  years  ago.    In  the  introduction  to  this  admirable  work,  he  safs : 

**  The  beers  of  England  and  France,  and  the  most  part  of  those  of  Germany,  become 
gradually  sour  by  contact  of  air.  This  defect  does  not  belong  to  the  beers  of  Bavari% 
'vrhich  may  be  preserved  at  pleasure  in  half-full  casks,  as  well  as  full  ones,  without-  al- 
teration in  the  air.  This  precious  quality  must  be  ascribed  to  a  peculiar  process  em- 
ployed for  fermenting  the  wort,  called  in  Germany  urUergahmngf  or  fermentation  (from 
below;  which  has  solved  one  of  the  finest  theoretical  problems. 

**  Wort  is  proportionally  richer  in  soluble  gluten  than  in  sugar,*  When  it  is  set  to 
ferment  by  the  ordinary  process,  it  evolves  a  large  quantity  of  yeast,  in  the  state  of  a 
thick  froth,  with  bubbles  of  carbonic  acid  gas  attached  to  it,  whereby  it  is  floated  to  the 
surface  of  the  liquid.  This  phenomenon  is  easily  explained.  In  the  body  of  the  wert 
alongside  of  particles  of  sugar  decomposing,  there  are  particles  of  gluten  being  axidized . 

•  It  does  not  larelf  contmin  more  gluten  than  it  do«t  sag v ;  al  laait  no  expailmeBta,  known  to  m% 
vrova  this  pn^ooltion. 
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at  the  saint;  time,  and  enyeloping  as  it  were  the  former  particles,  wheoee  the 
acid  of  the  sugar  and  the  insoluble  ferment  from  the  gluten  being  simaltanconsl)  pio- 
duced,  should  mutually  adhere.  When  the  metamorphosis  of  the  sugar  is  completed, 
there  remains  still  a  large  quantity  of  gluten  dissolved  in  the  fermented  liquor,  which 
gluten,  in  virtue  of  its  tendency  to  appropriate  oxygen,  and  to  get  decompaaedyindncea 
also  the  transformation  of  the  alcohol  into  acetic  acid  (vinegar).  Bat  were  all  the 
matters  susceptible  of  oxidizement  as  well  as  this  vinegar  ferment  removed,  the  beer 
would  thereby  lose  its  faculty  of  becoming  sour.  These  conditions  are  duly  foUiUed  ia 
the  process  followed  in  Bavaria. 

''In  that  country  the  malt- wort  is  set  to  ferment  in  open  backs,  with  an  extensive  anr- 
face,  and  placed  in  cool  cellars,  having  an  atmospheric  temperature  not  exceeding  8^  or 
10^  centigrade  (46^°  or  50°  F.).  The  operation  lasts  from  3  to  4  weeks;  the  carboaie 
acid  is  disengaged,  not  in  large  bubbles  that  burst  on  the  surface  of  the  liquid,  but  in 
very  small  vesicles,  like  those  of  a  mineral  water,  or  of  a  liquor  saturated  with  carbonic 
acid,  when  the  pressure  is  removed.  The  surface  of  the  fermenting  wort  is  always  ia 
contact  with  the  oxygen  of  the  atmosphere,  as  it  is  hardly  covered  with  irotb,  and  as 
all  the  yeast  ia  deposited  at  the  bottom  of  the  back  under  the  form  of  a  very  viacid 
sediment,  called  in  German  unterhefe. 

"  In  order  to  form  an  exact  idea  of  the  difference  between  the  two  processes  of  fa^ 
mentation,  it  must  be  borne  in  mind  that  the  metamorphosis  of  gluten  and  of  azotized 
bodies  in  general  is' accomplished  successively  in  two  principal  periods,  and  that  it  is  in 
the  first  that  the  gluten  is  transformed  in  the  interior  of  the  liquid  into  an  inaofaible 
ferment,  and  that  it  separates  alongside  of  the  carbonic  acid  proceeding  from  the  sugar. 
This  separation  is  the  consequence  of  an  absorption  of  oxygen.  It  is,  howe\'er,  hanily 
possible  to  decide  if  this  oxygen  comes  from  the  sugar,  from  the  water,  or  evea  fim 
an  intestine  change  of  the  gluten  itself,  or,  in  other  words,  whether  the  oxygen  cam- 
bines  directly  with  the  gluten,  to  give  it  a  higher  degree  of  oxidation,  or  whether  it  bys 
hold  of  its  hydrogen  to  form  water. 

**  This  oxidation  of  the  gluten,  from  whichever  cause,  and  the  transfonnatioa  of  the 
sugar  into  carbonic  acid  and  alcohol,  are  two  actions  so  correlated,  that  by  an  exdnsiaa 
of  the  one,  the  other  is  immediately  stopped." 

The  superficial  ferment  (oberhefe  in  German)  which  covers  the  surface  of  the  fer- 
menting works  is  gluten  oxidized  in  a  state  of  putrefaction ;  and  the  ferment  of  dtpoaUt 
is  the  gluten  oxidized  in  a  state  of  eremacausie. 

The  surface  yeast,  or  barm,  excites  in  liquids  containing  sugar  and  gluten  the  saaK 
alteration  which  itself  is  undergoing,  whereby  the  sugar  and  the  gluten  suffer  a  lapil 
and  tumultuous  metamorphosis.  We  may  form  an  exact  idea  of  the  different  states  aC 
these  two  kinds  of  yeast  by  comparing  the  superficial  to  vegetable  mattere  patrelyiag 
at  the  bottom  of  a  marsh,  and  the  bottom  yeast  to  the  rotting  of  wood  in  a  state  aC 
erfmacausie,  that  is,  of  slow  combustion.  The  peculiar  condition  of  the  elements  of  the 
iediment  ferment  causes  them  to  act  upon  the  elements  of  the  sugar  in  an  extremely 
slow  manner,  and  excites  the  change  into  alcohol  and  carbonic  acid,  without  that  of  the 
dissolved  gluten. 

Sugar,  which  at  ordinary  temperatures  has  no  tendency  to  combine  with  oxygen, 
enters  in  the  above  predicament  into  fermentation ;  but  the  action  is  rendered  ma^ 
slower  by  the  low  temperature,  while  the  affinity  of  the  dissolved  gluten  for  the  oxygen 
of  the  air  is  aided  by  the  contact  of  the  sediment.  The  superficial  yeast  may  be 
removed  without  stopping  the  fermentation,  but  the  under  yeast  can  not  be  removed 
without  arresting  all  the  phenomena  of  disoxidation  of  the  second  period.  These  woaM 
immediately  cease ;  and  if  the  temperature  were  now  raised,  they  would  be  succeeded 
by  the  phenomena  of  the  first  period.  The  deposite  does  not  excite  the  phenomena  of 
tumultuous  fermentation,  for  which  reason  it  is  totally  unfit  for  panification  (bread- 
baking),  while  the  superficial  yeast  alone  is  suitable  to  this  purpose. 

If  to  wort  at  a  temperature  of  from  46 i°  to  50^  F.  the  top  yeast  be  added,  a  quiet 
slow  fermentation  is  produced,  but  one  accompanied  with  a  rising  up  of  the  mass,  while 
yeast  collects  both  at  the  surface  and  bottom  of  the  backs.  If  this  deposite  be  removed 
to  make  use  of  it  in  other  operations,  it  requires  by  little  and  little  the  characters  of  the 
tuUerhefe,  and  becomes  incapable  of  exciting  the  phenomena  of  the  first  fermenting 
period,  causing  only,  of  59°  F.,  those  of  the  second ;  namely,  sedimentary  fermentatioB. 
It  must  be  carefully  observed  that  the  right  unterhefe  is  not  the  precipitate  which  falls 
to  the  bottom  of  backs  in  the  ordinary  fermentation  of  beer,  but  is  a  matter  entirely 
different.  Peculiar  pains  must  be  taken  to  get  it  genuine,  and  in  a  proper  condition  at 
the  commencement.  Hence  the  brewers  of  Hessia  and  Prussia,  who  wished  to  make 
Bavarian  beer,  found  it  more  to  their  interest  to  send  for  the  article  to  Wnrtzborg,  or 
Bamberg,  in  Bavaria,  than  to  prepare  it  themselves.  When  once  the  due  pripiary  fer- 
mentation has  been  established  and  well  regulated  in  a  brewery,  abundance  of  the  traa 
mUerhe/e  may  be  obtained  for  all  future  operations. 
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In  a  wort  made  to  ferment  at  a  low  temperature  with  depoiite  only,  the  presence  of 
the  unterhefe  is  the  first  condition  essentia]  to  the  metamorphosis  of  the  sacckarumj 
but  it  is  not  competent  to  bring  about  the  oxidation  of  the  gluten  dissolved  in  the  wort, 
and  its  transformation  into  an  insoluble  state.  This  change  must  be  accomplished  at 
the  cost  of  the  atmospherical  oxygen. 

In  the  tendency  of  soluble  gluten  to  absorb  oxygen,  and  in  the  free  access  of  the 
air,  all  the  conditions  necessary  for  its  eremacaif«u,  or  slow  combustion,  are  to  be  found. 
It  is  known  that  the  presence  of  oxygen  and  soluble  gluten  are  also  the  conditions  of 
acetihcation  (vinegar-malcing),  but  they  are  not  the  only  ones ;  for  this  process  requires 
a  temperature  of  a  certain  elevation  for  the  alcohol  to  experience  this  slow  combustion. 
Hence,  by  excluding  that  temperature,  the  combustion  (oxidation)  of  alcohol  is  ob- 
structed, while  the  gluten  alone  combines  with  the  oxygen  of  the  air.  This  property 
does  not  belong  to  alcohol  at  a  low  temperature,  so  that  during  the  oxidation  in  this 
case  of  the  gluten,  the  alcohol  exists  alongside  of  it,  in  the  same  condition  as  the  gluten 
alongside  of  sulphurous  acid  in  the  muted  wines.  In  wines  not  impregnated  with  the 
fumes  of  burning  sulphur,  the  oxygen  which  would  have  combined  at  the  same  time 
with  the  gluten  and  the  alcohol  does  not  seize  either  of  them  in  wines  which  have  been 
subjected  to  mutiam,  but  it  unites  itself  to  the  sulphurous  acid  to  convert  it  into  the 
snlphuric.  The  action  called  aedimentary  fermentation  is  therefore  merely  a  simulta- 
neons  metamorphosis  of  putrefaction  and  slow  combustion ;  the  sugar  and  the  unterhtfe 
putrefy,  and  the  soluble  gluten  gets  oxidized,  not  at  the  expense  of  the  oxygen  of  the 
water  and  the  sugar,  but  of  the  oxygen  of  the  air,  and  the  gluten  then  falls  in  the  in- 
soluble state.  The  process  of  Appert  for  the  preservation  of  provisions  is  founded 
upon  the  same  principle  as  the  Bavarian  process  of  fermentation ;  in  which  all  the  pu» 
trescible  matters  are  separated  by  the  intervention  of  the  air  at  a  temperature  too  low 
for  the  alcohol  to  become  oxidized.  By  removing  them  in  this  way,  the  tendency  of 
the  beer  to-  grow  sour,  or  to  suffer  a  further  change,  is  prevented.  Appert's  method 
consists  in  placing  in  presence  of  vegetables  or  meat  which  we  wish  to  preserve  the 
oxygen  at  a  high  temperature,  so  as  to  produce  slow-  combustion,  but  without  putre- 
faction or  even  fermentation.  By  removing  the  residuary  oxygen  after  the  combustion 
is  finished,  all  the  causes  of  an  ulterior  change  are  removed.  In  the  sedimentary  fer^ 
mentation  of  beer,  we  remove  the  matter  which  experitnces  the  combustion ;  whereas, 
on  the  contrary,  in  the  method  of  Appert,  we  remove  that  which  produces  it. 

It  is  uncertain  whether  the  dissolved  gluten,  in  being  converted  into  insoluble  yeast 
by  the  action  of  the  oxygen,  combines  directly  with  the  oxygen;  that  is  to  say,  whether 
the  yeast  differs  from  the  soluble  gluten  merely  by  having  absorbed  an  additional  quan- 
tity of  oxygen.  This  question  is  in  fact  very  difiicult  to  solve  by  analysis.  If  the  gluten 
be  regarded  as  a  hydrogenated  combination,  it  is  obvious  that  in  the  fermentation  of 
wine-must,  and  malt-wort,  the  hydrogen  will  be  carried  off  by  the  oxygen,  and  the 
action  will  then  be  the  same  as  the  transformation  of  alcohol  into  aldehyde.  When  the 
contact  of  the  atmosphere  is  excluded,  this  oxygen  can  not  evidently  be  derived  from  the 
elements  of  the  air,  or  from  those  of  the  water ;  for  it  can  not  be  supposed  that  oxygen 
will  take  hydrogen  from  the  water,  in  order  to  recompose  water  with  the  hydrogen  of 
the  gluten.  The  elements  of  the  saccharum  must  therefore  furnish  this  oxygen;  or  in 
the  course  of  the  formation  of  the  yeast,  a  portion  of  the  sugar  will  be  decomposed ;  bnt^ 
thts  decomposition  is  not  of  the  same  kind  as  that  which  results  from  the  immediate 
metamorphosis  of  the  snsrar  into  carbonic  acid  and  alcohol ;  hence  a  certain  portion  of 
the  sugar  will  afford  neither  alcohol  nor  carbonic  acid,  but  it  will  yield  less  oxgenated 
products  fVom  its  elements.  These  products  occasion  the  great  difference  in  the  qual- 
ities of  fermented  liquors,  and  particularly  in  their  alcoholic  strength.  In  the  ordinary 
fermentation  of  grape-juice  and  worts,  these  liquids  do  not  furnish  a  quantity  of  alcohol 
equivalent  to  the  sugar  which  they  contain,  because  a  certain  portion  of  the  sugar  serves 
for  the  oxidation  of  the  gluten,  and  is  not  transformed  like  the  rest.  But  whenever  the 
liquor  has  arrived  at  the  second  period,  the  product  in  alcohol  ought  to  be  equivalent  to 
the  quantity  of  sugar  present,  as  happens  in  all  fermentations  which  are  not  accom- 
panied with  a  formation,  bnt  a  disappearance  of  the  yeast.  It  is  well  ascertained  that 
worts  furnish  in  the  Bavarian  breweries  10  or  20  per  cent,  more  alcohol  than  they  do 
by  the  ordinary  process  of  fermentation.  It  is  also  a  well-established  fact  that  in  the 
manufacture  of  spirits  from  potatoes,  where  no  yeast  is  produced,  or  merely  a  quantity 
corresponding  to  the  proportion  of  badey-malt  added  to  the  potato-wort,  a  quantity  or 
alcohol  may  be  produced,  as  also  of  carbonic  acid,  corresponding  exactly  to  the  quan- 
tity of  carbon  in  the  fecula  employed.  But,  on  the  contrary,  in  the  fermentation  of 
beet-root  juice,  it  is  hardly  possible  to  determine  precisely,  from  the  quantity  of  car* 
bonic  acid  evolved,  the  quantity  of  sugar  contained  in  the  beets,  for  there  is  always 
less  carbonic  acid  than  the  juice  of  the  fresh  rOot  would  furnish.  la  equal  vohimes, 
the  beer  made  by  the  unterhefe  process  contains  more  alcohi^,  and  is  therefore  more 
heady  than  that  fbnned  by  the  ordinary  process. 
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The  temp<*ratiire  at  wbich  fennentation  is  carried  on  has  a  very  marked  iafliieBee 
upon  the  quantity  of  alcohol  produced.  It  is  known  that  the  juice  of  beeta  set  t» 
ferment  between  86^  and  95  Fahr.  does  not  yield  alcohol,  and  its  sugar  is  replaced  by 
a  less  oxygenated  substance,  mannite,  and  lactic  acid,  resulting  fnm  the  rauciUge. 
In  proportion  as  the  temperature  is  lowered  the  mannite  fermentation  diminishes. 
As  to  azotized  juices,  howerer,  it  is  hardly  possible  to  define  the  conditions  under 
which  the  transformation  of  the  sugar  will  take  place,  without  being  accompanied  with 
another  decomposition  which  modifies  its  products.  The  fermentation  of  beer  by 
deponte  demonstrates  that  by  the  simultaneous  action  of  the  oxygen  of  the  air  and  ■ 
low  temperature,  the  metamorphosis  of  sugar  is  effected  in  a  complete  manner;  for 
the  vessels  in  which  the  operation  is  carried  on  are  so  disposed  that  the  oxygen  of  the 
air  may  act  upon  a  surface  great  enough  to  transform  all  the  gluten  into  inaolnble 
yeast,  and  thus  to  present  to  the  sugar  a  matter  constantly  undergoing  decompositiin. 
The  oxidizement  of  the  disisolved  gluten  goes  on,  but  that  of  the  alcohol  reqaiies  a 
higher  temperature ;  whence  it  can  not  suffer  eremacausis,  that  is,  acetificatioB,  or 
conversion  into  vinegar. 

At  the  beginning  of  the  fermentation  of  must  and  wort,  the  quantity  of  matter 
undergoing  change  is  obviously  the  largest.  All  the  phenomena  which  accompany  it, 
the  disengagement  of  gas  and  the  rise  of  temperature,  are  most  active  at  this  period, 
and  in  proportion  as  the  decomposition  advances,  the  external  signs  of  it  become  leai 
perceptible,  without,  however,  disappearing  completely  before  the  transformation  has 
reached  its  limit.  The  slow  and  continuous  decomposition  which  succeeds  to  the 
rapid  and  violent  disengagement  of  gases  is  denominated  the  a/Ur  or  eompiemtaimj 
fermentation.  For  wine  and  beer  it  lasts  till  all  the  sugar  has  disappeared,  so  that  the 
specific  gravity  of  the  liquors  progressively  diminishes  during  several  months.  This 
slow  fermentation  is  in  most  cases  a  truly  depositary  fermentation ;  for  by  the  pro- 
gressive decomposition  of  the  less,  the  sugar  still  in  solution  gets  comfdetdy 
formed ;  but  when  the  air  is  excluded,  that  decomposition  does  not  occasion  the 
plete  separation  of  the  azotized  matters  in  an  insoluble  shape. 

In  several  states  of  the  German  confederation,  the  favorable  influence  of  a  rationsJ 
process  of  fermentation  upon  the  quality  of  the  beers  has  been  fully  recognised.  In 
the  Grand  Dutchy  of  Hesse  considerable  premiums  were  proposed  for  the  brewing  of 
beer  according  to  the  process  pursued  in  Bavaria,  which  were  decreed  to  those  brewen 
who  were  able  to  prove  that  their  product  (neither  strong  nor  highly  hopped)  had  kept 
six  months  in  the  casks  without  becoming  at  all  sour.  When  the  first  tnals  were  bei^ 
made  several  thousand  barrels  were  spoiled,  till  eventually  experience  led  to  the  di»- 
covery  of  the  true  practical  conditions  which  theory  had  foreseen  and  prescribed. 

Neither  the  richness  in  alcohol,  nor  in  hops,  nor  both  combined,  can  hinder  ordinaiy 
beer  from  getting  tart.  In  England,  says  Liebigj  an  immense  capital  is  saerifieed 
to  preserve  the  better  sorts  of  ale  and  porter  from  souring,  by  leaving  them  for  seven] 
years  in  enormous  tuns  quite  full,  and  very  well  closed,  while  their  tope  are  covered 
with  sand.  This  treatment  is  identical  with  that  applied  to  wines  to  make  them 
deposite  the  wine*stone.  A  slight  transpiration  of  air  goes  on  in  this  case  timnigh 
the  pores  of  the  wood ;  but  the  quantity  of  azotized  matter  contained  in  the  beer  is  so 
great,  relatively  to  the  proportion  of  oxygen  admitted,  that  this  element  can  not  aet 
upon  the  alcohol.  And  yet  the  beer  thus  managed  will  not  keep  sweet  more  than 
two  months  in  smaller  casks  to  which  air  has  access.  The  grand  secret  of  the  Mnnich 
brewers  is  to  conduct  the  fermentation  of  the  wort  at  too  low  a  temperature  to  penult 
of  the  acetiflcation  of  the  alcohol,  and  to  caujie  all  the  azotized  matters  to  be  com- 
pletely separated  by  the  intervention  of  the  oxygen  of  the  air,  and  not  by  the  sacrifice 
of  the  sugar,  It  is  only  in  March  and  October  that  the  good  store  beer  is  begun  to  be 
made  in  Bavaria. 

In  our  ordinary  breweries,  the  copious  disengagement  of  carbonic  acid  from  the 
frothy  top  of  the  fermenting  tuns  and  gyles  prevents  the  contact  of  oxygen  from  the 
worts ;  so  that,  as  the  gluten  can  not  be  oxidized  by  the  air,  it  attracts  oxygen  from 
the  sugar,  and  thus  gives  rise  to  several  adventitious  hydrogenated  products,  juM  as 
the  fetid  oil  is  generated  in  the  rapid  fermentation  of  spirit-wash  by  the  distillers.  In 
this  case  no  inconsiderable  portion  of  the  gluten  remains  undecomposed  in  the  beer, 
which,  by  its  extreme  proneness  to  corruption,  afterward  attracts  oxygen  greedily  fron 
the  air,  and,  at  temperature  above  5^,  imparts  this  eoiUtui  actum  to  Uie  alcohol,  and,  by 
a  species  of  infection,  changes  it  into  vinegar.  Indeed,  in  most  of  the  rapid  femenla- 
tions  a  portion  of  vinegar  is  formed,  which  itself  serves  as  an  acetous  ferment  to  the  rest 
of  the  alcohol ;  whereas  the  result  of  the  bottom  fermentation  is  a  beer  free  from  vinegar, 
and  certainly  hardly  a  trace  of  gluten ;  so  that  it  does  not  possess  the  conditions  requisite 
to  intestine  change  or  deterioration.  This  perfection  is,  however,  in  my  opinion,  rareiy 
attained.  In  my  several  journeys  into  Oennany  I  have  met  with  much  spnrioas  or 
ill-made  Bavarian  beer.    The  best  contains,  when  brought  to  En^and,  a  lilOe  adl. 
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but  BO  perceptible  gluten  on  the  ndditMm  of  ammonia  in  exoeu.    Moit  of  onr  been, 
ales,  &c.,  depositt  more  or  less  gluten  when  thus  treated. 

The  following  table  exhibits  the  resnlts  of  the  chemical  examinations  of  the  under- 
mentioned kinds  of  beer  i-^ 


1 

Ntme  of  the  Beer. 

Quantity  in  100  parti  by  weight 

1 

Water. 

Malt  extr. 

Alcohol. 

t 

Carb.  acid. 

Analyst. 

Au^stine  double  beer —        > 
Munich      -           .             5 

ss-ae 

8-0 

3-6 

0-14 

Kaiser. 

Salvatnr  beer— do.    - 

87-62 

80 

4-2 

0-18 

Do. 

Bockobeer,  from  the  Royal  > 
brewery — do.        -             \ 

88-64 

7-2 

4-0 

0-16 

Do. 

Schenlc  (pot)  beer,  from  a  Ba-  S 

92-94 

4-0 

2-9 

0-16 

Do. 

kind  of  small  beer     -         ) 

Bock-beer  of  Brunswick,  of  ) 
the  Bavarian  kind               ) 

88-50 

6.50 

5*0 

- 

Balhorn. 

Lager  (store)  beer,  of  Bruns-  > 
wick,  of  the  Bavarian  kind  ) 

91*0 

5*4 

3*60 

«                              M 

Otto 

vX  M 

\/iiV. 

Brunswick  sweet  small  beer 

84-70 

14-0 

1-30 

Do. 

Brunswick  mum         -           .  | 

69-2 

39-0 

1.80 

O-I 

Kaiser. 

MaUing  ta  Mumek. — ^The  barley  is  steeped  till  the  acrospire,  embryo,  or  seed-germ, 
teems  to  be  quickened;  a  circumstance  denoted  by  a  swelling  at  the  end  of  that  ear 
which  was  attached  to  the  foot-stalk,  as  also  when,  on  pressing  a  pile  between  two 
fingers  against  the  thumb-nail,  a  slight  projection  of  the  embryo  Is  perceptible.  As 
long,  however,  as  the  seed-germ  sticks  too  firm  to  the  husk,  it  has  not  been  steeped 
enough  for  exposure  on  the  «underground  nudt-floor.  Nor  can  deficient  steeping  be 
safely  made  up  for  afterward  by  sprinklii^  the  malt-couch  with  a  watering-can,  which 
is  apt  to  render  the  malting  irregular.  The  steep-water  should  be  changed  repeatedly, 
mtcording  to  the  degree  of  foulness  and  hardness  of  the  barley ;  first,  six  hoars  afler 
immersion,  having  previously  stirred  the  whole  mass  several  times;  afterward,  in 
winter,  every  twenty-four  hours,  but  in  summer  every  twelve  hours.  It  loses  none  of 
its  substance  in  this  way,  whatever  vulgar  prejudice  may  think  to  the  contrar}'.  After 
lettinsr  ofi*  the  last  water  from  the  stone  cistern,  the  Bavarians  leave  the  barley  to  drain 
in  it  during  four  or  six  hours.  It  is  now  taken  out,  and  laid  on  the  couch  floor,  in  a 
square  heap,  eight  or  ten  inches  high,  and  it  is  turned  over,  morning  and  evening,  with 
dexterity,  so  as  to  throw  the  middle  portion  upon  the  top  and  bottom  of  the  new-made 
couch.  When  the  acrospire  has  become  as  long  as  the  grain  itself,  the  malt  is  carried 
to  the  wUhering  (welkboden,)  or  drying-floor,  in  the  open  air,  where  it  is  exposed  (in 
dry  weather)  daring  from  eight  to  fourteen  days,  being  daily  turned  over  three  times 
with  a  winnowing  shovel.  It  is  next  dried  on  a  well-constructed  cylinder  or  fiue- 
heated  malt-kin,  at  a  gentle  clear  heat,  without  being  browned  in  the  slightest  degree, 
while  it  turns  friable  into  a  fine  white  meal.  Smoked  malt  is  entirely  rejected  by  the 
best  Bavarian  brewers.  Their  malt  is  dried  on  a  series  of  wove  wire  horizontal  shelves, 
placed  over  each  other ;  up  through  whose  interstices  or  perforations  streams  of  air, 
heated  to  only  122°  Fahr.,  rise  from  the  surfaces  of  rows  of  hot  sheet-iron  pipe-flues, 
arranged  a  little  way  below  the  shelves.  Into  these  pipes  the  smoke  and  burned  air 
of  a  little  furnace  on  the  ground  are  admitted.  The  whole  is  enclosed  in  a  vaulted 
chamber,  from  whose  top  a  large  wooden  pipe  issues,  for  conveying  away  the  steam 
from  the  drying  malt.  Each  charge  of  malt  may  be  completelv  dried  on  this  kiln  in  the 
space  of  from  eighteen  to  twenty-four  hours,  by  a  gentle  unuorm  heat,  which  does  not 
iigure  the  diastase,  or  discolor  the  farina.* 

The  malt  for  store-beer  should  be  kept  three  months  at  least  before  using  it,  and  be 
freed  by  rubbmg  ana  siitmg  from  the  acrunpires  before  being  sent  to  the  mill,  where 
it  should  be  crushed  pretty  fine.  The  barley  employed  is  the  best  dUHdum  or  common 
kind,  styled  hordeum  vulgare. 

The  hope  are  of  the  best  and  freshest  growth  of  Bavaria,  called  the  fine  tpalter,  or 
Boatter  Bohemian  toumhops,  and  are  twice  as  dear  as  the  best  ordmary  hops  of  the  rest 
of  Germany.    They  are  in  such  esteem  as  to  be  exported  even  into  France. 

The  Bavarians  are  so  much  attached  to  tiie  beer  beverage,  which  they  have  enjoyed 
from  their  remotest  ancestry,  thnt  they  regard  the  use  of  distilled  spirits,  even  in 
moderation,  as  so  immoral  a  practice,  as  to  duqualify  dram-drinkers  for  decent  society. 

*  1  have  a  set  of  detigns  of  the  Bavarian  kiln,  but  I  believe  the  a^ve  deacnpUoii  will  make  Its  eoi»> 
■IrocUoa  •nffldently  intelligible. 
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Thefr  government  has  taken  great  pains  to  inpioTe  thia  natioiial  bererage,  by 
couraging  the  growth  of  the  best  qualities  of  kops  and  barley.  The  vaults  in  which 
the  beer  is  fermented,  ri|)ened,  and  kept,  are  all  nndergrooDd,  and  mostly  in  stony  ex- 
cavations, called  felsenkeller  or  rock -cellars.  The  beer  is  divided  into  two  sorts,  called 
9ummer  and  winter.  The  latter  is  light,  and,  being  intended  for  immediate  retail  m 
tankards,  is  termed  schankbier.  The  otherj  or  the  /agerdier,  very  sensibly  increiues  in 
vinous  strength  in  proportion  as  it  decreases  in  sweetness,  by  the  jndijcions  manage- 
ment of  the  iiachgaJirung,  or  fermentation  in  the  casks.  In  several  parts  of  Germany 
a  keeping  quality  is  communicated  to  beerd  by  burning  snlphnr  in  the  casks  before 
filling  them,  or  by  the  introduction  of  sulphite  of  lime.  Bvt  the  flavor  thus  im- 
part^ is  d^liked  in  Munich,  Bayreuth,  Regensburg,  Numberg,  Hot,  and  the  other 
chief  towns  of  Bavaria ;  instead  of  which  a  preservative  virtue  is  songht  for  in  aa 
aromatic  mineral  or  Tyrol  pitch,  with  which  the  insides  of  the  casks  are  carefully  coated, 
and  in  which  the  ripe  beer  is  kept  and  exported.  In  December  and  January,  after  the 
casks  are  charged  with  the  summer  or  store-beer,  the  double  doors  of  the  cellars  are 
closed,  and  lumps  of  ice  are  piled  up  against  them,  to  prevent  att  aocess  of  warm  air. 
The  cellar  is  not  opened  till  next  August,  in  order  to  take  out  the  beer  for  ooDsump- 
tion.  In  these  circumstances  the  beer  becomes  transparent  like  champagne  wine ; 
and,  since  but  little  carbonic  acid  gas  has  been  disengaged,  little  or  none  of  the  addi- 
tionally generated  alcohol  is  lost  by  evaporation. 

The  winter  or  schank  (pot)  beer  is  brewed  in  the  months  of  October,  November, 
March,  and  April;  but  the  summer  or  store-beer  in  December,  January,  and  Feb- 
ruary, or  the  period  of  the  coldest  weather.  For  the  former  beer,  the  hopped  worts 
are  cooled  down  only  to  from  51°  to  55**,  but  for  the  latter  to  from  41®  to  421®  Fahr. 
The  winter  beer  is  also  a  little  weaker  than  the  summer  beer,  being  intended  to  be 
sooner  consumed ;  since  four  bushels*  (Berlin  measure)  of  fine,  dry,  sifted  malt,  of 
large  heavy  hordeum  vulgare  diatichon,  affords  seven  eimers  of  winter  beer,  but  not  msre 
than  from  five  and  a  half  to  six  of  summer  beer.f  At  the  second  infusion  of  the  worts, 
small  beer  is  obtained  to  the  amount  of  twenty  quarts  from  the  above  quantity  of  malt. 
For  the  above  quantity  of  winter  beer,  six  pounds  of' middling  hops  are  reckoned 
sufficient ;  but  for  the  summer  beer,  from  seven  to  eight  pounds  of  the  finest  hofs. 
The  winter  beer  may  be  sent  out  to  the  publicans  in  barrels  five  days  after  the  fer- 
mentation has  been  completed  in  the  tuns,  and,  though  not  quite  dear,  it  wlU  become 
so  in  the  course  of  six  days ;  yet  they  generally  do  not  serve  it  out  in  pots  for  two  or 
three  weeks.  But  the  summer  beer  must  be  perfectly  bright  and  still  before  it  is 
racked  off  into  casks  for  sale. 

Statement  of  the  Products  of  a  Brevnng  of  Bavarian  Beer. — ^The  quantity  brewed  is 
41  Munich  eimers  (64  maass)  =85|  Berlin  quarts;  and  60  Berlin  quarts  ^=:  I  cimer; 
or  24  Munich  barrels  (of  100  Berlin  quarts  each);  1  Munich  eimer=15  gnllosM 
imperial.  The  beer  contains  from  50  to  60  parts  by  weight,  of  dry  saccharom  in  1,000 
parts. 

ErpendUure.  Thaier,  SAg. 

24  Berlin  bushels  of  white  kiln-dried  barley,  rather  finely  crushed, 

weighing  from  12  to  13  c>yts.  -  •  -  -  - 

36  pounds  of  new  fine  spatter  (parted)  hops  at  46  thalers  the  cwt. 
I  pound  of  Carageen  moss,  for  clarifying  .... 

1  quart  of  yeast. 

1  quart  of  Tyrol  pilch     --.-..- 
Mash — tax   (in  Bavaria  and  Prussia)  upon  12  cwts.  malt,  at  the 
rate  of  20  sHbergro9chen  =  2«.,  the  cwt.      .... 

Cost  of  crushing  ....... 

Fuel       ---..-.-. 

Wages  of  labor,  in  the  brewhouse  and  vault  ... 

Do.        Do.    for  cooper  in  pitching  the  casks  ... 

Sundry  small  expenses    .....-- 

Or  11/.  8«.  76 

1  thaler  =  30  silbergroschen  =  3  shillings 

Deduct  for  the  grains  of  12  cwts.  of  malt,  at  10  9iIhergros(Jieny  or  If. 
per  cwt.  s=.  4  thalers,  a^d  for  the  value  in  yeast  produced  =  2 
thalers  more    -.--.---fi 


24 

0 

16 

17 

0 

3 

11 

0 

8 

0 

1 

0 

4 

0 

6 

0 

3 

0 

2 

lO 

Total  neat  expenditure  =^  10/.  10<.        -  >  .  -  -     70 


*  An  English  quarter  of  grain  is  equal  to  S'fouahelt  (sekeffet)  and  nearly  one  third  Prosaian 
1 1  Eimer  Prussian  ^  15  Eniplish  Imperial  gallona ;  one  Munich  adMWia  equal  to  foor  Baxfii 
1  lit   Munich  ->  1935  Eng.  l^.  Avoird. :  1  Lib.  B«rUn  -  1031  lbs.  Av9iri. 
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Tbis  cost  f«r  42  eimcn  (1  eimer  »  14{  galls.  Imp.)  ^^  619|  gallons  »=  17*2  London 
porter  barrels,  amounts  to  4^d,  per  gallon,  or  lis,  2d.  per  barrel.    By  the  abbre 
reckoning,  a  good  profit  accrues  to  the  brewer,  after  allowing  a  liberal  sum  for  the 
rent  of  premises,  interest  of  capital,  &c. 

He  has  less  profit  from  the  summer  beer.    For  a  brewing  of  33  eimers  s=:  505  gallons 
Imp.,  containing  from  60  to  65  pounds  of  saccharum  in  1,000  pounds  of  the  beer,  by 
Hermstaedt's  saccharometer. 

Expendilure, 

Thaler.  Slbg. 
24  Berlin  scheffels  of  white  kiln-dried  barley-malt,  weighing  from 

12  to  13  centners*  ------. 

48  Berlin  pounds  of  fresh  Bavarian  fine  hops,  at  46  thaler  per  centner 
i  pound  of  Carageen  moss  ...... 

1  quart  setting  yeast  (unterkefe). 

1  centner  pitch  ... 

Malt  tax  on  12  centners  ...... 

Crushing  the  malt  -  -  >  -  ... 

Fuel  -  ----... 

Wages,  6  thalers ;  coopers'  do.,  3  thalers ;  and  sundries,  3  th.  27  sq. 

Deduct  for  grains  4  thalers,  and  yeast  2  thalers 

Neat  cost  ---..... 

This  cost  of  111.  5*.  for  505  gallons  amounts  to  fully  5Jrf.  per  gallon,  and  16*.  6d, 
the  barrel. 

The  cost  at  Munich  is  2i  thalers  the  eimer,  and  4  thalers  the  barrel.  The  eimer  of 
the  summer  beer,  or  lagerbUr,  is  sold  for  4  thulers.  The  publicans  there,  as  in  Lon- 
don, are  known  to  add  more  or  less  Water  to  their  beer  before  retailing  it. 

The  yeast  {unttrhefe)  is  carefully  freed  by  a  scraper  from  the  portions  of  light  top 
yeast  that  may  have  fallen  to  the  bottom  j  the  true  unterhefe  is  then  carefully  sliced  off 
from  the  slimy  sediment  on  the  wood. 

In  Munich  the  malt  is  moistened  slightly  12  or  16  hours  before  crushing  it,  with  from 
2  to  3  maas\  of  water  for  eve^ry  bushel ;  the  malt  being  well  dried,  and  several  months 
old.  The  mash-tun  into  which  the  malt  is  immediately  conveyed  is,  in  middle-sized 
breweries,  a  round  oaken  tub,  about  4^  feef  deep,  10  feet  in  diameter  at  bottom  and 
9  at  top,  outside  measure,  containing  about  6,000  Berlin  quarts.  Into  this  tun  cold 
water  is  admitted  late  in  the  evening,  to  the  amount  of  25  quarts  for  each  scheffdy  or 
•00  quarts  for  the  24  scheffeh  of  the  ground  malt,  which  are  then  shot  in  and  stirred 
about  and  worked  well  about  with  the  oars  and  rakes,  till  a  uniform  pasty  is  formed 
without  lumps.  It  is  left  thus  for  three  or  four  hours ;  3,000  quarts  of  water  being 
put  into  the  copper,  and  made  to  boil;  and  1,800  quarts  are  gradually  run  down  into 
the  mash-tun,  and  worked  about  in  it,  producing  a  mean  temperature  of  142-5®  Fahr. 
After  sn  hour's  interval,  during  which  the  copper  has  been  kept  full,  1,800  additional 
quarts  of  water  are  run  into  the  tun,  with  suitable  mashing.  The  copper  being  now 
emptied  of  water,  the  mash-mixture  from  the  tun  is  transferred  into  it,  and  brought 
quickly  to  the  boiling  point,  with  careful  stirring  to  prevent  its  setting  on  the  bottom 
and  getting  burned,  and  it  is  kept  at  that  temperature  for  half  an  hour.  When  the  mash 
rises  by  the  ebullition,  it  needs  no  more  stirring.  This  process  is  called,  in  Bavaria, 
boiling  the  thick  mash,  dickmaisch  kochen.  '  The  mash  is  next  returned  to  the  tun,  and 
well  worked  about  in  it.  A  few  barrels  of  a  thin  mash-wort  are  kept  ready  to  be  put 
into  the  copper  the  moment  it  is  emptied  of  the  thick  mash.  After  a  quarter  of  an 
hour's  repose  the  portion  of  liquid  filtered  through  the  sieve-part  of  the  bottom  of  the 
tun  fnto  the  wort-cistem  is  put  into  the  copper,  thrown  back  boiling  bot  into  the  mash 
in  the  tun,  which  is  once  more  worked  thoroughly. 

The  copper  is  next  cleared  out,  filled  up  with  water,  which  is  made  to  boil  for  the 
after  or  small-beer  brewing.  After  two  hours  settling  in  the  open  tun,  the  worts  are 
drawn  off  clear. 

Into  the  copper,  filled  up  one  foot  high  with  the  wort,  the  hops  are  introduced,  and 
the  mixture  is  made  to  boil  during  a  quarter  of  an  hour.  This  is  called  roasting  the 
hops.  The  rest  of  the  wort  is  now  put  into  the  copper,  and  boiled  along  with  the  hops 
during  at  least  an  hour  or  an  hour  and  a  half.  The  mixture  is  then  laJed  out  through 
the  hop-filter  into  the  cooling-cistern,  where  it  stands  three  or  four  inches  deep,  and  is 
eiposed  upon  an  extensive  surface  to  natural  or  artificial  currents  of  cold  air,  so  as  to 

*  1  Centners  ]]0  PruMian  pounds  =>  113-41  lbs.  Avoird. 
t  A  Bavarian  maa*^  \{  quarts  Enf  liab  meaiur«. 
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be  qaickly  cooled.    For  every  20  burelB  of  lagerbier,  tiiere  mre  aDoved  10  of 
beer ;  so  Uiat  30  barrels  <^  wort  are  made  ia  all. 

For  the  winter  or  potXeer  the  worts  are  brought  down  to  about  99^  Fafar.  im  ikt 
cooler,  and  the  beer  is  to  be  transferred  into  the  fermenting-tnns  at  from  54-S^  to  59^ 
Fahr. ;  for  the  sammer  or  lagerbier,  the  worts  must  be  brought  down  in  the  eooler  to 
from  43''  to  454^,  and  put  into  the  fermenting-tnns  at  to  from  41®  to  43"  Fabr. 

A  few  hours  beforehand,  while  the  wort  is  still  at  the  temperature  of  63|*  Fahr.,  a 
quantity  of  lobb  must  be  made,  called  vor$telUn  (fore-telting)  in  German,  by  mixing  l^e 
proportion  of  unterhefe  (yeast)  intended  for  the  whole  brewing  with  a  barrel  or  a 
barrel  and  a  half  of  the  worts,  in  a  small  tub  called  the  gahr^ienej  stiiring  tbem  weJ] 
together,  so  that  they  may  immediately  run  into  fermentation.  This  kAb  is  in  this 
state  to  be  added  to  the  worts.  The  lobb  la  known  to  be  ready  when  it  is  corered  with 
a  white  froth  from  one  quarter  to  one  half  an  inch  thick :  during  wiiieh  it  must  be  wdl 
covered  up.  The  large  fermenting-tun  must  in  like  manner  be  kept  covered,  eves 
in  the  vault.  The  colder  the  worts,  the  more  yeast  must  be  used.  For  the  above 
quantity,  at 

From  67®  to  59°  Fahr.,  6  maas  ofunierhe/e. 

63®  to  56®  8  — 

ABP  to  60»  10  — 

41®  to  33®  12  — 

Some  recommend  that  wort  for  this  kind  of  fermentation  (the  wUergakru9g)  aboold  be 
set  with  the  yeast  at  from  48°  to  67® ;  but  the  general  practice  at  Munich  is  to  act  the 
summer  lager  beer  at  from  41®  to  43®  F. 

By  following  the  preceding  directions,  the  wort  in  the  tun  should,  in  the  course  of 
from  twelve  to  twenty-four  hours,  exhibit  a  white  froth  round  the  rim,  and  even  a  slight 
whiteness  in  the  middle.  After  another  twelve  or  twenty-four  hours,  the  froth  shcniU 
appear  in  curls ;  and,  in  a  third  like  period,  these  curls  should  be  changed  into  a  still 
higher  frothy  brownish  mass.  In  from  twenty-four  to  forty-eight  hours  more,  the  bam 
should  have  fallen  down  in  portions  through  the  beer,  so  as  to  allow  it  to  be  seen  in  cer- 
tain points.  In  this  case  it  may  be  turned  over  into  the  smaller  ripening  tuns  in  the 
course  of  other  five  or  six  days.  But  when  the  worts  have  been  set  to  ferment  aa  frcan 
41®  to  43®  Fahr.,  they  require  from  eight  to  nine  days.  The  beer  is  transferred,  after 
being  freed  from  the  top  yeast  by  a  skimmer,  by  means  of  the  stopcock  near  the  bottian 
of  the  large  tun.  It  is  either  first  run  into  an  intermediate  vessel,  in  order  that  the  top 
and  bottom  portions  may  be  well  mixed,  or  into  each  of  the  lager  casks,  in  a  numbeied 
series,  like  quantities  of  the  top  and  bottom  portions  are  introduced.  In  the  ripening 
cellars  the  temperature  can  not  be  too  low.  The  best  keeping  beer  can  never  be 
brewed  unless  the  temperature  of  the  worts  at  setting,  and  of  course  the  fermenting- 
vault,  be  as  low  as  60°  F.  In  Bavaria,  where  this  manufacture  is  carried  on  nndcr 
government  inspectors,  a  brewing  perioid  is  prescribed  by  law,  which  is,  for  the  nndcr 
fermenting  lager  beer,  from  Michaelmas  (29th  September)  to  St.  George  (23d  April). 
From  the  latter  to  the  former  period  the  ordinary  top-bann  beer  alone  is  to  be  made. 
The  ripening-casks  must  not  be  quite  full,  and  they  are  to  be  closed  merely  with  a 
loose  bung,  in  order  to  allow  of  the  working  over  of  the  ferment.  But  should  the  fer- 
mentation appear  too  languid,  after  six  or  eight  days,  a  little  briskly  fermenting  i^ger 
beer  may  be  introduced.  The  store  lager  beer-tuns  are  not  to  be  quite  filled,  so  as  to 
prevent  all  the  yeasty  particles  from  being  discharged  in  the  ripening  fermentation; 
but  the  pot  lager  beer-tuns  must  be  made  quite  full,  as  this  beverage  is  intended  Ibr 
speedy  sale  within  a  few  weeks  of  its  being  made. 

As  soon  as  the  summer  beer-vaults  are  charged  with  their  ripening-casks,  and  with 
lee-cold  air,  they  are  closed  air-tight  with  triple  doors,  having  small  intervals  bet'veea, 
so  that  one  may  be  entered  and  shut  again,  before  the  next  is  opened.  These  vanlSs 
are  sometimes  made  in  ranges  radiating  from  a  centre,  and  at  others  in  rooms  set  oil 
at  right  angles  to  a  main  gallery ;  so  that  in  either  case,  when  the  external  openin|;  is 
well  secured,  with  triple  air-tight  doors,  it  may  be  entered  at  any  time,  in  order  to 
inspect  the  interior,  without  the  admission  of  warm  air  to  the  beer-barrels.  The 
wooden  bungs  for  loosely  stopping  them  must  be  coated  with  the  proper  pitch,  to 
prevent  the  possibility  of  their  imparting  any  acetous  ferment.  In  the  Beer  Brewer* 
of ^  A.  F.  Zimmermann,  teacher  of  theoretical  and  practical  brewing,  who  has  devoted 
thirty-five  years  to  this  business,  it  is  stated,  that  a  ripened  tun  of  lager  or  store-beer 
must  be  racked  off  all  at  once,  for  when  it  is  left  half  full  it  becomes  flat  (mAoa/)  ;  and 
that  the  tun  of  pot  lager  beer  must,  if  possible,  be  all  drunk  off  in  the  same  day  it  is 
tapped ;  because  on  the  following  day  the  beer  gets  an  unpleasant  taste,  even  when 
the  bung  has  not  been  taken  out,  but  only  a  small  hole  has  been  made,  which  is 
opened  only  at  the  time  of  drawing  the  beer,  and  is  immediately  closed  again  with  a 

*  Dtr  Bigr^Brmtur,  all  MeUt«r  In  tMnem  faehe,  4ee.,  UlastrmtM  with  many  plates,  Berlin.  IMl. 
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spigot,  ife  ascribes  this  cluiiige  to  the  loss  of  the  carbonic  acid  gas,  with  -which  the 
beer  has  got  strongly  Impregnated  daring  the  latter  period  of  its  ripening,  while 
being  kept  in  tighUy-banged  casks.  The  residuums  in  these  casks  are,  however, 
bottled  up  in  Bavaria,  whereby  the  beer,  after  some  time,  recovers  its^brisk  and 
pungent  taste.  Bat  the  beer-topen  in  Bavaria,  who  are  professedly  very  numeroos, 
indalge  so  delicate  and  fastidious  a  palate,  that  when  assembled  in  their  favorite  pot^ 
boose,  they  wait  impatiently  for  the  tapping  of  a  fresh  cask,  and  cease  for  a  while  to 
tipple  whenever  it  is  half  empty,  puffing  the  time  away  with  their  pipes  till  another 
fresh  tap  be  made.  In  the  well-frequented  beer-shops  of  Munich  a  common-sized  cask 
of  lager  beer  is  thus  drank  olf  in  an  hour.  A  reputation  for  superior  brewing  is  there 
the  readiest  road  to  fortune. 

Bock^Bur  of  Bavaria. — This  is  a  favorite  double  strong  beverage,  of  the  best  lager 
description,  which  is  so  named  from  causing  its  consumers  to  prance  and  tumble  about 
like  a  buck  or  a  goat ;  for  the  German  word  bode  has  both  these  meanings.  It  is 
merely  a  beer  having  a  specific  gravity  one  third  greater,  and  is  therefore  made  with 
A  third  greater  proportion  of  malt,  but  with  the  same  proportion  of  hops,  and  flavored 
with  a  few  coriander-seeds.  It  has  a  somewhat  darker  color  than  the  general  lager 
beer,  occasionally  brownish,  taste  less  bitter  on  account  of  the  predominating  malt, 
and  somewhat  anmatic.  It  is  an  eminently  intoxicating  beverage.  It  is  brewed  in 
December  and  January,  and  takes  a  long  time  to  ferment  and  ripen ;  but  still  it  eon- 
tains  too  large  a  quantity  of  unchanged  Boccharum  and  dextrine  for  its  hops,  so  that  it 
tastes  too  luscious  for  habitual  topers,  and  is  drunk  only  from  the  beginning  of  May 
till  the  end  of  July,  when  the  fashion  and  appetite  for  it  are  over  for  the  year. 

StaiemeiU  of  a  Brewing  of  Bavarian  Bodc-Beer, 

For  41  Bavarian  eimers  of  64  maass  each  (about  15  gallons  Imperial)  per  eimery  or 
615  gallons^  nearly  17  barrels  English  in  all : — 

Expenditure, 

Thaler,  SWg, 
32  Berlin  schefTels  of  the  best  pnle  malt  freed  from  its  acrospires, 
weighing  I7f  centners,  at  1  thaler  per  centner 
48  lbs.  (Berlin)  of  the  best  Bavarian  hops  ... 

i  lb.  Carageen  moss  for  clarifying  .... 

1  lb.  Coriander-seeds  ------ 

1  Quart  setting  yeast. 

1  Centner  Tyrolese  pitch        ------ 

Malt-tax        —        ------- 

Malt-crushing,  fViel,  wages,  coopering,  &c.  .  •  - 

Thalers  of  Zs.  each 
Deduct  for  the  value  of  grains  and  yeast  -  -  - 

Thalers  of  neat  cost  ---.-. 

This  statement  makes  the  eimer  of  the  Bavarian  bock-beer  amount  to  about  2  tha- 
lers, or  6  shillings ;  being  at  the  rate  of  nearly  5  pence  per  gallon ;  though  without 
counting  rent,  interest  of  capital,  or  profit.  It  is,  in  fact,  a  malt  or  barley  sweet  wine 
or  liqueur;  but  a  very  cheap  one,  as  we  see  by  this  computation. 

The  chief  difi*erence  in  the  process  for  making  bock-beer  lies  in  the  mash-wort^i, 
and  in  the  hops  being  boiled  a  shorter  time,  to  preserve  more  of  the  aroma,  and  acquire 
less  of  the  bitterness  of  the  hop.  The  coriander-seeds  are  coarsely  bruised,  and  added 
along  with  the  hops  and  Carageen  moss,  to  the  boiling  mash-worts,  about  twenty 
or  thirty  minutes  before  they  are  laded  or  drawn  off  into  the  mash-tun.  Sometimes 
the  hops  are  boiled  apart  in  a  little  clear  wort,  as  formerly  described.  The  bock-beer 
is  retailed  in  Munich  at  3  silver  groschcn,  about  3id.  the  seidel,  or  pot,  which  is  one 
English  pint.  The  25  gallon  cask  (tonne)  is  sold  at  10  thalers,  or  30  shillings.  The 
publicans,  therefore,  have  a  very  remunerating  profit  per  pot,  even  supposing  that  they 
do  not  reduce  the  beer  with  water  like  our  London  craftsmen. 

Zimmermann  assumes  the  merit  of  having  introduced  <>arageen  moss  as  a  darifier 
into  the  beer  manufacture.  I  do  not  know  whether  it  may  not  have  been  used  in  this 
country  for  the  same  purpose,  or  in  Ireland,  where  this  fucus  (Chandra  cri»pa)  grows 
abundantly.  He  says  that  1  ounce  of  it  is  sufficient  for  25  gallons  of  beer;  and  that 
it  operates,  not  only  in  the  act  of  boiling  with  the  hops,  but  in  that  of  cooling,  as  also 
in  the  squares  and  backs  before  the  fermentation  is  begun.  Whenever  this  change, 
however,  takes  place,  the  commixture  throws  up  the  gluten  and  moss  to  the  surface  of 
the  liquid  in  a  black  scum,  which  is  to  be  skimmed  off,  so  that  the  proper  yeast  may 
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not  be  soiled  with  it.  It  oocaflions  the  separation  of  mncli  of  the  TcgetaMe  aliaiey  or 
muciJage,  called  by  the  German  brewers  pedi  (pitch). 

On  the  Clarifying  or  CUaring  of  Beers, — Clariliers  act  either  chemically — ^by  betog 
soluble  in  the  beer,  and  by  forming  an  insoluble  compound  with  the  TegetaUe  glutesy 
and  other  viscid  vegetable  extracts ;  gelatine  and  albumen,  under  one  shape  or  other, 
have  been  most  used ;  the  former  for  beer,  the  latter,  as  white  of  egg,  for  wine— 
or  mechanically,  by  being  difiused  in  fine  particles  through  the  turbid  liquor,  and,  in 
their  precipitation,  carrying  down  with  them  the  floating  vegetable  matters.  To  this 
class  belong  sand,  bone*black  (in  some  measure,  but  not  entirely),  and  other  suck 
articles.  The  latter  means  are  very  imperfect,  and  can  take  down  only  such  matten 
as  exist  already  in  an  insoluble  state ;  of  the  former  class,  milk,  blood,  glue,  calf  VfooC 
jelly,  hartshorn-shavings,  and  isinglass,  have  been  chiefly  reconunended.  CalreVfoot 
jelly  is  much  used  in  many  parts  of  Germany,  where  veal  fona»  so  common  a  kind  of 
bntcher-meat ;  but  in  summer  it  is  apt  to  acquire  a  putrid  taint,  and  to  impart  the 
same  to  the  beer.  In  these  islands,  isinglass  swollen  and  partly  dissolved  in  vinegar, 
or  sour  beer,  is  almost  the  sole  darifier,  called  finings,  employed.  It  is  costly,  when 
the  best  article  is  used ;  but  an  inferior  kind  of  isinglass  is  imported  for  the  brewen. 
The  solvent  or  medium  through  or  with  which  it  is  administered  is  eminently  inja- 
dicious,  as  it  never  fails  to  infect  the  beer  with  an  acetous  fennent.  In  Geimaay 
their  tart  wine  has  been  used  hitherto  for  dissolving  the  isinglass;  and  this  has  also  the 
same  bad  property.  Mr.  Zimmennann  professes  to  have  discovered  an  unexception- 
able solvent  in  tartaric  acid,  one  pound  of  which  dissolved  in  24  quarts  of  water  is 
capable  of  dissolving  two  pounds  of  ordinary  isinglass ;  forming  finings  which  naay  be 
aAerward  diluted  with  pure  water  at  pleasure.  Such  isinglass  imported  from  Peters- 
burg into  Berlin  costs  there  only  3s.  per  lb.  These  finings  are  best  added,  ns  already 
mentioned,  to  the  worts  prior  to  fermentation,  as  soon  as  they  are  let  in  to  the  setiiag- 
back  or  tun,  immediately  aAer  adding  the  yeast  to  it.  They  are  best  administered  bf 
mixing  them  in  a  small  tub  with  thrice  their  volume  of  wort,  raising  the  mixture  into  a 
froth  with  a  whisk  {twig-besoniy  in  German),  and  then  stirring  it  into  the  worts.  The 
clarification  becomes  manifest  in  the  course  of  a  few  hoars,  and  when  the  fermentatioa 
is  completed,  the  beer  will  be  as  brilliant  as  can  be  wished ;  the  test  of  which  with  the 
German  topers  is  when  they  can  read  a  newspaper  while  a  tall  glass  beaker  of  be«-  is 
placed  between  the  paper  and  the  candle.  One  quart  of  finings  of  the  above  streagth 
will  be  generally  found  adequate  to  the  clearing  of  100  gallons  of  well-brew^  lager- 
beer,  though  it  will  be  surer  to  use  double  that  proportion  of  finings.  The  Carageea 
moss,  as  finings,  is  to  be  cut  in  fine  shreds,  thrown  into  the  boiling  thin  wort,  when 
the  flocks  begin  to  separate,  and  before  adding  the  hops ;  after  which  the  boiling  is 
continued  for  an  hour  and  a  half  or  two  hours,  as  need  be.  The  clarifying  with  this 
kind  of  finings  takes  place  in  the  cooler,  so  that  a  limpid  wort  may  be  drawn  oflT  into 
the  fermentin«;  back. 

Berlin  White  or  Pale  Beer  {WeissMer), — This  is  the  truly  patriotic  beverage  of 
Prussia  Proper,  and  he  is  not  deemed  a  friend  to  his  Vaierland  who  does  not  swig  it. 
It  is  brewed  from  1  part  of  barley-malt  and  5  parts  of  wheat-malt,  mingled,  moistened, 
and  coarsely  crushed  between  rollers.  This  mixture  is  worked  up  first  with  water  at 
95^  Fahr.,  in  the  proportion  of  30  quarts  per  scheffel  of  the  malt,  to  which  pasty 
mixture  70  quarts  of  boiling  water  are  forthwith  added,  and  the  Whole  is  mashed  in  the 
tan.  AAer  it  has  been  left  here  a  little  to  settle,  a  portion  of  the  thin  liquor  is  drawn 
ofif  by  the  tap,  transferred  to  the  copper,  and  then  for  each  bushel  of  malt  there  is  added 
to  it  a  decoction  of  half  a  pound  of  jSJUmark  hops  separately  prepared.  This  hopped 
wort,  after  half  an  hour's  boiling,  is  turned  back  with  the  hops  into  the  mofih-tun,  of 
which  the  temperature  should  now  be  162^*'  Fahr.,  but  not  more.  In  half  an  boar 
the  wort  is  to  be  drawn  oif  from  the  grains,  and  pumped  into  the  cooler.  The  grains 
are  aAerward  mashed  with  from  40  to  50  quarts  of  boiling  water  per  sdieffel  of  malt, 
and  this  infusion  is  drawn  off  and  added  to  the  former  worts.  The  whole  mixture 
is  set  at  66*^  Fahr.,  with  a  due  proportion  of  top  yeast  or  ordinary  barm,  and  very 
moderately  fermented.  According  to  Zimmermann,  a  very  competent  judge,  this  his 
native  beer  is  very  apt  to  turn  sour,  and  therefore  it  must  be  very  speedily  consumed. 
This  proneness  to  acetification  is  the  character  of  all  wheat-malt  beers.  He  recom- 
mends, what  he  himself  has  made  for  many  years,  a  substitution  of  potato-starch  sugar 
for  this  sort  of  malt,  and  as  much  tartaric  acid  as  to  give  the  degree  of  tartness  peculiar 
to  the  pale  Berlin  beer,  even  in  its  best  state.  This  acid  moreover  prevents  the  beer 
from  running  into  the  acetous  fermentation. 

Potato-Beer, — The  potatoes  being  well  washed  are  to  be  rubbed  down  to  a  pulp  by 
such  a  grating  cylinder-machine  as  is  represented  in  fig,  5,  where  a  is  the  hopper  for 
receiving  the  roots  (whether  potato  or  beet,  as  in  the  French  sugar-factories ;  6  is  the 
crushing  and  gripding-drum ;  c,  the  handle  for  turning  the  spur-wheel  d,  which  drives 
the  pinion  e,  and  the  fly-wheel/;  g,  h,  is  the  frame.    The  dotted  lines  above  c«  aie  tlM 


mUender  through  which  the  pulp  ?•«.«.  Fig.  «■  b  the  Mopcock  us^  in  »■"-''"  "'' 
bottling  beet.  For  every  sebeffel  of  potatoes  80  qnnrls  of  wnter  nre  to  be  |.ni  wiiii 
them  into  the  copper,  and  mtde  to  boil. 


Crnsbcd  tmlt,  to  the  ainoani  of  13  scheffelB,  ii  to  be  well  worked  about  in  the  inash- 
inn  with  360  qaarta,  or  90  galloiu  (English)  of  cold  water,  to  a  thick  pap,  and  then 
840  additional  quarts,  or  about  6  boireli  (English)  of  cold  water  are  to  be  BQcuesaiTcli' 
introduced  with  conatant  slimng,  Bad  left  to  stand  an  hour  at  leet. 

The  potatoes  having  been  meanwhQe  boiled  to  a  fine  starch  paste,  the  whole  mall- 
mash,  thin  and  thick,  is  to  be  speedll;  laded  into  the  copper,  and  the  miilure  in  tt  i« 
to  be  well  stirred  for  an  hour,  taking  care  to  keep  the  lernperalure  at  from  144°  to 
15€°  Fahr.  bU  the  time,  in  order  that  the  diaatait  of  Ihe  malt  may  convert  the  starch 
present  in  the  (wo  gnbstancps  into  suear  and  dextrine.  This  trausfomialion  is  made 
manifest  by  the  white  pasty  liquid  becoming  tnnsparent  and  thin.    Whenever  this 
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happens  the  fire  is  to  be  nlsed,  to  make  the  mash  boil,  and  to  keep  it  at  this  hett  tor  10 
minutes.  The  fire  is  then  withdrawn,  the  contents  of  the  eopper  are  to  be  tfauTernd 
into  the  mash,  worked  well  there^  and  left  to  settle  for  hall  an  hour;  dving  vhicb 
time  the  copper  is  to  be  washed  out,  and  quickly  charged  once  more  with  boiling  water. 

The  clear  wort  is  to  be  drawn  off  from  the  top  of  the  tun,  as  tasual,  and  boflcd  ai 
soon  as  possible  with  the  due  proportion  of  hops ;  and  the  boiling  water  maj  beaddfd 
in  any  desired  quantity  to  the  drained  mash,  for  the  second  mashing.  Wort  made  in 
this  way  is  said  to  haye  no  flavor  whatever  of  the  potato,  and  to  clarify  more  easily 
than  maJt-wort,  from  its  containing  a  smaller  proportion  of  gluten  relatively  to  that  of 
saccharum. 

A  scheffel  of  good  mealy  potatoes  affords  from  26  to  27(  pounds  of  thick  weD-boikd 
syrup,  of  the  density  of  S&*  Baum6  (aer  Areometer  in  the  Dictionary) ;  and  26  lb. 
of  such  syrup  are  equivalent  to  a  schefi'el  of  malt  in  saccharine  strength.  Zis- 
mermann  thinks  beer  so  brewed  from  potatoes  quite  equal,  at  least,  if  not  soperior,  to 
pure  malt  beer,  both  in  appearance  and  quality. 

Porter  and  Brown  Stout, — I  offer  the  following  statement  of  the  process  for  lireviig 
genuine  London  porter,  believing  it  to  be  more  near  that  really  practised  than  aay 
formula  hitherto  published. 

For  180  barrels  of  brown  stout,  containing  from  80  to  85  puts  of  mah  exliacl  ii 
1,000  by  weight  :— 

Components. — 530  bushels  (English  measure)  of  good  barley  malt. 
10  do.  of  kiln-browned  malt. 

12  cwt.  of  JEseentia-Mna,  Caramel,  or  sugar  fused  over  a  fire  iite  a 
dark  brown  or,  black  syrupy  mass. 
1500  lbs.  of  hops,  or  about  three  pounds  to  each  bushel  of  mah. 
10  quarts  of  Calfini,  a  preparation  made  with  the  oil  distiUed  fisn 

the  outer  bark  of  the  birch. 
5  quarts  of  good  porter  yeast, 
finings  of  isinglass  dissolved  in  sour  beer. 

For  the  brewing  process  see  Beer  in  the  Dictionary. 

The  esseniia^na  may  be  dissolved  in  hot  worts  in  a  separate  copper,  and  wad 
with  the  rest  by  running  it  into  the  cooler,  immediately  aAer  the  boiled  vort  is 
strained  from  the  hops  in  the  hop-back.  The  Calfini  (a  hocus-pocns  temi  of  the 
brewers)  is  prepared  as  follows : — 

Put  one  ounce  of  birch-bark  oil  into  a  bottle  with  4  quarts  of  spirits  of  vine  GO  po 
cent,  over  proof;  cork  the  mouth  of  the  bottle,  and  place  it  in  a  slightly  warm  poatxa 
till  the  oil  be  thoroughly  combined  with  the  alcohol,  with  the  aid  of  occasMoal 
shaking.  This  solution  being  cooled  is  to  be  filtered  through  paper,  and  kept  for  ase. 
The  birch  oil  is  an  empyreumatic  product  made  in  large  quantities  in  Rusa  td 
Poland,  for  the  purpose  of  giving  flavor  and  conservative  properties  to  the  Rasm 
leather.  It  is  sold  for  one  shilling  the  quart.  The  dose  of  Calfini  in  porter  a  mied 
according  to  the  taste  of  the  brewers  and  consumers. 

In  concluding  this  supplementary  article,  I  take  occasion  to  refer  my  readen  to  tie 
Practical  Treatise  on  Brewing,  by  Mr.  William  Black,  a  gentleman  experienced  in  tk 
business,  who  has  the  merit  of  discovering  the  evil  influence  of  galvanic  cooibi* 
nations  in  the  metallic  parts  of  the  fermenting  backs  and  the  beer  tuns  in  oar 
breweries.  This  little  work  contains  much  useful  information.  I  have  pleasore  abo 
in  announcing  that  Messrs.  Beamish  and  Crawford,  the  eminent  porter  brevenof 
Cork,  have  taken  measures  to  establish  the  manufacture  of  genuine  Bavarian  beo-oa 
the  best  principles :  having,  with  this  view,  caused  their  intelligent  head  krWi 
Mr.  Topp,  to  study  the  practical  details  of  brewing  in  Munich.  They  hare  reeratiT 
produced  excellent  brown  stout,  equal,  if  not  superior,  to  any  in  London,  by  meaas  of 
the  Bavarian  fermentation.  It  is  nearly  tree  from  gluten,  and  will  therefore  prove  Ugitt 
and  wholesome  to  weak  stomachs.    It  needs  no  finings  to  clarify  it. 

Professor  Leo  of  Munich  has  given  the  following  analysis  of  two  kinds  of  Huick 
beer: — 


Specific  gravity    - 

Bock-bier. 

Heiliger-Vatar 

1-020 

1-030 

Alcohol  .    -    -    - 
Extract  -    -    -    - 
Carbonic  Acid  -    - 
Water     -    -    -    - 

4-000 

8-200 

0-085 

87-393 

5-000 
13-500 

0-on 

81-923 

100-000 

lOOHNX) 

BICAKBONATE  OF  POTASH  AND  OP  SODA- 


Carl  states  the  alcohol  in  the  Bavarian  beer  of  Bamberg  at  only  2*840  in  100.    Ex- 
tract, 6*349. 

The  following  analyses  of  other  German  beers  are  also  by  Leo : — 


Alcohol 
Albumen 
Extract 
Water 

Lichtenhain. 

Upper 
Weimar. 

Ilmenaa.             Jena. 

Double  Jena. 

3*168 

0-048 

4-485 

92-299 

2-567 

0-020 

7-316 

90-097 

3-096 

0.079 

7*072 

89*753 

3-018 

0-045 

6-144 

90-793 

2080 

0-028 

7-153 

90-739 

100*000 

100*000        100-000 

100-000 

100*000 

8-5  in  100 

6-2 

5-8 

5*0 

6*0 

4*0 


Under  the  term  extract,  in  these  analyses,  is  meant  a  mixture  of  starch,  sugar,  dex- 
trine, lactic  acid,  various  salts,  certain  extractive  and  aromatic  parts  of  the  hop,  gluten, 
and  fatty  matter. 

The  following  statement  is  from  some  of  the  published  analyses  of  other  beers : — 

Alcohol. 

English  ale  - 

Burton         ..... 
Scotch  ..... 

Common  London  ale  -  -  • 

Brown  stout  -  -  -        ,   • 

London  porter  .... 

To  the  above  I  add  the  following  analyses  of  certain  ales  made  lately  by  myself,  as 
follows : — 

1.  AAer  exposing  a  portion  of  the  liquor  in  a  wine-glass  till  the  bubbles  of  carbonic 
MLcid  were  disengaged,  I  took  the  specific  gravity  in  a  globe  with  a  capillary  bored 
stopper. 

2.  I  then  saturated  5,000  grain  measures  of  the  ale  with  a  test  solution  of  pure  car<» 
bonate  of  soda,  to  determine  the  quantity  of  acid  present,  after  which  I  added  an  excess 
of  the  alkali  to  precipitate  the  gluten ;  which,  however,  being  but  small  in  amount,  I 
did  not  separate  by  a  filter,  dry,  and  weigh. 

3.  I  subjected  the  supersaturated  liquid  to  distillation  by  the  heat  of  230°  F.  in  a 
ehlor-zinc  bath  till  I  drew  ofi"  all  its  alcohol,  of  which  I  noted  the  quantity  in  water 
^rain  measures,  and  the  specific  gravity. 

4.  I  evaporated  to  dryness  500  water  grain  measures  slowly  in  a  porcelain  capsnley 
to  determine  the  extract. 


' 

Bavarian. 

Do.  Bock. 

Allsop'a. 

Ba«a's. 

Specifie  gravity 

1-004 

1*013 

1*010 

1*006 

Alcohol 
Extract 
Acetic  acid 
Water 

J        .... 

4*00 

4*50 

0-20 

91*30 

4-50 

6-40 

0*20 

88-90 

6*00 

6*00 

0*20 

88*90 

7*00 

4-80 

0.18 

88.02 

100*00 

10000 

100-00 

10000 

The  Bavarian  beers  htd  been  recently  imported  from  Germany  in  casks  lined  with 
piteh.  The  two  samples  of  English  a]e  are  those  made  chiefly  for  the  Indian  market, 
but,  being  highly  hopped,  and  comparatively  clean,  as  the  brewers  say,  have  been  rec- 
cnnmendf»d  as  a  tonic  beverage,  by  the  faculty.  Hodgson's  bitter  beer  was  the  original 
of  this  quality. 

The  above  Bavarian  beers  afibrd  no  precipitate  of  gluten  with  carbonate  of  potash; 
the  two  English  ales  become  mottled  thereby,  and  yield  a  small  portion  of  gluten, 
which  had  been  held  in  solution  by  the  acid,  which  is  here  estimated  as  the  acetic 
Common  vinegar,  excise  strength,  contains  5  per  cent,  of  such  acid  as  ia  stated  in  the 
above  analysis,  indicating  from  3  to  4  per  cent,  of  table  vinegar  in  the  above  varieties 
of  beer. 

BICARBONATE  OF  POTASH  AND  OF  SODA.  These  salts,  so  much 
used  in  medicine,  may,  according  to  JVC.  Behrens,  be  very  readUy  prepared  by  gradually 
adding  acetic  acid  to  a  strong  solution  of  their  carbonates ;  that  of  soda  being  hot. 
The  carbonic  add,  at  the  moment  of  its  disengagement,  by  the  stronger  affinity  of  tha 
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acetic  for  the  alkalis,  combines  with  a  portion  of  tliem  to  form  hicailxMulei,  irUek 
fall  to  the  bottom  of  the  vessel  in  which  the  mixture  is  made.  The  supernataiit  ao'tale 
being  separated  by  decantation,  thfi  residuary  bicarbonate  is  to  be  pressed  ia  Unen, 
washed  with  ice-cold  water,  and  dried.  This  ingenious  process  may  be  practised  bf 
the  chamber  chemist,  but  will  not  afford  the  bicarbonates  at  so  cheap  a  rate  as  the  or- 
dinary modes  of  manufacture. 

BIRDLIME.  All  the  parts  of  the  misletoe  contain  a  peculiar  viscid  gloey  sob- 
stance,  which  they  yield  by  decoction,  particularly  of  the  bark  and  green  portions;  ai 
also  from  the  expressed  juice  oi'  the  bark  or  berries,  when  it  is  kneaded  with  the  fiogen 
under  water.  The  birdlime  is  thus  obtained  in  the  form  of  a  white  opaque  mass, 
sticking  to  the  fingers.  It  may  also  be  extracted  from  the  berries  of  the  misletoe  by 
means  of  ether,  repeatedly  applied,  digested  with  them.  It  dissolves  at  first  a  mixtue 
of  green  wax,  and  birdlime,  but  afterward  birdlime  alone.  By  distilling  off  the  ether, 
the  birdlime  remains  colorless  and  pure.  Birdlime  may  be  considered  as  a  land  of 
viscid  resin  which  does  not  dry,  and  resembling  in  this  respect  an  ointment  of  oil  or 
lard  and  rosin  melted  together^-the  old  basUicon  of  the  surgeon.  Alcohol,  eren  boil- 
ing hot,  dissolves  hardly  any  birdlime;  but  merely  its  waxy  impurities,  which  it  d^ 
posites  in  flocks  on  cooling.  It  is  soluble  in  the  oils  of  rosemary  and  turpentine,  ts  tho 
in  petroleum.  Heated  with  the  ley  of  caustic  potash,  it  forms  a  compound  solubk  ia 
alcohol.    Nitric  acid  converts  it  into  oxalic  acid,  and  into  a  fat  which  solidifies. 

Macaire  has  examined  a  substance  which  exudes  from  the  receptacle  and  inrohcre 
of  the  atractylis  gummifera,  and  describes  it  as  the  pure  matter  of  birdlime,  whicb  he 
styles  viscine.  It  is  said  to  be  composed  in  100  parts  of  75-6  carbon,  9*2  hydrogen,  ud 
15'2  oxygen.  Common  birdlime  may  be  regarded  as  a  mixture  of  viscine,  vegHabk 
mucilage,  and  vinegar.  The  young  shoots  of  the  Jieus  eUuiica  afford  a  nulky  jnice, 
which  is  viscine,  while  the  old  branches  aflbrd  a  juice  rich  in  caoutchouc. 

BISCUITS.  For  the  following  account  of  the  mechanical  system  of  bskioc 
biscuits  for  the  royal  navy,  I  am  indebted  to  the  ingenious  inventor,  Thomas  Gnat, 
Esq.,  of  Gosport. 

Ships'  biscuits  are  now  made  by  machinery ;  and  one  oC  the  reasons  for  tbii  hai 
been  that  the  manual  preparation  of  them  was  too  slow  and  too  costly  doriair  the 
last  war.  A  landsman  knows  very  little  of  the  true  value  of  a  biscuit:  withaseaioaB, 
biscuit  is  the  only  bread  that  he  eats  for  months  together.  There  are  maaj  reasoai 
why  common  loaves  of  bread  could  not  be  used  during  a  long  voyage  :  becaase,  coa* 
taining  a  fermenting  principle,  they  would  soon  become  musty  and  unfit  for  food,  if 
made  previous  to  the  vovage;  whOe  the  preparation  of  them  on  board  ship  b  sabjed 
^o  insuperable  objections.  Biscuits  contain  no  leaven,  and,  when  well  baked  iOaow^ 
out,  they  suffer  little  change  during  a  long  voyage. 

The  allowance  of  biscuit  to  each  seaman  on  board  a  queen's  ship  Is  a  poood  per  daj 
(averaging  six  biscuits  to  the  pound).  The  supply  of  a  man-of-war  for  several  Doatii 
is,  consequently,  very  large ;  and  it  oAen  happened  during  the  last  war  that  the  diiS- 
culty  of  making  biscuits  fast  enough  was  so  great,  that  at  Portsmouth  wagon-loads  were 
unpacked  in  the  streets  and  conveyed  on  board  ships. 

We  shall  now  describe  the  mode  of  making  biscuits  by  hand ;  and  aftenmd  ipoh 
of  the  improved  method.  The  bakehouse  at  Gosport  contained  nine  ovens,  aid  » 
each  was  attached  a  gang  of  five  men — the  "turner,"  the  "mate,"  the  «driTer,"lhe 
"  breakman,"  and  the  '*  idleman."  The  requisite  proportions  of  flour  and  water  were 
put  into  a  large  trough,  and  the  "driver,"  with  his  naked  arms,  mixed  the  whole  op 
together  in  the  form  of  dough — a  very  laborious  operation.  The  dough  was  tha 
taken  from  the  trough  and  put  on  a  wooden  platform  called  the  break :  on  this  pla^ 
form  worked  a  lever  called  the  break-staff,  five  or  six  inches  in  diameter,  and  strtt 
feet  long ;  one  end  of  this  was  loosely  attached  by  a  kind  of  staple  to  the  wall,  and  the 
breakman,  riding,  or  sitting  on  the  other  end,  worked  this  lever  to  and  fro  orer  the 
dough,  by  an  uncouth  jumping  or  shuffling  movement.  When  the  dough  bad  bccoae 
kneaded  by  this  barbarous  method  into  a  thin  sheet,  it  was  removed  to  the  Bwddiaf- 
board,  and  cut  into  slips  by  means  of  an  enormous  knife ;  these  slips  were  then  broken 
into  pieces,  each  large  enough  for  one  biscuit,  and  then  worked  into  a  cirealar  fom  bf 
the  hand.  As  each  biscuit  was  shaped  it  was  handed  to  a  second  worfaDan,  who 
stamped  the  king's  mark,  the  number  of  the  oven.  Sec.,  on  the  bisenit.  The  biscMt 
was  then  docked,  that  is,  pierced  with  holes  by  an  insiruroeni  adapted  to  the  paiiNW* 
The  finishing  part  of  the  process  was  one  in  which  remarkable  dexterity  was  d0- 
played.  A  man  stood  before  the  open  door  of  the  oven,  having  in  his  hand  the  haadle 
of  a  long  shovel  called  ^a  peel,  the  other  end  of  which  was  lying  flat  in  the  ojen. 
Another  man  took  the  biscuits  as  fast  as  they  were  formed  and  stamped,  and  i^'^J? 
threw  them  into  the  oven  with  such  undeviating  accuracy  that  they  should  always  fall 
on  the  peel.  The  man  with  the  peel  then  arranged  the  bfi»enits  side  by  side  orer  the 
whole  floor  of  the  oven.    Nothing  could  exceed  (in  manwd  1«ibor  alMe)  the  nga 


BISCUITS.  37 

larity  with  which  this  was  all  done.  Seventy  biscuits  were  thrown  into  the  oven  and 
regularly  arranged  in  one  minute ;  the  attention  of  each  roan  being  vigorously  directed 
to  his  own  department ;  for  a  delay  of  a  single  second  on  the  part  of  any  one  man 
would  have  disturbed  the  whole  gang.  The  biscuits  do  not  reciuire  many  minutes' 
baking ;  and  as  the  oven  is  kept  open  during  the  time  that  it  is  being  hlled,  the  biscuits 
first  thrown  in  would  be  overbaked  were  not  some  precaution  taken  to  prevent  it. 
The  moulder  therefore  made  those  which  were  to  be  first  thrown  into  the  oven  larger 
than  the  subsequent  ones,  and  diminished  the  size  by  a  nice  gradation. 

The  mode  in  which,  since  about  the  year  1831,  ships'  biscuiis  have  been  made  by 
machinery  invented  by  T.  T.  Grant,  Esq.,  of  the  Koyal  Clarence  yard,  is  this :  the 
meal  or  flour  is  conveyed  into  a  hollow  cylinder  four  or  five  feet  long  and  about 
three  feet  in  diameter,  and  the  water,  the  quantity  of  which  is  regulated  by  a  gauge 
admitted  to  it ;  a  shaA,  armed  with  long  knifes,  works  rapidly  round  in  the  cylinder, 
with  such  astonishing  efil'ect  that,  in  the  short  space  of  three  minutes,  340  pounds 
of  dough  are  prodaced,  infinitely  better  made  than  that  mixed  by  the  naked  arms  of 
a  man.  The  dough  is  removed  from  the  cylinder  and  placed  under  the  breaking- 
rollers  ;  these  latter,  which  perform  the  office  of  kneading,  are  two  in  number,  and 
weigh  15  cwt.  each;  they  are  rolled  to  and  fro  over  tlie  surface  of  the  dough  by 
means  of  machinery,  and  m  five  minutes  the  dough  is  perfectly  kneaded.  The  sheet 
of  dough,  which  is  about  two  inches  thick,  is  then  cut  into  pieces  half  a  yard  square, 
which  pass  under  a  second  set  of  rollers,  by  which  each  piece  is  extended  to  the 
size  of  six  feet  by  three,  and  reduced  to  the  proper  thickness  for  biscuits.  The 
sheet  of  dough  is  now  to  be  cut  up  into  biscuits,  and  no  part  of  the  operation  is 
more  beautiful^  than  the  oMde  by  which  this  is  accomplished.  The  dough  is  brought 
under  a  stamping  or  cutting-out  press,  similar  in  efiect,  but  not  in  detail,  to  that  by 
which  circular  pieces  for  coins  are  cut  out  of  a  sheet  of  metal.  A  series  of  sharp 
knives  are  so  arranged  that,  by  one  movement,  they  cut  out  of  a  piece  of  dough  a 
yard  square  about  sixty  hexagonal  biscuits.  The  reason  for  a  hexagonal  (six-sided) 
ahape  is,  that  not  a  particle  of  waste  is  thereby  occasioned,  as  the  sides  of  the  hex- 
iigonals  accurately  fit  into  those  of  the  adjoining  biscuits ;  whereas  circular  pieces 
cut  out  of  a  large  surface  always  leave  vacant  spaces  between.  That  a  flat  sheet  can 
be  divided  into  hexagonal  pieces  without  any  waste  of  material  is  obvious. 

£ach  biscuit  is  stamped  with  the  queen's  mark,  as  well  as  punctured  with  holes 
by  the  same  movement  which  cuts  it  out  of  the  piece  of  dough.  The  hexagoiial 
cutters  do  not  sever  the  biscuits  completely  asunder ;  so  that  a  whole  sheet  of  them 
can  be  put  into  the  oven  at  once  on  a  large  peel  or  shovel  adapted  for  the  purpose. 
About  fifteen  minutes  are  sufficient  to  bake  them ;  they  are  then  withdrawn  and 
broken  asunder  by  the  hand. 

The  corn  for  the  biscuits  is  purchased  at  the  markets,  and  cleaned,  ground,  and 
dressed ;  at  the  government  mills ;  in  quality  it  is  a  mixture  of  fine  flour  and  mid- 
dlings, the  bran  and  pollard  being  removed.  The  ovens  for  baking  are  formed  of 
Are-brick  and  tile,  with  an  area  of  about  160  feet.  About  112  lbs.  weight  of  biscuits 
are  put  into  the  ovens  at  once.  This  is  called  a  suit,  and  is  reduced  to  about  1 10  lbs. 
Vy  the  baking.  From  twelve  to  sixteen  suits  can  be  baked  in  each  oven  every  day,  or 
aher  the  rate  of  224  lbs.  per  hour.  The  men  engaged  are  dressed  in  clean  check 
shirts  and  white  linen  trowsers,  apron,  and  cap ;  and  every  endeavor  is  made  to 
observe  the  most  scrupulous  cleanliness.  ' 

We  may  now  make  a  few  remarks  on  the  comparative  merits  of  the  hand  and  the 
machine  processes.  If  the  meal  and  the  water  with  which  the  biscuits  are  made  be 
Aot  thoroughly  mixed  up,  there  will  be  some  parts  moister  than  others.  Now,  it  was 
formerly  found  that  the  dough  was  not  well  mixed  by  the  arms  of  the  workman  ;  the 
consequence  of  which  was  that  the  dry  parts  became  burnt  up,  or  else  that  the  moist 
parts  acquired  a  peculiar  kind  of  hardness  which  the  sailors  called  '*  flint :"  these  defects 
are  now  removed  by  the  thorough  mixing  and  kneading  which  the  ingredients  receive 
by  the  machine. 

We  have  seen  that  450  lbs.  of  dough  may  be  mixed  by  the  machine  in  four  minutes, 
and  kneaded  in  five  or  six  minutes ;  wo  need  hardly  say  how  much  quicker  this  is  than 
men's  hands  could  eflfect  it.  The  biscuits  are  cut  out  and  stamped  sixty  at  a  time, 
instead  of  singly:  besides  the  time  thus  saved,  the  biscuits  become  more  equally 
baked,  by  the  oven  being  more  speedily  filled.  The  nine  ovens  at  Gosport  used  to 
employ  45  men  to  produce  about  1,500  lbs.  of  biscuit  per  hour  ;  16  men  and  boys  will 
DOW  produce,  by  the  same  number  of  ovens,  2,240  lbs.  of  biscuits  (one  ton)  per  hour. 

The  comparative  expense  is  thus  stated :  Under  the  old  system,  wages,  and  wear 
and  tear  of  utensils,  cost  about  U.  6d,  per  cwt.  of  biscuit :  under  the  new  system,  the 
is  5d. 

The  bakehouses  at  Deptford,  Gosport,  and  Plymonth,  could  produce  7,000  or  8,000 
of  biseuiti  amraaUy,  at  a  saving  of  12,000Z.  per  annum  firom  the  cost  under  th« 
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old  system.    The  advantages  of  machine-made  over  hand-made  hiscnitSy  therefbrcsy 

many:  qnality,  cleanliness^  expedition,  cheapness,  aad  independence  of  s^ov 

eontractors. 

JPtg.  7y  represents  the  biscuit  machinery,  as  executed  beautifully  by  Messrs. 


Engineers,  a,  is  the  breakmg  roller,  table  and  roller ;  b,  the  finishing  roller,  table  aii 
roller ;  c,  c,  docking  machines  for  stamping  out  the  biscuits ;  d,  mixing  maduae  Sat 
making  the  dough ;  e,  spur  pinion  to  engine  shaft ;  /,  spur-wheel ;  g,  g,  bevel  autre- 
wheels  to  give  the  upright  motion ;  h,  h,  bevel-wheds  for  working  the  mixing  machi&e; 
t,  t,  t,  ditto  for  communicating  motion  to  the  rolling  machines  j,^';  k,  the  crank  shaft; 
Z,  I,  connecting  rods ;  m,  m,  pendulums  for  giving  motion  to  rollers ;  «,  a,  dutches  ftr 
connectin<^  either  half  of  the  machinery  to  the  other. 

BITUMEN.  It  is  a  A'ery  remarkable  fact,  in  the  history  of  the  useful  arts,  that 
asphalt,  which  was  so  generally  employed  as  u  solid  and  durable  cement  in  the 
constructions  upon  record,  as  in  the  walls  of  Babylon,  should  for  so  many 
years  have  fallen  well  nigh  into  disuse  among  civilized  nations.  For  there  is 
tainly  no  class  of  mineral  substances  so  well  fitted  as  the  bituminous,  by  their 
fusibility,  tenacity,  adhesiveness  by  surfaces,  impenetrability  by  water,  and  unchaage- 
ableness  in  the  atmosphere,  to  enter  into  the  composition  of  terraces,  foot-pavements, 
roofs,  and  every  kind  of  hydraulic  work.  Bitumen,  combined  with  calcareous  earth, 
forms  a  compact,  semi-elastic  solid,  which  is  not  liable  to  snfier  injury  by  the  greatest 
alternations  of  frost  and  thaw,  which  often  disintegrate  in  a  few  years  the  hardest  stone, 
nor  can  it  be  ground  to  dust  and  worn  away  by  the  attrition  of  the  feet  of  men  and 
animals,  as  sandstone,  flags,  and  even  Uocks  of  granite  are.  An  asphalt  pavemeat, 
rightly  tempered  in  tenacity,  solidity,  and  elasticity,  seems  to  be  incapable  of  snflcriag 
abrasion  in  the  most  crowded  thoroughfares ;  a  fact  exemplified  of  late  in  a  few  places 
in  London,  but  much  more  extensively,  and  for  a  much  longer  time,  in  Pans. 

The  great  Place  dc  la  Concorde  (formerly  Place  Louis  Quinze)  is  covered  with  a 
beautiful  mosaic  pavement  of  asphalt ;  many  of  the  promenades  on  the  Bonlevardsy 
formerly  so  filthy  in  wet  weather,  are  now  covered  with  a  thin  bed  of  hitnmmows 
mastich,  free  alike  irom  dust  and  mud;  the  footbaths  of  the  Pont  fioyal  aad  Font 
Carousel,  and  the  areas  ok'  the  great  public  slaughter-hooMSy  have  been  But 
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yean  payed  in  a  similar  manner  inth  perfect  saccess.  It  is  tnach  to  be  regretted  that 
the  asphalt  companies  of  London  made  the  ill-judged,  and  nearly  abortive  attempt, 
to  iiave  the  carriage-way  near  the  east  end  of  Oxford  street,  and  especially  at  a  moist 
season,  most  nnpropitious  to  the  laying  of  bttnminons  mastich.  Being  formed  of 
blocks  not  more  than  three  or  fonr  inches  thick,  many  of  which  contained  much 
siliceous  sand,  such  a  payement  could  not  possibly  resist  the  crash  and  vibration  of 
many  thousand  heavy  drays,  wagons,  and  omnibuses,  daily  rolling  over  it.*  This 
failure  can  afford,  however,  no  argument  against  rightly-constracted  foot-pavements 
and  terraces  of  asphalt.  Numerous  experiments  and  observations  have  led  me  to 
conclude  that  fossil  bitumen  possesses  far  more  valuable  properties,  for  making  a 
durable  mastich,  than  the  solid  pitch  obtained  by  boiling  wood  or  coal  tar.  The  latter, 
when  inspissated  to  a  proper  degree  of  hardness,  becomes  brittle,  and  may  be  readily 
crushed  into  powder ;  while  the  former,  in  like  circumstances,  retains  sufficient  tena- 
city to  resist  abrasion.  Factitious  tar  and  pitch  being  generated  by  the  force  of  fire, 
seem  to  have  a  propensity  to  decompose  by  the  joint  agency  of  water  and  air,  whereas 
mineral  pitch  has  been  known  to  remain  for  ages  without  alteration. 

Bitumen  alone  is  not  so  well  adapted  for  making  a  substaltial  mastich  as  the  native 
compound  of  bitumen  and  calcareous  earth,  which  has  been  properly  called  asphaltic 
rock,  of  which  the  richest  and  most  extensive  mine  is  unquestionably  that  of  the 
Val-de-TraverSf  in  the  canton  of  Neufchltel.  This  interesting  mineral  deposite  occurs 
in  the  Jurassic  limestone  formation,  the  equivalent  of  the  English  oolite.  The  mine 
is  very  accessible,  and  may  be  readily  excavated  by  blasting  with  gunpowder.  The 
stone  is  massive,  of  irregular  fracture,  of  a  liver-brown  color,  and  is  interspersed  with 
a  few  minute  spangles  of 'calcareous  spar.  Though  it  may  be  scratched  with  the  nail^ 
it  is  difficult  to  break  by  the  hammer.  When  exposed  to  a  very  moderate  heat  it  ex- 
hales a  fragrant  ambrosial  smell,  a  property  which  at  once  distinguishes  it  from  all 
compounds  of  factitious  bitumen.  Its  specific  gravity  is  2*114,  water  being  1,000, 
being  nearly  the  density  of  bricks.  It  may  be  most  conveniently  analyzed  by  digesting 
it  in  successive  portions  of  hot  oil  of  turpentine,  whereby  it  afibrds  80  parts  of  a  white 
pulverulent  carbonic  of  lime,  and  20  parts  of  bitumen  in  100.  The  asphalt  rock  of 
Val-de-Travers  seems  therefore  to  be  far  richer  than  that  of  Pyrimont,  which,  ac- 
cording to  the  statement  in  the  specification  of  Claridge's  patent,  of  November,  1837, 
contains  '*  carbonate  of  lime  and  bitumen  in  about  the  proportion  0^90  parts  of  carbonate 
of  lime  to  about  10  parts  of  bitumen.'^ 

The  calcareous  matter  is  so  intimately  combined  and  penetrated  with  the  bitumen, 
as  to  resist  the  action  not  only  of  air  and  water  for  any  length  of  time,  but  even  of 
muriatic  acid;  a  circumstance  partly  due  to  the  total  absence  of  moisture  in  the 
mineral,  but  chiefly  to  the  vast  incumbent  pressure  under  whieh  the  two  materials 
liave  been  incorporated  in  the  bowels  of  the  earth.  It  would  indeed  be  a  difficult 
matter  to  combine,  by  artificial  methods,  calcareous  earth  thus  intimately  with  bitu- 
men, and  for  this  reason  the  mastichs  made  in  this  way  are  found  to  be  much  more 
perishable.  Many  of  the  factitious  asphalt  cements  contain  a  considerable  quantity 
of  siliceous  sand,  from  which  they  derive  the  property  of  cracking  and  crumbling  down 
yrhen  trodden  upon.  In  fact,  there  seems  to  be  so  little  attraction  between  siliceou» 
Inatter  and  bitumen,  that  their  parts  separate  from  each  other  by  a  very  small  disrup-^ 
tive  force. 

Since  the  asphalt  rock  of  Val-de-Travers  is  naturally  rich  enough  in  concrete  bitiK- 
men,  it  may  be  converted  into  a  plastic  workable  mastich  of  excellent  quality  for  foot^ 
pavements  and  hydraulic  works  at  very  little  expense,  merely  by  the  addition  of  a  very, 
flmall  quantity  of  mineral  or  coal  tar,  amountinsr  to  not  more  than  6  or  8  per  cent, 
^he  union  between  these  materials  may  be  efifected  in  an  iron  caldron,  by  the  apphca-- 
tion  of  a  very  moderate  heat,  as  the  asphalt  bitumen  readily  coalesces  with  the  tar  into 
a  tenacious  solid. 

The  mode  adopted  for  making  the  beautiful  asphalt  pavement  at  the  Place  de  la- 
Concorde  in  Paris  was  as  follows :  The  ground  was  made  uniformly  smooth,  either 
in  a  horizontal  plane  or  with  a  gentle  slope  to  carry  off  the  water ;  the  curb-stoaes 
were  then  laid  round  the  margin  by  the  mason,  about  4  inches  above  the  level'  of 
the  ground.  This  hollow  space  was  filled  to  a  depth  of  3  inches  with  concrete^ 
containing  about  a  sixth  part  of  hydraulic  lime,  well  pressed  upon  its  bed.  The  sniv 
face  was  next  smoothed  with  a  thin  coat  of  mortar.  When  the  whole  mass  had  be*- 
come  perfectly  dry,  the  mosaic  pattern  was  set  out  on  the  surface,  the  moulds  being 
formed  of  flat  iron  bars,  rings,  &c.,  about  half  an  inch  thick,  into  which  the  fluid  mastich 
was  poured  by  ladles  from  a  caldron,  and  spread  evenly  over. 

The  mastich  was  made  in  the  following  way :  The  asphalt  rock  was  firsts  of  all 
roasted  in  an  oven,  about  10  feet  long  and  3  broad,  in  order  to  render  it  fiiable^. 

*  Sm  the  conclusion  of  this  artlda. 
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The  bottom  of  the  OTen  wu  sheet  ixou,  heated  below  by  a  brisk  fire*  A  Tolalflf 
matter  exhaled,  probably  of  the  nature  of  naphtha,  to  the  amount  of  one  fortieth  the 
weight  of  asphfldt ;  aAer  roasting,  the  asphalt  became  so  -fiiaUe  as  to  be  easily  re* 
duced  to  powder,  and  passed  through  a  sieve,  haying  meshes  about  ame  Iboith  «f  an 
inch  square. 

The  bitumen  destined  to  render  the  asj^alt  ftisible  and  plastic,  was  melted  in  amaQ 
quantities  at  a  time,  in  an  iron  caldron,  and  then  the  asphalt  in  powder  wan  gradually 
stirred  in  to  the  amount  of  12  or  13  times  the  weu^ht  of  bitumen.  When  the  mix- 
ture became  floid,  nearly  a  bucketful  of  very  small,  dean  grayel,  preTiously  heated 
aiMurt,  was  stirred  into  it ;  and,  as  soon  as  the  whole  began  to  simmer  with  m  treacley 
consistence,  it  was  fit  for  use.  It  was  transported  in  buckets,  and  poured  into  the 
moulds. 

For  the  reasons  above  assigned,  I  consider  this  addition  of  rounded,  polished,  siliceous 
stones  to  be  very  injudicious.  If  anything  of  the  kind  be  wanted  to  give  aolidity  to  the 
pavement,  it  should  be  a  granitic  or  hard  calcareous  sand,  whose  angular  form  will 
secure  the  cohesion  of  the  mass.  I  conceive,  also,  that  tar,  in  moderate  quaatity, 
shfmld  be  used  to  give  toughness  to  the  asphaltic  combination,  and  prevent  its  beiiig 
pulverized  and  abraded  by  friction. 

In  the  able  report  of  the  Bastenne  and  Gaujac  Bitumen  company,  drawn  up  by 
Messrs.  Goldsmid  and  Russell,  these  gentlemen  have  made  an  interesting  ccMnpanssn 
between  the  properties  of  mineral  tar  and  vegetable  tar  :  the  bitumen  composed  of  the 
latter  substance,  including  various  modifications,  extracted  from  coal  and  gas,  have,  so 
far  as  they  were  able  to  ascertain,  entirely  failed.  This  bitumen,  owing  to  the  quali- 
ties and  defects  of  vegetable  tar,  becomes  soft  at  115^  of  Fahrenheit's  scale,  and  is  bnttle 
at  the  freezing  point ;  while  the  bitumen,  into  which  mineral  tar  enters,  will  sustain 
170°  of  heat,  without  injury.  In  the  course  of  the  winter,  l837-'38,  when  the  eoU 
was  at  }4jt^  below  zero,  C,  the  bitumen  of  Bastenne  and  Gaujac,  with  which  one  sideef 
the  Pont  Neuf  at  Paris  is  paved,  was  not  at  all  impaired,  and  would,  apparently,  have 
resisted  any  degree  of  cold ;  while  that  in  some  parts  of  the  Boulevard,  which  was 
composed  of  vegetable  tar,  cracked  and  opened  in  white  fissures.  The  French  gov- 
ernment, instructed  by  these  experiments,  has  required,  when  any  of  the-  vegetable 
bitumens  are  laid,  that  the  pavement  should  be  an  inch  and  a  quarter  thick ;  whereas, 
where  the  bitumen  composed  of  mineral  tar  is  used,  a  thickness  of  three  quarters  of 
an  inch  is  deemed  sufficient.  The  pavement  of  the  bonding  warehouse  at  Bordeaox 
has  been  laid  upward  of  15  years  by  the  Bastenne  company,  and  is  now  in  a  conditioa 
as  perfect  as  when  first  formed.  The  reservoirs  constructed  to  contain  the  waters  of 
the  Seine  at  Batignolles,  near  Paris,  have  been  mounted  6  years,  and,  notwithstandiBg 
the  intense  cold  of  the  winter  of  1837,  which  froze  the  whole  of  their  contents  into  cne 
solid  mass,  and  the  perpetual  water  pressure  to  which  they  are  exposed,  they  have  not 
betrayed  the  slightest  imperfection  in  any  point.  The  repairs  done  to  the  ancient  fcr- 
tifications  at  Bayonne,  have  answered  so  well,  that  the  government,  2  years  ago, 
entered  into  a  very  large  contract  with  the  company  for  additional  works,  while  1^ 
whole  of  the  arches  of  the  St.  Germain  and  St.  Cloud  railways,  and  the  pavements  and 
floorings  necessary  for  these  works,  are  being  laid  with  the  Bastenne  bitumen. 

The  mineral  tar  in  the  mines  of  Bastenne  and  Gaujac*  is  easily  separated  froin  the 
earthy  matter  with  which  it  is  natarally  mixed  by  the  process  of  boiling,  and  is  then 
transported  in  barrels  to  Paris  or  London,  being  laid  down  in  the  latter  place  to  tiie 
company  at  111,  per  ton,  in  virtue  of  a  monopoly  of  the  article  purchased  by  the  oob- 
pany  at  a  sum,  it  is  said,  of  8,0002. 

Mr.  Harvey,  the  able  superintendent  of  the  Bastenne  company,  was  good  enoagh 
to  supply  me  with  various  samples  of  mineral  tar,  bitumen,  and  asphaltic  rock,  for 
analysis.  The  tar  of  Bastenne  is  an  exceedingly  viscid  mass,  without  any  earthy  m 
purity.  It  has  the  consistence  of  baker's  dough  at  60°  of  Fahrenheit ;  at  80^  it  yields 
to  the  slightest  pressure  of  the  finger ;  at  150  degrees  it  resembles  a  soft  extract ;  and 
at  212  degrees  it  has  the  fluidity  of  molasses.  It  is  admirably  adapted  to  give  piasticity 
to  the  calcareous  asphalts. 

A  specimen  of  Egyptian  asphalt  which  he  brought  me,  gave,  by  analysis,  the  vefy 
same  composition  as  the  yal-de*Travers,  namely,  80  per  cent,  of  pure  carbonate  of 
lime,  and  20  of  bitumen.  A  specimen  of  roastich,  prepared  in  France,  was  found  to 
consist,  in  100  parts,  of  29  of  bitumen,  52  of  carbonate  of  lime,  and  19  of  siliceous  sand. 
A  portion  of  stone  called  the  natural  Bastenne  rock,  aflforded  me  80  parts  of  gntty 
siliceous  matter  and  20  of  thick  tor.  The  Trinidad  bitumen  contains  a  consideiahle 
portion  of  foreign  earthy  matter;  one  specimen  having  yielded  me 25  per  cent,  of  sili- 
eeous  sand;  a  second,  28;  a  third,  20;  and  a  fourth,' 30 :  the  remainder  was  pure 
pitch.  One  specimen  of  Egyptian  bitumen,  specific  gravity  1*2,  was  found  to  be  {lev- 
i^ctly  pure,  for  it  dissolved  in  oil  of  turpentine  without  leaving  any  appreciabin 
residuum. 
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■  RoUnaonV  Parisian  Bitumen  company  vme  a  mMtich  made  with  the  pHoh  obtained 
from  boiling  coal-tar  mixed  with  chalk.  One  piece  laid  down  by  this  company  at 
Knightobridice  and  another  at  Brighton,  are  said  to  have  gope  to  pieces.  The  portion  of 
pavement  laid  down  by  them  in  Oxfosd  street,  next  Charles  street,  has  been  taken  up. 
Claridge's  company  have  laid  down  their  mastich  under  the  archway  of  the  Horse- 
Guards,  and  in  the  carriage-entrance  at  the  Ordnance  Office ;  the  latter  has  cracked  at 
the  junction  with  the  old  pavement  of  Yorkshire  curb-stone.  The  foot-pavement  laid 
down  by  Claridge's  company  at  Whitehall  has  stood  welL  The  Bastenne  company 
has  exhibited  the  best  specimen  of  asphalt  pavement  in  Oxford  street ;  they  have  laid 
down  an  excellent  piece  of  foot-pavement  near  Northumberland  House  i  a  piece,  40 
feet  by  7,  on  Blackfriars'  Bridge ;  they  have  made  a  substantial  job  in  paving  830 
superficial  feet  in  front  of  the  guard-room  at  Woolwich,  which,  though  much  traversed 
by  foot-passengers,  and  beat  by  the  guard  in  grounding  aims,  remains  sound ;  lastly, 
the  floor  of  the  stalls  belonging  to  the  cavalry  barracks  of  the  Blues  at  Knightsbridge, 
is  probably  the  best  example  of  asphaltic  pavement  laid  down  in  this  country^  as  it  has 
received  no  injury  from  the  beating  of  the  horses'  feet. 

As  the  specific  gravity  of  properly-made  mastich  is  nearly  double  that  of  water,  a 
cubic  foot  of  it  will  weigh  from  125  to  130  lbs. ;  and  a  square  foot,  three  quarters  of 
an  inch  thick,  will  weigh  very  nearly  eight  pounds.  A  ton  of  it  will  therefore  cover 
280  square  feet.  The  prices  at  which  the  Bastenne  Bitumen  company  sell  their  prod- 
ucts is  as  fiollowB  :— 

Pure  Mineral  tar,  24/.  per  ton,  or  28*.  per  cwt. 
Mastich  8/.  8*.  per  ton,  or  10*.  per  cwt. 

Side  Pavement.  Roofa  and  Terraces. 

From    50  to  100  feet,  U.  dd,  per  foot.        -        1«.  6d.  per  foot. 

'        U.U. 

U.  Id. 

U.  Qd. 

Ud. 

lOd. 

m  m  9d. 

Where  the  work  exceeds  5,000  feet,  contracts  may  be  entered  into. 

Por  filling  up  joints  of  brickwork,  &c.,  from  Id.  to  l}d.  per  foot,  run  according  to 
ipuuitity. 

These  prices  are  calculated  for  half  an  inch  thickness,  at  which  rate  a  ton  will  cover 
420  square  feet. 

As  the  Val-de-Travers  company  engage  to  lay  down  their  rich  asphaltic  rock  in 
London  at  5/.  per  ton ;  and  as  the  mineral  tar  equal  to  that  of  Seissel  may  probably  be 
had  in  England  at  one  fourth  the  price  of  that  foreign  article,  they  may  afford  to  lay 
their  mastich  three  quarters  of  an  inch  thick  per  the  thousand  feet,  including  a  sub- 
stratum of  concrete,  at  a  rate  of  fivepence  per  square  foot,  instead  of  fiheenpence,  being 
the  rate  charged  under  that  condition  by  the  Bastenne  company. 

These  charges  are  for  London  and  its  immediate  vicinity. 

Report  of  the  experimental  Pavements  laid  doton  in  Oxford  afreet,  from  Charles  street  to 

Tottenham  Court  Road,  January,  1839. 

1.  Robinson's  Parisian  bitumen,  laid  in  blocks  12  inches  square  and  5  Inches  deep; 
the  substance  is  a  compound  of  bitumen,  lime,  &.C.,  and  five  granite  stones  are  inserted 
lA  the  top  of  each  bk)ck ;  the  work  is  laid  in  straight  courses,  the  joints  cemented  with 
hot  bitumen.  The  quantity  o£  this  is  97  square  yards,  the  length  is  20  feet,  and  the 
IHrice,  if  adopted,  9a.  per  square  yard. 

2.  Same  as  1,  but  the  courses  laid  diagonally.  The  quantity  is  97  square  yards,  the 
length  is  20  feet.  • 

3.  Granite  paving,  9  inches  deep,  jointed  with  Claridge's  asphalt,  the  work  laid  in 
tftraight  courses.  The  cost  to  the  parish  has  been  Us.  Id.  per  yard  superficial  for  the 
stone  and  laying,  &c.,  no  charge  being  made  by  Claridge's  company  for  the  asphalt. 
The  quantity  is  240  yards,  the  length  54  feet. 

4*  Granite  paving,  4^  inches  deep,  jointed  with  Claridge's  asphalt,  the  work  laid  in 
diagonal  courses.  Cost  to  the  parish  9«.  fid.  per  square  yard.  No  charge  made  for 
Uie  asphalt.    The  quantity  is  88  square  yards,  the  length  20  feet. 

6«  The  Bastenne  Bitumen  company.  The  blocks  are  12  inches  long,  6}  wide,  and 
3{  deep,  with  bevelled .  joints,  close  at  bottom,  and  i  inch  open  at  top;  the  joints 
cemented  with  hot  bitumen ;  the  substance  is  bituminous,  with  a  very  large  propMrtiom 
<»f  granite  imbedded  in  each  block;  the  price,  if  adopted  13s,  6d.  per  square  yard ; 
the  lei^^,  in  straighl  courses,'  20  feet. 
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6.  Same  us  5,  Vat  the  eonnes  laid  diagonaUy.  The  length  40  feet ;  the  total  <|«aa- 
tity  in  5  and  6  is  274  square  yards. 

7.  Aberdeen  granite  paving,  9  inches  deep;  laid  on  a  concrete  bottom,  fonned  of 
gravel  and  lime,  the  joints  of  the  pavement  run  with  hot  lime  giont,  in  straight  connea. 
The  length  is  69  feet;  cost,  16«.  5<2.  per  square  yard. 

8.  Same  as  7,  but  the  courses  laid  diagonally ;  length  38  feet. 

9.  Aberdeen  granite  paving,  9  inches  deep,  in  straight  coones,  without  a  concrete 
bottom ;  joints  filled  with  fine  gravel ;  cost,  12«.  5d.  per  yard ;  length,  24  feet. 

10.  The  Scotch  Asphaltum  company.  The  work  is  laid  in  blocks  of  diven  length, 
9  inches  wide,  and  6|  deep ;  the  side  joints  are  straight,  the  end  joints  are  berellcd 
alternately.  The  work  is  laid  in  straight  courses,  and  jointed  in  Roman  cement ;  the 
substance  is,  apparently,  a  bituminous  matter  mixed  with  fine  gravel.  The  length  is 
50  feet;  the  number  of  square  yards,  210;  the  price,  per  yard,  if  adopted,  13*.  6d. 

11.  The  wood-paving.  The  blocks  are  sexagon  on  the  plan,  and  (with  the  excep- 
tion of  a  few  courses  that  are  only  8  inches),  12  inches  deep.  The  work  is  laid  end- 
wise of  the  grain;  the  blocks  are  mostly  8  inches  diameter — a  few  courses  are  7 
inches.  The  material  is  Norway  fir;  there  is  no  prepared  bottom — ^the  Uocks  are 
laid  on  the  plain  ground,  a  small  layer  of  gravel  being  spread  to  bed  them  in.  Fron 
the  west  end,  22  rows  of  courses  of  blocks  are  of  WMd  in  its  natural  state;  31  rowi 
have  been  Kyanised ;  9  rows  at  the  eastern  end  have  been  dipped  in  Claridge's  n»- 
phalt;  6  rows  have  been  dipped  in  a  solution  prepared  by  the  patentee;  the  remain- 
der are  of  wood  in  the  natural  state.  The  length  of  this  piece  is  60  feet :  the  number 
of  yards,  230 ;  price  per  yard,  if  approved,  lOs.  6d, 

12.  Yal-de-Travers  company.  Blocks  in  straight  courses,  12  inches  square,  5  inches 
deep,  with  square  joints.  The  substance  of  the  blocks  is  bituminous,  with  a  very  large 
proportion  of  granite  imbedded  in  each  block,  the  joints  cemented  with  hot  bitnmen. 
The  length  is  25  feet;  number  of  square  yards  94;  the  work  is  pefformed  gim- 
luitously. 

13.  The  same  company.  A  layer  of  clean  chippings  and  hot  asphalt  poured  thereon. 
The  face  up,  with  hot  asphalt  and  broken  stone  imbedded  therein.  The  len^fth  is  25 
feet :  number  of  yards,  94 ;  the  work  is  gratuitous. 

14.  Same  as  9.    The  length  47  feet. 

By  order  of  the  Committee, 

H.  Kemsett,  Chairman. 

Statement  of  the  number  of  carriages  passing  through  Oxford  street  at  the 

times  and  places. 


Date. 
1830. 


Jan.  10. 
18. 
SS. 
90. 
96. 


Time. 


0  In  the  morning  till  19  at 
do.  [night, 

do. 

do.     [morning. 
19  at  night  till  (t  in  the 


Place. 


by  the  Panthei>n. 
by  Stratrord  place, 
by  Newman  itreet. 
by  Stratford  place.' 
do. 
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BLACK  DYE.  The  mordant  much  employed  in  some  parts  of  GermanT  for  tUt 
dye,  with  logwood,  galls,  sumach,  &,c.,  is  Iron-^Inm,  so  calleid  on  account  of  its  haTiag 
the  crystalline  form  of  alum,  though  it  contains  no  alumina.  It  is  prepared  by  di»> 
solving  78  pounds  of  red  oxide  of  iron  in  1 17  pounds  of  sulphuric  acid,  diluting  this  com- 
pound with  water,  adding  to  the  mixture  87  pounds  of  sulphate  of  potash,  ermporating 
the  solution  to  the  crystallizing  point.  This  potash-sulphate  of  iron  has  a  fine  amethyst 
color  when  recently  prepared ;  and  though  it  gets  coated  in  the  air  with  a  yellovish 
crust,  it  is  none  the  worse  on  this  account.  As  a  mordant,  a  solution  of  this  nHj  m 
from  6  to  60  parts  of  water,  serves  to  communicate  and  fix  a  great  variety  of  nnlRinB 
ground  colors,  from  light  gray  to  brown,  blue,  or  jet  black,  with  quercitron,  g«lls,  loft- 
wood,  sumach,  &c.,  separate  or  combined.  The  above  solution  may  be  uscAiiIIt  mod- 
ified by  adding  to  every  10  pounds  of  the  trtm-oAim,  dissolved  in  8  gallons  (80  ponads) 
of  warm  water,  10  pounds  of  acetate  (sugar)  of  lead,  and  leaving  the  miztnrp,  after 
careAil  stirring,  to  settle.  Sulphate  of  lead  falls,  and  the  oxide  of  iron  remaias  com- 
bined with  the  acetic  acid  and  the  potash.  After  passing  throng  the  above  mordaat, 
the  cotton  goods  should  be  quickly  dried. 

BLACK  PIGMENT.  A  fine  lamp4>lack  is  obtained  by  the  combustkm  of  « 
thick  torch  of  coal-gas^  supplied  with  a  quantity  of  aur  adeqfiale  to  ban  only  ita  lifdio- 
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gen.  In  this  case,  the  whole  of  its  carbon  is  deposited  in  the  fonn  of  a  very  fine  black 
powder  of  extreme  lightness.  This  black  is  nsed  in  making  the  better  qualities  of 
printer's  ink. 

BLACKING  FOR  SHOES.    iCiragt  des  boltea,  Fr. ;  Schuhachwdrzt.) 

The  following  prescription  for  making  liquid  and  paste  blacking  is  given  by  William 
Bryant  and  Edward  James,  under  the  title  of  a  patent,  dated  December,  1836.  Their 
improvement  consists  in  the  introduction  of  caoutchouc,  with  the  riew,  possibly,  of 
mnkiug  the  blacking  waterproof: — 

18  ounces  of  caoutchouc  are  to  be  dissolved  in  about  9  pounds  of  hot  rape  oil.  To 
this  solution  60  pounds  of  fine  ivory  black,  and  45  pounds  of  molasses,  are  to  be  added, 
along  with  1  pound  of  finely  ground  gum  arable,  previously  dissolved  in  20  gallons  of 
vinegar,  of  strength  No.  24.  These  mixed  ingredients  are  to  be  finely  triturated  in  a 
paint  mill  till  the  mixture  becomes  perfectly  smooth.  To  this  varnish  12  pounds  of 
sulphuric  acid  are  to  be  now  added  in  small  successive  quantities,  with  powerful  stir- 
ring for  half  an  hour.  The  blacking  thus  compounded  is  allowed  to  stand  for  14  days, 
it  being  stirred  hal£  an  hour  daily ;  at  the  end  of  which  time^  3  pounds  of  finely  ground 
gum  arable  are  added ;  after  which  the  stirring  is  repeated  half  an  hour  every  day  for 
14  days  longer,  when  the  liquid  blacking  is  reiedy  for  use. 

In  making  the  paste  blacking,  the  patentees  prescribe  the  above  quantity  of  India 
rubber  oil,  ivory  black,  molasses,  and  gum  arable,  the  latter  being  dissolved  in  only  12 
pounds  of  vin^ar.  These  ingredients  are  to  be  well  mixed,  and  then  ground  together 
in  a  mill  till  they  form  a  perfectly  smooth  paste.  To  this  paste  12  pounds  of  sulphuric 
acid  are  to  be  added  in  small  quantities  at  a  time,  with  powerful  stirring,  which  is  to  be 
continued  for  half  an  hour  after  the  last  portion  of  the  acid  has  been  introduced.  This 
paste  will  be  found  fit  for  use  in  about  seven  days. 

BLEACHING  OF  PAPER.  The  following  are  the  proportions  of  liquid  chloride  of 
lime,  at  10^  of  Gay  Lussae's  Chhrametrty  employed  for  the  different  sorts  of  rags,  con- 
sisting of  two  piles,  or  200  pounds  French. 

Cotton.  litres. 

No.  1.    Fine  cotton  rags       ...  .  .    lO 

2.  Clean  calicoes  -  -  -  -  -  -    12 

3.     14 

,                   4.    White  dirty  calico,  coarse  cotton      *           -           -           -  16 

t                   6.    Coarse  cotton            -           -           -           -           -           -  18 

6.    Grey,  No.  1 20 

No.  2 22 

Saxon  gray    -  -  -  -  -  -  -24 

No.  2 26 

Pale  white  and  half-white  shades      -           -           -           -  28 

Saxon  blues ;  pale  pink,  dark  blue,  velvet    -           -           -  32 

It  is  considered  to  be  much  better  to  bleach  the  fine  rags  with  liquid  chloride  of  lime, 
and  not  with  chlorine  gas,  because  they  are  less  injured  by  the  former,  and  afford  a 
paper  of  more  nerve,  less  apt  to  break,  and  more  easily  sized.  But  the  coarse  or  gray 
rags  are  much  more  economically  bleached  with  the  gaseous  chlorine,  without  any  risk 
of  weakening  the  fibre  too  much.  Bleaching  by  the  gas  is  performed  always  upon  the 
sorted  rags,  which  have  been  boiled  in  an  alkaline  ley,  and  torn  into  the  fibrous  state. 
They  are  subjected  to  the  press,  in  order  to  form  them  into  damp  cakes,  which  are  bro- 
ken in  pieces  and  placed  in  large  rectangular  wooden  cisterns.  The  cUorine  gas  is  in- 
troduced by  tubes  in  the  lid  of  the  cistern,  which  falls  down  by  its  superior  gravity, 
acting  always  more  strongly  upon  the  ra:;s  at  the  bottom  than  those  above. 

When  the  chlorine,  disengaged  from  150  kilogrammes  (330  lbs.)  of  manganese  and 
500  kilos,  of  muriatic  acid,  is  made  to  act  upon  2,500  kUos.  of  the  stuff"  (supposed  dry), 
it  will  have  completed  its  effect  in  the  course  of  a  few  hours.  The  quantity  of  gaseous 
ehlorine  is  equal  to  what  is  contained  in  the  quantity  of  chloride  of  lime  requisite  to  pro- 
duce a  like  bleaching  result.  The  bleached  stuff*  should  be  forthwith  carefully  washed, 
lo  remove  all  the  muriatic  acid  produced  from  the  chlorine ;  for  if  any  of  this  remain 
in  the  paper,  it  destroys  lithographic  stones,  and  weakens  conmion  ink. 

BONE  BLACK,  or  animal  charcoal  restored.  A  process  for  this  purpose  was  made 
the  subject  of  a  patent  by  Messrs.  Bancroft  and  Mac  Innes  of  Liverpool,  which  consists 
in  washing  the  granular  charcoal,  or  digesting  it  when  finely  ground,  with  a  weak  solu- 
tion of  potash  or  soda,  of  specific  gravity  1*06.  The  bone  black  which  has  been  used 
in  sugar  refining  may  be  thus  restored,  but  it  should  be  first  cleared  from  all  the  soluble 
filth  by  means  of  water. 

Mr.  F.  Parker's  method,  patented  In  Jane,  1839,  for  effecting  a  like  purpose,  is,  by  a 
fresh  calcination,  as  follows  ;— 
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b;  c  is  a  hopper  or  chunber,  to  which  a  cooaMnt  freth  inpply  of  the  black  it  fnraialHid, 
M  Ihe  precediiig  portion  hai  been  withdrawn,  from  the  lower  pan  of  a.  if  ig  the  cool- 
ing vessel,  wKich  i>  connected  to  the  lower  part  of  the  retort  o  bj  a  sand  joint  «.  The 
cooler  d  ii  nutde  of  thin  eheet  iron,  and  is  la^e;  its  bottom  ia  cloaed  with  a  ilide  pUlc, 
/•  The  black,  aller  pasaiag  slowly  through  the  retort  a  into  the  vessel  d,geta  MimBck 
cooled  by  the  time  it  reaches/,  that  a  portion  of  il  ma;  be  safely  withdrawa,  bo  u  to 
allow  more  to  fall  progressively  down  {  g  is  tbe  chareval^neter,  with  a  slide  door. 

BOOKBINDING,  Methanitai  ;^Ab  iDgeoioiu  inventkm,  for  which  Mr.  TboUM 
Richards,  of  Liverpool,  bookbinder,  obtained  s  patent  in  Apiil,  1842.  He  employs, 
Isl.,  a  mechanism  W  sew,  weave,  or  bind  a  number  of  sheets  together  to  form  «  book, 
instead  of  stitching  them  by  hand ;  2d,  a  tnbje  which  slidea  to  and  fro  to  ferd  «r 
supply  each  sheet  of  paper  sepuately  into  his  nmchiae;  also  needle-bu^  or  haUcfi, 
to  present  needles  with  the  requisite  threads,  for  ititchiog  such  sheets  u  they  are  sn^ 
plied  with  in  succession.  He  has,  moreover,  a  series  of  holding  fingers,  or  pincvis,  snilp 
ably  provided  with  motions,  to  enable  them  lo  advance  and  clasp  the  needles,  diaw  Ikeai 
through  Ihe  sheets  of  paper,  and  return  them  into  their  respective  holders,  after  tlmad- 
ing  or  stitching  the  sheet;  lastly,  there  are  arnis  or  levers  for  delinnng  each  ahecl 
regularly  upon  the  lop  of  Ihe  preceding  sheets,  in  order  to  farm  a  collection  or  book  if 
anch  sheets,  ready  for  boarding  and  finishing.  A  minute  description  of  the  whole  ap. 
paiBtns,  with  plates,  is  given  in  t/aelon't  Joumai,  C.  8.,  uiii.  157. 

BORACIC  ACIU.  Imported  for  consumption  in  163»,  1,243,866  Iba.i  in  ISW, 
924,305  lbs. 

BORAX.  Imported  for  home  eonsnmptian  in  1S39,  498,079  Iba. ;  in  1840 
319,126  lbs. 

BRANDY.  Imported  for  consnmptioa  in  1839,  167,756  galls.)  in  1840,  1,108,578 
galls.;  duty.  If.  2i.  lOd,  per  imperial  proof  gallon. 

BRA88,  YELLOW.  The  following  table  enhiMu  the  coaipoaition  of  Bcrenl 
varielies  of  this  species  of  brass.  No.  1  is  a  east  brass  of  Dncetlain  oiigia  ;  2,  (he 
brass  of  Jemappes;  3,  Ihe  sheet  brass  of  Stolbeig,  near  Aix-la-ChapeUe ;  4  aad  6, 
the  brass  for  gUding,  according  lo  D'Arcel;  6.  the  sheet  bian  of  Romilly  j  7,  '■'"g'"^ 
brass  wire;  6,  Augsburg  brass  wire;  9,  brass  wire  of  Nenstadt-SberiwaU,  in  the 
neighborhood  of  Berlin. 
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The  mean  proportion  of  the  metmls  in  yellow  brass  is  SO  zinc  to  70  copper. 

Tombak,  or  red  brass,  in  the  cast  state,  is  an  alloy  of  copper  and  zinc,  containing 
Aot  more  than  20  per  cent  of  the  latter  constituent  The  following  yarieties  are 
distinguished:  1,  2,  3,  tombak  for  making  gilt  articles;  4,  French  tombak  for  sword- 
handles,  Jtc. ;  5,  tombak  of  the  Okar,  near  Goslar,  in  the  Hartz  ;  6,  yellow  tombak  of 
Paris  for  gilt  ornaments;  7,  tombak  for  the  same  purpose  from  a  factory  in  Hanover; 
8»  ehrysochalk ;  9,  red  tombak  from  Paris ;  10,  red  tombak  of  Vienna. 


Copper 
Zinc     -    • 
Lead     •    - 
Tin       -    - 

1. 

S. 

3. 

!      .4. 
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79 
1-6 

92 
8 

97-8 
2-2 
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100 

100 
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100 
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Pinchbeck  is  made  of  2  parts  copper  and  1  yellow  brass ; 

Prince's  metal       -    3  -    1  zinc. 

Mannheim  gold  (semilor),  28  copper,  12  yellow  brass,  3  tin. 

Cast  white  metal  buttons  are  made  of  an  alloy  of  32  parts  brass  (yellow),  4  parts 
zinc,  and  2  tin. 

The  specific  gravity  of  brass  is  greater  than  the  mean  density  of  its  constituents ; 
varying  from  7*82  to  8*73,  according  to  the  proportion  of  zinc  to  copper.  Sheet  brass 
varies  from  8*52  to  8*62 ;  brass  wire  from  8*49  to  8*73.  Brass  heated  and  quickly 
cooled  becomes  somewhat  less  dense.  The  specific  gravity  of  sheet  tombak  (81*25 
copper  +  18*75  zinc)  is  8*788 ;  of  tombak  wire  (87*5  copper  4- 12*5  zinc)  has  been 
found  so  great  as  9*00. 

BREAD.  I  believe  it  may  be  safely  asserted  that  the  art  of  baking  bread,  pastry, 
and  confectionary,  is  carried  in  Paris  to  a  pitch  of  refinement  which  it  has  never 
reached  in  London.  I  have  never  seen  here  any  bread  which,  in  flavor,  color,  and 
texture,  rivalled  the  French  pain  de  gruau.  In  fact,  our  com  monopoly  laws  prevent 
us  from  getting  the  proper  wheat  for  preparing,  at  a  moderate  price,  the  genuine 
semoule  out  of  which  that  bread  is  baked.  Hence,  the  plebeian  bourgeoia  can  daily 
grace  his  table  with  a  more  beautiful  piece  of  bread  than  the  most  affluent  English 
nobleman.  The  French  process  of  baking  has  been  recently  described,  with  some 
minuteness,  by  their  distinguished  chemist,  M.  Dumas,*  and  it  merits  to  be  known  in 
this  country. 

At  each  operation,  the  workman  (peirisseur)  pours  into  the  kneading-trough  the 
residuary  leaven  of  a  former  kneading,  adding  the  proportion  of  water  which  practice 
enjoins,  and  diffuses  the  leaven  throngh  it  with  his  hands.  He  then  introduces  into 
the  liquid  mass  the  quantity  of  flour  destined  to  form  the  sponge  (pate).  This  flour  is 
let  down  from  a  chamber  above,  through  a  linen  hose  (manchc),  which  may  be  shut  by 
folding  it  up  at  the  end. 

The  workman  now  introduces  the  rest  of  the  flour  by  degrees,  diflusing  and 
mingling  it,  in  a  direction  from  the  right  to  the  left  end  of  the  trough.  When  he  has 
thus  treated  the  whole  mass  successively,  he  repeats  the  same  manipulation  from  left 
to  right.  These  operations  require  no  little  art  for  their  dexterous  performance ;  hence 
they  have  the  proper  name  assigned  respectively  to  each,  of  frctsage  and  contre- 
frasage.  The  workman  next  subjects  the  dough  to  three  different  kinds  of  movement, 
in  the  kneading  process.  He  malaxates  it;  that  is,  works  it  with  his  hands  and 
fingers,  in  order  to  mix  very  exactly  its  component  parts,  while  he  adds  the  requisite 
quantity  of  flour.  He  divides  it  into  six  or  seven  lumps  (pdtons),  each  of  which  he 
works  successively  in  the  same  manner.  Then  he  seizes  portions  of  each,  to  draw 
them  out,  taking  only  as  much  as  he  can  readily  grasp  in  his  hands.  When  he  has 
thus  kneaded  the  different  lumps,  he  unites  them  into  one  mass,  which  he  extends  and 
folds  repeatedly  back  upon  itself.  He  then  lifls  up  the  whole  at  several  times,  and 
dashes  it  forcibly  against  the  kneading-trough,  collecting  it  finally  at  its  left  end. 
The  object  of  ihese  operations  is  to  efl'ect  an  intimate  mixture  of  the  flour,  the  water, 
and  the  leaven.  No  dry  powdery  spots,  called  marroM,  should  be  left  iA  any  part  of 
the  dough. 

The  kneader  has  now  completed  his  work ;  and  after  leaving  the  dough  for  some  time 
at  rest,  he  turns  it  upside  down.  He  lays  the  lumps,  of  a  proper  weight,  upon  a 
table,  rolls  them  out,  and  dusts  them  with  a  little  flour.  He^  next  turns  over  each 
lump,  and  puts  it  in  its  pannetony  where  he  leaves  it  to  swell.    If  the  flour  be  of  good 

*  Trait€  de  Chimie  appliqu6e  vox  Arts,  vi.,  p.  409. 
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qnalitr,  tha  Aoagh  be  wsll  made,  and  tbe  temperaiore  be  sniuble,  Ihe  Inmpi  «\B 
■veil  much  and  umfonnlT,  If  after  the  siuface  hu  risea,  it  falli  lo  a  coostdosble 
eiteat,  Ihe  Boat  muil  be  bad,  or  it  must  contain  other  lubstauces,  as  potato-etircbi 
bean-meal,  &,c. 

Wbenever  the  oven  ii  hot  enoush,and  thedou^h  sufficient!]-  fermented,  it  ii  lubjected 
to  the  baking  process.  Ovens,  as  at  present  construeted,  are  not  eqaabl;  heated 
throuifhout,  and  are  panieulariy  linble  to  be  chilJed  near  the  door,  in  conacqaeDC«  of 
its  being  riccHeiiinBll}'  opened  aad  shut.  To  this  cause  M.  Dumas  ascribes  mBny  of  ihe 
defects  of  ordinHTT  bread ;  but  he  adds,  that  by  adopting  the  patent  inTention  of 
H.  Moucbot  these  may  be  obviated.  This  is  cntled  the  improctd  baktry,  bimlaiigrrit 
ptr/tclimnie. 

Fig.  10  is  a  ground  plan  of  the  aerothermal  bakehouse,  the  gnaaries  being  in  tbe 
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ipper  stories,  and  not  ghown  here.  b,b  ate  the  oTens;  c,  the  fcneadiDg-maehine ;  d, 
the  place  where  the  machinery  ie  moanted  for  hoisting  up  the  bread  into  ibe  store- 
room above  j  t,  a  space  conunan  10  the  Ivo  ovens,  into  which  tbe  hot  sir  passes  ;  y,  tbe 
plaee  of  a  wheel  driven  by  do^s,  for  giving  motion  lo  the  kDesjltng-macIiine. 

Fig.  J 1  is  ■  longitudinal  section  of  tbe  oven  i  A,  tbe  grate  where  coke  or  even  pit- 
coals  may  be  burned;  B,  B,  void  spaces  which,  becoming  heated,  serve  for  'Wfimung 
small  pieces  of  dough  in;  c,  t,  are  flues  for  conducting  the  smoke,  &c.,from  tbe  fii«- 
placej  D,  seen  in  jig.  12,  is  the  chimney  for  carrying  off  the  smoke  transmitted  by  tbe 
flues ;  E,  E,  void  spaces  immediately  over  the  flues,  and  beneath  tbe  sole,  F,  F,  of  tbe 
oven.  By  this  arrangement  Ibe  air,  previously  bented,  which  arrives  from  the  void 
fliaces  B  through  the  flues  c,  f,  gets  Ihe  benefit  of  Ihe  heat  of  Ihe  flame  which  circu- 
lates in  these  flues,  and,  after  getting  more  heated  in  the  spaces  E,  E,  ascends  throQ^b 
channels  into  the  oven  F,  F,  upon  the  sole  of  which  the  loaves  to  be  baked  are  laid. 
The  hot  air  is  admitted  into  it  through  the  passages  a,  a,  being  drawn  from  the  reser- 
voirs B,  B,  B,  and  also  bf  Ihe  passof^c  d,  d,  drawn  from  the  reservoirs  K,  E.  The 
sole  is  likewbc  heated  by  contact  with  the  hot  air  contained  in  the  space  E,  E,  plaeed 
immediatbly  below  it.  The  hot  air,  loaded  with  moisture,  issues  by  the  passage  b,  b, 
and  returns  directly  into  the  reservoir  B,  B.  G,  G,  an  enclosed  space  directly  over 
the  oven,  to  obstruct  the  dissipation  of  its  heat;  g,  vault  of  the  Grcplace.  Fig.  12,  a 
transverse  section  through  the  middle  of  the  oven.  Fig.  13,  the  kneading -machine,  a 
lODgitudinal  seMlon  passing  through  its  axis;  P,  P,  the  eontoor  of  the  machine,  made 
of  wood,  and  divided  into  three  cnmparlments  for  the  reception  of  the  dough.  The 
wooden  bars  o,  o,  ore  so  placed  in  the  interior  of  Ihe  compartments,  as  to  divide  the 
dough  whenever  the  cylinder  is  mode  to  revolve.  One  portion,  D,  of  the  cylinder  ma; 
be  opened  aod  laid  over  upon  the  other  by  means  of  ■  hin^e  joint,  when  the  dou^b  mad 
flour  are  iutrodaced.  A,  B,  C,  the  three  compartments  of  the  machine,  two  for  maluag 
the  dough,  and  one  forprsparingthespoage,  called  Uvntn,  or  leaven,  by  Ihe  Freaeb.  >,«, 
i*  the  ptiUey  which  receivei  its  motion  from  the  engine,  and  tranamits  it  to  tbe  cjlindcr 


Utniaeti  the  pinion  is  and  the  spni-wheel « ;  d,d,  the  fl]r-whed  to  legabla  the  modoo ; 
g,  a  brake  to  art  upon  the  By  d,  by  ueana  of  a  lerer  k;  i,  the  pillar  of  the  flj-wheel. 


There  a  a  rachet  wheel  connter  Tor  numbering  the  turns  of  the  kneading  machine,  bnt 
it  can  not  he  ahown  in  thia  view ;  n,  cross  bars  of  wood,  which  ue  easilf  removed  when 
tbe  erliader  ii  opened ;  they  divide  the  dough. 
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arlindrr  is  opoMd.    Theie  ban  eonititnte  the  tdle  Bgeati  tot  dnwiof  ont  tb«  d(M^ 


IS  operation,  the  leaven  ia  comtantly  ptepaiei  in  the  compMrtneat  Ai 
-with  which  Tiew  there  u  put  into  it — 

12fi  kilognumnea  of  m^dinair  leaven  oi  yeait. 
67 fiour. 

In  all  323  kilt^iammea. 
The  person  in  charge  of  the  mechanical  kneader  shnti  down  Its  lid,  and  leti  it 
B-going.  At  the  end  a(  about  seven  minutes  he  hears  the  bell  of  the  etmnter  sosnd, 
ftonoancing  that  the  number  of  rei-atutiona  has  been  Bufficient  to  call  for  aa  inspectica 
of  the  sponge,  in  r^urd  to  its  consistence.  The  e^linder  is  therefore  opened,  aad 
aAer  TeriTying  the  right  stale  of  the  leaven,  aad  adding  iraler  to  sonen,  or  Rout  to 
sliffeo  it,  he  closes  lie  lid,  and  sets  the  machine  once  more  in  [notion.  In  ten  tnin«tei 
more  the  counter  sounds  again,  and  the  kneading  is  completed.  The  4S0  kilo- 
grammes  of  teaven  obtained  from  the  two  compartment*  are  adequate  to  ptrpate 
dough  enough  to  supply  sltematelT  each  of  the  two  ovens.  For  this  pnrpose  75 
kilogrammes  of  leaven  ore  token  from  each  of  the  two  compaittneats  A  and  A',  aad 
placed  in  (he  intermediate  compartment  B.  The  whole  leaven  is  then  75+75=150 
kilogrammes  ;  to  which  are  added  100  kilogs.  of  Bour  and  50  of  wnler^lSO,  so  thai 
the  cheat  contains  30p  kili^ammes.  There  is  now  replaced  in  ench  of  the  cavities  A 
and  A'   the   primhive    quautitj,   by   adding    50   kilogrammes   of   flour   and   25  <t 

The  cylinder  is  again  set  a-going ,  and  fVom  the  nature  of  the  apparatns,  it  >• 
obvious  thnt  the  kneading  takes  place  at  once  on  the  leavens  A  and  A'  and  on  the 
pasteB;  which  last  it  examiaGd  after  T  minutes,  and  completed  in  10  ioore=I7,il 
the  seeoDd  sound  of  the  counter-bell. 

The  kneader  is  opened,  the  paste  on  the  side  and  on  the  bars  is  gathered  In  Ae 
bottom  by  means  of  a  scraper.  The  whole  paste  of  the  chest  B  being  removed,  130 
kilogs.  of  the  leaven  are  taken,  to  which  ISO  kQogs.  of  flour  and  water  are  added  lo 
prepare  the  300  kil<WB-  of  paste  destined  for  the  supply  of  the  oven  No.  2.  That 
75  kilogs.  of  leaven  from  each  compartment  are  replaced  aa  before,  and  eo  on  in  snc- 

The  water  used  in  this  o|>ei«tion  is  raised  to  the  proper  tempeiatnre,  vLc.  27  or 
30°  C.  (77°  or  86°  F.)  in  cold  weather,  and  to  about  68°  F.  in  the  hot  season,  by 
mixing  canunon  cold  water  with  the  due  proportion  of  water  maintained  at  the  Ust- 
peralure  of  about  160°  F.,  in  the  basin  F  placed  above  the  ovens. 

Through  the  water  poured  at  each  operation  upoa  the  flour  in  the  cnmpartiDent  B, 
there  is  previously  diffused  from  200  lo  250  grammes  of  fresh  leaven,  as  obtained  froa 
the  brewery,  aher  being  drained  and  pressed  (German  jrori).  This  quantity  is 
sufficient  to  raise  preperly  300  kilogs.  of  dough.  As  soon  as  this  doogh  ia  taken  oat 
of  the  kaeadcr,  as  staled  above,  and  while  the  machine  goes  on  to  work,  the  quantity 
requisite  for  each  loaf  is  weighed,  tnraed  about  on  the  table  D,  to  give  it  its  rooDd  or 
oblong  form,  and  there  is  impressed  upon  it  wilh  the  fore-arm  or  roller,  the  cavity 
vhich  charsclerizes  cleft  loaves.  AH  the  lots  of  dough  of  the  size  of  one  kil^., 
called  clen  loaves  (paiiu  fndaa)  are  placed  npon  a  cloth  a  fold  of  which  is  raised 
between  two  loaves,  the  cloth  being  first  spread  upon  a  board;  which  tfana  charged 
wilh   10  or  16  loaves  is  transferred  to  the  wooden  shelves  6  G  in  front  of  the  ovea. 

The  whole  of  them  rise  easily  under  the  influence  of  the  geotie  temperature  of  this  ante- 
chamber or  /ournil.  Whenever  the  dough  loaves  are  sufficiently  nuaed  here,  they  are 
put  into  the  oven,  a  process  called  tnfoamemttU  in  France;  which  cotuists  in  setting 
each  loaf  on  a  wooden  shovel  dusted  with  eoar? e  flour,  and  placing  it  thereby  on  the 
■ole  of  the  oven,  close  to  itsfellow,  withouttonching  it.  This  operatiDa  is  made  easy,  in 
««nse<]nence  of  the  introduction  of  a  long  jointed  gas-pipe  and  burner  into  the  inteiiar 
of  the  oven,  by  the  light  of  whidi  all  parti  of  it  may  be  minutely  examined.     The  ore* 


BREAD.  4» 

k  fim  kept  moderately  hot,  Ixf  shutting  the  dampen ;  hut  whenerer  the  thermometei 
attached  to  it  indkatea  a  tempemtnte  of  from  300^  to  290*  C.  (672^  to  554^  F.)> 
the  dampeiB  or  registerf  are  opened,  to  restore  the  heat  to  its  original  degree,  hy 
allowing  of  the  eir^olation  of  the  hot  air,  vhieh  rises  from  the  lower  cavities  around 
the  fireplace  into  the  interior  of  the  oven.  When  the  baking  is  completed  the  gas- 
light, which  had  been  withdrawn,  is  again  introduced  into  the  oven,  and  the  bret^  is 
taken  out ;  called  the  proeess  of  defomrntment.  If  the  temperature  had  been  main- 
tained at  ahout  30(F  C,  the  300  kilogs.  of  dough  divided  into  loaves  of  one  kilog. 
(2^  lbs.  avoirdupois)  will  be  baked  in  27  minutes.  The  charging  having  lasted  10 
minutes,  and  the  discharging  as  long,  the  baking  of  each  batch  will  take  up  47  minutes. 
But  on  account  of  accidental  interruptions,  an  hour  may  be  assigned  for  each  charge 
of  260  .oaves  of  Ikilog.  each ;  being  at  the  rate  of  6240  kilogs.  (or  6*75  tons)  of  bread 
in  24  hours. 

Although  the  outer  parts  of  the  loaves  be  exposed  to  the  radiation  of  the  walls, 
heated  to  280^  or  800°  C,  and  undergo  therefore  that  kind  of  earamelifation  (charring) 
which  produces  the  color,  the  taste,  and  the  other  special  characters  of  the  crust,  yet 
the  inner  substance  of  the  loaves,  or  the  crumby  never  attains  to  nearly  so  high  a  tem- 
perature; for  a  theimometer,  whose  bulb  is  ioserted  into  the  heart  of  a  loaf,  does  not 
indicate  more  than  100°  C.  (212P  F.) 

The  theory  of  pan^eation  (bread-baking)  is  easy  of  comprehension.  The  flour 
owes  this  valuable  quality  to  the  gluten,  which  it  contains  in  greater  abundance  than 
any  of  the  other  eer9alia  (kinds  of  corn).  This  substance  does  not  constitute,  as  had 
been  heretofore  imagined,  the  membranes  of  the  tissue  of  the  perisperm  of  the  wheat ; 
but  is  enclosed  in  cells  of  that  tissue  under  the  epidermic  coats,  even  to  the  centre  of 
the  grain.  In  this  respect  the  gluten  lies  in  a  situation  analogous  to  that  of  the  starch, 
and  of  most  of  the  immediate  priaciples  of  vegetables.  The  other  immediate  principles 
which  play  a  part  in  pand/icaium  are  particularly  the  starch  and  the  sugar ;  and  they 
■11  operate  ns  follows : — 

The  diffusion  of  the  flour  throu^  the  water,  hydrate*  the  starch  and  dissolves  the 
sugar,  the  idbumen,  and  some  other  soluble  matters.  The  kneading  of  the  dough,  by 
completing  these  reactions  through  a  more  intimate  union,  favors  also  the  fermen- 
tation of  the  sugar,  by  bringing  its.  particles  into  close  contact  with  those  of  the 
leaven  or  yeast ;  and  the  drawing  out  and  malaxating  the  doagh  softens  and  stratifies  it, 
introducing  at  the  same  time  oxygen  to  aid  the  fermentation.  The  dough,  when 
distributed  aod  formed  into  loaves,  is  kept  some  time  in  a  gentle  warmth,  in  the  folds 
of  the  cloth,  pans,  &c.,  a  circumstance  propitious  to  the  development  of  their  volume 
by  fermentation.  The  dimensions  of  all  the  lumps  of  dough  now  gradually  enlarge, 
from  the  disengagement  of  carbonic  acid  in  the  decomposition  of  the  sugar ;  which  gas 
is  imprisoned  by  the  glutinous  paste.  Were  these  phenomena  to  continue  too  long, 
the  dough  would  become  too  vesicular ;  they  must,  therefore,  be  stopped  at  the  proper 
point  of  sponginess,  by  placing  the  loaf  lumps  in  the  oven.  Though  this  causes  a 
sudden  expansion  of  the  enclosed  gaseous  globules,  it  puts  an  end  to  the  fermentation, 
and  to  their  growth  ;  as  also  evaporates  a  portion  of  the  water. 

The  fermentation  of  a  small  dose  of  sugar  is,  therefore,  essential  to  true  bread- 
baking  ;  but  the  quantity  actually  fermented  is  so  small  as  to  be  almost  inappreciable. 
It  seems  probable  that  in  well-made  dough  the  whole  carbonic  acid  that  is  generate 
remains  in  it;  amounting  to  one  half  the  volume  of  the  loaf  itself  at  its  baking  tempera- 
ture, or  211?*.  It  thence  results  that  less  than  one  hundredth  part  of  the  weight  of  the 
flour  is  all  the  sugar  requisite  to  produce  well-raised  bread,  what  egregious  folly  was 
it,  therefore,  to  mount  the  bakery  in  Chelsea,  twelve  years  ago,  at  an  expense  of  20,000/., 
for  the  purpose  of  catching  the  volaiUe  spirits  in  their  escape  from  the  loaves  in  the 
oven — or,  as  it  was  vulgarly  termed,  **  taking  the  gin  out  of  the  bread !"  whereas  it  was 
nothing  but  taking  the  cash  out  of  the  pockets  of  the  pseudo-chemical  visionaries  who 
rwarm  in  this  metropolis. 

The  richness  or  nutritive  ];)ower8  of  sound  flour  and  also  of  bread  are  proportional  to 
the  quantity  of  gluten  they  contain.  It  is  of  great  importance  to  determine  this  point, 
for  both  of  these  objects  are  of  enormous  value  and  consumption ;  and  it  may  be  accom- 
plished most  easily  and  exactly  by  digesting  in  a  water-bath,  at  the  temperature  of  167* 
F.,  1,000  grains  of  bread  (or  flour)  with  i,000  grains  of  bruised  barley-malt,  in  5,000 
grains,  or  in  a  little  more  than  half  a  pint,  of  water.  When  this  mixture  ceases  to  take 
a  blue  color  from  iodine  (that  is,  when  all  the  starch  is  converted  into  soluble  dextrine) 
the  gluten  left  unchanired  may  be  collected  on  a  filter  cloth,  washed,  dried  at  a  heat  of 
212°,  and  weighed.  The  color,  texture,  and  taste  of  the  gluten,  ought  also  to  be  ex- 
amined, in  forming  a  judgment  of  good  flour,  or  bread. 

Independently  of  the  skill  of  the  baker,  bread  varies  in  quality  according  to  the 
quantity  of  water  and  gluten  it  contains.  A  patent  of  German  or  French  origin  was 
obtained  here  a  few  years  ago,  for  manufacturing  loaf-bread  by  using  thin  boil^  flonr- 
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paste  instead  of  water  for  setting  the  sponge,  that  is,  for  the  nrellminary  dough  fetzBC*' 
tatioa.  By  this  artifice,  104  loaves  of  4  lbs.  each  coald  be  nfade  out  of  a  sack  of  ^ami, 
instead  of  94,  as  in  ordinary  baking ;  because  the  boiled  paste  gave  a  water-keepiig 
faculty  to  the  bread  in  that  proportion.  But  this  hydrattd  bread  was  apt  to  spoil  ia 
warm  weather,  and  became  an  unprofitable  speculation  to  all  concerned. 

Bread  and  flour  are  often  adulterated  in  France  with  potato-starch,  but  almost  ncrcx^ 
I  believe,  in  this  country.  This  sophistication  is  easily  detected  by  the  nticrascope,  oa 
account  of  the  peculiar  ovoid  shape  and  the  large  size  of  the  particles  of  the  potato 
ferula.  Horse-bean  flour  gives  to  wheaten  bread  a  pinkish  tint.  In  spoiled  floor 
(such  as  is  too  often  used,  partially  at  least,  by  our  inferior  bakers)  the  gluten  some- 
times disappears  altogether,  and  is  replaced  by  ammoniacal  salts.*  In  this  caae  qnidc- 
lime  separates  ammonia  from  the  flour  without  heat ;  in  flour  slightly  damagrd..  or 
ground  from  damaged  wheat,  the  gluten  present  is  deprived  of  its  elasticity,  and  is 
softer  than  in  the  natural  state.  On  this  account  the  gluten  test  of  M.  Boland  is  val- 
uable. It  consists  in  putting  some  gluten  into  the  bottom  of  a  copper  tube,  and  beat- 
ing that  tube  in  an  oven,  or  in  oil,  at  a  temperature  of  284^  F.  The  length  to  which  the 
cylinder  of  gluten  expands  is  proportional  to  and  indicates  its  quality. 

It  appears  that  a  French  sack  of  flour,  which  weighs  159  kUograaimcs,  affords  froB 
102  to  106  loaves  of  2  kilogrammes  each  :  and  therefore, 

159  :  520  : :  280 :  91*6 :  that  is,  if  159  kilogs.  or  lbs.  afford  52  loaves  of  4  kilo^ 
or  lbs.,  280  lbs.,  a  sack  English,  should  afford  91-6  loaves  of  4  lbs.  each  ;  but  on 
bakers  usually  make  out  94  loaves,  which  are  rated  at  4  pounds,  though  they  seldoia 
weigh  so  much.  The  loaves  of  a  baker  in  my  neighborhood,  who  supplied  by  family 
with  bread  for  some  time,  were  found  on  trial  to  be  from  6  to  8  oz.  deficient  in  weight; 
when  challenged  for  this  fraud,  he  had  the  efirontery  to  palliate  it  by  alleging  that  all 
his  neighbor  bakers  did  the  same.  It  must  be  borne  in  mind  that  a  Paris  loaf  of  2  lbs. 
or  2  kilogs.  contains  more  dry  farina  than  a  London  loaf  of  like  weight ;  for  it  contaias^ 
from  its  form  and  texture,  more  crust.  The  crumb  is  to  the  crust  in  the  Puis  kag 
loaves,  as  25  to  75,  or  1  to  3 :  in  our  quartern  loaves  it  is  as  18  or  20  to  100. 

M.  Dumas  gives  the  following  table : — 


Weight  of  a 
sack  of  flour. 

Number  of 
loaves. 

Weight  of  the 
bread. 

Increase  of 
weight  of  flour. 

RatiA  of  drj  floor 
«  1,  to  bread. 

159  Kilogs. 
159     do. 
169      do. 

102 
104 
106 

202  Kilogs. 
208     do. 
212     do. 

1-283 
1-300 
1-333 

1:  1-60 

Thus  it  would  appear  that  the  mean  yidd  would  correspond  to  130  kilc^.  of  breid 
for  100  of  the  flour  employed ;  and  admitting  that  common  flour  contains  0-17  of  water, 
the  product  would  be  equivalent  to  150  of  bread  for  100  of  flour  absolutely  dry.  The 
whole  loaf  contains  66  per  cent,  of  dry  substance,  and  the  crumb  only  44. 

BRICKS.  Mr.  F.  W.  Simms,  C.  £.,  communicated  to  the  Institution  of  Ciril  £a. 
gineers,  in  April  and  May,  1843,  an  account  of  the  process  of  brick-making  for  the 
Dover  railway.  The  plan  adopted  is  called  slop-moulding,  because  the  mould  is  dipped 
into  water  before  receiving  the  clay,  instead  of  being  sanded  as  in  making  sand-stock 
bricks.  The  workman  throws  the  proper  lump  of  clay  with  some  force  into  the  nwuld, 
presses  it  down  with  his  hands  to  fill  the  cavities,  and  then  strikes  off'  the  surplus  day 
with  a  stick.  An  attendant  boy,  who  has  previously  placed  another  mould  in  a  water 
trough  by  the  side  of  the  moulding-table,  takes  the  mould  just  filled,  and  carries  it  to 
the  floor,  where  he  carefully  drops  the  brick  from  the  mould  on  its  flat  side,  and  leaves 
it  to  dry ;  by  the  time  he  has  returned  to  the  moulding-table,  and  deposited  the  empty 
mould  in  the  water-trough,  the  brickmaker  will  have  filled  the  other  mould,  Ibr  the 
boy  to  convey  to  the  floor,  where  they  are  allowed  to  dry,  and  are  then  stacked  im 
readiness  for  being  burned  in  clamps  or  kilns.  The  average  product  is  shown  in  the 
following  table : — 


Foice  employed. 

Area  of  land. 

Duration  of  season. 

Produce  per  week. 

Pvodaco  pev  a«a»oB. 

1  moulder      -^ 
1  temperer    - 
1  wheeler      -  > 
1  carrier  boy  - 
1  picker  boy  -J 

Roods.  Perches. 
2        141 

Weeks. 

22 

Bricks. 

16,100 

1 

Brickau 
354;MI0 

I 

*  Biimas,  Chlmie  Appliqa€e,  vi.  US. 
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It  appMn  that  while  the  produce  in  sand'Stock  bnelcg  ii  to  that  of  ilop-bridrs  in  the 
aamc  lime  as  30  to  16,  (he  amount  of  labor  is  as  T  to  4  ;  while  the  qnantity  of  land, 
and  the  coat  of  labor  per  thousand,  is  nearly  the  sBme  in  both  proceuei.  The  quan- 
tity of  eoal  consumed  in  the  kiln  was  at  the  rate  of  10  cwt.  81bs.  per  thousand  bricks. 
The  cost  of  (he  bricks  wu  21.  U.  6d.  per  thoasand.  The  slop-made  bricks  are 
fnllf  I  pound  heavier  than  the  Band-stock.  Mr.  Bennett  stated  to  the  meeting,  that 
at  his  brick-field  at  Cowley,  the  aveiage  number  of  sand-atock  bricks  moulded  was 
32,000  i  but  that  freqaenlly  so  many  as  37,000,  or  even  60,000,  were  formed.  The 
total  amonnt  in  the  shrinkage  of  his  bricks  was  13  of  an  inch  npon  10  inches  in  length ; 
but  this  diHered  with  the  different  clay*.  Mr.  Simms  objecled  to  the  use  of  machinerj 
in  brick-making,  because  it  caased  economy  only  in  the  moulding,  which  constituted  no 
more  than  nboul  one  eighth  of  the  total  eipenae. 

The  principal  varietiea  of  bricks  are  called  tna/m,  pariorj,  ttodca,  griii/u,  pints),  and 
lAa^i.  For  tlie  first  and  best  hind,  the  clay  was  wnshed  and  selected  with  care; 
stocks  were  good  enough  for  ordinary  building  porposes;  the  rest  are  inferior.  The 
difference  in  price  between  malms,  paviors,  and  slocks,  was  15t.  or  aOi.  per  l,000i  be- 
tween slocks  and  places,  lOi.  The  aVerage  weight  of  a  aand-«lock  brick  is  folly  9 
pounds,  that  of  a  slop  is  I  pound  more. 

1  believe  that  the  siliceous  sand  on  the  surface  of  the  Band-stocks  is  usefiilin  favor- 
ing adhesion  of  mortar,  by  the  production  of  a  silicate  of  lime.  To  anuNttb  aluminoni 
bricks,  mortar  sometimes  forms  no  stony  adhesion. 

Mr.  Prosscr,  of  Birmingham,  makes  bricks  by  pressure.  The  clay  is  first  ground 
apon  a  slip  kiln,  as  if  for  making  pottery,  then  ground  to  a  fine  powder,  and  in  that 
dry  state  it  is  subjected  to  the  heavy  pressure  of  abont  250  tons,  in  strong  metal 
moulds,  by  which  means  it  is  reduced  to  about  one  third  of  its  original  thicknesi. 
The  elay  seems  to  have  retained  sufficient  moisture  to  give  it  cohesion,  and  the  tiles 
are  perfect!)'  sharp  at  Ihe  edges.  They  being  then  baked  within  seggars  by  the  heat  of 
a.  kiln,  seldom  ciack  in  the  baking.  The  bricks  thns  formed  are  denser  than  usual,  and 
weigh  6]  lbs.,  with  a  specific  gravity  of  2'5. 

Fig.  14.,  represents  Mr.  Hunt's  brick-making  machine.     The  principal  working 


parts  consist  of  2  cylinders,  each  eovered  by  an  endless  web,  and  so  placed  as  lo  Ibnn 
the  front  and  back  of  a  hopper,  the  two  sides  being  iron  plates,  placed  id  that  when 
the  hopper  is  filled  with  tempered  clay  fram  the  pug-mill,  the  lower  piirt  <rf'  the 
hopper,  and  consequently  the  mass  of  clay  within  it,  has  exactly  the  dimensions  of 
a  brick.  Beneath  the  hopper  an  endless  chain  travenes  simultaneously  with  the 
movement  of  the  cylinders.  The  pallet-boards  are  laid  at  given  intervals  upon  the 
chain,  and  being  thus  placed  under  the  bopper,  while  the  clay  is  brought  down  with 
■  slight  pressure,  a  frame  with  a  wire  stretched  across  it,  is  projected  through  the  mats 
of  clay,  cutting  off  eiaclly  the  Ihicknessof  the  brick,  which  is  removed  at  the  Mme 
moment  by  the  forward  movement  of  the  endless  chain.  This  operation  is  repeated 
each  time  that  a  pallet-board  comes  nnder  the  hopper. 

The  chief  object  of  this  machine,  which  is  worked  by  hand,  is  to  produce  good 
sqnare  compact  bricks  of  uniform  quality,  using  only  a  slight  pressure.  It  has  been 
fonnd  to  be  very  difficult  to  dry  bricks  made  by  machinery,  where  a  considerable  pres- 
sure has  been  employed,  beeonse,  before  the  evaporation  from  the  centre  of  the  clay  is 
completed,  the  surfaces  have  become  hard  and  peel  off.  The  present  machine  is  in 
operation  in  several  parts  of  England,  producing  usually  abont  1,200  bricks  per  hour, 
while  each  machine  requires  only  2  men  and  3  boys  to  tend  it,  and  to  lake  off  the 
bricks.  The  clot-monlders  are  dispensed  with,  and  the  workmen  are  eommon  laborers, 
M  that  professed  brick-makCrs  at  higher  wages  are  not  needed. 

Fig.  15  shows  Mr.  Hunt's  machine  for  making  tiles,  and  it  is  on  the  same  principle. 
It  Gonrats  of  two  iron  cylinden,  round  which  weba  nr  bands  of  cloth  revolve,  wberebf 


thednf  is  pKued  i>to  k  alab  of  nniforiD  IhickneM,  without  adkert^  to  the  cfludos. 
Il  is  then  cBnied  over  a  covered  wbeel,  carved  oo  the  rim,  vhicli  givM  the  tile  tiM 
lemi-cjlindrical  or  other  nqnired  fonn ;  eAer  -which  the  tiles  we  polMhed  •»!  iwitliH 


1^  pusiDB  throuKb  three  iron  uouldB  of  a  horae-aboe  fonn,  ai  ihown  in  the  centre  et 
the  cut,  while  they  are  at  the  same  time  moistened  from  a  water  cylinder  placed  abara 
them.  The  tiles  are  next  cut  ad'  lo  such  lengths  as  are  wanted,  and  earned  away  by 
an  endless  web,  whence  tbey  are  transferred  by  boys  lo  the  drying  shelves- 
Flat  tiles,  for  sole  pieces  to  drainiag  tiles,  are  formed  in  Dearly  the  same  manna, 
being  divided  into  two  portions  while  passing  through  the  moulds  j  the  quantity  of  day 
used  for  one  drainiag  tile  beiag  as  much  as  for  two  soles. 

The  method  of  making  bricks  in  the  vicinity  of  London  differed  from  that  of  almost 
all  other  places,  because  the  material  there  employed  is  not  pure  clay,  bot  a  loam  of 
a  slightly  cohesive  nature,  which  will  not  admit  of  its  beiag  used  in  the  natural 
stale  and  burned  in  close  kilns  with  coal ;  but  with  an  admixture  of  ashes  it  becoMS 
sntliciently  tenacious  lo  be  formed  into  bricks,  by  inducing  a  slight  semi-fusion.  Bot 
the  coal-ashes  are  also  of  advantage  in  the  process  of  bnrniug,  because  tbey  enable  the 
Ere  to  spread  gradually  from  the  tower  tiers,  through  the  whole  mass  in  the  kiln  it 
clamp,  end  thus  obviate  the  effect  of  an  intense  partial  beat,  where  distinct  coal  fires 
are  trusted  to  alone,  whereby  Ibe  bricks  nearest  it  gel  vitrified  and  glaxed. 

The  brick  kilns  and  clamps  round  London,  and  other  la^e  cities,  which  are  fred 
with  the  breeEe-mbbish  collected  from  dust  holes,  that  contain  (be  rdTuse  of  kitchens, 
Jtc.,  emit,  in  consequence,  most  unpleasant  effluvia;  but  brick-kilns  fired  with  eleii 
coke  or  coals,  give  ont  no  gases  of  a  more  noxioos  nature  than  common  boosebokl  fire. 
The  consideration  of  this  subject  was  closely  presied  apon  my  slteatian  on  being  m- 
inlted  concerning  an  injonclioo  issued  by  Ibe  chancellor  against  a  brick  clamp  is  the 
kle  of  Wight,  fired  with  clean  ooke  cinders  from  the  steam-engine  furnace  at  Forts- 
mouth  Dock  Yard.  The  bricks  being  of  the  description  called  sand-stock,  were  of 
cmine  mode  in  moulds  very  slightly  dusted  with  sand,  to  make  tbem  fall  (ieely  oat. 
The  sand  was  brougfat  from  Portsmouth  harbor,  and  on  being  snbjected  to  a  denw 
ef  heat,  more  intense  certainly  than  it  would  suder  in  the  clamp,  was  discovered  by  two 
chemical  witnesses  to  give  out  traces  of  hydrochloric  acid.  Not  content  with  this 
trivial  indication,  the  said  chemists,  in  their  evidence  before  the  courts  of  law,  paraiot 
a  train  of  goblin  gases,  as  the  probable  products  of  the  pre-adjndicaled  damp. 

As  it  is  well  known  to  the  chemist  that  common  salt  strongly  ignited  in  contact  vilk 
moist  sand  wiU  emit  hydrochloric  acid,  there  was  nothing  remarkable  in  the  aboic 
observation,  bnt  I  ascertained  that  the  sand  with  which  the  moolds  were  strewed  wonU 
give  oat  no  hydrochloric  acid,  at  a  heat  equal  at  least  to  what  the  bricks  were  eipoMd 
to  in  a  clamp  10  or  12  feet  high,  and  fired  at  its  bottom  only  with  a  layer  of  eindets 
"  ir  4  inches  thick.    But  I  further  domouslraled  that  the  entire  substance  of  the  brick 


itable  apparatus,  gave 
'b  gas.  Hence,  the 
ighl  the  neighboriBg 


with  its  scanty  film  of  sand,  on  twing  exposed  to  icaition  in  a  suits 
out,  not  hydrochloric  or  any  other  corrosive  acid,  but  ami 
allegations  that  the  clamp  sent  forth  a  host  of  acid  gases  t  „ 
trees,  were  shown  to  be  utterly  groundless  ;  on  the  contrary,  the  ammonia  evolved  fran 
the  healed  clay  would  act  beoeficially  upon  vegetation,  while  it  was  too  small  in  quantity 
to  annoy  any  human  being.  A  few  yards  to  leeward  of  a  siiDllBr  clomp,  in  fuU  aclirily, 
I  conld  perceive  no  offensive  odor.  All  ferruginous  day,  when  exposed  to  the  atmo- 
sphere, absorbs  ammonia  from  it,  and  of  course  eirits  il  again  on  being  gentlj  ignited. 
It  is  ■  reproach  to  science  when,  as  in  the  above  case,  il  lends  it*df  U»  jMkial  jxejadkc 
■■d  oppteatioii. 


BUTTER.  « 

BRONZING  {of  Objects  tn  Imitaium^f  MUaUic  Bronze).  Plaster  of  Paris,  paper, 
wood,  and  pasteboard,  may  be  made  to  resemble  pretty  closely  the  appearance  of  articles 
of  real  bronze,  modem  or  antique.  The  simplest  way  of  giving  a  brilliant  aspect  of 
this  kind  is  with  a  varnish  made  of  the  waste  gold  leaf  of  the  beater,  ground  up  on  a 
porphyry  slab  with  honey  or  gum-water.  A  coat  of  drying  linseed-oil  should  be  first 
applied,  and  then  the  metallic  powder  is  put  on  with  a  linen  dossil.  Mosaic  gold 
ground  up  with  six  parts  of  bone-ashes  has  been  used  in  the  Mune  way.  When  it  is 
to  be  pat  on  paper,  it  should  be  ground  up  alone  with  white  of  eggs  or  spirit  varnish, 
applied  with  a  brush  and  burnished  when  dry.  When  a  plate  of  iron  is  plunged  into 
a  hot  solution  of  sulphate  of  copper,  it  throws  down  fine  scales  of  copper,  which  being 
repeatedly  washed  with  water,  and  ground  along  with  six  times  its  weight  of  bone- 
ashes,  forms  a  tolerable  bronzing. 

Powdered  and  sifled  tin  may  be  mixed  with  a  clear  solution  of  isinglass,  applied 
with  a  brush,  and  burnished  or  not,  according  as  a  bright  or  dead  surface  is  desired. 
Gypsum  casts  are  commonly  bronzed  by  rubbing  brilliant  black-lead,  graphite^  npon 
them  with  a  cloth  or  brush.  Real  bronze  long  exposed  the  air  gets  covered  with  a 
thin  film  of  carbonate  of  copper,  called  by  virtuosi  antique  enugo  (patitu  arUique,  Fr.) 
This  may  be  imitated  in  a  certain  degree  by  several  applications  skilfully  made.  The 
new  bronze  being  turned  or  filed  into  a  bright  surface,  and  rubbed  over  with  dilute 
aquafortis  by  a  linen  rag  or  brush,  will  become  at  first  grayish,  and  afterward  take  a 
greenish  blue  tint ;  or  we  may  pass  repeatedly  over  the  surface  a  liquor  composed  of 
1  part  of  sal  ammoniac,  three  parts  of  carbonate  of  potash,  and  6  of  sea  salt,  dissolved  in 
12  parts  of  boiling  water,  to  which  8  parts  of  nitrate  of  copper  are  to  be  added ;  the 
tint  thereby  produced  is  at  first  unequal  and  crude,  but  it  becomes  more  uniform  and 
softer  by  time.  A  fine  greeiMue  bronze  may  be  obtained  with  very  strong  water  of 
ammonia  alone,  rubbing  it  at  intenmls  several  times  upon  the  metal. 

The  base  of  most  of  the  secret  compositions  for  giving  the  antique  appearance  is 
▼inegar  with  sal  ammoniac.  Skilful  workmen  use  a  solution  of  2  ounces  of  that  salt  in 
an  English  quart  of  French  vinegar.  Another  compound  which  gives  good  results  is 
made  with  an  ounce  of  sal  ammoniac,  and  a  quarter  or  an  ounce  of  salt  of  sorrel  (binox- 
alate  of  potash),  dissolved  in  vinegar.  One  eminent  Parisian  sculptor  makes  use  of  a  mix- 
ture of  half  an  ounce  of  sal  ammoniac,  half  an  ounce  of  common  salt,  an  ounce  of  spirits 
of  hartshorn,  and  an  English  quart  of  vinegar.  A  good  result  will  also  be  obtained  by 
adding  half  an  ounce  of  sal  ammoniac,  instead  of  the  spirits  of  hartshorn.  The  piece 
of  metal  being  well  cleaned,  is  to  be  rubbed  with  one  of  these  solutions,  and  then  dried 
by  friction  with  a  fresh  brush.  If  the  hue  be  found  too  pale  at  the  end  of  two  or 
three  days,  the  operation  may  be  repeated.  It  is  found  to  be  more  advantageous  to 
operate  in  the  sunshine  than  in  the  shade. 

BUDE  LIGHT.    See  Gas  light. 

BUTTER  is  the  fatty  matter  of  milk,  usually  of  that  of  the  cow.  Milk  is  com- 
posed of  butter,  caseine,  sugar  of  milk,  several  salts,  and  water.  The  butter  exists  la 
the  form  of  very  small  globules  of  nearly  uniform  size,  quite  transparent,  and  strongly 
refractive  of  light.  Milk  left  in  repose  throws  up  the  lighter  particles  of  butter  to  the 
surface  as  cream.  It  was  imagined  that  the  butter  was  separated  in  the  process  oi 
churning,  in  consequence  of  the  milk  becoming  sour ;  but  this  is  not  the  case ;  for  milk 
rendered  alkaline  by  bi-carbonate  of  potash  affords  its  butter  fully  more  readily  than 
acidulous  milk.  The  best  temperature  for  churning  milk  or  cream  is  53°  F. ;  that  of 
60^  is  too  high ;  and  under  50^  it  is  too  low.  By  the  churning  action  the  heat  rises  from 
3  to  4  degrees  F.  All  the  particles  of  butter  are  never  separated  by  churning ;  many 
remain  dilFused  through  the  butter»milk,  and  are  easily  discoverable  by  the  microscope. 
These  are  more  numerous  in  proportion  to  the  bulk  of  the  liquid ;  and  hence  it  is  more 
economical  to  chum  cream  than  the  whole  milk  which  affords  it.  It  is  computed  that 
a  cow  which  gives  1,800  quarts  (old  English)  of  milk  per  annum,  eats  in  that  time  8,000 
lbs.  of  hay,  and  pivduees  140  lbs.  of  butter.*  Analysis  shows  that  this  weight 
of  hay  contains  168  pounds  of  fat.  The  finest  flavored  butter  is  obtained  from  milk 
churned  not  long  after  it  is  drawn ;  but  the  largest  proportion  is  derived  from  the 
cream  thrown  up  by  milk  afler  standing  24  hours,  in  a  temperature  of  about  50^  F. 
The  butter-milk  which  contains  the  very  fermentable  substance,  caseine,  should  be  well 
separated  from  the  butter  by  washing  with  cold  water,  and  by  beating  with  the  hands, 
or  preferably,  without  water,  for  the  sake  of  fine  flavor,  by  the  action  of  a  press. 

The  French  purify  their  butter  by  melting  it  in  pots,  plunged  into  water  heated  to 
200^  or  212°;  and  sometimes  they  mix  a  pure  brine  with  the  melting  butter,  whereby 
they  favor  the  subsidence  of  the  coagulated  easeine  and  other  impurities.  The  super- 
natant clear  butter  should  be  drawn  or  poured  off,  and  rapidly  cooled,  to  prevent  tiie 
crystallization  of  its  stearine  and  separation  of  its  olehie,  which  injure  its  flavor  and 
appeannee* 

*  iSro  pounds  and  a  quarter  of  hay  corrMpond  to  one  qunt  of  good  milk ;  and  a  cow  tvhi^  oats 
16^000  lbs.  of  bay  will  produeo  100  lbs.  of  butter  par  annum. 
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CALCIL'M.  ThB  kUHnie  weight  ot  this  element  bcins  mn  important  pcrinL,  botk  u 
lo  pnrc  chemistry  und  the  chemiciil  arts,  hu  been  the  subjeet  of  innaineFible  rrwarchea. 
Very  lately  BerzeliuB,  in  the  Mnalea  dtr  Chemie  und  Pharmane,  XLVI.  p.  24],  hu 
collated  the  most  recent  reflulta  of  the  anslysia  of  other  philosophers  with  his  own;  and 
whiJe  Dumas,  Marchand,  and  ErdmaoQ  estimate  the  weight  at  20,  that  of  bTdroRen^rl, 
or  250  oi;ygen=:100,  he  finds  it  ought  to  be,  u  Compared  with  the  latter,  251-9 :  a&d 
to  (he  former,  20-152. 

CALICO  PRINTING  (i-color  wiocftiM),  Of  this  beaatiTal  and  effective  mechaa- 
inn  an  accurate  seclioo  is  exhibited  at  p.  220  of  the  Dietionary.  The  outside  work- 
ing gear  is  shown  in^.  16.,  where  A,  A,  it  a  pait  of  the  two  Btrong  iron  frama  «r 


eheeka  in  which  the  various  rollen  are  mounted.  Tbtj  are  bound  together  hj  Os 
rods  and  bolts  a,  a,  a.  B,  is  the  lai^e  irolt  pressure  cylinder,  which  rests  with  ttl 
gudgeons  in  bearings  or  bosbe!,  which  can  be  shifted  op  and  down  in  slots  of  the  side 
cheeks  A,  A.  These  boshes  are  suspended  from  powerful  screws,  b,  which  torn  ii 
brass  nuts,  made  fast  to  the  top  of  the  frame  A,  as  is  plainly  shown  in  the  fif^rt. 
These  screws  serve  to  counteract  the  strong  pressure  applied  beneath  that  cylinder  1^ 
the  engraved  cylinders  D,  E. 

C,  D,  E,  F,  are  four  printing  cylinders,  named  in  the  order  of  their  optntion. 
They  consist  of  strong  tubes  of  copper  or  gun  metal,  forcibly  thrust  by  a  screw  press 
upon  the  iron  mandrels,  round  which  as  shaiti  they  revolve.  The  first  and  last  cyUa- 
deis,  C  and  F,  ore  niininled  in  brass  bearings,  which  may  be  shifted  in  hoiiiontal  sJrts 
of  (he  frame  A.  The  pressure  roller  B,  against  whose  sorface  they  bear  with  a  Toy 
little  obliquity  downwanl,  may  be  nicely  adjnsted  to  that  pressure  by  its  deratiat  aid 

depressing  screws.    By  this  means  C  and  F  can  be  attjnsled  lo  B  with  g -' 

preeiaion,  and  made  to  press  it  in  truly  oppoaite  directiou. 
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Tb«  IwtriDgs  of  tbe  erlindenr  D  and  E  ue-lodged  aln  in  dob  of  the  fivna  A, 
whioh  point  obliqaely  upwtkn]  toTord  the  ceatre  of  B.  The  pressiire  oT  these  two 
print  cylinders,  C  utd  F,  is  produced  by  two  screira,  c  &ad  d,  which  work  in  bnisi  nots 
made  fast  to  the  frame,  and  Tery  viaible  in  the  figure.  The  framewoik  in  which  these 
bearings  and  screws  are  placed  hss  n  curviliiiear  form,  id  order  to  permit  the  cylindert 
to  be  readily  remored  and  replaced,  and  also  to  introdoce  a  certain  degree  of  elasticity 
Reoce  the  pressure  applied  to  the  cylinders  C  and  F  partakes  of  the  nature  of  a  spring, 
K  circanistaDce  esaential  to  their  working  smoothly,  notwithstanding  the  occaiisnal 
inequalities  in  the  thickness  of  the  fell  web  and  the  calico. 

The  preasnre  upon  the  other  two  print  cylinders,  D  and  E,  is  produced  by  weight! 
acting  with  levers  against  the  bearings.  The  bearings  of  D  are,  at  each  of  their  end*, 
acted  npoa  by  cylindrical  rods,  which  elide  in  long  tabular  bosses  of  the  frame,  and 
press  with  their  nuts  g,  al  their  under  end  upon  the  smaller  arms  of  two  strong  leven 
G,  which  lie  on  each  aide  of  the  machine,  and  whose  fulcrum  is  at  h  (in  the  lower 
comer  nt  the  letl  band).  The  longer  aims,  of  these  levers,  G,  are  loaded  with  weights, 
H,  whereby  they  are  made  to  press  np  against  the  bearings  of  the  roller  D,  with  any 
desired  degree  of  force,  by  screwing  up  the  nut  g,  and  hanging  on  the  requisite 

The  manner  in  which  the  cylinder  E  is  pressed  np  against  B  is  by  a  similar  eon- 
stmction  to  that  just  described.  With  each  of  its  bearings  there  is  connected,  by 
the  link  k,  a  curved  lever,  I,  whose  fulcrum  or  centre  of  motion  is  at  o.  By  turning, 
therefore,  the  screw  m,  the  weight  L,  laid  npon  the  end  of  the  longer  arm  of  the  lever  K 
(of  which  there  is  one  on  each  side  of  themnchiDe),iaaybeiDadetoBct  or  not  at  pleas- 
ure upon  the  bearings  of  Ibe  cylinder  £.  The  operation  of  this  exquisite  nuclune 
ia  minately  described  in  the  Dictionary,  pp.  220,  221. 

A  patent  was  obtained  in  August,  1839,  by  Mr.  J.  C.  Miller  of  Manchester,  for  ceN 
tain  improvements  in  printing  calicoes,  consisting  of  a  modilied  mechanism,  by  which 
the  same  effect  can  be  prodoced  as  by  block  printing. 

Figi.  17,  18,  19,  are  several  views  of  this  macbine,  caleulaledto  print  two  pieces,  or 
two  different  patterns  (on  the  same  block)  of  calico,  side  by  side,  or  four  piecet,  the 
carriage  priatiag  botli  ways,  the  intended  derice  consisting  of  four  colon  to  be  printed 
from  blocks. 


\  ttoat  TJew,  and  fig.  19  a  tran^- 
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The  nde  or  main  (Vaming  is  shoipm  at  a,  Oy  sappordag  Ihe  eobr  boxes  h^h^ky  wdh 
their  doeUm ;  the  furnishing  tables  or  beds,  c,  c,  c  (substitates  fior  the  sierefc  ia  e^aamq 
Mock  printing)  J  the  printing  table,  d,  d\  and  the  feeding  drying  and  eoirag 
rt>UerB,/,/,g,  g,k,k. 

18 


The  machine  is  also  provided  with  a  carriage,  i,  iy  for  the  printing  Uocb,  j,;.j' 
This  carriage,  t,  i,  travels  in  and  out  at  suitable  ihtervals  upon  rails,  ky  fc,  attached  to 
the  main  framing. 

The  operation  of  the  machine  is  effected  by  passing  a  driving  strap,  2,  roiud  tke 
driving  pulley  m,  fixed  at  the  extremity  of  the  main  driving  shaft,  «,  a.  At  the  rthff 
end  of  this  shaft,  the  bevil  pinion,  o,  is  keyed,  gearing  at  suitable  intervals  with  the  M 
wheel  j7, which  is  mounted  upon  the  end  of  the  cross  shaA  q ;  at  about  the  middk  d 
this  shah,  the  mitre  wheels  r,  r,  driving  the  upright  shaft  t,  «,  and  mitre  wheels  i,  U 
above,  actuate,  by  means  of  the  spur  pmions  «,  «,  the  feeding  roflexs/,/,  and  thsi  dnv 
the  pieces  of  goods  into  the  madiine. 

Simultaneously  with  the  progress  of  the  doth,  the  mitre  wheels  r,  v,  at  the  flthcr 
end  of  the  cross  shad  9,  drive  the  furnishing  rollers  to,  w,  tc,  by  means  of  thesporgeir- 
ing  X,  x,  X,  The  furnishing  rollers,  revolving  in  their  respective  color-boxes,  spntdcr 
apply  the  colors  upon  the  travelling  endless  blankets,  y,  y,  y,  which  pass  roojid  the  top 
roller  and  the  furnishing  tables  or  beds,  c,  c,  c,  in  order  to  supply  the  colon  to  the 
suriaces  of  the  printing  bbcks,  j,  j,  j.  Either  beds  or  the  backs  of  the  printing  hlocb 
may  be  made  slightly  elastic,  to  insure  the  perfect  taking  up  of  the  colors. 

Supposing  the  carriage,  t,  i,  to  be  run  out  upon  its  railways,  at  the  farthest  pdatfron 
the  beds  c,  c,  it  is  dniwn  inward  toward  the  furnishing  beds  c,  c,  by  means  of  the 
spur-wheel  a?,  apon.the  driving-shaft  n,  taking  into  a  small  pinion,  1  (shown  hyfiotf 
in  fig,  17),  upon  the  shaft,  2.  On  the  end  of  this  shaft  is  also  keyed  the  ossgle 
pmion,  3,  gearing  in  the  mangle  wheel,  4,  which  is  keyed  upon  the  end  of  the  shaft,  5 
This  shaft  drives  the  spur-wheel,  6,  in  gear  with  the  pinion,  7,  made  fast  to  the  shall,  t 
(see^g.  19). 

Upon  either  end  of  the  shaft,  5,  is  a  rack  pinion,  9,  taking  into.thehorizoatsliin  *»> 
made  fhst  to  the  carriage-frame,  t,  t ;  and  thus  the  blocks,  j',j,  are  presented  to  the  fnr- 
nishing  blankets  y,  y,  y,  and  take  a  supply  of  color  ready  for  printing.  The  tntimn^ 
carriage  and  Uocks  now  retire,  by  the  agency  Of  the  mangle-wheel  and  pinios,  3  tad  4» 


Upon  tbe  lerene  endof  th«  Bliift,9,ii  «  piniaD,  ll,gettringvith  the  apor-vheel,  IS) 
mod  bf  meant  of  the  ipnr  gearing,  S  (tnd  I3,nad  Muater-shaft,  14,  the  pinion,  15,  drive* 
the  spnr-whee],  16,  which  corresponds  to  the  wheel,  12,  on  I  be  other  >ide  nf  the  machine. 
To  one  of  these  spor-wheElg  are  attached  by  bolls  Iwo  qoidrant  levers,  17,  IT  ;  and  u 
these  wheels  revolve  b;  means  of  the  [fearini;  j<ut  described,  the  levers,  ]T,  17,  draw 
down  the  chains,  18,  IS,  actnate  the  levers,  19  and  2U,  and  (hni  elevate  the  whole  serie* 
of  printing  blocks  in  the  parallel  grooves,  21,  21 ;  at  (he  same  time  pressin;  or  closil^ 
then  into  one  mua  or  bloeli  bj  expanding  the  sphngs  22,  22;  and  at  the  nest  of  tha 
carriage  catued  at  a  proper  interval  by  the  niiency  of  (he  mnngle-whecl,  the  Uock)  ace 
made  to  imprsM  the  patlerna  npon  the  surface  of  the  i^oods  at  once,  in  four  to'  niore 
differenl  coloa,  awl  in  one,  two,  or  more  widths  of  cloth  at  one  operation. 

The  cloth  i»  now  drawn  forward  for  the  space  of  the  exact  width  of  one  of  (he  blocks, 
or  sketch  of  the  desiffo,  by  means  of  the  spur-wheels  and  pinions,  23, 13,  and  passed 
amnnd  heated  cylinders,  g,  fr,  if  necessary,  and  between  the  delivering  rollers  out  of 
the  machine.  These  operations  are  to  be  repeated  by  the  continnous  rotation  of  the 
main  driving-ghaA,  until  the  printing  is  completed ;  the  colors  making  a  single  advance 
apon  the  patlem  at  every  presentation  of  the  blocks,  until  the  whole  number  of  blocks 
has  been  presented  to  the  same  space  or  portion  of  the  goods  successively. 

The  iteam  pipes,  24,  are  to  be  in  connexion  with  the  printing  table  and  dryiaf 
eylinden,  in  order  to  supply  a  de^n'ee  of  heat  daring  the  operation,  which  may  be  regu- 
lated at  pleasure. 

To  give  snitable  intervals  of  rest  and  motion  to  the  various  parts  of  (he  driving.fearj 
an  ordinary  clutched  box,  25  (shown  in^g.  19),  and  regulated  by  suitable  stopi  fixed 
to  the  travelling  carriage,  is  used  for  throwing  the  wheel,  p,  in  and  out  of  gear  with  the 
pinion,  o;  this  is  to  prevent  clots  of  color  from  being  dragged  npon  the  blocks  or  cloth. 
— JVeirfoii's  JaaTTtal,  xxi,  C.  8.  p.  242. 

CALOMEL.  A  patent  was  obtained  in  September,  1841,  by  Anthony  Todd  Thou- 
Ml^  M.  D.,  for  an  improved  method  of  mannfactoring  calomel  and  corrosive  sublimate, 
OB  follows: — 

This  invention  consists  in  combining  chlorine  !n  (he  state  of  gas  with  tha  vapor  of 
mercury  or  qniekailver,  in  order  to  produce  calomel  and  corrosive  sublimato. 


53  CALOTYPE. 

The  apparatus  employed  consists  of  a  glass,  earthenware^  or  other  suitable 
mounted  in  brick-work,  and  communicatiag  at  one  end  with  a  large  air-tight  ehamher, 
and  at  the  other  end,  by  means  of  a  bent  tube,  with  an  alembic,  such  as  is  geoerdly 
used  for  generating  chlorine  gas.  The  aiembie  is  charged  with  a  mixture  of  fommon 
salt,  binoxide  of  manganese  and  sulphuric  acid,  or  of  binoxide  of  manganese  and  muriatic 
acid,  in  order  to  produce  chlorine  gas. 

The  mode  of  operating  with  this  apparatus  is  as  follows  :  A  quantity  of  mereory 
or  quicksilver  is  placed  in  the  glass  vessel,  and  the  temperature  of  the  same  is  raised  to 
between  35(P  and  660^  Fahr.,  by  means  of  an  open  iire  beneath.  The  chlorine  gas,  as 
it  is  generated,  passes  from  the  alembic  through  the  bent  tube  into  the  glass  vessel,  and 
there  combining  with  the  vapor  of  the  mercury,  forms  either  corrosive  sublimaie  or 
calomel,  according  to  the  quantity  of  chlorine  gas  employed. 

The  product  is  found  at  the  bottom  of  the  air-tight  chamber,  and  may  be  removed 
from  the  same  through  a  door,  when  the  operation  is  finished. 

According  to  the  patent  of  Mr.  Josiah  Jewel,  the  vapor  of  calomel  was  to  be 
transmitted  into  a  vessel  containing  water,  in  order  to  condense  it  at  onee  into  an 
impalpable  powder.  But  this  process  was  beset  with  many  difficulties.  The  vapor 
of  the  calomel  was  afterward  introduced  into  a  large  receiver,  into  which  steam 
was  simultaneously  admitted ;  but  this  plan  has  also  been  found  to  be  precarious  in  the 
execution.  The  best  way  is  to  sublime  the  calomel  into  a  very  large  chamber  from  an 
iron  pot,  in  the  same  way  as  the  flowers  of  sulphur  are  formed.  The  great  body  of 
cool  air  serves  to  cause  the  precipitation  of  the  calomel  in  a  finely  eonuninuted  state. 
It  is  afterward  washed  with  water,  till  it  is  no  longer  colored  by  sulphuretted 
hydrogen. 

CALOTYPE  is  the  name  given  by  Mr.  Fox  Talbot  to  the  art  inyented  by  him,  of 
making  pictures  or  paper  or  other  such  surfaces  by  the  agency  of  light.  It  is  merely 
an  improved  kind  of  photography.  The  process  is  as  follows :  Dissolve  100  grains 
of  crystallized  nitrate  of  silver  in  6  ounces  of  distilled  water,  and  brush  over  the  paper 
(Whatman's  sized  post  answers  well)  with  a  soft  brush  on  one  side  only,  with  this 
solution,  and  mark  the  side.  When  nearly  dry,  dip  it  into  a  solution  of  iodide  of  potassiom 
(for  only  a  few  minutes),  containing  500  grains  of  that  salt  dissolved  in  a  pint  of  water. 
As  soon  as  the  paper  is  completed  imbued  with  this  solution,  it  should  be  immediatdy 
washed  in  distilled  water,  drained,  and  hung  up  to  dry.  This  paper  is  to  be  kept  for 
subsequent  use  in  a  portfolio,  and  carefully  secluded  from  light. 

Next  dissolve  100  grains  of  silver-nitrate  in  2  ounces  of  distilled  water,  and  add  to 
the  solution  one  sixth  of  its  volume  of  strone  acetic  acid.  Keep  this  solution  in  the 
dark.  Make  a  saturated  solution  of  gallic  acid  in  distilled  water.  Wben  it  is  re- 
quired to  make  a  calotype  picture,  the  two  liquids  last  described  are  to  be  mixed  k 
equal  quantities,  but  only  so  much  as  is  needed  for  the  operation.  With  this  gaUo- 
nitrate  of  silver,  a  sheet  of  the  silver  iodide  paper  is  to  be  washed  over  upon  its  maiked 
side  with  a  soft  brush,  an  operation  to  be  performed  by  candle-light.  After  half  a 
minute,  the  paper  being  dipped  in  water,  and  dried  lightly  by  pressure'  between  foidi 
of  blotting  paper,  becomes  so  exceedingly  sensitive  to  light,  as  to  take  a  pictorial  n- 
pression  in  the  camera  in  a  space  varying  from  one  second  to  five  minutes,  aceardiag 
to  the  brightness  of  illumination.  The  camera  should  be  mounted  with  a  meniscas 
lens,  in  an  adjustible  tube,  so  as  to  throw  the  image  of  the  ol^ect  to  be  calotjped  upoa 
a  vertical  plate  of  roughened  glass,  in  the  posterior  side  or  wall  of  the  wooden  box. 
Whenever  the  focus  is  correctly  adjusted,  the  glass  is  withdrawn,  and  replaced  by 
sliding  in  a  groove  a  frame  with  the  prepared  sheet  of  paper  fixed  flat  upon  it,  the  pre- 
pared side  toward  the  lens,  but  screened  from  light  by  a  card  or  thin  board.  The 
screen  being  now  removed,  the  light  acts  npon  the  paper,  and  produces  a  picture.  A 
camera  made  entirely  of  metal,  in  a  conical  form,  and  mounted  on  a  stand  like  a  teles- 
cope, which  has  been  invented  for  calotype  purposes,  by  Dr.  Petzval  and  M.  Voigtlander, 
of  Vienna,  is  recommended  in  preference  to  all  others,  by  Mr.  Talbot,  espeomlly  foi 
taking  portraits. 

The  paper,  after  exposure  for  the  due  time  in  the  camera,  is  to  be  again  corered 
from  the  light,  taken-  out,  and  subjected  to  another  process;  for- as  yet  it  has  no 
pictoral  appearance.  To  bring  out  this  effect,  it  must  be  washed  witb  the  gallo- 
nitrate  of  silver,  and  then  be  gently  warmed.  In  a  few  seconds  the  portions  of  (he 
paper  upon  which  the  light  has  acted  will  begin  to  darken,  and  eventually  grown  quite 
black,  while  the  rest  of  the  paper  retains  its  ordinal  hue.  Eren  though  the  pictorial 
impression  be  very  faint,  it  may  be  brought  out  by  a  second  application  of  the  same 
solution.  The  operator  should  watch  the  gradual  development  of  the  tints ;  and  when 
it  is  sufficient,  he  should  fix  them  by  dipping  the  paper  in  water,  drying  it  slightly 
with  blotting  paper,  then  washing  it  over  with  a  solution  of  bromide  of  potassiam, 
containing  100  grains  of  that  salt,  dissolved  in  8  or  10  ounces  of  water.  Strong  brine 
will  also  answer,  but  not  so  well.    Similar  calotype  pictures  may  be  made  by  using 
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the  bright  light  emitted  from  lime  ignited  by  the  oxy-hydrogen  flame;  as  is  practised  in 
making  the  Dagnerrotype  portraits  at  night. 

In  all  the  pbotographic  pictures  the  lights  and  shades  of  the  object  are  reversed ; 
but  they  may  be  made  conformable  to  nature  by  rendering  the  paper  transparent  with 
"White  wax  scraped  upon  its  back,  melting  this  in  by  rubbing  it  with  a  hot  smoothing* 
iron,  aAer  it  is  placed  between  two  sheets  of  common  paper,  then  laying  it  upon  paper 
imbued  with  bromide  of  potassium,  and  exposing  it  to  sunshine.  Portraits  are  best 
tak«n  by  means  of  a  lens,  whose  focal  length  is  three  or  four  times  only  greater  than 
the  diameter  of  the  aperture. 

CANDLES.  Messrs.  Hempel  and  Blundell  have  given  a  very  minute  account  of 
the  process  for  making  palm-oil,  stearic  and  margaric  acids,  in  the  specification  of  thefr 
patent  for  this  mode  of  manufacturing  candles  : — 

1.  Their  first  process  is  called  crystallization^  which  consists  in  pouring  the  melted 
palm-oil  into  iron  pans,  and  allowing  it  to  coo]  slowly,  whereby,  at  about  75^  F.,  the 
elaine  separates  from  the  crystalline  stearine  and  margarine. 

2.  The  concreted  oil  is  subjected  to  the  action  of  an  hydraulic  press,  in  order  to  sep- 
arate the  elaine  from  the  solid  fats. 

3.  This  process  is  called  oxidatum.  To  104  lbs.  of  the  stearine  and  margarine, 
melted  in  an  iron  pan,  about  12  lbs.  of  slaked  and  siAed  quiddime  are  added,  with 
diligent  stirring,  during  which  the  temperature  is  to  be  slowly  raised  to  240°  F.,  and 
so  maintained  for  about  three  hours,  till  a  perfect  chemical  combination  takes  place. 
This  is  shown  by  the  mass  becoming  thin,  transparent,  and  assuming  a  glassy  appear- 
ance when  it  cools.  The  fire  being  now  withdrawn,  cold  water  is  added  very  gradually 
at  first,  with  brisk  stirring  till  the  whole  mass  falls  into  a  state  of  powdery  granulation, 
when  it  is  passed  through  a  wire  sieve  to  break  down  any  lumps  that  may  remain. 

4.  Separation  of  the  stearic  and  margaric  acids  from  the  lime.  For  this  purpose,  as 
much  muriate  of  lime  (chlorcalcium)  is  taken  as  will,  with  its  equivalent  quantity  of 
sulphuric  acid  (8  lbs.  of  dry  chlorcalcium  require  7  lbs.  of  the  strongest  sulphuric 
acid),  produce  as  much  muriatic  acid  as  will  dissolve  the  lime  combined  with  the  fat 
acids ;  and  therefore  that  quantity  of  muriate  of  lime  dissolved  in  water  must  be 
treated  with  as  much  sulphuric  acid  as  will  saturate  its  lime  and  throw  it  down  in  the 
state  of  sulphate  of  lime.  Add  the  supernatant  solution  of  muriatic  acid  in  such  pro- 
portion to  the  stearate  and  margarate  of  lime  as  will  rather  more  than  saturate  the 
lime.  Three  pounds  of  muriatic  acid  diluted  wiih  9  lbs.  of  water  are  stated  as  enough 
for  1  lb.  of  lime.  This  mixture  is  to  be  let  alone  for  3  or  4  days»  in  order  to  insure  the 
complete  separation  of  the  lime  from  the  fat  acids ;  and  then  the  mixture  is  heated  so 
as  to  melt  and  cause  them  to  separate  in  a  stratum  on  the  top  of  the  liquid.  The  re- 
sulting muriate  of  lime  is  drawn  off  into  another  tub,  and  decomposed  by  its  dose  of 
sulphuric  acid,  so  as  to  liberate  its  muriatic  acid  for  a  fresh  operation. 

6.  The  fat  acids,  being  well  washed  by  agitation  with  hot  water,  are  then  set  to  cool 
and  crystallize,  in  which  state  they  are  subjected  to  the  action  of  the  hydraulic  press, 
at  a  temperature  of  75^  F.,  whereat  the  margaric  acid  runs  ofi*  from  the  solid  stearic 
acid. 

6.  Bleaching,  The  stearic  acid  is  taken  from  the  press,  and  exposed  upon  water  in 
large  shallow  vessels  placed  in  the  open  air,  where  it  is  kept  at  the  melting  tempera- 
ture from  8  to  12  hours,  stirring  meanwhile,  in  order  to  promote  the  blanching  action 
of  the  atmosphere.  The  margaric  acid  is  bleached  in  a  similar  manner  in  separate 
vessels. 

7.  Reftning  process.  The  fat  is  warmed  again,  and  poured  in  a  liquid  state  into  an 
agitating  tub ;  where,  for  every  1,000  lbs.  of  the  stearic  acid,  about  2i  lbs.  of  common 
black  oxide  of  manganese,  and  40  lbs.  of  concentrated  salphuric  acid,  diluted  with 
200  lbs.  of  pure  water,  are  to  be  used.  This  solution  (<'  mixture")*  while  warm  from 
the  heat  evolved  in  diluting  the  acid,  is  placed  in  a  suitable  vessel  above  the  agitating 
tub.  The  stearic  acid  being  at  the  melting  point,  in  the  vessel  below,  agitation  is  to 
be  given  with  a  revolving  shaft,  while  the  mixed  manganese  and  acid  are  run  slowly 
down  into  it,  till  the  whole  be  well  mixed,  which  generally  requires  about  two  hours. 
The  mass  is  allowed  to  lie  in  this  state  for  48  hours  ;  aAer  which  it  may  be  boiled  by 
nean  for  2  or  3  hours,  when  it  will  be  sufficiently  refined.  The  sulphuric  acid,  which 
is  at  the  bottom,  is  now  run  off,  and  the  stearic  acid  which  remains  is  well  washed  with 
pure  water.  It  is  then  put  into  large  conical  vessels  ot  stoneware,  enclosed  in  a  box 
or  jacket,  kept  warm  by  steam-heat,  and  lined  with  conical  bags  of  suitable  strong 
filteriufl:  paper,  through  which,  being  warm,  it  finds  its  way ;  and  when  the  stearic  acid 
has  betrn  thus  filtered,  it  is  run  into  blocks,  when  it  will  be  found  to  be  a  beautiful 
stearic  acid  or  palm-wax,  and  is  ready  to  be  made  into  candles  in  the  usual  way. 

On  the  above  process  with  manganese  and  diluted  sulphuric  acid,  it  may  be  observed, 
that  no  solution  or  chemieal  action  takes  place  between  them,  and  their  joint  use  seems 
therefore  most  problematical.    The  patentees  proceed  to  describe  other  processes  of 
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refining,  in  whidi  sulphate  of  mangaaese,  with  comittoa  abUj  ikhoephoQC  add  (higUf 
concentrated),  and  oxalic  acid,  are  used,  and  in  my  opinion  either  ignormntly  or  far  the 
purpose  of  mystification ;  for,  as  prescribed,  they  can  serve  no  possible  purpose  of  puri- 
fying the  stearine. 

The  chief  solid  constituent  of  palm-oil  is  margaric  add.  This  they  direct  to  be 
melted  with  tallow,  in  the  proportion  of  from  10  to  20  lbs.  of  the  fonner  to  100  lbs.  of 
the  latter.    See  KtwUm's  J<mrnal,  C.  8.,  xi.  207. 

I  was  told  by  M.  Range,  at  Berlin,  that  he  was  the  inyenter  of  the  pirooeas  fat 
making  white  margaric  acid  from  palm-oil,  and  that  Hempel  had  got  it  somehow  Iron 
him^  but  most  imperfectly,  as  it  would  appear.  Hempel  died  here  in  the  midst  of  the 
above  patent  operations ;  but  the  specification  is,  no  doubt,  a  specimen  of  his  manuiae- 
tare  of  Runge's  margaric  acid.    He  gave  me  a  splendid  pearly-looking  sample. 

CAOUTCHOUC.  Hitherto  the  greater  part  of  the  caoutchouc  has  been  imported 
into  Europe  from  South  America,  and  the  best  from  Para ;  but  of  late  years  a  eoB- 
siderable  quantity  has  been  brought  from  Java,  Penang,  Sincapor^  and  Asoam.  Aboat 
three  years  ago,  Mr.  Williatn  Griffith  published  an  interestml;  report  apon  the 
Ficua  eleutica,  the  caoutchouc -tree  of  Assam,  which  he  drew  up  at  the  request  of  Cap- 
tain Jenkins,  agent  in  that  country  to  the  governoi^eneral  of  India.  This  remarkable 
species  of  fig-tree  is  either  solitary,  or  in  twofold  or  threefold  groups.  It  is  larger  and 
more  umbrageous  than  any  of  the  other  trees  in  the  extensive  forest  where  it  abounds, 
and  may  be  distinguished  from  the  other  trees,  at  a  distance  of  several  miles,  by  the 
picturesque  appearance  produced  by  its  dense,  huge,  and  lofty  erown.  The  main  trunk 
of  one  was  carefully  measured,  and  was  found  to  have  a  circumference  of  no  less  than 
74  feet ;  while  the  girth  of  the  main  trunk,  along  with  the  supports  immediately  roand 
it,  was  120  feet.  The  area  covered  by  the  expanded  branches  had  a  cireumferenee  of 
610  feet.    The  height  of  the  central  tree  was  100  feet. 

It  has  been  estimated,  after  an  accurate  survey,  that  there  are  43,240  such  BoUe 
trees  within  a  length  of  30  miles,  and  breadth  of  8  miles  of  forest  near  Feroxepoor,  ia 
the  district  of  Chardwar,  in  Assam. 

Lieutenant  Yeiteh  has  since  discovered  that  the  Ficnt  tltutica  is  equally  abnadaat  ia 
the  district  of  Naudwar.  Its  geographical  range  in  Assam  seems  to  be  between  25 
deg.  10  min.  and  27  deg.  20  min.  of  north  latitude,  and  between  90  deg.  40  mia.  aid 
95  deg.  30  min.  of  east  longitude.  It  occurs  on  the  slopes  of  the  hills,  up  to  aa  eleva- 
tion of  probably  22,500  feet.  This  tree  is  of  the  banyan  tribe,  famed  for  '*  its  pillarad 
shade,  where  daughters  grow  about  the  mother-tree,"  which  has  furnished  the  motta 
iot  rami  quot  arbaresy  to  the  Royal  Asiatic  Society.  Species  of  this  genus  afford  giate- 
ful  shade,  however,  in  the  tropical  regions  of  America,  as  well  as  Asia. 

Many  species  of  other  trees  yield  a  milky  tenacious  juice,  of  which  birdlime  has  been 
frequently  made ;  as  Artocarpat  iiUegrifcdia,  and  Lakoodui,  Ficu$  tudtco,  and  nUgiom, 
also  f*.  Tsiela,  RoaAurghii,  glomerat€L,  and  oppositifolia.  From  some  of  these  aa  ia- 
ferior  kind  of  caoutchouc  has  been  obtained. 

The  juice  of  the  Ficus  elastica  of  Chardwar  is  better  when  drawn  from  tlie  old  than 
from  the  young  trees,  and  richer  in  the  cold  season  than  in  the  hot.  It  is  extracted  by 
making  incisions  a  foot  apart,  across  the  bark  down  to  the  wood,  all  round  the  traak, 
and  also  the  large  branches,  up  to  the  very  top  of  the  tree ;  the  quantity  whieh  exudes 
increasing  with  the  height  of  the  incision.  The  bleeding  may  be  safely  repeated  once 
every  fortnight.  The  fluid,  as  Hresh  drawn,  is  nearly  of  the  consistence  of  cream,  asd 
pure  white.  Somewhat  more  than  half  a  Tnaund  (42  lbs.)  is  reckoned  to  be  the  arenire 
produce  of  each  bleeding  of  one  tree ;  or  20,000  trees  will  yield  about  12,000  maunids 
of  juice ;  which  is  composed  in  10  parts,  of  from  4  to  6  parts  of  water,  and,  of  ooane, 
from  6  to  4  parts  of  caoutchouc.  The  ble«jding  should  be  confined  to  the  cold  months, 
so  as  not  to  interfere  with,  or  obstruct  the  vigorous  vegetation  of  the  tree  in  the  hoi 
months. 

Mr.  Griffith  says  that  the  richest  juice  is  obtained  from  transverse  incisions  made 
Into  the  wood  of  the  larger  reflex  roots,  which  are  half  exposed  above  ground,  and  that 
it  proceeds  from  the  bark  alone.  Beneath  the  line  of  incision,  the  natives  of  Assam 
scoop  out  a  hole  in  the  earth,  in  which  they  place  a  leaf  of  the  Phryniutn  eapiUUutm, 
Lin.,  rudely  folded  up  into  the  shape  of  a  cup.  He  observes  that  the  Tarious  species 
of  Tetrantheray  npon  which  the  Moonga  silkworm  feeds,  as  also  the  castor  oil  i^nt, 
which  is  the  chief  food  of  the  Eria  silkworm,  do  not  afiord  a  milky  caoutchouc  jaiee. 
Hence  it  would  appear  that  Dr.  Royle's  notion  of  caoutchouc  forming  a  necessary 
ingredient  in  the  food  of  silkworms,  and  being  '<  in  some  way  employed  in  giviaf 
tenacity  to  their  silk,"  seems  to  be  unfounded.  If  botany  discountenances  this  idea 
chemistry  would  seem  to  scout  it  altogether;  for  silk  contains  11*33  per  cent,  of  azote, 
and  caoutchouc  contains  none  at  all ;  being  simply  a  solid  hydro-carburet,  and,  there- 
fore, widely  dissimilar  in  constitutiDn  to  silk,  wiiich  consists  of  oxygen  34*o4  aiolt 
11*334  carbon  60*09,  and  hydrogen  3*94j  in  100  parts. 
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This  hydio-earbiuret  emulsion  is  of  common  occarrence  in  the  ordebs  Eupkorhiaeia 
and  Tulicea,  vrhkh  may  be  looked  on  as  the  main  sources  of  caoutchouc.  The  Ameri* 
can  caoutchouc  is  said  to  be  furnished  by  the  Siphimia  elastica,  or  the  Hevea  guianemiu 
of  Aublet,  a  tree  which  grows  in  Brazil,  and  also  in  Surinam. 

Dr.  Hoyle  sent  models  of  cylinders,  of  1|  to  2^  inches  in  diameter,  and  4  or  5  inches 
in  length,  to  both  the  Asiatic  and  Agricultural  Societies  of  Bengal,  to  serve  as  patterns 
for  the  natives  to  mould  their  caoutchouc  by.  Mr.  Griffith  says  that  this  plan  of 
forming  the  caoutchouc  into  tumblers  or  bottles,  as  recommended  by  the  committee  of 
the  London  Joint-stock  Caoutchouc  company,  is,  in  his  opinion,  the  worst  than  can 
possibly  be  offered ;  being  tedious,  laborious,  causing  the  caoutchouc  to  be  blackened 
in  the  drying,  nnd  not  obviating  the  viscidity  of  the  juice  when  it  is  exposed  to  the 
sun.  He  recommends,  as  a  far  better  mode  of  treating  the  juice,  to  work  it  up  with 
the  hands,  to  blanch  it  in  water,  and  then  subject  it  to  pressure.  I  shall  presently 
describe  a  still  better  method  which  has  recently  occurred  to  me,  in  experimenting 
Qpon  the  caoutchouc  juice.  This  fluid,  with  certain  precautions,  chiefly  exclusion 
from  air  and  much  warmth,  may  be  kept  in  the  state  of  a  creamy  emulsion  for  a  very 
long  time. 

NEW   EXPERIMENTAL   RESEAIICUES  ON   CAOUTCHOUC. 

The  specific  gravity  of  the  best  compact  Para  caoutchouc, 

taken  in  dilute  alcohol,  is  *  -  -  -  0*941567 

The  specific  gravity  of  the  best  Assam  is      -  -  -  0*942972 

«  «        Sincapore  -  -  -  0-936650 

«<  «        Penang  -         -  .         -  0-919178 

Having  been  favored  by  Mr.  Sievier,  formerly  managing  director  of  the  Joint-etock 
Caoutchouc  company,  and  by  Mr.  Beale,  engineer,  with  two  different  samples  of  caout- 
chouc juice,  I  have  subjected  each  to  chemical  examination. 

That  of  Mr.  Sievier  is  grayish  brown,  that  of  Mr.  Beale  is  of  a  milky  gray  color ; 
the  deviation  from  whiteness  in  each  cose  being  due  to  the  presence  of  aloetic  matter, 
which  accompanies  the  caoutchouc  in  the  secretion  by  the  tree.  The  former  juice  is  of 
Che  consistence  of  thin  cream,  has  a  specific  gravity  of  1*04125,  and  yields,  by  exposure 
upon  a  porcelain  capsule,  in  a  thin  layer,  for  a  few  days,  or  by  boiling,  for  a  few  minutes^ 
with  a  little  water,  20  per  cent,  of  solid  caoutchouc.  The  latter,  though  it  has  the  con- 
sistence of  pretty  rich  cream,  has  a  specific  gravity  of  only  1*0175.  It  yields  no  less 
Chan  37  per  cent,  of  white,  solid,  and  very  elastic  caoutchouc. 

It  is  interesting  to  observe  how  readily  and  compactly  the  separate  little  cloths  or 
threads  of  caoutchouc  coalesce  into  one  spongy  mass  in  the  progress  of  the  ebullition^ 
particularly  if  the  emulsive  mixture  be  stirred ;  but  the  addition  of  water  is  necessary 
to  prevent  the  coagulated  caoutchouc  from  sticking  to  the  sides  or  bottom  of  the  vessel 
and  becoming  burnt.  In  order  to  convert  the  spongy  mass  thus  formed  into  good 
caoutchouc,  nothing  more  is  requisite  than  to  expose -it  to  moderate  pressure  betweed 
the  folds  of  a  towel.  By  this  process  the  whole  of  the  aloetic  extract,  and  other  vege- 
table matters,  which  concrete  into  the  substance  of  the  balls  and  junks  of  caoutchouc 
prepared  in  Assam  and  Java,  and  contaminate  it,  are  entirely  seporated,  and  an  artide 
nearly  white  and  inodorous  is  obtained.  Some  of  the  cakes  of  American  caoutchouc 
exhale  when  cut  the  factor  of  rotten  cheese ;  a  smell  which  adheres  to  the  threads  made 
of  it,  after  every  process  of  purification. 

In  the  interior  of  many  of  the  balls  which  come  from  both  the  Brazils  and  East  In- 
dies, spots  are  frequently  found  of  a  viscid  tarry-looking  matter,  which,  when  exposed 
to  the  air,  act  in  some  manner  as  a  ferment,  and  decompose  the  whole  mass  into  a  soft 
substance,  which  is  good  for  nothing.  Were  the  plan  of  boiling  the  fresh  juice  along 
with  its  own  bulk  of  water,  or  a  little  more,  adopted,  a  much  purer  article  would  be 
obtained,  and  with  incomparably  less  trouble  and  delay,  than  has  been  hitherto  brought 
into  the  market. 

I  find  that  neither  of  the  above  two  samples  of  caoutchouc  juice  affords  any  appear- 
ance of  coagulnm  when  mixed  in  any  proportions  with  alcohol  of  0*825  specific  gravity  $ 
and,  therefore,  I  infer  that  albumen  is  not  a  necessary  constituent  of  the  juice,  as  Mr. 
Faraday  inferred  from  his  experiments  published  in  the  21st  vol.  of  the  Journal  of  the 
Royal  Institution. 

The  odor  of  Mr.  Sievier's  sample  is  slightly  acescent,  that  of  Mr.  Beale's,  which  is 
by  far  the  richer  and  purer,  has  no  disagreeable  smell  whatever.  The  taste  of  the 
latter  is  at  first  bland  and  very  slight,  but  eventually  very  bitter,  from  the  aloetic  im- 
pression upon  the  tongue.  The  taste  of  the  former  is  bitter,  from  the  first,  in  conse- 
quence of  the  great  excess  of  aloes  which  it  contains.  When  the  brown  solution  which 
remains  in  the  capsule,  after  the  caoutchouc  has  been  separated  in  a  spongy  state  by 
ebullition,  from  100  grains  of  the  riches  juice  is  passed  through  a  filter  and  evaporated^ 
it  leaves  4  grams  of  concrete  aloes. 
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Both  of  thefle^tiUmJcaTe  joices  mix  readily  with  water,  alcohol,  and  pyroxilic  spirit, 
though  they  do  not  iMtcome  at  all  clearer ;  they  will  not  mix  with  caoutcktmcme  (the 
distiUed  8]iirtt  of  eaoucchouc),  or  with  petroleum-naphtha,  bat  remain  at  the  bottom  of 
these  liquids  as  distinct  as  mercury  ddes  from  water.  Soda  caustic  ley  does  not  diasolre 
the  juice ;  nitric  acid  (doable  aquafortis)  converts  it  into  a  red  curdy  mmgma.  The 
filtered  aloetic  liquid  is  not  affected  by  the  nitrates  of  baryta  and  silver;  it  affords  with 
oxalate  of  ammonia  minute  traces  of  lime. 

I.   CAOUTCHOUC  MANUFACTURK. 

This  department  of  operative  industry  has,  within  a  f<^w  years,  acquired  an  importanee 
equal  to  that  of  some  of  the  older  arts,  and  promises,  ere  long,  to  rival  even  the  ancient 
textile  fabrics  in  the  variety  of  its  designs  and  applications.  The  manufacture  of 
caoutchouc  has,  at  present,  three  principal  branches  : — 1.  The  condensation  of  the  crude 
lumps  or  shreds  of  caoutchouc,  as  imported  from  South  America,  India,  &c.,  into  com- 
pact homogeneous  blocks,  and  the  cutting  of  these  blocks  into  cakes  or  sheets  for  the 
stationer,  surgeon,  shoemaker,  &c.  2.  The  filature  of  either  the  Indian  rubber  bottles, 
or  the  artificial  sheet  caoutchouc,  into  tapes  and  threads  of  any  requisite  length  and 
fineness,  which,  being  clothed  with  silk,  cotton,  linen,  or  woollen  yams,  form  the  basis 
of  elastic  tissues  of  every  kind.  3.  The  conversion  of  the  refuse  cuttings  and  coaner 
qualities  of  caoutchouc  into  a  viscid  varnish,  which,  being  applied  between  twosuiftees 
of  cloth,  constitutes  the  well-known  double  fabrics,  impervious  to  water  and  air. 

I.  The  caoutchouc,  as  imported  in  skinny  shreds,  fibrous  balls,  twisted  concretioai, 
cheese-like  cakes,  and  irregular  masses,  is,  more  or  less,  impure,  and  sometimes  fraudn- 
lently  interstratified  with  earthy  matter.  It  is  cleansed  by  being  cut  into  small  pieces, 
and  washed  in  warm  water.  It  is  now  dried  on  iron  trays,  heated  with  steam,  whUe  being 
carefully  stirred  about  to  separate  any  remaining  dirt,  and  is  then  passed  through,  be- 
tween a  pair  of  iron  rolls,  under  a  stream  of  water,  whereby  it  gets  a  secoad  washing, 
and  becomes  at  the  same  time  equalized  by  the  separate  pieces  being  blended  together. 
The  shreds  and  cuttings  thus  laminated,  if  still  foul  or  heterogeneous,  are  thrown  back 
into  a  kind  of  hopper  over  the  rolls,  set  one  sixteenth  of  an  inch  apart,  and  passed  several 
times  through  between  them.  The  above  method  of  preparation  is  that  practised  by 
Messrs.  Eeene  and  Co.,  of  Lambeth,  in  their  excellent  manufactory,  under  a  patent 
granted  in  October,  1836,  to  Mr.  Christopher  Nickels,  a  partner  in  the  firm. 

In  the  great  establishment  of  the  Joint  Stock  Caoutchouc  company,  at  Tottenham, 
originally  under  the  direction  of  Mr.  Sievier,  a  gentleman  distinguished  no  less  by  hb 
genius  and  taste  as  a  sculptor,  than  by  his  constructive  talents,  the  preparatory  rinsing 
and  lamination  are  superseded  by  a  process  of  washing  practised  in  Mr.  Nickels's  second 
operation,  commonly  called  the  grinding,  or,  as  it  should  more  properly  be  styled,  the 
kneading.  The  mill  employed  for  agglutinating  or  incorporating  the  separate  fragments 
and  shreds  of  caoutchouc  into  a  homogeneous  elastic  ball,  is  a  cylindrical  box  or  drum 
of  cast  iron,  8  or  9  inches  in  diameter,  set  on  its  side,  and  traversed  in  the  line  of  its 
horizontal  axis  (also  8  or  9  inches  long)  by  a  shall  of  wrought  iron,  furnished  with  3 
rows  of  projecting  bars,  or  kneading  arms,  placed  at  ansrles  of  120  deg.  to  each  other. 
These  act  by  rotation  against  2  chisel-shaped  teeth,  which  stand  obliquely  up  from  the 
front  part  of  the  bottom  of  the  drum.  The  drum  itself  consists  of  2  semi- cylinders; 
the  under  of  which  is  made  fast  to  a  strong  iron  framing,  and  the  upper  is  hinged  to  the 
under  one  behind,  but  bolted  to  it  before,  so  as  to  form  a  cover  or  lid,  which  may  be 
opened  or  laid  back  at  pleasure,  in  order  to  examine  the  caoutchouc  from  time  to  time, 
and  take  it  out  when  fully  kneaded.  In  the  centre  of  the  lid  a  funnel  is  made  fast,  by 
which  the  cuttings  and  shreds  of  the  Indian  rubber  are  introduced,  and  a  stream  of 
water  is  made  to  trickle  in,  for  washing  away  the  foul  matter  oAen  imbedded  in  iL 
The  power  required  to  turn  the  axis  of  one  of  these  mills,  as  the  drums  or  boxes  are 
called,  may  be  judged  of  from  the  fact,  that  if  it  be  only  2  inches  in  diameter,  it  is  readily 
twisted  asunder,  and  requires  to  be  3  inches  to  withstand  every  strain  product  by  the 
fixed  teeth  holding  the  caoutchouc  against  the  revolving  arms.  Five  pounds  consCitnte 
a  charge  of  the  material. 

One  of  the  most  remarkable  phenomena  of  the  kneading  operation,  is  the  prodigioas 
heat  disengaged  in  the  alternate  condensation  and  expansion  of  the  caoutchouc.  Though 
the  water  be  cold  as  it  trickles  in,  it  soon  becomes  boiling  hot,  and  emits  copious  va- 
pors. When  no  water  is  admitted,  the  temperature  rises  much  higher,  so  that  the 
elastic  lump,  though  a  bad  conductor  of  heat,  can  not  be  safely  touched  with  the  hand. 
As  we  shall  presently  find  that  caoutchouc  suffers  no  considerable  or  permanent  diminn- 
tion  of  its  volume  by  the  greatest  pressure  which  can  be  applied,  we  must  ascribe  the 
heat  evolved  in  the  kneading  process  to  the  violent  intestine  movements  excited  thitrag^ 
out  all  the  particles  of  the  elastic  mass. 

During  tlie  steaming,  much  muddy  water  runs  off  through  apertures  in  the  boitom 
of  the  drum.    In  the  course  of  half  an  hour's  trituration,  the  varions  pieces 
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agglntinftted  into  a  soft,  elastic,  oToid  ball,  of  a  reddish  brown  color.  This  ball  is  now 
truisferred  into  another  similar  iron  drum,  where  it  is  exposed  to  the  pricking  and 
kneading  action  of  3  sets  of  chisel-points,  6  in  each  set,  that  project  fiom  the  revolving 
shaft  at  angles  of  120  degrees  to  each  other,  and  which  encounter  the  resistance  occa- 
sioned by  five  stationary  chisel-teeth,  standing  obliquely  upward  from  the  bottom  of 
the  dram.  Here  the  caoutchouc  is  kneaded  dry  along  with  a  little  quicklime.  It  soon 
gets  very  hot ;  discharges  in  steam  through  the  punctures,  the  air  and  water  which  it 
had  imbibed  in  the  preceding  washing  operation ;  becomes,  in  consequence,  more  com- 
pact {  and,  in  about  an  hour,  assumes  the  dark  brown  color  of  stationers'  rubber.  Du- 
ring all  this  time  frequent  explosions  take  place,  from  the  expansion  and  sudden  extrir 
cation  of  the  imprisoned  air  and  steam. 

From  the  second  set  of  drums  the  ball  is  transferred  into  a  third  set,  whose  revolving 
shaft,  being  furnished  both  with  flat  pressing  bars,  and  parallel  sharp  chisels,  perpen- 
dicular to  it,  exercises  the  twofold  operation  of  pricking  and  kneading  the  mass,  so  as 
to  condense  the  caoutchouc  into  a  homogeneous  solid.  Seven  of  these  finished  balls, 
weighing,  as  above  stated,  5  pounds  each,  are  then  introduced  into  a  much  larger  iron 
drum  of  similar  construction,  but  of  much  greater  strength,  whose  shaft  is  studded  all 
round  with  a  formidable  array  of  blunt  chisels.  Here  the  separate  balls  become  per- 
fectly incorporated  into  one  mass,  free  from  honeycomb  cells  or  pores,  and  therefore  fit 
for  being  squeezed  into  a  rectangular  or  cylindriciEil  form  in  a  suitable  cast-iron  mould, 
by  the  action  of  a  screw-press.  When  condensed  to  the  utmost  in  this  box,  the  lid  is 
secured  in  its  place  by  screw  bolts,  and  the  mould  is  set  aside  for  several  days.  It  is  a 
curious  fact,  that  Mr.  Sievier  has  tried  to  give  this  moulding  force,  by  the  hydraulic 
press,  without  effect,  as  the  cake  of  caoutchouc,  after  being  so  condensed,  resiles  much 
more  considerably  than  after  the  compressing  action  of  the  screw.  The  cake  fonn 
generally  preferred  for  the  recomposed,  ground,  or  milled  caoutchouc,  b  a  rectangular 
mass,  about  18  inches  long,  9  inches  broad,  and  5  inches  thick. 

This  is  sliced  into  cakes  for  the  stationer,  and  into  sheets  for  making  tapes  and  threads 
of  caoutchouc,  by  an  ingenious  self-acting  machine,  in  which  a  straight  steel  blade,  with 
its  edge  slanting  downward,  is  made  to  vibrate  most  rapidly  to  and  fro  in  a  horizontal 
plane ;  while  the  cake  of  caoutchouc,  clamped  or  embraced  at  each  side  between  two 
strong  iron  bars,  is  slowly  advanced  against  the  blade  by  screw-work,  like  that  of  the 
slide  rest  of  a  lathe.  In  cutting  caoutchouc  by  knives  of  every  form,  it  is  essential  that 
either  the  blade  or  the  incision  be  constantly  moistened  with  water ;  for  otherwise  the 
tool  would  immediately  stick  fast.  As  the  above  straight  vibrating  knife  slants  ob- 
liquely downward,  the  sheet  which  it  cuts  off  spontaneously  turns  up  over  the  blade  in 
proportion  as  it  is  detached  from  the  bottom  mass  of  the  cake.  The  thicker  slices  are 
afterward  cut  by  hand,  with  a  wetted  knife,  into  small  parallelepipeds  for  the  stationer, 
the  sections  being  guided  rectangularly  by  saw  lines  in  a  wooden  frame.  The  whole- 
sale price  of  these  is  now  reduced  to  2^.  per  pound.  .  Slices  may  be  cut  off  to  almost 
any  desired  degree  of  thinness,  by  means  of  an  adjusting  screw — a  mechanism  that  acts 
against  a  board  which  supports  the  bottom  of  the  cake,  and  raises  it  by  any  aliquot  part 
or  an  inch,  the  cutting-blade  being  caused  to  vibrate  always  in  the  same  horizontal 
plane.  These  thin  slices  constitute  what  is  called  sheet-caoutchouc,  and  they  serve 
tolerably  for  making  tubes  for  pneumatic  apparatus,  and  sheaths  of  every  kind ;  since, 
if  their  two  edges  be  cut  obliquely  with  clean  scissors,  they  may  be  made  to  coalesce, 
by  gentle  pressure,  so  intimately,  that  the  line  of  junction  can  not  be  discovered  either 
by  the  eye,  or  by  inflation  of  a  bag  or  tube  thus  formed. 

The  mode  of  recomposing  the  cuttings,  shreds,  and  coarse  lumps  of  caoutchouc,  into 
a  homogeneous  elastic  cake,  specified  by  Mr.  Nickels,  for  his  patent,  sealed  October  24, 
1836,  is  not  essentially  different  from  that  above  described.  The  cylinders  of  his  mill 
are  more  capacious,  are  open  at  the  sides  like  a  cage,  and  do  not  require  the  washing- 
apparatus,  as  the  caoutchouc  has  been  cleansed  by  previous  lamination  and  rinsing. 
He  completes  the  kneading  operation,  in  this  open  cylinder,  within  the  space  of  about 
two  hours,  and  afterward  squeezes  the  large  ball  so  formed  into  the  cheese  form,  in  a 
mould  subjected  to  the  action  of  an  hydraulic  press.  As  he  succeeds  perfectly  in  ma- 
king compact  cakes  in  this  way,  his  caoutchouc  must  differ  somewhat  in  its  physical 
constitution  from  that  recomposed  by  Mr.  Sievier's  process.  He  uses  a  press  of  the 
power  of  70  tons ;  such  pressure,  however,  must  not  be  applied  suddenly,  bui  progres- 
sively, at  intervals  of  two  or  three  minutes  between  each  stroke ;  and  when  the  pressing 
is  complete,  he  suffers  the  caoutchouc  to  remain  under  pressure  till  it  is  cold,  when  he 
thrusts  it  out  of  the  mould  entirely,  or,  placing  his  mould  in  the  slide-rest  mechanism, 
he  gradually  raises  the  caoutchouc  out  of  it,  while  the  vibrating  knife  cuts  it  into  slices 
in  the  manner  already  described.  The  elegant  machine  by  which  these  sheets  are  now  so 
easily  and  accurately  sliced,  was,  I  believe,  originally  contrived  and  constructed  by  Mi, 
Beale,  engineer.  Church-lane,  Whitechapel. 
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XI. — FlLATUtLE,  OF  CAOUTCHOXTC  FOE  MAKING  EIASTIC  FAl 

Messrs.  Rattier  andGoibal  mounted  in  their  factory  at  St.  Denjs,  so  long  ago  aa  tke 
year  1826  or  1827,  a  machine  for  catting  a  disc  of  caoutchouc  into  a  continaom  fiUel 
spirally,  from  its  circumference  toward  its  centre.  This  flat  disc  was  made  by  presiiBg 
the  bottom  part  of  a  bottle  of  Indian  rubber  in  an  iron  mould.  I  have  described  tkia 
machine  under  the  article  Elastic  Bands,  in  the  Dictionary.  A  machine  on  the 
principle  was  made  the  subject  of  a  patent  by  Mr.  Joshua  Proctor  Westhead,  of 
Chester,  in  February  16,  1836;  and,  being  constructed  with  the  well-known 
of  Manchester  workmanship,  it  has  been  found  to  act  perfectly  well  in  cutting  a  disc 
of  caoutchouc,  from  the  circumference  toward  the  centre  spirally,  into  one  contianons 
length  of  tape.  For  the  serrice  of  this  machine,  the  bottom  ot*  a  bottle  of  Indian  mbbcr 
of  good  quality  being  selected,  is  cut  off  and  flattened  by  heat  and  pressure  into  a  neailf 
round  cake  of  uniform  thickness.  This  cake  is  made  fast  at  its  centre  by  a  screw  nvt 
and  washer  to  the  end  of  a  horizontal  shaA,  which  may  be  made  to  rerolTe  with  any 
desired  velocity  by  means  of  appropriate  pulleys  and  bands,  at  the  same  time  that  the 
tdge  of  the  disc  of  caoutchouc  is  acted  on  by  a  circular  knife  of  cast-steel,  made  to  r^ 
Yolve  3,000  times  per  minute,  in  a  plane  at  right  angles  to  that  of  the  diac,  and  to  ad- 
vance upon  its  axis  progressively,  so  as  to  pare  off  a  continuous  uniform  tape  or  fillet 
from  the  circumference  of  the  cake.  During  this  cutting  operation,  the  knife  and  caoal- 
chouc  are  kept  constantly  moist  with  a  slender  stream  of  water.  A  succession  of  threads 
of  any  desired  fineness  is  afterward  cut  out  of  this  fillet,  by  drawing  it  in  a  moist  state 
through  a  guide  slit,  against  the  sharp  edge  of  a  revolving  steel  due.  This  opeimiioB 
is  dexterously  performed  by  the  hands  of  young  girls.  MM.  Rattier  and  Guibal  cb- 
ployed,  at  the  above-mentioned  period,  a  mechanism  consbting  of  a  series  of  circular 
steel  knives,  fixed  parallel  to  each  other  at  minute  distances,  regulated  by  interposed 
washers  upon  a  revolving  shaft ;  which  series  of  knives  acted  against  another  similar 
aeries,  placed  upon  a  parallel  adjoining  shaft,  with  the  effect  of  cutting  the  tape  tliroafh- 
out  its  length  into  eight  or  more  threads  at  once.  An  improved  modification  of 
that  apparatus  is  described  and  figured  in  the  specification  of  Mr.  Nickels's  patent  of 
October,  1836.  He  employs  it  for  cutting  into  threads  the  tapes  made  from  the  reeosB- 
posed  caoutchouc. 

The  body  of  the  bottle  of  Indian  rubber,  and  in  general  any  hollow  cylinder  of  caont- 
chouc,  is  cut  into  tapes,  by  being  first  forced  upon  a  mandrU  of  soA  wood  of  such  di- 
mensions as  to  keep  it  equally  distended.  This  mandril  is  then  secured  to  the  shaft  of  a 
lathe,  which  has  one  end  formed  into  a  fine-threaded  screw,  that  works  in  a  fixed  nut,  so  as 
to  traverse  from  right  to  lefl  by  its  rotation.  A  circular  disc  of  steel,  kept  moist,  revolves 
upon  a  shaft  parallel  to  the  preceding,  at  such  a  distance  from  it  as  to  cut  through  the 
caoutchouc,  so  that,  by  the  traverse  movement  of  the  mandril-shaft,  the  hollow  cylinder 
is  cut  spirally  into  a  continuous  fillet  of  a  breadth  equal  to  the  thickness  of  the  side  of 
the  cylinder.  Mr.  Nickels  has  described  two  methods  of  forming  hollow  cylinders  of 
recomposed  caoutchouc,  for  the  purpose  of  being  cut  into  fillets  by  such  a  machine. 

It  is  probable  that  the  threads  formed  from  the  best  Indian  rubber  bottles,  as  imported 
from  Para,  are  considerably  stronger  than  those  made  from  recomposed  caoutchoac,  and 
therefore  much  better  adapted  for  making  Mr.  Sievier's  patent  elastic  cordage.  When, 
however,  the  kneading  operation  has  been  skilfully  performed,  I  find  that  the  threads 
of  the  ground  caoutchouc,  as  it  is  incorrectly  called  by  the  workmen,  answer  well  for 
every  ordinary  purpose  of  elastic  fabrics,  and  are,  of  course,  greatly  more  economical, 
from  the  much  lower  price  of  the  material. 

Threads  of  caoutchouc  are  readily  pieced  by  paring  the  broken  ends  obliquely  with 
scissors,  and  then  pressing  them  togeUier  with  c^e&n  fingers,  taking  care  to  admit  ao 
grease  or  moisture  within  the  junction  line.  These  threads  must  be  deprived  of  their 
elasticity  before  they  can  be  made  subservient  to  any  torsile  or  textile  manufacture. 
Each  thread  is  inelasticated  individually  in  the  act  of  reeling,  by  the  tenter  boy  or  girl 
pressing  it  between  his  moist  thumb  and  finger,  so  as  to  stretch  it  to  at  least  eight  times 
its  natural  length,  while  it  is  drawn  rapidly  through  between  them  by  the  rotatiim  of 
the  power-driven  reel.  This  extension  is  accompanied  with  condensation  of  the  caowi- 
chouc,  and  with  very  considerable  disengagement  of  heat,  as  pointed  out  in  Nicholson's 
Journal  upward  of  thirty  years  ago,  by  Mr.  Gough,  the  blind  philosopher  of  Kendal.  I 
attempted  to  stretch  the  thread,  in  the  act  of  reelmg,  but  found  the  sensation  of  heat 
too  painful  for  my  unseasoned  fingers.  The  reels,  after  being  completely  fiUed  with 
the  thread,  are  laid  aside  for  some  days,  more  or  fewer,  according  to  the  quality  of  the 
caoutchouc,  the  recomposed  requiring  a  longer  period  than  the  bottle  material.  When 
thus  rendered  inelastic,  it  is  wound  off  upon  bobbins  of  various  sizes,  adapted  to  va- 
rious sizes  of  braiding,  or  other  machines,  where  it  is  to  be  clothed  with  cotton  or  other 
yarn. 
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In  the  process  of  making  the  elastic  tzssuxs,  the  threads  of  caovtchoue  heing  first  of 
•11  deprived  of  their  elasticity,  are  prepared  for  receiving  a  sheath  upon  the  braiding- 
machine.  For  this  purpose  they  are  stretched  by  hand,  in  the  ad  of  winding  upon  the 
reel,  to  7  or  8  times  their  natural  length,  and  leA  two  or  three  weeks  in  that  state  of 
tension  upon  the  reels.  Thread  thus  tnelasiicaied  has  a  spedfic  gravity  of  no  less  than 
0-948732;  but  when  it  has  its  elastieity  restored,  and  its  length  reduced  to  its  pristine 
state,  by  rubbing  between  the  warm  palms  of  the  hands,  the  specific  gravity  of  the 
same  piece  of  thread  is  reduced  to  0*925939.  This  phenomenon  is  akin  to  that  exhib* 
ited  in  the  process  of  wire-drawing,  where  the  iron  or  brass  gets  condensed,  hard,  and 
brittle,  while  it  disengages  much  heat :  which  the  eaoutchouc  thread  also  does  in  a  de» 
gree  intolerable  to  unpractised  fingers,  as  above  mentioned. 

The  thread  of  the  Joint-Stock  Caoutchouc  company  is  numbered  from  1  to  8. 
No.  1  is  the  finest,  and  has  about  5,000  yards  in  a  pound  weight;  No.  4  has  2,000  in 
the  pound  weight;  and  No.  8,  700,  being  a  very  powerful  thrrad.  The  finest  is  used 
for  the  finer  elastic  tissues,  as  for  ladies'  silver  and  gold  elastic  bracelets  and  bands. 
The  ropes  made  by  Mr.  Sievier  with  the  strongest  of  the  above  threads,  clothed  with 
hemp  aiid  worked  in  his  gigantic  braiding-machine,  possess,  after  they  are  re-elastica- 
ted by  heat,  an  extraordinary  strength  and  elasticity ;  and,  from  the  nearly  rectilinear 
direction  of  all  the  strands,  can  stand,  it  is  said,  double  the  strain  of  the  best  patent 
eordage  of  like  diameter. 

In  treating  of  the  manufacture  of  elastic  fabrics,  I  have  great  pleasure  in  adverting 
to  the  riband-looms  at  HoUoway,  which  display  to  great  advantage  the  mechanical 
grenius  of  the  patentee,  Mr.  3ievier.  Their  productive  powers  may  be  inferred  from 
the  following  statement :  5,000  yards  of  1-inch  braces  are  woven  weekly  in  one  18 
riband-loom,  whereby  the  female  operative,  who  has  nothing  to  do  but  watch  its  au- 
tomatic movements,  earns  109.  a  week ;  3,000  yards  of  2-inch  braces  are  woven  upon 
a  similar  loom  in  the  same  time.  But  one  of  Mr.  Sievier's  most  curious  patent  in- 
ventions, is  that  of  producing,  by  the  shrinking  of  the  caoutchouc  threads  in  the  found- 
ation or  warp  of  the  stuff,  the  appearance  of  raised  figures,  closely  resembling  coach- 
lace,  in  the  weft.  Thus,  by  a  simple  physical  operation,  there  is  produced,  at  an  ex- 
pense of  one  penny,  an  effect  which  could  not  be  effected  by  mechanical  means  for  less 
than  one  shilling. 

III.   OF  THE   WATEB-PBOOF  DOUBLE  FABBICS. 

The  parings,  the  waste  of  the  kneading  operations  above  described,  and  the  coarsest 
qualities  of  imported  caoutchouc,  such  as  the  inelastic  lumps  from  Para,  are  worked  up 
into  varnish,  wherewith  two  surfaces  of  cloth  are  cemented,  so  as  to  form  a  compound 
fabric,  impervious  to  air  and  water.  The  caoutchouc  is  dissolved  either  in  petroleum 
(coal-tar)  naphtha,  or  oil  of  turpentine,  by  being  triturated  with  either  of  the  solvents  in 
a  close  cast-iron  vessel,  with  a  stirring  apparatus,  moved  by  mechanical  power.  The 
heat  generated  during  the  attrition  of  the  caoutchouc,  is  sufficient  to  favor  the  solu- 
tion, without  the  application  of  fuel  in  any  way.  These  triturating  cylinders  have  been 
called  pug  mills  by  the  workmen,  because  they  are  furnished  with  obliquely  pressing 
and  revolving  arms,  but  in  other  respects  they  differ  in  construction.  They  are  4  feet 
in  diameter  and  depth,  receive  13  cwt.  at  a  time,  have  a  vertical  revolving-shaft  of 
wrought  iron  4  inches  in  diameter,  and  make  one  turn  in  a  second.  Three  days  are 
required  to  complete  the  solution  of  one  charge  of  the  varnish  materials.  The  pro- 
portion of  the  solvent  oils  varies  with  the  object  in  view,  being  always  much  less  in 
weight  than  the  caoutchouc. 

When  the  varnish  is  to  be^  applied  to  very  nice  purposes,  as  bookbinding,  Jtc,  it 
must  be  rubbed  into  a  homogeneous  smooth  paste,  by  putting  it  in  a  hopper,  and  letting 
it  fall  between  a  couple  of  parall^  iron  rolls,  set  almost  in  contact. 

The  wooden  framework  of  the  gallery  in  which  the  water-proof  cloth  is  manufactured, 
should  be  at  least  50  yards  long,  to  give  ample  room  for  extending,  airing,  and  drying, 
the  pieces ;  it  should  be  2  yards  wide,  and  not  less  than  5  high.  It  is  formed  of  up- 
right standards  of  wood,  bound  with  three  or  four  horizontal  rails  at  the  sides  and  the 
ends.  At  the  end  of  the  gallery,  where  the  varnish  is  applied,  the  web  which  is  to  be 
smeared  must  be  wound  upon  a  beam,  resembling  in  size  and  situation  the  cloth-beam 
of  the  weaver's  loom.  The  piece  is  thence  drawn  up  and  stretched  in  a  horizontal 
direction  over  a  bar,  like  the  breast-beam  of  a  loom,  whence  it  is  extended  in  a  some- 
what slanting  direction  downward,  and  passed  over  the  edge  of  a  horizontal  bar. 
Above  this  bar,  and  parallel  to  it,  a  steel-armed  edge  of  wood  is  adjusted,  so  closely  as 
to  leave  but  a  narrow  slit  for  the  passage  of  the  varnish  and  the  cloth.  This  horizontal 
slit  may  be  widened  or  narrowed  at  pleasure  by  thumb-screws,  which  lower  or  raise  the 
moveable  upper  board.  The  caoutchouc  paste  being  plastered  thickly  with  a  long 
spatula  of  wood  upon  the  down-sloped  part  of  the  web,  which  lies  between  the  breast-, 
beam  and  the  above-described  slit,  the  cloth  is  then  drawn  through  the  slit  by  means  of 
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cords  in  a  horizontal  direction  along  the  lowest  rails  of  the  galiery,  whereby  it  gcti 
nniformly  besmeared.  As  soon  as  the  whole  web,  consisting  of  about  40  jaids,  ii  Uw 
coated  with  the  viscid  varnish,  it  is  extended  horizontally  upon  rollers,  in  thp  upper 
part  of  the  gallery,  and  left  for  a  day  or  two  to  dry.  A  second  and  third  coat  are  tJi^ 
applied  in  succession.  Two  such  webs,  or  pieces,  are  next  cemented  face  to  lace,  by 
passing  them,  at  the  instant  of  their  being  brought  into  contact,  through  betweea  t 
pair  of  wooden  rollers,  care  being  taken  by  the  operator  to  prevent  the  fonnation  oTtsy 
creases,  or  twisting  of  the  twofold  web.  The  under  one  of  the  two  pieces  being  intended 
for  the  lining,  should  be  a  couple  of  inches  broader  than  the  upper  one,  to  insure  the 
uniform  covering  of  the  latter,  which  is  destined  to  form  the  outside  of  the  gaimcau 
The  double  cloth  is  finally  suspended  in  a  well-ventilated  stove-room,  till  it  becoDa 
dry,  and  nearly  free  from  smell.  The  parings  cut  from  the  broader  edges  of  the  under 
piece,  are  reserved  for  cementing  the  seams  of  cloaks  and  other  articles  of  dress.  The 
tape-like  shreds  of  the  double  cloth  are  m  great  request  among  gardeners,  for  nailiig 
up  the  twigs  of  wall  shrubs. 

Mr.  Walton,  of  Sowerby-bridge,  has  recently  substituted  sheet  Indian  rubber  fcr 
leather,  in  the  construction  of  fillet-cards  for  the  cotton  and  tow  manufaeturei.  The  n- 
perior  elasticity  of  this'  article  is  said  to  prove  advantageous  in  several  respects. 

Mr.  Charles  Keene,  proprietor  of  the  extensive  and  well-organized  Indian  rubber 
factory  in  Lambeth,  obtained  a  patent  in  March,  1840,  for  applying  a  coat  of  en- 
outchouc  to  the  outer  surface  of  flexible  leather.  The  varnish  of  caontchoue,  made 
with  oil  of  turpentine,  has  so  much  lampblack  incorporated  with  it,  as  to  bring  it 
to  the  consistence  of  dough.  The  edge  of  the  doe-skin,  buck-skin,  or  wash-leather, 
being  introduced  between  a  pair  of  wetted  iron  rollers,  as  much  of  the  India  rubber 
compound,  soflened  by  a  gentle  heat,  and  rolled  into  a  proper  length  as  will  coTcr 
the  leather,  is  laid  in  the  hollow  between  the  leather  and  the  moist  cylinders.  1^ 
their  rotation,  the  coating  is  evenly  affected.  When  the  surface  has  become  dry,  it 
may  be  embossed  or  gilt,  and  varnished  over  with  a  solution  of  shellac,  with  a  link 
Venice  turpentine,  in  alcohol.  After  two  or  three  applications  of  this  kind,  the  leather 
is  passed  through  a  pair  of  rollers,  either  smooth  or  embossed.  When  made-up  aitides, 
such  as  shoes  or  portmanteaus,  &c.,  are  to  be  covered,  the  Indian  rubber  >-aniih  ii 
used  in  a  thinner  state. — Newton's  Journal,  xxiii.  357. 

CARMINE.  This  valuable  pigment  is  oflen  adulterated  with  starch.  Water  of 
ammonia  enables  us  to  detect  this  fraud  by  dissolving  the  pure  carmine,  and  Iea?iBg 
the  starchy  matter,  as  well  as  most  other  sophisticating  substances.  Such  debased 
carmine  is  apt  to  spoil  with  damp. 

CASSAVA,  or  Tapioca,  is  obtained  principally  from  the  Jatropha  Jfaatoc.  Its 
extraction  is  remarkable  for  the  large  quantity  of  hydrocyanic  acid  which  the  juice  of 
that  plant  contains.  When  distilled  it  affortls,  as  a  first  product,  a  liquor  which,  is 
the  dose  of  30  drops,  will  cause  the  death  of  a  man  in  the  course  of  six  minutes ;  and 
it  is  well  known  that  this  acid  does  not  pre-exist  in  the  plant,  but  that  it  is  genented 
in  it,  after  it  is  grated  down  into  a  pulp.  It  would  be  interesting  to  discover  in  vbat 
state  the  substance  exists,  from  which  it  proceeds.  After  the  grating  of  the  root,  aid 
washing  of  the  pulp,  this  is  dried  upon  hot  plates,  to  agglutinate  it  into  the  foro  of 
concretions,  constituting  the  tapioca  of  conunerce.  But  the  starch  of  the  washed  root 
floated  in  water,  is  spontaneously  deposited,  and,  when  dried  in  the  sun,  forms  Castata, 
flour,  called  mousaache  by  the  French. 

CASTOR  OIL.  Imported  for  consumption  in  1839,  710,344  lbs.;  in  1840, 607,175 
lbs. :  duty,  Is,  3d.  per  cwt. 

CEMENTS.    See  MoBTAn,  Hydraulic. 

An  excellent  cement  for  resisting  moisture  is  made  by  incorporating  thoroogUj 
eight  parts  of  melted  glue,  of  the  consistence  used  by  carpenters,  with  four  parts  of 
linseed  oil,  boiled  into  varnish  with  litharge.  This  cement  hardens  in  aboutforty-eight 
hours,  and  renders  the  joints  of  wooden  cisterns  and  casks  air  and  water  tight.  A 
compound  of  glue  with  one  fourth  its  weight  of  Venice  turpentine,  made  as  abor^ 
serves  to  cement  glass,  metal,  and  wood,  to  one  another.  Fresh  made  cheese-curd,  aod 
old  skim-milk  cheese,  boiled  in  water  to  a  slimy  consistence,  dissolved  in  a  solntioo  of 
bicarbonate  of  potash,  are  said  to  form  a  good  cement  for  glass  and  porcelain.  The 
gluten  of  wheat,  well  prepared,  is  also  a  good  cement.  White  of  eggs,  with  floor  and 
water  well  mixed,  and  smeared  over  linen  cloth,  forms  a  ready  lute  for  steam  joists  m 
small  appcuratus. 

^  White  lead  ground  upon  a  slab  with  linseed  oil  varnish,  and  kept  out  of  contact  of 
air,  afibrds  a  cement  capable  of  repairing  fractured  bodies  of  all  kinds.  It  '^^M 
few  weeks  to  harden.  When  stone  and  iron  are  to  be  cemented  together,  a  conpwM 
of  equal  parts  of  sulphur  with  pitch  answers  very  well. 

CHALYBEATE   is   the  name  given  in  medicine  to  preparations  of  iron.    The 
most  agreeable^  and  one  of  the  most  powerful,  forms  of  such  medicines,  is  the  im- 
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proved  chalybeate  water,  for  which  Mr.  Henry  Bewley,  apothecary  in  Dablin,  ob- 
tained a  patent  in  June,  1842.  The  following  ia  his  valuable  recipe : — Eight  ounces 
of  crystaJlized  citric  acid  being  dissolved  in  about  four  times  their  weight  of  water 
heated  to  IICP  F.,  are  saturated  with  pure  peroxide  of  iron,  in  the  washed  state,  after 
being  precipitated  by  ammonia  from  the  ferric  sulphate.  The  solution  is  sweetened, 
flavored,  and  charged  highly  with  carbonic  acid  gas,  so  as  to  make  a  very  palatable 
potion,  agreeable  also  to  the  stomach. 

I  find  by  analysis  that  100  parts  of  Mr.  Bewley's  brilliant  citrate  of  iron  contain 
28-5  of  peroxide,  48*5  of  citric  acid,  and  23  of  water ;  and  that  a  six  ounce  phial  of  his 
chalybeate  water  contains  of  that  citrate  a  quantity  equivalent  to  nearly  8  grains  of 
peroxide  of  iron. 

Similar  compounds  are  also  specified  to  be  made  with  other  organic  salts,  as  the  tartrate 
or  lactate  of  iron. — Newton's  Journal,  xxik  470. 

CHAMELEON  MINERAL.  As  this  compound — so  long  known  in  chemistry 
as  a  mere  curiosity,  on  account  of  the  surprising  changes  of  color  which  it  spon- 
taneously assumes — has  of  late  been  largely  employed  for  whitening  tallow,  palm  oil, 
and  decoloring  other  organic  matters,  it  merits  description  in  this  dictionary.  It 
exists  in  two  states ;  one  of  which  is  called  by  chemists  the  manganate  of  potash,  and 
the  other  the  oxymanganate ;  denoting  that  the  first  is  a  compound  of  manganic  acid 
with  potash,  and  that  the  second  is  a  compound  of  oxymanganic  acid  with  the  same 
base.  They  are  both  prepared  in  nearly  the  same  way;  the  former  by  calcining 
together,  at  a  red  heat  in  a  covered  crucible,  a  mixture  of  one  part  of  the  black  per- 
oxide of  manganese  with  three  parts  of  the  hydrate  of  potash  (the  fused  potash  of  the 
apothecary).  The  mass  b  of  a  green  color  when  cold.  It  is  to  be  dissolved  in  cold 
water,  and  the  solution  allowed  to  settle,  and  become  clear,  but  by  no  means  filtered 
for  fear  of  the  decomposition  to  which  it  is  very  prone.  When  the  decanted  liquid  is 
evaporated  under  the  exhausted  receiver  of  an  air-pump,  over  a  surface  of  sulphuric 
acid,  it  affords  crystals  of  a  beautiful  green  color,  which  should  be  laid  on  a  clean 
porous  brick  to  drain  and  dry.  The>  may  be  preserved  in  dry  air,  but  should  be  kept 
in  a  well-corked  bottle.  They  are  decomposed  by  water,  but  dissolve  in  weak  water 
of  potash.  On  diluting  this  much,  decomposition  of  the  salt  ensues,  with  all  the 
chameleon  changes  of  tint ;  red,  blue,  and  violet.  Sometimes  a  green  solution  of  this 
salt  becomes  red  on  being  heated,  and  preserves  this  color  even  when  cold,  but 
resumes  its  green  hue  the  moment  it  is  shaken  :  it  might,  therefore,  furnish  the  crafty 
votaries  of  St.  Januarius  with  an  admirable  means  of  mystifying  the  worshippers  at  his 
shrine.  The  original  calcined  mass,  in  being  dissolved,  always  deposites  a  considerable 
quantity  of  a  brown  powder,  which  is  a  compound  of  the  acid  and  peroxide  of  man- 
ganese combined  with  water.  Much  of  the  potash  remains  unchanged,  which  may  be 
recovered. 

The  oxymanganate  of  potash  is  made  by  fusing,  with  a  strong  heat,  a  mixture  of 
equal  parts  of  peroxide  of  manganese  and  hydrate  of  potash,  or  one  part  of  peroxide 
and  two  parts  of  nitre.  The  mass  is  to  be  dissolved  in  water,  and,  if  the  solution  be 
green,  it  should  be  reddened  by  the  cautious  addition  of  a  few  drops  of  nitric  acid. 
The  clarified  liquor  is  to  be  evaporated  to  the  point  of  crystallization,  f  ven  the 
smallest  crystals  of  this  salt  have  such  an  intense  red  color,  that  they  appear  black 
with  a  green  metallic  reflection.  In  the  air  they  gradually  assume  a  steel  gray  hue, 
without  undergoing  any  essential  change  of  nature.  A  very  little  of  the  salt  reddens 
a  large  body  of  water.  The  least  portion  of  any  organic  matter  added  to  the  solution 
of  this  salt  reduces  the  oxymanganic  acid  to  the  state  of  peroxide,  which  precipitates 
combined  with  water ;  and  the  Uquor  becomes  green  or  colorless,  according  to  circum- 
stances. 

A  more  permanent  oxymanganic  salt  may  be  made  as  follows : — Melt  chlorate  of 
potash  over  a  spirit  lamp,  and  throw  into  it  a  few  pieces  of  hydrate  of  potash,  whieh 
immediately  dissolve,  and  form  a  limpid  liquid.  When  peroxide  of  manganese  in  fine 
powder  is  gradually  introduced  into  that  melted  mixture,  it  immediately  dissolves,  with 
the  production  of  a  rich  green  color.  After  adding  the  manganese  in  excess,  the  whole 
ia  to  be  exposed  to  a  gentle  red  heat,  in  order  to  decompose  the  residuary  chlorate  of 
potash.  It  is  now  a  mixture  of  manganate  of  potash,  chloride  of  potassium  and  peroxide 
of  manganese.  Il  forms  with  water  a  deep  green-colored  solution ;  which  when  boiled 
assumes  a  fine  red  color,  in  consequence  of  its  becoming  an  oxjrmanganate,  and  it  ought 
to  be  decanted  off  the  sediment  while  hot.  By  cooling,  and  still  more  after  further 
evaporation,  the  oxymanganate  of  potash  separates  in  crystals  possessed  of  great  lustre ; 
but  toward  the  end  colorless  crystals  of  chloride  of  potassium. 

Both  the  above  salts  are  readily  decomposed  by  organic  bodies  and  other  combustibles, 
whereby  they  have  their  add  converted  into  an  oxide,  with  the  disengagement  of  oxygen, 
and  the  destruction  of  many  vegetable  and  animal  colors.  In  this  respect  they  resemble 
the  nitrates  and  chlorates* 
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CHINA  INK.  {Uncn  dt  Chine,  Fr.;  Chinui$dur  Tutdi,  Gena.)  The 
kind  of  this  useful  pigment  is  seldom  met  with  in  our  markets.  Aoeordmg  to  n 
scription  in  a  Japanese  book,  it  is  made  from  the  condensed  smoke  or  soot  at 
camphor ;  and  hence,  when  of  the  best  quality,  it  has  this  odor.  Most  of  the  Ckiam 
ink  is  made  from  oil-lampblack  occasionally  disguised,  as  to  smell,  with  musky  or 
with  a  little  camphor  black.  The  binding  substance  is  gelatine,  commonly  made  froai 
parchment  or  ass's  skin;  but  isinglass  answers  eqnaUy  weU.  A  good  imitatioa  loay 
be  made  by  dissolving  isinglass  in  warm  water,  with  the  addition  of  a  Tery  little  alkali 
(soda),  to  destroy  its  gelatinizing  power ;  and  incorporating  with  that  solution,  by  levi- 
gation  on  a  porphyry  slab,  as  much  of  the  finest  lampblack  as  to  prodvee  a  mass  of 
the  proper  consistence.  The  minute  quantity  of  alkali  serves  also  to  saponily  the  oil 
which  usually  adheres  to  lampblack ;  and  thereby  to  make  a  pigment  iMtdily  misaUe 
with  water. 

CHLORATE  OF  POTASH.  The  following  ingenious  and  easy  way  of  makiog 
this  valuable  compound  has  been  lately  suggested  by  Professor  Graham : — ^Mix  equal 
atomic  weights  of  carbonate  of  potash  and  hydrate  of  lime  (70  of  the  fonner,  if  pore,  aad 
37  of  slaked  lime  in  powder),  diffuse  them  through  cold  water,  and  transmit  chlnride 
gas  through  the  mixture.  The  gas  is  absorbed  with  great  avidity,  and  the  productioa 
of  a  boiling  heat.  When  the  saturation  is  complete,  carbonate  of  lime  remaiDs,  aad  a 
mixture  of  muriate  and  chlorate  of  potash,  which  latter  salts  are  to  bo  aepaiBtcd,  as 
usual,  by  the  diflerence  of  their  solubility  in  water. 

It  has  been  remarked  on  the  above  process,  that  it  effects  no  saTing  of  potassa,  aod 
therefore  is  far  inferior  to  the  one  long  practised  in  several  parts  of  Germany,  especially 
at  Giessen,  and  introduced  into  this  country  a  good  many  years  ago  by  Dr.  WagenoiaaB, 
from  Berlin.  The  chlorine  is  passed  into  a  mixture  of  one  equivalent  ci  ddoriife  «f 
potassium  (76),  and  6  equivalents  of  hydrate  of  lime  (222),  previously  stirred  with  water, 
to  the  consistence  of  a  thin  paste.  Thus  the  calcium  of  the  lime  unites  with  the  cfakriae 
to  form  chloride  of  calcium,  while  the  chloride  of  potassium  is  converted  into  chlorate 
of  potassa,  which  salt  is  easily  separated  in  crystals  by  its  sparing  solubility. 

Chlorate  of  potash  may  also  be  made  by  saturating  with  chlorine  a  mixtvie  of  74 
parts  of  chloride  of  potassium  (muriate  of  potash)  and  168  parts  of  quicklime,  brought 
to  the  consistence  of  a  thin  pap  by  the  cautious  addition  of  water.  The  mass  belag 
dissolved  in  warm  water,  and  evaporated  and  cooled,  yields  crystals  of  chlorate  «f 
potash,  while  a  mother  water  of  chloride  of  calcium  (muriate  of  lime),  remaiBs.  The 
following  process  has  likewise  been  prescribed : — Mix  10  parts  of  good  chloride  of 
lime  with  water  into  a  pap,  and  evaporate  to  dryness,  whereby  it  is  oonTerted  ialo 
a  mixture  of  chloride  of  calcium  and  chlorate  of  lime  devoid  of  bleaching  power: 
dissolve  it  in  water,  filter,  concentrate  the  solution  by  evaporation,  then  add  to  it  1 
part  of  chloride  of  potassium,  and  cool  for  crystallization.  The  salt  which  may  thereby 
be  separated  from  the  chloride  of  calcium  will  afford  0*83  of  pure  chlorate  of  potesh.  ^ 
this  process  of  Professor  Liebig  five  sixths  of  the  potash  are  saved,  but  much  oxygen  is 
wasted  in  the  evaporation  to  dryness  of  the  chloride  of  lime,  and,  consequently,  wmtk 
■  chloric  acid  is  lost  toward  the  production  of  the  salt.  Yee  mixes  the  chloride  of  lime 
pap,  before  heating  it,  with  the  chloride  of  potassium,  boils  the  nuxture  smartly,  wtiercly 
much '  oxygen  is  undoubtedly  thrown  off,  and  then  sets  the  liquor  aside  to  crystallise. 
L.  Gmeliu  suggests  that  saturation  of  the  liquor  with  chlorine  before  boiling  mucht  ke 
advantageous.  Gay  Lussac  has  suggested  to  make  this  valuable  salt  by  precipilatiag 
a  solution  of  chloride  of  lime  with  carbonate  (or  sulphate)  of  potash,  saturating  the 
liquor  after  filtration  with  chlorine  gas,  evaporating,  and  crystallizing. 

Professor  Juch's  process  is  to  pass  chlorine  gas  into  a  mixture  of  1  pound  caustic 
lime  and  1  pound  carbonate  of  potash,  with  8  pounds  of  water.  The  resulting  ehlonde 
of  potash  readily  separates  in  the  filtered  liquid  by  crystaUlzation,  from  the  rery  soluble 
chloride  of  calcium.  By  this  method,  potash  is  not  wasted  in  the  useless  prodactkm  of 
chloride  of  potassium. 

CHOCOLATE.  About  eighteen  months  ago,  samples  of  chocolate  were  sent  to  me 
for  analysis,  by  order  of  the  lords  of  the  admunlty.  It  was  made  at  the  Tictualling- 
yard,  Deptford,  for  the  use  of  the  Royal  Navy,  by  the  goTemment  chooolate-iBills, 
where  about  400  tons  are  annually  prepared,  to  be  distributed  to  the  sailors  and  eon- 
victs  at  the  rate  of  an  ounce  daily,  and  to  be  used  at  their  breakfa8t#>  After  taking  the 
said  chocolate  for  some  time,  men  in  several  ships  complained  of  its  occasioQing  sick- 
ness, vomiting,  purging,  and  more  serious  maladies,  terminating  in  a  few  eases  fatally. 
I  examined  it  with  great  care,  but  could  find  no  injurious  ingredient  in  it,  and  no 
chemical  alteration  from  the  beans  of  (he  Guyaquil  coco  ihmi  which  it  was  aaan- 
factured.  But  I  observed  that  it  consisted  of  gritty  grains,  from  very  imperfect  trit- 
uration or  milling;  that  these  grains  were  quite  immiscible  with  water,  like  i 
fine  gravel ;  that  they  contained  many  sharp  spienlsB  of  the  coco-bean  husks, 
hence,  when  swallowed,  they  were  calculated  to  form  meohaaically  iiritalkig 
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nents  in  the  villoiis  coats  of  the  stomaeh  «nd  howeb,  wherribf  they  could  prodtlce  the 
morbid  effects  certified  by  several  naTal  snigeons.  It  was,  moreover  obrious  that, 
from  the  insoluUe  condition  of  the  ehocolate,  it  eonld  be  of  little  use  as  an  article  of 
food,  or  as  a  demulcent  substitate  for  milk,  «iid  that,  in  fact,  three  foniUu  of  it  were, 
on  this  account,  an  ineffective  article  of  diet ;  or  were  wasted. 

Having  reported  these  results  and  opinions  to  the  Lords  of  the  Admiralty,  they 
were  pleased,  after  a  few  weeks'  consideration,  to  request  me  to  go  down  to  the  vict- 
ualling yard  at  Deptford,  and  superintend  the  preparation  of  a  quantity  of  chocolate 
in  the  best  manner  I  could  with  the  means  there  provided.  I  accordingly  repaired 
thither  on  the  13th  of  September,  1842,  and  experienced  the  utmost  courtesy  and  co- 
operation from  Sir  John  HiU,  the  Captain  Superintendent,  and  his  subordinate  officers. 
The  coco-beans  had  been  heretofore  milled,  aAer  a  slight  roasting  upon  the  sole  of  an 
oat-kiln,  along  with  their  husks.  As  I  was  satisfied,  from  analysis,  that  the  husks 
were  no  better  food  than  sawdust,  and  that  they  might  cause  irritation  by  their  minute 
spiculGB  left  after  grinding  between  rotating  millstones,  I  set  about  a  plan  for  shelling 
them,  but  could  find  no  piece  of  apparatus  destined  for  the  purpose.  There  was  how- 
ever, a  pea-shelling  mill,  which  had  been  used  only  for  one  day  some  years  before,  and 
had  stood  ever  since  idle,*  which,  on  being  cleaned  and  having  its  millstones  placed  at 
a  proper  distance,  was  found  to  answer  pretty  well.  The  beans  for  experiment,  to  the 
amount  of  f>  cwt.,  had  been  previously  roasted,  under  my  care,  at  a  well-regulated 
heat,  with  much  stirring,  in  the  oat-kiln ;  and,  on  being  cold,  were  run  through  the 
shelUng  mill,  which  was  put  in  communication  wth  the  fanners  of  the  flour  mill. 
By  this  arrangement,  the  coco-beans  were  tolerably  shelled,  and  the  kernels  separated 
from  their  scaly  husks.    The  weighings  were  accurately  made. 

6  cwt.  of  the  Guyaquil  coco  ...      672  lbs. 

Lost  in  roasting  -  -  43  ) 

shells  -  -  64  S  117 

waste  -  -  20 ) 

Remained  for  milling  -  655 

On  the  14th  September  I  made  a  report  to  the  Lords  of  the  Admiralty  upon  the 
experiments  of  the  13th,  of  which  the  followii^  is  an  outline.  Ai\er  describing  the 
pains  taken  to  regulate  the  roasting  temperature,  and  to  equalize  the  effect  upon 
the  beans  by  moving  them  occasionly  by  a  rake,  I  stated  that  the  oat-kiln  was  not  well 
adapted  to  the  purpose  of  roasting  the  coco,  because  it  was  impossible  to  turn  the  beans 
regularly  and  continuously  during  the  process,  so  that  they  could  not  be  equally  roasted^ 
and  because  it  was  an  unwholesome  operation  for  the  workmen,  who  must  go  into  a 
chamber  filled  with  noxious  gases  and  fumes,  to  use  the  r^es.  When  the  door  of  the 
kiln  was  shut,  to  allow  the  burned  air  from  the  fire  below  to  draw  up  through  it,  mischief 
might  be  done  to  the  stratum  of  coco  on  the  sole,  and  when  the  door  was  again  opened^ 
to  permit  a  person  to  go  in  and  stir,  time  and  heat  were  wasted  in  replenishing  the 
chamber  with  fresh  air.  I  understand  that  a  revolving-cylinder-roasting  machine  had 
been  made  by  Messrs.  Rennie  for  the  chocolate  process  at  Deptford ;  but,  for  reasons 
unknown  to  me,  it  had  never  been  employed. 

The  diminution  of  weight  by  roasting  and  shelling  may  be  estimated  at  about  17 
per  cent.  A  part  of  this  loss  is  moisture,  which  should  be  completely  expelled,  to 
prevent  its  causing  the  chocolate  to  become  mouldy  at  sea.  But  a  part  of  the  defal- 
cation was  also  due  to  some  of  the  coco  remaining  in  the  crevices  of  the  pea-splitting 
mill  and  the  fanners,  which  would  not  be  observable  if  these  were  in  constant  employ- 
ment. I  think,  therefore,  that  the  roasted  kernels  may  be  estimated  in  general  at  85 
per  cent,  of  the  raw  beans. 

Fig.  20  represents  the  chocolate  mills  at  the  victualling-yard,  Deptford,  at 
mounted  by  the  celebrated  engineers,  Messrs.  Rennie.  There  are  four  double  mill- 
stones.  A,  B,  c,  d,  each  three  feet  in  diameter,  of  which  the  nether  rests  upon  a  bed  of 
cast  iton,  like  a  dmm-head,  kept  at  the  temperature  of  about  220°  by  the  admission  of 
steam  to  the  case  below.  Over  each  mill  there  is  a  feeding-hopper  1,  2,  3,  4,  in  com- 
munication by  the  pipes  5,  6,  7, 8,  with  the  general  reservoir  e,  charged  upon  the  floor 
above  with  coco  through  the  funnel  placed  over  it.  The  vertical  shaAs  which  turn 
these  mills  are  marked  f,  o,  h,  l  ;  they  are  moved  by  the  train  of  bevil  wheels  above, 
which  are  driven  by  an  arm  firom  the  main  shaft  of  the  steam  engine.  Each  null  can, 
of  course,  be  thrown  in  and  out  cf  gear  at  pleasure.  At  i,  r,  i,  i,  the  discharge-spout 
is  diofrn,  which  pours  but  the  semi-fluid  hot  chocolate  into  shallow  cylindrical  tin  pans, 

*  It  wasfoimd  that  pets  In  fhalr  aUn  kept  better  at  sea  thtn  the  spUt  peas,  and  thev  were  alio  pie- 
teied^  the  aaUon  la  their  aataralatato. 
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eaiMiUe  of  containing  alKrat  nine  pounds  of  chocolate  eadi.    These  finir  mills  are  cmpnUe 
of  converting  upward  of  a  ton  of  coco  into  good  chocolate  in  a  day,  on  the  cTSton  ol 
double  trituration  which  I  adopted,  and  two  tons  on  the  fonner  rough  plan.    I  found 
that  the  two  stones  of  each  mill  had  been  placed  so  far  asunder  as  would  allow  entire 
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beans  to  pass  through,  as  spurious  chocolate,  at  one  operation ;  but  the  chooolate  tk« 
discharged  was  in  a  very,  gritty  state,  whereas  good  chocolate  in  the  liquefied  state  shoaU 
be  smooth  and  plastic  between  the  fingers,  and  spread  upon  the  tongue  without  leaving 
any  granular  particles  in  the  mouth.  To  obtain  such  a  result,  I  divided  the  miHiag 
into  two  steps ;  for  the  first,  two  pairs  of  the  stones,  a  and  c,  were  set  as  doee  togttker 
as  for  a  paint  mill  (which  they  closely  resemble),  and  the  other  two  pain»  b  and  n, 
were  left  at  their  ordinary  distancf.  The  paste  obtained  from  the  first  set  was  traBs> 
ferred,  while  nearly  liquid,  into  the  hoppers  of  the  second  paini,  from  whiefa  it  isniedat 
the  spouts  as  thin  and  smooth  as  honey  from  the  comb.  In  subservience  to  these  ex- 
periments, I  made  an  analysis  of  the  GuyaquU  coco,  which  I  found  to  be 
follows : —  . 
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Concrete  fat  or  butter  of  coco,  diasolyed  out  hj  ether       -  -  -    37 

Brown  extractive^  extraetible  by  hot  water,  after  the  operation  of  ether  -    10 
Ligneous  matter,  with  some  albumine        -  -  -  -  -    30 

Shells 14 

Water         --  -  -  -  -  -  -  -ft 

Loss  --  -  -  -  -  -  -  -3 

100 

The  solid  fat  of  the  coco  should  be  most  intimately  combined  by  milling  with  the 
extractive,  albumine,  and  ligneous  matter,  in  order  to  render  it  capable  of  forming  an 
emulsion  with  water ;  and,  indeed,  on  account  of  the  large  proportion  of  concrete  fat  in 
the  beans,  some  additional  substance  should  be  introduced  to  facilitate  this  emulsive 
union  of  the  fat  and  water.  Sugar,  gum,  and  starch  or  flour,  are  well  adapted  for  this 
purpose. 

Under  this  conviction  I  employed  in  the  first  of  these  trials  at  Deptford,  made 
with  one  half  of  the  above  roasted  kernels  =  277i  lbs.  5  per  cent,  of  sugar,  which  was 
first  mixed  upon  a  board  with  shovels,  and  the  mixture  was  then  put  progressively  into 
the  hoppers  of  the  two  mills  b  and  d.  The  paste  which  ran  out  of  their  spouts,  was 
immediately  poured  into  the  hoppers  of  a  and  c,  from  which  it  flowed  smooth  and  very 
thin  into  the  concreting  pans.  The  sugar  supplied  to  me  was  exceedingly  moist, 
whereas  it  ought  to  be  diy,  like  the  bag  sugar  of  the  Mauritius.  The  other  half 
of  the  coco  kernels  was  mUled  alone  once  by  the  ordinary  mills  b  and  d.  I  sub- 
jected next  day  samples  of  these  two  varieties  of  chocolate  to  the  following  examin- 
ation, and  compared  them  with  the  sample  of  chocolate  as  usually  made  at  Deptford, 
as  also  with  a  sample  of  chocolate  sold  by  a  respectable  grocer  in  London.  A  like 
quantity  of  these  four  samples  was  treated  with  eight  times  its  weight  of  boiling  water, 
the  ditfosion  well  stirred,  and  then  left  to  settle  in  a  conical  wineglass.  '  Of  the  ordinary 
Deptford  coco,  four  fifths  rapidly  subsided  in  coarse  grains,  incapable  of  forming  any- 
thing like  an  emulsion  with  water,  and  therefore  of  little  or  no  avail  in  making  a  break- 
fast beverage. 

1.  The  single-milled  chocolate  made  under  my  direction  formed  a  smoother  emulsion 
than  the  last,  on  account  of  the  absence  of  the  coco  husks;  but  its  particles  were  gritty, 
and  subsided  very  soon. 

2.  The  sugared  double-milled  chocolate,  on  the  contrary,  formed  a  milky-looking 
emulsion,  which  remained  nearly  uniform  for  some  time,  and  then  let  fall  a  soft  mucil- 
aginous deposite,  free  from  grittiuess. 

3.  The  shop  chocolate  formed  a  very  indifferent  emulsion,  though  it  was  well  milled, 
because  it  contained  evidently  a  large  admixture  of  a  coarse  branny  4onr,  as  is  too 
generally  the  case. 

I  have  given  small  samples  of  the  above  No.  2  chocolate  to  various  persons,  and  they 
have  considered  it  superior  to  what  is  usually  sold  by  our  grocers.  The  presence  of 
dry  sugar  in  chocolate  would  also  give  it  a  conservative  quality  at  sea,  and  prevent  it 
from  getting  musty. 

The  lords  of  the  admiralty,  after  seeing  the  above  two  samples  of  chocolate,  and 
my  report  thereupon,  were,  about  six  weeks  afterward,  pleased  to  request  me  to  make 
at  their  victuaUy-yard  furtlier  experiments  in  the  preparation  of  chocolate ;  and  they 
indicated  two  modes,  one  of  mUling  twice  with  the  husks,  and  another  of  milling  twice 
without  the  husks  ;  permitting  me,  at  the  same  time,  to  mill  a  portion  of  the  kernels 
with  10  per  cent,  of  sugar,  and  a  second  portion  of  the  kernels  with  5  per  cent,  of  sugar 
and  5  per  cent,  of  the  excellent  flour  used  in  making  the  biscuits  for  the  royal  navy. 
On  the  24th  October,  1842, 1  accordingly  performed  these  experiments  upon  12cwt9.  of 
Guyaquil  coco  as  carefully  roasted  as  possible  on  the  kiln. 

The  loss  in  drying  and  slightly  roasting  the  1,344  lbs.  of  beans  was  5  per  cent. 

1st  experiment,  212  lbs.  of  roasted  coco,  milled  twice  with  the  huaks, 
produced,  of  chocolate    -------    209  lbs« 

2d  experiment,  191  lbs.  ditto,  milled  twice  without  husks  -  -    189 

3d  experiment,  191  lbs.  kernels,  milled  once  along  with  19  lbs.  of  sugar 

« 210  lbs. -  -    212* 

4th  experiment,  573  lbs.  kernels,  milled  twice  along  with  68  lbs.  of 
flour  and  34  of  sugars  675       -  -  -  •  -  -    669 

Sample  cakes  of  these  four  varieties  of  chocolate  were  subsequentlT  sent  to  me  for 
ssamination  and  report.    I  found  that  the  chocolate  milled  twice  with  the  floor  «id< 

*  This  imaU  excsis  proceeded  from  a  residue  of  the  last  ej^erimeat. 
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sugar  formed  a  complete  emuteion  with  bot  water,  Uand  and  lieh,  like  tbe  bert  milk, 
but  the  other  three  were  much  inferior  in  this  respect.  Sugar  alone,  with  proper 
miUing,  would  serve  to  give  the  kernels  of  well-roasted  ceeo  a  perfect  emulsiTe  prop- 
erty. Instead  of  merely  milling  with  rotatory  stones,  I  would  prefer,  for  the  tecoad 
or  finishing  operation,  a  levigating  mill,  in  which  rollers  would  be  rolled  either  liack- 
ward  and  forward,  or,  when  slightly  conical,  in  a  circular  direction,  over  a  plane 
metallic,  marble,  or  porphyry  slab,  as  is  now,  indeed,  very  generally  practised  by  the 
trade.  The  coco-beans  should  be  well  selected,  without  musty  taint,  and  possesied  of 
a  fine  aroma,  like  the  best  of  that  imported  from  Trinidad.  There  is  a  great  deal  of 
very  coarse  coco  and  chocolate  on  sale  in  London  and  in  the  proTincial  towns  of  Us 

United  Kingdom. 

Fig.  21  is  an  end  view  of  one  of  the  chocolate  miUs  witk 
its  mitre-gearing.  I  consider  the  gritty  chocolate  hitherto 
made  at  Beptford  as  a  very  bad  substitute  for  the  chocolate 
which  was  made  from  coco  by  the  sailors  themselves  with  a  pestle 
and  mortar. 

In  1840  the  coco  cleared  for  consumption  in  the  United  KJa%r 
dom  was — 


BmteofDe^. 

British  plantation 

Foreign 

Coco-nut  husks  and  shells 

Chocolate  and  coco  paste 

-  2,041,492  lbs. 

186 

-  753,580 

2,067 

2d.palk 
6<2. 

U. 

Of  the  coco-nut  sheUs,  612,122  lbs.  were  consumed  in  Irelasdl 
and  less  than  4,000  lbs.  of  coco. 

Of  coco,  726,116  lbs.  were  consumed  in  her  majesty's  navy. 
How  scurvily  are  the  people  of  Ireland  treated  by  their  ova 
grocers  !    Upward  of  600,000  lbs.  of  worthless  coco  husks  served 
out  to  them  along  with  only  4,000  lbs.  of  coco-beans ! 

CHROMIUM,  OXIDE  OF.  Mix  intimately  45  parts  of  gunpowder  with  240  piiti 
of  perfectly  dry  chromate  of  potash,  and  35  parts  of  hydrochlorate  of  ammonia  {sal 
ammoniac),  reduce  to  powder,  and  pass  through  a  fine  sieve;  fill  a  conical  glass  or  otber 
mould  with  this  powder,  gently  pressed,  and  invert  so  as  to  leave  the  powder  on  a  por- 
celain slab  of  any  kind.  When  set  on  fire  at  its  apex  with  a  lighted  match,  it  will  bus 
down  to  the  bottom  with  brilliant  coruscations.  Tlie  black  residuum,  being  elatristai 
with  warm  water,  affords  a  fine  bright  green  oxide  of  chromium. 

CLOVES.    Imported  for  home  consumption  in  1840,  85,769  cwts. 

COAL.  Under  Pitcoal,  the  composition  of  several  excellent  coals,  is  stated,  witb 
their  peculiar  qualities,  |is  analyzed  by  me ;  such  as  the  Llangennoek,  Powell's  Dofirra 
steam  coal,  the  Blackley  Hurst  coal,  Lancashire,  the  Yaxley  Rock  vein  coal,  ncir 
Pontvpool,  &c. 

COCHINEAL.  Imported  for  consumption  in  1839,  396,902  lbs. ;  in  1840,  325,744; 
duty,  1«.  per  cwt. 

COFFEE.  If  tannin  exist  in  roasted  cofi*ee,  as  maintained  long  ago  by  Cbenerix, 
and  generally  admitted  since,  it  must  be  rery  diflferent  from  the  tannin  present  in  tea, 
catechu,  kino,  oak-bark,  willow-bark,  and  other  astringent  vegetables ;  for  I  fiad  tiist 
it  is  not,  like  them,  precipitated  by  either  gelatine,  albumen,  or  sulphate  of  quinine.  Wilh 
regard  to  the  action,  dpon  the  animal  economy,  of  cofi*ee,  tea,  and  coco,  which  contaiB 
one  common  chemical  prinpiple  called  cafieine  or  theine,  Liebigbas  lately  advanced  sone 
ingenious  views,  and  has,  in  particular,  endeavored  to  show  that  to  persons  of  sedestu; 
habits  in  the  present  refined  state  of  society,  they  afford  eminently  useful  beTcrsgWj 
which  contribute  to  the  formation  of  the  chairacteristic  principle  of  6i/e.  Thisimpoitast 
secreted  fluid,  deemed  by  Liebig  to  be  subservient  to  the  function  of  respintioo, 
requires  for  its  formation  much  azotised  matter,  and  that  in  a  state  of  combioatios 
analogous  to  what  exists  in  caffeine.  The  quantity  of  this  principle  in  tea  and  (dee 
being  only  from  2  to  5  per  cent.,  might  lead  one  to  suppose  that  it  could  hare  Httle  e ffrct 
upon  the  system  even  of  regular  drinkers  of  their  infusions ;  but  if  the  bile  contains  only 
one  tenth  of  solid  matter,  called  choleic  acid,  whidh  contains  less  than  4  per  cent,  of 
azote,  then  it  may  be  shown  that  three  grains  of  caffeine  would  impart  to  500  enins  ol 
bile  the  azote  which  occurs  in  that  crystelline  precipitate  of  l)ile  called  /oanar,  Ybich 
is  thrown  down  from  it  by  mineral  acids. 

One  atom  of  caffeine,  9  atoms  of  oxygen,  and  9  of  water,  being  added  togetlwr, 
produce  the  composition  of  2  atoms  of  taurine.  Now  this  is  a  rery  simple  coBbi»- 
ISmi  finr  the  living  organism  to  effect }  one  aheady  paralleled  in  the  geoerstiofl  n 
hippurie  acid  in  urine,  by  the  introduction  of  benzoic  acid  into  the  stomach;  aphyno- 
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logical  discovery  made  by  my  son,  which  is  likely  to  lead  to  a  more  aoceessfnl  treat- 
ment of  some  of  the  aliost  formidable  diseases  of  man,  particularly  gout  and  gravel. 

If  the  preceding  views  be  established,  they  will  justify  the  instinctive  love  of  man- 
kind for  tea,  coffee,  and  cocoa,  in  spite  of  the  denunciations  and  vetoes  of  neuropathic^ 
homaopiUhic,  and  hydropathic  doctors ;  sorry  pathologists — hoc  gennu  omne.    ^ee  Tfji. 

Coffee  imported  for  consumption  in  1839,  26,789,945  lbs. ',  in  1840,  28,664,341.  Net 
revenue  in  1839,  779,115^.  {  in  184U,  921,551/. 

COPAL  and  ANIME.  Imported  for  consumption  in  1839,  193,066  Ibe. ;  ia  1^40, 
181,388  lbs. :  duty,  6«.  per  cwt.,  as  upon  gum  arable  and  tragacanth. 

COPPER.  Quantity  of  copper  ore  raised  in  Cornwall  in  the  year  1838-1839,  159,- 
214  tons ;  value  of,  932,090/.  15*.  6d. 

Quantity  raised  in  the  year  1839-1840,  147,049  tons;  value  of,  792,750/.  14j. 

Quantity  of  metallic  copper  produced  in  the  former  year,  12,469  tons ;  standard,  111/. : 
in  the  latter,  11,056;  standard,  108/.  5$. 

Produce  per  cent.,  7|  and  7}  respectively.  Average  price  per  ton,  6/.  17«.  in  the 
fint ;  and  5/.  7j.  ,  9</.  in  the  second  year. 

Quantity  of  unwrought  copper  imported  for  home  consumption  in  1840,  only  2|  cwts. 
8te  Metallic  Statistics.  • 

COPPER  MEDALS  AND  MEDALLIONS  may  be  readily  made  in  the  following 
way :  Let  black  oxide  of  copper,  in  a  fine  powder,  be  reduced  to  the  metallic  state,  by 
exposing  it  to  a  stream  of  hydrogen,  in  a  gun-barrel,  heated  barely  to  redness.  The 
metallic  powder  thus  obtained  is  to  be  sifted  through  crape,  upon  the  surface  of  the 
mould,  to  the  thickness  of  |  or  J  of  an  inch,  and  is  then  to  be  strongly  pressed  upon  it, 
first  by  the  hand,  and  lastly  by  percussion  with  a  hammer.  The  impression  thus  formed 
is  beautiful ;  but  it  acquires  much  more  solidity-  by  exposure  to  a  red  heat,  out  of  con- 
tact wiUi  air.  Such  medals  are  said  to  have  more  tenacity  than  melted  copper,  and  to 
be  sharply  defined. 

M.  Boettger  proposes  the  following  improvement  upon  the  above  plan  of  Mr.  Osann : 
He  preiMires  the  powder  of  copper  easier  and  of  better  quality,  by  precipitating  a  boil- 
ing-hot solution  of  sulphate  of  copper,  with  pieces  of  zinc,  boiUng  the  metallic  powder 
thus  obtained  with  dilute  sulphuric  acid  for  a  little,  to  remove  all  traces  of  the  zinc  or 
oxide,  washing  it  next  with  water,  and  drying  it  in  a  tubulated  retort  by  the  heat  of  a 
water  bath,  while  a  stream  of  hydrogen  is  passed  over  it.  This  cupreous  precipitate 
possesses  so  energetic  an  affinity  for  oxygen,  that  it  is  difficult  to  prevent  its  passing 
into  the  state  of  orange  oxide.  If  it  be  mixed  with  one  half  its  atomic  weight  of  pre- 
cipitated sulphur,  and  the  two  be  ground  together,  they  combine  very  soon  into  sulpha- 
ret  of  copper  with  the  evolution  of  light. 

COPPER,  Purifying, — Copper  may  be  purified  by  melting  100  parts  of  it  vritk  10 
parts  of  copper  scales  (black  oxide),  along  with  10  piu^  of  ground  bottle-glass  or  other 
flux.  Mr.  Lewis  Thompson,  who  received  a  gold  medal  from  the  Society  of  Arts  for 
this  invention,  says  that  after  the  copper  has  been  kept  in  fusion  fbi  half  an  hour,  it  will 
be  found  at  the  bottom  of  the  crucible  perfectly  pure ;  while  the  iron,  lead,  arsenic,  fcc., 
with  which  this  metal  is  usually  contaminated,  will  be  oxidized  by  the  scales,  and  wiU 
dissolve  in  the  fiux,  or  be  volatilized.  Thus  he  has  obtained  perfectly  pure  copper  ftrom 
brass,  bell-metal,  gun-metal,  and  several  other  alloys,  containing  from  4  up  to  50  per 
cent,  of  iron,  lead,  antimony,  bismuth,  arsenic,  Slc,  The  scales  of  copper  are  cheap, 
being  the  product  of  every  large  manufactory  where  that  metal  is  worked. 

CORK.    Unmanufactured,  imported  in  1840  for  home  consumption,  59,793  cwts. 

CORTEX  PERUYIANUS)  or  CINCHONA.  Imported  for  home  consumptk>n  in 
1840,  43,705  lbs. 

COTTON  may  be  distinguished  from  linen  in  a  cloth  fabric  by  means  of  a  good 
microscope ;  the  former  fibres  being  flat,  riband-like,  and  more  or  less  contorted  or 
shrivelled,  and  the  latter  straight,  round,  and  with  cross  knots  at  certain  distances. 
These  two  fibious  matters  may  be  also  distinguished  by  the  action  at  a  boiling  heat  of 
a  strong  caustic  ley,  made  by  dissolving  fused  potash  in  its  own  weight  of  water.  By 
digef-tion  in  this  liquor,  linen  yam  becomes  immediately  yellow,  while  the  cotton  yam 
remnins  white.  The  best  way  of  operating  is  to  immerse  a  square  inch  of  the  cloUi  to 
be  tested  for  two  minutes  in  the  above  boiling-hot  caustic  ley,  to  lift  it  out  on  a  glass 
rod,  press  it  dry  between  folds  of  blotting-paper,  and  then  to  pull  out  a  few  of  the  warp 
and  weft  threads — when  the  linen  ones  will  be  found  of  a  deep  yellow  tint,  but  the 
cotton,  white  or  very  pale  yellow. 

COTTON  WOOL.  Iipported  for  home  consumption  in  1839,  352,000,277  lbs.;  in 
1840,  528,142,743  lbs. 

CREOSOTE.  Having  been  employed  by  a  chemical  manu&cturer  to  examine  hit 
creosote,  and  compare  it  with  others  with  a  view  to  the  improvement  of  his  proeess^ 
I  found  that  the  aitieky  as  made  by  eminent  houses,  differed  eonnderably  in  its  psop- 
«iief* 
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The  specific  granties  varied  in  the  several  specimens  as  follows :  1,  a 
giver  me  by  Messrs.  Zimmer  and  Sell,  at  their  factory  in  Sachsenhansen,  by  Frankfort- 
on-the-Maine,  had  a  specific  gravity  of  1*0524;  2,  a  sample  made  in  the  north  of  Eng- 
land, sp.  gr.  1*057,  and  its  boiling  point  varied  from  370^  to  380^  Fahr.  Mr.  Monoa's 
creosote,  which  is  much  esteemed,  has  a  sp.  gr.  of  1*070,  and  boils  first  at  280^,  bat 
progressively  rises  in  temperature  up  to  420°,  when  it  remains  stationary.  The  Ger- 
man creosote  was  distilled  from  the  tar  of  the  pyrolignous  acid  maaufactorc.  Creosote, 
I  believe,  is  often  made  from  Stockholm  tar.  Berzelins  gives  the  sp.  gr.  of  creoeoCe  at 
1-037,  and  its  boiling  point  at  203^"  C.=397*4''  F.  I  deemed  it  useless  to  aabsect  to 
ultimate  analysis  products  diflering  so  considerably  in  their  physical  properties.  They 
were  all  very  soliH)le  in  potash  ley. 

CROSS-FLUCKANS  or  FLOOKANS.  The  name  given  by  the  Comish  miners  to 
clay  veins  of  more  ancient  formation. 

CYANIDE  OF  POTASSIUM.  This  salt,  so  much  used  now  in  the  eleeCiotype 
processes,  is  prepared,  according  to  Liebig's  formula,  by  mixing  8  parts  of  poaaded 
prussiate  of  potash,  sharply  dried,  with  3  parts  of  pure  carbonate  of  potash,  fuung  the 
mixture  in  an  iron  crucible,  by  a  moderate  red  heat,  and  keeping  it  so,  till  the  glass 
or  iron  rod  with  which  the  fluid  mass  should  be  occasionally  stirred,  comes  oat  covered 
with  a  white  cilist.  The  crucible  is  then  to  be  removed  from  the  fire ;  and  alter  the 
disengaged  iron  has  fallen  to  the  bottom,  the  supernatant  fluid,  still  obscurely  red  hot, 
is  to  be  poured  ofi*  upon  a  clean  surface  of  iron  or  platinum.  Alter  concretioB  and 
cooling,  the  white  saline  mass  is  to  be  pounded  while  hot,  and  then  kept  in  a  well- 
stopped  bottle.  It  consists  of  about  5  parts  of  cyanide  of  potassium,  and  1  of  eyanate 
of  potash.  For  most  purposes,  and  the  analysis  of  ores,  the  latter  ingredient  is  no  wap 
detrimental. 

CYDER.  The  value  of  apples  to  produce  this  beven^  of  good  quaUty  is  pn^nr- 
tionate  to  the  specific  gravity  of  their  juice.  M.  Couverchel  has  given  the  foOowing 
table,  illustrative  of  that  proposition  : — 

Juice  of  the  green  renette,  queen  apple  (rtinette  verte)     -  -  1,084 

English  renette  .....  1,080 

Red  renette  -  -  -  .  -  1,072 

'    Musk  renette  .  .  .    '  .  1,069 

FouiUetraye 1,064 

Orange  apple  .....  1,063 

Renette  of  Caux         .....  i,060 

Water 1,000 

Cyder-apples  may  be  distributed  into  three  classes,  the  sweet,  the  bitter,  and  the 
sour.  The  second  are  the  best ;  they  afibrd  a  denser  juice,  richer  in  sugar,  which  ckir- 
ifies  well,  and  when  fermented  keeps  a  long  time ;  the  juice  of  sweet  apples  is  difficult 
to  clarify ;  but  that  of  the  sour  ones  makes  bad  cyder.  Late  apples  are  in  general  to  be 
preferred.  With  regard  to  the  proper  soil  for  raising  apple-trees,  the  reader  may  coa- 
sult  with  advantage  an  able  essay  upon  "  The  Cultivation  of  Orchards,  and  the  makiBir 
of  Cyder  and  Perry,"  by  Frederick  Falkner,  Esq.,  in  the  fourth  volume  of  the  Boyd 
Agricultural  Journal.  He  adverts  judiciously  to  the  necessity  of  the  presence  of  alka- 
line and  earthy  bases,  in  the  soils  of  all  deciduous  trees,  and  especially  of  rach  as  pro- 
duce acid  fruits. 

In  November,  2,340  kilogrammes  of  apples  (2|  tons  English,  nearly)  are  supposed  to 
aiford  1,000  litres  (220|  gallons)  of  pure  cyder;  and  600  litres  of  a  small  cyder  made 
with  the  marc  mixed  with  water  and  pressed.  But  many  persons  mix  all  tofiielhcr,  aai 
thus  manufacture  1,600  litres  out  of  the  above  weight  of  fruit.  In  France,  the  fermeated 
liquor,  as  soon  as  it  is  clear,  is  often  racked  ofi*  into  casks  containing  the  fumes  of  ban- 
ing  sulphur,  whereby  it  ceases  to  ferment,  and  preserves  much  of  its  sugar  ludceoia- 
posed.  It  is  soon  afterward  bottled.  Average  cyder  should  yield  6  per  cent,  of  akolMl 
OD  distillation. 


D. 

DAGUERROTTPE.  This  new  and  most  ingenious  inventioa  for  pirodiienig  pw- 
tares  by  the  action  of  light,  is  due  to  M.  Dagnerre  and  M.  Niepee,  two  FrenchaMii. 
It  was  purchased  from  them  by  the  French  government  for  the  benefit  <^the  natioa  at 
large ;  but  was  made  the  subject  of  an  exclusive  patent  in  England  by  M.  Dagaefie, 
•s  that  government  never  purchases  any  scientific  inventimi. 

The  fixatH>n  of  the  images,  fonned  in  the  focus  of  the  eamera  obseioa,  is  made  «i 
very  snMwth  surfaces  of  pure  silver  plated  on  copper.    The  process  is  divided  iMD  tf<t 
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.  The  flial  eonaisti  in  polulung  and  cleaning  the  tHwtr  rariace,  bf  frie- 
aon  'wiin  eonon  fleece  imbued  wjlb  alive  oQ,  npon  the  pUte,  previonalf  diuted  dtct 
witb  raj  Snelj-giDimd  dry  pnmice-atoae  out  of  tt  maalin  bag.  The  hand  oT  the 
<q;>eTator  should  be  mored  round  in  circles,  of  Tarions  dimeniiom.  The  platea  ahonld 
be  laid  npon  a  sheet  of  paper  solidly  supported.  The  pumice  tmiit  be  grouDd  to 
an  impalpable  powder  npon  a  porphyry  slab'  with  water,  and  then  dried.  The  sor- 
ftce  18  next  to  be  rnbbed  with  a  dossil  of  coltoa,  slightly  moistened  wUh  nitric  acid, 
dDuted  with  sixteen  parts  of  water,  by  applying  Ibe  tafl  to  the  month  of  tlie  phial  ol 
acid,  and  inverting  it  for  a  moment.  Two  or  three  such  dossil*  should  be  osed  in 
succession.  The  plate  is  lastly  to  be  sprinkled  with  pumice  powder  or  Venetian 
tripoli,  and  nibbed  clean  with  cotton. 

The  next  step  is  to  heat  the  plate  by  placing  it  in  a  wire  frame  (fig.  23),  with  the 
•ilver  suriaec  uppermost,  oter  a  spirit  lantp,  meanwhile  moving  it  lo  as  to  act  equal^ 
on  every  part  of  the  plate.  In  abont  five  minatrs  a  whitith  coaling  will  indicate  that 
this  operaliOQ  is  completed.  The  plate  must  now  be  laid  npon  a  Oat  metal  or  marble 
•lab  to  cool  it  quickly.  Tbe  white  surface  is  to  be  brightened  by  rubbing  it  with 
cotton  and  pumice  powder.  11  must  be  once  more  rubbed  with  tbe  cotton  imbued 
irith  acid,  and  afterward  dried  by  friclion  with  cotton  and  pumice ;  avoiding  to  touch 
the  plate  with  the  fingers,  or  with  the  put  cf  (he  cotton  held  in  them,  or  to  breathe 
upon  the  plate,  since  spots  would  (hereby  be  produced.  After  cleaning  with  cotton 
alone,  the  plate  is  ready  for  the  neit  operation. 

2.  Here  the  foUowiag  implements  are  required :  I,  the  bos  represented  in  ^gj.  24 
and  25;  2,  the  thin  board  or  tnmt,fig,26;  four  small  metaljie  bands  of  the  lame 


netab  aa  the  plates,  alio  shown  utfig,  26,  ■  small  handle  and  a  box  of  small  nails  or 
tacks,  and  ■  phial  of  iodine. 

After  filing,  by  the  metallic  bands  and  tbe  small  nails,  the  plate  upon  the  thin 
board,  with  the  silver  uppermost,  several  particles  of  iodine  are  theo  to  be  spread  in 
the  dish  d,  at  the  bottom  of  the  box,j!g9.  24,  and  25.  The  thin  board  with  (be  plB(e, 
is  next  placed,  with  the  silver  bentath,  upon  small  supports  at  the  four  comers  of  the 
thil,  and  iU  cover  is  applied.  The  plale  must  be  letl  in  this  position  till  the  surface  of 
the  silver  acquires  a  fine  golden  hue,  caused  by  the  vapors  of  the  iodine  rising  through 
the  game  cover  of  the  dish,  and  eondensing  upon  it ;  but  it  should  not  be  allowed  to 
assume  a  violet  tint.  The  room  should  be  darkened,  and  no  heat  should  be  employed. 
When  the  box  it  in  constant  use  il  gets  impregnated  with  iodine,  and  acts  more  uni< 
funnly  and  rapidly ;  but  in  general  states  of  the  atmospheric  temperature  this  operation 
will  be  effected  b  about  twenty  minutes.  If  the  purple  color  be  produced,  the  plale 
must  be  repolwhed,  and  the  whole  process  repeated. 

The  idate  with  itt  golden  hue  is  to  be  introduced  with  i(s  board  into  the  frame,  figi. 
XJ,  3S,  2S,  which  is  adapted  to  the  camera  obacura.  During  this  transfer  the  light  must 
not  be  suffered  to  strike  upon  the  surface  of  the  plate  {  on  which  account,  the  cantem 
akaeniB  may  be  lighted  briefly  with  a  small  wax  taper. 
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3.  The  i^e  is  now  sabmitted  to  the  third  opentioiiy  tlimt  of  the  camera  obMUi, 
figs.  30  and  22 ;  and  with  the  least  poesible  delay.  The  action  of  this  marhiaf  is  ob- 
viously quicker  the  brighter  the  light  which  acts  upon  it ;  and  more  correct,  aceoiding 
as  the  focus  is  previously  accvrately  adjoated  to  the  place  of  the  plate,  by  moriaf 
backward  and  forward  a  roughened  pane  of  glass,  till  the  focal  point  be  found;  im 
the  plate  is  to  be  inserted  precisely  there,  see  figs.  27,  28,  2^.  This  appantu 
exactly  replaces  the  ground  glass.  While  the  prepared  plate  is  being  fiutened,  the 
camera  must  be  closed.  The  daricening  shutters,  b,  6,  of  the  apparatus  are  opeaed  hf 
means  of  the  two  semicircles  a,  a.  The  plate  is  now  in  a  proper  condition  to  recave 
and  retain  the  impression  of  the  image  of  the  objects  presented  the  moment  that  tke 
camera  is  opened.  Experience  alone  can  teach  the  proper  length  of  time  for  sub- 
mitting the  plate  to  the  concentrated  rays  of  light}  because  that  time  varies  with  the 
climate,  the  seasons,  and  the  time  of  day.  More  time  should  not  be  allowed  to  psM 
than  what  is  necessary  for  fixing  a  distinet  impressioiiy  because  the  parts  meant  to  be 
elear  would  be  apt  to  become  clouded. 


4.  The  fourth  is  the  operation  with  quicksilver,  which  nnist  ftllow  as  soon  m  PM* 
sibie  the  completion  of  the  third.  Here  a  phial  of  quicksilver,  a  spirit  tamp  (tke 
apparatus  represented  in  figs.  31  and  32),  and  a  glass  funnel  with  a  long  nedcareie- 
quired.  The  funnel  is  used  for  pouring  the  mercury  into  the  cup  e,  placed  in  tbe 
bottom  of  the  apparatus,  so  as  to  cover  the  bulb  of  the  thennOBieter/.  No  day-lifbl 
must  now  be  admitted,  but  that  of  a  small  taper  only  should  be  nsed  by  the  ofcntv 
in  conducting  the  process.  The  board  with  the  plate  is  to  be  withdrawn  trm  tbe 
camera,  and  inserted  into  the  grooves  of  the  blackened  board,  bfig.  31.  This  U^k 
board  is  laid  back  into  the  box  at  an  angle  of  45  degrees  with  the  horizon;  tke  pre- 
pared metal  surface  h  being  placed  undermost,  so  that  it  may  be  viewed  throogft  the 
side  glass,  g ;  and  the  cover,  a,  of  the  box  must  be  put  down  gently  to  prevent  aiffv- 
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Mm  of  memury  from  being  tkrown  about  by  the  agitatioB  of  tlie  air.  The  whole 
being  thua  prepared,  the  i^jMrit^lamp  is  lighted,  and  placed  under  the  cnp  containing 
the  mercury,  and  left  there  »ntil  the  thermometer  indicates  a  temperature  of  140^ 
Fahr.,  when  the  lamp  is  to  be  removed.  The  heat  shoald  in  no  case  be  permitted  to 
exceed  167^  F. 

The  impression  of  the  image  of  nature  is  now  actually  made  upon  the  plate ;  but  it 
ii  as  yet  inrisible ;  and  it  is  only  alVer  a  lapse  of  several  mioutes  that  faint  tracings  of 
thb  objeets  begin  to  be  seen  through  the  peep-glass  by  the  momentary  gleam  of  a 
taper.  The  plate  ahouM  be  left  in  the  box  till  the  theimometer  has  cooled  to  1 13^  F., 
when  it  is  to  be  taken  out. 

After  each  operation,  the  interior  of  the  apparatus,  and  the  black-board  or  frame, 
should  be  carefally  wiped,  in  order  to  remove  every  particle  of  mercury. 

The  picture  may  now  be  inspected  in  a  feeble  light,  to  see  how  faf*  the  process  has 
succeeded.  The  plate,  freed  from  the  metallic  bands,  is  to  be  placed  in  a  box,  ]nt>- 
vided  with  a  cover  and  grooves,  to  exclude  the  light,  till  it  is  made  to  undergo  the  fifth 
and  last  operatioB,  which  may  be  done  after  any  convenient  interval  of  time  without 
detrimeot,  provided  the  plate  be  kept  in  the  daik.  The  following  articles  are  now 
reqaired:  1,  strong  brine,  or  a  weak  solution  of  hyposulphite  of  soda ;'  2,  the  appa- 
ratus represented  in  Jigs,  33  and  34 ;  3,  two  troughs  of  tin-plate ;  4,  a  jug  of  distilled 
water.  The  object  of  this  process  is  to  fix  the  photogenic  picture.  One  of  the 
troughs  is  to  be  filled  with  brine  to  the  depth  of  an  inch,  and  the  other  with  pure 
water,  t»oth  liquids  being  heated  somewhat  under-  the  boiling  pitch.  The  solution  of 
hyposulphite  of  soda  is  preferable,  and  does  not  need  to  be  warm.  The  plate  is  to  be 
first  immersed  in  the  pure  water  for  a  moment,  and  transferred  immedmtely  to  the 
saline  solution,  and  moved  to  and  fro  in  it  to  equalize  the  action  of  the  liquor.  When- 
ever the  yellow  tint  of  the  iodine  is  removed,  the  plate  ia  to  be  lifted  out  by  the 
edges,  and  dipped  straightway  in  the  water  trough.  The  apparatus  of  fig*.  33  and  34, 
is  then  brought  into  use,  with  a  vessel  filled  with  distilled  water,  hot,  but  not  boiling. 
The  plate,  when  lifted  out  of  the  water-trough,  is  to  be  placed  immediately  on  the 
inclined  plane  e ;  and  without  allowing  it  time  to  dry,  is  to  be  flooded  over  with,  the 
hot  distilled  water  from  the  top,  so  as  to  carry  ofl'  all  the  saline  matter.  As  the  quick- 
silver which  traces  the  images  will  not  bear  touching,  the  silvered  plate  should  be 
secured  by  a  cover  of  glass,  made  tight  at  the  edges  by  pasting  paper  round  them. 

In  fig.  25,  which  is  a  plan-view  of  the  iodine-box  apparatus,  c  is  an  interior  cover; 
<£  is  the  iodine-dish ;  e  is  the  thin  board  to  which  the  silvered  plate  is  fixed,  as  shown 
at  fig.  24 ;  g  is  the  cover  of  the  box ;  h  h  are  small  rods,  at  the  four  corners  of  the 
inclined  lining,  fc,  of  the  box,  to  support  the  lid  c ;  j  is  a  gauze  of  wire-cloth  cover,  te 
diffusa  the  iodine  vapor ;  fc  is  the  wooden  lining,  sloping  like  a  hopper ;  d  d,  in  fig. 
27,  are  buttons  to  fasten  the  board  on  the  doors ;  e  shows  the  thickness  of  the  frame ; 
/ia  the  silvered  plate.  In^lg.  35,  a  is  the  ground  glass  of  the  camera;  6  is  a  minxir 
inclined  about  45^^  to  the  horizon,  by  means  of  the  red  /.  The  image  of  the  object  is 
easily  brought  into  focus  by  moving  forward  or  backward  the  sliding  box  cf,  in  laying 
hold  of  it  with  both  hands  by  the  projections  ayfig.  28.  When  the  focus  is  adjusted, 
the  thumb-screw,  A,  fixes  the  whole.  The  mirror  is  kept  closed  by  two  hooks  at  /, 
which  take  into  small  eyes  at  g.  The  frame  and  ground  glass  plate  are  withdrawn  and 
replaced  by  the  frame  carr>'ing  the  prepared  plate,  as  represented  in  fig.  22,  with  the 
shading  doors,  b,  open  in  the  camera.  These  doors  and  the  sliding-box  d  are  lined  with 
black  velvet.  The  object-glass  is  achromatic  and  periscopic,  the  concave  being  outside 
in  tiie  camera;  its  diameter  is  about  3}  inches,  and  focus  about  13  inches.  A  dia- 
phragm is  placed  before  the  object-glass,  at  3i  inches  from  it,  and  its  aperture  may  be 
closed  by  a  plate  moving  in  a  pivot.  This  camera  reverses  the  objects  from  left  to 
right ;  but  this  may  be  obviated  by  placing  a  plane  mirror  on  the  outside  beyond  the 
aperture  of  the  diaphragm,  as  vXfyfig.  30,  where  it  is  fixed  by  means  of  a  screw,  k. 
Loss  of  light  is  thereby  occasioned. 

Fig.  31,  is  an  upright  section,  and^g.  32,  a  front  elevation  of  the  mercurial  appara- 
tus :  a,  the  cover ;  h,  the  black-board,  with  grooves  to  receive  the  board  A ;  c  the  cup 
of  quicksilver ;  d,  the  spirit-lamp  :  e,  a  small  cock,  through  which  the  quicksilver  may 
be  run  ofiT,  if  the  apparatus  be  laid  to  one  side ;  /,  the  thermometer ;  g,  a  glass  window  $ 
hy  the  board  bearing  the  metallic  plate;  /,  a  stand  for  the  spirit-lamp,  which  is  held  by 
the  ring  ky  so  that  its  flame  may  strike  the  bottom  of  the  cup.  The  whole  of  the  inside 
of  the  appamtui  shoald  be  Ua<^ened  and  varnished. 

Fig.  33,  is  a  fWmt  view  of  the  washing  apparatus  made  of  tin  pkite,  vaamished.  The 
plates  to  be  washed,  sre  laid  on  the  angular  ledge,  d;  e  is  a  ledge  to  conduct  the  water 
to  the  receptaele  c.  Ftg.  34  is  a  eide  view  of  the  washing  appamtus.  The  patent 
was  enrolled  in  February,  1840.    (See  Newiot^s  Journal,  C.  8.  xvi.  1.) 

Kr.  Richard  Beard  having  purchased  from  M.  Daguerre  a  license  to  practise  hid 
invention  above  described,  received  from  a  foreigner  a  communioation  of  eeitain  tn 
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proTements  for  which  he  obtained  a  patent  in  June,  1840.  The  fint  of 
the  substitution  of  a  concave  reflecting  mirror  for  the  lens  in  the  eamerm 
Fig.  36  represents  in  section  a  slight  wooden  box,  a  a,  open  at  the  front,  oppooie 
to  the  person  sitting  for  the  portrait.  In  the  back  part  of  the  box  a  ctmeaTe  minor, 
b,  is  placed,  to  reflect  the  rays  coming  from  the  person.  A  small  frame,  c,  is  fixed 
to  an  adjustable  pedestal,  d,  which  slides  in  grooves  in  the  bottom  of  the  box,  fiir  the 
purpose  of  being  set  at  the  focal  point  of  the  mirror.  In  this  frame,  c,  a  polishffi 
surface  is  first  to  be  placed  for  trial,  to  receive  the  image  correctly,  as  observed  by  the 
operator,  by  looking  through  the  opening,  e,  in  the  top  of  the  box.  The  piepaieA 
silvered  plate  is  now  substituted  in  the  exact  place  for  the  trial  one.  The  IwniiMaw 
impression  being  made,  the  slide,  d,  is  withdrawn,  and  the  plate  removed;  caicfdly 
shut  up  in  a  box  from  the  light.  * 

The  second  object  of  this  patent  is  making  the  prepared  surface  more  uniform,  bf 
parsing  two  plates,  with  their  silvered  faces  in  contact,  several  times  between,  hardeaed 
rollers,  annealing  them  at  a  low  red  heat  after  each  passage. 

His  third  object  is  to  use  a  compound  of  bromine  and  iodine,  instead  of  the  latter 
alone,  for  coating  the  silver ;  which  increases  its  sensibility  to  light,  therebv 
and  improving  the  operation  of  taking  likenesses.  He  also  recommends  to  nae  a 
bination  of  iodine  with  nitric  acid.  Finally,  Mr.  Beard  finds  that  by  placing  a 
of  any  desired  color  behind  the  sitter,  the  appearance  of  his  Daguerrotype  portrait  is 
improved.    {Newton* 8  Journal^  xxiii.  112.) 

M.  A.  J.  F.  Claudet,  who  had  also  purchased  a  license  from  M.  Dagnerre,  obtained 
a  patent  in  December,  1841,  for  certain  improvements  upon  the  original  process.  His 
first  object  is  to  give  the  front  of  the  camera  obscura  such  an  aperture  as  to  admit 
the  largest  object-glass  intended  to  be  used ;  and  of  such  he  provides  a  aeries  of  dif> 
ferent  dimensions,  each  attached  tp  its  board,  that  may  be  fitted  by  a  slide  to  the  fiont 
of  the  camera. 

One  of  the  greatest  difficulties  in  the  Daguerrotype  process  was  the  impossibility  of 
ascertaining  the  precise  moment  at  which  the  Ught  had  produced,  on  the  piepared 
plate,  the  effect  requisite  for  the  vapor  of  mercury  to  bring  out  the  image.  Bj  apply- 
ing that  vapor  to  the  plate  while  the  silver  surface  is  being  acted  upon  by  the  %ht, 
the  operator  is  enabled  to  see  when  his  picture  is  complete.  Another  advantage  of 
this  joint  operation  is,  that  the  effect  of  the  mercury  upon  those  parts  of  the  plate 
which  have  been  acted  upon  by  the  light,  are  more  perfect  when  caused  to  take  place 
immediately  under  the  luminous  influence.  Hence,  instead  of  using  the  distinct  box 
with  the  cup  of  quicksilver,  he  places  a  cup  containing  that  metal  in  the  camera  ob- 
scura, with  its  spirit-lamp,  and  exhales  the  vapors  there*  When  the  mercury  has  risen 
to  the  proper  temperature,  the  aperture  of  the  object-glass  is  thrown  open,  and  the 
light,  reflected  from  the  object  to  be  delineated,  is  allowed  to  operate. 

He  watches  the  effect  through  an  opening  in  the  side  of  the  camera,  where  he  views 
the  prepared  plate  by  the  light  of  a  laUtem  passing  through  a  piece  of  red  or  arange- 
oolored  glass  in  the  (other)  side  of  the  camera.  Whenever  the  light  and  mercuy, 
by  their  simultaneous  action,  have  produced  a  good  image,  the  object-glass  is  oovered, 
and  the  silver  plate,  with  its  picture,  removed,  in  order  to  be  washed  and  finished. 
M.  Claudet  embellishes  his  Daguerrotype  portraits  by  placing  behind  the  sitter  screens 
of  painted  scenery,  which  furnish  pleasing  back  grounds*  He  specifies  also  varioas 
kinds  of  artificial  illumination,  to  be  used  in  the  absence  of  solar  light.  (iVcwtoa's 
Journal,  C.  S.  xx.  430.) 

According  to  M.  Barnard,  Daguerre's  iodized  plate  should  be  exposed  for  half  a 
minute  to  the  action  of  chlorine,  mixed  with  a  large  proportion  of  commoin  air; 
whereby  it  becomes  so  sensitive,  that  the  pictorial  impression  is  produeed  in  the  short 
space  of  time  necessary  for  removing  and  replacing  the  screen  of  the  camera.  Ae 
mercury  is  afterward  employed;  as  also  the  hyposulphite  wash.  Daguerrotype  pic- 
tures are  colored  by  dusting  over  them  powders  of  proper  hues,  which  are  immediately 
washed  by  passing  the  plate  through  water.  What  remains  of  the  color  after  this  ab- 
lution does  not  seem  in  the  least  to  injure  the  appearabce  or  alter  the  fonn  of  the 
image.  It  would  seem  that  those  parts  of  the  picture  which  were  at  first  Uack,  retain^ 
after  being  washed,  a  larger  proportion  of  the  coloring  matter  than  the  lighter  parts. 

Several  valuable  improvements  seem  to  have  been  made  in  Vienna  upon  the  Ik^ 
guerrotype  process ;  and  among  others,  the  mode  of  using  chloriodim. 

The  best  form  of  box  for  applying  the  chloriodic  vapor  is  square,  with  its  bottom  of 
plate  glass,  supported  a  little  above  the  table  by  feet,  a  thumb-screw  being  one  of 
them,  in  order  to  give  a  certain  inclination  to  the  glass  plate  for  spreading  the  chlop- 
iodine  over  it  uniformly.  A  sheet  x>f  white  paper  being  laid  beneath  the  box, 
the  operator  to  see  whether  the  liquid  chloriodine  is  properly  distributed.  There 
groove  round  the  top  of  the  box,  into  which  the  ledge  of  the  Ud  fits  tight.  A 
eter  is  placed  in  the  box. 
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Voigtlaiid'fl  lenies  consist  of  two  achromatie  object-glasses  placed  apart  j  the  first  near« 
est  the  object)  having  an  aperture  of  18  lines ;  the  second  one  of  19  lines ;  the  solar  fo- 
cns  of  the  two  is  5}  inches.  A  system  of  lenserof  so  short  a  focus  with  so  large  aper- 
tures affords  from  11  to  12  times  more  illumination  than  Daguerre's  original  apparatus 
did.  The  finest  portraits  can  be  produced  in  the  course  of  firom  10  to  30  seconds  with 
this  arrangement.  Such  an  apparatus,  elegantly  made  in  brass,  costs  only  120  gulden, 
or  about  10  guineas. 

Voigtland  has  recently  made  a  camera  with  two  object-glasses,  as  above  arranged, 
each  having  an  aperture  of  37  lines,  and  a  combined  focus  of  12  inches.  By  means  of 
this  instrument,  portraits  5}  inches  in  size  can  be  made.  The  landscapes  produced  in 
them  are  very  beautiful.  Its  price  is  144  gulden,  about  12  guineas.  Along  with  the 
above  apparatus,  a  box  with  a  bottom  of  amalgamated  copper  is  used  for  applying  the 
vapor  of  ^mercury. 

By  peculiar  methods  of  polishing  the  silvered  copper  plate,  peculiar  tones  and  tints 
may  be  given  to  the  picture.  The  olive-oil  and  pumice-powder  are  indispensable  for 
removing  the  scratches  from  the  plate  and  to  render  its  surface  uniform.  If  a  delicate 
blue  tone  be  desired,  the  plate  should  be  a  second  time  polished  with  sulphuric  ether 
and  washed  tripoli ;  and  a  third  time  with  dilute  nitric  acid  and  Paris  red,  rubbing  the 
plate  lastly  with  a  peace  of  washleather  and  crocus.  But  if  a  brownish  black  tone  be 
wished  for,  a  like  series  of  operations  is  to  be  ^ne  through,  only  instead  of  the  ether 
and  tripoli,  spirit  of  ammonia  and  Vienna  lime  is  to  be  used. 

To  give  the  plate  the  utmost  sensibility  to  light,  a  film  of  iodine  should  be  given  in 
the  first  place.  If  with  dry  iodine,  this  should  be  strewed,  then  covered  with  cotton, 
and  lastly  with  a  sheet  of  paper,  and  the  plate  above  the  last,  but  not  so  as  to  touch  it. 
This  may  be  done  also  with  a  solution  of  1  part  of  iodine  in  6  of  spirits  of  wine,  put 
into  a  saucer,  which  is  laid  on  the  bottom  of  the  box,  and  covered  with  gauze.  The 
plate  is  to  be  removed  whenever  it  has  acquired  a  faint  brazen  tint.  By  this  means  the 
plate  receives  the  impressions  of  light  so  well  as  to  produce  good  contrasts  between  the 
white  and  the  dark  places.  The  application  of  bromine  afterward  causes  a  rapid 
reception  of  the  image,  and  occasions  the  deep  black  shades  of  an  object.  The  best 
form  is  Inwn*  water,  made  by  dissolving  the  bromine  in  a  little  distilled  water,  and  then 
adding  more,  when  it  is  wanted,  till  the  solution  acquires  a  straw-yellow  color.  A 
ddicate  thermometer  beihg  put  into  the  box,  the  solution  is  to  be  spread  uniformly  on 
its  glass  bottom,  the  plate  being  laid  on  above  and  covered  up,  while  the  time  of  expo- 
sure must  be  counted  by  seconds,  with  a  clock  or  watch.    If  the  temperature  be 

41*^  F.,  the  time  should  be  258  seconds. 
50P  , _  230    — 

590  201    — 

68»  158    — 

7T  113    — 

By  attending  to  these  instructions,  exact  results  may  be  always  obtained. 

A  second  mode  of  experimenting  is  with  bromiodine ;  prepared  by  dissolving  1  part 
of  bromine  in  an  alcoholic  solution  of  5  parts  of  iodine;  and  diluting  this  mixture  with 
water,  till  it  acquires  the  color  of  Bavarian  beer.  The  action  of  this  application  upon 
the  plate  is  so  rapid  as  hardly  to  leave  time  for  consideration.  It  must  be  watched  ev- 
ery instant  till  the  dark  gold  yellow  tint  appear,  when  it  is  ready  for  the  camera. 

The  best  time  of  day  for  Daguerrotype  operations  is  from  an  hour  after  the  sun  rises 
till  he  comes  within  45^  of  the  meridian,  and  not  again  till  he  has  passed  the  meridian 
by  4S^.  When  the  sitting  is  too  long,  the  parts  which  should  be  pure  white  become 
of  a  dirty  blue  tint,  and  the  dark  parts  become  brown.  The  picture  is  burnt,  so  to 
speak. 

Chloride  of  gold  applied  to  the  picture  has  the  effect  of  fixing  and  enlivening  the 
tints.  A  small  graie  being  fixed  by  a  clamp  to  the  edge  of  a  table,  the  plate  is  laid 
upon  it  with  the  image  uppermost,  and  overspread  evenly  with  solution  of  chloride  of 
gold,  by  means  of  a  fine  broad  camel-hair  brush,  without  letting  any  drop  over  the  edge. 
A  spirit  lamp  is  now  brought  under  the  plate,  and  moved  to  and  firo  till  a  number  of 
small  steam  bobbles  appear  upon  the  image.  The  spirit  lamp  must  be  immediately 
withdrawn.  The  remainder  of  the  chloride  solution  must  be  poured  back  into  the  phial, 
to  be  used  on  another  occasion.  It  is  lastly  to  be  washed  and  examined.'  This  opera- 
tion has  been  repeated  three  or  four  times  with  the  happiest  effect,  of  giving  fixity  and 
fbree  to  the  pieture.    It  may  then  be  wiped  with  cotton  without  injury. 

By  dusting  various  pigment  powders  from  small  cotton-wool  dossils  upon  the  picture, 
previously  coated  with  an  alcoholic  solution  of  copal,  and  nearly  dry,  the  appearance  of  a 
colored  miniature  has  been  very  successfully  imitated.  The  varnish  must  be  applied 
delicately  with  one  stroke  of  a  broad  brush  of  badger  hair.* 

*  See  Piaktifche  Anweiianf  snin  Daguerrotyptren,  Leipzig,  Ac,  184S. 
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DEXTBINE.  This  mbflltaaee  has  exactly  the  aame  dkaaiod 
conBisting  of  24  atoms  of  carboa,  20  of  hydrogen,  and  10  of  osygen  < DuaMa) ;  bnt  it  is 
distingui^ed  from  starch  by  its  solubility  in  cold  water,  like  gva,  and  n<K  being  affectp 
ed  by  iodine.  British  gum,  as  it  is  called,  or  roasted  starch,  is  aoeiely  dextiine  some- 
what discolored ;  «  substanoe  app^ently  used  for  the  paste  on  the  queen's  head  post- 
office  letteivstamps.  A  process  discoyered  by  M.  Payen,  and  patented  in  France  by  M. 
Henz6,  for  making  dextrine,  consists  in  moistening  one  ton  of  dry  starch  with  water 
containing  4i  lbs.  of  strong  nitric  acid.  The  starch  thus  unifonnly  wetted,  is  made  up 
into  small  bricks  or  loaves,  and  dried  in  a  stove.  It  is  then  rubbed  down  into  a  coone 
powder,  and  exposed  in  a  stove-room  to  a  stream  of  air  heated  to  about  160^  F.  Bciag 
now  triturated,  stAed,  and  heated  in  a  stove  to  about  228^  F.,  it  forms  a  peifect  dcai- 
trine  of  a  fair  color ;  because  the  acid  acts  as  a  substitute  for  the  higher  heat,  used  in 
making  the  British  gum.  Such  an  article  makes  a  fine  dressing  for  maslin  and  sUfc 
goods,  and  is  much  employed  in  French  suqgery,  for  making  a  stiff  paste-snippoit  to  the 
bandages  of  fractured  limbs. 
DISTILLATION.    Fig*  38  represents  one  fonn  of  the  worm-safe,  which  is  a  coa* 

trivance  for  permitting  the  distiller  to 
observe  and  note  at  any  period  of  the 
distillation  the  alcoholic  strength  or  the 
specific  gravity  of  his  spirits,  withoni 
access  to  the  still  or  the  means  of  pur- 
loining the  product  before  it  has  ^paid  duty. 
The  nose-pipe  of  the  woim-tub  tenninates 
in,  and  is  firmly  cemented  to  the  side  of  the 
glass  globe,  a,  firom  whose  bottom  the  dii- 
eharge-pipe  descends  vertically,  but  has  a 
stop-cock  upon  it,  and  a  branch  small  pipe 

b,  turued  up  parallel  to  the  ibrmer.  Thii 
branch  is  surmounted  with  a  glass  cylindo^ 

c,  which,  when  the  sti^-eoek  is  opened,  gels 
filled  with  the  spirits,  and  then  receives  a 
hydrometer  to  show  the  gravity  of  the  liaid. 
The  stop-cock  mechanism  is  so  contrive^ 
that  only  one  full  of  the  small  glass  cylin- 
der can  be  obtained  at  a  time. 

The  following  is  the  gross  produce  of 
the  excise  duties  on  British  distilled  spirits 
for  the  United  Kingdom  annually  fron 
1830  to  1840  inclusive:  1831, 5/196,1752.; 
1832,5,163,373/.;  1833,5,258,572/.;  1834, 
5,287,032/. ;  1835,  5,073,276/. ;  1836,  5,- 
485,883/. ;  1837,  5,006,697^ ;  1838,  5,451,792/. ;  1839,  5,363,220/. ;  1840,  5,208,0401. 
The  net  produce  is  very  nearly  the  same.  In  1838, 26,486,543  millions  of  gaUoas  pai4 
duty;  in  1839,  25,190,843  $  and  in  1840,  21,859,337.    See  Run,  Sraiin,  and  Snu. 


E. 

ELECTRO-METALLURGY.  By  this  elegant  art,  perfecUy  exact  copies  of  any 
object  can  be  made  in  copper,  silver,  gold,  and  some  other  metals,  thraagh  the  agency 
of  voltaic  electricity.  The  earliest  application  of  this  kind  seems  to  have  been  pnc^ 
tised  about  ten  years  ago,  by  Mr.  Bessemer^  of  Camden  Town,  London,  who  deposited 
a  coating  of  copper  on  lead  eastings,  so  as  to  produce  antique  heads  in  relief,  about  3 
or  4  inches  in  size.  He  contented  himself  with  forming  a  few  sueh  omamenis  for  his 
mantel-piece ;  and  though  he  made  no  secret  of  his  purpose,  he  published  nothiag  190a 
the  subject.  A  letter  of  the  22d  of  May,  1839,  written  by  Mr.  J.  C.  Jordan,  which  ap» 
peared  in  the  Mtchamct*  Mag.  for  Jvmt  8,  following,  contains  the  first  printed  notice  of  the 
manipulation  requisitefor  obtaining  electro-metallic  casts;  and  to  this  gentleman,  there- 
fore, the  world  is  indebted  for  the  first  discovery  of  this  new  and  important  application 
of  science  to  the  uses  of  life.  It  appears  that  Mr.  Jordan  had  made  his  experiments  in 
the  preceding  summer,  and  having  become  otherwise  busily  occupied,  did  not  think  of 
publishing  till  he  observed  a  vague  statement  in  the  journals,  that  Professor  Jaeahi,  of 
St.  Petersburg,  had  done  something  of  the  same  kind.  Mr.  Jordan'a  apparatus  eoasisied 
of  a  glass  tube  closed  at  one  extremity  with  a  plug  of  plaster  of  Paris,  and  nearly  filled 
with  a  solution  of  sulphate  of  copper.    This  tube,  and  ito  contents,  were  immersed  in 
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«  flolutioB  -of  eoBUBOQ  salt,  A  pl^te  of  copper  was  plvnged  in  the  etpnons  toliffioiiy 
and  wu  coanected  by  means  of  a  wire  aad  eolderi  with  a  zme  pbMe  dipped  in  the 
brine.  A  s]ow  electric  action  was  thus  established  thcovgh  the  noist  plaster,  and 
copper  was  deposited  on  the  metal  ia  a  thin  plate^  correspmiding  to  Che  former  in 
smoothness  and  polish ;  so  that  when  he  used  an  engraved  metal  matrix,  he  obtained 
an  impression  of  it  by  this  electric  agency.  '*  On  detaching  the  j^ecipitated  metal," 
say?  he,  "  the  most  delicate  and  saperficiad  markings,  from  the  fine  particles  of  powder 
used  in  polishing  to  the  deeper  touches  of  a  needle  or  graver,  exhibited  their  corres- 
pondent impressions  in  relkf  with  great  fidelity.  It  is,  therefore,  evident  that  this 
principle  will  admit  of  impravement,  and  that  casts  and  moulds  may  be  obtained 
from  any  form  of  copper.  This  rendered  it  probable  that  impressions  might  be  obtained 
jQrom  those  other  metals  having  an  electro-negative  relation  to  the  2inc  plate  of  the 
battery.  With  this  view  a  conmion  printing  type  was  substituted  £Mr  the  copper*plate, 
and  treated  in  the  same  manner.  This,  also,  was  successful;  the  reduced  copper 
coated  that  portion  of  the  type  immersed  in  the  solution.  This,  when  removed,  was 
found  to  be  a  perfect  matrix,  and  might  be  employed  for  the  purpose  of  casting,  where 
time  is  not  an  object.  Casts  may  probably  be  obtained  from  a  plaster  surface  sur- 
rounding a  plate  of  copper,  SlcJ' 

On  the  12th  of  September  following  the  above  publication,  Mr.  Thomas  Spencer 
read  a  paper  '*  On  Voltaic  Electricity  applied  to  the  purpiose  of  working  in  Metal," 
before  the  Polytechnic  Society  of  Liverpool ;  which  he  had  intended  to  present  to  the 
British  Association  at  Birmin^am  in  the  precednig  August,  but  not  being  well  received 
there,  he  exhibited  met'ely  some  electro-metallic  casts  which  he  had  prepared.  The 
society  publidied  Mr.  Spencer's  paper,  and  thereby  served  io  give  rapid  difiusion  lo  the 
jpractice  of  electro-metallurgy. 

One  of  the  most  sucoessfol  cultivators  of  this  art  has  been  Mr.  C.  V.  Walker, 
secretary  to  the  I/ondon  Electrical  Society.  He  has  published  an  ingenious  little  work 
in  two  parts,  entitled  EUctroiyjte  MampulatioHy  where  he  jHresents,  in  a  lacid  manner, 
the  theory  and  practice  of  working  in  metals,  by  precipitating  theaa  fnom  their  solutions 
through  the  agency  of  voltaic  electricity.  His  first  paiit  is  devoted  to  the  explanation 
of  principle.'',  to  the  preparation  of  moulds,  to  the  description  of  the  voltaic  apparatus 
to  be  used,  to  bronzing,  to  coating  basis  with  copper,  to  the  multiplication  of  engraved 
plates,  and  to  the  deposition  of  other  metals. 
Fig.  39  represents  a  single  cell  voltaic  i4>paFatas  for  electro-metallurgy:    z  is 

a  rod  of  amalgamated  zinc,  m  is  the  mould  on  which  the  metal 
is  to  be  deposited ;  10,  is  Uie  wire  joining  them ;  c,  is  a  strong 
solutiou  of  sulphate  of  copper  in  the  large  vessel;  p,  is  a  tube 
or  cylindet  of  porous  earthenware^  standing  in  the  other,  and 
containing  dilute  sulphuric  acid.  The  solution  of  blue  vitriol  is 
kept  saturated,  duriag  the  prioress  of  its  depositing  copper,  by 
piling  crystals  of  the  salt  upon  the  shelf,  shown  by  the  dots  under  p. 
The  mould  to  be  coated  should  not  be  too  small  in  reference  to 
the  surface  of  zinc  under  voltaic  action.  The  time  for  the  depo- 
sition to  be  efiected  depends  upc^n  the  temperature  $  and  is  less  the 
higher  this  is  within  certain  limits ;  and  at  a  fireezing  temperature 
it  ceases  almost  entirely.  When  a  mould  of  fusible  metal  is  used, 
it  should  not  be  placed  in  the  voltaic  apparatus  till  everything 
is  arranged,  otherwise  oxide  will  be  deposited  upon  it,  and  spoU 
the  effect.  When  the  circuit  is  completed  the  mould  may  be  im- 
mersed, but  not  before.  Wax  moulds  are  rendered  electric  con* 
ductcNTS,  and  thereby  depositon  as  follows:  After  breathing  on 
the  wax,  rub  its  surface  with  a  soft  brush  dipped  in  lumbago ;  breathing  and 
rubbing  alternately  till  the  surface  be  uniformly  covered.  Attach  a  clean  wire 
to  the  back  of  the  mould,  connecting  it  by  plumbago  with  the  blackened  wax. 
Sealing-wax  is  coated  in  like  manner.  Casts  of  Paris  plaster  are  first  well  iiB- 
bned  with  melted  wax  or  taUow,  and  then  black-leaded.  Objects  in  Paris  plaster 
should  be  thoroughly  penetrated  with  hot  water,  but  not  wet  on  the  surface, 
before  wax  casts  are  made  from  them.  Moulds  are  best  taken  from  medals  in  stearine 
(stearic  acid).  For  plating  aad  gilding  by  electro-chemical  ageaey,  the  following 
simple  plan  of  apparatus  is  used.  Fig.  40  is  a  rectangular  porcelain  vessel,  which 
contains  in  its  centre  a  porous  eell  for  containing  the  solution  of  oxide  of  silver  or 

Sold,  by  means  of  cyanide  of  potassium ;  and  this  porous  cell  is  surrounded  at  a  little 
istance  by  a  similarly  formed  vessel  of  zinc  The  connexion  is  formed  between  the 
zinc  and  the  suspended  object  to  be  coated,  either  by  a  pinching  scrtfw,  or  by  the 
pressure  of  its  weight  upon  the  wire.  The  dilute  acid  which  excites  the  zinc  should, 
IB  this  case,  be  very  weak,  ia  rafeireace  to  the  strength  of  the  cyanide  sahition,  which 
should  be  recruited  occasionally  by  the  addition  of  oxide. 
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It  has  been  found  that  with  cyanide  eolations  of  gold  and  silTer  in  the  dcctio- 
chemieal  apparatus,  the  nascent  cyanogen  at  the  positive  pole  or  plate,  in  a  decom- 
position cell,  will  act  npon  and  dissolve  gold  and  silver.  Two  or  three  of  Baniell's 
eylindric  ceUs,  as  shown  at  a  in  ySg.  41,  of  a  pint  size,  for  acting  npon  sdntions  of 
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gold  or  silver,  will  in  general  suffice.  The  decom]Kwition  cell  b  is  made  of  glass  « 
porcelain.  The  zinc  may  be  amalgamated,  and  excited  with  brine ;  the  copper  edi 
contains,  as  usual,  a  solution  of  blue  vitriol.  To  the  end  of  the  wire  attaehed  to  the 
copper  cylinder  of  the  battery,  a  plate  of  silver  or  gold  is  affixed ;  and  to  the  «id  of 
the  wire  attached  to  the  zinc  cylinder  is  affixed  the  mould,  or  surface,  to  be  plated  or  gih. 
The  plates  of  silver  or  gold  and  zinc  should  be  placed  face  to  face  as  shown  in  the  figiie 
in  the  decomposition  ceU ;  which  is  filled  by  the  cyanide  solution.  A  certain  degree 
of  heat  favors  the  processes  of  electro-gUding  and  plating.  The  surface  is  dead  as  int 
obtained,  but  it  may  be  easily  polished  with  leather  and  {»late-powder,  and  bnmiihedia 
whole  or  in  parts  with  a  steel  or  agate  tool. 

In  March,  1840,  Messrs.  Elkington  obtained  a  patent  for  the  use  of  prvcstofe  €f 
ffotaahy  as  a  solvent  for  the  oxides  of  gold  and  silver  in  the  electro-chemical  apparatus 
for  plating  and  gilding  metils.  They  also  **  sometimes  employ  a  solution  of  pratoxkle 
(purple  of  Cassius)  in  the  muriates  of  potash,  &c."  The  chemical  misnomers,  in  thdr 
specification,  are  very  remarkable,  and  do  great  discredit  to  the  person  employed  to 
draw  it  up.  Prussiate  of  potash  is  the  ordinary  commercial  name  of  a  salt  very  differat 
from  the  cyanide  of  potassium — ^the  substance  really  meant  by  the  patenteea  and  the 
purple  of  Cassius  is  very  different  from  protoxide  of  gold. 

In  plating  or  gilding  great  care  must  be  bestowed  in  making  the  articles  clean,  bright, 
and  perfectly  free  from  the  least  film  of  grease.  For  this  purpose,  they  should  be 
boiled  in  a  solution  of  caustic  alkali,  then  scoured  with  sand  and  water,  next  dipped 
into  a  dilute  acid,  and  finally  rinsed  with  water.  A  solution  of  the  nitrate  or  cyuude 
of  mercury  may  also  be  used  with  advantage  for  cleaning  surfaces.  The  folkiwiag 
metals  have  been  deposited  by  electro-chemistry : — 

Gold,  platinum,  silver,  copper,  zinc,  nickel,  antimony,  bismuth,  cobalt,  p*i*^»"»j 
cadmium,  lead,  and  tin ;  of  these,  the  first  five  are  the  most  important  and  valuable. 
The  gilding  solution  may  be  prepared  by  placing  slips  or  sheets  of  gold  in  a  sotutioa 
of  cyanide  of  potassium,  and  attaching  to  the  negative  pole  of  a  voltaic  battery,  a  small 
plate  of  gold,  but  to  the  positive  pole  a  much  larger  one ;  whereby  the  latter  con- 
bines  with  the  cyanogen,  under  the  influence  of  positive  electricity,  and  forms  a  seda- 
tion. Or,  oxide  of  gold,  in«cipitated  from  the  chloride  by  magnesia,  may  be  dissolved 
in  the  solution  of  the  cyanide.  ^ 

For  making  copper  medals,  &c.,  a  plate  of  amalgamated  zinc  is  to  be  put  into  a 
vessel  of  unglazed  earthenware,  or  of  any  other  porous  substance,  filled  with  dilute  sul- 
phuric acid ;  which  vessel  is  set  into  a  trough  of  glass,  glazed  pottery,  or  pitched  wood, 
containing  Uue  vitriol  in  the  state  of  solution,  as  well  as  in  the  state  of  crystals  npon  a 
perforated  shelf,  near  the  surface  of  the  liquid. 

The  moulds  to  be  covered  with  copper  are  to  be  attached  by  a  copper  wire  to  die 
zinc  plate.  The  surface  of  zinc  excited  by  the  acid  should  be  equal  to  that  of  the 
moulds ;  with  which  view  a  piece  of  zinc,  equivalent  in  size  to  the  mould,  should  be 
suspended  in  front  of  it. 

For  depositing  copper  upon  iron,  Messrs.  Elkington  use  a  solution  of  fenocyanide 
of  copper  in  eyanide  of  potassium  in  the  decomposition  trough,  instead  of  sulphate  of 
copper,  neutralized  fh>m  time  to  time  with  a  little  caustic  alkali,  as  in  the 
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practice  of  maldiig  medala,  ^.^  of  copper.  I  ahonld  unagiae  that  the  Uack  oxide  of 
copper  dissolved  in  solution  of  cyanide  of  potassium  would  answer  better;  as  the  iron 
in  the  ferrocyanide  might  be  rather  injurious.  The  iron  to  be  coppered  being  previously 
well  cleaned  from  rust,  &c.,  with  the  aid  of  a  dilute  acid,  is  to  be  plunged  into  the 
cyanide  solution  heated  to  120^  Fahrenheit,  and  connected  by  a  wire  with  the  negative 
pole  of  a  voltaic  battery,  as  formerly  described.  In  from  five  to  ten  minutes,  the  iron 
wUl  be  completely  coated.  It  is  then  to  be  scoured  with  sand,  and  plunged  into  solution 
of  sulphate  of  copper;  whereby  it  wHl  show  black  spots  wherever  there  are  any  defec- 
tive places.  In  this  case,  it  is  to  be  cleaned  and  replaced  under  the  cyanide  solution, 
in  the  decomposition  cell  for  a  minute  or  two.  Zinc  may  be  deposited  from  a  solution 
of  its  sulphate  by  a  like  arrangement. 

Metallic  cloth  may  be  made  as  follows  : — On  a  plate  of  copper  attach  quite  smoothly 
a  stout  linen,  cotton,  or  woollen  doth,  and  connect  the  plate,  with  the  negative  pole  of 
a  voltaic  battery ;  then  inmierse  it  in  a  solution  of  copper  or  other  metal,  connecting  a 
piece  of.  the  same  metal  as  that  in  the  solution  with  the  positive  pole ;  decomposition 
takes  place,  and  the  separated  metallic  particles  in  their  progress  toward  the  metal 
plate  or  negative  pole,  insinuate  themselves  into  the  pores  of  the  tissue,  and  form  a  com- 
plete sheet  of  flexible  metal.  Lace  is  metallized  by  coating  it  with  plumbago,  and  then 
subjecting  it  to  the  electro-metallurgic  process. 

The  gilding  solution  should  be  used  in  the  dectric  process  at  a  temperature  of 
IZQP  F.  The  more  intense  the  electric  power,  the  denser  and  harder  is  the  metallic 
coat  deposited. 

Metallic  silver  may  be  combined  with  cyanogen  by  subjecting  it  to  the  joint  action 
of  a  solution  of  cyanide  of  potassium  and  positive  electridty .  Or  cyanide  of  silver  may 
be  precipitated  from  the  nitrate  by  a  little  cyanide  of  potassium,  and  afterward  dissolved 
by  means  of  an  excess  of  cyanide  of  potassium.  The  quantity  of  electric  power  or  sur* 
face-size  of  the  battery  should  in  all  cases  be  proportioned  to  the  surface  of  the  articles 
to  be  placed  or  gilt,  and  the  electric  intensity  or  number  of  sets  of  jars  proportioned  to 
the  density  of  the  solution.  Plating  is  accomplished  in  from  4  to  6  hours.  The  articles 
should  be  wdghed  before  and  aAer  this  operation,  to  ascertain  how  much  silver  they 
have  taken  on. 

Messrs.  Elkington  make  their  moulds  with  wax,  combined  with  a  little  phosphorus, 
which  reduces  upon  their  surfaces  a  thin  film  of  gold  or  silver,  from  solutions  of  these 
metals,  which  films  are  better  than  the  blackleaded  surfaces  for  receiving  the  copper 
deposite.  They  also  recommend  to  add  a  little  alkali  to  the  solution  of  sulphate  of 
copper,  intended  to  afibrd  a  depoute  of  metal.  The  single  cell,  first  described  above, 
is  best  adapted  for  this  purpose. 

M.  Ruolz  employs  for  gilding,  a  solution  of  sul]^nret  of  gold  in  sulphuret  of  potas- 
sium, which  he  prepares  by  precipitating  a  solution  of  gold  in  aqua  regia,  by  sul|^u- 
retted  hydrogen,  and  redissolving  the  predpitate  with  sulphuret  of  potassium.  By 
the  use  of  this  solution  of  gold,  he  obtains  a  very  beautiful  and  solid  gilding,  and  at  less 
expense  than  with  cyanide  of  potassium.  Every  metal  which  is  a  negative  electrode  to 
gold  may  be  gilded. 

Platinizing  is  efi'ected  best  by  means  of  a  solution  of  the  potash-chloride  of  platinum 
in  caustic  potash.  1  milligramme  (0*015  grain)  covers  completely  a  surface  of  60 
square  centimeters  (2  inches  square)  $  the  &n  of  platinum  is  only  one  hundredth  of  a 
nulligramme  thick. 

M.  Bcettger  has  shown  that  we  may  easily  tin  copper  and  brass  in  the  moist  way  by 
dissolving  peroxide  of  tin  (putty)  in  hydrate  of  potash  (caustic  potash  ley),  putting  at 
the  bottom  of  the  vessel  holding  that  solution  some  turnings  of  tin,  setting  the  piece  of 
copper  or  brass  upon  the  turnings,  and  making  the  liquor  boil.  An  electric  current  is 
produced  by  the  contact  of  the  dissimilar  metals ;  and  as  the  tin  is  withdrawn  by  the 
copper  or  brass  from  the  solution,  it  is  restored  to  it  by  the  turnings.  Zinking  may  be 
done  in  the  same  way  ;  by  putting  pieces  of  zinc  into  a  concentrated  solution  of  chlorine, 
by  setting  the  piece  of  metal  to  be  zinked  in  contact  with  these  pieces,  and  applying  heat 
to  the  vessel  containing  the  whole. 

For  certain  new  methods  of  constructing  and  arranging  voltaic  batteries  for  electro- 
metallurgic  operations,  a  patent  was  obtained  by  Br.  Leeson  in  June,  1842. 

Fig.  42,  is  a  longitudinal  section  of  the  battery,  and/ig.  43,  a  plan  view  of  the  frame 
to  which  the  metal  plates  are  attached,  a  is  a  rectangular  wooden  trough,  containing 
a  wooden  fVame  6,  formed  with  vertical  grooves  in  its  sides,  to  receive  a  series  of  porous 
cells  Cf  c,  c.  The  plates  of  the  battery  are  suspended  in  the  fluid  or  fluids  by  brass 
toiks  d,  d,  fastened  to  a  wooden  frame  s,  e,  which  rests  upon  the  trough  a,  and  is  con- 
nected to  the  other  frame  6,  by  two  pins/,  when  they  are  required  to  be  raised  together 
oot  of  the  trough  a,  a. 

The  battery  may  be  charged  as  uaual  with  one  or  two  fluids ;  one  of  thetti  in  the  lattei 
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OM  being  tontained  in  the  poroav  cells  c,c,c\  and  phtn  ot  copper  ftnd  line, «  mnj 
other  soitable  metals,  mir  be  employed. 

The  geeond  improTement  consiiU  in  cleaninf  copper  and  tine  plata  after  thef  hare 
beea  used  in  ■  battery,  by  the  employtnent  of  a  Toltaic  batteiy ;  and  also  in  amabta- 
iCBting  or  coating  with  mercury  the  Buriaces  of  zinc  plates,  bf  die  same  mean*  to  rmder 
them  suitable  for  being  used  in  the  construction  of  the  toltaic  apparatn:. 

The  third  improvement  coneists  in  eiciting  el^rctricily  by  a  combination  of  nitric, 
lulphnric,  or  muriatic  acid,  vith  any  of  the  folio  win  r  substances ;  rii.,  impure  aauDOBiaeal 
or  lime  liquor  of  the  gas  irorfcs,  soiutions  of  alkaline  and  earthy  sulphnrets,  the  alluHei 
and  tbeir  carbonates,  or  lastly  the  acidulous  sulphate  of  iron  gmeiated  from  iioa 


Another  of  Dr.  Leeson't  manifold  improvements  is  for  depositing  netaOie  allofiL 
consists  in  the  employment  of  one  battery,  with  the  "  ■Itemaling  cathode,"  rcpreaentts 
in  fig.  44.  It  is  composed  of  a  beam,  a,  mounted  on  ttie  shaft,  ft,  which  turns  in  beai> 
ings  carried  by  standards,  c,-  the  beam  communieates  with  the  anode  of  the  battery  by 
the  wire,  d,  and  a  vibrating  motion  is  given  to  it  by  the  rod,  e,  from  the  shaft,/,  whiA 
ii  driven  by  an  electro-magnetic  engine,  or  any  other  saitible  prime  mover-  g,  g,  ate 
two  vessels  containing  mercury,  connected  by  wires,  h,  k,  with  the  cathode  platesoftbc 
two  metals  composing  the  alloy  (but  if  the  alloy  is  to  consist  of  more  than  two  metal^ 
then  more  vessels,  g,  will  be  required,  for  one  each  cathode  plate) ;  these  plates  an 
immersed  in  a  solution  composed  of  similar  salts  of  the  different  metals  to  be  depositel, 
toaether  with  the  anode,  or  surface  to  be  deposited  upon,  wiiich  is  connected  by  a  wire 
with  the  cathode  of  the  battery.  A  commttnication  b  estahliahed  between  the  twv 
cathode  plates,  or  supply  metals,  and  the  anode  of  tlie  battery,  by  means  of  Ibe  rods,  i,i, 
which  ore  caused,  by  the  vibration  of  the  beam,  a,  to  dip  alternately  into  eilfaer  the  om 
or  the  other  of  the  vessels,  g  ;  and  thns  each  metal  will  be  deposited  on  the  article  to 
be  coated,  daring  the  time  that  the  connexion  is  established  between  it  and  the  battery, 
by  the  immersion  of  its  rod  into  the  vessel  of  mercury.  The  relative  proportions  of  tbc 
two  metals  is  adjusted  by  lenxthening  or  shortening  the  rods,  t.  i,ai  shown  in  the  igmt, 
so  that  they  msy  be  immersed  for  a  longer  or  shorter  period  in  the  mercary. 

Where  the  dectrical  current  enters  the  electrolyte,  is  the  aimit ;  where  it  leaves  it,  i> 
the  caOuxU. 

The  patentee  describes  ten  other  improvements,  which  seem  to  be  iiiseaioiH.  9m 
NtKlm'i  Jattmal,  xxii.  292. 

ELEMENTS,  CHEMICAL.  The  catalogue  given  in  the  Dictionary  has  bna 
augmented  by  four  new  bodies;  XnniAmitHtTi,  Didymium,  from  Cerium;  £rMBa  aai 
TttUum,  from  Yttria. 
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£LVAN.  The  name  given  hj  tlue  Cornish  miners  to  perphjiy,  as  also  to  the  hetero* 
geneous  rocky  masRes  which  occur  in  the  granite  or  in  the  clay  slate,  deranging  the 
direction  of  their  metallic  veins,  or  even  the  mineral  strata :  bat  elvan  generally  indi- 
cates a  felspar  porphyry. 

EMBOSSING  OF  LEATHER.  Beantifnl  ornaments  in  basso-relievo  fbr  decorating 
the  exteriors  or  interiors  of  buildings,  medallions,  picture-frames,  cabmet-work,  Jtc., 
have  been  recently  made  by  the  pressure  of  metallic  blocks  and  dies,  for  which  inven- 
tion a  patent  was  obtained  in  June,  1839,  by  M.  Claude  6chroth<  The  dies  are  made 
of  type-metal,  or  of  the  fusible  alloy  witii  bismuth,  called  d'Arcet's.  The  leather  is 
beaten  sod  in  water,  then  wrung,  pressed,  rolled,  and  fulled  as  it  were,  by  working  it 
with  the  hands  till  it  becomes  thicker  and  quite  supple.  In  this  state  it  ia  laid  on  the 
mould,  and  forced  into  all  its  cavities  by  means  of  a  wooden,  bone,  or  copper  tool.  In 
other  cases,  the  embossing  is  performed  by  the  force  of  a  press.  The  leather,  when  it 
has  become  dry,  is  easily  taken  off  the  mould,  however  deeply  it  may  be  inserted  into 
its  crevices,  by  virtue  of  its  elasticity.  A  full  detail  of  all  the  processes  u  given  in 
Neipton'a  Journalf  vol.  xxii.,  p.  122. 

ENAMELLING  of  Catt  Iron  and  other  Hollow  Ware  for  SaucepanSy  ^,  In  Decem- 
ber, 1799,  a  patent  was  obtained  for  this  process  by  Dr.  Samuel  Sandy  Hidding.  ffis 
specification  is  subdivided  into  two  parts : — 

1.  The  coating  or  liaiug  of  iron  vessels,  &c.,  by  fusion  with  a  vitrifiaUe  mixture, 
composed  of  6  parts  of  calcined  &ints,  2  parts  of  oompositUm  or  Cornish  stone,  9  parts 
of  litharge,  6  parts  of  borax,  1  part  of  argillaeeoms  earth,  1  part  of  nitre,  6  parts  of  calx 
of  tin,  and  1  part  of  purified  potash.    Or,  2dly, 

8  parts  of  calcined  flints,  8  red  lead,  6  borax,  5  calx  ^f  tin,  and  1  of  nitre.    C^,  3dly, 

12  of  potter's  composition,  8  borax,  10  white  lead,  2  nitre,  1  white  marble  caldned, 
1  argillaceous  earth,  2  purified  potash,  and  5  of  calx  of  tin.    Or,  4thly, 

4  parts  calcined  flint,  1  potter's  composition,  2  nitre,  8  borax,  1  white  marble  cal- 
cined, i  argillaceous  earth,  and  2  calx  of  tin. 

Whichever  of  the  above  compositions  is  taken,  must  be  finely  powdered,  mixed,  fused ) 
the  vitreous  mass  is  to  be  ground  when  cold,  siAed,  and  levigated  with  water.  It  i» 
then  made  into  a  pap  with  water  or  gum-water.  This  pap  is  smeared  or  brushed  over 
the  interior  of  the  vessel,  dried,  and  fused  with  a  proper  heat  in  a  muffle. 

Calcined  bones  are  also  proposed  as  an  ingredient  o^  the  flux. 

The  fusibility  of  the  vitreous  compounds  is  to  vary  acoordinff  to  the  heat  to  be  applied 
to  the  vessel,  by  using  various  proportions  of  the  siliceous  and  fluxing  materials.  Col- 
ors may  be  given,  and  also  gilding. 

The  second  part  or  process  in  his  specification  describes  certain  alloys  of  iron  and 
nickel,  which  he  casts  into  vessels,  and  lines  or  coats  them  with  copper  precipitated 
from  its  saline  solutions.  It  also  describes  a  mode  of  giving  the  precipiteted  copper  • 
brassy  surface  by  acting  upon  it  with  an  amalgum  of  zinc  with  the  aid  of  heat. 

A  factory  of  such  enamelled  hollow  wares  was  carried  on  for  some  time,  but  it  WM 
given  up  for  want  of  due  encouragement. 

A  patent  was  granted  to  Thomas  and  Charles  Clarke  on  the  25th  of  May,  1839,  for 
a  method  of  enamelling  or  coating  the  internal  surfaces  of  iron  pots  and  saucepans,  in 
such  a  way  as  shall  prevent  the  enamel  from  cracking  or  splitting  off  from  the  effecte 
of  fire.  The  specification  prescribes  the  vessel  to  be  first  cleansed  by  exposing  it  to 
the  action  of  dilute  sulphuric  acid  (sensibly  sour  to  the  taste)  for  three  or  four  hourv 
then  boiling  the  vessel  in  pure  w&ter  for  a  short  time,  and  next  applying  the  compoeitioQ. 
This  consists  of  100  lbs.  of  calcined  ground  flints ;  bO  lbs.  of  borax  csddned,  and  findy 
ground  with  the  above.    That  mixture  is  to  be  fused  and  gradually  cooled. 

40  lbs.  weight  of  the  above  product  is  to  be  taken  with  5  lbs.  weight  of  potter's  claty } 
to  be  ground  together  in  water  until  the  mixture  forms  a  pasty-consistenced  mass, 
which  will  leave  or  form  a  coat  on  the  inner  surface  of  the  vessel  about  one  sixth  of  an 
inch  thick.  When  this  coat  is  set,  by  placing  the  vessel  in  a  warm  room,  the  second 
composition  is  to  be  applied.  This  consists  of  125  lbs.  of  white  glass  (without  lead), 
25  lbs.  of  borax,  20  lbs.  of  soda  (crystals),  all  pulverized  together  and  vitrified  by  fu- 
sion, then  ground,  cooled  in  water,  and  dried.  To  45  lbs.  of  that  mixture,  1  lb.  of  sodm 
is  to  be  added,  the  whole  mixed  together  in  hot  water,  and  when  dry,  pounded ;  then 
sifted  finely  and  evenly  over  the  internal  surface  of  the  vessel  previously  covered  with 
the  first  coating  or  composition,  while  this  is  still  moist.*  This  is  the  glazing.  The 
vessel  thus  prepared  is  to  be  pat  into  a  stove,  and  dried  at  the- temperature  of  212^  F. 
It  is  then  heated  in  a  kiln  or  muffle,  like  that  used  for  glazing  china.  The  kiln  being 
brought  to  its  full  heat,  the  vessel  is  placed  first  at  its  mouth  to  heat  it  gradually,  and 
then  put  into  the  interior  of  the  fusion  of  the  glaze.  In  practice  it  has  been  found  ad- 
vantageous also  to  dust  the  glaze  powder  over  the  fused  glaze,  and  apply  a  second 
Anzing  heat  in  the  oven.  The  ename)>  by  this  double  application,  becomes  much 
■Mother  and  sowider. 


m  EVAPORATION. 

MeMfs.  Keiirick  of  Weat  Bromwich  haTing  produced  in  their  factory  ana  •ent  iamb 
the  market  some  excellent  specimens  of  enamelled  saucepans  of  cast  iron,  were  sued  hy 
Messrs.  Clarke  for  an  invasion  of  their  patent  rights;  but  after  a  long  liti^tion  m 
chancery,  the  patentees  were  nonsuited  in  the  court  of  exchequer.  The  prerioos  pro- 
cess of  cleansing  with  dilute  sulphuric  acid  appeared  by  the  evidence  on  the  trial  to 
have  been  given  up  by  the  patentees,  and  it  was  also  shown  by  their  own  principa] 
scientific  witness  that  a  good  enamelled  iron  saucepan  could  be  made  by  Mickliiig's 
specification.  In  fact,  the  formulie  by  which  a  good  enamel  may  be  compounded  are 
almost  innumerable ;  so  that  a  patent  for  such  a  purpose  seems  to  be  untenable,  or  at 
least  most  easily  evaded.  I  have  exposed  the  finely-enamelled  saucepans  of  Messrs. 
Kenrick  to  very  severe  trials,  having  fused  even  chloride  of  calcium  in  them,  and  have 
found  them  to  stand  the  fire  very  perfectly  without  chipping  or  cracking.  I  coasader 
such  a  manufacture  to  be  one  of  the  greatest  improvements  recently  introduced  into 
domestic  economy ;  such  vessels  being  remarkably  clean,  salubrious,  and  adapted  Is 
the  most  delicate  culinary  operations  of  boiling,  stewing,  making  of  jellies,  preserves, 
&c.  They  are  also  admirably  fitted  for  preparing  pharmaceutical  decoctions,  and  ordi- 
nary extracts. 

The  enamel  of  the  said  saucepans  is  qnite  free  from  lead,  in  consequence  of  thegksi 
which  enters  into  its  composition  being  quite  free  from  that  metal.  In  several  of  the 
saucepans  which  were  at  first  sent  into  the  market  by  Messrs.  Clarke,  their  enamd 
was  found  on  analysis  by  several  chemists  to  contain  a  notable  proportion  of  oxide  of 
lead.  In  consequence  of  the  quantity  of  borax  and  soda  in  the  glaze,  this  oxide  was  s» 
readily  acted  upon  by  acids,  that  sugar  of  lead  was  formed  by  digesting  vinegar  in  then 
with  a  gentle  heat.  The  presence  of  this  noxious  metal  formed,  in  my  opinion,  a  legit- 
imate ground  for-  contesting  the  patent,  being  in  direct  violation  c^  the  terms  of  the 
specification.  Messrs.  Kenwick's  wares  have  been  always  free  from  this  deleteriow 
metal.  Messrs.  Clarke,  I  understand,  have  for  some  time  been  careful  to  reject  inm 
their  enamel-composition  all  glass  which  contains  lead;  and  they  now  manufacture  also 
wholesome  enamelled  ware.  Thus  the  public  have  profited  in  a  most  important  point 
by  the  aforesaid  litigation. 

Enamelled  iron  saucepans  had  been  many  years  ago  imported  from  Gennaay,  and 
sold  in  London.  I  had  occasion  to  analyze  their  enamel,  and  found  to  my  surprise 
that  it  contains  abundance  of  lithaige  or  oxide  of  lead.  The  Prussian  goTemment  has 
issued  an  edict  prohibiting  the  use  of  lead  in  the  enamelling  of  saucepans,  which  are  90 
extensively  manufactured  in  Peiz,  Gleiwitz,  &c.  -  Probably  the  German  ware  sent  In 
England  was  fabricated  for  exportation,  with  an  enamel  made  to  flux  easily  by  a  dose 
of  litharge.  The  composition  of  the  said  enamel  is  nearly  the  same  with  that  which  I 
found  upon  some  of  the  earlier  saucepans  of  Messrs.  Clarke.  Had  their  patent  becB 
sustained,  the  important  legal  question  would  have  arisen,  whether  it  gave  the  patenters 
the  power  of  preventing  d^ers  from  continuing  to  .sell  what  they  had  been  habitoaDy 
doing  for  a  great  many  years. 

A  suitable  oven  or  muffle  for  lining  or  coating  metals  with  enamel  may  have  the  fol- 
lowing dimensions : — 

The  outside,  8  feet  square,  with  14-inch  walls ;  the  interior  mufile,  4  feet  square  at 
bottom,  rising  6  inches  at  the  sides,  and  then  arched  over ;  the  crown  may  be  18  inches 
high  from  the  floor :  the  muflle  should  be  built  of  fire-brick,  2^  inches  thick.  Another 
arch  is  turned  over  the  first  one,  which  second  arch  is  7  inches  wider  at  the  bottom,  aad 
4  inches  higher  at  the  top.  A  9-inch  wall  under  the  bottom  of  the  muflle  at  its  eeatie 
divides  the  fireplaces  into  two,  of  16  inches  width  each,  and  3  feet  3  inches  long.  The 
flame  of  the  fire  plays  between  the  two  arches  and  up  through  a  3-inch  flue  in  front,  aad 
issues  from  the  top  of  the  arch  through  three  holes,  about  4  inches  square ;  these  opo 
into  a  flue,  10 -f- 9  inches,  which  runs  into  the  chimney. 

The  materials  for  the  enamel  body  (ground  flint,  potter's  clay,  and  borax)  are  first 
mixed  together  and  then  put  into  a  reverberatory  furnace,  6  feet  6  inches  long,  by  3 
feet  4  wide,  and  12  inches  high.  The  flame  from  an  18-inch  fireplace  passes  over  the 
hearth.  The  materials  are  spread  over  the  fioor  of  the  oven,  about  6  inches  thick,  and 
ignited  or  fritted  for  four  or  five  hours,  until  they  begin  to  heave  and  work  like  yeast, 
when  another  coating  is  put  on  the  top,  also  6  inches  thick,  and  fired  again,  and  so  oa 
the  whole  day.  If  it  be  fired  too  much,  it  becomes  hard  and  too  refractory  to  work  n 
the  muffles.  The  glaze  is  worked  in  an  oven  similar  to  the  above.  It  may  be  composed 
of  about  one  half  borax  and  one  half  of  Cornish  stone  in  a  yellowish  powder  procured 
from  the  potteries.  This  is  fritted  for  10  hours,  aad  then  fused  into  a  glass  which  u 
ground  up  for  the  glaze. 

EVAPORATION.  Fof  the  following  scheme  of  generating,  purifying,  and  cam- 
iensing  steam,  Mr.  Charles  Clark,  merchant,  London,  obtained  a  patent  in  January, 
1843.  His  apparatus  for  converting  sea-water,  &e.,  economically  into  good  fircrii 
water,  is  represented  in  Jig9,  46,  47,  48.    A  is  the  supply-cistenii  whieb  eoaimimicBtci 
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lop ;  it  ii  BboDt  two  thirds  fltled  with  the  valer,  to  be  operated  upon.  D  is  a  cyliB> 
driol  fnrnftce  conceDtric  vith  th«  water  cylinder  C  ;  if  is  an  upwanl  air  and  water- 
tight tube,  which  serve*  both  at  a  Teed-pipe,  throac;h  nhicfa  the  fuel  is  supplied  to  the- 
fhrnace,  and  as  a  passage  for  (he  Rscape  of  the  emoke,  anil  other  gaseons  prodacta  of 
combustion  ;  t  is  a  hinged  trap  door  through  which  the  fuel  is  passed  into  the  lube  df 
A  is  a  chimney  into  which  the  pipe  d  terminates  ;  and  i,  a  damper,  by  which  the  degree  - 
of  activity  given  to  the  Turnace  can  be  regulated  at  pleasure ;  /  is  an  open  air  pipe  t 
which  leads  from  the  ontside,  through  the  boiler  into  the  farnaee,  a  little  way  nbore 
the  fire  bars,  and  assists  in  secnring  a  good  draught  through  the  fumace  into  the- 
^imney.  To  the  water  cylinder  C  there  are  attached  gauRe-cockB,?g,  for  ascertaiiiing 
from  lime  to  lime  the  height  of  the  water;  I  Is  a  cock  or  tap  for  drawing  off  the' 
brine,  and  other  residual  matters  which  collect  at  the  bottom  of  the  boiler;  n>  is  a 
■crew-cap  and  hole,  through  which  access  may  be  had  to  the  interior  of  the  watei 
cylinder  C,  when  it  needs  to  lie  cleaned ;  E  is  a  short  pipe  fitted  into  the  conical  top 
of  the  water  cylinder  C,  which  conveys  the  steam  generated  in  it,  into  the  Bteam--bead 
or  receiver  F ;  O  is  a  concave  plale,  resting  upon  the  top  of  the  pipe  E,  a  little  Urfer 
Ifaan  that  pipe,  and  kept  steady  by  a  weight,  k,  of  one  or  more  poaads,  saspeniM  tnm 
it  by  wires.  This  plale  prevents,  in  a  great  measale,  the  escape  water  escaping  into 
the  steam-head  (an  accident  commonly  eallcd  priming  in  steam  engine*  ;  bteaiue,  till ' 
the  ateam  has  acquired  a  preMore  exceeding  that  of  the  coanterweight  fc^iteU'iMt- 
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raise  the  weight  G,  m  as  to  escape  freely  into  the  steam-head  F»  feimce  aoj  putide  af 
water  must,  during  the  rising  of  the  cap  6,  strike  against  it,  and  drop  hack,  eitlier  into 
the  water  cylinder  C,  through  the  pipe  £,  or  into  the  space  round  that  pipe  at  the 
hottom  of  the  steam-head  F ;  whence  it  may  he  withdrawn  by  the  cods  shown  in  the 
drawing.  H  is  a  pipe  which  conveys  the  steam  from  the  steam-head  F  to  the  rectifier 
R.  This  consists  simply  of  a  cylinder  (about  one  third  the  size  of  the  cylinder  C) 
laid  horizontally,  in  the  lower  part  of  which  a  body  of  water  speedily  collects,  and  seires 
to  retain  any  particle  of  undecomposed  matter,  which  may  come  over  with  the  steam,  as 
it  continues  to  flow  in  from  the  boiler ;  whereby  only  its  purer  portions  may  pass  aC 
from  the  rectifier  R,  by  the  pipe  N.  n  is  a  cock  or  tap,  at  the  bottom  of  the  cylinder  R 
for  drawing  off  its  water  occasionally ;  Ri  is  a  second  steam-rectifier,  like  R,  into  wbkk 
the  sleam  passes  iVom  the  pipe  N,  and  is  thereby  still  further  purified ;  bat  when  the 
proportion  of  saline  matter  is  small,  R'  may  be  dispensed  with,  and  for  very  fonl 
two  or  three  more  such  rectifiers  may  be  added. 

The  condenser  for  liquefying  the  purified  steam,  and  aerating  the  resulting 
is  shown  at  t^,  fs,  /s.  It  is  composed  of  conical  upright  compartments  communicatinf 
with  each  other;  the  chamber  t^  is  surrounded  by  the  water  in  the  cistern  A  (slightly 
heated  by  the  steam  in  that  chamber),  while  the  chambers  t»  and  <s  are  exposed  frcdy 
to  the  air.  The  lowest  of  these,  /s,  terminates  at  bottom  in  a  tube,  «,  containing  at  the 
mouth  of  the  cone  two  or  three  plates  of  perforated  zinc,  for  admission  of  the  atmo- 
sphere. An  upright  steam-tight  tube  of  zinc,  at  about  the  middle  of  the  lowest 
chamber,  d,  and  is  continued  to  the  top  of  the  uppermost  chamber,  <<,  having  two  lateral 
branches.  This  tube  is  closed  at  its  lower  end,  but  open  at  top,  and  at  the  ends  of  the 
two  branches,  to  give  a  draught  of  cool  air  into  the  tube,  and  a  rapid  flow  of  heated 
air  from  the  top  of  the  tube.  W,  W,  are  pipes  which  pass  externally  from  about  the 
middle  of  the  chamber  fs,  to  near  the  bottom  of  the  chamber  (s.  At  their  tops  they 
are  of  large  dimensions,  as  represented,  but  diminish  gradually  to  small  pipes  at  bottoB. 
Of  these  pipes,  there  should  be  as  many  as  can  be  conveniently  applied,  in  order  that 
the  process  of  condensation  may  be  effectually  promoted. 

From  the  second  rectifier,  R',  the  steam  is  conveyed  by  a  pipe,  w,  of  gradnaDy  in- 
creasing dimensions,  to  near  the  top  of  the  middle  chamber,  f,  whence  it  difiTnses  itsdf 
through  the  three  chambers,  where  it  gets  condensed.  The  hottest  steam  passes  iata 
t^,  and  is  there  most  powerfally  condensed.  The  main  body  of  the  water  prodnced 
therefrom,  either  drops  directly  into  the  bottom  of  the  chamber  t»,  or  runs  down  the  in- 
elined  sides  of  the  chambers  />,  />,  ts,  thence  through  the  outer  pipes  W,  W,  and  ont  at 
the  bottom  of  the  tube,  getting  partially  aerated  in  its  progress,  by  means  of  the  air  as- 
cending constantly  through  the  tube  «. 

Zj  Z,  is  an  auxiliar  steam-pipe  from  the  rectifier  R^  passing  twice  or  thrice  ckee 
round  the  water  supplying  the  cistern.  A,  and  terminating  in  a  cylinder  which  eoonm- 
nicates  by  pipes  with  the  chambers,  ti  and  ts ;  whereby  all  the  water  thus  condensed 
may  fall  through  the  perforated  zinc  plates,  into  the  general  discharge  tube,  •.  X  is 
an  outer  casing  of  wood  or  metal,  leaving  n  small  space  round  the  condenser,  with  di«n^l> 
holes,  X,  X,  for  the  admission  of  air.  The  refrigerator  is  made  of  protected  metal  (**  tiumd 
copper  7")  and  divided  into  three  compartments,  yi,  yi,  y*. 

In  the  top  of  yi,  the  end  of  the  discharged  tubeu  is  inserted;  and  at  a  little  ditflanee 
from  this  tube  there  are  air  apertures,  a,  a,  furnished  with  shutters  in  the  inside, 
slanting  from  the  top  downward,  to  prevent  as  much  as  possible  the  escape  ontwaid 
of  any  vapor  which  may  occasionally  be  carried  down  with  the  water  fnnn  the  eo^ 
denser.  The  middle  compartment,  ys,  is  perforated,  convex  at  top,  and  eoncnTe  at 
bottom ;  so  t^at  the  water  that  drops  from  the  tube  f»,  in  the  convex  top  of  ys,  falls  off 
laterally  through  small  pipes  into  the  chamber  ys,  while  its  concave  bottom  tnms  the 
water  into  a  central  filtering^box,  c,  that  projects  a  little  into  ys,  set  to  receive  it. 
For  aerating  this  water,  the  bottom  of  ys  is  covered  about  an  inch  deep  with  small 
pebbles,  ys,  which  is  the  reservoir  of  the  purified  cool  water,  is  perforated  with  small 
holes,  ci,  c>,  are  small  pipes  for  promoting  a  continual  upward  flow  of  eold  air.  ys  is 
furnished  with  a  tap  to  draw  off  its  water,  as  required. 

For  redistilling  or  rectifying  spirituous  liquids,  the  apparatus,  ftg.  47,  is  employed; 
in  which  the  supply  cistern  A  is  much  larger,  and  close  at  top;  the  upper  condensing 
chambers,  0,  /a,  are  also  larger,  but  the  lowest,  9,  is  naitowed.  The  second  rectifier 
^^fig*  46,  is  removed.  The  feints  collect  in  the  bottom  of  the  rectifier  R,  to  he  drawn 
off  by  a  cock ;  while  the  rectified  spirit  passes  off  at  top  into  the  condenser.  The  rcfti- 
gerator  has  only  two  compartments,  and  no  pebbles.  F  is  a  funnel  into  which  the 
spirits  may  be  returned  for  redistillation. 

For  extracting  the  soluble  matter  of  vegetable  infusions,  the  apparatus,  shown  in 
Jig.  48,  is  used.  The  rectifier  is  vertical,  has  a  screw-capped  hand-hold,  /,  for  admitting 
the  vegetables,  g  is  a  steam-pipe ;  and  A  is  a  funnel  for  returning  portiens  of  thin 
litnid  extract.    R  is  connected  by  a  pipe,  k,  with  the  condenser)  T^  made  in  two  yiv* 
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tions,  fitted  water-ti^ht  together,  but  separable  fat  the  parpose  of  deansmg.  The 
steam  which  passes  from  the  boiler  into  the  rectifier  R  disengages  the  soluble  portion 
of  the  yegetable  substances,  and,  if  they  be  volatile,  eairries  them  ofi*  to  the  condenser ; 
if  not,  it  combines  and  falls  with  them  to  the  bottom  of  the  vessel,  whence  this  portion 
of  the  extract  is  drawn  off  by  the  cock,  and  a  fresh  charge  may  be  introduced.  The 
steam  is  shut  off  from  the  rectifier  R  by  a  cock  on  the  pipe  g.  When  the  steam  is 
afterward  admitted  to  assist  the  process  of  maceration,  the  supply  of  it  is  regulated  by 
the  stop-cocks  in  the  pipes  g  and  k. — Newion'9  Journal,  xxiii.  p.  ^47,  C.  S. 

EXTRACTS.  These  preparations  of  vegetables  for  medicinal  use  are  made  either 
by  evaporating  the  infusions  of  the  dried  plant  in  water,  or  in  aloohol,  or  the  ex- 
pressed juice  of  the  fresh  plant ;  and  this  evaporation  may  be  effected  by  a  naked  fire, 
a  sand  bath,  an  air  bath,  a  steam  heat,  or  a  liquid  balneum  of  any  nature,  all  of  which 
may  be  carried  on  either  in  the  open  air,  or  tn  tacuo.  Of  late  years,  since  the  vacuum- 
pan  has  been  so  successfully  employed  in  concentrating  syrups  in  sugar-houses,  the 
same  system  has  been  adopted  for  making  pharmaceutical  extracts.  An  elegant 
apparatus  of  this  kind,  invented  by  Mr.  Barry  of  Plough  Court,  Was  made  the  subject 
of  a  patent  about  25  years  a^o.  The  use  of  the  air-pump  for  evaporating  such  chemical 
substances  as  are  readily  injured  by  heat,  has  been  very  common  since  Professor  Les- 
lie's discovery  of  the  efficacy  of  the  combined  influence  of  rarified  air,  and  an  absorbing 
surface  of  sulphuric  acid,  in  evaporating  water  at  low  temperatures.  It  has  been  sup- 
posed that  the  virtues  of  narcotic  plants  in  particular  might  be  better  obtained  and 
preserved,  by  evaporation  in  vacuo  than  otherwise,  as  the  decomposing  agency  of  heat 
and  atmospheric  oxygen  would  be  thereby  excluded.  There  is  no  doubt  that  extracts 
thus  made  from  the  expressed  juices  of  fresh  vegetables,  possess,  for  some  time  at  least, 
the  green  aspect  and  odor  of  the  plants  in  far  greater  perfection  than  those  usually 
made  in  the  air,  with  the  aid  of  artificial  heat.  Dr.  Meurer,  in  the  Ardiiv,  dtr  Phar- 
inocts  for  April,  1843,  has  endeavored  to  show  that  the  color  and  odor  are  of  no  value 
in  determining  the  value  of  extracts  of  narcotics,  that  the  albumen  left  unchanged  in 
the  extracts  made  in  vacuo,  tends  to  cause  their  spontaneous  decomposition,  and  that 
the  extracts  made  with  the  aid  of  alcohol,  as  is  the  practice  in  Germany,  are  more 
efficacious  at  first,  and  much  less  apt  to  be  injured  by  keeping.  M.  Baldenius  has,  in 
the  same  number  of  the  ^rchiv,y  detailed  experiments  to  prove  that  the  juices  of  recent 
plants  mixed  with  alcohol,  in  the  homoeopathic  fashion,  are  very  liable  to  spontaneous 
decomposition.  To  the  above  expressed  juice,  the  Germans  add  the  alcoholic  tincture 
of  the  residuary  vegetable  matter,  and  evaporating  both  together,  with  filtration,  pre- 
pare very  powerful  extracts. 


F. 

FATS.    The  following  statement  is  given  on  the  authority  of  Braconnot  i — 


Fresh  butter  in  summer    - 

Oleine. 

Stearine. 

60 

40 

37 
62 

63 
38 

Hog's  Lard          .... 

Ox  Marrow         .... 

24 

76 

Goose  Fat            .... 

68 

32 

Duck  Fat             .... 

72 

28 

i   Ox  Tallow           .... 

25 

76 

Mutton  Suet        .... 

26 

74 

M.  Dumas  says  that  butter  contains  no  steanne.  The  p  -  1  nation  and  deooloration 
of  fats  has  been  the  object  of  many  patents.  Under  Can.  le,  HempePs  process  for 
refining  palm-oil  and  extracting  its  margarine  is  described. 

About  30  years  ago,  palm-oil  was  deprived  of  color  to  a  certain  degree  by  mixing 
with  the  melted  oil,  previously  freed  from  its  impurities  by  filtration,  some  dilute  nitric 
acid,  wooden  vessels  being  used,  and  the  oil  being  in  a  melted  state.  This  process  was 
both  expensive  and  imperfect.  More  lately  whitening  has  been  prescribed  by  means 
of  chromic  add,  which,  in  the  act  of  decomposition  into  chromic  oxide,  gives  out 
oxygen,  and  thereby  destroys  vegetable  colors.  One  pound  of  bichromate  of  potash 
in  solution  is  to  be  mixed  with  two  pounds  of  strong  sulphuric  acid,  diluted  before- 
hand with  about  two  gallons  of  water;  and  this  mixture  is  to  be  incorporated  by 
diligent  stirring  with  2  cwt.  of  the.  filtered  palm-oil,  at  a  temperature  of  about 
lOQP  F.,  contained  in  a  wooden  vessel.    The  palm-ofl  is  afterward  to  be  washed  in 
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warm  lime-water,  to  which  some  solution  of  chloride  of  lime  may  be  adTantageondF 
added.  Bj  this  process,  well  managed,  a  fat  may  be  obtained  from  palm-oil  fit  f« 
making  white  soap.  Tallow  may  be  also  blanched  to  a  considerable  degree  by  a  like 
operation. 

Instead  of  sulphuric  acid,  the  muriatic  may  be  used  to  convert  the  chromic  acid  into 
chromic  oxide  in  the  above  process,  and  thereby  to  liberate  the  blanching  oxygen. 
The  resulting  solution  of  green  muriate  of  chrome  being  freed  from  some  ajdhering  oil, 
is  to  be  mixcKl  with  so  much  milk  of  lime  as  just  to  neutralize  the  excess  of  acid  thai 
may  be  present.  The  clear  green  muriate  is  then  to  be  decomposed  in  a  separate 
vessel,  by  the  addition  of  well-slaked  and  sifted  lime,  in  some  excess.  The  green*mix- 
ture  of  lime  and  chrome-oxide  is  now  to  be  dried,  and  gently  ignited,  whereby  it  is 
converted  into  yellow  chromate  of  lime,  with  some  unsaturated  lim6.  This  compound 
being  decomposed  by  dilute  sulphuric  acid,  aJTords  chromic  acid,  to  be  applied  again  in 
the  decoloring  of  palm-oil,  on  the  principles  above  explained. 

Mr.  Prynne  obtained  a  patent  in  March,  1840,  for  purifying  taUow  for  the  candle- 
maker,  by  heating  it  along  with  a  solution  of  carbonate  of  potash  or  soda  for  8  boon;, 
letting  the  whole  cool,  removing  the  tallow  to  another  vessel,  heating  it  by  means  of 
steam  up  to  206°  F.,  sdong  with  dry  carbonate  of  potash  (pearlash) :  letting  this  mix- 
ture cool  very  slowly ;  and  finaUy  removing  the  tallow  to  a  vessel  enclosed  in  steam,  so 
as  to  expel  any  subsidiary  moi8iure.^-Newt<m*s  Journal,  xxi.  258. 

A  patent  for  a  like  purpose  was  obtained  in  June,  1842,  by  Mr.  H.  H.  Watson.  He 
avails  himself  of  the  blanching  power  of  oxygen,  as  evolved  from  manganate  of  potash 
(chameleon  mineral),  in  the  act  of  its  decomposition  by  acMs,  while  in  oontact  with 
the  melted  fat.  He  prescribes  a  leaden  vessel  (a  well-joined  wooden  tub  will  also 
serve)  for  operating  upon  the  melted  tallow,  with  one  twentieth  of  iia  weight  of  the 
manganate,  dissolved  in  water,  and  acidulated  to  the  taste.  The  whole  are  to  be  well 
mixed,  and  gradually  heated  firom  150^  up  to  212^  F.,  and  maintained  at  that  tem- 
perature for  an  hour.  On  account  of  the  tendency  of  the  dissolved  manganate  to 
spontaneous  decomposition,  it  should  be  added  to  the  dilute  acid,  mixed  with  the  fiU 
previously  melted  at  the  lowest  temperature  consistent  with  its  fluidity. 

Palm-oil  may  be  well  blsnched  in  the  course  of  12  hours  by  heat  alone ;  if  it  be 
exposed  in  a  layer  of  one  or  two  inches  to  the  air  and  sunshine,  upon  the  surface  of 
water  kept  up  at  nearly  the  boiling  point  by  a  coil  of  steam-pipes  laid  in  the  bottOB  of 
a  square  cistern  of  lead  or  wood,  well  jointed. 

TaUow  imported  for  home  consumption  in  1839,  1,148,192  cwt.;  in  1840,  1,131,513. 
Duty,  34.  2d,  per  cwt. 

FELTED  CLOTH.  This  woollen  fabric,  made  without  spinning  and  weaving, 
was  made  the  subject  of  a  patent  by  MrrT.  R.  Williams  in  February,  1840.  A  eopioM 
description  of  the  process  is  given  in  Newion^s  Journal,  xxii.  J. 

Vamuhed  or  Japanned  Felt  is  made  by  imbuing  the  stuff  of  coarse  hat-bodies  wiA 
drying  oil,  prepared  by  boiling  50  lbs.  of  linseed  oil  with  white  lead,  litharge,  and 
umber,  of  each  one  pound.  The  felt  is  to  be  dried  in  a  stove,  and  then  polished  by 
pumice-stone.  Five  or  six  coats  of  oil  are  required.  The  surface  is  at  last  varnished. 
When  the  object  is  intended  to  be  stiff,  like  visors,  the  fabric  is  to  be  impregnated  first 
of  all  with  flour-paste,  then  stove-dried,  cut  into  the  desired  shape,  next  imbued  with 
the  drying-oil,  end  pumiced  repeatedly ;  lastly  placed,  to  the  number  of  20,  in  a  hot 
iron  mould,  and  exposed  to  strong  pressure.  Japanned  hats,  made  in  this  way,  are  sold 
in  France  at  1^.  Zd,  a  piece ;  and  they  will  stand  several  years'  wear. 

FERMENTATION.  This  term  has  been  of  late  extended  to  several  chemical 
operations,  besides  those  formerly  included  under  it.  The  phenomena  which  it  exhilKts 
under  these  different  phases,  and  the  changes  which  it  effects  among  the  varioiis 
subjects  of  its  operation,  are  no  less  striking  and  mysterious  in  their  principle  than 
important  in  their  applications  to  the  arts  of  life.  Fermentations  are  now  arranged 
into  twelve  classes — 1,  the  alcoholic;  2,  the  glucosic  or  saccharine;  3,  the  viscoos  or 
mucous;  4,  the  lactic;  5,  the  acetic;  6,  the  gallic;  7,  the  pectic;  8,  the  beaxoiUe; 
9,  the  sinapic;  10,  the  ammoniacal;  11,  the  putrid ;  and  12,  the  fatty. 

Fermentation,  in  the  most  general  sense,  may  be  defined  to  be  a  spontaneous  re- 
action, a  chemical  metamorphosis,  excited  in  a  mass  of  organic  matter,  by  the  mere 
presence  of  another  substance,  which  neither  abstracts  from  nor  gives  to  the  matter 
which  it  decomposes  anything  whatever.  This  process  requires  the  following  con- 
ditions: 1,  A  temperature  from  45^  to  90^  F. ;  2,  W^ater;  3,  The  contact  of  air; 
4,  The  presence  of  a  neutral  organic  azotised  matter,  in  very  small  quantity,  and  of  a 
crystallizable  non«azotised  substance  in  considerable  quantity.  The  former  is  the 
ferment,  the  latter  undergoes  fermentation.  In  ordinary  chemical  actions  we  peroeiva 
one  body  unite  to  another  to  form  a  new  compound ;  or  one  body  turn  another  out  of 
a  combination,  and  take  its  place,  in  virtue  of  a  superior  affinity.  The  effects  are 
foreseen  and  explained  by  the  intervention  of  that  molecultf  force  which  govecaa  all 
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ehesnical  operations,  that  attractive  power  which  unites  the  particles  of  dissimilar 
bodies.  Thus,  also,  in  the  ordinary  phenomena  of  decomposition,  we  perceive  the 
agency  of  heat  at  one  time,  at  another  of  light,  or  of  electricity ;  forces  of  which,  though 
we  are  not  acquainted  with  the  essence,  yet  we  know  the  exact  effect  under  determi- 
nate circumstances.  But  fermentation,  on  the  contrary,  can  be  explained  neither  by 
the  known  laws  of  chemical  aifinity  nor  by  the  intervention  of  the  powers  of  light,  elec- 
tricity, or  heat.  Fermentation  reduces  complex  organic  substances  to  simpler  com^ 
pounds,  thereby  reducinsr  them  iiearer  to  the  constitdtion  of  mineral  nature.  It  is  an 
operation  analogous,  in  some  respects,  to  that  effected  by  animals  upon  their  vegetable 
food. 

With  a  good  microscope,  any  person  may  convince  himself  that  fennent  or  yeast  is 
an  organi2ed  matter,  .formed  entirely  of  globules,  or  of  corpuscles  slightly  ovoid,  from 
the  three  to  the  foor  thousandth  part  of  an  inch  in  diameter.  Sometimes  their  surface 
aeems  to  have  a  little  tail,  which  has  been  regarded  as  a  bud  or  germ  attached  to  the 
mother  cell.  Whenever  the  fermentation  begins,  the  yeast  does  not  remain  an  instant 
idle.  These  small  round  bodies  become  agitated  in  all  directions,  and  if  the  substance 
.undergoing  fermentation  is  mixed  with  an  azotized  matter,  as  in  beer-worts,  the  cor- 
puscles become  larger,  the  small  tails  get  developed,  and  on  acquiring  a  certain  size 
tbey  separate  from  the  parent  globule,  to  live  by  themselves  and  give  birth  to  new  coP- 
-puscles.*  In  the  fermentation  of  beer'  from  malt,  this  series  of  multiplications  produces 
a  quantity  of  yeast  seven  times  greater  than  what  was  added  at  the  commencement; 
Were  the  above  ingenious  speculations  demonstrated  with  certainty,  we  should  be  led 
to  admit,  in  all  these  phenomena,  actions  truly  vital,  and  a  reproduction  like  that  of 
buds  in  the  vegetable  kingdom.  The  existence  of  a  vital  force  seems  to  be  rendered 
probable  by  the  fact  that  in  incomplete  fermentation,  such  as  that  of  fine  syrup  with  too 
little  yeast,  the  ferment  loses  its  properties  and  powers.  If,  however,  we  add  to  the  so- 
lution of  pure  sugar  an  albuminous  substance,  a  caseous  or  fleshy  matter,  the  devel- 
opment of  yeast  becomes  manifest,  and  an  additional  quantity  of  it  is  found  at  the  end 
of  the  operation.  Thus  with  nourishment,  ferment  engenders  ferment.  It  is  for  this 
reason  that  a  little  fermenting  must,  added  to  a  body  of  fresh  grape-juice,  excites  fer- 
mentation in  the  whole  mass.  These  effects  are  not  confined  to  alcoholic  fermentation. 
The  smallest  portions  of  sour  milk,  of  sour  dough,  or  sour  juice  of  beet-root,  of  putrefied 
flesh  or  blood,  occasion  like  alterations  in  fresh  milk,  dough,  juice  of  beet-roots,  flesh, 
auid  blood.  But  further,  and  which  is  a  very  curious  circumstance,  if  we  pat  into  a  li- 
quid containing  any  fermenting  substance,  another  in  a  sound  state,  the  latter  would 
suflfer  decomposition  under  the  inflaence  of  the  former.  If  we  place  urea  in  presence 
<xf  beer-yeast,  it  experiences  no  change ;  while  if  we  add  to  it  sugar-water  in  a  ferment- 
ing state,  the  urea  is  converted  into  carbonate  of  ammonia.  We  thus  possess  two  modes 
of  decomposition,  the  one  direct,  the  other  indirect. 

Although  yeast  has  all  the  appearances  of  an  organized  substance,  it  is  merely  by  anal- 
ogy that  its  multiplication  by  growth  is  assumed,  for  this  is  a  phenomenon  very  difficult 
of  experimental  demonstration.  When  blood,  cerebral  substance,  gall,  pus,  and  such 
like  substances,  in  a  putrid  state,  are  laid  upon  fresh  wounds  in  animals,  vomiting,  de- 
bility, and  death,  soon  supervene.  The  scratches  from  bones  in  putrid  bodies  have  been 
often  the  causes  of  disease  and  death  to  anatomists.  The  poison  in  bad  sausages  is  of 
the  same  class  of  ferments.  In  Wurtemberg,  where  sausages  are  prepared  from  very 
miscellaneous  matters,  as  blood,  livers,  brains,  and  oflal  of  many  other  kinds,  with 
bread,  meal,  salt,  and  spices,  fatal  results  from  eating  them  are  not  uncommon.  Death 
in  these  cases  is  preceded  by  the  gradual  wasting  of  the  muscular  fibre,  and  of  all  the 
like  constituents  of  the  human  body  ;  so  that  the  patient  becomes  emaciated,  dries  into 
a  complete  mummy,  and  soon  expires.  The  cadaver  is  stiff  as  if  frozen,  and  is  not 
flubjeet  to  putrefaction.  During  the  progress  of  the  tauaage  disease,  the  saliva  becomes 
Tiscid,  and  emits  an  offensive  smell.  No  peculiar  poison  can  be  detected  by  analysis 
in  the  sausages ;  but  they  are  rendered  wholesome  food  for  animals  by  the  action  of 
alccho!,  or  by  that  of  boiUng  water,  which  destroy  the  noxious /ome«  without  acquiring 
It  tb'jnselves ;  and  thus  decompose  the  putrefactive  fennent  of  the  sausages.  When 
t\\,  Jowever,  passes  unchanged  through  the  stomach  into  the  circulating  system,  it 
imparts  its  peculiar  action  to  the  constituents  of  the  blood,  operating  upon  it  as  yeast 
does  u|  '>n  wort.  Poisons  of  a  like  kind  are  produced  by  the  body  itself  in  some 
diseases.  In  plague,  small-pox,  measles,  &c.,  substances,  of  a  peculiar  fermentative 
nature  are  generated  from  the  blood,  which  are  capable  of  inducing  in  the  blood-  of  a 
bealthy  person  a  decomposition  like  that  of  which  themselves  are  the  subjects.  The 
morbid  virus  reproduces  itself,  and  multiplies  indefinitely,  just  as  the  particles  of  yeast 
do  in  the  fermentation  of  beer.  The  temperature  of  boiling  water,  aad  alcohol  applied 
to  matters  imbued  with  such  poisonous  secretions,  render  their  poison  inert*    Many 
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acids,  chlorine^  iodine,  bromine,  empyreumatic  oils,  smoke,  creosote, 
of  coiTee,  have  the  same  salutary  effect.  AH  these  agents  are  known  to  eovnteract  ftr- 
mentation,  putrefaction,  and  that  dry  wasting  of  organic  matter  called  trtmacamsia,  or  slow 
combustion.  It  is  most  deserving  of  remark  that  the  poisons  chemkally  neutral  or  alkaline, 
such  as  those  of  smaU^iwx  in  man,  and  oC  typhus  rutni»aaUnttn  in  cows,  loee  their 
fol  power  when  subjected  to  the  action  of  the  stmnach ;  whereas  that  of  b«d 
which  is  acid,  resists  the  modifying  power  of  the  digestive  organs. 

Alcoholic  fermentation  has  been  copiously,  discussed  in  the  Didionary,  I  may  hefe 
add  that  ammonia,  being  a  product  of  that  change  in  solution  of  pore  sugar,  proves  the 
presence  of  azote  in  the  yeast ;  and  that  sulphuretted  hydrogen,  being  made  manifeat  in 
hke  disengaged  gaseous  products,  by  their  blackening  paper  imbned  with  acetate  of  lead, 
proves  the  presence  of  sulphur.  The  acid  liquor  accompanying  yeast  may  be  washed 
away,  without  impairing  materially  its  fermenting  power,  while  the  acid  so  removed  has 
of  itself  no  such  virtue. 

Yeast,  freed  from  all  soluble  matters  by  i^ater,  alcohol,  and  ether,  containa,  ind^cK- 
dently  of  ashes— carbon,  60-6 ;  hydrogen,  7-3  ;  azote,  16 ;  oxygen,  aulphnr,  and 
rous,  27-1,  in  100  parts.  Viewed  atomically,  yeast  bears  a  dose  analogy  to  albuat 
Like  albuminous  matter,  yeast  takes  a  violet  tint  with  muriatic  add,  and  it  may  be 
placed  as  ferment  by  gluten.  Caseum  (the  curd  of  milk)  and  flesh  operate  the 
effect.  All  these  fermentative  powers  have  the  same  globular  appearanee  in  the  mi- 
croscope with  yeast.  When  the  activity  of  yeast  has  been  destroyed  by  heat,  &c.,  il 
can  be  restored  by  the  positive  energy  of  the  voltaic  battery,  which  causes  its  <'«"*^»»' 
tion  with  oxygen.  The  best  proportion  of  sugar  and  water,  for  exhibitittg  the  pheaoB- 
ena  of  fermentation,  is  1  of  the  former  to  3  or  4  of  the  latter,  and  5  parts  of  sugar  to  1 
of  fresh  yeast  may  be  added ;  though  in  the  course  of  fermentation,  100  parts  (2'  sugar 
do  not  consume  2  parts  of  yeast,  estimated  in  the  dry  state.  The  quickest  leniientiBg 
temperature  is  from  68^  to  86^.  A  very  little  oil  of  turpentine  or  ereosote,  or  of  the 
mineral  acids,  prevents  or  stops  fermentation  completely ;  oxalic  and  pniasic  acids  have 
the  same  effect,  as  also  corrosive  sublimate  and  verd^^.  It  has  been  known  tram 
time  immemorial  in  Burgundy,  that  a  little  red  precipitate  of  mercury,  when  added  to 
the  must-tun,  stopped  the  fermentation.  All  alkalies  counteract  fermentation,  but  when 
they  are  saturated  it  recommences.  The  first  person  who  described  the  microscopic 
globules  of  yeast  with  precision  was  Desmazi&res,  who  arranged  thcnn  among  the  my- 
eodermes  {funguaskimud),  under  the  name  of  mjfcoderma  certvUim.  They  have  nst 
the  flattened  form  of  the  globules  of  blood,  but  are  rather  egg-shaped.  One  amnll  black 
point  may  be  seen  on  their  surface,  which,  alter  some  days,  is  associated  with  3, 4^  or  S 
others.    Their  average  diameter  is  from  -r^^  to  .  .1  ■■  of  an  inch.    Sometimes  mmt 

minnte  globules  cluster  round  one  of  ordinary  size,  and  whirl  about  with  it,  when  tbt 
liquor  in  which  the  globules  float  is  agitated. 

Fresh  yeast  loses,  by  drying,  68  parts  in  the  100,  and  becomes  solid,  horny-lookiag, 
and  semitransparent,  breaking  readily  into  gray  or  reddish  fragments.  With  wafer,  U 
resumes  immediately  its  pristine  appearance.  When  fresh  yeast  is  triturated  with  ils 
own  weight  of  white  sugar,  it  forms  a  liquid  possessing  the  fluidity  of  oil  of  alraondi^ 
and  a  yellow  color.  The  globules  continue  unchanged,  except  perhaps  becoming  some- 
what smaller.    Yeast  in  the  dry  state  retains  its  fermentative  virtue  for  a  long  time. 

Sacdiarine  Fermeniaiion  is  that  by  which  starch  and  dextrine  are  converted  iata 
sugar,  as  shown  remarkably  in  the  action  of  diastase  upon  these  bodies.  If  we  mix  S 
parts  of  starch  paste  with  Impart  of  dry  gluten,  and  keep  the  mixture  at  a  temperature 
of  from  122^  to  140^  Fahr.,  we  obtain  a  good  deal  of  sugar  and  dextrine.  Some  lactic 
add  is  also  formed.  Flour  paste,  long  kept,  spontaneously  prodnees  sugar  by  a  like 
reaction.    8u  Fcrmektation  in  the  Dictionary. 

Lactic  FemtintaHon, — ^Almost  all  azotized  organic  matters,  after  being  modified  by 
the  contact  of  air,  become  capable  of  giving  rise  to  this  fermentation.  Oxygen  does 
not  come  into  play,  except  as  the  means  of  transforming  the  animal  substances  ioto  a 
ferment.  Diastase  and  caseum  are  well  adapted  to  exhibit  this  change.  The  body 
that  is  to  fbrnish  the  lactic  add  may  be  any  one  of  the  neutral  vegetable  matters,  pos- 
sessing a  like  composition  with  lactic  acid,  such  as  cane-sugar,  grape  or  potato  sugar, 
dextrine,  and  sugar  of  milk.  All  the  agents  which  stop  the  alcoholic,  stop  also  the 
lactic  feimentation  ;  while  diastase  and  caseum  are  its  two  best  exciters.  For  prodn- 
dng  abundance  of  lactic  acid)  we  have  merely  to  moisten  malt,  to  expose  it  to  the  sir 
for  a  few  days,  then  to  triturate  it  with  a  quantity  of  water,  and  leave  the  emulsion  for 
some  days  more  in  the  air^  at  a  temperature  between  67^  and  8fl^  F.  We  then  satarale 
the  liquor  with  chalk,  after  having  filtered  it,  and  thereby  obtain  the  lactate  of  lime, 
whieh  may  be  crystallized  in  alcohol,  to  deprive  it  o^  the  dcSxtrine  and  earthy  phosphates ; 
and  then  deeomposed  by  sulphuric  acid. 

Lactic  jScid,  formed  from  curd  (caseum),  exhibits  more  remaricable  phenomena.  Than 
whf  n  milk  is  left  alone  for  some  time  it  becomes  soar,  and  coagulates.    The  coagnlaa 
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is  fonnod  of  easenm  and  butter ;  while  the  whey  of  it  contains  sugar  of  milk  and  some 
salts.  The  coa^lation  of  the  caseum  has  been  occasioned  by  the  lactjc  acid,  which 
was  generated  in  consequence  of  an  action  which  the  caseum  itself  exercised  upon  the 
sugar  of  milk.  Thns  with  the  concourse  of  air,  the  caseum  becomes  a  ferment,  and 
excites  the  conversion  of  the  sugar  of  milk  into  lactic  acid.  The  lactic  acid  in  its  turn 
coagulates  the  caseum,  which  in  the  consolidation  of  its  particles  attracts  the  butter. 
The  caseum  then  ceases  to  act  upon  the  sugar  of  milk,  and  consequently  produces  no 
more  lactic  acid. 

But  now,  if  the  lactic  acid  already  formed  be  saturated,  the  caseum  will  redissolve, 
and  the  phenomeni^  will  recommence  in  the  same  order.  This  is  easily  done  by  adding 
a  due  dose  of  bicarbonate  of  soda  to  the  soured  milk.  In  the  course  of  30  hours  a 
fresh  portion  of  lactic  acid  will  be  generated,  and  will  have  coagulated  the  milk  again. 
We  may  also  add  some  sugar  of  milk  to  the  liquid,  and  to  a  certain  extent  convert  it 
into  lactic  acid.  Milk  boiled,  and  kept  from  contact  of  air,  will  not  coagulate,  and 
remains  fresh  for  many  months.  Animal  membranes,  modified  by  exposure  to  moist  air 
for  some  time,  form  a  true  ferment  for  the  lactic  fermentation,  and  acidify  solutions  of 
sugar,  dextrine,  and  gum,  but  the  membranes  must  not  be  putrescent.  Cane-sugar, 
•tarch-sugar,  and  sugar  of  milk,  by  assuming  or  losing  a  little  water,  acquire  the  con- 
stitution of  lactic  acid. 

Vucotis  or  Mucous  Fermentaiicn. — Every  one  is  acquainted  with  this  spontaneous 
modification  of  white  wine  and  ale,  which  gives  them  a  stringy  or  oily  aspect,  and  is 
called  in  French  graisse,  or  fat  of  wines,  and  in  English  the  ropiness  of  beer.  The 
viscous  fermentation  may  be  excited  by  boilinsf  yeast  with  water,  and  dissolving  sugar 
in  the  decoction,  aAer  it  has  been  filtered.  The  syrup  should  have  a  specific  gravity 
from  1*040  to  1*055,  and  be  kept  in  a  warm  place.  It  soon  assumes  the  consistence 
and  aspect  of  a  thick  mucilage,  like  linseed  tea,  with  the  disengagement  of  a  little  car- 
bonic acid  and  hydrogen,  in  the  proportion  of  2  or  3  of  the  former  gas  to  1  of  the 
latter.  A  ferment  of  globular  texture  like  that  of  yeast  is  formed,  which  is  capable 
of  producing  viscous  fermentation  in  any  saccharine  solution  to  which  it  is  added,  pro- 
vided the  femperature  be  suitable.  The  viscid  matter  being  evaporated  to  dr^'ness 
forms  transparent  plates,  of  a  sub-nauseous  taste,  and  soluble  in  water,  but  less  easily 
than  gum  arabic.  Its  mucilage  is,  however,  thicker  than  that  of  gum,  and  yields  with 
nitric  acid,  oxalic  acid,  but  no  mucic  acid.  Four  parts  of  sugar,  treated  as  above 
described,  furnish  2*84  of  unchanged  sugar,  and  1*27  of  the  mucilage;  from  which  it 
appears  that  water  becomes  fixed  in  the  transformation.  Muriatic,  sulphuric,  sulphur- 
ous acids,  and  alum,  prevent  the  production  of  the  viscous  fermentation,  by  precipitating 
its  ferment.  It  is  probably  the  soluble  portion  of  gluten  which  is  the  cause  of  this  spe- 
cies of  fermentation.  It  has  been  found,  accordingly,  that  tannin,  which  precipitates  the 
said  glutinous  ferment,  completely  stops  the  viscous  fermentation,  or  graisse,  of  wines. 
It  is  owing  to  the  tannin  which  the  red  wines  derive  from  the  grape-stalks,  with  which 
they  arc  long  in  contact  during  fermentation,  that  they  are  preserved  from  this  malady 
of  the  white  wines.  The  gluten  of  must  is  of  two  kinds,  the  one  soluble  in  virtue  of 
the  alcohol  and  tartaric  acid,  and  producing  the  viscous,  the  other  insoluble,  and  pro- 
dncin?  the  alcoholic  fermentation.  The  art  of  the  wine-maker  consists  in  precipitating 
the  injurious  ferment,  without  impeding  the  action  of  the  beneficial  one ;  an  art  of 
considerable  delicacy  with  regard  to  sparkling  wines. 

jSeid  Fermentation  has  been  fully  discussed  under  acetic  acid.  It  requires  the  pres- 
ence of  ready  formed  alcohol  and  air.  The  lactic  fermentation,  on  the  contrary,  may 
take  place  with  starchy  or  saccharine  substances,  without  the  intervention  of  alcohol  or 
constant  exposure  to  the  atmosphere ;  and  when  once  begun,  it  can  go  on  without  air. 
Acetification  has  a  striking  analogy  with  nitrification,  as  is  shown  by  the  necessity  of  a 
high  temperature,  and  the  utility  of  porous  bodies  for  exposing  the  liquid  on  a  great 
surface  to  the  air. 

Benzoic  Fermentation  is  that  which  transforms  the  azotised  neutral  crystalline  matter, 
existing  in  bitter  almonds,  which  has  no  action  upon  the  animal  economy,  into  new  and 
remarkable  products,  among  others  the  hydrure  of  benzdile  and  hydrocyanic  (prussic) 
acid,  which  together  constitute  the  liquid,  called  oil,  or  essence,  of  bitter  almonds,  a 
compound  possessed  of  volatility  and  poitsonous  qualities.  The  attentive  study  of  this 
fermentation  has  revealed  a  great  fact  in  vegetable  physiology,  the  spontaneous  pro- 
duction, by  means  of  certain  artifices,  of  certain  volatile  oils,  not  pre-existing  in  the 
plants,  yet  capable  of  being  generated  in  the  products  of  their  decomposition.  The 
volatile  oil  of  bitter  almonds  constitutes  in  this  respect  a  starting  point,  from  which 
have  proceeded  the  oil  of  mustard,  the  oil  of  spirsa,  and  which  will  likely  lead  to  other 
discoveries  of  the  same  kind.    See  Almond  and  Amtodaline. 

Sinapie  Fermentation  is  that  by  which  the  oil  of  mustard  is  formed,  and  which  takes 
place  by  the  contact  of  water,  under  certain  conditions,  of  too  refined  and  scientific  m 
aature  for  this  practical  work. 
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Pecttc  Fermtniation. — Pectic  acid  may  be  obtained  from  the  ezprcMed  juiee  of  car- 
rots,  and  it  aeems  to  be  formed  in  the  process  of  extraction  by  the  reaction  of  albnmine 
in'  the  carrots  upon  a  substance  called  pectine ;  a  transformation  analogous  therei^ce 
with  that  which  takes  place  in  the  formation  of  the  essence  of  bitter  almonds. 

Gallic  FermefUation. — Gallic  acid  does  not  exist  ready  formed  in  nut-galls,  but  is 
generated  from  their  tannin  when  they  are  ground,  made  pasty  with  water,  and  exposed 
to  the  air.  This  conversion  may  be  counteracted  by  the  red  oxide  of  mercury,  alcohoi, 
sulphuric,  muriatic,  and  nitric  acids,  bromine,  essence  of  turpentine,  creosote,  oxalic, 
acetic,  and  prussic  acids.  The  tannin  disappears  in  the  sequel  of  the  above  metamor- 
phosis. 

Fatty  FermefUation, — All  fats  are  transformed  by  the  action  of  an  alkaline  or  other 
base  into  certain  acids,  the  stearic,  margaric,  the  oleic,  etbalic,  &c.  When  these  acids 
are  once  formed,  they  can  not  by  any  means,  hitherto  known,  be  reconverted  into  the  prim- 
itive fat.  By  the  fixation  of  water  in  the  acid  and  the  base  (called  gZycertiK),  a  change 
is  effected  which  can  pot  be  undone,  because  the  glyceric  base  is  incapable  by  itself  to 
displace  the  water,  once  combined  in  the  hydrated  fat  acid.  The  circumstances  neces- 
sary to  the  fatty  fermentation,  are  like  those  of  other  fermentations ;  namely,  the  co- 
operation of  an  albuminoid  matter,  along  with  water,  and  a  temperature  of  from  60^  to  86^ 
F. ;  under  these  conditions,  the  matter  becomes  warm,  and  assumes  speedily  the  charae- 
ter  of  rancidity ;  acid  is  generated,  and  the  carbonate  of  soda  can  then  form  salts,  while 
the  fatty  acid  is  liberated ;  a  circumstance  impossible  when  the  fat  was  acted  upon  a 
the  neutral  state.    This  altered  fat,  treated  with  water,  gives  up  to  it  glyceric  olcakeL 

Digestive  Fermentation, — Digestion  of  food  may  be  considered  in  its  essential  features 
as  a  peculiar  fermentative  process.  The  gastric  juice  is  a  genuine  ferment.  Tiedmana, 
Gmelin,  and  Prout,  have  shown  that  the  gastric  juice  contains  muriatic  acid ;  and 
Eberli  has  made  interesting  experiments  on  the  digestion  of  food  out  of  the  body,  with 
water  containing  a  few  drops  of  the  same  acid.  He  observed  that  when  this  liqnid  con- 
tained none  of  the  mucous  secretion  of  the  stomach,  it  did  not  dissolve  the  aliments  pat 
into  it ;  but  with  a  little  of  that  mucus  it  acquired  that  property  in  an  eminent  degree. 
Even  the  mucus  of  the  bladder  had  a  like  effect.  Schwann  and  Yogel  hare  produoEd 
this  digestive  principle  in  a  pure  state,  called  by  them  ptpsiney  as  obtained  most  aboa- 
dantly  from  the  stomachs  of  swine.  The  glandular  part  of  that  vi^cus  being  separated 
from  the  serous,  is  cut  into  small  pieces,  and  washeid  with  cold  distilled  water.  AHei 
digestion  for  24  hours,  that  water  is  poured  ofi^  and  fresh  water  is  poured  on.  Ths 
operation  is  repeated  for  several  days,  till  a  putrid  odor  begins  to  be  felt.  The  watciy 
infusion  thus  obtained  is  precipitated  by  acetate  of  lead.  This  white  flaky  precipitate 
contains  the  pepaine,  accompanied  with  much  albumen.  It  is  then  washed,  mixed  with 
water,  and  subjected  to  a  stream  of  sulphuretted  hydrogen.  The  whole  being  now 
thrown  on  a  filter,  the  coagulated  albumen  remains  on  the  paper,  along  with  the  snl- 
phuret  of  lead,  while  the  pepsine  liquor  passes,  associated  with  some  acetic  acid.  If  to 
tbis  liquor  a  very  small  quantity  of  muriatic  acid  be  added,  it  becomes  capable  of  carry- 
ing on  artificial  digestion.  Dry  pepsine  may  be  obtained  by  evaporating  the  above 
filtered  liquor  on  a  water  bath,  to  a  syrupy  consistence,  then  adding  to  it  absolute 
alcohol,  which  causes  a  bulky  whitish  precipitate.  This  dried  in  the  air  constitutes 
pepsine.  It  contains  a  minute  quantity  of  acetic  acid,  which  may  be  removed  com- 
pletely, by  heating  it  some  hours  on  the  water  bath.  The  white  powder  then  obtained 
is  soluble  in  water,  and  betrays  the  presence  of  no  acid  whatever.  According  to  Vogri, 
this  substance  is  composed  of,  carbon,  57*72;  hydrogen,  6-67;  azote,  21*09;  oxygen, 
&c.,  15.52  ==100.  Yogel  has  proved  the  ansiogy  between  the  action  of  pepsine  and 
diastase  by  the  following  experiment : — 

He  dissolved  two  grains  of  pepsine  in  very  weak  muriatic  acid,  and  put  into  tlui 
liquor  heated  to  8P  F.,  small  bits  of  boiled  beef.  In  the  coarse  of  a  few  hours  the 
pieces  became  transparent  on  their  edges,  and  not  long  after  they  were  completely  dis- 
solved. He  now  added  fresh  morsels  in  succession,  till  those  last  put  in  remained  on- 
ehanged.  He  found  by  analysis,  that  1*98  grains  of  the  pepsine  were  left,  showing  bow 
minute  a  portion  of  this  ferment  was  necessary  to  establish  and  effect  digestion.  In 
fact,  we  may  inf^  that  pepsine,  like  yeast,  serves  to  accomplish  digestion  without  any 
waste  of  its  own  substance  whatever,  or  probably  with  its  multiplication. 

Rennet,  with  which  milk  is  coagulated  in  making  cheese,  is  somewhat  of  the  same 
nature  as  pepsine.  It  has  been  called  diymosine.  But  the  simplest  digesting  liquor  is 
the  following : — 

If  10,000  parts  of  water  by  weight  be  mixed  with  6  parte  of  ordinary  mnriatic  add 
and  a  little  rennet,  a  liquor  is  obtained  capable  of  dissolving  hard  boiled  white  of  egg, 
beef,  gluten,  &c.,  into  a  transparent  jelly  in  a  few  hours. 

^mmoniacal  Fermentaiicn, — ^Under  this  title  may  be  described  the  conversion  of  nraa 
into  carbonate  of  ammonia  under  the  influence  of  water,  a  ferment,  and  a  ftvonble 
temperature.    Urea  is  composed  in  atoms;  reckoned 
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laTolumesy  Carbon  4;  hydrogen  8;  nsote  4t  oxygen  S; 

which  by  fixing  -*  4;      •»  2; 

give  4;  12;  4;  4: 

which  is  4  Yol.  of  carbonic  acid,  and  8  of  ammonia;  equivalent  to  ordinary  carbonate 
of  ammonia.  The  fermentation  of  urea  plays  an  important  part  in  the  reciprocal  offices 
of  vegetable  and  animal  existence.  By  its  conversion  iato  carbonate  of  ammonia,  urea 
becomes  a  food  fit  for  plants ;  and  by  the  intervention  of  the  mucous  ferment  which  urine 
contains,  that  conversion  is  effected.  Thus  the  urea  constitute^  a  neutral  and  innocu- 
ous substance  while  it  remains  in  the  bladder,  bui  is  changed  into,  a  volatile,  alkaline, 
and  acrid  substance,  when  it  is  acted  upon  by  the  air.  Yeast  added  to  pure  urea  niixed 
with  water,  exercises  no  action  on  it  in  the  course  of  several  days ;  but  when  added  to 
urine,  it  soon  causes  decomposition,  with  the  formation  of  carbonate  of  ammonia,  and 
disengagement  of  carbonic  acid.  The  deposite  on  chamberpots  ill-cleaned  acts'  as  a  very 
powerful  ferment  on  unne,  causing  the  complete  decomposition  of  fresh  urine  in  one 
fifkh  of  the  time  that  would  otherwise  be  requisite. 

Nitrous  Fermentation,  as  exhibited  in  the  formation  of  nitric  acid  from  the  atmosphere, 
and  consequent  production  of  nitrates  in  certain  soils,  has  been  with  much  probabili^ 
traced  to  the  action  of  aounonia  on  oxygen,  as  the  intermedium  or  ferment. 

Caseous  and  putrid  FermaUaiioM, — Curd  is  converted  into  cheese,  when  after  being 
coagulated  by  rennet,  it  is  left  to  itself  under  certain  conditions ;  and  this  constitutes  the 
true  distinctive  character  of  caseum.  In  the  production  of  cheese  there  is  evidently  the 
intervention  of  a  peculiar  ferment  which  is  gradually  formed,  and  the  decomposition  of 
the  curd  into  new  products. 

For  animal  and  vegetable  matters  to  run  into  putrefaction,  they  must  be  in  contact 
with  air  and  water,  at  a  certain  temperature ;  viz.,  between  the  freezing  and  boiling 
points  of  water.  The  contact  of  a  putrid  substance  acts  as  a  ferment  to  fresh  animal 
and  vegetable  matters.  The  reagents  which  counteract  fermentation  in  general' stop 
also  putrefaction.  In  this  process,  myriads  of  microscopic  animalcules  make  their  ap- 
pearance, and  contribute  to  the  destruction  of  the  substances. 

A  dispute  having  taken  place  between  some  distillers  in  Ireland  and  oificers  of 
£xcise,  concerning  the  formation  of  alcohol  in  the  vats  pr  tuns  by  spontaneous  fermen- 
tation, without  the  presence  of  yeast,  the  Commissioners  of  Excise  thought  fit  to  cause 
a  series  of  experiments  to  be  made  upon  the  subject,  and  they  were  placed  under  my 
general  superintendence.  An  experiment  was  made  on  the  6th  of  October,  with  the 
following  mixture  of  com : — 

2  Bushels  of  Barley,  weighing     ....  lOOlbs.  6  oz. 

J  Bushel  of  Malt, 21        7 

I  Bushel  of  Oats  -  -  -  -  -    20       12 

Total,  3  Bushels,  weighing    -  -  -  142        8 

The  bruised  com  was  wetted  with  26  gallons  of  water  at  the  temperature  of  16(P  F., 
and,  after  proper  stirring,  had  8  gallons  more  of  water  added  to  it  at  the  average  tem- 
perature of  194^.  The  mash  was  again  well  stirred,  and  at  the  end  of  45  minutes 
the  whole  was  covered  up,  having  at  that  time  a  temperature  of  138^  F.  Three  honn 
afterward,  16  gallour  of  wash  only  were  drawn  off;  being  considerably  less  than 
should  have  been  obtained,  had  the  apparatus  been  constraeted  somewhat  diJTerently, 
as  shall  be  presently  pointed  out.  The  gravity  of  that  wash  was  1-060,  or,  in  the  lan- 
guage of  the  distiller,  60-^.  After  a  delay  of  two  hours  more,  twenty  additlcaal 
gallons  of  water  at  the  temperature  of  200^  were  introduced,  when  the  roaih  was  well 
stirred,  and  then  covered  up  for  two  hours,  at  whieh  period  S9  gallons  of  fine  worts 
of  specific  gravity  1*042  were  drawn  off.  An  hour  afterward  12  gallons  of  water  at 
5200-^  were  added  to  the  residual  grains^  and  in  an  hour  and  a  half  11  gallons  of  wprt 
of  the  density  1*033  were  obtained.  Next  morning  the  several  worto  were  collected 
in  a  new  mash  tun.  They  consisted  of  48  gallons  at  the  temperature  80^,  and  of  a 
specific  gravity  2-0465  when  reduced  to  60°.  Being  set  at  80^,  fermentation  soon 
commenced;  in  two  days  the  specific  gravity  had  fallen  to  1*0317,  in  three  day^  to 
1*018,  in  four  days  to  1*013,  and  in  five  days  to  1.012,  the  temperature  having  at  last 
fidlen  to  78"  F.  The  total  attenuation  was  therefore  34^^,  indicating  the  production 
of  3*31  gallons  of  proof  spirit,  while  the  produce  by  distillation  in  low  wines  was  3*22; 
suid  by  rectification  in  spirita  and  feints  it  was  3*05.  The  next  experiment  was  eom« 
menced  on  the  12th  of  October,  upon  a  similar  mixture  >of  com  to  the  preeeding. 
48  gallons  of  worts  of  1*043  specific  gravity  were  set  at  82^  in  the  tun,  whieh  next 
day  was  attenuated  to  1*0418,  in  two  days  to  1*0202,  hi  three  days  to  1*0125^  and  in 
five  days  to  1*0105,  constituting  in  the  whole  an  attennation  of  821^,  whidi  indicatsi 
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the  productioii  of  3^  12  gtUoiM  of  proof  spirits  $  while  the  produee  of  the  finC  diitilli 

tion  was  2*93  in  low  winesj  and  that  of  the  second  in  feints  aad  spirits  wms  2-66.  In 
these  experiments,  the  wash,  when  fermenting  most  actively,  seemed  to  simmer  and  bod 
on  the  surface,  with  the  emission  of  a  hissing  noise,  and  the  copious  evolation  of  car- 
bonic acid  gas.  They  prove  beyond  all  doubt  that  much  alcohol  may  be  generated  in 
grain  worts  without  the  addition  of  yeast,  and  that,  also,  at  an  early  period;  bat  the 
fermentation  is  never  so  active  as  with  yeast,  nor  does  it  continue  so  long,  or  proceed 
to  nearly  the  same  degree  of  attenuation.  I  was  never  satisfied  with  the  construction 
of  the  mash  tun  used  in  these  experiments,  and  had  accordingly  suggested  aBo<her 
form,  by  which  the  mash  mixture  could  be  maintained  at  the  proper  temperature 
during  the  mashing  period.  It  is  known  to  chemists  that  the  diastase  of  malt  is  the 
true  saccharifying^  ferment  which  converts  the  fecula,  or  starch  of  bartey  and  other 
com,  into  sugar ;  but  it  acts  beneficially  only  between  the  temperatures  of  145^  and 
168°  F.  When  the  temperature  falls  below  the  former  number,  snccharifieation  lan- 
guishes ;  and  when  it  rises  much  above  the  latter,  it  is  entirely  checked.  The  new 
mash  tun  was  made  of  sheet  zinc,  somewhat  wider  at  bottom  than  top;  it  was 
placed  in  a  wooden  tun,  so  much  larger  as  to  leave  an  interstitial  space  between  the 
two  of  a  couple  of  inches  at  the  sides  and  bottom.  Through  this  space  a  current 
of  water  at  160^  was  made  to  circulate  slowly  during  the  mashii^  period.  Three 
bushels  of  malt,  weighing  125  Ihs.  3  oz.,  were  wetted  wiUi  30  gallons  of  water  at  167^, 
and  the  mixture  being  well  agitated,  the  mash  was  left  covered  up  at  a  temperatuxe 
of  14(F  during  three  hours,  when  19  gallons  of  fine  worts  were  drawn  off  at  the  spe- 
cific gravity  of  1*0902  or  90-2°.  Twenty  gallons  more  water  at  167^  were  then  added 
to  the  residuum,  which  afforded  after  two  hours  28  gallons  of  wort  at  the  gravity 
1*036 ;  12  gallons  of  water  at  167°  woe  now  poured  on,  which  yielded  after  other 
two  hours  15  gallons  at  the  gravity  1-0185.  Forty  gallons  of  fine  worts  at  1-058 
gravity  and  68°  temperature  were  collected  in  the  evening  of  the  same  day,  and  let 
into  the  tun  with  5  per  cent,  of  yeast.  The  attenuation  amounted  in  six  days  to  54-^. 
The  third  wort  of  this  brewing,  amounting  to  15  gallons,  being  very  feeble,  was  mixed 
with  7  gallons  of  the  first  and  second  worts,  put  into  a  copper,  and  concentrated  by 
boiling  to  11  gallons,  which  had  a  gravity  1*058  at  60°  F.  They  were  separately 
fermented  with  5  per  cent,  of  yeast,  and  suffered  an  attenuation  of  48ii°.  7*he  produce 
of  spirit  from  both  indicated  by  the  attenuation  was  5*36  gallons ;  the  produce  in  hiir 
wines  was  actually  5*52,  and  that  in  spirits  and  feints  was  5*33,  being  a  perfect  aceofd- 
ance  with  the  Excise  tables. 

The  next  experiments  were  made  with  a  view  of  determining  at  what  elevation  of 
temperature  the  activity  or  efficiency  of  yeast  would  be  paralysed,  and  bcrw  fitr  the 
attenuation  of  worts  could  be  pushed  within  six  hours,  which  is  the  time  limited  liy 
law  for  worts  to  be  collected  into  the  tun,  from  the  time  of  beginning  to  run  from  the 
coolers.  When  worts  of  the  gravity  1-0898  were  set  at  96°  Fahr.,  with  5  per  cent,  of 
yeast,  they  attenuated  126*9°  in  6  hours ;  worts  of  1*0535  gravity  set  at  1 10°  wMh 
5  per  cent,  of  yeast,  attenuated  16°  in  about  5  hours;  but  when  worts  of  1-0533  were 
set,  as  above,  at  120°,  they  neither  fermented  then,  nor  when  allowed  to  cool ;  show- 
ing that  the  activity  of  the  yeast  was  destroyed.  When  firesh  yeast  was  now  added  to 
the  last  portion  of  worts,  the  attenuation  became  5-8  in  2  hours,  and  28*4^  in  3  days; 
showing  that  the  saccharine  matter  of  the  worts  still  retained  its  fermentative  facalty. 
JMEalt  worts,  being  brewed  as  above  specified,  were  set  in  the  tun,  one  portion  at  a  tem- 
perature of  70°,  with  a  gravity  of  1*0939,  and  5  per  cent,  of  yeast,  which  attennatcd 
66°  in  3  days ;  other  two  portions  of  the  same  gravity  were  set  at  120°  with  about  10 
per  cent,  of  yeast,  which  underwent  no  fermentative  change  or  attenuation  in  6  hoozs, 
•11  the  yeast  having  fallen  to  the  bottom  of  the  tuns.  When  these  two  samples  sf 
Worts  were  allowed,  however,  to  cool  to  ftom  74°  to  72°,  fermentation  commenced, 
and  produoed  in  two  days  an  attenuation  of  about  79°.  It  would  appear,  from  these 
last  two  experiments,  that  yeast  to  the  amount  of  5  per  cent,  is  so  powerfully  affected 
by  strong  worts  heated  to  120°  as  to  have  its  fermentative  energy  destroyed ;  bat  that 
When  yeast  is  added  to  the  amount  of  10  per  cent.,  the  6  parts  of  excess  are  not  per- 
manently decomposed,  but  have  'their  activity  merely  suspended  till  the  saccharine 
liquid  falls  to  a  temperature  compatible  with  fermentation.  Yeast,  according  to  my 
observations,  when  viewed  in  a  good  acromatic  microscope,  consists  altogether  of  trans- 
lucent spherical  and  spheroidal  particles,  each  of  about  the  6000th  part  of  an  inch  in 
diameter.  When  the  beer  in  which  they  float  is  washed  away  with  a  Uttle  water,  they 
are  seen  to  be  colorless ;  theur  yellowish  tint,  when  they  are  examined  directly  from 
tiie  fermenting  square  at  round  of  a  porter  brewery,  being  due  to  the  infusion  of  the 
brown  malt.  The  yeast  of  a  square  newly  set  seems  to  consist  of  particles  smaller 
than  those  of  older  yeast,  but  the  difference  of  size  is  not  considerable.  The  re- 
tearche*  of  Schulze,  Cagniard  de  la  Tour,  and  Schwann,  appear  to  diofw,  that  the 
fininis  fenDBntation>  and  the  patrefaetica  of  animal  matters,  proeesses  which  have  bees 
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hitherto  considered  m  helonging  entirelf  to  the  domAin  of  eheraieftl  affinitf — are 
essentially  the  results  of  an  organic  derelopment  of  living  beings.    This  position 
seems  to  be  established  by  the  following  experiments :    1.  A  matrass  or  flask  con- 
taining a  few  bits  of  flesh,  being  filled  up  to  one  third  of  its  capacity  with  water,  was 
closed  with  a  cork,  into  which  two  slender  gkss  tubes  were  cemented  air-tight.    Both 
of  these  tubes  were  passed  externally  through  a  metallic  bath,  kept  constantly  melted, 
at  a  temperature  approaching  to  that  of  boiling  mercury.     The  end  of  one  of  the 
tubes,  on  emerging  from  the  bath,  was  placed  in  communication  with  a  gasometer. 
The  contents  of  the  matrass  were  now  made  to  boil  briskly,  to  that  the  air  contained 
in  it  and  the  glass  tubes  was  expelled.    The  matrass  being  then  allowed  to  cool,  a 
current  of  atmospherical  air  was  made  constantly  to  pass  through  it  from  the  gasome- 
ter, while  the  metallic  bath  was  kept  constantly  hot  enough  to  decompose  the  living 
particles  in  the  air.    In  these  experiments,  which  were  many  times  repeated,  no  infu- 
soria or  fungi  appeared,  no  putrefaction  took  place,  the  flesh  underwent  no  change, 
and  the  liquor  remained  as  clear  as  it  was  immediately  aAer  being  boiled.    As  it  was 
found  very  troublesome  to  maintain  the  metallic  bath  at  the  melting  pitch,  the  follow- 
ing modificalioa  of  the  apparatus  was  adopted  in  the  subsequent  researches  :    A  flask 
of  three  ounces  capacity,  being  one  fourth  filled  with  water  and  flesh,  was  closed  with 
a  tight  cork,  secured  in  its  place  by  wire.    Two  gloss  tubes  were  passed  through  the 
cork;  the  one  of  them  was  bent  down,  and  dipped  at  its  end  into  a  small  capsule  con- 
taining quicksilver,  covered  with  a  layer  of  oil ;  the  other  was  bent  on  leaving  the 
eork,  first  into  a  horizontal  direction,  and  downward  for  an  inch  and  a  half,  afterward 
into  a  pair  of  spiral  turns,  then  upward,  lastly  horizontal,  whence  it  was  drawn  out  to  a 
point.    The  pores  of  the  cork  having  been  filled  with  caoutchouc  varnish,  the  contents 
of  the  flask  were  boiled  till  steam  issued  copiously  through  both  of  the  glass  tubes,  and 
the  quicksilver  and  oil  became  as  hot  as  boiling  water.    In  order  that  no  living  par- 
ticles could  be  generated  in  the  water  condensed  beneath  the  oil,  a  few  fragments  of 
corrosive  sublimate  were  laid  upon  the  quicksilver.    During  the  boUing^  the  flame  of 
a  spirit  lamp  was  drawn  up  over  the  spiral  part  of  the  second  glass  tube,  by  means  of 
a  glass  chimney  placed  over  it,  so  as  to  soften  the  glass,  while  the  further  part  of  the 
tube  was  heated  by  another  spirit  lamp,  to  prevent  its  getting  craeked  by  the  condens- 
ation of  the  steam.    After  the  ebollition  had  been  kept  up  a  quarter  of  an  hour,  the 
flask  was  allowed  to  cool,  and  get  filled  with  air  through  the  hot  spiral  of  the  second 
tube.    Wh^n  the  contents  were  quite  cold,  the   end  of  this  tube  was  hermetically 
sealed,  the  part  of  it  between  the  point  and  the  spiral  was  heated  strongly  with  the 
flames,  and  the  lamps  were  then  withdrawn.    The  matrass  contained  now  nothing  but 
boiled  flesh  and  gently  ignited  air.    The  air  was  renewed  occasionally  through  the 
second  tube,  its  spiral  part  being  flrst  strongly  heated,  its  point  then  broken  off,  and 
eonnected  with  a  gasometer,  which  caused  the  air  to  pass  onward  slowly,  and  escape 
at  the  end  of  the  first  tube  immersed  in  the  quicksilver.    The  end  of  the  second  tnhe 
Was  again  hermetically  closed,  while  the  part  interjacent  between  it  and  the  spiral  was 
exposed  to  the  spirit  flame.    By  means  of  these  precautions,  decoctions  of  flesh  were 
preserved,  during  a  period  of  six  weeks,  in  a  temperature  of  from  14^  to  20^  R.  <63|o 
to  77^  F.),  without  any  appearance  of  putrefaction,  infusoria,  or  mouldiness  :  on  open- 
ing the  vessel,  however,  the  contents  fermented  in  a  few  days,  as  if  they  had  been 
boiled  in  the  ordinary  manner.    In  conducting  such  researches,  the  gpi^est  pains 
must  be  taken  to  render  the  tork  and  junctions  of  the  glass  tubes  perfectly  air-tight. 
The  following  more  convenient  modification  of  the  experiment,  but  one  equally  suo- 
cesafnl  and  demonstrative,  was  arranged  by  F.  Sehulze.    The  glass  tubes  connected 
with  the  flask  were  furnished  each  with  a  bolb  at  a  little  distance  from  the  cork ;  into 
one  of  which  globes  caustic  alkaline  ley  being  put,  and  into  the  other  strong  sal- 
phone  acid,  ahr  was  slowly  sucked  through  the  extremity  of  the  one  lube,  while  it 
entered  at  the  other,  so  as  to  renew  the  atmosphere  over  the  decoction  of  flesh  in  the 
flask.     In  another  set  of  experiments,  four  flasks  being  filled  with  a  solution  of  cane- 
sugar  containing  some  beer-yeast,  were  corked  and  plunged  in  boiling  water  till  they 
acquired  its  temperature.    They  were  then  taken  out,  inverted  in  a  mercurial  bath, 
uncorked,  and  allowed  to  cool  in  that  position.    From  one  third  to  one  fourth  of  their 
volume  of  atmospherical  air  was  now  introduced  into  each  of  the  flasks ;   into  two  of 
them  through  slender  glass  tubes  kept  red  hot  at  a  certain  point,  into  the  other  two 
through  glass  tubes  not  heated.    By  analysis  it  was  found  that  the  air  thus  heated 
contained  only  19*4  per  cent,  of  oxygen,  instead  of  20*8 ;  but,  to  compensate  for  this 
deficiency,  a  little  more  air  was  admitted  into  the  two  flasks  connected  with  the  heated 
tubes  than  into  the  two  others.     The  flasks  were  now  corked  and  placed  in  an  in- 
verted position,  in  a  temperature  of  Oom  10^  to  14^  R.  (54i<^  to  63$^  F.).     After  a 
period  of  from  four  to  six  Weeks,  it  was  found  that  fermentation  had  taken  place  in 
both  of  the  flasks  which  contained  the  non-ignited  air — for,  in  loosening  the  corks, 
some  of  the  contents  wero  projected  with  force — but,  in  the  other  two  flasks,  there 
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was  no  appearance  of  fermentation,  either  theDy.or  in  doable  the  tinie*  As  tbe  extract 
of  nnx  vomica  is  known  to  be  a  poison  ioimfuionm  (animalcules),  Imt  not  to  vegetatioc 
mould,  while  arsenic  is  a  poison  to  both,  by  these  tests  it  was  proved  that  the  tirims 
particles  instrumental  to  fennentation  belongred  to  the  order  <^  plants  of  the  eoaicr- 
void  family.  Beer  yeast,  according  to  Schwann,  consists  entirely  of  mkroecoplc  fnmgL 
in  the  shape  of  small  ovid  grains  of  a  yellowish  white  color,  arranged  in  tows  oblique 
to  each  other.  Fresh  grapes  must  contain  none  of  them ;  but  after  being  exposed  to 
the  air  at  20"  R.,  for  36  honrs,  similar  grains  become  visible  in  the  mieroscope,  and 
may  be  observed  to  grow  larger  in  the  course  of  an  hoot,  or  even  in  half  that  time* 
A  few  hours  after  these  plants  are  first  perceived,  ga»  begins  to  be  disengaged.  They 
multiply  greatly  in  the  course  of  fermentation,  and  at  its  conclusion  subside  to  the  bottnaB 
of  the  beer  in  the  shape  of  a  yellow  white  powder. 

FERRIC  ACID.  This  new  compound  having  been  prescribes  as  a  sornoe  of  sup- 
plying oxygen  to  persons  confined  in  diving-bells  and  in  mines,  by  M.  Payeme,  in  a 
patent  recently  granted  to  him,  merits  notice  in  a  pracUeal  work.  M.  Fremy  is 
the  discoverer  of  this  new  acid,  which  he  obtains  in  the  state  of  ferrate  of  po^ 
ash,  by  projecting  10  parts  of  dry  nitre  in  powder  upon  5  parts  of  iron  fi£ng% 
ignited  In  a  crucible ;  when  a  reddish  mass,  containing  much  ferrate  of  potash,  is 
formed.  The  preparation  succeeds  best  when  a  large  crucible,  capable  of  holdiBg 
•bout  a  pint  of  water,  is  heated  so  strongly  that  the  bottom  and  a  eoaple  of  inches 
above  it,  appear  faintly,  but  distinctly  red,  in  which  state  the  heat  is  just  adequate  to 
effect  due  deflagration  without  decomposition.  An  intimate  mixture  of  about  200  grains 
of  dried  nitre  with  about  one  half  its  weight  of  the  finest  iron  filings,  is  to  be  thrown  at 
once  upon  the  side  of  the  crucible.  The  mixture  will  soon  swell  and  deflagrate.  The 
crucible  being  taken  from  the  fire,  and  the  ignited  mass  being  cooled,  is  to  be  t^kea 
out  with  an  iron  spoon,  pounded,  immediately  put  into  a  bottle,  and  secluded  ftnm  the . 
air,  in  which  it  would  speedUy  attract  moisture,  and  be  decomposed.  It  is  leaolved 
by  the  actiqn  of  water,  especially  with  heat,  into  oxygren  gas,  peroxide,  and  nitrale 
of  iron. 

Mr.  J.  D,  Smith  prepares  the  ferrate  of  potash  by  exposing  to  a  full  red  heat  a  aux- 
ture  of  finely  powdered  peroxide  of  iron  with  four  times  its  weight  of  dry  nitre.  It 
has  an  amethyst  hue,  but  so  deep  as  to  appear  black,  except  at  the  edges.  Oxygen  is 
rapidly  evolved  by  the  action  of  the  sulphuric  or  nitric  acid  upon  its  solntion.  He  csn* 
siders  the  atom  of  iron  to  exist  in  this  compound,  associated  with  3  atom»  of  oxygea,  or 
double  the  proportion  of  that  in  the  red  oxide.  Hence  52  grains  of  pure  ferric  sai 
should  give  off  12  grains  of  oxygen,  equal  to  about  35  cubic  inches ;  but  how.  much  of 
the  ferrate  of  potash  may  be  requisite  to  produce  a  tike  quantity  of  oxgyen,  can  not  he 
stated,  from  the  uncertainty  of  the  operation  by  which  it  is  produced. 

FERRIC-CYANIDE  OF  POTASSIUM,  or  Red  Pruteiale  of  Patadk.  This 
beautiful  and  useful  salt,  discovered  by  L.  Gmelin,  is  prepared  by  passing  chlorine  gas 
through  a  weak  solution  of  the  prnssiate  of  potash  (ferro-cyanide  of  potassium)  tin  it 
ceases  to  affect  solution  of  red  sulphate  of  iron,  taking  care  to  agitate  the  liquid  all  tke 
while,  and  not  to  add  an  excess  of  chlorine.  On  looking  through  the  weak  solution  to 
the  flame  of  a  candle,  one  may  see  the  period  of  change  from  the  greenish  to  the  red 
hue,  which  indicates  the  completion  of  the  process.  The  liquor  being  filtered  asd 
evaporated  in  a  dish  with  uprii^ht  sides,  will  eventually  afford  crystalline  needles,  pos- 
sessed of  an  almost  metallic  lustre,  and  a  yellow  color,  inclining  to  red.  Tbese  bong 
dissolved  and  recrystallized,  will  become  extremely  beautiftd.  This  salt  is  composed 
of  33*68  parts  of  potassium,  16*48  of  iron,  and  47-84  of  cyanogen.  It  is  therefore  s 
dry  salt.  It  dissolves  in  88  parts  of  cold  water,  and  as  it  forms  then  the  most  delicate 
test  of  the  protoxide  of  iron,  is  very  useful  in  Clorwnetry. — See  Appsimix. 

The  solution  of  this  salt  affords  the  following  colored  precipitates  with  the  solntiess 
7f  the  respective  metals : — 

Titanium         .         ^  •  -    Brownish  yellow. 

Uranium    i     -  ...    Reddish  brown. 

Manganese      ...         -    Brownish  pay. 

Cobalt  ....    Deep  reddish  brown. 

Nickel  ....    Yellowish  brown. 

Copper  ....    Dirty  yellowish  brown. 

Silver  ...         -    Orange  yellow. 

Merenry  ....    Yellow,  with  both  the  protoxide  and 

peroxide  salts. 

Tin  -  -         -  -    White. 

Zinc  •         •         •         .    Orange  Yellow. 

Bismuth  ....    Yellowtsh  brown. 

Lead  -  -  -  •    No  predp. 

Iron  protoxide  -         ...    Blue. 

—  peroxide  -         -         •         •    No  precip. 
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The  feme-qra&ide  of  potaniam  haa  b^en  introduced  into  dyeing  and  calico-printing. 

In  case  an  excess  of  chlorine  has  been  used  in  preparing  the  above  salt,  Posselt  rec- 
ommends to  add  to  its  solution,  when  near  the  crystallizing  point,  a  few  drops  of  potash 
ley,  in  order,  to  decompose  a  green  substance  that  is  present,  which  takes  place  with  the 
precipitation  of  a  little  peroxide  of  iron. 

FIREARMS.  BarrtUwddmg  by  Machintry. — The  barrels  of  musquets,  birding- 
guns,  &.C.,  or  what  are  called  plain,  to  distinguish  them  from  those  denominated  sivJ>  or 
twisted  barrels,  have  of  late  years  been  formed  by  means  of  rolls,  a  process  in  which 
the  welding  is  first  effected  on  a  short  slab  of  thidc  iron,  and  then  the  barrel  is  brought 
down  to  its  destined  length,  and  /orm,  by  repeatedly  passing  it  bef^een  a  pair  of  rolls, 
that  have  been  previdusly  grooved  to  the  exact  shape  of  the  barrel  intended  to  be  made. 

This  method  has  entirely  superseded  the  skelp^welding  by  hand  described  in  the 
Die,  of  Man,  f  p.  471,  and  is  condncted  as  follows  : — 

The  iron  being  thoroughly  refined,  and  reduced  into  flat  bars  by  the  process  de- 
scribed at  length  at  p.  705,  is  cut  by  the  shears  into  slabs  or  lengths  of  10  to  12  inches, 
and  10  to  10^  Iba.  weight,  or  less,  according  to  the  description  of  gun- barrel  that  is 
intended  to  be  made.  These  slabs  are  then  heated,  and  bent  in  their  whole  length,  by 
means  of  oonvenientlv  grooved  bending  rolls,  until  they  assume  the  formqf  rough  tubes, 
49         of  the  kmd  of  section  shown  by  Ay  Jig.  49.      They  are  then  placed  on  the 

O  hearth  of  the  reverberatory  furnace  {Did,  p.  701),  and  brought  to  a  full 
welding  heat,  and  as  soon  as  the  edges  of  a  tube  come  to  a  semi-fluid  state, 
it  is  taken  out  and  passed  between  rolls  having  grooves  somewhat  smaller 
in  diameter  than  the  exterior  of  the  tube,  by  which  means  the  tube 
is  perfectly  welded  from  end  to  end;  and  if  care  be  taken  in  the 
management  of  the  heat,  and  the  juncture  be  kept  clear  of  dirt  and  cinders,  the  iron 
will  be  found  perfectly  homogeneous  in  every  part,  and  there  will  be  no  appearance 
whatever  of  the  seam  where  the  edges  came  together.  These  tubes  are  repeatedly 
heated,  and  passed  between  the  barrel  rolls,  which  are  of  sufficient  diameter  to  admit 
of  gradually  decreasing  grooves,  the  whole  length  of  the  intended  barrel  being  indented 
on  their  surfaces. 

To  preserve  the  tubular  form,  and  insure  regularity  in  the  size  of  the  bore  during 
the  welding  process,  they  are  taken  out  of  the  furnace,  bv  thrusting  into  them  a  tool 
called  a  mandril  b,  which  consists  of  a  long  rod  of  iron,  havmg  a  short  steel  treblett  on 
its  end,  of  the  diameter  that  the  bore  of  the  barrel  is  meant  to  bore.  This  rod  is  so 
atUnsted  by  means  of  a  strong  iron  plate  c,  near  its  handle,  which  is  of  wood,  and  long, 
that  when  passed  with  the  heated  tube  on  it  between  two  tranverse  holding  bars,  the 
short  steel  treblett  d,  shall  be  found  exactly  between  the  point  of  impact  of  the  barrel- 
rolls,  E  E. 
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The  adhesion  of  the  hot  iron  to  the  smfttce  of  the  rolls  is  strong  enough  to  draw  the 
tube  off  the  mandril,  which  thus  keeps  the  bore  open  from  end  to  end,  and  by  repeating 
the  process  through  the  whole  series  of  grooves  in  the  rolls,  the  barrel  is  gradually 
elongated,  and  brought  down  to  the  exact  form  required :  any  superfluous  length  at  the 
muzzle  is  then  cut  off.  The  breach  end  is  then  adjusted  by  the  hammer— a  tripple-seat 
welded  on  by  hand  if  it  be  intended  for  a  percussion  lock,  and  then  the  barrel  is  ready 
to  go  forward  to  the  mUl  to  be  bored,  turned,  and  finished. 

Gun-barreb  formed  by  this  mechanical  method  are  found  to  stand  proof  better  than 
those  worked  by  hand,  because  the  heat  is  more  equalized ;  and  any  imperfections  in 
the  original  mass  of  iron  are  more  dispersed  over  the  whole  extent  of  the  tube. 

Mr.  Wells  Ingram,  of  Bradford  street,  Birmingham,  has  lately  perfected  a  very  com- 
plete lathe  for  turning  the  exterior  of  gun-barrels  of  all  descriptions,  a  process  which  is 
fast  superseding  the  uieof  ti&e  grindstone,  for  equalizing  the  barrels  of  all  kinds  offire- 


I  am  indebted  for  ihu  ariicU  to  Mr,  Lovdl,  Director  qf  the  Royal  jSirms  Manufactory. 
See  MusQUET. 

FLAX  and  TOW,  or  CodiUa  of  Hemp  and  Flax,  imported  for  home  consumption  in 
1889,  1,216,811  cwt. ;  in  1840,  1,256,322;  Id.  per  cwt. 
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FLOOEAN.    The  name  giren  by  the  Cornish  minen  to  a  vain  nf  day-ataae,  often 

nearly  yertical. 

FLOOR-CLOTH  MANUFACTURE  has  become  of  late  yean  a  Tcsy  laige 
branch  of  trade.  The  cloth  ia  a  strong  somewhat  open  canvass,  woven  of  flax  with  a 
little  hemp,  and  from  6  to  8  yards  wide,  being  nwnnfaetnred  in  apiaoiiriate  looaM 
chiefly  at  Dundee.  A  piece  of  this  canvass  from  60  to  100  feet  in  length,  is  seeued 
tight  in  an  upright  open  frame  of  oaken  bars,  in  which  position  it  reeeives  the  fonnda- 
tion  coats  of  paint,  2  or  3  in  number,  first  on  the  black  side,  and  then  on  the  fivxni;  bat 
it  previously  is  brushed  over  with  glue-size,  and  mbbed  smooth  with  pomtee-stones. 
The  foundation  paint  made  with  linseed  oil  and  ochre,  or  any  cheap  coloring  matter, 
is  too  thick  to  be  applied  by  the  brush,  and  is  therefore  spread  evenly  by  a  long  namw 
trowel,  held  in  the  right  hand,  from  a  patch  of  it  laid  on  just  before  with  a  fanuh  in  the 
le/t  hand  of  the  workman.  Each  fonndation  coat  of  the  front  snzface  is  smooched  hy 
pumice  whenever  it  is  hard  enough  to  bear  the  operation.  When  both  sides  are  dry,  the 
painted  cloth  is  detached  from  the  frame,  coiled  round  a  roller,  in  this  state  transfcned 
to  the  proper  printing-room,  where  it  is  spread  flat  on  a  table,  and  varioosly  figured 
and  colored  devices  are  given  to  it  by  wooden  blocks,  exactly  as  in  the  block-printing 
of  calicoes,  and  in  the  wood^printing  of  books.  The  blocks  of  the  floor-doCh  manafiie- 
tare  are  formed  of  two  layers  of  white  deal  and  one  of  pear-tree  timber,  placed  with 
their  grain  crossing  one  another  alternately.  There  is  of  course  a  block  for  each  color 
in  the  pattern,  and  in  each  block  those  parts  are  cut  away  that  oonrespond  to  the  im- 
pressions given  by  the  others ;  a  practice  now  well  understood  in  the  printing  of  two  or 
more  colors  by  the  press.  The  faces  of  the  blocks  are  so  indented  with  fine  linc% 
that  they  do  not  take  up  the  paint  in  a  heavy  daub  from  the  flat  cushion  on  which  it 
is  spread  with  a  brush,  but  in  minute  dots,  so  as  to  lay  on  the  paint  (somewhat  thicker 
than  that  of  the  house-painter)  in  a  congeries  of  little  dots  or  teeth,  with  minnte  inter- 
stices between.  Applied  in  this  way,  the  various  pigments  lie  more  evenly,  are  more 
sightly,  and  dry  much  sooner  than  if  the  prominent  part  of  the  block  which  takes  ap 
the  color  were  a  smooth  surface.  The  best  kinds  of  floor-^oth  require  from  two  to 
three  months  for  their  production. 

FODDER,  a  weight  of  21  cwt.,  by  which  lead  is  sold  in  the  north  of  Engtand. 

FUEL.  On  the  measurement  of  heat,  and  the  qnalities  of  diflferent  kinds  of  eoaJ^ 
I  made  an  elaborate  series  of  experiments,  a  few  years  ago,  of  which  the  following  is  an 
outline : — 

The  first  and  most  celebrated,  though  probably  not  the  most  aecnmte  apparmtus  for 
measuring  the  quantity  of  heat  transftrable  from  a  hotter  to  a  colder  body,  was  the 
calorimeter  of  Lavoisier  and  Laplaee.  It  consisted  of  three  concentric  cylinden  of  tin 
plate,  placed  at  certain  distances  asunder ;  the  two  outer  interstitial  spaces  being  filled 
with  ice,  while  the  innermost  cylinder  received  the  hot  body,  the  subject  of  experiment. 
The  quantity  of  water  discharged  from  the  middle  space  by  the  melting  of  the  ice  in  it, 
served  to  measure  the  quantity  of  heat  given  out  by  the  body  in  the  oentral  cylinder. 
A  simpler  and  better  instrument  on  this  principle  would  be  a  hollow  cylinder  of  ioe  of 
proper  thickness,  into  whose  interior  the  hot  body  would  be  introduced,  and  which 
would  indicate  by  the  quantity  of  water  foand  melted  within  it  the  qoantity  of  heat 
absorbed  by  the  ice.  In  this  case,  the  erron  occasioned  by  the  retention  of  water  among 
the  fnigments  of  ice  packed  into  the  cylindric  cell  of  the  tin  calorimeter,  wovid  be 
avoided.  One  pound  of  water  at  172!°  F.,  iatrodnced  into  the  hollow  cylinder  abore 
described,  will  melt  exactly  one  pound  of  ice;  and  one  pound  of  oil  heated  to  175IP  w21 
melt  half  a  pound. 

The  method  of  refrigeratUm^  contrived  at  flnt  by  Meyer,  has  been  in  modem  times 
brought  to  great  perfection  by  Dulong  and  Petit.  It  rests  on  the  principle,  that  two 
surfaces  of  like  size,  and  of  equal  radiating  force,  lose  in  like  times  the  same  quantity 
of  heat  when  they  are  at  the  same  temperature.  Suppose  for  example,  that  a  veaadof 
polished  silver,  of  small  size,  and  very  thia  in  the  metal,  is  successively  filled  with  diA 
ferent  pulverized  substances,  and  that  it  is  allowed  to  cool  from  the  same  elevatioii  of 
temperature ;  the  quantities  of  heat  lost  in  the  first  instant  of  cooling  will  be  nlwaya 
equal  to  each  other;  aud  if  for  one  of  the  substances,  the  velocity  of  eoolii^  is 
of  that  for  another,  we  may  conclude  that  its  capacity  for  heat  is  one  half,  when 
weight  is  the  same ;  since  by  losing  the  same  quantity  of  heat,  it  sinks  in 
double  the  number  of  degrees. 

The  method  of  mixtures, — In  this  method,  two  bodies  axe  always  employed ; 
body  which  becomes  cool,  and  a  cold  body,  which  becomes  hot,^in  sueh  ranoner  that  aO 
the  caloric  which  goes  out  of  the  former  is  expended  in  heating  the  latter.  Sappasc 
for  example,  that  we  pour  a  pound  of  quicksilver  at  212^  F.,  into  a  pound  of  water  at 
32° ;  the  quicksilver  will  cool  and  the  water  will  heat,  till  the  mixture  by  stizriag  ac- 
quires a  common  temperature.  If  this  temperature  was  122^,  the  water  and  metcniy 
would  have  equal  capacities,  since  the  same  quantity  of  heat  wovld  prodnea  in  am 
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nuaof  theie  Mm  lubstuices  equal  changes  ortempentnre,  tic'.,  in  elention  of  90°  id 
the  water  and  a  depression  of  W  in  the  merciirf.  Bat  id  reality,  the  ini«ure  li  fonpd 
to  have  a  temperslure  of  only  S7^,  showing  that  while  the  mercnfj  loses  1711"  the 
water  gsins  only  6|'i  twoDumberj  in  the  ratioofaboul  32to  1 ;  whence  it  is  concluded, 
that  the  Cf .  -arity  of  mercury  ii  Jj  of  that  of  water.  Corrections  mnit  be  made  for  the 
influence  of  the  Tessel  and  for  the  heal  dissipated  during  the  lime  of  the  eiperimeoL 

The  following  calorimeler,  founded  upon  the  anme  principle  as  that  of  Count  Rom- 
ford, bul  wilh  certain  improvemenla,  may  be  considered  as  an  equally  correct  iastrameal 
for  measuring  heal,  with  any  of  the  preceding,  but  one  of  much  more  general  tppiicft- 
tion,  eince  it  can  deteriQine  the  quantity  of  heat  disengaged  in  combaition,  as  well  f3 
the  latent  heat  of  steam  and  other  vnpors. 


It  conaiati  of  a  large  copper  hath,  *,/lfig-  51),  eapnUe  of  hddiDg  100  gtSkmaet 
water.  It  ii  trareneil  foot  times,  baclaran]  and  Ibrwaid,  in  foor  diff«»at  lereli,  by 
«  sig-iag  horiioDtal  Ane,  or  Bat  pipe  i,  c,  ntDeiaehei  broad  and  one  deep,  ending  belorw 
ia  a  round  pipe  at  c,  which  paues  throogh  the  bottom  of  the  copper  bath  *,  /,  aad 
receives  there  into  it  the  top  ofa  snull  black  le*d  foniace  b.  The  inneriDoat  emcibl* 
coDtaini  tbe  fuel.  It  is  surrounded  at  the  distance  of  one  inch  bjr  a  second  aiieible, 
wJiieh  is  endofled  at  the  same  lime  by  tbe  aidn  of  the  outennast  fornaee ;  the  straUt 
of  itagDani  sir  between  the  cmciblea  MrriDg  to  prerenl  the  heal  from  being  dissigwted 
iota  the  atHMMphere  ronnd  the  body  of  the  fomnM.  A  pipe  a,  tram  a  pair  of  eyUsider 
donUe  bellows,  enten  the  ash-pit  of  tbe  fnniM«  at  one  side,  and  snppUe*  a  steaidy  bat 
fcntte  blast,  to  carry  on  the  combaition,  kindled  at  flrat  by  half  an  onnce  of  rol-bM 
charcoal.  So  completely  is  the  heat  which  is  disengaged  by  the  baming  fnel  absmbed 
by  the  water  in  the  bath,  that  the  air  diieharged  at  the  top  orifice  g,  hu  nmallf  the 
Mune  tempera  tore  as  the  atnaephere. 

The  vessel  is  made  of  copper,  weighing  t«opo«Bd«per  square  foot  i  it  is  (4  feet  long, 
I)  wide,  2  deep,  with  a  bottom  S|  feet  long,  and  1|  broad,  upon  an  arerage.  Inelnding 
tbe  lig-iag  tin  plate  fine,  and  a  rim  of  wronght  iron,  it  weighs  altogether  85  poandi. 
aaeetheBpeciflcbent  ofeopperi*  to  thalof  water  aBS4  to  1,000;  tbe  speeihe  heal  of 
the  vessel  is  equal  to  that  of  8  poaada  at  water,  for  which,  therefore,  the  exact  cotTcc- 
tion  is  made  by  leaving  8  ponnds  of  water  onl  of  the  600,  or  1,000  ponndi  nsed  in  ead 


In  the  experiments  made  with  former  calorimeter*  of  this  Idod,  the  combnstion  wa« 
maintained  by  the  current  or  draft  of  a  chimney,  open  at  bottom,  which  carried  off  at 
the  top  oriBce  of  the  flue  a  variable  qaantity  of  heal,  very  difllenit  to  estimate. 

When  the  object  is  to  determine  the  latent  heat  of  steam  and  other  vapors,  they  may 
be  inlrodaced  thrangb  a  lube  into  tbe  nifice  g,  the  latent  beat  being  dedncnl  from  the 
elevation  of  temperature  in  the  wster  of  the  bath,  and  the  volome  of  vapor  expended 
from  the  quantity  of  liquid  discharged  into  a  meainre  glass  from  the  bottom  outlet  » 
In  this  caae,  the  furnace  is  of  course  removed. 

The  heating  power  of  the  f  ael  is  measored  by  the  number  of  degrees  of  tempemtiir* 
wttieh  tbe  conbulloa  of  one  poand  of  it,  raises  600  or  1,000  pounds  of  water  in  th« 
Iml^  tbe  Mpp«  Mbntuea  et  the  twmI  being  takcK  into  acconat.    Oba  pound  cf  drj 
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wood  charcoal  by  its  combustion  causes  6,000  pounds  of  wnter  to  become  20^  luClfC. 

For  the  sake  of  brevity,  we  shall  call  this  calorific  energy  12,000  unities.  In  like  cir- 
cumstances, one  i)ouad  of  Llangennoek  coal  will  yield  by  combustion  11,500  unities  of 
caloric.  One  pound  of  charcoal  ailer  exposure  to  the  air  giyes  out  in  burning  only 
10,500  unities ;  but  when  previously  deprived  of  the  moisture  which  it  so  greedily  im- 
bibes  from  the  atmosphere,  it  affords  the  above  quantity.  One  pound  of  Lamblon's 
Wall's-end  coals,  affords  8,500  unities ;  and  one  of  anthracite  1 1,000. 

It  must  be  borne  in  mind  that  a  coal  which  gives  off  much  unbumt  carburetted  hy- 
drogen gas,  does  not  afford  so  much  heat,  since  in  the  production  of  the  gas  a  great 
deal  of  heat  is  carried  ofi'  in  the  latent  state.  I  have  no  doubt,  that  by  this  distillatory 
process,  from  one  third  to  one  fourth  of  the  total  calorific  effect  of  many  coals  is  disa- 
pated  in  the  air.  But  by  means  of  such  a  furnace  as  the  patent  Argand  invention  of 
Mr.  C.  W.  Williams,  the  whole  heat  produceable  by  the  hydrogen  as  well  as  the 
is  obtained ;  and  it  should  be  borne  in  mind  that  a  pound  of  hydrogen  in  burning 
ates  as  much  heat  as  three  pounds  of  carbon. 

Mr.  Berthier  proposes  to  determine  the  proportion  of  carbon  in  coals  and  other 
of  fuel,  by  igniting  in  a  crucible  a  mixture  of  the  carbonaceous  matter  with  lithaigey 
both  finely  comminuted,  and  observing  the  quantity  of  lead  which  is  reduced.  For 
every  84  parts  of  lead,  he  estimates  1  part  of  carbon,  apparently  on  the  principle,  thai 
when  carbon  is  ignited  in  contact  with  abundance  of  litharge,  it  is  converted  into  car- 
bonic acid.  Each  atom  of  the  carbon  is  therefore  supposied  to  seize  two  atoms  of 
oxygen,  for  which  it  must  decozhpose  two  atoms  of  litharge,  and  revive  two  atoms  of 
lead.    Calling  the  atom  of  carbon-  6,  and  that  of  lead  104,  we  shall  have  the  foUowing 

ratio : — 6 :  104X2  : :  1 :  34.66,  being  Berthier's  proportion,  very  nearly. 

On  subjecting  this  theory  to  the  touchstone  of  experiment,  I  have  found  it  to  be  en- 
tirely fallacious.  Having  mixed  very  intimately  10  grains  of  recently  calcined  char- 
coal with  1,000  grains  of  litharge,  both  in  fine  powder,  I  placed  the  mixture  in  a  cruciUe 
which  was  so  carefully  covered,  as  to  be  protected  from  all  fuliginous  Aunes,  and  ex- 
posed it  to  distinct  ignition.  No  less  than  603  grains  of  lead  were  obtained ;  whereas 
by  Berthier's  rule,  only  340  or  346.6  were  possible.  On  igniting  a  mixture  of  10  grains 
of  pulverized  anthracite  from  Merthyr  Tydfil,  with  500  grains  of  pure  litharge  (pre- 
viously fused  and  pulvprized),  I  obtained  380  grains  of  metallic  lead.  In  a  seoDnd 
similar  experiment  with  the  same  anthracite  and  litharge,  I  obtained  450  grains  of  leod^ 
and  in  a  third  only  350  grains,  h  is  therefore  obvious  that  this  method  of  Berthier  is 
altogether  nugatory  for  ascertaining  the  quantity  of  carbon  in  coals,  and  is  worse  than 
useless  forjudging  of  the  calorific  qualities  of  different  kinds  of  fuel. 

In  my  researches  upon  coals,  I  have  also  made  it  one  of  my  principal  objects  to  de- 
termine the  quantity  of  sulphur  which  they  may  contain ;  a  point  which  hmt  been 
hitherto  very  little  investigated  in  this  country  at  least,  but  which  is  of  great  conee- 
queuce,  not  only  in  reference  to  their  domestic  combustion,  but  to  their  emi^oyiDeBt 
by  manufacturers  of  iron  and  gas.  That  good  iron  can  not  be  innoduced  with  a  ral« 
phureous  coal,  liowever  well  coked,  has  been  proved  in  France  by  a  very  costly  experi- 
ence. The  presence  of  a  notable  proportion  of  sulphur  in  a  gas  coal  is  most  injurious 
to  the  gaseous  products,  because  so  much  sulphuretted  hydrogen  is  generated  as  to  r^ 
quire  an  operose  process  of  washing  or  purification,  which  improverishes  the  ens,  and 
impairs  its  illuminating  powers  by  the  abstraction  of  its  olefiant  gas,  or  bicarburetlcd 
hydrogen.  In  proof  of  this  proposition,  I  have  only  to  state  the  fact,  that  I  found  in 
a  specimen  of  coal  gas  as  delivered  from  the  retorts  of  one  of  the  metropolitan 
nies,  no  less  than  18  per  cent,  of  olefiant  gas,  while  in  the  same  gas,  after  bein|r 
through  the  purifiers,  there  remained  only  1 1  per  cent,  of  that  richly-illuminating 
By  using  a  gas^coal,  nearly  free  from  sulphur,  such  as  No.  4,  in  the  subjoined  list,! 
think  it  probable  that  10  per  cent.- of  more  light  may  be  realized  than  with  the  ctmuBcn 
more  sulphureous  coal.  This  is  an  important  circumstance  which  the  directors  of  gas- 
works have  hitherto  neglected  to  investigate  with  analytical  precision,  though  it  is  one 
upon  which  their  success  and  profits  mainly  depend. 

How  little  attention  indeed  has  been  bestowed  upon  the  sulphureous  impreguatiQa 
of  pit-coal  may  be  inferred  from  the  fact  that  one  of  our  professional  chemists  of  noCe, 
iu  a  public  report,  upon  a  great  commercial  enterprise,  stated  that  a  certain  coal  analysed 
by  him  was  free  from  sulphur,  which  coal  I  found  by  infallible  chemical  evidenee  to 
contain  no  less  than  7  per  cent,  of  sulphur,  being  about  the  double  of  what  is  contained 
in  English  coals  of  average  quality.  The  proportion  of  sulphur  may  in  genera]  be  i»> 
ferred  from  the  appearance  and  quantity  of  the  ashes.  If  these  be  of  a  red  or  ochrey 
color,  and  amount  to  above  10  per  cent.,  we  may  be  sure  that  the  coal  is  eminently 
sulphureous.  The  coal  above  referred  to  afforded  from  16  to  16  per  cent,  of  ferrugin- 
ous ashes.  I  believe  that  sulphur  exists  in  coal  generally,  though  not  always  in  the  state 
»f  pyrites,  either  in  manifest  particles,  or  invisibly  disseminated  through  their 

The  readiest  method  of  determining  rigidly  the  quantity  of  sulphur  ia  aoET 
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a  to  mix  a  given  weieht  of  it  with  a  proper  weight  of  carbonate  of  potassa,  nitre,  and 
common  salt,  each  chemically  pure,  and  to  ignite  the  mixture  in  a  platinum  cnxcible. 
A  whitish  mass  is  obtained,  in  which  all  the  sulphur  has  been  converted  into  sulphate 
of  j)ota5sa.  By  determining  ^ith  nitrate  of  baryta  the  amount  of  sulphuric  acid  pro- 
duced, that  of  the  sulphur  becomes  known.  By  means  of  tliis  process  applied  to  dif- 
ferent samples  of  coals,  I  obtained  the  following  results : — 

Gu                                         Sulphur  in  6u                                          Snlphvrtn 

Coals.                                         lOOparu.  Coals.                                         lOOpazU. 

No.  1  -        -        -  -    300  No.  6  -  •  -  -    2-50 

2  ...  -    3-90  6  -  -  -  -    6-20 

3  -        -        -  -    2-42  7  -  .  .  .    3-40 

4  -        -        -  -    3-8Q  8  -  -  -  -    3-60 

Coals  for  puddling  cast  iron,  Snlpbnr  in 

to  be  converted  into  steel,  100  parte. 

No.  1,  hard  foliated  or  splent  coal,  specific  gravity  1*258  0*80 

2,  ditto *  1-290  0-96 

3,  ditto   -        -        - 1-273  3-10 

4,  cubical  and  rather  soft        -        -        -        -  1-267  0-80 

The  last  coal  being  rich  in  bitumen,  would  prove  an  excellent  one  for  the  production 
of  a  pure  coal  gas.     See  Pitcoal. 

FUEL,  ECOXOMY  OF.  In  the  report  of  the  Transactions  of  the  Institution  of 
Civil  Engineers  for  February,  1838,  the  results  of  exact  comparisons  between  the  per- 
formance of  di/Terent  steam-engines  exhibit  this  economy  in  a  remarkable  manner.  It 
is  there  shown  that  a  condensing  engine  of  the  most  perfect  construction,  and  in  perfect 
condition,  of  the  common  low  pressure  crank-kind,  not  working  expansively,  performs 
a  duty  of  not  more  than  20  or  21  millions  of  lbs.  raised  one  foot  high,  by  90  or  94  lbs. 
of  coal ;  or  ten  lbs.  of  coal  per  horse  power  per  head. 

The  following  table  exhibits  the  relative  value  of  different  engines  in  lbs.  of  coal  per 
horse  power  per  hour  : — 

Cornish  Pumping  Engine      -        -        -        -        -        -1-57 

Bolton  and  Watt's  Single  Engine 4*82 

Cornish  Double  Engine         ......    3*25 

Bolton  and  Watt's  Double  Engine         ....     io*5 

The  greatest  duty  performed  by  the  measured  bushel  of  84  lbs.  was  86|  millions  of 
lbs.  There  was  raised  by  the  Huel  Towan  engine  in  Cornwall  1,085  tons  (of  water) 
one  foot  hi?h  for  one  farthing.  Hence  the  weight  of  a  man  (Ij^  cwt.)  would  be  raised 
ten  miles  for  one  penny  1 

la  order  to  raise  steam  with  economy,  the  surface  of  water  in  the  boiler,  exposed  to 
the  fire,  ought  not  to  be  less  thon  10  square  feet  per  horse  power ;  but  the  nsual  allow- 
ance in  Lancashire  is  only  7^ ;  and  by  Messrs.  Bonlton  and  Watt,  5  square  feet. 

The  values  of  the  mean  of  the  Cornish,  Warwick,  London,  Lancashire,  and  loco- 
motive experiments,  as  reported  by  Mr.  Josiah  Parkes,  were  respectively  21,  18,  13|, 
and  10  cubic  feet  of  water  evaporated  by  112  lbs.  of  coals,  from  water  heated  to 
212'F. 

FUEL,  GRANT'S  PATEPTT.  This  fuel  Is  composed  of  coal-dust  and  coal-titr 
pitch ;  these  materials  are  mixed  together,  under  the  influence  of  heat,  in  the  following  . 
proportions:— 20  lbs.  of  pitch  to  1  cwt.  of  coal-dust,  by  appropriate  machinery; 
consisting  of  crushing-rollers  for  breaking  the  coal  in  the  first  instance  sufficienUy 
small,  so  that  it  may  pass  through  a  screen  the  meshes  of  which  do  not  exceed  a  quarter 
of  an  inch  asunder ;  2dly,  of  mixing-pans  or  cylinders,  heated  to  the  temperature  of 
220^,  either  by  steam  or  heated  air;  and,  3dly,  of  moulding  machines,  by  which  the 
fuel  Is  compressed,  under  a  pressure  equal  to  five  tons,  into  the  size  of  a  common  brick ; 
the  fuel  bricks  are  then  whitewashed,  which  prevents  their  sticking  together,  either  in 
the  coal  bunkers  or  in  hot  climates.  The  advantages  of  Grant's  fuel  over  even  the 
best  coal  may  be  stated  to  consist,  first,  in  its  superior  efficacy  in  generating  steam, 
which  may  be  thus  stated — 200  tons  of  this  fuel  will  perform  the  same  work  as  300 
tons  of  coal,  such  as  are  generally  used ;  secondly,  it  occupies  less  space  $  that  is  to  say, 
500  tons  of  it  may  be  stowed  in  an  area  which  will  contain  only  4C0  tons  of  coal ; 
thirdly,  it  is  used  with  much  greater  ease  by  the  stokers  or  firemen  than  coal,  and  it 
creates  little  or  no  dirt  or  dust,  considerations  of  some  importance  when  the  delicate 
machinery  of  a  steam-engine  is  considered ;  fourthly,  it  produces  a  very  small  propor- 
tion of  clinkers,  and  thus  it  is  far  less  liable  to  choke  and  destroy  the  furnace  bars  and 
boilers  than  coal ;  fifthly,  the  ignition  is  so  complete  that  comparatively  little  smoke, 
and  only  a  small  quantity  of  ashes,  are  produced  by  it ;  sixthly,  ftom  the  mixture  of  the 
patent  fael,  and  the  manner  of  its  manufacture,  it  is  not  liable  to  enter  into  spontaneoos 
ignition. 


GALVAH0-PLA8"'' 
KtttJiurgy. 

OABAKCINE,  an 
phnrie  acid,  prepared 

GAS-LIGHT.    Sii 
iMTe  Tcceived  fTom 
Mr.     Hedle;,    an 
engineer  ot  great 

perienee,  plans  and 
dnvingB  of  gas 
vorki  aad  of  ap- 
paratna  of  the 
moat  approted  and 
modern  constmc- 
tion,  and  on  the 
very  largeat  scale 
at  to  extent  of 
bnaineu  or  mnnn- 
faclnrei  also  plana 
and  drawings  of 
a  gas  work  on  a 
smaller  scale,  with 
its  corresponding 
appBTBlu*.  In  the 
first.or  large  work, 
pnriiicatioD  by  wet 
lime,  before  des- 
cribed, is  nsed ;  in 
the  latter,  by  dry 

The  large  work 
referred  to  i«  cal- 
culated for  and  is 
arranged  to  eon- 
tain  400  retorta, 
12  wet-lime  pnri- 
fiert,  &2waahert; 
12  large  double 
or  telescopic  gas- 
hotders,  capable  oT 
storing  1,000,000 
enbic  feet  of  gaa ; 
and  coal  stores  ca- 
pable of  holding 
U),0OD  tons  of  coal. 

The  stnaller  work 
is  calculated  for 
and  will  contain  40 
retorts,  2  dry  lime 
porifien,  and  » 
wash  Teasel ;  2 
gasholders  capable 
of  storing  50,000 
cubic  feet  of  gas  ; 
and  coal  store* 
■uflieient  for  1000 
tons  of  ca«l. 

Fig.  52  ii  the 
side  elerntioii 
(iVoni  Tiew)  Ol 
a  gas  work   eapa- 

tle  of  eontoiaii^ 
400  retorts,  and 
all    their  depend- 


Fig.  59,  ii  tli«  plin  of  ifte  relorl  honflc',  ec«l  storei,  tanks,  gar-bolden,  ftc,  on  the 
largeit  bcbIe  and  most  bpikhthI  form,  viz.,  A,  Ihc  retort  hoase,  300  feel  long,  M  het 
wide;  B,  rtlort  beds;  C,  chimney  Btscki  D,  fkiei;  E,  hydranljc  nsinst  F,  coal 
■tons,  each  300  feet  Ion;,  30  feet  wide ;  G,  condensers ;  H,  engine  houses ;  J,  wash 
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Tsraebi  Ei  parifiers  and  eonnoxioos;  L,  lime  itore  and  mudng  tab;  H,  ■nilht' 
and  fillers' shop;  N,  reruae  time  pili ;  O,  meler-houw ;  F,  Ur  bulk;  Q,  Unlu,  gw- 
koldera,  bridges,  roIumoB,  vsliea,  and  conneiioaa;  R,  govcniori;  S,cokeaIam;  T, 
inlet  pipes ;  V,  outlet  pipes ;  W,  houae  and  office* ;  X,  ilores. 

Fig.  54.    Transverse  seetion  nod  elcTation  of  a  b«l  of  fi  D  reloita ;  A,  tmiiTene 
section ;  B,  eleratioD. 


Fig.K.    LOBgttwUiMlsectkiiiofKbedDf  SDntccU. 
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Kg.  H.    End  dermtiMiaHlplui  of  tir  ooadeuert  fl.  iii<  ilmil'mii .  ft.  ||ii> 
F\g.  59.    Set  of  3  wet-lime  pniiSers  Bod  msh-reuels  in  elev«tiaB  and  •eelioB,  vitt 
reed-heada,  afitatora,  vslvet,  and  coDneiions,  niised  for  the  lime  liquor  lo  ran  fria 
one  pnriSer  lo  th«  nut  below  it,  and  nltimatelf  into  the  refnse  lime-ptU,  tir    A 
fvtion  ot  waafa  Tcatel ;  B,  ■ectioti  of  puiiOer ;  C,  eleTation  of  purifier. 


GAS-LIGHT. 
fig.  60.    Fmnt  eleratioD  of  gu  vorki  m  a  BtoiUar  scale,  vhere  di]r  lime  ii 
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Fig.  61.  Plan  of  gas  works,  consisting  of,  viz.:  A,  retort  hoiue;  B,  retort  beds ; 
C,  chimney  stack;  B,  fine;  £,  hydraulic  main;  F,  coal  store:  G,  lime  store;  H, 
washer  and  purifiers;  J,  store;  K,  tar-tank;  h,  horizontal  condenser  laid  on  tbe 
ground;  M,  inlet  pipe;  N,  outlet  pipe;  O,  tanks  and  gas-holden ;  P,  meter 
governor;  Q,  smith's  shop ;  R,  office;  S^  coke  store. 
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Ill 


Fig*  62.  Eleratioitt  and  sectiona  of  dry-lime  puriiien ;  A^  longitadinal  deTation 
B^  ditto  gectioa ;  C,  transTerse  eleYation  j  J),  ditto  section. 
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I  am  veil  convinced  that  a  distribution  and  arrangement  of  gas-works,  combining 
effectiveness,  economy,  convenience,  and  elegance,  at  all  equal  to  the  preceding,  bave 
never  before  met  the  public  eye,  in  this  or  any  other  country. 

TuALs  of,  and  Experiments  on,  various  Kinds  of  Coal  as  regards  the  Production  of 
Gas  from  each,  and  its  Quality  or  Illuminating  Power;  by  Joseph  Hedley,  Esq.,  Con- 
sulting Gas  Engineer,  London. 

Note.— In  all  the  experiments  the  gu  was  passed  throagh  a  governor,  on  a  pressure  of  9  lOtbs  of  in 
inch. 

1.        3.        3.        4.        A.        &  7.  &  8.      la    11.      19.    13.    14.    lA.    1ft.    17. 
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Note  —The  candle  here  used  was  a  composition  candlOi  with 
glTing  at  least  one  third  more  light  than  mould  tallow  candles. 
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Attention  to  the  pofeoedi&g  tnlndar  etileinent  of  experiments  fi  mipQortnnt,  u  ediiUk- 
Zng  several  very  important'  facts,  partionlarly  interesting  at  tiiis  BMmeat  to  tiie  sdeaoe 
of  gas-lighting,  and  now  far  Uu  first  time  mads  pMU. 

It  will  not  fail  to  be  observed  by  these  experiments  that  all  the  coals  prodneed  aeuh 
eqnal  quanlUies  of  gas,  notwithstanding  the  variable  characters  nnd  qualities  of  tke 
coal.  The  greatest  quantity  produced  being  at  the  rate  of  1 1*648  cubic  feet  per  toe  of 
20  cwt.,  the  smallest  1 1*200  cubic  feet.  Au  these  experiments  were  performed  witk  tke 
greatest  care,  and  under  precisely  similar  ciratmstances  as  to  pressure,  manufacture,  ti^ 
&c.  The  time  in  which  the  quaiUUy  of  gas  is  produced  from  Uie  several  coals  varies  eaa- 
siderably,  and  deserves  notice,  as  it  most  materially  affects  the  economy  of  ptndadioa 
— that  coal  being  the  most  vakutbUy  all  other  things  being  alike,  which  yields  or  gives  out 
its  gas  in  the  shortest  timi  s  and  iwrticulHr  attention  to  claimed  to  this  fact  For  the 
more  ready  reference  to  the  table  the  columns  are  numbered.  No.  11  exhibita  tkii 
difference,  and  it  will  also  be  seen  by  this  column  that  the  time  raries  as  the  qnatitf 
of  the  coal,  the  best  coal  yielding  its  gas  in  two  hours,  and  the  woret  in  three  boon. 

Another  most  important,  material,  and  interesting  fact  is  established  by  these  experi- 
ments— that  the  flow  of  gas  is  as  its  density — demonstrated  by  the  variatioa  in  the 
heights  of  the  flames,  aa  shown  In  column  No.  1,  being  18  inches  in  the  inferior  gaxs 
to  22  inches  in  the  superior;  while  the  quantity  of  gas  required  to  supply  these  ibuMi 
is  in  the  inverse  ratio  of  their  heights,  the  longer  flame  requiring  but  twehe  cable  feet 
to  maintain  it,  when  the  shorter  flame,  from  the  inferior  gas,  requmd  sixteen  cubic  fecL 
See  column  No.  2. 

Remarkable  as  this  difference  in  the  heights  of  the  flames  and  the  coasunptim  ii, 
it  is  not  so  great  as  the  difference  caused  by  the  quality  or  illuminating  power  of  the 
several  gases,  shown  by  columns  Nos.  6  and  6 ;  where  it  will  be  seen  that  the  coasus^ 
tion  of  the  best  gas  per  hour  was  only  ^  of  a  cubic  foot,  and  its  light  was  eqai]  to 
3  candles,  while  that  of  the  worst  gas  was  ^^  of  a  cubic  foot,  and  its  lights  equl 
only  to  1'76  candles,  or  nearly,  the  best  to  the  worst,  as  1  to  3. 

The  next  colunm.  No.  7,  exhibits  simUar  results  as  to  the  superior  value  or  fflmBiss- 
ting  power  of  one  gas  over  another.  In  this  case  an  argand  burner  vras  nsed.  The 
best  gas  required  only  tioo  feet  to  be  equal  to  twelve  candles,  while  the  inferior  nqoiici 
five  feet  to  be  equal  to  the  same. 

And  in  column  No.  8,  in  which  another  and  superior  argand  burner  was  used,  the 
best  gas  required  only  three  feet  to  be  equal  to  twenty-five  mould  candles,  while  the 
inferior  required  seven  and  a  half  {eel:  from  this  it  results  that  the  7}  cubic  feel  of 
inferior  gas,  to  be  equal  to  the  3  feet  of  good  gas,  should  have  given  light  eqnal  ti 
sixty4wo  and  a  hsJf  candles,  whereas  they  only  gave  light  equal  to  twenly^ve  cuufles; 
so  great  is  ihe  difference  in  the  qjJAuriES  of  gas  for  producing  light. 

While  on  the  subject  of  the  iUuminating  power  and  the  value  of  one  gas  oTer 
another,  it  will  not  fail  to  be  observed,  by  the  table,  that  another  great  difference  ibo 
exists,  caused  by  the  use  of  particular  burners ;  as,  for  example,  the  best  gas  in  eotnoa 
No.  5,  where  the  single  jet  was  used,  required  seven  tenths  of  a  cubic  foot  to  be 
equal  to  three  candles,  while  the  same  gas  in  column  No.  7,  where  a  20-hde  ir- 
gand  burner  was  used,  required  only  ttoo  feet  to  be  equal  to  twelve  candles ;  asd  ia 
column  No.  8,  where  a  30-hole  argand  burner  was  used,  only  three  feet  was  re> 
quired  to  be  equal  to  twenty-five  candles;  demonstrating  the  fact  that  a  gretf  aid 
extraordinary  improvement  in  the  quantity  of  illuminating  power  is  effected  bf  the 
simple  increase  or  enlargement  of  the  burner,  affording,  where  great  li^t  is  om 
position  is  required,  a  most  extraordinary  economy  in  the  use  of  gas,  shown  in  fact 
practically  by  the  recent  introduction  of  the  celebrated  "  Bude'*  light,  patented  by  ^* 
Goldsworthy  Gumey. 


Tabular  Statement,  deduced  from  the  foregoing  experiments,  showing  the  eort  ef 
candies  to  produce  as  much  light  as  9,000  cubic  feet  of  gas  would  affoid,  bein^  the 
product  of  one  ton  of  coal.  (The  candles  are  moulds,  6  to  the  pound,  9  inches  kug, 
and  each  candle  is  calculated  to  bum  9^  hours.  Cost  of  candles  Hd.  per  poaad,  cr 
7f .  *n2.  per  dozen  pounds.) 
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Tas&iv  idM  deduced  6om  tiie/lteregoittff^  Bhawmg  the  Coet  ef  Qm  at  the  serend 
Prieu  NiBdetmeetioacii,  aad  e^uiTalent  te  100  poonde  of  Mould  OamUesj  eceting 
3/.  23.  6d. 
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In  the  brief  deseription  of  the  meter  giren  in  the  Dictionary,  I  omitted  to  ttate, 
that  thk  meet  iBgenaoos  sctentifie  contrivance  for  measuring  aeriform  or  gaoeous  finidi 
aa  they  ikrar  through  pipea  is  the  invention  of  Samuel  Clegg,  Esq.,  Civil  Eagineer,  of 
London,  Manchester,  Liverpool,  Birmingham,  Chester,  Bristol,  Ibc.,  Ac,  in  all  whidi 
plaees  he  has  erected  gas-works.  To  this  gentleman's  genios  and  skill  the  public  are 
mainly  indebt^  for  many  valuable  improvements  in  the  application  of  gas  from  coal  to 
purposes  of  illumination. 

Brwight  up  in  the  great  engineeriftg  establishment  of  Messrs.  Bouiton  and  Watt, 
at  Soho,  near  Birmingham,  he  became  connected  with  Mr.  WiUiam  Murdoch,  who  most 
undoubtedly  was  the  author  and  originator  of  gas-lighting,  as  the  evidence  given  before 
a  committee  of  the  house  of  commons  in  the  year  1809  abundantly  verified.  He 
demonstrated  that  the  light  produced  from  gas  was  superior  in  economy  to  all  other 
modes  of  artificial  illnmination^-.  and  by  that  evidence,  though  so  long  back  as  1^09, 
it  will  be  seen  that  all  the  information  of  the  present  day  was  even  then  known  to  him, 
clearly  pointed  out,  and  illustrated  by  his  experiments,  which  strangely  contrasted 
with  the  statements  put  forward  by  the  parties  then  attempting  to  introduce  this  mode 
of  lighting  into  the  metropolis.  All  the  ephemeral  plans  of  those  parties  have,  how- 
ever, long  since  disappeared,  or  nearly  all.  One,  unfortunately,  remains,  and  that  a 
most  unlucky  one— the  unprofitable  manufacture  of  coke  in  gas-making — an  article 
worthless  in  the  scale  of  value,  which  should  never  have  been  sought  for.  Messrs. 
Watt  and  Murdoch  predicted  that  when  the  parties  became  incorporated  by  parliament, 
they  would  resort  to  th%ir  apparatus,  notwithstanding  their  repudiation  of  it  at  the  time, 
alleging  their  own  schemes  to  be  so  much  superior;  and  they  verified  this  prediction  a 
rery  few  years  afterward  by  engaging  the  services  of  Mr.  Clegg,  to  extricate  them  from 
their  manifold  and  egregious  errors.  He  began  by  introducing  the  very  apparatus  of 
Messrs.  Murdoch  and  Watt,  so  inconsiderately  condemned  by  them. 

Mr.  Clegg  put  up  \\ie  first  gas-holder  ever  erected  in  London. 

To  Mr.  Clegg  is  due  also  the  introduction  of  lime  for  the  purifies tion  of  the  gas, 
without  which  gas-lighting  would  to  this  day  have  afforded  little  comfort  and  economy. 
The  hydraulic  main,  for  separating  the  gas  making  from  the  gas  nuuU,  valves,  lutes, 
and  many  other  admirable  contrivances,  are  peculiarly  due  to  Mr.  Clegg.  But  the 
evowning  performance  of  all  his  inventions,  was  that  for  measuring  out  the  gas  to  the 
•ereral  parties  re<|uiring  it  exactly  according  to  their  demands.  The  manu&cture  of 
gas  having  by  this  time  been  so  far  mechanically  perfected  as  to  be  brought  to  our 
doors,  it  became  at  once  apparent  that  some  contrivance  should  be  found  by  the  use  of 
wluch  every  person  might  consume  as  much'  or  as  little  gas  as  he  pleased,  paying  only 
for  what  he  really  used,  thus  makinz  science  subservient  to  faur  dealing. 

Mr.  Clegg  took  out  a  patent  for  the  gas-meter  about  the  year  1814 ;  but  great  as 
its  merits  were,  he  soon  fonnd  that  serious  difficulties  remained  to  be  overcome,  in  in- 
ducing parties  to  support  and  encourage  its  use,  even  where  their  interests  should  have 
ptompccd  them  to  adopt  it.  Mr.  Clegg  had,  however,  fortunately  associated  with  him, 
toward  the  completion  of  the  apparatus,  Mr.  Samuel  Crosley ;  and  by  their  joint  labon 
it  acqaired  its  present  precision. 

The  value  of  the  meter  is  primarily  to  the  gas  companies,  ntxt  to  the  public.  By 
its  use,  the  gas  eon^panies  are  enabled  to  supply  gas  to  all  places  where  light  is  re- 
quired, at  a  rate  proportioned  to  its  jast  value.  The  public  thereby  see  the  ecoaomy 
afforded  by  gaa  tfver  candles,  oU,  or  other  material ;  but  they  gain  also  in  another  most 
imporlaat  way^^by  the  use  of  the  meter,  gas  companies,  being  duly  paid,  are  enabled 
to  rsdace  the  juries  qf  gas,  and  y^  realis$  s^aol  pfifit$,  thus  brini^ng  it  within  thereaeh 
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of  a  much  larger  class  of  the  eommoiiity ;  and  it  is  a  weD-estaUished  fket  that  in 
'Where  gas  is  sold  by  meter,  gas  companies  can  and  do  seU  at  nearly  one  half  the  price 
they  otherwise  could  do. 

Reduction  of  price  increases  demand ;  increased  demand  increases  profits ;  increased 
profits  a^n  enable  prices  to  be  reduced ;  and  again,  rednced  prices  increase  the  de- 
mand, thus  benefiting  reciprocally  companies  and  consumers. 

Notwithstanding,  however,  all  these  advantages,  there,  are  not  wanting  persons  who 
have  set  up  an  outcry  against  the  use  of  the  meter,  by  impugning  its  accnracy,  and 
accusing  the  gas  companies  with  fraud  in  charging  by  it.  It  would  be  idle  to  foDow 
these  parties  in  their  baseless  allegations.  An  action  for  pirating  it  was  brought  and 
tried  in  the  Court  of  King's  Bench,  in  which  not  only  the  novelty  of  the  marhinr 
was  fully  established,  but  its  accuracy  and  usefulness  proved  by  the  ablest  mathe- 
maticians, mechanicians,  and  chemists  of  the  day;  and  a  verdict  in  its  favor  obtained. 
Subsequently  very  large  damages  have  been  given  for  the  infringement — in  one  case 
as  much  as  5,000^.,  and  in  another,  in  the  court  of  diancery,  a  decree  was  made  refcr> 
ring  it  to  the  master,  to  take  an  account  of  the  profits  made  by  the  use  of  the  meter; 
this  is  not  yet  finally  settled,  the  master's  report  finding  6,000/.  to  be  due ;  bnt  this  is 
excepted  to  by  the  parties  infringing :  the  chancellor,  however,  allowed  the  exeepdons 
to  be  argued,  only  on  payment  by  the  infringers  of  4,000/.  into  conrt  to  meet  the  pat- 
entee's law  posts.  These  exceptions  have  no  reference  whatever  to  the  qucstioa  of  tie 
accuracy  of  the  meter,  but  are  simply  as  to  whether  the  advantages  of  the  meter 
as  great  as  allowed  by  the  master. 

The  patent  for  the  meter  expired  about  the  year  1828 ;  since  that  period 
competitors  have  commenced  making  the  machine. 

Mr.  Clegg  has  recently  obtained  a  patent  for  a  dry  gas-meter,  of  whieh  the  f<dknriag 
are  its  advantages  and  construction,  as  described  by  the  very  meritoiioos  inTentor>— 

1.  Working  without  water. 

2.  Working  without  membranes  or  valves. 

3.  Working  without  requiring  the  least  pressure. 

'4.  Working  without  interference  with  the  perfect  steadiness  of  the  lights. 
6.  Registering  more  accurately -than  any  other  meter. 

6.  Occupying  only  one  tenth  of  the  space  of  the  common  meters. 

7.  Being  subject  to  little  or  no  wear  and  tear, 

8.  And  being  cheaper. 
Prices, — For  plain  meters — 


£   «.  d. 

Three-light  meter  - 

.     1  12    0 

Six-light        do.     - 

-240 

Twelve4ightdo.     - 

-330 

The  highest  numbers  will  be  still  cheaper  in  proportion. 

Ornamental  meters,  appearing  like  handsome  timepieces,  for  halls,  livinnoima, 
oommittee-rooms,  offices,  counting-houses,  &c.,  are  charged  extra,  at  ta»  Aiiimgt  md 
and  upward,  according  to  pattern. 

Description  of  Clegg^s  patent  dry  Oas-meter. 

The  two^«.,  63,  64,  are  half  the  full  size  of  the  apparatus,  and  the  letters  of  refer- 
ence are  the  same  in  both. 

B,  B,  fig,  63,  represents  a  cylindrical  vessel,  about  three  inches  and  three  qnaiten 
diameter,  and  four  inches  deep,  being  the  dimensions  of  a  meter  capable  of 
gas  for  three  burners,  called  a  three-light  meter.  In  this  vessel  are  two 
F,  F,  connected  together  by  the  bent  tube  i.  The  cylinders  being  perfectly 
of  air,  and  half  filled  with  alcohol,  are  made  to  vibnite  on  centres  e  and  e,  and  are 
balanced  by  the  weight/. 

This  instrument  accnrately  indicates  the  excess  of  heat  to  which  either  cylinder  say 
be  exposed,  upon  the  principle  of  Leslie's  differential  thermometer. 

C  is  a  hollow  brass  box,  called  the  heater,  about  four  inches  long,  and  half  an  inch 
broad,  projecting  out  of  the  meter  about  one  inch.  At  a  issues  a  small  jet  of  gas, 
which,  when  inflamed,  gives  motion  to  the  cylinders. 

The  gas  enters  the  meter  by  the  pipe  A,  and  circulates  throughout  the  double  caseB; 
having  passed  round  the  case  B,  a  portion  of  it  enters  the  top  of  the  box  C,  by  the  pipe 
D,  and  passes  out  again. at  the  bottom  by  the  tube  e,  into  the  meter;  the  rest  of  the 
gas  enters  the  body  of  the  meter  through  holes  in  the  curved  faces  of  the  hoods  £,  £, 
and  after  blowing  on  the  glass  cylinders,  passes  to  the  burners  by  the  outlet  pipe. 

To  put  the  meter  in  action,  let  the  jet  a  be  lighted  about  an  hour  before  the  hancn 
are  wanted.    In  most  cases  this  jet  will  be  lighted  all  day  as  a  useful  flame.    The 
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hole  a  H  80  situated  <m  the  box  C,  that  whatever  be  the  aise  of  the  jet;  a  fixed  tem- 
perature is  given  to  the  box^  that  temperature  depending  on  the  quantity  of  flame  in 


64 


63 


contact  with  the  box,  and  not  at  all  on  the  length  of  the  jet.  The  jet  being  lighted, 
and  the  box  C  thereby  heated,  the  gas  which  passes  through  it  is  raised  to  the  same 
temperature,  and,  flowing  out  at  the  tube  c,  impinges  on  the  glass  cylinder  which 
happens  for  the  time  to  be  lowest;  the  heated  gas  soon  raises  a  vapor  in  the 
lower  cylinder,  the  expansion  of  which  drives  the  liquid  into  the  upper  one,  until  it 
becomes  heavier  than  the  counterpoise/,  when  the  cylinders  swing  on  their  centre,  the 
higher  one  descends,  and  comes  in  the  line  of  the  current  of  hot  gas,  and  the  lower  one 
ascends ;  the  same  motion  continues  as  long  as  the  jet  a  burns.  The  same  eflfect  on 
the  cylinder  is  maintained,  however  the  outward  temperature  may  change,  by  the 
cold  gas,  which,  issuing  from  the  curved  side  of  the  hood  ££,  impinges  on  the  upper 
cylinder,  and  hastens  the  condensation  of  the  vapor  which  it  contains. 

The  cold  gas  and  the  heater  vary  in  temperature  with  the  room,  and  thus  eounteraet 
each  other. 

The  lighting  of  the  jet  a  is  essential  to  the  action  of  the  meters ;  in  order  to  insure 
this,  the  supply  of  gas  to  the  burners  is  made  to  depend  on  it  in  the  following  manner. 
The  pipe  G,  by  which  the  gas  leaves  the  meter,  is  covered  by  a  slide  valve,  which  is 
opened  and  shut  by  the  action  of  the  pyrometer  g ;  the  pyrometer  is  in  conmiunication 
with  and  receives  heat  from  the  jet,  and  opens  the  valve  when  hot,  closing  it  again 
when  cold. 

The  speed  at  which  the  cylinders  vibrate  is  an  index  of  the  quantity  of  heat  com- 
municated to  them,  and  is  in  exact  proportion  to  the  quantity  of  gas  blowing  on  them 
through  the  pipe  c  and  curved  side  of  the  hoods  £E. 

The  gas  passed  through  the  healer  is  a  fixed  proportion  of  the  whole  gas  passing  the 
meter ;  therefore  the  number  of  vibrations  of  the  cylinders  is  in  proportion  to  the  gas 
consumed. 

A  train  of  wheel-work,  with  dials  similar  to  thai  used  in  the  common  meter,  regis- 
ters the  vibrations. 

Simplicity,  accuracy,  and  compactness,  are  the  most  remarkable  features  of  thig 
instrument,  and  the  absence  of  all  corrosive  agents  will  insure  its  durability. 
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Choose  a  ailnatiDa  for  fixing  the  meter,  where  the  small  JM  oT  flune  wIQ  be  of  Ike 
ICreatest  use,  aach  as  ma  office-deak  or  cauDter,  inking  care  lo  screw  Uic  nme  firm  sad 
level  on  its  t>aie.  When  the  jet  at  the  top  of  the  meter  is  leqaired  to  be  kept  co*- 
stantly  Imraing  as  a  nseTnl  Same,  press  in  the  brass  knob  at  the  fnmt  or  the  meter,  aid 
before  lighting  the  bnraers  pall  it  out;  when  the  small  flame  is  not  required,  let  il  be 
lighted  Hboul  nn  hour  before  you  want  the  buraen  l^hted.  Adjust  the  siie  of  Ibc 
small  dame  at  pleasure  by  the  screw  b. 

On  the  back  of  each  meter  h  marked  the  number  of  lights  it  inll  sopplf. 

The  inlet  and  outlet  pipes  are  marked  at  the  bottom  of  the  meler- 

Tbe  quantity  of  gas  consumed  is  recorded  by  the  index  in  the  nsnal  way. 

For  tilting  Cttgg'i  palt»t  dry  Gtoi-nufert, 

Pass  the  gas  throagh  two  meters  at  least,  and  take  the  mean.  Vary  the  Banber  «f 
lights  at  pleasure,  not  exceeding  the  number  marked  oo  the  mel«r,  and  when  oae  or 
two  hundred  cubic  feet  of  gas  have  been  consumed,  compare  the  indioea. 

These  meters  are  not  for  measuring  small  fractional  parts ;  but  lakiag  the  avoafe 
for  any  periodical  consumption,  are  more  accurate  than  any  other  meter. 

Mr.  Thomas  Edge,  of  Great  Peter  Street,  WeMninster,  has  contrired  tfae  foUowiag 
meter,  of  which  drawings  are  annexed. 

Fig.  66  is  a  front  view  of  a  three-light  meter,  the  fmnl  plate  Im 
•ome  of  the  parts  shown  in  Beetion  65. 


Fig.  66  it  a  transverse  section  of  the  same. 

The  gas  enters  at  a  into  the  unall  chamber  b,  in  the  bottom  of  which  is  a  kver 
valve  (part  of  Mr.  Edge's  patent  improvements),  moving  upon  its  axis  and  attached 
by  the  rod  to  a  metal  float  c,  which  in  the  present  drawing  is  buoyant.  The  o^ect 
of  this  dirrangement  is  to  intercept  the  passage  of  the  gas  into  the  meter,  aoles  i 
sufficient  quantity  of  water  is  in  it,  that  being  necessary  to  its  proper  action;  the  gas 
then  passes  through  the  inverted  syphon  or  tunnel  into  the  convex  cover,  whence  it 
passes  into  the  chambers  of  the  drum. 

Another  of  Mr.  Edge's  improvements  consists  in  the  cutting  down  of  this  syi^on  pipe 
ot  tnnnel  to  the  proper  water  level,  and  connecting  the  bottom  of  it  to  a  waste  wmlw- 
box,  into  which  any  surplus  water  must  fall.  The  importance  of  this  precaotioo  wOl  ba 
seen  on  investigating  the  drum,  as  an  excessive  he^hl  of  the  water  will  material)) 
interfere  with  the  measutement,  the  quantity  of  gas  delivered  per  revolntiaB  bejag 
e<niBiderBbl7  less.    This,  in  connexion   with  the  lever  valve  and  float,  confiaa  the 
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^cmriatiim  of  the  wmter  levels  within  siich  lumrow  limitf,  that  themeasivreiiwnt  may  \m 
considered  perfectly  just  on  all  occasions. 

The  last  patent  by  Mr.  Edge  is  for  an  improved 
index,  which  is  composed  of  a  series  of  moving 
dials,  with  10  figures  upon  each,  one  figure  only  ap- 
-  pea  ring  of  each  series  at  a  time. 

This  contrivance  is  very  ingenious,  and  will  no 
doubt  be  applied  to  other  machines,  where  indexes 
(indicii)  of  quantity  are  required. 

Recurring  to  Mr.  Clegg,  he  is  also  the  inventor 
of  an  instrument  of  great  value — appropriately 
called  a  <' governor."  Its  purpose  is  to  render 
equal  the  height  of  flame  of  the  several  burners  in 
any  house  or  establishment,  and  to  keep  them  so, 
notwithstanding  any,  and  whatever  alteration  may 
be  made  in  the  pressure  at  the  works  or  elsewhere. 
This  instrument  is  perfected,  and  successfully  ap- 
plied, though  it  is  not  so  generally  in  use  as  it 
ought  to  be.  By  the  use  of  this  instrument  a  light 
once  set  at  the  height  desired  will  maintain  that 
height  uniformly,  and  without  the  least  variation 
the  whole  evening;  and  continue  to  do  so  till 
altered. 

Without  this  instrument,  it  is  necessary  to  pay 
attention  to  the  burning  of  gas-lights,  as  their 
heights  are  frequently  affected  by  the  most  trifling 
circumstance,  such,  for  example,  as  their  extinction 
at  the  hour  of  closing  the  shops,  which  makes  a  sen- 
sible difference  in  the  neighborhood. 
All  these  works  have  prodigiously  increased  in  the  quantity  of  gas  made  and  sup- 
plied. Since  the  account  in  tne  former  edition  of  this  work,  large  additional  manufac- 
tories have  been  erected  by  new  companies,  and  great  additions  made  by  the  old  ones. 
There  are  now  in  the  metropolis  alone  15  public  gas  companies,  having  among  them 
23  gas  establishments.  The  quantity  of  gas  manufactured  by  these  23  gas-works,  and 
supplied  to  the  public  was  during  the  past  year  three  thousand  one  hundred  millions 
of  cubic  feet  of  gas ;  and  the  coal  used  to  produce  this  quantity  of  gas  was  at  the  least 
40a,000  tons  t 

Baked  clay  retorts  are  very  generally  used  in  Scotland,  and  found  to  be  most  econoim- 
cal  as  regards  wear  and  tear ;  in  London,  however,  they  ^e  mostly  of  cast  iron. 

The  pressure  upon  the  retorts  is  caused  principaJly  by  the  use  of  wet  lime,  used  in 
London,  because  the  process  is  less  expensive  and  less  cumbersome  than  dry  lime. 
Wet  lime  can  not  be  used  with  clay  retorts,  owing  to  this  excess  of  pressure. 

Merit  is  due,  for  enlargmg  the  capacities  of  double  gas-holders,  to  the  late 
Mr.  Joshua  Horton,  of  West  Bromwich,  near  Birmingham;  and  to  Mr.  Stephen 
Hutchinson,  engineer  of  the  New  London  Gas-Works,  Vanxhall,  where  they  were  fint 
successfully  introduced,  and  manufactured  by  Mr.  Horton.  They  have  now  come  very 
generally  into  use  throughout  the  kingdom,  and  are  manufactured  by  all  gas-holder 
makers. 

Separate  gas-holders  are  advisable  and  advantageous,  but  they  are  nut  generally 
used,  except  in  Glasgow,  Manchester,  Birmingham,  Sheffield,  and  a  few  other  places. 

The  annexed  drawing  represents  Mr.  Croll's  vessels  for  the  purification  of  gas  firom 
ammonia,  which  is  effected  by  means  of  dilute  sulphuric  acid  applied  between  the  con- 
densers with  the  ordinary  lime  purifiers.  The  vessels  are  made  of  either  wood  or  iron^ 
anil  lined  with  lead ;  have  a  wash-plate  similar  to  the  wet  lime  purifiers.  The  radi- 
ating bottom  formed  of  wooden  bars,  as  shown  in  the  drawing,  is  for  the  purpose  of 
supporting  the  wash-plate  and  distributing  the  gas. 

Fig,  67 :  a,  is  the  inlet  pipe ;  b,  the  outlet  pipe ;  c,  c,  the  tube  with  funnel  for 
introducing  the  sulphuric  acid;  d,  the  first  purUying  vat;  s,  the  second  ditto,  both 
lined  with  lead,  and  which  are  filled  up  to  the  dotted  line  with  the  dilute  add ;  /,/, 
the  water  supply -pipe ;  g,  g,  the  discharging  cocks. 

Fig,  68  represents  a  ground-plan  of  the  vats,  each  10  feet  in  diameter;  A,  the 
bottom  of  the  middle ;  B,  the  inlet  of  the  gas ;  C,  the  outlet  of  ditto. 

in  commencing  the  process,  these  vessels  are  charged  with  water  and  sulphuric  acid» 
in  the  proportion  of  seven  pounds,  or  thereabouts,  of  the  latter,  to  100  gallons  of  the 
former.  As  the  acid  is  neutralized  by  the  ammonia  contained  in  the  gas  passing 
through  the  vessels,  the  above  proportion,  as  near  as  may  be,  is  kept  up  by  a  continuous 
dropping  or  running  of  add,  regulated  according  to  the  quantity  of  ammonia  contained 


to  the  point  of  cryslBllization,  after  which  the  supply  of  acid  is  discoDliooed,  aaJ  tke 
liqtKir  retained  in  the  vessel  until  neutral,  when  it  is  dravB  off  and  cTapormied,  ud 
pelds  a  pure  Bulphate  ortmnnonia. 

This  process  has  been  introduced  at  several  of  the  provincial  gaa-works,  the  thi«« 
•tntiona  of  the  Chartered,  the  Imperial,  Phcenix,  &c.,  &.c.  Mr.  Croll  ia  aiso  dot  ia 
trealf  trtth  several  other  companies  for  its  introduction. 

The  produce — Bulpbale  of  ammonia — from  the  process,  b;  the  gas-companies  vsag 
it,  now  amounts  lo  several  tans  per  week — and  it  may  be  here  menliooeil,  as  one  of  lie 
advantages  of  ftcience,  tliat  the  ammooia  so  produced  before  the  adoption  of  this  procoi 
pawed  along  with  the  |;as  to  the  consumer,  destroying  rapidly  the  main  pipes,  filtingi, 
and  metres,  through  which  it  was  transmitted,  as  well  as  deteriorating  the  illnmiBatiig 
power  of  Itie  ^as,  and  producing  a  choky  eflcctwben  consnined  in  close  apaitmrots.  liis 
now  employed  as  a  manure,  and  found  to  be  superior  in  its  effects  as  a  ferliliier,  as  wdl 
as  comparatively  cheaper  than  any  of  the  other  artificial  manures;  so  that  whelho 
Mr.  C.'s  invention  be  looked  upon  as  affecting  improvements  in  the  maaufactarc  of 
gas,  hitherto  unknowQ,  or  as  producing  a  valuable  manure,  the  results  are  alike  of  ii» 
tltmost  importance, 

(When  Mr.  CroU's  process  is  employed  before  Ibe  lime  purifiers,  dry  lime  can  he 
naed  without  ciealing  the  nuisance  hitherto  complained  of,  and  a  much  leas  quantity  is 
required  for  this  purification.) 

Mr.  Croll  has  recently  patented  another  Invention,  connected  also  with  the  tnaon&t- 
ture  of  gas,  which  consists  in  the  combination  of  day  and  iron  retorts,  so  that  the  hot 
of  the  furnace  first  acts  on  the  clay  retorts  and  then  passes  lo  those  of  iron. 

The  annexed  drawing  is  a  transverse  section  : — 

A  is  the  fireplace. 

B  B  are  piers  of  fire-bricks,  placed  at  intervals  to  form  nostrils  or  flues,  and  the  fitt 
tile  resting  upon  them  in  conjunction  with  the  front  and  back  wall,  form  the  bed  ■■ 
support  of  (he  clay  retort  1,  and  the  clay  retort  2  is  also  supported  by  the  fioDl  and 
back  brickwork,  and  a  lump,  or  fire-brick,  e,  placed  midway  on  the  crown  of  Ike 
retort  1. 

r  is  a  wall  which  separates  ihe  clay  retorts  I  and  2,  and  the  iron  retorts  !°and2*ii 
ipaee  beint;  left  between  Ihe  top  of  the  said  wall  t,  and  Ihc  under  surface  of  the  arth, 
to  allow  the  Gre  or  heated  air  to  pass  freely  from  the  clay  to  the  iron  retorts. 

□  G  is  Ihe  bed,  and  h  h  is  the  fiue  under  the  Iron  retort  1°.  The  retort  2°  Ii  n^ 
ported  by  the  t^nl  wall  and  pieces  or  lumps. 

I,  placed  at  the  back  and  crown  of  the  retort  1°,  in  connexion  with  the  horiualal 
Sue.    H  is  a  vertical  flue,  forming  a  passage  thence  into  the  shaA  or  chimney. 

The  heat  passes  from  the  furnace  or  fireplace  a,  through  the  spaces  canaatrilafonwd 
hy  the  piers  n  a,  and  around  the  clay  retorts  I  and  2,  over  Ihe  wall  r,  descends  between 
and  around  the  iron  retorts  and  along  the  Sue  H,  and  escapes  by  the  vertical  Ine  iU* 
Uw  chimney.    The  advantafes  of  this  mode  of  setting  retorts  are  the  amaH  qnantftr  at 
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%rielnrork  neecMwry  fbr  the  ereetionsy  the  increased  dnntbilitj  of  the  retorts,  and  the 
eeonomy  in  i^iel.  From  adoptmg  this  mode  of  setting  a  brick  hunp,  it  has  been  foand 
that  12  tons  of  coke  wiH  carbonize  100  tons  <^  coal. 


L  Is  the  chimney  stalk,  and  d  is  a  damper  or  register  plate  for  regnlating  the  diimney 
draught. 

Before  dismissing  Mr.  CroU^s  patent  improvements,  it  is  proper  to  state,  that  tiie  snl* 
phnric  acid  nsed  for  condensing  the  ammonia  should  be  free  from  iron,  otherwise  the 
s^ilphoretted  hydrogen  of  the  coal  gas  is  apt  to  give  rise  to  sulphuret  of  that  metal  irtiich 
*sill  blacken  the  sulphate  of  ammonia  and  reduce  its  yalue  in  the  market.  An  ocenrw 
renee  of  this  kind  was  recently  brought  professionally  before  me  for  investigation.  Tha 
jnlphnrie  acid  had  been  made  from  pyrites. 


uo 


eAS-UGHT. 


Oopf  of  a  paper  kid  bflfore  a  eommittee  of  the  Hmue  ef 
Mily  the  rehuiYe  Tahiea  of  the  gwee  prodnced  at  the  under 
ihowing  in  like  manner  the  relatlTO  eeooony  of  ^m,  ma 
places,  oyer  candles.    By  Joeeph  Hedley,  Esq. 
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*  100  Iba.  of  cMflee  aw  ertimateJ  to  Vara  5,T0O  hoo».    f  Tbe  candlea  coet  M.  9h  6cL 
I  The  Lheipoi  OM  Compaiqr  hare  nan  loaortod  to  <he  nee  of  Cmad  eoal,  and  ooa 
LInapoot  ifew  OoMpaay  ia  IM«i'""««if  powrer. 


Memorandum. — ^It  will  not  fail  to  be  observed  that  in  deducing  the  oomparatiTe  Talae 
between  candles  and  gas  by  these  experiments,  the  single  jet  (and  in  erery  instawfff, 
of  coaracy  it  was  the  same),  has  been  the  mediom.  This,  however,  though  decidedly 
the  most  correct  way  of  making  the  comparative  estimate  of  the  iDnminating  power 
of  the  several  gases,  is  highly  disadvant^eous  in  the  economical  comparison,  inasmud 
as  gas  burnt  in  a  properly  regulated  ar^nd  burner,  with  its  proper  sized  glass,  air 
aperture,  and  sufficient  number  of  holes,  gives  an  advantage  in  favor  of  gaa  consumed 
in  an  aigand,  over  a  jet  burner,  of  from  30  to  40  per  cent.  At  the  saaae  time  it 
must  not  be  overlooked  that  in  many  situations  where  great  light  is  not  required,  il 
wUl  be  found  far  more  economical  to  adopt  the  use  of  single  jeti,  whicik  by  means  of 
swin^  brackets  and  light  elegant  shades,  become  splendid  substitutes  lor  randies,  ia 
banking  establishments,  offices^  libraries,  &c.,  &c. 

Note. — In  Glasgow,  Edinburgh,  Dundee,  Perth,  and  the  Scotch  towns,  raieraDy, 
the  Parrot  or  Scotch  Gaanel  coal  is  used ;  in  illuminating  power  and  specific  gravity 
the  gas  produced  is  equal  to  that  from  the  best  description  of  Cannd  eoal  in  England. 
The  price  per  1,000  cubic  feet  ranges  about  9t.,  with  firom  6  to  30  per  ceat.  off  ftr 
discounts^  leaving  the  net  price  abont  9s,,  to  be  equal  in  the  above  table  to  100  As. 
of  candles. 

Epitome  of  Experiments  made  in  Gas  produced  from  different  qualities  of  eoal,  and 
consumed  in  different  kinds  of  Burners,  tried  at  the  Sheffield  Gas  light  Conpany^ 
Works,  and  laid  bdbra  a  Committee  of  the  House  of  Commons.  By  Jooqih 
Hedley,  Esq. 
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GAS-LIGHT. 


in 


Copf  of  EipciiinenH  mada  at  the  Alliance  Gai  Conpan7>8  WoiId  la  Bnhlini  daring  the 

past  year  1837.    By  Joseph  Hedky,  Eaq. 

Resnlts  of  eiperimeats  oa  the  qaalities  of  varioas  coals  tw  the  pvodaetion  of  gas ;  hi 
valne  in  iltomiaating  power;  pirodnee  of  eolEe^  and  quality;  and  other  partieakrs 
iniportaat  ia  gai-aakiag : — 

Ut  Experimmt,  St^rdof^  Ma$  97a>  1837.— Deane  coal  (Cnmberland),  2  cwt  of 
112  Ihs.  each  (or  224  Ihi.)  prwhiced  970  cable  feet  of  m;  4  hoshelsof  coke  of  middling 
qoality  (  specific  graWty  of  the  gas^  476.  Coosnmea  in  a  single-jet  bnrner,  flame  4 
inches  high,  IJL  cahic  feet  per  hour;  distance  from  shadow  76  taches  or  2-3  moold 

candles.  Atvrage  qaaatity  of  gas  made  from  the  charge  (6  hoars)  4*33  cnbtc  feet  per 
lb.,  or  9,700  cobic  feet  per  too  of  20  cwt.  Increase  of  coke  over  coal  in  measure,  not 
quite  39  percent  Lou  in  weight  between  coal,  coke,  aod  breize,  66  lbs.,  conyerted  into 
gas,  tar.  amasonia,  &c. 

94  SxptrinuiU,  May  28t/^.— Carlisle  coal  (Blenkinsopp).  224  ibs.  produced  1,010 
enbic  feet  of  gas,  4  bushels  of  coke  of  good  quality  though  small;  increase  of  coke  over 
eoal  in  measure  not  quite  30  per  cent. ,  Iioss  in  weight,  same  as  foregoing  experiment. 
Average  quantity  of  gas  made  from  the  charge  (6  hours)  4-6  cubic  feet  per  lb.  or  10,080 
per. ton. 

Power  of  iki  OoM, 


AtthnendoT  the  1st  hoar     - 
DillD       ditto       with  20.hole  > 

nrgaad  burner    -       -       -    ) 
When  charge  nearly  off - 
When  chaxge  quite  oS,  with  20-  ) 

hole  argand  burner     *       -    ) 


Consumed 
per  hour, 
■infflejet 

DitUnce 
firom  candle. 

Equal  to 
candles. 

Specile 
fruTitj. 

Fed. 

htehst. 
70 

2*72 

•476 

6 

26 

21-33 

•476 

lA 

86 

1*84 

•442 

9 

100 

not  1 

•266 

24  Bxporimmt,  May  29A.^-OariisIe  coal  (Blenkinsopp).  112  lbs.  produced  666 
cubic  feet  of  gas.  Other  products,  loss  of  weight,  &c.,  same  proportion  as  foregoing 
experiments  Average  quantity  of  gas  made  from  the  charge  (6  hours)  4-96  cubic  feet 
|>er  lb.,  or  11,120  per  toa. 

In  this  experiment  the  quantity  of  gas  generated  erery  hour  was  ascertained;  the 
Illuminating  poWer,  the  specific  gravity,  and  the  qnantitf  of  gas  eonsnmed  bj  the  single 
Jet  with  a  flame  4  inches  high,  was  tried  at  the  cad  of  each  honr^  with  the  respeetive 
gases  generated  at  each  hour;  and  the  following  is  a  table  of  results. 

RESULTS. 


Hour. 

Oat  produced. 

Consumed 
per  hour 
per  tinsle  jet, 
4indie8  blrh. 

Specific  rruTlty. 

Distence  of 

candle  from 

ahedow. 

niuminatinr 
power  equal  to 
■M»uld  candles. 

in. 

2d. 

3d. 

4th. 

0th. 

6th. 

Total 

CMeFut. 

160      1 

120 
96 
96 
80 
16 

CMeFut. 

llilOthi.   ) 
or  M6      S 
11 
12 
16 
17 
29 

•634 

•496 
•344 
•311 
•270 
•200 

Indue, 

70 

76 
76 
80 
86 
100 

2-72 

2-36 
2-36 
208 
1-81 
not  one. 

666 

Average  of  the  above  gai,  6-hoor  ehaige. 
92|  16  lOths.  neariy     -369  81 


2-Ofl 


Average  of  the  abofe  gas,  at  4-honr  charge. 
116  12ilOths.  -421  76 

Piodnctfam  of  guin  6  honrs^666  feet,  or  ai  the  rate  of  1M»  •"^^*J" 
Ditto        in  4  houia,  460  foct,  or  at  the  rate  of    9,200 


2-96 


ditto. 


The  relaliTe  Taint  of  these  piodiicCioiu  of  gu  it  h  followi,  tis  i — 

11,130  M  16  lOtbi  per  hoiir  neaily  <of  1.5916  •eennteljr),  u>d  equal  to  22-03  c^ 
dlea;  the  11,120  feet  would  be  equal  to  ud  lad  ai  kmg  ai  1,S91  eaudlea,  n  36U 
lbs.  of  candlet. 

930O  at  12|  lOth*  per  hoar  (oi  1-23TG  accnntely),  and  eqoat  la  3-36  eaadlM;  tte 
9,200  feel  vould  be  equal  to  1,949  candles,  or  324i  lb».  candles. 

Now  2661  Lbs.  of  mould  candles,  atTi.  &1.  per'dozen  lbs.  will  eo«l  81. 6«.  4^  i^ile 
324lli>.of    do.        do.      atTi.&f.per  do.    do.     i01.3t. 

Showing  the  value  of  4-hour  charges  over  6-hoDT  charge*;  and  of  9,200  cubic  Act 
over  11,120  cubic  feet. 

Kdti.— Bioa  cubic  fetl  of  Wigu  cinoal  coil  [u  in  aqaal  Is  [Uamlnuliic  fama  te  SU  l-(  b*.  al 
OTidJsi,  which  al  7i.  N.  paid  nun  Ibi.,  will  emt  HI  lOf.  9)4.  [t  ii  ■!»  foani  that  urbsnarwn 
lupenot  gu.  will  cDMumB  only  ibonl  halt  itu  quinlily  it  would  do  wilb  comnnn  gwM. 

4lh  ExptHmai,  May  30lli.—Canae]  and  Caidiff  cool  mixed  )  and  i,  together  IIZ 
Ibe.,  produced  460  feet  of  gas,  2  bushels  of  coke  of  good  quaUtj ;  incrase  of  caftc 
over  cob]  in  measure  about  30  per  cent. ;  loss  in  weight  41  lbs.;  coke  wriglied  71  Iba., 
no  breize.  Average  quantity  of  gas  made  fhim  the  charge  (4  houn),  4-1  culac  feel 
per  lb,,  or  9-2«),  per  ton. 

/UwninifiBg  Power. — At  end  of  iital  hour, 

Cindlai.  f^iUr  baL 

Distance  of  candle  from  )  -»      „  .g  ( 

shadow        -        -        S  ( 

At  end  (d*  3d  hoHT,  do.       TO  or 372 
At  end  of  3d  hour.  This  gai  very  indiffereul. 

ATera||e  of  the  three    -      TO  or  2-72       Do.        do.        do.  Hi  lOlha. 

Specific  fcravily  3'44  {  6  feet  per  hour,  with  a  20.hole  aigand  burner,  equal  u  ll-M 

5(&£zpen'm(nr,ifay31t(.— Carlisle  coa],  1 13  lbs.  produced  410  feetoTgaa;  ot^ 
products,  same  a*  in  former  experiuienta  with  this  coal,  but  heal  very  low. 
JUamtnafing  PiriBeT  and  Produce  ijf  Goi. 

I  Average  of  this  gas  -.  specific  gravity,  5M; 
distance  of  camdie  from  shadow,  06  JTkfi. 
or  4-4  candles  consumed  per  aingk  jet,  9 
lOlbs  of  a  cubic  foot  per  hoar  2UA 
a^and  burner,  4  feet  p^  hour,  eqaal  la 
91 '33  candles. 
It  it  possible,  frcon  the  superior  quality  of  this  gas,  that  a  Utile  of  the  eaaad  gas 

made  for  a  paitiaolur  purpose  may  have  got  iuieniuxed  with  it  in  the  a ' '  — 

holder  and  apparatus. 

Various  other  eiperimeots  were  tried  on  different  qualities  of  coa),  and  i 
ditto,  too  tedious  to  insert  here,  IhoUgh  eitremdy  valuable,  and  all  tending  to  tb«w  tt* 
tuperior  valae  of  gaa  produced  at  short  over  long  chugM ;  sad  also  abowing  the 
importance  and  value  of  cool  prodDciag  gas  of  the  highest  illaminating  power;  aaoag 
wluch  the  csnnel  coal  prodaced  iu  Lancashire,  Yorkshire,  and  stnne  odier  conntiBt  ^ 
England  aod  Wslei,  and  the  Parrot  or  sptenl  coal  of  Scotland,  stand  pre-emineal. 

Non,— in  all  the  (ocegolng  uperiinenti  ib«  lams  >inglii-jat  liuniai  wu  otBdilulaaH  fea  tli 
InitUKsi  anctir  4  tnchai  high. 

Tha  coal  whan  drawn  fram  tha  nlart  ws*  alakad  with  walar,  and  aAv  allawl>(  *sbb  abort  tta* 
for  ^Ing.  wai  waiglied. 

A  Table  of  the  Number  of  Houn  Gas  ta  burnt  b  each  Month,  Quarter,  a»d  Tear. 
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GAS-LIGHT. 


Co'py 'of  a  Paper  rafamitted  to  a  Ccmmitte?  of  the  House  of  CommoM  in  die 
[ of  England ;  and  procured  hy 


of  107, 


Price  of  Om  par  MBtBr, 
ud  Dueounia  amwed. 


14^  n 

hi 


1 


5*t 


II 

1^  ©•• 


1^ 


8 


I 

2" 


I   I 


a«ft    coi 


•adftaAwd' 
ahira 


lOk  par  lOBO  cub.  feet. 

Diaeouais. 

IOC  to   aOL  ^9)4  ^ 

3M.  to   fiOL  9  A      8 

«M.  to   W.  k  7)^  b 

m.  to  low.  B.  10    I, 

raw.  ft  opwanl  16 

lOt   per  lOQD  cab.  feet. 

DMCoaola  m»  abovei. 


Lanp  coel  ,  UOD 
from  WiMt 

piU  rinea 
nuck  of  latCk 
1833,  llM.  lOd. 


li.14.per 


FvMB  Went 

Broonrk-h 

pits,  1837, 

Ml.  3<l. 


lOr.  per  MOD  cab.  feel  Common,  Ai. 
Oiwoant*.  I  averece  W34. 


fiOr.      ^   704    5 
4    T8/.  «fflOai.    7>^ 
g  low.  1^  li-V.  10 
2  1«M.-9C  1/KM.  13^ 


e 


•  aoiy.  i7>i 


<  wu.  a 

170/. 

900/.  ft  epwenl  90         1 
10».  per  1000  cub.  feet.i  Coel  lOf.  6tf. 
Difcounte  aamc  m  Mnc-raaiwl  i9*.  6tL 

rle^eld.      ManleeiivlJ  about ludf  and 


ff»B09 


«,7» 


defiveted 
or  about 
M  per 

Bt.  lOd 
b«i  laiserl  per  sack 
meeiiure       of  8 
than  Bir-   bodielii 


IQr. 
perto 


M  cwt. 


dtacottata     Uia«i 
Stockpoit  canl. 


froiD 


10*.  par  OL  cob.  ft.  1834. 

ita.  and  a*.       —       1M37. 

Diaroanti. 

M».        lOOf.    93( 

100/.  b   l.W.    5      ^ 

UiO/.  "S  900/.    1)4   - 

900/.  9  9-iM.  10 


e 
8 


LirwpoelOld 


915/.  -9  9flU/.  H^  S* 
860/    8  300f.  lA    .  ^ 
300/.        400/.  17  ^ 
«0/.ftiqMranlJO 
10».  per  1000  mh.  feet. 
DiMSoant't. 


hair  twed. 
Avetage  IIW. 
1I04. 
I.V.  dJ. 
averago. 
Qldbaai     )  _t 
W.iter-      f  * 
Rate 
Wi|aa, 
Mixed, 


18S4. 


7,800 


9^00 


Tcwt 


14  cwt. 


7*.  M  tier  ton 
of  llflha.  per 


0,900 


lll^cwt. 


Ditto  ditto 

Uveipool 
Heir  Oea  and 

Coke,  106. 
Bradtofd, 

18M. 


101.  ft  iinivr  30<L   9>g  ^  kwL  Onn»kut 

30(.  to  luo/.   A     S     or  Wigpu 

lOOL  to  900C    7  W  t        dack. 

auor.ftupererd        10      SJ 
la  mo  this  Coiflpeiv  renoited  tolfae  uaeofcaanel  eoel  ainOar  to  the  Liv«rpeoi  Hew  Oea  aad  Cake 


Ik.Mi 


Dittos 


».4dl 
per  ton  bf 

ll«  lb 
per  cwt. 


and 

Tar. 


Ceke 


of  deck 
■lit. 


ft««t. 

at^ 
IB  per 


aeooBBt 
kept. 


CoaJ. 

coke, 

and  tar. 


Coke. 


81aek. 
1i.9d. 
per  ton. 


4,«9da 
cwL 


O^irrt. 


I  IB    • 


910    • 


1816. 


usr. 


1 


bincoonta. 
901  to  30/.  A 
30/.  to  40/.  7>^ 
4QL  to  (10/.  10 
fiOt  to  80/.  19)d 
80L  to  low.  lA 
100r.ft  onward  90 

SmJl  ooosiuners, 
lOa.  per  1000  cub.  <M, 
and  5  per  rent  olT  Bona 

lot.  to   80/. 

9a.  par  1000  cubic  feet 

DtKouBta. 


per  eenLoa 
hair>yeaj|jr 


10 


8f.  per  1000  caUc  feat 
Diacomfeaanoas  Laeda. 


De(k9r»i«9C 


18M. 


7t.  (kt  per  1000  coble  feat. 
Diaeoaati  oa  hilf-jreaitr 

rrat^     not     exceedim 

Ifti.,  A  percent. 

lO.       ^  901.    »Xa 

ML  if  4QL  19M' 

^  eoL  "  i  oot  90   S. 

eO(.fti»waid9t 
lOt    per  1000  cirik 
DtMoanta. 
5  to  SA  per  cea|. 
Ik.  per  1000  cdbie 

nlaaaibOTek 


lOM. 


Ditto,  IMT 


lOt.  pertOOO  Qob. 
Wo  ■■ 


lai.  all  oaaaol   O^SOO 
Wican. 


Ida.  per  1000  cub.  t-rt. 

Diacoanta  Mune  aa  Lit 

eipool  Old  ComMi^. 

9*.  per  1000  cnb.  feet  tnpi«.6dlperto&  iiOOO 
lamn  consunoQi. 


SioitaiMed 

average. 

Slack  Afc  Od. 

I.QW  Moor 

Hk  lOd. 

Cath[)>nne 

■lack  to. 


Br.  per  ton 

avaraflaL 
93d 

T». 
13d  CI 
lOr. 

7«.  9i  per  toa 

averafc. 

Seactaoaed, 

1,9  imh 

ramiel.  el  lOk. 

8,9lOdoappil 
7t,  1  lOth 

ettkstoaB,10a. 

I3i  6dL 

aTinifB. 

DerbyiUiv 

•oft  oooL 


9JU0 


Bfi» 


aa   at 


Ditto. 


17*. 


rjoBo 


7,000 
7,000 
1,000 


19  cwt. 


13  cwt. 


[per 


ML 


19 


10  cwt 

ofMlablol 

cokob 


Ditto. 


Dinow 


Dlttfe 


19i: 


».BA 


10a. 


Ma.  8dL 

or9a.8A 


Dittok 


Coke 


Coke. 


0^  cwt|Oalya 
Set 


^€WV 


>x 


DUtow 


1^cw( 


tar,  ftc 


Ditto. 


IMeT 


Dtaa. 


sa 


4H 
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BIB 
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126  GAS-LIGHT. 

BudeMghi, — ^This  brilliant  mode  of  iUnmination  has  been  so  ealled  finoiD  Ihe 
name  of  ike  residence  in  Cornwall  of  Mr.  Goldsworthy  Gumey}  who  ohtained  a  pat- 
ent for  it  in  the  year  1838.  In  its  first  form  it  consisted  of  a  common  aigaoid  oil 
flame  or  lamp  of  rather  narrow  circular  bore,  into  the  centre  of  whose  widi  a  jet  of 
oxygen  gas  was  admitted  through  a  tube  inserted  in  the  middle  of  the  burner.  Thi* 
contrivance  was  not,  however,  new  in  this  country,  for  a  similar  lamp,  sunllarty  sap- 
plied  with  oxygen  gas,  was  employed  by  the  celebrated  Dr.  Thomas  Youn^  in  kv 
lectures  at  the  Royal  Institution  of  Great  Britain  for  the  purpose  of  iPwinmatiiiy  a 
solar  microscope,  or  gas  microscope,  about  40  years  ago,  and  I  had  done  the  same  Ukan^ 
in  Glasgow  in  the  year  1806  or  1807.  When  used  as  a  light  for  lighthouses  or  for 
other  continuous  illumination,  it  has  been  (bund  to  be  too  expensive  and  difficult  to 
manage.  It  was  tried  upon  a  good  scale  a  few  years  jtgo  both  by  the  Trinity  Hovae 
in  Tower  Hill,  and  in  one  of  their  lighthouses  on  the  coast,  as  well  as  by  the  House 
of  Commons.  The  Masters  of  Trinity  did  not  find  it  to  be  essentiaHy  superior  tar 
the  use  of  their  lighthouses  to  their  old  and  ordinary  plan  of  illumination  with  a 
number  of  argand  lamps  placed  in  the  focus,  or  near  the  focus,  of  reflecting  ■uiian. 
It  was,  aAer  several  expensive  trials  by  them  and  in  the  House  of  Commons^  aban- 
doned by  both. 

In  the  course  of  numerous  experiments  m  the  Trinity  House,  Tower  Hill,  Mr. 
Gumey  had  occasion  to  examine  the  structure  and  see  the  performance  of  Mr.  Fnnei'n 
compound  argand  lamps  which  are  used  in  the  French  lighthonses,  furnished  with 
refracting  lenses  of  peculiar  forms  which  surround  these  lamps,  and  transmit  their  con- 
centrated light  in  any  desired  horizontal  direction  along  the  surface  of  the  sen.  Two  of 
Mr.  Fresners  lamps  are  placed  in  the  lamp  apartment  of  the  Trinity  Honse.  Each 
consists  of  a  series  of  4,  5,  or  6  concentric  wicks  in  the  same  plane,  supplied  with  oQ 
from  the  fountain  below  by  means  of  a  pumping  mechanism,  as  in  the  vreD-known 
Parisian  lamps  of  Carcel  and  Gagneau.  The  dffect  of  4,  5,  or  6  concentric  flames  thus 
placed  in  close  proximity  to  each  other,  with  suitable  supply  of  air  through  the  interior 
of  the  innermost  tube  and  the  interstices  between  the  exterior  ones,  is,  to  increase  the 
heat  in  a  very  remarkable  degree,  and  by  this  augmentation  of  the  heat  to  increase  pro- 
portionably  the  light.  For  it  has  been  long  known  that  a  piece  of  even  inconVnatifale 
matter,  such  as  a  lump  of  brick,  intensely  heated,  sends  forth  a  most  briUinnt  imdiB- 
tion  of  light.  This  fact  was  applied  first  to  the  purpose  of  iSumiaating  objects  by  Pro- 
fessor Hare  of  Philadelphia,  fully  40  years  ago.  By  directing  the  very  feeUy  huninoos 
flame  of  the  compound  jet  of  hydrogen  and  oxygen  upon  a  bit  of  day,  such  as  one 
of  Wedgwood's  pyrometer  pieces,  a  most  vivid  iftumination  was  sent  fbirtb  from  it  at 
soon  as  it  became  intensely  heated.  More  lately,  a  piece  of  lime  has  been  used  instead 
of  a  bit  of  clay,  as  it  is  not  so  apt  to  change  by  the  ignition,  and  aflbrds,  therdbre,  n 
more  durable  efleet.  It  is  used  in  our  modem  gas  microscopes.  Mr.  Gunsey  sufrgcsl- 
ed  the  use  of  lime  for  the  above  purpose  in  a  work  on  chemistry  which  he  pnblislied 
more  than  twenty  years  ago.  It  was  afterward  adopted  by  Mr.  Dmmmond,  in  onler 
to  make  signal  lights  in  the  trigonometrical  survey  of  the  Board  of  Ordnance,  and  was 
therefrom  called  the  Drummond  light,  though  he  had  no  share  whatever  in  the  Bcrit 
of  the  invention. 

The  structure  of  the  Fresnel  lamp  would  naturally  suggest  to  Mr.  Guroey  the  idea 
of  trying  the  efiect  of  a  similar  construction  of  an  argand  gas-lamp.  But  prior  to  the 
execution  of  this  scheme,  he  obtained  a  second  patent  in  the  year  1839,  for  increasing 
the  illuminating  power  of  coal-gas  by  feeding  its  flame  in  a  common  aignad  bomcr 
with  a  stream  of  oxygen.  But  here  a  serious  difficulty  occurred.  The  stream  of  oxygen 
when  admitted  into  the  centre  of  snefa  a  flame,  instead  of  augmenting  ils  qnantity  sf 
light,  destroys  it  almost  entirely.  >  This  result  might  have  been  prtdieted  by  a  poson 
well  versant  in  the  principles  of  gas  iKumination,  as  long  ago  expounded  in  Sir  Hom- 
phrey  Davy's  admirable  Researches  on  Flame.  This  philosophev  demonstrated  that 
the  white  light  of  gas-lamps,  as  also  of  oil-lamps,  was  due  to  the  vivid  ignition  of  solid 
particles  of  carbon  evolved  by  the  igneous  decomposition  of  the  hydro-carborel,  eitfaer 
in  the  state  of  gas  or  vapor;  and  that  if,  by  any  means*  these  particles  were  n»t  de- 
posited, but  burned  more  or  less  completely  in  the  moment  or  act  of  their  etolutif 
from  the  hydro-carburet,  then  the  illumination  would  be  more  or  less  impaired.  Mr. 
Gumey,  on  observing  this  result,  sought  to  obviate  the  evil,  by  charging  the  ooaKgas 
with  the  vapor  of  naphtha.  Thus  a  larger  supply  of  hydro-carburet,  and  sf  carbon  of 
course,  being  obtained,  the  flame  of  the  naphthalized  gas,  admitted  with  advantage 
the  application  of  oxygen  gas,  for  the  increase  of  its  light ;  on  the  principle  of  greater 
intensity  of  ignition,  and  consequently  of  light  being  produced  by  tne  burning  of  carbon 
in  oxygen  than  in  common  air,  as  had  been  long  known  to  the  chemical  worid.  Bat 
nn  obstmction  to  the  permanent  employment  of  naphthalixed  gas  was  experienced  by 
Mr,  Gumey,  by  the  deposition  of  liquid  naphtha  in  the  pipes  of  distiibation.  He 
was  therefore  induced  to  renounce  this  project.    He  then  resorted  to  the  nte  of  eoal-g!M, 
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purified  in  a  peenliar  wmy,  and  tamed  in  componod  Aigand  lapps^  eonaisting  of  two 
or  more  concentric  metallic  rings,  perforated  with. rows  of  holes  in  their  upper  aurfacee, 
having  intervals  between  the  rings  for  the  admission  of  a  proper  quantity  of  air,  the 
bvner  being  endoeed  in  a  glass  chimney  at  the  level  of  the  flame,  sormounted  by  a 
tall  iron  chimney.  Between  these  two  chimneys,  a  certain  space  is  left  for  the  admission 
of  air,  and  to  favor  draught  and  ventilation.  The  intensity  and  whiteness  of  the  cylinder 
of  light  prodnced  by  the  combustion  of  coal  gas  in  this  lamp  are  truly  admirable,  and 
form  such  an  improvement  in  illumination  for  streets,  churches,  public  rooms,  and  private 
houses,  as  to  merit  the  proCection  of  a  patent,  and  the  encouragement  of  the  public 
at  large. 

General  Estimate  of  Sizes.  Number  of  Concentrics,  Consumption  of  Qas,  and  ComparatiTO 

Light. 


81se. 

Number  of 
Concentrici: 

Bade  Consump- 
tion per  hour. 

Height  of 
Flame. 

Compaiative  Light. 

Argand 

Consumption 

Per  Hour. 

iDchee. 

24 
3 

3i 

4 

4i 

5 

I' 

2 
2 
2 
2 
2 
3 
3 
3 

Feet.    Inchea. 
10          6 
16          4 
21          6 
26          4 
33          7 
40          0 
43          6 
66         4 

Inches. 
3 
3 
3 
3 
3 

li 

4 

]5>hole  argands. 
6 
8 
10 
12 
15 
18 
20 
24 

Cubic  feet. 

30 

48 

60 

72 

90 
108 
120 
144 

GELATINE.  The  substance  produced  by  boiling  the  skin  of  animals  in  water,  which 
In  its  crude  but  solid  state  is  called  g/us,  and  when  a  trennilous  semi-liquid,  t%z€. 
The  latter  preparation  is  greatly  used  by  the  paper-makers,  and  was  much  improved  by 
the  following  process,  for  which  Mr.  William  Rattray  obtained  a  patent  in  May,  1838. 
The  parings  and  scrows  of  skins  are  steeped  in  woter  till  they  begin  to  putrefy ;  they  are 
then  washed  repeatedly  in  fresh  water  with  the  aid  of  stampers,  afterward  subjected,  in 
wooden  or  leaden  vessels^  to  the  action  of  water  strongly  impregnated  with  sulphurous 
acid  for  from  12  to  24  hours ;  they  are  now  drained,  washed  with  stampers  in  cold  water, 
and  next  washed  with  water  of  the  temperature  of  120^  F.,  which  is  poured  upon 
them  and  run  off  very  soon  lo  complete  their  purification.  The  scrows  are  finally  con- 
verted into  size,  by  digestion  in  water  of  120^  for  24  hours ;  and  the  solution  is  made 
perfectly  fine  by  beii^  strained  through  several  thicknesses  of  woollen  cloth.  They  must 
be  exhausted  of  their  gelatinous  substance^  by  repeated  digestions  in  the  warm  water. 
The  claim  is  for  the  sulphurous  acid,  which,  while  it  cleanses,  acts  as  an  antiseptic. — 
Newton't  Journal^  xiv.  173. 

A  fine  gelatine  for  culinary  uses,  as  a  substitute  for  isinglass,  is  prepared  by  Mr. 
Nelson's  patent,  dated  March,  1839.  After  washing  the  parings,  dbc.,  of  skin,  he  scores 
their  surfaces,  and  then  digests  them  in  a  dilute  eaustie  soda  ley  during  ten  days. 
They  are  next  placed  in  an  air-tight  vat,  lined  with  cement,  kept  at  a  temperature  of 
70^  F. ;  then  washed  in  a  revolving  cylinder  apparatus  with  plenty  of  cold  water,  and 
aHerward  exposed  to  the  fumes  nf  burning  sulphur  (sulphurous  aeid)  in  a  wooden 
chamber.  They  are  now  sqoeesed  to  expel  the  moisture,  and  finely  converted  into 
•oinble  gelatine  by  water  in  eafthen  vessels,  enclosed  in  steam  cases.  The  fluid  gelatine 
is  purified  by  straining  it  at  a  temperature  of  100^  or  120^  F.  I  have  examined  this 
patent  gelatine,  and  fbnnd  it  to  be  remarkably  good,  and  capaUe  of  forming  a  fine  calPs 
foot  jelly. 

Very  recently  a  very  beautiful  sparkling  gelatine  has  been  prepared  under  a  patent 
granted  to  Messrs.  J*  Ic  G.  Cox,  of  Edinburgh.  By  their  process  the  substance  is  ren- 
dered perfectly  pure,  while  it  possesses  a  gelatinizing  force  superior  even  to  isinglass.  It 
makes  a  sploidid  odves'  feet  jelly  and  a  milk-white  blane-mange.  The  patentees  also 
prepare  a  semi-solid  gelatine,  resembling  jujubes,  which  readily  diwolves  in  warm  water, 
as  also  in  the  mouth,  and  may  be  employed  to  make  an  extemporaneous  jelly. 

The  gelatine  of  bones  may  be  extracted  best  by  the  eombiaed  aetion  of  steam 
and  a  current  of  water  trickling  over  their  erushed  fragments  in  a  properly  eon- 
straeled  apparatus.  When  the  gelatine  is  to  be  used  as  an  alimentary  article,  the 
bones  ought  to  be  quite  fresh,  weQ  preserved  in  brine,  or  to  be  dried  strongly  by  a 
stove.  Bones  are  best  crushed  by  passing  them  between  grooved  iron  rolls.  The 
east-iron  cylinders  in  Which  they  ara  to  be  steamed,  shonld  be  three  times  greater  in 
length  than  in  diameter.    To  obtain  1,000  rations  of  gelatinous  soup  daily,  a  ehaigt 
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jelly,  aad  Will  reqoire  nettly  one  pUloa  of  w*tar  fai  thB  lenn  of  . 
at  water  10  be  puued  throngh  them  in  the  liquid  (tate,    ne  5 
doced  boarly  by  each  cjlindec,  proceedi  tima  the  1  quut  of  I 
<>r  percoltttii^  irater. 

The  boiler  ihoald  fntiUBh  iteam  of  about  S23°  Fahr.,  at  k 
OB  the  aqaare  ineh. 

iifig.  TO,  A,  B,  C,  D,  npretsBti  a  Tcitkal  aeclkM  eT  Ike 


Mction  of  Ihe  basket  at  cafe,  a»  filled  with  the  hnlved  bonat,  endoaad  u  the  cflMicri 
£,  C,  C,  the  pipe  whicli  coBilacti  the  steam  dowa  to  the  baaun  of  the  cjliwla ;  L,  ^ 
a  pipe  for  intnidDciDg  water  into  the  interior;  M,  ■  itopeodi  for  rcgwlatinB  Ike 
qaanlitr  of  water  (aeeording  to  the  foree  of  the  steam  pnafnre  within  the  a^annts), 
iriiich  shonld  be  31  qnarti  per  hour ;  N  is  a  tabs  of  tin  ]date  <tliB>  tiflitlir  iata  ■)« 
part  8,  of  the  pipe  Li  it  u  ihat  at  R,  and  peiftrated  below  vitb  a  hole;  it  i* 
inserted  in  iU  idace,  after  Ihe  eage  fUl  of  beui  has  been  bitradnoed.    Jig.  71  ia  as 


t,  g,  tubnloTes  or  nlrea  in  the  lida ;  i,  ring  junction  of  the  lid ;  f,m  lliiiiniiisilm  j 
f,/,  Mop^ndtsfor  drawing  off  the  jellf ;  n,  n,  small  gotten  «f  tia^datr;  ■,!*• 


fa>anl|(ntterofdMcbugeauitnthecijtern  tj  o,  (block  and  tUkle  fbr  Mating  lh« 
cudolof  bcaM  in  muI  ouU  Jij;.  72  U  on  end  view  of  the  «ppMatn* ;  a,  the  mua 
(team-pipe ;  a,  b,  c,  c,  bnncbes  Uwt  cosdaet  tit* 
iteam  to  the  bottom  of  the  er^iiid")  <^  ^* 
UcUe  for  taiABg  the  cage;  (,  itopeock;  ■,  aotall 
gntter;  m,  main  condoit ;  b,  eislem  of  receptioB. 
When  a  Rtrong  sod  pure  jellj  it  withad  for, 
the  cylinder  chaif  ed  with  the  bonea  ia  to  be 
wrapped  is  blonlcet  itnff;  and  whenever  th« 
greue  ceue*  to  drop,  the  tiopeoek  whidi  admit! 
the  cold  water  la  to  be  ihal,  aa  also  that  at  tha 
bottom  of  the  cylinder,  which  is  to  be  epesed  only 
at  the  end  of  evaj '  hoar,  and  lO  little  ai  to  let 
the  gelatinoM  aolution  ran  ont,  Wltboat  aDowiBg 
aav  of  the  steam  to  escape  with  it. 

Butcher'a  meat  contains  on  «B  avera^  ia  100 
poaods,  24  of  dry  fle«h,  56  of  water,  and  20  of 
bonei.    These  ^   ponndi   can  nuniah  4  pooadt 
of  alimeatarj  tnba^ee  in  a  dry  atale;   whenee 
it  appean  that,  by  thi^  above  meana ,  one  foartk 
more   aatrhion*  matter  can  be  obtdaed  than  ii 
tUDally  got.     I  am   aware  that   a  keen  diapsta 
baa  been   carried  on  for  some  time  b  Paris,  be- 
tween  the   poitisaiu   and  adTerxaries  oT  gelatine 
U  an  article  of  food.    It   is   probable  Uiat  both 
parties   have    pushed    their    arfumenta    too    far. 
-    '  CsJf 's-fooC    jelly    ia    still    deemed    a    autiitJouM 
MTtide  by  the  medical  mea  of  this  conntry,  at  least,  thongh  it  is  not  to  be  misted 
to  i^oue,  but  sboald  have  a  due  admizlure  or  intetcliju^  of  Abrin^  tlbwnino, 
CMWim,  &c. 

GILDING.    See  Ei.nCTao-MsTAU.Daav. 

GLASS.  Duty  eoUected  on  it  in  the  United  kingdom :  In  1831,  T8%46Sl.  t  ISSS, 
75I,44SJ.;  1833,  S28,S58L ;  1834,  91S,822J.;  1838,966,1211.;  1836,  »33,28I1.|  ISST, 
a03,S46i.i  1838,879,8591.;  1839,868,1931.;  1840,960^1. 

Crystal  glass  is  rapidly  corroded  by  the  aulphale  of  ammonia,  at  a  heat  of  600°  P. 
GLOVE.    See  Lutueb. 

GLUCOSE,  the  name  given  to  grape  and  starch  augar  by  M.  Dumas. 
GROWAN.    The  name  given  by  the  Coraiah  miners  to  gnmilt,  and  to  rock*  oTIIka 
■tniGiure. 

GUANO.  This  extraordinary  escrementltiana  deposHe  of  certain  tea-fowls,  which 
Decors  in  immeiue  qaanlilies  upon  some  parts  of  the  coasts  of  Pen,  Bolivia,  and 
Africa,  has  lately  become  an  object  of  great  commerdal  enterprise,  aad  of  tateaae 
interest  to  our  agricnlloral  world.  Pour  or  five  years  ago  it  was  exhibited  and  talked 
of  merely  as  a  natural  curiosity.  No  one  could  then  have  imagined  that  in  a  stmt 
period  it  would  be  imported  from  the  coasts  of  the  Pacific  in  inch  abnndanee,  and  at 
«neh  ■  moderate  price,  at  to  cheer  by  its  ferliliijag  powers  the  languid  and  depretaed 
•ptrits  of  the  farmers  throaghont  the  United  Kingdom.  Such,  however,  is  now  the 
reanlt,  as  attested  by  the  concurring  reports  of  almost  all  the  agricultnral  aodeQe* 
«f  Great  Britain  and  Ireland.  No  less  than  28,fiO0  tons  of  guano  have  been  alrondj 
imported  from  Peru  and  Bolivia,  1,SOO  from  Chili,  and  8,000  from  Africa,  thosether 
88,000  tout,  while  more  is  on  the  way.  The  store  of  it,  laid  up  from  dine  launemofial 
in  the  above  localities,  seenu  to  be  quite  ineihanstlble ;  especially  since  it  is  receiving 
constant  accessions  from  myriads  of  cortnorantB,  cranes,  ke. 

Having  been  much  occupied  with  the  chemical  analyses  of  guano  during  the  laat 
two  yean  for  Messrs.  Gibba,  of  London,  and  Messn.  Myen,  of  Livopool,  who  are  the 
co-agents  of  the  Peruvian  and  Bolivian  govermnents,  I  have  enjoyed  fhvorable  oppor. 
tnnities  of  elnminia^  samples  of  every  description,  and  hope  to  show  that  many  <rf'  the 
analyses  of  guano  hitherto  published  have  been  made  upon  specimens  not  in  their  noc* 
nud  or  sound  slate,  like  the  best  imported  by  the  above  honses  f>om  Chineha  and  BolMa, 
bnt  in  a  certain  state  of  mmaeatnit  and  decay. 

Hnanojin  the  langnage  ofPcm,  slgBittesdUDgi  a  word  spelt  by  the  Spankrit  gnano. 
The  nativea  have  employed  i(  at  a  niannre  fhim  the  remotest  ages,  and  have  by  its  mean* 
gives  Cenility  to  the  otherwiae  unprodnelive  sandy  soils  along  their  coasts.  WhUa  Pern 
was  governed  by  its  native  incas,  the  birds  were  protected  Horn  violenee  by  serere  laws. 
The  pnoishment  of  death  wat  decreed  to  persons  who  dared  to  land  on  the  rnaniflr- 
OBsialands  dnring  the  breeding  period  of  the  birds,  and  to  all  penona  who  aestroyed 
them  at  any  time.     Oveneen  were  appointed  by  the  govEmment  to  lake  eare  of  flw 
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guano  di«trict0»  and  to  aaaign  to  each  claimant  his  due  share  of  theprecicmt  diui|.  Tke 
celebrated  Baron  Yon  Humboldt  first  brought  specimens  to  Europe  in  1804»  w\aA  ke 
sent  for  examinatioil  to  Foureroy,  Vauquelin,  and  Klaproth,  the  hiest  aiialytied  cben- 
ists  of  the  day  {  and  he  spoke  of  it  in  the  following  terms  :  '*-  The  guano  is  deposited  is 
layers  of  50  or  60  feet  thick  upon  the  granite  of  many  of  the  South  sea  islands  off  tkt 
coast  of  Peru.  During  300  years  the  coast  birds  have  deposited  guano  only  a  few 
lines  in  thickness.  This  shows  how  great  must  have  been  the  number  of  birdi,iad 
how  many  centuries  must  have  passed  over  in  order  to  form  the  present  guano-bob.'' 
The  strata  have  undergone  many  changes,  according  to  the  length  of  time  they  Ufe 
been  deposited.  Here  and  there  they  are  covered  with  silicions  sand,  and  bars  thn 
been  protected  from  the  influence  of  the  weather ;  but  in  other  places,  they  bare  kii 
open  to  the  action  of  light,  air,  and  water,  which  have  produ<^  important  cbsagei 
upon  them.  Fresh  guano  is  of  a  whitish  or  very  pale  diab  coIot,  but  it  becomei  jOh 
gressively  browner  and  browner  by  the  joint  influence  of  the  above  three  atmospboi- 
cal  agents.  Only  one  guano  examined  by  Fourcroy  and  Vauquelin  was  found  to  eos- 
tain  a  fourth  of  its  weight  of  uric  acid  combined  with  ammonia,  whenee  tbst  spfeui 
to  have  been  well  selected  by  Baron  Von  Humboldt.  They  also  iound  phosphttcs  of 
ammonia,  of  lime,  with  urate,  and  oxalate  of  ammonia,  and  some  other  eonstilBcnti  of 
little  value  in  agriculture.  Klaproth's  analysis  reported  16  per  cent,  of  urate  sfsnBO- 
nia,  no  less  than  12*75  of  oxalate  of  lime,  10  of  phosphate  of  lime,  32  of  day  andissd, 
with  28*75  of  water  and  indeterminate  organic  matter.  From  the  great  proportisa  of 
clay  and  sand,  Klaproth's  sample  of  guano  was  obviously  not  genuine.  I  bave  set 
with  no  specimen  of  Peruvian  guano  that  contained  any  appreciable  quantity  of  dtf, 
and  none  that  contained  above  4  or  5  per  cent,  of  silicions  sand. 

To  Mr.  Bland,  of  the  firm  of  Messrs.  Myers  and  Co.,  I  am  indebted  for  the  kikmw% 
valuable  information : — 

The  Chincha  islands,  which  afibrd  the  best  Peruvian  guano,  are  three  in  nnnbcTfOd 
lie  in  one  line  from  north  to  south,  about  half  a  mile  apart.  Each  island  b  from  life  to 
six  miles  in  circumference,  and  consists  of  granite  covered  with  guano  insomeplBfiatD 
a  height  of  200  feet,  in  successive  horizontal  strata,  each  stratum  being  from  3  to  10 
inches  thick,  and  varying  in  color  from  light  to  dark  brown.  No  earthy  Bttter 
whatever  is  mixed  with  this  vast  mass  of  excrement.  At  Mr.  Bland's  visit  to  tboe 
islands  in  1842,  he  observed  a  perpendicular  surface  of  upward  of  100  feet  of  perfectly 
uniform  aspect  from  top  to  bottom.  In  some  parts  of  these  islands,  however,  thedepoole 
does  not  exceed  3  or  4  feet  in  thickness.  In  several  places,  where  the  surface  of  te 
guano  is  100  feet  or  more  above  the  level  of  the  sea,  it  is  strewed  here  and  there  vitk 
masses  of  granite,  like  those  from  the  Alpine  mountains,  which  are  met  with  on  the  skpes 
of  the  Jura  chain.  These  seem  to  indicate  an  ancient  formation  for  the  guano^ssdftr- 
raqueous  convulsions  since  that  period.  No  such  granite  masses  are  found  imbedded 
within  the  guano,  but  only  skeletons  of  birds. 

The  good  preservation  of  the  Chincha  guano  is  to  be  ascribed  to  the  absence  of  as; 
which  rarely,  if  ever,  falls  between  the  latitude  of  14*  south,  where  these  islands  % 
about  10  miles  from  the  main  land,  and  the  latitude  of  Paquica,  on  the  island  of  Bo- 
livia, in  2P  S.  L.  By  far  the  soundest  cargoes  of  guano  which  I  have  analysed  bii« 
come  from  Chincha  and  Bolivia.  Beyond  these  limits  of  latitude  where  rain  falls  ii 
greater  or  less  abundance,  the  guano  is  of  less  value — and  what  has  been  imported  from 
Chili  has  been  found  by  me  far  advanced  in  decay — most  of  the  ammonia  and  anKned 
animal  substances  having  been  decomposed  by  moisture,  anddis8ipatedintheair(bjAe 
eremaeausu  of  Liebig),  leaving  phosphate  of  lime  largely  to  predominate  along  ^ 
effete  organise  matter.  The  range  of  the  American  coastTrom  which  the  guano  iitska 
must  therefore  be  well  considered ;  and  should  not  extend  much  beyond  the  Cbaeht 
islands  as  the  northern  limit,  and  Paquica,  in  Bolivia,  as  the  southern. 

The  relative  estimation  of  guano  and  nitrate  of  soda  among  the  Peruvians  is  vH! 
shown  by  the  following  fact  communicated  to  me  by  Mr.  Bland  :  **  Near  the  oosst  of 
Peru,  about  45  miles  from  Iquique  (the  shipping  port  of  guano)  there  is  the  chief  deposte 
of  nitrate  of  soda*  The  farmers,  who  collect  and  purify  this  natural  product,  aoir  it 
to  the  place  of  shipment,  and  always  require  to  be  paid  in  return  with  an  eqdTsleit 
quantity  of  guano,  with  which  they  manure  their  land,  to  the  exclusion  of  the  for 
cheaper  nitrate  of  soda.  We  can  not  be  surprised  at  this  i^eference,  when  we  kaia 
that  in  the  valley  of  Chancay,  about  40  miles  distant  from  Lima,  the  soil  pnidaee^ 
when  fanned  with  irrigation  in  the  natural  way,  a  return  upon  maize  (rf*oaly  15  for  1 ; 
whereas,  with  the  aid  of  guano.  It  produces  500  for  1 !  Hence  the  Peruvian  prorefb: 
Hoano,  though  no  saint,  works  many  miracles. 

In  the  pamphlet  recently  published  by  Messrs.  Gibbs  and  Myers,  intitled  "Penffwa 
and  Bolivian  Guano,  its  nature,  properties,  and  results,**  we  have  a  very  ihteresbag 
view  of  the  best  established  facts  with  regard  to  its  operation  and  effecb  vptm 
eFory  variety  of  soil^  and  in  every  variety  of  circumstance,  as  ascertained  by  the  dosI 
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mtelligent  agricaltnriflts  of  the  United  Kingdom.  The  general  conclusion  that  may 
be  fairlf  deduced  from  the  whole  evidence  is,  that  good  guano  will,  under  judicious 
application,  increase  the  crops  of  grain,  turnips,  potatoes,  and  grass,  by  about  33  per 
cent.  $  and  with  its  present  price  of  10/.  per  ton,  at  a  cost  considerably  under  the  aver^ 
age  cost  of  all  other  manures,  whether  farm-yard  dung  and  composts,  or  artificial  com- 
pounds. Guano  is,  moreover,  peculiarly  adapted  to  horticultural  and  floricultural  im- 
provement, by  its  relative  cleanliness  and  facility  of  application. 

The  following  observations  upon  guano,  by  Dr.  Von  Martius,  of  Munich,  addressed 
to  the  agricttltaral  society  of  Bavaria,  deserve  attention.  Among  animal  manures, 
says  he.  it  clearly  claima.the  first  place.  It  is  uncommonly  rich  in  ammoniacal  salts, 
which  act  very  .favorable  on  vegetation.  The  ease  with  which  these  salts  are  decom- 
posed, and  exhale  their  ammonia  into  the  air,  is  by  him  assigned  as  the  reason  why 
plants  manured  with  guano  generally  present  early  in  the  morning  accumulations  of 
dew  on  the  points  of  their  leaves.  The  guano  absorbs  the  atmospheric  vapor,  as  well 
as  carbonic  acid ;  whereby  it  becomes  so  valuable  a  manure  in  dry  barren  regions.  If 
we  compare  guano  with  other  excrementitious  manures,  we  shall  find  it  far  preferable 
to  those  afiTonled  by  man  or  other  mammalia,  which  do  not  generally  contain  more  than 
20  per  cent,  of  food  that  can  be  appropriated  by  plants.  It  is  therefore  five  times  better 
than  night-soil,  and  also  very  superior  to  the  French  poudrette,  which,  being  dried  night- 
soil,  loses,  through  putrefaction  and  evaporation,  the  greater  proportion  of  its  ammonia- 
cal elements.  In  birds,  the  excretions  both  of  the  kidneys  and  intestines  are  contained 
in  the  cloaca ;  whereby  the  volatile  elements  of  the  former  get  combined  with  the  mote 
fixed  components  of  the  latter.  The  guano  is  also  a  richer  manure,  on  account  of  its 
being  produced  by  sea-fowl,  which  live  entirely  on  fish,  without  admixture  of  vegetable 
matter.  The  exposure  also  of  the  guano  as  soon  as  deposited  to  the  heat  of  a  tropical 
sun,  in  a  rainless  climate,  prevents  the  components  from  fermenting,  and  fnummiJUt 
them,  so  to  speak,  immediately  into  a  concrete  substance  not  susceptible  of  decomposition 
till  it  gets  moisture ;  whereas  the  dung  of  our  dove-cotes  suflfers  a  considerable  loss  by 
exposure  to  our  humid  atmosphere.  But  in  their  action  on  vegetation,  and  in  their 
chemical  composition,  these  two  bird  excrements  are  analogous.  Davy  found  in  freeh 
dove-cote  manure  23  parts  in  100  soluble  in  water,  which  yielded  abundance  of  car- 
bonate of  ammonia  by  distillation,  and  left  carbonaceous  matter,  saline  matter,  princi- 
pally common  salt,  and  carbonate  of  lime  as  a  residuum.  Pigeons*  dung  readily  fer- 
ments, but  aAer  fermentation  afforded  only  8  per  cent,  of  soluble  matter,  which  gave 
proportionably  less  carbonate  of  ammonia  in  distillation  than  the  dung  recently  voided. 
Dr.  Von  Martius  proceeds  to  compare  the  proportion  of  soluble  salts  in  guano  and 
pigeons'  dung,  and  thinks  that  by  that  comparison  alone  he  can  establish  the  superiority 
of  the  former ;  but  he  should  have  considered  that  the  insoluble  urate  of  ammonia, 
which  is  so  powerful  and  copious  a  constituent  of  good  guano,  and  is  present  in  much 
smaller  proportion  in  pigeons'  dung,  is  sufficient  of  itself  to  turn  the  balance  greatly  in 
favor  of  the  Peruvian  manure.  His  general  estimate,  however,  that  the  manuring  power 
of  genuine  guano  is  four  times  greater  than  that  of  pigeons'  dung,  is  probably  not  wide 
of  the  troth.  Besides  the  above-mentioned  constituents,  guano  derives  no  small  ^r- 
tion  of  its  fertilizing  virtue  from  the  great  store  of  phosphoric  acid  which  it  contains, 
in  various  states  of  saline  combination,  with  lime,  magnesia,  and  ammonia.  Of  all  the 
principles  furnished  to  plants  by  the  soil,  the  phosphates  are,  according  to  Liebig,  the 
most  important.  They  afford,  so  to  speak,  the  bones  and  sinews  of  vegetable  bodies,  while 
ammonia  supplies  them  with  their  indispensable  element,  azote.  Their  carbon,  hy<ht>gen, 
and  oxygen,  are  derived  from  the  air  and  water.  Those  products  of  vegetation  which 
are  most  nutritious  to  man  and  herbiveroos  animals,  such  as  bread-corn,  beans,  peas,  and 
lentils,  contain  the  largest  proportion  of  phosphates.  The  ashes  of  these  vegetable 
substances  afford  no  alkaline  carbonates.  A  soil  in  which  phosphates  are  not  present, 
ia  totally  incapable  of  producing  the  above  cereals.  Agreeably  to  these  views,  Liebig 
believes  that  the  importation  of  1  cwt.  of  guano  is  equivalent  to  the  importation  of  8 
cwts.  of  wheat ;  so  that  1  cwt.  of  that  manure  assumes,  with  due  culture,  the  form  of 
8  cwts.  of  substantial  food  for  man. 

Since  all  these  testimonies  concur  to  place  this  remarkable  excrementitious  produet  in 
auch  high  estimation,  it  becomes  a  paramount  duty  of  the  chemist  to  investigate  its  com- 
position, and  to  discover  certain  means  of  distinguishing  what  may  be  termed  the  sound 
or  normal  state  of  guano,  from  the  decomposed,  decayed,  and  effete  condition.  The 
analysis  by  Fourcroy  and  Vauquelin  of  a  sample  of  guano  presented  to  them  by  Baron 
Von  Humboldt,  gave  the  following  composition  in  100  parts : — 

Urate  of  ammonia        ......  9*0 

Oxalate  of  ammonia      -           -           -          -           •          •  10*6 

Oxalate  of  lime            ......  7*0 

Phosphate  of  ammonia             •          •          •          •          •  M 
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Phospbaleof  umaoiiuiaadiiuigiietia  .          •          -          •  M 

.Sulphate  of  potask       ....••  M 

-»od« ^3 

Sal  anunoniac    •.•---•  4*2 

Phosphate  of  lime         ••-.•.  14*3 

Claj  and  aand              ......  4*7 

Water  and  organic  matters       .           •           .           .           .  32-3 

How  different  are  these  constituents  from  those  ass^ned  by  KlapiroQi— t  so  loiiktk 
ful  analyst  than  the  French  chemists !  and  how  mnch  ttds  difference  shows  not  only  i)ic 
complexity  of  the  substance,  but  its  very  variable  nature  I 

The  general  results  of  an  analysis  by  Professor  Johnston,  published  in  his  paper  os 
guano,  in  the  3d  part  of  the  2d  voL  of  the  Journal  of  the  Royal  Agricultioal  Sodetf 
of  England,  are  as  follows  s^ 

Ammonia          -           ...           .                     ^.           .  7^ 

Uric  acid          --           -           -           •'-           -  0*8 

Water  and  carbonic  and  oxalic  acids,  Ice.,  expelled  by  a  ted  best  51*9 

Common  salt,  with  a  little  sulphate  and  phosphate  of  soda     •  11*4 

Phosphateof  lime,  Itc             .....  2j^3 

lOO-O 

The  specimen  of  guano  represented  by  this  analysts  must  have  been  far  fldfanccd  is 
deoomposition,  as  shown  by  the  very  scanty  portion  erf*  uric  acid ;  and  nnuft  have  bns 
originally  impure  (^tpuriout  ?)  from  the  large  proportion  of  common  salt,  of  which  I  hiw 
not  found  above  4  or  5  per  cent,  in  any  of  the  genuine  guanos  which  I  have  had  Of 
casion  to  an^ze.  In  another  sample,  Professor  Johnston  (bund  44*4  of  phosphste  «f 
lime,  with  a  little  phosphate  of  magnesia,  and  carbonate  of  lime.  These  results  raemUf 
to  a  certain  degree,  those  which  I  have  obtained  in  analyzing  several  samples  of  ChihM 
and  African  guanos,  especially  in  the  predominance  of  the  earthy  phosphates.  The  prope/- 
tion  of  ammonia  which  can  be  extracted  by  the  action  of  hydrate  of  soda  and  qaiddB^ 
at  an  elevated  temperature,  is  the  surest  criterion  of  the  souhdness  of  the  guano;  tor  W 
this  process  we  obtain  not  only  the  ready/ormed  ammonia,  from  its  several  nfi^ 
eompoonds,  but  also  the  ammonia  producible  from  its  uric  acid,  and  undefined  bbwI 
iBatt«r<  These  two  latter  (quantities  have  been  hitherto  too  little  regarded  hf  u^ 
aaalysts,  though  they  constitute  the  most  durable  fbnd  of  azote  for  the  aatritioi  y 
plants.  Uric  acid,  and  urate  of  ammonia,  which  contains  10  lllhs  of  uric  acid,  ten 
both  nearly  insoluble  in  water,  and  fixed  at  ordinary  temperatures,  continue  to  gire  od 
progessivcly  to  plants  in  the  soil,  the  azote,  of  which  they  contain  fully  one  fhifd  U 
their  weight.  Under  the  influence  of  oxygen  and  a  certain  temperature,  nrie  scii 
passes  through  a  very  remarkable  series  of  transfonnations ;  producing  allantoin,  iirn,ad 
oxalic  acid,  which  eventually  becomes  carbonic  add.  These  changes  are  pradudhkeisiB*- 
diately  by  the  action  of  boiling  water  and  peroxide  of  lead*  From  these  metaffloiphoK^ 
we  can  readily  understand  how  so  much  oxalate  of  ammonia  and  of  lime  is  reported  is 
many  analyses  of  guano,  though  none,  I  believe,  is  to  be  found  in  the  normal  state,  n  ft 
is  occaaioaaUy  imported  from  the  Chincha  islands  and  Bolivia;  nor  were  any  oxiliitt 
found  in  the  dung  of  the  gannet,  as  analyzed  by  Br^  WoUaston,  or  of  the  8ea-Agfc» 
aeeording  to  the  following  analysis  of  Coindet :  ammonia,  9*21  per  cent. ;  uric  lodi 
84*66 ;  phosphate  of  lime,  6*  13  »  100.  The  Peruvian  sea-fowl,  by  feeding  ezdmtlj 
on  fish,  would  seem  to  swallow  a  large  proportion  of  earthy  phosphates ;  since,  is  the 
purest  guano  that  has  come  in  my  way,  I  have  found  these  salts  to  amount  to  fron  10 
to  15  per  cent. 

Dr.  Von  Martins  proposes  to  use  the  degree  of  solubility  of  the  guano  in  water  u  *l^ 
criterion  of  its  quality ;  but  this  is  a  most  fallacious  test,  ^una  guano  contains  fnm  la 
to  25  per  cent,  of  insoluble  urate  of  ammonia ;  nearly  as  much  undefined  aninal  natter, 
along  with  from  15  to  20  of  earthy  phosphates,  leaving  no  more  than  50  or  55  P^^ 
of -soluble  matter,  exclusive  of  moisture ;  whereas  decayed  guano  yields  often  GO  9  70 
per  cent,  of  its  weight  to  water,  in  consequence  of  the  uric  acid  and  animal  natter 
being  wasted  away,  and  the  large  portion  of  moisture  in  it,  the  latter  amonitiag  vciy 
often  to  from  25  to  3d  per  cent.  The  good  Peruvian  guano  does  not  lose  moit  An 
from  7  to  9  per  cent,  by  drying,  even  at  a  heat  of  212?  F. ;  and  this  hiss  necBisffly 
includes  a  little  ammonia.  Each  analysis  of  guano  executed  for  the  infcnnation  « ti^ 
fhrmer  should  exhibit  definitely  and  accurately  to  at  least  1  per  cent. : — 

1.  The  proportion  of  oc/aoi  ammonia.  ,  ^ 

2.  The  proportion  of  ammonia  producible  also  firom  the  uric  add  and  9*^^'^ 
animal  matter  present;,  and  which  may  be  onlled  the  fotmUiml  ammonia.   Thii  ii  • 
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moflt  valaable  piodact,  which  is,  however,  to  be  obtained  only  from  weU-presenred  dry 
gaano. 

3.  The  proportion  oTcirie  aeid,  to  which,  if  1  10th  of  the  weight  be  added,  the  qtian- 
tity  of  urate  of  ammonia  is  given. 

4.  The  proportion  of  the  phosphates  of  lime  and  magnesia. 

6.  The  proportion  of  fixed  alkaline  salts,  distinguishing  the  potash  from  the  soda 
salts ;  the  former  beihg  more  valuable,  and  less  readily  obtainable,  than  the  latter  can 
be  by  the  use  of  common  salt.  Whea^  peas,  rye,  and  potatoes,  require  for  their  succes*- 
fbl  cultivation,  a  soil  containing  alkaline  salts,  especially  those  of  potash. 

6.  The  proportion  of  sandy  or  other  earthy  matter,  which,  in  genuine  guano,  care- 
fully collected,  never  exceeds  2  per  cent,  and  that  is  silica. 

7.  The  proportion  of  water,  separable  by  the  heat  of  212°  F. 

The  farmer  should  never  purchase  guano  except  its  composition  in  the  preceding 
particulars  be  warranted  by  the  analysis  of  a  competent  chemist.  He  should  cork  up 
in  a  bottle  a  half-pound  sample  of  each  kind  of  guano  that  he  buys ;  and  if  his  crop 
shall  disappoint  reasonable  expectation,  he  should  cause  the  samples  to  be  analyzed ; 
and  should  the  result  not  correspond  to  the  analysis  exhibited  at  the  sale,  he  is  fairly 
entitled  to  damages  for  the  loss  of  his  labor,  rent,  crop,  &c.  The  necessity  of  follow- 
ing this  advice  will  appear  on  considering  the  delusive  if  not  utterly  false  analyses, 
under  which  cargoes  of  guano  have  been  too  often  sold.  In  a  recent  case  which  came 
under  my  cognizance,  in  consequence  of  having  been  employed  professionally  to  analyze 
the  identical  cargo,  I  fbund  the  guano  to  be  nearly  rotten  and  effete ;  containing  alto- 
gether only  2|  per  cent,  of  ammonia,  i  per  cent,  of  urate  of  ammonia,  nearly  9  of  sea 
salt,  24  01  water,  and  45|  of  earthy  phosphates.  Now,  this  large  cargo,  of  many 
hundred  tons,  fetched  a  high  price  at  a  public  sale,  under  the  exhibition  of  the  follow- 
ing analysis  by  a  chemist  of  some  note : — 

Urate  of  ammonia,  ammoniacal  salts,  and  decayed  anfanal  matter  17*4 

Phosphate  of  lime,  phosphate  of  magnesia,  and  oxalate  of  lime  •  48*1 

Fixed  alkaline  salts 10*8 

Earthy  and  stony  matter  -       •        -        -       .-      -       «        •  1*4 

Moisture           ..-.---...  22-8 

100*0 

The  purchasers,  I  was  told  by  the  broker,  bought  it  readily  under  a  conviction  that 
the  guano  contained  17-4  of  ammonia,  though  the  proportion  of  ammonia  is  not  stated^ 
bat  merely  mystified,  and  adroitly  confounded  with  the  decayed  animal  matter. 

By  the  following  hypothetical  analysis,  much  guano  has  been  well  sold : — 

*'  Bone  earth,  35 ;  lithic  acid,  &c.,  15 ;  carbonate  of  ammonia,  14 ;  organic  matter,  30 
= 100."  I  am  quite  certain  that  no  sample  of  guano  can  contain  14  per  cent,  of  carbonate 
of  ammonia^-a  very  volatile  salt.  We  shall  see  presently  the  state  of  combination  in 
which  the  ammonia  exists.  It  may  contain  at  the  utmost  4  or  5  per  cent,  of  the  carbo- 
Jiate ;  but  such  guano  must  have  been  acted  upon  powerfully  by  humidity,  and  will 
therefore  contain  little  or  no  uric  acid. 

In  the  very  elaborate  examination  of  guano  by  T.  Oellacher,  apothecary  at  Ikin^ 
bruck,  published  in  a  recent  number  of  Buchner's  Repertorium  of  Pharmacy,  H  is  said, 
that  if  a  glass  rod  dipped  into  muriatic  acid  be  held  over  guano,  strong  fumes  are  de- 
veloped ;  and  the  solution  of  guano  has  an  alkaline  reaction  with  litmus-paper.  These 
phenomena  evidently  indicate  the  presence  of  carbonate  of  ammonia,  and  of  course  a 
partiaDy  decomposed  guano ;  for  sound  Chincha  and  Bolivian  guanos  have  an  acid  re- 
action, proceeding  from  the  predominance  of  phosphoric  acid.  Farmers  frequentiy 
judge  of  the  goodness  of  guano  by  the  strength  of  the  ammoniacal  odor;  but  in  this 
judgment  they  may  egregiously  err,  for  the  soundest  guano  has  no  smeU  of  ammonia 
whatever;  audit  begins  to  give  out  that  smell  only  when  it  is  more  or  less  decomposed 
and  wasted. 

Oellacher  could  find  no  evidence  of  urea  in  his  guano ;  I  have  obtained  fully  5  per 
cent,  of  this  substance  6om  good  Peruvian  guano. 

I  shall  now  describe  my  own  system  of  analysis : — 

1.  In  every  case  I  determine,  first  of  all,  the  specific  gravity  of  the  guano ;  which  I 
take  by  means  of  spirits  of  turpentine,  with  a  peculiar  instrument  contrived  to  render 
the  process  easy  and  precise.  If  it  exceeds  1*75  in  density,  water  being  1*0,  it  must 
contain  sandy  impurities,  or  has  an  excess  of  earthy  phosphates,  and  a  defect  of  azotised 
animal  matter. 

2.  I  triturate  and  digest  300  grains  of  it  with  distilled  water,  filter,  dry  tha  insohible 
Blatter,  and  weigh  h. 

'3.  The  above  solution,  diffused  in  2,000  gr.  measures,  is  examined  as  to  its  speeifls 
fntTity^  and  then  with  test  paper,  to  see  whether  it  be  add  or  alkaline. 
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4.  One  half  of  this  Mlution  is  diBtilled  along  with  slaked  lime  in  a 
with  a  small  quintuple  globe  condenser,  containing  distilled  water,  and  immersed  in  a 
basin  of  the  same.  Aa  the  condensing  apparatus  terminates  in  a  waier-tiap,  no  pait 
of  the  ammonia  can  be  lost  j  and  it  is  all  aAerward  estimated  bj  a  peculiar  meter,  wiiMe 
indications  make  manifest  one  hundredth  part  of  a  grain. 

5.  The  other  half  of  the  solution  is  mixed  with  some  nitric  acid,  and  divided  into  3 
equal  portions. 

a,  the  first  portion,  is  treated  with  nitrate  of  barytes,  and  the  resulting  sulphate  at 
barytes  is  collected,  ignited,  and  weighed. 

b,  the  second  portion,  is  treated  with  nitrate  of  silver,  and  the  resulting  chlmide  d 
silver  ignited  and  weighed. 

c,  the  third  portion,  has  a  certain  measure  of  a  definite  solution  of  ferric  nitiate  mixed 
with  it,  and  then'  ammonia  in  excess.  From  the  weight  of  the  precipitated  subpbosphale 
of  iron  after  ignition,  the  known  amount  of  oxide  used  being  deducted,  the  quaatity  of 
phosphoric  acid  in  the  soluble  portion  of  the  guano  becomes  known. 

d,  the  three  above  portions  are  now  mixed,  freed  by  a  few  drops  of  dilute  snlphnie 
and  hydrochloric  acids  from  any  barytes  and  silver  left  in  them,  and  then  tes^  by 
nitrate  of  lime  for  oxalate  of  ammonia.  The  quaatity  of  oxalate  of  lime  obtained,  di^ 
termines  that  point. 

6.  The  last  liquor  filtered,  being  freed  from  any  residuary  particles  of  lime  by  oxalate 
of  ammonia,  is  evaporated  to  dryness  and  ignited,  to  obtain  the  fixed  alkaline  matter. 
This  being  weighed,  is  then  dissolved  itk  a  little  <^ater,  neutralized  with  acid,  and  treated 
with  soda-chloride  ct  platinum.  From  the  quantity  of  potash-chloride  of  platinum,  which 
precipitates,  aAer  being  filtered,  dried,  and  weighed,  the  amount  of  pota^  pruent  ii 
deducted — the  rest  is  sDda.  These  bases  may  be  assi^ed  to  the  sulphuric,  hydro-dkloiie, 
and  phosphoric  adds,  in  proportions  corresponding  to  their  respective  affinities. 

7.  The  proportion  of  organic  matter  in  the  above  MhUiom  of  guano,  is  determiaed 
directly  by  evaporating  a  certain  portion  of  it  to  dryness,  and  igniting.  The  kes  of 
weight,  minus  the  ammonia  and  oxalic  acid,  represents  the  anx)unt  of  organic  matter. 

8.  A  second  portion  of  a  solution  of  the  guano  is  evaporated  to  dryness  by  a  gentle 
steam  heat,  weighed,  enclosed  in  a  stout  well-dosed  phial  along  with  alcohol  of  0-835^ 
and  heated  to  212^.  After  cooling,  the  alcoholic  solution  is  decanted  or  fUtered  dear, 
evaporated  to  dryness  by  a  gentle  heat,  and  weighed.  This  is  urea,  which  may  be  tested 
by  its  conversion  into  carbonate  of  ammonia,  when  heated  in  a  test  tube  or  sinall  reiott. 
In  this  way,  I  have  obtained  from  Boliviani  guano,  5  per  cent,  of  urea ;  a  certain  procf 
of  its  entire  soundness. 

9.  JtnalytU  of  the  inmhtbU  matter.  One  third  of  It  is  digested  with  heat  in  abundance 
of  Borax- water,  containing  yX^  of  the  salt,  filtered,  and  the  filter  dried  by  a  steam  hesL 

The  loss  of  weight  indicates  the  amount  of  uric  acid,  which  is  verified  by  supersatnratiag 
the  filtrate  with  acetic  or  hydrochloric  acid,  thus  precipitating  the  uric  acid,  throwing  it 
upon  a  filter,  drying,  and  weighing  it.  This  weight  should  nearly  agree  with  the  above 
loss  of  weight,  the  small  difference  being  due  to  soluble  organic  matter,  sometimes  called 

feine  and  ulmic  acid.  The  urie  acid  is  evidenced,  1,  by  its  spedfic  gravity,  whidi  I 
nd  to  be  only  1*25,  as  also  that  of  the  urate  of  ammonia ;  2,  by  its  afiTording  fine  porpk 
murexide  when  heated  In  a  capsule  alongwith  nitric  add,  and  then  exposed  to  the  vapor 
of  ammonia  from  a  feather  held  over  it ;  3,  by  its  dissipation  when  heated,  without 
emitting  an  empyreumatic  odor. 

10.  Another  third  of  the  solid  matter  is  distilled  along  with  half  its  weight  of  slaked 
lime,  and  10  times  its  wdght  of  water,  in  the  apparatus  already  described,  and  the 
monia  obtained  from  it  estimated. 

11.  The  remaining  third  having  been  ignited,  is  digested  with  a  gentle  heat  in 
hydrochloric  acid,  and  the  undissolved  siOca  and  alumina  washed  on  a  filter,  dried,  and 
treighed.  To  the  hydrochloric  solution,  dilute  sulphuric  add  is  added,  and  the  mixture 
is  heated  till  all  the  hydrochloric  acid  be  expelled,  with  the  greater  part  of  the  water. 
Alcohol  of  0*850  is  now  poured  upon  the  pasty  residuum,  and  the  whole,  after  being  wdl 
stirred,  is  thrown  upon  a  filter.  The  phosphoric  acid  passes  through,  as  also  the  magnena 
in  union  with  sulphuric  acid.  The  sulphate  of  Ume,  which  is  quite  insoluble  in  spirits 
of  wine,  being  washed  with  them,  is  dried,  ignited,  and  weighed.  From  the  weight  ef 
sulphate  of  lime,  the  quantity  of  phosphate  of  that  earth,  that  was  present,  becomes 
known. 

12.  Ammonia  in  excess  is  now  added  to  the  filtrate,  which  throws  down  the  graaukr 
phosphate  of  ammonia  and  magnesia.  After  washing  and  drying  this  powder  at  a  heat 
of  l.'S)",  its  weight  denotes  the  quantity  of  that  compound  in  the  guano. 

13.  To  the  filtered  liquor  (of  12),  if  a  little  ammonia  be  added,  and  then  mnxiate  of 
magnesia  be  slowly  dropped  in,  phosphate  of  ammonia  and  magnesia  wiH  prccqiitatc^ 
ft-om  the  amount  of  which  the  quantity  of  phosphoric  acid  may  be  estimated. 

14.  The  pitoportion  of  oxalate  of  lime  is  detennined  by  igniting  the  trashed : 
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<«f  9)  And  placing  it  in  an  apparatus  for  estimating  the  quantity  of  carbonic  acid  given 
off  in  dissolving  carbonate  of  lime.  The  apparatus,  either  fig,  1  or  2,  described  in  my 
little  Treatise  on  Alkalimetry,  will  serve  that  purpose  well.  I  have  rarely  obtained 
more  than  \  gr.  of  carbonic  acid  from  the  insoluble  residuum  of  100  gr.  of  good  guano, 
and  that  corresponds  to  less  than  1|  per  cent-  of  oxalate  of  lime  in  the  guano.  Some- 
times no  effervescence  at  all  is  to  be  perceived  in  treating  the  washed  residuum  with 
acid  after  ignition. 

15.  The  carbonate  of  ammonia  in  guano  is  readily  determined  by  filtering  the  solution 
of  it  in  cold  water,  and  neutralizing  the  ammonia  with  a  test  or  alkalimetrical  acid. 
(See  the  Treatise  on  Alkalimetry,  above  refo-red  to.) 

16.  Besides  the  above  series  of  operations,  the  following  researches  must  be  made  to 
complete  our  knowledge  of  guano.  The  insoluble  residuum  (of  10)  which  has  been 
deprived  by  two  successive  operations  of  its  uric  arid  and  ammonia,  may  contain  azo- 
tized  organic  matter.  It  is  to  be  therefore  well  dried,  mixed  with  5  times  its  weight  of 
the  usual  mixture  of  hydrate  oS  soda  and  quickliro<*,  and  subjected  to  gentle  ignition  in 
a  glass  or  iron  tube  closed  at  one  end,  and  connected  at  the  other  with  an  ammonia 
eondensing  apparatus.  The  amount  of  anmionia  being  estimated  by  a  proper  ammonia 
meter,  represents  the  quantity  of  az6te,  allowing  14  of  this  element  for  17  of  ammonia, 
beini?  the  potential  ammonia  corresponding  to  the  undefined  animal  matter.  In  a  sample 
of  Peruvian  gnano  I  obtained  5  per  cent,  of  ammonia  from  this  source. 

17.  The  whole  quantity  of  ammonia  producible  from  guano  is  to  be  determined  by 
gently  igniting  25  gr.  of  it  well  dried,  and  mixed  with  ten  times  its  weight  of  the  mix- 
ture of  hydrate  of  soda  and  quicklime  (2  parts  of  tl^e  latter  to  1  of  the  former).  The 
ammonia  disengaged  is  condensed  and  measured,  as  described  above. 

.  18.  The  ready-formed  ammonia  is  in  all  cases  determined  by  distilling  a  mixture  of 
100  gr.  of  it  with  50  gr.  of  slaked  lime,  condensing  the  disengaged  anmionia,  and  esti- 
mating it  exactly  by  the  meter. 

19.  The  relation  of  the  combustible  and  volatile  to  the  incombustible  and  fixed  con- 
stituents of  guano,  is  determined  by  igniting  100  gr.  of  it  in  a  poised  platinum  capsule. 
The  loss  of  weight  denotes  the  amount  of  combustible  and  volatile  matter,  including 
the  moisture,  which  is  known  from  a  previous  experiment. 

20.  The  insoluble  matter  is  digested  in  hot  water,  thrown  upon  a  filter,  dried,  and 
weighed.  The  loss  of  weight  is  due  to  the  fixed  alkaline  salts,  which,  after  concentra- 
ting their  solutions,  are  investigated  by  appropriate  tests  :  1,  nitrate  of  borytes  for  the 
sulphates ;' 2,  nitrate  of  silver  for  the  chlorides  and  sulphates;  and  3,  soda-chloride  of 
platinum,  for  distinguishing  the  potash  from  the  soda  salts. 

21.  The  insoluble  matter  (of  20)  is  digested  with  heat  in  dilute  nitric  or  hydro- 
chloric acid,  and  the  whole  thrown  upon  a  filter.  The  silica  which  remains  on  the 
filter  is  washed,  ignited,  and  weighed.  The  lime,  magnesia,  and  phosphoric  acid,  may 
be  determined  as  already  pointed  out. 

22.  I  have  endeavored  to  ascertain  if  muriate  of  ammonia  be  present  in  guano,  by 
evaporating  its  watery  solution  to  dryness,  and  subliming  the  residuum,  but  I  have 
never  obtained  a  satisfactory  portion  of  sal  ammoniac ;  and  therefore  I  am  inclined  to 
think  there  is  little  of  it.  The  quantity  of  chlorine  to  be  obtained  from  guano  is  too  in- 
considerable to  lead  to  a  suspicion  of  its  presence,  except  in  combination  with  sodium 
and  potassium.  Phosphate  of  soda  is  also  a  doubtful  product — but  if  present,  it  may  be 
obtained  from  the  saline  matter  (of  20),  by  acidulating  it  with  nitric  acid ;  precipita- 
ting first  with  nitrate  of  barytes,  next  with  nitrate  of  silver,  taking  care  to  use  no  ex- 
cess of  these  two  re-agents,  then  supersaturating  the  residuum  with  ammonia,  and  ad- 
ding acetate  of  magnesia,  when  the  characteristic  double  phosphate  of  this  earth  should 
fall,  in  case  phosphate  of  soda  be  present. 

By  the  preceding  train  of  researches,  all  the  constituents  of  this  complex  product  may 
be  exactly  disentangled  and  estimated  ;  but  they  manifestly  require  much  care,  patience, 
time,  and  dexterity,  and  also  a  delicate  balance,  particularly  in  using  the  appropriate 
apparatus  for  generating  the  potential  ammonia,  and  for  measuring  the  whole  of  this 
volatUe  substance  separated  in  the  several  steps  of  the  process.  It  may  be  easily  im« 
agined  how  little  confidence  can  be  reposed  in  many  of  the  analyses  of  guano,  framed, 
I  fear,  too  often  with  the  view  of  promoting  the  sale  of  an  indifferent  or  even  spurious 
article  of  commerce. 

A.  I  shall  now  give  in  detail  my  analytical  results  upon  three  different  samples  of 
a  good  South  American  guano ;  and  next  the  general  results  upon  three  samples  of 
African  and  Chilian  guanos  : — 

I.  Guano  from  Bolivia,  imported  by  the  Mary  and  Anne.  This  sample  was  taken 
by  myself,  as  an  aveittge  out  of  several  bags  in  the  lighter,  before  the  cargo  was  landed. 
Pale  yellow  brown  color,  dry,  partly  pulverulent,  partly  concreted,  in  small  lumps, 
with  a  few  small  fragments  d*  granite  interspersed,  and  which,  being  obvious,  were 
Mpunted  prior  to  tiie  analysis.    Specific  gravity  of  the  pulverulent  portion  without 
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the  granite,  1.60 ;  of  the  concretioiis,  1*66 ;  mean  1*63.    Water  di^esled  on  Ike 
portion  in  neutral  to  litmus,  that  on  the  latter  is  faintly  add. 

2.  100  parts  loae  6' 5  by  the  heat  of  boiling  water,  and  exhale  no  ammnnia.  Whoi 
digested  and  triturated  with  cold  water,  30*5  parts  dissolve,  and  69-5  are  obtained  aAcr 
dr}'ing,  at  212°  F.  Of  those  30*5  parts,  6*5  are  therefore  water,  easily  separable, 
24' 5  parts  are  solid  matter. 

3.  100  parts,  mixed  with  9  times  their  weight  of  water,  and  50  of  lime,  beinur 
in  an  alembic  connected  with  the  five-globe  condenser,  &e.,  afforded  exactly  4-2  of  am- 
monia. 20  grains  in  fine  powder,  along  with  200  of  a  mixture,  consisting  of  2  pails  of 
dry  lime  and  1  of  hydrate  of  soda,  were  gently  ignited  in  a  combostion-tnbe  connected 
with  the  ammonia-condensing  apparatus,  and  they  produced  4*25  grains  of  ammonia — 
equivalent  to  21*25  from  100  grains  of  the  guano.  Thus  only  4*2  per  cent,  of  *■»*■*■*» 
were  ready  formed;  whUe  17*05  lurked,  so  to  speak,  in  their  azotized  elements. 

From  its  aspect,  and  its  want  of  ammoniacal  odor,  this  guano,  the  first  cargo  re- 
ceived from  Bolivia,  was  imagined  by  the  importers  to  be  of  bad  quality ;  and,  accotd- 
ingly,  my  very  favorable  report  of  its  analysis  surprised  them  not '  a  little,  and  imthcr 
unsettled  the  little  faith  they  at  that  time  (January,  1843)  had  in  chemistry.  But  abcuaf 
a  fortnight  after  the  date  of  my  report  they  received  a  letter  from  Peru,  apprizing  then 
of  the  excellence  of  that  cargo  of  Bolivian  guano,  and  of  its  being  prized  by  the  Ameii- 
cans,  as  possessing  fertilizing  powers  in  a  pre-eminent  degree.  I  consider  this  guano, 
therefore,  as  a  type  of  the  substance  in  its  best  state, 

II.  The  soluble  matter  was  analyzed,  in  the  manner  already  detailed,  and  was  fevnd 
to  consist  of— 

1.  Urea         -----  fi-OO 

2.  Sulphate  of  potash  .  -  ^  7-90 

3.  Chloride  of  sodium  .  .  -  5*00 

4.  Biphosphate  of  ammonia  -  -  5*50 

5.  Oxalate  of  ammonia         -  -  -  0*60 


24-0 


In  these  ammoniacal  salts  there  are  only  1*65  parts  of  ammonia;  but  I  obtained  !^55 
grains  in  distilling  the  soluble  matter  of  100  grains  of  the  guano.  The  remaining  0-9 
parts,  therefore,  must  have  proceeded  from  the  partial  decomposition  of  the  urea  during 
the  long  ebullition  necessary  to  extract  every  particle  of  ammonia,  in  distilling  the 
guano  along  with  lime. 

III.  The  insoluhle  matter  =69*5  parts,  was  found  to  consist  of— 

1.  Silica     -            -            - ^25 

2.  Sobphosphate  of  lime               .....  9-00 

3.  Phosphate  of  magnesia  and  ammonia               ...  i«25 

4.  Urate  of  ammonia         ......  15-27 

5.  Undefined  azotized  organic  matter,  affording,  with  the  14  parts 

of  uric  acid,  by  ignition  with  hydrate  of  soda,  17*05  parts 

of  ammonia               ......  41-73 


69*50 


This  result  as  to  the  large  proportion  of  organic  matter  in  the  dried  insoluble 
um  was  verified  by  igniting  a  given  quantity  of  it,  when  it  was  found  to  lose,  mil  oC 
69*5  parts,  57 ;  corresponding  to  the  15*27  urate  of  ammonia,  41*73  of  undefined  organip 
matter,  and  0*08  of  ammonia,  in  the  double  magnesian  phosphate.  In  the  urate  and 
double  phosphate  are  1*35  of  ammonia,  which,  with  the  2*55,  make  3*9  parts  ;  the  other 
0*3  parts  may  be  traced  to  the  urea. 

,    As  these  results  differ  very  considerably  in  many  respects  from  those  of  the  analyses 
made  by  respectable  Grerman  chemists,  1  was  careful  to  verify  them  by  manifold 
tions  of  the  process,  as  follows : — 

1.  The  soluble  matter,  with  acid  reaction,  of  100  parts  of  the  /»mpt  of  the 
guano,  was  examined  by  per-acetate  of  iron  and  ammonia,  for  phosphoric  add,  and 
afforded  4  parts  of  it,  which  is  more  than  had  been  found  in  the  ncs/roj  pulvenilcnt 
guano.  After  the  phosphoric  acid  was  separated  by  that  method,  chloride  of  caikdmm. 
gave  no  cloud  with  the  filtered  liquor,  proving  that  no  oxalic  acid  was  present  in  these 
nodules.  The  washed  insoluble  matter,  when  gently  ignited,  and  treated  with  dilnlt 
nitric  acid,  afforded  no  effervescence  whatever,  and  therefore  showed  that  no  oxalate  «f 
lime  had  been  present,  for  it  would  have  become  a  carbonate. 
.   It  is  necessary  to  deteimine  from  time  to  time  the  quantity  ct  ferric  oxide  in  te 
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•oetale  w  ttitrate^^as  it  is  liable  to  be  deposited  from  the  AOlation  when  this  is  kept  for 
some  time.  If  this  point  be  not  attended  to,  serious  errors  would  be  committed  in  the 
estimation  of  ttte  phosphoric  acid. 

2.  The  quantity  of  uric  acid  was  Terified  by  sereral  repetitions,  and  found  to  be  14 
per  cent. 

3.  The  undefined  organic  matter,  when  deprived  of  the  uric  acid  by  prolonged  diges- 
tion with  weak  borax,  being  subjected  to  ignition  along  with  hydrate  of  soda,  yielded 
the  quantity  of  ammonia  requisite  to  constitute  the  whole  sum,  that  producible  from  the 
uric  acid  also  being  taken  into  account. 

4.  The  little  lumps  of  the  guano  afforded,  by  distillation  along  with  quicklime,  5*27 
per  cent,  of  ready-formed  ammonia,  probably  from  the  uric  acid  having  been  partially 
decomposed  by  the  moistare  which  had  caused  them  to  concrete.  It  is  a  curious  fact, 
that  the  solution  of  borax,  from  being  of  an  alkaline,  becomes  of  an  acid  jeaction,  after 
digestion  with  the  Bolivian  guano. 

5.  For  distinguishing  and  jseparating  the  soda  salts  from  those  of  potash,  I  tried  the 
antimoniate  of  potash,  according  to  Wackenroder's  prescription,  but  I  jbund  reason  to 
prefer  very  much  the  crystallized  soda-chloride  of  platinum,  for  that  purpose. 

From  another  specimen  of  the  Bolivian  guano,  I  extracted  3*5  per  ct.  of  the  ammonia- 
phosphate  of  magnesia. 

B.  A  sample  of  guano  from  the  Chincha  islands,  of  nearly  the  same  light  color  as 
the  preceding,  and  the  same  dryness,  being  an  early  importation  of  250  tons  in  the 
present  year,  was  subjected  by  me  to  a  careful  anhlysis. 

1.  The  solution  m  water  of  this  guano  had  an  alkaline  reaction  from  carbonate  of 
ammonia,  which,  being  neutralized  by  test  acid,  indicated  0*34  per  cent,  of  ammonia, 
equivalent  to  about  1  of  the  smelling  sesqui-carbonate. 

2.  Of  this  guano,  47  per  cent,  were  soluble  in  water,  and  63  per  cent,  remained,  after 
drying  at  a  heat  of  212^  F.     Of  the  above  47  parts,  8*5  were  moistare  in  the  guano. 

3.  The  solution  being  acidulated  with  nitric  acid,  was  treated  with  acetate  of  barytes, 
in  a  quantity  equivalent  to  the  sulphuric  acid  present,  and  it  afforded  12  parts  of  sul- 
phate of  barytes.  With  the  filtered  liquor,  700  water  grain  measures  of  ferric  acetate 
were  mixed,  and  then  ammonia  in  excess ;  18'5  parts  of  washed  and  ignited  sub-phosphate 
of  iron  were  obtained,  from  which  deducting  8*8  parts  present  in  the  acetate,  9*7  re- 
main as  the  quantity  of  phosphoric  acid ;  but  9*7  of  acid  produce  13*25  of  bi-phos- 
phate  of  ammonia,  which  contain  only  2*3  of  ammonia,  combined  with  0*95  of  water, 
or  its  elements.  From  the  alkaline  excess  in  the  guano,  there  can  be  no  doubt,  how- 
ever, that  it  contained  the  sub-phosphate  (fr'^nd  in  the  urine  of  Camivora),  and  not  the 
bi-phosphate  of  that  base.  In  this  case,  9*7  of  acid  produce  14*32  of  dry  saline  com- 
pound, containing  4*62  of  ammonia,  which,  with  the  0*34  of  ammonia  in  the  carbonate, 
constitute  a  sum  of  4*96.  To  the  liquor  freed  from  the  phosphate  of  iron,  and  acidtt- 
lated  with  nitric  acid,  acetate  of  lime  being  added,  3*33  parts  of  oxalate  of  this  base 
were  obtained,  which  are  equivalent  to  3*23  oxalate  ammonia,  containing  0*89  of  am- 
monia. 

4.  Nitrate  of  silver  now  produced  from  the  filtered  residual  solution  8  parts  of  chlo- 
ride, corresponding  to  nearly  3  of  sal  ammoniac,  which  contain  nearly  0*95  of  ammonia. 

5.  The  53  parts  insoluble  in  water  were  digested  with  weak,  solution  of  borax  at  a  boil- 
ing heat,  thrown  on  a  filter,  and  the  uric  acid  being  precipitated  from  the  filtrate  by 
means  of  a  little  hydrochloric  acid,  washed  and  dried,  was  found  to  weigh  13*5  parts. 
There  were  left  on  the  filter  36*5  parts,  dried  at  212*^  F.,  so  that  3  parts  of  soluble  or- 
ganic matter  had  passed  through  the  filter.  These  36*5  parts  lost  by  ignition  only  9*7 
parts  in  organic  matter,  became  white,  and  afforded  a  very  faint  effervescence  with 
hydro-chloric  acid,  showing  that  a  very  little  oxalate  of  lime  had  been  present.  1*25 
parts  of  silica  were  left  after  the  action  of  the  acid.  To  the  solution  of  the  26*55  parts, 
sulphuric  acid  was  added,  and  the  mixture  being  heated  to  expel  the  hydro-chloric  acid 
and  the  excess  of  the  sulphuric,  the  residuary  matter  was  digested  and  washed  with  di- 
lute alcohol,  and  thrown  on  a  filter;  the  solution  of  magnesia  passed  through,  while  the 
sulphate  of  lime  remained.  After  ignition,  this  weighed  27*5  parts,  equivalent  to  22  of 
sub-phosphate  of  lime.  On  supersaturating  the  filtrate  with  ammonia,  4*5  parts  of  the 
magnesia n  ammonia  phosphate  were  precipitated,  containing  0.32  of  ammonia.  With 
the  13*5  parts  of  uric  acid,  1*23  of  anmu>nia  had  been  originally  combined,  forming  14*73 
of  urate. 

6.  25  grains  of  the  dry  guano  afforded,  by  ignition  in  the  combustion-tube  along  with 
200  grains  of  the  mixed  lime  and  hydrate  of  soda,  4*165  of  ammonia,  which  correspond 
to  16*66  in  100  parts  of  the  dry,  or  to  15*244  in  the  natural  state;  leaving  therefore  5 
parts  for  the  quantity  of  potential  ammonia,  or  of  ammonia  producible  horn  the  de- 
composition of  its  azotized  organic  matter.  This  guano  is,  therefore,  well  adapted  to 
promote  permanently  the  fertility  of  a  soil.  It  yields  besides  to  alcohol  a  notable 
quantity  of  urea,  which  I  did  not  think  it  worth  while  to  detennine  qnantitivdyi  and 
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from  which  undoubtedly  a  portion  of  the  ammonia  proceeded,  in  the  dlttflliirima  wiA 
milk  of  lime. 

7.  100  parts  afforded  by  distillation  with  milk  of  lime,  10*2  of  ammonia. 

8.  The  total  constituents  of  that  guano,  being  tabulated,  are — 

1.    Matter  soluble  in  water  -  -  -  47*00 

consisting  of — 

1.  Sulphate  of  potash,  with  a  little  sulphate  of  soda 

2.  Muriate  of  ammonia  ... 

3.  Phosphate  of  ammonia  ... 

4.  Sesqui-carbonate  of  ammonia 

5.  Sulphate  of  ammonia  ... 

6.  Oxalate  of  ammonia  ... 

7.  Water  ..... 

8.  Soluble  organic  matter  and  urea 


II.    Matter  insoluble  in  water 


consisting  of— 
1.    Silica 


1.  Euuca  .  .  .  . 

2.  Undefined  organic  matter 

3.  Urate  of  ammonia     -  .  . 

4.  Oxalate  of  lime  .  .  . 

5.  Sub-phosphate  of  lime 

6.  Phosphate  of  magnesia  and  ammonia 


AfwinmiiM- 

6-00 

300 

0.95 

14-32 

4-62 

1-00 

0-34 

200 

0-50 

3-23 

0-89 

8-50 

8-95 

47-00 

5300 

1-25 

9-52 

14-73 

1-23 

1-00? 

22-00 

4-50 

0-32 

53-00 

9<80 

The  remaining  1.25  of  ac^tto/  ammonia  may  be  fairly  traced  to  the  partial  deoomposi 
lion  of  the  urea  during  the  distillation  with  lime ;  whereas  the  5  per  cent,  of  potential 
ammonia  proceeded  from  the  transforming  decomposition  of  the  uric  acid. 

C.  Foliaied  guanoy  from  Peru,  in  caked  pieces,  the  layers  very  thin,  parallel,  and  in- 
terspersed with  white  streaks.  This  guano  was  somewhat  dense  for  a  pure  specimen, 
having  a  specific  gravity  of  1*7.  The  insoluble  matter  afforded  by  digestion  with  borax 
water,  no  less  than  25*2  perct.  of  pale  yellow  uric  acid;  9  of  other  combustible  «ganie 
matter,  and  15  of  earthy  matter;  consisting  of  silica,  3*5 ;  phosphate  of  magnesia  and 
ammonia,  6*5 ;  and  only  5  of  sub-phosphate  of  lime^r  bone  earth.  It  lost  10  per  cenL 
when  dried  in  a  heat  of  212^  F.  The  remaining  30*8  parts  soluble  in  water,  had  a 
strong  acid  reaction,  and  aflbrded,  by  ferric  acetate  and  ainmonia,  6  of  phosphoric  acid, 
equivalent  to  9*7  of  crystallized  bi-phosphate  of  ammonia,  after  acetate  of  barytes  had 
separated  the  sulphuric  acid.  No  less  than  17  parts  of  chloride  of  silver  were  obtained, 
by  precipitating  with  nitrate  of  silver  the  liquor  filtered  from  the  phosphate  of  iron,  and 
acidulated  with  nitric  acid.  As  the  present  is  an  accidental  sample,  and.  not  an  average 
of  any  importation,  I  did  not  prosecute  the  research  further. 

D.  Chincha  guano,  of  a  somewhat  darker  color  than  the  preceding,  and  alkaline  re- 
action ;  specific  gravity,  1*62.  Digested  with  water  and  strained,  56*75  parts  remained 
afler  drying  it  at.  212^  F.  The  solution,  evaporated  and  dried  also  at  212°,  afiTonied 
31*25  of  saline  matter.  This  saline  mass  being  mixed  with  four  fifths  of  its  weight  of 
slaked  lime,  nine  times  its  weight  of  water,  and  distilled,  afforded  of  ammonia  14-28 
per  cent.  Some  chemists  have  prescribed  potash  instead  of  lime,  for  separating  the  am- 
monia in  distillation ;  but  no  person  of  intelligence  who  has  made  the  experiment  once 
will  choose  to  repeat  it,  because  the  potash  forms  with  the  organic  matter  of  the  guano 
a  viscid  compound,  that  froths  up  like  a  mass  of  soap-bubbles,  and  coming  over  with 
the  vapors,  obstructs  and  vitiates  the  result. 

2.  When  dried  altogether  by  a  steam  heat,  100  parts  lost  12  in  moisture ;  whereas  by 
evaporating  and  drying  the  soluble  matter  by  itself,  the  loss  amounted  to  16-3,  no 
doubt  by  the  dissipation  of  some  of  the  ammoniacal  salts ;  for  100  parts  of  the  entire 
guano  afford,  by  distillation  with  quicklime,  9  parts  of  ammonia,  and  by  the  trana- 
forming  decomposition  with  hydrate  of  soda  and  lime,  16*25,  indicating  7-25  o€ potential 
ammonia,  in  addition  to  the  9  of  ready  formed.  The  insoluble  matter  of  100  parts 
afforded  to  borax-water  a  solution  containing  16*5  of  uric  acid,  corresponding  to  18  oT 
urate  of  ammonia.  There  remained  on  the  filtef,  after  drying  it  at  212*^  P.,  only  33-8 
parts;  so  that  about  5  parts  of  soluUe  organic  matter  had  pawed  tiirovgh  the  Ulcr  m 
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the  borax  water.    These  33*8  consisted  of  subphosphate  of  lime  17,  magnesiaa  phos- 
phate of  ammonia  5-5,  silica  0*7,  and  combustible  organic  matter  10-6. 

The  ammonia  in  the  soluble  portion  was  in  the  state  chiefly  of  phosphate ;  there  was 
merely  a  faint  trace  of  oxalate  of  ammonia. 

£.  jSfrican  Guano, — ^Among  the  many  samples  of  African  guano  which  I  ha?e  had 
occasion  to  analyze  for  the  importers,  none  has  contained  any  appreciable  quantity 
of  uric  acid,  or  by  consequence  of  potential  ammonia.  The  best  i^orded  me  10  per 
cent,  of  ready-formed  ammonia,  existing  chiefly  in  the  state  of  a  phosphate,  though  they 
all  contain  carbonate  of  ammonia,  and  have  of  consequence  an  alkaline  reaction.  The 
said  sample  contained  21*5  of  moisture,  separable  by  a  heat  of  212P  F.  Its  specific 
gravity  was  so  low  as  1*57,  in  consequence  of  the  large  proportion  of  moisture  in  it. 
It  contained  23  per  cent,  of  subphosphate  of  lime,  3  of  magnesian  phosphate  of  am- 
monia, 1  of  silica,  and  1*5  of  alkaline  sulphate  and  muriate.  The  remaining  50  parts 
consisted  of  decayed  organic  matter,  with  phosphate  of  ammonia,  and  a  little  carbonate, 
equivalent  to  half  a  grain  of  ammonia,  which  is  the  largest  quantity  in  such  guanos. 
Other  African  guanos  have  afibrded  from  24  to  36  of  moisture,  no  uric  acid ;  do  po- 
tential ammonia ;  but  decayed  organic  matter ;  from  5  to  7  of  ready-formed  ammonia  in 
the  state  of  phosphate,  with  a  little  carbonate;  from  25  to  35  per  cent,  of  subphosphate 
of  lime ;  5  or  6  of  the  magnesian  phosphate  of  ammonia ;  more  or  less  oxalates  from 
the  decomposition  of  the  uric  acid,  and  3  to  5  per  cent,  of  fixed  alkaline  salts. 

F.  The  Ckilian  Guano  gathered  on  the  coast,  already  adverted  to,  contained  a  remarka- 
ble proportion  of  common  salt,  derived  probably  from  the  sea  spray. 

The  following  is  the  general  report  of  the  chemical  examination  of  several 
samples  of  guano,  which  I  made  for  Messrs.  Gibbs  of  London,  and  Messrs.  Myers  of 
Liverpool : — 

'*  In  these  various  analyses,  performed  with  the  greatest  care,  and  with  the  aid  of  the 
most  complete  apparatus  for  both  inorgahic  and  organic  analysis,  my  attention  has  been 
directed,  not  only  to  the  constituents  of  the  guano  which  act  as  an  immediate  manure, 
but  to  those  which  are  admitted  by  practical  farmers  to  impart  durable  fertility  to  the 
grounds.  The  admirable  researches  of  Professor  Liebig  have  demonstrated  that  Azote, 
the  indispensable  element  of  the  nourishment  of  plants,  and  especially  of  wheat  and 
others  abounding  in  gluten  (an  azotized  product),  must  be  presented  to  them  in  the  state 
of  ammonia^  yet  not  altogether. ammoaia  in  the  pure  or  saline  form,  for,  as  such,  it  is 
too  readily  evaporated  or  washed  away ;  but  in  the  dormant,  or  as  one  may  say,  in  the 
potential  condition  in  contradistinction  from  the  actual.  Genuine  Peruvian  and  Bolivian 
guanos,  like  those  which  I  have  minutely  analyzed,  surpass  very  far  all  other  species 
of  manure,  whether  natural  or  artificial,  in  the  quantity  of  potential  ammonia,  and, 
therefore,  in  the  permanency  of  their  action  upon  the  roots  of  plants,  while,  in  conse- 
quence of  the  ample  store  of  actual  ammonia  which  they  contain  ready  formed,  they 
are  qualified  to  give  immediate  vis:or  to  vegetation.  Urate  of  airmonia  constitutes  a 
considerable  portion  of  the  azotized  organic  matter  in  well-preserved  guano;  it  is 
nearly  insoluble  in  water,  not  at  all  volatile,  and  is  capable  of  yielding  to  the  soil,  by 
its  slow  decomposition,  nearly  one  third  of  its  weight  of  ammonia.  No  other  manure 
can  rival  this  animal  saline  compound.  One  of  the  said  samples  cf  guano  afiforded  me 
no  less  than  17  per  cent,  of  potential  ammonia,  besides  4 J  per  cent,  of  the  actual  or 
ready  formed ;  others  from  7  to  8  per  cent,  of  ammonia  in  each  of  these  states  re- 
spectively. These  guanOs  which  I  have  examined  are  the  mere  excrement  of  birds, 
and  are  quite  free  from  the  sand,  earth,  clay,  and  common  salt,  reported  in  the  analyses 
of  some  guanos,  and  one  of  which  (sand)  to  the  amount  of  30  per  cent.  I  found  myself 
in  a  sample  of  guano  from  Chile. 

"  The  Peruiian  guano,  moreover,  contains  from  10  to  25  per  cent,  of  phosphate  of 
lime,  the  same  substance  as  bone-earth,  but  elaborated  by  the  birds  into  a  pulpy  con- 
sistence, which,  while  it  continues  insoluble  in  water,  has  been  thereby  rendered  more 
readily  absorbable  and  digestible  (sa  to  speak)  by  the  roots  of  plants.  I  have  there- 
fore no  doubt,  that  by  the  judicious  application  of  these  genuine  guanos,  mixed  with 
twice  or  thrice  their  weight  of  a  marly  or  calcareous  soil,  to  convert  their  phosphate  of 
ammonia  into  phosphate  of  lime  and  carbonate  of  ammonia,  as  also  to  dilute  all  their 
ammoniacal  compounds — such  crops  will  be  produced,  even  on  sterile  lands,  as  the 
farmer  lias  never  raised  upon  the  most  improved  soil  by  the  best  crdinary  manure.  To 
the  West  India  planter,  guano  will  prove  the  greatest  boon,  sirce  it  condenses  in  a 
portable  and  inoffensive  shape  the  means  of  restoring  fertility  to  his  exhausted  cane- 
fields,  a  benefit  it  has  long  conferred  on  the  poorest  districts  of  Peru. 

**  I  respectfully  observe,  that  no  analysis  of  guano  hitherto  d  ade  public  at  all  ex- 
hibits the  value  of  the  cargoes-  referred  to  above,  while  none  gives  the  quantity  of 
ammonia  dormant  in  the  azotized  animal  matter  of  the  birds*  dung,  which,  called  into 
activity  with  the  seeds  in  the  soil,  becomes  the  most  valuable  of  its  constituents,  as  a 
toorce  of  perennial  fertility.    In  the  detailed  account  of  my  analyses  of  this  complex 
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excretion  (now  preparing  for  publication),  all  the  above  statements  win  be  bravgW 
writhin  the  scope  of  geneml  compr^ension.  I  sliaU  also  describe  mj  *  ammonia  gene- 
rator/ based  on  the  pvoeesa  invented  in  the  laboratory  of  Professor  Liebig^and  alw  my 
'ammonia  meter,'  which,  together,  can  detect  and  measore  one  handredtb  part  of  a 
grain  weight-  of  absolute  ammonia,  whether  potential  or  actual,  in  any  sample  of 
guano. 

^<  Meanwhile'  the  following  may  be  offered  as  the  average  result  of  my  analyses  of 
genuine  guano  in  reference  to  its  agricultural  value : — 

**  1.  Azotized  animal  matter,  including  urate  of  ammonia,  to- 
gether capable 'of  aflbrding  from  8  to  16  percent,  of     - 
ammonia  by  slow  decomposition  in  the  soil  -  -  60 

2.  Water Stoll 

3.  Phosphate  of  lime     -  -  -  -  -12to25 

4.  Phosphate  of  ammonia,  sulphate  of  ammonia,  ammonia* 

phosphate  of  magnesia,  together  containing  from  5  to 

9  parts  of  ammonia  -  -  -  -  •  13 

5.  Siliceous  sand  -  -      '     -  -  -  -    1 

100 

*'  Very  moist  guano  has  in  general  more  actual  and  less  potential  ammonia  than  tkc 
dry  guano. 

'^AjiDnKW  IJ] 
**  London^  13  CharlotU  tirutf  Bedford  iquare, 
«  February  14,  1843.'* 

Oellaeher's  analysis  of  a  brownish  yellow  guano  is  as  follows : — 

1.  Urate  of  ammonia  ... 

2.  Oxalate  of  ammonia  ... 

3.  Oxalate  of  lime        - 

4.  Phosphate  of  anmionta         ... 

5.  Phosphate  of  ammonia  and  magnesia 

6.  Phosphate  of  lime    -  -  .  - 

7.  Muriate  of  ammonia  ... 

8.  Chloride  of  sodium  (common  salt)  - 

9.  Carbonste  of  ammonia        .  . 

10.  Carbonate  of  lime  ... 

11.  Sulphate  of  potash  '    - 

12.  Sulphate  of  soda  ... 

13.  Hu  mate  of  ammonia  ... 

14.  Substance  resembling  wax  -  .  - 

15.  Sand  ..... 

16.  Water  (hygroscopic)  -  .  - 

17.  Undefined  organic  matter  -  .  - 


I  am  satisfied  from  its  large  proportion  of  oxalate  of  ammonia,  that  the  sample  thus 
analyzed  was  by  no  means  a  fair  or  normal  specimen  of  guano ;  and  it  is  in  fact  widely 
diflferent  from  all  the  fresh  samples  which  have  passed  thraueh  my  hands.  It  is 
described  as  "  knobby,  being  mixed  with  light  laminated  cr>'stalline  portions,  in  while 
grains,  from  the  size  of  a  pea  to  that  of  a  pigeon's  e^."  Having  some  lumpy  concre 
tions  of  a  similar  aspect  in  my  possession,  I  submitted  them  to  chemical  examinatioa. 

6.  1,000  grains  being  diaested  in  boiling  water  and  strained,  afforded  a  nearly  color- 
less solution.  This  was  'concentrated  till  crystals  of  oxalate  of  ammonia  appeared.  It 
was  then  acidulated  with  hydrochloric  acid,  to  protect  the  i^osphoric  acid  from  pre- 
cipitation, and  next  treated  carefully  with  a  solution  of  nitrate  of  lime  equivalent  to  the 
oxalic  acid  present.  The  oxalate  of  lime  thus  obtained  being  converted  into  carbonate 
weighed  80*5  errains,  corresponding  to  100  of  oxalate  of  ammonia,  being  10  per  ceiiL 
of  the  weight  of  the  guano. 

The  liquor  filtered  from  the  oxalate  ivas  precipitated  by  nitrate  of  barytes,  and 
afforded  112  grains  of  sulphate  of  barytes =38  sulphuric  acid;  and  the  last  filtnte 
being  mixed  with  a  i^iven  measure  of  ferric  acetate,  and  the  mixture  supersaturated 
with  ammonia,  yielded  suhphosphate  of  iron,  equivalent  to  5  per  cent  of  phosphoric 
acid.  I  digested  with  heat  other  500  grains  of  the  same  gaano  in  a  weak  solutioB  of 
borax,  filtered,  acidulated  the  liquid,  but  obtained  merely  a  trace  of  uric  add.    It  is 
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ckftf  therefore  Ihat  the  oxalate  of  ammonia  had  been  formed  in  this  guano  at  the 
expense  of  the  uric  8cid>  and  that  its  concreted  state,  and  the  crystalline  nodules  dis- 
seminated through  it,  were  the  result  of  transformation  by  moisture  in  a  hot  climate, 
which  had  agglomerated  it  to  a  density  of  1*75 ;  whereas  clean  fresh  guano,  friable  and 
dry  like  the  above,  is  seldom  denser  than  1*65.  The  guano  contained  only  3*23  of 
ammonia ;  65  of  insoluble  matter,  53  of  earthy  phosphates,  6  silica,  3  alkaline  saUa 
(fixed),  and  7  oi^nic  matter. 

Oxalate  of  ammonia,  being  readily  washed  away,  it  is  a  bad  substitute  for  the  urata 
of  ammonia,  urea,  and  axotized  animal  matter,  which  it  has  replaced.  Oellaeher 
could  find  no  urea  in  the  guano  which  he  analyzed ;  another  proof  of  its  dis- 
integration. 

Bartel's  analysis  of  a  brown-red  guano  is  as  follows  :-*- 

1.  Muriate  of  ammonia        -        -  ....      6*500 

2.  Oxalate  of  ammonia        -        -  ....     ]3*351 

3.  Urate  of  ammonia   --------      3*244 

4.  Phosphate  of  ammonia    -------      6*450 

5.  Substances  resembling  wax  and  resin       -        -        -        -      0*600 

6.  Sulphate  of  potash 4*277 

7.  Sulphate  of  soda 1*119 

8.  Phosphate  of  soda 5*291 

9.  Phosphate  of  lime 9*940 

10.  Phosphate  of  ammonia  and  magnesia               ...      4*196 
U.  Common  salt 0*100 

12.  Oxalate  of  lime 16*360 

13.  Alumina 0*104 

14.  Sand  insoluble  in  nitric  acid,  and  iron      .        .        -        .  5*800 

15.  Loss  (water  and  volatile  ammonia  and  undefined  organic 

matter) 22*718 


100*000 

Voelckel,  in  his  analysis  of  guano,  states  7  per  cent,  of  oxalate  of  lime — a  result  quite 
at  variance  with  all  my  experience — for  I  have  never  found  so  much  as  2  per  cent,  of 
carbonate  of  lime  in  the  washed  and  gently  ignited  insoluble  matter ;  whereas,  according 
to  Bartels  and  Voelckel,  from  10  to  5  per  cent,  of  carbonate  should  be  obtained,  as  the 
equivalents  of  the  proportions  of  the  oxalate  assigned  by  them. 

All  these  analyses  are  defective  moreover  in  not  showint;  the  total  quantity  of  ammonia 
which  the  guano  is  capable  of  giving  out  in  the  soil ;  and  since  it  appears  that  the  freshest 
guano  abounds  most  in  what  I  have  called  potential  ammonia,  it  must  possess,  of  con- 
sequence, the  greatest  fertilizing  virtue. 

A  sample  of  decayed  dark-brown  moist  guano  from  Chile,  being  examined  as  above 
described,  for  oxalate  of  ammonia,  was  found  to  contain  none  whatever ;  and  it  con- 
tained less  than  1  per  cent,  of  uric  acid. 

H.  An  article  offered  to  the  public,  by  advertisement,  as  Peruvian  guano,  was  lately 
sent  to  roe  for  analysis.    I  found  it  to  be  a  spurious  composition ;  it  consisted  of— - 

1.  Common  salts      ........    32*0 

2.  Common  siliceous  sand         ......    28*0 

3.  Sulphate  of  iron  or  copperas  ....      5*2 

4.  Phosphate  of  lime        -...-..      4*0,  with 

5.  Organic  matter  from  bad  guano,  &c.  (to  give  it  smell)  -    23*3 

6.  Moisture     ---------      7*5 

100-0 
Genuine  guano,  when  burned  upon  a  red  hot  shovel,  leaves  a  white  ash  of  phosphate 
of  lime  and  magnesia ;  whereas  this  factitious  substance  lef\  a  black  fused  mass  of  sea 
salt,  copperas,  and  sand.  The  specific  gravity  of  good  fresh  guano  is  seldom  more  than 
1*66,  water  being  100;  whereas  that  of  the  said  substance  was  so  high  as,  2*17  ;  pro- 
duced by  the  salt,  sand,  and  copperas. 

^  GUMS.  Under  the  generic  name  Gum  several  substances  have  been  classed,  which 
differ  essentially,  though  they  possess  the  following  properties  in  common :  viz.,  form- 
ing a  thick  mucilaginous  liquid  with  water,  and  being  precipitable  from  that  solution  by 
alcohol.  ^  Properly  speaking,  we  should  style  gums  only  such  substances  as  are  trans- 
formed into  mucic  acid  by  nitric  acid;  of  which  bodies  there  are  three:  1.  ^rabim, 
which  constitutes  almost  the  whole  of  gum  arabic ;  2.  Basacrine,  which  forms  the  chief 
part  of  gum  tragacanth;  and  3.  Ceracim,  which  occurs  in  cherry-tree  gum,  and  is  con- 
vertible into  gum  arabic  by  hot  water. 

1.  Gum  arabic,  in  its  ordinar)'^  state,  contains  17  per  cent,  of  water,  separable  from 
it  by  a  heat  of2l2C'F. 
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2.  Cherry-tree  gum  consists  of  52  per  cent,  of  arabine,  and  35  of  a  pecnliar 
which  has  been  called  Cerasine,  This  latter  substance  is  convertible  into  grape 
by  boiling  it  with  very  dilute  salpburlc  acid. 

GUNPOWDER,  ANALYSIS  OF.  M.  Bolley  dissolves  out  the  sulphur  from  ckar- 
coal  in  gunpowder  (previously  freed  from  its  nitre  by  water),  by  digestin^^  it, at  a  boOii^ 
heat  for  2  hours,  with  the  solution  of  20  times  its  weight  of  sulphite  of  soda,  which  is 
thereby  converted  into  hyposulphite.  To  the  mixture  water  must  be  added,  as  it  ia 
wasted  by  the  boiling.  If  the  residuum  be  heated  on  platinum  foil,  it  will  exhale  sul- 
phur, if  this  had  not  been  sdl  removed  by  the  sulphurous  salt. 

H. 

HAIR  CLOTH.    See  Weaving. 

HATS.  The  body  of  a  beaver  hat  is  made  of  fine  wool  and  coarse  fur  mixed  aad 
felted  together,  then  stiffened  and  shaped ;  the  covering  consists  of  a  coat  of  beaver  fiir 
felted  upon  the  body.  Cheap  hats  have  their  bodies  made  of  coarse  wool,  and  their 
coverings  of  coarse  fur  or  fine  wool.  The  body  or  foundation  of  a  good  beaver  hat,  m 
at  present  made  of  8  parts  of  rabbit's  fur,  3  parts  of  Saxony  wool,  and  1  i>art  of  lama, 
vicunia,  or  red  wool.  About  two  ounces  and  a  half  of  the  above  mixture  are  sufficient 
for  one  hat,  and  these  are  placed  in  the  hands  of  the  bower;  his  tool  is  a  bow  or  beat 
ashen  staff,  from  5  to  7  feet  long,  having  a  strong  catgut  string  stretched  over  a  bridge 
at  each  end,  and  suspended  at  its  middle  by  a  cord  to  the  celling,  so  as  to  hang  nearly 
level  with  the  work-bench,  and  a  small  space  above  it.  The  wool  and  coarser  fur  are 
laid  in  their  somewhat  matted  state  upon  this  bench,  when  the  bower,  grasping  the  beat 
rod  with  his  left  hand,  and  by  means  of  a  small  teooden  catch  plucking  the  string  irt/A  his 
right,  mnkes  it  vibrate  smartly  against  the  fibrous  substances,  so  as  to  disentangle  them, 
toss  them  up  in  the  air,  and  curiously  arrange  themselves  in  a  pretty  uniform  layer  or 
fleece.  A  skilful  bower  is  a  valuable  workman.  The  bowed  materials  of  one  hat  are 
spread  out  and  divided  into  two  portions,  each  of  which  is  compressed,  first  with  a  light 
wicker  frame,  and  next  under  a  piece  of  oil  cloth  or  leather,  called  a  hardening  skin, 
till  by  pressing  the  hands  backward  and  forward  all  over  the  skin,  the  filaments  aie 
linked  together  by  their  serrations  into  a  somewhat  coherent  fleece  of  a  triangular  shape. 
The  two  halves  or  "  bats"  are  then  formed  into  a  cap ;  one  of  them  is  covered  in  its 
middle  with  a  d-corncred  piece  of  paper,  smaller  than  itself,  so  that  its  edges  may  be 
folded  over  the  paper,  and  by  overlapping  each  other  a  little,  form  a  complete  envelope 
to  the  paper;  the  junctions  are  then  partially  felted  together  by  rubbing  them  bard, 
care  being  taken  to  keep  the  base  of  the  triangle  open  by  means  of  the  paper ;  the  sec- 
ond bat  being  made  to  enclose  the  first  by  a  similar  process  of  folding  and  friction. 
This  double  cap,  with  its  enclosed  sheet  of  paper,  is  next  rolled  ap  in  a  damp  cloth  and 
kneaded  with  the  hands  in  every  direction,  during  which  it  is  unfolded  and  creased  up 
again  in  different  forms,  whereby  the  two  layers  get  thoroughly  incorporated  into  one 
body ;  thus,  on  withdrawing  the  paper,  a  hollow  cone  is  obtained.  The  above  opera- 
tions have  been  partially  described  in  the  body  of  the  Dictionary,  and  the  remaining 
steps  in  making  a  hat  are  there  sufficiently  detailed. 

In  a  great  hat  factory  women  are  employed,  at  respectable  wages,  in  plucking  the 
beaver  skins,  cropping  off  the  fur,  sorting  various  qualities  of  wool,  plucking  and  cntting 
rabbit's  fur,  shearing  the  nap  of  the  blocked  hat,  picking  out  unseemly  filaments  of  far, 
and  in  trimming  the  hats ;  that  is,  lining  and  binding  them. 

The  annual  value  of  the  hats  manufactured  at  present  in  the  United  Kingdom  is 
estimated  at  3,000,000/.  sterling.  The  quantity  exported  in  1840,  was  22,522  dozens, 
valued  at  81,583/. 

With  regard  to  the  stiffening  of  hats,  I  have  been  furnished  by  a  skilful  operator  with 
the  following  valuable  information:  "All  the  solutions  of  gums  which  I  have  hitherto 
seen  prepared  by  hatters,  have  not  been  perfect,  but,  in  a  certain  degree,  a  mixture,  more 
or  less,  of  the  gums,  which  are  merely  suspended,  owing  to  the  consistency  of  the  cooft- 
position.  When  this  is  thinned  by  the  addition  of  spirit,  and  allowed  to  stand,  it  lets 
fall  a  curdy  looking  sediment,  and  to  this  circumstance  may  be  ascribed  the  frequent 
breaking  of  hats.  My  method  of  proceeding  is,  first  to  dissolve  the  gums  by  airitatioii 
in  twice  the  due  quantity  of  spirits,  whether  of  wood  or  wine,  and  then,  af\er  complete 
solution,  draw  off  one  half  the  spirits  in  a  stiU,  so  as  to  bring  the  stiflTening  to  a  proper 
consistency.  No  sediment  subsequently  appears  on  diluting  this  solution,  however 
much  it  may  be  done. 

''Both  the  spirit  and  alkali  stiffenings  for  hats  made  by  the  foUowftg  two  recipes^ 
have  been  tried  by  some  of  the  first  houses  in  the  trade,  and  have  been  mnch  ap- 
proved of: — 
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Simrit  SHffming. 

7  pounds  of  fine  orange  shellac. 

2  pounds  of  gum  sandarac. 

4  ounces  of  gum  mastic. 

Half  a  pound  of  amber  rosin. 

1  pint  of  solution  of  copal. 

1  gallon  of  spirit  of  wine  or  wood  naphtha. 

*'  The  shellac,  sandarac,  madtic,  and  rosin,  are  dissolved  in  the  spirit,  and  the  solu* 
tion  of  copal  is  added  last. 

JJkali  Si^ening. 

7  pounds  of  common  block  shellac. 

1  pound  of  amber  rosin. 

4  ounces  of  gum  thus. 

4  ounces  of  gum  mastic. 

6  ounces  of  borax. 

Half  a  pint  of  solution  of  copal. 

*'  The  borax  is  first  dissolved  in  a  little  warm  water  (say  1  gallon) ;  this  alkaline  liquor 
is  now  put  into  a  copper  pan  (heated  by  steam),  together  with  the  shellac,  rosin,  thus,  and 
mastic,  and  allowed  to  boil  for  some  time,  more  warm  water  being  added  occasionally 
until  it  is  of  a  proper  consistence ;  this  may  be  known  by  pouring  a  little  on  a  cold  slab 
somewhat  inclined,  and  if  the  liquor  runs  off  at  the  lower  end,  it  is  sufiiciently  fluid ;  if, 
on  the  contrary,  it  sets  before  it  reaches  the  bottom,  it  requires  more  water.  When  the 
whole  of  the  gums  seem  dissolved,  half  a  pint  of  wood  naphtha  must  be  introduced,  and 
the  solution  of  copal ;  then  the  liquor  must  be  passed  through  a  fine  sieve,  and  it  will 
be  perfectly  clear  and  ready  for  use.  This  stiffening  is  used  hot.  The  hat  bodies, 
before  they  are  stiffened,  should  be  stiffened  in  a  weaSk  solution  of  soda  in  water,  to 
destroy  any  acid  that  may  have  been  led  in  them  (as  sulphuric  acid  is  used  in  the  ma- 
king of  the  bodies).  If  this  is  not  attended  to,  should  the  hat  body  contain  any  acid 
when  it  is  dipped  into  the  stifiening,  the  alkali  is  neutralized,  and  the  gums  consequently 
precipitated.  AAer  the  body  is  steeped  in  the  alkaline  solution,  it  must  be  per- 
fectly dried  in  the  stove  before  the  stiifening  is  applied;  when  stiffened  and  stoved  it 
must  be  steeped  all  night  in  water,  to  which  a  small  quantity  of  sulphuric  acid  has 
been  added ;  this  sets  the  stiffening  in  the  hat  body,  and  fi^nishes  the  process.  A  good 
workman  will  stiffen  15  or  16  dozen  hats  a  day.  If  the  proof  is  required  cheaper, 
more  shellac  and  rosin  must  be  introduced." 

HIDES,  untanned ;  bufifalo,  bull,  ^ ow,  ox,  or  horse.  Imported  in  1840,  352,867 ;  re- 
tained for  consumption,  302,789.  Rates  of  duty :  from  west  coast  of  Africa,  not  exceed- 
ing 14  pounds,  2s,  4d, ;  from  British  possessions,  dry,  2^.,  wet,  Is.  2d, ;  from  other  places, 
dry,  4s.  8/i.,  wet,  2*.  4d,  Net  revenue,  40,139/.  in  1840,  and  45,328/.  in  1839.  In 
1839,  16,557  pounds  of  tanned  hides  were  imported  for  home  consumption,  and  in  1840 
only  5,822 :  at  the  rate  from  foreign  parts  of  6d,  per  pound,  but  if  cut  and  trimmed, 
9d. ;  from  British  possessions  3d.,  if  cut  and  trimmed  4id.  per  pound. 

HOPS. 

Annual  amount  of  hop  duty. 


Yrs 

Amounl. 

Yr«. 

Amount. 

Vrs. 

Amount. 

Yr«. 

Amount. 

Yrs. 

Amount. 

Yw. 

Amount. 

1711 

jC43,437 

1733 

jC70,2!5 

1755 

£82,157 

1777 

£43.581 

1799 

i:73,279 

1821 

£154,609 

1712 

30,278 

1734 

37,716 

1756 

48,106 

1778 

159,891 

1800 

72,928 

1822 

203,724 

1713 

23,018 

1735 

'  42,745 

1757 

69,713 

1779 

55,800 

1801 

241,227 

1823 

26,056 

I7I4 

14,457 

1736 

46.462 

1758 

72,896 

1780 

122,724 

1802 

15,463 

1824 

148,833 

1715 

44,975 

1737 

56,492 

1759 

42,115 

1781 

120,218 

1803 

199,305 

1825 

24,317 

1716 

20,354 

1738 

86,575 

1760 

117,992 

1782 

14.895 

1804 

177,617 

1826 

269,331 

1717 

54,M9 

1739 

70,742 

1761 

79,776 

1763 

75,716 

1805 

32,904 

1827 

140.848 

J7I8 

15,005 

1740 

37,875 

1762 

79,295 

1784 

94,359 

1806 

153,102 

1828 

172,027 

1719 

90,31* 

1741 

65,222 

1763 

88,315 

1785 

112,684 

1807 

100,071 

1829 

38,398 

1740 

38,lfi9 

1742 

45,550 

1764 

17.178 

1786 

95,973 

1808 

251,089 

1830 

88,047 

1721 

fi 1,302 

1743 

61,072 

1765 

73,778 

1787 

42,297 

Ih09 

63,452 

1831 

174,864 

1723 

49,443 

1744 

46,708 

1766 

116,445 

1788 

143,168 

ICIO 

73,514 

1832 

139,016 

1723 

30.279 

1745 

34,635 

1767 

25,997 

1789 

104,063 

1811 

157,025 

1833 

156,905 

1724 

61,271 

1746 

91,879 

1768 

114,002 

1790 

106,841 

1812 

30,638 

1834 

189.718 

1725 

6,526 

1747 

02,993 

1769 

16,201 

1791 

90,059 

1813 

131,482 

1835 

235,207 

I72ri 

80.031 

1748 
1749 

87,155 

1770 

101,181 

1792 

162,112 

1814 

140,202 

1836 

200,333 

1797 

69,409 

36,805 

1771 

33,143 

1793 

22,619 

1815 

123,678 

1837 

178,578 

1728 

41,494 

1750 

72,138 

1772 

102,650 

1794 

203,063 

1816 

46,302 

1838 

171,556 

I72« 

48,441 

1751 

75,954 

1773 

45,847 

1795 

82,342 

1817 

66.522 

1839 

305,537 

1730 

41.419 

1752 

82,163 

1774 

138,867 

1790 

75,223 

IH18 

199,465 

1840 

34,091 

17S1 

22,600 

1753 

91,214 

1775 

41,597 

1797 

157,458 

1819 

242,476  1841  ; 
13H,330  18J2 

146,159 

1732 

3.5.135  1  1754 

102,012 

1776 

125,691 

1798 

56,032 

1820 

169,776 
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Number  of  acres  under  tke  eaUbation  of  hops  in  Engknd. 


1807 

38,218 

lbI3 

39,521 

1819 

51,014 

1825 

46,716 

isaii 

47,129 

1837 

54,323^ 

1808 

3'*,436 

1814 

40,571 

1890 

^,148 

1820 

50,471 

18S2 

47,101 

1S3S 

56.015 

1609 

38,357 

1615 

42,150 

1821 

45,6(>2 

1827 

49.485 

1833 

49,167 

1839 

M^OS 

1810 

38,265 

1816 

44,919 

1892 

43,766 

1828 

48,365 

1634 

51,273 

1840 

44J05 

1811 

38,401 

1817 

46,493 

1623 

41,458 

1829 

46,135 

1835 

53,816 

1S41 

45,769 

1818 

38.700 

1818 

48,593 

1824 

43,449 

1830 

46,726 

isse 

55,422 

1842 

J 

Hop  duties  of  purtiealnr  distrieto. 


Rochester 

Canterbury      ... 

Kent        .       -        -       - 

Sussex     .... 

Worcester       .        -       - 

Farnham 

North  Clays    - 

Essex      -       -        .       - 

Sundries         .        «       , 

1839. 

1840. 

1841. 

1S4«. 

i:60,802  16    6 
50,649    3    0 

i:2S,256  19  8 
5,757    0  4 

4^51,490    3    6 
33,960  14  10 

Je5a.8]2    4    7 
31,010  13    5 

111,451  19    6 
65,026  10    7 
16,639  16    4 
7,730    7    2 
2,005  19  10 
1,694    5    9 
l/»8  11    5 

99,014    0  0 

8,080  19  0 

239  19  0 

1,043  18  7 

67    4  1 

35  17  1 

20    4  8 

85350  18    6 

38,066  13  10 

12,076  19    8 

7,702  10    2 

1,159    7  10 

977    3    0 

705    8    7 

90,731  IS    0 

43^61   19    0 

19315    2  11 

11,678  IS    4 

I,7»4    a    7 

3.050  19  11 

303  14    3 

205,538  12    7 

34,091  17  2 

146,159    1    7 

169,776    6    0 

HORN.  Mr,  J.  James  has  contrived  a  method  of  opening  np  the  horns  of  cattle,  hj 
which  he  avoids  tlie  risk  of  scorching  or  frizzling,  which  is  apt  to  happen  in  heating 
them  over  an  open  fire.  He  takes  a  solid  block  of  iron  pierced  with  a  conical  hole, 
which  is  fitted  with  a  conical  iron  plug,  heats  them  in  a  stove  to  the  tem];>eratnre  of 
melting  lead,  and  having  previously  cut  up  the  horn  lengthwise  on  one  side  with  a  saw, 
he  inserts  its  narrow  end  into  the  hole,  and  drives  the  plug  into  it  with  a  mallet.  By 
the  heat  of  the  irons,  the  horn  gets  so  softened  in  the  course  of  about  a  minute,  as  to 
bear  flatting  out  in  the  usual  way. 

HYPOSULPHITE  OF  SODA.  This  salt,  so  extensively  used  in  the  practice  of 
Vaguerrotyping,  may  be  easily  prepared  in  quantities  by  the  following  process : — 
Mix  one  pound  of  finely  pulverized  ignited  carbonate  of  soda  with  ten  ounces  of 
flowers  of  sulphur,  and  heat  the  mixture  slowly  in  a  porcelain  dish  tiU  the  snlphiir 
melts.  Stir  the  fused  mass,  so  as  to  expose  all  its  parts  freely  to  the  atmosphere, 
whereby  it  passes  from  the  state  of  a  sulphuret,  by  the  absorption  of  atmospherical 
oxygen,  into  that  of  a  sulphite,  with  the  phenomenon  of  very  slight  incandescence. 
Dissolve  in  water,  filter  the  solution,  and  boil  it  immediately  along  with  flowers  of 
sulphur.  The  filtered  ,concentrated  saline  liquid  will  aflbrd,  on  cooling,  a 
quantity  of  pore  and  beautiful  crystals  of  hyposulphite  of  soda. 
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ILLUMINATION,  COST  OF.  The  production,  difi'usion,  and  economy  of  light, 
are  subjects  of  the  hisrhest  interest  both  to  men  of  science  and  men  of  the  world ; 
leadinsr  the  former  to  contemplate  many  of  the  most  beautiful  phenomena  of  pkyaici 
and  chemistry,  while  they  provide  the  latter  with  the  artificial  illumination  so  indis- 
peusable  to  the  business  and  pleasures  of  modem  society.  The  great  cost  of  light  from 
wax,  spermaceti,  and  even  stearic  candles,  as  also  the  nuisance  of  the  light  from  tallow 
ones,  have  led  to  the  invention  of  an  endless  variety  of  lamps,  of  which  the  best  hitherto 
known  is  undoubtedly  the  mechanical  or  Carcel  lamp,  so  generally  used  by  the  opulent 
families  in  Paris.  In  this  lamp  the  oil  is  raised  through  tubes  by  clock-work,  so  «3 
continually  to  overflow  at  the  bottom  of  the  burning  wick ;  thus  keeping  it  thoronghly 
soaked,  while  the  excess  of  the  oil  drops  back  into  the  cistern  below.  I  have  possessed 
for  several  years  an  excellent  lamp  of  this  description,  which  performs  most  satisfactorily ; 
but  it  can  hardly  be  trusted  in  the  hands  of  a  servant;  and  when  it  gets  at  all  deranged, 
it  must  be  sent  to  its  constructor  in  Paris  to  be  repaired.  The  light  of  this  lampi,  when 
furnished  with  an  appropriate  tall  glass  chimney,  is  very  brilliant,  thongh  not  perfectly 
uniform ;  since  it  fluctuates  a  little,  but  always  perceptibly  to  a  nice  obsenrcr,  with  the 
alternating  action  of  the  pump-work ;  becoming  dimmer  after  every  successive  jet  of 
oil,  and  brighter  just  before,  its  return.  The  flame,  moreover,  always  flickers  more  or 
^ss,  owing  to  ihe  powerful  draught,  and  rectangular  reverbatory  shoulder  of  the 
chimney.  The  mechenical  lamp  is,  however,  remarkable  for  continning  to  bvra,  not 
only  with  unabated  but  with  increasing  splendor  for  seven  or  eight  hoars;  the  viTactty 
of  the  combustion  increasing  evidently  with  the  increased  tempentnre  and  fluency  of 
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the  oil,'Wbichrb7it6rC«ft9ele88  ^circulation  thfongh  the  ignittod  'wiolc,  grets  eyentaally 
pretty  want.  In  the  oomparfttiye  experiment  made  upon  diiTerent  lighXa  by  the 
Parisian  philosophers,  the  mechanical  lamp  is  commonly  taken  as  the  standard.  I  do 
not  think  it  entitled  to  this  pre-«minenee :  for  it  may  be  made  to  emit  very  different 
quantities  of  light,  according  to  differences  in  the  nature  and  supply  of  the  oil,  as  well  as 
variations  in  the  form  and  position  of  the  chimney.  Besides,  such  lamps  are  too  rare  in 
this  country  to  be  selected  as  standards  of  illumination. 

.VAer  comparing  lights  of  many  kinds,  I  find  every  reason  to  conclude  that  a  large 
wax  candle  of  three  to  the  pound,  either  long  or  short,  that  is,  either  12  or  15  inches 
in  length,  as  manufactured  by  one  of  the  great  wax-chandlers  of  London,  and  furnished 
with  a  wick  containing  27  or  28  threads  of  the  best  Turkey  cotton,  is  capable  of  fur- 
nishing a  most  uniform,  or  nearly  invariable  standard  of  illumination.  -  Its  affords  one 
tenth  of  the  light  emitted  by  one  of  the  Argand  lamps  of  the  Trinity  house,  and  one 
eleventh  of  the  light  of  my  mechanical  lamp,  when  each  lamp  is  made  to  bum  with  its 
maximum  flame,,  short  of  smoking. 

The  great  obstacle  to  the  combustion  of  lamps,  lies  in  the  viscidity,  and  consequent 
sluggish  supply  of  oil,  to  the  wicks  ;  an  obstacle  nearly  insuperable  with  lamps  of  the 
common  construction  during  the  winter  months.  The  relative  viscidity,  or  relative 
fluency  of  different  liquids  at  the  same  temperature,  and  of  the  same  liquid  at  different 
temperatures,  has  not,  I  believe,  been  hitherto  made  the  subject  ot  accurate  researches. 
I  was,  therefore,  induced  to  make  the  following  experiments  with  this  view. 

Into  a  hemispherical  cup  of  platinum,  resting  on  the  ring  of  a  chemical  stand,  I 
introduced  2,000  water-grain  measures  of  the  liquid  whose  viscidity  was  to  be  measured, 
and  ran  it  off  through  a  glass  syphon,  |  of  an  inch  in  the  bore,  having  the  outer  leg  3} 
inches,  and  the  inner  leg  3  inches  long.  The  time  of  efflux  became  the  measure  of  the 
viscidity ;  and  of  two  liquids,  if  the  specific  gravity,  and  consequent  pressure  upon  the 
syphon,  were  the  same,  that  time  would  indicate  exactly  the  relative  viscidity  of  the  two 
liquids.  Thus,  oil  of  turpentine  and  sperm  oil  have  each  very  nearly  the  same  density ; 
the  former  being,  as  sold  in  the  shops,  =0*876,  and  the  latter  from  0-876  to  0*880, 
when  pure  and  genuine.  Now  I  found  that  2,000  grain-measures  of  oil  of  turpentine 
ran  off  through  the  small  syphon  in  95  seconds,  while  that  quantity  of  sperm  oil  took 
2,700  seconds,  being  in  the  ratio  of  1  to  28| ;  so  that  the  fluency  of  oil  of  turpentine  is 
28|  times  greater  than  that  of  sperm  oil.  Pyroxilic  spirit,  commonly  called  naphtha, 
and  alcohol,  each  of  specific  gravity  0*825,  were  found  to  run  off  respectively  in  80  and 
120  seconds;  showing  that  the  former  was  50  per  cent,  more  fluent  than  the  latter. 
Sperm  oil,  when  heated  to  265  Fahr.,  runs  off  in  300  seconds,  or  one  ninth  of  the  time 
it  took  when  at  the  temperature  of  64^.  Southern  whale  oil,  having  a  greater  density 
than  the  sperm  oil,  would  flow  off  faster  were  it  not  more  viscid. 

2>000  grain-measures  of  water  at  60-^  run  off  through  the  said  syphon  in  75  seconds, 
bnt  when  heated  to  180^,  they  run  off  in  61. 

Concentrated  sulphuric  acid,  though  possessing  the  great  density  of  1*840,  yet  flows 
off  very  slowly  at  64*^,  on  account  of  its  viscidity ;  whence  its  name  of  oil  of  vitriol. 
2,000  grain-measures  of  it  took  660  seconds  to  discharge. 

IVf  r.  Samuel  Parker,  long  advantageously  known  to  the  public  for  his  sinumbral  and 
pneumatic  fountain  lamps,  as  well  as  other  inventions  subservient  to  domestic  comfort, 
having  obtained  a  patent  for  a  new  lamp,  in  which  the  oil  is  heated  by  a  very  simple 
Qontrivance,  in  the  cistern,  to  any  desired  degree,  before  arriving  at  the  wick,  I  insti* 
tuted  an  extensive  series  of  experiments  to  determine  its  value  in  the  production  of 
light,  and  consumption  of  oil,  compared  to  the  value  of  other  lamps,  as  well  as  candles, 
in  these  respects. 

hi  fig.  73.  A,  A,  B,  By  is  a  section  of  the  cylinder  which  constitutes  the  cistern ; 
the  oU  being  contained  between  the  inner  and  outer  cylinders,  and  receiving  heat  from 
the  flame  of  the  lamp  which  passes  up  through  the  inner  c>'linder,  and  is  rever- 
berated more  or  less  against  its  sides  by  the  top  of  the  metal  chimney,  being  notched 
and  bent  back.  D  is  a  slide-valve  which  is  opened  to  allow  the  oil  to  descend  to  the 
wick,  and  is  shut  when  the  cistern  is  to  be  separated  from  the  pipe  of  supply,  at  £, 
for  the  purpose  of  recharging  it  with  oil.  The  flame  is  modified,  not  by  raising  or 
lowering  the  wick,  as  in  common  lamps,  but  by  raising  or  lowering  the  bell-mouthed 
glass  chimney  which  rests  at  its  bottom  on  three  points,  and  is  moved  by  means  of  the 
rack-work  mechanism  F.  The  concentric  cylindric  space  A,  A,  and  B,  B,  contains  a 
pint  imperial,  and  should  be  made  entirely  full  before  lighting  the  lamp ;  so  as  to  leave 
no  air  in  the  cistern,  which,  by  its  expansion  with  the  heat,  would  inevitably  cause  an 
overflow  of  the  oil. 

The  following  arrangement  was  adopted  in  these  experiments  for  determining  the 
relative  illumination  of  the  different  lights.  Having  trimmed,  with  every  precaution, 
my  French  mechanical  lamp,  and  charged  it  with  pure  sperm  Oil,  I  placed  it  upon  as' 
oUong  table,  at  a  diatanco  of  10  feet  from  a  wall,  on  which  a  white  aheet  of  paper 
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bnlitancy,  (hart  of  unokin^,  the  reUtive  illuininiticia  ofthc  twn  Ihidiib  was  detenMnel 
ij  the  veil  known  method  of  the  comporiion  of  shadows;  a  wire  ■  few  incbea  loBg, 
and  of  the  Ihicbaeas  of  a  crow-quill,  being  fouod  snitable  for  enabliag  the  eje  to  csti- 
mate  very  nicely  the  shnde  of  the  intercepted  light.  It  was  obgemed  in  nameroutlhab, 
both  by  my  own  eyea  and  those  of  others,  that  Vhcn  one  of  the  lamps  wms  sfaiflrd  half 
ao  inch  nearer  to  or  further  from  the  paper  screen,  it  caused  a  perceptible  differeact 
in  the  lint  of  the  shadow.  Professor  Wheatslone  kindly  enabled  me  to  verify  Uie  pn- 
cision  of  the  above  method  of  shadows,  by  employing,  in  some  of  the  eiperiments,  a 
photometer  of  his  own  invention,  in  whieh  the  relative  brightness  of  the  twolichlsvi* 
determined  by  the  relative  brightness  of  the  opposite  sides  of  a  revolving  silvenil  ball, 
iUuminaied  by  them. 

1.  The  mechanical  lamp  wu  furnished  with  a  glass  chimney  TS  inehea  .  .  _ 
at  the  base,  and  1-2  at  topj  the  wide  bottom  part  was  1-8  inches  long,  and  the 
upper  part  8  inches.  When  placed  at  a  distance  of  10  feet  from  the  wall  its  li^bt  tken 
may  be  estimnled  as  the  square  of  this  number,  or  100.  In  the  Erst  serivs  of  eipni- 
ment*,  when  burning  with  its  maximum  flame,  with  occasioned  flicketiags  of  smoke, 
it  emitted  a  light  equal  to  that  of  11  wax  candles,  and  consumed  912  tcraioa  of  «l  per 
hour.  The  sperm  oil  was  quite  pore,  having  a  specific  gravity  oT  0-874  compwnl  M 
water  at  1,0U0.  In  a  subsequent  series  of  experiments,  when  its  light  was  leas  flickering, 
and  equal  only  to  that  of  10  vrai  candles,  it  consumed  only  815  grains,  or  O-l  It>4  of  a 
lb.  per  hour.  If  we  multiply  this  number  into  the  price  of  tbe  oil  (8i.  per  gnUou)  pn 
lb.  lid.,  the  product  V2S0id,  will  represent  the  relative  coat  of  this  illnmiDatim,  esti- 
mated  at  100. 

2.  The  hot-ait  lamp  barns  with  a  much  steadier  flame  than  the  mechanical,  whitk 
must  be  HBcribed  in  no  small  degree  to  the  rounded  slope  of  the  bell -month  ed  glasi 
chimney,  whereby  the  air  is  brought  progressively  closer  and  closer  into  contaei  vitk 
the  outer  surface  of  the  flame,  without  being  furiously  dashed  against  it,  as  it  is  hy  lbs 
rectaneular  shoulder  of  the  common  contracted  chimney.  When  charged  witb  spem 
oil,  and  made  to  bum  with  its  maximum  flane,  this  tamp  required  to  be  placed  me 
foot  further  from  the  screen  than  the  mechanical  tamp,  in  older  that'ils  shadow  shonM 
kave  the  same  depth  of  tint.  Hence,  its  relative  illomination  was,  in  thai  case,  as  th« 
■qnare  of  11  to  the  iquaro  of  10^  or  as  121  to  100.    Yet  its  eiHiaamptua  erf*  oil  wwi 
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only  696  grains,  or  somewhat  less  than  0*1  of  a  pound  per  hoar.  Had  its  light  been 
reduced  to  ICO,  it  would  have  coDsumed  only  576  grains  per  hour,  or  0*82  of  a  pound. 
If  we  multiply  this  number  by  lid.,  the  product  0*902^.  will  represent  the  relative  cost 
of  100  of  this  illumination. 

3.  The  hot-oil  lamp  being  charged  with  the  southern  whale  oil,  of  specific  gravity 
0*926,  at  2s,  6d.  per  gallon,  or  3^d.  per  lb.,  when  burning  with  its  maximum  flame, 
required  to  be  placed  9  feet  and  1  inch  from  the  screen  to  drop  the  same  tint  of  shadow 
upon  it  as  the  flames  of  the  other  two  lamps  did  at  10  and  11  feet  with  the  sperm  oil. 
The  square  of  9  feet  and  1  inch  =  82  is  the  relative  illumination  of  the  hot-oil  lamp 
with  the  southern  whale  oil.  It  consumed  780  grains,  or  0*  1 1 1  of  a  pound  per  hour ; 
but  had  it  given  100  of  light  it  would  have  consumed  911  grains,  or  O'lSO  of  a  pound, 
which  number  being  multiplied  by  its  price  3{(i.,  the  product  0'4875d.  will  represent 
the  relative  cost  of  100  of  this  light. 

4.  A  hot-oil  lamp  charged  with  olive  oil  of  specific  gravity  0*914,  at  5«.  6d.  per 
gallon,  or  7 id.  per  lb.  when  burning  with  its  maximum  flame,  required  to  be  placed  at 
9  feet  6  inches,  to  obtain  the  standard  tint  of  shadow  upon  the  screen.  It  consumed 
760  grains  per  hour.  The  square  of  9^  feet  is  90  J,  which  is  the  relative  intensity  of  the 
light  of  this  lamp.  Had  it  emitted  a  light  =  100,  it  would  have  consumed  840  grains, 
or  0*  12  of  a  pound  per  hour — which  number  multiplied  by  the  price  per  pound,  gives 
the  product  0'9d.  as  the  relative  cost  of  100  of  this  light. 

5.  A  hot-oil  lamp  charged  with  Price  and  Co.'s  cocoa-nut  oil  (oleine),  of  specific 
gravity  0-925,  at  4«.  6d,  per  gallon,  or  5}/2.  per  lb.,  had  to  be  placed  9  feet  from  the 
screen,  and  consumed  1,035  grains  per  hour.  Had  its  light  been  100  instead  of  81  (93), 
the  consumption  would  have  been  1,277  grains,  or  0*182  of  a  pound  per  hour!  which 
number  multiplied  by  its  price  per  pound,  the  product  1*031^.  will  represent  the  cost  of 
100  of  this  illumination. 

6.  In  comparing  the  common  French  annular  lamp  in  general  use  with  the  mechani- 
cal lamp,  it  was  found  to  give  about  one  half  the  light,  and  to  consume  two  thirds  of 
the  oil  of  the  mechanical  lamp. 

7.  Wax  candles  from  some  of  the  most  eminent  wax-chandlers  of  the  metropolis 
were  next  subjected  to  experiment ;  and  it  is  very  remarkable  that,  whether  they  were 
threes,  fours,  or  sixes  in  the  pound,  each  afforded  very  nearly  the  same  quantity  of 
light,  for  each  required  to  be  placed  at  a  distance  of  three  feet  from  the  screeu  to  afford 
a  shadow  of  the  same  tint  as  that  dropped  from  the  mechanical  lamp,  estimated  at  100. 
The  consumption  of  a  genuine  wax  candle,  in  still  air,  is  upon  an  average  of  many  ex- 
periments, 125  grains  per  hour,  but  as  it  affords  only  1  Uth  of  the  light  of  the 
mechanical  lamp,  11  times  125  =«  1,375  grains,  or  0*1064  of  a  pound  is  the  quantity 
that  would  need  to  be  consumed  to  produce  a  light  equal  to  that  of  the  said  l^imp. 
If  we  multiply  that  number  by  the  price  of  the  candles  per  lb.  =  30d.  the  product 
B  5*892^.  is  the  cost  of  100  of  illumination  by  wax.  A  wax  candle,  three  in  the  pound 
(short),  is  one  inch  in  diameter,  12  inches  in  length,  and  contains  27  or  28  threads, 
each  about  1  10th  of  an  inch  in  diameter.  But  the  quality  of  the  wick  depends  upon  the 
capillarity  of  the  cotton  fibrils,  which  is  said  to  be  greatest  in  the  Turkey  cotton,  and 
hence  the  wicks  for  the  best  wax  candles  are  always  made  with  cotton  yarn  imported 
from  the  Levant.  A  wax  candle,  three  in  the  pound  (long),  is  |  of  an  inch  in  diameter, 
15  inches  long,  and  has  26  threads  in  its  wick.  A  wax  candle,  six  to  the  pound,  is  9 
inches  long,  4  5ths  of  an  inch  in  diameter,  and  has  22  threads  in  its  wick.  The  light  of 
this  candle  may  be  reckoned  to  be,  at  most,  about  1  11th  less  than  that  of  the  threes  in 
the  pound.  A  well-made  short  three  burns  with  surprising  regularity  in  still  air,  being 
at  the  rate  of  an  Inch  in  an  hour  and  a  half,  so  that  the  whole  candle  will  last  IS  hours. 
A  long  three  will  last  as  long,  and  a  six  about  9}  hours.  Specific  gravity  of  wax  » 
0*960. 

8.  A  spermaceti  candle,  three  in  the  pound,  is  9  lOths  of  an  inch  in  diameter,  15 
inches  long,  and  has  a  plaited  wick,  instead  of  the  parallel  threads  of  a  wax  candle.  The 
same  candles  four  in  the  pound,  are  8  lOths  of  an  inch  in  diameter,  and  13^  inches  long. 
Each  gives  very  nearly  the  same  quantity  of  light  as  the  corresponding  wax  candles : 
viz.,  1  11th  of  the  light  of  the  above  mechanical  lamp,  and  consumes  142  grains  per 
hour.  Multiplying  the  last  number  by  1 1,  the  product,  1,562  grains  ^  0*223  of  a  pound, 
would  be  the  consumption  of  spermaceti  requisite  to  give  100  of  illumination.  Multi- 
plying the  last  number  by  24d,,  the  price  of  the  candles  per  pound,  the  product  5'352d. 
is  the  relative  cost  of  100  of  this  illumination. 

9.  Stearic  acid  candles,  commonly  called  German  wax,  consume  168*5  grains,  or 
0*024  of  a  pound  per  hour,  when  emitting  the  same  light  as  the  standard  wax  candle. 
Multiplying  the  latter  number  by  11,  and  by  16d.  (the  price  of  the  candles  per  pound), 
the  product  4*224d.  will  represent  the  relative  cost  of  100  of  this  illumination. 

10.  TaUow  candles:  moulds,  short  threes,  1  inch  in  diameter,  and  12^  in  length;  do* 
long  threes,  9  lOths  of  an  inch  in  diameter,  and  15  in  length ;  do.,  long  fours,  8  lOths  of 


)48  ILLUMINATION,  COST  OP. 

an  inch  in  diameter,  and  13f  in  length.    Each  of  these  candles  buna  with  a  moat  «■ 
certain  light,  which  varies  frpm  1  12th  to  1  16th  of  the  ligfht  of  the  mechanical  lamp— 
tiie  average  may  be  taken  at  1  14th.    The  threes  consume  each  144  grains,  ot(V2  of  a 
pound,  per  hour;  which  number,  multiplied  by  14,  and  by  9d.  (the  prtee  per  pooiid), 
gives  the  product  2'52d,  for  the  relative  cost  of  100  of  this  illnmination. 

11.  Palmer's  spreading  wick  candles.  Distance  from  the  screen  3  feet  4  inches,  with 
a  shadow  equal  to  the  standard.  Consumption  of  tallow  per  honr  232-5  grains,  or 
0*0332  of  a  pound.  The  square  of  3  feet  4  inches  =^11-9  is  the  relative  iDnmiiiatioii 
of  this  candle  =  11-9  : ;  0-3332  : :  100  :  0-28  X  lOrf.  =  11-9  is  the  relative  cost  of  this 
illumination. 

12.  Cocoa-nut  stearine  candles  consumed  each  168  grains  per  honr,  and  enaxtted  a 
light  eqaal  to  1  16th  of  the  standard  flame.  Multiplying  168  by  16,  the  product  30-^ 
grains,  or  0*441  of  a  pound,  is  the  quantity  which  would  be  consumed  per  honr  to  afford 
a  light  equal  to  100.  And  0*441  multiplied  by  lOd.,  the  price  per  pound,  gives  the 
product  4*441(i.  as  the  cost  of  100  ol  this  illumination  per  hour. 

A  gas  argand  London  lamp,  of  12  holes  in  a  circle  of  2  of  an  inch  in  diameter,  with 
a  flame  3  inches  long,  afforded  a  light  =  78|  compared  to  the  meehanical  lamp :  and 
estimatiuG^  the  light  of  the  said  mechanical  lamp  as  before,  at  100,  that  of  the  hot-oil 
lamp  is  121,  and  that  of  the  above  gas  flame  of  78*57,  or  in  round  numbers  80,  amd  UU 
common  French  lamp  in  general  use  50. 

Collecting  the  preceding  resalts,  we  shall  have  the  following  tabnlar  view  of  the 
cost  per  hour  of  an  illnmination  equal  to  that  of  the  mechanical  lamp,  reckoned  100,  or 
that  of  eleven  wax  candles,  three  to  the  pound. 

Table  of  Cost  per  Houn  of  One  Hundred  of  Illuvinatiok. 

Pence.  Peace 

1.  Parker's  hot-oil  lamp,  with  southern  whale  oil  -  0*4875  or  aboitt    |i. 

2.  Mechanical  or  Carcel  lamp,  with  sperm  oil       -  -  1-2804  -        -     li 

3.  Parker's  hot-oil  lamp,  with  sperm  oil        -        -  -  0-902  -        -     1 
4*  Ditto           ditto           common  olive  oil           -  -  0*900  -        -     1 

6.  Ditto           ditto            cocoa-nut  oleine  or  oil           •  1*031  -  -  1 
6«  French  lamp  in  general  use,  with  sperm  oil      -        -  1*7072  -  -  IS 

7.  Wax  candles 5*892  -  -  6 

8.  Spermaceti  candles  ......  5>352  -  -  ^ 

9.  German  wax  (Stearic  acid)  ditto       ....  4-224  -  '  ^i 

10.  Palmer's  spreading  wick  candles      ....    2*800      -        ~    ^f 

11.  Tallow  (mould)  candles 2*520      -        ~    ^ 

12.  Cocoa-nut  stearine  of  Price  and  Co.  ...    4-41        .        -    4) 

Since  the  hot-oil  lamp  affords  sufficient  light  for  reading,  writing,  sewing,  dtc.,  witt 
one  fifth  of  its  maximum  flame,  it  will  burn  at  that  rate  for  10  hours  at  tbe  cost  of 
about  ONE  PENNY,  and  it  is  hence  well  entitled  to  the  inventor's  designation,  ^Tit 
Economic." 

Sir  D.  Brewster,  in  his  examination  lately  before  the  committee  of  the  house  of 
commons  on  lighting  the  house,  stated,  that  the  French  light-house  lamp  of  Fresad 
emitted  a  light  equal  to  that  of  forty  argand  flames ;  whereas,  accordin^r  to  other 
accounts,  it  gave  much  less  light.  With  the  view  of  settling  this  point,  bHbre  beiag 
examined  by  the  said  committee,  I  repaired  to  the  Trinity  house,  and  tried  one  cf 
the  two  original  Fresnel  lamps,  which  had  been  deposited  there  by  that  eminent  French 
engineer  himself.  This  lamp  consists  of  four  concentric  circular  wicks,  placed  in  one 
horizontal  plane ;  the  innermost  wick  being  |  of  an  inch  in  diameter,  and  the  ontermosl 
3)  inches.  Being  carefully  trimmed,  supplied  with  the  best  sperm  oil,  snnnonnted 
with  its  great  glass  chimney,  burning  with  its  maximum  flame,  and  placed  at  a  distance 
of  13  feet  3  inches  from  the  srreen,  it  let  fall  a  shadow  of  the  same  tint  as  that  let  fall 
by  the  flame  of  my  mechanical  lamp,  placed  at  a  distance  of  4  feet  6  inches  from  the 
screen.  The  squares  of  these  two  numbers  are  very  nearly  as  8f  to  1  (175^5625  to 
20*25) ;  showing  that  the  Fresnel  lamp  gives  less  than  9  times  the  light  of  ray  me- 
chanical lamp,  and  about  9*6  times  the  light  of  one  of  the  Trinity  house  argand  Kmps. 
The  Fresnel  lamp  is  exceedingly  troublesome  to  manage,  from  the  great  intensity  of  its 
heat,  and  the  iVequent  fractures  of  its  chimneys — two  having  been  broken  in  the  course 
of  my  experiments  at  the  Trinity  house. 

Mr.  Goldsworthy  Gurney,  the  ingenious  inventor  of  the  new  light-house  lamp,  in 
which  a  stream  of  oxygen  gas  is  sent  up  through  a  small  tube  within  the  burning  cir- 
cular wick  of  a  small  argand  lamp,  having  politely  sent  two  of  his  lamps  to  my  honscy 
along  with  a  bag  of  oxygen  gas,  I  made  the  following  experiments,  to  ascertara  thco- 
illuminating  powers  compared  to  those  of  the  mechanical  lamp  and  wax  candles. 

His  larger  lamp  has  a  wick  |  of  an  inch  in  diameter,  but  emits  an  oxygen  flame  of 
only  I  qf  an  inch.    The  flame  is  so  much  whiter  than  that  of  the  best  lamp  or  eaadle 
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tb«t  it  becomes  difficult  to  detenkune,  with  ultimate  precision^  the  compajrative  deptha 
of  the  shadows  let  fall  by  them.  The  mean  of  aevera]  trials  showed  that  the  above 
Sude-hghx  (as  Mr.  Garney  calls  it,  from  the  name  of  his  residence  in  Cornwall),  has 
an  illaminating  power  of  from  28  to  30  wax  candles.  His  smaller  lamp  has  a  flame  } 
of  an  inch  in  diameter,  and  a  wick  i  of  an  inch.  Its  light  is  equa]  to  that  of  from  tS 
to  20  wax  candles. 

The  committee  of  the  house  of  commons  on  lighting  it,  having  asked  me  what  was 
the  relative  vitiation  of  air  by  the  breathing  of  men  and  the  burning  of  candles,  I  gave 
the  following  answer : — 

Wax  contains  81-75  parts  of  carbon  in  100,  which  generate  by  combustion  300  parts 
of  carbonic  acid  gas.  Now,  since  125  grains  of  wax  constitute  the  average  consump- 
tion of  a  candle  per  hour,  these  will  generate  375  grains  of  carbonic  acid ;  equivalent 
in  volume  to  800  cubic  inches  of  gas.  According  to  the  most  exact  experiments  on 
respiration,  a  man  of  ordinary  size  discharges  from  his  lungs  1^632  cubic  inches  of  car- 
bonic acid  gas  per  hour,  which  is  very  nearly  the  double  of  the  quantity  produced  from 
the  wax  candle.  Hence  the  combustion  of  two  such  candles  vitiates  the  air  much 
the  same  as  the  breathing  of  one  man.  A  tallow  candle,  three  or  four  in  the  pound, 
generates  nearly  the  same  quantity  of  carbonic  acid  as  the  wax  candle ;  for  though  tal- 
low contains  only  79  per  cent,  of  carbon,  instead  of  81.75,  yet  it  consumes  so  much 
faster,  as  thereby  to  compensate  fully  for  this  difference. 

When  a  tallow  candle  of  6  to  the  lb.  is  not  snuffed,  it  loses  in  intensity,  in  30  min- 
utes, 80  hundredths ;  and  in  39  minutes  86  hundredths,  in  which  dim  state  it  remains 
stationary,  yet  still  consuming  nearly  the  same  proportion  of  tallow.  A  wax  candle 
attains  to  its  greatest  intensity  of  light  when  its  wick  has  reached  the  greatest  length, 
and  begins  to  bend  out  of  the  flame.  The  reason  of  this  difference  is,  that  only  the 
lower  part  of  the  wick  in  the  tallow  candle  is  charged  with  the  fat,  so  as  to  emit  lu- 
miniferous  vapory  while  the  upper  part  remains  dry ;  whereas,  in  the  wax  candle,  the 
combustible  substance  being  less  fusible  and  volatile,  allows  a  greater  length  of  the 
wick  to  be  charged  by  capillary  attraction,  and  of  course  to  emit  a  longer  train  of  light. 

The  following  table  contains,  according  to  Pedet,  the  illuminating  powers  of  differ- 
ent candles,  and  their  consumption  of  material  in  an  hour ;  the  light  emitted  by  a  Car- 
es/ argand  lamp,  consuming  42  grammes  («  42  X  1^1  grains)  in  an  hour,  being  called 
100;— 


Tallow  Candles  6  in  lb. 

Stearine,  or  Pressed  Tallow,  8  in  lb.    - 

■      5  in  lb.    - 

Wax  Candles,  5  in  lb.  - 
Spermaceti  ditto,  5  in  lb. 
Stearic  Acid,  commonly  called  Stea- 
rine, 5  in  lb.  - 


Intensity  of  Light. 

Conaamption  per  Hour. 

10-66 

8-51 

8-74 

7-61 

7.60 

7-42 

13-61 

8-71 

14-40 

8-92 

14-40 

9-33 

The  subjoined  table  shows  the  economical  ratios  of  the  candles,  where  the  second 
eolumn  gives  the  quantity  of  material  in  grammes  which  is  requisite  to  produce  as  much 
light  as  the  Carcel  lamp : — 


Price  per  Kilo* 
gramme. 


Tallow  Candle  6  per  lb. 

8  per  lb. 

Pressed  Tallow,  5  per  lb. 
Wax  Candle,  5  per  lb.  * 
Spermaceti  ditto,  5  per  lb. 
Stearine  ditto,  5  per  lb. 


Quantity  of 

Material. 


70-35 
85-92 
98-93 
64-04 
61-94 
65-24 


If. 
If. 
2f. 
7f. 
7f. 
6f. 


40  c. 
40  c. 
40  c. 
60  c. 
60  c. 


Coat  of  Light  per 
Hoar. 


9-8  c. 
12-0  c. 
23-7  c. 
48-6  c. 
47-8  c. 
37- 1  c. 


These  results  may  be  compared  with  mine  given  above.  A  kilogramme,  or  1,000 
grammes^  15,440  grains^  2}  lbs.,  aToirdupois. 

INDIGO.  Imported  for  home  consumption,  in  1839,  2,704,396  pounds;  in  1840, 
2,996,215;  duty  3d.  on  West  Indian,  4d.  on  East  Indian. 

INK.  Mr.  Stephen's  patent  blue  ink  is  made  by  dissolving  Prussian  blue  in  a  solu- 
tion of  oxalic  add. 

IRON.  For  certain  new  processes  for  making  malleable  iron,  Mr.  W.  N.  Clay  has 
obtained  two  successive  patents.  Under  the  first,  of  December,  1837,  he  mixed  bruised 
hetMfite,  with  one  fifth  of  its  weight  of  dean  earbonaceons  matter  in  coarse  powder. 
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ftnd  sabjected  the  mixture  in  a  p  shaped  retort  to  a  bright  red  heat  for  twelye  or 
hours,  till  the  ore  be  reduced  to  the  metallic  state,  as  is  easily  ascertained  by  applyiaic 
a  file  to  one  of  the  fragments.  When  diseharged,  the  metal  is  to  be  transferred  into  a 
baUing  or  puddling  furnace,  along  with  about  five  per  cent,  of  ground  coke  or  anthra- 
che,  and  worked  therein  in  the  usual  way*  He  also  proposes  to  use  a  conical  kiln,  like 
that  for  burning  lime,  instead  of  the  retorts. 

In  his  second  patent,  dated  March,  1840,  Mr.  Clay  prescribes  abore  28  per  cenL 
(from  30  to  40)  of  carbonaceous  matter  to  be  mixed  with  the  ground-iron  ore,  eontain- 
ing  at  least  45  per  cent,  of  metal,  which  mixture  is  to  be  directly  treated  in  a  puddling 
furnace.  He  also  proposes  to  use  a  mixture  of  pig  or  scrap  iron  and  ore,  in  equal 
quantities. 

The  application  of  the  waste  gases  (carbonic  oxide  chiefly)  of  the  blast  furnace  to 
the  purpose  of  heating  the  puddling  or  baUing  furnace,  was  made  the  subject  of  a 
patent  in  June,  1841,  by  a  foreigner  not  named.  The  process  had  been  previouaiy 
practised  in  Germany,  and  is  fully  described  in  the  Annales  des  Mtnu,  about  two  yean 
ago. 

In  fig.  74  the  manner  of  conveying  the  waste  carbonic  oxide  from  a  blast  foraace 
is  shown  :  a,  a,  a,  are  openings  leading  into  the  vertical  channels  or  passages,  k, 

and  thence  into  the  chamber  c.  There  is  a  top  to 
this  chamber,  with  openings  corresponding  to  the 
passages  b.  These  openings  are  closed  with  cast- 
iron  plates  that  can  be  taken  off  for  the  purpose  of 
clearing  out  the  passages  6,  and  the  chamber  c 
From  the  chamber  c,  the  gas  may  be  conducted  ia 
any  direction,  and  to  a  distance  of  several  hundred 
feet. 

In  some  localities,  and  in  cases  where  it  is  re- 
quired to  take  the  gas  from  a  blast  furnace  in 
operation,  a  metal  cylinder,  of  a  smaller  diameter 
than  the  top  of  the  furnace,  and  of  a  depth  equal  to 
its  diameter,  is  suspended  vertically  witliin  the  top 
of  the  blast  furnace  the  whole  of  its  length.  The 
space  between  the  cylinder  and  the  furnace  at  the 
top  or  mouth  is  to  be  hermetically  sealed,  and  the 
furnace  is  to  be  charged  through  the  cylinder,  which 
must  be  kept  full  of  minerals  and  combustibles. 
Thus  the  space  between  the  cylinder  and  the  inte- 
rior of  the  furnace  remains  vacant,  but  the  gas  may 
be  conducted  out  of  that  part  laterally,  if  required. 
The  gases  led  off  from  the  blast  furnace  may,  if 
need  be,  pass  through  heated  pipes,  as  for  the  hoc 
blast. 

Figs.  75  and  76  represent  a  refining  furnace  for  iron,  with  the  necessary  apparatus 
for  working  it  with  the  gases,  without  the  use  of  other  fuel ;  fig,  75  being  a  vertieal 
section,  and  fig.  76  a  sectional  plan  view. 

75 


The  gas  from  the  blast  furnace  is  brought  into  the  chamber  a  a,  and  passing  through 
an  opening  b  6,  it  enters  the  furnace;  c  c  are  a  series  of  blow  pipes,  through  which 
the  heated  air  is  forced  into  ibe  furnace.  In  the  space  between  the  part  mailed  h  and 
the  tubes  c,  the  gas  becomes  mixed  with  the  heated  atmospherical  air. 

This  combustible  gas  from  the  blast  furnace,  mixed  with  the  heated  air,  produces  an 
intense  heat  in  the  furnace,  adequate  to  the  refining  of  iron.  The  warm  air  for  bull- 
ing the  gas  is  usually  obtained  from  the  blowing  machine  and  hot  blast  pipes. 

For  giving  a  still  greater  heat,  the  air  may  be  carried  through  the  tube  /,  into  the 
iron  chambers  g  g,  or  a  system  of  pipes,  whence  it  is  led  through  the  tube  h,  into  the 
semi-circr.lir  chamber  t,  and  then  through  the  small  pipes  c,  c,  c,  into  the  furnace. 

The  metal  to  be  refined  is  placed  in  the  space  ci  <^,  in  a  liquid  state,  if  the  amage- 
ment  of  the  furnaces  wiU  admit  of  its  being  so  taken  from  the  blast  furnace;  if  not,  it 
may  be  nearly  melted  by  the  waste  heat  in  the  chamber  «  €.    In  oider  to  dcearboniie 
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IhB  metal,  a  qnaatit)'  of  w«nn  air,  from  Ihe  pipe  h,  is  condncW  tlinragli  flie  [npe  k, 
which  ii divided  into  two  no^lea  or  iuyiru  it,  and  blown  npon  the  flaid  metal  in  the 
apace  dd.  After  having  been  thai  exposed  for  an  boor  or  two,  it  is  ma  off  through 
the  opening  n,  and  will  be  foand  in  a  refined  state. 

Figt.  77,  78,  show  the  application  to  a  puddling  fnmace.  The  openings  a  a  admit 
a  ftream  of  cold  water  to  flow  throogb  the  eait-iron  piece  o  o,  to  preserre  it  from  injuTy 
brttefire. 


77 


78 


Fig.  79  it  a  welding  fnraace ;  the  interior  dimeniiona  and  the  casing  of  the  hearth 
being  different,  as  well  as  the  fire  bridge,  from  those  of  the  paddling  fomace.  Tha 
pipes  for  coaducliag  the  gues  are  made  uf  cast-iron,  and  moat  hare  at  least  a  sectional 
area  of  one  foot  for  every  famace  that  ia  to  be  healed. 

Figi.  80,  81,  82,  83,  64,  show  the  application  of  this  invention  to  the  generation  <tf 

■te^.    A.  chinme;  is  here  emplojed  only  at  the  commeaeement  of  the  operation.  Th« 
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air  is  forced  into  the  fumaca  by  any  sort  of  blowing  machine,  or  fn  any  other  eoik 
venient  way.  The  fuel  is  introdnced  into  the  fireplace,  opon  the  grate  n  a,  throngh 
Ihe  door  a,  iibich  can  be  closed.  The  fireplace  most  contain  as  much  fhel  as  will  lul 
for  sEverol  honii.  When  the  fire  is  first  lighted,  the  combustion  takes  place  in  tha 
ordinary  way,  on  openiag  the  door  d,  and  the  slide-valve  b,  and  carrying  throngh  them 
a  cnrrenE  of  air  by  the  chimney  dranght.  This  is  ironiioued  till  Ihe  eieam-ei^ine 
fnmace,  or  any  worliing  (power)  engine  is  in  operation,  after  which  a  blowing  apparaloa 
ia  employed  to  force  the  air  through  the  tube  c,  as  sbown  in  Jig.  81.  The  openings  i 
andiate  then  closed;  Ihe  air  forced  in  now  passes  throngh  the  fluei/,/,^  |dacad 
ronnd  and  Iwneath  tlie  boiler.  The  air,  on  anriving  at  Ihe  point  g,  a  divided,  one 
portion  pastes  through  Ihe  opening  A,  regulated  by  a  valve,  into  the  open  space  be>eath 
the  grate  a  n,  to  assist  in  the  slow  camtHistion  of  the  fueL  The  other  pan  of  the  air 
passes  tlirongh  g,  into  h  h,  round  the  fireplace,  in  order  to  heal  Ihe  air  to  an  intenav 
degree.  Alter  Ihe  second  portion  of  the  air  has  passed  into  the  chamber  k  ft,  it  enter* 
another  i  i,  thence  through  a  leiies  of  blowpipes,  or  through  o,  into  f  p,  beneath  Um 
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boUer.    The  bant  kit  gOM  off  thioo^  pf  into  a.  mill  d 
bb,  which  is  regulated  by  a  vmlve. 

IRON,  Cut,  Strenglh  at. 

In  the  followiag  Table,  eadi  bar  it  rtdnced  to  exnetlr  one  indi  aqauc;  and  Ac 
■nuuTerie  iireagtli,  which  may  be  takea  u  a  crileriDn  oT  the  vmlne  at  caek  kvn,  u 
obtained  from  ■  mean  between  the  expenmeata  npon  it,  giTea  in  Ike  Heawiiat — AM 
on  bars  4  n.  6  in.  between  the  lapporui,  and  next  on  thoie  of  half  tbc  knflh.  •■ 
2  ft.  3  in.  tietween  the  mppDrts.  All  the  other  remits  are  dedaeed  from  the  4  fL  6  ia. 
ban.  In  all  caaei  the  weights  were  laid  on  the  middle  oT  the  bu. 
Table  of  Renilta  obtained  from  Experiments  on  the  Strength  asd  Mher  Prafcdjea  trf* 

Cast  Iron,  from  the  principal  Iron  WtH'lu  in  the  United  Kingdom.     By  Mr.  Wm. 

Fairbaim. 


1 

I 
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itangnlar  ban,  gca« 
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ebetweeo  Ite 


•upporU   in  feet,   and  patting   4-B  for   4   ft.  6  in.,  ire  have- 
weight  in  lbs.,  the  valae  of  S  being  taken  from  the  Uble  above. 

For  example : — What  weight  wonld  be  necessar?  to  break  a  bar  of  Low  Msor 
iron,  2  inches  broad,  3  inches  deep,  and  6  feet  between  the  snnortc  I  AMBritag  » 
the  rale  given  above,  we  have  b=2  inehei,  d^3  inches,  1=6  feet,  5—472  fiv  Hw 

J..    Theni:5>^«=l:5><2X3?K*Z2.^«3T21b,.,thebre.lrin^ 


•Th«lr 


Iwtt,  T. 


I 

iiTieirtiwtlw'BriUiA  AM~aetetlm7Vr'^ll4niKan< 
of  elMlkilr  wu  nsnaUrtAan  (nm  Ih*  da 
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mON.  a^Blait.  Tothe  aecDBM  oTtUt  tBtemdns  baoTaOm  in  the  tmdfing 
«f  inm  oret,  pTcn  ia  tbt  dietionuy,  I  haTs  now  the  pleuore  <k  repTcsenting  in 
■ecdimte  plana,  the  complete  ajsten  moanted  at  the  Codner  Park  Woriu  belonging  to 
Willjam  JeMop,  Esq.  For  the  diairings,  from  which  (he  woodeati  are  Taith^f 
copiel,  I  am  ia^ebted  to  Hr.  Jtweph  Glynn,  F.S.S.,  the  diatingniahed  engineer  of  th« 
BntleilT  Iron  Works. 

fig*.  89,  S6,  ST,  exhibit  the  appttiMoa  of  the  hot  blast  in  ererr  raqaiaitc  detail. 
The  imelting  fomacea  have  now  geneiaUr  three  tUTirea,  and  three  aet*  of  air  heating 


& 
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rnmacM.  The  fignres  show  two  seta  built  together ;  the  third  let  being  detached  «b 
aceonnt  of  peculiar  local  cireunutances.  The  air  entats  the  horizontal  pipe  A,  in  the 
gronnd  plan,  fig.  85,  on  one  aide  of  the  arched  or  arphon  pipea,  shown  in  npiight 
MClim  in  fl^.  &,  and  piMei  through  these  pipes  to  the  horizontal  pipe,  B,  on  the 
other  tide ;  whence  it  proceeds  to  Ihe  blut  famnee.  These  syphon  pipes  tte  flattened 
kleraItT,  their  se«tian  being  a  parallelognun,  to  give  more  heating  snrTace,  and  alao 
more  depth  of  pipe  (in  the  vertical  plane),  m  as  to  make  it  stronger,  and  less  liable  to 
bend  by  its  own  weight  when  softened  by  the  red  heat.  This  system  of  arched  pip* 
•nanlna  is  set  in  a  kind  of  oven,  fVom  iriiich  the  flne  l»  taken  ont  at  the  top  of  it; 
bnt  it  thenee  again  desoenda,  bdore  it  readies  the  ehimaey,  entering  it  nearly  at  the 
level  of  the  fire  gtate  (u  with  coal  gas  retorta).  By  this  eontrivaace,  the  pipe*  are 
kept  in  a  bath  ct  ignited  air,  and  not  exposed  to  the  corroding  inflnence  of  a  enrrentof 
AMUe.'  Ttaa  |JaeM  iai  dlMetioni  oT  Oic^  oven  fines  are  plainly  marked  in  th« 


The  three  leb  of  bol-blut  appnmtas,  all  commaiiicate  wilh  oae  lin 
pipes,  A,  which  leads  to  the  rnmace.    Thns  in  cue  of  repairg  beiag  icqnircd  n  « 
■el,  Ibe  other  two  may  be  kept  in  fuU  activity,  capable  of  rapplfini;  abandaaee  of  hot 
sir  to  the  blatt,  though  of  a  somewbat  lover  tempeiature.    See  Ehm-mie  for  cob- 
StrDctioDB  of  diffeienl  blast  funuicea ;  also  Pcddliho. 

Daring  n  tiait  vhich  I  have  recently  made  to  Mr.  Jestop,  at  Battcrler,  I  famad 
this  eminent  and  very  ingenioiu  iron-master  had  made  KTeral  im{troremeBta  npa>  ha 
bat-blut  anaagemenla,  whereby  he  preTented  (he  alteration  oT  fom  ts  iriikii  the 
irched  pipe*  were  subject  at  a  high  teulperatore,  aa  alao  that  he  was  abont  t«  tiwpt^ 
five  tny^ea  instead  of  three.  For  a  diawiof  and  explanatioB  of  Ua  <Wrnate  ftrft 
appaiatns,  see  &tu.rato. 
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ISINGLASS.  Impoitid  far  home  oonniinptioB  itt  183B,  1,644  ewta.:  in  1840, 
l,5S9  cwta.  See  Gklatime  for  excellent  ■abslitntes  Ibr  iunglaMin  culiDirj  operUioa*. 
Were  beer  breved  bf  tbe  BaTsriaa  flma  of  feimentatiaB,  it  wonU  ieqnu«  no  UtngUsi 
ri»  fining  it. 

IVORY.  Imported  of  elepbrnol'*  Iseth  for  hone  couomptioa  ia  1839, 3,929  ewM. ; 
in  IS40,  4,401  cwte.    Dntf  It. 

K. 


LAC  DYE.  ImpoTled  for  home  canmmiRicn  in  183&,  632^1  immd«i  U  1840, 
044,092  ponnda;  61.  per  cwt.  doty. 

LACTIC  ACID.     See  Fi«ma(T*Tio*. 

LA,n£PS.  The  leading  noveltf  under  thii  tiOe,  is  the  constrnctiaD  of  lunpt  for 
barninR  sliirlti  of  Inrpentine,  in  the  pinee  at  Ihe  fal  oils  vhich  alone  have  been  in  um 
fhiDi  the  most  remote  ai^et  down  to  the  preaent  year.  Two  patents  bare  recently  ieen 
obtained  for  these  lamps,  nnder  the  fantastic  title  of  CampAnUf  one  by  Mr.  William' 
Vonn^,  and  another  by  Messrs.  Bayner  and  Cuter,  u  the  inTention  of  a  »orkiag 
miner — Roberts.  Having  been  employed  by  tb«  proprieton  of  these  patents  to 
exBDiine  the  perfonnances  of  thur  lespeetiTe  lamps,  I  here  Insert  the  two  reports 
4r*«ii  ap  by  me  OB  thcM  oecwioM : — 

"The  Ttita  Uunf,  haraing  with  Um  vtmosl  brillkncy,  withost  tmoke^  esiitf  a 
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light  •qoft]  to  rtsj  neftriy  twelre  wax  or  sperin  cftiulles  of  thrae  or  tar  ta  tko 
mnd  in  90  doing,  it  consumes  eznctly  one  imperial  pint  of  apirits  of  tupcntint;  (tbIsc 
aiipanee  retail)  in  ten  hows,  hence  the  cost  per  honr  for  a  light  eqnal  to  ten  tmA 
eaiidles  is  one  hal4>ennx;  whereaa  that  from  wax  candles  'vonki  he  neariy  aij^ieneey 
fnun  spermaceti  ditto,  firepence;  from  stearine  ditto,  fonrpenee;  firom  Pafaner^ 
spreading  wick  ditto,  nearly  threepence ;  from  tallow  moulds  2}^. ;  firom  apcnn  oil  in 
Caret's  Mechanioft]  Frendi  Lamp,  lii. 

**  One  pecoliar  adrantage  of  the  Vesta  lamp  is  the  snowy  whiteness  of  its  li|^ty  which 
IS  such  as  to  display  the  more  delicate  colors  of  natural  and  artificial  olqeeta,  iowen, 
paintings,  &c.,  in  their  true  tints,  instead  at  the  degraded  hues  TisiUe  lij  the  light  at 
eandles  and  oidinary  oil  lamps. 

**  The  size  of  the  flame  from  which  so  mndi  light  is  emitted  in  the  Yeatn  kuB^ 
is  greatly  smaller  than  ihat  of  oil  or  gas  argand  flames  of  eqnal  intensity;  a  dieBB- 
stance  to  he  accounted  for  from  the  difierence  in  chemical  composition,  batween  spirits 
of  turpentine  and  iht  oils.  The  spirits  consist  entirdy  of  earhon  and  hydrogen ;  in  the 
proportion  of  88|  of  the  former  element,  and  1 H  of  the  latter,  in  100  parts ;  and  they 
consume  328  parts  of  oxygen ;  whereas,  sperm  and  other  unctuous  oils  consist  «f  7S 
parts  of  carbon,  11|  of  hydrogen,  and  10|  of  oxygen,  in  100  parts  $  and  these  conamc 
only  287*2  of  oxygen,  in  being  burnt;  because  the  oxygen  already  present  in  the  ail 
neutralises  2*6  parts  of  the  carbon  and  0*4  of  ihe  hydrogen,  thus  laaTtng  only  8S|  paita 
of  the  combustible  elements  for  the  atmosphere  to  bam.  For  this  reason,  87|  parts  by 
weight  of  spirits  of  tuipentine,  will  consume  as  much  oxygea  as  100  parts  of  spcflD 
oil ;  and  will  afford,  moreoTer,  a  more  vivid  light,  because  they  contain  no  oaa4e,  aa 
fat  oUs  do,  which  senres  to  damp  the  combustion.  In  the  wpiiiU  of  turpentine,  the 
affinity  of  its  elements  for  oxygen  is  entire,  whereas  in  fat  oil  the  affinity  ia  partially 
neutralized  by  the  oxides  it  contains;  somewhat  as  the  flame  of  spirits  af  wiae  ia 
weakened  by  thdr  dilution  with  water. 

"  Among  the  many  applications  of  science  to  the  useful  arts,  for  whi^  the  present 
age  is  so  honorably  distinguished,  few  are  more  meritorious  than  the  Camphine 
lAmps,  by  which  we  can  produce  a  snow-white  flame  from  the  cleanly,  colasless 
spirits  of  turpentine — a  pure  combustible  fluid,  in  place  of  the  smeary  rank  oils 
which  contain  a  seventh  part  of  incombustible  matter.  Being  so  rich  in  hydro-cuhoa* 
the  spirits  require  peculiar  artifices  for  complete  consumption  and  the  development  of 
their  tldl  power  of  yielding  light  without  smoke  or  smell.  This  point  of  perfection 
seems  to  he  happily  attaint  by  the  invention  of  the  two  parallel  flat  rings,  la  the 
Paragon  Lamp,  a  larger  and  smaller,  forming  a  cone  round  the  margin  of  the  wi^ 
which  cause  a  rapid  reverberation  of  the  air  against  the  flame :  thus  consuming  every 
particle  of  volatilized  vapor,  and  adding  energy  to  the  luminous  undulationa.  Heace 
the  Patent  Paragon  Lamp  in  full  action  emits  a  light  equal  to  that  of  sixteen  wax 
eandles  three  to  the  pound,  but  of  better  quality,  ^ipioaching  in  purity  to  that  of  the 
sun-beam— therefore  capable  of  displaying  natural  and  artificial  objects  in  their  true 
colors. 

*<One  imperial  pint  of  reetifled  spirits  of  turpentine,  value  fid.  retail,  will  barm  ftt 
twelve  hours  in  this  lamp^  affording  all  the  time  the  illumination  of  eleven 

^  The  Paragon  Camphine  lamp  is  attended  with  no  daB|^  in  use. 

^  The  cost,  as  compared  with  other  lAmps  or  Candles,  u  aa  ibllows  s  vis« 


Paragon  Camphine  Lamp  (equal  to  1 1  wax  candles)  less  than  One  HalQieany. 
Wax  Candles      -- C|iL 

Spermaceti  ditto  "."."        *        "        "        *        "        -—       H 

Adamantean  waxfStearic  Acid)         -       -        --        -        -       •        A. 

Palmer's  Spread-Wick  Candles -3$ 

Cocoa  Nut  Candles  ...-••.        ..41 

Moulds  (Tallow) 9f 

Carcel's  Lamp,  with  Sperm  Oil 2» 

0ae  luvMiHASTON,  COST  OF,  fbr  a  description  of  an  exe^enl  ail  lamp. 

LEAD.    The  total  produce  of  the  lead  mines  of  Oreat  Mtnin  waa  estimated 
1822,  at  31,900  tons,  which  were  distributed  as  fbllows : — 

Wa]es(Flintshire  and  Derbyshire) 7,500 

ScoUand 1^800 

I  Cornwall  and  Devonshire        .--....  800 

Shropshire       ----------  800 

Derbj^hire 1,000 

Cumberiand,  Durham,  and  Yorkshire      -       -       .       .       •     19,000 

31300  • 
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A#d  IB  Iko  ftw  1835>.thft  toUl  produce  was  estiiimted  by  Mr.  Joka  Taylor  at  46,112 
tons;  of  which  19,626  wc^re famiflbojL  by  Northumberland,  Dnrbam,  aad  Gomberlaiuii 
the  niiaes  of  Mr*  Bean  moat  alone  yieldiog  10^000.    See  Soudek. 

LEATHER.  Ia  the  Fraaklia  InsUUite  for  February,  1843,  Mr.  Gideon  Lee  ha« 
published  some  judioiotts  obeerratioaa  ou  the  process  of  tannini?.  He  belieyes  that  much 
of  the  origioal  gelatine  of  the  hides  is  never  combined  with  the  tannin,  but  is  wasted; 
for  he  thinks  thai  100  lbs.  of  perfectly  dry  hides,  when  eleansod  from  extraneous  mat- 
ter, should,  OB  chemical  principles,  afford  at  least  180  lbs.  of  leather.  The  usual  prep- 
sautioB  of  the  hide  for  tanalBg  he  belieTes  to  be  a  wasteful  process.  In  the  liming  and 
liating,  or  the  BnhairiBg  and  the  clefuuing,  the  general  plan  is  first  to  steep  the  hides 
itt  nufic  oi  lime  for  one,  two,  or  three  weeks,  according  to  the  weather  and  texture  of 
the  sldn,  until  the  hair  and  epidermis  be  so  loosened  as  to  be  readily  removed  by  rub- 
bing down,  by  means  of  aknife,  upon  a  beam  or  block.  Aaotfaer  mode  is  to  suspend 
the  hidea  in  a  dose  ehaoiber  healed  slightly  by  a  smouldering  fire,  till  the  epidermis 
^ets  loosened  by  incipient  putrefactioiu  A  third  process,  called  sweating,  used  in  Ger- 
tnany,  consists  in  laying  the  hides  in  a  pack  or  pile,  coYered  with  tan,  to  promote  fer- 
mentative heat,  aad  lo  loosen  the  epidermis  ami  hairs.  These  plans,  especially  the  two 
latter,  ate  apt  lo  iBJ«re  the  quality  of  the  hides. 

The^o/s  consists  in  steeping  the  haired  hides  in  a  solution  of  pigeons'  dung,  ttm^ 
tainjug^  Mr.  Sjs^  sajna,  muriate  of  ammonia,  muriate  of  soda,  &e. ;  but  most  pfobably 
phosphates  of  ammoaia  aad  lime^  with  urate  of  ammoBia,  and  very  fermentable  animal 
snatter.  The  «iry  hides  are  often  subjected  first  of  all  to  the  operation  of  the  fulling- 
Btoeks,  whieh  Bpens  the  pores,  but  at  the  same  time  prepares  them  for  the  action  of  the 
liming  and  bate;  as  also  for  the  introduction  of  the  tanning  matter.  When  the  fulling 
as  too  Tioient,  the  leather  is  apt  to  be  too  limber  and  thin.  Mr.  Lee  eonceives  that  the 
liming. is  injuoous,  by  carrying  off  more  or  less  of  the  gelatine  and  albumen  of  the  skin. 
Higb-limed  leather  is  loose,  weighs  light,  and  wears  oat  quickly.  The  subsequent  fer- 
mentation in  the  bating  aggravates  that  eviL  Another  process  has  therefore  been  adopts 
od  in  New  Yoric,  MaiBe,  JNew  Hampshire,  and  some  parts  of  Philadelphia,  called,  but 
incorreetly,  coU  sweating,  which  consists  in  suspending  the  hides  in  a  subterrancaB 
vault,  in  a  temperatue  of  50^  F«,  kept  perfectly  damp,  by  the  trickling  of  cold  spring* 
water  from  points  in  the  roof.  The  hides  being  first  soaked,  are  suspended  in  this  vault 
Cbom  6  to  12  days,  when  the  hair  is  well  loosened  by  the  mere  softening  efiects  of  mois- 
ture, without  fermentation. 

LEATHEBy  MOBOCCO.  iMaroqum,  Fr. ;  Saffitm,  Germ.)  Morocco  leather  of 
die  finer  quality  is  made  from  goatskins  tanned  with  sumach ;  inferior  morocoo  leather 
from  sheepskins.  The  goatskins  as  imported  are  corered  with  hair ;  to  remove  which 
they  are  toaked  ia  water  for  a  certain  time,  and  they  are  then  subjected  to  the  operation 
called  breaking,  whiA  consists  in  scraping  them  clean  and  smooth  on  the  floh  aide, 
and  they  are  next  steeped  in  lime-pits  (milk  of  lime)  for  several  days,  during  which 
period  they  are  ^raiea  atttf  with  a  hook,  Irom  time  to  time,  laid  on  the  side  of  the  pit  to 
drain,  and  replunged  alternately,  adding  occasionally  a  little  lime,  whereby  they  are 
eventually  deprived  of  their  hair.  When  this  has  become  sufficiently  loose,  the  skins  are 
taken  out  one  by  oae,  laid  on  convex  beams,  the  work-benches,  which  stand  in  an  inclined 
position,  resting  on  a  stool  at  their  apper  end,  at  a  height  convenient  fbr  the  workman^a 
tuFeast,  who  scrapes  off  the  hair  with  a  coneave  steel  blade  or  knife,  having  a  handle  at 
each  end..  When  unhaired,  the  skias  are  once  more  soaked  ia  milk  of  lime  for  a  few 
days,  aad  then  scraped  on  the*  flesh  side  to  render  it  very  even.  For  removing  the  lime 
which  obstructs  their  pores,  and  would  impede  the  tanning  process,  as  well  as  to  open 
these  pores,  the  skias  are  steeped  in  a  warm  semi-putrid  alkaline  liquor,  made  with 
pigeons'  and  hens'  dung  diffused  in  water.  Probably  some  very  weak  acid,  such  as  fer- 
mented bran-water,  would  answer  as  well,  and  not  be  so  offensive  to  the  workmen. 
<In  Germany  the  skins  are  first  washed  ia  a  barrel  by  a  revolving  axle  and  discs.)  They 
me  again  scraped,  and  then  sewed  into  bags,  the  grain  outermost,  like  bladders,  leaving 
«  small  orifiee»iBto  which  the  neck  of  a  funnel  is  inserted,  and  through  which  is  f>oored 
B  co*1ain  quantity  of  a  strong  infusion  of  the  sumach ;  and  they  are  now  rendered  tight 
roond  the  orifieei,  after  being  filled  out  with  air,  like  a  blown  bladder.  A  parcel  of  these 
infisied  skins  ate  thrown  into  a  very  large  tub.  containing  a  weaker  infuswn  of  sunmeh, 
where  they  are  rolled  about  in  the  midst  of  the  liquor,  to  caase  the  infusion  within  to 
sict  upon  their  whole  surface,  atf  well  as  to  expose  their  outsides  uniformly  to  the  tan- 
ning action  of  the  bath.  AAer  a  iriiile  these  bladder-skins  are  taken  out  of  the  bath, 
and  piled  over  each  other  upon  a  wooden  rack,  wheretiy  they  undergo  such  pressuie  as 
to  force  the  enclosed  infasion  to  penetrate  through  their  pores,  and  to  bring  the  taimin 
of  the  sumach  into  intimate  contact,  and  to  form  a  chesucal  combination  with  the  skin 
fibres.  The  tanning  is  completed  by  a  repetition  of  the  proeess,  of  introduciag  some 
infitf ion  or  decoction  into  them,  blowing  tiiem  up,  and  floating  them  with  agitation  ia ' 
the  batlu    la  thin  way  fnttskias  may  be  veil  tanned  in  the  oonne  of  one  day^ 
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The  bags  are  neil  undone  by  removing  the  sewiafr,  the  tanned  akina  are  aaaped 
before  on  the  currier's  bench,  and  hung  np  in  the  drying  loft  or  shed ;  they  ue 
now  to  be  <*  in  the  crust.'^  They  are  again  moistened  and  smoothed  with  a  ml 
tool  before  being  subjected  to  the  dyeing  operations,  in  which  two  skias  areafiplied  ftce 
to  face  to  confine  the  dye  to  one  of  their  surfaces  only,  for  the  sake  of  economizing  the 
dyeing  materiab  which  may  be  of  several  different  colors.  The  dyed  skins  are  grained 
by  being  strongly  nibbed  with  a  ball  of  box^wood,  finely  grooved  on  its  sorlaee. 

Tawing  or  Skins.  (ifegtMsrie,  Fr. ;  WeUsgerberei,  Genn.)  The  kid,  dieepi,  and 
lamb  skins,  are  cleansed  as  has  been  described  under  leather  in  the  Bictkmary.  In  soma 
factories  they  receive  the  tanning  power  of  the  submuriate  of  alumina  (Irom  a  soiatioa 
of  alum  and  common  salt)  in  a  large  barrel-^ihum  apparatus ;  in  which  tb^  are  sab- 
jected,  to  violent  agitation,  and  thereby  take  the  a/amtag  in  the  course  of  a  lew  minntes. 
In  other  cases,  where  the  yolks  of  eggs  are  added  to  the  above  solution,  the  mixtaie, 
with  the  skins,  is  put  into  a  large  tub,  and  the  whole  trampled  strongly  by  the  naked 
feet  of  the  operator,  till  the  emulsion  of  the  egg  be  forced  into  the  poras  of  the  sldn. 
The  tawed  skins,  when  dry,  are  <<  staked,"  that  is,  stretched,  scraped,  and  laitotbed,  by 
friction  against  the  Uunt  edge  of  a  semicircular  knife,  fixed  to  the  top  of  a  ibMt 
of  wood  set  upright.  The  workman  holding  the  extremities  of  the  skin  with  both 
pulls  it  in  all  directions  forcibly,  but  skilfully,  against  the  smoothiog  *<  atal^.'' 

In  an  entertaining  article  on  tanning  in  the  11th  volume  of  the  Penny  KHgaziae,  al 
page  215,  the  following  description  is  given  of  one  of  the  great  tawing  establiahmctfs 
of  London :—  ' 

"  In  the  production  of  *  imitation'  kid  leather,  the  skin  of  lambs  is  embayed ;  and 
for  this  purpose  lambskins  are  imported  from  the  shores  of  the  Mediterranean.  They 
are  imported  with  the  wool  yet  on  them ;  and  as  this  wool  is  valuable,  the  leather- 
manufacturer  removes  this  before  the  operations  on  the  pelt  commence.  The  wool  b 
of  a  quality  that  would  be  greatly  injured  by  the  contact  of  lime,  and  therefore  a  load 
of  natural  fermentatioo  is  brought  about  as  a  means  of  loosening  the  wool  from  thepdt. 
At  the  Ntckinger  establishment  of  Messrs.  Bevington  and  Co.,  Beimondsey,  one  of  the 
buildings  presents,  on  the  ground  floor,  a  flight  of  stone  steps,  leading  down  to  a  laage 
of  subterranean  vaults  or  close  rooms,  into  which  the  lambskins  are  introdaced  in  a 
wet  state,  after  having  been  steeped  in  water,  <  broken'  on  the  flesh  side,  and  drained. 
The  temperature  of  these  rooms  is  nearly  the  same  all  the  year  round,  a  resnlt  obtained 
by  having  them  excluded  as  much  as  possible  from  the  variations  of  the  external  atno* 
sphere ;  and  the  result  is  that  the  skins  undergo  a  kind  of  putrefactive  or  fermeatiag 
process,  by  which  the  wool  becomes  loosened  from  the  pelt.  During  this  cheaucal 
change  ammonia  is  evolved  in  great  abundance ;  the  odor  is  strong  and  diaagreeafale; 
a  lighted  candle,  if  introduced,  would  be  instantly  extinguished,  and  injurious  effects 
would  be  perceived  by  a  person  remaining  long  in  one  of  the  rooms.  £aeh  room  is 
about  ten  feet  square,  and  is  provided  with  nails  and  bars  whereon  to  hang  the  lamb- 
skins. The  doors  from  all  the  rooms  open  into  one  common  passage  or  vault,  and  are 
kept  dose,  except  when  the  skins  are  inspected.  It  is  a  point  of  much  nicety  to  deter- 
mine when  the  fermentation  has  proceeded  to  such  an  extent  as  to  loosen  the  wool  fnn 
the  pelt ;  for  if  it  be  allowed  to  proceed  beyond  that  stage,  the  pelt  itself  would  become 
injured." 

When  the  fennentation  is  completed,  generally  in  about  five  days,  the  skias  are  re- 
moved to  a  beam,  and  thrxe  <  slimed'-* that  is,  scraped  on  the  flesh  side,  to  remove  a 
slimy  substance  which  exudes,  from  the  pores.  The  wool  is  then  taken  off,  denned, 
and  sold  to  the  hatters,  for  making  the  bodies  of  common  hats.  The  stripped  pdts  are 
steeped  in  lime-water  for  about  a  week,  to  kill  the  grease ;  and  are  next  *'  fleakcd  on  the 
beam."  After  being  placed  in  a  <<  drench,"  or  a  solution  of  sour  bran  for  some  days  la 
remove  the  lime  and  open  the  pores,  the  skins  are  alumed,  and  subjeeted  to  nearly 
the  same  processes  as  the  true  kidskins.  (See  LEATim.)  These  Mediterranean  lamlh 
skins  do  not  in  general  measure  more  than  about  20  inches  by  12;  and  each  oa/e  fur- 
nishes leather  for  two  pairs  of  small  gloves.  These  kinds  of  leather  geaerally  leave  the 
leather-dresser  in  a  white  state  {  but  undergo  a  process  of  dyeing,  softening,  '^  stroking^** 
&c.,  before  being  cut  up  into  gloves. 

The  tanning  of  one  average-siaed  Ain  requires  about  1}  lbs.  of  good  Sdtian 
sumach  $  but  for  leather  which  is  to  receive  a  bright  scarlet  dye,  from  one  half  to  three 
quarters  of  a  pound  of  gall-nuts  are  employed  in  preference.  Inferior  goatskins  are 
tanned  with  a  willow-bark  infusion,  in  pits,  in  which  they  are  turned  repeatedly,  and 
laid  out  to  drain,  as  in  tanninJE^  sole-leather.  The  finest  skins  for  the  brightest  scarlet 
are  cured  with  salt,  to  prevent  their  receiving  damage  in  the  transport,  and  nre  dyed 
before  being  tanned.    This  method  is  practised  in  Germany  aad  France. 

Ltaiker  of  deer  and  sheep-skins  is  prepared  with  oil,  for  the  purpose  of  m^iag 
breeches,  &e.,  and  fbr  wash-leather,  used  in  cleaning  plate.  After  they  are  completely 
washed,  limed,  and  beamed,  as  above  described,  they  have  their  "  giaia^-avriace  it- 
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■•red,  to  giva  Iham  gntXti,  toftasM  (tnd  pIlAbiUtr.  Tkii  nBural  of  the  gnia  ia 
GBlled  "  tiitiag,"  and  it  is  doae  dther  with  the  roand  edge  of  a  blant  knife,  or  with 
pnmice-atoBe.  AAer  banjt  trtei  from  the  lime  bf  iteepiDg  ia  fermented  bran-waier, 
they  ve  proeed  M  dry  aj  niay  be,  and  are  then  impregnaled  with  cod-oil,  by  bestiiK 
ifith  aloclu  ia  the  troagb  of  a  kiad  of  fulUog-mill.  Proionily  to  the  applieatintt  <J 
the  oil,  they  ace  avuUy  beat  for  some  time  alose  to  open  their  sabatance.  The  cdled 
•kins  are  Nretehed,  haaft  ap  for  some  time  in  the  air,  then  fulled  irith  oil  bi  before — t 
proceu  which  ia  8  or  S  timea  repeated.  The  oil  it  dowly  and  evenly  poured  upon  the 
akina  in  the  tioogh,  daring  the  action  of  the  beaiera.  One  hundred  skiuB  otnBjIy  take 
Dp  in  tbii  way  from  two  lo  Ihree  gallons  of  oil.  The  fulled  oiled  ikins  are  thrown  into 
large  tuba,  and  left  for  bdow  time  lo  fennent,  and  (hereby  to  eoinbine  more  intimately 
with  the  oil.  They  are  laatly  labjecled  lo  a  weak  potash  ley  bath,  to  atrip  them  of  the 
looeety  adhering  oil.    They  are  then  hnng  up  in  the  air  lo  dry,  and  dreaied  for  the 

The  qoantity  of  hides  and  skins  converted  into  leather  yearly  in  England  is  almost 
incrediUy  luge.  At  Mesars.  Bevington's  establishment  alone  there  are  about  250,000 
ekinB  annoally  eonverled  into  leather  by  the  aluming  or  tawing  process ;  2^,000  by 
the  sumach  tanning  process ;  as  also  a  small  number  by  the  oil-dressiog  process.  For 
the  importation  and  axportation  of  ikini,  nntanned  and  tanned,  see  HiiUi. 

Ia  1839,  5,149  Rotsian  tauned  bides  were  imported  for  home  consumption ;  and  m 
1840,4,664;  of  St.  of  dnty  on  the  entire  hide;  and  pieces  2i.  6(f.  per  lb. 

The  declared  value  of  leather  eiponed  in  1840  was  320,B12/. ;  weight,  2,404,667  Iha. 
Saddlery  and  haraess  of  S6,I6T1.  declared  value  were  exported. 

Leather  gloves  imported  for  home  consumption  ia  183&,  991,623  pairs;  in  1S40, 
1^3,8(i2;  average  dnty,  it.  a  dozen. 

LEATHER  SPLTrTING.  This  operation  is  employed  aometimea  npon  eertaio 
sons  of  leather  for  gkiven,  for  bookbindera,  sheath •nukars,  and  always  to  give  a  nni- 
trm  thickness  to  the  leather  destined  for  the  cotton  and  wool  eaid-oiakera. 
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and  fig.  90  ■  vertiol  Hdion  Berou  the  macfaiiic.  a  ia  *  ^aotf  ^^e,  Jhnidei  vilk 
finiT  legs  i,  wbiA  U>  th«  rigbt  aikd  left  bud  bean  two  hociMMal  ficcw  e.  £*d>  wf 
these  pieeei  U  ent  out  in  flronl,  to  u  m  fonn  ia  iti  wtfaw  a  half-WMtd  fak,  Um* 
leee^Tei  a  cjUnder  d,  cairriaK  ob  ita  end  >  toethed  tpor-wliail  (.  Mation  i*  eoa- 
muDicated  to  the  wheel  brmeaBiofthebandle/iapon  vkoMasa  tbefiaiaoiVM  fiM^i 
woridoH  into  the  ^imI  d,  made  fkat  to  the  endirf'thc  crHnder  tvtmi  wUA  lh«  ieathtt 
ii  rolled.  The  leather  la  fixed  at  one  of  it«  endi  or  odgea  to  the  crliader,  eithawtth  • 
wadge  prciMd  into  ■  groova,  or  bf  •  ntovaaUe  ■tgmeiil  af  the  erlinder  itnelf. 

The  table,  a,  ia  ent  ont  lengthwiae  with  •  alat,  that  i»  «i4tMd  Mav,  aa  ihiiia  t* 
Jig.  90. 

The  knife  k  ifift.  90  and  91)  U  fixed  flat  apon 


headi  are  eonalennnk  into  the  taUe,  and  aeenred  with  tain  beneath  (Jtf.  90),  the  tift 
of  the  knile  being  placed  harixontallT  OTer  the  opening,  and  paraUel  with  it. 

In  Jig.  EK),  the  leather, JE,ia  shown  advancing  ngalnst  the loiife, gettiof  Bpht,aBdhai 
a  portion  coiled  round  the  cylinder,  which  is  m^e  to  reTotre  in  pn^nrtion  a«  the 
leather  is  clelX.  The  upper  portion  of  the  leather  is  rolled  npon  die  cjlinder  d,  wlik 
the  under  half,  i,  talft  throngh  the  oblong  opening  npOD  the  groand. 

In  regnlating  the  thidcneM  of  the  split  leather,  the  two  supports,  m,  act ;  the;  arc 
nude  fast  to  the  table  a  (one  Mi  each  side  of  the  knife),  and  an  morticed  into  the  taUe 
by  two  tenons  secured  beneath.  These  supports  are  fnnuslied  near  their  utfm  with 
keyed  slots,  by  means  of  which  the  boriiontal  iron  rod  o  (fig:  SS,  90)  is  secDred,  m»i 
outside  of  the  apiigbts  they  press  upon  the  apnngap.p,  which  tend  to  raise  thenMl,a,ia 
its  two  end  alols;  but  the  adjuating  screws  g,  which  pass  down  through  the  tops  of  the 
supports  into  the  nortise  "(fig-  90)  and  press  upon  the  upper  half  ofthedinded  tenaa, 
euunteiact  th«  spiingi,  and,  accordingly,  keep  the  rod,  o,  exactly  at  any  deured  height 
or  level.  The  iron  rod,  a,  carriei  another  iron  bar,  r,h«DeBlh  it,  puallel  and  aborectu* 
gnlai-j/g.  90.  This  lower  bar,  which  is  rounded  at  its  under  face  lies  npon  a>d  prenca 
the  leather,  by  the  actioa  of  two  screws,  which  pass  through  two  upright  pseces  i 
<lfg).  88  and  90),  made  fast  to  the  table  j  thus  the  iron  bar,  r,  may  be  made  to  pres* 
ibrward  the  edge  of  the  knife,  and  it  may  be  adjusted  in  its  degree  of  presmre,  aeaoid- 
iiw  to  Ibe  denred  tbiokneM  of  the  leaf  of  tplit  kathar,  that  panes  throagfa  oader  it. 

f  ig.  90  «hows  that  the  slant  or  obitquity  of  ihe  knife  ia  diraated  domwBid,  ore* 
one  ot  the  edges  of  the  oUou  opening  g ;  the  other  edge  of  this  op^ng  is  providel 
wiihaaironplatelCJlgt.  90,  91),  whiSi  serves  to  guide  the  blade  in  cutting  the  leather 
to  the  proper  depth.  For  thie  pnipoee  the  plate  is  made  adjustable  by  Bieana  <£  the 
feui- springs  H  (figt.  90,  91),  let  inlo  the  table,  which  press  it  downward.  Faartmwt 
a,  pass  down  through  the  table,  eaeh  belonging  to  its  respective  spiinp  «,  and  by  miaas 
of  these  screws  the  plate,  (,  mny  be  raised  in  any  desired  d^ree.  Each  of  the  screws, 
«,  has  besides  a  small  reclangnlar  notch,  through  which  a  serew  bolt,  x,  paaacs,  by 
which  the  spring  is  made  fhat  to  the  t^ile.  Thu  also  the  plate,  t,  may  be  made  to 
aniroach  to  or  recede  from  the  knif>. 

y,  iafig:.  88  and  90,  is  a  Sat  booid,  hid  npon  the  leather  a  Utile  b«^nd  the  edge 
of  the  pUtelf  this  board  is  pressed  by  the  cylinder  i,  that  lies  npoD  it,  and  whaaa 
tenons  rest  in  mortises  eul  out  in  the  two  supports  a'.  The  cylinder,  *,  is  held  in  its 
position  by  a  wedge  or  inn  b  (figi-  88  and  89),  which  paasca  throagk  the  ■■pparts. 
When  the  leather  has  been  split,  these  pins  are  removed,  and  the  cylinder  risea  tbea  by 
means  of  two  counter  weights,  not  shown  in  the  figures. 

The  operation  of  the  machine  is  as  follow* — The  edge  or  end  of  the  leather  boif 
ieetued  to  the  cylindor  d,  the  leatho'  itself  having  the  mrectjon  npon  the  table,  show* 
iafig.  90^  and  thebn,  r,  ita  ^oper  positioB  over  the  khifg  the  edge  b«giaa  tvjntcn  ■■ 


MADDER  ROOT.  161 


'  .1 


Chu  potitioB  iato  tke  leftttier»  wliile  the  cylinder,  tf ,  if  moTed  hj  the  handle  cur  wmta, 
aad  the  piece  gets  between  the  blade  and  the  roller  d.  When  the  other  end  of  the 
leather,  ky  admnces  to  the  knife,  there  is,  consequently,  one  half  of  the  leather  split; 
the  skin  is  to  be  then  rolled  off  the  cylinder  d  j  ilia  turned ;  the  already  split  half,  or  the 
end  of  the  leather  h,  is  made  fast  into  the  wood  of  the  cylinder,  and  the  other  half  is 
next  split ;  while  the  knife  now  acts  flnom  below,  in  an  opposite  direction  to  what  it  did 
mt  iirst. 

That  the  nnrolliag  of  the  leather  firom  the  cylinder,  d,  may  not  be  obstructed  by  the 
pinion  t,  the  stop*wodge  e  (fig9»  88,  89)  is  remoyed  from  the  teeth.  In  the  process  of 
splitting,  the  grain  side  of  the  leather  is  uppermost,  and  is  therefore  cut  of  a  uniform 
thickness,  but  the  under  side  varies  in  thickness  with  the  inequality  of  the  skin. 

LINSEED.  Imported  ibr  home  consumption,  in  1839,  3,862,359  bushels ;  in  1840, 
3;256,257;  lic^  dutty. 

LODES.  The  name  given  by  the  Cornish  miners  to  metallic  veins :  as,  tin  lodes, 
copper  lodes,  Itc. 

LOGWOOD ;  imported  for  home  eonsumptiott  in  1889, 17,209  tons ;  in  1840,  18,688 
tons ;  duty  3«.,  foreign  4f .  6d. 
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MACE.  Imported  for  home  consun^tion,  in  1839, 21,164  pounds;  in  1840, 16,813, 
duty  2<.  6<{.  per  pound. 

MADDER,  GROUND;  imported  for  home  consumption  in  1839,  96,702  cwts. ;  in 
1840,  134,179  cwts. ;  duty  2t.  per  cwt. 

MADDER  ROOT;  in  1839,  80,269  cwts.;  in  1840,  112,714  cwts.;  duty  64. 
per  cwt. 

A  patent  was  granted  in  August,  1843,  to  Mr.  F.  Steiner,  for  the  manufacture  of 
Oarandne  from  used  madder,  formerly  thrown  away,  as  being  exhausted  of  its  dyeing 
principle.  His  process  is  as  follows :  **  A  large  filter  is  constructed  outside  the 
building  in  which  the  dye-vessels  are  situated,  formed  by  sinking  a  hole  in  the  ground, 
and  lining  it  at  the  bottom  and  sides  with  bricks  without  any  mortar  to  unite  them. 
A  quantity  of  stones  or  gravel  is  placed  upon  the  bricks,  and  over  the  stones  or  gravel 
common  wrappering,  such  as  is  used  for  sacks.  Below  the  bricks  is  a  drain  to  take 
off  the  water  which  passes  through  the  filter.  In  the  tub  adjoining  the  filter  is  kept  a 
quantity  of  dilute  sulphuric  acid,  of  about  the  specific  gravity  of  106,  water  being  100. 
Hydrochloric  acid  will  answer  the  several  purposes,  but  sulphuric  acid  is  preferred  aa 
more  economical.  A  channel  is  made  from  the  dye- vessels  to  the  filter.  The  madder 
which  has  been  employed  in  dyeing  is  run  from  the  dye-vessels  to  the  filter;  and 
while  it  is  so  running,  such  a  portion  of  the  dilute  sulphuric  acid  is  run  in  and  mixed 
with  it  as  changes  the  color  of  the  solution  and  the  undissolved  madder  to  an  orange 
tint  or  hue.  This  acid  precipitates  the  coloring  matter  which  is  held  in  solution,  and 
prevents  the  undissolved  madder  from  fermenting  or  otherwise  decomposing.  When 
the  water  has  drained  from  the  madder  through  the  filter,  the  residuum  is  taken  from 
off  the  filter  and  put  into  bags.  The  bags  are  then  placed  in  an  hydraulic  press,  to  have 
as  much  water  as  possible  expressed  firom  their  contents.  In  order  to  break  the  lumps 
which  have  been  formed  by  compression,  the  madder  or  residuum  is  passed  -through  a 
sieve.  To  6  cwt.  of  madder  in  this  stated  placed  in  a  wood  <»r  lead  cistern,  1  cwt.  of 
sulphuric  acid  of  commeroe  is  sprinkled  on  the  madder  through  a  lead  vessel  similar 
in  form  to  the  ordinary  watering-can  used  by  gardeners.  An  instrument  like  a  garden 
spade  or  rake  is  next  used,  to  work  the  madder  about  so  as  to  mix  it  intimately  with 
the  add.  In  tliis  stage  the  madder  is  placed  upon  a  perforated  lead  plate,  which  is 
fixed  about  five  or  six  inches  above  the  bottom  of  a  vessel.  Between  this  plate  and 
the  bottom  of  the  vessel  is  introduced  a  current  of  steam  by  a  pipe,  so  that  it  passes 
through  the  perforated  plate  and  the  madder  which  is  upon  it.  During  this  process, 
which  occupies  from  one  to  two  hours,  a  substance  is  produced  of  a  dark  brown  color 
approaching  to  black.  This  substance  is  garandne  and  insoluble  carbonized  matter. 
When  cool,  it  is  placed  upon  a  filter  and  washed  with  clear  cold  water  until  the  water 
posses  ft-om  it  withoat  an  acid  taste.  It  is  then  put  into  bags  and  pressed  with  an 
hydraulic  pre^s.  The  substance  is  dried  in  a  stove  and  ground  to  a  fine  powder  under 
ordinary  madder  stones,  and  afterward  passed  through  a  deve.  In  order  to  neutralite 
any  acid  that  may  remain,  fh>m  4  to  6  lbs.  of  dry  carbonate  of  foda  for  every  hundred 
wdf  ht  of  this  subetance  is  added  and  intimately  mixed.  The  garaneine  in  thit  stnta  i« 
ready  for  use. 
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MALT.    The  Quantity  of  Malt  consumed  by  the  nndeimentioned  Brewen  of 

Vicinity,  front  10th  October,  1830,  to  10th  October,  1842. 


tt3 


1831. 


Barclay  and  Co.  • 
Hanbary  and.  Co.     . 
Whitbread  and  Co. 
Reid  and  Co. 
Meux  and  Co.     • 
Combe  and  Co.   • 
Calrert  and  Co.  - 
If oare  and  Co.     - 
Elliot  and  Co.     • 
Thorne,  T.  and  Son 
Charrinrton  and  Co 
Steward  and  Co.  • 
Taylor  and  Co.   - 
Guding,  J.  and  Co. 
G«dliic,  Thofoaa  • 
RamsDottom  and  Co. 
Broad  wood  and  Co. 
Gardner,  H.  W.  and  P 
Mann,  Jamea 
Courage  and  Co. 
Wood  and  Co.     - 
More,  Robert 
Harria,  Thomaa  - 
Hazard  and  Co.  • 
Tubb,  William    - 
Richmond  and  Co. 
Hodgaon  and  Co. 
Abbott.  E.    • 
Maiinera  and  Co. 
Hale,  George 
ITalford  and  Co.        ) 
Keropaon  and  Co.     ) 
Farren  and  Till  • 
I'horne,  J.  M.  and  Son 
Duggan  and  Co.  - 
Gaakell  and  Downa 
M'Leod,  B.  - 
Plummer     - 
Lazton  and  Bryan 
Draper  and  Co.  • 
Miller  and  Co.     - 
Keene  and  Co.    • 
Lane  and  Bowden 
Flemming  and  Co. 
Clarke,  Charles  • 
Gumey,  J.  and  Co. 
Stainaand  Fox   • 
Very,  W.  and  G.  • 
Jones,  T.     -       - 
Herington  and  Wells  • 
Hill  and  Rice 
Holt  and  Sons    - 
Cox,  John    • 
.Griffith.  P.  - 
Ufford  and  Co.     • 
Maaterman  and  Co.    - 
Johnson  and  Co.  -     ) 
Wyatt        -        -     i 
Turner,  R.  - 
Dickenson.  G.     • 
Honeyball,  Edward 
Jenner,  R.  and  H. 
Church,  J.  L.       << 
Blogg,  B.     . 
M*Leod,  J.  M.  and  Co 
Satchell  and  Son 
Knight 

Chadwick,  W.  . 
Turner,  John 
Lock,  R.  -  • 
Hume,  George  - 
CoUina,  W.  L.  • 
Weat,  J.  H.  - 
Mantell  and  Son- 
Addiaon 

Martin  and  Co.    •     i 
Allan    .       .       .     j 
Uodd  and  Co. 
Clarke,  W.- 
Clarke, 8.    • 
Bye,  W.  and  H.  - 
Clark  -       -*    •     f 
Badffa-      .       •     I 


Qrs. 

97,108 

M,:«4 

4U,7I3 

43,380 

S4.3S9 

S4,684 

30,695 

24,10S 

19,444 

t,44& 
10,531 

8,116 
31,845 
16,307 

9,9«7 


6,666 

8,116 
5.469 
S,535 
4,778 


3,785 


4,584 
3,215 


1,656 


4,048 


814 

S,93.S 

565 

9,910 
1,113 
S,302 
2,146 


1.704 


08 
901 


60S 
3,508 


674 

* 

1,018 
305 
846 

1,187 
756 


7» 


M0 


Ib33. 


Qrs. 

V«i,fll2 

58,512 

53.MI 

44,420 

82,063 

36.948 

32,819 

26,821 

20.061 

3,.M3 

9,648/ 

6,h72  S 

21,735 

14,874 

8,971 


5,904 
1,U56 
7,6*17 
5,560 
1.010 
4,780 
6,126 

3,503 
S,522 


4,333 

3,187 

3,139 


1833. 


1834 


Qrs. 
03,175 
56,497 
50,067 
40,810 
30,718 
36,J7U 
31,433 
25.407 
19.899 
5,136 

15,617 

81,115 

14.279 

7,630 


7,471 
1,333 
7.546 
5.547 
1.890 
4,54n 
6.203 

3.256 
3,870 


3,633 
3,330 


3,947 


3,030 


857 


1,833 

463 

1,748 

754 

3,379 

1,530 


1,603 


138 
719 

m 

308 


684 


3,117 


584 
99 

085 
176 
677 
840 
590 


Ml 


719 


8,317 


4,336 
3,941 


Qrs. 
09,674 
74,988 
49,105 
44,910 
36.161 
35,438 
31,460 
29,796 
35,009 

8,496 

18,197 

30^835 

15.356 

8,834 


11,499 
1,757 
8.079 
7.603 
4,T1I 
4,940 
7,094 
bO 
3,580 
3,080 


3.881 
3,545 


5,470 


8,508 


1835. 


Qts. 
106,006 
78,087 
55.209 
49,430 
34,376 
86,938 
33,9li3 
31,525 
98.78« 
10,913| 

19,213 


1^6 


Qrs. 
108,715 

8u,aos 

53,694 
49.831 
30,77§ 
43,160 
30,859 
33,633 
38,338 
13,657 

19,443 


1837. 


Qra. 
100.336 
61,440 
47.013 
43.700 
80.088 
40,454 
33,385 
33.347 
34,150 
16,404 


33,885  34.071 
16.312^  3^21 


7,618 


14,609 
8,780 
8,790 
7,380 
4,130 
4,064 

300 
8,368 
3,414 


3,466 


11,784 
115,364 


15,309 
4,840 
9,939 
7,961 
5,855 

'4,996 
6.597 
1,516 
3,551 
3,400 


3,706 
3,763 


4,048 


9,i01 


issa. 


455^114,837 
9l,0f9 
51,979 
44,010 


Qw 
107. 
90,140 
45,460 
44,036 
85,005 
43.444 
81,530 
31,378 
33,486 
16^S 


18.64^  90,100 


93.556 

U14.033 

7,095 

15, 


15,356 
6.568 
9,386 
7,834 
6.085 
5,043 
6,674 
3,896 
3,174 
3,400 


4,553 

4,54 

8,786 


4,783 


3,605 


5,360 


4,187 


1,006 


8,163 
844 

337 

1,974 

717 

4,371 

1,063 

1,680 


31S 
801 
869 
355 


594 


1,906 


640 
359 
975 
354 
894 
914 
596 


ri 


676 


780 


1,003 


3,266 

1,140 

375 

1,963 

704 
3,446 
1,093 

303 
1,810 


341 

798 
471 

5391 


m 


3,515 


677 

1,427 
441 

.  838 
850 
053 


486 


086 


747 


1,006 


4,689 


8,573 


1,840 


8,106 

1,306 

348 

9(043 
784 

3,499 

2,130 
473 

1,877 


581 
836 
800 
734 

966 


3,147 


700 
496 
1.856 
519 
406 
757 

n 


071 


798 


706 


3,738 
1,803 

700 

1,678 
813 
3,018 
8,304 
TSt 
1,789 
3,809 


716 
1,037 
1,103 

779 

7561 
1,007 

748 
3,177 


780 
680 
1,385 
537 
406 
807 
019 


4,960 


8,588 


1,880 


8,763 

1,573 

050 

1,858 
766 
3.151 
3431 
958 
1,914 
3^600 


713 

1,085 

1,513 

833 

743 

948 

690 

1,441 


169 
766 
651 
1,196 
596 
565 
098 
768 


97.930 
14.03SI 


1910.  jiaii. , :«e 


40.713 
81,006 


19J78 

16,688 

3S,9» 
13,145 


7A5i;|  5,796 
1S.013|         ^ 


6,553 
3,305 

4,056 
1,790 


4.599     4,4110 


4,700 


8,167 


1,787 
1,034| 


Qri.   !  Qa- '  o 
H5,S6I,MJ<»:h« 

«64ia|  t&ie  ^^ 

48,13i4:jK  Hi 
40,7871  4f,T  O 

9MM|  tt,4tl  fiK 

iT^yis 


36.310 


IS,3K 

97J0P 


Sl.tttliA 

Mifli*  r  ' 


3,58* 


Mi*  ^ 


i'* 


1,711 
1,117 


658 


741 
301 

1 


049       631 


TT. 


MATCHES,  LUCIFER. 


168 


Bricheno,  Henry     - 
Ltmont  and  Co.     . 
Pilmer  and  Ooodlnf 
Wood  and  Co. 
Brown,  late  Hicks  • 
Manvell,  Isaac 
Ab^tt,  B.-      • 
Cooper,  W.     • 
Sannders 

West,  J.  W.  -       . 
Harris,  Robert 

1831. 

]83i. 

1838. 

1834. 

1835. 

1836. 

1837. 

1838. 

1830. 

1840. 

1841. 

Qrs. 
5.687 
1,646 

759" 

601 
944 

•  • 

•  • 

Qrs. 

5.739 

356 

"   713" 

* 

Qis. 

7,190 

888 

•                 * 

m                      m 
m                      m 

094 
695 
443 

17o" 
451 

Qrs. 

0,050 

657 

•  • 

'    875' 
634 

•  • 

955" 
400 

Qw. 

0,769 

403 

.        » 

"   834' 
654 
100 

406* 
557 

Qrs. 

6,885 

9.085 

1,030 

805* 
9,305 
810 

"   905* 
407 

Qrs. 
0.863 
3,800 
1,908 

•  • 

•  • 

894 
560 
815 

306 
470 

Qrs. 
8,857 
5.951 
1,901 

*  • 

•  • 

756 
441 
370 
81 
951 
456 

Qrs. 

8.600 
7,83a 
1,874 
1,403 

1^61 
570 
319 
434 
311 
900 
405 

Qrs. 

13,475 

l,f33 
1,449 
1,450 
739 
487 
503 
369 
353 
447 

Qrs. 

13,067 

1.514 
1,484 
1,300 
776 
400 
485 
471 
444 
441 

Barrels  of  Beer  brewed  by  each  of  tbe  Twelve  priacipal  Brewers  in  Londoiu 


1789. 

1808. 

Whitbread      ......    49,407 

Calvert,  FeUx        -       -       -       -       -    38.304 

Truman 89,134 

Calvert,  John 31,85.1 

Thrale,Mrs. 90,805 

Hammond 98,715 

Phillips 16,597 

Ooodwyn 16,996 

Mmx 14,080 

Jordan 11,946 

Dawson  ---.---    11,077 
Dickinson 10,000 

Meux 100,160 

Barclay 184.106 

Golden  Lao* 131,647 

Banbury 117,574 

Whitbread 119,479 

Combe  • 70,547 

Goodwyn 70,989 

Calvert,  Felix 68,804 

ElUot 48,660 

fliley 88,090 

Harford 89.800 

Calvert,  John 89,099 

9,007,981 

984,145 

Qotfters  of  Malt  consumed  in  tbe  undermentioned  Years,  ending  10th  October. 


By  the  Brewers  of  London  and  its  Vicinity.                                             1 

1831 
1839 

699,540 
804,477 

1838 
1834 

578,588 
869.713 

1  1835    709,533 
1  1836    754,313 

1837 
1838 

714,488 
749,507 

1^0 
1840 

750,176 
768.910 

1841 
1849 

784,909 
741,651 

By  th«  Twelve  principal  Brewers  of  London. 

1831 
1839 

489.591 
488,046 

1833 
1834 

497.087        1835    503,048 
470,193    1  1636    596,009 

1837  400.170 

1838  517,040 

1830 
1840 

598,950 
547,008 

1841 
1849 

517,999 
641,710 

MANGANESE,  OXIDE  OF ;  for  a  simple  method  of  ascertaining  the  value  of  this 
substance  in  the  production  of  chlorine,  and  the  manufacture  of  the  chlorides  and  chlo- 
rates, 6ee  Chkmxstbt  Simplified,  in  the  Appendix. 

MANURE.  A  patent  for  an  excellent  article  of  this  kind  was  obtained  in  May, 
1842,  by  J.  B.  Lawes,  Esq.  He  decomposes  bones,  apatite,  and  other  subphosphates 
of  lime,  by  mixing  them  in  powder  with  as  much  sulphuric  acid  as  will  liberate  enough 
of  the  phosphoric  to  dissolve  the  phosphate  of  Ume.  The  free  phosphoric  acid  is  there- 
by ready  to  combine  with  the  various  alkaline  earths  contained  in  the  soil,  while  the 
phosphate  of  Ume  i&  brought  to  a  state  of  more  minute  division  than  is  possible  hf 
mechanical  means.  Mr.  Lawes  also  proposes  to  mix  the  above  soluble  superphos- 
phate with  such  alkalies  as  are  deficient  in  the  soil,  and  thus  to  form  a  manure  adapted 
to  feitilize  it.  His  third  improvement  in  manure  is  the  formation  and  application  of  a 
liquor  of  flints,  for  such  soils  as  are  deficient  in  soluble  silica.  The  last  compound  he 
Considers  to  be  valuable  for  grounds  much  cropped  with  wheat  and  other  cereals  that 
require  a  good  deal  of  silica  for  their  growth. 

MAR6ARIC  ACID  is  obtained  most  easily  by  the  distillation  of  stearic  acid.  The 
humidity  at  the  beginning  of  the  process  must  be  expelled  by  a  smart  heat,  otherwise 
explosive  ebullitions  are  apt  to  occur.  Whenever  the  ebullition  becomes  unifoim,  the 
fire  is  to  be  moderated. 

MATCHES,  LUCIFER.  According  to  Dr.  R  Boettgcr,  in  JmuUm  drr.CktmU  mmd 
Pharmacity  vol,  zlvii.,  p.  334,  take 


Phosphorus 

Nitre     -  -  . 

Fine  glue 

Red  ochre,  or  red  lead  • 

ftnalt    -  .  • 


4  parts. 
10   — 

6   — 

5  — 
2   — 


-  lu 


METALLIC  ANALYSIS. 


Convert  the  gjne  VA  >  Utll<  wbIct  by  •  gmlle  heat  into  ■  nnooA  jeDf,  p«t  il  intn  • 
■lightlf  wuTD  poKelain  mortar  to  liqiufy ;  run  ilie  photfAoru*  down  throogh  tbia  fds- 
line  at  ■  lempentiure  oT  about  140°  or  IKP  Fabr.j  add  the  nitre,  then  tiw  ml  powder, 
and  lastly  the  smalt,  till  the  whole  fomu  ■  uDJfonn  paste.  To  make  wriliDg-papet 
matches,  which  bom  witb  b  bright  flame  and  difliiRe  an  agreeable  odor,  moirten  esci 
aide  of  the  paper  with  tincture  ot  benzoin,  dry  it,  cut  it  into  slipB,  and  smear  aae  oC 
their  ends  with  a  little  ot  the  above  paste  bj  means  <^  r  hair  peiicU.  On  mMjiog  the 
wid  end  after  it  is  dry,  agaiast  a  rough  surface,  tbe  paper  will  take  Are  withoat  tJkc  ia- 
terrention  of  sulphur. 

To  form  Ineifer  wood  matches,  that  act  withoat  snlphnr,  melt  in  a  flal-boMemed  tia 
pan  as  much  white  wax  as  will  stand  one  tenth  of  an  inch  deep ;  take  a  teulle  ■/ 
wooden  matches  free  from  resiD,  rub  Ibeir  ends  against  a  red  hot  iron  plate  till  the 
wood  be  slightly  cbarredi  dip  them  now  in  the  melted  wax  for  a  moment,  shake  Ihea 
well  on  tailing  them  out,  and  finally  dip  them  separately  in  the  above  vitcid  pMle. 
When  dry,  they  will  kindle  readily  by  friotion. 

For  the  rapid  manofactare  of  the  wooden  splints  for  ludfer  matchea,  a  patent  Wat 
granted  to  Mr.  Reuben  Partridge,  in  March,  1S42.  He  employs  a  perforated  metaCie 
plate,  having  a  steel  face,  strengthened  by  a  bell  metal  ba<^  (  see  Jigs.  92,  93.  Tbe 
fixe  of  the  petforaliani  mast  depend  on  that  of  tbe  dedred  apKnts,  but  they  tnnM  be  as 
elofle  tofether  aa  potuble,  that  there  may  be  ■  very  small  blank  (pace  between  tbo^ 


•therwiae  the  plate  wonld  afford  loo  gi«at  resistance  to  the  passage  of  the  wood,  tj 
this  constmclion,  the  whole  area  oT  the  block  of  wood  may  be  compressed  laterally 
Into  the  eountersuuk  openings,  and  forced  through  the  holes,  which  are  sltghiy  nia>- 
tHlunk  to  favor  the  entrance  aqil  separatioii  of  the  wooden  fibres.  Fig.  92  represents 
the  face  of  one  of  these  plates  i  and  Jig.  93  is  a  rectangular  section  thnjugfi  Ae  plale. 
'  A  convenient  size  of  pbite  is  three  inches  broad,  six  inches  long,  and  one  thick.  The 
mode  of  pressing  is  by  fixing  the  back  of  the  plalc  against  a  firm  reaitting  lioA  <r 
bearing,  having  an  aperlnre  equal  to  tlie  area  of  the  perforations  in  the  plate,  and 
then  pladHK  the  end  of  the  piece  or  pieces  of  wood  in  the  direction  of  the  grain 
agaiaet  the  face  of  the  plate  within  (he  area  of  the  perforated  portion.  A  plunger  or 
lever  or  other  suitable  mechanical  agent  being  then  applied  to  the  back  or  leime 
end  of  the  piece  of  wood,  it  may  be  forced  through  the  perforations  in  the  plate,  beiag 
first  ipltl  aa  it  advances  by  the  catting  edges  of  the  holes,  and  afterward  amt- 
preased  and  drtven  throngh  the  pcrfbra^ons  in  the  plate,  coming  ont  on  the  opposite 
side  or  back  of  the  plate  in  the  foroi  of  a  mnltilade  of  dirtioet  splints,  agreeably  lo 
the  shapes  and  dimensions  of  the  perforations. — {Iftvyton'i  Joanwl,  C.  S.  nd.  xxiL 
page  268.) 

MEHCURT;  impoHed  for  home  consumption  in  1839,  340,4(9  ponnili ;  in  ISiO, 
330,070  ponnds;  duty  U.  per  pound. 

METALLIC  AHALTSIS.  Professor  Liebig  hM  lately  enriched  ttiis  mm  mAI 
departiECBt  of  practical  ehenistry,  by  the  employment  u  the  cyanide  of  p«lMiiiH 


METAUilO  STATISTICS.  IM 

{Rrepared  in  his  eooBomical  method  (aee  this  «rUcIe).  This  salt  is  the  best  re-agent  for 
Jeteetlng  nickel  in  cobalt.  The  solution  of  the  two  metals  being  acidnlated,  the  cyanide 
is  to  be  added  uotil  the  precipitate  that  first  falls  is  redissolved.  Dilute  sulphuric  acid 
is  then  added,  and  the  mixture  being  warmed  and  left  in  repoee,  a  precipitate  does  not 
fail  to  appear  sooner  or  later,  which  is  a  compound  of  nickel.  Cyanide  of  potassium 
serves  well  to  separate  lead,  bismuth,  cadmium,  and  copper,  four  metals  often  associated 
in  ores.  On  adding  the  cyanide  in  excess  to  the  solution  of  these  metals  in  nitric  add, 
lead  and  bismuth  fall  as  carbonates,  and  may  be  parted  from  each  other  by  sulphuric 
acid.  Sulphuretted  hydrogen  is  passed  in  excess  through  the  residuary  solution,  and 
the  mixture  being  heated,  a  small  quantity  of  cyanide  is  added :  a  yellow  precipitate  in- 
dicates cadmium ;  and  a  black  precipitate  falls  on  the  addition  of  hydrochloric  acid,  if 
copper  be  present. 

If  into  a  crucible  (containing  the  cyanide  fused  by  heat),  a  little  of  any  metallic  ox- 
ide be  thrown  at  intervals,  it  will  be  almost  immediately  reduced  to  the  reguline  state. 
When  the  fluid  mass  is  afterward  decanted,  the  metal  will  be  found  mixed  with  the 
white  saline  matter,  from  which  it  may  be  separated  by  water. 

Even  metallic  snlphurets  are  reduced  to  the  state  of  pure  metals  by  being  projected 
in  a  state  of  fine  powder  into  the  fused  cyanide.  When  an  iron  ore  is  thus  introduced, 
along  with  carbonate  of  potash  or  soda,  and  the  mixture  is  heated  to  fusion,  which  re- 
quires a  strong  red  heat,  the  alumina  and  silica  of  the  ore  fuse  into  a  slag;  from  which, 
on  cooling,  the  metallic  iron  may  be  separated  by  the  action  of  water,  and  then  weighed. 
If  manganese  exist  in  the  ore,  it  remains  in  the  state  of  protoxide ;  to  be  determined  hf 
a  separate  process.  When  oxide  of  copper  is  sprinkled  on  the  surface  of  the  fused  cy- 
anide, it  is  immediately  reduced,  with  the  disengagement  of  heat  and  light.  The  mix- 
ture being  poured  out  of  the  crucible  and  concrete],  is  to  be  ground  and  washed,  when 
a  pure  r^ulus  of  copper  will  be  obtained. 

The  process  of  reduction  is  peculiarly  interesting  with  the  oxide  of  antimony  and  tin ; 
being  accomplished  at  a  low  red  heat,  hardly  visible  in  daylight.  Even  the  snlphurets 
of  these  metals  are  immediately  stripped  of  their  sulphur,  with  the  formation  of  sulpho- 
eyanide  of  potassium. 

Cyanide  of  potassium,  mixed  with  earbonate  of  soda,  is  an  exeellent  re-agent  in  blow- 
pipe operations  for  distinguishing  metals.  The  reductions  take  place  with  the  utmost 
facility,  and  the  fused  mixture  does  not  sink  into  the  charcoal,  as  carbonate  of  soda 
alone  is  apt  to  do  in  such  cases.  Hence  the  grains  or  beads  of  metal  are  more  visible, 
and  can  be  better  examined. 

When  the  cyanide  is  heated  along  with  the  nitrates  and  chlorates  (of  potash),  it  causes 
a  rapid  decomposition,  accompanied  with  light  and  explosions. 

Arsenic  may  be  reaidily  detected  in  the  commercial  sulphuret  of  antimony,  by  fusiij^ 
it  with  three  fourths  of  its  weight  of  the  cyanide  in  a  porcelain  crucible  over  a  spirit 
lamp,  when  a  regulus  of  antimony  is  obtained.  The  metal  may  then  be  easily  tested 
for  arsenic,  since  none  of  this  volatile  substance  can  have  been  lost,  owing  to  th^  low 
temperature  employed. 

When  arsenious  acid,  or  orpiment,  or  any  of  the  arseniates,  are  mixed  with  six  times 
their  weight  of  the  mixture  of  cyanide  and  carbonate  of  soda  in  a  tube  with  a  bulb  at 
one  end,  and  heat  applied  with  a  spirit  lamp  to  the  gUss,  very  beautifal  riqgs  of  me- 
tallic mirror  are  formed  by  the  reduced  arsenic.  The  arseniates  of  lead  and  peroxidf 
of  iron,  however,  do  not  answer  to  this  test. 

^  When  sulphates  of  lead  and  barytes,  along  with  silica,  are  mixed  with  four  or  firs 
times  their  weight  of  the  above  mixed  cyanide  and  carbonate,  and  fused,  the  sulphats 
ef  lead  is  reduced  to  the  metallic  state,  the  sulphate  of  barytes  becomes  a  carbonate,  and 
the  silica  gets  combined  with  the  alkali  into  a  soluble  glass. 

JMfETALLlC  STATISTICS.  By  the  returns  to  five  several  orders  made  by  the 
house  of  commons,  which  were  obtained  by  the  exertions  and  peneverance  of  Sir  J« 
J.  Guest,  Sir  C.  Lemon,  and  Mr.  Evans  (M.  P.  for  North  Derbyshire),  we  are  enabled 
to  lay  before  our  readers  a  most  correct  account  of  the  various  exports  and  imports  oi 
iron  and  iron  ore,  hardware,  cutlery,  &c.,  copper  ore,  copper,  tin,  zinc,  lead  ore,  and 
lead,  for  the  year  ending  January  6,  1844.. 

Commencing  with  iron,  it  appears  there  was  imported  in  the  year,  iron  ore,  131 
tons;  chromate  of  iron,  1,393  tons;  pig-iron,  243  tons;  unwrought  iron  in  bais, 
12,796  tons;  bloom,  563  tons;  rod-iron,  12  tons;  old,  broken,  and  cast-iron,  286 
tons;  cast-iron,  only  8  tons;  steel,  unwrought,  1,697  tons:  of  these,  97  tons  only 
were  entered  by  weight,  the  remainder  by  value*- 11,0351.  6t.  9d,  Of  the  several 
eountries  ftx>m  which  these  importations  came,  the  principal  is  Sweden,  whence  W9 
have  received  <^  iron  10,909  tons,  and  steeL  1,658  tons,  leaving  but  a  small  portion  to 
divide  between  twenty  other  places.  Our  exports  of  foreign  iron  have  been,  unwrought 
m  bars,  3,986  tons;  rod,  10  tons;  hoops,  2  tons ;  cast-iron,  11  cwt. ;  steel,  unwrought, 
1,466  tons.    The  total  quantity  of  foreign  iron  retained  for  hone  eonsvmption  was 
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14,782  tons,  upon  which  the  net  amount  of  duty  wu  14,563^  The  exportatioD  ef 
that  staple  produce  of  our  own  country,  British  iron,  was  as  follows :  Bar-iron,  176,148 
tons;  bolt  and  rod,  22,625  tons;  pig-iron,  154,770  tons;  cast-iron,  16,449  tons;  iron 
wire,  1,508  tons;  wrought-iron,  consisting  of  anchors,  grapnels,  &c.,  3,058  tons ;  hoofity 
14,591  tons;  nails,  6,020  tons;  and  all  other  sorts,  except  ordnance,  44,577  toas;  old 
iron  for  manufacture,  5,924  tons;  and  unwrought  steel,  3,199  tons.  Those  plac«i 
which  haye  taken  the  greatest  portions  of  this  produce  are — Russia,  10,963  tons  of  bar- 
iron  ;  Denmark,  10,447  tons  bar,  and  7,010  tons  pig;  Prussia,  12,009  tons  bar,  17,480 
tons  pig ;  Germany,  13,298  tons  bar,  6,322  tons  pig,  1,339  tons  cast;  Holland,  17,509 
tons  bar, 75,953  tons  pig, 4,3 17  tons  cast;  Belgium,  4,279  tons  cast ;  France,  4,237  tons 
bar,  22,103  tons  pig;  Italy,  21,930  tons  bar,  3,982  tons  bolt  and  rod,  3,005  tons  pig; 
Turkey,  and  Continental  Greece,  6,412  tons  bar;  East  Indies  and  Ceylon,  20,620 
bar,  2,967  tons  bolt;  British  North  American  colonies, 6,837  tons  bar,  1,995  tons 
foreign  West  Indies,  5,043  tons  bar,  1,646  tons  cast;  and  to  the  United  States,  21,336 
tons  bar,  and  7,148  tons  pig.  The  largest  quantity  of  unwrought  steel  haj  been  to  the 
latter  place — viz.,  1,336  tons. 

Of  British  hardware  and  cutlery,  we  exported  in  the  year,  17,183  tons,  Talued  at 
1,745,518/. ;  the  principal  of  which  has  been — ^to  Germany,  1,237  tons,  value  I59,889l.; 
East  Indies,  1,402  tons,  value  142,6072. ;  British  North  Amencan  colonies,  1,12^  tons, 
value  102,260/. ;  British  West  Indies,  997  tons,  value  80,040/. ;  foreiirn  West  Indies, 
657  tons,  value  48,609/. ;  United  States,  4,282  tons,  value,  448,341/. ;  Brazil,  943  tons, 
value  80^070/. ;  and  divers  other  places,  var>'ing  from  100  to  500  tons. 

We  now  come  to  copper.    Of  foreign  copper  ores,  we  have  imported  55,720  tons ;  and 
of  metallic  copper,  unwrought  and.  wrought  plates,  and  coins,  805  tons.     Of  th€ 
the  greatest  quantities  have  come  from  Cuba  and  Chili. 

We  have  exported  1,819  tons  of  British,  and  650  tons  of  foreign  tin;  of  which 
has  taken  626  tons,  Russia  480  tons,  Italy  183  tons,  Turkey  250  tons,  and  the 
der  distributed  among  twenty-seven  places. 

Of  foreign  zinc,  we  have  imported  as  follows : — 

Conntriea  whence  imported. 
Denmark  ... 

Prussia      .  -  -  - 

Germany.  -  -  - 

Holland     .... 
Belgium  ... 

Syria  and  Palestine 

Total  import  of  foreign  zinc 

Of  this,  we  retained  for  home  consumption  4,102  tons,  on  which  the  net  dutj 
223/.  2$,  lOd. ;  and  we  have  exported  1,395  tons  of  British,  and  6,445  tons  of  foreigB 
spelter. 

Of  foreign  lead,  we  have  imported  2,863  tons — of  which  2,775  tons  were  pig.aai 
sheet,  68  tons  ore,  and  19  tons  white  lead ;  157  tons  were  retained  for  home  consump- 
tion, on  which  the  duty  was  165/. ;  and  we  imported  from  the  Isle  of  Man,  duty  free^ 
2,415  tons  of  lead  ore.  Our  exportation  of  foreign  lead  amounted  to  2,439  tons;  while 
of  British,  we  exported  176  tons  of  ore,  14,610  tons  pig  and  sheet,  378  tons  litharge,  707 
tcms  red  lead,  and  1,224  tons  of  white  lead :  making  a  total  of  17,097  tons. — &iiwt§ 
and  Commercicd  Gazette,  May  18,  1844. 

METER,  GAS.  Since  the  article  Gas  was  printed,  I  have  had  occasion  to  examine 
very  carefully  the  construction,  performance,  and  comparative  merits,  of  the  lour  gas- 
metres  most  generally  used  in  Great  Britain,  and  have  been  led  to  conclude  that  the 
surmises  concerning  the  cojrrectness  of  the  indications  of  several  of  them  are  but  too 
well  founded.  The  instruments  on  which  my  observations  were  made  were  all  new, 
and  just  out  of  the  hands  of  their  respective  patentees. 

1.  The  meter  of  Mr.  West  is,  no  doubt,  accurate  while  the  water-line  is  rightly  ad- 
justed ;  but  Os  I  find  that  it  will  admit  an  extra  pint  of  water,  it  may  be  rendered  unjust 
toward  the  consumers  of  gas ;  and  then  if  it  receives  a  little  more  water  by  condensor 
tion  of  vapor,  or  by  accident,  its  siphon  gets  filled,  which  causes  the  extinction  of  the 
lights. 

2.  The  meter  of  Mr.  Bottom  has  also  several  defects,  and  occasions  nuisance  by  letting 
its  overflow-water  trickle  upon  the  floor. 

3.  The  meter  of  Mr.  Crossley  may  be  made  to  err  in  its  measurement  fully  20 
per  cent,  by  dexterous  repletion  with  water,  and  that  in  favor  of  the  gas  ern^pa- 
nies. 

These  three  meters  ore  furnished  with  the  vertical  float-valve,  so  apt  to  nut  and  sliek  j 
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Ihey  also  aflvw  gaf  to  escape  to  the  discharge  ping,  to  the  inmrineiit  risk  of  occasioiiiBg 
fire  whh  ignorant  or  careless  servants;  and  finally,  they  have  the  complex  dial-pkte 
indexes,  so  liahle  to  misapprehension. 

4.  The  meter  of  Mr.  Edge.  This  instrument  is  quite  exempt  fVom  all  the  above 
defects,  andiis  equally  delicate  and  just  in  its  indications,  being  mounted  with  a  lever 
Talve  of  great  mobility,  and  a  new  index  which  any  one  who  knows  numbers  can  not 
Biisoount.  1  have  subjected  this  meter  to  every  kind  of  test  and  find  that  it  can  not 
be  made  to  give  false  indications,  either  by  awkwardness  or  intention.  Its  inventor  is 
therefore  well  entitled  to  the  warm  patronage  both  of  the  public  and  all  gas  companies 
who  love  their  dealing. 

MILK  has  been  adulterated  with  a  solution  of  potato  starch,  from  which  it  derives 
a  creamy  consistence.  Thia  fraud  may  be  detected  by  pouring  a  few  drops  of  iodine 
water  into  it,  which  immediately  causes  it  to  assume  a  bhie  or  purple  tint.  Emulsion 
of  sweet  almonds,  with  which  the  milk  at  Paris  has  been  adulterated,  may  be  readily 
detected  by  the  taste. 

MI  NES.  The  miner,  io  sinking  into  the  earth,  soon  opens  up  DumeroAs  springs,  whose 
waters,  percolating  into  the  excavations  which  he  digs,  constitutes  one  of  the  greatest 
obstacles  that  nature  opposes  to  his  toils.  When  his  workings  are  above  the  level  of 
some  valley  and  at  no  great  distance,  it  is  possible  to  get  rid  of  the  waters  by  leading  them 
along  a  trench  or  a  gallery  of  efflux.  This  forms  always  the  surest  means  of  drainage ; 
and  notwithstanding  the  great  outlay  which  it  involves,  it  is  oAen  the  most  economical. 
The  great  advantages  accruing  from  these  galleries,  lead  to  their  being  always  estab- 
lished, and  without  risk,  in  mines  which  promise  a  long  continuance.  There  are  many 
galleries  several  leagues  in  length ;  and  sometimes  they  are  so  contrived  as  to  discharge 
the  waters  of  several  mines,  as  may  be  seen  in  the  environs  of  Freyberg.  Merely  such 
a  slope  should  be  given  them  as  is  barely  sufficient  to  make  the  water  run,  at  the  ut^ 
most  from  *4.jj-  to  j^-xf  so  as  to  drain  the  mine  at  the  lowest  possible  level. 

Whenever  the  workings  are  driven  below  the  natural  means  of  drainage,  or  below 
the  level  of  the  plain,  recourse  must  be  had  to  mechanical  aids.  In  the  first  place,  the 
quantity  of  percolating  water  is  diminished  as  much  as  possible  by  planking,  walling, 
or  calking  up  with  the  greatest  possible  care  those  pits  and  excavations  which  traverse 
the  water  levels ;  and  the  lower  workings  are  so  arranged  that  all  the  waters  may  unite 
into  wells  placed  at  the  bottom  of  the  shafts  or  inclined  galleries ;  whence  they  may  be 
pumped  up  to  the  day,  or  to  the  level  of  the  gallery  of  efflux.  In  most  mines,  simple 
fucking  pumps  are  employed,  because  they  are  less  subject  to  give  way,  and  more  easy 
of  repair ;  and  as  many  of  these  are  placed  over  each  other,  as  the  shaft  is  ten  yards 
deep,  below  the  point  where  the  waters  have  a  natural  run. 

These  draining  machines  are  set  in  motion  by  that  mechanical  power  which  happens 
to  be  the  least  costly  in  the  place  where  they  are  established.  In  almost  the  whole  of 
England,  and  over  most  of  the  coal-mines  of  France  and  Silesia,  the  work  is  done  by 
steam-engines ;  in  the  principal  metallic  mines  of  France,  and  in  almost  the  whole  of 
Germany  and  Hungary,  by  hydraulic  machines ;  and  in  other  places,  by  machines 
moved  by  horses,  oxen,  or  even  by  men.  If  it  be  requisite  to  liA  the  waters  merely  to 
the  level  of  a  gaUtry  of  efflux,  advantage  may  be  derived  from  the  waters  of  the  upper 
parts  of  the  mine,  or  even  from  waters  turned  in  from  the  surface,  in  establishing  in  the 
mine  of  the  gallery-level,  water-pressnre  machines,  or  overshot  water-wheeb,  for  pump- 
ing up  the  lower  water.  This  method  is  emjdoyed  with  success  in  several  mines  of 
Hungary,  Bohemia,  Germany,  Derbyshire,  Comwidl,  in  those  of  PouUaouen  in  Brittany^ 
Idc.  It  has  been  remarked,  however,  that  the  copious  springs  are  found  rather  toward 
the  surfkee  of  the  soil  than  in  the  greatest  depths. 

TRANSPORT  OF  ORES  TO  THE  SURFACE. 

The  ore  being  extracted  from  its  bed,  and  having  undergone,  when  requisite,  a  first 
sorting,  it  becomes  necessary  to  bring  it  to  the  day,  an  operation  performeid  in  different 
ways  according  to  circumstances  and  localities,  but  too  oAen  according  to  a  blind ' 
routine.  There  are  mines  at  the  present  day,  where  the  interior  transport  of  ores  is 
executed  on  the  backs  of  men ;  a  practice  the  most  disadvantageous  possible,  but  which 
is  gradually  wearing  out.  The  carriage  along  galleries  is  usmallyeflTected  by  means  of 
htirdles,  barrows,  or,  still  better,  by  little  wagons.  These  consist  of  frames  resting  on 
fbur  wheel! ;  two  larger,  which  are  placed  a  little  behind  the  centre  of  gravity,  and  two 
smaller,  placed  before  it.  When  this  carriage  is  at  rest,  it  bears  on  its  four  wheels,  and 
leans  forward.  But  when  the  miner,  in  pushing  it  bef<H«  hiniy  rests  on  its  posterior 
border,  he  makes  it  horizontsl ;  in  which  case  it  rolls  only  upon  the  two  larger  wheels. 
Thus,  the  flrietion  due  to  four  wheels  is  avoided,  and  the  roller  or  driver  bears  no  part 
of  the  burden,  as  he  would  do  with  ordinary  wheelbarrows.  To  ease  the  draught  still '. 
more,  two  ipanltel  tails  of  wood  or  iron  are  Isid  aloag  the  iloor  of  the  gallery,  to  whieh. 
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tkt  wheels  of  the  carriage  are  a4iasted.  It  ia  especially  in  metallic  minesy  when  tlie  < 
is  heavy,  and  the  galleries  straight,  that  these  peculiar  wagons  are  employed.  Im  eoal 
mines,  carriages  formed  with  a  much  larger  basket,  borne  on  a  railroaMi  by  four  cqaal 
wheels,  are  preferred.  Sometimes  the  above  wain,  called  on  the  Continent  a  dog  (cliea), 
is  merely  a  simple  frame  on  foar  wheels,  on  which  a  bosket  is  set.  In  the  great  mines, 
such  as  many  of  the  coal  and  salt  mines  of  Great  Britain,  the  salt  mines  of  Galiicia,  the 
copper  mines  of  Fahlun,  the  lead  mines  of  Alston-Moor,  horses  and  asses  are  introdaced 
into  the  workings  to  drag  heavier  wagons,  or  rather  a  train  of  wa^ns  attached  to 
one  another.  These  animals  often  live  many  years  under  ground,  withoat  ever  revisit 
ing  the  light  of  day.  In  other  mines,  such  as  those  of  Woraley,  in  Lancashire,  sabtcr- 
ranean  canals  are  cut,  upon  which  the  ore  is  transported  in  boats. 

When  the  workings  of  a  mine  are  beginning,  when  they  are  still  of  little  depth,  mmd 
employ  few  hands,  it  is  sufficient  to  place  over  the  shaft  a  simple  wheel  and  axle,  by 
means  of  which  a  few  men  may  raise  the  water-pails,  and  the  baskets  or  tubs  filled  with 
ore ;  but  this  method  becomes  soon  inadequate,  and  should  be  replaced  by  more  power- 
ful machines.      ^ 

ACCE880BT  DETAILS. 

Few  mines  can  be  penetrated  entirely  by  means  of  galleries.  More  usoaDy 
there  are  shafls  for  mounting  and  descending.  In  the  pits  of  many  mines,  the  work- 
men go  down  and  come  up  by  means  of  the  machines  which  serve  to  elevate  the 
ores.  In  several  mines  of  Mexico,  and  the  north  of  Europe,  pieces  of  wood,  fixed 
on  each  side  of  the  pit,  form  the  rude  steps  of  a  ladder  by  which  the  workmen  pass  up 
and  down.  In  other  mines,  steps  are  cut  in  the  rock  or  the  ore ;  as  in  the  quicksilver 
mines  of  Idria  and  the  Palatinate,  in  the  salt  mines  of  Wieliczka,  and  in  some  of  the 
silver  mines  of  Mexico.  In  the  last  they  serve  for  the  transport  of  the  ore,  which  is 
carried  up  on  men's  backs.  Lastly,  certain  mines  are  entered  by  means  of  slopes, 
some  of  which  have  an  inclination  of  more  than  30^.  The  workmen  slide  down  thew 
OB  a  kind  of  sledge,  whose  velocity  of  descent  they  regulate  by  a  cord  firmly  fixed  at 
the  upper  end. 

Miners  derive  light  from  candles  or  lamps.  They  carry  the  candles  in  a  lump  of  soft 
day,  or  in  a  kind  of  socket  terminated  by  an  iron  point,  which  serves  to  iix  it  to  the 
rock,  or  to  the  timbering.  The  lamps  are  made  of  iron,  hermetically  closed,  and 
suspended,  so  that  they  can  not  droop,  or  invert  and  spill  the  oil.  They  are  usvallj 
hung  on  the  thumb  by  a  hook.  Miners  also  employ  small  lanterns,  suspended  to  their 
girdles.  Many  precautions  and  much  experience  are  requisite  to  enable  them  to  cmny 
these  lights  in  a  current  of  air,  or  in  a  vitiated  atmosphere.  It  is  especially  in  eoal 
mines  liable  to  the  disengagement  of  carburetted  hydrogen,  that  measures  of  safety  are 
ii^ispensable  against  the  explosions. .  The  appearance  of  any  halo  round  the  flame 
should  be  carefuUy  watched  as  indicating  danger ;  and  the  lights  should  be  canried 
near  the  bottom  of  the  gallery.  The  great  protector  against  these  deplorable  accideatSy 
is  the  safety  lamp.    See  Lamp  of  Davy. 

We  can  not  conclude  this  general  outline  of  the  working  of  mines,  withoat  giviag 
some  account  of  the  miners.  Most  men  have  a  horror  at  the  idea  of  baryinfc  theas- 
selves,  even  for  a  short  period,  in  these  gloomy  recesses  of  the  earth.  Hence  mining 
operations  were  at  first  so  much  dreaded,  that,  among  the  ancients,  they  were  assigned 
to  slaves  as  the  punishment  of  their  crimes.  This  dislike  has  diminished  with  the  im- 
provements made  in  mining ;  and  finally,  a  profitable  and  respected  species  of  labor 
has  given  mining  its  proper  rank  among  the  other  departments  of  industry.  The  esprtf 
de  corps,  so  conspicuous  among  seamen,  has  also  arisen  among  miners,  and  has  given 
dignity  to  their  body.  Like  every  society  of  men  engaged  in  perilous  enterprises,  and 
cherishing  the  hopes  of  great  success,  miners  get  attached  to  their  profession,  talk  of  it 
with  pride,  and  eventually  in  their  old  age  regard  other  occupations  with  contempt. 
They  form,  in  certain  countries,  such  as  Germany  and  Sweden,  a  body  legally  const^ 
tnted,  which  enjoys  considerable  privileges.  Miners  work  usually  6  or  8  hous  at  n 
time.    This  period  is  called  a  journey  (potte,  in  French). 

Miners  wear,  in  general,  a  peculiar  dress,  the  purpose  of  which  is  to  iux»tect  them,  as 
much  as  possible,  from  the  annoyances  caused  by  water,  mud,  and  sharp  stones,  whkh 
occur  in  the  places  where  they  work.  One  of  the  most  essential  parts  of  the  dress  of  a 
German  miner  is  an  apron  of  leather  fitted  on  behind,  so  as  to  protect  them  in  sitting 
dn  moisture  or  angular  rubbish.  In  England,  the  miners  wear  nothing  but  flannels; 
though  they  frequently  strip  ofi"  all  their  clothes  except  their  trowsers.  In  many  oooa- 
tries  the  mallet  and  the  pidc,  or  pointeroUe  (called  in  German,  Sehtgd  and  fuea),  dis- 
posed in  a  Saint  Andrew's  cross,  are  the  badge  of  miners,,  and  are  engraved  on  thdr 
buttons,  and  on  everything  belonging  to  mines. 

^  Several  of  the  enterprises  executed  in  mines,  or  in  subserviency  to  them,  merit  n 
distinguished  rank  among  the  history  of  human  labon.  Several  mines  are  worked  to 
•  detpth  of  more.than  600  yards,  some  even  to  a  thiHuand  yards  below  the  suiface  of  Um 
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toil.    A  great  many  descend  beneath  the  level  of  the  ocean ;  and  a  few  even  extend 

under  its  billows,  and  are  separated  from  Ibem  by  a  thin  partition  of  rock,  which  allows 

their  noise,  and  the  rolling  of  the  pebbles,  to  be  heard. 

V  In  1792,  there  was  opened,  at  Valenciana,  in  Mexico,  an  octagonal  pit,  fully  7|  yards 

wide,  destined  to  have  a  depth  of  560  yards,  to  occupy  23  years  in  digging,  and  to  cost 

240,000/. 

The  great  drainage  gallery  of  the  mines  of  Clausthal,  in  the  Harts,  is  1 1,377  yards,  or 
six  and  a  half  miles  long,  and  passes  upward  of  300  yards  below  the  church  of  Clausthal. 
Its  excavation  lasted  from  the  year  1777  till  1800,  and  cost  about  66,000/.  Several 
other  galleries  of  efflux  might  also  be  adduced,  as  remarkable  for  their  great  length  and 
expiense  of  formation. 

The  coal  and  iron  mines  subservient  to  the  iron  works  of  Mr.  Crawshay,  at  Merthyr- 
Tydvil,  in  Wales,  have  given  birth  to  the  establishment,  interiorly  and  above  ground, 
of  iron  railways,  whose  total  length,  many  years  ago,  was  upward  of  100  English 
miles. 

The  carriage  of  the  coal  extracted  from  the  mines  in  the  neighborhood  of  Newcastle 
to  their  points  of  embarkation,  is  executed  almost  entirely,  both  under  ground  and  on 
the  surface,  on  iron  railways,  possessing  an  extent  of  upward  of  500  miles. 

There  is  no  species  of  labor  which  calls  for  so  great  a  development  of  power  as  that 
of  mines ;  and  accordingly,  it  may  be  doubted  if  man  has  ever  constructed  machines  so 
powerful  as  those  which  are  now  employed  for  the  working  of  some  mineral  excavations. 
The  waters  of  several  mines  of  Cornwall  are  pumped  out  by  means  of  steam-engines, 
whose  force  is  equivalent  in  some  instances  to  the  simultaneous  action  of  many  hundred 
horses. 

Mines,  General  Summary  or. 

Mines  may  be  divided  into  three  great  classes  :  1.  Mines  in  the  gealogical  formations 
anterior  to  the  coal  strata ;  2.  Mines  in  the  secondary'  formations ;  3.  Mines  in  alluvial 
districts. 

The  first  are  opened,  for  the  most  part,  upon  veins,  masses,  and  metalliferous  beds. 

The  second,  on  strata  of  combustibles,  as  coal ;  and  metalliferous  or  saliferous  beds. 

The  last,  on  deposites  of  metallic  ores,  disseminated  in  clays,  sands,  and  other  alluvial 
matters,  usually  superior  to  the  chalk ;  and  even  of  far  more  recent  formation. 

The  mines  of  these  three  classes,  placed,  for  the  most  part  in  very  different  physical 
localities,  diifer  no  less  relatively  to  the  mode  of  working  them,  and  their  mechanical 
treatment,  than  in  a  gealogical  point  of  view. 

MINES   OF   FORMATIONS   ANTERIOR   TO   THE   COAL. 

These  mines  are  situated  in  a  few  mountainous  rei^ions,  and  their  whole  amount  forms 
but  a  small  xtortion  of  the  surface  of  the  earth.  The  most  remarkable  of  these  are— • 
the  CordiUeras  of  South  America ;  the  mountains  of  Hungary ;  the  Altayan  mountains ; 
the  Ural  mountains ;  the  Vosges  and  the  Black  Forest ;  the  Hartz,  and  the  east  of 
Germany ;  the  centre  of  France ;  the  north  of  Portugal,  and  the  adjacent  portions  of 
Spain ;  Britanny  ;  the  corresponding  coasts  of  Great  Britain  and  Ireland  ;  the  north  of 
Europe ;  the  AUegany  chain ;  the  south  of  Spain ;  the  Pyrenees ;  the  Alps ;  the  schistose 
districts  on  the  banks  of  the  Rhine  and  the  Ardennes ;  the  calcareous  mountains  of 
England  and  of  Daouria. 

MINES   OF  THE    CORDILLERAS   OF  SOUTH   AMERICA. 

Few  regions  are  so  celebrated  for  their  mineral  wealth  as  the  great  chain  which,  under 
the  name  of  the  Cordillera  of  the  Andes,  skirts  the  shores  of  the  Pacific  ocean,  from  the 
land  of  the  Patagonians  to  near  the  northwest  point  of  the  American  continent.  Who 
has  not  heard  of  the  mines  of  Mexico  and  Potosi  7  Th^  mineral  wealth  of  Peru  has 
passed  into  a  proverb. 

The  most  important  mines  of  the  Cordilleras  are  those  of  silver  $  but  several  of  gold, 
mercury,  copper,  and  lead,  have  likewise  been  opened.  These  mountains  are  not  equally 
netalliferous  in  their  whole  extent.  The  workings  occur  associated  in  a  small  number 
f  districts  far  distant  from  each  other. 

In  the  Andes  of  Chili,  partfcularly  in  the  province  of  Coquimbo,  some  silver  mines 
are  explored,  which  afford  chiefly  ores  of  an  earthy  or  ferruginous  nature,  mingled  with 
imperceptible  portions  of  ores  with  a  silver  base,  known  there  under  the  name  of  Pacos. 
The  same  province  also  presents  copper  mines  of  considerable  importance,  from  which 
are  extracted  native  copper,  orange  oxide  of  copper,  carbonate  of  copper  (malachite), 
and  oopper  pyrites,  associated  with  some  muriate  of  copper.  In  a  few  mines,  masses 
of  native  copper  of  extraordinary  magnitude  have  been  found. 

The  second  metalliferous  region  of  the  Andes  occurs  between  the  2l8t  aud  15th 
legrees  of  south  latitude*    It  includes  the  eelebrated  mountain  of  Potosi,  aituvted  in 
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neariy  the  20tli  degree  of  soath  latitude,  on  the  eastern  slope  of  the  chaiiiy 
other  districts,  likewise  very  rich,  which  extend  principally  toward  the  northwest,  as 
far  as  the  two  hanks  of  the  lake  Titicaca,  and  even  beyond  it,  through  a  total  length  of 
nearly  150  leagues.  All  these  districts,  which  formerly  depended  on  Pern,  were  united 
in  1778  to  the  government  of  Buenos  Ayres.  The  mines  of  Potosi  were  discovered  in 
1545,  and  have  furnished  since  that  period  till  our  days,  a  body  of  silver  which  M.  Hnaik- 
boldt  values  at  230,000,000/.  sterling.  The  first  years  were  the  most  productive.  At 
that  time  ores  were  ol\en  found  which  afforded  from  40  to  45  per  cent,  of  silver.  Since 
the  beginning  of  the  eighteenth  century,  the  average  richness  of  the  ore  does  not  exceed 
above  from  3  to  4  parts  in  10,000.  These  ores  are  therefore  very  poor  at  the  present 
day ;  they  have  diminished  in  richness  in  proportion  as  the  excavations  have  become 
deeper.  But  the  total  product  of  the  mines  has  not  diminished  in  the  same  propoi^ 
tion  :  abundance  of  ore  having  made  up  for  its  poverty.  Hence,  if  the  mountain  of 
Potosi  is  not,  as  formerly,  the  richest  deposite  of  ore  in  the  world,  it  may,  however,  be 
still  placed  immediately  after  the  famous  vein  of  Guanaxuato.  The  ore  lies  in  veins  m 
a  primitive  clay  state,  which  composes  the  principal  mass  of  the  mountain,  and  is  cov- 
ered  by  a  bed  of  clay  porphyry.  This  rock  crowns  the  summit,  giving  it  the  form  of  a 
basaltic  hill.  The  veins  are  very  numerous ;  several,  near  their  outcrop,  were  almost 
wholly  composed  of  sulphuret  of  silver,  antimoniated  sulphuret  of  silver,  and  native 
silver.  Others,  which  offered  near  the  surface  merely  sulphuret  of  tin,  became  richer 
as  they  descended.  In  1790,  seven  copper  mines  were  known  in  the  viceroyalty  of 
Buenos  Ayres,  seven  of  lead,  and  two  of  tin-;  the  last  being  merely  washings  of  sands 
found  near  the  river  Oraro. 

On  the  opposite  flank  of  the  chain,  in  a  low,  desert  plain,  entirely  destitute  of  water, 
which  adjoins  the  harbor  of  Iquiqua,  and  forms  a  part  of  Peru,  occur  the  silver  mines 
of  Huantajaya,  celebrated  for  th^  immense  masses  of  native  silver  which  have  been 
sometimes  found  in  them.     In  1758,  one  was  discovered  weighing  eight  cwts. 

M.  Humboldt  quotes  40  cantons  of  Peru  as  being  at  the  present  day  most  famow 
for  their  subterranean  explorations  of  silver  and  gold.  Those  of  gold  are  found  in  the 
provinces  of  Huaailas  and  Pataz ;  the  silver  is  chiefly  furnished  by  the  districts  of 
Huantajaya,  Pasca,  and  Chota,  which  far  surpass  the  others  in  the  abundance  of  their 
ores. 

The  silver  mines  of  the  district  of  Pasco  are  situated  about  30  or  40  lengues  north  of 
Lima,  in  10^  degrees  of  south  latitude,  4,400  yards  above  the  sea-level,  on  the  eastern 
slope  of  the  Cordilleras,  and  near  the  sources  of  the  river  Amazon.  They  were  dis- 
covered in  1630.  These  mines,  and  especially  those  of  Cero  of  Yauricocha,  are  actually 
the  richest  in  all  Peru.  The  ore  is  an  earthy  mass  of  a  red  color,  containing  much  iron, 
mingled  with  particles  of  native  silver,  horn  silver,  &c.,  constituting  what  they  call  Patm. 
At  first,  nothing  but  these  pacoa  was  collected ;  and  much  gray  copper  and  antimoniated 
sulphuret  of  silver  were  thrown  among  the  rubbish.  The  mean  product  of  all  the  ores  is 
^  JL.^  ;  or  an  ounce  and  ^JL  per  cwt. ;  although  some  occur  which  yield  30  or  40  per 

cent.  These  rich  deposites  do  not  seem  to  be  extended  to  a  great  depth ;  they  have  not 
been  pursued  further  than  130  yards,  and  in  the  greater  part  of  the  workings  only  to 
fVom  35  to  45.  Forty  years  ago,  these  mines,  which  produced  nearly  2,000,000  of  pias- 
tres annually,  were  the  worst  worked  in  all  South  America.  The  soil  seemed  as  if 
riddled  with  an  immense  number  of  pits,  placed  without  any  order.  The  diminage  of 
the  waters  was  effected  by  the  manual  labor  of  men,  and  was  extremely  expensive.  In 
1816,  some  Europeans,  among  whom  were  several  miners  from  Cornwall,  mounted  sev- 
eral high-pressure  steam-engines,  imported  from  England,  which  introduced  a  consid- 
erable improvement. in  the  workings. 

The  mines  of  the  province  of  Chota  are  situated  in  about  seven  degrees  of  south  lati- 
tude. The  principal  ones  are  those  of  Gualcayoc,  near  Mecuicampa,  discovered  in  1771 ; 
their  outcrop  occurs  at  the  height  of  4,500  yards  above  the  sea;  the  city  of  Meeulcsaipn 
itself  has  4,000  yards  of  elevation,  that  is,  higher  than  the  highest  summits  of  thePyn- 
neee.  The  climate  is  hence  verf  cold  and  uncomfortable.  The  ore  is  a  mixture  oTsal- 
phuret  of  silver  and  antimoniated  sulphuret,  with  native  sUver.  It  constitutes  veins,  of 
which  the  upper  portion  is  formed  of  pacos,  and  they  sometimes  traverse  a  limestoae 
and  sometimes  a  hornstone,  which  occurs  in  subordinate  beds.  The  annual  produce  of 
the  mines  is  67,000  marcs  of  silver,  according  to  Humboldt. 

In  the  districts  of  Huaailas  and  Pataz,  which  "are  at  a  little  distance  from  the  fonner 
two,  gold  mines  are  worked.  This  metal  is  extracted  chiefly  fh>m  the  veins  of  quartz, 
which  run  across  the  primitive  schistose  mountains.  The  district  of  Huaailas  eontains, 
besides,  lead  mines.    Peru  possesses,  moreover,  some  mines  of  copper. 

The  quicksilver  mines  of  Huancavelica,  the  only  important  mine  of  this  species  wideh 
has  been  worked  in  the  New  World,  occurs  on  the  eastern  flank  <^  the  Andes  of  Peru, 
in  18  degrees  of  south  latitude,  at  upward  of  6,000  yards  ahov«  the  level  of  the  sea.  It 
doeu  not  seeia  tefeniUe  to  Ihesarae  class  of  deposites  witii  the  mineii  khherloi 
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Indications  of  merenrial  aepositea  have  been  observed  in  sereitl  other  points  of  the  Andes 
of  Northern  Pern,  and  of  the  south  of  New  Granada. 

Lastly,  mines  of  sal-srem  are  known  to  exist  in  Peru,  especially  near  the  silver  mines 
of  Haaotajaya. 

On  receding  from  the  district  of  Chota,  the  Cordilleras  are  very  indifferently  stored 
with  metallic  wealth,  to  the  isthmus  of  Panama,  and  even  far  beyond  it.  The  kingdom 
of  New  Granada  offers  but  a  very  small  number  of  silver  mines.  There  are  some  aurif- 
erous veins  in  the  province  of  Antioquia,  and  in  the  mountains  of  Guamooo.  The  prov- 
ince of  Caracas,  the  mountains  of  which  may  be  considered  as  a  ramification  of  the 
Cordilleras,  presents  at  Aroa  a  copper  mine  which  furnishes  annually  from  700  to  800 
metric  quintals  (1^400  to  1,600  cwt.)  of  this  metaL  Finally,  we  may  state  in  passing, 
that  there  is  a  very  abundant  salt  mine  at  Zipaquira,  in  the  province  of  Sante  Pe,  and 
that  between  this  point  and  the  province  of  Santa-Fe-de-Bogota,  a  stratum  of  coal  occurs 
at  the  extraordinary  height  of  2,700  yards. 

Although  Mexico  presents  a  great  variety  of  localities  of  ores,  almost  the  only  ones 
worked  are  those  of  silver.  Nearly  the  whole  of  these  mines  are  situated  on  the  back 
or  the  flanks  of  the  Cordilleras,  especially  to  the  west  of  the  chain,  nearly  fit  the  height 
of  the  great  table  land  which  traverses  this  region  of  the  globe,  or  a  little  below  its 
level  in  the  chains  which  divide  it.  They  lie  in  general  between  2,000  and  3,000  yards 
above  the  sea ;  a  very  considerable  elevation,  which  is  favorable  to  their  prosperity, 
because  in  this  latitude -there  exists  at  that  height  a  mean  temperature,  mild,  salubrious, 
and  most  propitious  to  agriculture.  There  were  at  the  time  of  Humboldt's  visit,  from 
4,000  to  5,000  deposites  of  ore  exploited.  The  workings  constituted  3,000  distinct  mines, 
which  were  distribated  round  500  head  quarters  or  Meales,  These  mines  are  not,  how- 
ever, uniformly  spread  over  the  whole  extent  of  the  Cordilleras.  They  may  be  consid- 
ered as  forming  eight  groups,  which  altogether  do  not  include  a  greater  space  than 
12,000  square  leagues ;  viz.,  hardly  more  than  the  tenth  part  of  the  surface  of  Mexico. 
'    These  eight  groups  are,  in  proceeding  from  south  to  north, 

1.  The  group  of  Oaxnaea,  situated  in  the  province  of  this  name  at  the  southern  extrem- 
ity of  Mexico  properly  so  called,  toward  the  17th  degree  of  north  latitude.  Besides 
silver  mines,  it  contains  the  only  veins  of  gold  explored  in  Mexico.  These  veins  tray- 
erse  gneiss  and  mica-slate. 

2.  The  group  of  Tatco.  The  most  part  of  the  mines  which  compose  it  are  situated 
20  or  25  leagues  to  the  south  west  of  Mexico,  toward  the  western  slope  of  the  great 
plateau, 

3.  The  group  of  Bticania,  about  20  leagues  northeast  of  Mexico.  It  is  of  moderate 
extent,  but  it  comprehends  the  rich  workings  of  Pachuca,  Real  del  Monte,  and  Moram. 
The  district  of  Real  del  Monte  contains  only  a  single  principal  vein,  named  Veta  Bezi- 
eana  of  Real  del  Monte.,  in  which  there  are  several  workings  ;  it  is>  however,  reckoned 
among  the  richest  of  Mexico. 

4.  The. group  of  Zimapan,  It  is  very  near  the  preceding,  about  40  leagues  north- 
west of  Mexico,  toward  the  eastern  slope  of  the  plateau.  Besides  numerous  sil  vvr  mines. 
it  includes  abundant  deposites  of  lead,  and  some  mines  of  yellow  sulphuret  of  arsenic. 

5.  The  Central  group,  of  which  the  principal  point  is  Cruanaxuato,  a  city  of  70,000  in- 
habitants, placed  at  its  southern  extremity,  and  60  leagues  N.  N.  W.  of  Mexico.  It 
comprises  among  others  the  famous  mine  districts  of  GnaruixuatOy  Catorce,  Zacatecas, 
Sombrerete;  the  richest  in  Mexico,  and  which  alone  furnish  more  than  half  of  all  the 
silver  which  this  kingdom  brings  into  circulation. 

The  district  of  Guaiuixuato  presents  only  one  main  vein,  called  the  Veta  Madre.  This 
vein  is  enclosed  principaUy  in  day-state,  to  whose  beds  it  runs  parallel,  but  occasionally 
it  issues  out  of  them  to  intersect  more  modern  rocks.  The  vein  is  composed  of  quartz, 
carbonate  of  lime,  fragments  of  clay  slate,  &c. ;  and  includes  the  sulphurets  of  iron,  of 
lead,  and  of  sine  in  great  quantities,  some  native  silver,  sulphuret  of  silver,  and  red 
silver  ;  its  power  (thickness  of  the  vein)  is  from  43  to  48  yards.  It  is  recognised  and 
worked  throughout  a  length  of  upward  of  13,000  yards;  and  contains  19  exploitations, 
which  produced  annually  well  on  to  1,200,000/.  in  silver.  One  of  the  explorations,  that 
of  Valenciana,  produces  320,0002. ;  being  equal  to  about  one  fiAeenth  of  the  total  prod- 
uct of  the  3,000  mines  of  Mexico.  Since  1764,  the  period  of  its  discovery,  its  neat 
annual  product  has  never  been  less  than  from  two  to  three  millions  of  francs  (80,000/. 
to  120,000/.) ;  and  its  proprietors,  at  first  men  of  little  fortune,  became,  in  ten  years, 
the  richest  individuals  in  Mexico,  and  perhaps  in  the  whole  globe. 

The  workings  of  this  mine  are  very  extensive,  and  penetrate  to  a  depth  of  550  yards. 
They  employ  a  great  many  laborers. 

The  district  of  Zacatecas  presents  in  like  manner  only  a  single  vein  in  greywacke ; 
which,  however,  is  the  seat  oi  several  workings. 

The  deposites  mined  at  Catorce  are  in  limestone ;  the  mine  called  Purtssima  de  Catorce 
has  been  explored  to  about  650  yards  in  depth ;  and  yielded,  in  1796>  nearly  20,000/ 
There  are  also  mines  of  antimony  in  the  district  of  Catorce. 
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Toward  the  western  paft  of  the  group  of  which  we  are  bow  epeakfaig,  eopper  miiict 
are  worked  Id  the  provinces  of  YalladoUd  and  Guadalazara;  the  ores  being  ehieflj  oon- 
posed  of  protoxide  of  copper  (orange  copper),  sulpharet  of  copper,  and  native  copper. 
These  mines  produce  about  2,000  metric  quintals  of  copper  annually  (440,000  lbs.  Eng- 
lish). In  the  same  district,  ores  of  tin  are  collected  in  the  allnvial  soils,  particvJariT' 
near  Mount  Gigante.  The  concretionary  oxide  of  tin,  so  rare  in  Enrope,  is  here  the 
most  common  variety.    This  metal  occurs  also  in  veins. 

The  central  part  of  Mexico  contains  many  indications  of  sulphuret  of  mercniy  (cin- 
nabar) ;  but  in  1804  it  was  worked  only  in  two  places,  and  to  an  inconsiderable  extent. 

6.  The  group  of  new  Gallicia  is  situated  in  the  province  of  this  name,  about  100  leagues 
X.  W.  from  Mexico.    It  comprises  the  mines  of  Balanos,  one  of  the  richest  districts. 

7.  The  group  of  Durango  and  SonorUy  in  the  intendancies  of  the  same  name.  It  is 
very  extensive.  The  mines  are  situated  in  pait  on  the  table  land,  and  in  part  on  the 
western  slope.    Durango  is  140  leagues  N.  N.  W.  of  Mexieo. 

8.  The  group  of  Chinuahua,  It  takes  its  name  from  the  town  of  Chinnahna,  sataated 
100  leagues  N.  of  Durango.  It  is  exceedingly  extensive,  but  of  little  value ;  and  ter- 
minates at  29^  10' of  north  latitude. 

Mexico  possesses,  besides,  several  mines  which  are  not  included  in  the  eight  preceding 
groups.  Thus  the  new  kingdom  of  Leon,  and  the  province  of  New  S^t-Ander,  present 
abundant  mines  of  lead.    New  Mexico  contains  copper  mines,  and  many  others. 

Lastly,  rock  salt  is  mined  in  several  points  of  New  Spain ;  and  coal  seems  to  occur  in 
New  Mexico. 

The  richness  of  the  different  districts  of  the  silver  mima  or  reales  is  extremely  nneqvaL 
Nineteen  twentieths  of  these  reales  do  not  furnish  altogether  more  than  one  twelfth  of 
the  total  product.  This  inequality  is  owing  to  the  excessive  richness  of  some  depoeites. 
The  ores  of  Mexico  are  principally  veins ;  beds  and  masses  are  rare.  The  veins  traverse 
chiefly,  and  perhaps  only,  primitive  and  transition  rocks,  among  which  certain  porphyries 
are  remarked  as  very  rich  in  deposites  of  gold  and  silver.  The  silver  ores  are  mostly 
sulphuret  of  silver,  black  antimoniated  sulphuret  of  silver,  muriate  of  silver  (homsilver), 
and  gray  copper.  Many  explorations  are  carried  on  in  certain  earthy  ores,  called 
ooUorctdos,  similar  to  the  paeos  of  Peru.  Lastly,  there  are  ores  of  other  metals,  whi^ 
are  worked  principally,  and  sometimes  exclusively,  for  the  silver  which  they  contain ; 
such  are  the  argentiferous  sulphuret  of  lead,  argentiferous  sulphuret  of  copper,  and 
argentiferous  sulphuret  of  iron. 

Ores  of  very  great  richness  occur  in  Mexico;  but  the  average  is  only  from  3  to  4 
ounces  per  cwt.,  or  from  18  to  25  in  10,000.  There  are  some,  indeed,  whose  estimate 
does  not  exceed  2\  ounces.  Almost  all  the  argentiferous  veins  a^ord  a  little  gold ;  the 
silver  of  Guanaxuato,  for  example,  contains  -^^  •  The  enormous  product  of  the  Mexican 

mines  is  to  be  ascribed  rather  to  the  great  facility  of  working  them,  and  the  abundance 
of  ores,  than  to  their  intrinsic  richness. 

The  art  of  mining  was  little  advanced  in  this  country  at  the  period  of  Humboldt's 
journey ;  the  workings  presented  a  combination  of  small  mines,  each  of  which  had  only 
one  aperture  above,  without  any  lateral  communications  between  the  different  shafts. 

The  form  of  these  explorations  was  too  irregular  to  admit  of  their  being  called  fonkmga 
by  steps.  The  shafts  and  the  galleries  were  much  too  wide.  The  interior  transport  of  the 
ores  is  generally  effected  on  the  back  of  men ;  rarely  by  mules.  The  machines  for  nising 
the  ore  and  drawing  off  the  water  are  in  general  ill  combined  ;  and  the  horse  gigs  for 
setting  them  in  motion  ill  constructed.  The  timbering  of  the  shafts  is  very  imperfectly 
executed ;  the  walled  portions  alone  are  well  done.  There  are  some  galleries  of  drainage, 
but  they  are  too  few,  and  ill  directed.  Latterly,  English  capitalists  and  miners  have 
formed  companies  for  working  the  silver  mines  of  Mexico ;  which  will  probably  produce 
in  time  a  happy  revolution. 

The  silver  ores  of  Spanish  America  are  treated  partly  by  fusion,  and  partly  by  amal- 
gamation, but  more  frequently  by  the  latter  mode ;  hence  the  importation  of  mereaiy 
forms  there  an  object  of  the  highest  importance,  especially  since  the  quicksilver  mine  of 
Huancavelica  fell  in,  and  ceased  to  be  worked.  This  mine  is  the  only  one  in  Spanish 
America  which  belongs  to  the  government.  For  the  modem  state  of  these  mines,  see 
Silver. 

The  following  table  shows,  according  to  M.  de  Humboldt,  what  was  the  annual  prod- 
uct of  the  silver  mines  of  South  America,  at  the  beginning  of  this  century.  It  is 
founded  in  a  great  measure,  upon  official  documents  : — 

Mexico         -        -        -    2,ld6,140mares,  or  537,512  kil.,  worth  X4,778,000 
Peru    -        -        -        -       573,958  140,478  1,250,000 

Buenos- Ayres      -        -       463,098  110,764  984,600 

Chili   -        -        -        -         25,957  6,827  60^680 

Total  -       -        -     3,259,163  795,681  7,073,280 
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To  complete  ovr  picture  of  tlie  mineral  wealth  of  Spanish  America,  it  remains  to 
speak  of  its  principal  goid  minet ;  >>ut  these  belong  to  a  geological  locality,  alluvial  sands 
and  gravel,  very  diflerent  from  that  of  our  present  objects.  The  most  important  of  these 
gold  sands  are  washed  on  the  western  slope  of  the  Cordilleras ;  Ti2.,  in  New  Grenada, 
from  the  province  of  Barbacoas,  to  the  isthmus  of  Panama,  to  Chili,  and  even  to  the 
shores  of  the  seas  of  California.  There  are  likewise  some  on  the  eastern  slope  of  the 
Cordilleras,  in  the  high  valley  of  the  river  Amazons.  The  washings  of  New  Granada 
produce  also  some  platina. 

The  mines,  properly  so  called,  and  the  washings  of  Sonth  America,  furnish,  altogether, 
42,575  marcs,  or  10.418  kilogrammes  (22,920  libs.  £ng.)  of  gold,  worth  1,435,720/. 

MINES   OF   HUNGAHY. 

The  metallic  mines  of  this  kingdom,  including  those  of  IVansylvania,  and  the  Bannat 
of  Temeschwar,  form  four  principal  groups,  which  we  shall  denote  by  the  group  of  the 
N.W.,  group  of  the  N.E.,  group  of  the  E.,  and  group  of  the  S.E. 

The  group  of  the  N.W.  embraces  the  districts  of  Schemnitz,  Kremnitz,  Koenigsberg, 
Neuhsohl,  and  the  environs  of  Schmcelnitz,  Bethler,  Rosenau,  &.C. 

Schemnitz,  a  royal  free  city  of  mines,  and  the  principal  ceatre  of  the  mines  of  .Hun- 
gar}',  lies  25  leagues  to  the  north  of  Buda,  560  yards  above  the  sea,  in  the  midst  of  a 
small  group  of  mountains  covered  with  forests.  The  most  part  of  these  mountains,  the 
highest  of  which  reaches  an  elevation  of  1,130  yards  above  the  ocean,  are  formed  of  . 
barren  trachytes  (rough  trap  rocks)  ;  but  at  their  foot  below  the  trachytic  formation, 
a  formation  is  observed,  consisting  of  green-stone  porphyries,  connected  with  syenites, 
passing  into  granite  and  gneiss,  and  including  subordinate  beds  of  mica-slate  and  lime- 
stone.    It  is  in  this  formation  that  all  the  mines  occur. 

It  has  been  long  known  that  the  green-stone  porphyries  of  Schemnitz  have  intimate 
relations  with  the  metalliferous  porphyries  of  South  America.  M.  Beudant,  on  com- 
paring them  with  those  brought  by  M .  de  Humboldt  from  Gnanaxuato,  Real  del  Monte, 
&c.,  has  recognised  an  identity  in  the  minutest  details  of  color,  structure,  composition, 
respective  situation  of  the  different  varieties,  and  even  in  the  empirical  character  of 
effervescence  with  acids'.  The  metalliferous  rocks  appear  at  Schemnitz  only  in  a  space 
of  small  extent,  comprehended  partly  in  a  small  basin,  of  which  the  city  occupies  the 
south  border.  They  are  traversed  by  veins  which,  for  the  most  part,  cut  across  the  strati- 
fication, but  which  also  are  sometimes  obviously  parallel  to  it.  These  veins  are  in 
general  very  powerful;  their  thickness  amounting  even  to  more  than  40  yards,  but  their 
extent  in  length  seems  to  be  usually  inconsiderable.  They  are  numerous  and  parallel 
to  each  other.  It  appears  that  they  have  no  side  plates  of  vein-stones  (9alUbandes)y  but 
that  the  metalliferous  mass  reposes  immediately  on  the  cheeks  or  sections  of  the  rock, 
which  is  usually  more  or  less  altered,  and  includes  always  much  pyrites  near  the  point 
of  contact,  and  even  to  a  distance  of  several  feet.  The  substances  which  constitute  the 
body  of  these  veins,  are  drusy  quartz,  carious  quartz,  ferriferous  carbonate  of  lime,  and 
sulphate  of  barj'tes,  with  which  occur  sulphnret  of  silver  mixed  with  native  silver 
containing  more  or  less  gold,  which  is  rarely  in  visible  scales ;  sulphnret  of  silver,  argen- 
tiferous galena,  blende,  copper  and  iron  pyrites,  &c.  The  sulphuret  of  silver  and  the 
galena  are  the  two  most  important  ores.  Sometimes  these  two  substances  are  insulated, 
sometimes  they  are  mixed  in  different  manners  so  as  to  furnish  ores  of  every  degree  of 
richness,  from  such  as  yield  60  per  cent,  of  silver  down  to  the  poorest  galena.  The  gold 
seldom  occurs  alone ;  it  generally  accompanies  the  silver  in  a  very  variable  proportion, 
which  most  usually  approaches  to  that  of  1  to  30, 

The  ores  of  Schemnitz  are  all  treated  by  fusion ;  the  poor  galenas  at  the  smelting 
house  of  Schemnitz  (bleyhutte),  and  the  resulting  lead  is  sent  as  working  lead  to  the 
smellino^-houses  of  Kremnitz,  Neusohl,  and  Schernowitz,  whither  all  the  silver  ores 
prepared  in  the  different  spots  of  the  country  are  transported  in  order  to  be  smeited. 

The  mines  of  Schemnitz,  opened  800  years  ago,  have  been  worked  to  a  depth  of  more 
than  350  yards.  The  explorations  are  in  general  well  conducted.  Excellent  galleries 
of  efflux  have  been  excavated ;  the  waters  for  impulsion  are  collected  and  applied 
with  skill.  It  may  be  remarked,  however,  that  these  mines  begin  to  decline  from  the 
state  of  prosperity  in  which  they,  stood  several  years  ago ;  a  circumstance  to  be  ascribed 
orobably  to  the  same  pains  being  no  longer  bestowed  on  the  instruction  of  the  officers 
uppointed  to  superintend  them.  Maria  Theresa  established  in  1760,  at  Schemnitz,  a 
school  of  mines.  This  acquired  at  its  origin,  throughout  Europe,  a  great  celebrity, 
which  it  has  not  been  able  to  maintain. 

Kremnitz  lies  about  five  leagues  N.N.W.  of  Schemnitz,  In  a  valley  flanked  on  the 
right  by  a  range  of  hills  form^  of  rocks  quite  analogous  to  the  metatliferons  rocks  of 
Schemnitz.  In  the  midst  of  these  rocks,  veins  are  worked  nearly  similar  to  those  of 
Schemnitz ;  but  the  quartz  which  forms  their  principal  mass  is  more  abundant,  and  con- 
tains more  natiye  gold.    Here  also  are  found  salphuret  and  hydroenlphuret  of  antimony, 
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which  do  not  oceor  at  Schemoits.    The  metalliferoiu  district  is  of  Tery  moderate  extcA^ 

and  is  surrounded  by  the  trachytic  district  which  overlies  it,  forming  to  the  cast  and 
west  considerable  mountains. 

The  city  of  Kremnitz  is  one  of  the  most  ancient  free  royal  cities  of  mines  in  Hun- 
gary. It  is  said  that  mines  were  worked  there  even  in  the  times  of  the  Romans ;  tat 
it  is  the  Germans  who,  since  the  middle  ages,  have  given  a  great  development  to  these 
exploitations.  There  exists  at  Kremnitz  a  mint-office,  to  which  all  the  gold  and  silver 
of  the  mines  of  Hungary  are  carried  in  order  to  be  parted,  and  where  all  the  chemical 
processes,  such  as  the  fabrication  of  acids,  &c.,  are  carried  on  in  the  large  way. 

About  six  leagues  N.N.E.  from  Schemnitz,  on  the  banks  of  the  Gran,  lies  the  litlle 
village  of  Neusdil,  founded  by  a  colony  of  Saxon  miners.  The  mountains  snrroiinding 
it  include  mines  very  different  from  those  of  which  we  have  been  treating.  At  Hem^ 
grand,  two  leagues  from  Neusobl,  greywacke  forms  pretty  loAy  mountains ;  this  rode  is 
covered  by  transition  limestone,  and  is  supported  by  mica-slate.  The  lower  beds  con- 
tain bands  of  copper  ores,  chiefly  copper  pyrites.  The  mica-slate  includes  likewise 
masses  of  ore,  apparently  constituting  veins  in  it.  These  ores  have  been  worked  since 
the  13th  century.  The  copper  extracted  contains  in  a  hundred  weight  six  ounces  of 
silver. 

Eighteen  or  twenty  leagues  to  the  east  of  Netuohly  we  meet  with  a  country  very  rich 
in  iron  and  copper  mines,  situated  chiefly  in  the  neighborhood  of  Belhler,  Schmoelnitz, 
Einsiedael,  Rosenau,  &c.  Talcose  and  clay  slates  form  the  principal  body  of  the  monn- 
'  tains  here,  along  with  horneblende  rocks.  The  ores  occur  most  usually  in  strata.  Those 
of  iron,  or  sparry  ore,  and  especially  hydrate  of  iron,  compact  and  in  concretions,  ac- 
companied with  specular  iron  ore.  They  give  employment  to  a  great  many  Jarge 
smelting-houses.  The  county  of  Gcsmar  alone  contains  22  works;  and  that  of  Zips 
also  a  great  number.  The  copper  mines  lie  chiefly  in  the  neighborhood  of  Schmcplnitz 
and  GcBlnitz.  The  copper  extracted  contains  about  six  or  seven  ounces  of  silver  in  the 
hundred  weight.  Near  Zalathna  there  is  a  quicksilver  mine  nearly  inactive;  and  near 
Rosenau  one  of  antimony; 

To  conclude  our  enumeration  of  the  mineral  wealth  of  this  country,  it  remains  merely 
to  state  that  there  are  opal  mines  in  the  environs  of  Czervenitza,  placed  in  the  trachytic 
conglomerate. 

GROUP  or  THE  NORTHSASTy  OR  OF  NAOABAKTA. 

The  mines  of  this  group  lie  in  a  somewhat  considerable  chain  of  mountains,  which, 
proceeding  from  the  frontiers  of  Buchowina,  where  it  is  united  to  the  Carpathians,  finally 
disappears  amid  the  saliferous  sandstones  between  the  Thei9S,  Luposy  and  Nagy  Szamotj 
on  the  northern  frontiers  of  Transylvania.  These  mountains  are  partly  composed  of 
rocks  analogous  to  those  of  Schemnitz,  traversed  by  veins  which  have  much  resemblance 
to  the  veins  of  this  celebrated  spot.  Into  these  veins  a  great  many  mines  have  been 
opened,  the  most  important  of  which  are  those  of  Nagabanya,  Kapnick,  Felsobanya, 
Miszbanya,  Laposbanya,  Olaposbanya,  Ohlalapos.  AU  these  mines  produce  gold.  Those 
of  Laposbanya  furnish,  likewise,  argentiferous  galena ;  those  of  Olaposbanya  contain 
copper  and  iron ;  and  those  of  Kapnick  copper.  Realgar  occurs  in  the  mines  of  Febo* 
banya ;  and  orpiment  in  those  of  Ohlalapos.  Several  of  them  produce  manganese  and 
sulphuret  of  antimony.  Lastly,  toward  the  north,  in  the  county  of  Marmarosh,  lies 
the  important  iron  mine  of  Bortcha,  and  on  the  frontiers  of  Buchowina  the  lead  mine 
of  Radna,  in  which  also  much  zinc  ore  occurs. 

The  minet  competing  the  group  of  the  East,  or  of  •^bmdbanya^  occur  almost  all  in  the 
mountains  which  rise  in  the  western  part  of  Transylvania,  between  Lapoi  and  Muro;  in 
the  environs  of  Abrudbanya,  M.  Beudnnt  notices  in  this  region,  limestones,  sandstones, 
trachytes,  basalts,  and  slenite  porphyries,  apparently  quite  analogous  to  the  greenstone 
porphyries  of  Schemnitz.  It  seems  to  be  principally  in  the  latter  rocks  that  the  mines 
forming  the  wealth  of  this  -country  occur  ;  but  some  of  them  exist  also  in  the  mica- 
slate,  the  greywacke,  and  even  in  the  limestone.  The  principal  mines  are  at  Nagyag, 
Koiosbanya,  Vorospatak,  Boltza,  Csertesch,  Fatzbay,  Almas,  Porkura,  Bntschnm,  aiul 
Stonischa.  There  are,  in  all,  40  exploitations ;  the  whole  of  which  produce  aurtferons 
ores  smelted  at  the  foundry  of  Zalathna.  These  mines  contain  also  copper,  antimony, 
and  manganese.  They  are  celebrated  for  their  Ullurium  ore,  which  was  peculiar  to  them 
prior  to  the  dtscovery  of  this  metal  a  few  years  back  in  Norway.  The  auriferous  de> 
posites  contained  in  the  greenstone  porphyry  are  often  very  irregular.  The  mines  of 
Nagyag  are  the  richest  and  best  worked.  The  numerous  veins  occur  partly  in  the 
sienite  porphyry,  and  partly  in  the  greywacke.  The  auriferous  ore  is  accompanied  with 
^ena,  realgar,  manganese,  iron,  and  zinc.  There  are  iron  mines  in  great  beds  near 
Yayda-Huniad  and  Gyalar.    Some  Cobalt  mines  are  also  noticed. 

The  group  of  the  S,  £.,  or  of  the  BamuU  of  Temewkwar^  occurs  in  the  mountains  which 
block  up  the  valley  of  the  Danube  at  Orschova,  through  a  narrow  gorge  of  which  the 
river  escapes.    The  principal  mines  are  at  Oravitza^  MoUawa,  Szadca,  and  Dognaacdkn . 
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Tkex  pnidoee  ehiefly  ugtntifarotu  copper,  yieMiiig  dl  man  of  Bilver  (nearly  i  poand) 
in  the  hnndred  weight,  with  oecaaioDaUy  a  little  gold.  Ores  of  lead,  zinc,  and  iron, 
arv  also  met  with.  The  mines  are  famous  for  their  beautiful  specimens  of  blue  car- 
bonate of  copper,  and  various  other  minerals.  The  mine  of  Molds wa  aiibrds  likewise 
orpiment.  l^ese  metallic  deposites  lie  in  beds  and  veins ;  the  former  occurring  par- 
ticularly between  the  mica-slate  and  the  limestone,  or  sometimes  between  the  limestone 
and  the  sienite  porphyry.  Well*4efined  veins  also  are  known  to  exist  in  the  sienite 
and  the  mica-slate.  The  Bannat  possesses  moreover  important  iron-mines  at  Dom- 
Irawa  and  Ruchersberg;  near  Dombrawa  snlphuret  of  mercury  is  found.  Cobalt 
miniA  occur  likewise  in  these  regions. 

1  he  mines  constituting  the  four  groups  now  described  are  not  the  sole  metallic 
mines  possessed  by  Hungary.  A  few  others,  but  generoUy  of  little  importance,  are 
scattered  over  different  parts  of  this  kingdom.  Several  have  been  noticed  in  the 
portion  of  the  Carpathians  which  separates  Transylvania  from  Moldavia  and  Wallachia. 
Their  principal  object  is  the  exploration  of  some  singular  deposites  of  galena. 

Besides  the  mines  just  noticed,  Hungary  contains  some  coal  mines,  numerous  mines 
of  rock  salt,  and  several  deposites  of  golden  sands  situated  chiefly  on  the  banks  of  the 
Danube,  the  Marosch,  and  the  Nera. 

The  mines  of  the  kingdom  of  Hungary  produce  annually,  according  to  M.  Heron  de 
Villefosse,  5,218  marcs,  or  2,810  pounds  English  of  gohi,  worth  176,976/. ;  and  about 
85,000  marcs,  or  45,767  pounds  of  silver,  worth  186,132/.  The  mines  of  Transylvania 
furnish  nearly  the  half  of  the  whole  quantity  of. gold,  and  one  seventeenth  of  the  silver 
now  stated.  The  other  mines  of  Europe  produce  together  nearly  twice  as  much  silver, 
but  merely  a  few  marcs  of  gold.  Hungary  affords  besides  from  18,000  to  20,000 
metric  quintals  (about  4,000,000  libs.  English)  of  copper  annually,  and  a  great  deal 
of  iron. 

From  these  mines  proceed  likewise  from  3,000  to  4,000  metric  quintals  (660,000  to 
880,000  libs.  Eng.)  of  lead;  a  quantity  not  more  than  is  needed  by  the  refining-houses 
for  the  ores  of  silver  and  gold. 

MINES  or  THE  ALTAYAN  MOUNTAINS. 

At  the  western  extremity  of  the  ehain  of  the  Altayan  mountains,  which  separate 
Siberia  from  Chinese  Tartary,  there  exists  a  number  of  metalliferous  veins,  in  which 
several  important  works  have  been  established  since  the  year  1742.  They  constitute 
the  locality  of  the  mines  of  Kolywan ;  the  richest  in  the  precious  metals  of  the  three 
districts  of  this  kind  existing  in  Siberia. 

These  mines  are  opened  up  in  the  schistose  formations  which  surround  to  the  N.  and 
W.  and  to  the  S.  W.  the  western  declivity  of  the  high  granitic  chain,  from  which  they  are 
separated  by  formations  consisting  of  other  primitive  rocks.  These  schists  alternate  in 
some  points  with  quartzose  rocks,  called  by  M.  Renovantz  homstone,  and  with  lime* 
stone.  They  are  covered  by  a  limestone,  replete  with  ammonites.  The  metalliferous 
region  forms  a  semicircle,  of  which  the  first  lofty  mountains  occupy  the  centre. 

The  most  Important  exploration  of  this  country  is  the  silver  mine  of  Zmeof,  or 
Zmeinogarsk,  in  German  Schlan^enberg,  situated  to  the  N.W.  of  the  high  mountains 
in  5V*  9' 25'  N.  L.  and  79^  49"  50''  long,  east  of  Paris.  It  is  opened  on  a  great 
vein,  which  contains  argentiferous  native  gold,  auriferous  native  silver,  sulphnret  6t 
silver,  hornsilver,  gray  copper,  sulphnret  of  copper,  green  and  blue  carbonated  copper, 
r^  oxide  of  copper,  copper  pyrites,  sulphnret  of  lead,  and  great  masses  of  testaceous 
arsenic  slightly  argentiferous.  There  occur  likewise  sulphnret  of  zinc,  iron  pyrites, 
and  sometimes  arsenical  pyrites.  The  gangues  (vein>stones)  of  these  different  ores  are 
sulphate  of  baryta,  carbonate  of  lime,  quartz,  but  rarely  fluate  of  lime.  The  principal 
vein,  which  is  of  great  power,  has  been  traced  through  a  length  of  several  hundred 
fathoms,  and  to  a  depth  of  no  less  than  96  fathoms.  In  its  superior  portion,  it  has  an 
inclination  of  about  50  degrees ;  but  lower  down  it  becomes  nearly  vertical.  Its  roof 
is  always  formed  of  clay-slate.  On  the  floor  of  the  vein,  the  slate  alternates  with  hom- 
stone. This  vein  pushes  out  branches  in  several  directions ;  it  is  intersected  by  barren 
veins,  and  presents  successive  stages  of  different  richness.  The  first  years  were  the 
most  productive.  The  German  miners  employed  subsequently  by  the  Russian  govern- 
ment have  introduced  regularity  into  the.  wotkings;  and  have  excavated  a  gallery  of 
efflux  585  fathoms  long. 

The  most  important  of  the  other  silver  mines  of  this  department  are  those  of  Tchere- 
panofski,  3  leairucs  8.E.  of  Zmeof;  those  of  Smenofski,  10  leagues  S.E. ;  those  of 
Nicolaiski,  20  leagues  to  the  S.S.W. ;  and  of  Philipofski,  90  leagues  &E.  of  the 
same  place.  The  last  mine  lies  on  the  extreme  frontier  of  Chinese  Tartary.  It  is  not 
known  whether  the  southern  slope  of  the  Altaic  chain  within  the  Chinese  territories, 
contains  metalliferous  deposites. 

The  ores  extracted  from  these  diflerent  mines  yieU  on  an  average  per  qniatal  wm 
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ounce  of  silver,  which  conteins  3  per  cent,  of  gold.  Their  anaiul  prodnet  ww  tovul 
nSfy,  according  to  M.  Patrin,  3,000  marcs,  or  1,615  liha.  avoirdapob  of  gold,  worth 
101,151/. ;  and  60,000  tnarcs,  or  31,020  libs.  aToird.  or  silver,  worth  130,520/. 

The  precious  metals  are  not-  the  sole  product  of  this  mineral  district.  There  is  aa 
important  copper-mine  15  leagues  N.W.  of  2m^f,  in  a  chain  of  hUls  formed  of  ^rm- 
nitic  rocks,  schists,  porphyries,  and  shell-limestone,  graduating  into  the  plain.  Tbe 
vein  presents  copper  pyrites,  sulphuret  of  copper,  and  native  eopper,  disseminated  ia 
argiUaceous  substances,  more  or  less  ferruginous,  and  of  different  degrees  i>f  hardness. 
'  This  mine,  which  bears  the  name  of  Aleiski-Lokte&ki,  furnished  annually  at  I  he  date 
of  1782,  1,500  quintals  (metric),  or  330,000  libs,  avoird.  of  copper,  which  was  coined 
into  money  in  the  country  itself. 

At  Tchakirskoy,  on  the  banks  of  the  Tscharisch,  toward  the  northern  extremity  of 
the  metalliferous  semicircle,  mentioned  above,  there  is  a  mine  of  argentiferous  eopper 
and  lead,  opened  in  a  very  large  but  extremely  short  vein.  Besides  the  lead  and 
copper  ores,  Inciuding  a  little  silver,  this  mine  affords  a  great  quantity  of  eahuaiBe 
(carbonate  of  zinc),  which  forms  occasionally  fine  stalactites  of  a  white  or  green  cokir. 

The  northern  flank  of  the  Altai  mountains  presents  few  mines.  Some  veins  of 
copper  exist  2,000  leagues  east  of  Zmeof,  near  the  spot  where  the  river  Janissei  issues 
from  the  Saianean  mountains,  which  are  a  prolongation  of  the  Altayan  diain. 

There  is  no  lead-mine,  properly  so  called,  in  the  Altai  mountains.  Almost  all  the 
lead  which  is  required  for  the  treatment  of  the  silver  and  gold  ores  is  obtained  from  the 
department  of  Nertchinsk,  situated  700  leasrues  off,  on  the  borders  of  the  river  Jmav. 

Tbe  first  sroelting-house  erected  in  this  district  was  in  the  middle  of  the  metalliferosi 
region  at  Kolywan,  the  place  from  which  it  takes  its  name.  It  has  been  suppmsed  oa 
account  of  the  dearth  of  wood  in  the  neighborhood  of  the  mines.  The  |«inctpa]  exirt- 
ini;  foundry  it  that  of  Bomaoul  on  the  Ob,  50  leagues  north  of  Zmeof. 

MINES   OF   THE   UILAL   MOUNTAIKS. 

This  chain  of  mountains,  which  begins  on  the  coasts  of  the  icy  sea,  and  terminatei 
in  the  50th  degree  of  latitude  amid  the  steppes  of  the  Kerguity  after  having  formed, 
through  an  extent  of  more  than  40  leagues,  the  natural  limit  between  Europe  and 
Asia,  contains  very  rich  and  very  remarkable  deposites  of  metallic  ores,  which  hare 
given  rise  to  important  mines  of  iron,  copper,  and  gold.  These  explorations  are 
situated  on  the  two  slopes,  but  chiefly  on  the  one  that  looks  to  Asia,  from  the  enviroaf 
of  Ekuterinbourg  to  about  120  or  130  leagues  north  of  thai  city.  They  constitute  the 
department  of  the  mines  of  Ekaterinbourg,  one  of  the  three  belonging  to  Siberia. 

The  popper-mines  are  pretty  numerous,  and  lie  almost  wholly  on  the  oriental  slope 
of  the  chain.  They  are  opened  into  veins  of  a  very  peculiar  nature,  and  which  ahboofk 
very  powerful  at  the  surface,  do  not  extend  to  any  considerable  depth.  These  vein 
are  in  general  filled  with  argillaceous  matters,  penetrated  with  red  oxide  of  copper,  and 
mingled  with  green  and  blue  carbonated  copper,  sulphuret  of  copper,  and  native  copper. 
The  most  important  workings  are  those  of  Tourifuki  and  Gcnmechafkki. 

The  first  are  situated  120  leagues  north  of  Ekaterinbourg,  toward  the  60th  degree 
of  N.  latitude,  at  the  eastern  base  of  the  Uralian  mountains,  near  the  banks  of  the  Toans. 
They  amount  to  three,  opened  in  the  same  vein,  which  turns  round  an  angle  preseatcd 
by  the  chain  in  this  place.  The  ground  is  composed  of  a  porphyry  with  a  homstoae 
basis  of  clay-slate,  and  of  a  white  or  grayish  limestone,  which  form  the  roof  and  fioor 
of  the  vein.  The  ore  yields  from  18  to  20  per  cent.,  and  these  mines  produced  aaanally 
in  1786,  10,000  metric  quintals  (2,200,000  libs,  avoird.)  of  copper. 

The  mine  of  Goumechefski  lies  12  or  15  leagues  S.W.  of  Ekaterinbourg,  near  a 
lake  bordered  by  primitive  mountains,  which  form  in  this  region  the  axis  of  the  chain 
ot  the  Urals.  This  mine  is  celebrated  for  the  beautiful  malachites  that  occur  in  it 
It  has  furnished  ahnost  all  the  fine  specimens  of  this  substance  employed  in  jewellery. 
The  vein,  of  which  the  sides  are  calcareous,  is  vertical,  and  runs  north  and  sontL 
It  does  not  sink  deeper  than  about  50  yards,  and  is  filled  with  a  species  of  coarse 
pudding-stone,  composed  of  masses  of  primitive  rocks.  The  ore  yields  from  3  to  i 
per  cent,  of  copper,  and  the  mine  furnished  about  the  year  1786,  4,400,000  libs.  aToird. 
of  this  metal  per  €um%m. 

The  beds  of  iron  ore  occur  generally  at  a  certain  distance  from  the  axis  of  the 
central  chain.  Those  of  the  western  slope  lie  sometimes  in  a  gray  compact  limestoae^ 
which  contains  etUrodii  and  other  petrifications,  and  whose  geological  age  has  not  beet 
ascertained,  but  it  appears  to  be  much  more  modem  than  the  rocks  of  the  central  chaia. 
Both  the  one  and  the  other  seem  to  form  large  veins,  which  extend  little  in  depth,  or 
rather  fill  irregular  and  shallow  cavities.  The  most  common  ore  is  the  hydrate  of  ina 
(bog  ore),  hematite,  or  compact  iron  ore,  sometimes  mixed  or  accompanied  with  hydrate 
of  manganese,  and  occasionally  with  ores  of  zinc,  copper,  and  lead.  Black  oxide 
of  hron>  possessing  magnetic  polarity,  likewise  frequently  occurs,  particularly  in  the 
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minet  of  the  eastern  slope,  oa  which,  in  fact,  entire  monntains  of  loadstone  repose.  All 
these  ores,  mixed  with  a  greater  or  less  qnantity  of  clay  differently  colored^,  are 
worked  by  open  quarries,  and  most  usually  without  using  gunpowder,  or  even  iron 
wedges.  They  yield  rarely  less  than  50  or  60  per  cent.>  and  keep  in  action  numerous 
smelting-houses  situated  on  the  two  flanks  of  the  chain ;  the  oldest  pf  them  have  been 
established  since  1628,  but  the  greater  number  date  only  from  the  middle  of  the  18th 
century.  The  most  celebrated  mines  are  those  of  BalgodcU  and  Keskanar,  situated  on 
the  eastern  slope  from  30  to  50  leagues  north  of  Ekaterinb<mrg.  In  the  foundries  of 
the  eastern  slope,  anchors,  cannons,  bullets,  &c,  are  fabricate ;  and  in  the  whole  a 
considerable  quantity  of  bar  hron.  The  products  of  the  works  on  the  western  side  are 
directly  embarked  on  the  different  feeders  of  the  Volga,  from  which  they  are  at  no 
great  distance.  Those  of  the  eastern  slope  are  transported  during  winter  on  sledges  to 
the  same  feeder  streams,  after  crossing  the  least  elevated  passages  of  the  Urals. 

The  quantity  of  materials  fabricated  by  the  iron-works  of  both  idopes,  amounted 
annually,  toward  the  year  1790,  to  more  than  11,000,000  lbs.  avoird.  ^  This  country 
is  peculiarly  favored  by  nature  for  this  species  of  industry ;  for  vast  deposites  of  excel- 
lent iron  ores  occur  surrounded  by  immense  forests  of  firs,  pines,  and  birches;  woods, 
whose  charcoal  is  excellently  adapted  to  the  fabrication  of  iron. 

The  copper-mines  oC  the  Uralian  mountains,  and  the  greater  part  of  the  iron  mines 
and  foundries,  form  a  portion  of  the  properties  of  some  individuals,  who  may  be  in- 
stanced as  among  the  richest  in  Europe.  The  Russian  government  has  neglected  no 
opportunity  of  promoting  these  enterprises.  It  has  established  at  Tourinsky  a  consid- 
erable colony,  and  at  Irbitz  a  fair  which  has  become  celebrated. 

There  is  only  one  gold  mine  in  the  Ural  mountains,  that  of  Bertsofy  situated  three 
leagues  N.£.  of  Elkaterinbourg,  at  the  foot  of  the  Urals,  on  the  Asiatic  side.  It  is 
famous  for  the  chromate  of  lead,  or  red  lead  ore,  discovered  there  in  1776,  and  worked 
in  the  following  years,  as  also  for  some  rare  varieties  of  minends.  The  ore  of  Beresof 
is  a  cavernous  hydrate  of  iron  (bog  ore),  presenting  here  and  there  some  small  striated 
cubes  of  hepatic  iron,  and  occasionally  some  pyrites.  It  contains  5  parts  of  native 
^old  in  100,000.  This  deposite  appears  to  have  a  great  analogy  with  the  deposites  of 
iron  ore  of  the  same  region.  It  constitutes  a  large  vein,  running  from  N.  to  S., 
encased  in  a  formation  of  gneiss,  hornblende  schists,  and  serpentine,  and  which  does  not 
appear  to  dip  to  any  considerable  depth.  It  becomes  poor  in  proportion  to  its  distance 
from  the  surface.  The  exploitation,  which  is  in  the  open  air,  has  dug  down  25  yards ; 
having  been  carried  on  since  the  year  1726.  The  gold  is  extracted  from  the  ore  by 
stamping  and  washing.  In  1786,  500  marcs  were  collected ;  but  the  preceding  years 
had  furnished  only  200,  because  they  then  worked  further  from  the  surface.  German 
miners  were  called  in  to  direct  the  operations.  On  some  points  of  the  Ural  mountains, 
and  the  neighboring  countries,  deposites  of  an  auriferous  clay  have  been  noticed ;  but 
they  have  not  hitherto  been  worked. 

Beds  of  chromate  of  bon  have  also  been  discovered  in  these  mountains. 

The  beautiful  plates  of  mica,  well  known  in  mineral  cabinets,  and  even  in  commerce, 
under  the  name  of  Muscovy  talc,  or  Russian  mica,  come  from  the  Urals.  There  are 
explorations  for  them  near  the  lake  Tschebarkoul,  on  the  eastern  flank  of  this  chain. 
From  the  same  eanton  there  is  exported  a  very  white  clay,  apparently  a  ka4)lin, 

25  leagues  north  of  Ekaterinbourg,  near  the  town  of  Mourzinsk,  there  occur  in  a 
graphic  granite,  numerous  veins,  containing  amethysts,  several  varieties  of  beryl,  emer- 
alds, .topazes,  Hcc, 

Table  of  the  Production  of  the  Russian  Mines  during  the  years  1830, 1831,  1832,  1833, 

and  1834 ;  by  M.  Teploff,  one  of  their  officers. 
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1,919 
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3,620,201 
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? 
? 
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9,774,998 
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T 
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Coal       - 
Naphtha 
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7,863,642 
4,263,000 

372,776,283 
6,596,034 
4,253,000 

491,862,299 
8,227,528 
4,253>000 
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Moria  or  the  vombs  awd  thc  black  fobot. 

These  moonUiins  contain  sevenU  centres  of  ciplo»tion  of  arfrentiferooj  ora  oTteid 
and  copper,  iron  ores^  and  some  mines  of  manganese  and  anthracite. 

At  the  Croix-aux-mine^,  department  of  the  Vosges,  a  Tcin  of  argentifenras  lead  has 
been  worked,  which  next  to  the  veins  of  Spanish  America,  is  one  of  the  greatest  knowa. 
It  is  several  fathoms  thick,  and  has  been  traced  and  mined  through  an  extent  of  more 
than  a  league.  It  is  partly  filled  with  debris,  among  which  occurs  schdc  argeatifcroas 
galena,  it  contains  also  phosphate  of  lead,  antimoniated  sulpharet  of  silver,  kc 
It  runs  from  N.  to  S.  nearly  parallel  to  the  line  of  junction  of  the  gneiss,  and  a  por- 
phyroid  granite,  that  passes  into  sienite  and  porphyry.  In  several  points  it  cats  acran 
the  gneiss ;  but  it  probably  occurs  also  between  the  two  rocks.  It  has  never  been  worked 
below  the  level  of  the  adjoining  valley.  The  mines  opened  on  this  vein  prodnccd,  it 
IS  said,  at  the  end  of  the  16th  century,  26,000Z.  per  annum;  they  were  still  very  pro- 
dactive  in  the  middle  of  the  last  century,  and  furnished,  in  1756,  2,640,000  lbs.  avoiid. 
of  lead)  and  6,000  marcs,  or  3,230  pounds  avoird.  of  silver. 

The  veins  explored  at  Saiute  Marie  of  the  minet,  also  traverse  the  gneiss ;  bat  their 
direction  is  nearly  perpendicular  to  that  of  the  vein  of  the  Croix,  from  which  they  are 
separated  by  a  barren  mountain  of  sienite.  They  contain  besides  galena,  aeveral  ores 
of  copper,  cobalt,  and  arsenic ;  all  more  or  less  argentiferous.  There  is  found  also  at  a 
little  distance  from  Saint  Mary  of  the  miftts  a  vein  of  sulphuret  of  antimony.  The 
mines  of  Sainte  Marie,  opened  several  centuries  ago,  are  among  the  most  ancient  ia 
France;  and  yet  they  have  been  worked  only  down  to  the  level  of  the  adjoiniaj^ 
valleys. 

There  has  been  opened  up  in  the  environs  of  Gtromagny,  on  the  sonthem  verge  of  the 
Vosges,  a  great  namber  of  veins,  containing  principally  argentiferous  ores  of  lead  and 
copper.  They  run  nearly  from  N.  to  S.,  and  traverse  porphyries  and  day-slates  ;  a 
system  which  has  some  analogy  with  the  metalliferous  district  of  Schemnitz.  The 
workings  have  been  pushed  so  far  as  440  yards  below  the  surface.  These  mines  were 
in  a  tioarishing  s^te  in  the  14th  and  16th  centuries ;  and  became  so  once  more  at  the 
beginning  of  the  17th,  when  they  were  undertaken  by  the  house  of  Mazaiin.  Ia  1743 
they  still  produced  100  marcs,  fully  52  libs,  avoird.  of  silver  in  the  month. 

The  mines  of  La  CroiXy  of  Sainte'Marie'auX'minea,  and  of  Giromagmif,  are  now 
abandoned ;  but  it  is  hoped  that  those  of  the  first  two  localities  will  be  resumed  ere 
long. 

In  the  mountains  of  the  Black  Forest,  separated  from  the  Vosges  by  the  Talley  of  the 
Rhine,  but  composed  of  the  same  rocks,  there  occur  at  BadenweUer  and  near  Hoekbtr^, 
not  far  from  Freybarg,  workings  of  lead  in  great  activity.  These  form  six  distinct 
mines,  and  annually  aiford  88,000  libs,  avoird i  of  lead,  and  200  marcs  of  silver.  In  the 
Furstenberg  near  Wbi/aehy  particularly  at  H'ttfficAen,  there  are  mines  of  copper,  cobalt, 
and  silver.  The  mines  of  Wittichen  produced,  some  yean  ago,  1,600  marcs,  or  near 
880  libs,  avoird.  of  silver  per  annam.  They  supply  a  manufactory  of  smalt,  and  one  of 
arsenical  products.  A  few  other  inconsiderable  mines  of  the  same  kind  exist  in  the 
grand  dutchy  of  Baden,  and  in  the  kingdom  of  Wurtemberg. 

Several  important  iron  mines  are  explored  in  the  Vosges ;  the  principal  are  thoae  af 
Framcmty  in  the  department  of  the  Vosges,  whose  ores  are  red  oxide  of  iron  and  browa 
hematite,  which  appear  to  form  veins  of  great  thickness,  much  ramified,  and  very 
irregular,  in  a  district  composed  of  greenstone,  limestone,  and  greywacke.  The  saV* 
terranean  workings,  opened  on  these  deposites,  have  been  hitherto  very  irregular.  There 
has  been  discovered  lately  in  these  mines,  an  extremely  rich  vein  of  sulphuret  of  copper. 
At  RoUiau,  a  little  to  the  east  of  Framont,  thin  veins  of  red  oxide  of  iron  are  woiked ; 
sometimes  magnetic,  owing  probably  to  an  admixture  of  protoxide  of  iron.  These  veins 
run  through  a  granite,  that  passes  into  sienite.  At  Saulnot  near  Belfort,  there  are 
iron  mines,  analogous  to  those  of  Framont. 

In  the  neighborhood  of  Ihann  and  Massovaux,  near  the  sources  of  the  MoseDe,  veins 
are  worked  of  an  iron  ore,  that  traverse  formations  of  greywacke,  clay-slate,  and  per- 
phyry.  Lastly,  in  the  north  of  the  Vosges,  near  Bergzabern,£relenbacb,  and  Sehenaa, 
several  mines  have  been  opei^e^  on  very  powerful  veins  of  brown  hematite  and  compact 
hot:  ore,  accompanied  with  a  little  calamine,  and  a  great  deal  of  sand  and  debris.  Ia 
some  points  of  these  veins,  the  iron  ore  is  replaced  by  various  ores  of  lead,  the  most 
abundant  being  the  phosphate,  which  are  explored  at  ErlenbachtLndKaixetUkal.  These 
veins  traverse  the  sandstone  of  the  Vosges,  a  formation  whose  geological  position  is  not 
altogether  well  known,  but  which  contains  iron  mines  analogous  to  the  preceding  at 
Langenthaly  at  the  foot  of  Mount  Tonnerre,  and  in  the  palatinate.  Many  anak^'es 
seem  to  approximate  to  the  sandstone  of  the  Vosges,  the  sandstone  of  the  environs  of 
Saint  Avoid  (Moselle),  which  include  the  mine  of  brown  hematite  of  Crtmtswald,  and 
the  lead  ipine  of  Bleyberg,  analogous  to  the  lead  mine  of  Bleyberg,  near  Aix-la* 
Chapelle. 
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At  CruUniek  and  Tkokyy  ta  tUb  north  of  the  Sanebrack,  mines  of  manganese  are 
worked,  famous  for  the  good  quality  of  their  prod  acts.  The  depoaite  exploited  at  Crutt- 
nich  seems  to  be  endosed  in  the  sandMone  of  the  Vosges,  and  to  constitute  a  vein  in  it, 
analogous  to  the  iron  veins  mentioned  above. 

There  has  been  recently  opened  a  manganese  mine  at  LaUUimy  near  La  Croix-aux' 
fninet,  in  a  district  of  gneiss  with  porphyry. 

In  the  Vosget  and  the  Black  Fon$i  there  are  several  depositee  of  anthracite  (stone- 
coal),  of  which  two  are  actually  worked,  the  one  at  Zunswir,  near  Ofienbourg,  in  the 
territory  of  Baden,  and  the  other  at  U  voltz,  near  Cernay,  in  the  department  of  the  Upper 
Rhine.  There  are  also  several  deposites  of  the  true  coal  formation  on  the  flanks  of  the 
Vosges. 

MINES  or  THE   HARTZ. 

The  name  Hartz  is  given  generally  to  the  country  of  forests,  which  extends  a  great 
many  miles  round  the  J3roe/»ro,  a  mountain  situated  about  55  miles  W.S. W.  of  Magde- 
bourg,  and  which  rises  above  all  the  mountains  of  North  Germany,  being  at  its  summit 
1226  yards  above  the  level  of  the  sea.  The  Hartz  is  about  43  miles  in  length  from 
S.S.E.  to  N.N.W.,  18  miles  in  breadth,  and  contains  about  450  square  miles  of  surface. 
It  is  generally  hilly,  and  covered  two  thirds  over  with  forests  of  oaks,  beeches,  and  firs. 
This  rugged  and  picturesque  district  corresponds  to  a  portion  of  the  Silva  Hercyuia  of 
Tacitus.  As  agriculture  furnishes  few  resources  there,  the  exploration  of  mines  is 
almost  the  only  means  of  subsistence  to  its  inhabitants,  who  aihount  to  about  50,000. 
The  principal  cities.  Andreatberg,  Clautthaly  ZelUr/eldy  jSUenau^Lauleuthal,  WUdemafm^ 
CrTuiidy  and  Ooslar,  bear  the  title  of  mine-cities,  and  eigoy  peculiar  privileges ;  the  people 
deriving  their  subsistence  from  working  in  the  mines  of  lead,  silver,  and  copper,  over 
which  their  houses  are  built. 

The  most  common  rock  in  the  Hartz  is  greywaeke.  It  encloses  the  principal  veins, 
and  is  covered  by  a  transition  limestone.  The  granite  of  which  the  Brocken  is  formed 
supports  all  this  system  of  rocks,  forming,  as  it  were,  their  nucleus.  Trap  and  hornstone 
rocks  appear  in  certain  points. 

The  veins  of  lead,  silver,  and  copper,  which  constitute  the  principal  wealth  of  the 
Hartz,  do  not  pervade  its  whole  extent.  They  occur  chiefly  near  the  towns  of  Andreas- 
berg,  Clausthal,  Zellerfeld,  and  Lautenthal;  are  generally  directed  from  N.W.  to  S.E., 
and  dip  to  the  S.W.,  at  an  angle  of  80^  with  the  horizon. 

The  richest  silver  mines  are  those  of  the  environs  of  Andreasberg,  among  which  may 
be  distinguished  the  Samson  and  Newfang  mines,  worked  to  a  depth  of  560  yards.  la 
the  first  of  them  there  is  the  greatest  step  exploitation  to  be  met  with  in  any  mine.  It 
is  composed  of  80  direct  steps,  and  is  more  than  650  yards  long.  These  mines  were 
discovered  in  1520,  and  the  city  was  built  in  1521.  They  produce  argentiferous  galena, 
with  silver  ores  properly  so  called,  such  as  red  silver  ore,  and  ore  of  cobalt. 

The  district  which  yields  most  argentiferous  lead  is  that  of  Clausthal ;  it  comprehends 
a  great  many  mines,  several  of  which  are  worked  to  a  depth  of  550  yards.  Such  of  the 
mines  as  are  at  the  present  day  most  prodactive,  have  been  explored  since  the  first  years 
of  the  eighteenth  century.  The  two  most  remarkable  ones  are  the  mines  of  Dorothy, 
and  the  mine  of  Caroline,  which  alone  furnish  a  large  proportion  of  the  whole  net  prod* 
ttct.  The  grant  of  the  Dorothy  mine  extends  over  a  length  of  257  yards,  in  the  direc* 
tion  of  the  vein,  and  through  a  breadth  of  nearly  22  yards  perpendicularly  to  that  direc- 
tion. Out  of  these  bounds,  apparently  so  small,  but  which  however  surpass  those  of  the 
greater  part  of  the  concesnotu  in  the  Hartz,  there  was  extracted  from  1709  to  1807  in- 
clusively, 883,722  marcs  of  silver,  768,845  quintals  of  lead,  and  2,385  quintals  of  copper. 
This  mine  and  that  of  Caroline  have  brought  to  their  shareholders  in  the  same  period 
of  time,  more  than  1,120,000/. ;  and  have  besides  powerfully  contributed  by  loans  with- 
ovt  interest  to  carry  on  the  exploration  of  the  less  productive  mines.  It  was  in  order 
to  effect  the  drainage  of  the  mines  of  the  district  of  Clausthal,  and- those  of  the  district 
of  Zellerfeld  adjoining,  that  the  great  gallery  of  efflux  was  excavated. 

Next  to  the  two  districts  of  Clausthal  and  Zellerfeld,  and  Andreasberg,  comes  that  of 
Ck>slar,  the  most  important  working  in  which  is  the  copper  mine  of  Rammelsberg,  opened 
since  the  year  968,  on  a  mass  of  copper  pyrites,  disseminated  through  quartz,  and  min- 
gled with  galena  and  blende.  It  is  worked  by  shaAs  and  galleries,  with  the  employment 
of  fire  to  break  down  the  ore.  This  mine  produces  annually  from  1,200  to  1,300  metric 
quintals  (about  275,000  libs,  avoird.)  of  copper.  The  galena  extracted  from  it  yields  a 
small  quantity  of  silver,  and  a  very  little  gold.  The  latter  metal  amounts  to  only  the 
five-millionth  part  of  the  mass  explored ;  and  yet  means  are  found  to  separate  it  with 
advantage.  The  mine  of  Lamieriirg  is  woriced  solely  for  the  copper,  and  it  furnishes 
annually  near  66,000  libs,  avoird.  of  that  metal. 

Besides  the  explorations  just  noticed,  there  are  a  great  many  n^nes  of  iron  in  difler- 
e&t  paitt  of  the  Havti,  whieb  give  actiTity  to  important  forges,  including  21  smelting 
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cupolas.  The  principal  ores  are  sparry  iron,  and  red%ad  brown  hemntitesy  vliiek  oenr 
in  veins,  beds,  ajid  masses.    Earthy  and  aUavial  ores  are  alan  ct^ected. 

The  territory  of  Anhalt-Bernbourg  presents,  toward  the  southeast  extremitf  of  the 
Hartz,  lead  and  silver  mines,  which  resemble  closely  those  of  the  general  district.  Tbcy 
produce  annually  33,000  libs,  avoird.  of  lead. 

At  the  southern  foot  of  the  Hartz,  at  Ilefeld,  there  is  a  mine  of  manganeae. 

The  exploration  of  the  Hartz  mines  may  be  traced  baek  An*  aboot  900  years.  The 
epoch  of  their  greatest  prosperity  was  the  middle  of  the  eighteenth  centxuy.  Their  gras 
annual  amount  was  in  1808  upward  of  one  million  sterling.  Lead  is  their  principal 
product,  df  which  they  furnish  annually  6,600,000  libs,  avoird.,  with  36,000  mares,  or 
18,700  libs,  avoird.  of  silver,  about  360,000  libs,  avoird.  of  copper,  and  a  very  gicai 
quantity  of  iron.  They  are  celebrated  for  the  excellence  of  the  mining  operations ;  and 
the  activity,  patience,  and  skill,  of  their  workmen. 

The  Hartz  is  referred  to  especially  for  the  manner  in  which  the  waters  aie  eollected 
and  economized  for  floating  down  the  timber,  and  impelling  the  machinery.  With  this 
view,  dams  or  lakes,  canals,  and  aqueducts,  have  been  constructed,  remarkJable  for  their 
good  execution.  The  water-courses  are  formed  either  in  the  open  air  round  the  moaa- 
tain-sides,  or  through  their  interior  as  subterranean  galleries.  The  open  channels  col- 
lect the  rain-waters,  as  well  as  those  proceeding  from  the  melting  of  snows,  from  the 
springs  and  streamlets,  or  small  rivers  that  fall  in  their  way.  The  subterranean  eoa- 
duits  are  in  general  the  continuation  of  the  preceding,  whose  circoits  they  cut  short. 
These  water-courses  present  a  development  in  whole  of  125  miles.  The  banks  of  sobm 
of  the  reservoirs  are  of  an  extraordinary  height.  In  the  single  district  of  Claiuthal 
there  are  34  tanks,  which  suiiply  water  to  92  wheels  of  nearly  30  feet  diameter ;  55  of 
these  serve  for  the  drainage  of  water,  and  37  for  the  extraction  of  ores. 

MINES  OF  THE  EAST  OP  GE&HAKT. 

We  shall  embrace  under  this  head  the  mines  opened  in  the  primitiTe  and 
territories,  which  constitute  the  body  of  a  great  portion  of  Bohemia,  and  the 
parts  of  Saxony,  Bavaria,  Austria,  Moravia,  and  Silesia. 

Among  the  several  chains  of  small  mountains  that  cross  these  countries,  the  riciiest 
in  deposites  of  ore  is  the  one  known  under  the  name  of  the  Erzgebirgey  which  aepaialp 
Saxony  from  Bohemia  on  the  left  bank  of  the  Elbe. 

The  Erzgebirge  contains  a  great  many  mines,  whose  principal  products  are  tUwer,  tn, 
and  cobalt.  These  mines,  whose  exploration  remounts  to  the  twelfth  century,  and  pap* 
ticularly  those  situated  on  the  northern  slope  within  the  kingdom  of  Saxony,  have  been 
long  celebrated.  The  school  of  mines  established  at  Freyberg  was  at  one  time 
ered  as  the  first  in  the  world.  This  is  a  small  city  near  the  most  important 
8  leagues  W.S.W.  of  Dresden,  toward  the  middle  of  the  northern  slope  of  the  Enge- 
birge,  440  yards  above  the  level  of  the  sea,  in  an  agricultural  and  trading  district,  wdl 
cleared  of  wood.  These  circumstances  have  modified  the  working  of  the  nunes,  and 
render  it  difficult  to  draw  an  exact  parallel  between  them  and  those  of  the  Hartz,  which 
are  their  rivals  in  good  exploration;  tiiey  are  peculiarly  ^remarkable  for  the  perfectioa 
with  which  the  engines  are  executed  both  for  drainage  and  extraction  of  ores,  all  moved 
by  water  or  horses  ;  for  the  regularity  of  almost  all  the  subterranean  labors ;  and  far 
the  beauty  of  their  walling  masonry.  In  the  portion  of  these  mountains  betongiag 
to  Saxony,  the  underground  workings  employ  directly  from  9,000  to  10,000  men,  who 
labor  in  more  than  400  distinct  mines,  all  associated  under  the  same  plan  of  adminis- 
tration. 

The  silver  mines  of  the  Erzgdnrge  are  opened  on  veins  which  traverse  gneiss,  and 
though  quite  different  in  this  respect  from  the  argentiferous  veins  of  Guamazmaio, 
SchemnitZy  and  Zmeof,  present  but  a  moderate  thickness,  never  exceeding  a  few  feeL 
They  form  several  groups,  whose  relative  importance  has  varied  very  much. 

For  a  long  time  back,  those  of  the  environs  of  Freyberg  are  much  the  most  pnidue- 
tive ;  and  their  prosperity  has  been  always  on  the  advance,  aotwithstanding  the  increas- 
ing depth  of  the  excavations.  The  deepest  of  the  whole  is  that  of  Kuhsehacht,  which 
penetrates  to  450  yards  beneath  the  surface,  that  is,  nearly  down  to  the  sea-level.  The 
most  productive  and  the  most  celebrated  is  the  mineof  Himmelsfurst ;  that  of  Besehert- 
gluck  is  also  very  rich. 

Among  the  explorations  at  Erzgebirge,  there  are  none  which  were  formerly  so  floar- 
ishing  as  those  of  Marienberg,  a  small  town  situated  7  leagues  S.S.W.  of  Freybeig.  In 
the  sixteenth  century,  ores  were  frequently  found  there,  even  at  a  short  distance  fron 
the  surface,  which  yielded  85  per  cent,  of  silver.  The  disasters  of  the  thirty  years*  war 
put  a  term  to  their  prosperity.  Since  that  period,  they  have  cootinnally  langnuhed; 
and  their  product  now  is  nearly  null. 

Our  limits  do  not  permit  us  to  describe  in  detail  the  silver  miiiM  that  oeevr  new 
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J^n^rUd$r9dorf,  Jchmma^Uorgmutadtt  Jmabttfi^  Oberwu$enthalj  and  Sdinuberg, 
Tiioae  of  the  last  three  localities  produce  also  cobalt. 

The  miaes  of  Saint-Georges,  near  Sehneeberg,  opened  in  the  fiAeenth  centnry  as  iron 
mines,  became  celebrated  some  time  after  as  miaes  of  silver.  Toward  the  end  of  the 
fiAeenth  centary,  a  mass  of  ore  was  found  there  which  afforded  400  quintals  of  silver ;  on 
that  lump,  Duke  Albert  kept  table  at  the  bottom  of  the  mine.  Their  richness  in  silver 
has  di^pinished  since  then ;  but  they  have  increased  more  in  importance  during  the  last 
two  hundred  years,  as  mines  of  cobalt,  than  they  had  ever  been  as  silver  mines.  Saxony 
is  the  country  where  cobalt  is  mined  and  extracted  in  the  most  extensive  manner.  It 
is  obtained  from  the  same  veins  with  the  silver.  Smalt,  or  cobalt-blue,  is  the  principal 
substance  manufactured  from  it.  The  lead  and  the  copper  are  in  this  country  only  a^ 
cessory  products  of  the  silver  mines,  from  which  120,000  lbs.  avoird.  of  the  first  of  these 
metals  are  extracted,  which  are  hardly  sufficient  for  the  metallnrgic  operations ;  and 
from  50,000  to  60,000  lbs.  of  copper.  A  little  bismuth  is  extracted  from  the  mines  of 
Schneeberg  and  Freyberg.  Some  manganese  is  found  in  tho  silver  mines  of  the  Erzge- 
birge,  and  particularly  at  Johanna-Georgenstadl. 

The  mines  of  Saxony  produce  a  little  argentiferous  galena,  and  argentiferous  gray 
copper ;  the  minerals  with  a  base  of  native  silver  are  the  principal  ores ;  they  are  treated 
in  a  great  measure  by  amalgamation.  All  those  of  Freyberg  are  carried  to  the  excel- 
lent smelting-house  of  HalsbrUck,  situated  on  the  Malde,  near  that  city.  The  average 
richness  of  the  silver  ores  throughout  Saxony  is  only  from  3  to  4  oz.  per  quintal :  viz., 
nearly  equal  to  that  of  the  ores  of  Mexico,  and  very  superior  to  the  actual  richness  of 
the  ores  of  Potosi.  The  silver  extracted  from  them  contains  a  little  gold.  The  Saxon 
mines  produce  annually  52,000  marcs  of  silver.  Of  these,  the  district  of  Freyberg  alone 
furnishes  46,000 ;  and  among  the  numerous  mines  of  that  district,  that  of  Himmelsfurst 
of  itself  produces  10,000  marcs. 

Silver  mines  exist  also  on  the  southern  declivity  of  the  Erzgebirge,  which  belongs  to 
Bohemia,  at  Joackimsthal  and  BUystadt,  to  the  northeast  of  £ger.  Argentiferous  g^ena 
is  chiefly  extracted  from  these.  The  mines  of  Joachimsthal  have  been  explored  to  a 
depth  of  650  yards.  They  were  formerly  very  flourishing ;  but  in  1805  they  were  threat- 
ened with  an  impending  abandonment.  The  ancient  mines  of  Kuttenberg,  situated  in 
the  same  region,  have  been  excavated,  according  to  Agricola,  to  upward  of  1,000  yards 
from  the  surface  soil. 

The  southern  slope  of  the  Erzgebirge  possesses  cobalt  mines  like  the  northern  slope; 
but  they  are  of  much  less  importance.  Some  occur,  particularly  in  the  neighborhood 
of  Joachimsthal.  Liastly,  on  the  same  slope,  slightly-productive  copper  mines  are  men- 
tioned at  Grdslitz,  near  Joachimsthal;  at  Catharineberg,  8  leagues  north  of  Saatz;  nad 
at  Kupferberg,  lying  between  the  two.  At  Grdslitz,  the  ore  is  a  cupreous  pyrites,  ac- 
companied by  blende.    The  ores  of  Catharineberg  are  argentiferous. 

Next  to  the  silver  mines,  the  most  important  explorations  of  the  Erzgebirge  are  those 
of  tin.  This  metal  occurs  in  veins,  massive,  and  disseminated  in  masses  of  hyalin  gray 
quartz,  imbedded  in  the  granite ;  it  is  also  found  in  alluvial  sands.  The  most  important  tin 
mine  of  the  Erzgebirge  is  that  of  Altenberg,  in  Saxony,  whi<;h  has  been  under  working 
since  the  fifteenth  century.  Some  tin  is  mined  also  near  Gayer,  Ehrenfriedersdorf,  Jo* 
hanna-Georgenstadt,  Scheibenberg,  Annaberg,  Seiffen,  and  Marienberg,  in  Saxony.  At 
Zinnwald  it  is  also  found ;  where  the  stanniferous  district  belongs  partly  to  Saxony  and 
partly  to  Bohemia ;  as  also  important  mines  occur  in  the  latter  territory  at  Scblacken- 
wald  and  Abertham,  and  slightly-productive  ones  at  Flatten  and  Joachimsthal.  In  ser* 
eral  of  these  mines,  particularly  at  Altenberg  and  Gayer,  fire  is  employed  for  attacking 
the  ore,  because  it  is  extremely  hard.  In  almost  the  whole  of  them,  chambers  of  too 
great  dimensions  have  been  excavated,  whence  have  arisen,  at  different  epochs,  vexa- 
tions sinkings  of  the  ground.  One  of  these  may  still  be  seen  at  Altenberg,  whihh  is  130 
yards  deep,  and  nearly  50  in  breadth.  The  mines  of  Abertham  are  explored  to  a  depth 
of  550  yards,  and  those  of  Altenberg  to  330.  The  tin  mines  of  the  Erzgebirge  produce 
annually  484,000  lbs.  avoird.  of  this  metal. 

The  tin  ores  are  accompanied  by  arsenical  pyrites,  which,  in  the  roasting  that  it  oit- 
dergoes,  produces  a  certain  quantity  of  arsenious  acid. 

The  Erzgebirge  presents  also  a  great  many  iron  mines,  particularly  in  Saxony,  at 
Rodenbergj  near  Cradorf,  in  the  county  of  Henneberg,  where  the  worldags  penetrate  to 
a  depth  of  220  yards,  and  in  Bohemia,  at  Flatten^  where  may  be  remarked  especially 
the  great  explorations  opened  on  the  vein  of  the  Irraang. 

There  is  also  in  the  Erzgebirge  a  mine  of  anthracite  (stone  coal)  at  Schanfeld,  near 
Frauenstein,  in  Saxony. 

The  ancient  rock-formations  which  appear  in  the  renuunder  of  Bohemia,  and  in  the 
adjacent  portions  of  Bavaria,  Austria,  Moravia,  and  Silesia,  are  much  less  rich  in  metals 
than  the  Erzgebirge.    No  explorations  of  much  importance  exist  there. 

The  FichmgAirgty  a  group  of  mountains  standu^  at  the  western  extremity  of  tht 
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Erzgebirge,  between  Hoff  and  Bapreatb,  contains  some  mines,  among  whM  mny  be 
noticed,  principally,  mines  of  magnetic  black  oxide  of  iron. 

Argentiferous  lead  mines  have  been  mentioned  at  Mien,  25  leagues  W.S.W.  of 
Prague,  at  the  N.E.  base  of  the  western  port  of  BomertmildgeMrgc,  a  chain  of  moontaiiis 
which  separate  Bohemia  from  Bavaria.  There  are  some  also  at  Prtxibramj  12  leagues 
S.W.  of  Prague,  at  the  extremity  of  the  mountains  wbich  separate  Befamn  from  Moldu. 
In  the  latter,  the  argentiferous  galena  is  accompanied  by  blende,  in  which  the  prcseaee 
of  cadmium  has  been  observed.  These  mines,  and  those  of  Joachimstkal  and  of  Bleystadt, 
furnish  annually  at  present  220,000  lbs.  avoird.  of  lead,  and  from  2,000  to  3,000  marcs 
of  silver.  The  circle  of  Behrun,  to  the  S.W.  of  Prague,  contains  some  inconsiderable 
mines  of  mercury.  The  eastern  part  of  the  Bomerwaldgebirge,  which  separates  Bohe- 
mia from  Austria  and  Moravia,  presents  some  mines  on  its  southeast  slope.  Those  of 
the  environs  of  Iglau,  in  Moravia,  and  some  others  situated  in  Austria,  produce  annii- 
ally  from  4,000  to  5,000  marcs  of  silver.  The  mines  of  these  two  countries  yield  also 
copper,  and  in  several  the  copper  ores  are  argentiferons.  Moravia  comprehends  sev- 
eral iron  works,  which  are  in  part  supplied  by  magnetie  iron  ores  analogons  to  thoK 
of  Sweden. 

The  northeast  slope  of  the  Riesengebirge  (giant  mountains),  which  separate  Bobcmia 
from  Silesia,  presents  also  several  explorations.  The  argentiferons  copper  mines  of 
Rudolstadty  and  of  Kup/erbergt  have  been  stated  as  producing  annually  a  considerable 
quantity  of  copper,  and  from  600  to  700  marcs  of  silver ;  as  also  the  cobalt  mine  of 
Maria-anna  Querbiack,  the  whole  in  the  circle  of  Quaer;  and  the  mines  of  arsenical 
pyrites  at  Reichenstein,  in  the  circle  of  Glatz.  A  mine  of  chrysoprase  exists  in  the 
mountain  of  Kosennitz. 

MINES  OF  THE  CENTRE  OF  FRANCE. 

The  ancient  formations,  principally  granitic,  which  constitnte  the  j^ronnd  of  several 
departments  of  the  centre  and  south  of  France,  are  hardly  any  richer  in  exploratioas 
than  the  districts  mentioned  at  the  end  of  the  Black  Forest.  Only  some  insulated 
mines  are  to  be  observed  here,  of  which  a  veiy  few  possess  any  importance.  These  all 
occur  toward  the  eastern  border  of  the  mass  of  primitive  formations,  in  a  zone  charac- 
terized by  a  great  abundance  of  schistose  rocks. 

At  Villefort  and  at  Y iailaze,  in  the  department  of  the  Lozere,  and  in  some  places  ad- 
joining, several  veins  of  argentiferous  galena  are  worked  which  traverse  the  gneiss  and 
the  granite.  These  mines,  remarkable  at  present  for  the  regularity  of  their  workinrs, 
employ  300  laborers,  and  produce  annually  about  220,000  lbs.  avoird.  of  lead,  and  1,600 
marcs  of  silver. 

The  city  of  Vienne,  in  Dauphiny,  is  built  on  a  hill  of  gneiss  separated  by  the  Rhone 
from  the  main  body  of  the  primitive  formations,  and  in  which  veins  of  galena  occur, 
which  are  now  imperfectly  mined.  Other  lead  mines  of  less  importance  are  observed 
at  8L  Julien-MolinrMolette,  department  of  the  Loire,  and  at  /octx,  department  of  the 
Rhone. 

At  Chessy,  a  village  situated  7  leagues  northwest  of  Lyons,  there  occur  in  a  talcoee 
schist  very  extensive  veins  of  cupreous  pyrites,  by  no  means  rich,  but  which  have,  never- 
theless,  been  worked  successfully  during  the  latter  part  of  the  eighteenth  century,  and 
several  years  of  the  present ;  at  that  period,  there  was  found  in  a  sandstone  which  covers 
the  talcose  schist,  and  which  appears  referrible  to  the  red  sandstone  or  the  varieinted 
sandstone,  a  bed  containing  a  ?reat  quantity  of  blue  carbonate  of  copper  and  protoxide 
of  copper,  to  the  working  of  which  the  miners  have  since  directed  their  principal  atten- 
tion. There  exists  at  Saint-Belle,  2  leagues  to  the  south  of  Chessy,  a  deposite  of  copper 
pyrites  like  that  of  Chessy,  which  was  at  one  time  worked,  but  is  now  standing  stflL 
At  Romanescho,  in  the  department  of  Saone  et  Loire,  a  very  abundant  deposite  of  oxide 
of  manganese  is  observed,  apparently  forming  a  mass  in  the  granite,  or  perhaps  above 
it.    The  workings  are  very  irregular. 

In  the  mountain  of  Ecouchettes,  near  Couches,  in  the  same  department,  an  ore  of 
oxide  of  chrome  has  been  occasionally  worked. 

At  Malbose,  in  the  department  of  the  Lozere,  a  feeble  vein  of  sulphuret  of  antimonv 
is  mined. 

There  are  also  in  the  centre  of  France  some  explorations  of  galena,  antimony,  and 
manganese,  which  appear  to  be  of  too  little  importance  to  be  noticed  in  detail. 

Some  years  ago  a  tin  ore  was  discovered  at  Vaubry,  6  leagues  N.N.W.  of  Limoges. 
At  present,  researches  are  making  with  a  view  of  discovering  deposites  of  such  magni- 
tude 89  to  pay  the  expense  of  working  it. 

MINKS  or  THfi  KOBTM  OF  VOftTVGAL   AXD   TKX  ASJOIIilirO  PiJtTS  OV  SPAHT. 

The  Carthaginians  appear  to  have  worked  tin  mines  in  this  part  of  the  peninsula-  It  is 
laH  that  some  formerly  existed  in  Portugal  in  the  environs  of  Viscu,  a  irovinee  ofBeat^it 


MINES. 


183 


a  place  called  Burraco  dt  Starmo,  Some  veina  of  the  same  metal  were  discoTered  in  1787, 
near  Moate-Rey,  in  the  south  ofGallicia.  They  were  fully  two  yards  thick,  and  were 
incased  in  granite.  This  province  presents  also  deposites  of  sulphuret  of  antimony. 
Some  analogous  ores  are  found  in  Castille  and  Estremadura.  Lead  ores  were  worked  in 
the  last  century  not  far  from  Mogadouro,  on  the  banks  of  the  Sabor,  in  the  province  of 
Tras-]os-Montes,  and  near  Longroiva  on  the  banks  of  the  Rio-Prisco.  Mines  of  plum* 
bago  occur  near  Mogadouro.  There  are  also  some  iron  mines  in  the  same  country  near 
Felguiera  and  Torredemnacorvo.  They  supply  the  iron-works  of  Chapa-cunha.  Two 
very  ancient  establishments  of  the  same  kind  exist  in  the  Estremadura  of  Portugal; 
the  one  in  the  district  of  Thomar,  and  the  other  in  that  of  Figuiero  dos  Vinhoss :  they 
are  supplied  by  mines  of  red  oxide  of  iron,  situated  on  the  frontiers  of  this  province  and 
of  fieira.  One  deposite  of  quicksilver  ore  occurs  at  Coana  in  Portugal.  At  Rio  Tinto 
in  Spain,  on  the  frontiers  of  Portugal,  there  is  a  copper  mine  which  produces  about 
33,000  libs,  avoird.  of  this  metal  per  annum.  The  ore  is  a  copper  pyrites.  The  moun- 
tains in  the  environs  of  Oporto  present  everywhere  indications  of  the  ores  of  copper  and 
other  metals ;  and  it  appears  that  all  this  part  of  the  peninsula  is  in  general  rich  in  me- 
tallic treasures,  but  that  the  want  of  wood  prevents  their  being  mined  to  advantage. 

Besides,  many  of  the  deposites  which  originally  existed  there  must  be  in  a  great  meaa- 
ure  exhausted.  It  was  in  these  countries  chiefly  that  the  gold  and  silver  mines  lay, 
which  the  Carthaginians  and  Romans  worked  with  so  much  advantage,  and  contested 
in  so  keen  a  manner.  Near  Loria  (the  ancient  Numantium),  Azagala,  and  Burgos, 
considerable  vestiges  of  the  ancient  workings  may  still  be  seen. 

MINES  or   BRITANNY. 

Britanny  has  hardly  a  better  share  In  mineral  wealth  than  the  countries  we  have  just 
passed  in  review.  There  exist  in  it  at  this  moment  only  two  important  exploitations; 
which  are,  the  lead  mines  of  Poullaouen  and  Huelgoat,  situated  near  Carhaix. '  The  mine 
of  Huelgoat,  celebrated  for  the  plomb-gomme  (hydro-aluminate)  discovered  in  it,  is 
opened  on  a  vein  of  galena,  which  traverses  transition  rocks.  The  workings  have  sub- 
sisted for  about  three  centuries,  and  have  attained  to  a  depth  of  220  yards.  The  vein  of 
Poullaouen,  called  the  New  Mine,  was  discovered  in  1741.  It  was  powerful  and  very 
rich  near  the  surface ;  but  it  became  subdivided  and  impoverished  with  its  depth,  notwith- 
standing which  the  workings  have  been  sunk  to  upward  of  180  yards  below  the  sur- 
face. In  these  mines  there  are  fine  hydraulic  machines  for  the  drainage  of  the  waters,  with 
wheels  from  14  to  15  yards  in  diameter ;  and  water-pressure  machines  have  been  recently 
constructed.  The  mines  employ  more  than  900  workmen,  and  furnish  annually  more  than 
1,200,000  lbs.  avoird.  of  lead,  several  thousand  pounds  of  copper,  and  2,000  marcs,  or 
1,034  lbs.  avoird.  of  silver.  These  are  the  most  important  metallic  mines  of  France. 
Several  veins  of  galena  exist  at  Chaieldudren,  near  Saint-Briex,  but  they  are  not  worked 
at  present.  There  is  also  one  at  Pompean,  near  Rennes,  which  has  been  worked  to  a 
depth  of  140  yards,  but  is  in  like  manner  now  abandoned.  It  atfords,  besides  the 
galena,  a  very  large  quantity  of  blende  (sulphuret  of  zinc),  of  which  attempts  are  making 
to  take  advantage.  There  occurs,  also,  a  lead  mine  at  Pierre\'ille,  department  of  the 
Channel,  in  a  formation  connected  with  the  system  of  Britanny.  It  is  opened  on  a  vein 
which  traverses  a  limestone  pretty  analogous  to  that  of  Derbyshire.  The  same  depart- 
ment presents  a  deposite  of  sulphuret  of  mercury  at  Mcnildot.  A  few  years  ago,  some 
tin  ore  was  discovered  at  Pyriac,  near  Guerande,  in  the  department  of  the  Loire  Inferi- 
eor,  but  the  researches  since  made  to  find  workable  deposites  have  been  unsuccessful. 
A  mine  of  antimony  was  worked  at  La  Ramee,  department  of  La  Vendee.  Several  of  the 
coal  deposites  lately  mined  in  the  departments  of  La  Sarthe,  La  Mayenne,  and  Mayenne- 
et>Loire,  ought  probably  to  be  regarded  as  more  ancient  than  the  genuine  coal  measures. 

Table  of  the  production  of  the  French  mines,  during  the  year  1832.* 


Species  of  Mine. 

Number  of 
mine*. 

Extent  of 

surface 

conceded. 

Number  of 
workmen. 

Production  is  in 
lOths  of  a  ton. 

Value  of  the 

rough  product 

in  francs. 

Metallic  Subttaiieu. 

KiJom.  Carres. 

.  Antimony 

16 

93,8954 

130 

Melted  antim. 
1-030,98 

71-232,75:, 

Copper 

8 

274,18 

258 

Black  copper 
1-376 

247.6801 

Iron 

131 

1*051,391 

8917 

Rough  ore 
15-814,690 

3,630- 806;81 

Manganese 

8 

16,54 

66 

6-087 

66-849,89 

Gold 

1 

0-49 

Lead  and  silver 

33 

614,23 

1259 

8-605 

742-051. 

Zinc 

1 

6,80 

*  ( AmaUt  itt  Mmes^  torn,  v.,  18S4,  p.  076.) 
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MINES  pP  THE  CORRESPONDIirO   COASTS  OF  GREAT  BRITAIH  AKD   lEELAin). 

The  mines  comprehended  in  this  section  are  sitnated,  1,  in  Cornwall  and  ]>eToiiflfciiv; 
2»  in  the  S.£.  of  Ireland ;  3,  in  the  island  of  Anglesey  and  the  adjoining  part  of  Waks 

4,  in  Cumberland,  Westmoreland,  and  the  north  of  Lancashire,  and  the  Isle  of  Mas, 

5,  in  the  south  of  Scotland ;  6,  in  the  middle  part  of  the  same  country. 

Cornwall  and  Devonshire  present  three  principal  mining  districts ;  tiz.,  the  poitioB 
of  Cornwall  situated  in  the  environs  and  S.W.  of  Truro,  the  environs  of  St.  Auslle, 
and  the  environs  of  Tavistock. 

The  first  of  these  districts  is  the  most  important  of  the  three  in  the  number  and  richnesa 
of  its  mines  of  copper,  tin,  and  lead.  The  ores  of  copper,  which  consist  almost  entirdy 
of  copper  pyrites  and  common  sulphuret  of  copper,  constitute  very  regular  veins  nuuuag 
nearly  from  east  to  west,  and  incased  most  frequently  in  a  clay-slate  ofatalcose  or  horn- 
blende nature,  called  kUlasy  and  sometimes  in  granite,  which  forms  protaberances  in  the 
middle  of  the  schists.  The  tin  occurs  principally  in  veins,  which,  like  the  preeeding, 
traverse  the  killas  and  the  granite.  They  are  also  very  olVen  directed  nearly  finom  east  to 
west,  but  they  have  a  difl'erent  inclination,  or  dip,  from  that  of  the  copper  veinsy  whick 
cut  them  across  and  interrupt  them,  and  are  consequently  of  more  recent  formation.  The 
tin  ore  forms  also  masses,  which  appear  most  usually  attached  to  the  veins  by  one  td 
their  points.  Lastly,  it  is  found  in  small  veins  which  traverse  the  granite,  principally 
near  the  points  where  this  rock  touches  the  killas.  Certain  Teins  present  the  copper  and 
tin  ores  together;  a  mixture  which  occurs  chiefly  near  the  points  of  intersection  of  the 
two  metallic  veins.  Certain  mines  furnish  at  once  both  copper  and  tin ;  but  the  most  part 
produce  in  notable  quantity  only  one  of  these  metals.  The  most  important  copper 
mines  are  situated  near  Redruth  and  Camborn ;  among  which  may  be  noted  particu- 
larly those  called  Consolidated  Mines,  United  Mines,  Huel-Alfred,  Dolcoath,  Poldice, 
he.  The  principal  tin  mines  are  situated  still  farther  to  the  southwest,  near  Helston, 
Saint-Yues,  &c.  Those  called  Hud  Vor,  Great  Huas,  are  particularly  noticed.  There 
are  several  mines  in  Cornwall  of  which  the  crossing  veins  which  at  once  intersect  and 
throw  out  the  veins  of  copper  and  tin,  contain  argentiferous  galena  and  several  ores  of 
silver.  There  existed  formerly  mines  of  argentiferous  lead  near  Helston  and  Truro. 
There  may  be  now  seen  near  Saint  Michael  an  ore  which,  melted  and  cupelled  on  the 
spot,  yields  from  an  ounce  and  a  half  to  two  ounces  of  silver  per  quintal.  !Near  Cal- 
stock  a  silver  mine  is  worked,  called  Huel-Saini-Vincewt,  which  has  aflTorded,  it  is  said, 
in  some  months,  from  900  to  1,000  lbs.  avoird.  of  that  metal.  The  ore,  consisting  of 
hornsilver  and  native  silver,  is  treated  on  the  spot. 

In  the  environs  of  Saint  Austle,  the  copper  mines  of  East  Crinnis  and  West  Crinms 
deserve  to  be  noticed,  as  well  as  the  tin  mine  of  Polgooth,  opened  on  a  tin  vein ;  and  the 
mine  of  Carclaise,  explored  in  the  open  air  on  a  system  of  small  veins  of  this  metal. 

Near  Tavistock  there  occur  mines  of  copper,  tin,  and  lead.  Among  the  last  may  be 
remarked  particularly  that  called  Huel  Betsey,  of  which  the  ores  melted  and  cupelled 
on  the  spot,  afford  an  ounce  and  a  half  of  silver  per  cwt. ;  and  that  of  Be€ira]5toa, 
whose  ore  is  sent  to  Bristol  to  be  smelted  there.  It  yields  from  four  to  five  ounces  of 
silver  per  cwt. 

There  are  mines  of  antimony  at  Huel-Boys  in  Devonshire,  and  at  Saltash  in  ComwalL 
'  The  tin  and  copper  ores  of  Cornwall  are  accompanied  with  arsenical  pyrites,  which  is 
turned  to  some  account  by  the  fabrication  of  white  arsenic  (arsenious  acid). 

Cornwall   and   Devonshire  produce   annually  about  6,160,000  lbs.  avoird.  of  tis ; 
18,700,000  lbs.  avoird.  of  copper;  and  1,760,000  lbs.  avoird.  of  lead.    See  Copper  and 
Tin. 

The  tin  is  treated  at  the  mine  localities :  but  the  copper  ores  are  sent  in  their  natural 
^state  to  Swansea  in  South  Wales,  to  be  smelted. 

Wood  and  labor  being  very  dear  in  Cornwall  and  Devonshire,  the  mineral  depositet 
of  these  counties  can  not  be  worked  out  so  completely,  nor  can  the  mechanical  prepara- 
tion of  the  ore  be  so  far  pushed,  as  in  several  other  parts  of  the  world.  But  all  the  op- 
erations which  appear  advantageous  are  conducted  in  the  most  judidous,  most  economical, 
and  most  expeditious  manner.  Steam-engines  are  erected  there,  some  of  them  posses- 
sing the  power  of  several  hundred  horses.  Many  of  the  mines  are  explored  to  a  depth  of 
upward  of  400  yards ;  and  several  are  celebrated  for  the  boldness  of  their  workings. 
The  one  called  Botallock  Mine,  situated  in  the  parish  of  St.  Just,  near  the  Cornwall 
cape,  is  opened  amid  rocks  which  form  the  seacoast,  and  stretches  several  hundred 
yards  under  the  sea,  and  upward  of  200  yards  beneath  its  level.  In  some  points  so 
small  a  thickness  of  rock  has  been  left  to  support  the  weight  aC  the  waters,  that  the  roll- 
ing of  pebbles  on  the  bottom  is  distinctly  heard  by  miners  during  a  storm.  The  mine 
of  H^cl-werry,  near  Penzance,  was  Worked  by  means  of  a  single  shaft  opened  on  the 
coast,  in  a  space  left  dry  by  the  sea  only  for  a  few  hours  at  every  ebb.  A  small  wooden 
tower  was  built  over  the  mouth  of  the  shaft,  which,  being  careftdly  calked,  Icept  ovt 
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the  waters  of  the  ocean  when  the  tide  rose,  and  served  to  snpiport  the  machmes  for  raising 
the  ore  and  drainage.  A  vessel  driven  by  a  storm  overturned  it  during  the  night,  and 
put  a  period  to  this  hazardous  mode  of  mining,  which  has  not  been  resumed. 

The  most  considerable  mines  of  Ireland  are  those  of  CronebaneandTingrony,  and  of 
Ballymartagh,  situated  three  leagues  S.W.  of  Wicklow,  in  the  county  of  the  same  name. 
Their  object  is  to  work  the  copper  pyrites,  accompanied  with  some  other  ores  of  copper, 
galena,  sulphuret  of  antimony,  as  well  as  pyrites  of  iron,  which  forms  several  flattened 
masses  in  the  clay-slate.  Pretty  extensive  workings  have  been  made  here ;  and  the  ore 
was  transported  in  its  natural  state  to  Swansea.  Veins  or  masses  of  copper  pyrites  and 
galena  are  mined  in  some  other  points  of  the  southeast  of  Ireland,  but  none  of  them  with 
any  notable  advantage.  The  principal  is  the  lead  mine  situated  in  the  county  of  Tipperary, 
near  the  village  called  Silver  Mines,  absurdly  enough,  because,  though  silver  was  sought 
for  in  the  lead,  none  was  extracted.  Many  iron  mines  anciently  existed  in  Ireland,  but 
the  destruction  of  the  forests  has  considerably  diminished  their  number  and  activity,  so 
that  only  a  few  remain  in  Kilkenny,  Wicklow,  and  Queen's  County. 

The  isle  of  Anglesey  is  celebrated  for  its  copper  mines,  the  principal  of  which  are 
Mona-mine  and  Parys-mountoin.  The  ore  is  a  copper  pyrites,  sometimes  of  considerable 
volume,  lying  in  masses  in  a  formation  containing  serpentines  and  different  talcose  rocks. 
For  a  long  time  the  workings  were  carried  on  in  the  open  air,  but  the  exterior  explora- 
tion has  been  thereby  compromised.  The  neighboring  coasts  of  Wales  present  some 
mines  of  the  same  nature.  All  the  ores  are  treated  in  a  smelting-house  established  in 
the  isle  of  Anglesey.  The  formation  of  slate-clay  and  greywacke,  which  constitutes  the 
greater  part  of  Wales,  and  some  of  the  adjoining  districts  of  England,  includes  several 
lead  mines,  of  which  we  shall  presently  speak  in  noticing  those  of  far  greater  importance 
contained  in  the  more  recent  limestone  formations  of  the  same  regions. 

Pretty  important  mines  of  copper  pyrites  and  red  hematilic  iron  are  worked  in 
Westmoreland,  and  in  the  neighboring  parts  of  Cumberland  and  Lancashire.  The 
copper  ores,  and  a  portion  of  the  iron  ones,  are  embarked  for  Swansea.  The  rest  of  the 
iron  ore  is  treated  on  the  spot  in  blast  furnaces  supplied  with  wood  charcoal.  The 
isle  of  Man  affords  indications  of  lead,  copper,  and  iron,  in  the  mountains  of  Snafie, 
which  constitute  its  centre.  At  Borrowdale  in  Westmoreland,  a  mine  of  graphite 
(plumbago)  has  been  worked  for  a  long  period.  It  furnishes  the  black  lead  of  the 
English  pencils,  so  celebrated  over  the  world.  The  mineral  occurs  in  mass  in  a  talcose 
formation. 

There  are  famous  lead  mines  in  the  south  of  Scotland,  at  Leadhills  in  Lanarkshire ; 
the  veins  of  which  are  incased  in  greywacke.  Some  manganese  has  also  been  found. 
At  Cally,  in  Kirkcudbrightshire,  a  copper  mine  has  been  lately  discovered  ;  and  a  mine 
of  antimony  has  been  known  for  some  time  at  West  Kirk  in  Dumfriesshire ;  but  neither 
has  been  turned  to  good  account. 

In  the  middle  part  of  Scotland,  the  lead  mines  of  Strontian  in  Argyleshjre  deserve  to 
be  noticed,  opposite  to  the  northeast  angle  of  the  isle  of  Mull.  They  are  opened  on 
veins  which  traverse  gneiss.  According  to  Mr.  John  Taylor,  these  mines  and  those  of 
Leadhills  produce  annually  5,610,000  lbs.  aroird.  of  lead. 

Explorations  of  manganese  were  begun  at  Grantown  on  the  banks  of  the  Don,  a  river 
which  falls  into  the  German  ocean  at  Aberdeen.  A  mine  of  coarse  graphite  has  also 
been  worked  at  Huntley. 

A  copper  mine  was  discovered  some  years  back  in  one  of  the  Shetland  isles ;  and 
chromate  of  iron  is  now  extensively  worked  there  in  serpentine  and  talc. 

MINES  OF  THE  NORTH  OF  EUROPE. 

These  mines  are  situated  for  the  most  part  in  the  south  of  Norway,  toward  the  middle 
of  Sweden,  and  in  the  south  of  Finland,  a  little  way  from  the  shortest  line  drawn  from 
the  lake  Onega  to  the  southwest  angle  of  Norway.  A  few  mines  occur  in  the  northern 
districts  of  Norway  and  Sweden.  The  main  products  of  these  several  mines  are  iron, 
oopper,  and  silver. 

The  iron  mines  of  Norway  lie  on  the  coasts  of  the  gulf  of  Christiania,  and  on  the  side 
facing  Jutland,  principally  at  Arendal,  at  Krageroe,  and  the  neighborhood.  The  ores 
.consist  almost  solely  of  black  oxideofiron,,  which  forms  beds  or  veins  of  from  4  to  60  feet 
thick,  incased  in  gneiss,  which  is  accompanied  with  pyroxene  (augite),  epidotes,  garnets, 
iiC.  These  iron  ores  are  reduced  in  a  great  many  smelting  forges,  situated  on  the  same 
coasts,  and  particularljr  in  the  county  of  Laurwig.  Their  annual  product  is  about  16} 
millions  of  pounds  avoird.  of  iron,  in  the  form  of  cast  iron,  bar  iron,  sheet  iron,  nails, 
&c. ;  of  which  one  half  is  exported. 

Norway  possesses  rich  copper  mines,  some  of  which  lie  toward  the  south  and  the 
centre  of  the  country,  but  the  most  considerable  occur  in  the  north,  at  Quikkni,  Laken^ 
StJboe,  and  Raraas,  near  Drontheim.    The  mine  of  RceraaSy  16  mUes  from  Drontheim  to 


186  MINES. 

the  S.E.  of  this  city,  is  opened  on  a  yery  considerable  mass  of  copper  pyrites,  aad  lias 
been  worked  in  the  open  air  since  1664.  It  has  poured  into  the  market  from  that 
time,  till  1791,  77  millions  of  pounds  avoird.  of  copper.  In  1805,  its  anonal  production 
was  864,600  libs:;  while  all  the  other  mines  of  Norway  together  do  not  furnish  qnite 
one  fourth  of  that  amount. 

Norway  comprehends  also  some  celebrated  silver  mines.  They  are  situated  from  15 
to  20  leagues  S.W.  of  Christiania,  in  a  mountainous  country  near  the  city  of  Kongsbers, 
which  owes  to  them  its  population.  Their  discovery  goes  back  to  the  year  1623,  and 
their  objects  are  veins  of  carbonate  of  lime,  accompanied  with  asbestos  and  other  sub- 
stances in  which  native  silver  occurs,  usually  in  small  threads  or  networks,  and  some- 
times in  considerable  masses,  along  with  sulphuret  of  silver.  These  veins  are  very  na- 
merous,  and  run  through  a  considerable  space,  divided  into  four  districts  (arroodisae- 
ments),  each  of  which  contains  more  than  15  distinct  explorations.  When  a  new  mine  is 
opened,  an  excavation  in  the  open  air  is  first  made,  which  embraces  several  veins,  and 
they  then  prosecute  by  subterranean  workings  only  those  that  appear  to  be  of  consequence. 
The  workings  do  not  exceed  1,000  feet  in  depth.  Fire  is  employed  for  attacking  the 
ore.  In  1782,  the  formation  of  a  new  gallery  of  efflux  was  commenced,  destined  to  have 
a  length  of  10,000  yards,  and  to  cost  60,000/.  These  mines,  since  their  discovery  till 
1792,  have  afforded  a  quantity  of  silver  equivalent  to  four  millions  of  pounds  sterling. 
The  year  1768  was  the  most  productive,  having  yielded  38,000  marcs  of  silver.  At  pres- 
ent they  give  but  a  very  slender  return ;  in  1804  they  were  threatened  with  a  complete 
abandonment.  The  ore  is  treated  by  fusion  ;  the  lead  necessary  for  this  operation  being 
imported  from  England.  There  are,  however,  lead  and  silver  mines  in  the  county  of 
Jarlsberg,  but  they  are  very  slenderly  worked. 

At  EdswaJd,  50  leagues  N.  of  Christiania,  a  mine  is  worked  of  .auriferous  pyrites,  with 
a  very  inconsiderable  product. 

Cobalt  mines  may  be  noticed  at  Modum  or  Fossum,  8  leagues  W.  of  Christiania ;  they 
are  extensive,  but  of  little  depth. 

Lastly,  graphite  is  explored  at  Englidal;  and  chromite  of  iron  deposites  have  been 
noticed  in  some  points  of  Nom'^ay. 

The  irons  of  Sweden  enjoy  a  merited  reputation,  and  form  one  of  the  chief  objects  of 
the  commerce  of  that  kingdom.  Few  countries,  indeed,  combine  so  many  valuable  ad- 
vantages for  this  species  of  manufacture.  Inexhaustible  deposites  of  iron  ore  are  placed 
amid  immense  forests  of  birches  and  resinous  trees,  whose  charcoal  is  probably  the  best 
for  the  reduction  of  iron.  The  different  groups  of  iron  mines  and  forges  form  small 
districts  of  wealth  and  animation  in  the  midst  of  these  desolate  regions. 

The  province  of  Wermeland,  including  the  north  bank  of  the  lake  Wener,  is  one  of 
the  richest  of  Sweden  in  iron  mines.  The  two  most  important  are  those  of  Nordmarck, 
3  leagues  N.  of  Philipstadt,  and  those  of  Persberg,  2|  leagues  E.  from  the  same  dty. 
Philipstadt  is  about  50  leagues  W.  \  N.W.  from  Stockholm.  Both  mines  are  opened 
on  veins  or  beds  of  black  oxide  of  iron  several  yards  thick,  directed  from  N.  to  &  in  a 
ground  composed  of  hornblende,  talcose,  and  granitic  rocks.  These  masses  are  neaiiy 
vertical,  and  are  explored  in  the  opea  air  to  a  depth  of  130  yards.  Formerly  this  ex- 
ploitation was  effected  by  iron  wedges  and  pickaxes ;  but  they  have  been  superseded  by 
gunpowder,  since  1650.  The  province  of  Wermeland,  and  that  of  Dahl  which  adjoins 
it,  forming  the  west  border  of  the  Wener  lake,  contained  in  1767,  48  smelting  cones, 
each  going  from  4  to  5  months  every  year. 

The  principal  iron  mines  of  Rosslagie  (part  of  the  province  of  Upland)  are  those  of 
Dannemora,  situated  1 1  leagues  from  Upsal.  They  stand  in  the  first  raiJc  of  those  of 
Sweden,  and  even  of  Europe.  The  masses  worked  upon  are  flattened  and  vertica], 
running  from  N.E.  to  S.W.,  and  are  incased  in  a  ground  formed  of  primitive  rodcs^ 
among  which  gneiss,  petrosilex  and  granite  are  most  conspicuous.  They  amount  to  three 
in  number,  very  distinct,  and  parallel  to  each  other;  ani  are  explored  through  n  length 
ol^more  than  1,500  yards,  and  to  a  depth  of  above  80,  by  the  employment  of  fire,  and  Unit- 
ing with  gunpowder.  The  explorations  are  mere  quarries ;  each  presenting  an  open 
trench  65  yards  wide,  by  a  much  more  considerable  length,  and  an  appnlKng  depth. 
Magnetic  iron  ore  is  extracted  thence,  which  furnishes  the  best  iron  of  Sweden  and 
Europe  ;  an  iron  admirably  qualified  for  conversion  into  steel.  In  1767,  these  miningi 
supplied  for  a  long  time,  15  smelting  cones  situated  in  Rosslagie,  at  a  distance  of  10 
leagues. 

The  island  of  Utoe,  situated  near  the  coast  of  the  province  of  Upland,  presents  ako 
rich  iron  mines.  The  protoxide  of  iron  there  forms  a  thick  bed  in  the  gneiss.  It  a 
worked  in  trenches  far  below  the  level  of  the  sea.  The  ore  can  not  be  smelted  in  the 
island  itself;  but  is  transported  in  great  quantities  to  the  continent. 

The  province  of  Smoland  includes  also  very  remarkable  mines.  Near  Jonkoping,  ft 
hill  called  the  Taberg  occurs,  formed  in  a  great  measure  of  magnetic  black  oxide  of  JroBp 
contained  in  a  greenstone  reposing  on  gneiss. 


MINES.  187 

In  aeyeral  parts  of  Lapland,  tbe  protoxide  of  iron  occarB  in  great  beds,  or  immense 
masses.  At  Gellivara,  200  leagues  N.  of  Stockholm,  toward  the  67th  degree  of  lati- 
tute,it  oonstitntes  a  considerable  mountain,  into  wbidi  an  exploitation  has  been  opened. 
The  iron  is  despatched  on  small  sledges  drawn  by  reindeer  to  streams  which  fall  into 
the  Lutea ;  and  thence  by  water  carriage  to  the  port  of  Lutea,  where  it  is  embarked 
for  Stockljolnu 

There  are  a  great  many  iron  works  in  Dalecarlia,  but  a  portion  of  the  ores  are  got 
from  alluvial  deposites.  Similar  deposiies  exist  also  in  the  provinces  of  Wermeland  and 
Smoland. 

The  mines  and  forges  of  Sweden  produce  annually  about  165  millions  of  pounds 
avoird.  (74,000  tons  nearly)  of  east  iron  or  bar  iron  ;  of  which  two  thirds  are  exported 
chiefly  from  the  harbors  of  Stockholm,  Gottenburg,  Geffle,  and  Norkoping. 

The  copper  mines  of  Sweden  are  scarcely  less  celebrated  than  its  iron  mines.  The 
principal  is  that  of  Fahlun  or  Kopparberg,  situated  in  Dalecarlia,  near  the  town  of 
Fahlun,  40  leagues  N.W.  of  Stockholm.  It  is  excavated  in  an  irregular  and  very 
powerful  mass  of  pyrites,  which  in  a  great  many  points  is  almost  entirely  ferruginous, 
but  in  others,  particularly  near  the  circumference,  it  includes  a  greater  or  less  portion 
of  copper.  This  mass  is  enveloped  in  talcose  or  hornblende  rocks.  More  to  the  west 
there  are  three  other  masses  almost  contiguous  to  each  other,  which  seem  to  bend  in 
an  arc  of  a  circle  around  the  principal  mass.  They  are  explored  as  well  as  the  last. 
This  was  at  first  worked  in  the  open  air ;  but  imprudent  operations  having  caused  the 
walls  to  crumble  and  fall  in,  since  1647  the  excavation  presents  near  the  surface  noth- 
ing but  frightful  precipices.  The  workings  are  now  prosecuted  by  shaAs  and  galleries 
into  the  lower  part  of  the  deposite,  and  have  arrived  at  a  depth  of  194  famnars  (nearly 
430  yards).  They  display  excavations  spacious  enough  to  admit  the  employment  of  hor- 
ses, and  the  establishment  of  forges  for  repairing  the  miners'  tools.  It  is  asserted  that 
the  exploration  of  this  mine  goes  back  to  a  period  anterior  to  the  Christian  era.  Du- 
ring its  greatest  prosperity  it  is  said  to  have  produced  11  millions  of  pounds  avoird.  of 
copper  per  annum,  or  about  d,000  tons.  It  furnishes  now  about  the  seventh  part  of 
that  quantity;  yielding  at  the  same  time  about  70,000  lbs.  of  lead,  with  50  marcs  of 
silver,  and  3  or  4  of  gold.  The  ores  smelted  at  Fahlun  produce  from  2  to  2|  of  copper 
per  cent.  But  the  extraction  Of  the  metal  is  not  the  sole  process ;  the  sulphur  is  also 
procured  ;  and  with  it,  or  the  pyrites  itself,  sulphuric  acid  and  other  chemical  products 
are  made.  Round  Fahlun,  within  the  space  of  a  league,  70  furnaces  or  factories  of 
different  kinds  may  be  seen.  The  black  copper  obtained  at  Fahlun  is  converted  into 
rose  copper,  in  the  refining  hearths  of  the  small  town  of  Ofwoatad, 

In  the  copper  mine  of  Garpenberg,  situated  18  leagues  from  Fahlun,  there  occur  14 
masses  of  ore  quite  vertical,  and  parallel  to  each  other,  and  to  the  beds  of  mica-slate  or 
talc-slate,  amid  which  they  stand.  This  mine  has  been  worked  for  more  than  six  hun- 
dred years. 

The  mine  of  Nyakopparbergy  in  Nericia,  20  leagues  W.  of  Stockholm,  presents  mas- 
ses of  ores  parallel  to  each  other,  the  form  and  arrangement  of  which  are  very  singu- 
lar.   It  is  worked  by  open  quarrying,  and  with  the  aid  of  fire. 

We  may  notice  also  the  copper  mines  of  Atwidaberg,  in  Ostrogothia,  which  Airnish 
annually  the  sixth  part  of  the  whole  copper  of  Sweden. 

There  are  several  other  copper  mines  in  Sweden.  Their  whole  number  is  ten ;  but 
it  was  formerly  more  considerable.  They  yield  at  the  present  day  in  all,  about  2,420,000 
libs,  avoird.  (1000  tons)  of  copper. 

The  number  of  the  silver  mines  of  Sweden  has  in  like  manner  diminished.  In  1767  only 
3  were  reckoned  under  exploration,  viz.,  that  of  Hdle/ors,  in  the  province  of  Werme- 
land; that  of  Segers/ors,  in  Nericia;  and  that  of  Sakla  or  Sahlbergf  in  Westmannia, 
about  23  leagues  N.W.  of  Stockholm.  The  last  is  the  only  one  of  any  importance.  It 
is  very  ancient,  and  passes  for  having  been  formerly  very  productive,  though  at  present 
it  yields  only  from  4,000  to  5,000  marcs  of  silver  per  annum.  Lead  very  rich  in  silver  is 
its  principal  product.  It  is  explored  to  a  depth  of  more  than  200  yards.  The  sound- 
ness of  the  rock  has  allowed  of  vast  excavations  being  made  in  it,  and  of  even  the  gal- 
leries having  great  dimensions ;  so  that  in  the  interior  of  the  workings  there  are  wind- 
ing machines,  and  carriages  drawn  by  horses  for  the  transport  of  the  ores. 

At  Sahlberg,  there  are  deposites  of  sulphuret  of  antimony. 

For  the  last  30  or  40  years  mines  of  cobalt  have  been  opened  in  Sweden,  principally 
at  Tunaberg  and  Los,  near  Nykoping,  and  at  Otward  in  Ostrogothia.  The  first  are 
worked  upon  veins  of  little  power,  which  become  thicker  and  thinner  successively ; 
whence  they  have  been  called  bead'vnns.  It  appears  that  the  products  of  these  mines, 
though  of  good  quality,  are  inconsiderable  in  quantity. 

Lastly  there  is  a  gold  mine  in  Sweden ;  it  is  situated  at  Adelfors,  in  the  parish  of 
Alsfeda,  and  province  of  Smoland.  It  has  been  under  exploration  since  1737^  on  veins 
of  auriferous  iron  pyrites,  which  traverse  schistose  rocks ;  presenting  but  a  lew  inchei 
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of  ore.    It  formerly  yielded  from  30  to  40  mAtca  of  gold  per  anmNrty  bat  ior  the 
years  it  has  furnished  only  from  3  to  4. 

The  mines  and  smelting  works  of  Sweden  gave  annually,  in  1809,  a  groM  psodact 
worth  1,463,600/. 

The  south  of  Finland  and  the  bordering  parts  of  RuBsia  contain  mme  miiies,  bat 
they  are  far  from  haying  any  such  importance  as  those  of  Sweden. 

At  Orijerwy,  near  Helsingfors,  a  mine  of  copper  occurs  whose  gangae  it  carboaate 
aif  lime,  employed  as  a  limestone. 

Near  Cerdopol,  a  town  situated  at  the  N.W.  extremity  of  the  Ladoga  lake,  rena  of 
copper  pyrites  were  formerly  mined. 

Under  the  reign  of  Peter  the  Great,  an  auriferous  ran  was  diseoTered  in  the  granitie 
mountains  which  border  the  eastern  bank  of  the  lake  Ladoga,  near  Oloaetx.  It  was 
rich  only  near  the  surface ;  and  its  working  was  soon  abandoned. 

Latterly  an  attempt  has  been  made  to  mine  copper  and  iron  ores  near  Eoo,  abote 
and  to  the  N.W.  of  Cerdopol,  but  with  little  8ucces9. 

Some  time  ago  rich  ores  of  iron,  lying  in  veins,  were  worked  near  the  lake  Shnyaa, 
N.W.  from  Cerdopol ;  but  this  mine  has  been  also  relinquiahed. 

On  the  west  bank  of  the  Onega  lake,  there  is  an  iron  work  at  PetrazaTodsk,  called 
a  zavode,  which  is  the  greatest  establishment  of  this  kind  existing  in  the  north  of 
Russia. 

Nothing  is  now  reduced  there  except  bog  iron  ore,  or  swamp  ore  extracted  fioiB  maH 
lakes  in  Uie  neighborhood. 

The  transition  limestone  which  constitutes  the  body  of  Eathonia  contains  lead  we  at 
Jirossaar  near  Fellin.  These  ores  were  worked  when  these  provinces  belonged  to  the 
Swedes.    It  was  attempted  in  1806  to  resume  the  exploitation,  bat  withoat  saecess. 

MINES  OF  THE  ALLEGAITT  MOUKTAIFS. 

The  chain  of  the  Alleganys,  which  traverses  the  United  States  of  North  America 
fVom  N.W.  to  S.E.  parallel  to  the  coasts  of  the  Atlantic  ocean,  includes  a  coDaidera> 
ble  number  of  deposites  of  iron,  lead,  and  copper  ores ;  along  with  some  ores  of  silver, 
plumbago,  and  chromite  of  iron.  Attempts  have  been  made  to  mine  a  great  many  of 
these  deposites ;  but  most  of  these  have  been  unsuccessful. 

A  bed  of  black  oxide  of.  iron  occurs  in  gneiss  near  Franconla  in  New  Hampshire,  It 
has  a  power  of  from  5  to  8  feet ;  and  has  been  mined  through  a  length  €€  200  feet,  and 
to  a  depth  of  90  feet.  The  same  ore  is  found  in  veins  in  Massachusetts  and  Yermoat, 
accompanied  by  copper  and  iron  pyrites.  It  is  met  with  in  immense  quantities  on  the 
-western  bank  of  the  lake  Champlain,  forming  beds  of  from  1  to  20  feet  in  thicknessy 
almost  without  mixture,  encased  in  granite.  It  is  also  found  in  the  mountains  of  that 
territory.  These  deposites  appear  to  extend  without  interruption  from  Canada  to  the 
neighborhood  of  New  York,  where  an  exploration  on  them  may  be  seen  at  Crowm 
Point.  The  ore  there  extracted  is  in  much  esteem.  Several  mines  of  the  same  spectes 
exist  in  New  Jersey.  The  primitive  mountains  which  rise  in  the  north  of  this  state 
near  the  Delaware,  include  a  bed  almost  vertical  of  black  oxide  of  iron,  which  has  been 
worked  to  100  feet  in  depth.  In  the  county  of  Sussex  the  same  ore  occurs,  aceompa- 
nied  with  Franklinite.  At  New  MilfOrd,  in  Connecticut,  a  pretty  abundant  mine  of 
sparry  iron  occurs ;  the  only  one  of  the  kind  known  in  the  Alleganys.  The  United 
States  contain  a  great  many  iron  works,  some  of  which  prior  to  the  year  1773,  sent  over 
iron  to  London.    They  are  principally  supplied  from  alluvial  iron  ore. 

The  roost  remarkable  lead  mines  of  the  Alleganys  are  those  of  Southampton,  in  Mas- 
sachusetts, and  of  Perkiomen  creek,  in  Pennsylvania,  8  leagnes  from  Philadelphia.  The 
first  furnishes  a  galena,  slightly  argentiferous;  an  ore  accompanied  with  varioas  mia- 
erals,  with  base  of  lead,  copper,  and  zinc,  and  with  gangues  (vein-etones)  of  quarts, 
sulphate  of  baryta,  and  fluor  spar.  These  substances  form  a  vein  which  traverses  sev- 
eral primitive  rocks,  and  is  said  to  be  known  over  a  length  of  more  than  6  leaeues.  At 
Perkiomen  creek  a  vein  of  galena  is  mined  which  traverses  a  sandstone,  referred  l^ 
many  geologists  to  the  old  red  sandstone.  Along  with  galena  a  great  variety  of  min- 
erals is  found  with  a  basis  of  lead,  zinc,  copper,  and  iron.  The  mines  of  lead  woiked 
in  Yirginia,  on  the  banks  of  the  Eanahwa,  deserve  also  to  be  mentioned. 

None  of  the  copper  mines  actually  in  operation  in  the  United  States  seem  to  merit 
particular  attention.  The  mine  of  Schuyler,  in  New  Jersey,  had  excited  high  hopes,  bat 
afier  the  workings  had  been  pushed  to  a  depth  of  300  feet,  they  have  been  for  some 
years  abandoned.  The  ore',  which  consisted  of  sulphuret  of  copper,  with  oxide  and 
carbonate  of  copper,  occurred  in  a  red  sandstone. 

In  some  points  of  the  Alleganys,  deposites  have  been  noticed  of  diromite  of  iron  and 
graphite. 

Coal-measures  occur  in  several  points  of  the  United  States,  especially  on  the  N.W. 
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•lope  of  the  Allegany  mountains.    The  coal  is  mined  soecessfnUy  on  jthe  banks  of  the 
Ohio,  toward  the  upper  part  of  its  course.    See  Anthracite. 

MINES   OF  THE    SOUTH   OF  SPAIN. 

•  The  mountains  which  separate  Andalusia  from  Estremadura,  Leon  and  La  Manoha^ 
and  those  of  the  kingdoms  of  Murcia  and  Grenada,  include  some  celebrated  mines« 

We  shall  mention  first  the  silver  mines  of  Guadalcanal  and  Cozalia,  situated  in  the 
Sierra-Morena,  15  leagues  north  of  Seville.  Among  the  ores,  red  silver  and  argentiferous 
gray  copper  have  been  specified.  Their  product  is  inconsiderable ;  hut  this  territory 
presented  formerly  much  more  important  mines  at  Vilia-Guttiera,  not  far  from  Seville. 
At  the  beginning  of  the  seventeenth  century  they  are  said  to  have  been  worked  with  such 
activity,  that  they  Aimished  daily  170  marcs  of  silver.  More  to  the  east,  there  exists 
in  the  mountains  of  La  Mancha  a  mine  of  antimony,  at  Santa-Grux-de-Mudela.  On 
the  southern  slope  of  the  Sierra-Morena,  very  important  lead  mines  occur,  particularly 
at  Linares,  12  leagues  north  of  Jaen.  The  veins  are  very  rich  near  the  surface,  which 
causes  them  not  to  be  mined  much  in  depth ;  so  that  the  ground  is  riddled,  as  it  were, 
with  shafts.  More  than  5,000  old  and  new  pits  may  be  counted,  the  greater  part  of 
which  is  ascribed  to  the  Moors.  Six  of  these  mines  are  now  explored  on  account  of 
the  crown,  and  they  produce  on  an  annual  average,  according  to  M.  Laborde,  1,320,000 
libs,  avoird.  (about  600  tons)  of  lead,  which  is  too  poor  in  silver  for  this  precious  metal 
to  be  extracted  with  advantage.  Bowles  states  that  there  was  found  at  the  mines  of 
Linares,  a  mass  of  galena,  whose  dimensions  were  from  21  to  24  yards  in  every  diree* 
tion.  Abundant  mines  of  zinc  occur  near  Alcaras,  15  leagues  northwest  of  Linares, 
which  supply  materials  to  a  brass  manufactory  established  in  that  town.  There  are  also 
lead  mines  in  the  kingdoms  of  Murcia  and  Grenada.  Very  productive  ores  have  been 
worked  for  some  time  near  Almeira,  a  harbor  situated  some  leagues  to  the  west  of  the 
cape  of  Gates.  The  ore  is  in  part  treated  on  the  spot  with  coal  brought  from  Newcas- 
tle, and  in  part  sent  to  Newcastle  to  be  reduced  there.  The  kingdoms  of  Murcia,  Gre- 
nada, and  Cordova,  include  several  iron  mines.  Near  Cazalla  and  Ronda,  in  the  kingdom 
of  Grenada,  mines  of  plumbago  are  explored. 

On  the  northern  flank  of  the  Sierra-Morena,  lie  the  famous  quicksilver  mines  of 
Almaden,  situated  near  the  town  of  the  same  name  in  La  Mancha.  They  consist  of 
very  powerful  vein^i  of  sulphuret  of  mercury,  which  traverse  a  sandstone,  evidently  of  a 
geological  age  as  old  at  least  as  the  coal  formation.    Hard  by,  beds  of  coal  are  mined. 

MINES   OF   THE   PYRENEES. 

The  Pyrenees,  and  the  mountains  of  Biscay,  of  the  Asturias,  and  the  north  of  Gralicia, 
which  are  their  prolongation,  are  not  very  rich  in  deposites  of  ores  :  the  only  important 
mines  that  occur  there,  are  of  iron  ;  which  are  widely  spread  throughout  the  whole 
chain,  except  in  its  western  extremity'.  We  may  mention  particularly  in  Biscay,  the 
mine  of  Sommorostro,  opened  on  a  bed  of  red  oxide  of  iron ;  and  in  the  province  of 
Guipuscoa,  the  mines  of  Mundragon,  Oyarzun,  and  Berha,  situated  on  deposites  of  sparry 
iron.  There  are  several  analogous  mines  in  Aragon  and  Catalonia.  .  In  the  French 
part  of  the  Pyrenees,  veins  of  sparry  iron  are  worked  which  traverse  the  red  sandstone 
of  the  mountain  Ustelleeuy,  near  Baygorry,  department  of  the  Basses-Pyrenees.  The 
same  department  affords  in  the  valley  of  Asson  the  mine  of  Haugaron,  which  consists  of 
a  bed  of  hydrate  of  iron,  subordinate  to  transition  limestone.  The  deposite  of  hydrate 
of  iron,  worked  for  an  immemorial  time  at  Rancie,  in  the  valley  of  Viedessos,  depart* 
meat  of  the  Arriege,  occurs  in  a  similar  position.  The  ancient  workings  have  been 
very  irregular  and  very  extensive ;  but  the  deposite  is  still  far  from  being  exhausted* 
There  are  also  considerable  mines  of  sparry  iron  at  Lapinouse,  at  the  tower  of  Batera, 
at  Escaron,  and  at  Fillols,  at  the  foot  of  the  Canigou,  in  the  department  of  the  Oriental 
Pyrenees.  The  iron  mines  of  the  Pyrenees  keep  in  activity  200  Catalanian  forges. 
Although  there  exists  in  these  mountains,  especially  in  the  part  formed  of  transition 
rocks,  a  very  great  number  of  veins  of  lead,  copper,  cobalt,  antimony,  &c.,  one  can 
hardly  mention  any  workings  of  these  metals ;  and  among  the  abandoned  mines,  the 
only  ones  which  merit  notice  are — the  mine  of  argentiferous  copper  of  Baygorry,  in  the 
department  of  the  Low  Pyrenees,  the  lead  and  copper  mine  of  jSulua,  in  the  valley  of 
the  Erce,  department  of  the  Arridge,  and  the  mine  of  cobalt,  of  the  valley  of  Gistain, 
situated  in  Arasron,  on  the  southern  slope  of  the  Pyrenees.  It  is  asserted,  however, 
that  a  lead  mine  is  in  actual  operation  near  Bilhoa,  in  Biscay.  The  mines  of  plumbago 
opened  at  Sahun,  in  Aragon,  should  not  be  forgotten.  Analogous  deposites  are  known 
to  exist  in  the  department  of  the  Arridge,  but  they  are  not  mined. 

MIVES  OF  THE  ALPS. 

The  mines  of  the  Alps  by  no  means  correspond  in  number  and  richness  with  the 
extent  and  mass  of  these  mountains.    On  their  eastern  slope,  in  the  dq^artment  of  the 
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high  and  the  low  Alps,  fleveral  lead  and  copper  mines  are  mentioned,  all  inconsideraUc 

and  abandoned  at  the  present  time,  with  the  exception  of  some  workings  of  galena, 
which  furnish  also  a  little  graphite. 

During  some  of  the  last  years  of  the  eighteenth  centur}',  there  was  mined  at  la  GardetU 
in  the  OiaatUf  department  of  the  Isdre,  a  vein  of  quartz  which  contained  native  gold 
and  auriferous  pyriteR ;  but  the  product  has  never  paid  the  expenses,  and  the  mine  baa 
been  abandoned.  The  OUans  presented  a  more  important  mine,  but  it  also  has  been 
given  up ;  it  was  the  silver  mine  of  ^liemonl  or  Chalanehe$  The  ore  consisted  of 
different  mineral  species  more  or  less  rich  in  silver,  disseminated  in  a  clay  which  filled 
the  clefls  and  irregular  cavities  in  the  middle  of  talcose  and  hornblende  rocks.  This 
mine  yielded  annually  toward  the  conclusion  of  the  eighteenth  centur)',  so  much  as  2,000 
marcs  of  silver,  along  with  some  cobalt  oie.  Among  the  great  number  of  mineral  8pe> 
cies,  which  occurred  in  too  small  quantities  to  be  worked  to  advantage,  there  was  native 
antimony,  sulphuret  of  mercury,  &c.  The  Oisans  present,  moreover,  some  rather  nn- 
productive  mines  of  anthracite.  Mines  of  an  analogous  nature,  but  more  valuable,  are 
in  activity  at  the  western  foot  of  the  Alps,  at  la  Mothe,  NolrtrdU'Vaux  ei  PyiitrUU^  a 
few  leagues  southeast  of  Grenoble. 

From  the  entrance  of  the  valley  uf  the  Oiian»  to  the  valley  of  the  ^rc  in  Savoy,  there 
occur  on  the  N.W.  slope  of  the  Alps,  a  great  many  mines  of  sparry  iron.  The  locality 
of  this  ore  is  here  very  difficult  to  define.  It  appears  to  form  sometimes  beds  or  massea, 
and  sometimes  veins  amid  the  talcose  rocks.  Some  is  also  found  in  small  veins  in  the 
first  course  of  the  calcareous  formation  which  covers  these  rocks.  These  mines  are  voy 
numerous  ;  the  most  productive  occur  united  in  the  neighborhood  of  jilUvardy  depart- 
ment of  the  Is6re,  and  of  Saint  George*  d'Huretieres  in  Savoy.  Those  of  Fonuaux  aiMi 
Laprat,  in  the  latter  country,  are  also  mentioned.  The  irregularity  of  the  mining  op- 
erations surpasses  that  of  the  deposites ;  the  mines  have  been  from  time  immemoral  in 
the  hands  of  the  inhabitants  of  the  adjoining  villages,  who  work  in  them,  each  on  his 
own  account,  without  any  prearrangement,  or  other  rule  than  following  the  masses  of 
ore  which  excite  hopes  of  the  most  considerable  profit  in  a  short  space  of  time.  What 
occurs  in  almost  every  mine  of  sparry  iron,  is  also  to  be  seen  here — ^most  imprudent 
workings.  The  mine  called  the  Grand  Fosse,  at  Saint  Georges  d^Hureiieresy  is  prolonged 
without  pillars  or  props,  through  a  height  of  130  yards,  a  length  of  220  yards,  and  a 
breadth  equal  to  that  of  the  deposite,  which  amounts  in  this  place  to  from  8  to  13  yards; 
thus  a  void  space  is  exhibited  of  nearly  300,000  square  yards.  The  sparry  iron  extracted 
from  these  different  mines  supplies  materials  to  10  or  12  smelting-fumaces,  the  cast-iron 
of  which,  chiefly  adapted  for  conversion  into  steel,  is  manufactured  in  part  in  the  cde^ 
brated  steel  works  of  Rices,  department  of  the  Isere.  There  occurs  in  some  parts  of  the 
mines  of  Saint  Georges  d^Huictiires  copper  pyrites,  which  is  smelted  at  jSii^tubelU. 

Savoy  presents  celebrated  lead  mines  at  Pescy  and  at  Mucot,  7  leagues  to  the  east  of 
Moutiers.  Galena,  accompanied  with  quartz,  sulphate  of  baryta,  and  ferriferous  car- 
bonate  of  lime,  occurs  in  moss  in  talcose  rocks.  The  mine  of  Pescy  had  been  restored 
to  activity  by  the  French  government,  which  established  there  a  practical  school  of  mines; 
and  in  its  hands  the  mine  produced  annually  as  much  as  440,000  libs,  avoird.  of  leal, 
and  2,500  marcs  of  silver.  It  is  now  explored  on  account  of  the  king  of  Sardinia ;  bat 
it  begins  to  be  exhausted,  and  yields  less  products.  That  of  Macoty  opened  a  few  yean 
ago,  begins  to  give  considerable  returns.  The  mine  of  copper  pyrites  of  Servoz,  in  the 
*  valley  of  the  Arve,  may  also  be  mentioned.  The  ore  occurs  both  in  small  veins,  and 
disseminated  in  a  clay  slate ;  but  the  exploration  is  now  suspended.  Lastly,  slightly- 
productive  workings  of  anthracite  are  mentioned  in  several  points  of  these  mountains^ 
and  in  the  conterminous  portions  of  the  Alps. 

There  exist  in  Piedmont  some  small  mines  of  argentiferous  lead.  The  copper  mines 
of  •dUagne,  and  those  of  Ollomont,  formerly  yielded  considerable  quantities  of  this  mctaL 
Their  exploration  is  now  on  the  decline.  The  manganese  mines  of  Saint-Marcel  have 
few  outlets;  whence  they  have  been  feebly  developed.  Mines  of  plumbago,  little 
worked,  occur  in  the  neighborhood  of  Vinay,  and  in  the  valley  of  Pellis,  not  far  from 
Pignerol.  Some  mines  of  auriferous  pyrites  have  also  been  worked  in  this  district  of 
country ;  among  others,  those  of  Macugnaga,  at  the  eastern  foot  of  Monte-Rosa.  The 
pyrites  of  this  mine  afforded  by  amalgamation  only  1 1  grains  of  gold  per  quintal ;  and 
this  gold,  far  from  being  fine,  contained  one  fourth  of  its  weight  of  silver;  they  becune 
less  rich  in  proportion  as  they  receded  from  the  surface.  The  explorations  of  auriferons 
pyrites  in  Piedmont  are  now  abandoned,  or  nearly  so.  The  oaly  important  mines  in 
this  country  are  those  of  iron.  These  generally  consist  of  masses  of  black  oxide  of 
iron,  of  a  nature  analogous  to  those  of  Sweden ;  the  principal  ones  being  those  of 
Cogne  and  Traverselle,  which  are  worked  in  open  quarries.  Some  others,  less  consid- 
erable, are  explored  by  shafts  and  galleries.  These  ores  are  reduced  in  33  smelting- 
enpolas,  55  Catalan  forges,  and  105  refinery-hearths.  The  whole  produce  about  10,001 
lona  of  bar-iron. 


MINES.  t91 

There  is  a  mine  of  black  oxide  of  iron,  at  present  abandoned,  at  Bwemier,  near  Mar- 
tigny,  in  the  Valais.  There  is  also  another  iron  mine  at  Chamoissons,  in  a  lofty  calca- 
reous mountain  on  the  right  bank  of  the  Rhone.  The  ore  presents  a  mixture  of  oxide 
of  iron  and  some  other  substances,  of  which  it  has  been  proposed  to  make  a  new  mineral 
species,  under  the  name  of  Chamoissite. 

Tho  district  of  the  Grisons  possesses  iron  mines  with  yery  irregular  workings,  situated 
a  few  leagues  from  Coire, 

The  mountain  of  Falkenstein,  in  the  Tyrol,  formed  of  limestone  and  day-slate,  not  for 
from  Schwatz,  a  little  below  Inspruck,  in  the  valley  of  the  Inn,  contains  mines  of  argen- 
tiferous copper.  At  one  of  them,  that  of  Kutz-Pfihl,  the  workings  reached,  in  1759, 
according  to  the  report  of  MM.- Jars  and  Duhamel,  nearly  1,100  yards  in  depth  ;  and 
were  reckoned  the  deepest  in  Europe.  But  it  was  intended  to  abandon  them.  Analo- 
gous ores  are  explored  in  several  other  points  of  the  same  country.  The  most  part  of 
the  products  of  these  mines  are  carried  to  the  foundry  of  Brixlegg,  4  leagues  from 
Schwatz.  The  mines  of  the  Tyrol  furnished,  on  an  average  of  years,  toward  1759, 
10,000  marcs  of  silver ;  at  anterior  periods,  their  products  had  been  double ;  but  now  it 
is  a  little  less.  This  region  contains  also  gold  mines  whose  exploration  goes  back  a 
century  and  a  half.  They  occur  near  the  village  of  Zell,  8  leagues  from  Schwatz ;  the 
auriferous  veins  traverse  clay-slates  and  quartz  rocks.  Lastly,  a  deposite  of  oxide  of 
chrome,  similar  to  that  of  the  Ecouchets  (Saone  and  Loire)  has  been  discovered  in  the 
Tyrol.  An  unimportant  mine  of  mercury  has  also  been  mentioned  in  that  country,  near 
Mtenner, 

In  the  territory  of  Saltzburg  there  are  some  copper  mines.  In  the  environs  of  Muer- 
winkel  and  of  Gastein  some  veins  are  worked  for  the  gold  they  contain ;  of  which  the 
annual  return  is  valued  at  118  marcs  of  this  metal.  There  is  an  inconsiderable  mine 
of  quicksilver  at  Leogang. 

In  the  Tyrol  and  in  Saltzburg  there  are  iron  mines  in  a  very  active  state,  principally 
those  of  Kleinboden,  near  Schwatz.  But  the  portion  of  the  Alps  most  abundant  in 
mines  of  this  metal,  is  the  branch  stretching  toward  Lower  Austria.  We  find  here,  both 
in  Styria  and  in  Austria,  a  ver}-  great  number  of  explorations  of  sparry  iron.  The  de- 
posites  of  the  ores  of  sparry  iron  of  Eisenerz,  Erzberg,  Admont,  and  Vonlenberg,  deserve 
notice.    The  latter  are  situated  about  25  leagues  southwest  of  Vienna. 

The  southern  flank  of  the  Alps  contains  also  a  great  many  mines  of  the  same  kind, 
from  the  Lago  Ma^eiore  to  Carinthia.  Those  situated  near  Bergamo,  and  those  of 
Huttenberg  and  Waldenstein,  in  Carinthia,  are  especially  mentioAed. 

All  these  mines  of  sparry  iron  are  opened  in  the  midst  of  rocks  of  different  natures, 
which  belong  to  the  old  transition  district  of  the  Alps.  They  seem  to  have  close  geo- 
logical relations  with  those  of  Allevard. 

The  branch  of  the  Alps  which  extends  toward  Croatia,  presents  important  iron  mines, 
in  the  mountains  of  Adelsberg,  10  leagues  southwest  from  Laybach,  in  Carniola. 

The  iron  mines  just  now  indicated  in  the  part  of  the  Alps  that  forms  a  portion 
of  the  Austrian  states,  supply  materials  to  a  crreat  many  smelting-works.  In  Styria 
and  in  Carinthia,  more  than  400  furnaces  or  forges  may  be  enumerated,  whose  annual 
product  is  nearly  25,000  tons  of  iron.  These  two  provinces  are  famous  for  the  steel 
which  they  produce,  and  for  the  steel  tools  which  they  fabricate,  such  as  sythes,  &c. 
Carniola  contains  also  a  great  many  forges,  and  affords  annually  about  5,000  tons  of 
iron. 

There  are  mines  of  argentiferous  copper,  analogous  to  those  of  the  Tyrol,  at  Schlad- 
ming  in  Styria,  at  Kirchdorf  in  Carinthia,  at  Agordo  in  the  territory  of  Venice,  and  at 
Zamabor  in  Croatia.  The  latter  are  remarkable  for  the  great  irregularity  of  the  de- 
posites,  and  for  the  richness  of  the  copper  pyrites  that  is  mined ;  which  produces  12  and 
sometimes  27  per  cent,  of  copper.  There  are  some  deposites  of  antimony,  mined  to  a 
trifling  extent  in  Carinthia ;  and  there  are  a  few  cobalt  mines  in  Styria,  not  more  actively 
worked.  In  the  environs  ofRaibel,  in  Carinthia,  mines  of  calamine  exist,  yielding  an- 
nually about  200  tons  of  this  substance.  Of  late,  some  of  it  has  also  been  explored  in 
Styria. 

The  limestones  that  cover  the  northern  slopes  of  the  Alps,  present,  like  those  of  the 
departments  of  the  lower  and  upper  Alps,  several  lead  mines  of  little  consequence;  they 
also  include  several  celebrated  mines  of  rock  salt. 

The  analogous  limestones  which  repose  on  the  slopes  of  the  Alps  in  Carinthia,  and 
in  the  neighboring  provinces,  afford  likewise  lead  mines,  especially  near  Willach  and 
Bleyberg.  These  mines  are  very  numerous,  forming  more  than  500  arrondiaaementa  of 
concessions.  They  furnish  annually  about  1,800  tons  of  a  lead  too  poor  in  silver  to  pay 
the  expense  of  extracting  that  precious  metal.  At  the  mines  of  Bleyberg,  the  galena 
forms  14  beds  or  strata,  inclined  at  an  angle  of  from  40  to  50  degrees  from  the  horizon, 
and  alternating  with  a  like  number  of  calcareous  strata.  The  latter  are  extremely  fuU 
of  shells.    Thpy  of  course  belong  to  secondary  limestone. 
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The  limestones  snimouitiiig  the  sovthem  slope  of  the  Alps,  eontuii  Also 
DUDes ;  but  the  quicksilver  mines  of  Idria,  situated  at  the  foot  of  the  Alps,  10  leafnies 
N.W.  of  Trieste,  is  worthy  of  particular  notiee ;  it  lies  in  a  limestone  which  ercrphia^ 
leads  us  to  refer  to  the  zeditUiny  the  most  ancient  of  the  secondary  limestones. 

The  Apennines,  which  may  be  considered  as  a  dependance  of  the  Alps,  present  a 
small  number  of  mines.  At  Chiayary  and  Pignone,  manganese  is  mined ;  and  at  ihe  be- 
ginning of  the  eighteenth  century  a  vein  of  mercury  was  worked  at  LeyigUani  in  Tus- 
cany.   An  antimonial  mine  is  mentioned  at  Pereta  in  the  marshes  of  Sienna. 

Before  quitting  these  regions,  we  ought  to  notice  the  iron  mines  of  the  isle  of  Elba. 
They  have  been  famous  for  18  centuries ;  Virgil  denotes  them  as  inexhaustible,  asd 
supposes  them  to  have  been  open  at  the  arrival  of  JSneas  in  Italy.  They  are  explored 
by  open  quarries,  working  on  an  enormous  mass  of  specular  iron  ore,  perforated  wiih 
cavities  bespangled  with  quartz  crystals.  The  island  possesses  two  exploraiknia,  called 
Rio  and  Terra-Nuova ;  the  last  having  been  brought  into  play  at  a  recent  period.  The 
average  amount  extracted  per  annum  is  15,000  tons  of  ore,  which  are  smelted  in  the 
foundries  of  Tuscany,  Liguria,  the  Roman  states,  the  kingdom  of  Naples,  and  the  i 
of  Corsica, 

There  has  been  worked  for  a  few  years  a  mine  of  chromite  of  iron,  at  Carrada, 
Gassino,  department  of  the  Yar. 

MINES  SITUATED   IN   THE   SCHISTOSE  FORMATIONS  OF  THE  BANKS  OF  TH£  aBIKE,  AlO 

IN   THE   AADENNES. 

The  transition  lands,  which  form,  in  the  northwest  of  Germany  and  in  Flandeis,  a 
pretty  extensive  range  of  hills,  include  several  famous  mines  of  iron,  zinc,  lead,  and 
copper.  The  latter  lie  on  the  right  bank  of  the  Rhine,  in  the  territories  of  Nasna 
and  Berg,  at  Baden,  Augstbach,  Rheinbreitenbach,  and  near  Billenbnrg.  That  of 
Rheinbreitenbach  yielded  formerly  1 10,000  libs,  avoirdupois  of  copper  per  annum,  and 
those  of  the  environs  of  Dillenburg  now  furnish  annually  176,000  libs.  There  are  also 
some  mines  of  argentiferous  lead  in  the  same  regions.  The  most  remarkable  are  ia 
the  territory  of  Nassau,  such  as  those  of  Holzapfel,  Pfingstiviese,  Lcewenbni^,  aad 
Augstbach  on  the  Wiede,  and  Ehrenthal  on  the  banks  of  the  Rhine,  which  all  together 
produce  600  tons  of  lead,  and  3,500  marcs  of  silver.  To  the  above,  we  most  add  those 
of  the  environs  of  Siege  a  and  Dillenburg,  in  the  territories  of  Bo^.  A  little  cohati 
is  explored  in  the  neighborhood  of  Siegen,  and  some  mines  of  the  same  nature  are 
mentioned  in  the  grand  dutchy  of  Hesse-Darmstadt,  and  in  the  datcfay  of  Nassaa 
Usingen. 

But  iron  is  the  most  important  product  of  the  mines  on  the  right  bank  of  the  Rhine. 
Veins  of  hydrate  of  iron,  or  brown  hematite,  are  explored  in  a  great  many  points  of 
Hessia,  and  the  territory  of  Nassau,  Berg,  Marck,  Tecklenbourg,  and  Siegen,  aloag 
with  veins  or  masses  of  sparry  iron,  and  beds  of  red  oxide  of  iron.  We  may  note  par- 
ticularly— 1.  The  enormous  mass  of  sparry  iron,  known  under  the  name  of  Stahlberg^ 
mined  since  the  beginning  of  the  fourteenth  century  in  the  mountain  of  Martinshardt, 
near  Mussen,  where  improvident  excavations  have  occasioned,  at  several  times, 
erab]e  downfallings  of  rubbish ;  2.  The  abundant  and  beautiful  mines  of  hydrate  of  ] 
and  sparry  iron  on  the  banks  of  the  Lahn  and  the  Sayn,  and  among  those  o€  the 
of  Bendorf ;  3.  The  mine  of  Hohenkirchen  in  Hessia,  where  a  powerful  bank  of  maaca- 
niferous  ore  is  worked,  and  where  the  mines  are  kept  dry  by  a  gallery  more  than  l^OOd 
yards  long,  walled  over  its  whole  extent.  These  several  mines  supply  a  ujemX  many 
iron  works,  celebrated  for  their  steel,  and  for  the  objects  of  hardware,  sythes,  &c.,  &^ 
nested  there. 

The  Prussian  provinces  of  the  leA  bank  of  the  Rhine,  the  dutchy  of  Lnxembooig^ 
and  the  Low  Countries,  include  also  many  iron  furnaces,  of  which  a  great  number  are 
supplied,  in  whole  or  in  part,  by  ores  of  hydrate  of  iron,  occasionally  zinciferoiis,  ex 
tracted  from  the  transition  rocks,  where  they  form  sometimes  veins,  and  sometimes  also 
very  irregular  deposites.  A  portion  is  explored  by  open  quarrying,  and  a  portion  by 
underground  workings.  Some  of  these  mines  penetrate  to  a  depth  of  87  yards,  and  galle- 
ries maybe  observed  in  them  cut  in  the  form  of  vaults^  and  timbered  with  h<ioped  slays. 
The  Hundsruck,  the  Eiffel,  and  the  territory  of  Luxembourg,  present  a  great  many  of 
them. 

The  Eiffel  formerly  possessed  important  lead  mines.  Some  still  exist,  which  are  feebly 
worked  at  Berncastle,  8  leagues  below  Trdves,  on  the  banks  of  the  Moselle.  Those 
of  Trarbach,  situated  2  leagues  lower,  are  now  completely  abandoned ;  the  same  holds 
with  those  of  Bleyalf,  which  were  opened  on  veins  incased  in  the  grey wadce-slate,  3 
leagues  W.N.W.  of  Prum,  not  far  from  the  line  of  separation  of  the  waters  of  the  Mo 
selle  and  the  Meuse,  in  a  district  from  which  manufactures  and  comfort  bare  disa^ 
peared  since  the  mines  were  given  up  which  sustained  them. 

More  to  the  north  a  great  many  d^NMites  of  cshminft  ooeor*    The  most  oonsidenUey 
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•nd  the  oike  explored  with  most  actiTity,  is  situated  in  the  territory  of  Limbtirg 
(klBgdom  of  the  Netherlands),  and  known  ander  the  name  of  the  GrttU  mountain. 
It  presents  a  mass  aboot  45  yards  wide,  from  400  to  550  long,  and  of  an  unknown 
depth.  The  first  hiborSy  undertaken  several  eenturies  age  by  the  Spaniards,  were  exe- 
cuted by  open  quarrying,  and  pushed  down  32  yards  from  the  surface.  The  miners  were 
obliged  to  renounce  this  mode  of  operation,  and  have  since  penetrated  to  the  depth  of 
88  yards  by  means  of  subterranean  workings.  From  50  to  60  men  work  in  this  exca- 
vation, and  exact  annually  from  700  to  800  tons  of  calamine,  worth  from  2,4002, 
to  2,700/.  In  the  adjacent  parts  of  the  Prussian  territory,  not  far  from  Aix-la-Chapelle, 
calamine  is  also  mined,  with  ores  of  lead  and  iron,  with  which  it  is  associated,  in 
deposites  regarded  by  M.  Bouesnel,  as  analogous  to  the  vein  of  Vedrin,  to  be  noticed 
presently.  The  exploration  is  effected  by  means  of  small  round  shafts,  from  34  to  44 
yards  deep,  which  are  oAen  wooded  only  with  flexible  branches  of  trees,  or  a  kind  of 
barrel-hoops.  These  workings  may  furnish  annually  from  1,500  to  2,000  tons  of  cala- 
mine, to  the  brass  factories  of  Stollberg.  On  the  right  bank  of  (he  Rhine,  in  the  country 
of  la  Marck,  several  small  zinc  mines  furnish  annually  about  130  tons  of  calamine  to 
the  brass  manufactures  of  Iserlohn. 

The  lead  mine  of  Fedrin,  alluded  to  above,  lies  at  some  distance  N.  of  Namur.  It  is 
opened  on  a  vein  of  galena  nearly  vertical,  which  crosses  from  N.  to  S.  a  limestone  in 
nearly  vertical  strata,  probably  analogous  into  the  limestone  of  Derbyshire.  The  vein 
is  from  4  to  15  feet  thick,  and  is  recognised  through  a  length  of  half  a  league.  The  mine^ 
worked  for  two  centuries,  presents  very  extensive  excavations ;  particularly  a  fine 
gallery  of  efflux.  It  has  produced  annually  900  tons  of  lead.  At  the  present  day  the  mine 
of  Vedrin,  and  some  adjoining  exploitations,  afford  per  annum  only  about  200  tons  of 
lead,  and  700  marcs  of  silver. 

MINES  or  THE  CALCAREOUS  MOX7ITTAIN8  OF   ENGLAND. 

The  limestone  formation  immediately  subjacent  to  the  coal  measures,  or  the  mountain 
limestone,  constitutes  almost  alone  several  mountainous  regions  of  England  and  Wales ; 
in  which  three  districts  very  rich  in  lead  mines  deserve  to  be  noted. 

The  first  of  these  districts  comprehends  the  superior  parts  of  the  valleys  of  the  Tyne, 
the  Wear,  and  the  Tees,  in  the  counties  of  Cumberland,  Durham,  and  York.  Its 
principal  mines  are  situated  near  the  small  town  of  Alston-Moor,  in  Cumberland. 
The  veins  of  galena  which  form  the  object  of  the  workings,  traverse  alternate  beds  of 
limestone  and  sandstone  ;  and  are  very  remarkable  for  their  becoming  suddenly  thin 
and  impoverished  on  passing  from  the  limestone  into  the  sandstone;  and  for  resuming 
their  richness,  and  usual  size,  on  returning  from  the  sandstone  into  the  limestone.  The 
exploitations  are  situated  in  the  flanks  of  considerably  high  hills,  bare  of  wood,  and 
almost  wholly  covered  with  marshy  heaths.  The  waters  are  drawn  off  by  galleries  of 
efllux ;  and  the  ores  are  dragged  out  by  horses  to  the  day.  The  galena  extracted  from 
these  mines  is  smelted  by  means  of  coal  and  a  little  peat,  in  furnaces  of  the  Scotch  con- 
struction. The  lead  is  very  poor  in  silver ;  and  there  is  hardly  a  single  hearth  for  the 
purpose  of  eliminating  this  metal  by  cupellation.  The  mines  of  this  district  produce 
annually  17,200  tons  of  lead,  according  to  Mr.  Taylor's  statement,  published  in  the 
Geology  of  England  and  WaJes,  by  Messrs.  Conybeare  and  Phillips.  There  is  more 
over  a  copper-mine  2  leagues  S.W.  of  Alston-Moor.  The  ore  is  a  copper  pyrites,  ao- 
eompanied  with  galena  in  a  very  extensive  vein,  which  does  not  appear  to  belong  to 
the  same  formation  as  the  other  veins  of  this  region. 

The  second  metalliferous  district  lies  in  the  northern  part  of  Derbyshire,  and  in  the 
conterminous  parts  of  the  neighboring  counties.  The  districts  called  the  Peak  and 
King's-Field  are  the  richest  in  workable  deposites.  The  mines  of  Derbyshire  are 
getting  exhausted ;  they  are  very  numerous,  bat  in  general  inconsiderable.  The 
galena  extracted  frdm  them  is  treated  with  coal  in  reverberatory  furnaces;  but  the 
silver  is  not  sought  for.  They  yield  annually  900  tons  of  lead ;  with  a  certain  quantity 
of  calamine,  and  a  little  copper  ore.  A  vein  of  copper  pyrites  occurs  at  Ecton,  in  Staf- 
fordshire, on  the  borders  of  Derbyshire.  The  veins  of  Derbyshire  are  famous  for  the 
beautiful  minerals  which  they  have  produced  ;  and  particularly  for  the  interruption  which 
they  almost  constantly  suffer  at  the  contact  of  the  trap-rock,  called  toadstone,  which  is 
mtruded  among  the  limestone. 

The  third  metalliferous  district  is  situated  in  Flintshire  and  Denbighshire,  counties 
forming  the  N.E.  part  of  Wales.  Next  to  Alston-Moor  this  is  the  most  productive ; 
famishine  annually  6,900  tons  of  lead,  and  a  certain  quantity  of  calamine.  The  galena 
is  smelted  in  reverberatory  furnaces,  and  affords  a  lead  fkr  from  rich  in  silver,  which  is 
therefore  seldom  subjected  to  cupellation.  The  mines  occur  partly  in  the  metalliferous 
limestone,  and  partly  in  several  more  ancient  rocks. 

To  the  S.E.  of  this  district  there  exist  still  some  lead  mines  in  Shropshire.     They 
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lie,  like  the  preceding,  partly  in  the  metalliferonfl  limestone,  and  partly  in  thesabjacot 
rocks.    They  yield  annually  from  700  to  800  tons  of  lead. 

Some  mines  of  galena  and  calamine  are  mentioned  in  the  Mendip  hUls,  to  the  tootk 
of  Bristol ;  but  they  seem  to  be  for  the  present  abandoned. 

Besides  the  metallic  mines  just  enumerated,  the  formation  of  the  metaUiferoos  lime- 
stone presents,  in  England,  especially  in  the  connties  of  Northumberland  and  Cumber- 
land, several  coal  mines,  opened  on  coal  strata  included  by  the  sandstone,  -which  aha^ 
nates  with  the  limestone. 

MIKES  or  DAOUBIA. 

The  name  Daouria  is  given  to  a  great  region  wholly  mountainous,  which  extends  froo 
the  Baikal  Lake  to  the  eastern  ocean.  There  is,  perhaps,  no  other  country  in  the  world 
so  rich  in  deposites  of  lead  ores,  as  the  part  of  this  district  which  extends  from  thejoac* 
Hon  of  the  rivers  Chilca  and  Argonn,  whose  united  waters  form  the  river  Amoor,  be- 
longing to  Russia.  The  mines  opened  here  constitute  the  third  arrondissement  of  tbe 
Siberian  mines,  called  that  of  F)f  ertchinsk,  from  the  name  of  its  capital,  which  lies  more 
than  1,800  leagues  east  of  Saint  Petersburg. 

The  ground  of  the  metalliferous  portion  of  Daouria  is  formed  of  granite,  bom*- 
chiefer,  and  schists,  on  which  reposes  a  gray  limestone,  sometimes  siliceous  and  aipl- 
laceous,  which  contains  a  small  number  of  fossils,  and  in  which  the  veins  of  lead  occur. 
The  plains  of  these  regions,  oAen  salt  deserts,  exhibit  remarkable  sandstones  aad 
pudding-stones  ,*  as  also  vesicular  rocks  of  a  volcanic  aspect.  It  appears  that  the  metil- 
liferous  limestone  is  much  dislocated,  and  the  lead  veins  are  subject  to  several  irre«ii- 
larities,  which  render  their  exploitation  difficult  and  uncertain.  The  mines  lie  cbiefij 
near  the  banks  of  the  Chilca  and  the  Argoun,  in  several  cantons,  at  a  considerable  dis- 
tance from  one  another ;  wherefore  it  was  requisite  to  build  a  great  number  of  emeU- 
ing  furnaces.  The  want  of  wood  has  placed  difficulties  in  the  working  of  some  of 
them.  The  ore  is  galena,  sometimes  occurring  in  masses  of  several  yards  in  diameter; 
having  commonly  for  vein-stones  ores  of  iron  and  zinc,  of  which  no  use  is  made.  Tbe 
galena  itself,  furnished  by  these  mines  in  enormous  quantities,  receives  a  very  difTereat 
treatment  from  what  it  would  do  in  a  civilized  country ;  for,  though  the  lead  which  it 
produces  contains  only  from  6  to  10  gros  (1  to  1^  ounce)  of  silver  per  quintal,  it  is  for 
it  alone  that  these  mines  are  worked.  The  litharge  produced  by  the  cupeUation  it 
thrown  away  as  useless ;  so  that  heaps  of  it  exist  near  the  smelting-fumaces,  says 
M.  Patrin,  higher  than  the  houses.  Only  an  insignificant  quantity  of  it  is  reduced  to 
lead  for  the  uses  of  the  countns  or  for  those  of  the  foundries  in  the  arrondissemeat  of 
Kolywan.  The  silver  extracted  from  the  mines  of  Daouria,  contains  a  very  small  pfo- 
portion  of  gold.  M .  Patrin  says  that  their  annual  product  was,  toward  the  year  IT^ 
from  30,000  to  35,000  marcs  of  silver.  The  exploitation  of  some  of  tbe  mines  of 
Daouria  goes  back  to  the  end  of  the  17th  century.  It  has  been  commenced  in  some 
points  by  the  Chinese,  who  were  not  entirely  expelled  from  this  territory  till  the  be- 
ginning of  the  following  century.  A  great  part  of  the  mines,  however,  has  been  opened 
up  since  1760. 

Besides  the  lead  mines,  there  are  some  unimportant  mines  of  copper  in  Daonna,  and 
in  different  explorations  of  this  region,  arsenical  pyrites,  from  which  arsenious  acid  ii 
sublimed  in  factories  established  at  Jutlack  and  at  Tchalbutchinsky. 

About  45  leairues  to  the  south  of  Nertchinsk,  the  mountain  of  Odon-Tchelon  ocean, 
Celebrated  for  the  different  gems  or  precious  stones  extracted  from  it.  It  is  formed  of 
a  friable  granite,  including  harder  nobules  or  balls  which  enclose  topazes ;  it  is  veiy 
analogous  to  the  topaz  rock  of  Saxony.  In  this  granite  there  are  several  veins  filled 
with  a  ferruginous  clay,  which  contains  a  great  quantity  of  wolfram,  and  many  emeralds, 
aqua-marines,  topazes,  crj'stals  of  smoked  quartz,  &.c.  Multitudes  of  these  minrrab 
have  been  extracted  by  means  of  some  very  irregular  workings.  The  mountaia  of 
Toott-Kaltoui,  situated  near  the  preceding,  offers  analogous  deposites.  The  preseoee 
of  wolfram  had  excited  hopes  that  tin  might  be  found  in  these  mountains ;  hopes  vbicb 
have  not  hitherto  been  realized.  There  are  some  unworked  deposites  of  sulphuret  of 
antimony  in  this  country. 

ON    SOME   OTHER    LESS   KXOWN   MINE    COUNTMES. 

There  seem  to  exist  in  Brazil,  besides  the  washings  of  the  sands  that  produce  tbe 
diamonds,  the  precious  stones,  the  platinum,  and  almost  all  the  gold  of  this  coaatiy, 
some  mines  of  gold,  lead,  and  iron,  opened  up  in  very  ancient  geological  formatioos; 
but  there  Ls  no  silver  mine,  which  indicates  a  great  difference  between  the  metaUiferoos 
deposites  of  this  district  and  those  of  Spanish  America.  The  lead  mines  occur  paitica- 
larly  in  the  captainry  of  Minas-Geraes,  canton  of  Abait^.  Their  exploitatioa  has 
been  undertaken  within  a  few  years.  The  captainry  of  >fina»<reraes  coataiaf 
extremely  abundant  deposites  of  black  oxide  of  iron,  and  specular  iron,  which  coaslitate 
beds  ox' enormous  masses,  forming  sometimes  entire  mountains;  along  with  nuMnm* 
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yetas  of  hematite  and  red  oxide  of  iroiu  Lately  these  have  been  opened  up,  and  smelU 
ing-houses  have  been  established  at  Gaspar-Saarez.  There  are  also  iron  mines  and 
foundries  in  the  captainry  of  Saint-Paul.  A  mine  of  antimony  occurs  near  Sahara,  in 
the  captainry  of  Minas-Geraes. 

In  Africa,  the  inhabitants  of  the  countries  adjoining  to  the  cape  of  Good  Hope  mine 
and  smelt  copper  and  iron ;  and  the  Congo  produces  •  considerable  quantities  of  these 
two  metals.  It  is  asserted  that  a  great  deal  of  copper  exists  in  Abyssinia.  On  the 
banks  of  the  Senegal  the  Moors  and  the  Pouls  fabricate  iron  in  travelling  forges.  They 
employ  as  the  ore  the  richest  portions  of  a  ferruginous  sandstone,  which  seems  to  be  a 
very  modern  formation.  Lastly,  the  kingdoms  of  Morocco  and  Barbary  appear  to  in- ' 
elude  several  copper  and  iron  mines. 

The  islands  of  Cyprus  and  Negropont,  in  the  Mediterranean,  were  celebrated,  in  for- 
mer times,  for  their  copper  mines ;  and  several  islands  of  the  Archipelugo  presented 
gold  mines,  now  abandoned.  The  same  thing  may  be  said  of  Macedonia  and  Thrace. 
The  mountains  of  Servia  and  Albania  contain  iron  mines ;  and  lead  mines  occur  in 
Servia.  Natolia  possesses  iron  and  copper  mines  in  the  neighborhood  of  Tokat.  Some 
also  occur  in  Arabia  and  in  Persia ;  and  in  the  territories  round  Caucasus,  the  kingdom 
of  Imeretta  is  distinguished  for  its  iron  mines.  The  celebrity  of  the  Damascus  sabres 
attests  the  good  quality  of  the  products  of  some  of  the  mines.  Persia  includes,  besides, 
mines  of  argentiferous  lead  at  Kervan,  a  few  leagues  from  Ispahan ;  and  Natolia  fur- 
nishes orpiment. 

Some  iron  and  copper  mines  have  been  mentioned  in  Tartary.  Thibet  passes  for  be- 
ing rich  in  gold  and  silver  mines.  China  produces  a  great  quantity  of  iron  and  mercu- 
ry, as  well  as  white  brass  {tombac),  which  is  much  admired.  The  copper  mines  of  this 
empire  lie  principally  in  the  province  of  Yu  Nan  and  the  island  of  Formosa.  Japan, 
likewise,  possesses  copper  mines  in  the  provinces  of  Kijunack  and  Sorunga.  They  seem 
to  be  abundant ;  at  a  period  not  far  back,  they  exported  their  products  to  Europe.  Jap- 
an presents,  moreover,  mines  of  quicksilver.  China  and  Japan  contain  also  mines  of 
gold,  silver,  tin,  red  sulphuret  of  arsenic,  &c.  Large  deposites  of  the  latter  ore  (realgar) 
are  said  to  occur  in  the  tin  mine  of  Kian-Fu,  in  China.  But  in  that  empire,  as  in  Eu- 
rope, coal  is  the  most  important  of  the  mining  products.  This  combustible  is  explored^ 
especially  in  the  environs  of  Pekin,  and  in  the  northern  parts  of  the  empire. 

Iron  mines  exist  in  several  points  of  the  Burman  empire,  and  of  Uindostan.  Near 
Madras  there  exist  excellent  ores  of  sparry  iron,  and  black  oxide,  analogous  to  the  Swe- 
dish ores.  The  Indian  natural  steel,  named  Wootz,  has  been  held  in  considerable  esti- 
mation among  some  eminent  London  cutlers ;  but  the  iron  and  steel  recently  manufac- 
tured upon  a  great  scale,  near  Madras,  by  Messrs.  Heath  and  Co.,  from  the  crystallized 
magnetic  ore  of  that  country,  will  probably  ere  long  rival,  and  eventually  supersede  in 
Europe  the  product  of  the  Dannemara  forges.  The  islands  of  Macassar,  Borneo,  and  Ti- 
mor, include  copper  mines.  As  to  the  tin  obtained  from  the  island  of  Banca,  from 
the  peninsula  of  Malacca,  and  several  other  points  of  southern  Asia,  it  proceeds  entirely 
from  the  washing  of  sands.  The  same  is  undoubtedly  true  of  the  gold  furnished  by 
the  Philippine  isles,  Borneo,  &c.  It  appears^  however,  that  mines  of  gold  and  silver 
are  worked  in  the  island  of  Sumatra. 

MIKES  OF  THE  SECOKDAJIT  ROCK   FORMATIONS. 

The  most  important  mines  of  the  secondary  rocks,  and  perhaps  of  all  minerals  what- 
soever, are  those  worked  id  the  most  ancient  of  these  strata,  in  the  coal-measures. 

The  British  islands,  France,  and  Germany,  present  several  groups  of  small  mountains 
primitive  on  the  ridge,  and  transition  on  the  flanks ;  in  the  sinuosities  between  which 
deposites  of  coal  occur.  The  principal  of  these  have  become  great  centres  of  manufac- 
tures ;  for  Glasgow,  Newcastle,  Sheffield,  Birmingham,  Saint-Etienne,  &.C.,  owe  their 
prosperity  and  their  rapid  enlargement  to  the  coal,  raised,  as  it  were,  at  their  gates  in 
enormous  quantities.  Wales,  Flanders,  Silesia,  and  the  adjacent  parts  of  Gallicia,  owe 
equally  to  their  extensive  collieries  a  great  portion  of  their  activity,  their  wealth,  and 
their  population.  Other  coal  districts,  less  rich,  or  mined  on  a  less  extended  scale,  have 
procured  for  their  inhabitants  less  distinguished,  but  by  no  means  inconsiderable,  ad- 
yantages ;  such,  for  examples  in  Great  Britain,  are  Derbyshire,  Cheshire,  Lancashire, 
Shropshire,  Warwickshire,  the  environs  of  Bristol  &c. ;  some  parts  of  Ireland ;  in 
France,  Litry  department  of  Calvados,  Comanterie,  Saint-Georges-Chatelaison,  Aubin, 
Alais,  le  Creusot ;  Ronchamps,in  the  Prussian  provinces  of  the  led  bank  of  the  Rhine; 
the  environs  of  Saarebruck ;  several  points  of  the  north  of  the  territory  of  Berg  and  La- 
marck, of  Mansfeld,  of  Saxony,  Hungary,  Spain,  Portugal,  the  United  States,  Itc. 

We  need  not  enter  here  into  ampler  details  on  coal  mines,  reserving  these  particulars 
for  the  article  Pitcoal. 

Nature  has  deposited  alongside  of  coal  an  ore  whose  intrinsic  value  alone  is  very 
mall,  but  whose  abundance  in  the  neighborhood  of  fuel  becomes  extremely  precioos  to 
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man ;  we  aUnde  to  the  day-ironftoBe  of  the  coal^aeamea.  It  u  estraded  in  cmt 
mous  qaantities  from  the  coal-basias  of  Scotland,  Yofkahire,  Staffotdahirey  Shropridn^ 
and  South  Wales. 

Mach  of  it  is  also  raised  from  the  coal  strata  of  Silesia ;  and  the  French  entertaia 
hopes  of  finding  a  supply  of  this  necessary  ore  in  their  own  country.  The  iroo-vorii 
of  £ngland,  which  are  supplied  almost  entirely  from  this  iron-stone  rednced  wick  tbe 
coke  or  coal,  pour  annually  into  commerce  more  than  one  million  tons  of  cast  end  bsr 
iron,  the  value  of  which  has  been  estimated  at  eight  millions  sterling ;  an  ammint  fclh 
equal  to  the  product  of  all  the  mines  of  Spanish  America. 

The  shale  or  slate-clay  of  the  coal-measures  contaias  sometimes  a  very  large  qaaa- 
tit}'  of  pyrites,  which,  decomposing  by  the  action  of  air,  with  or  without  artificial  heat, 
produces  sulphate  of  iron  and  sulphate  of  alumina ;  whence  copperas  and  alam  are 
manufactured  in  great  abundance. 

The  lead  mioes  of  Bleyberg  and  Gemund,  near  ^ix-la-Chapelle,  are  explored  ia  t 
sandstone  referred  by  many  geolc^sts  to  the  red  sandstone.  The  ore  consists  priad- 
pally  of  nodules,  of  galena  disseminated  in  this  rock.  They  are  very  abandaat,  aad  of 
Tcry  easy  exploration.  These  mines  produce  annually  from  700  to  800  tons  of  lead, 
which  does  not  contain  silver  in  sufficient  proportion  to  be  worth  the  eziimcling.  2^000 
tons  of  ore  are  prepared  and  sold  in  the  form  of  black  lead  dust  (ol^at/btur). 

The  manganese  mines  worked  in  the  open  air  near  Exeter,  in  England,  occur  ii  a 
sandstone  analogous  to  the  red. 

The  calcareous  formation  which  surmounts  the  coal-sandstone,  called  by  geolopsU 
zechstein,  magnesian  limestone,  and  older  alpine  limestone,  contains  diflferent  depositesflf 
metallic  ores;  the  most  celebrated  being  the  cupreous  schist  of  Mansfeidt,  a  stntmnof 
calcareous  slate  from  a  few  inches  to  two  feet  thick,  containing  copper  pyrites  in  safi- 
cient  quantity  to  afibrd  2  per  cent,  of  the  weight  of  the  ore  of  an  argentiferous  copper. 
This  thin  layer  displays  itself  in  the  north  of  Germany  over  a  length  of  eighty  leagues, 
from  the  coasts  of  the  Elbe  to  the  banks  of  the  Rhine.  Notwitl^tanding  its  thiaaess 
and  relative  poverty,  skilful  miners  have  contrived  to  establish,  on  dificrent  points  of 
this  slate,  a  number  of  important  explorations,  the  most  considerable  being  in  the  terri- 
tory of  JVf  ansfeldt,  particularly  near  Rotten  burg.  They  produce  annuaUy  2,000  tang  of 
copper,  and  20,000  marcs  of  silver.  We  may  also  mention  those  of  Hessia,  sitaaled 
near  Frankenberg,  Bieber,  and  Riegelsdorf.  In  the  latter,  the  cupreous  schist  aad  its 
accompanying  strata  are  traversed  by  veins  of  cobalt,  mined  by  the  same  system  oTua- 
derground  workings  as  the  schist.  These  operations  are  considerable;  they  extend,  ia 
the  direction  of  the  strata,  through  a  length  of  8,700  yards,  and  penetrate  downward  to 
a  very  great  depth.  Three  galleries  of  efflux  are  to  be  observed;  two  of  which  poar 
their  waters  into  the  Falde,  and  the  third  into  the  Verra.  One  of  them  runs  aboat  SO 
yards  below  the  most  elevated  point  of  the  workings.  These  mines  have  been  in  ac- 
tivity since  the  year  1530.    Analogous  mines  exist  near  Saalfeld,  in  Saxony. 

To  the  same  geological  formation  must  probably  be  referred  the  limestone  which  cos- 
tains  the  sparry  iron  mine  of  Schmlacalden,  at  the  western  foot  of  Thnringervild, 
where  there  has  been  explored  from  time  immemorial  a  considerable  mass  of  this  or 
known  by  the  name  of  Stahlberg.  The  working  is  executed  in  the  most  irregular  bmb- 
ner,  and  has  opened  up  enormous  excavations ;  whence  disastrous  ruins  have  takoi 
place  in  the  mines.  It  furnishes  annually  4,500  tons  of  ore,  which  keep  in  play  a  great 
number  of  furnaces,  where  a  deal  of  iron  and  steel  is  manufactured. 

At  Tarnowitz,  14  leagues  S.E.  of  Oppeln,  in  Siberia,  the  zechstein  contains,  in  some 
of  its  strata,  considerable  quantities  of  galena  and  calamine ;  into  which  mines  bare 
been  opened,  that  yield  annually  from  600  to  700  tons  of  lead,  1,000  to  1,100  marcs  of 
silver,  and  much  calamine.  Mines  of  argentiferous  lead  are  noticed  at  OIkutcb  aad 
Jaworno,  in  Gallicia,  about  6  leagues  N.£.  of  Cracow,  and  15  leagues  E.N.E.  of  Tarao- 
witz.  Their  position  seems  to  indicate  that  they  belong  to  the  same  Ibrmation ;  sad 
possibly  those  of  Willach  and  Bleyberg  in  Carinthia  have  the  same  locality. 

There  has  been  discovered  lately  near  ConfoUru,  in  the  department  ofliCkmrmUjm 
a  secondary  limestone,  calcareous  beds,  and  particularly  subordinate  beds  of  qaarli, 
which  contain  considerable  quantities  of  galena.  At  Figtae  also,  in  the  depaotnieat  of 
U  Loty  deposites  of  galena,  blende,  and  calamine,  occur  in  a  secondary  limestone.  At 
la  VouUe,  on  the  banks  of  the  Rhone,  there  is  mined,  in  the  lower  courses  of  the  lim^ 
stones  that  constitute  a  great  portion  of  the  department  of  the  Arddche,  a  powerftl  bed 
of  iron  ore. 

It  is  in  the  zechstein,  or  in  the  sandstones,  and  trap  rocks  of  nearly  the  same  ase, 
that  the  four  great  deposites  of  the  sulphuret  of  mercury,  of /drift,  the  PmlalimmU,  J^^ 
madeny  and  Huancavdicay  are  mined. 

The  formation  which  separates  the  zediMtetn  from  the  lias  (caicakre  a  grffpkiU$},  eaM 
new  red  sandstone  and  red  marl  in  England,  and  bunter-iandstein,  mnsehdkalk,  aad 
qnadersandsteia.  in  Oennany,  presents  hardly  any  important  mimeB  tmefit  those  afndt 
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salt ;  which  enrieh  it,  not  only  in  the  centre  of  Europe,  as  in  Chediire,  at  Vie,  Wielieska, 
Bochnia,  and  Salzbourg,  but  in  many  other  parts  of  the  world. 

The  lias  contains  often  very  pyritous  lignites,  which  are  mined  in  many  places,  and 
particulai'ly  at  Whitby  and  Gnisboroagh  in  Yorkshire,  for  the  manufacture  of  alum  and 
copperas. 

The  ooUf  ic  limestones  contain  strata  of  iron  ore,  which  are  mined  in  some  districts  of 
France. 

The  iron  sand  (Hastings  sand)  beneath  the  chalk  formation,  is  often  so  strongly  im- 
bued with  iron  as  to  be  worth  the  working. 

The  lowest  beds  of  the  chalk  contain  iron  pyrites,  which  has  become  the  object  of  an 
important  exploration  at  Vissans^  on  the  southern  coast  of  the  Ptu-de-CtUau,  where  it  is 
converted  into  sulphate  of  iron.  The  waves  turn  the  nodules  out  of  their  bed,  and  roll 
them  on  the  shore,  where  they  are  picked  up. 

If  the  chalk  be  poor  in  useful  minerals,  this  is  not  the  case  with  the  plastic  clay  for- 
mation above  it ;  for  it  coDtains  important  mines.  In  it  are  explored  numerous  beds 
of  lignite  (wood-coal),  either  as  fuel  or  a  vitriolic  earth.  From  these  lignite  deposites^ 
also,  the  yellow  amber  is  extracted. 

The  other  tertiary  formations  present  merely  a  few  mines  of  iron  and  bitumen. 

Several  of  the  secondary  or  tertiary  strata  contain  deposites  of  sulphur,  which  are 
mined  in  various  countries. 

The  formations  of  a  decidedly  volcanic  origin  afford  few  mining  materials,  if  we  ex- 
cept sulphur,  alum,  and  opals. 

MINES  OF  THE  AU.UVZAL  STRATA.* 

This  formation  contains  very  important  mines,  since  from  it  are  extracted  all  the  dia- 
monds, and  almost  all  the  precious  stones,  the  platinum,  and  the  greatest  part  of  the  gold, 
with  a  considerable  portion  of  the  tin  and  iron.  The  diamond  mines  are  confined  nearly 
to  Brazil,  and  to  the  kini^oms  of  Golconda  and  Visapour  in  the  East  Indies. 

MORTAR,  HYDRAULIC.  Professor  Kuhlmann,  of  Lisle,  obtained  a  patent  in 
April,  1841,  in  the  name  of  Mr.  Newton,  for  certain  improvements  in  the  manufacture 
of  lime-cement  and  artificial  stone ;  and  of  which  he  gave  me  a  sample,  possessed  of  a 
hardness  and  solidity  fit  for  the  sculptor. 

In  operating  by  the  dry  method,  instead  of  calcining  the  limestone  with  sand  and 
clay  alone,  as  has  been  hitherto  commonly  practised,  the  inventor  introduces  a  small 
quantity  of  soda,  or,  preferably,  potash,  in  the  state  of  sulphate,  carbonate,  or  muriate ; 
salts  susceptible  of  forming  silicates  when  the  earthy  mixture  is  calcined.  The  alkaline 
salt,  equal  in  weight  to  about  one  fifth  that  of  the  lime,  is  introduced  in  solution  among 
the  earths. 

All  sorts  of  lime  are  made  hydraulic,  in  the  humid  way,  by  mixing  slaked  lime  with 
solutions  of  common  alum  or  sulphate  of  alumina ;  but  the  best  method  consists  in  em- 
ploying a  solution  of  the  silicate  of  potash,  called  liquor  of  fiints,  or  soluble  glass,  to  mix 
in  with  the  lime,  or  lime  and  clay.  An  hydraulic  cement  may  also  be  made  which  will 
serve  for  the  manufacture  of  architectural  ornaments,  by  making  a  paste  of  pulverized 
chalk,  with  a  solution  of  the  silicate  of  potash.  The  said  liquor  of  flints  will  likewise 
give  chalk  and  plaster  a  stony  hardness,  by  merely  soaking  them  in  it  aAer  they  are  cut 
or  moulded  to  a  proper  shape.  On  exposure  to  the  air,  they  get  progressively  indurated. 
Superficial  hardness  may  be  readily  procured  by  washing  over  the  surface  of  chalk,  &e., 
with  liquor  of  flints,  by  means  of  a  brush.  This  method  affords  an  easy  and  elegant 
method  of  giving  a  stony  crust  to  plastered  walls  and  ceilings  of  apartments ;  as  also  to 
statues  and  busts,  cast  in  gypsum,  mixed  with  chalk. 

The  essential  constituents  of  every  good  hydrauUc  mortar,  are  caustic  lime  and 
silica ;  and  the  hardening  of  this  compound  under  water  consists  mainly  in  a  chemical 
combination  of  these  two  constituents  through  the  agency  of  the  water,  producing  a 
hydrated  silicate  of  lime.  But  such  mortars  may  contain  other  bases  besides  lime,  as 
for  example  clay  and  magnesia,  whence  double  silicates  of  great  solidity  are  formed ; 
on  which  account  dolomite  is  a  good  ingredient  of  these  mortars.  But  the  silica  must 
be  in  a  peculiar  state  for  these  purposes;  namely,  capable  of  affording  a  gelatinous  paste 
with  acids ;  and  if  not  so  already,  it  must  be  brought  into  this  condition,  by  calcining 
it  along  with  an  alkali  or  an  alkaline  earth,  at  a  bright  red  heat,  when  it  will  dissolve, 
and  gelatinize  in  acids.  Quartzose  sand,  however  fine  its  powder  may  be,  will  form  no 
water  mortar  with  lime ;  but  if  the  powder  be  ignited  with  the  lime,  it  then  becomes  fit 
for  hydraulic  work.  Ground  felspar  or  clay  forms  with  slaked  lime  no  water  cement  i 
but  when  they  are  previously  calcined  along  with  the  lime,  the  mixture  becomes  capable 
of  hardening  under  water. 

The  mastic  called  HamelMt,  and  so  much  employed  in  London,  is  composed  of 
ground  Portland  stone  (roe  stone),  sand,  and  litharge,  in  the  proportion  of  62  of  the 
first,  36  of  the  second,  and  3  of  the  third,  in  100  parts ;  bat  other  proportions  will  also 
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answer  the  purpose.  I  find  that  chaJk  will  not  make  r  good  mastie  ^  being  too  esm- 
pact  to  permit  the  air  to  insinuate  between  the  pores,  and  to  produce  the  concreUoa  of 
the  linseed  oil,  with  which  the  above  mixture  is  worked  up  and  applied.  This  mastk 
soon  acquires  ereat  hardness,  and  is  totally  impervious  to  water.  The  surface  to  vhieh 
it  is  to  be  applied  must  be  dry,  and  smeared  over  with  linseed  oil.  Considerable  dcx* 
terity  is  required  to  make  good  work  with  it.  The  fine  dust  of  sandstone  alone,  mixed 
with  10  or  12  per  cent,  of  litharge,  and  7  per  cent,  of  linseed  oil,  forms  an  exedleal 
mastic. 

^  Limestone,  which  contains  so  much  as  10  per  cent,  of  clay,  comports  itself  after  cal- 
cination, if  all  the  carbonic  acid  bn  expelled,  just  as  pure  limestone  would  do.  When 
it  is  less  strongly  burned,  it  affords,  however,  a  mass  which  hardens  pretty  speedily  it 
water.  If  the  artrillaceous  proportion  of  a  marl  amounts  to  18  or  20  per  cent.,  it  still 
will  slake  with  water,  but  it  will  absorb  less  of  it,  and  forms  a  tolerably  good  hydnaUe 
mortar,  especially  if  a  little  good  Roman  cement  be  added  to  it.  When  the  proportioa 
of  clay  is  25  or  30  per  cent,  after  burning,  it  heats  but  little  with  water,  nor  does  ix 
slake  well,  and  must  therefore  be  ground  by  stampers  or  an  edge  millstone,  when  it  is 
to  be  used  as  a  mortar.  This  kind  of  marl  yields  commonly  the  best  water  caoai 
without  other  addition.  Should  the  quantity  of  clay  be  increased  further,  u  up 
to  40  per  cent.,  the  compound  will  not  bear  a  high  or  long-continued  heat  without bein« 
spoiled  for  making  hydraulic  mortar  after  grinding  to  powder.  When  more  stroDgly 
calcined,  it  forms  a  vitrifbrm  substance,  and  should,  after  being  pulverized,  be  mixc^ 
up  with  good  lime,  to  make  a  water  mortar.  If  the  marls,  in  any  locality,  differ  mvch 
in  their  relative  proportions  of  lime  and  alumina,  as  may  be  readily  ascertained  by  lite 
use  of  my  lime-proof  apparatus  (see  Ajrptndix),  then  the  several  kinds  should  be  miied 
in  such  due  proportions  as  to  produce  the  most  speedily-setting  and  most  highlT-indan- 
ting  hydraulic  cement. 

MUNDICK.     The  name  given  by  the  Cornish  miners  to  iron  or  arsenical  pyrites. 

MUSK.  The  musk  deer,  from  the  male  of  which  animal  species  the  bag  cootaiiu&g 
this  valuable  drug  is  obtained,  is  a  native  of  the  mountainous  Kirgesian  and  Langonm 
steppes  of  the  Altai,  on  the  river  Irtish,  extending  eastward  as  far  as  the  river  Jeaesi 
and  Lake  Baikal ;  and  generally  of  the  mountains  of  eastern  Asia,  between  30-  lal 
60°  of  N.  L.  Two  distinct  kinds  of  musk  are  known  in  commerce,  the  first  being  lie 
Chinese  Tonquin,  Thibetian,  or  Oriental,  and  the  Siberian  or  Russian.  The  Chiooe 
IS  regarded  by  Dr.  Goebel  as  the  result  of  ingenious  adulterations  of  the  genuine  aitide 
by  that  crafty  people.  The  Russian  musk  is  genuine,  the  bags  never  being  opeoed, 
are  consequently  never  sewn,  nor  artificially  closed,  like  those  imported  into  Loiukm 
from  China.  The  former  is  sometimes  so  fresh,  that  moisture  may  be  expressed  froQ 
the  bag  by  cutting  through  its  fleshy  side.  The  interior  mass  is  frequently  of  i  soft 
and  pappy  consistence ;  but  the  surface  of  the  bag  is  perfectly  dry.  The  Chinese  bogs 
are  ibund  invariably  to  have  been  opened  and  again  glued  together,  more  or  less  neatly; 
though  sometimes  the  stitches  of  the  sewing  are  manifest.  Mr.  DyTssen,  an  eminent 
merchant  at  St.  Petersburgh,  states  that  during  the  many  years  he  has  been  in  the  tndc, 
although  he  has  received  at  a  time  from  100  to  200  ounces  from  London,  yet  in  no 
case  whatever  has  he  met  with  a  bag  which  had  not  been  opened,  and  closed  with  more 
or  less  ingenuity.  The  genuine  contents  seem  to  have  been  first  removed,  modified, 
and  replaced.  M.  Guibourt  gives  the  following  as  the  constituents  of  a  Chinese  musk- 
bag  :  1,  water ;  2,  ammonia ;  3,  solid  fat  or  stearine :  4,  liquid  fat  or  elaine ;  5,  cho- 
lesterine;  6,  acid  oil,  combined  with  ammonia;  7,  volatile  oil ;  8-10,  hydrochloratc! 
c^ ammonia,  potassa,  and  lime ;  11,  an  undetermined  acid;  12,  gelatin;  13,  albomen; 
14,  fibrin;  15,  carbonaceous  matter  soluble  in  water ;  16,  calcareous  salt ;  17,  carbo* 
nate  of  lime ;   18,  hairs  and  sand. 

From  June,  1841,  to  June,  1842,  a  duty  of  64.  per  ounce  was  paid  at  the  port  of 
London  alone  upon  969  ounces  of  musk.  The  prices  of  grain  musk  of  the  best  qnility 
(the  matter  without  the  bag)  varies  from  60«.  to  95^.  per  ounce. 

There  is  a  superior  musk  imported  now  from  the  United  States,  which  is  nearly  fiee 
from  the  carbonate  of  lime,  so  abundant  in  the  bags  of  the  Siberian  musk. 

MUSQUET.  It  is  now  fourteen  years  since  the  Hon.  Board  of  Ordnance,  with  the 
view  of  introducing  the  use  of  percussion  firearms  into  the  British  army,  employed  mc 
to  investigate  experimentally  the  best  mode  of  preparing  the  priming  powder  for  that 
purpose.  The  result  of  these  experiments  was  presented  in  a  report,  the  substance  of 
which  is  given  under  the  article  "  Fulminate"  in  the  Dictionary.  During  this  long  in- 
terval, Mr.  Lovell,  inspector  of  small-arms  for  her  majesty's  service,  and  director  of  the 
Royal  Manufactory,  at  Enfield  Chase,  has  directed  his  ingenious  mind  to  the  constnie* 
tion  of  a  sore,  simple,  and  strong  musquet,with  which,  under  his  able  guperinlendeBee, 
the  whole  of  her  majesty's  soldiers  are  now  provided.  He  has  also  furnished  than 
with  a  short,  but  clear  set  of  instructions,  for  the  cleaning  and  management  of  these 
excellent  arms,  illustrated  by  a  series  of  wood  engravings.  From  this  little  work  the 
following  notice  is  copied : — 
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J^.  ^:  The  Itanvl,  recced  to  OEe-seTenth  rizel  a,  flie  breadi ;  5,  the  nipple-seal 
or  lump ;  c,  the  back-eight ;  d,  the  back  loop ;  e,  the  middle  loop ;  /,  the  swixel-loop; 
g,  the  front-loop  with  the  bayonet-epring  attached ;  h,  the  front  sight;  i,  the  muzzle. 

J^tg.  95.  The  breech-pin^  half  size,  a,  the  taag;  b,  the  neck ;  c,  the  screw-threads ; 
dy  the  face. 
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Jf^.  96.    The  bayonet-spring,  two  ways,  half  size,    a,  the  shank ;  h,  the  Md^.  e, . 
tie  nook  {  tf,  the  mortiee. 

J*<g.  97.    The  nipple,  fViB  size,    a,  the  eone;  6^  the  squares;  e,  Iha  shovUfer)  4» 
the  serew-threads ;  e,  the  tonch-hole. 

J^  99«  .  The  vammery  reduced  to  one-eerenth  size,    a,  the  head ;  h,  the  shilt|.  ^, 
M  MirMMhreads. 
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Fig*  99.    The  lock  OQiside,  half  fixe.    Oytheplate;  ft,  tke  coek^  ^Am 

dy  the  hollow  for  ihe  nipple  aetX. 


Fig.  100.    The  lock  inside,  half  size,  showing  all  the  parts  in  their  placet  with  the 
ddwn  at  bearer,    a,  the  main-spring;  b,  the  sear-spring;  e,  the  sear;  d^  the 


i,  the  bridle;  /,  the  main-spring;  g,  the  sear-pin;  A,  the  acar-spring-pin;  t,  the 
bridle-pin. 

N. 


NITRE  (SaUpdre),  and  NITRATE  OF  SOPA  (Cafttc  mire),  imported  for 
consumption  in  1839,  314,643  cwts.;  in  1840,  369,204;  dnty  6d,  per  cwL 

NITROMETER.    See  Jppendix. 

NUTMEGS;  imported  for  consumption  in  1839,  133,470  lbs.;  in  1840,  lIA,5Ms 
duty  from  British  possessions,  29.  6d* ;  from  foreign,  3t.  6^.  per  lb. 

O. 

OIL,  COCOA-NUT;  imported  for  consumption  in  1839,  16,153  ewts.;  in  1840^ 
37,269 ;  duty,  1«.  3d.  per  cwt. 

OIL,  OLIVE;  imported  for  consumption  in  1889,  1,806,178  gallons;  m  1841^ 
1,985,902;  duty  Sd.  per  gallon. 

OIL,  PALM;  imported  for  consumption  in  1839,  262,910  ewto.|  in  1840,  314^881; 
duty,  U,  3(2«  per  cwt. 

OIL.  train,  apermaceti,  and  bHubber;  imported  for  consumption  in  1889,  21,438 
tuns;  in  1840,  19,955,  of  British  fishing  It.  per  tun;  of  foreign  fishing,  961. 18k 
per  tun. 

The  numerous  uses  of  unctuous  oils -give  importance  to  their  preparatioB,  an 
of  food,  or  for  burning  in  lamps,  and  for  the  manufhcture  of  aonpi^  *«•    Tkm 
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iBott  prodnethre  of  ofl  are- those  of  colza  (a  species  of  cabbage,  hrastiea  arvenau),  rape, 
mustard,  sesamoHi,  poppy,  linseed,  hemp,  and  beechmast.  Nots  afford  an  oil  that  is  much 
esteemed  for  certain  purposes,  and  may  be  easQy  obtained  by  pressure.  The  following 
table  indicates  the  quantities  of  oil  which  can  be  extracted  from  different  fruits,  and 
some  other  substances : — 


100  PwU  of  each 

Oil  p«r  Cent. 

100  ParU  of  each. 

Oil  per  Cent. 

Walnuts        ... 

40  to  70 

Wild  mustard  seed  - 

30 

Castor-oil  seeds 

62 

Camelina-seed 

28 

Hazel-nuts     ... 

60 

Weld-seed      - 

29  to  36 

Garden  cress  seed  - 

66  to  58 

Gourd-seed    -        .        - 

25 

Sweet  almonds 

40  to  54 

Lemon-seed   ... 

25 

Bitter  almonds 

28  to  46 

Onocardium    acanthi^  or 

Poppy-seeds   -       -       - 

56  to  63 

bear's  foot  ... 

26 

Oily  radish  seed 

50 

Hemp-seed     ... 

14  to  25 

Sesamum  (j^fi^oli^^c) 

50 

Linseed-        ... 

11  to  22 

Lime-tree  seeds 

48 

Black  mustard  seed 

15 

Cabbage-seed 

30  to  39 

Beechmast      ... 

15  to  17 

White  mustard      r- 

36  to  38 

Sunflower-seeds 

15 

Rape,  colewort,  and  Swe- 

Stramonium,   or    thorn- 

dish  turnip  seeds - 

33*5 

apple-seeds 

15 

Plum  kernels  ... 

33*3 

Grape-stones  ... 

14  to  22 

Colza-seed     .       .       - 

36  to  40 

Horse  chestnuts     - 

1-2  to  8 

Rape-seed      .       -        - 

30  to  36 

St.  Julian  pimn 

18 

Euphorbium  {spurge  seed) 

30 

t 

1 

To  obtain  the  above  proportions  of  oil,  the  fruits  must  be  all  of  good  quality,  deprived 
of  their  pods,  coats,  or  tnvoZucrir,  and  of  all  the  parts  destitute  of  oil,  which  also  must  be 
extracted  in  the  best  manner. 

The  following  table  is  given  by  M.  Dumas,  as  exhibiting  the  practical  results  of  the 
French  seed  oil  manufacturers : — 


Weight  per  Hectolitre. 

Prodace  in  Litres. 

Summer  colza     - 

54  to  65  kUogs. 

21  to  25 

Winter  colza 

66  to  70    — 

25  to  28 

Rape^eed 

55  to  68    — 

23  to  26 

Camelina-seed    ... 

53  to  60    — 

20  to  24 

Poppy-seed          ... 

54  to  62    — 

22  to  25 

Madia  Saliva     ... 

40  to  50    -* 

12  to  15 

Beechmast          ... 

42  to  50    — 

12  to  15 

Hemp-seed          ... 

42  to  50    — 

12  to  15 

Linseed  .... 

By  sample,  67. 

10  to  12 

Stripped  walnuts  - 

From  100  kilogs. 

46  to  50 

Sweet  almonds    ... 

—    100    — 

44  to  48 

Olives     .... 

1 

—    100    — 

10  to  12 

Colza,  rape-seed,  and  cameline  oils  are  employed  for  lamps;  poppy,  madia  sativa,  are 
employed,  when  recent,  as  articles  of  food — or  for  soaps  and  paintings;  hemp-seed  and 
linseed  for  painting,  soft  soaps,  and  for  printers'  ink ;  walnut  oil,  for  food,  painting,  and 
lamps;  olive  oil,  for  food,  soaps,  lamps. 

In  extracting  oil  from  seeds,  two  processes  are  required — 1st,  iritfiration ;  2d,  saipret- 
atoi ;  and  the  steps  are  as  follows : — 

1.  Bruising  under  revolving  heavy-edge  millstones,  in  a  circular  bed,  or  trough  of  iron, 
beddiid  on  granite. 
^  2.  Heating  of  the  bruised  seeds,  by  the  heat  either  of  a  naked  fire  or  of  steam. 

3.  Fint  pressure  or  crushing  of  the  seeds,  either  by  wedges,  screw,  or  hydraulic  presses. 

4.  Second  crushiiig  of  the  seed  cakes  of  the  first  pressure. 

5.  Heating  the  braised  cakes ;  and  6.  A  final  crushing. 

The  seeds  are  now  very  generally  crushed,  first  of  all  between  two  iron  cylinders 
revolving  in  opposite  direclkms,  and  fed  in  from  a  hopper  above  them ;  aAer  which  they 
yieM  more  oom|4ete]y  to  the  triturating  Action  of  the  edge  stones,  which  are  usually 
iKkoped  round  with  ft  massive  iron  ring.  A  pair  of  edge  millstones  of  about  7  or  7| 
leet  in  diametar,  and  25  or  26  inches  thick,  weighing  from  7  to  8  tons,  can  crush,  in 
12  honis^  fitNtt  2i  to  3  tons  of  seeds.    The  edge-miUstones  serve  not  merely  to  grind 
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the  seeds  at  fint,  bat  to  tritunte  the  cakes  after  thejr  have  heen  enished  in  Uus  ,_. 
Old  dry  seeds  sometimes  require  |o  be  sprinkled  with  a  little  water  to  B»ke  the  fld 
come  more  freely  away ;  but  this  practice  requires  great  care. 

The  apparatus  for  heating  the  bruised  seeds  consists  usually  of  cast-iroa  or  coppei 
pans,  with  stirrers  moved  by  machinery.  Figt.  101, 102, 103, 104,  repccacnt  the  hcateiB 
by  naked  fire,  as  mounted  in  Messrs.  Maudsley  and  Field's  excellent  seed  crnshiiig 
mills,  on  the  w^ge  or  Dutch  plan. 

Fig,  101  is  an  elevation,  or  side  view  of  the  fireplace  of  a  naked  heater;  /g.  IDS 
is  a  plan,  in  the  line  UU  of  >Sg.  101.  Fig.  103,  is  an  elevation  and  section  panUel  to 
the  line  VY  of  fig.  102.  Fig*  104,  is.a  plan  of  |hc^  furnace,  taken  above  the  gnte 
of  the  fireplace. 


104 


A,  fireplace  shut  at  top  by  Ike  eeft-lrat  idate  B  f  cnOed  the  Hreplirte. 

C,  iron  ring-pan,  resting  on  the  plate  B,  ibr  holding  the  seeds ;  iHiidi  h  kept  in  ili 
plaee  by  the  pins  or  bolts  a. 

D,  funnels,  briitkin,  into  whieh  by  polling  tko-  ring-eue  c^  by  the  handlet  l>,  I,  lie 
sebds  are  made  fa  fall,  from  whidi  they  pastf  into  bags  suspended  to  the  hooks  e. 

£,yig.  108,  the  stiner  n^ich  prevents  the  seeds  from  being  burned  by  eontiBMi 
contact  with  the  hot  plate.    It »  aSlaehed  bf  attoiingf-jeint  to  Ike  tMtar  Fy wiiek 
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tarns  irith  the  shaft  6,  and  slides  up  and  down  npon  it.  H,  a  berel  wheel,  in  gear 
with  the  beyel  wheel  I,  and  giving  motion  to  the  shaft  6, 

K,  a  lever  for  lifting  np  Uie  agitator  or  stirrer  £.  €,  a  catch  for  holding  np  the 
lever  K»  when  it  has  been  railed  to  a  proper  height. 

Fig.  105,  front  elevation  of  the  wedge  seed-cmshing  machine,  or  wedge-press* 
Fig.  106y  section,  in  the  line  XX,  of  >lg.  107. 

106  y  •  105  ^ 


Fig.  107,  horizontal  section,  in  the  line  YT,  of  ^g.  106. 
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A,  A,  Upright  gnides,  or  ftame^work  of  wood. 

B,  B,  Sde  guide-rails. 

D,  Driving  stamper  of  wood  which  inresies  out  the  oil;  C,  i|iring  stamper,  or  re- 
lieving wedge  to  permit  the  bag  to  be  taken  out  when  sufficiently  pressed.  £  is  the 
lifting  shaft,  having  rollers,  b,  b,  b,  b,  fig.  106,  which  lift  the  stavipers  by  the  cams, 
^9  A>  fiS*  1^*    ^1  i>  the  shaft  fh>m  the  power-engine,- on  which  the  lifters  are  iiied. 

6,  is  the  east  iron  press-b«s,  in  which  the  bags  of  seed  are  placed  for  presmic^  later- 
ally by  the  force  of  the  wedge. 
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0,  flgi.  IDS  ind  108 )  (he  Bpring,  or  relieving  wedge. 
t,  lighter  rail ;  d,  liAiag-rope  to  ^tto. 
/.  />  />  /.  iooring  overhead. 

f.  Jig:  105  and  108 ;  the  back  iron,  or  end-plate  nuantelr  perforated. 
,  the  horae-hiir  bags  (called  haira),  contumng  the  Oaanel  bag,  charged  with  seed; 
t,  the  dam-blaclc;  m,  the  spring  vedge. 

Fig.  lOT,  A,  upright  guides;  C,  and  D,  spring  and  driving  stampen;  E,  lifting 
roller;  F,  lidiag  shah;  a,  a,  cams  oT  stampers. 

Fig.  108,  a  view  o(  one  set  of  the  wedge-bazo,  or  presses;  sappoaiiig  llie  fimt  at 
them  to  be  removed. 

•no  ^g.  IDS;   0,  driving  wedge;  g,  hmA 

iron  j  A,  hairs  j  i,  dam-bloi^ ;  k,  tpea- 
ing  or  obUque  block,  between  the  two 
(tampers ;  I,  ditto  t  a,  ditto ;  m,  sinng 
wedge. 

When  in  the  cooise  of  a  few  minnlci 

the  bniised  seeds  are  snfficietttlT  beatel 

in  the  pans,  the  doable  door  FF  is  wilb- 

diawn,  and  they  art  reeQved  in  the  bagii 

below  the  apettore  Q.     These  bags  uc 

made  ot   strong  twilled  woollen   ekith, 

woven    on    purpose.       They    are    then 

wrapped    in    a    hair-eloth,   lined    wiik 

leather. 

The  first  pressnie  requires  only  a  dof  en  blows  of  the  stamper,  after  which  the  poochw 

•re  left  alone  for  a  few  minutes  till  the  oil  has  had  time  to  flow  out ;  in  iriiich  ioteival 

the  workmen  prepare  fresh  bags.    The  former  are  then  unlocked,  by  making  the  stamps 

foil  upon  the  loosening  wedge  or  key,  m. 

The  weight  o[  the  stampers  ia  usually  from  500  to  SOO  ponnda ;  and  the  hei^  fytm 
which  thej  fall  upon  the  wedgee  is  from  16  to  21  inches. 

Sach  a  mill  as  thai  now  described,  can  produce  a  pressnre  of  from  50  to  75  toM 
npoD  each  cake  of  the  following  dimensioos :  8  inches  in  the  broader  base,  T  incha 
in  the  narrower,  18  inches  in  the  heightj  altogether  nearly  140aqnBre  inches  in  aniiacc, 
and  about  {  of  an  inch  thick. 

OILS,  ADULTERATION  OF.  M.  Heideareich  has  ftmnd  in  the  appUeatiM 
of  a  few  drops  of  sulphuric  acid  to  a  film  of  oil,  upon  a  glass  plate,  a  means  of  uca- 
taiuiug  its  purity.  The  glass  plate  should  be  laid  upon  a  sheet  of  white  paper,  and  a 
drop  of  the  acid  let  fill  on  the  middle  of  ten  drops  of  the  oil  to  be  tried. 

With  the  oil  of  rapt-ittd  and  htmip-ittd,  a  greenish  blue  ring  is  gradnally  faraied  at 
a  certain  distance  from  the  acid,  and  some  yellowish  brown  bands  proceed  firm  tba 

With  mt  of  black  muilord,  in  double  the  above  quantity,  also  a  bluish  green  color. 

With  whale  and  cod-oU,  a  peculiar  cenlrifngol  motion,  then  a  red  c<dor,  increasing 
gradually  in  intenaily ;  and  after  sometime,  il  becomes  violet  on  the  edges. 

With  ml  of  camtiitit,  a  red  color,  passini;  into  bright  fellow. 

Olivt-oU,  pale  yeUow,  into  yellowish  green. 

Oil  qf  poppUi  and  saeel  alnumdt,  canary  yellow,  passing  into  an  opaque  jelhiw. 

Of  liiutri,  a  brown  magma,  becoming  black. 

or  iaUmc  or  oleiiu,  a  brown  color. 

In  testing  oils,  a  sample  of  the  oil  imagined  to  be  present  should  be  placed  aloagnde 
of  the  actual  oi^  and  both  be  compared  in  their  reactions  with  the  acid.  A  good  way 
of  approximating  to  the  knowledge  of  an  oil  is  b]'  healing  it,  vrtien  its  peculiar  odor 
becomes  more  sensible. 

Specific  gravity  is  also  a  good  criterion.  The  foUowbg  table  is  given  by  M.  Bei- 
denreich : —    . 


Oleine  or  Tallow  Oil  - 
Oil  of  Turnip  Seed      - 
Rape  Oil      - 
Olive  OU     - 
Purified  Whale  Oil      ■ 
Oil  of  Poppies     • 
Oil  of  Camelina  - 
Liueed  Oil . 
Cartn  Oil  -        . 


Lu^seeo  I 
Castro 


Sp.  Gr. 


-■ 


0-9003 

66 

0-9128 

60-75 

0-91S6 

60-20 

0-9231 

55-80 

0-9243 

S5-2fi 

0-9262 

M-76 

0'9347 

BO 

0-9611 

83-75 
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M.  Laorot,  a  Paiuitti  ehemiat,  finda  that  oolia  oil  (analogova  to  lapeieed  oil)  may 
be  tested  for  sophistication  with  cheaper  vegetable  oils  by  the  increase  of  density 
which  it  therefrom  acquires,  and  which  becomes  very  evident  when  the  several  oUs 
are  heated  to  the  same  pitch.  The  instrument,  which  he  calls  an  ideometery  is  merely 
a  hydrometer,  with  a  very  slender  stem.  He  plunges  it  into  a  tin  cylinder,  filled  with 
the  oil,  and  sets  this  cylinder  in  another  containing  boiling  water.  His  oleometer  is 
so  graduated  as  to  sink  to  zero  in  pure  colza  oil  so  heated ;  and  he  finds  that  it  stops 
at  210^  in  linseed  oil,  9I  124^  in  poppy-seed  oil,  at  83^  in  fish  oil,  and  at  136^  in  hemp- 
seed  oil — all  of  the  same  temperature.  By  the  increase  of  density,  therefore,  or  the 
ascent  of  the  stem  of  the  hydrometer  in  any  kind  of  colza  oil,  he  can  infer  its  degree 
of  adulteration. 

The  presence  of  a  fish  oil  in  a  vegetable  oil  is  readily  ascertained  by  agitation  with  a 
little  chlorine  gas,  which  blackens  the  fish  oil,  but  has  little  or  no  effect  upon  the 
vegetable  oil. 

I  find  that  lard  oil,  and  also  hogs'  lard,  are  not  at  all  darkened  by  chlorine. 

A  specific  gravity,  bottle  or  globe,  having  a  capillary  tabe-stopper,  would  make  an 
excellent  oleometer,  on  the  above  principle.  The  vessel  should  be  filled  with  the  oil, 
and  exposed  to  the  heat  of  boiling  watcir,  or  steam  at  212^,  till  it  acquires  that  tem- 
peratore,  and  then  weighed.  The  vessel  with  the  pnre  colza  oil  will  weigh  several 
grains  less  than  with  the  other  oils  similarly  treated.  Such  an  instrument  would  serve 
to  detect  the  smallest  adulterations  of  sperm  oil.  Its  specific  gravity  at  60^  when 
pore  is  only  0*875 ;  that  of  southern  whale  oil  is  0*922,  or  0*925;  and  hence  their 
mixture  will  give  a  specific  gravity  intermediate,  according  to  the  proportion  in  the 
mixture.  Thus  I  have  been  enabled  to  detect  sperm  oil  in  pretended  lard  oil,  in  my 
examination  of  oils  for  the  customs. 

OPIUM.  Imported  for  consumption  in  1839,41,632  lbs.;  in  1840,46,736;  daty, 
U>  per  lb. 


P. 

PAPER.  The  construction  of  wire-web  cylinders  for  paper-making  machines,  and 
the  combination  of  two  such  cylinders  in  one  machine,  by  the  use  of  which  two  distinct 
thicknesses  of  paper  pulp  are  obtained,  and  applied  face-wise,  to  form  one  thick  sheet, 
were  made  the  subject  of  a  patent  under  the  name  of  John  Donkin.  Two  cylinders 
are  so  placed  in  a  vat  that  their  circumferences  are  nearly  in  contact,  and  by  being 
turned  in  opposite  directions,  they  bring  two  sheets  of  paper  pulp  into  contact,  and  in- 
corporate them  into  one,  by  what  is  technically  termed  caudiing. 

An  extensive  patent  for  improvements  in  the  manufacture  of  paper  was  granted  to 
Charles  Edward  Amos  in  1840.  These  consist,  first,  in  gradually  lowering  the  roll  of 
the  engine  in  which  the  rags  ore  prepared  and  converted  into  pulp ;  secondly,  in  a  mode 
of  regulating  the  supply  of  pulp  to  the  papex^making  machine,  in  order  to  produce  papers 
of  any  required  thickness;  thirdly,  in  an  improved  sifter  or  strainer  through  which  the 
pulp  is  passed  for  clearing  it  of  knobs  and  lumps ;  fourthly,  in  certain  modifications  of 
the  parts  of  the  machine  in  which  the  pulp  is  deposited  and  moulded  into  continuous 
lengths  of  paper ;  fifthly,  in  an  improved  method  of  heating  the  cylinders  of  the  drying 
apparatus ;  and,  sixthly,  in  improvements  of  the  machinery  for  cutting  the  paper  into 
sheets  of  any  required  dimensions.  The  details  of  these  ingenious  contrivances,  illus- 
trated with  engravings,  are  given  in  NtwUnCt  Joumalf  xx.,  p.  153.,  C.  S. 

Henry  Crossley  purposes  to  manufacture  paper  from  waste  tan,  and  spent  hopa— 
with  what  success  I  have  not  heard.  Joseph  Hughes  gives  a  higher  finish  to  the  long 
web  of  paper  by  friction  between  two  cylinders,  the  one  of  which  moves  much  quicker 
than  the  other,  both  being  covered  with  felt  or  not,  at  pleasure. 

Mr.  John  Dickinson,  the  eminent  paper  manufacturer,  obtained  a  patent  in  1840 
for  a  new  mode  of  sizing  paper  continuously,  in  an  air-tight  vessel  (partly  exhausted 
of  air),  by  unwinding  a  scroll  of  dried  paper  from  a  reel,  and  conducting  it  through 
heated  size ;  then,  after  pressing  out  the  superfluous  size,  winding  the  paper  on  to  an- 
other reel. 

A  longitudinal  section  of  the  apparatus  employed  for  this  purpose  is  represented 
Jig,  109 ;  where  a  is  the  air-tight  vessel ;  6,  the  reel  upon  which  the  paper  to  be  sised 
IS  wound ;  whence  it  proceeds  beneath  the  guide-roller  c,  and  through  the  warm  sizo 
to  another  guide-roller  d.  It  thence  ascends  between  the  press-rolls,  s,/  (by  whose 
'revolution  the  paper  is  drawn  from  the  reel  b}y  and  is  wound  upon  the  reel  g.  A  float 
h  is  suspended  from  the  cross-bar  t,  of  the  vessel  a,  for  the  purpose  of  diminishing  the 
surface  of  size  exposed  to  evaporation ;  and  beneath  the  hottom  of  the  vessel  is'  an 
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Heaars.  Charles  Cowsd  and  Adam  Bamage,  paper-makoa,  pateaUd,  in  1S4(^  ■■- 
proved  rag  macbinery  i  ia  whieli  a  cylindrical  licTe  or  nrainer  of  wira-doth,  tt  k 

fculiar  eaastrnctioi],  ia  aabitituled  for  llie  ordinary  atraiaere,  by  which  the  diily  «ats 
BcpBraled  fram  the  palp.  They  do  aot  claim  the  cyliodric  foim  or  aieTc,  bat  "  the 
adding  oi  applying,  and  camliiiung  vilhin  the  interior  of  such  drum,  acoopa,  M 
backets,  for  the  puipoae  of  elevating  the  iTRter,  which  haa  entered  into  it  IhnMgk  ita 
wire  circumference,  •■>  that  the  water  when  elevated  may  be  able  to  ran  by  iti  awB 
gravity  ont  of  the  hollow  around  the  eential  aiia  of  the  drum  into  any  suitable  aboot 
or  tniagh,  and  ncape  at  a  level  abore  the  lorfaee  of  the  water  and  ragi  or  matexnl 
contained  in  the  paper-machine." 

Thmnna  Barrett  elainu,  in  his  patent  of  1841,  "  a  mode  of  drying  paper  by  applym^ 
■treama  of  air  to  itt  (wo  anrfacea,  ai  it  paaaea  over  the  atenm  cylindera,  whether  in  the 
atate  of  engine  aiie  or  water  leaf,  or  ailer  ailing;  aa  alao,  the  application  of  cnrrenla  of 
air  to  the  tniftcec  of  paper,  after  sizing,  in  order  to  cool  the  aiie ;  aa  the  paper  ia  paaa- 
Jng  to  the  drriikg  eylinden." 

The  ImproTcmenU  in  paper-making,  for  which  T.  W.  Wrigley,  of  Bridge  BaM 
MDla,  Buiy,  obtained  a  patent  In  1 842,  relate  to  the  r«g  engine,  j^«.   110,  111,  1)2. 


Imrger  acalet  and  fig.  113  ii  tn  elcntim.  He  veaMl  in  which  the  r*g*  are  placed  il 
■hmra  at  a  s,  and  in  about  the  centre  of  thia  tcmcI  the  beating  or  trilantling  roll,  b,  b, 
u  placed :  it  il  sorroanded  with  the  blades  or  roll  bars,  c  e,  fig.  111.  The  roll  it 
mouDled  apoa  sabaft,iii',oi)e  endorirhieh  is  placed  ID  a  pnleslal  or  bearing  on  thi 
further  side  of  the  chamber  a,  aad  the  other  in  a  bearing  upon  the  arm  or  level  t  e*, 
fig.  110,  which  is  lapported  by  its  falenim,  at  the  end  <*,  in  one  of  the  itandardi,  Z^, 
and  at  the  other  end  by  a  pin  fixed  in  the  connecting  rod,  g  g.  At  the  upper  end  of 
this  conneetiag  rod  there  is  a  croM-pieee,  or  head  h,  having  turned  piTots  at  each  end 
upon  which  are  placed  sniall  fallen,  i  i,  reatinR  apon  a  horiionlal  cam,  k  k,  which  i« 
nude  to  revolve.  This  cam,  k  k,  by  means  of  its  Kenring,  caniei  the  tnll  b  firet  of  all 
to  wash  the  rags  a  short  lime,  then  to  be  lowercdal  whalever  rate  is  desired  for  break- 
iag  the  fibresj  to  be  mainlained  al  (he  lowest  point  for  the  required  number  ofrevoln- 
tions  for  beating ;  and  to  be  raised  and  retained,  as  required,  for  the  final  purpose  of 
clearing  the  pulp.  The  upper  or  working  edge  of  this  cam  is  to  be  shaped  exacll; 
according  to  the  action  required  by  the  engine  roll;  u,  li>r  instance,  BUppoee  the 
previous  operation  of  washing  to  be  completed,  and  the  lime  reqnired  for  the  operatHHl 
of  the  rag  machine  to  be  three  hours,  one  of  which  is  required  for  lowering  the  ttdl) 
that,  or  the  first  diviaion  of  the  working  surface  of  the  cam,  k  k,  must  be  so  sloped  or 
inclined,  that,  according  to  the  speed  at  which  it  is  driven,  the  rollers  upon  Ibe  cross- 
head  shall  be  exactly  that  portion  of  the  lime  descending  the  incline  upon  the  cam, 
and  conseqaently  lowering  the  roll  upon  the  plates  n,fig.  Ill ;  and  if  the  second  hour 
•hall  be  required  for  the  roll  to  beat  up  the  rags,  the  roll  revolving  all  the  time  in 
contact  with  the  plates,  the  second  divinioQ  of  the  cam,  k  k,  must  be  «o  shaped  (thai 
la,  made  level],  that  the  roll  shall  be  allowed  to  remain,  dating  that  period,  at  its  lowest 
point ;  and  if  the  third  portion  of  the  time,  or  an  hour,  be  required  far  raising  the  roll 
■gain,  either  gradually  or  interrapledly,  then  the  third  division  of  the  cam,  fc,  must  b« 
■nilably  shaped  or  inclined,  so  as  lo  canae  the  croes-head  to  liA  the  roll  during  inch 
inlervnl  or  space  of  time)  the  particalar*  shape  of  the  inclined  portions  of  the  cam  de> 
pending  on  the  manner  in  which  the  awnuractnier  may  wish  the  roll  to  approach  to  w 
recede  from  the  bottom  plates,  during  its  descent  and  ascent  respectively. 

Its  mode  of  connexion  and  operation  in  the  rag  engine  is  as  follows  :  tupposing  that 
the  rags  iateiuUd  to  be  beaten  up  are  placed  in  the  Tend  a,  fig.  Ill,  and  motion  it 
eonunnnicaied,  from  a  steam-engine  or  other  power,  to  tha  farther  end  of  the  ahmtX  d, 
the  roll  b,  will  thus  be  caused  to  revolve,  and  the  rags  washed,  broken,  and  beaten  up, 
■■  they  proceed  from  the  front  weir  m,  over  the  bottom  plates  n,  and  again  round  b^ 
the  back  weir  o.  There  is  a  small  pulley  p,  upon  the  near  end  of  the  ahafi  d,  round 
which  a  band  q  passes,  and  also  round  another  puUeyr,  upon  the  cross  shaft  $;  apoB 
this  shaft  i*  a  worm  I,  gearing  into  a  worm-wheel  ■,  fixed  upon  aooUier  shaft  v,  below  i 
upon  the  revene  end  of  which  is  a  pinion  to,  gearing  into  ■  spur-wheel  x,  upon  the  end 
of  a  shaft  y ;  and  upon  the  centre  of  this  shaA  y,  there  is  another  worm  s,  gesring 
into  a  horizootal  worm-wheel  1,  upon  which  the  cam,  k  k,  is  fixed.  Thni  it  will  bi 
aeen,  that  (he  requisite  slow  DMtion  is  communicated  to  the  ram,  which  may  be  made 
to  perform  half  a  revolntion  ia  three  bonrs;  or  it  will  be  evident,  that  half  arevDlutira 
of  the  ram.  A;  ft,  maybe  perfarmed  in  any  other  time,  according  to  the  calculation  of  the 
gearing  employed.  The  shaft  may  also  be  driven  by  band,  so  aa  to  give  the  reqnirsd 
motion  to  the  cam.  Snppoaing,  now,  at  the  begiaoing  of  tlie  operation,  the  eroea  head 
bearing  the  lever  and  roU,  to  be  at  the  highest  point  npco  the  cam,  k  fc,  as  its  revMti- 
tion  commences,  the  roll  will  revolve  for  a  short  time  on  the  level  surface  of  the  cam, 
and  will  then  be  lowered  until  Ihs  earn,  k  k,  hat  arrived  at  that  point  which  govern*  the 
time  that  the  roll  remains  at  the  lowetl  pwU,  for  the  pirpoae  of  beating  Ibe  rag*  iaM 
palp,,  and  aa  the  tam,kk,  eontinaef  lo  revetr*,  knd  thna  bring*  the  oppocite  ilt^  apon 
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the  third  portion  of  iu  worldag  aniface  into  tctHm  aiM  the  eroee  bead,  the  niD  wiD  bt 
raised,  1a  order  to  clear  the  pvJp  from  knots  and  other  iiDperfeetioiift»aiid  thus  eoaiplele 
the  operation  of  the  engine.  In  order  to  raise  the  cross  head  and  roU  to  the  height 
from  which  it  descended  withoat  loss  of  time,  or  to  lift  the  cross-head  entire]  j  froiD  off 
the  cam  when  requisite ;  a  lerer  2,  or  other  suitable  oontriTance  may  be  attached  to  the 
apparatas,  also  a  shaft  may  be  passed  across  the  rag-engine,  and  both  ends  of  the  roQ  may 
be  raised  instead  of  one  only,  as  above  described. 

The  patentee  does  not  claim  as  his  invention  the  lowering  and  raising  the  roll  of  the 
rag  engine,  nor  the  lowering  of  it  by  mechanism^  as  this  was  effected  in  Mr.  Amo^t 
patent  of  1840 ;  but  he  claims  the  above  peculiar  apparatus  for  this  purpose. — JVewtai'j 
Journal,  xxiii.  254.    C.  S. 

PAPER--GroM  product  <f  revenue  from.  In  183 1,  723^8/. ;  1836, 812,7821. ;  1837, 
555,943/.;   1840,626,063/. 

PAPER  CLOTH.  The  preparation  of  this  fabric  is  thus  described  in  the  speci- 
fication  of  Mr.  Henry  Chapman's  patent  of  January,  1843.  A  suitable  quantity  af 
canvass,  ^auze,  muslin,  calico,  linen,  &c.,  is  wound  upon  a  roller,  which  is  introdaeed 
between  the  third  press  felt  of  a  Fourdrinier  paper  machine;  and  between  the  above 
roller  and  the  endless  felt  a  trough  is  introduced,  containing  a  solution  of  gum,  glue^ 
iLC,  with  a  roller  partially  immersed  in  it.  Pulp  being  now  allowed  to  flow  upon  the 
endless  wire  wheel  of  the  machine,  paper  is  made  in  the  ordinary  way ;  and  when  the 
endless  sheet  of  paper  has  been  led  through  the  machine,  the  end  of  the  eloth  is  faroogbt 
over  the  upper  part  of  the  roller  in  the  trough-,  and  moved  onward  in  the  direction  ^e 
paper  is  proceeding.  The  motion  of  the  cloth  causes  the  roller  to  revolve,  and  the  ad- 
hesive material  carried  upon  its  surface  is  imparted  to  the  doth,  which  is  then  laid  npoa 
the  paper,  as  it  passes  over  the  roller  immediately  preceding  the  third  or  last  press* 
roller.  By  passing  between  these  rollers,  the  doth  and  paper  are  firmly  united,  and 
being  dried  by  the  steam  cylinders,  form  the  compound  fabric.  If  required,  a  paper 
surface  may  be  applied  to  the  other  side  of  the  doth,  by  repeating  the  operation.  If 
the  doth  be  dressed  with  strong  starch,  the  bath  of  adhesive  solution  may  be  dispensed 
with.    The  following  prescription  is  given  for  making  that  solution : — 

Dissolve  in  15  parts  of  water,  4  of  soda,  and  combine  with  this  solntion,  hy  meaos 
of  heat,  9  parts  of  yellow  rosin ;  boil  for  an  hour,  adding  a  little  linseed  oil  to  ^Mercnt 
frothiuGT,  and  add  1  part  of  glue  to  the  mixture ;  aHer  which  dilute  the  whole  wiih  one 
and  a  half  times  its  weight  of  water,  and  strain  through  flannel.  Thirty  parts  of  thii 
composition  are  to  be  mixed  with  one  part  of  flour-paste,  and  six  parts  of  paper-palp^ 
which  mixture  is  to  be  used  warm. 

PEARLS,  ARTIFICIAL,  and  BEADS.  The  material  out  of  wbich  thcae  are 
formed  are  small  glass  tubes  like  those  with  which  thermometers  are  made.  The  tabes 
for  the  bright  red  pearls  consist  of  two  layers  of  glass,  a  white  opaque  one^ioternallT, 
and  a  red  one  externally ;  drawn  from  a* ball  of  white  enamel,  coated  in  the  Bohemiai 
method  with  ruby-colored  glass,  either  by  dipping  the  white  ball  into  a  pot  of  red 
glass,  and  thus  coating  it,  or  by  introducing  the  ball  of  the  former  into  a  cylinder  of 
the  latter  glass,  and  then  cementing  them  so  soundly  together  as  to  prevent  their 
separation  in  the  subsequent  pearl  processes.  *  These  tubes  are  drawn  in  a  gaDery  of 
the  glasshouse  to  100  paces  in  length,  and  cot  into  pieces  about  a  foot  long.  These 
are  afterward  subdivided  into  cylindric  portions  of  equal  length  and  diameter,  pre- 
paratory to  giving  them  the  spheroidal  form.  From  60  to  80  together  are  hid 
horizontally  in  a  row  upon  a  sharp  edge,  and  then  cut  quickly  and  dexterously  at  ogee 
by  drawing  a  knife  over  them*  The  broken  fragments  are  separated  from  the  regniu' 
pieces  by  a  sieve.  These  cylinder  portions  are  rounded  into  the  pearl  shape  by  softeniag 
them  by  a  suitable  heat,  and  stirring  them  all  the  time.  To  prevent  them  from  stidcing 
together,  a  mixture  of  gypsum  and  plumbago,  or  of  ground  clay  and  charcoal,  is  thrown 
tn  amon^  them. 

Figs,  114,  115,  represent  a  new  apparatus  for  rounding  the  beads;  fig.  114,  is  a 
front  view  of  the  whole ;  fig.  1 15,  is  a  section  through  the  middle  of  the  former  fignre, 
in  the  course  of  its  operation.  The  brick  furnace,  strengthened  with  iron  bands,  2,  3, 
5,  7,  8,  has  in  its  interior  (see  fig.  115),  a  nearly  egg-shaped  space  b,  provided  with 
the  following  openings  :  beneath  is  the  fire-hearth,  c,  with  a  round  mouth,  and  opposite 
are  the  smoke  flue  and  chimney,  d  ;  in  the  slanting  ftont  of  the  fumaee  is  a  large  open- 
ing, >E,>fg.  114.  Beneath  are  two  smaller  oblong  rectangular  orifices,  f,  g,  which 
extend  somewhat  obliquely  into  the  laboratory,  n.  h  serves  for  introdndng  the  wood 
into  the  fireplace.  All  these  four  openings  are,  as  shown  in  fig.  114,  secured  from 
injury  by  iron  mouth-pieces.  The  wood  is  burned  upon  an  iron  or  day  bottom  piece,  r. 
A  semi-circular  cover,  n,  doses  during  the  operation  the  large  opening,  e,  which  at 
other  times  remains  open.  By  means  of  a  hook,  m,  and  a  chain,  which  rests  upoa  a 
hollow  arch,  A,  the  cover,  n,  is  connected  with  the  front  end  of  the  long  iron  lever,  a,  n'. 
A  prop  supports  at  once  the  taming  axis  of  this  lever  and  the  eateh,  h,  e ;  the  wei^t^ 
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«,  dnwB  the  um  ■  down,  ud  therebr  holdi  np  n  ;  z  therefore  lemuni  open.    Br 
nds  on  Ike  buk  mil  t,  t,  tlie  hook  t,  in  which  b'  reati,  pioceedi  from  /.     When  b' 


it  iBued  B  linlu.  The  catch,  c  b,  enters  irich  iti  front  tooth  into  a  ilBoting  notch  spos 
the  upper  edge  of  b,  ipontaaeoiulr  by  the  aetion  of  the  spring  <;  whereb]'  the  open- 
ing E,  is  shat.  The  imall  door,  h,  rises  again  with  the  front  arm  of  the  lever 
br  the  opeialioa  of  the  weight  q  of  itself,  ■■  soon  aa  the  cnlcb  ia  released  bj  presrara 

The  most  important  part  of  the  whole  apparatos  i:i  the  drum,  e,  for  the  reeeptioa 
nnd  nraoding  of  the  bits  of  glass.  It  may  be  made  of  (bong  copper,  or  of  hammered 
or  caM  iron,  quite  open  aboTe  ami 
pierced  at  the  bottom  with  a  square 
hole,  into  which  the  lower  end  of 
the  long  rod,  t,  is  ezaetlj  fitted,  and 
secured  in  its  place  by  a  screwed 
collector  nut.  The  blant  point,  i, 
(.fig-  114)  rests  during  the  worii* 
lag  in  a  cooieal  iron  step  of  the 
laboratory, Jig.  IIS.  On  the  mouth 
of  the  drum,  i,  a  strong  iron  rii^ 
is  £ied,  having  a  bar  across  its  di- 
ameter, with  a  square  hole  in  it* 
middle  point,  fitted  and  secured  by 
1  pin  to  the  rod  /,  and  tamed  \>j 
U  rotation.  The  vessel  s,  and  iU 
tile,  (,  are  laid  in  a  glanting  direc- 
liont  the  aile  rests  in  the  npper 
ing,  t,  at  the  lower  end  of  the 
rod,  i,  of  whieh  the  other  end  is 
hoDg  to  the  hook,  n,  upon  the 
mantel  beam,  K.  On  the  upper  end 
of  (,  the  handle,  s,  is  fixed  for  turn- 
ing round  continuously  thp  veseel, 
T,  while  the  fire  is  burning  in  the 
uinace,  the  fuel  being  pat  not  only 
n  its  bottom  chamber,  but  also  into 
the  holes,  r,  □  (^g.  114).  Tho 
e-wood  is  made  very  dry  befors 
being  used,  by  piling  it  in  logs  upoa 
IS  shown  injigf.  114,  IIS. 


tne  lion  lMn>  9,  10,  11,  under  the  mantelpiece. 
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After  the  open^onfe  floMiedi  snd  tiie  tot^f  i0y  19  kibovbI^  Umb  dnm  is 
fti  eoDtenta,  as  foUoirs.    Upon  ^e  lude,  tf,  there'  w  towtid  k'  a  prijeccioD  at  «• 
side  the  farnace  (fig.  114)  there  ia  a  crane,  m,  that  tarns  upon  the  step  «,«,€«  the 

S'oand.  The  upper  pivot  tuns  in  a  hole  of  the  mantel-beam,  n.  Upon  the  perpcs- 
cular  arm,  w,  of  the  crane  there  is  a  hoolc,  y,  and  a  ring,  9,  in  idiidi  lh«  brmi  rod,  ^ 
is  moveable  in  all  directions.  When  the  drum  is  to  be  removed  from  the  fimacc,  the 
crane,  with  Its  arm,  w,  nrast  be  turned  inward,  the  mder  hook  of  the  rod,  ^  is  to  be 
hung  in  the  projecting  piece,  «,  and  the  rod,  /,  is  lifted  entirelT  out.  After  this,  bf 
means  of  the  crane,  ^e  drum  can  be  drawn  with  its  >od,  /,  ont  of  the  fnraace ;  mad 
through  the  mobility  of  the  crane,  and  its  parts,  p,  9,  any  desired  position  can  be  giren 
to  the  drum.  Fig.  114,  shows  how  the  workman  can  with  his  hand  applied  to  s'  de- 
press the  axle,  /,  and  thereby  raise  the  drum,  k,  so  high  that  it  will  empty  itself  imo 
the  pot,  L,  placed  beneath.  When  left  to  itself,  Uie  dram  on  the  contrary  hangs  neuly 
upright  upon  the  crane  by  means  of  the  rod,  p,  and  may  therefore  be  ^easily  fitted 
again  in  this  position.  The  manner  of  bringing  it  into  the  proper  porition  in  the 
furnace  by  means  of  the  crane  and  the  rod,  /,  is  obvious  from^g.  115. 

The  now  well-rounded  beads  are  separated  from  the  pulverulent  sohstuice  with 
which  they  were  mixed,  by  careful  agitation  in  sieves ;  and  they  are  polished  finaOy 
and  cleaneid  by  agitation  in  canvass-bags. 

PENS,  STEEL.  When  these  have  been  punched  ont  of  the  softened  nhect  tf 
steel  by  the  appropriate  tool,  fashioned  into  the  desired  form,  and  hardened  by  igninen 
in  an  oven,  and  sudden  quenching  with  cold  water,  they  are  best  tempered  by  heiaf 
heated  to  the  requisite  spring  elasticity  in  an  oil  bath.  The  heat  of  this  bath  is  usually 
judged  of  by  the  appearance  to  the  eye ;  but  this  point  should  be  correctly  determined  by 
a  thermometer,  according  to  the  scale  (see  Steel  in  the  DicnoHAav) ;  and  the&  the 
pens  would  acquire  a  definite  degree  of  flexibility  or  stiffness,  adapted  to  the  wants  and 
wishes  of  the  consumers.    Thty  are  at  present  tempered  too  often  at  random. 

PEPPER.  The  unripe  grains  or  corns  are  known  under  the  name  of  black 
pepper ;  the  ripe  ones,  deprived  of  their  epidermis,  constitute  white  pepper.  The 
latter  are  very  generally  bleached  by' steeping  for  a  tittle  while  intiottitlon  of  ehkriie 
of  Ume,  subsequent  washing  and  drying ;  a  process  which  improves  their  aspect,  bet 
not  their  flavor.  I  was  recently  led  to  examine  the  nature  of  this  sub^lmce 
what  minutely,  from  being  called  professionally  to  investigate  a  sample  of 
white  pepper  belonging  to  an  eminent  spice-house  in  the  city  of  London,  which 
had  been  seized  by  the  Excise  on  the  charge  of  its  being  adulterated,  or  mixi 
some  foreign  matter,  contrary  to  law.  I  made  a  comparative  analysis  of  that  pepper 
and  of  genuine  white  pepper-corns,  and  found  both  to  afford  like  results :  vis.  te  IW 
grains,  a  trace  of  volatile  oil,  in  which  the  aroma  chiefly  resides;  about  8^  grains  of  a 
pungent  resin,  containing  a  smaD  fraction  of  a  grain  of  piperine ;  abovt  60  graiBs  ef 
starch,  with  a  little  gum,  and '  nearly  30  grains  of  matter  insoluble  in  hot  and  ooU 
water,  which  may  be  reckoned  lignine.  The  two  chemists  in  the  service  of  the  Excise 
made  oath  before  the  court  of  judicature,  that  the  said  pepper  contained  a  notabk 
proportion  of  sago,  even  to  the  amount  of  fully  10  per  cent. ;  grounding  their  judgment 
upon  the  appearance  of  certain  rounded  particles  in  the  pepper,  and  of  the  deep  bine 
color  which  these  assumed  when  moistened  with  iodine  water.  No  allegntion  conU 
be  more  frivolous.  Braised  coras  of  genuine  white  pepper  certainly  acquire  as  deep  a 
tint  with  iodine  as  any  species  of  starch  whatever.  But  the  characters  of  smgOf 
optical  and  chemical,  are  so  peculiar,  as  to  render  the  above  surmise  no  less  prepos- 
terous, than  the  prosecution  of  respectable  merchants,  for  such  a  cause,  was  unjustifiable. 
A  particle  of  sago  appears  in  the  microscope,  by  reflected  light,  to  be  a  spherule  of 
snow,  studded  round  with  brilliants ;  whereas  the  rounded  particles  of  the  jctced  pepper 
seem  to  be  amorphous  bits  of  gray  clay.  Had  the  pepper  been  adulterated  with  such 
a  quantity  of  sago,  or  anything  else,  as  was  alleged,  it  could  not  have  afforded  me^ 
by  digestion  in  alcohol,  as  much  of  the  spicy  essence  as  the  bruised  genuine  pepper- 
corns did. 

Moreover,  sago,  steeped  for  a  short  time  iu  cold  water,  swells  and  softens  into  a 
pulpy  consistence,  whereas  the  particles  of  the  seized  pepper,  rounded  hy  attrition  in 
the  mill,  retain,  in  like  circumstances,  their  hardness  and  dimensions.  Sago,  being 
pearied  by  heating  and  stirring  the  fine  starch  of  the  sago  palm  in  a  damp  state,  vpon 
iron  or  other  plates,  acquires  its  peculiar  somewhat  loose  aggregation  and  brillBal 
surface ;  while,  in  pepper,  the  starchy  constituent  is  compactly  condensed,  and  hsmai. 
up  with  its  ligneous  matter. 

The  Excise  laws  are  sufficiently  odious  and  oppressive  in  themsetTes  withovt 
aggravated  by  the  servile  sophistry  of  pseudo-science. 

Four  pounds  of  black  pepper  yield  only  about  one  onnce  of  piperine,  or 
09fltK  part.    It  is  an  insipid  crystalline  substance,  insolpble  in  water^  bat  very  sohiUe 
in  boiling  alcohol,  and  is  extracted  at  first  along  with  the  resSn,  idiidi  may  %e 
ted  fh»n  it  afterward,  by  potash. 
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PERFUMERT,  INDIAN.  The  natives  place  on  the  gnmnd  a  layer  of  the  scented 
flowers,  about  4  inches  thick  and  2  feet  square ;  cover  them  with  a  layer  2  inches  thick 
of  Tel  or  S^amum  seed  wetted ;  then  lay  on  another  4-inch  bed  of  flowers,  and  cover 
this  pile  with  a  sheet,  which  is  pressed  down  by  weights  round  the  edges.  After  re- 
maining in  this  state  for  18  hours,  the  flowers  are  removed  and  replaced  by  a  siDiilar 
fresh  layer,  and  treated  as  before ;  a  process  which'  is  repeated  a  third  time,  if  a  very' 
rich  perfumed  oil  be  required.  The  sesamum-seeds  thus  imbued  with  the  essential  oil 
of  the  plant,  whether  jasmine.  Beta,  or  Chumbul,  are  placed  in  their  swollen  state  in  a 
mill,  and  subjected  to  strong  pressure,  whereby  they  give  out  their  bland  oil  strongly 
impregnated  with  the  aroma  of  the  particular  flower  employed.  The  oil  is  kept  in  pre- , 
pared  skins  called  dubbert,  and  is  largely  used  by  the  Indian  women.  The  attar  of 
roses  is  obtained  by  distillation  at  a  colder  period  of  the  year. 

PHOTOGRAPHY  is  the  art  of  making  pictorial  impressions  of  objects  by  the  action 
ot  light  upon  paper,  &c.,  prepared  with  certain  substances,  and  exposed  to  the  sun  or 
in  the  focus  of  a  camera  obscura  to  the  image  of  the  object  to  be  represented ;  which 
impressions  are  then  fixed  by  other  chemical  re-agents.  Photographic  paper  may  be 
made  by  dipping  Whatman's  glazed  post  paper  into  brine  containing  90  grains  of  com- 
mon salt  dissolved  in  an  ounce  of  water,  wiping  it  with  a  towel,  brushing  over  one  side 
of  it  with  a  broad  camel-hair  brush,  a  solution  of  nitrate  of  silver,  containing  50  grains 
to  the  ounce  of  distilled  water,  and  drying  it  in  the  dark.  The  paper  may  be  rendered 
more  sensitive  by  repeating  the  above  operation ;  drying  it  between  each  step.  It 
affords  perfect  images  of  leaves  and  petals  laid  upon  it,  and  exposed  simply  to  the  sun- 
beams. A  solution  of  100  grains  of  bromide  of  potassium  in  an  ounce  of  distilled 
water  answers  still  better  than  brine.  The  paper,  when  dry,  is  to  be  brushed  over  on 
one  side  with  a  solution  containing  100  grains  of  nitrate  of  silver  to  an  ounce  of 
water;  the  paper  being  brushed,  and  dried  in  the  dark.  If  the  application  of  the  ni- 
trate of  silver  be  repeated,  it  will  render  the  paper  more  sensitive.  The  silvered  side 
should  be  marked.  This  paper  laid  flat  under  painted  glass,  lace,  leaves,  feathers, 
ferns,  &c.,  and  exposed  to  the  light  of  day,  takes  the  impression  of  the  objects.  It  is 
to  be  then  washed  with  lukewarm  water,  and  finally  dipped  in  a  solution  containing  one 
onnce  of  hyposulphite  of  soaa,  in  about  a  pint  of  distilled  water.  The  design  of  the 
object  is  necessarily  reversed  :  the  light  parts  forming  the  dark  shades  of  the  photogenic 
impression,  and  the  dark  parts  the  lighter  ones.  But  a  direct  picture  may  be  obtained 
by  applying  that  paper,  rendered  transparent  with  white  wax  (see  Calottpe),  upon  , 
a  sheet  of  white  photogenic  paper,  and  exposing  it  to  the  sunbeams,  or  bright  day- 
light. 

A  modification  of  Photography,  called  Chrysotype  by  its  inventor,  Sir  John  Herschel^ 
consists  in  washing  the  paper  in  a  solution  of  ammonia-citrate  of  iron,  drying  it,  ana 
brushing  it  over  with  a  solution  of  ferro^eiquicya«urt  of  potassium.  This  paper,  when 
dried  in  a  perfectly  dark  room,  is  ready  for  use,  the  image  being  finally  brought  out  by 
a  neutral  solution  of  silver. 

Another  modification  by  Sir  John,  called  Cyanotype,  is  as  follows :  Brush  the  paper  ■ 
with  the  solution  of  the  ammonia-citrate  of  iron,  so  strong  as  to  resemble  sherry-wine ' 
in  color ;  expose  the  paper  in  the  usual  way,  and  pass  over  it  very  sparingly  and  evenly 
a  wash  made  by  dissolving  common  ferro-cyanide  of  potassium.  As  soon  as  this  liquid 
is  applied,  the  negative  picture  vanishes,  and  is  replaced  by  the  positive  one,  of  a  violet ' 
blue  color,  on  a  greenish  yellow  ground,  which  at  a  certain  time  possesses  a  high  de-" 
gre?  of.  sharpness,  and  singular  beanty  of  tint. 

The  improved  process  of  photography  recently  contrived  by  Mr.  Robert  Hunt  is  per- 
Ibrmed  by  washing  over  good  letter-paper  with  the  following  liquid : — 

A  saturated  solutloii  of  sueeiiio  acid       .           .           -  2  drams. 

Mucilage  of  gum  arable   -           -           -           «           -  i  do. 

Water 11  do. 

When  the  paper  is  dry,  it  is  washed  over  once  with  a  solution  containing  1  dram  of 
nitrate  of  silver  in  1  ounce  of  distilled  water.  The  paper  is  allowed  to  dry  in  the 
dark,  and  it  is  fit  for  use.  It  can  be  preserved  in  a  portfolio,  and  employed  at  any 
time  in  the  camera  obscura,  exposing  it  to  the  light  from  2  to  8  minutes,  according 
to  its  vivacity.  When  the  paper  is  taken  out  of  the  camera,  no  trace  of  a  picture  can 
be  seen.  To  produce  this  effect,  mix  1  dram  of  a  saturated  solution  of  sulphate  of 
iron,  with  2  or  3  drams  of  mucilage  of  gum  arabic,  and  brush  over  the  paper  evenly 
with  this  mixture.  In  a  few  seconds  the  latent  images  are  seen  to  develop  themselves, 
pjroducing  a  negative  photographic  picture.  The  excess  of  the  iron  solution  is  to  be 
washed  off  with  a  sponge  whenever  the  best  effect  appears.  The  drawing  is  then  to  be 
soaked  a  short  time  in  water,  and  is  fixed  by  washing  over  with  ammonia,  or  preferably 
w|th  hyposulphite  of  soda;  taking  care  to  wash  out  the  excess  of  salt.  From  the 
pictures  thus  produced,  any  number  of  others,  corrected  In  light  and  shadow,  may  be 
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produced  by  using  like  succinated  papers,  in  the  common  way  of  transfer  m  aim^hiifw— 
jStheiutum, 

PICKLES  are  various  kinds  of  vegetables  and  fruits  preserved  in  vinegar.  Tke 
substances  are  first  well  cleaned  with  water,  then  steeped  for  some  time  in  brine,  aad 
afterward  transferred  to  bottles,  which  are  filled  up  with  good  vin^ar.  Certain  Initi, 
like  walnuts,  require  to  be  pickled  with  scalding-hot  vinegar ;  others,  ats  red  eabbage, 
with  cold  vinegar ;  but  onions,  to  preserve  their  whiteness,  with  distilled  vinegar.  Worf 
vin^ar  is  never  used  by  the  principal  pickle-manufacturers,  but  the  best  malt  or  wkiie^ 
wine  vinegar,  No.  22  or  '24.  Kitchener  says,  that  by  parboiling  the  pickles  in  brine, 
they  will  be  ready  in  half  the  time  of  what  they  require  when  done  cold.  Cabbagv, 
however,  cauliflowers,  and  such  articles,  would  thereby  become  flabby,  and  lose  that 
crispness  which  many  people  relish.  When  removed  from  the  brine,  they  should  be 
cooled,  drained,  and  even  dried,  before  being  put  into  the  vinegar.  To  assist  the  pres- 
ervation of  pickles,  a  portion  of  salt  is  often  added,  and  likewise,  fo  give  flavor,  various 
spices,  such  as  long  pepper,  black  pepper,  white  pepper,  allspice,  ginger,  doves,  maee, 
garlic,  mustard,  horseradish,  shallots,  capsicum.  When  the  spices  are  bmbed,  they 
are  most  efiicacious,  but  they  are  apt  to  render  the  pickle  turbid  and  discolored.  The 
flavoring  ingredients  of  Indian  pickle  are  Curry  powder  mixed  with  a  large  proportion 
of  mustard  and  garlic.  Green  peaches  are  said  to  make  the  best  imitation  of  the  Indian 
mango. 

I  have  examined  the  apparatus  in  the  great  fish-sauce,  pickle,  and  preserved-frait 
establishment  of  Messrs.  Crosse  and  Blackwell,  Soho  square,  and  found  it  arranged  on 
the  principles  most  conducive  to  economy,  cleanliness,  and  »lubrity ;  no  materml  em- 
ployed there  is  ever  allowed  to  come  into  contact  with  copper.  A  powerful  steam-boiler 
is  placed,  in  one  comer  of  the  ground  floor  of  the  factory,  from  which  a  steam-pipe  is* 
sues,  and  is  laid  horizontally  along  the  wall  about  4  feet  above  the  floor.  Under  this 
pipe  a  range  of  casks  is  placed,  into  the  side  of  each  of  which  a  branch  steam-pipe,  far- 
nished  with  a  stop-cock,  is  inserted,  while  the  mouth  of  the  cask  is  exactly  closed  with 
a  pan  of  salt-glazed  earthenware,  capable  of  resbting  the  action  of  every  acid,  zad 
incapable  of  communicating  any  taint  to  its  contents.  These  casks  form,  by  their  non- 
conducting quality  as  to  heat,  the  best  kind  of  steam-jackets.  In  these  pans  the  vine- 
gars with  their  compounds  are  heated,  and  the  fish  and  other  sauces  are  prepared. 
The  waste  steam  at  the  farthest  extremity  of  the  pipe  is  conducted  into  a  reservoir  of 
clean  water,  so  as  to  furnish  a  constant  supply  of  hot  water  for  washing  bottles  and 
utensils. 

The  confectionary  and  ham-smoking  compartments  are  placed  in  a  separate  firepnnf 
chamber  on  the  same  floor. 

The  floor  above  is  occupied  along  the  sides  with  a  range  of  large  rectangular  cast 
iron  cisterns,  furnished  with  a  series  of  steam-pipes,  laid  gridironwise  along  their  boC 
toms,  which  pipes  are  covered  with  a  perforated  wooden  shelf.  These  cisterns  being 
filled  up  to  a  certain  height  above  the  shelf  with  water,  the  bottles  full  of  green  goose- 
berries, apricots,  cherries,  &.C.,  to  be  preserved,  are  set  upon  the  shelf,  and  the  steam 
being  then  admitted  into  the  gridiron  pipes,  the  superjacent  water  gets  gradually  heated 
to  the  boiling  point ;  the  air  in  the  bottles  round  the  fruit  is  thus  partly  expelled  by 
expansion,  and  partly  disoxygenated  by  absorption  of  the  green  vegetable  matter.  In 
this  state  the  bottles  are  tightly  corked,  and  being  subsequently  sealed,  preserve  the 
ftuit  fVesh  for  a  very  long  period. 

The  sauces,  pastes,  and  potted  meats,  prepared  in  the  above-described  apparatus,  can 
seldom  be  rivalled  and  probably  not  surpassed  in  the  kitchens  of  the  most  fastidions 
gastronomes, 

PITCOAL,  ANALYSIS  OF.  The  greater  part  of  the  analyses  of  coals  hitherto 
published  have  been  confined  to  the  proportions  of  carbon,  hydrogen,  and  oxygen,  to  the 
neglect  of  the  sulphur,  which  exists  in  many  coals  to  a  degree  unwholesome  for  their 
domestic  use,  pernicious  for  the  smelting  of  iron,  and  detrimental  to  the  production  of 
gas ;  since  the  sulphuretted  hydrogen  produced  requires  so  much  washing  and  purifi- 
cation as  at  the  same  time  to  impoverish  the  light,  by  condensing  much  of  the  olefiant 
gas,  its  most  luminiferons  constituent.  In  the  numerous  reports  upon  the  ccHnposition 
of  coals  which  I  have  been  professionally  called  upon  to  make,  I  have  always  sought 
to  determine  the  proportion  of  sulphur,  which  may  be  done  readily  to  one  part  in 
a  thousand ;  as  also  that  of  combustible  gaseous  matter,  of  coke,  and  of  incombosttUe 
ashes. 

The  following  coals  have  been  found  to  be  of  excellent  quality,  as  containing  veiy 
little  sulphur,  seldom  much  above  1  per  cent.,  and  little  incombustible  matter — ^henee 
wdl  adapted  as  fuel,  whether  for  steam-navigation,  for  iron-smelting,  for  household 
consumption,  or  for  gas,  according  to  their  relative  proportions  of  carbon  and  hy- 
drogen ;  a  relative  excess  of  cm-bon  constituting  a  coal  best  adapted  for  fiiraaees  of 
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vuioiu  Iciadi,  irtiile  a  reladTe  axtat  of  hjpdrogen  Conat  the  bat  eati  for  tne  coduhod 
gntea  Bud  |c»»-irorkt. 

'  1.  jrr.PmMlTf  J>«/Ty,or5l«iHnCaaf.— SpeciflcRnTitr,I-32|  uhe«,|>ereent.,2-e{ 
fateoaa  prodocta  in  s  Inted  endble,  14  ;  briUiant  coke,  B6  ;  not  more  thui  1  per  cent. 
of  luIpbuT ;  while  many  of  the  Newcutle  eoala  cootaia  froin  4  to  6,  uid  othen  vbieb  I 
bare  eiumoed  froni  6  to  10  of  the  lame  noiioiu  coutitaeBt;  and  whicb  ii  a  leu  pow- 
crfut  calorific  constituent  Iban  bydrogea  uvdeu-bon. 

2.  The  Blaeklty  H%rtt  Caai  <^  LdiuaiAtn'— Specific  gravity,  1-26 ;  ashes,  per  cent., 
1-2;  combuatible  gases,  4Mi(  c(d(e,fiS-&;  snlphnr,  1.  Another  specimen  had  a  specific 
sraTit;  of  1*244 ;  2  per  cent,  of  ashes  i  3B*0  of  combnstible  gases ;  I  of  sulphni.  This 
■a  a  Tery  good  coal  foe  itas  and  for  domestic  use. 

3.  TtieVartty  Jtode  Ftin  Coal,  near  Ponlypoal(  shipped  by  Mr.  John  Vipond. — Sne- 
cifie  gnvily,  1-396;  ashee  (whitish)  6  per  cent.;  32  (rf* eombostible  gases  ;  68  of  cobe. 
Solpbor,  from  2  to  3  pel  cent.    A  gond  hotueboU  coal. 

4.  Tkt  LiatftimtA  Coal  bu  a  well-established  repolatjon  for  the  production  of 
■team,  and  a  much  employed  by  the  British  goremment  for  steam  navigation,  as  weil 
as  at  Mepl'l,  and  others  of  the  great  breweries  in  London.  Il  aSbnls  a  very  intense 
heal,  with  little  or  no  smoke ;  and  sofficiently  diflnsive  for  extending  along  the  flue*  of 
the  boilers  \  whereas  the  anthracite  coal,  containing  very  little  hydrogen,  yields,  in  com- 
Boa  circumstances,  a  heat  too  nweh  coneentnted  ander  the  bottom  of  the  boilers,  aad 
acting  too  little  upon  their  sides.  Speciic  gravity,  1-337  g  intermediate  between  that 
of  the  Newcastle  and  the  aaUmdte.  Ashes  peiceat.,  from  3to  3-G  ;  combostible  gaset, 
17  ;  coke,  83  )  tulphnr,  only  ms  haiffa  cent.  It  is  therefore  a  pure  and  very  powei- 
Ilul  fuel. 

I  have  examioed  many  eoals  with  my  calorimeter ;  «f  which  Kmie  aceanat  is  given 
under  Fcei,. 

PLATING.     See  EticraoTTPi. 

PLATINUM  MOHR.  This  interesting  preparation,  which  to  rapidly  oiidiiea  aleo- 
hiri  into  acetic  acid,  fcc.,  by  what  has  been  called  in  chemistry  the  catalytic  or  contact 
action,  is  most  easily  prepared  by  the  following  process  of  M.  Bteltger:  The  inMlaHe 
powder  of  poush-ehlDrure  or  ammonia-chlonire  of  platinum,  is  to  be  moistened  with 
■slphuric  acid  (oil  of  vitriol),  and  a  bit  of  line  is  to  be  laid  i»  the  mixtnte.  The  pla* 
tionm  becomes  reduced  into  a  black  powder,  which  is  to  be  washed  first  with  muriatie 
acid,  and  then  with  water.  The  fineness  of  this  powder  depends  npon  that  cS  the 
saline  powders  employed  to  make  it  g  so  that  if  these  be  previonsly  finely  gronnd, 
the  platinum-mohr  wiL  be  alao  very  fine,  and  proportionally  powerful  as  a  chemical 
■gent. 

POTTER'S  OVEN.  A  patent  was  obtained  in  Angnst,  1B42,  by  Mr.  W.  Ridgway, 
for  the  following  eonstmctioa  of  oven,  in  which  the  fiames  from  the  fireplaces  are 
conveyed  by  parallel  fines,  both  horisontal  and  TCrtJcal,  so  a*  to  reverberate  the  whole 
of  (he  flame  and  beat  opon  the  goods  aAer  its  ascension  from  the  fines.  His  oven  is 
bnilt  square  instead  of  roand,  a  flre-proof  partition  wall  being  built  aeroas  the  middle 
of  it,  dividiag  il  into  two  ohaffibera,  which  are  covered  in  by  two  parallel  arches.  Th« 
fireplaces  are  built  in  the  two  sides  of  the  oven  opposite  to  the  partition  walli  from 
which  fireplaces  narrow  floes  rise  in  the  inner  face  of  the  wall,  and  distribnte  the 
flame  in  a  sheet  equally  over  the  whole  of  its  snrface.  The  other  portion  of  the  heat 
is  conveyed  by  many  parmllel  or  diverging  horiiontal  fines,  under  and  across  the  floor 
or  hearth  of  Uie  oven,  to  the  middle  or  partition  wall ;  over  the  surface  of  which  tha 
dame  wbich  ascends  from  the  nomerons  fines  in  immediate  contact  with  the  wall  is 
equally  dielribnted.  This  sheet  of  ascending  flame  strikes  the  shoolder  of  the  arch, 
•nd  is  reverberated  from  the  segsars  beneath,  till  it  meets  the  fiune  reverberated  fhm 
the  opposite  side  of  the  arch,  and  both  escape  at  the  top  of  the  oven.  The  same  eo*- 
sttaction  is  also  applied  to  the  opposite  chamber.    In  fig:  116,  117,  a,  represents  the 
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aquare  walk  or  body  of  the  oven;  6^  the  paititm  w»U ;  Cy  the  fiieplftcct  €v 

with  their  iron  boilers ;  d,  the  moaths  of  the  furnaces  for  introdacinf  the  fael ;  /,  tkt 

ash-pits;  g,  the  horizontal  fines  nnder  the  hearth  of  the  oven;  A,  the  Tertieal  flaa; 

iy  the  vents  in  the  top  of  the  arches  i  and  Ac,  the  entrances  to  the  c&ambers  of  Iht 

ovens. 

PRUSSIAN  BLUE.  The  following  process  deserves  peculiar  notice,  as  the  fint 
in  which  this  interesting  compound  has  been  made  to  any  extent,  independently  of 
animal  matter.  Mr.  Lewis  Thompson,  of  the  Old  Bai^  House,  Lambeth,  received  a 
well-merited  medal  from  the  Society  of  Arts  for  this  invention.  He  justly  ofaeerveSy 
that  in  the  common  way  of  manufacturing  prussiate  of  potash,  the  quantity  of  aitiofem 
furnished  by  a  given  weight  of  animal  matter  is  not  large,  and  seldom  exceeds  8  per 
cent. ;  and  of  this  small  quantity,  at  least  one  half  appears  to  be  dissipated  during  the 
ignition.  It  occurred  to  him  that  the  atmosphere  might  be  economically  made  to  sap. 
ply  the  requisite  nitrogen,  if  caused  to  act  la  favoraUe  circumstances  upon  a  mixtare 
of  carbon  and  potash.  He  has  found  the  following  prescription  to  answer :  Take  of 
pearlaah  and  coke,  each  2  parts ;  iron  turnings,  1  part ;  grind  Uiem  together  into  a  cense 
powder ;  place  this  in  an  open  crucible,  and  expose  the  whole  for  half  an  honr  to  a  iall 
red  heat  in  an  open  fire,  with  occasional  stirring  of  the  mixture.  During  this  pnK 
cess,  little  jets  of  purple  flame  will  be  observed  to  rise  from  the  surface  of  the  materiak. 
When  these  cease,  the  crucible  must  be  removed  and  allowed  to  cool.  The  mass  is  la 
be  lixiviated ;  the  lixivium,  which  is  a  solution  of  ferrocyanUe  of  potassium,  with  ex« 
cess  of  potash,  is  to  be  treated  in  the  usual  way,  and  the  Mack  matter  set  aside  for  a 
firesh  operation  with  a  fresh  dose  of  pearlash.  Mr.  Thompson  states  that  1  pound  of 
pearlash,  containing  45  per  cent,  of  idkali,  yielded  1,355  grains  of  pure  Pmsaiaa  bln^ 
or  ferrocyanide  of  iron ;  or  about  3  ounces  avoird. 

PRUSSIATE  OF  POTASH.  Leuch's  Polytechnic  Zeitung,  June,  1837.  Manifoe- 
tnre  of  Kalium  Eisen  Cyanure,  by  Hoflimayr  and  Prukner.-— The  potash  most  be  fiee 
from  sulphate,  for  each  atom  of  sulphur  destroys  an  atom  of  the  Eisencyankaliam.  A 
very  strong  heat  is  advantageous.  The  addition  of  from  1  to  8  ^  of  saltpetre  is  useful, 
when  the  mass  is  too  long  of  fusing.  A  reverberatory  fnmaoe  (flammofen)  is  rceoak- 
mended  i  but  the  flame  must  not  beat  too  much  upon  the  materials,  for  fear  of  oxy> 
genating  them.  When  the  smoky  red  flame  ceases,  it  is  useful  to  throw  in  from  time 
to 'time  small  portions  of  uncarbonized  animal  matter,  particularly  where  the  flame  fixst 
beats  upon  the  mass,  whereby  the  resulting  gases  prevent  oxidation  by  the  air.  The 
animal  matters  should  not.be  too  much  carbonized,  but  left  somewhat  brown-colored, 
pnovided  they  be  readily  pulverized.  Of  uncarbonized  animal  matters,  the  propoitioBs 
may  be  100  parts  dried  blood,  to  from  28  to  30  of  potash  (carbonate),  and  from  2  to4  ef 
hammerschlag  (smithy  scales),  or  iron  filings ;  2,  100  parts  of  horns  or  hoofs ;  from  33 
to  35  potash ;  2  to  4  iron ;  3,  100  leather ;  45  to  48  potash ;  and  2  to  4  iron.  From 
blood,  8  to  9  per  cent,  of  the  prussiate  are  obtained ;  from  horns,  9  to  10  ;  and  from 
leather,  5  to  6.  The  potash  should  be  mixed  in  coarse  particles,  like  peas,  with  the 
carbonized  animal  matter,  which  may  be  best  done  in  a  revolving  pot,  containing  can- 
non-balls. Of  the  animal  coal  and  potash,  equal  parts  may  be  taken,  except  with  that 
fVom  leather,  which  requires  a  few  parts  more  potash  per  cent.  On  the  average,  blood 
and  horn  coal  should  afford,  never  less  than  20  per  cent,  of  prussiate,  nor  the  leather  thaa 
8f  but  by  good  treatment,  they  may  be  made  to  yidd,*the  first  25,  and  the  last  from  10 
toll. 

A  patent  for  a  singular  process  and  apparatus,  for  making  this  compound,  was  oIk 
talnad  by  a  foreigner  not  named,  by  Mr.  Berry,  patent  agent,  in  January,  1840.  The 
prescription  is  as  follows  ; — 

Reduce  charcoal  into  bits  of  the  size  of  a  walnut,  soak  them  with  a  solution  of  ea^ 
bonate  of  potash  in  urine ;  and  then  pour  over  them  a  solution  of  nitrate  or  aeetate  of 
izon<;  dry  the  whxAe  by  a  moderate  heat,  and  introduce  them  into  the  cast-iron  tubes, 
presently  to  be  described.  The  following  proportions  of  constituents  have  been  found 
to  answer :  Ordinary  potash,  30  parts ;  nitre,  10 ;  acetate  of  iron,  15 ;  charcoal  or  coke, 
45  to  55 ;  dried  blood,  50.  The  materials,  mixed  and  dried,  are  put  into  retorts  simi- 
lar to  those  for  coal  gas.  The  animal  matter,  however  (the  blood),  is  placed  in  sepa- 
rate compartments  of  pipes  connected  ^ith  the  above  retorts.  The  pipes  contaiaing  the 
animal  matter  should  be  brought  to  a  red  heat  before  any  fire  is  placed  under  the 
retorts. 

In^g.  1 18,  A,  B,  c,  D,  is  a  horizontal  section  of  a  furnace  constructed  to  receive  four 
elliptical  iron  pipes.    The  furnace  is  arched  in  the  part  A,  c,  b,  in  order  to  revorberals 
the  heat,  and  drive  it  back  on  the  pipes  w,  w',  vr'^  w"'^    These  pipes  are  placed  on  the 
plane  e,  r,  of  the  ellipsoid ;  a  a,  represents  the  ^ting  or  bars  of  the  furnace  Id  ke^ 
heated  with  eoal  or  coke ;  i,  i,  ia  the  pot  or  retort  ahown  in^f  ••  119,  120,  121. 

This  pot  or  retort  is  placed  in  a  separate  oompartaieBt,  Mflaen  iB/^.  M^a  wlddL  is  a 
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i,fig.  119,  the  shnp«  of  ihe  tabe  K,  will  be  WUer  Men)  also  its  eocbi*, 
s  eonnrxion  with  ihe  pipes  w.  t,  is  a  safety  valve ;  i,  the  cover  of 
irt ;  [.,1$  the  ash-pit;  and  &,  the  door  of  the  furnace  ;  x,  is  an  opea 
vcr,  or  R  kind  of  shed,  close  tu  the  furnace,  and  under  it  the  pipes  aro 


.cale  the  direction  of  the  current  of  heal.  This  current  tr 
the  intervals  left  between  the  pipes,  and  ascends  behind  them,  passing  tbron^h  Ihe 
aperture  j,  in  the  brickwork,  which  is  provided  with  b  valve  or  damper,  for  closing  it, 
as  reqnired.  The  heat  passes  through  this  aperture,  and  strikes  a^inst  the  sides  of 
the  pot  when  the  valve  is  open.  Another  valve  /,  g,  must  also  be  open  lo  expose  Uie 
pot  or  retort  to  Ihe  direct  action  of  the  Gre.  The  Smoke  escapes  by  a  lateral  passage 
into  a  ohimney  h. 

It  must  be  remarked,  that  there  ii  a  direct  communication  l)elween  Ihe  cbiinney  and 
that  comportmefli  of  the  fomace  which  contains  the  pipes,  so  that  the  heal,  reflected 
ftnm  the  part  v,  strikes  on  tile  pot  or  retort  only  when  the  pipes  w,  w',  w",  w"',  an 
anfScienily  heated. 

In^K-  120  is  shown  an  inclined  plane  m  (also  reprmenled  in  fig,  1 19)  and  the  jnne- 
tioa-tnbes  which  connect  the  fonr  pipes  with  their  gas-bamera  z,  i,  and  the  cocks  n,m^. 
r,  r,  are  covers,  closing  Ihe  pipes,  and  having  holes  formed  in  them ;  these  holes  sm 
•hat  by  the  etopperg  t. 

Whether  the  pipes  are  placed  in  the  vertical  or  horizontal  position,  it  is  alwayi 
kDToper  to  be  able  to  change  Ihe  direction  of  the  current  of  gas;  this  is  easily  done  br 
'closing,  daring  one  hour  (if  the  operation  is  to  last  two  hours)  the  coeks  «,  m',  and 
opening  those  a'  m ;  then  the  gat  passes  through  u',  into  the  branch  k,  and  entering- 
W",  paases  thnngb  g,  into  w",  throngh  p,  into  w",  and  Ihrongh  o,  and  w,  tad  Anallr 
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escapes  by  the  bonier  z.  During  the  following  or  other  hoar,  the  eodcB  ^  wl^  Bnt 
be  closed ;  the  cocks  «,  m'  being  opened,  the  current  then  goes  from  «,  into  k,  w,  w', 
'm"y  yi^'\  and  escapes  by  the  burner  z%  where  it  may  be  ignited. 

The  dianging  of  the  direction  of  the  current  dispenses,  to  a  certain  d^ree,  with  the 
labor  required  for  stirring,  with  a  spatula,  tiie  matters  contained  in  the  pipes ;  nerer- 
theless,  it  is  necessary,  from  time  to  time,  to  pass  an  iron  rod  or  pc^er  among  the 
substances  contained  in  the  pipes.  It  is  for  this  purpose  that  apertures  are  formed,  sc 
Bs  to  be  easily  opened  and  closed. 

The  patentee  remarks,  that  although  this  operation  is  only  described  with  refereace 
to  potaish,  for  obtaining  prussiate  of  potash,  it  is  evident,  that  the  same  process  is 
applicable  to  soda;  and  when  the  above  mentioned  ingredients  are  employed,  soda 
being  substituted  for  potash,  the  result  will  be  prussiate  of  soda. — Ntwton'i  J<mrmal,C» 
S.  XXI.  96. 

PUDDLING  OF  {RON.  This  is  the  usual  process  employed  m  Great  BritaiB 
for  converting  cast  iron  into  bar  or  malleable  iron — a  crude  into  a  more  or  less  pure 
metal.  The  'bllowing  plan  of  a  puddling  furnace  has  been  deemed  economical,  espe- 
cially with  resiCCt  to  fuel,  as  two  furnaces  are  joined  side  by  side  together,  wad  the 
workmen  operate  at  doors  on  the  opposite  sides.    Fig,  122  represents  this  twin  funace 
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in  a  side  elevation;  fig.  123  in  section,  according  to  the  line  E  F,  in  fig.  124, 
exhibits  a  plan  of  the  furnace.  The  various  parts  are  so  clearly  shown  in  form  and 
construction  as  to  require  no  explanation.  The  total  length  outside  is  14|  feet ;  width, 
12|  feet :  from  which  the  dimensions  of  the  other  parts  may  be  measured. 

Iron  is  puddled  either  from  cast  pigs,  or  from  the  plates  of  the  refinery  (finery)  Inr- 
nace.  In  several  iron-works  a  mixture  of  these  two  crude  metals  is  employed.  In  the 
refining  process,  the  waste  at  the  excellent  establishment  of  Mr.  Jessop,  at  Codner  Park, 
IS  from  2}  to  2f  cwt.  per  ton ;  on  which  process  the  wages  are  It.  per  ton ;  and  the 
coke  i  ton,  worth  6m,  ;  so  that  the  total  cost  of  refining  per  ton  is  ISs.,  when  ptg-iroa 
is  worth  3/.  lOs. 

The  puddling  is  accompanied  with  a  loss  of  weight  of  1)  cwt.  pa  ton;  it  oasts  la 
wages,  for  pudding  refinery  plates,  6s,  6d,y  and  for  pigs,  Ss. ;  in  which  18  cwt.  ofeoal 
are  consumed ;  value,  5t.  per  ton. 

Shingling  (condensing  the  bloom  by  the  heavy  hammer)  costs,  in  wages,  U,  M. 
per  ton ;  and  rongh-roUing,  It.  2d,  Cutting  and  weighing  these  ban  eott  M.  lor 
wmges^  ineluding  their  delivery  to  the  mill  furnace,  where  they  are  leheated  usd  — '^"' 
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tofCMfcar.  TheniUranucChsalingaMlsli.  Sd.  iDira«K^BDdcai»uMiMiiifsell2ewt. 
of  coali.  It  6t.  per  Iod.  The  rolliog  and  itraighteaing  coet  &•.  Sd. ;  eroppiiig  the  endt, 
weighinsi  *^i  stacking:  in  tbe  wuehoue.  It.  for  wtgea.  Wear  *nd  tear  oT  power,  te. 
LaboMia  for  dMringoat  Ue  uhM,  fce.,  U.  Sd,  p«r  ton. 


In  WtlN  4  toni  of  pig-iron  afford  upon  sa  average  onlf  3  toni  at  ban.  Prom  tbe 
above  dMs  a  calculation  may  eaiilf  be  made  of  Ihe  total  expense  of  eonverliiig  eroda 
into  caH  iron  al  tbe  reapeclive  iron  aFOrkt. 


A  great  etoBoiuT  In  the  conTeruon  oftbe  ctat  into  wroogbt  metal  leemi  aboat  to  be 
effected  in  our  iroa  vorks,  b;  the  appllcatEon  of  a  eorrent  of  voltaic  electricitr  to  the 
cmde  iron  in  a  state  of  fusion,  whether  on  the  hearth  of  the  blast  faroaee,  oa  the  Aited 
pigs  in  the  tand,  or  on  the  metal  immediate!;  on  its  being  run  from  Ihe  finery  fnr- 
naeei  tbe  ToltaJc  force  of  from  SO  to  100  paira  of  a  powerfnl  &nee's  batterr  being 
I>reTiinuIrHiaac«dI*amipofttlicirlioleb>iii.ofthamet«l.    This  prooeM,  ibr  whi^ 
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Mr.  Arthur  Wall  has  recently  obtained  a  patent,  is  founded  upon  the 
fact,  that  when  a  oompoand  is  subjected  to  an  electrical  current,  its  Begaiire  and  foti- 
tive  elements  are  detached  from  one  another.  Grade  iron  contains  more  or  less  carbon, 
sulphur,  phosphorus,  arsenic,  oxygen,  and  silicon — bodies  all  electro-negatiTe  in  rela- 
tion to  iron,  which  is  electro-positive.  When  the  impure  iron,  as  it  flows  from  the 
blast  furnaces,  is  subjected  during  its  cooling  and  consolidation  to  a  powerful  stream  of 
voltaic  electricity,  the  chemical  affinities  by  which  its  various  heterogeneoos  components 
are  firmly  associated,  are  immediately  subverted,  whereby,  in  the  case  of  crude  iron,  the 
sulphur,  phosphorus,  &c.,  which  destroy  or  impair  its  tenacity  and  malleability,  become 
readily  separable  in  the  act  of  puddling.  On  this  principle,  I  would  explain  the  extra- 
ordinary effect  of  Mr.  Wall's  patent  electric  process,  as  performed  in  my  presence  in 
the  excellent  iron-works  of  Mr.  Jessop,  at  Codner  Park,  Derbyshire,  where  the  elec- 
trised forge  pigs  discharged  those  noxious  elements  so  copiously  in  the  puddling  fur- 
nace, as  to  become  aAer  a  single  reheating,  without  piling  or  fagoting,  brilliant  baiy 
of  the  finest  fibrous  metal.  The  bars  so  made  have  been  subjected,  under  my  inspec- 
tion, to  the  severest  proofs  by  skilful  London  blacksmiths,  and  they  have  been  found  to 
bear  piercing,  hammering,  bending,  and  twisting,  as  well  as  the  best  iron  in  the  maricec 
I  have  also  analyzed  the  said  iron  with  the  utmost  minuteness  of  chemical  rescardi, 
and  have  ascertained  it  to  be  nearly  pure  metal,  containing  neither  sulphur  nor  phos 
phorus,  and  merely  an  inappreciable  trace  of  aisenic.  I  can  therefore  conseientioasly 
recommend  Mr.  Wall's  patent  process  to  iron-masters  as  one  of  the  greatest,  easiest,  and 
most  economical  improvements,  which  that  important  art  has  ever  received. 

The  pecuniary  advantage  of  this  process,  in  respect  of  saving  of  labor  and  waste  of 
material,  has  been  estimated  by  competent  judges  at  (Irom  one  pound  to  two  pounds 
sterling  per  ton. 

The  effect  of  electrisin&r  iron  is  displayed  in  a  singular  manner  by  the  eonversioii  into 
steel  of  a  soft  rod,  exposed  in  contact  with  coke,  for  a  few  hours,  to  a  moderate  red 
heat ;  a  result  which  I  have  witnessed  and  can  fully  attest. 

PURPLE  OF  CASSIUS  is  best  made  according  to  the  French  Pharmacopceia, 
by  dissolving  10  parts  of  acid  chloride  of  gold  in  2,000  parts  of  distilled  water;  prepar- 
ing in  another  vessel  a  solution  of  10  ports  of  pure  tin  in  20  of  muriatic  acid,  which  is 
diluted  with  1,000  of  water,  and  adding  this  by  degrees  to  the  gold  solution  as  loog  as 
a  precipitate  is  formed.  The  precipitate  is  allowed  to  subside,  and  is  to  be  washed  by 
means  of  decantation  :  it  is  then  filtered  and  dried  at  a  very  gentle  heat. 

R. 

REFININO  OF  SILVER.  In  this  process,  as  effected  by  solphurie  acid,  the 
arrangements  are  so  complete,  that  a  two  thousandth  part,  or  even  less,  of  gold  b  ex- 
tracted free  of  charge  to  the  bullion  merchant,  and  the  whole  silver  returned  or  aecounfed 
for.  By  mistake  a  one  thousandth  was  stated  in  the  article  Reftniito  or  Silteb  in  the 
Dictionary. 

RESINS.  An  ingenious  memoir  upon  the  resins  of  danmiar,  copal,  and  anim6,  has 
lately  been  published  by  M.  Guihourt,  an  eminent  French  pharmacien,  from  which  the 
following  extracts  may  be  found  interesting. 

The  hard  copal  of  India  and  Africa,  especially  Madagascar,  is  the  prodncT  of  the 
Hymeruta  verruco$a  ;  it  is  transparent  and  vitreous  within,  whatever  may  be  its  appear- 
ance outside ;  nearly  colorless,  or  of  a  tawny  yellow ;  without  taste  or  smell  in  the 
cold,  and  almost  as  hard  as  amber,  which  it  much  resembles,  but  from  which  it  may  be 
distinguished,  1st,  by  its  smelting  and  kindling  at  a  candle-Aame,  and  running  down  in 
drops,  while  amber  burns  and  swells  up  without  flowing ;  2dly,  this  hard  copal  or  anime, 
when  blown  out  and  still  hot,  exhales  a  smell  like  balsam  copaiva  or  capivi;  while 
amber  exhales  an  unpleasant  bituminous  odor;  3dly,  when  moistened  by  alcohol  of  95 
per  cent.,  copal  becomes  sticky,  and  shows  af\er  drying  a  glazed  opaque  surface,  while 
amber  is  not  affected  by  alcohol ;  4Uily,  the  copal  affords  no  suecenic  acid,  as  amber 
does,  on  distillation. 

When  the  pulverized  copal  is  digested  in  dbld  alcohol  of  0-830,  it  leaves  a  eonsider- 
able  residuum,  at  first  pulverulent,  but  which  swells  afterward,  and  forms  a  slightly 
coherent  mass.     When  this  powder  is  treated  with  boiling  alcohol,  it  assumes  the  con- 
sistence of  a  thick  eluten,  like  crumbs  of  bread,  but  which  does  not  stick  to  the  Atgon, 
Thus  treated,  it  affords. 

Resin  soluble  in  cold  alcohol        -        -        -        -        -        -    31*42 

Resin  dissolved  in  boiling  aleohol         -        -       -        -        .      4-00 

Resin  insoluble  in  both         .......    65*71 


100*83 
The  smaH  exeess  is  due  to  the  adhesion  of  tome  of  the  meaftratiM  to  the 
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Ether,  boiling  hot,  dissolves  39*17  per  cent,  of  copal. 

Essence  (spirits)  of  turpentine  does  not  dissolve  any  of  the  copal,  but  it  penetrates 
and  combines  with  it  at  a  heat  of  212P  Fahr. 

The  property  of  swelling,  becoming  viscid  and  elastic,  which  Berzelius  assigns  to 
copal,  belongs  not  to  it,  but  to  the  American  resin  of  coarbaril,  or  the  occidental 
anime ;  and  the  property  of  dissolving  entirely  in  ether  belongs  to  the  aromatic  dam- 
mavy  a  friable  and  tender  resin. 

2.  Resin  of  courbaril  of  Rio  Janeiro,  the  English  gum-anim^,  and  the  semi-hard 
copal  of  the  French.  It  is  characterized  by  forming,  In  alcohol,  a  bulky,  tenacious, 
elastic  mass.  It  occurs  in  rounded  tears,  has  a  very  pale,  glossy  aspect,  transparent 
within,  covered  with  a  thin  white  powder,  which  becomes  glutinous  with  alcohol. 
Anothfr  variety  is  soft,  and  dissolves,  for  the  most  pcurt,  in  alcohol ;  and  a  third  re- 
sembles the  orieutal  copal  so  much  as  to  indicate  that  they  may  both  be  produced  from 
the  same  tree  100  parts  of  the  oriental  and  the  occidental  anim6  yield  respectively 
the  following  residua : — 

With  alcohol.  With  ether.  With  essence. 

Oriental         -        -        -    65-71  60-83  111 

Occidental     -        -        -    43-63  27-50  75-76 

The  hard  and  soft  copals  possess  the  remarkable  property  in  common  of  becoming 
soluble  in  alcohol,  oAer  being  oxygenated  in  the  air. 

3.  Dammar  puti,  or  dammar  batu, — This  resin,  soft  at  first,  becomes  eventually 
like  amber,  and  as  hard.  It  is  little  soluble  in  alcohol  and  ether,  but  more  so  to 
essence  of  turpentine. 

4.  Aromatic  dammar, ^^Thh  resin  occurs  in  large  orbicular  masses.  It  is  pretty 
soluble  in  alcohol.  Only  small  samples  have  hitherto  been  obtained.  Of  100  parts,  3 
are  insoluble  in  alcohol,  none  in  ether,  and  93  in  essence  of  turpentine.  M.  Guibourt 
thinks  that  this  resin  comes  from  the  Molucca  islands.  Its  ready  solubility  in  alcofaoli 
and  great  hardness,  render  it  valuable  for  varnish-making. 

5.  Austral  damviar. — This  resin  is  the  product  of  the  Dammara  auMtralis,  one  of  the 
highest  trees  in  New  Zealand,  where  it  is  called  Kauri  or  Kouri,  It  resembles  elemi 
in  sonie  measure.  It  flows  from  the  trunk  and  branches  in  the  form  of  a  resinous 
juice  called  rare,  and  ^um-covrdee  by  the  English  settlers.  The  natives  chew  it  con- 
tinually, and  with  the  soot  obtained  from  its  combustion  they  make  the  indelible  black 
tatoo  figures  upon  their  faces.  It  comes  home  in  lumps  of  considerable  size.  It  pos- 
sesses a  certain  toughness,  which  makes  it  difficult  to  break  or  to  pulverise.  It  takes 
fire  at  a  candle-flame,  and  continues  to  burn  by  itself.  It  melts  in  water,  heated 
below  the  boiling  point.  Alcohol  boiled  with  it,  leaves  43-3  per  cent,  of  insoluble 
matter ;  ether  leaves  36-66 ;  and  essence  of  turpentine  80  per  cent.  This  resin,  in 
fact,  resembles  very  closely  the  resin  of  courbaril. 

6.  Slightly  aromatic  dammar  leaves,  af\er  alcohol,  37  per  cent. ;  after  ether,  17  per 
cent. ;  and  after  essence,  87  per  cent. 

7.  Tender  and  friable  dammar  nlan, — This  resin  occurs  in  considerable  quantity  in 
commerce  (at  ParLs).  It  is  in  round  or  oblong  tears,  vitreous,  nearly  colorless  and 
transparent  within,  duU  whitish  on  the  surface.  It  exhales  an  agreeable  odor  of 
olibannm,  or  mastic,  when  it  is  heated.  It  crackles  with  the  heat  of  the  hand  like 
roll-sulphur.  It  becomes  fluid  in  boiling  water,  but  brittle  when  cooled  attain.  It 
sparkles  and  burns  at  the  flame  of  a  candle;  but  this  being  the  eHect  of  a  volatile  oil, 
the  combustion  soon  ceases. 

Resin  soluble  in  cold  alcohol  ....    75*28 

Resin  insoluble  in  boiling  alcohol     ....    20*86 

It  dissolves  readily  and  completely  in  cold  essence  of  turpentine,  and  forms  a  good 
Tarnish.  •  M.  Guibourt  refers  the  origin  of  this  resin  to  the  Dammara  telanica  of 
Rumphiub     Of  the  preceding  resins,  100  parts  have  left  respectively. 


Insoluble  in 

Alcohol  of  0.830. 

Ether. 

Essence. 

Hard  copal,  or  animd     - 

-    65*71 

60-83 

Ill 

Tender  copal 

.    43-53 

27-60 

76-76 

Dammar  puti 

— - 

— 

— 

Dammar  aromatic 

-      3.0 

.» 

93 

Dammar  austral    - 

-     43-33 

36-66 

80 

Dammar  slightly  aromatic 

-     37-00 

17-00 

87 

Damirar  friable     - 

-     20-86 

2-00 

.1.. 

RETORTS  OF  CLAY  are  now  extensively  used  in  ^as-making,  and  they  are  well 
manufactured  at  Newcastle.    See  the  article  Gas. 
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aA.CCHAROM£T£R  is  the  name  of  a  hydrometer,  adapted  bj  its  scale  to  poia* 
out  the  proportion  of  sugar,  or  the  saccharine  matter  of  malt,  contained  in  a  aolntkm  of 
any  specific  gravity.  Brewers,  distillers,  and  the  Excise,  sometimes  denote  by  the  teiai 
gravity,  the  excess  of  weight  of  1,000  parts  of  a  liquid  by  volume  above  the  weight  of  a 
like  volume  of  distilled  water;  so  that  if  the  specific  gravity  be  1,045, 1,070, 1,090,  Blc^ 
the  gravity  is  said  to  be  45,  70,  or  90 ;  at  others,  they  thereby  denote  the  weight  of 
saccharine  matter  in  a  barrel  (36  gallons)  of  worts ;  and  again,  they  denote  the  excea 
in  weight  of  a  barrel  of  worts  over  a  barrd  of  water,  equal  to  36  gallons,  or  360  poiuds. 
This  and  the  first  statement  are  identical,  only  1,000  is  the  standard  in  the  firet  case, 
and  360  in  the  second. 

The  saccharometer  now  used  by  the  Excise,  and  by  the  trade,  is  that  conatmclcd  by 
Mr.  R.  B.  Bate,  well  known  for  the  accuracy  of  his  philosophical  and  malheiuatical 
instruments.  The  tables  published  by  him  for  ascertaining  the  values  of  wort  or  wash, 
and  low  wines,  are  preceded  by  explicit  directions  for  their  use.  <'  The  instrument  is 
composed  of  brass ;  the  ball  or  float  being  a  circular  spindle,  in  the  oppoisite  ends  of 
which  are  fixed  a  stem  and  a  loop.  The  stem  bears  a  scale  of  divisions  nninbcred 
downward  from  the  first  to  30 ;  these  divisions,  which  are  laid  down  in  an  original 
manner,  observe  a  diminishing  progression  according  to  true  principles ;  therefore  each 
division  correctly  indicates  the  one  thousandth  part  of  the  specific  gravity  of  water ; 
and  Aurther,  by  the  alteration  made  in  the  bulk  of  the  saccharometer  at  every  change 
of  poise,  each  of  the  same  divisions  continues  to  indicate  correctly  the  said  one  thou- 
sandth part  throughout." 

In  my  own  practice,  I  prefer  to  take  specific  gravities  of  all  liquids  whatever  with  a 
glass  globe  containing  500  or  1,000  grains  of  distilled  water  at  60^  Fahr^  when  it  is 
closed  with  a  capillary-bored  glass  stopper ;  and  with  the  gravity  so  taken,  I  look  into 
a  table  constructed  to  show  the  quantity  per  cent,  of  sugar,  malt,  extract,  or  of  aay 
other  solid,  proportional  to  the  density  of  the  solution.  By  bringing  the  liquid  in  the 
gravity-bottle  to  the  standard  temperature,  no  correction  on  this  account  is  needed. 
Mr.  Bate's  elaborate  table  contains  aU  these  equations  correctly  for  solutions  of  sugar 
of  every  successive  specific  gravity.  When  employed  in  such  researches  by  the  Mo- 
lasses Committee  of  the  House  of  Commons  in  the  year  1830, 1  found  that  the  specific 
gravities  of  solutions  of  the  concrete  extract  of  malt  differed  somewhat  from  those  of 
solutions  of  sugar,  as  given  by  Mr.  Bate.    {See.  page  100  of  Dictumary.) 


The  following  table  shows  the  quantities  of  sugar  contained  in  syrups  of  the  mnaexed 
specific  gravities.    It  was  the  result  of  experiments  carefully  made : — 


Experimenlal  spec,  gravity. 

Sugar  in  100-  by 

Experimental  spec,  gravity, 
of  solution,  at  00°  F. 

Sugar  in  109-  by 

q{  solution  at  GO^  F. 

weiffht. 

weii^t. 

1-3260 

66-666 

M045 

25*000 

1-2310 

60-000 

1-0905 

21-740 

M777 

40-000 

1-0820 

20-000 

1«4400 

33-333 

1-0635 

16-666 

11340 

31-260 

1-0500 

12-500 

M250 

29-412 

1-0395 

10-000 

MllO 

26-316 

• 

N.  B.  The  column  in  the  opposite  table,  mariced  Solid  extract  6y  weight,  is  Mr. 
Bate^s ;  it  may  be  compared  with  this  short  table,  and  also  with  the  table  of  mah  in- 
fusions in  page  100  of  the  Dictionary. 

If  the  decimal  part  of  the  number  denoting  the  specific  gravity  of  syrup  be  multiplied 
by  26,  the  product  will  denote  very  nearly  the  quantity  of  sugar  per  gallon  in  pounds 
weight,  at  the  given  specific  gravity.* 


*Tlm  rule  wais  annexed  to  an  extenslye  table,  represesting  the  quantities  of  eagar  p«K 
responding  to  the  specific  -Tavities  of  the  syrups  constructed  by  the  author,  for  the  jSzciae,lB  eai 
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TaUe  exhibiting  Che  Quantity  of  Sugar,  in  Pounds  Avoirdupois,  which  is  contained  in 
One  Gallon  of  Syrup,  at  succesaive  Degrees  of  Density,  at  60P  F. 


specific 
Gravity. 

35     & 

^•5       J 

Lbs.  per 
Gallon. 

Extract 

by 

Weight 

in  100. 

Specific 
Gravity. 

Lbs.  per 
Gallon. 

Specific 
Gravity. 

Lbs.  per 
Gallon. 

1000 

O'OOOO 

OOOO         1 

077 

80107 

-1651 

1  154 

40680 

1-391 

6-1474 

1001 

00855 

0086         1- 

078 

80465 

-1873 

1-155 

4-1148 

1-293 

6  1743 

1003 

0-0510 

0051         1 

079 

8-0734 

-1696 

1-156 

41319 

1-393 

62012 

1-003 

00765 

0077         1 

080 

8-1006 

•1918 

1-157 

4-1586 

1-394 

6-2880 

1004 

0  1080 

•0108         1 

081 

8-1875 

-1941 

1  156 

4- 1657 

1-295 

6-8551 

I     1-005 

01875 

-0188         1 

083 

81543 

•1963 

1-150 

4-3186 

1296 

68888 

,     1-006 

0  1530 

0153         1 

083 

8-1811 

■1985 

1160 

48503 

1-237 

63093 

:     1007 

01785 

•0179         1 

-084 

8-8080 

•8007 

1161 

4-8771 

1238 

6-3363 

i-006 

0-8040 

•0804         1 

085 

8-8350 

-8089 

1-168 

4-9040 

1-239 

6363 1 

I^WO 

0-889S 

•0830         1 

-086 

8-3687 

-3051 

ri69 

4-9309 

1-240 

6-3909 

1010 

0  8550 

0855         1 

■087 

8-8894 

•3073 

1164 

4-3576 

1241 

6-4152 

I-OII 

0-8605 

0880          1 

■088 

3-3161 

-3095 

1165 

4-3647 

1-242 

6-4401 

1018 

o-3ono 

-0306         ] 

•089 

8  3438 

•8117 

1-166 

4-4115 

1-243 

6  4650 

1-013 

0-3315 

•0331         1 

■090 

3-3710 

•8139 

1-167 

4-4363 

1-244 

64908 

1014 

0-3570 

■0S56         1 

091 

83987 

•8161 

1*166 

4-4658 

1-245 

6-5159 

roJ5 

0-3685 

0381          1 

098 

3-48A6 

•3163 

1169 

4-4983 

1-246 

6-5403 

lOlfi 

04160 

<M06         1 

093 

2-4534 

•8305 

1-170 

45901 

P247 

6-5651 

1-017 

04335 

<M31          1 

094 

8-4798 

•3397 

1171 

4-5460 

1246 

6-5903 

ID16 

0-4590 

-0450         1 

0)» 

8-5061 

-3340 

1178 

4-5788 

1249 

0-6 158 

1-010 

04845 

-0481          1 

096 

8-5339 

•8370 

1173 

4-5969 

1-250 

6  6408 

lf»0 

0-5IOO 

0506         I 

097 

2  5598 

•3398 

1174 

4  6348 

1-251 

6-6681 

1-081 

05351 

«53l         1 

-098 

85866 

'8314 

1175 

4-6505 

1-252 

66960 

iiwa 

05608 

0555         1 

OM 

8-6190 

-2335 

1176 

4^6764 

1253 

6-7840 

1-083 

0-5853 

O580         1 

100 

8  6404 

-3357 

1177 

47089 

L'254 

6-7581 

1084 

06104 

O605          1 

101 

36663 

•2378 

1178 

4-7881 

1255 

6-7800 

1-085 

Oti355 

-0699         1 

108 

8-6931 

•3400 

1*179 

4-7539 

1256 

6-6081 

1090 

0-6606 

-0654          1 

■103 

3  7188 

•8491 

1190 

4  7602 

1-257 

6  8368 

ID87 

0-6h57 

0678         1 

-104 

374<I6 

•3443 

1*181 

4-8051 

1958 

6-0649 

1088 

0  71(16 

6703         1 

105 

8-7704 

•3464 

1188 

4-8303 

1-359 

6*8931 

108U 

07359 

0727         1 

■106 

2-7961 

•3486 

1163 

4-8554 

1-360 

6  9801 

1-030 

0  7610 

075S         1 

107 

88987 

•8507 

ri84 

4-6608 

1-361 

6-9510 

1031 

0-7861 

0776         1 

108 

8  8485 

•8589 

1165 

4-9051 

1-803  4 

6  9822 

1-038 

0  8113 

OHOO         1 

-109 

38740 

•2550 

1186 

49300 

1363 

7-0133 

1*033 

OR.'MS 

0835         1 

110 

8-9001 

•2571 

ri87 

4  9553 

1-864 

70444 

1-034 

08614 

0849         i< 

-111 

9-9963 

•8593 

1188 

4-9603 

1-365 

7-0751 

1-035 

08Hfi6 

0»73         1 

118 

8-9598 

•8614 

1180 

50054 

1-266 

71060 

1036 

09149 

0t)97         1 

113 

8  9780 

•3635 

1190 

5  0304 

1-257 

71969 

1037 

0  9449 

0031         1 

114 

30045 

•9656 

1191 

5  0563 

1268 

7- 1678 

1     1-038 

09768 

0945         1 

115 

30304 

•9677 

1198 

5*0638 

1869 

71968 

1-039 

1-0090 

•0969         1 

-116 

3-0503 

-3608 

1199 

S-1060 

1-270 

7-2900 

1040 

1-0400 

(•993         1 

117 

30881 

-3719 

1194 

51941 

1-271 

72601 

(     1041 

1  0653 

1017         1 

118 

31080 

•r40 

1195 

5  1603 

1272 

7-2902 

1048 

1-09U6 

1041          1 

•119 

3-1343 

-8761 

1196 

5-1863 

1-273 

7-3204 

1-043 

1  1159 

-1065         1 

•180 

9-1610 

•8783 

1197 

5-8134 

1874 

7-3500 

;     1-044 

1  1418 

-1069         1 

131 

9-1871 

8803 

1196 

5-3381 

1-275 

79807 

1045 

1  16(V5 

1113         1 

-133 

9-3190 

-3634 

1199 

5-8639 

1-276 

7-4109 

1046 

I19I8 

1136         1 

193 

3  8399 

•2845 

1*200 

5-8901 

1277 

7-4409 

1047 

18171 

1160         1. 

184 

98658 

-2865 

1-301 

5-9160 

1-278 

7-4708 

,     1-048 

18484 

1184         1 

185 

38916 

•3886 

r808 

5^9428 

1-279 

7-5007 

•     1-049 

13f«7 

1307         ]■ 

186 

3-3174 

•3907 

1*809 

59661 

r2b0 

7-5907 

•     1060 

12940 

1831          I 

187 

3-34SI 

•8987 

1304 

5  3941 

1-281 

7*5600 

;     l«5l 

1-3806 

1854         1 

188 

33690 

-8946 

r305 

5-4203 

1*282 

75891 

1-058 

1-3478 

1878         1 

189 

9-3049 

•8969 

1*806 

6-4462 

1-283 

7-6160 

1-053 

1  3738 

1301          |< 

ISO 

3-4311 

•3960 

1807 

5-4790 

1264 

7-6469 

1054 

1-4(104 

1335         1 

131 

3-4490 

•3010 

1306 

54979 

1-285 

7-6758 

1-055 

14870 

1348         ] 

138 

34769 

•3030 

1*300 

55339 

1-286 

7-7048 

1056 

1-4536 

1378         1 

183 

3-5048 

-9051 

1310 

55506 

1*287 

7  7991 

1057 

1-4803 

1395         I- 

134 

3  5396 

•9071 

1311 

5-5786 

1*366 

7-7620 

1-058 

l-50fi8 

1418         1 

135 

3-5605 

•3093 

1313 

5  6071 

1889 

7-7910 

1059 

1  5334 

1441          1 

136 

3-5888 

•3118 

1*213 

5-6360 

1-390 

7-8901 

,     1-060 

1-56(K) 

1464          1- 

137 

9*6160 

•3133 

1214 

56651 

1*891 

7  8462 

1061 

1-5870 

I4b7         1 

138 

9-6437 

•9159 

1-215 

5-6043 

1-398 

7-8768 

1068 

I-6I48 

1510         1 

139 

3  6716 

•9173 

1*216 

57333 

1-293 

7-9042 

1-063 

1-6114 

1533         1 

140 

3-7000 

•3193 

1*217 

57583 

1204 

7*9821 

1064 

l-fl68H 

-1556         1 

141 

37861 

•3914 

1316 

5-7614 

1*295 

70600 

1-065 

1  A959 

1579         1 

148 

37568 

•3394 

1319 

5-6106 

1*296 

7-0679 

1066 

1-7988 

1608         1 

143 

37840 

•3854 

1*830 

5-8401 

1297 

6-0156 

1-067 

1-7496 

1635         1 

144 

3-8119 

•9874 

1821 

5-8600 

1*296 

8*0446 

1-068 

1-7764 

1647         1 

145 

88396 

-9394 

1*288 

5-8968 

1-299 

80710 

1069 

1-8039 

1670         1 

146 

3-8677 

•9914 

1-8S8 

6-9848 

1-800 

6-1001 

1-070 

18300 

1693         1 

147 

38055 

•3334 

1*884 

5-9539 

1071 

18571 

1716         I 

148 

39835 

•3354 

1885 

5-9801 

1078 

1-8843 

1738         1 

149 

3-9516 

•9974 

1*386 

60061 

1073 

1-9116 

1761         1 

150 

3-9601 

•9994 

1-227 

60961 

1-074 

1-9385 

1783         1 

151 

4-0070 

1388 

6-0642 

1075 

19653 

1806         1 

158 

4-0348 

1389 

60935 

1076 

1-9938 

1888         1 

153 

4  0611 

1-890 

61805 

222  SILK. 

SAFETY  LAMP.  During  a  visit  which  I  paid  to  Newcastle  some  time  ajpo,  1 
took  pains  to  learn  the  opinion  of  the  best  jadges  of  coal  mining,  npon  the  merits  of  the 
patent  invention  of  Upton  and  Roberts,  described  in  the  Dictionary,  and  I  found  frav 
the  concurring  testimony  of  that  very  able  engineer,  Mr.  Buddie,  since  lost  to  his 
friends  and  the  world,  and  of  Mr.  Sopwith,  well  known  for  the  geological  study  of  tiie 
coal  formation,  that  the  said  lamp  could  not  be  safely  used  on  account  of  its  glass  case, 
which,  being  most  liable  to  break,  would  be  apt  to  cut  or  rupture  the  meshes  of  the 
wire  gauze  within  it,  and  thus  to  lay  the  flame  open  for  explosions,  ills  not  therefore 
in  use. 

SAGO.    See  Pepper  in  this  Supplement. 

SAL  AMMONIAC. '  A  patent  was  obtained  in  1840,  for  improvements  in  the 
manufacture  of  this  article,  by  Mr.  H.  Waterton.  Two  modes  of  operating  are  de> 
scribed ;  the  first  consists  in  making  a  saturated  solution  of  common  salt  in  water,  and 
mixing  with  it  a  quantity  of  finely  pulverized  carbonate  of  ammonia,  about  equal  in 
weight  to  the  salt  contained  in  the  solution.  The  mixture  is  agitated  in  a  close  vessel 
for  six  or  eight  hours,  and  as  much  carbonic  acid  gas  is  infhsed  therein  as  it  will  absorb 
(but  the  introduction  of  the  gas  is  not  absolutely  necessary,  although  the  patentee  pn^ 
fers  it)  ;  the  liquid  is  then  separated  from  the  solid  matter,  by  filtration  and  pressnre. 
The  solid  matter  is  chiefly  bi-carbonate  of  soda,  and  the  liquid  holds  in  solution  muriate 
and  carbonate  of  ammonia,  and  common  salt,  and  sometimes  a  small  portion  of  the  bi- 
carbonate of  soda. 

The  liquid  is  now  placed  in  a  distilling  vessel,  and  the  carbonate  of  ammonia  being 
distilled  over  into  a  suitable  receiver,  a  solution  of  muriate  of  ammonia  and  common  sah 
remains  in  the  still.  This  solution  is  evaporated,  by  heat,  to  such  a  consistency  as  viB 
cause  the  separation  of  the  common  salt,  by  crj'stallizntion,  and  the  salt,  thus  crystallized, 
is  evaporated  from  the  liquid  by  any  convenient  method.  The  liquid  is  then  evaporated 
until  it  attains  the  proper  specific  gravity  for  crystallizing,  and  it  is  transferred  into 
suitable  utensils  for  that  purpose.  The  crystals,  produced  by  these  means,  are  neariy 
pure  muriate  of  ammonia,  and,  when  pressed  and  dried,  may  be  brought  to  market 
without  further  preparation,  or  they  may  be  sublimed  into  cake  sal  ammoniac 

The  other  mode  of  manufacturing  sal  ammoniac  consists  in  taking  a  quantity  of 
liquid,  containing  ammonia,  either  in  the  caustic  state,  or  combined  with  carbonic,  hy- 
drosulphnric,  or  hydrocyanic  acid  (such  as  gas  ammoniacal  liquor,  or  bone  ammoniaol 
liquor),  and  rectifying  it,  by  distillation,  until  the  distilled  portion  contains  from  twenty 
to  twenty-five  per  cent,  of  carbonate  of  ammonia.  If  the  liquid  contains  any  other  acids 
than  those  above  mentioned,  a  sufficient  quantity  of  'lime  is  used  in  the  distillation  to 
decompose  the  ammoniacal  salt. 

The  distilled  liquid  being  now  mixed  with  as  large  a  quantity  of  powdered  commoa 
salt  as  it  will  dissolve,  is  agitated  for  several  hours,  and  as  much  carbonic  acid  gas  is 
infused  into  it  as  it  will  absorb.  The  remainder  of  the  operation  is  the  same  as  before 
described  in  the  first  method  of  manufacturing  sal  ammoniac. — Newton*$  Jtmmaly  C.  S. 
zxii.  35. 

SEMOULE.  The  name  given  in  France,  and  used  in  this  country,  to  denote  the 
large  hard  grains  of  wheat  flour  retained  in  the  bolting  machine  after  the  fine  flour  has 
been  passed  through  its  meshes.  The  best  s6mou]e  is  obtained  from  the  wheat  of  the 
southern  parts  of  Europe.  With  the  s^moule,  the  fine  white  Parisian  bread  called  gnum 
is  baked.  Skilfnl  millers  contrive  to  produce  a  great  proportion  sSmoule  from  the  large- 
grained  wheat  of  Naples  and  Odessa. 

SILK.  Several  pieces  of  silk  were  put  into  my  hands,  for  analysis,  on  the  1 8th  of 
February,  af\er  I  had,  on  the  preceding  12th  of  the  month,  visited  the  St.  Katharine's 
Dock  warehouses,  in  New  street,  Bishopsgate  street,  for  the  purpose  of  inspecting  a 
large  package  of  the  Corahs,  per  Colonist.  I  was  convinced,  by  this  inspection,  that, 
notwithstanding  the  apparent  pains  bestowed  upon  the  tin  plate  and  teakwood  packing 
cases,  certain  fissures  existed  in  them,  through  which  the  atmospheric  air  had  found 
access,  and  had  caused  iron-mould  spots  upon  the  gunny  wrapper,  from  the  rusting  or 
oxidizeraent  of  the  tinned  iron. 

I  commenced  my  course  of  analysis  upon  some  of  the  pieces  which  were  most 
damaged,  as  I  thought  they  were  most  likely  to  lead  me  to  an  exact  appreciation  of 
the  cause  of  the  mischief;  and  I  pursued  the  following  general  train  of  research  : — 

1.  The  piece  of  silk,  measuring  from  6  to  7  yards,  was  freely  exposed  to  the  air,  then 
weighed,  afterward  dried  near  a  fire,  and  weighed  again,  in  onler  to  dc^termine  its 
hygrometric  property,  or  its  quality  of  becoming  damp  by  absorbing  atmospheric  vapor. 
Many  of  the  pieces  absorbed,  in  this  way,  from  one  tenth  to  one  eighth  of  their  whole 
weight;  that  is,  from  1  oz  to  1|  oz.  upon  13  oz.  This  fact  is  '▼ery  instructive,  an« 
shows  that  the  goods  had  been  dressed  in  the  loom,  or  imbued  subsequently,  with  some 
very  deliquescent  pasty  matter. 

2.  I  next  subjected  the  piece  to  the  action  of  distilled  water,  at  a  boiling  tempen- 
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lure,  till  the  whole  glutinous  matter  was  extracted ;  five  pints  of  water  were  employed 
for  this  purpose,  the  fifth  being  used  in  rinsing  out  the  residuum.  The  liquid  wrung 
out  from  the  silk  was  evaporated  first  over  the  fire,  but  toward  the  end  over  a  steam 
bath,  till  it  became  a  dry 'extract;  which  in  the  damaged  pieces  was  black,  like  extract 
of  liquorice,  but  in  the  sound  pieces  was  brown.  In  all  cases  the  extract  so  obtained 
absorbed  moisture  with  great  avidity.  The  extract  was  weighed  in  its  driest  state,  and 
the  weight  -  noted,  whidi  showed  the  addition  made,  by  the  dressing  to  the  weight  of 
the  silk.  The  piece  of  silk  was  occasionally  weighed  in  its  cleansed  state,  when  dry, 
as  a  check  upon  the  preceding  experiment. 

,  3.  The  dry  extract  was  now  subjected  to  a  regular  chemical  analysis,  which  was 
modified  according  to  circumstances,  as  follows :  100  parts  of  it  were  carefully,  igni- 
ted in  a  platinum  capsule ;  during  which  a  considerable  flame  and  fetid  smoke  were 
disengaged.  The  ashes  or  incombustible  residuum  were  examined  by  the  action  of  dis- 
tilled water,  filtration,  as  also  by  that  of  acids,  and  other  chemical  tests,  whereby  the 
constituents  of  these  ashes  were  ascertained.  In  the  course  of  the  incineration  or  cal- 
cination of  the  extract  from  the  several  samples,  I  never  observed  any  sparkling  or 
scintillation ;  whence  I  infmred  that  no  nitre  had  been  used  in  the  dressing  of  the 
goods,  as  some  persons  suggested. 

4.  Having,  in  the  course  of  boiling  some  of  the  extract  from  two  of  the  damaged 
pieces  in  a  little  distilled  water,  felt  a  urinous  odor,  I  was  induced  to  institute  the  fol- 
lowing minute  course  of  researches,  in  order  to  discover  whether  the  urine  of  man  had 
been  introduced  into  the  dressing  paste  of  the  silk  webs.  I  digested  a  certain  portion 
of  the  said  extract  in  alcohol,  60  per  cent,  over  proc^,  which  is  incapable  of  dissolving 
the  rice  water,  or  other  starchy  matter,  which  might  be  properly  applied  to  the  silk  in 
the  loom.  The  alcohol,  however,  especially  when  aided  by  a  moderate  heat,  readily 
dissolves  urea,  a  substance  of  a  peculiar  nature,  which  is  the  characteristic  constituent 
of  human  urine.  The  alcohol  took  a  yellow  tint,  and  being,  after  subsidence  of  the 
sediment,  decanted  clear  off  into  a  glass  retort,  and  exposed  to  the  gentle  heat  of  a  wa- 
ter bath,  it  distilled  over  clear  into  the  receiver,  and  left  a  residuum  in  the  retort,  which 
possessed  the  properties  of  urea.  This  substance  was  solid  when  cold,  but  meUed  at  a 
heat  of  220^  F. ;  and  at  a  heat  of  about  245"^  it  decomposed  with  the  production  of  wa- 
ter and  carbonate  of  anunonia — the  well-known  products  of  urea  at  that  temperature. 
The  exhalation  of  ammonia  was  very  sensible  to  the  smell,  and  was  made  peculiarly 
manifest  by  its  browning  yellow  turmeric  paper,  exposed  in  a  moist  state  to  the  fumes, 
as  they  issued  from  the  orifice  of  the  i^lass  tube,  in  which  the  decomposition  was  usually 
efi'ected.  I  thus  obtained  perfect  evidence  that  urine  had  been  employed  in  India  in 
preparing  the  paste  with  which  a  great  many  of  the  pieces  had  been  dressed.  It  is 
known  to  every  experienced  chemist,  that  one  of  the  most  fermentative  or  putrefac- 
tive compositions  which  can  be  made,  results  from  the  mixture  of  human  urine  with 
starchy  or  gummy  matter,  such  as  rice  water ;  a  substance  which,  by  the  test  of  iodine 
water,  these  Corahs  also  contained,  as  I  showed  to  the  gentlemen  present,  at  my  visit 
to  the  Bonding  Warehouse. 

5.  On  incinerating  the  extract  of  the  Corahs,  I  obtained,  in  the  residuum,  a  notable 
quantity  of  free  alkali ;  which,  by  the  test  of  chloride  of  platinum,  proved  to  be  potassa. 
But,  as  the  extract  itself  was  neutral  to  the  tests  of  litmus  and  turmeric  paper,  I  was 
consequently  led  to  infer  that  the  said  extract  contained  some  vegetable  acid,  probably 
produced  by  the  fermentation  of  the  weaver's  dres&ing,  in  the  hot  climate  of  Hindostan. 
I,  accordingly,  examined  the  nature  of  this  acid,  by  distilling  a  portion  of  the  extract 
•long  with  some  very  dilute  sulphuric  acid,  and  obtained  in  the  receiver  a  notable 
quantity  of  the  volatilized  acid  condensed.  This  acid  might  be  the  acetic  (vinegar), 
the  result  of  fermentation,  or  it  might  be  the  formic  or  acid  of  ants,  the  result  of  the 
action  of  sulphuric  acid  upon  starchy  matter.  To  decide  this  point,  I  saturated  the  said 
distilled  acid  with  magnesia,  and  obtained  on  evaporation  the  characteristic  gummy 
mass  of  acetate  of  magnesia,  soluble  in  alcohol,  but  none  of  the  crystals  of  formiate  of 
magnesia,  insoluble  in  alcohol.  From  the  quantity  of  alkali  (potassa)  which  I  obtained 
from  the  incineration  of  the  extract  of  one  piece  of  the  damaged  silk,  and  which 
amounted  to  six  grains  at  least,  I  was  convinced  that  wood  ashes  had  been  added,  in 
India,  to  the  mixture  of  sour  rice  water  and  urine,  which  would  therefore  constitute  e 
compound  remarkably  hygrometric,  and  well  qualified  to  keep  the  warp  of  the  web 
damp,  even  in  that  arid  atmosphere,  during  the  time  that  the  Tanty  or  w'eaver  was 
working  upon  it.  The  acetate  of  potassa,  present  in  the  said  Corahs,  is  one  of  the 
most  deliquescent  salts  known  to  the  chemist :  and,  when  mixed  with  fermented  urine, 
forms  a  most  active  hygrometric  dressing— one,  likewise,  which  will  readily  generate 
mildew  upon  woven  goods,  with  the  aid  of  heat  and  the  smallest  portion  of  atmospheric 
Oxygen.  By  the  above-mentioned  fermentative  action,  the  carbon,  which  is  one  of  the 
chemical  constituents  of  the  rice  or  starchy  matter,  had  been  eliminated,  so  as  to  occa- 
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■ion  the  dark  staina  upon  the  silk,  and  the  blackneM  of  the  eztnet  takok  o«t  af  it  h| 
distilled  watib. 

6.  That  the  dressing  applied  to  the  webs  is  not  simply  a  decoctioa  of  rice,  becosaefc 
Tery  manifest,  by  comparing  the  incinerated  residuum  of  rice  with  the  incinerated  re- 
siduum of  the  extract  of  the  said  Corahs.  I  find  that  100  grains  of  rice»  incinerated  in 
a  platinum  capsule,  leave  only  about  one  fifth  of  a  gnun,or  1  in  500  of  incombustible 
matter,  which  is  chiefly  silidous  sand ;  whereas,  when  100  grains  of  an  average  eztiacS 
of  several  of  these  Corahs  were  similarly  incinerated,  they  left  fully  17  puts  of  ineom- 
bustiUe  matter.  This  consisted  chiefly  of  alumina  or  earth  of  clay,  with  silica,  potaasa, 
and  a  little  common  or  culinary  salt.  (Has  the  clay  been  added,  as  is  done  in  Ma»| 
Chester,  to  give  apparent  substance  to  the  thin  silk  web  }) 

From  the  above  elaborate  course  of  experiments,  which  occupied  me  almost  con- 
stantly daring  a  period  of  four  weeks,  I  was  fuUy  warranted  to  conclude  that  the  dam* 
age  of  the  said  goods  had  been  occasioned  by  the  vile  dressing  which  had  been  put  into 
them  in  India;  which,  as  I  have  said,  under  the  influence  of  heat  and  air,  had  caused 
them  to  become  more  or  less  mildewed,  in  proportion  to  their  original  dampness  when 
packed  at  Calcutta,  and  to  the  accidental  ingress  of  atmospheric  air  into  the  cases  du- 
ring the  voyage  from  Calcutta  to  London. 

The  following  is  the  list  of  Corahs  which  I  chemically  examined : — 

1  and  2,  per  Colonist,  from  Calcutta,  2  pieces,  sound. — ^These  two  pieces  had  been 
dressed  with  a  sweet  viscid  matter,  like  jaggery  or  goor  (molassy  sugar),  mixed  with 
the  rice  water.  This  extract  contained  no  urine,  but  emitted  a  smell  of  canmd  or 
burned  sugar,  when  ignited.  It  amounted  to  270  grains  in  the  one^  and  370  in  the 
other. 

3,  ditto,  1  piece,  mildewed,  1st  degree. — ^This  piece  had  been  dressed  like  Now  5,  and 
contained  no  trace  of  uriae.  It  afforded  400  grains  of  a  most  deliquescent  sweetish 
glutinous  matter. 

4,  ditto,  1  piece,  mildewed,  Ist  degree,  as  No.  3. 

5,  ditto,  1  piece,  mildewed,  3d  degree. — ^This  piece  contained  no  trace  of  urine,  but  it 
afibrded  210  grains  of  a  light  brown  extract,  being  rice  water,  nuxed  with  ■«m»th«y 
like  jaggery. 

6,  ditto,  1  piece,  3d  degree,  mildewed. — ^This  piece  afforded  evidence  of  mine  in  i^ 
by  test  of  carbonate  of  ammonia.    The  extract  amounted  to  320  grains. 

^  ditto,  2  pieces,  damaged  in  the  3d  degree. — ^The  total  weight  of  one  of  these  pie- 
ces, after  exposure  to  air,  was  4,610  grains,  and  it  lost  440  grains  by  drying.  The  total 
weight  of  the  other  was  4,950  grains,  and  it  lost  320  grains  by  drying.  The  weight  of 
extract  was,  in  one  piece,  210  grains;  and  both  pieces  contained  abundant  traces  of 
urine,  as  well  as  of  potash.  These  constituents,  along  with  the  rice  water,  accounted 
sufllciently  for  the  great  damage  of  these  two  pieces  by  mildew. 

10,  ditto,  2  pieces,  sound. — ^These  contained  no  urea.    Each  afforded  fiom  300  la 

000  grains  of  a  light  brown  vegetable  extract. 

12,  ditto,  2  pieces. — The  extract  in  the  one  amounted  to  222  grains,  and  in  the  other 
to  330.    Both  contained  urea,  and  had,  therefore,  been  imbued  with  urine. 

14,  ditto,  2  pieces,  mildewed,  3d  degree. — ^There  was  no  urea  in  the  extiacts  from 
these  two  pieces ;  but  they  afforded,  the  one  300  grains  of  extract,  and  the  other  750. 
But  this  extract  was  a  saccharine  molassy  matter,  impossible  to  diy  over  a  steam  heat. 
The  same  quantity  as  the  last,  if  dried  by  stronger  means,  would  have  weighed  proba- 
bly 600  grains.  Its  extraordinary  deliquescence  kept  the  pieces  very  moist,  and  there- 
by caused  the  mildewing  of  them.  With  the  saccharine  matter,  four  per  cent,  of  i 
nary  salt  was  mixed  in  one  of  these  extracts. 

16,  ditto,  2  pieces,  3d  degree  of  mildew. — ^The  extract,  about  200  grains, 
abundant  evidence  of  urea,  and,  consequently  of  urine. 

18,  ditto,  2  pieces,  sound. — ^Both  these  contained  some  traces  ot  urea;  but  the  one 
yielded  only  102  grains  of  extract,  and  the  other  370  grains.  They  must  have  been 
well  screened  from  the  air  to  have  resisted  the  action  of  the  urine. 

20,  ditto,  2  pieces,  damaged,  Ist  degree. — No  urea.  The  extract  of  the  one  was  320 
grains ;  of  the  other  piece  380  $  and  it  had  a  light  brown  color,  being  a  saccharine 
mucilage. 

22,  ditto,  2  pieces,  3d  degree  mildew.-— 200  grains  of  extract  in  the  one,  and  210  in 
the  other:  they  contained  urea. 

24,  2  pieces,  3d  degree  of  mildew. — 310  grains  of  extract  in  the  one,  and  180  graias 
in  the  other.     Both  were  impregnated  with  urea,  and  consequently  witii  urine. 

Having  in  the  preceding  report  demonstrated,  by  the  clearest  processes  of  chemical 
research,  that  the  above  mildewed  Corahs  had  been  damaged  by  the  fermentative  de- 
eomposition  of  the  dressing  paste  with  which  they  had  been  so  abundantly  impregnated, 

1  would  recommend  the  importers  of  such  goods  to  cause  the  whole  of  the  dressing  to 
be  washed  out  of  them,  and  the  pieces  to  1^  thoroughly  dried,  before  being  packed  np. 


.tibelieve  that  elMn  ai&  Bay  be  kspl  and  tnuponed,  sTcn  ia  Uis  Boat  htanud  ajmo- 
aphere,  withoat  undeteioiDg  any  chaaK*,  if  it  be  not  imbued  vith  lenneDUlive  paaU. 

leuuniaed  eigbt  otiiac  pieeea  of  a  differeat  ouuk,  imported  bj  aaother  merEaatlb 
house,  per  Colonial,  aad  ttaef  afibnled  reaulta  similar  lo  ihe  above. 

SihVER,ExlTactimof/rom  Ltaii  Pattiia(m't  f>r<x«u.~The  ile89*etiEins  appa- 
ratus or  Locke,  Blackelt,  and  Co.,  coaaists  or  aevca  cJTalalliziaK  pota,  and  one  amalter 
pot  for  recriviu;  the  desilvered  lead.  Tbef  are  all  made  of  east  iron,  and  arranged  in 
a  straight  liue. 

The  lead  in  each  pot  Tuiea  in  its  conteota  ofailTer. 

Th«  first  contBiftiDg  Sfi  ewta.  lead,  at  about  60  oi.  ofaiWer,  or  1  S44tbg  per  Ion  SB5 

It  divided  into  53  eirts.  cTTBlala  carried  to  accond  pot,  al  39  oi.  per  ton 
IB  cwts.  do.   to  be  pot  in  first  pot  again,  at  64  oz.  per  ton 
and  ]2  cwts.  rich  lead  lo  be  cnpellnl,  at  170  oz.  per  ton    - 

Tit*  second  pot  containing  90  cwts.  lead,  at  about  35  oz.  silver  pei  ion 
it  divided  into  60  cwts.  crfglaU  carried  (o  third  pot,  at  20  oa.  per  ton 
and  30  cms.  lead  put  into  first  pot,  at  65  oz.  per  ton 


The  fourth  pot  contaiung  80  cwts.  lead,  at  about  10  oz.  per  Ion 
b  divided  into  55  cwts.  crystals,  canied  to  fifth  pot,  at  5}  oi.  per  ton 
and  2S  cwta.  lead  pat  into  thiid  pot,  at  20  oz.  per  ton 

The  fifth  pot  containbg  80  cwta.  lead,  at  abont  Bjt  oz.  silver  perton  • 

If  divided  into  55  cwts.  crritala ,  put  into  sixth  pol,  at  3  oz.  per  ton    > 

•ad  !6  cwta.  lead,  pat  into  fonrih  pot,  at  11  oz.  per  ton      - 

The  sixth  pot  eontaiaini;  80  cwts.  lead,  at  about  3  oi.  per  too    - 
Is  divided  into  55  cwts.  crystals,  carried  to  aeventh  pot,  el  1|  oz.  per  to 
and  29  cwts.  lead,  put  into  fifth  pot,  at  6  oz.  per  Ion  • 

The  savealh  pot  containlnft  55  cwts.  lead,  at  about  1|  oz.  per  ton 
Is  divided  into  25  cwta.  crystals,  carried  to  amall  pot,  at  It  es.  pa  ton 
and  30  cwts.  lead,  put  into  sixth  pot,  at  2}  oi.  per  ton 

4 

The  above  36  cwts.  or  crystals  are  melted  aad  cast  into  pigs  and  aent  to  the  tnarket. 
In  operating  upon  lead  containing  about  10  oz.  per  ton,  the  fourth  pot  is  filled  with 
it;  if  it  should  contain  20  oz.,  or  Ibereaboats,  it  is  pal  into  the  third  pot)  and  so  of 
Bor  other. 
Fig.  J25  represenia  the  amusement  of  the  iroa  pots  or  ealdroDs,  in  their  oidei. 


H 


The  desilvering  apparatus  represented  in  fig.  125  is  composed  of  five  caUroaa  of- 
east  iron,  each  healed  by  ita  own  fire,  besides  two  smaller  pots,  similarly  healed.  The 
cajdrooa  rest  bjr  their  npper  flange  and  surface  upon  briclw  properly  fonned  and 
arranged.  Their  shape  is  not  hemispherical ;  their  mouth  is  40  inches  in  length,  bat 
only  26  inches  in  width.  Over  the  door  of  the  fireplaee,  the  mouth  alasds  6  feel 
4  inches  above  the  ground  or  bottom  of  the  ash-pit,  of  which  spaoeylSinehaainUrvcM 
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between  the  gnte  and  the  brim.  The  grate  is  2  feet  long  and  Sf  mdieB  vHe.  AI 
the  caldrons  hare  the  same  elliptic  form,  with  a  bottom  like  the  small  end  of  an  egg. 
The  fifth  alone  is  smaller,  bnt  this  one  seryes  merely  to  melt  the  lad  which  has  been 
stripped  of  its  silver,  in  order  to  be  cast  into  salmons  or  blocks. 

The  charge  consists  of  64  or  65  salmons,  each  weighing  from  120  to  140  lbs.  When 
they  are  well  melted,  the  fire  is  removed  fVom  the  grate,  as  well  as  the  small  film  of 
litharge  from  the  sniface  of  the  metal ;  and  one  or  two  salmons  are  added  to  accelerate 
the  cooling,  or  sometimes,  instead,  a  little  soapy  water  is  sprinkled  into  the  caldroa, 
whereby  a  crust  of  lead  is  formed,  which  being  pushed  down  into  the  mass,  melts  with 
ebolUtion.  This  is  repeated  till  the  whole  becomes  sufficiently  cool,  that  is,  when 
crystals  begin  to  form.  The  lead  concreted  round  the  sides  being  now  detached,  the 
whole  is  stirred  with  an  iron  bar,  by  a  motion  in  a  vertical  plane,  and  vaiying  its 
postnre  in  this  plane.  During  this  operation,  intended  to  establish  a  nniform  tempen- 
tnre  throughout  the  mass,  a  second  workman  heats  in  the  smaller  pot  adj<Mning  to 
Vo.  1  a  large  skimmer  at  the  end  of  a  long  wooden  handle,  and  next  proceeds  to  6ak 
ont  the  crystals,  taking  care  to  let  them  dniin  off  for  a  few  seconds  all  the  liqud  lead 
among  them,  and  then  turns  out  the  crystals  slowly  into  the  next  caldron.  No.  2; 
the  second  workman  meanwhile  adds  the  metal  solidified  round  the  sides,  and  stiis  all 
together  to  equalise  the  temperature.  These  two-fold  operations  occupy  about  fifty 
minutes ;  by  which  time,  there  remains  in  the  caldron  about  16  salmons.  The  woikmaa 
now  lifts  out  the  crystak,  as  before,  with  the  drainer,  and  throws  them  upon  the  ground 
m  two  heaps.  His  assistant  takes  them  up  a  little  while  afterward,  and  puti  them 
away  to  make  room  for  ft'esh  crystals,  which  the  first  workman  continues  to  throw 
down.  This  process  goes  on  till  only  8  salmons  remain  in  the  caldron,  a  point  ascer- 
tained by  gauging  the  height  to  the  bath.  The  fire'  being  at  this  time  removed  frraa 
cauldron  No;  2  into  the  grate  of  No.  1,  the  8  salmons  of  lead  enriched  with  silver, 
which  remain  at  the  bottom  of  the  cal(^n,  are  run  out  into  movable  moulds;  and  the 
8  salmons  which  were  thrown  upon  the  ground  are  put  into  it ;  the  full  charge  being 
then  made  up  with  salmons  of  the  same  richness  as  those  previously  used. 

While  this  mass  is  melting  in  No.  1  the  process  just  finished  in  it  ia  repeated  in 
No.  2.  About  three  fourths  of  the  metallic  mass  is  next  separated  in  the  state  of 
crystals,  which  are  transferred  to  No.  3,  and  also  one  eighth  of  crystals  thrown  on  the 
ground,  after  pouring  the  remaining  one  eighth  at  the  bottom  of  caldron  No.  2  ant 
Into  moulds,  but  into  No.  1. 

A  like  process  is  performed  in  caldrons  3  and  4 ;  and  the  poor  lead  taken  ont  of  4 
is  transferred  to  5  to  be  melted,  and  run  into  salmons,  which  are  submitted  afresh  to  the 
preceding  series  of  crystallizations,  provided  the  lead  still  contains  a  sufilcient  pioportioa 
of  silver. 

The  following  Table  will  place  the  results  of  the  above  successive  operations  in  a 

dear  light  :— 

SfiTorin  1  Too  of  Lead. 

Original  lead -  0<001153 

1.  Rich  crystal! 0-003324 

2.  Poor  ditto 0-000933 

— Ri/:h    ditto  )  proceeding  from  the  treatment  of  the  prece-  C  0-0020802 

3.  Poor  ditto  $     ing  No.  2  poor  crystals  -  -       (  0-0007021 

4.  Rich  )  proceeding  from  the  treatment  of  No.  3  poor  crys-C  0-001399 
—Poor  5     tals ;  0-00045G9 

— R»c^  I  —  «K/.««  ft««  w«  A  $  0-O0O8136 

(Lead)  poor  J  •»  *^^*  ^""^  ^^- '^  "  '  "     J  0-0001128 

We  thus  see,  that  four  crystallizations,  repeated  upon  the  original  lead  from  the 
smelting  furnace,  of  the  above  richness,  will  afibrd  a  lead  ten  times  poorer.  With  a 
lead  originally  containing  only  0*0002248  in  silver,  three  crystallizations  would  sofiiee 
to  make  it  ten  times  poorer.  In  general,  the  poorer  the  lead,  within  certain  limits,  the 
better  adapted  is  it  to  this  process. 

SILVERING.    See  Electrottfe. 

SLIDES.  The  name  given  by  the  Cornish  miners  to  clay  veins  of  more  modem 
formation.  

SMELTING  IRON  FURNACES,  commonly  caUed  BLAST  FURNACES.  Severd 
of  these  furnaces,  as  mounted  near  Glasgow,  deserve  to  be  made  known,  on  account  of 
the  economy  of  tiieir  construction,  the  advantage  of  their  form,  and  the  amount  of  their 
performance. 

Fig*  126  represents  one  of  the  smallest  of  these,  which  measures  from  the  fine  at  the 
bottom  to  the  top  48  feet,  from  which  all  the  other  dimensions  may  be  estimated.  It 
ptodnces  a  soft  cast  iron  for  casting  into  moulds  and  for  melting  in  the  cupola.  ^%*- 
127  and  128  represent  a  much  larger  furnace,  being  from  the  top,  to  the  line  A^  B,  C,D 
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60  feet  high.  A  few  have  beea  bailt  itill  lu^er.  This  funiace  hu  a  double  ease,  each 
of  which  coDiista  of  fire-bricks.  This  case  ia  enclosed  by  commoii  bricks,  and  these  by 
B  wall  of  alone  maaonrj.     The  tucceeeiTC  lowi  of  bricks  are  laid  stoir-wisc,  hnvinic  the 


a  modern  furnace  of  very  lai^e 


William  Jessop,  Esq.,  proprietor  of  the  great  irou  worlis  of  Butlerley  and  Codner 
Park  in  Derbyshire,  haa  invented  a  very  eleRHoI  and  eSeclive  apparatus  for  Tcedin^  hit 
blast  Tumacea  with  Tuel,  mine  (calcined  ironstone),  and  limealone  in  due  pcoponions, 
and  equally  distributed  ronnd  the  inside  of  the  furnace.  Figs.  132,  133,  rtpri^sent  this 
feed-Hppanttas.  Fig.  132,  shows  at  A,  an  outline  of  (he  furnace,  and  at  B,  the  line  of 
•ntranee  into  its  throat.  C,  is  the  feed  mechaDiBm.  It  coosislspra  Ions  balance  lever 
barrow,  D,  E;  D,  beins  an  iron  cylinder,  open  at  top  and  bottom,  4  feet  in  diameter 
and  2)  feet  in  height,  in  the  inside  of  which  a  hallow  cone  of  iron  is  suspentleo,  with 
its  apex  uppermost,  so  that  while  the  base  of  the  eone  is  kept  above  the  lecelofthe 
bottom  of  the  cylinder  it  shuts  it!  but  on  the  cone  being  lowered  below  that  level,  it 
allows  the  charge  of  materials  resting  all  round  on  the  slant  surface  of  the  cone  to  fall 
down  equally  roand  the  side  of  the  cylinder  into  the  furnace.  In  Jig.  133  the  barrow 
lever,  D,  E,  is  seen  in  profile  or  vertical  section ;  a,  is  the  fulcrum  wheel,  Dpon  which 
the  lever  is  in  equilibrio  when  9  twt.  of  coals  are  put  into  the  cylinder;  then  a  weight 
is  hung  on,  neai  the  end,  E,  of  the  lever,  as  an  equipoise  either  to  9  or  12  ewt.  of  mine, 
according  to  circumstances  ;  and  next,  a  weight  to  balance  one  third  of  that  weight  of 
limestone.     These  weights  of  materials  being  introduced  into  the  cylinder,  while  the 
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SMOKE  PBEVEMTION. 


wliich  is  4  feet  in  dimictery  without  friction.  The  spaee>  6  K,fig^  1S3>  is  36  feet 
square. 

The  iron  cone,  which  serves  as  a  Yalve  to  the  charging-dnim  or  cylinder,  is  raised 
and  lowered  by  means  of  a  chain  passing  round  a  worm-wheel,  which  is  turned  round 
by  an  endless  screw,  acted  upon  by  the  long  rod  at  c,  which  the  workman  can  move  by 
hand  at  pleasure,  thereby  lowering  or  raising  the  end  of  the  short  lever,  d,  to  which  the 
valve  cone  is  suspended.  The  cord  by  which  the  workman  opens  or  shuts  the  air 
piston-valve  is  seen  at  s,  /.  I  have  viewed  with  much  pleasure  the  precise  and  easy 
movements  of  this  feedrapparatns,  at  an  excellent  blast  furnace  in  Codner  Park  iron 
works. 

SMOKE  PREVENTION.  .  Among  the  fifty  several  inventions  which  have  been 
patented  for  eflecting  this  purpose,  with  regard  to  steam-boiler  and  other  large  furnaces, 
▼erv  few  are  sufficiently  economical  or  effective.  The  first  person  who  investigated  thii 
subject  in  a  truly  philosophical  manner  was  Mr.  Charles  Wye  Williams,  managing  director 
of  the  Dublin  and  Liverpool  Steam  Navigation  company,  and  he  also  has  had  the  merit 
of  constructing  many  furnaces  both  for  marine  and  land  steam-engines,  which  thoroughly 
prevent  the  production  of  smoke,  with  increased  energy  of  combustion,  and  a  more  or 
less  considerable  saving  of  fuel,  according  to  the  care  of  the  stoker.  The  specific  inven- 
tion, for  which  he  obtained  a  patent  in  1840,  consists  in  the  introduction  of  a  proper 
quantity  of  atmospheric  air  to  the  bridges  and  flame-beds  of  the  furnaces,  through  a 
great  number  of  small  orifices,  connected  with  a  common  pipe  or  canal,  whose  area  can 
be  increased  or  diminished,  according  as  the  circumstances  of  complete  combustion  may 
require,  by  means  of  an  external  valve.  The  operation  <ff  air  thus  entering  in  small 
jets  into  the  half-burned  hydro-carboretted  gases  over  the  fires,  and  in  the  first  fine,  ia 
their  perfect  oxygenation,  the  development  of  all  the  heat  which  that  can  produce,  and 
the  entire  prevention  of  smoke.  One  of  the  many  ingenious  methods  in  which 
Mr.  Williams  has  carried  out  the  principle  of  what  he  justly  calls  his  Argand  furnace, 
is  represented  in  ftg.  134^  where  a  is  the  ash-pit  of  a  steam  boiler  furnace ;  b,  is  the 


mouth  of  a  tube  which  admits  the  external  ai^.into  the  chamber  or  iron  box  of  distri* 
bntion,  e,  placed  immediately  beyond  the  fire'bridge,  g,  and  before  the  diffnsioB  or 
mixing  chamber,/.  The  front  oftheboxis  preforatnl  either  with  round  or  oblong 
orifices,  as  shown  i^  the  two  small  figures  s,  e  beneath  fig.  134 ;  d,  is  the  fire-door, 
which  may  have  its  fire-brick  lining  also  perforated.  In  some  cases,  the  fire-door  pro- 
jects in  front,  and  it,  as  well  as  the  sides  and  arched  top  of  the  fireplace,  are  constructed 
of  perforated  fire-tiles,  enclosed  in  common  brickworic,  with  an  intermediate  space,  into 
which  the  air  may  be  admitted  in  regulated  quantity  through  a  moveable  valve  in  the 
door.  I  have  seen  a  fireplace  of  this  latter  construction  performing  admirably,  without 
smoke,  with  an  economy  of  one  seventh  of  the  coals  formeriy  consumed  in  producing  • 
like  amount  of  steam  from  an  ordinary  fpmace ;  A  is  the  steam  boiler. 

Very  ample  evidence  was  presented  last  session  to  the  Smoke  Prevention  oommittat 
of  the  house  of  commons  of  the  successful  application  of  Mr.  Williams's  patent  inven- 
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tlon  to  ma&y  furnaces  of  the  laiigest  dimensioiu,  more  espeeially  by  Mr.  Henry  HooUt- 
vorthy  of  Manchester,  who,  monntlng  in  the  first  fine  a  pyrometiical-  rod,  whidi  acted 
on  an  external  dial  index,  succeeded  in  observing  every  variation  of  temperature,  pnh 
duced  by  varying  the  introduction  of  the  air-jets  into  the  mass  cf  ignited  gases  pasnig 
out  of  the  furnace.  He  thereby  demonstrated,  that  20  per  cent,  more  heat  could  be 
easily  obtained  from  the  fuel,  when  Mr,  Williams's  plan  was  in  operation,  that  when 
the  fire  was  leA  to  bum  in  the  usual  way,  and  with  the  production  of  the  nsoal 
Tolnmes  of  smoke.  It  is  to  be  hoped,  that  a  law  will  be  enacted  in  the  next  sessioo  of 
parliament  for  the  suppression,  or  at  least  abatement,  of  this  nuisance,  which  so  greatly 
disfigures  and  pollutes  many  parts  of  London,  as  well  as  all  our  manufacturing  towns. 
while  it  acts  injuriously  on  animal  and  vegetable  life.  Much  praise  is  doe  to  Mr* 
Williams  for  his  indefatigable  and  disinterested  labors  in  this  difficult  enterprise,  and 
for  his  forbearance  under  much  unmerited  obloquy  from  narrow-minded  prejudice  and 
indocile  ignorance. 

SOAP.  Several  contrivances  upon  this  subject  have  bustled  ovdr  the  patent  stage 
within  these  few  years  ;  such  as  Mr.  Dunn's  for  making  soap  rapidly  at  a  temperatnre 
of  310°  Fahr.  under  high  steam  pressure,  by  which  many  credulous  shareholders  woe 
gulled  into  a  belief  that  they  would  realize  by  this  joint-stock  project  200,0001.  po 
annum.  The  soap  so  made  was  merely  swelled  in  size  and  weight,  by  being  surchaiged 
with  water,  so  that  in  a  few  weeks,  the  bars  of  it  shrunk,  rent,  and  twisted  into  mere 
skeletons ;  and  being  in  this  plight,  returned  to  the  company  by  their  customers,  caused 
that  large  soap  bubble  to  burst. 

Mr.  Sheridan's  silica  soap  had  a  somewhat  longer  career,  but  is  now  also  nearly  cos- 
signed  to  oblivion.  Causticity  and  abrasiveness  were  the  chief  characteristics,  resnitb^ 
from  the  mixture  of  a  strong  solution  of  silicate  of  soda,  or  liquor  of  flints,  with  nap 
made  in  the  common  way. 

The  invention  for  which  Dr.  Normandy  obtained  a  patent  merits  a  better  fate. 
When  yellow  soap  is  made  with  the  cheaper  kinds  of  fat,  it  will  hardly  acquire  a  suffi- 
cient degree  of  firmness  or  hardness  to  satisfy  the  thrifty  washerwoman.  It  melts  away 
too  rapidly  in  the  hot  water ;  a  defect  which  may  be  well  remedied  by  the  introduction 
into  the  soap  of  a  little  fused  sulphate  of  sod^;  and  the  salt  concreting  gives  the  soap  a 
desirable  hardness,  while  it  improves  its  color,  and  renders  it  a  more  economical  artiiele 
for  the  washiog-tob.  In  a  trial  recently  before  the  court  of  common  pleas,  it  was  proted 
that  the  soap  made  according  to  Dr.  Normandy's  patent  was  worth  fully  2/.  a  ton  mart 
than  the  original  soap,  without  the  sulphate  of  soda. 

Mr.  Dunn  has  recently  obtained  a  patent  for  accelerating  the  process  of  soap-making; 
he  promotes  the  combination  of  the  alkali,  fat,  and  water,  by  pumping  streams  of 
atmospheric  air  through  the  saponaceous  materials,  while  exposed  to  the  usual  heat  in 
the  pan.    This  scheme  is  said  to  efifect  its  purpose,  and  to  save  much  time. 

SODA.  On  the  30th  of  June,  1838,  Messrs.  Dyar  and  Hemmings  obtained  a 
patent  for  manufacturiag  soda  by  the  decomposition  of  sea  salt  with  sesqui-carbonateor 
bicarbonate  of  ammonia.  Equal  parts  of  the  chloride  of  sodium  and  sesqui-carbooate 
are  prescribed,  being  very  nearly  the  equivalent  decomposing  proportions,  and  the  aB»- 
monia  salt  is  recommended  to  be  added  in  powder  to  a  saturated  solution  of  the  sea  sal^ 
and  the  mixture  to  be  stirred  and  then  set  aside  till  the  mutual  action  and  decomposition 
be  efiected.  Having  been  employed  to  examine  this  process  for  a  gentleman  who 
wished  to  adopt  it  upon  a  manufacturing  scale,  I  obtained  the  following  results :  On 
making  the  prescribed  mixture  in  the  cold,  brisk  effervescence  takes  place,  because 
the  quantity  of  carbonic  acid  combined  with  the  ammonia  is  greater  than  the  resuJtiag 
soda  can  readily  absorb,  even  to  form  its  bicarbonate,  and  this  extrication  of  gas  cairies 
ofif  with  it  more  or  less  ammonia,  amounting,  in  carefully  conducted  experiments,  to  no 
less  than  27  per  cent,  of  the  sesqui-carbonate  employed ;  though  the  magma  deposited 
from  the  mixture  was  drained  in  vessels  nearly  close,  and  though  the  ammonia  which 
adhered  to  it,  as  well  as  that  in  the  drained  mother  liquors,  was  recovered  by  distilla- 
tion in  vessels  connected  with  a  Woulfe's  apparatus.  Moreover,  the  utmost  amount  of 
soda-ash  (not  pure  carbonate)  which  was  obtained,  was  only  37*5  for  100  of  sea  salt 
used,  whereas  90  of  carbonate  should  result  from  100  of  the  sea  salt,  with  the  above 
equivalent  dose  of  sesqui-carbonate  of  ammonia.  This  latter  salt  contains  about  one 
half  more  carbonic  acid  than  is  required  by  the  soda  to  become  a  carbonate.  A  good 
illustration  of  the  loss  of  ammonia  in  a  similar  case  is  afibrded  by  the  decomposition  of 
chloride  of  calcium  in  solution,  by  adding  to  it  the  equivalent  dose  of  pulreitzed 
ammonia  carbonate ;  viz.,  56  of  the  former  and  59  of  the  latter.  The  rapid  extrication 
of  the  carbonic  acid  on  making  this  mixture,  causes  such  a  waste  of  ammonia,  that 
more  of  the  sesqui-carbonate  must  be  afterward  introduced,  to  complete  the  deeonipo- 
sition  of  the  chloride;  the  stronger  the  solution  of  the  chloride  the  greater  Is  the  loM 
of  ammonia. 
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In  one  of  my  experiments  where  were  employed  3500  grains a>half  a  pound  aToir- 
dapoiSy  of  each  ingredient,  the  following  were  the  products : — 

Grains. 

1.  Ammonia  recovered  by  distillation  from  the  drained  magma, 

equivalent  in  sesqoi-carbonate  to        -        -        -        -        -        257 

2.  Ammonia  as  carbonate,  from  the  remaining  Uqnld,  sucked  into  a 

vacuous  apparatus  and  distilled  .....      1509 

3.  Additional  ammonia  as  carbonate,  obtained  from  the  cold  mother 

liquors,  by  distillation  with  quicklime,  and  out  of  the  sal 
anmioniae  formed      ........       775 


Sesqni  carbonate  employed 


2541 

3500 


Loss 959 

«r  27*4  per  cent. ' 
The  product  from  this  experiment  in  dry  soda  ash  was  only  1500  grains,  which  were 
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finind  to  contain  only  3,3 12  of  pore  carbonate,  or  87*5  per  cent,  of  tlie  wtuHe.    Hcie  b 
a  deficiency  of  soda  carbonate,  upon  the  qaantity  of  the  chloride  oaed,  of  bo  ~ 
58|  per  cent.,  for  only  1,312  grains  are  obtained  instead  of  3,150. 

SttbsequenUy  a  method  occured  to  me,  whereby  this  proeess,  elecant  im  a 
point  of  view,  might  possibly  be  executed  with  advantage  upon  the  commercial  scale; 
bat  it  would  require  a  very  peculiar  apparatus,  though  not  nearly  so  costly  as  what  vis 
erected  by  Mr.  Cooper  under  the  direction  of  tlie  patentees  at  Battenea,  aod  in  Bnusds. 

SODA-WATER.  At  page  21  of  vol.  x.  of  the  coigoined  aeries  of  Newton's 
Journal,  the  patent  apparatus  of  Mr.  F.  C.  Bakewell,  of  Hempstead,  for  making  soda* 
water,  is  well  described  with  illustrative  figures.  The  patent  was  obtained  in  Marehy 
1832,  but  how  far  it  has  been  introduced  into  practice  I  have  not  heard.  Its  arrange- 
ment discovers  ingenuity,  but  it  seems  less  likely  to  prove  durable  than  the  patent 
apparatus  of  Mr.  Tyler,  which  fig.  135  in  the  preceding  page  represents  according  to 
his  latest  specification.  A,  is  the  gas  generator,  where  the  chalk  and  sulphuric  add  are 
mixed;  B,  the  gasometer;  C,  the  soda-water  pump,  for  forcing  in  the  gas;  D,  thecoa- 
densec;  E,  the  solution  (of  soda)  pan;  F,  the  bottling  cork ;  G,  the  acid  bottle,  at  the 
right  hand  shoulder  of  A;  H,  the  wheels,  for  working  the  agitator  in  the  condenser; 
I,  the  pipe,  for  conveying  the  gas  to  the  pump ;  K,  pipe  for  conveying  the  soltition  tothe 
pump ;  L,  cocks  for  regulating  the  admission  of  the  gas  into  the  solution ;  M,  drawing-off 
pipe  leading  to  the  bottling  cork ;  N,  the  forcing  pipe  from  the  pump  to  the  condenser. 

The  vessel  in  which  the  soda-water  is  condensed  is  lined  with  silver  in  order  to 
resist  corrosion. 

SOLDERING  OF  LEAD,  and  other  nulalsy  is  called  by  its  inventor  M.  de  Rkhe- 
mont,  otttogenotM,  because  it  takes  place  by  the  fusion  of  the  two  edges  of  the  metals 
themselves,  without  interposing  another  metallic  alloy,  as  a  bond  of  union.  He  effects 
this  purpose,  by  directing  a  jet  of  burning  hydrogen  gas,  from  a  small  movable  beak, 
upon  the  two  surfaces  or  edges  to  be  soldered  together.  Metals  thus  joined  are  mock 
less  apt  to  crack  asunder  at  the  line  of  union,  by  dififerences  of  temperature,  flexoie, 
&c.y  than  when  the  common  soldering  processes  are  employed.  The  fusing  together 
the  edges  of  lead  sheets,  for  making  sulphuric  acid  chambers,  has  been  long  practised 
in  this  country,  but  it  was  performed  by  pouring  some  of  the  melted  metal  along  the 
line  of  junction,  and  ailerward  removing  its  excess  by  means  of  a  plumber's  soldering 
iron.  The  method  of  M.  Richemont  is  a  great  improvement  upon  that  old  practice. 
It  is  much  quicker  and  more  convenient. 

SPINNING.  The  greatest  improvement  hitherto  made  in  forming  textile  fabrics, 
since  the  era  of  Arkwright,  is  due  to  Mr.  G.  Bodmer,  of  Manchester.  By  his  patent 
inventions  the  several  organs  of  a  spinning  factory  are  united  in  one  self-acting  and 
self-supplying  body — a  system  most  truly  automatic.  His  most  comprehensive  patent 
was  obtained  in  1824,  and  was  prolonged  by  the  Judicial  Conmiittee  of  the  Privy 
Council,  for  7  years  after  the  period  of  14  years  was  expired.  It  contained  the 
first  development  of  a  plan  by  which  fibres  of  cotton,  flax,  &c.,  were  lapped  and 
unlapped  through  all  the  operations  of  cleaning  and  blowing,  carding,  drawing,  roving, 
and  spinning ;  in  the  latter,  however,  only  as  far  as  the  operation  of  feeding  is  eon- 
cemed.  The  lapping  from  the  blower  was  then  not  new,  but  the  lapping  directly  and 
in  connexion  with  the  carding  engines  was  his  invention,  and  was  •brought  by  him  into 
operation  at  St.  Blaize  in  the  Black  Forest,  several  years  before  he  took  out  his  patent 


PiUmU  of  1836. 


in  England.    The  method  applied  through  all  the  foDoiriiig  opeiitiou  „... 
new.    Mr.  Dyer's  and  several  other  patents  granted  nibscqnently  were  dnrifcd 
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Mknowledgcd  mflinsementB.    The  patent  of  1S24  wu  the  hegja-aiagi  the  remit  of 
which  wu  the  scTeral  potenlt  ftir  improieinenls  ia  1835,  1837,  1838,  and  IS42,  of  Mi. 

By  &  m««tiiae  geaerally  csUed  a  DevU  or  Opener  ("  WolT,"  in  German),  which 
eoniisls  or>  reeding- plate  set  with  teeth  and  b  roller  covered  with  apikea  (see  fig.  136), 
the  cotloa  is  cleared  from  it(  heavieit  dirt  and  opened.  This  machine  deliTen  the 
cottoo  into  a  mom  or  on  to  a  tiarelliag  cloth,  froin  which  it  is  taken,  weighed  in  cer- 
lain  portions,  and  spread  upon  cloth  in  equal  porlionB :  this  is  then  loUed  np,  and  placed 
behind  the  first  blower. 

The  first  blower  ha«a  feeding-plate  Ukefig.  137,  withoat  teeth,  and  oTer  this  plate  the 
cotton  is  delivereit  to  the  openttion  of  the  common  heaters,  from  which  it  is  received 


Pattnl  qf  183S.  Palailso/lSZi  awl  1830. 

into  a  narrow  compartment  of  H  or  5  inehes  brood,  and  wound,  by  meani  of  his  lap- 
machines,  apon  rollers  in  beaatifolly  terel  and  well-cleaned  laps.  Ei^lit  of  these 
narrow  laps  are  then  placed  behind  a  second  Uower,  of  a  similar  constrnction  to  the 
fint.  Instead  of  the  common  beater,  howercr,  ■  dram  with  toothed  straight  edges  is 
used  (lee^g.  138),  which  opens  the  rotton  still  more,  and  separates  the  fibres  front  one 
tuother.  The  cotton  is  attain  formed  into  similar  narrow  laps,  which  are  still  more 
equal  than  the  precedinfr  ones,  nnd  eight  of  these  laps  are  then  placed  behind  the  carding 
engines.  It  was  only  by  appiying  his  Inp-mschine,  patented  in  1842,  that  he  succeeded 
in  forming  small  laps  on  the  blower;  trtthout  this  he  could  not  perform  the  dotting  of 
the  laps  without  stopping  the  wire-cloth,  and  in  doin^  this,  an  irregular  lop  would  be 
formed  because  of  the  accumulating  of  the  falling  cotton  in  one  place  while  the  wire- 
doth  was  standing. 

Carrfing  Engine. — His  patent  of  ISM  showed  a  mode  of  conplinKS  namber  of  carding 
engines,  the  prodnet  of  which  was  delivered  upon  an  endless  belt  or  a  trough,  and  at 
the  end  ofthis  trough  was  wound  upon  a  roller.  This  arrangement  wants  no  description. 
•1  it  is  generally  known.     I  have  seen  it  in  use  on  the  Continent. 

When  a  set  of  cards  work  tc^elher,  any  interraption  or  stoppage  of  a  single  carding 
engine  causes  a  defect  in  the  produce  of  the  whole  lap,  Interroption  occnrred  several 
times  a  day  by  the  stripping  of  the  main  cylinder,  and  during  this  operation  the 
missing  band  or  sliver  was  supplied  out  of  a  can,  being  the  produce  of  a  single  carding 
engine  working  into  cans  (a  spare  eaid).  The  more  objeclionabledefect  was,  however, 
the  difference  of  the  prodnet  of  the  carding  engine  after  the  main  cylinder  had  been 
snipped  ;  the  hand  or  slirer  rrom  it  will  be  thin  and  light  until  the  cards  of  the  main 
cylinder  arc  again  soSicienily  filled  with  cotton,  when  the  bond  will  again  assume  its 
praper  thickness.  Another  irregularity  wag  canaed  by  the  strippinii  of  the  flats  or  top 
ennls.  but  was  not  so  fatal  as  the  first  one.  These  lefecls  were  of  course  a  seriong 
tinwoeek  in  his  system  of  working,  the  latter  of  which  he  provided  against  in  his  first 
patent  by  stripping  the  top  cards  by  mechanism ;  the  lormer,  however,  was  only 
cooqnered  by  his  invention  of  the  self-strippen  for  the  main  cylinders ;  thus  the 
canling  engine  may  now  work  from  Monday  morning  till  Saturday  night  withont 
iotermplion,  the  cylinders  requiring  only  lo  be  bmshed  out  every  evening  i  the  con- 
sequence is,  that  much  time  is  gained,  and  a  very  e(|ual,  clean,  and  clear  product  is 
obuined.  Old  canting  engines  lo  which  he  applied  his  feeders  <see;!g.  13&),andniain 
eylinder-clearers  produce  much  snperior  work,  and  increase  the  prodnction  from  18  to 
24  per  cent. 

The  iMUB  «]^iide[-ele«MT  conaiaU  of  a  very  Light  east  ima  eylinder  upon  which. 
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^ve,  six,  or  more  sets  of  wire  brashes  are  fixed,  which  are  caused  to  traTei  to  tad  fro 
across  the  main  cylitider ;  the  sarface  or  periphery  of  the  bruihes  OTemuniiif^  the 
surface  pr  periphery  of  the  main  cylinder  by  8  or  10  per  cent.,  the  hroshes  thus  Uftisg 
the  cotton  oat  of  the  teeth  of  the  cards  of  the  main  cylinder,  and  caaang  tke  dirt  and 
lumps  to  fall. 

As  the  brushes  are  not  above  a  quarter-inch  in  breadth,  and  trarel  to  and  fino,  it  is 
clear  that  no  irregularity  can  take  place  in  the  fleece  which  eomes  from  the  dofler; 
not  more  then  1  40th  part  of  the  breadth  of  the  cylinder  being  acted  upon  at  tlie  sane 
time.    Figs,  140,  and  14 1,  give  an  idea  of  the  clearer :  the  mechanism  within  the  elearer, 
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and  by  which  the  brashes,  a,  are  oaused  to  travel,  is  simple  and  solid.    The 
cylinders  for  the  carding  engines  are  made  of  cast  iron,  the  two  sets  of  arms  aad 
are  cast  in  the  same  piece ;  when  complete,  they  weigh  60  lbs.  leas  than  those  Bade  of 
wood. 

The  new  lap  machine  connected  with  these  engines  is  almost  self-acting;  a  girl  has 
only  to  turn  a  crank  when  the  lap  is  full ;  by  this  turn,  the  full  lap  is  removed  aad  an 
empty  roller  pot  in  its  place,  the  band  of  cotton  is  cut,  and  no  waste  is  made. 

Drawing  Frame, — ^The  drawing  frame  of  1824  was  improved,  and  the  improvemeats 
patented,  in  1835,  and  others  again  in  1842.  That  of  1824  is  known  in  Grennany  aad 
France,  and  generally  in  use.  The  laps  from  the  carding  engine  lap-nachine  are  pat 
upon  delivering  rollers,  behind  a  set  of  drawing  rollers,  and  from  them  delivered  npoa  a 
belt  or  trough,  and  again  formed  into  laps  similar  to  those  from  the  carding  engiaes. 
The  next  operation  formed  the  laps  ^oto  untwisted  rovings,  and  the  next  again  into 
smaller  untwisted  rovings,  or  rovings  with  false  twist  in  them,  as  infringed  npoa  by 
Dyer.  The  false  twist  was  rather  objectionable,  and  in  his  patent  of  1835  he  pat  a 
number  of  rovings  on  the  same  bobbin,  with  lefl  and  right  permanent  twist  in  them. 
This  does  very  well ;  there  is,  however,  a  little  objection  to  that  place  in  which  the 
twist  changes  from  right  to  lefl  when  it  comes  to  the  last  operation  before  spinning. 
In  his  patent  of  1838,  and  particularly  in  that  of  1842,  he  confined  the  left  asNl  xjghl- 
hand  twist  to  the  drawing  frame,  when  he  converts  two  laps  into  one  roving,  aad  finnsa 
roller  or  bobbin  of  14  inches  diameter  and  15  inches  broad,  with  six  separate  aad  twisted 
rovings  wound  upon  it.  (See  figs.  142  aniT  143.)  The  twist  is  given  by  tubes  in  two 
directions,  so  that  it  remains  in  it  (see  fig.  143),  the  tube  turns  in  the  same  directioB» 
while  the  roving  advances. 4  or  5  inches,  and  then  tam9  in  the  otho'  directioB.  Th< 
laps  or  bobbins  are  then  placed  behind  a  machine,  which  he  calls  a  cottfinansy  the 
important  arrangement  of  which  he  claimed  alfeady  in  his  patent  of  1835.  It 
of  a  slot  with  a  travelUng  spout,  without  which  the  ooils  can  not  be  Ibrmed  ander 
sore.  Coiling  in  cotton  can  not  be  claimed,  as  it  was  done  in  the  first  system  of  eotlsa 
spinning. 

Coil  Frame. — The  bobbins  (fig»  142),  are  placed  behind  this  machine^  and  two  ends 
from  the  bobbin  are  passed  through  the  drawing  rollers  and  formed  into  one  untwisted 
sliver  or  roving  in  the  following  manner  s  When  the  cotton  has  passed  throagh  the 
drawing  rollers  (see^g.  144),  and  calender  rollers.  A,  it  is  passed  through  the  tabe^B, 
and  the  finger,  €(  the  spindle  with  its  disc^  D,  levalves  in  sscha  pn>poitioa  as  to  Inks 
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fpeed,  it  ii  evident  thai  the  motioa  of  the  finger,  C,  eoid  the  spesdorihe  tiibe,B,iiiQn 
Tary  aceofdinglf .    The  rail,  £,  is  BtatioDarj,  and  ia  piesaed  b;  the  lid  or  top,  F,  wtiicti 
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slides  up  the  spindle^  G,  made  of  tin  plate.  The  cotton  enters,  thzongh  the  slot,  X,  la 
jSg.  D.  It  is  quite  evident  that  the  finger,  C,  and  spindle,  G,  only  peifoim  oneand  tbe 
same  varying  motion,  which  is  repeated  at  every  fresh  layer,  and  the  coil  is  thus  baik 
from  below;  it  is  about  8  inches  in  diameter  and  18  inches  high  when  compresied, 
and  contains  4i  lbs.  of  cotton.  Mr.  Bodmer  has  several  modes  of  forming  these  eoili, 
but  one  only  is  shown  here.  These  coils  are  placed  behind  the  twist  coil  frames  in  half 
cans  or  partly  open  ones  or  troughs,  or  behind  a  winding  machine,  where  they  are  woasd 
upon  rollers  side  by  side,  like  the  lap  or  bobbin  shown  in  the  drawing  frame,  aid 
placed  behind  the  twist  coil  frame  in  this  state. 

Ttoiit  Coil  Frame. — ^This  frame  forms  rovings  into  coils  similar  to  those  above 
explained,  with  this  difierence,  that  the  rovings  ar6  fine,  say,  from  1  to  10  hanks  per 
pound,  and  regularly  twisted :  their  diameter  varies  from  2t  to  5  inches.  The  tasK 
machine  produces  rovings  jnore  or  less  fine,  but  the  diameter  of  the  coils  does  not  differ. 
The  difference  of  this  machine  from  that  above  described  consists  in  the  dimensioBS  of 
their  parts,  and  in  its  having  the  spindle,  G,  and  the  lid  or  top,  F,  revolving,  as  weilss 
the  tube,  B.  {See  fig.  145.)  In  this  machine  the  motion  of  the  spindle,  B,  is  uaifomi; 
the  spindle,  G,  however,  is  connected  by  the  bevel  wheels,  H  and  1,  wiUi  a  differentiil 
motion  at  the  end  of  the  frame,  with  which  the  motion  of  the  finger  C,  corresponds.  The 
skew  wheels,  K  and  L,  are  connected  with  the  drawing  rollers,  A.  The  speeds  of  the 
tube,  B,  and  the  spindle,  G,  are  so  proportioned,  that  while  the  spindle,  G,  perfoimsoae 
revolution,  and  therefore  puts  one  twist  into  the  roving,  the  tube,  B,  also  perforais  one 
revolution,  missing  so  much  as  will  be  required  to  pass  through  the  slot  in  the  cap  or 
disc,  D,  and  lay  on  it  as  much  of  the  roving  as  proceeds  from  the  rollers.  A,  and  ia 
which  one  twist  is  contained.  Of  course  the  twist  of  these  rovings  can  be  a^pted  to 
their  fineness  and  varied ;  but  it  is  evident  that,  on  account  of  the  regularity  of  the 
machine  and  its  simplicity  of  movement,  the  rovings  can  never  be  stretched,  and  madi 
less  twist  can  be  put  into  them  than  can  be  put  in  the  common  fly  frames.  These  coib 
are  put  behind  the  spinning  machines  on  shelves  or  in  small  cans,  open  in  front;  or 
they  are  wound  from  24  to  72  ends  upon  bobbins,  and  placed  upon  unlap  raUers  behiad 
the  spinning  frames. 

Coi/tng  Machine  for  Carding  Engfne$  and  Dratnug  FranUM. — ^Tbese  are  simple 
machines,  which  may  be  applied  to  curding  engines  or  drawing  frvnes  of  any  descrip- 
tion. They  form  laige  coils,  9  inches  in  diameter  and  22  inches  long,  when  on  the 
Biachine.    There  are  two  spindles,  a  (see  fig.  146),  on  each  machine,  for  the  fNupose  of 
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doffing  withoat  stopping  the  drawing  frame  or  carding  engines.  When  one  coil  is 
filled,  the  finger,  6,  is  just  brought  over  to  the  other  spindle,  so  that  the  fall  coil  is 
stopped,  and  the  new  one  begins  to  be  formed  withoat  the  slightest  interruption  of  the 
machine. 

Mr.  B.  forms  coils  in  ▼arions  ways,  also  in  cans;  but  this  description  is  snflScient  to 
show  the  application  of  this  mode  of  winding  up  bands  or  rovings.  Several  of  the  above- 
described  machines  are  adopted  with  equal  success  to  wool  and  flax.  In  his  patents  of 
1835, 1837,  and  1838,  he  shows  several  modes  of  applying  his  system  to  cotton  and  other 
machinery.  He  winds  directly  from  the  carding  engines  the  slivers  separately  upon  long 
bobbins,  and  he  gives  them  twist  in  two  directions,  for  the  purpose  of  uniting  the  fibres 
to  some  extent,  so  that  they  not  only  come  off  the  bobbins  without  sticking  to  one 
another,  but  also  that  they  may  draw  smoother.  He  also  showed  a  machine,  by  which 
several  rovings,  say  4  or  more,  are  put  upon  the  same  bobbin  with  conical  ends ; 
these  bobbins  are  placed  behind  the  mules  or  throstles,  and  are  unwound  by  a  belt  or 
strap  running  parallel  with  the  fluted  rollers  of  the  spinning  machine,  as  seen  in^g.  147* 
The  belt  or  band,  A,  is  worked  in  a  similar  way  to  that  described  in  his  former  patent, 
and  the  bobbins,  B,  rest  upon  and  revolve  upon  their  surface,  exactly  according  to  the 
•peed  of  the  belt.  It  is  quite  evident  that  the  whole  set  of  rovings  must  be  unwound 
exactly  at  the  same  speed,  and  that  no  stretching  can  take  place.  He  can  put  real  and 
reversed  twist  in  these  rovings  as  well  as  false  twist  only.  The  most  important  feature 
in  the  roving  machine  is  a  metal  plate,  in  which  a  slot  is  formed  through  which  the 
rovings  pass ;  this  slot  is  seen  in  figt.  148, 149,  and  150.    The  cotton,  when  coming  from 
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the  drawing  rollers,  is  passed  through  the  twisters,  C,  and  through  the  slot  in  the  plate,  D. 
Thus  he  is  enabled  to  put  any  convenient  number  of  neatly  formed  and  perfectly  sepa- 
rate coils  upon  the  wooden  barrel  or  bobbin.  The  bobbin  formed  upon  these  machines 
is  represented  in  fig,  151,  and  the  conical  ends  are  formed  by  a  mechanism,  by  which 
the  twisters,  C,  are  caused  to  approach  a  little  more  to  one  another,  after  each  layer  of 
rovings  has  been  coiled  round  the  barrel :  the  section  of  the  bobbin  is  therefore  like 
that  shown  in^g.  151.  He  makes  use  of  exactly  the  same  arrangement,  viz.,  a  finger 
travellin?  along  a  slot  in  a  plate,  for  the  purpose  of  forming  the  coils^  which  has  been 
already  described. 

Rovings  wound  upon  bobbins  by  means  of  tubes  revolving  in  one  direction,  are  cer- 
tainly not  so  fit  for  spinning  as  rovings  into  which  a  small  degree  of  twist  is  put.  The 
tube  by  which  a  twist  is  put  in  on  one  side  and  taken  out  at  the  other,  carls  or  rolllet 


SPINNINO. 

Ike  cotton,  and  cirasea  it  to  spread  out  as  it  passes  between  the  rotten,  while  nnraifv 
with  a  little  permanent  twist  in  them  are  held  together  in  the  process  of  drawing,  and 
thns  produce  smooth  yarn.  To  remedy  the  evil  above  described,  when  untwisted  roTings 
are  used,  he  causes  the  spouts  or  guides,  through  which  the  rovings  pass  into  or  befween 
the  drawing  rollers,  to  revolTe  slowly  first  in  one,  and  then  in  the  other  direrticm,  and 
thus  puts  a  certain  quantity  of  twist  into  the  rovings  while  they  are  being  prepared  fm 
•piuning.  Two  modes  of  performing  this  operation  are  clearly  described  in  his  patent 
of  1835. 

There  is  a  little  defect  in  the  working  of  the  rovings  with  reversed  twist  when  toe 
much  or  too  Utile  twist  is  put  in  them,  or  when  the  winding  machine  is  not  kept  in  good 
order*  This  defect  proceeds  from  the  change  in  the  twist  of  the  roving  seen  at  Jl, 
fig.  152;  in  this  place  the  twist  is  not  like  that  at  B,  and  it  would,  in  some  parts  of  the 
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yarn,  be  detected  under  circumstances  just  described.  In  cases  where  double  rovings 
aro  used,  the  twisters  are  so  arranged  as  to  put  the  twist  in  the  rovings,  as  shown  in 
fig.  153 :  in  this  case  the  reversiog  place  of  one  roving  meets  the  twisted  {dace  of  the 
other,  and  the  fault  is  completely  rectified. 

153 


The  preceding  description  given  an  idea  of  Mr,  Bodmer's  admirable  system  of  pic 
paring  and  spinning  cotton,  wool,  flax,  &.C.,  and  of  the  several  processes ;  it  would  be 
superfluous  to  describe  the  several  machines,  or  the  details  of  the  same,  as  exhibited  in 
his  patents. 

In  his  patent  of  1838,  he  specifies  a  self-actor,  namely,  a  machine  in  itself,  which 
can  be  attached  to  2,  3,  or  even  4  mules  of  almost  any  convenient  number  of 
spindles.  The  mules  are  previously  stripped  of  all  their  mechanism  except  the  rotten 
and  their  wheels,  the  carriage  and  spindles;  all  the  other  movements  ordinarily  com- 
bined with  the  mule  are  contained  in  the  machine,  which  is  placed  between  a  set  of 
mules,  as  seen  in^^g.  154;  a  and  b,  the  self-actors,  to  each  of  which  3  mules  are 

154  yoked,  and  which  are  conncdcsd  by 

f  I  bands  and  shafts  with  the  self-aetor, 

I  or  rather  partly  self-actor.    A  fpai 

of  fiAeen  or  sixteen  years  old  stands 

at  X  between  a  and  6,  and  never 

I  I  leaves  her  place  except,  perhaps,  for 

I  I     aiding  in  dofling  or  in  banding  the 

spindles.    The  gearing  of  the  room 

acts  by  means  of  straps  upon  the 

I  I   machines  a  and  b,  and  from  these 

,  '     =• ^  machines  all   the  movements   are 


^     'given  to  the  six  mules,  namely,  the 

motion  of  the  rollers,  the  spindles, 

I    i^    X  I     h    I  the  drawing  out  of  the  carriage,  the 

ai\er  draft,  &.C.  When  the  carriages 

are  to  be  put  up,  the  girl  takes 

hold  of  two  levers  of  the  machine  a, 
and  by  moving  them  in  certain  pro- 
portions, acts  upon  two  cones  and 
pulleys,  and  thus  Causes,  in  the  most 
easy  and  certain  manner,  the  car^ 
riages  to  run  in  and  the  yarn  to  be 
wound  on  the  spindles.  The  fini 
machine  Mr.  B.  made  for  this  pur 
pose  was  completely  self-acting,  but 
he  found  very  soon  that  the  me- 
chanism was  more  complicated  and 
apt  to  go  out  of  order  than  that  of 
the  above-described  machine ;  and 
as  it  is  necessary  to  have  a  girl  of  a  certain  age  to  watch  over  the  piecers  for  a  certain 
nnihber  of  mules,  he  preferred  the  simplified  machine ;  placing  the  girl  near  these 
nachinei,  from  whence  the  whole  set  of  mules  attached  to  the  same  can  be  overlooked 
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ttl  the  arMto'bdRnd'  Qie  nmies  are  .not  wanted  in  his  systeni,  tbiaiiDpediiDitnti^to-ille 
sight  of  the  girl  would  be  removed.  He  schemed  these  machines  for  the  purpose  of 
altering^  at  a  trifling  iesCpeuse,  the  common  mules  into  self-actors;  Chey  ar^<equally 
good  for  any  numibers  of  yam. 

Bcuiard  FraiM, — In  his  patent  of  1838  and  1842,  we  find  the  description  of  a 

▼ery  simple  bastard  frame,  namely,'  a  throstle  with  mule  spindle^,  forming  cops,  as  seen 

la  fig,^  155,  and  wound  so  hard  that  they  can  be  handled  about  -without  any  danger  of 

155  spoiling  them;  in  the  same  dimensions  they  contain  one  third 

^^^        '  more  yarn  than  the  best  cops  of  self-aotors.    .The  machine  is 

^—.^ — —.rr^rr^    extremely  simple;   but  owing  to  some '  circumstances  in  the 
V^.  ,.|.^^-g^,^    construction  of  the  winders  and  plates^  he  has  not  been  able 

to  spin  advantageously  upon  large  marines  above  No.  20's. 
He  ha3  spun  on  it  No.  56,  and  most  beautiful  yam.  The  quantity,  this  maehinery 
produces  is  nearly  one  third  more  than  the  beat  self-aetor,  on  an  equal  number  of 
spindles,  and  the  yam  and  cops  are  much  superior.  Of  couise  there  is  a  Qppping 
motion  connected  with  the  machine :  the  winding,  however,  is  eontinuou8>  aa  well 
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PatentM  of  1838,  and  1842. 

mi  the  twisting,  and  flg8.  156  and  157,  iTiU  give  the  reader  an  idea  of  the  frame. 
The  yarn  coming  from  the  roUers,  A,  goes  llirough  an  eye,  B,  to  the  wire,  C, 
fixed  in  the  flyer,  D,  and  from  thence  en  to  the  mule  apiiidle,  £:  a$  the  apindle 
revolves  the  flyer  it  dragged  along,  and  by  its  centiiAiga]  power  winds  tiie  fan  tight 
upon  the  spindles. 
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STAINED  GLASS.  The  blues  of  vitrified  colors  are  all  obtained  from  the  oxide  of 
eobalt.  Cobalt  ore  (salpharet)  being  well  roasted  at  a  dull  red  heat,  to  dissipate  all 
the  sulphur  and  arsenic,  is  dissolved  in  somewhat  dilate  nitric  acid,  and  aAer  the  addi- 
tion of  much  water  to  the  saturated  solution,  the  oxide  is  precipitated  by  carbonate  of 
soda,  then  washed  upon  a  filter,  and  dried.  The  powder  is  to  be  mixed  with  thrice  its 
weight  of  saltpetre ;  the  mixture  is  to  be  deflagrated  in  a  crucible,  by  applying  a  red 
hot  cinder  to  it,  then  exposed  to  the  heat  of  ignition,  washed,  and  dried.  Three  parts 
of  this  oxide  are  to  be  mixed  with  a  flux,  consisting  of  white  sand,  borax,  nitre,  and  a 
little  chalk,  subjected  to  fusion  for  an  hour,  and  then  ground  down  into  an  enamel 
powder  for  use.  Blues  of  any  shade  or  intensity  may  be  obtained  from  the  above,  by 
mixing  it  with  more  or  less  flux. 

The  beautiful  greenish  yellow,  of  which  color  so  many  ornamental  glass  vessels  have 
been  lately  imported  from  Germany,  is  made  in  Bohemia  by  the  following  process.  Ore 
of  uranium,  Uran-ochre,  or  Uran-glimmer,  in  fine  powder,  being  roasted,  and  dissolved 
in  nitric  acid ;  the  filtered  solution  is  to  be  freed  from  any  lead  present  in  it,  by  the 
cautious  addition  of  dilate  snlphurie  acid.  The  clear  green  solution  is  to  be  evapora- 
ted to  dryness,  and  the  mass  ignited  till  it  becomes  yellow.  One  part  of  this  oxide  is 
to  be  mixed  with  3  or  more  parts  of  a  flux,  consisting  of  4  parts  of  red  lead  and  1  of 
ground  flints;  the  whole  fused  together  and  then  reduced  to  powder. 

Chrome  Green,  Triturate  together  in  a  mortar  equal  parts  of  chromate  of  potash  and 
flowers  of  sulphur :  put  the  mixture  into  a  crucible  and  fuse.  Poor  out  the  fluid  mass; 
when  cool,  grind  and  wash  well  with  water  to  remove  the  sulphuret  of  potash  and  to 
leave  the  beautiful  green  oxide  of  chrome.  This  is  to  be  collected  upon  a  filter,  dried, 
rnbbed  down  along  with  thrice  its  weight  of  a  flux,  consisting  of  4  parts  of  red  lead  and 
1  part  of  ground  flints  fused  into  a  transparent  glass ;  the  whole  is  now  to  be  melted 
and  aAerward  reduced  to  a  fine  powder. 

Violet.  One  part  of  calcined  black  oxide  of  manganese,  one  of  zaffre,  ten  parts  of 
white  glass  pounded,  and  one  of  red  lead,  mixed,  fused,  and  ground.  Or  gold  purple 
(Cassius's  purple  precipitate)  with  chlorsilver  previously  fused,  with  ten  times  itf 
weight  of  a  flux,  consisting  of  ground  quartz,  borax,  and  red  lead,  all  melted  together  i 
or,  solution  of  tin  being  dropped  into  a  large  quantity  of  water,  solution  of  nitrate  or 
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silver  may  be  first  added,  and  then  solution  of  gold  in  aqua  rtgia,  in  pmpti  Vf^f^- 
tions.    The  precipitate  to  be  mixed  with  flux  and  fbsed. 

STARCH.  In  January,  1839,  M.  Pierre  Isidore  Yerduer  obtained  i  patent  tor 
making  starch,  the  chief  object  of  which  was  to  obtain  the  gluten  of  the  wheat  in  a inre 
state,  as  a  suitable  ingredient  in  making  bread,  biscuits,  &c.  He  works  wheat  flov 
into  dough  by  a  machine,  kneads  it,  washes  out  the  starch  by  streams  of  cold  waier, 
a  process  long  known  to  the  chemist,  and  purifies  the  starch  by  fermentation  of  the 
superjacent  water.    I  can  see  nothing  new  in  his  specification. 

Mr.  Jones's^  patent,  of  date  April,  1840,  is  based  upon  the  purification  of  the  star^ 
of  rice  and  other  farinaceous  matters,  by  means  of  caustic  alkali.  He  macenUes  IOC 
lbs.  of  ground  rice  in  100  gallons  of  a  solution  composed  of  200  grains  of  eaustie  sods 
or  potash  to  a  gallon  of  water,  stirs  it  gradually,  till  the  whole  be  well  mixed ;  after  24 
hours,  draws  off  the  superjacent  liquid  solution  of  gluten  in  alkali,  treats  the  starchy 
deposite  with  a  fresh  quantity  of  weak  caustic  ley,  and  thus  repeatedly,  till  the  ilarck 
becomes  white  and  pure.  The  rice  before  being  ground  is  steeped  for  sametiDe  in  ■ 
'like  caustic  ley,  drained,  dried,  and  sent  to  the  mill. 

Starch  is  made  from  wheat  flour  in  a  like  way.  The  gluten  may  be  recoTered  for  use,  bf 
saturating  the  alkaline  solution  with  sulphuric  acid,  washing  and  drying  the  precipitate. 

In  Jjine,  1841,  Mr.  W.  T.  Berger  obtained  a  patent  for  manufacturing  starch  by  the 
agency  of  an  alkaline  salt  upon  rice.    He  prefers  the  carbonates  of  potash  and  sodi. 

Mr.  James  Colman,  by  his  patent  invention  of  December,  1841,  makes  starch  from 
ground  maize  or  Indian  com,  by  the  agency  either  of  the  ordinary  process  of  steepiBg 
and  fermenting,  or  of  caustic  or  carbonated  alkaline  leys.  He  also  proposes  to  em- 
ploy  dilute  muriatic  acid  to  purify  the  starchy  matter  from  gluten,  &,c — See  NtKtot^t 
Journal^  C,  S.  xix.  246;  xx.  184,  188;  and  xxi.  173. 

The  manufacture  of  potato  flour  {fecuU)  or  starch  in  France  and  Holland  has  been 
economized  to  such  a  degree  that  they  supply  this  country  with  it,  at  the  rate  of  8t.  or 
10s.  a  hundredweight.    Fig,  158  represents  in  section  the  powerful   and  ingenioas 


mechanical  grater,  or  rasp  {rape),  now  used  in  France:  a  a,  is  the  canal,  or  spou^ 
along  which  the  previously  well-washed  potatoes  descend ;  h  6,  is  the  grater,  composed 
of  a  wooden  cylinder,  on  whose  round  surface  circular  saw  rings  of  steel,  with  short 
sharp  teeth,  are  planted  pretty  close  together.  The  greater  the  velocity  of  the 
cylinder  the  finer  is  the  pulp.  A  cylinder  20  inches  in  diameter  revolves  at  the  rate  of 
from  600  to  900  times  in  a  minute,  and  it  will  convert  into  pulp  from  14  to  15  hecto- 
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litres  (aboat  300  imperial  ^alloni}  of  potaloei  in  an  hoar.  Polatoea  contain  rrom  IS 
to  22  per  cent,  of  dry  feeaU.  The  pulp,  after  JeaTiug  Uie  TMp,p«iaee  directly  into  (he 
apparetDB  for  Ihe  preparation  of  the  ilarch.  c  c,  is  a  wooden  hopper  for  receiviog  the 
falling  pulp,  with*  tnpdoor,  d,  at  bollciin.  E,  is  the  cylinder-Die ve  of  M.  Eliennei 
/,  a  pipe  ending  in  arose  spout,  which  delivers  the  water  requisite  for  washia!;  the  pulp, 
and  extracting  Ihe  starch  from  it ;  g  g',  a  diaphragm  of  wire  cloth,  with  »niaU  meshes, 
on  which  the  pulp  is  exposed  to  the  aEtion  of  the  brashes  i  i,  mofins  with  greet  speed, 
whereby  it  gives  oat  its  starchy  mailer,  which  is  thrown  out  by  h  side  aperture  into  the 
spont  n.  The  feeula  now  fails  upon  a  second  web  of  fine  wire-ck)lh,  and  leaves  upon  il 
merely  some  fragments  of  the  parenchyma  or  eellnlar  matter  of  the  potato,  to  be  turned 
out  by  a  aide  opening  in  the  spout  n.  The  sifliag  or  straining  of  (he  starch  likewise 
takes  place  through  the  aides  of  the  cylinder,  which  consist  also  of  wirc-cluth ;  il  is 
collected  into  a  wooden  apoal,  nt,  and  is  thence  conducted  into  the  tubes  o  o,  to  be  de- 
posited and  washed,  fjiat.  raelre-toothed  wbeel-worii  placed  on  the  driving-shaft,  and 
gives  motion  to  the  upnght  axis  or  spindle,  q  q,  which  turns  the  brashes,  i  t. 
STEARINS.    Fig.  lU,  is  a  view  of  both  the  exterior  and  interior  of  the  saponi- 


IVing  tun  of  a  atearine  fHelory;  where  the  constituents  of  the  tallow  are  combined  with 

quicklime,  by  the  intervention  of  water  and  steam:  a,  is  the  upright  shaft  of  iron, 
tnmed  by  the  bevel  wheel  above,  in  gear  with  another  bevel  wheel  on  the  moving 
shaft,  not  shown  in  this  figure.  This  upright  shaft  bears  several  arms  d,  fumiihed  with 
large  teeth.  The  lunis  bouod  with  strong  hoops  of  iron,  and  its  coatents  are  heated  tiy 
means  of  a  spiral  lube  laid  on  the  botlom,  peribratcd  with  numerous  holes,  and  con- 
nected by  a  pipe  with  a  high-pressure  steam-boiler. 

Fig.    160,  represents  a  longitudiaal  section  of  the  horizontal  hydraulic  press  Ibr 
depriving  atearic  acid,  as  also  speimaceti,  of  all  tbeir  fluid  oily  impurities,    a,  la  the 


ud  placed  ^tnreea  every  two  calies  to  facilitate  the  diNlwrge  of  their  oily  matter  g  $,*, 


■olid  iron  end  of  tbe  prcM,  iiimI«  to  ntnt  gr«U  preunre;  il  'a  itnni^T  boII«d  W  lk« 
cjlinder  a,  lo  as  to  mist  the  force  of  the  ram ;  g,  g,  iron  nxli,  for  bnngiag  hack  the 
nmb,  into  its  place  after  the  preainre  is  over,  by  means  of  coantcr  weighti  inspoded 
to  n  chnin,  which  pug  es  over  the  pulleys  ft.  A;  j,i,  a  spont  and  a  aheel-inia  pso  forrr- 
eeivin;  the  oily  fiaid. 

^EKL.  Oae  of  the  greatest  improTements  which  this  valuable  modificalioB  «f 
iron  has  ever  receired'is  due  to  Mr.  Joaiah  M.  Heath,  who,  >fler  many  elaborate  mat 
costly  researches,  upon  both  the  tmall  and  the  great  wale,  discovered  that  by  the 
introduction  of  a  small  portion,  I  per  cent.,  and  even  less,  of  carburrt  of  manganeM 
into  the  melting-pot  along  with  the  nsanl  broken  ban  of  bliilcred  steel,  a  cast  steel  wa* 
obtained,  after  fusion,  of  a  quality  very  superior  to  what  the  bar  steel  would  bare 
yielded  vrithont  the  manganese,  and  moreoTer  possessed  of  the  new  and  peculiar  jmf- 
erty  of  being  weldable  cither  to  itself  or  to  wiooghl  iroa.  He  alao  ronnd  Ibai  a 
common  bar-steel,  made  from  an  inferior  mark  or  quality  of  Swedish  or  Raasian  ima, 
would,  when  so  treated,  pradoec 
an  excellmt  east  coal.  Ooe  in- 
mediate  consequence  of  this  dis- 
covery has  been  thereductioa  of 
the  price  of  good  steel  in  the 
Sheffield  market  by  fnim  30  to  40 
per  cent.,  and  likewise  the  maaa- 
factnre  of  table-knives  of  east 
iteel  with  iron  tangs  welded  to 
them ;   whereas,  till  Mr.  Heath's 

cesssrily  made  of  shear  steel,  wilk 
aoseemly  wavy  lines  in  them, 
because  eait  steel  could  nol  be 
welded  tothe  tang*.  Mr.  Ueatk 
obtained  a  patent  for  this  aad 
other  kiadred  Bkcritoriona  invm- 
tioDB  on  the  Gth  of  Aiuil,  1839; 
but,  strange  and  melancholT  U 
say,  he  has  never  derived  anj 
thing  from  bis  acknowledged  im- 
provement but  vexation  and  loss. 


body  of  Sheffield  steel  manofae- 
tarers  having  banded  together  to 
pirate  his  patent,  and  to  baffle 
him  in  our  complex  law  courts. 
1  hope,  however,  that  eventually 
justice  will  have  its  own,  and  the 
ridiculonsly  nnlbunded  prelenra 
of  the  pirates  to  the  prior  uie  of 
[tanganese  will  be  set 


lally   at   r 


It  L 


that  fitly  persons  a1 
barked  in  this  pilfering  conspiTaej. 
The  furnace  of  cementatioa  ia 
which  bai^iron  ia  converted  into 
barorblistered  steel  is  represented 
in^gi.  161,  163,  163.  It  is  reet- 
angular  and  covered  in  by  a 
grained  or  clouttr  arch  :  it  con- 
tains two  cementing  chests,  or 
sareophagnses,  c,  c,  made  either 
of  Sre-stone  or  ilre-brjeks:  each 
is  2|  feel  vide,  3  feet  deep,  aad 
12l<raft;  theonebeing  placed  oa 
theoneside,  and  theMheronibt 
othn  of  the  ^rate,  i.  a,  which 
oeeupicf  the  whole  length  of  Ike 
ttunaee,  and  is  fhun  13  lo  14  feet 


The   f 


14  i 


ad,  and  rests  from  10  to  12  inches  below  the  inferio^'^plaDeor  lotltnii  lerel  of  the 
i  the  height  ofihe  top  of  the  arch  above  the  chests  u^l  feet!  (he  bttten  a<  Ike 


STILL.  845 

ebasti  is  Dwlj  on  ■  level  witli  tlw  grooiid,  so  thai  tbe  bMs  do  not  need  to  be  lifted 
hinh  in  chirgJDg  tbe  rurnace.  The  Aame  rises  between  the  two  chests,  puses  also 
below  and  ioubiI  them  through  horizootsl  uul  vertical  flues,  d,  and  issues  from  the 
fornace  bjr  an  openiug,  u,  in  the  top  of  the  vault,  and  by  orifices,  I,  which  communicatG 
with  the  chimneirs  placed  ia  the  angles.  The  whole  is  plnced  wilhia  a  large  cone  of 
bricks,  35  or  30  feet  high,  and  open  aX  lop;  this  cone  increases  the  draught,  makes  it 
more  regular,  and  carries  oS  the  smoke  away  from  the  establishment.  The  furnace 
has  three  doors ;  two,  t  {fig-  1S2),  above  the  cheats,  serve  to  admit  and  to  remove  Ihe 
bars;  they  are  about  T  or  S  inches  square  ;  in  each  of  (hem  apieceof  sheet-iron  isput, 
folded  back  an  its  edges;  upon  which  the  ban  are  made  to  slide,  so  as  to  save  the 
wall.  A.  workman  enters  by  the  middle  door,  r,  to  arrange  the  barsi  the  trial  ban 
■re  laken  out  from  lime  to  time  by  the  apertures,  s  (fig.  Kit),  left  in  Ihe  sides  of  Ihe 
chests.  The  bars  ore  laid  iu  strau,  along  with  wood  charcoal  in  powder,  in  the  said 
chests ;  they  are  aboul  3  inches  broad,  and  one  third  of  an  inch  thick ;  ihey  most 
not  be  jilDcd  too  near  each  other,  lest  they  should  get  welded  together;  the  last  or 
npperraosL  layer  is  covered  with  a  stratum  of  loamy  matter  from  4  lo  S  inches  thick. 
The  furnace  musl  be  gradually  heated,  not  reaching  its  maumum  temperature  before 
8  or  9  days,  and  the  cooling  lasts  5  or  6  days ;  the  whole  operation  18  or  2D  days,  and 
sometimes  more,  according  lo  the  quality  of  the  steel  to  be  cemented.  About  13  Ions 
of  coals  are  consumed  in  this  period.  It  is  of  conseqaence  that  the  refrigeration  be 
slow,  lo  favor  the  crystailization  of  the  metal.  The  grain  of  the  steel  varies  with  the 
rate  of  cooling,  Ihe  largest  and  whitest  grain  denoting  the  most  fusible  steel. 

STILL.  The  coatinoous  system  of  distillation  has  been  carried  in  France  to  a  great 
pitch  of  perfection,  by  the  ingenuity  chiefly  of  M.  Cellier  Blumenthal,  and  M.  Ch. 
Serosne.  Fig.  164  is  a  general  view  of  their  apparatus ;  Aand  sare  boilers  or  alembics 
encased  in  brickwork,  and  re- 
ceiving directly  the  action  of 
the  flame  playing  beneath 
la  Ihe  copper,  a,  the 
I,  or  spent  wine,  is  Gnall; 
exhausted  of  all  its  alcohol, 
c,  is  thi!  column  of  distillation; 
D,  the  column  of  reetiflcationi 
s,  the  wine-beating  condenser; 
r,  the  reftigeralor  ;  o,  a  vessel 
supplying  DUKux  to  the  cooler 
F,  and  feeding  itself  at  Ihe  same 
time  by  means  of  a  ball  stop- 
cock placed  in  the  vessel  R; 
H,  reservoir  of  vinasse  i  i,  tnbe 
of  comma  nicalion  conducting 
the  alcoholic  vapors  of  the 
rectifying  column,  p,  up  into 
the  flat  worm  of  the  wiae- 
,  heater,  %\  a,  stop-cock  of  dis- 

charge of  the  alembic,  a  ;  when 
the  operation  goes  on,  the 
spent  vuHuit  runs  qff  eon- 
tinually  by  tllU  stop-code; 
b,  •  glass  tnbe  to  show  the 
lieighlof  the  liquor  in  At  e,  m 
safety-valve;  d,  a  stop-cock 
(br  passing  the  vinasse  from 
the  alembic,  b,  into  the  bottom 
of  the  alembic,  A ;  (,  a  tnbe 
to  lead  the  alcoholic  vapora, 
,  generated  in  a,  into  the  bottom 

m   B,  which  vapors,  in  passing 
Ihroogh  the  liquor  in  b,  heal  it, 
and    are    partially    condensed; 
/,  glass  lobe  to  mark  the  level 
<^  the  liquor  in  ■ ;  g,  and  g,  level 
indicators ;   A,   pipe   conducting 
the  vinaaie  from  the  lower  part  of  the  wina-healCT,  e,  upon  the  uppermost  of  the  series 
ofhoriioataldit;:,  Aoonted  within  the  ctilunm  of  distillnlion:  i,  ■  stop-cock  for  empty- 
ing Ihe  wine-heater  at  the  end  of  an  operaliont  {,  1,  two  tubes  fitleJ  to  the  wiae-heater, 
^  <f  which  the  first  deK:ends  mto  the  last  compartment  of  the  roetifler,  whence  h  titea 
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lotfaeGA?!;  anil  the  second  rabedeteendi  to  thr  third  eomputment,  whence  ilriMidCTC 
the  secon  I.  Al  the  carralure  of  each  of  tfaeee  two  tubes  ■  stop-coek,  t,  and  Ic,  is  pluH 
on  them,  ]v;r  (rjiving  at  pleasure  «  ssmple  of  the  L'quor  retarned  lo  the  rectifier;  ■•,#, 
and  D,  are  tt'.i^ii  communicating  on  one  aide  with  the  itanting  (ule,  p,  and  on  the  other 
with  the  tub.-  /.  These  three  cammnnicBtiaas  eene  lo  furnish  a  apirit  oT  grealer  a 
leaa  ilren^rli.  Thus  if  it  be  wished  to  oblaia  a  very  strong  spirit,  the  otcoholic  rapos 
which  eonJunsG  in  the  worm  enclosed  in  e,  are  all  lo  be  led  b«ck  into  the  reciifio-,  d, 
to  effect  which  purpose,  it  is  requisite  merely  to  open  the  slop-cocks,  n  and  o  ;  a^raia, 
weaker  spirits  may  be  had  by  closiag  the  stopcock,  o,  and  still  weaker  fay  clasin;!  the 
stop-cock  n;  for  in  this  ease,  the  alcoholic  vapors  condensed  in  the  wonn  within  e, 
will  flow  olf  into  the  worm  within  the  upright  cooler  r,  and  will  get  mixed  with  the 
richer  vnpors  eoadenaed  in  this  refrigeratory.  The  interior  of  the  colomna  c,  coBlain 
a  aeries  of  movable  concave  scale  pans  (like  those  of  balances),  with  spaces  between, 
each  alternate  pen  hsTing;  the  convex  side  turned  reversely  of  the  preceding  ooe,  for  the 
purpose  of  prolonging  the  cascade  descent  of  the  vinasse  through  c,  and  exposioj  it  mote 
to  the  heating  action  of  the  ascending  vaporsj  the  edges  of  these  pana  are,  morearo', 
rumished  with  projecting  spicnls  of  copper  vrires,  to  lead  off  the  tiqQor  Trom  tbeii 
surfaces  in  a  fine  shower.  The  interior  of  the  recdfler  colomn,  d,  is  manalcd  with  a 
aeries  of  shelves,  or  Boon,  the  passage  from  one  compartment  to  that  above  it  beinK 
tfaroufrh  a  short  tube,  bent  at  right  angles,  and  open  al  either  end;  p,  p,p,  is  a  genenl 
tube,  for  receiving  the  vapors  coDdeOsed  in  each  of  the  turns  of  the  lai^  serpenliae 
within  E.  The  axis  of  this  wonu  is  horizontal :  9,  I  9,  peep-holes  in  the  lop  of  ihe 
wine-heater;  r,  a  tube  (o  conduct  Ihe  alcoholic  vapors  not  condensed  in  Ihe  worm  of 
E,  and  also,  if  desired,  those  which  have  been  condensed  there,  into  tbe  worm  of  Ihe 
reTrigemtory,  f  ;  >,  a  tube  lo  bring  the  viuasse  from  the  reterroir,  a,  into  tbe  lower  part 
of  Ihe  cooler,  r  ;  (,  a  tube  to  lead  the  vinasse  from  the  upper  part  of  the  cooler,  r,  into 
the  upper  part  of  the  wine-healer,  e  ;  u,  a  fbnnel ;  t>,  a  slop-cock  to  feed  the  tube,  (, 
with  vinasse  r  '<  ■  lube  of  outlet  for  the  spirits  produced ;  it  ends,  as  shown  in  the  figrac, 
in  a  teel  tube  containing  an  hydrometer. 
The  tliUof  Lauf^is  repretentedbyasenenl  Tieir  iajIg-165:  AandBMralendio 


exposed  lo  the  direct  aeiloBof  Ihefire,  and  Krre  a  like  jmrpOM  to  tboae  oTjlf .  164;  c. 

Is  a  cylinder  containing  the  rectifier,  and  serving  as  a  wiae-beater ;  n,  is  the  eondeaiisg 
cylinder;  a,  a  scop-cock  eonmrnnicating  with  tbe  wine  tun;  b,  a  plnnger-tabe,  fm- 
nished  with  a  fnnnel,  Ihrongh  which  wine  runs  constantly  into  tbe  condenser,  n ;  c,  an 
overflow  pipe  ofD,  between  c  and  d,  eommuni eating  by  a  tube,  dippii^  in  Ihe  cylindo', 
c;  <1,  a  plunger  eqailibrium  tube,  supplying  tbe  alembics  with  hot  wine;  t,a  tnbe 
lew^  the  vapors  of  tte  first  alembic,  a,  into  the  sBcOndt  tnUf  >i  into  wbkk  it  iis»  i 
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/,  a  tabe  condnctinK  tlie  yapors  of  alcohol  from  the  alembic,  b,  into  the  circles  of  the 
rectifier ;  g*,  a  tube  bringing  back  into  the  alembic,  b,  the  vapors  condensed  in  the  cir- 
cles of  the  rectifier ;  h,  a  tube  conducting  the  vapors  not  condensed  into  the  worm  of 
the  condenser ;  i,  a  tube  serving  for  the  expulsion  of  the  air  when  the  wine  comes  into 
the  vessel,  c ;  it  communicates  with  the  tnbe,  A,  so  as  not  to  lose  alcohol,  j,  is  a  pro- 
longation of  the  tnbe  d,  communicating  with  the  tube  h,  so  that  it  may  be  in  contact 
with  the  external  air ;  /,  a  stop-cock  through  which  the  alcohol  condensed  runs  oflf  into 
the  serpentine ;  m,  levels,  indicating  the  height  of  the  liquor  in  the  alembics,  a  and  b  ; 
n,  tube  with  a  stop-cock,  for  feeding  the  alembic  a  ;  o,  discharge  stop-cock  of  the  spent 
vinasse  (wash). 

A  description  of  the  operation  of  the  first  still  will  render  that  of  the  second  intelli- 
gible. 

The  alembic  a,  being  filled  three  fourths  with  vinasse,  and  b  having  only  4  or  5  inches 
of  vinasse  over  its  bottom,  the  liquor  in  A  is  made  to  boil,  and  the  stop-cock,  r,  being 
at  the  same  time  opened,  some  of  the  wine  to  be  distilled  is  allowed  to  fall  into  the  fun- 
nel, u ;  this  cold  liquor  runs  to  the  bottom  of  the  cooler,  f,  fills  it,  passes  into  the  wine- 
heater  by  the  tube  /,  spreads  into  a  perforated  conduit  along  the  top  of  e,  thence  trickles 
down  into  this  vessel  till  it  fills  it  to  the  level  of  the  tube  A,  by  which  it  is  conducted 
into  the  column,  c,  and,  flowing  down  through  all  its  compartments,  it  falls  at  last  into 
the  second  alembic,  b. 

During  this  progress,  the  liquor  of  A  havingbcgun  to  boil,  the  alcoholic  vapor  passes, 
by  means  of  the  tube  e,  e,  into  the  second  alembic,  b,  which,  being  heated  by  those  va- 
pors, and  by  the  products  of  combustion  issuing  from  the  fireplace  under  the  first  alem- 
bic, is  also  soon  made  to  boil.  The  vapor  which  it  produces  is  disengaged  into  the  col- 
umn of  distillation  c,  meets  there  the  wine  which  trickles  through  all  its  compartments, 
transfers  to  it  a  portion  of  its  heat,  and  deprives  it  of  alcohol,  goes  into  the  column  d, 
where  it  is  alcoholized  afresh,  then  enters  into  the  worm  within  the  wine-heater  e, 
glides  through  all  its  windings,  gets  stripped  in  part  of  the  aqueous  v<(t)ors  which  ac- 
companied the  alcohol,  and  which  return  first  by  the  tnbe  p,  p,  then  by  /,  /,  into  the 
column  of  rectification ;  afterward  the  spirituous  vapor  passes  into  the  worm  enclosed 
in  the  cooler  f,  to  issue  finally  condensed  and  deprived  of  all  the  water  wished  to  be 
taken  from  it,  by  the  tube  x,  into  the  gauge  receiver. 

When  the  indicator/,  of  the  alembic  b,  shows  it  to  be  nearly  fuU,  the  stop-cock  a  of 
the  alembic  a  is  opened,  and  the  vinasse  is  allowed  to  run  out  entirely  exhausted  of 
spirit;  but  as  soon  as  there  are  only  seven  inches  of  liquor  above  the  discharge  pipe 
the  cock  a  is  shut,  and  d  is  opened  to  run  off  seven  inches  of  liquor  from  b. 

It  appears,  therefore,  that  in  reference  to  the  discharge,  the  operation  is  not  quite 
continuous ;  but  this  slight  interruption  is  a  real  improvement  introduced  by  M.  Derosne 
into  the  working  of  M.  Blumenthal's  apparatus.  It  is  impossible  for  any  distiller,  how- 
ever expert,  to  exhaust  entirely  the  liquor  of  the  last  alembic,  if  the  discharge  be  not 
stopped  for  a  short  time.  The  above  distilling  apparatus  requires  from  two  to  three 
hours  to  put  it  in  full  action.  From  10  to  15  per  cent,  of  spirit  of  5  are  obtained  from 
the  average  of  French  wine !  and  600  litres  of  such  spirit  are  run  off  with  150  kilo- 
grammes of  coals ;  or  about  two  old  English  quarts  of  spirit  for  each  pound  of  coals. 
•  STONES,  for  bnildin?,  and  bricks,  may  be  proved  as  to  their  power  of  resisting  the 
action  of  frost,  by  the  following  method,  first  practised  by  M.  Brard,  and  afterward  by 
MM.  Vicat,  Billaudel,  and  Coarad,  engineers  of  the  bridges  and  highways  in  France. 
The  operation  of  water  in  congealing  within  the  pores  of  a  stone  may  be  imitated  by 
the  action  of  a  salt,  which  can  increase  in  bulk  by  a  cause  easily  produced ;  such  as^ 
e^orescence  or  crystallization,  for  example.  Sulphate  of  soda  or  Glauber's  salt  an- 
swers the  purpose  perfectly,  and  it  should  be  applied  as  follows : — 

Average  samples  of  the  stones  in  their  sound  state,  free  from  shakes,  should  be  sawed' 
into  pieces  2  or  3  inches  cube,  and  numbered  with  China  ink  or  a  graving  tool.    A. 
lai^e  quantity  of  Glauber's  salt  should  be  dissolved  in  hot  water,  and  the  solution 
should  be  left  to  cool.  The  clear  saturated  solution  being  hea«ed  to  the  boiling  point  in 
a  saucepan,  the  several  pieces  of  stone  are  to  be  suspended  by  a  thread  in  the  liquid  fbr 
exactly  one  half-hour.    They  are  then  removed  and  hung  up  each  by  itself  over  a  ves- 
sel containing  some  of  the  above  cold  saturated  solution.    In  the  course  of  24  hours,  if ' 
the  air  be  not  very  damp  or  cold,  a  white  efflorescence  will  appear  upon  the  stones. 
Each  piece  must  be  then  immersed  in  the  liquor  in  the  subjacent  vessel,  so  as  to  canse 
the  crystals  to  disappear,  be  once  more  hung  up,  and  dipped  again  whenever^  the  dry 
efflorescence  forms.    The  temperature  of  the  apartment  should  be  kept  as  uniform  as- 
possible  during  the  progress  of  the  trials.    According  to  their  tendency  to  exfoliate  by 
frost,  the  several  stones  will  show,  even  in  the  course  of  the  first  day,  alterations  on  the 
edges  and  angles  of  the  cubes;  and  in  5  days  aAer  effloresence  begins,  the  resvlt  will' 
be  manifest,  and  may  be  estimated  by  the  weight  of  disintegrated  fragments,  compared' 
to  the  known  weight  of  the  piece  in  its  original  stale^  both  taken  equally  dry. 
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STREAM-WORKS.    The  name  given  by  the  Cornish  mi&en  to  aUnvial  dcp«>«ei 
of  tin.  ore,  usually  worked  in  the  open  air. 

STRINGS.    The  name  given  by  the  Cornish  miners  to  the  small  filameatotts  fbbu^ 
cations  of  a  metallic  vein. 

SUGAR.    The  recent  researches  of  the  eminent  French  chemist,  M.  Casaseca,  vpom 
cane-juice  at  Havana,  in  Cuba,  have  demonstrated  clearly  the  enormous  loss  which 
sugar-planters  suffer  by  the  imperfection  of  their  manufacturing  processes.    His  re- 
sults confirm  those  previously  obtained  by  M.  Peligot  in  Paris,  and  show  that  cane- 
juice  evaporated  in  vacuo  at  the  atmospheric  temperature,  yields,  in  100  parts : — 
Crystalline  white  sugar  -----    20-94 

Water   ----..--    78-80 

Mineral  substances       -  -  -  -  -  -0-14 

Organic  matter,  different  from  sugar    •  .  -  -      0*12 

100-00 
The  cane  from  which  the  above  was  drawn  is  called  canadi  la  lierra  in  Cuba.  The 
juice  of  the  Otaheite  cane  is  identical  with  the  preceding.  But  the  proportions  of  lig- 
neous fibres  in  the  two  canes  are  very  different ;  that  of  la  iierra  containing,  according 
to  M.  Casaseca,  16*4  per  cent.,  while  that  of  Otaheite  contains  only  10.  Other  canes^ 
however,  differ  in  this  respect  considerably  from  these  two  varieties.  The  average 
quantity  of  grained  sugar  obtained  from  cane-juice  in  our  colonial  plantations  is  proba- 
bly not  more  than  one  third  of  the  quantity  of  crystalline  sugar  in  the  juice  which  they 
boil. 

The  following  analysis  of  cane-juice,  performed  by  a  French  chemist,  was  given  me 
by  Mr.  Forstall  of  New  Orleans.  In  10  English  gallons,  of  231  cubic  inches  each,  of 
juice  marking  8|°  Baume,  there  are  6]  ounces  English  of  salts,  which  consist  of~^ 

Salphate  of  potash        .        -        .     17*840  gnunmess^^  15-44  grains  each. 

Phosphate  of  potash     -        -        -    16*028 

Chlorure  of  potassium  .        -        -      8*355 

Acetate  of  potash         .        -        -    63*750 

Acetate  of  lime    ....    36-010 

Gelatinous  silica  ....     15*270 


157*253=5-57  ounces  avoirdupois. 

To  the  large  proportion  of  deliquescent  saline  matter,  of  which  one  half,  he  says,  le- 
mains  in  the  sugar,  the  analyst  ascribes  very  properly  the  deliquescence  and  deterima- 
lion  of  the  sugar  when  kept  for  some  time  or  transported.  It  was  probably  the  juice 
of  the  cane  grown  in  the  rich  alluvial  soil  of  Louisiana,  and  therefore  more  abundant 
in  saline  matter  than  the  average  soil  of  our  West  India  islands.  The  Bemerara  eanc- 
juice  has  perhaps  the  above  saline  constitution,  as  it  suffers  much  loss  of  weight  bf 
drainage  in  the  home  voyage. 

SUGAR  OF  POTATOES,  GRAPES,  or  STARCH.  About  two  years  ago  a  sam- 
ple of  sweet  mucilagjnous  liquid  was  sent  to  me  for  analysis,  by  the  honorable  the 
commissioner  of  customs.  It  was  part  of  a  quanity  imported  in  •casks  at  Hull,  from 
Rotterdam.  It  was  called  by  the  importers, ''  Vegetable  Juice.''  I  found  it  to  be  im- 
perfectly saccharified  starch  or  fecula;  and,  on  my  reporting  it  as  such,  it  was  admit- 
ted at  a  moderate  rate  of  duty. 

Three  months  since  I  received  a  sample  of  a  similar  liquid  fVom  the  importer  at  Hull, 
with  a  request  that  I  would  examine  it  chemically.  He  informed  roe  that  an  importa- 
tion just  made  by  him,  of  30  casks  of  it,  had  been  detained  by  orders  of  the  excise,  tiQ 
the  sugar  duty  of  25«.  per  cwt.  of  solid  matter  it  contained  was  paid  upon  it.  It  wis 
of  specific  gravity  1*362,  and  contained  80  per  cent,  of  ill-saccharified  fecula. 

In  the  interval  between  the  first  importation  and  the  second,  an  act  of  parliament  had 
been  obtained  for  placing  every  kind  of  sugar,  from  whatever  material  it  was  formed, 
under  the  provisions  of  the  '*  Beet-root  Sugar  Bill."  As  the  saccharometer  tables,  sob- 
servient  to  the  levying  of  the  excise  duties,  under  this  act,  were  constructed  by  me,  ai 
the  request  of  the  president  of  the  board  of  trade,  I  well  knew  that  50  per  cent,  of  the 
syrup  of  the  beet-root  was  deducted  as  a  waste  product,  because  beet-root  molasses  is 
too  crude  an  article  for  the  use  of  man.  Well  saccharified  starch  paste,  however,  coft- 
siittttes  a  syrup,  poor  indeed  in  sweetness  when  compared  with  cane  syrup,  or  that  at 
the  beet-root;  but  then  it  does  not  spontaneously  Uacken  into  molasses,  by  evapofa- 
tion,  as  solutions  of  ordinary  su«ar  never  fail  to  do  when  they  are  concentrated,  even 
with  great  care.  Hence  the  residuary  syrups  of  saccharified  fecnia  may  be  all  worked 
up  into  a  tolerably  white  granular  mass,  which,  being  crushed,  is  used  by  greedy  grtK 
cers  to  mix  with  their  dark-brown  bastard  sugars,  to  improve  their  color. 

It  is  only  within  two  years  that  sugar  has  been  in  tiiis  country  manufactured  fim 
potato  starch  to  any  extent,  though  it  has  been  long  an  object  of  commercial  enteipdis 
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■I  IVaaee,  Belghun,  and  Holland,  where  the  lance  coarse  potatoei  are  used  for  this 
porpose.  The  raw  material  must  be  very  cheap  there,  as  well  as  the  labor;  for  potato 
flour  or  starch,  for  eonvenion  into  sugar,  has  been  imported  from  the  continent  intO' 
this  country  in  large  quantities,  and  sold  in  London  at  the  low  price  of  lOt.  per  cwt. 

The  process  usually  followed  by  the  potato-sugar  makers,  is  to  mix  100  gallons  of 
boiling  water  with  every  112  lbs.  of  the  fecula,  and  2  lbs.  of  the  strongest  sulphuric 
aeid.  This  mixture  is  boiled  about  12  hours  in  a  large  vat,  made  of  white  deal,  having 
pipes  laid  along  its  bottom,  which  are  connected  with  it  high  pressure  steam-boUer. 
After  being  thus  saccharified,  the  acid  liquid  is  neutralized  with  chalk,  JBltered,  and 
then  evaporated  to  the  density  of  about  1*300,  at  the  boiling  temperature,  or  exactly 
1-342,  when  cooled  to  60^.  When  syrup  of  this  density  is  left  in  repose  for  some  days, 
it  concretes  altogether  into  crystalline  tuAs,  and  forms  an  apparently  dry  solid,  of  spe- 
cific gravity  1-39.  When  this  is  exposed  to  the  heat  of  220^,  it  fuse»  into  a  liquid 
nearly  as  thin  as  water ;  on  cooling  to  150^,  it  takes  the  consistence  of  honey,  and  at 
100^  F.  it  has  that  of  a  viscid  varnish.  It  must  be  leA  a  considerable  time  at  rest  be- 
fore it  recovers  its  granalar  state.  When  heated  to  270^,  it  boils  briskly,  gives  off  one 
tenth  of  its  weight  of  water>  and  concretes,  on  cooling,  into  a  bright  yellow,  brittle,  but 
very  deliquescent  mass,  like  barley  sugar.  If  the  syrup  be  concentrated  to  a  much 
greater  density  than  1-340,  as  to  1*362,  or  if  it  be  left  faintly  acidulous,  in  either  case 
it  will  net  granulate,  but  will  remain  either  a  viscid  magma  or  become  a  concrete  mass, 
which  may  indeed  be  pulverized,  though  it  is  so  deliqaescent  as  to  be  unfit  for  the 
adalteration  of  raw  sugar.  The  Hull  juice  is  in  this  predicament,  and  is  therefore,  in 
my  opinion,  hardly  amenable  to  the  new  sugar  law,  as  it  can  not  by  any  means  be 
worked  up  into  even  the  semblance  of  sugar. 

Good  Muscovado  sugar,  from  Jamaica,  fuses  only  when  heated  to  280^,  but  it  turns 
immediately  dark  brown,  from  the  disengagement  of  some  of  its  carbon,  at  that  tem- 
perature, and  becomes,  in  fact,  the  substances  called  *'  caramel"  by  the  French,  which 
is  used  for  coloring  brandies,  white  wines,  and  liqueurs. 

Thus  we  see  that  starch  or  grape-«ugar  is  well  distinguished  from  cane-sugar,  by  its 
fusibility,  at  a  moderate  heat,  and  its  inalterability  at  a  pretty  high  heat.  Its  sweet- 
ening power  is  only  two  fifths  of  that  of  ordinary  sugar.  A  good  criterion  of  incom- 
pletely formed  starch-sugar  is,  its  resisting  the  action  of  sulphuric  acid,  while  perfectly 
saccharified  starch  or  cane-«ugar  is  readily  decomposed  by  it.  If,  to  a  strong  solution 
of  imperfectly  saccharified  grape-sugar,  nearly  boiling  hot,  one  drop  of  strong  sulphuric 
acid  be  let  fall,  no  perceptible  change  will  ensue,  but  if  the  acid  be  dropped  into  solu- 
tions of  either  of  the  other  two  sugars,  black  carbonaceous  particles  will  make  their 
appearance. 

The  article  which  was  lately  detained  by  the  Excise,  for  the  high  duties,  at  HuU,  is 
not  affected  by  sulphuric  acid,  like  the  solutions  of  cane-sugar,  and  of  the  well-made 
potato-«ugar  of  London ;  and  for  this  reason  I  gave  my  opinion  in  favor  of  admitting 
the  so-called  vegetable  juice  at  a  moderate  rate  of  duty. 

I  submitted  the  solid  matter,  obtained  by  evaporating  the  Hull  juice,  to  ultimate 
analysis,  by  peroxide  of  copper,  in  a  combustion  tube,  with  all  the  requisite  precau- 
tions, and  obtained,  in  one  experiment,  37  per  cent,  of  carbon ;  and  in  another  38  per 
cent,  when  the  substance  had  been  dried  in  an  air  bath,  heated  to  275*.  The  differ- 
ence to  100,  is  hydrogen  and  oxygen,  in  the  proportion  to  form  water.  Now  this  is 
n^early  the  constitution  of  starch.  Cane-sugar  contains  about  6  per  cent,  more  carbon, 
whereby  it  readUy  evolves  this  black  element,  by  the  action  of  heat  or  sulphuric  acid. 

An  ingenious  memoir,  by  Mr.  Trommer,  upon  the  distinguishing  criteria  of  gum, 
dextrine,  grape-sugar,  and  cane-sugar,  has  been  published  in  the  39th  volume  of  the 
**  Annalen  der  Chemie  und  Pharmacie."  I  have  repeated  his  experiments,  and  find 
them  to  give  correct  results,  when  modified  in  a  certain  way.  His  general  plan  is  to 
expose  the  hydrate  of  copper  to  the  action  of  solutions  of  the  above-mentioned  vege- 
table products.  He  first  renders  the  solution  alkaline,  then  adds  solution  of  sulphate 
of  copper  to  it,  and  either  heats  the  mixture  or  leaves  it  for  some  time  in  the 
cold.  By  pursuing  his  directions,  I  encountered  contradictory  results ;  but,  by  the 
following  method,  I  have  secured  uniform  success,  in  applying  the  criteria,  and  have 
even  arrived  at  a  method  of  determining,  by  a  direct  test,  the  quantity  of  sugar  in 
diabetic  urine. 

I  dissolve  a  weighed  portion  of  sulphate  of  copper  in  a  measured  quantity  of  water, 
and  make  the  solution  faintly  alkaline,  as  tested  with  turmeric  paper,  by  the  addition 
of  potash  ley,  in  the  cfild;  for  if  the  mixture  be  hot,  a  portion  of  the  disengaged 
green  hydrate  of  copper  is  converted  into  black  oxide.  This  mixture  being  always 
agitated  before  applying  it,  forms  the  test  liquor.  If  a  few  drops  of  it  be  introd«eed 
into  a  solution  of  gum,  no  change  ensues  on  the  hydrate  of  copper,  even  at  ahoiling 
heat,  which  shows  that  a  gummate  of  topper  is  formed,  which  resists  decompooitioii  t 
but  the  cupreous  mixture,  without  the  gum,  is  rapidly  blackened  at  the  boiHng  ten* 
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penture.  I  do  not  find  thtt  the  gumnurte  i»  ledisMlTed  by  nn  exeen  of  wstcTy  m 
Trommer  affirips. 

Starch  and  tragacants  comport  like  gnm,  in  which  zespect  I  agree  with  TromMcr. 
Starch,  however,  possesses  already  a  peifect  criterion,  in  iodine  water.  Mr.  TiuniBer 
says,  that  solation  of  dextrinje  affords  a  deep  glae<-colored  liquid,  without  a  trace  of 
precipitate ;  and  that  when  his  mixture  is  heated  to  85^  C,  it  deposites  red  gnias  of 
protoxide  of  copper,  soluble  in  muriatic  acid.  I  think  these  phenomena  are  dependant* 
in  some  measure,  upon  the  degree  of  alkaline  excess  in  the  mixture.  I  find,  the  solu- 
tion of  dextrine,  treated  in  my  way,  hardly  changes  in  the  cold;  but  when  healed 
slightly,  it  becomes  green,  and  by  brisk  boiling  an  olive  tint  is  produced.  It  thus  be- 
trays its  tendency  of  traosition  into  sugar. 

Solution  of  cane-sugar,  similarly  treated,  undergoes  no  change  in  the  cold  at  the 
of  two  days ;  ^nd  very  little  change  of  color  even  at  a  boDing  heat,  if  not  too 
trated.    Cane-sugar,  treated  by  Trommer  in  his  way,  becomes  of  a  deep  bine;  it 
be  boiled  by  potash  in  excess,  without  any  separation  of  orange-red  oxide  of  copper. 

Starch  or  grape-sugar  has  a  marvellous  power  of  reducing  the  green  hydrate  of 
copper  to  the  orange  oxide.  I  find,  however,  that  it  will  not  act  upon  the  pure  Une 
hydrate,  even  when  recently  precipitated ;  it  needs  the  addition,  in  every  case,  of  a 
small  portion  of  alkali.  Yet  ammonia  does  not  seem  to  serve  the  purpose ;  for,  in 
using  the  ammonia-sulphate  of  copper,  in  solution,  I  obtained  unsatisfactory  reaaks 
with  the  above  vegetable  products. 

The  black  oxide  of  copper  is  not  affected  by  being  boUed  in  solution  of  starch-«agai. 

*'  If  solution  of  grape-sugar,"  says  Trommer,  "  and  potash,  be  treated  with  a  solutioa 
of  sulphate  of  copper,  till  the  separated  hydrate  is  redissolved,  a  precipitate  of  red 
oxide  will  soon  take  place,  at  common  temperatures,  but  it  immediately  forms,  if  the 
mixture  is  heated.    A  liquid  contaiaing  ^-^^-^  of  grape-sugar,  even  one  miUicHith 

part,"  says  he,  "  gives  a  perceptible  tinge  (orange),  if  the  light  is  let  fall  upon  it.*'  To 
obtain  such  a  minute  result,  very  great  nicety  must  be  used  io  the  dose  of  alkali,  which 
I  have  found  it  extremely  difficult  to  hit.  With  my  regulated  alkaline  mixture,  how- 
ever, I  never  fail  of  discovering  an  exceedingly  small  proportion  of  starch-sogar,  even 
when  mixed  with  Muscovado  sugar;  and  thus  an  excellent  method  is  afforded  of  de- 
tecting the  frauds  of  the  grocers. 

I  find  that  manna  deoxidizes  the  green  hydrate  of  copper  slowly  when  heated,  bnt 
not  nearly  to  the  same  extent  as  grape-sugai*,  which  reduces  it  rapully  to  the  orange 
oxide. 

If  an  excess  of  the  hydrate  of  copper  test  be  used,  there  will  be  a  deposite  of 
hydrate  at  the  bottom  of  the  vessel,  under  the  orange  oxide. 

To  apply  these  researches  to  the  sugar  of  diabetic  urine :  This  should  fiivt 
boiled  briskly  to  decompose  the  urea,  and  to  dissipate  its  elements  in  the  form  of 
mooia,  as  well  as  to  concentrate  the  saccharine  matter,  whereby  the  test  becomes 
efficacious.  Then  add  to  the  boiling  urine,  in  a  few  drops  at  'b.  time,  the  cupreons 
mixture,  containing  a  known  quantity  of  sulphate  of  copper,  till  the  whole  assumes  a 
greenish  tint,  and  continue  the  heat  until  Uie  color  becomes  bright  orange.  Should 
it  remain  green,  it  is  a  proof  that  more  hydrate  of  copper  has  been  introduced  than  has 
been  equivalent  to  the  deoxidizing  power  of  the  starch-sugar.  I  have  found  that  one 
grain  of  sulphate  of  copper  in  solution,  supersaturated  very  slightly  with  potash,  is  de- 
composed with  the  production  of  orange  protoxide,  by  about  3  grains  of  potato-sugar; 
or,  more  exactly,  30  parts  of  the  said  sulphate,  in  the  state  of  an  alkaline  hydrate  of 
copper,  pass  altogether  into  the  state  of  orange  oxide,  by  means  of  100  parts  of  granular 
starch-sugar.  Thus,  for  every  3  grains  of  sulphate  so  changed,  10  grains  of  sugar 
may  be  estimated  to  exist  in  diabetic  urine. 

Acetate  of  copper  may  be  used  in  the  above  experiments,  but  it  is  not  so  good  as  the 
sulphate.    The  chloride  of  copper  does  not  answer. 

Specific  gravity  is  also  an  important  criterion,  applied  to  sugars;  that  of  the  cant 
and  beet-root  is  ]'577;  that  of  starch-sugar,  in  crystalline  tufts,  is  1*39,  or  perhaps 
1*40,  as  it  varies  a  little  with  its  state  of  dryness.  At  1-342,  syrup  of  the  cane  contains 
70  per  cent,  of  sugar ;  at  the  same  density,  syrup  of  starch-sugar  contains  75|  per  cent, 
of  concrete  matter,  dried  at  260^  F.,  and  therefore  freed  from  the  10  per  cent,  of 
water  which  it  contains  in  the  granular  state.  Thus,  another  distinction  is  obtained 
between  the  two  sngars,  in  the  relative  densities  of  their  solutions,  at  like  saccharine 
contents  per  cent. 

SULPHATE  OF  AMMONIA.  This  salt,  now  so  extensively  used  in  preparing 
artificial  manures  and  imitations  of  guano,  for  fanners,  is  made  of  great  purity>  and  at 
an  economical  rate,  by  the  patent  process  of  Mr.  CroU,  described  nnder  the  artide 
Qas.  a  mixture  of  10  per  cent,  of  this  sulphate  with  20  of  bone-dust,  some  _ 
and  fannyard  manure,  will  form  a  very  fertilising  compost,  applicable  to  Ik 
▼axiety  of  soils. 
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SULPHURIC  ACID.  A  Tahiable  improYement  of  tlie  process  for  manufacturing 
this  fundamental  chemical  agent  has  been  lately  contrived  by  M.  Gay  Lussac,  and 
made  the  subject  of  a  patent  in  this  country  by  his  agent  M.  Sautter.  It  consists  in 
causing  the  waste  gas  of  the  vitriol  chamber  to  ascend  through  the  ch^mkul  eaaeade  of 
M.  Clement  Desornes,  and  to  encounter  there  a  stream  of  sulphuric  add  of  specific 
gravity  1*750.  The  nitrous  acid  gas,  which  is  in  a  well-regulated  chamber  always 
slightly  redundant,  is  perfectly  absorbed  by  the  said  sulphuric  acid ;  which,  thus  im- 
pregnated, is  made  to  trickle  down  through  another  cascade,  up  through  which  passes 
a  current  of  sulphurous  acid,  from  the  combustion  of  sulphur  in  a  little  adjoining 
chamber.  The  condensed  nitrous  acid  gas  is  thereby  immediately  transformed  into 
nitrous  gas  (deutoxide  of  azote)  which  is  transmitted  from  this  second  cascade  into  the 
large  vitriol  chamber,  and  there  exercises  its  well-known  reaction  upon  its  aeriform 
contents.  The  economy  thus  efifected  in  the  sulphuric  acid  manufacture  is  such  that 
for  100  parts  of  sulphur  3  of  nitrate  of  soda  will  suffice,  instead  of  9  or  10  as  usually 
consumed. 

Upon  the  formation  of  sulphated  nitrous  gas  (N  Ot,  3  S  Oi,  2  H  O),  and  its  com- 
bination with  oil  of  vitriol,  the  manufacture  of  hydrated  sulphuric  acid  is  founded. 
Either  sulphur  is  burned  in  mixture  with  about  one  ninth  of  saltpetre ;  whence  along 
with  sulphurous  acid  gas,  nitrous  oxide  gas  is  disengaged,  while  sulphate  of  potash 
remains ;  thus  K  O,  N  O  -f-  S  »  S  Os  -f  N  CK,  K  0.  2.  Or,  nitric  acid  in  the  fluid  or 
vaporous  form  may  be  present  in  the  lead-chamber,  into  which  the  sulphurous  acid 
gas  passes,  in  consequence  of  placing  in  the  flames  of  the  sulphur  a  pan,  charged  with 
a  mixture  of  sulphuric  acid  and  nitre  or  nitrate  of  soda.  This  nitric  acid  being 
decomposed  by  a  portion  of  the  sulphurous  acid,  there  will  result  sulphuric  acid  and 
nitrous  gas.  By  the  mutual  reaction  of  the  sulphurous  and  nitric  apids,  sulphuric 
acid  and  nitrous  gas  wUl  be  produced:  N  C)« -t-3  8  O  »N  09-|-3  S  Os.  3,  Or, 
by  heating  sugar  or  starch  with  nitric  acid,  the  mixture  of  nitrous  gas  and  nitrous 
acid  vapor  which  results,  may  be  thrown  into  the  chamber  among  the  sulphurous 
acid.  In  any  one  of  these  three  cases,  sulphurous  acid  gas,  nitrous  acid  vapors  (pro- 
ceeding from  the  mixture  of  nitrous  oxide  and  atmospherical  oxygen)  and  steam  are 
mingled  together ;  whence  arises  the  crystalline  compound  of  sulphated  nitrous  oxide 
with  satphuric  acid,  which  compound  subsides  in  white  clouds  to  the  bottom  of  the 
chamber,  and  dissolves  in  the  dilute  oil  of  vitriol  placed  there,  into  sulphuric  acid, 
with  disengagement  of  nitrous  gas. '  This  gas  now  forms,  with  the  remaining  atmo- 
spherical oxygen,  nitrous  acid  vapors  once  more,  which  condense  a  fresh  portion  of 
sulphurous  acid  gas  into  the  above  crystalline  compound;  and  thus  in  perpetual 
alternation. 

Sulphurous  acid  gas  does  not  act  upon  nitrous  gas,  not  even  upon  the  nitrous  acid 
vapor  produced  by  the  admission  of  oxygen,  if  water  be  absent ;  but  the  moment  that 
a  Uttle  steam  is  admitted,  the  crystalline  compound  is  condensed.  The  presence  of 
much  sulphuric  acid  favors  the  formation  of  the  sulphated  nitrous  gas.  These  crystals 
are  decomposed  by  tepid  water  with  disengagement  of  nitrous  gas,  which  seizes  the 
oxygen  present  and  becomes  nitrous  acid  (hyponitric  of  many  chemists). 

T. 

TEA.  This  well-known  plant  has  recently  acquired  peculiar  interest  among  men 
of  science,  both  in  a  chemical  and  physiological  point  of  view.  In  its  composition  it  ap- 
proaches by  the  quantity  of  azote  it  contains  to  animalized  matter,  and  it  seems  thereby 
qualified,  according  to  Liebig,  to  exercise  an  extraordinary  action  on  some  of  the  func- 
tions of  animals,  especially  the  secretion  of  bile.  The  chemical  principle  characteristic 
often,  cofiee,  and  cocoa- beans,  is  one  and  the  same  when  equally  purified,  from  which- 
ever of  these  substances  it  is  extracted ;  and  is  called  indiiferently  either  theine  or 
caffeine.  Mulder  takes  it  from  tea,  by  treating  the  evaporated  extract  by  hot  water, 
with  calcined  magnesia,  filtering  the  mixture,  evaporating  to  dryness  the  liquor  which 
passes  through,  and  digesting  the  residuum  in  ether.  This  solution  being  distilled, 
the  ether  passes  over,  and  the  theine  remains  in  the  retort.  This  principle  is  extracted 
in  lt:e  same  way  from  ground  raw  cofifee  and  from  guaraaa,  a  preparation  of  the 
seeds  cfpauUinia,  highly  valued  by  the  Brazilians.  Theine,  when  pure,  crystallizes 
in  fine  glossy  needles,  like  white  silk,  which  lose,  at  the  heat  of  boiling  water,  8  per 
:ent.  of  their  weight,  constituting  its  two  atoms  of  water  of  crystallization.  These 
needles  are  bitter  tasted.  They  melt  at  35(F  F.,  and  sublime  at  643*  without  decom- 
posing. The  crystals  dried  at  250^  dissolve  in  98  parts  of  cold  water,  97  of  alcohol, 
and  194  parts  of  ether.  In  their  ordinary  state,  th^  are  but  little  more  soluble 
in  these  menstrua.  Theine  is  a  feeble  base^  and  is  precipitable  by  tannin  alone  fhm 
itf  solution. 
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Mr.  Stenhonse  prepares  tboioe  by  preeipitatiAg  a  decoction  of  tea  witk  aotatioB  of 
acetate  of  lead,  evaporating  the  filtered  liquor  to  a  dry  extract,  and  expoaing  Hiii 
extract  to  a  aablimmg  beai  in  a  shallow  iron  pan,  whose  month  is  covered  flatly  with 
porous  paper  Inted  round  the  edges,  as  a  filter  to  the  vapor,  and  sunsoonted  with  a 
cap  of  compact  paper,  as  a  receiver  to  the  crystals.  In  this  way  he  obtained,  at  a 
maximum,  only  1*37  from  100-00  of  tea.  But  M.  Peligot,  from  the  quantity  of 
axote  amonnting  to  about  6  per  cent.,  which  he  found  in  the  tea  leaves,  being  led  to 
believe  that  much  more  theine  existed  in  them  than  had  hitherto  been  obtained,  adopted 
the  following  improved  process  of  extraction.  To  the  hot  infusion  of  tea,  snbacetate 
of  lead  and  then  anmionia  were  added ;  through  the  filtered  liquor  a  current  of  sal 
phoreted  hydrogen  was  passed  to  throw  down  all  the  lead,  and  the  clear  liquid  being 
evaporated  at  a  gentle  heat  affcorded,  on  cooling,  an  abundant  crop  of  crystals.  By  re 
evaporation  of  the  mother  liquor,  more  crystals  were  procured,  amounting  altogether 
to  from  5  to  6  out  of  100  of  tea. 

The  composition  of  theine  may  be  represented  by  the  chemical  formula,  C*,  H^,  Nt, 
0* ;  whence  it  appears  to  contain  no  less  than  29  per  cent,  of  nitrogen  or  azote. 

Pekgot  found,  on  an  average,  in  100  parts  of— 

Puts  toluUe  in  boiling  Watar. 

Dried  black  teas    .-..-.    4.3*2 
— —  green  teas     ------    47*1 

Black  teas,  as  sold  .....    38-4 

Green  teas,  ditto   *  -  •  -  -  .43-1 

Tea,  by  Mulder's  general  analysis,  has  a  very  complex  constitution;    100  parts 
contain — 

Essential  oil  (to  which  the  flavor  is  due)  - 
Chlorophyle  (leaf-green  matter)    -  •  * 

Wax 

Resin  -  -  -    .        - 

Gum  ----.. 

Tannin  .-..-. 
Theine  -.---- 
Extractive  matter  •     •      - 

Do.        dark-colored 
Colorable  matter  separable  by  muriatic  acid 
Albumine  ----.. 
Vegetable  fibre      ..... 
Ashes         .----- 


Green. 

Black. 

0-79 

0-60 

2-22 

1-84 

0-28 

2  22 

3-64 

8-56 

7-28 

17-80 

12-88 

0-43» 

0M6 

22-80 

19-88 

— 

1-48 

23-60 

19-12 

3-00 

2.80 

17-08 

28-32 

5-56 

5-24 

Since  the  proportion  of  azote  in  theine  and  caffeine  is  so  much  greater  than  even  in 
any  animal  compound,  urea  and  uric  acid  excepted,  and  since  so  many  diflferent  natioas 
have  been,  as  it  were,  instinctively  led  to  the  extensive  use  of  tea,  cofiee,  and  chocolate 
or  cocoa,  as  articles  of  food  and  enlivening  beverage,  which  agree  in  no  feature  ci 
property,  but  in  the  possession  of  one  peculiar  chemical  principle,  we  must  eondode 
that  the  constitution  of  these  vegetable  products  is  no  random  freak  of  nature,  but  thai 
it  has  been  ordained  by  Divine  Wisdom  for  performing  beneficial  eflfects  on  the  humaB 
race.  Hitherto,  indeed,  medicine,  a  conjectural  art,  exercised  too  much  by  men  super- 
ficially skilled  in  the  science  of  nature,  and  the  slaves  or  abettors  of  baseless  hypotheses, 
has  laid  tea  and  cofi^ee  generally  under  its  ban,  equally  infallible  with  the  multitude, 
as  that  of  the  pope  in  the  olden  time,  and  has  denounced  their  use,  as  causing  a  variety 
of  nervous  and  other  nosoiogical  maladies.  But  chemistry,  advancing  with  her  un- 
quenchable torch  into  the  darkest  domains  of  nature,  has  now  unveiled  the  mystery, 
and  displayed  those  elemental  transformations  of  the  organic  functions  in  the  human 
body,  to  which  tea  and  cofiee  contribute  a  Salutary  and  powerful  aid. 

Liebig,  in  his  admirable  researches  into  the  kingdoms  of  life,  has  been  led  to  infer 
that  the  bile  is  one  of  the  products  resulting  from  the  decomposition  of  the  animal 
tissues,  and  that  our  animal  food  may  be  resolved  by  the  action  of  oxygen,  so  amfdy 
applied  to  the  lungs  in  respiration,  into  bile  and  urea,  the  characteristic  constituent  of 

urine. 

When  the  consumption  of  tissue  in  man  is  small,  as  among  mankind  in  the  artificial 
state  of  life,  with  little  exercise  and  consequently  languid  digestion,  assimilation,  and 
decomposition,  the  constant  use  of  substances  rich  in  azotized  compounds,  closely  anal- 
ogous to  the  chief  principle  of  the  bile.,  must  assist  powerfully  in  the  production  of  this 
secretion,  so  essential  to  the  healthy  action  of  the  bowels  and  other  organs.  Liebig 
has  fully  proved  that  the  bile  is  not  an  excrementitious  fiuid,  merely  to  be  rqectad,  as 

*  This  conatttuent  is  obvioualy  much  undenrated. 
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•  prejndidal  inmate  of  tiie  ffystem,  but  that  it  deserres,  after  secretion,  some  important 
purpose  in  the  animal  economy,  being,  in  particular,  subservient  to  respiration. 

I  shall  conclade  these  remarits,  perhaps  more  appropriate  to  a  work  on  chemistry 
than  to  the  present,  by  stating  the  relation  between  iheine  and  the  animal  product  tau- 
rine, the  characteristic  constituent  of  bile. 

One  atomoftheine      -    =     Cg,  Njt,  H5,  O,    ^       Two  atom*  of  Uurine. 
Nine  atoms  of  water    -    =*  Hg,  O9    >»=C8,  Nj,  Hn,  Oao. 

Nine  atoms  of  oxygen  -    «  '  O9   ) 

The  letters  C,  N,  H,  O,  denote  carbon,  nitrogen  or  azote,  hydiogen,  and  oxygen ; 
and  the  figures  attached  to  each,  the  number  of  atoms ;  one  atom  of  carbon  being  6, 
one  of  azote  14,  one  of  hydrogen  1,  and  one  of  oxygen  8;  from  which  the  composition 
of  the  bodies,  theine  and  taurine,  may  be  easily  computed  for  100  parts.  Now,  suppo- 
sing one  tenth  of  the  bile  to  consist  of  solid  matter,  and  this  solid  matter  to  be  choleic 
acid  (resolvable  into  taurine  but  different  from  it),  which  contains  3*87  of  nitrogen, 
then  2*8  grains  of  theine  would  afford  to  480  grains  of  bile  (supposed  solid,  or  4,800 
grains  in  iis  ordinary  state)  all  the  nitrogen  required  for  the  constitution  of  taurine,  its 
peculiar  cyrstalline  principle. 

It  may  be  remarked  here,  however,  with  regard  to  tea  and  coffee,  that  while  they 
agree  in  the  main  feature,  they  differ  in  some  others,  and  especially  in  the  large  pro- 
portion of  tannin  in  the  former,  and  its  non-existence,  according  to  my  experiments,  in 
the  latter,  notwithstanding  the  statement  of  its  presence,  in  many  chemical  works. 
Hence,  tea  may  act  injuriously  in  persons  of  Cretian  habits,*  while  coffee  has  no  con- 
stipating power,  however  much  it  may  cause  excitement  and  heat  under  certain  idio- 
syncrasies. 

A  pure,  agreeable,  and  convenient  concentrated  preparation  oi  tea  and  coffee  has 
been  recently  made  the  subject  of  an  ingenious  patent  by  Mr.  Stait^,  which  I  can  recom- 
mend as  being  made  from  the  best  articles  in  the  market,  by  a  perfectly  wholesome  ap- 
paratus and  process.  The  patentee  has  printed  a  little  explanatory  pamphlet  on  the 
object  of  his  improvement,  from  which  the  following  extracts  are  taken : — 

**  The  quantity  of  tea  grown  and  consumed  in  China  can  not  be  ascertained,  but  the 
consumption  of  Europe  and  America  may  be  taken  as  follows : — 

Russia    .  ;.  -  -    6,500,000  lbs. 

United  States  of  America  -    8,000,000 

France  -  -  -  -    2,000,000 

Holland  -  -  -    2,800,000 

Other  countries  -  -    2,000,000 

Great  Britain    -  -  -  50,000,000 

71,300,000  lbs.  or  31,830  tons. 

''The  number  of  tea-dealers  in  the  year  1839  was,  in  England,  82,794;  in  Scotland, 
13,61 1 ;  and  in  Ireland,  12,744 ;  making  a  total  of  109,179.  It  is  presumed  that  in  con- 
sequence of  the  increased  population  their  number  at  present  must  exceed  120,000. 

**  The  observations  of  Liebig  afford  a  satisfactory  explanation  of  the  cause  of  the 
great  partiality  of  the  poor  not  only  for  tea,  but  for  tea  of  an  expensive  and  superior 
kind.  He  says,  '  We  shall  never  certainly  be  able  to  discover  how  men  were  first  led 
to  the  use  of  the  hot  infusion  of  the  leaves  of  a  certain  shrub  (tea),  or  of  a  decoction 
of  certain  roasted  seeds  (coffee).  Some  cause  there  must  be,  which  will  explain  how 
the  practice  has  become  a  necessary  of  life  to  all  nations.  But  it  is  still  more  remark- 
able, that  the  beneficial  effects  of  both  plants  on  the  health  must  be  ascribed  to  one  and 
the  same  substance  {thdne  or  caffeine,  the  presence  of  which  in  two  vegetables,  belong- 
ing to  natural  families,  the  products  of  different  quarters  of  the  globe,  could  hardly  have 
presented  itself  to  the  boldest  imagination.  Yet  recent  researches  have  shown,  in  such 
a  manner  as  to  exclude  all  doubt,  that  thSine  and  caffeine  are  in  ail  respects  identioal.' 
And  he  adds,  that '  we  may  consider  these  vegetable  compounds,  so  remarkable  for 
their  action  on  the  brain,  and  the  substance  of  the  organs  of  motion,  as  elements  of 
food  for  organs  as  yet  unknown,  which  are  destined  to  convert  the  blood  into  nervous 
substance,  and  thus  recruit  the  energy  of  the  moving  and  thinking  faculties.'  Such 
a  discovery  gives  great  importance  to  tea  and  coffee,  in  a  physiological  and  medical 
point  of  view. 

**  At  a  meeting  of  the  Academy  of  Sciences,  in  Paris,  lately  held,  M.  Peligot  read  a 
paper  on  the  chemical  combinations  of  tea.  He  stated  that  tea  contained  essential 
principles  of  nutrition,  far  exceeding  in  importance  its  stimulating  properties:  and 
showed  that  tea  is,  in  eveiy  respect,  one  of  the  most  desirable  articles  of  general  use. 

*  Titos,  chap,  i ,  y.  IS. 


«4 


TOBACCO. 


Doe  of  Ms  experimenCs  on  the  Butritioiu  qualities  of  tea,  as  oonpaved  vikh 

soup,  was  decidedly  in  favor  of  the  former. 

"  Coffee  is  grown  in  Brazil,  Cuba,  Hayti,  Java,  British  West  Indies,  I>alcfa  Gviaaa, 
itates  of  South  America,  French  West  India  colonies,  Porto  Rico,  Smnatra,  CeyloB, 
Bourbon,  Manilla,  and  Mocha.  Brazil  produces  the  lai^est  qnanlity,  72,000,iOOD 
pounds  weight ;  and  the  other  states  and  colonies  according  to  the  order  in  which  they 
are  enumerated,  down  to  Mocha,  which  produces  the  least,  or  1,000,000  pounds ;  Ba- 
king a  total  of  346,000,000  pounds,  equal  to  the  consumption  of  the  enormooa  quaatity 
of  2,900  tons  weekly,  or  150,800  tons  per  annum. 

*'  From  the  official  returns,  the  quantities  of  coffee  exported  in  one  year  from  the 
different  places  of  production  were  154,550  tons : — 


To  France 

TONS. 

-    29,650 

Denmark 

^ 

TOVS. 

-     1,400 

U.  S.  of  America 

.    46,070 

Spain 

. 

-    1,000 

Trieste 

-      9,000 

Prussia  - 

• 

.       930 

Hamburg 

-    20,620 

Naples  and  Sicily 

- 

-       640 

Antwerp 

-    10,000 

Venice    - 

- 

-       320 

Amsterdam 

-      8,530 

Fiume    - 

. 

170 

Bremen 

-      4,500 

Great  Britain  (average 

of  10 

y'rs)  18,250 

St.  Petersburg  - 

-      2,000 

Norway  and  Sweden    - 

-      1,470 

154,550 

**  Every  reflecting  man  will  admit,  that  articles  of  such  vast  consumption  as  tea 
coffee  (amounting  together  to  more  than  185,000  tons  annually),  forming  the  chief 
liquid  food  of  a  whole  nation,  must  exercise  a  great  influence  upon  the  health  of  the 
people,  and  that  any  discovery  which  tends  to  the  purification  of  these  alimentary 
drinks,  rendering  them  more  wholesome,  without  rendering  them  leas  agreeable,  is  a 
great  boon  conferred  upon  society. 

"  The  inventor  and  manufacturers  of  the  '  Pure  Concentrated  Fluid  Kssenee  of  Tea 
and  Coffee,'  hope  that  the  convenient  and  portable  form  in  which  they  are  enaUed  la 
offer  them  to  the  public  (in  <  Rand's  Patent  Collapsible  Tubes,'  made  of  pore  tin, 
whereby  all  the  usual  trouble  and  inconvenience  of  making  tea  and  coffee  are  avoidedX 
affords  rational  grounds  (in  addition  to  more  important  considerations)  for  anticipating 
an  extensive  sale." 

TOBACCO.  This  important  subject  of  our  national  revenue  has  been,  daring  the 
last  session  of  parliament,  very  fully  investigated  in  reference  to  the  smuggling  and 
adulteration  carried  to  an  enormous  extent^  and  hitherto  but  little  checked  by  ^  the 
efforts  of  the  officers  of  the  customs  and  exase.  Mr.  Joseph  Home,  M.P.,  who  moved 
the  appointment  of  the  committee  of  the  house  of  commons,  and  of  which  he  was  chair- 
man, proposed  a  reduction  of  duty  from  Zs,  2d,  a  pound  to  It.,  as  the  only  cffectnal 
remedy  against  these  joint  evils ;  but  he  was  counteracted  by  Mr.  Goulboum,  chaneei- 
lor  of  the  exchequer,  and  a  majority  of  the  members  of  the  committee,  on  the  seoR 
that  the  state  of  the  national  finances  did  not  permit  such  a  defalcation  of  ineome  as 
that  reduction  would  occasion.  It  would  appear,  from  a  great  mass  of  evidence,  thai 
much  more  tobacco  is  introdneed  illicitly  than  what  duty  is  paid  upon,  and  that  vei^ 
great  adulterations  are  practised.    The  following  sutement  shows  the  temptations ; — 

Virginia  leaf  co»ti  In  bond  SU.  per  lib^  the  daty  It  1,100  p«r  cm&t 

Ditto  atripa  «  5  d.  ••  780       •« 

Kentucky  laaf        **  %  d.  **  1»S00 

Ditto  stripe  *<  4K.  **  800 

Havana  ciffvs        •«  8i.  **  lit 

Manilla  cberoote     **  Oe.  <*  ISO 

East  India  cheroots*'  U.  **  000 

Negrohead  and  Cavendish  U.  **  1^ 


u 
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Bates  of  defy  on  tobacco  In  foreign  coontiles.^* 

Per  English 
Ponnd. 
Au8tria->leaf tobacco     -^     -       -       -    W. 

Belgium       ditto \i. 

Bremen        ditto,  |  per  cent,  ad  Tslorem. 

Denmark  leaves  and  steina    •       •       '    k^' 

Prussia 

Saxony 

Bavaria  •  I  Zoll-Verein ) 

Bninswick  \     States     ) 

Waitemberg     - 

Frankfort  on  the  Mains 


Per 
Pm 

Other  Oexnaa  states       -      •       •      •   ^ 
Hamburgh       |  per  cent,  ad  valoreas. 
Holland  i  per  cent,  ad  valorem. 

Ditto,  dgmrs ML 

Ionian  islands,  leaf  stems        -       -       <   IdL 

Ditto,        manofactored  -       -       •    1& 
Russia  SO  per  cent,  ad  valwrem  on 

foreign. 
Sweden  and  Noiway  abovt   U 


TOBACCO.  865 

A  ftCrid  royal  monopoly  irigie)  exists  in  Austria  Proper,  France,  SaMinia,  the 
Datcbies  of  Parma  and  Lucca,  and  the  Grand  Dutchy  of  Tuscany ;  and  m  Porlugaly 
Spain,  Naples,  and  the  states  of  the  church,  the  license  to  manufacture  is  periodically 
sold  to  companies,  which  regulate  the  prices  of  tobacco  as  they  please.  It  will  be 
found  that  the  situation  of  all  these  oounlries  where  the  monox>olie8  and  high  prices 
are  kept  up,  is  nearly  the  same,  as  to  illicit  trade  in  tobacco,  as  in  England. 

In  the  years  1841,  1842,  and  1843,  the  average  revenue  in  this  country  on  tobacco, 
at  3f.  2d.  per  lb.,  was  3,635,105^. 

The  greater  part  of  the  committee's  report  is  occupied  with  the  examination  of  wit- 
nesses as  to  the  extent,  modes,  facilities,  and  chief  looalities  of  the  illicit  trade.  It 
exhibits  a  great  body  of  very  curious  and  useful  information,  and  demonstrates,  beyond 
a  doubt,  that  no  measure  short  of  a  reduction  of  the  duty  to  U,  per  lb.  can  put  a  stop 
to  it. 

The  portion  of  the  report  most  interesting  to  the  readers  of  the  present  work  will 
probably  be  found  to  be  the  scientific  evidence  as  to  the  means  of  detecting  adul- 
teration. 

The  society  of  tobacco  manufacturers  in  London,  desirous  of  ascertaining  how  far 
chemistry  could  detect  adulteration  in  tobacco,  mixed  four  samples  with  different 
materials.  No.  1  eontained  5  per  cent,  of  refined  sugar;  No.  2  10  per  cept.  of  extra- 
neous matter,  viz.,  sugar  and  common  salt;  No.  3  15  per  cent,  of  extraneous  matter, 
the  one  half  of  it  sugar,  and  the  other  half  a  certain  powder  used  by  the  trade ;  No.  4 
15  per  cent,  also,  consisting  of  about  3  parts  sugar,  and  1  part  terra  japonica  (catechu). 
These  four  samples  were  placed  in  the  hands  of  Mr.  A.  Garden,  chemist,  of  Oxford 
street,  for  analysis,  who  made  the  following  report  upon  their  composition : — 

*^  The  leaves  of  the  tobacco-plant,  in  addition  to  the  vegetable  principles  of  which 
they  are  chiefly  composed,  are  known  to  contain  a  considerable  number  of  saline  and 
earthy  substances,  and  which  no  doubt  ought  to  be  regarded  as  legitimate  constituents 
of  the  plant.  The  proportion  which  these  saline  substances  bear  to  the  whole  vege- 
table mass,  is,  it  is  true,  but  small,  yet  it  becomes  a  question  how  far  the  presence  of 
these  salts,  in  quantities  somewhat  larger  than  those  in  which  they  are  generally  found 
to  exist,  can  fairly  be  referred  to  a  process  of  adulteration.  The  five  samples  of  to- 
bacco sent  to  me  for  examination  do  not  appear  to  differ  very  widely  from  one  another. 
Alter  the  removal  of'  all  the  vegetable  matter,  they  have,  on  an  average,  yielded  14 
per  cent,  of  solid  substances,  consisting  of  soluble  and  insoluble  saline  and  earthy  com- 
pounds, the  principal  of  which  are  as  follows :  sulphate  and  phosphate  of  lime,  car- 
bonate of  potash,  muriate  of  ammonia  and  soda,  sulphate  of  iron,  malate  of  lime,  and 
sUiceous  earth.  The  speeimeos  marked  1,  2,  and  4,*  are  exceedingly  similar ;  that 
marked  genuine  contains  about  2  per  cent,  less  than  the  others,  and  the  specimen  No.  4 
(3  as  stated  above)  is  remarkable  for  having  yielded  a  proportion  of  oxide  of  iron, 
which  would  almost  lead  to  the  supposition  tnat  sulphate  of  iron  had  been  introduced. 
The  other  samples,  it  is  true,  also  afforded  evidence  of  the  presence  of  iron,  but  in 
such  minute  quantity  as  might  easily  be  accounted  for  by  the  contact  of  iron  vessels  or 
instruments,  in  the  transports  or  manipulations  to  which  the  articles  may  have  been 
exposed. 

"A.  Ga&den.*' 

Mr.  Rogers,  chairman  of  the  Tobaconist^s  Society,  who  superintended  the  adultera- 
tion, states  that  no  iron  or  copperas  was  put  into  any  of  them ;  that  Mr.  Grarden  had 
them  some  time  onder  process,  having  received  them  in  May  or  June,  and  having  made 
his  report  on  the  26th  of  August,  1843.  **  The  manufacturers,  in  consequence  of  that 
report,  came  to  the  conclusion  that  the  analyzation  was  not  satisfactory,  and  could  not 
be  done,  so  far  as  that  process  was  concerned.'^ 

Mr.  Joseph  Home,  M.  P.,  under  instructions  from  the  committee,  requested  two 
chemists,  Mr.  Heathfield  and  Mr.  Edward  Solly,  Jun.,  each  to  prepare  six  samples  ia 
the  presence  of  two  members  of  the  eommittee.  That  was  done,  and  the  samples  were 
sent  to  the  Excise  Board,  and  during  ten  or  twelve  days  were  carefully  analyzed  by  the 
three  chemists  employed  by  the  iKMml  to  detect  adulteration.  The  evidence  of  these 
three  gentlemen,  viz..  Professor  Graham,  Mr.  Richard,  and  Mr.  Greorge  Phillips,  will 
explain  the  course  they  took  to  carry  on  the  analysis ;  and  the  following  are  the  re- 
suits  :— 


*  0  in  the  original,  bat  altered  by  me  to  4,  as  denoting  the  fourth  of  the  adulterated  samples.    Tba 
flftb  was  genuine  tobacco. 
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particulars  of  Six  Samples  of  Tobacco,  prepared 
above,  in   the   presence   of  Sir   Cliarles 


as 


Doufflas.  M.  P.,  and  Mr.  Ewart,  M.  P.,  Mem- 
bers of  the  Committee. 


No.  I.,  marked  X. 
0  lbs.  8  oz.  of  tobacco,  with  1  lib.  8  ox.  of  garden 
rhubarb-leaves,  about  16  per  cent.,  or  1S|  per 
cent,  in  100  parts. ' 

No.  II.,  marked  K. 
9  lbs.  0  oz.  of  tobacco,  with  1  lib.  foxriove  leares. 
About  10  per  cent,  added,  or  0-5S  in  100  parts. 


No.  III.,  marked  N. 

11  lbs.  11  uz.  tobacco,  mixed  with  6  ««.  brown 
paper,  soalced  in  decoction  of  sarsaparilla.  10^ 
oc.  syrup  of  sugar,  combining-  solia  sugar,  7  or 
8  dwts. :  1  oz.  of  saltpetre,  and  |  oa.  of  alum ; 
in  all.  \^  oz.  About  8  per  cent,  added,  or  7*M 
in  100  parts. 

No.  IV.,  marked  F. 

U  lbs.  14  ox.  of  tobacco,  mixed  with  cbickory 
root,  dried  and  powdered,  Irish  moss  gluten- 
ixed,  carbonate  of  potash,  sulphate  of  potash, 
carbonate  of  magnesia,  and  carbonate  of  lime, 
about  0  oz.|  or  about  ft^  per  cent.,  or  4  in  100 
parts. 

No.  v.,  roarlied  O. 

13  lbs.  g  oz.  of  tobacco,  mixed  witti  19  ox.  of 
ground  tobacco  stalks. 


11  libs.  4  oz. 


No.  VI.  marked  R. 
No  adulteration. 


Report  of  Ui«  Aaalfite  of  the  8ff«t  SmOm  ef 
Samples  by  Messn.  Rictaanl  PliiUive* 
and  Geoif  e  PliiUipa,  Tib  June,  1644. 


No.L, 

Adulterated  with  the  levras  of  . 
the  amount  of  the  adulteration 
S.3  per  cent. 


is  eettmated  at 


No.  11.,  marked  K. 

Adulterated  by  a  green  leaf,  not  tobacco. 

appears  to  belong  to  a  plant  of  the  same  nataral 
Amily,  probably  the  potato :  the  amoont  of  die 
adulteratioB  estimated  at  S  9  per  cant. 

No.  III.,  marked  N. 

Adulterated  witii  brown  paper  or  mfllboanL  ani 
also  with  sugar ;  the  amoont  of  the  itat 
teration  is  estimated  at  0  per  cent.,  of  the 
1^  or  two  per  cent. 


No.  IT.,  narked  F. 

Adulterated  with  a  rentable  noattcr,  ne«  tobacco, 
the  nature  of  which  we  are  Dot  agreed  open. 
The  amount  of  this  adulteration  is  estimated  at 
1*9  per  cent.  There  is  reason  to  suspect  the  a4> 
dition  to  ttiia  tobacco  of  both  sand  and  sugar,  in 

small  quantity. 

No.  v.,  marked  O. 

Adulterated  with  aand  and  sugar :  the  amount  ef 
tiie  first  adulteratiOD  is  eetimaled  at  9  p«r  i 
of  the  second  at  S  per  cent. 

No.  VI.,  maiked  R. 

Genuine,  but  with  a  prop<at]on  of 

high.  • 


Particulars  of  Six  Samples  of  Tobaccd,  mixed 
and  sealed  up  at  Mr.  Rogers's,  902  Oxford 
street,  in  the  presence  of  Sir  Charles  Douglas 
and  Mr.  Ewart,  by  Edward  Solly,  Jun.,  Esq. 

No.  L,  marked  C. 

Adulterated  with  sugar  of  milk     -       .       .       5 
Terra  japonica        ......       i 

Nitrate  of  potash     ......] 

Alum 1 

Total  per  cent*     -       .       .       8 

No.  11.,  marked  L. 

Adulterated  with  refined  sugar      ...       9 
Terrs  japonica         ......       i 

Carbonate  of  potash       .....] 

Common  salt  ......] 

Total  per  cent.     .       .       .       fi 
No.  III.,  marked  Q. 

Adulterated  with  refined  sugar      -       >       '9 
Crude  nitrate  of  ammonia      .       •       •       .   4 
Common  salt    ....•.-.] 

Muriate  of  potash     ......    0-5 

Nitrate  of  potash     -       •       •       •       -       -    0-5 
Alum 1.0 

Total  per  cent.  -    9 

"  No.  IV.,  marked  P. 

Adulterated  with  sugar  of  milk     •       •.      •  S 

Refined  sugar  •       •       •       -   '    >  3 

Common  salt  ......  i 

Carbonate  of  potash        •  .       •       .  i 

Total  per  cent.    •       •       •       10 
No.  v.,  marked  B. 
Not  adulterated  at  all. 


No.  vr.,  marked  M 
Not  adulterated  at  all. 


Second  Series  of  Six  Samples,  signed  Bogcf* 
Son,  maiked  as  under,  analysed  by  Mi 
Richard  and   Oeoive   PhtUipe, 
Graham. 


No.  I.,  mariced  C. 

Adulterated  with  auger,  the  adulteration 
ted  at  1  per  cent. 


No.  II.,  maiked  L. 
Adulterated  with  sugar,  the  adulteration 
ted  at  S  per  cent. 


No.  in.,  marked  Q. 

Adulterated  with  sugar,  the  adulteration 
ted  at  9  per  cent. 


No^  rv^  marked  P. 
Adulterated  with  sttgar,  the  aduHeratien 

ted  at  4  per  cent. 


No.  v.,  marked  B. 
Genuine ;  grains  of  sugar  were,  however,  fonad  ia 
it  and  picked  out,  but  the  quantity  ao  email,  that 
we  allow  their  introduction  to  be       '"    '* 


No.  Vt.,  marked  M. 
Adulterated  with  loaf-bread,  which  Has  been  cat  «p 
in  the  same  manner  as  the  tobacco ;  the  aoiennt 
of  this  adulteration  was  not  estimated,  bet  la 
the  sample  contains  also  a  Uttie  sufK. 
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It  appeais  ftom  tte  praeediBg  ftatementi  that  the  chemiBts  made  no  attempt  at  a  true 
chcmieal  uialysis,  bat  contented  themselyes  with  a  physieal  examinatioa  of  the  appear- 
aneesy  and  with  the  single  proeeia  of  fermentation  to  detect  sugar,  bjr  the  production  of 
alcohol ;  and  yet  they  declare  the  presence  of  sugar  in  the  tohaceo  which  contained 
none ;  as  in  samples  F,  0,and  B.  They  did  not  search  for  saline  matter,  such  as  nitrate 
of  potash,  alum,  common  salt^  nitrate  of  ammonia,  mniiate  of  potash,  or  earbonate  of 
potash,  and  in  fact  do  not  seem  to  have  made  any  analytical  research  for  any  such  for- 
eign bodies ;  so  that  if  the  sugar  had  been  left  out  (as  a  skilful  adulterator  would  have 
done),  and  if  the  foxglove-leaves  had  been  well  browned  by  tobacco-juice,  none  of  the 
adulterations  would  have  been  detected. 

Mr.  R.  Phillips  sayq,  in  his  examination  before  the  committee  "  generally  speaking 
we  did  not  employ  chemical  tests,''  but  it  Was  principally  by  mechanical  analysis  and 
examination  of  the  plant  that  they  judged.  When  asked  if  he  could  obtain  alcohol 
from  sugar  of  milk,  Mr.  R.  Phillips  replies,  "  I  think  not."    Question  7,555. 

'<  7,597.  CAatrman.— Will  you  [Mr.  R.  Phillips]  look  at  your  report,  letter  C,  adul- 
terated  with  sugar  estimated  at  1  j>er  cent.  7  I  asked  you  the  question,  whether  you 
could  discover  ^e  adulteration,  if  made  with  sugar  of  milk ;.  and  your  answer  was, '  No, 
1  believe  not,  for  I  think  it  would  not  ferment.' 

'*  7,598.  That  specimen  was  mixed  with  5  per  cent,  of  sugar  of  milk,  and  3  per  cent, 
of  other  articles,  earthy  matters,  making  altogether  8  per  cent. ;  your  report  is,  *  adul- 
terated with  sugar,  estimated  at  1  per  cent. ;'  how  do  you  reconcile  your  detecting  sugar 
there,  when  you  said  that  you  could  not  detect  sugar  of  milk  ?— I  said  that  I  spoke  from 
the  best  of  my  recollection,  and  that  is  my  recollection." 

'^  7,632.  Letter  O,  you  [Mr.  R.  Phillips]  report  as  being  '  adulterated  with  sand  and 
sugar ;  the  amount  of  the  first  estimated  at  2,  and  the  second  at  8  per  cent.,'  therefore 
that  is  reported  as  adulterated  to  the  extent  of  5  per  cent.  ? — ^Yes. 

"  7,633.  '  That  specimen  is  stated  to  be  M 3  pounds  9  ounces  of  tobacco  mixed  with 
12  ounces  of  ground  stalk  ;^  what  should  you  say  to  that  ?  Are  you  perfectly  satisfied 
that  the  sugar  in  this  specimen  was  foreign  matter  7 — I  have  no  doubt  of  it ;  and  with 
respect  to  the  increased  quantity  of  sand,  that  might  come  in  with  the  increased  quan- 
tity of  stalks,  which  always  contain  a  larger  quantity  than  leaf-tobacco." 

<'  7,637.  But  are  you  the  least  shaken  in  your  opinion  as  to  this  analysis,  by  its  being 
stated  to  you,  that  that  which  was  presented  to  you  was  tobacco  mixed  with  12  ounces 
of  stalk  7 — Not  the  leasty  neither  with  respect  to  8ugar  nor  Maud ;  confirmed  loilh  re$pect  to 
9and,  and  itoi  shaken  with  regard  to  sugar" 

**  7,640.  Here  is  an  addition  of  tight  per  cent,  of  stalk ;  do  you  imagine  that  that 
would  give  two  per  cent,  of  sand  upon  the  whole  amount  7 — It  seems  a  large  amount, 
but  I  can  not  account  for  it  in  any  other  way ;  it  would  increase  it,  but  I  can  not  say  to 
what  amount." 

**  7,645.  Taking  the  specimen  letter  Q,  on  which  you  were  before  examined,  in  which 
you  have  stated,  ^  adulteration  at  2  per  cent. ;'  if  informed  that  eight  per  cent,  of 
muriate  of  potash,  and  other  soluble  matters  were  mixed,  do  you  not  consider  that 
tobacco  might  be  adulterated  by  those  matters,  which  you  could  not  discover  as 
adulterations,  to  the  extent  of  5  or  6  per  cent.,  without  the  possibility  of  deteo- 
tion  7^[  think  they  might,  with  such  matter  us  that,  without  the  possibility  of  detec- 
tion." 

Mr.  R.  Phillips  says,  in  answer  to  question  7,673,  that  he  never  saw  nicotine,  and 
'^  never  saw  anybody  that  saw  it."  Now  he  has  seen  me  often,  and  I  have  a  specimen 
of  pure  nicotine,  which  I  showed  to  the  committee  in  my  examination,  and  which  I 
shall  be  happy  to  show  him  at  any  time. 

*<  Mr.  George  Phillips  called  in  and  examined. 

'<  7,767.    What  situation  do  you  hold  in  the  excise  9 — ^That  of  an  examiner. 

''  7,768.  What  are  the  duties  of  an  examiner  7 — ^They  are  various,  but  I  have  been 
employed  chemically. 

<<  7,769»    How  long  have  you  been  in  that  situation  7 — About  two  years." 

'<  7,773.    Have  you  been  educated  as  a  chemist  7 — No,  I  am  selP-educated." 

*'  7,775.  Have  you  examined  all  those  specimens  which  have  been  suspected  to  be 
adulterated  tobacco  7 — ^Yes,  I  have  examined  the  whole  of  them. 

<'  7,776.  And  you  were  employed  at  Gainsborough,  Liverpool,  and  Manchester,  in 
those  difierent  seizures  and  trials  which  took  place  7 — ^Yes,  I  was  present  at  the  whole 
of  them. 

"  7,777.  You  were  also  associated  with  Mr.  Richard  Phillips  and  Professor  Graham, 
m  making  inquiries  into  the  12  samples  submitted  to  yon  7 — Yes." 

''  7,780.  What  time  did  you  take  in  making  these  experiments  7 — I  think  we  were 
about  12  days. 

''  7,781.    In  examining  the  12  specimens  f — ^Yes. 

'<  7,782.    2)id  you  sign  the  report  7— Yes." 
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46 
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47-1 

5405 

49-95 

67-3 

42-7 
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His  process  of  exuninatioii  consists  in  dtyinfr  the  toteeeo  tfaotmigUj  kf  a  kwl  sf 
from  176^  to  182°,  in  then  weighing  ont  100  grains  of  it,  in  digesting  that  weight  is 
2i  pints  of  water  of  the  above  temperature,  stirring  the  mixtore  with  a  glass  lod,  lend- 
ing it  to  infuse  for  50  minutes,  and  then  separating  the  liquid  from  the  insolnble 
by  a  fine  strainer  or  filter.  The  insolnble  part  is  gently  pressed,  dried  at  the 
heat,  and  weighed.    In  this  way  Mr.  Phillips  found,  that-^ 

Ugnaoiu.    ExtractiTe. 

Virginia  hand,  the  entire  leaf  and  stem  gave 
Virginia  stripped,  the  stem  being  taken  out 

Do.  do. 

Kentucky  hand     .... 

Do.         do.       - 

Do.    stripped    .  -  -  - 

Do.         do.       - 
Maryland,  not  stripped     .  .  - 

Do.  do.  -  -  - 

Mean  of  Virginia  hand  experiments 

Do.  do.     stripped  do. 

Do.  Kentucky  hand 

Do.  do.     stripped 

Do.  do.        do. 

After  experimenting  upon  between  500  and  600  different  samples,  he  has  nererlbvad 
any  to  exceed  the  highest  of  the  above,  which  is  54 ;  though  he  csdis  it,  in  his  snhseqncat 
examination,  55  of  extract. 

Porto-Rico  tobacco-leaf  gave 

Colombia  do.  -  -  - 

Do.  do.  -  -  - 

Virginia  stalks     -  .  .  - 

Kentucky  do.       -  -  -  - 

Do.        do.       - 

Turkey  .  -  -  - 

*'  7,865.  Do  you  know  to  what  natural  family  tobacco  belongs  ? — Mr.  6.  Phillips. 
I  am  not  a  botanist.'* 

**  7,867.  Take  the  foxglove,  for  instance  ? — ^I  can  not  say  whether  it  belongs  to  the 
same  family.  I  know  it  has  not  the  same  character ;  it  is  essentially  different  in  char- 
acter." 

Yet  the  sample  marked  K,  which  contained  foxglove,  maladroitly  introduced  in  the 
green  state,  and  thus  easily  distinguishable  by  the  least  experienced  eye  from  tobaceo, 
was  pronounced  by  the  three  chemists  to  be  **  adulterated  by  a  green  leaf^  not  tobacco, 
which  appears  to  belong  to  a  plant  of  the  same  natural  family,  possibly  the  potato." 
Digitalis  belongs  to  the  family  Scrophularioe,  not  the  Solanee,  like  tobacco. 

By  selecting  such  tobacooes  from  the  above  tables  as  abound  in  ligaeooa  matter,  im- 
buing them  with  a  quantity  of  some  cheap  vegetable  extracts  not  fermentable  into  aleo- 
hoi,  drying  and  pressing  them  properly,  it  would  be  easy  to  adulterate  tobaceoea  to  the 
amount  oJT  10  or  more  per  cent.,  and  set  at  defiance  Uiis  scheme  of  Mr.  G.  PhiDips. 
The  manufacturer  has,  of  course,  a  stock  of  Virginia  tobacco  at  hand,  capable  of  yield- 
ing a  like  proportion  of  extract,  to  cover  his  deception,  which  he  puts  into  their  hands, 
pour  leur  dormer  It  change, 

"  7,869.    What  is  the  power  of  microscope  you  employ  ?— About  60,000.'* 

Does  Mr.  6.  Phillips  mean  to  say  that  the  linear  magnifying  power  of  his  mieroaca|ie 
is  60,000  7  There  is  no  such  instrument  in  existence.  If  he  means  the  area  b  en- 
larged by  his  microscope  60,000  times,  he  ought  to  have  said  so,  and  the  linear  power 
in  that  case  would  be  about  245  times. 

"  7,877.  In  what  manner  do  you  obtain  saline  matter  from  the  tobaceo  7 — ^I  first  a»> 
certained  the  amount  of  ashes :  I  took  100  grains  of  Virginia  leaf;  1  burned  it  to  a 
red  heat,  not  sufficiently  high  to  drive  off  anything  beyond  the  carbonaceous  matter; 
those  100  grains  of  Virginia  leaf  produced  10*5  of  ashes,  and  it  contained  1-3  of  sand 
or  silica.  The  next  experiment  upon  the  same  leaf  gave  ashes  1 1-2,  and  precisely  the 
same  amount  of  sand  as  the  other,  1*8.  The  next  was  upon  stalk  alone,  100  grains  of 
the  same  tobacco-stalk ;  it  gave  ashes  16*5,  and  *4  of  sand.  The  next,  stalk  and  haf^ 
was  upon  62  grains,  which  gave  ashes  •8*2,  and  *5  of  sand  (13*2  and  0-8  per  cent.) 
Now  we  come  to  the  Kentucky :  100  grains  of  the  Kentucky  leaf  gave  ashes  19-5^ 
sand  1*4 ;  ditto  18-4  and  1*4 ;  47  gndns  of  stalk  and  leaf  gave  ashes  9-5,  and  sand  -8 
(20  and  1*7  per  cent.);  100  grains  of  stalk  gave  20*4  and  *9.    Another  ezperinmt 
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gave  the  mne.'^    Hare  we  hare  nearly:  doable  the  proportioii  of  sand  firom  leaf  that 
there  is  from  stalks. 

Let  MB  compare  these  experiments  of  Mr.  6.  PhUlips  with  the  nnlucky  counter- 
statement  of  Mr.  R.  Phillips.  The  former  actually  finds  in  the  one  set  of  stalks  only 
4  lOths  of  1  per  ct.  of  sand,  and  1  and  3  lOths,  or  upward  of  three  times  as  much,  in  the 
leaf;  while,  in  the  other  set,  he  finds  about  one  half  of  sand  in  the  stalks  of  what  was 
in  the  leaf.  Now  Mr.  R.  Phillips  defers  to  Mr.  G.  P*  as  his  standard  authority  on  this 
point.    Thus — 

**  Question  7,580.  You  [Mr.  R.  PhiJlips]  are  not  able  to  state  the  exact  amount  of 
those  saline  matters  which  exist  in  the  difi'erent  kinds  of  tobacco  7 — No,  I  have  never 
tried." 

'<  7,582.  You  have  not^  up  to  this  time,  made  that  experiment  in  the  various  inquiries 
you  have  made  7 — No,  I  have  not.    I  have  not  thought  it  necessary. 

<<  7,583.  You  state  that  the  earthy  matter  fouAd"  (in  the  ashes)  '*  is  silica ;  do  you 
mean  sand  7 — Yes. 

<<  7,584.  What  is  the  greatest  or  the  smallest  quantity  you  have  found  in  the  genu- 
ine tobacco  7 — I  have  not  got  the  proportion ;  I  perhaps  could  find  it,  but  I  have  it  not 
with  me. 

^  7,585.  You  do  not  know  the  mtnimum  or  the  maximum  ? — No,  but  I  believe  that 
can  be  stated  by  Mr.  George  Phillips  very  accurately." 

"  7,633. . — [Answer  of  Mr.  R.  Phillips.]  With  respect  to  the  increased  quan- 
tity of  sand,  that  might  come  in  with  the  increased  quantity  of  stalks,  which  always  con- 
tain  a  larger  quantity  /Aan  leaf-tobacco, 

"  7,634.  Would  the  proportion  of  sand  be  accounted  for,  in  your  opinion,  by  the  in- 
troduction of  12  oz.  of  stalks  7 — I  think  it  would." 

Why  did  not  the  two  Messrs.  Phillips  compare  notes  beforehand  7 

<<  7,878.  Besides  silica,  what  did  you  [Mr.  G.  PhUIips]  find  7— Number  36,  which 
produced  19*5;  gave  carbonate  of  lime  7*3  grains,  silica  1*4,  carbonate  of  potash,  and 
a  trace  of  iron,  9*7  grains  ;*  that  is,  it  showed  the  presence  of  iron,  but  there  was  no 
appreciable  quantity.  The  object  of  separating  it  into  lime  and  potash  was,  that  if 
there  had  been  an  introduction  of  5  per  cent,  of  potash,  I  should  have  had  an  increased 
amount  of  extractive  matter"'  (soluble,  he  should  say),  '*  and  an  increased  amount  of 
ashes ;  in  genuine  tobacco,  where  the  extractive  proportion  is  high,  the  ashes  are 
low.'t 

*'  7,885.  Are  there  any  other  articles  found,  besides  the  silica,  and  carbonate  of  lime, 
and  potash  7 — Not  by  my  mode :  both  lime  and  potash  exist  in  tobacco,  in  various  quan- 
tities, malate  and  nitrate,  and  so  on ;  but  the  amount  of  each  has  never  been  found  by 
any  one."t 

''  7,9 1 8 . . — ^nt.     The  only  two  kinds  of  tobacco  manufactured  worth  speaking 

•f,  are  Virginia  and  Kentucky,  and  they  come  in  strips  principally.  Now  the  tobacco- 
manufacturer  might  endeavor  to  defeat  us  in  this  way  ;  suppose  we  endeavor  to  tie  him 
down,  he  might  mix  his  tobacco  not  in  the  proportion  that  we  expect." 

The  excise,  though  it  has  no  power  to  tie  the  manufacturers  down  so  hard  and  fast 
that  they  may  not  use  any  duty-paid  tobacco  which  they  please,  yet  it  is  too  apt  to  give 
rise  to  a  spirit  of  evasion.  When  a  low-priced  Kentucky,  poor  in  extract,  is  laid  down, 
it  may  be  easily  enriched  with  10  per  cent,  of  some  vegetable  extract  to  bring  it  np  to 
Mr.  G.  Phillips's  standard  Virginia  pitch  of  55. 

*<  7,924.  Have  you  subjecteid  the  extract  to  the  process  of  combustion,  in  order  to 
ascertain  its  amount  of  saline  matter  7 — Not  the  extract ;  I  make  a  point  of  preserving 
part,  in  order  to  experiment  upon." 

Yet  he  immediately  afterward  declares  he  makes  no  experiments  upon  it. 

<<  7,928.  What  do  the  ashes  of  C  consist  of?— We  did  not  try  that  beyond  the 
sand. 

"  7,929.  You  have  got  the  ashes  16  by  combostion  7 — Yes,  we  suspected  this  sample 
to  contain  sugar,  and  also  tried  for  sand." 

*'  7,934.  Could  you  not  find  alum  7 — Yes,  but  it  would  be  impossible  to  try  for  the 
various  salts  that  might  be  put  in  tobacco;  you  might  be  experimenting  for  years  on  one 
sample." 

Relatively  to  Mr.  R.  Phillips's  explanation  of  the  raiionaU  of  the  production  of  sand, 
question  7,961  to  Mr  G.  Phillips  affords  a  flat  contradiction.  '*  Could  the  introduction 
of  12  ounces  of  ground  stalk  into  .13  pounds  9  ounces  of  tobacco,  give  an  adulteration 
of  3  per  cent,  of  sand  7 — It  it  perfectly  impossible;  the  stalk  contains  less  sand  than  the 
leaf." 

*'  8,032.    In  any  of  those  12  specimens  that  you  examined,  were  you  able  to  distin- 

*  An  •xtraordinaf7  quantitj. 

t  How  easy  to  five  this  chaiactsr  to  tobacco  by  adding  extractive  natter  Arpm  different  plants ! 

t  What  a  rash  asterttoa !    He  mlsied  a  uniform  and  main  conatituent,  the  phoephate  of  lime. 
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gniflh  any  vegetable  mixture  liesidefl  the  tobacco  f — We  resdily  difldagiiished  ib  K,  tfce 

mixture  of  foxglove  and  rhubarb." 

There  was  no  rhubarb  in  K ;  the  foxglove  vras  nnlncltily  coB9|neDoa9  by  its  figit 
green  color,  and  easily  picked  out.  Answer  to  question  7,85(< :  *'  80  also  as  regards 
the  rhubarb,  the  rhubarb  is  very  full  of  massy  strong  hairs,  which  are  something  Ifte 
bodkins  rather  round  ;  they  are  larger  at  the  end ;  in  fact,  where  the  points  of  the  haiis 
of  tobacco  are  small,  the  rhubarb  swell  out  and  increase  and  cross  eadi  other  in  rmikm§ 
directions,  while  those  of  the  tobacco  are  flattened  at  the  top." 

Has  the  foxglove  the  same  massy  hairs  as  the  rhubarb  f 

With  regard  to  the  production  of  alcohol  from  the  samples  of  adnlterated  tobacco^ 
Mr.  £.  Solly,  in  his  examination  before  the  committee,  makes  the  following  oboerra* 
tions  in  answers  to  questions  8,350,  8,352  :  ''Then  you  do  not  consider  the  mode  bf 
which  saccharine  matter  is  said  to  be  detected  at  present  to  be  a  good  and  soffident 
test  7 — I  should  receive  it  with  very  great  caution.** 

*'  8,352. — ^ru.  I  believe  that  tobacco  contains  substances  that  may  give  rise  to 
the  formation  of  spirit;  therefore!  think  it  possible,  until  the  contrary  has  been  prored. 
that  spirit  may  be  formed  flrom  fermenting  pure  tobacco.*' 

Seven  samples  of  tobacco,  mixed  under  the  superintendence  of  the  committee,  as 
above  described,  were  sent  to  me  on  the  l8th  of  June  last,  for  analysis,  marked  BB, 
C  C,  F  F,  M  M,  O  O,  Q  Q,  X  X,  which  I  now  presume  were  of  like  composition  to  the 
parcels  marked  B,  C,  F,  M,  0,  Q,  X,  in  those  sent  to  the  excise.  As  I  operate  always 
alone  in  my  laboratory,  I  required  naturally  a  considerable  time  to  perform  the  seven! 
sets  of  experiments  which  I  deemed  requisite  in  trying  to  detect  adulterations  in  so  het- 
erogeneous a  compound  as  tobacco.  In  my  first  examination  before  the  committee,  on 
the  15th  of  July,  I  stated  that  my  first  line  of  research  had  been  to  determine  the  pro- 
portion of  azote  in  each  of  the  above  specimens,  and  compare  it  with  that  in  genuine 
tobacco,  with  the  view,  of  ascertaining  into  which  of  the  parcels  non-azotized  plants, 
such  as  rhubarb  and  other  indigenous  leaves,  might  have  been  in  trod  need.  Fttr  this 
purpose,  I  took  a  weighed  portion  of  each  tobacco,  dried  it  thoroughly  by  a  gentle 
heat,  and  found  thereby  how  much  moisture  it  contained. — See  uamd  table  behm. 


B  B  when  dry,  afibrded,  by  ignition  with  hydrate  of 

soda  and  quicklime,  in  an  appropriate  apparatus 
C  C  afforded       ..... 
FF" 
MM    "  -  .  -  -  . 

00     « 

QQ     "  ..... 

XX     «« 2-72    =    2-24 

Virginia  (genuine)         -  -  -  -  -2*6sb2*14 

1  was  now  convinced  that  no  good  purpose  could  be  served  by  this  proeess  of  analy. 
sis,  since  it  appeared  that  the  differences  in  the  proportions  of  azote  resulting  Irani 
the  different  proportions  of  nicotine,  albumen,  gluten,  &c.,  in  the  tobacco,  were  too 
slight,  and  most  probably  too  variable,  from  soil,  climate,  and  mode  of  colture,  to  be 
relied  on  as  tests  of  purity  ;  and  more  especially  when  I  found,  on  trial,  that  the  dried 
leaves  of  foxglove  afforded  1-96,  or  nearly  2  per  cent,  of  azote,  and  that  this  plant  was 
one  likely  to  be  used  in  making  the  adulterations.  Besides,  it  appears  that  X  X,  which 
I  now  perceive  to  have  contained  16  per  cent,  of  rhubarb-leaves,  afforded  as  nnich 
azote  as  O  O,  which  was  altogether  tobacco.  Practical  chemists  are  aware  that  each 
of  the  above  experiments  requires  no  little  time,  as  well  as  nicety  of  manipulation.  Tlie 
results  may,  I  believe,  be  depended  on ;  they  were  derived  in  each  case  from  the  decoai- 
position  of  50  grains  of  the  dried  tobacco.  I  next  dried  by  a  gentle  heat,  eontinned  ftr 
several  hours,  as  long  as  weight  was  lost,  200  grains  of  each  sample. 
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In  a  second  series  of  experiments,  vbere  100  grains  of  each  of  the  dried  tobaccoes,  as 
under,  were  digested  for  two  hours  in  4,000  grains  of  distilled  water,  at  the  temperature 
of  176^  F.,  the  following  results  were  obtained  :— 

Dried  resldaam.    Soluble  or  estrmct. 

BB  -  -           •            -  66-7  43-3 

CC  -  -           .           -  66-0  44-0 

FF  -  ...  64-7  45-3 

MM  .  .           -           -  63-7  36-3 

0  0  .  -           -           -  68-2  41-8 

QQ  .  .            -            .  54*0  46-0 

XX  -  -           -            -  67-7  42-3 

Thus,  by  a  longer  digestion  with  heat,  and  a  larger  quantity  of  water,  more  soluble 
matter  or  extract  is  obtained,  and  also  in  different  proportions,  from  the  same  samples : 

Dried  rasidaum.  Soluble  or  ej^tract. 
Havana  tobacco      -           -            -            60*1  39*9 

Cuba  .  -  -  -  62-1  37-9 

Virginia      ....  53-9  46*1 

Kentucky    -  -  -  -  67-2  42«8 

It  may,  moreover,  be  remarked,  that  none  of  the  tobaccoes,  either  adulterated  or  gen- 
uine, yielded  so  great  a  proportion  of  extract  as  Mr.  G*  Phillips  asserts. 

It  will  be  observed  from  the  table  of  the  specific  gravity  of  the  infusion  of  100 
grains  of  the  respective  tobaccoes,  in  1,000  grains  of  water,  at  70^  F.  (with  trituration 
in  a  mortar),  that  QQ  afforded  the  densest  liquor,  having  a  specific  gravity  of  1*021. 
I  was  hence  led  to  imagine  that  this  sample  was  adulterated  with  some  soluble  sub- 
stances, and  possibly  with  sugar,  of  which  such  a  handle  had  been  made  in  the  excise 
prosecutions.  I  therefore  boUed  1,000  grains  of  that  sample  with  5,000  grains  of  dis- 
tilled water,  and  evaporated  the  soluble  matter  to  a  solid  extract,  which  weighed  400 
grains.  These  were  next  digested  in  3,000  grain-measures  of  alcohol  of  0'834,  and  they 
left  330  grains  insoluble  in  this  menstruum.  The  matter  insoluble  in  alcohol  should 
have  contained  the  sugar  if  any  were  present ;  but  when  it  was  treated  with  nitric  acid 
of  proper  density  and  temperature,  it  afforded  no  oxalic  acid  whatever ;  even  by  the  test 
of  chloride  of  calcium.  Hence  I  inferred  that  if  sugar  had  been  mixed  with  that  tobac- 
co, it  could  not  be  discovered  by  probably  the  best  test  of  sugar  in  common  circum- 
stances ;  and  indeed,  on  looking  now  into  the  actual  composition  of  sample  Q,  we  find 
it  to  contain  only  2  per  cent,  of  sugar,  mixed  with  4  of  nitrate  of  ammonia,  1  of  com- 
mon salt,  1  of  the  mixed  nitrates  of  potash  and  muriate  of  potash,  and  one  of  alum.  As 
the  infusion  of  100  grains  of  X  X  in  1,000  of  water  was  next  in  density,  being  1,019, 1 
treated  1,000  grains  of  it  as  I  had  done  with  Q  Q,  and  obtained  600  grains  of  watery 
extract,  which,  being  digested  in  alcohol,  left  330  grains  like  the  preceding.  When  this 
also  was  treated  with  nitric  acid,  it  afforded  no  oxalic.  I  therefore  abandoned  this  line 
of  research  as  unprofitable. 

It  occurred  to  me  that  muriate  or  nitrate  of  ammonia  might  have  been  employed  in 
adulterating  eome  of  the  samples  of  tobacco.  To  ascertain  this  point,  I  distilled  100 
grains  of  each  sumple  along  with  water  and  quicklime,  condensing  the  vapors,  and 
testing  the  distilled  liquid  for  ammonia : — 

B  B  afforded  ....    0*68  of  ammonia. 

CC         «  .... 

FF         « 

MM       «  .... 

0  0       ««  ... 

QQ        « 
XX       « 

Kentucky 
Virginia 

Ammonia  exists  in  the  saline  state  in  all  tobaccoes,  but  here  in  Q  Q  in  notable  excess, 
corresponding  to  the  4  per  cent,  of  crude  nitrate  of  ammonia,  which  had  been  intro- 
duced by  the  mixers.     So  far  this  experiment  has  a  positive  result. 

The  filtered  cold  infusions  of  100  grains  of  eaeh  dbried  sample  in  1,000  grains  of  dis* 
tilled  water  were  examined  by  many  chemical  tests,  as  follows : — 

1.  Virginia  taken  as  a  standard : 

Infusion  pale  brown;  acid  reaction  with  litmus  paper;  nitrate  of  barytes,  O ;  nitrate 
of  silver,  a  faint  opalescence,  but  no  curdy  precipitate ;  oxalate  of  anmionia,  a  faint 
doud  of  calcareous  matter;  water  of  anmionia,  O  :  chlorure  of  tin,  a  faint  white  pre- 
cipitate—hence  no  siilphuretted  hydrogen  present ;  chloride  of  platinum,  a  copious 
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white  precipitate,  from  the  amnioniaeal  salt  present;  acetate  of  lead,  an  abondaftt  vht- 
tieh  precipitate,  soluble  in  nitric  acid  {'chloride  of  iron  caused  a  fn^en  tint,  and  golpfaate 
of  copper  an  olive  brown,  both  resulting  from  the  yellow  of  the  iron  and  bine  of  the 
eopper  solutions  with  the  brown  of  the  tobacco. 

B  B  afforded  the  same  results  with  the  above  tests  as  the  Virginia  tobacco :  benec  it 
might  be  inferred  to  be  free  from  soluble  sulphates,  muriates,  carbonates,  &c. 

C  C,  acid  reaction  like  the  preceding ;  nitrate  of  barjftes,  a  precipitate  which,  being 
drained  on  a  filter,  washed,  dried,  and  ignited,  weighed  2-2  grains ;  resulting,  as  it  now 
appears,  from  the  1  per  cent,  of  alum  introduced  into  that  sample. 

F  F  afforded  2*6  sulphate  of  barytes,  resulting  from  the  sulphate  of  potash  introdoced 
into  this  sample. 

M  M  afforded  0*6  of  sulphate  of  barytes,  a  quantity  belonging  to  this  descriptioQ  of 
tobacco,  derived,  no  doubt,  from  the  soil — indicating  possibly  the  proportion  that  shonU 
be  deducted  from  that  afforded  by  C  C  and  F  F. 

0  O  afforded  0*5  of  sulphate  of  barytes,  indicating  freedom  from  any  added  sul- 
phate. 

Q  Q,  1  grain  of  sulphate  of  barytes,  corresponding  to  the  1  per  cent,  of  alom,  which 
was  possibly  not  uniformly  diffused  through  the  parcel ;  so  that  probably  more  of  it 
existed  in  the  portion  taken  for  experiment  of  C  C,  than  in  that  taken  of  Q  Q. 

X  X,  sulphate  of  bar)'tes,  0*8 ;  the  small  excess  here  over  pure  tobacco  due  to  the 
admixture  of  rhubarb-leaves.  It  is  to  be  observed  that  all  these  barytic  precipitates 
were  insoluble  in  nitric  acid. 

AAer  separation  by  the  filter  of  the  barytic  precipitates,  from  the  infusions  made 
voith  heat,  a  definite  quantity  of  solution  of  nitrate  of  silver  was  added  to  each  at  once, 
because  it  was  found  impossible  to  define  the  point  at  which  that  test  ceased  to  produce 
a  change.  The  phenomena  here  were  singular  and  puzzling.  The  phials  containing 
the  infusions  of  B  B,  C  C,  F  F,  O  O,  had  their  sides  coated  with  a  lively  green  film; 
that  with  X  X  slightly ;  those  containing  M  M  and  Q  Q,  with  a  brown  film ;  as  also 
those  from  the  Virginia,  Kentucky,  Havana,  and  Cuba  tobaccoes  ;  while  the  contents 
of  F  F  remained  turbid  after  many  days.  From  these  phenomena,  it  appears  that  ni- 
trate of  silver  can  not  be  advantageously  used  as  a  test  upon  infusions  oi*  tobacco  made 
with  hot  water. 

When  the  infusions  of  the  tobaccoes  are  made  in  the  cold,  those  hydrogenated  princi- 
ples, which  seem  to  reduce  a  portion  of  the  oxide  of  the  nitrate  of  silver,  and  render  its 
precipitate  insoluble  in  ammonia,  are  not  apparently  generated.  The  nitrate  of  silver 
in  this  case  gave  the  following  results  : — 

B  B    out  of  100  grains  infused,  yielded     -  -     1*8  chlorsilver. 

CC 1-0  « 

MM 1-3  « 

These  quantities  belong  to  genuine  tobacco,  as  I  found  on  trying  the  Vii^nia.  The 
precipitates  were  insoluble  in  nitric  acid. 

My  next  series  of  experiments  was  instituted  to  determine,  by  fermentative  action^ 
with  the  addition  of  good  yeast  to  the  infusions  of  the  respective  samples,  whether  sugar 
could  be  detected  in  any  of  them  by  the  production  of  alcohol.  Accordingly,  I  infused 
half  a  pound  avoird.=  3,500  grains  of  each  in  4,000  grains  of  boiling  water,  strained 
off  the  liquor  into  wide-mouthed  phials,  introduced  into  each  800  grains  by  weight  at 
the  best  fresh  porter-yeast  from  Messrs.  Meux's  brewery  in  my  neighborhood,  and  en- 
closed them  all  in  a  space  kept  at  the  temperature  of  80^  F.  The  specific  gravity  of 
each,  before  the  yeast,  was  very  nearly  1*08.  Afler  40  hours,  the  specific  gravities 
were  found  to  be  (at  80^)  of— 

BB  - 

CC  - 

FF  - 

MM  . 

The  contents  of  F  F  being  distilled  carefully  in  glass  vessels,  700  water-grain 
ures  of  li(|uid  were  drawn  off,  which,  at  70°  F.,  had  the  specific  gravity,  0*9921. 

The  contents  of  O  O  afforded  700  grain-measures  of  specific  gravity,  0*9876 ;  besides 
600  grain-measures of  0*9974. 

Contents  of  B  B  afforded  700  grain-measures  of  0*9946,  and  240  grain-measnra  of 
0-998. 

From  2,400  grains  by  weight  of  the  yeast,  700  grain-measures  of  liquor  were  distilled 
off,  at  specific  gravity,  0*983. 

On  the  hypothesis  that  the  liquor  distilled  from  the  infusions  of  the  three  samples  of 
tobacco  were  alcoholic,  the  700  grains  of  F  F  would  contain  about  10  per  cent,  of  vnof 
spiB^'^.  or  nearly  70  grains. 
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AlooMie  ipirila  ^  (V983  specific  gnvity  eontaiiM  28«8  per  tent,  of  proof  Bpuit ; 
kence  7x23*3*s  103-1  grains,  of  which  one  thinitt64*4  grains,  being  the  product  of  800 

riins  of  yeast,  had  been  introduced  into  each  of  the  tobacco  -worts.  The  ]NPoduct  of 
F  is  therefore  70— 64* 4»  16*6  grains  of  proof  spirit,  containing  about  7  grains  of  al- 
cohol—a paltry  result,  and  much  too  fallacious,  whereon  to  ibund  a  fiscal  persecution, 
•s  we  shall  presently  show. 

O  O,  yielded  700  grain  measures  of  0-9876,  equivalent  to  16  per  cent,  of  proof  spirit 
■b112  grains,  besides  600  grains  of  0*9974,  equivalent  to  3-2  per  cent,  of  proof*:  16 
grains  of  proof;  together^  128  grains,  from  which  64*4  being  deducted  on  account  of 
the  yeast  spirit,  there  remain  73*6  of  apparent  spirit,  as  the  product  of  the  tobacco  wash 
of  half  a  pound  of  O  O. 

B  B  afibided  760  grains  at  (^9946,  representing  6*7  per  cent,  of  proof«60  grains  of 
proof;  to  which  8|  grains  for  240,  at  0-998,  the  sum  68|  represents  the  whole  ob- 
tained for  this  wasb^  and  64|  being  deducted  for  the  yeast  spirit,  there  will  remain  4 
grains  of  proof  spirit,  corresponding  to  2  grains  of  alcohol  and  4  grains  of  sugar  in 
3,600  grains  of  the  tobacco.* 

The  only  inference  that  can  be  drawn  from  these  results  of  experiments  careiVilly 
conducted  on  the  principles  assumed  as  certain  by  Professor  Graham  and  the  Messrs* 
Phillips,  is,  that  ^e  sample  O  O  contained  73.4  grains  or  thereby  of  sugar  mixed  in 
the  half  pound  of  tobacco ;  that  F  F  sample  contained  about  16*6  grains,  and  B  B  4 ; 
whereas,  as  it  appears  in  the  published  report  that  there  was  no  sugar  in  any  one  of 
the  three  samples,  the  fallacy  of  the  excise  process  is  manifest. 

It  would  therefore  seem,  that  infusions  of  tobacco  without  sugar,  when  mixed  with 
brisk  yeast,  and  placed  for  40  hours  in  a  temperature  of  about  80°,  undergo  a  certain 
degree  of  decomposition,  attended  with  a  dimination  of  their  specific  gravity,  or,  in  the 
vulgar  language  of  the  exeise,  they  suffer  attenuation.  This  phenomenon  offerB  no 
difficulty  to  any  one  conversant  with  organic  chemistry.  He  knows  that  there  are  no 
fewer  than  twelve  different  species  of  fermentation,  all  involving  a  specific  series  of 
decompositions  and  recompositions,  each  occupied  with  its  appropriate  subject,  and  gen- 
erating pecnliar  products.  See  Fermentation  in  this  supplement.  I  shall  advert,  in 
this  place,  merely  to  that  marvellous  metamorphosis  which  bitter  almonds  experience 
by  contact  of  pure  water ;  during  which,  aided  by  heat  alone,  the  solid  inert  matter  of 
the  kernel  is  converted  into  a  volatile,  pungent,  poisonous,  ethereal  oil,  mixed  with 
hydrocyanic  or  prussic  acid,  a  fluid  lighter  than  water.  Such  remarkable  changes  must 
be  well  known  to  Mr.  R.  Phillips  and  Professor  Graham,  and  ought  to  have  made  them, 
hesitate  before  they  pronounced  a  distilled  fluid,  which  is  destitute  of  the  smell  and* 
taste  of  alcohol,  and  which  they  do  not  say  they  had  submittM  to  the  requisite  ordeal^ 
to  be  this  substance. 

If  by  fermenting  the  infusion  of  3,600  grains  of  tobacco,  my  distilled  products  were 
■o  slight  and  fallacious,  what  could  the  chemist  get  fVom  1,000  grains  ?  or,  as  Mr.  Gra«> 
ham  is  wont  to  operate,  from  200  grains,  or  less  than  half  an  ounce  7  See  Question 
7,648.  Have  they  ever  converted  their  supposed  alcohol  into  ether,  have  they  made 
fulminating  mercury  by  its  means,  or  have  they  extracted  oleflant  gas  out  of  it  7  If 
not,  their  testimony  would  have  been  scouted  m  any  of  our  great  cour;ts  of  judicature. 

If  sugar  be  present  in  any  notable  proportion,  I  think  that  it  should  be  found  by 
evaporating  the  watery  extract  to  dryness,  digesting  the  extract  in  alcohol;  and  then 
treating  the  residuum  properly  with  nitric  acid.  From  the  quantity  of  oxalic  acid  formedj 
the  proportion  of  sugar  might  possibly  be  approximately  estimated.  I  am  not  aware 
that  thero  are  any  principles  in  tobacco  itself  which  would  give  rise  to  the  formation 
of  oxalic  acid ;  but  this  point  could  be  easily  set  at  rest  by  preliminary  experiments..  I 
tried  this  method,  and  obtained,  as  I  have  stated,  no  oxalic  acid  fVom  the  samples  sub- 
jected to  the  process. 

The  last  series  of  experiments  which  I  made  upon  the  samples  of  tobacco  sent  to  me 
by  the  committee,  was  the  incineration  of  600  grains  of  each  in  a  platinum  basin,  and 
the  analysis  of  the  ashes.    The  results  per  cent,  were  as  follows : — 
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•  The  teflsk8jie9<e  ftafed  msf  b9  i«Iie4  oii.  m  (hey  ireie  Hie  imab  oTmpt 
9mt9  ex^rugoen^  They  stu>w  that  thei^  are  ^eat  Yariations  in  tine  prapoittoBa  «ff 
the  coii8titiieD,t8,  ^xreii.in  U^a  five  ge^nuine  tobaccoe^  B  B,  M  M»  0.O»  Yirgi&ia  «ii 
J(emacky.  Bui  the  alum  in  C  C  ajul  Q  Q,  is  indicated  by  the  Urgtx  pvofiorti^a  ci 
#al{»hate  jof  Iprytes,  p)>tain^  f>y  precipitating  the  matter  eolnhle  in  wmter,  and  ncite- 
lated  with  nitric  acid,  by  means  of  nitrate  of  barytes.  The  solphjrte  of  polnak  in  FS 
had  been  probably  decomposed  into  carbonate  daring  the  ignition,  along  with 
of  lime  and  cafbonaceona  mattery  and  has  thereby  escaped  notiea  in  tKe  coIoiba 
ynlphate  of  barytea.  , 

I  tried  each  of  the  aqueoua  infusions  of  the  fresh  samples  with  aolntioB  of 
but  obtained  no  indication  of  tannin,  as  should  have  happened  with  C  C,si 
nf  the  introduction  into  it,  of  1  per  cent,  of  terra  japonica  w  cateefan. 

Finally,  I  regret  exceedingly,  that  so  short  a  spaoe  of  time  was  allowed  me  lbrm»> 
king  and  digesting  all  these  variouti  reeearcher>  prior  to  my  esaminations  bcfote  te 
committee.  £?en  my  report  supplementary  |o  my  oral  evidence^wns  given  in  bclbre.I 
had  finished  my  experiments  on  the  action  of  nitric  acid  upon  the  tobaieon  eztsaetSv  anil 
iience  I  mei^ioii  there  my  having  obtained  piystali  of  eixnlic  ncid,  whieh  tannd  cat 
npon  farther  'examination  to  be  no  such  thing. 

The  following  analysis  of  10,000  parts  of  fkesh  tobacco^ by  Poeselt  and  BHmnnn^wai 
show  the  exceeding  complexity  c^this  substance  :-^ 
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In  SiJlinuuCi  Joumaly  vol.  vii.,  p.  2,  a  chemical  examination  of  tobacco  is  given  bf 
Dr.  Covell,  which  shows  its  components  to  have  been  but  imperfectly  represented  in  the 
above  German  analysis.  He  found,  1,  gum ;  2,  a  viscid  slime,  equally  soluble  in.  wmtier 
and  alcohol,  and  precipitable  from  both  by  subacetate  of  lead ;  3,  tannin ;  4,  gaBif 
ncid ;  5,  chlorophyle  (leaf-green) ;  6,  a  green  pulverulent  matter,  which  disaolvcs  in 
boiling  water,  but  falls  down  again  when  the  water,  cools ;  7,  a  yellow  oil,  poaaessiag 
the  smell,  taste,  and  poisonous  qualities  of  tobacco ;  8,  a  large  quantity  of  a  pale  yct> 
low  resin;  9,  nicotine;  10,  a  white  substance,  analogous  to  morphia,  soluUe  in  hot, 
but  hardly  in  cold,  alcohol ;  11,  a  beautiful  orange-rea  dye  stuffy  soluble  only  in  acada« 
it  deflagmtes  in  the  fire,  and  seems  to  possess  neutral  properties ;  12,  nicotianine.  In 
the  infusion  and  decoction  of  the  leaves  of  tobacco,  little  of  this  substance  is  lbiind| 
but  aAer  they  are  exhausted  with  ether,  alcohol,  and  water,  if  they  be  treated  with  snl^ 
phuric  acid,  and  evaporated  nearly  to  dryness,  crystals  of  sulphate  of  nicotianine  are 
obtained.  Ammonia  precipitates  the  nicotianine  from  the  solution  in  the  state  of  a 
yellowish  white,  soft  powdering  matter,  which  ma^  be  kneaded  into  a  lump,  and  ia  void 
of  taste  and  smell,  as  all  its  neutral  saline  combinations  also  are :  its  most  charactcria- 
tic  property  is  that  of  forming  soluble  and  uncrystallizable  compounds  with  vcgatabk 
acids. 

According  to  Buchner,  the  seeds  of  tobacco  yield  a  pale  yellow  extract  to  aloohol^ 
which  contains  a  compound  of  nicotine  and  sugar. — JU^pertorium  fir  dU 
ToL  xxxii. 

MM.  Henry  and  Boutron  Charlard  found  in 
1,000  parts  of  Cuba  tobacco    - 
Maryland  - 
Virginia  • 
He  et  Vilaine   - 
Lot  et  Garonne 
times  more  than  were  obtained  by  Pooselt  and  Reimann. 

I  shall  conclude  this  examination  of  the  tobacco  report  with  a  f^w  remarics  i^on  tkc 
pretences  of  the  Messrs.  Phillips  and  Graham  to  botanical  and  microfloopir  skill  in  db- 
tinguishing  the  minutest  filaments  of  shag  tobacco  from  those  of  other  plants.  Having 
applied  a  good  achromatic  microscope  to  this  object  along  with  my  son,  who  is  AmmSux 
with  the  use  of  that  instrument,  I  must  acknowledge  that  I  would  place  exceedisgly 
little  reliance  on  the  possibility  of  distinguishing  sudi  vegetable  leaves  as  I  eoold  ea- 
sily select  for  the  aduheratioh  of  tobacco ;  and  I  wQl  engage  to  set  at  fiinlt  even  tha 
superior  accomplishments  of  Professor  lindley. 

''  6,d99.  When  a  vegetable  fibrous  addition  is  made  to  the  ordiaary  tobaeeo»  anit  so 
ground  and  minutely  divided  as  not  to  allow  an  f¥firMn*^'i*i  by  tfaegtee*  mU  |«« 
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4WiigiUA  it  ftoibK»bMDO't"->-Mr.  Onkam's  liMwer  t  ^tt  wdM  be  eitrcmtolf  £fi 
colt  to  divide  it  so  finely  u  not  to  present  a  sensible  magnitude  to  the  mieroscope.    I 
hare  never  met  witli  tobacco  manufactured  for  sale  as  shag-tobaeco,  in  which  I  coold 
not  distinguish  it." 

Mjr.  R.  PkiUips,  in  reply  to  question  7^11 :  <<  Cknerelly  speaking,  we  did  not  employ 
any  ehemieal  tests/' 

^7,912.  Then  it  was  prindpaily  by  meehanieal  analysis,  and  examinatiott  of  the 
ibre  of  the  plant,  that  yon  judged  t — ^Yes,  certainly/' 

.^wer  to  question  7,523  t  *'  Yon  may  distinguish  it  (tobacco)  not  by  the  naked  eye, 
bat  by  the  miei<aee<q>e/' 

*<  7,866.  Chn  yon  [IMlr.  6.  Phillips]  distinguish  the  fibre  of  tobaceo  fVom  the  fibre  of 
dock,  or  any  other  vegetable  of  the  same  faraUy  f — Yes. 

*' 7,857.  In  how  small  a  quantity  can  you  detect  it  f — However  small  the  quantity, 
ii  you  take  pain^,  you  ean  discover  it  i  nothing  can  be  finer  than  the  sample  K;  in  which 
there  was  foxglove." 

Professor  Lindley  and  Mr*  George  Phillips  distinguish  tobacco  from  other  plants  chiefly 
by  the  straeture  of  its  hairs.  But  in  Geiger's  '^  Pharmaceutische  Botanik,"  the  second 
edition,  improved  by  Nees  von  Esenbeck,  and  Heinrich  Dierbach,  a  book  of  standard 
anthority,  the  NicUiaiM  UUmeum  of  Linn»u8,  whieh  is  the  Florida  tobacco  of  the 
French  botanists,  is  described  as  having  smooth  {gMra),  somewhat  Mutinous  leaves. 
Several  varieties  of  this  plant  are  said  to  be  cultivated  under  peculiar  provincial  names, 
to  whieh  the  NieoiUma  petiolaiay  Nicotiama  decurrma,  Jtc.,  belong^i  all  with  tmooth  and 
bUslery  leaves* 

In  my  examination  before  the  committee  on  the  15th  of  July,  in  answer  to  question 
8j56l^,  I  said— ><  The  eonelnsion  to  whieh  I  am  led  is  this,  that  ii^en  the  tobacco  is 
brottght  in  this  shag  state,  it  is  next  to  impossible,  by  chemical  means  in  most  cases,  or 
by  physiological  means,  to  determine  the  adulteration ;  the  only  case  in  which  adulteraf 
tion  ean  be  detected,  in  my  opinion,  is  when  sugar  is  mixed. 

^  8,570.  Does  the  presence  of  alcohol,  by  distillation  fVom  a  fermented  solution,  give 
foa  an  invariable  test  that  sugar  is  present  ? — If  sugar  is  present  in  any  quantity  above 
0  per  cent,  I  think  alcohol  may  be  produced  from  it.'* 

But  I  would  never  content  lajTself  with  the  deceptions  test  of  the  spedfic  gravity  of 
a  ininute  portion  of  the  distilled  liquid.  I  would  take  at  least  seven  pounds  oif  the  sus- 
pected tobacco,  rinse  it  rapidly  in  cold  water,  in  order  to  dissolve  out  the  saccharine 
matter,  with  as  little  as  possible  of  the  tobacco  extract ;  mix  it  with  a  certain  quantity 
oif  yeast;  take  the  specific  gravity  of  the  mixture ;  set  it  in  a  chamber  heated  to  80^  F., 
and  watch  the  phenomena  of  fermentation,  if  any  occur.  At  the  end  of  40  hours,  or 
VHienever  the  density  of  the  mixture  had  sunk  to  the  lowest  point,  I  would  note  it ;' 
then  distil,  rectify  the  distilled  liquor,  and  expose  it  to  the  appropriate  tests  of  alcohol, 
ai  stated  above.  I  am  quite  convinced  that  no  certainty  could  be  obtained  by  operating 
ttpon  the  inftision  of  200  grains  of  a  tobacco  containing  5  or  10  per  cent,  of  sugar,  as  Pro-- 
fessor  Graham,  in  his  evidence  before  the  magistrates  in  the  GainsboVough  prosecution, 
said  he  had  done  with  the  tobacco  then  in  question.  The  total  quantity  of  sugar  that 
eonld  be  present  was  under  20  grains,  and  this  being  mixed  with  tobacco-juice,  which' 
conntetaets  the  fermentative  process,  would  afibrd  a  most  unsatisfactory  quantity  of  al- 
cohol— a  quantity  most  difficult  of  verification ;  one  on  which,  in  my  humble  apprehen- 
sion, knowing,  as  I  do,  the  foUacy  of  chemical  experiments  and  experimenters,  no  per- 
son should  ever  venture  to  seek  a  verdict,  or  to  levy  a  heavy  fine. 

*' 8,589.  Then  you  are  of  opinion  that  it  will  be  impossible,  if  care  be  taken,  such  as 
yon  state,  by  eheknists,  for  detection  to  be  within  the  power  of  the  government  f — 
Qnite  impossible.  I  wiU  pledge  my  chemical  character  to  make  such  specimens  as  the 
eseise  can  not  detect. 

^  8,500.  Then  to  eontinne  the  system  of  alleged  detection  by  analysis  might  subject 
indivMnald  to  punishment  most  unjustly. 

^8,581*  Have  any  eases  come  under  your  knowledge  of  errors  in  judgment  upon 
tint  point  f^There  is  a  case  which  has  lately  occurred  to  me  of  a  very  unjustifiable 
kind  on  the  part  of  the  excise,  aad  I  think  I  might  mention  it.    It  is  a  case  of  pepper. 

**  8,599.  Will  you  describe  the  case  7 — About  a  year  ago,  the  excise  officers  entered 
the  premises  of  M^ssn.  Mayor  and  Dove,  large  spice  merchants  in  Little  Distaff  Lane. 
iLnd  seiz^  a  qnantity  of  gtonnd  white  pepper,  alleging  it  to  be  adulterated,  and  carried 
it  off.  I  attended  the  eoutt  of  excise.  Professor  Graham  and  Mr.  George  Phillips,  the 
two  witnesses  as  to  the  adulteration  on  the  part  of  the  excise,  were  first  examined,  and 
Aey  swere  that'  the  seizell  pepper  contained  sago  to  the  amount  of  10  or  12  per  cent., 
ind  th^y  prodneed  a  few  particles  like  sago  in  a  veiy  small  pill-box.^  [For  the  other 
details,  see  the  article  Peppee  in  this  Supplement.] 

^  8,596.  From  the  advance  of  chemical  science,  suppose  the  excise  office  to  have 
your  assistance,  or  the  assistanea  of  other  experienced  chemists,  do  yon  think  that,  with 
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aU  that  Msiftuioe,  they  covid  d^Heet  ui  adulteratioB  that  flufht^  with  iKifecat  ft/eBSt^, 
he  mtxodnced  by  chemists  ? — ^I  would  say  that  adnlteiatioa  may  be  laade  upas 
which  may  defy  all  the  chemists  in  Europe  to  find  oat* 

"  8,597.    And  not  only  chemists,  but  physiologists  7 — ^Tes,  and  boCamau.^ 

It  will  be  seen,  iroln  the  vagueness  of  the  results  of  the  several  series  of 
ments  which  I  made  on  the  seven  samples  of  tobacco  sent  to  me  by  the 
wilk  every  possible  attention  in  the  short  period  allowed  Bfte,  that  it  is  na  easy  matter 
to  detect  adulterations  in  tobacco ;  and  a  chemist  should  be  eztrcaMly  eanCiMU  Uk  pi»> 
nouncing  a  decided  opinion  upon  sueh  slender  grounds  as  the  prafessional  geatleaea 
employed  in  the  excise  board  have  in  many  cases  done.  Supposing  a  tobaceo  poor  m. 
extractive  matter,  like  the  Kentucky,  were  skilfully  imbued  with  jaice  of  liqnoisce  till 
it  came  to  the  standard  of  the  Virginia,  neither  Mr.  6.  Phillips,  by  his  plan  of  iafnsioBy 
nor  Professor  Graham,  by  that  of  feimentatioay.eoald  detect  the  adnltcratioa.  The 
liquorice-juice  assimilates  with  tobacco  better  even  than  sugar,  but  ^  it  ia  iacapableof 
undergoing  the  spirituous  fermentation.'** 

I  offer  this  one  example,  out  of  many,  merely  as  a  hiat  to  my  haothcr  chemiats  to  he 
somewhat  less  confident  and  dogmatical  in  their  decisioas.  Weie  the  qaestiaiis  af  tO' 
bacco  adulteration  referred  to  one  of  our  law  courts  in  Westmimiter  ov  GwiVthaB,  the 
evidence  of  the  chemists  for  the  prosecution  would  be  weighed  in  a  more  ticklish 
than  that  of  a  provincial  jiMtice  of  the  peace,  or  even  af  the  hoaorable 
of  excise,  and  it  might  possibly  be  found  wamiing. 

How  vexatwusly  inquisitorial,  and  how  abhorrent  from  the  genius  of  the 
constitution,  must  the  practice  of  the  excise  board  be,  when  the  following 
are  recommended  by  its  most  iafluential  functionary  I  To  qoestion  8,005,  Mr.  Geaige 
Phillips  replies — "  I  would  make  the  manufacturers  responsible  lor  the  samples  whidi 
they  gave  i  for  instance,  we  know  very  well  there  aie  only  two  tobacoocs  nscd  iar 
general  cutting  tobaccoes,  that  is,  Kentucky  and  Virginia ;  we  know  the  natsreaf  those, 
and  we  very  well  know  what  description  of  tobacco  the  manufacturer  muat  qaetoBBake 
it  answer  his  purpose.  A  tobacco  which  will  not  yield  45  per  ceat.  of  extzactive^  is  not 
fit  for  him  to  use»  If  he  sent  a  scunple  which  should  be  35^  such  as  Porto  Rice^  or  gat 
some  rubbishing  stuff  from  the  sales  at  the  tobacco  warehouse,  I  weald  woi  aU^tc  UuA 
sample  to  be  used,  or  at  any  rate  to  be  mixed  with  any  other  f  if  he  used  that,  he  shoald 
use  that  alpne ;  he  should  be  confined  within  a  range,  which  experience  has  piwved  t» 
be  the  general  range."  No  choice  for  taste  is  to  be  allowed.  Agam,  ta  question  8,023,  he 
answers,  *^  Sometimes  the  seizures  are  made  before  the  tobacco  is  examined ;  aomeli 
seizures  are  made  afterward,  upon  my  report  that  it  is  adulterated.  The  offiecrs 
a  sample  up  unknown  to  the  manufacturer :  they  take  a  eampU  Knfeaoam  to  the 
facturer,  and  then,  aAer  I  have  examined  it,  instructions  are  sent  to  the  supervisar,  thai 
any  tobacco  of  that  sort  that  he  can  find  on  the  maDufacturer's  premisesybeaho«liaeiae» 
If  the  tobacco  is  seized  merely  upon  the  examination  of  the  sample,  saroplea  takea  tnm 
the  bulk  of  the  seizure  are  then  sent  up  and  examined.  I  eouU  mention  easea  where 
samples  have  been  sent  up  by  the  supervisor  or  other  officer,  and  have  been  examined » 
they  have  gone  and  seized,  aAer  the  lapse  of  a  fortnight,  and  it  has  tamed  out  that  the 
tobacco  has  been  pure  when  it  has  been  examined ;  of  course,  that  has  been  relnneA 
again.''  Question  8,024 :  '<  How  small  an  amount  would  you  report  to  be  adnHetatcd  f 
Tv>o  per  cetU,'* 

Every  intelligent  reader  of  the  experimeatal  and  other  evidence  detailed  in  the 
present  article,  must  perceive  the  precariousness  of  decisioas  based  upon  an  adultera- 
tion of  Only  2  per  cent.,  in  so  complex  a  substance  as  tobacco,  that  adulteratioa  beiag 
sworn  to  in  consequence  of  such  unsatisfactory  microscc^c  and  chesueal  tesearehesL 
What  a  servile  spirit  must  be  engendered  among  the  tributaries  to  the  exeise^ 
thirteen  eminent  tobacconists  of  London  could  recently  petition  the  Hoosq  of 
to  aggravate  the  astringent  administration  of  that  tribunal^  praytag  that 
detected  by  its  ofilcers  should  be  prosecuted  more  rigoronsly ;  and  the  efficiency  af 
the  law  be  '^  further  secured  by  the  abolition  of  compromise,  publicity  by  piuactutiaa 
in  the  local  courts  or  otherwise,  and  the  substitutioa  of  personid  for  pecnniaiy  penal- 
ties." 

What  powerful  inducements  are  held  out  to  Mr.  George  Phillips  and  his  caadjataRS 
to  obtain  convictions  for  adulterations  of  tobacco,  may  be  inferred  fVom  the  fad,  that 
*'  all  penalties  and  seizures  are  by  law  divisible  in  equal  parts,  between  the  crown  aa^ 
the  informer ;"  1,  to  the  person  by  whom  the  information  was  cammuBicatcd;  2,  to  the 
officers  by  whose  instrumentality,  and  evbsequeni  aH  proceedings  for  penaltks  am 
brought  to  a  successful  termination.  In  all  other  eases,  libera]  means  of  remaaenrtiam 
are  placed  at  the  disposal  of  the  board  of  excise. — 8ee  Jfemoroadam  as  Is  issswjs  fit 
infijTfnaiiom  given  to  the  Excite,  p.  584,  Tobacco  Reports 
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TOETCHSE-SHELL  U  nuDnfactured  in  wioui  objecU,  partlf  by  cnttins  mit 
the  ghapo,  and  parti;  by  aggtutinaling  portiona  of  the  tbell  bj  heat.  Wben  the  shell 
hat  become  soft  b;  dipping  it  ia  hot  waler,  the  edges  are  b  the  cleaneat  possible  Hale, 
'vithoat  grease,  preaaed  together  irilh  hot  flat  toagu,  and  then  plunged  into  cold  water, 
to  Bi  them  in  their  position.  The  teeth  of  the  lai^r  conba  are  parted  in  their  heated 
•tate,  or  col  ont  with  a  thb  fi-aiae  saw,  whUe  the  shdl,  equal  in  rite  to  two  eombe, 
with  their  teeth  interlaced,  as  io^ig.  IM,  is  .bent  like  an  arch  in  the  direction  irf'  the 
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length  of  the  teeth,  u  injlf .  ]67.  The  shell  is  the*  flattened,  the  poinU  are  separated 
with  a  namnr  chisel  or  prtofcer,  and  the  two  combs  are  finished,  while  flat,  with  coarse 
«ingle-cat  files  and  triaagolar  scrapers.  The;  are  flnall;  warmed,  and  bent  on  the  knee 
<rrer  n  wooden  mould,  by  means  of  a  strap  passed  round  the  foot,  just  as  a  shoemaker 
fixes  his  laaL  Smaller  combe  of  t|orn  and  tortoite-ahell  are  parted,  while  flat,  by  an 
ingenious  machine,  with  two  chisel-formed  cullecs  placed  obliquely,  so  that  each  col 
produces  one  tooth.  See  Bogers'  conih-cutting  machine,  Tran$.  Soc.  JtU,  vol.  xlix., 
part  2,  since  improved  by  Mr.  Kelly.  In  making  the  frunes  for  eye-glasses,  spec- 
tacles, fcc,  the  nperlures  for  the  glasses  were  formert;  cut  out  to  the  circular  form,  with 
n  tool  something  like  a  carpenter's  centre-bit,  or  with  a  crown  saw  in  the  lathe.  The 
discs  so  cut  out  were  used  for  inUying  in  the  lops  of  boxes,  Jkc.  This  required  a  piece 
of  shell  as  large  as  tbe  front  of  the  spectacle^  but  apiece  one  third  of  the  aize  will  now 
suffice,  OS  theefesareifraintif  oifiUtd.  A  long  narrow  piece  is  cut  out,  and  two  sUtt 
are  made  in  it  with  ■  saw.  The  shell  is  then  warmed,  the  apertures  are  pulled  open, 
«nd  fastened  upon  a  taper  trtblet  of  the  approbate  shape  i  as  illustrated  by  fig:  168, 
169,  and  170.  The  grooye  for  the  edge  af  the  glass  Is  cnt  with  a  sniU  circular  cotter, 
or  sharp-edged  saw,  about  three  eighths  ar  halfiin  inch  in  diameter  )  and  (he  glass  is 
fpmng  in  when  the  frame  is  expanded  by  beat. 

In  making  tortoise-flhell  boxes,  the  round  plate  of  shell  it  first  placed  centrally  over 
the  ed|te  of  the  ring,  as  iu  Jig.  ITl :  it  is  slightly  squeezed  with  tbe  small  round  ed^ 
Mock  g.  Bad  [he  whole  press  is  then  lowered  into  the  boiling  waler  i  after  inunerslMl 
for  tiToat  half  an  hour,  it  is  transferred  to  the  bench,  and  g  is  preaaed  entirely  down,  M» 
•a  to  bend  the  thcJI  ioto  the  shape  of  a  saucer,  as  at  Jig.  17!,withoDteniting  or  injurii^ 
the  material ;  and  the  press  is  then  cooled  in  a  WBter-troogb.  Tbe  same  processes  ai« 
repeated  with  Ihe  die  d,  which  has  a  rebatetnmed  away  to  the  thickness  of  the  shell. 
Bad  oMnpldei  the  angle  of  the  box  to  the  aeetion  ftg.  173,  ready  for  finisluDg  in  the 
lathe.  It  is  always  safer  to  perform  each  of  these  processes  at  two  successive  boiling* 
tind  coolings.  Two  thin  pieces  are  cemented  together  by  presmre  with  the  die  t,  and  n 
flerice  may  be  given  by  the  engraved  die  /.—See  Halttapff^t  Timing  amd  M*dta»leti 
Manipniatiem,  vol.  1.,  p.  IW. 
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TURPENTINE,   SPIRITS,   ESSENCE,  OR  OIL  OF.      CasplM  m  Ihc 

name  given  by  the  continental  chemiBts  to  every  ethereons  or  volatile  oil*  which  ii 
posed  of  5  atoms  of  carbon  and  8  of  hydrogen,  and  which  combines  dunectlj  with  hydro- 
chloric acid,  either  into  a  solid  or  a  liquid  con^pound,  resembling  camphor.  Under  this 
title  the  following  oils  are  included:  turpentine,  citron,  or  lemon,  onuige-flawer, 
copaiva,  balsam-oil,  juniper,  cubebs,  and  pepper.  Some  add  to  this  last — ^the  oils  of 
cloves,  valerian,  and  bergamot.  As  the  new  patent  lamps  bum  spirits  of  tnrpcntiae^ 
they  have  been  called  Camphine.  (See  Lamps.)  Since  that  article  was  printed  I  have 
had  occasion  to  test  a  variety  of  Camphine  lamps  during  the  preceding  three  noaths,  aad 
I  an^  convii^ced  the  pateml  Vesta  lamp  of  Mr.  Young  is  not  merely  the  best,  but  it  is  the 
only  one  hitherto  mad^  public,  which  can  be  used  with  comfort  in  dosed  apaitmcats. 
It  was  the  first  spirit  lamp  constructed  on  right  principles,  keeping  in  view  the 
nature  of  Camphine  spirits,  and  being  secured  by  a  correct  specification,  learcs  mo 
to  expect  another  equally  good.  In  this  lamp  the  burner  is  completely  insakited 
the  reservoir  by  a  ring  of  wood,  or  other  non-conducting  material,  placed  bet  wee*  thea, 
and  as  no  n^etalUc  tube  passes  ddwn  from  the  flame  into  the  volatile  spirits,  they  rcmaia 
cold ;  wherfeas,  when  such  a  tube  passes  down  through  the  reservoir,  for  the  admissioB 
of  air  to  th^  inside  of  the  flame'  (as  in  all  other  argand  lamps),  without  being  iasulated 
iVom  the  flame,  the  spirits  become  20  or  30  degrees  hotter,  so  as  to  emit  acrid  and 
offensive  fames.  The  wick  also,  which  embraces  the  heated  tube  becomes  dry  and 
resinous,  loses  its  capillary  power,  coals  at  the  flame,  and  then  sends  up  smolce  with  m 
shower  of  lamp  black. 

The  Vesta  lamp  is  (tee  from  these  defects,  and  when  used  with  properly  rectified 
spirits,  never  smokes  nor  smells ;  it  may  be  easily  distinguished  by  the  above  charaetefs, 
and  by  the  circumstance  of  the  air  passing  between  the  wicks  to  the  interior  of  the 
flame.  It  affords,  undoubtedly,  the  brightest,  cleanliest,  and  most  economical  ligfaty 
hitherto  invented^  when  supplied  with  pure  spirits  free  from  rosin.  I  hare  lighted  anf 
drawing-rooms  with  the  Vestil  lamp  for  several  evenings  successively,  without  having 
its  wick  trimmed  or  its  occasioning  the  slightest  inconvenience.  I  therefore  deem  il 
due  to  the  patentee's  ingenuity,  as  well  as  to  the  public  welfare,  to  give  this  deliheme 
opinion  at  a  time  when  the  volatile  spirits  of  turpentine  are  getting  into  generml  uae^ 
and  when,  if  burned  in  lamps  on  the  argand  plan,  they  must  create  daager. 

Great  care  must  be  tiJcen  in  the  choice  of  Uie  spirits  of  turpentine  as  the  eosabostihle. 
As  those  very  generally  sold  in  London  contain  rosin  and  other  impurities,  they  are 
quite  unfit  for  that  purpose  (  but  the  spirits  manufhctured  by  Messrs.  John  Tall  aad 
Co.  of  Hull,  to  be  had  of  their  agents,  Ratcliffe  and  Co.,  103  Hatton  Garden^  LondoB, 
answer  perfectly.  I  have  subjected  these  spirits  to  careful  chemical  examination,  and 
I  find  them  to  be  quite  pure,  and  very  different  indeed  from  those  on  common  sale  heie. 
Their  specific  gravity  is  only  0-864  at  62°  Fahr.,  while  that  of  the  average  Loodstt 
article  is  from  0*874  to  0*882,  the  greater  density  being  due  to  rosin.  Messrs.  TUft 
spirits  may  be  boiled  off  in  a  retort  without  leaving  any  sensible  residuum,  and  they 
also  boil  at  a  lower  degree  of  heat ;  but  the  best  proof  of  their  excellence.  In  tiie  pieseat 
point  of  view,  is  exhibited  in  the  preceding  notice  of  the  Vesta  lamp,  for  it  was  M( 
Tail's  spirits  which  were  used  on  that  occasion. 


V. 


VENTILATION.  There  vn  two  general  plans  in  use  for  at  oiiee  diffas^ 
•md  renewing  the  air  in  extensive  buMings,  which  plans  differ  essentially  In  their  pria- 
iCiples,  modes  of  action,  and  effects.  The  oldest,  and  what  may  be  eaOed,  the  vmigm' 
method,  consists  in  planting  stoves  in  the  passages  or  noons,  to  give  wamth  ib  eaU 
weather,  and  in  constructing  laiige  and  lofly  chimney-stalks,  to  draw  air  in  hot  weather 
tint  of  the  house,  by  suction^  so  to  speak,  whereby  fresh  airflows  in,  Urmaintain,  thoagk 
imperfectly,  an  equilibrium  of  presswre.  In  ap^itments,  thus  warmed  and  vevtilaledy 
the  atmosphere  is  neoessarily  rairer  than  it  is  oot  of  doom,  while,  in  cold  weather,  Ae 
eitenal  air  rushes  in  at  every  opening  and  creviee  of  door,  window,  or  chfla 
IhiitAil  source  of  indisposition  to  the  inmates. 

The  evils  resulting  firam  the  stov^-heating  hnd  air-rarefying  system  were,  a  few  yi 
ago,  investigated  by  me,. In  a  paper  read  before  the  Royal  Saeiety,*  and  aftenraod 
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prtlUM  in  tn^tl  Mieotiflc  ud  tcchnoiogitxl  joUbbIb.  It  n  then  mlA  Ibat  the  abt 
•nratioM  of  SanMOie,  and  olhcr  Bcientific  travellen  in  mouMinoai  regions,  demoa- 
■Irite  bow!  difficm}!  nnd  painful  it  ii  to  moke  miucularor  mental  ei«nioni  in  rarrfied  air. 
Even  tbe  slight  rareTaetlon.  of  ttia  Blnraapbeie,  eairespoading  to  a  low  state  of  the  bar- 
ouMer,  at  tbe  leval  of  tke  sea,  is  aoffieient  to  oecnton  languor,  lassitude,  and  uneasi- 
PMs,  ia  perMui  of  deticate  nerve*  j  vhile  the  opposite  condition  of  increased  presmre 
as  indicated  bj  a  higti  atate  of  Ibe  barometer,  has  a  bradog  effect  npoa  both  body  end 
mind.  Thna,  we  see  how  ventilation,  bf  Ibe  powerful  dranght  oT  a  high  chimner-stalk, 
aait  operates  bfpanfang  oat,  eihnnatiai;  and  altrnBaling  (be  air,  may.  prove  detrimeit- 
tatbtofivaeitr  and  health  ;  and  how  ventilatioB,  by  forcing  in  air  with  a  fan  or  a  pump, 
is  greatly  to  be  preferred,  not  only  far  the  reusoa  above  asiifined,  bat  because  it  pre- 
vcati  all  regurgitation  of  foal  air  down  the  chimneys,  an  acoidentBure  to  ba[q)en  in  the 
former  mHhod.  Qenial  air  tbrawn  in  by  a  Ian,  in  the  basement  story  of  a  building, 
•laa  prevents  the  stngnnliron  of  vapwB  rroio  damp  and  mia^iats,  which  IMli  about  tba 
fonndation  of  buildings  and  in  sewers,  and  which  are  sucked  in  by  the  rarefyiog  plaa. 
Many  a  lordly  mansion  is  rendered  hardly  tenantable  from  snch  a  cause,  during  certain 
vteiRsitadea  of  wind  asd  weather. 

'  The  e»Ddensiag  plan,  as  executed  by  the  engineers,  Messrs.  Easton  and  Amos,  at  tba 
Refona  Club  House,  eonstits  of  a  large  TaB,  revolving  rapidly  in  ■  cyliodrieal  caoe,  and 
if  capable  of  throwing  1 1,000  cubic  Ibel  of  air  per  minute,  into  a  spacious  eubterraneaa 
tumeUnaderthe  bueaent  story.  The  fan  is  driven  by  an  elegant  steam'.eBgiae,  worked 
oa  Ibe  eipaoaian  principle,  of  i  honea'  power.  It  is  placed  in  a  vault,  under  the  flay- 
pav^o^t,'  in  front  erf"  the  bailding ;  and  as  it  moves  very  smoothly,  and  burns  merelr 
cindns  fpom  the  house  Sres,  along  with  tome  anlbractte,  it  occasions  no  nuisance  c^ 
k«r  kind.  The  steam  of  condensation  of  the  engine  sapplits  3  cait-iroa  chests  with 
the  requisite  heat  for  warming  the  wbdle  of  the  building.  Each  of  these  cheati  is  a 
«ab«  (^  3  feet  eitemally,  and  is  distributed  intemallj  into  T  parallel  caal-irou  cosea^ 
each  about  3  inches  wide,  which  are  separated  by  paraller alternate  spaces,  of  the  soma 
width,  for  the  paasage  of  the  air  traasversely,  as  It  is  impelled  by  the  fan. 

Fig.  lT4iiatransver9eTerticalsectioBof  Itaegleain-ebeattforheatiBg  thsairrjlg-n& 
i<  a  plan  «f  the  saan ;  and  fig.  176  is  a  perspective  view,  showing  the  mitside  casing, 
«ls»  the  pipe  a,  for  admitting  the  steam,  and  the  slop-coek  b,  for  allowing  the  eradeniiid 
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'  This  arrangement  '.i  most  jndieious,  economiiing  fuel  to  the  utmost  degree ;  beeauM 
the  Btesm  of  condehsation  wbicb,  in  a  Walt's  engine,  vonid  be  absorbed  and  carried  off 
by  the  air-pump,  ir  here  turned  to  good  account,  in  wanning  the  air  of  ventilalion  dn- 
riag  the  winter  months.  Two  hundred  weight  of  fuel  suffice  for  working  this  steam- 
engine  during  twelve  hours.  It  pumps  waler  for  household  purposes,  raises  tbe  coala 
to  the  several  apartments  on  the  upper  flours,  and  drivea  Ibe  fan  ventilator.  The  air,' 
in  flowing  rapidly  throu^b  the  serips  of  cells,  placed  alternately  between  tbe  steam- 
cues,  can  not  be  scorched,  as  it  is  generally  with  air  stoves;  bnt  it  is  heated  ^y  to  the 
genial  temperatare  of  from  79°  lo  95*  Pahr.,  and  it  thence  enters  a  commou  chamber  oT- 
brickwnrk  in  the  basement  glory,  from  which  it  is  let  off  into  a  series  i^  distinct  flues,' 
governed  by  dialled  valves  or  registers,  whereby  it  is  condneted  in  regulated  qnantitlea' 
hi  the  several  Hpartments  of  I  he  building.  I  am  of  c^nion  thai  il  wontd  not  be  easy  to 
devise  a  better  plan  lor  the  purjtoiie  of  warming  and  venlilating  a  large  house  i  and  I 
ard  bnty  sorr^'  lo  observe,  thai  the  plan  projected  by  the  engineers  hai  been  nijadJCKnuIy 
cotinlencled  in  two  parliculars. 

The  Grst  of  Ihese  is,  that  the  external  air,  which  supplies  the  fsu,  is  made  Id  ti«*eiM' 
B  great  heap  of  coke  before  it  can  enter  that  apparatus,  Whereby  It  aulTeTt  BMh  fMcflba 
at  mateKally  toobstraet  the  ventilation  of  the  house.  The  folkmiDfr  experiments,  whi^ 
I  made  recently  upon  Ibis  point,  will  place  Ibe  evil  in  a  proper  hght :  Having  fitted 
qpDr.  WeDaston'sdiffeRQiial  haroneler,  as  an  anemameter,with  oil,  of  specific  gravitr 
a-aea-.m  mt  %  of  tis  syphon,  and  water  of  I-OOO  in  the  other,  covered  with  thffeatdaa 
ia  IbtttwoeiMnuM  lop,  Ilbund  that  the  stream  of  air  produced  b7  the  lkn,M«taf 


890  VENTILATIOISr. 

tun  part  of  the  flue,  had  a  TfHodtf  only  as  the  namber  S,  while  tlR  adr  wi» 

through  the  coke,  bat  that  it  had  a  velocity  in  the  same  |ilaee  as  the  number  11, 
erer  the  air  was  freely  adnntted  to  the  fan  by  opening  a'  side  dCior.  Tfans,  thrae 
eleyenths,  both  of  the  ventilating  and  wanning  effect  of  the  fan,  are  kat.  I  earn  not 
divine  any  good  reason  for  making  the  members  of  the  Refonn  Clvb  breathe  an  atm^ 
sphere,  certainly  not  improved,  bnt  most  probably  vitiated,  by  being  pasted  in  n  msirt 
state  through  a  porous  snlphnrous  carbon,  whereby  it  will  tend  to  generate  the  two 
deleterious  gases,  carbonic  oxide  and  sulphuretted  hydrogen,  in  a  greater  or  leas  d^ 
gree.  It  is  vain  to  allege  that  these  gases  may  not  be  diseovevable  bf  ehemienl  analy- 
sis—can the  gaseous  matters,  which  generate  cholera,  yellow  fever,  or  ague,  be  deteelsd 
by  chemical  reagents  ?  No,  truly ;  yet  every  one  admits  the  reality  if  their  apedie 
vims.  I  should  propose  that  the  air  be  transmitted  through  a  large  sheet  of  nut  ilalh 
before  it  reaches  the  fan,  whereby  it  would  be  freed  from  the  grosser  particles  «f 
soot  that  pollute  the  atmosphere  of  London.  The  wire-doth  should  be  bmsked  every 
morning. 

The  second  particular,  which  counteracts  in  some  measure  the  good  effects  «f  the  te 
in  steam  ventilation,  is  the  huge  stove  placed  in  the  top  story  of  the  bailding.  Thb 
potent  furnace,  consuming,  when  in  action,  3  cwt.  of  coals  per  day,  tends  to  draw  down 
foul  air,  for  its  own  supply,  i>om  the  chimneys  of  the  adjoining  rooms,  and  tiras  Is 
impede  the  upward  current  created  by  the  fan.  I  hove  measur^,  by  Dr.  Wollasian^ 
differential  barometer,  the  ventilating  inftuence  of  the  said  furnace  stove,  and  find  it  t» 
be  perfectly  insignificant — nay,  most  absurdly  so— when  compared  with  the  fan,  aats 
the  quantity  of  fuel  which  each  requires  per  day.  The  rarefaction  of  air  in  the  alove 
chamber,  in  reference  to  the  external  air,  was  indicated  by  a  quarter  of  an  iaeh  dH^- 
ence  of  level  in  the  legs  of  the  oil  and  water  syphon,  and  this  when  the  door  ef  the 
stove-room  was  shut,  as  it  usually  is ;  the  tube  of  the  differential  barometer  being 
inserted  in  a  hole  in  the  door.  The  faa  indicates  a  ventilating  force  equal  to  2  inAes 
of  the  water  syphon,  which  is  20  inches  oi  the  above  oil  and  water  syphon,  and  there- 
fore 80  times  greater  than  that  of  the  stove  furnace ;  so  that,  taking  into  view  the 
smaller  quantity  of  fuel  which  the  fan  requires,  the  advantage  in  ventflation,  in  fever 
of  the  fan,  in  the  enormous  ratio  of  120  to  1,  at  the  lowest  estimate.  The  said  slof^ 
In  the  attic,  seems  to  me  to  be  not  only  futile,  but  dangerous.  It  is  a  huge  rectangidar 
cast-iron  chest,  having  a  large  hopper  in  front,  kept  full  of  coals,  and  it  is  eontraded 
above  into  a  round  pipe,  which  discharges  the  burnt  air  and  smoke  into  a  aeries  of  hori- 
zontal pipes  of  cast-iron,  about  4  inches  diameter,  which  traverse  the  room  under  the 
ceiling,  aad  terminate  in  a  brick  chimney.  In  consequence  of  this  obstruction,  the 
draught  through  the  furnace  is  so  feeble,  that  no  rush  of  air  can  be  perceived  in  its  ash- 
pit, even  when  this  is  contracted  to  an  area  of  6  inches  square :  nay,  when  the  ash-pit 
was  momentarily  luted  with  bricks  and  clay,  and  the  tube  of  the  differential  barometer 
was  introduced  a  little  way  under  the  grate,  the  level  of  the  oil  and  water  syphon  in  that 
instrument  was  displaced  by  no  more  than  one  tenth  of  an  inch,  which  is  only  one  hun- 
dredth of  an  inch  of  water — a  most  impotent  effect  under  a  daily  consumption  of  3  cwt. 
of  coals.  In  fact,  this  stove  may  be  fitly  styled  an  ineendiarif  coal-devomrer,  as  it  has 
already  set  fire  to  the  house ;  and  though  now  laid  upon  a  new  floor  of  iron  ralien  and 
■tone  flags,  it  still  offers  so  much  danger  from  its  outlet  iron  pipes,  should  they  beoooe 
ignited  from  the  combustioa  of  charcoal  deposited  in  them,  that  I  think  no  preminm  of 
i«sncanee  adequate  to  cover  the  imminent  tiak  of  fire.  The  stove  being,  therefore, « 
■nperflnous  and  dangerous  nuisance,  should  be  turned  out  of  doors  as  speedily  as  pos- 
sible. Its  total  cost,  with  that  of  its  f^ow  in  the  basement  story,  can  not  be  much  less 
than  the  cost  of  the  steam-engine,  with  all  its  truly  effectual  warming  and  veatilatiag 
appurtenances. 

I  take  leave  to  observe,  that  the  system  of  heating  and  ventilating  apparatus,  eon- 
stmcted  by  Messrs.  fiaaton  and  Amos,  in  the  Reform  Club  House,  offers  one  stnking 
and  peculiar  advantage.  It  may  be  modified  at  little  expense,  so  as  to  beeoese  the  ready 
Bieans  of  introducing,  during  the  sultriest  dog-days,  refreshing  currents  of  air,  at  a  tern- 
parat«ire  of  10, 20,  30,  or  even  40  degrees  under  that  of  atmosphere.  An  apparatus  of 
this  nature,  attached  to  the  houses  of  parliament  and  courts  of  law,  would  prove  an  in- 
estimable blessing  to  our  legislators,  lawyers,  judges,  and  juries.  Of  such  cool  air  a 
▼ery  gentle  stream  would  suffice  to  make  the  most  crowded  apartments  eomfortahle, 
without  endangering  the  health  of  their  inmates  with  gusts  of  wind  throngh  the  door^ 
windows,  and  floors. 

It  is  lamentable  to  reflect  how  Uttle  has  been  done  for  the  well-being  of  the  sentient 
and  breathing  functiona  of  man  in  the  public  buildings  of  the  metoopcA,  notwithstand- 
ing our  boasted  mnrch  of  intellect,  and  diffusion  of  useful  knowledge.  Ahnost  aB  oar 
churches  are  filled  on  Simdays  with  stove-roasted  air ;  and  even  the  House  of  Commons 
has  its  atmosphere  exhausted  by  the  suction  of  a  huge  chimney-stalk,  with  a  faiwace 
equal,  it  is  ssad,  to  that  of  a  40-hone  steam-boiler.    To  gentlemen  piufed  ia  air  an 
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I,  eoiid«BMtimi  of  thought  and  teneneM  of  ezpressioa  eui  hardly  he  the  order 
«f  the  day. 

Nearly  seven  yeara  have  elapeed  since  I  endeavored  to  point  pablic  attention  to  this 
important  subject  in  the  following  terms  s  **  Onr  legislators,  when  bewailing,  not  long 
ago,  the  fate  of  their  fellow-crtatures,  doomed  to  breathe  the  polluted  air  of  a  factory, 
were  little  aWare  how  snperior  the  eystem  of  ventilation  adopted  in  many  cotton-mills 
was  io  that  emj^oyed  lor  their  own  comfort  in  either  lionse  of  parliament.  The  engi- 
neers of  Manchester  do  not,  like  those  of  the  metropolis,  trast  for  a  snffident  supply  of 
Aesh  air  into  any  crowded  haU,  to  eunrents  physically  created  in  the  atmosphere  by  the 
diAerence  of  temperature  excited  by  chirnney'^raughts,  because  they  know  them  to  be 
ineffectual  to  remove,  with  requisite  rapidity,  the  dense  carbonic  add  gas  generated  by 
many  hundred  powerful  lungs.'^  At>page  882  of  the  work  just  quoted,  there  is  an 
exact  drawiog  and  description  of  the  factory  ventilating  fan. 

On  the  6th  of  June,  1836, 1  took  occasion  again,  in  a  paper  read  before  the  Royal 
Society,  upon  the  subject  of  the  malaria  which  then  prevailed  in  the  customhouse,  to 
investigate  the  prindples  of  ventilation  by  the  fan,  and  to  -demonstrate,  by  a  numerous 
train  of  experiments,  the  great  preference  due  to  it,  as  to  effect,  economy,  and  comfort, 
over  chinmey-dnuight  ventilation.  Yet  at  this  very  time,  the  latter  most  objectionaUe 
plan  was  in  progress  of  construction,  upon  a  colossal  seale,  for  the  House  of  Commons. 
About  tile  same  period,  however,  the  late  ingenious  Mr.  Oldham,  engineer  of  the  bank 
of  England,  mounted  a  mechanical  ventilator  and  steam-chest  heater,  for  supplying  a 
copious  current  of  warm  air  to  the  rooms  of  the  engraving  and  printing  departments  of 
that  establishment*  Instead  of  a  fan,  Mr.  Oldham  employed  a  large  pump  to  force  the 
air  through  the  alternate  cells  of  his  steam-chest.  He  had  introduieed  a  similar  system 
into  the  bank  of  Ireland  about  ten  years  before,  which  is  now  in  fbll  action. 

About  two  yean  ago,  Messrs.  Easton  and  Amos  were  employed  to  ventilate  the  letter 
carriers'  and  inland  office  departments  of  the  general  post-office,  of  which  the  atmo- 
sphere was  rendered  not  only  uncomfortable  but  insalubrious,  bf  the  numerous  gas- 
lights required  there  in  tiie  evenings.  This  task  has  been  executed  to  the  entire  satis- 
iaetion  of  their  employers,  by  means  of  fans  driven  by  steam-engine  power«  The  said 
engineers  made,  about  the  same  time,  a  set  of  machinery  similar  Id  that  erected  at  the 
bank  of  England,  for  warming  and  ventilating  the  bank  of  Vienna.  They  are  justly 
entitled  to  the  credit  of  having  been  the  first  to  execute,  in  all  its  bearings,  the  system 
of  heating  and  ventilating  buildings,  having  special  respect  to  the  health  of  their  inmates, 
which  I  urged  upon  the  public  mind  many  years  ago. 

As  fans  of  sufficient  size,  driven  by  steam  power  with  sufficient  velodty  to  warm  in 
winter,  and  ventilate  at  all  times,  the  most  extensive  buildings,  may  be  erected  upon  the 
principles  above  described,  without  causing  any  nuisance  from  smoke,  it  is  to  be  hoped 
that  the  chapel  <^  Henry  YII.  will  not  be  desecrated  by  having  a  laetory  Vesuvius 
reared  in  its  classical  precincts,  nod  that  the  noble  pile  of  architecture  of  the  new 
houses  of  parliament  will  not  be  disfigured  with  such  a  foul  phenomenon. 

^  The  cheering  and  bracing  action  of  cpndensed  air,  and  the  opposite  dSects  of  rarefied 
air  upon  human  beings^  formed  the  subject  of.  several  fine  physiological  experimentSy 
made  a  few  years  ago  by  M.  Junot,  and  described  by  him  in  the  ninth  volume  of  the 
jirchivtt  GeneraU$  dt  MidMcvM  :  **  When  a  person  is  placed,"  says  he,  **  in  condensed 
air,  he  breathes  with  a  new  facility  $  he  feels  as  if  the  capacity  of  his  lungs  was  enr 
larged ;  his  respirations  become  deeper  and  less  frequent ;  he  experiences,  in  the  course 
of  a  short  time,  an  agreeable  glow  in  his  chest,  as  if  the  pulmonary  eells  were  beeomiiiff 
dilated  with  an  elastic  spirit,  while  the  whole  frame  recdves.  at  each  inspiration,  fresh 
vital  impulsion.  The  functions  of  the  brain  get  excited,  the  miagination  becomes  vivid, 
and  the  ideas  fiow  with  a  delightful  facility ;  digestion  is  rendered  more  active,  as  after 
gentle  exercise  in  the  air,  because  the  secretory  organs  partidpate  inunediately  in  the 
increased  energy  of  the  arterial  systemrand  there  is  therefore  no  thirst.'^ 

In  rarefied  air  the  effects  on  the  living  functions  are  just  the  reverse.  The  breathing 
is  difficult,  feeble,  frequent,  and  terminates  in  am  asthmatic  paroxysm ;  the  pulse  is  quick 
and  most  compresdble  $  hcsmorrhages  oflen  occur,  with  a  teadency  to  fainting  $  the 
secretions  are  scanty  or  totally  suppressed,  and  at  length  apathy  supervenes* 

These  striking  results  obtained  on  one  individual  at  a  time,  with  a  small  experimental 
apparatus,  have  been  recently  reproduced,  on  a  working  scale,  with  many  persons  at 
once  endosed  in  a  mining-shaft,  encased  with  strong  tubbing,  fonned  of  a  series  of 
large  sheet-iron  cylinders,  riveted  together,  ud  sunk  to  a  great  depth  through  the  bed 
of  the  river  Loire,  near  Langnin.  The  8S«uns  of  coal,  in  this  district  of  France,  lie 
under  a  stratum  of  quicksand,  from  18  to  20  metres  thick  (20  to  22  yards),  and  they 
had  been  found  to  be  iaaecesslble  by  all  the  ordinary  modes  of  mining  previously  prae- 
lised.    The  obstacle  had  been  regarded  to  be  so  pafecdy  insurmaiutaUe,  that  every' 
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pftttion  of  the  gmt  fioiupbiaitt,  that  ext«ad«  uate  these  aUavkl  dspmiUs,  the«gh  wcfl 

known  for  centuries,  had  remained  untouched.  To  endeavor,  hy  the  usual  woildiigi, 
to  peaetrate  through  these  sezni^fluid  quleluands,  which  eonuauiieate  with  the  watcfs 
of  the  Loire,  was,  in  fact^  nothi^  Jess  than  to  try  to  sink  s  shaft  in  that  river,  or  to 
drain  the  raver  itself.  But  this  difficulty  has  been  smscessfoUy  grappled  with,  thro«fh 
the  resources  of  sdeace,  boldly  applied  by  M.  Triger,  an  able  civil  cagiaecr. 

By  means  of  the  above  frame  of  iroa  tubbing,  furnished  with  aA  air-tight  asii^ 
chamber  at  its  top,  he  has  contrived  to  keep  his  workmea  immeised  ia  mit,  sufficieat^ 
condensed  by  forcing-pumps,  to  repel  the  water  from  the  bottom  of  thf  iron  cylimkii^ 
and  thereby  to  enable  them  to  excavate  the  .gravel  and  stones  to  a  great  depth*  The 
compartment  at  top  has  a  man-hole  door  in  its  cover,. and  another  in  its  flMr.  Tht 
men,  aAer  being  introduced  into  it,  shut  the  door  over  their  heads,  and  them  tnrm  the 
stop-cock  upon  a  pipe,  in  connexioii  with  the  condensed  air  in  the  under  shaA.  An 
equilibrium  of  pressure  is  soon  established  in  the  ante-chamber,  by  the  influx  of  the 
dense  air  from  below,  wherehy  the  man-hole  door  in  the  floor  B»y  be  readily  opened 
to  allow  the  men  to  descend.  Here  they  work  in  aii^  niaintaiaed  at  a  presanre  of  Arce 
atmospheres,  by  the  incessant  action  of  leathern-valved  pumps,  driven  by  a  steam-ttginb 
While  the  dense  air  thus  drives  the  waters  of  the  quicksand,  communicating  arith  the 
Jjoire,  out  of  the  shaA»  it  infuses  at  the  same  time  auch  eaeigy  into  the  minen,  that 
tibey  can  easily  excavate  double  the  work  without  iatigue  whidi  they  could  do  in  the 
9pen  air.  Upon  many  of  them  the  first  sensations  are  painful,  especially  upon  the  can 
and  eyes,  hut  ere  ^ng  they  get  quite  secoaciled  to  the  bracing  element.  Old  asihmatir 
men  become  here  eflective  operatives  $  deaf  persons  recover  their  hearing^  while  ochcn 
are  sensible  to  the  slightest  whisper.  The  latter  phenomenon  proeeeds  Irom  the  stranger 
pulses  of  the  dense  air  upon  the  membrane  oi  the  drum  of  the  ear. 

Much  annoyance  was  at  first  experienced  from  the  rapid  combustion  of  the  cnadlesy 
but  this  was  obviated  by  the  substitution  of  flax  for  cotton  thread  in  the  wicks.  The 
temperature  of  the  air  is  raised  a  few  degrees  by  the  condensation. 

Men  who  descend  to  considerate  depths  in  diving-bells,  experience  an  angmentntiMi 
of  muscular  eneigy,  similar  to  that  above  described.    They  ihereby  acquire  the  po 
of  bending  over  &eif  knees  stroag  bcuoi  of  iron,  which  they  would  find  quite  i 
by  their  utmost  efibrts  when  dnwn  up  to  the  surface. 

These  curious  facts  clearly  illustrate  and  stroagly  enforce  the  propriety  of  TenlilntiBg 
apartments  by  means  of  condensed  air,  and  not  by  air  rarefied  with  large  chimney- 
draughts,  as  has  been  hitherto  most  iujudiciously,  wasteftilly,  and  filthily  done,  in  too 
many  cases. 

VERMICELLI  is  made  with  most  advantage  from  the  floor  of  southern  coontriesi 
which  is  richest  in  gluten.  It  may  also  be  made  from  our  ordinary  flour,  provided  an 
addition  of  gluten  be  made  to  the  flour  paste.  Vermicelli  prepared  from  ordinary  flow 
IS  apt  to  melt  into  a  paste  when  boiled  in  soups.  It  may,  however,  be  well 
economically  by  the  following  prescription  ^— 

Vermicelli  or  Naples  flour  •  •>  -  -  -    SI  lbs. 

White  potato  flour  -  -  -  -  •  -14  — 

Boiling  water      -  -  -  -  -  •  -12  — 

Total  -  *  .  -    47  lbs. 


Affording  45  lbs.  of  dough,  and  30  of  dry  vermicellL    With  gluten,  made  from  eommon 
flour,  the  proportions  — 


Flour  as  above  -  ^  •  -  •  -    9Q  lbs. 

Fresh  gluten        .-  •  •  .  -  .10  — 

Water     ..  -  •  ♦  -  •  -  .7—. 


Total  -  -  .  -    471he. 

Affording  30  lbs.  of  dry  vecmieelli  or  macaroni* 


W. 

WATERS,  MINERAL.  The  foUowhig  tables  exhibit  tbie  nature  and  cuapowiion 
of  the  SDoet  edebratad  miacral  waters  of  Germany,  aeeoiding  to  the  be«t  analyses.  TIm 
symbol  N  denotes  nitrogen  or  azote;  O,  oxygen;  CO",  carbonic  acid ;  SH,  sulphnretled 
hydrogen.    Therms  f  eenl«  scale ;  if  Aot|  R.  for  Reaumur. 
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WHALEBOl^ 


WEAVINO  OF  HAIR  CLOTH.  In  •ddition  to  Um  doeripliDD  of 
under  *  Hair*'  in  the  Dietionary,  I  ahall  give  here  •  tboii  notice  of  the  bef 
•hattle  Ant  wenving  hair.,    fig.  !??>  ihe>w-in  pinn  A,  and  in  kwigitudinal 


of 


shuttle  which  differs  frsm  that  of  the  ocxmmon  doth  vsnver  oirif  in  «ol 
enclosed  in  the  body  of  tha  box«>woad,  hat  merely  an  iron  tiap  a^  vhich  tnnia  in  the 
middle  upon  the  pin  6.  This  trap-piece  is  pressed  np  at  the  one  end,  by  the  action  of 
the  spring  c,  so  as  to  bear  with  its  other  end  upon  the  cleft  c^  the  iron  plate  dy  which 
is  intenddl  to  hold  fast  the  ends  of  the  hair-weA :  d  and  c  together  are  called  the  jaw 
or  moiUh,  whence  the  popular  name  of  tiiis  shuttle.  The  woiloDHn  opens  this  jaw 
by  the  pressure  of  his  thumb  upon  the  spriug  end  of  the  tnp  a,  introdnces  with  the 
other  hand  one  or  more  hairs  (according  to  the  description  of  hair  ^th)  into  the 
mouth,  and  removing  his  thumb,  lets  ^e  hair  be  seized  \^  the  force  of  ^e  spring. 
The  hairs  having  one  end  thus  made  fast  are  passed  acrots  the  warp  by  the  pnaange  of 
the  shujttle,  whidi  is  received  at  the  other  end  by  the  weaver's  left  hand.  The  faction 
rollers,  x,  Xy  are  like  those  of  fly-shuttles,  but  are  used  merely  for  eonvenieace,  as  the 
shuttle  can  not  be  thrown  swiftly  from  side  to  side.  The  hand  which  reeeives  die 
shuttle  opens  at  the  same  time  the  trap,  in  order  to  insert  another  hair,  after  the 
preceding  has  been  drawn  through  the  warp  on  both  sides  and  secvred  to  the  list. 
A  child  attends  to  count  and  stretch  the  hairs.  This  assistant  may,  however,  be  dis- 
pensed with  by  means  of  the  following  implement,  represented  in  fig.  178^  C,  C,  is 
the  view  of  it  from  above^  or  the  plan ;  D,  is  a  side  view ;  £,  a  longitodinal  sectioa, 
and  F,  an  oblique  section  across.  The  chief  part  consists  in  a  wooden  groove,  or 
chamfered  slip  of  wood,  open  above,  and  rounded  on  the  sides.  It  is  about  twenty-one 
inches  in  length,  about  as  long  nearly  as  the  web  is  broad,  therefore  a  little  shorter 
than  the  borse-hairs  inserted  in  it,  which  project  about  an  inch  beyond  it  at  each  end. 
They  are  therein  pressed  by  elastic  slips  e,  of  Indian  rubber,  so  that  the  others 
remain,  when  one  or  more  are  drawn  out  by  the  ends.  Xho  enda  of  the  grooTci  are 
flat  where  the  Indian  richer  spring  exerts  its  pressure^  as  shown  by  the  dotted  line  at 
F.  The  spring  is  formed  by  cottine  out  a  double  piece  from  the  curvature  of  the  neck 
of  a  caoutchouc  bottle  or  flask,  fastening  the  one  end  of  the  piece  by  a  wire  staple  in 
the  groove  of  the  shuttle,  whereby  the  other  end,  which  alone  can  yield,  presses  upon 
the  inlaid  hairs.  Wire  staple  like/  <iB  the  section  £)  are  passed  obliqu^  throng 
two  places  ofthe  groove  or  gutter,  to  present  the  hairs  m>m  springing  np  in  the  middle 
of  the  shuttle,  which  is  suitably  charged  with  them.  The  workman  shoves  the  tool 
across  the  opened  warp  with  the  one  hand,  seizes  with  the  other  the  requisite  number 
of  hairs  by  the  projecting  ends,  and  holds  them  fast,  while  he  draws  the  shuttle  onee 
more  through  the  warp.  The  remaining  hairs  are  retained  in  the  groove  by  the  spnags, 
and  only  those  for  the  single  decussation  remain  in  the  web,  to  be  seevred  to  the  Ust 
on  either  side.  A  weaver  with  this  tool  can  turn  out  a  double  length^ doth  of  wbst 
he  could  do  with  the  mouth-shuttle. 

WHALEBONE.  A  patent  was  granted  to  Mr.  Laurence  Kortright  in  March,  1S41, 
for  improvements  in  the  treatment  of  whalebone,  which  consist  in  compreMin|  the 
strips  in  width  to  increase  their  thickness,  so  as  to  render  the  material  api^canfe  flir 
forming  walking-sticks,  whip  handles,  parasol  and  umbreOa  sticks,  lamrodsy  arthcry 
bows,  Am.  He  aeaoiaplishee  4hia  pnrposa  by  bending  the  strips  togetfier,  introdneing 
them  into  a  steam  chest,  thereby  softening  them,  and  in  that  state  compiessiqg  thcmialo 
a  compact  mass  by  appropriate  machinery  \  for  a  dencriptloa,  with  Hgwa^  of  whid^ 
sea  Newtoie*  Horniia^  C.  S.  xxU  444. 


WHITE  LEAD.  tti 

WHITE  LEAD.  Mr.  nomas  Riehardaon  cf  KewcatOc,  one  of  the  moat  dit- 
liiigttished  chemista  of  Liebig's  school,  obtained  a  pateal  in  December,  1839^  for  a 
preparation  of  sulphate  of  lead,  applicable  to  some  of  the  purposes  to  ^riiich  the  car- 
bonate is  applied.  His  plan  is  to  put  66  pounds  of  flake  lithai^  into  a  tub,  to  mix  it 
with  one  pound  of  aeetic  aoid(and  water)  of  specific  graTity  1*046,  and  to  agitate  the  mix- 
ture till  the  oxide  of  lead  becomes  an  acetate.  But  whenever  this  change  is  partially  ef- 
fected, he  pours  into  the  tub,  through  a  pipe,  sulphuric  acid  of  specific  gravity  1*5976,  at 
the  rate  of  about  1  pound  per  minute,  until  a  sufficient  quantity  of  sulphuric  acid  has 
been  added  to  convert  all  the  lead  into  a  sulphate;  being  about  SO  parts  of  add  to  112 
of  the  lithltife.  The  sulphate  is  afterward  washed  and  dried  in  stoves  for  the  market. 
I  have  exanuaed  the  partides  of  this  white  lead  with  a  good  achromatic  microscope, 
and  found  them  to  be  semi-crystalline,  and  semi-tranaparent,  like  all  the  varieties  of 
carbonate  precipitated  from  saline  solutions  of  the  metal. 

Mr.  Leigby  surgeon  in  Manchester,  prepares  his  patent  white  lead,  by  precipitating 
n  carbonate  from  a  solution  of  the  ehloride  of  the  metal  by  means  of  carbonate  of 
ammonia.  On  this  process,  in  a  commercial  point  of  view,  no  remarks  need  be  nmde. 
In  Liebig  and  Woehler's  Annalen  for  May,  ^843,  Chr.  Link  has  communicated  his 
investigation  of  two  sorts  of  lead,  prepared  in  the  Dutch  way,  by  the  slow  action  of 
vinegar  aad  carbonic  acid  upon  metaUie  lead,  under  the  heat  of  fermenting  horse-dung. 
The  one  sort  was  ssanufactured  by  Sprenger,  the  other  by  Klagenfnrfh  of  Krems. 
He  also  examined  3  specimens  of  the  Offenbach  white  lead.  They  all  agreed  in  com- 
position; affording  11*29  per  cent. of  carbonic  add,  end  2*23  of  water;  correspond- 
ing (o  the  formula,  2  (PbO,  C09)-(-PbO,  HfO;  that  is,  in  words,  2  atoms  of 
carbonate  of  lead  with  1  atom  of  oxide  and  1  atom  of  water— in  round  numbers, 

«hus,  2X134+112  +  9. 

Mulder  observed  specimens  of  white  lead,  of  different  atomic  proportions  of  car- 
bonate, oxide,  and  water,  from  the  above,  and  discovered  that  the  quality  improved  as 
the  carbonate  increased.  The  white  lead  by  the  Dutch  process,  as  made  by  Messrs. 
Blaekett  of  Newcastle,  is  certainly  superior  as  a  covering  oil  pigment  to  all  others. 
Its  particles  are  amorphous  and  opaque. 

A  patent  was  granted  to  Mr.  Hugh  Lee  Pattioson  in  September,  1841,  for  improvements 
in  the  manufacture  of  white  lead,  &.c.  This  invention  consists  in  dissolving  carbonate 
of  magnesia  in  water  impi'egnated  with  carbonic  acid  gas,  by  acting  upon  magncsian 
limestone,  or  other  earthy  substances  containing  magnesia  in  a  soluble  form,  or  upon 
roug^  hydrate  of  magnesia  in  the  mode  hereafter  described,  and  in  applying  this  solu- 
tion to  the  manufacture  of  magnesia  and  its  salts,  and  to  the  precipitation  of  carbonate 
of  lead  from  any  of  the  soluble  salts  of  lead,  but  particularly  the  chloride  of  lead ;  in 
which  latter  case  the  carbonate  of  lead,  so  precipitated,  is  triturated  with  a  solution  of 
caustic  potash  or  soda,  by  which  a  small  quantity  of  chloride  of  lead  contained  in  it 
is  converted  into  hydrated  oxide  of  lead,  and  the  whole  rendered  similar  in  composition 
to  the  best  white  teed  of  commerce.  The  manner  in  which  these  improvements  are 
carried  into  effect  is  thus  described  by  the  patentee :  I  take  magncsian  limestone, 
which  is  well  known  to  be  a  mixture  of  catbonate  of  lime  and  carbonate  of  magnesia, 
in  proportions  varying  at  different  localities;  and  on  this  account  I  am  careful  to 
procure  it  from  places  where  the  stone  is  rich  in  magnesia.  This  I  reduce  to  powder, 
and  sift  it  through  a  sieve  of  forty  or  fifty  apertures  to  the  linear  inch.  I  then  heat  it 
red  hot,  in  an  iron  retort  or  reverberatory  ftimace,  for  two  or  three  hours,  when,  the 
carbonic  acid  being  expelled  from  the  carbonate  of  magnesia,  but  not  from  the  car- 
bonate of  lime,  I  withdraw  the  whole  from  the  retort  or  furnace,  and  suffer  it  to  cool. 
The  magnesia  contained  in  the  limestone  is  now  soluble  in  water  impregnated  with 
carbonic  acid  gas,  and  to  dissolve  it  I  proceed  as  follows :  I  am  provided  with  sn  iron 
cylinder,  lined  with  lead,  which  may  be  of  any  convenient  sise,  say  4  feet  long  by 
2i  feet  in  diameter;  it  is  furnished  witii  a  safety-valve  and  an  agitator,  which  latter 
may  be  nn  axis  in  the  centre  of  the  cylinder,  with  arms  reaching  nearly  to  the  circum- 
ference, all  made  of  irqn  and  covered  with  lead.  The  cylinder  is  placed  horizontally, 
and  one  extremity  of  this  axis  is  supported  within  it  by  a  proper  carriage,  the  other 
extremity  being  prolonged,  and  passing  through  a  stufiing-box  at  the  other  end  of  the 
cylinder,  so  that  the  agitator  may  be  tnmed  round  by  applying  manual  or  other  power 
to  its  projecting  en^.  A  pipe,  leading  fiom  a  force-pump,  is  connected  with  the  under 
side  of  the  qyUnder,  through  which  carbonic  acid  gas  may  be  forced  ftom  a  gasometer 
in  communication  with  the  pump,  and  a  mercurial  ^uge  is  attached,  to  show  at  all 
times  the  amount  of  pressure  within  the  cylinder,  mdepcndently  of  tiie  safety-valve. 
Into  fi  cylipder  of  the  size  given  I  intrpduce  from  100  to  120  lbs.  of  the  calcined  lime- 
stone, with  a  qpantity  of  pure  water,  nearly  filling  the  cylinder ;  I  then  pump  in  car- 
bonic acid  gas,  constantly  turning  the  agitator,  and  forcing  in  more  and  more  gas,  till 
absorption  ceases,  under  a  pressure  of  five  atmospheres,  i  suffer  it  to  stand  in  this 
eondition  three  or  four  hours,  and  then  run  off  the  contents  of  the  cylinder  into  a 
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cistern,  and  tilow  it  to  settle.  The  clear  liquor  is  now  a  solution  of  caxtonate  <m 
magnesia  in  water  impregnated  with  carbonic  acid  gas,  or,  as  I  shall  hereafter  call  it, 
a  solution  of  bicarbonate  of  magnesia,  baring  a  specific  grayity  of  about  1*028,  ami 
contaioing  abont  1,600  grains  of  carbonate  of  magnesia  to  the  imperial  galkm. 

I  consider  it  the  best  mode  of  obtaining  a  solution  of  bicarbonate  of  magnesia  (no 
magnesian  limestone,  to  operate  upon  the*  limestone  after  being  calcined  at  a  red  heal 
in  the  way  described ;  but  the  process  may  be  varied  by  using  in  the  cylinder  the 
mixed  hydrates  of  lime  and  magnesia,  obtained  by  completely  burning  maeaesiaa 
limestone  in  a  kiln,  as  commonly  practiaed,  and  slaking  it  with  water  in  the  asoal 
manner ;  or,  to  lessen  the  expenditure  of  carbonic  acid  gas,  the  mixed  hydrates  may 
be  exposed  to  the  air  a  few  weeks  till  the  lime  has  become  less  caustic  by  the  absorp- 
tion of  carbonic  acid  from  the  atmosphere.  Or  the  mixed  hydrates  may  be  treated 
with  water,  as  practised  by  some  manufacturers  of  Epsom  salts,  till  the  lime  is  wboOy 
or  principally  removed ;  after  which  the  residual  rough  hydrate  of  magnesia  may  be 
acted  upon  in  the  cylinder,  as  described;  or  hydrate  of  magnesia  may  be  prepared  for 
solution  in  the  cylinder,  by  dissolving  magnesian  limestone  in  hydrochlonc  add,  and 
treating  the  solution,  or  a  solution  of  chloride  of  magnesium,  obtained  from  sea-water 
by  salt-makers  in  the  form  of  bittern,  with  its  equivalent  quantity  <^  hydrate  of  line,  or 
of  the  mixed  hydrates  of  lime  and  magnesia,  obtained  by  completely  burning  magnesiaa 
limestone,  and  slaking  it  as  above.  When  I  use  this  solution  of  bicarbonate  of  magnesia 
for  the  purpose  of  preparing  magnesia  and  its  salts,  I  evaporate  it  to  dryness,  by  which  a 
pure  carbonate  of  magnesia  is  at  once  obtained,  without  the  necessity  of  using  a  carbonated 
alkali,  as  in  the  old  process ;  and  from  this  I  prepare  pure  magnesia  by  calcination  in  the 
usual  manner ;  or,  instead  of  boiling  to  dryness,  I  merely  heat  the  solution  ibr  some  tinw 
to  the  boiling  point,  by  which  the  excess  of  carbonic  acid  is  partly  driven  off,  and  pnic 
carbonate  of  magnesia  is  precipitated,  which  may  then  be  collected,  and  dried  in  the 
same  way  as  if  precipitated  by  a  carbonated  alkali.  If  I  require  sulphate  of  magnesia, 
I  neutraJize  the  solution  of  bicarbonate  of  magnesia  with  sulphuric  acid,  boil  dowa, 
and  crystallize;  or  I  mL\  the  solution  with  its  equivalent  quantity  of  sulphate  of  iroa, 
dissolved  in  water,  heated  to  the  boiling  point,  and  then  suffer  the  precipitated  car- 
bonate of  iron  to  subside;  after  which  I  decant  the  clear  solution  of  sulphate  of  mag- 
nesia, boil  down,  and  crj'stnllize  as  before.  When  using  this  solution  of  bicarbonate 
of  magnesia  for  the  purpose  of  preparing  carbonate  of  lead,  I  make  a  saturated  solatioa 
of  chloride  of  lead  in  water,  which,  at  the  temperature  of  50°  or  60°  Fahr.,  has  a  speciS': 
gravity  of  about  1*008,  and  consists  of  1  part  of  chloride  of  lead  dissolved  in  126  parts 
of  water.  I  then  mix  the  two  solutions  together,  when  carbonate  of  lead  is  imme- 
diately precipitated ;  but  in  this  operation  I  find  it  necessary  to  use  certain  precautions, 
otherwise  a  considerable  quantity  of  chloride  of  lead  is  carried  down  along  with  the 
carbonate.  These  precautions  are,  first,  to  use  an  excess  of  the  solution  oT  magnesia, 
and  secondly,  to  mix  the  two  solutions  together  as  rapidly  as  possible.  As  to  the 
first,  when  using  a  magnesian  solution,  containing  1,600  grs.  of  carbonate  of  magnesia 
per  imperial  gallon,  with  a  solution  of  chloride  of  lead  saturated  at  55°  or  6(P  Fahr., 
1  measure  of  the  former  to  8^  of  the  latter  is  a  proper  proportion ;  in  which  case  there 
is  an  excess  of  carbonate  of  magnesia  entployed,  amounting  to  about  an  eighth  of  the 
total  quantity  contained  in  the  solution.  When  either  one  or  both  the  solutions  vary 
in  strength,  the  proportions  in  which  they  are  to  be  mixed  must  be  determined  by 
preliminary  trials.  It  is  not,  however,  necessary  to  be  very  exact,  provided  there  is 
always  an  excess  of  carbonate  of  magnesia  amounting  to  from  one  eighth  to  one 
twelfth  of  the  total  quantity  employed.  If  the  excess  is  greater  than  one  eighth  no 
injury  will  result  except  the  unnecessar}'  expenditure  of  the  magnesian  wlatioa. 
As  to  the  second  precaution,  of  mixing  the  two  solutions  rapidly  together,  it  may  be 
accomplished  variously;  but  I  have  found  it  a  good  method  to  run  tbem  in  two 
streams,  properly  regulated  in  quantity,  into  a  small  cistern  in  which  they  are  to  be 
rapidly  blended  together  by  brisk  stirring,  before  passing  out,  through  a  hole  in  the 
bottom,  to  a  large  cistern  or  tank,  where  the  precipitate  finally  settles.  The  pre- 
cipitate thus  obtained  is  to  be  collected,  washed  and  dried  in  the  usual  manner. 
It  is  a  carbonate  of  lead,  very  nearly  pure,  and  suitable  for  most  purposes;  bat  it 
always  contains  a  small  portion  of  chloride  of  lead,  seldom  less  than  from  1  to  2 
per  cent.,  the  presence  of  which,  even  in  so  small  a  quantity,  is  somewhat  injurioos 
to  the  color  and  body  of  the  white  lead.  I  decompose  this  chloride,  and  convert 
it  into  a  hydrated  oxide  of  lead  by  grinding  the  dry  precipitate  with  a  solatioa 
of  caustic  alkali,  in  a  mill  similar  to  the  ordinary  mill  used  in  grinding  white 
lead  with  oil,  adding  just  so  much  of  the  ley  as  may  be  required  to  convert  the  pre- 
cipitate into  a  soft  paste.  I  allow  this  paste  to  lie  a  few  days,  after  which,  the  chloride 
of  lead  being  entirely,  or  almost  entirely  decomposed,  I  wash  out  the  alkaline  chloride 
formed  by  the  reaction,  and  obtain  a  white  lead,  similar  in  composition  to  the  best 
white  lead  of  commerce.    I  prepare  the  caustic  alkaline  ley  by  boiling  together^  in  a 
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teftden  vesael,  for  m  hour  or  two,  1  part  by  weight  of  dry  aad  reeently-«I«ked  lime,  2 
parts  of  crystallised  carbonate  of  soda  (which,  being  cheaper  than  carbonate  of  potash, 
I  prefer)  and  8  parts  of  water.  The  clear  and  colorless  caustic  lie,  obtained  aAer  sub- 
sidence, will  have  a  specific  gravity  of  about  1*090,  and,  when  drawn  off  from  the  pedi- 
ment, must  be  kept  in  a  close  vessel  for  use. 

WINES.  In  a  case  tried  before  the  court  of  exchequer,  at  the  instance  of  the  board 
of  customn,  in  December,  1B43,  of  an  attempt  to  obtain  the  drawback  upon  a  large 
quantity  of  damaged  claret  offered  forexportation,  I  had  observed,  in  my  examination 
of  the  wine,  that  on  the  addition  to  it  of  water  of  ammonia  to  super-saturate  its  acid- 
ity, a  large  flocculent  prr'cipitate  of  decomposed  gluten  fell,  and  the  supernatant  liquor 
lost  its  ruby  color,  and  became  yellow-brown.  I  have  tried  sound  samples  of  genuine 
elaret..  very  old,  as  well  as  new,  by  the  same  test,  and  I  have  found  the  ruby  color  to 
remain  but  little  impaired;  contrary  to  the  allegation  of  the  cl^emist  of  the  defendants 
in  the  lawsuit.  The  wine  was  declared  by  the  verdict  of  a  jury  and  the  decision  of 
the  judge,  to  be  unworthy  of  being  admitted  for  drawback,  and  therefore  forfeited  to 
the  crown. 

WINES,  BRITISH,  are  made  either  from  infusions  of  dried  grapes  (raisins)  or  from 
the  juices  of  native  fruits,  properly  fermented.  These  wines  are  called  sweets  in  the 
language  of  the  excise,  under  whose  superintendence  they  were  placed  till  1834,  when 
the  duties  upon  them  were  repealed  as  onerous  to  the  trade  and  unproductive  to  the 
revenue.  The  raisins  called  Lexias  are  said  to  produce  a  dry  flavored  wine ;  the  De- 
nies a  sweet  wine ;  the  black  Smymas  a  strong-bodied  wine,  and  the  red  Smymas  and 
Valencias  a  rich  and  full  wine.  The  early  spring  months  are  the  fittest  time  for  the 
wine  manufacture.  The  masses  of  raisins,  on  being  taken  out  of  the  packages,  are 
either  beaten  with  mallets  or  crushed  between  rollers  in  order  to  loosen  them,  and  are 
then  steeped  in  water  in  large  vats,  between  a  perforated  board  at  bottom  and  another 
at  top.  The  water  being  after  some  time  drawn  off  the  swollen  and  softened  fruit,  pres- 
sure is  applied  to  the  upper  board  to  extract  all  the  soluble  sweet  matter,  which  passes 
down  through  the  false  bottom,  and  flows  off  by  an  appropriate  pipe  into  fermenting 
tuns.  The  residuary  fruit  is  infused  with  additional  water,  and  then  squeezed ;  a  pro- 
cess which  is  repeated  till  all  the  sweets  are  drained  off,  alter  which  the  "  rape"  is 
subjected  to  severe  pressure  in  a  screw  or  hydraulic  press.  The  wine,  in  the  process 
of  the  vinous  fermentation,  is  occasionally  passed  through  a  great  body  of  the  rape  to 
improve  its  flavor,  and  also  to  modify  the  fermentative  action  {  it  is  afterward  set  to 
ripen  in  casks,  clarified  by  being  repeatedly  racked  off,  and  fined  with  isinglass. 

WOOD  PAVING.  Among  the  numerous  illustrations  of  the  durability  and  resist- 
ance of  wood  paving,  reference  may  be  made  to  the  specimens  :— 

Yrs.  Mths. 
At  Whitehall,  1093  yards,  laid  in  December,  1839    •  -  -  .34 

In  Fore  Street,  521  yards,  laid  in  October,  1840       -  -  -  -    2       6 

ITnder  the  arch  in  Scotland  Yard,  54  yards  (8  feet  wide),  laid  in  Oct.,  1841      1       6 

The  first,  in  every  respect  a  perfect  piece  of  pavement,  has  been  more  than  3  yean 
subjected  to  a  constant  traffic,  including  the  utmost  amount  of  percussion  from  ve- 
locity, and  the  extremest  V^^sure  from  the  ponderous  engines  which  have  been  trans- 
I)orted  over  its  surface.  Scarce  less  may  be  said  of  that  in  Fore  street,  while  the  spe- 
cimen in  Scotland  Yard  has  successfully  withstood  at  least  a  like  amount  of  pressure, 
the  tmfiic  fVom  the  wharfs  in  Great  Scotland  Yard  being  no  less  than  78,000  tons  per 
annum  ;  the  passage,  narrowed  within  the  limit  of  a  single  carriage  line,  exposing  the 
wood  to  the  most  critical  test  of  resistance. 

Slipperyness  is  not  a  natural  defect  in  wood  paving.  The  accumulations  on .  wood 
pavement  are  drawn  from  the  proximate  areas  of  granite  and  macadam.  In  granite  the 
miperfect  structure  admits  of  the  constant  oozing  of  dust  and  filth  ;  in  macadam  the 
surface  is  always  wearing  into  dirt  and  slop.  In  dry,  hot,  or  cold  weather,  the  stone- 
paved  streets  of  London  are  proverbially  as  slippery  as  glass,  while  slipperyness  on 
wood  pavement  may  be  altogether  obviated  by  cleanliness ;  and  that  mny  now  be  ensured 
by  the  use  of  Whitworth's  cleansing  machine,  which  has  already  been  successfully  tried 
IB  some  of  the  principal  streets — thanks  to  the  commissioners  of  woods  and  forests. 

It  is  impossible  not  to  perceive  the  great  amount  of  suffering  and  loss  that  may  be 
saved  in  horses  by  the  wood  pavement.  Cabmen  and  omnibus  drivers  assure  us  that, 
in  the  winter  season,  for  a  month  or  two  only,  there  is  any  serious  cause  for  complain^ 
and  then  there  is  as  much  or  more  danger  on  other  pavements ;  whereas,  during 
the  summer  months,  the  advantages  of  wood  over  aU  other  pavements  is  immense ;  the 
great  mortality  of  horses  in  the  streets  of  London,  from  over-driving  during  the  hot 
weather,  is  well  known ;  so  far  as  wood  is  concerned,  the  reduction  of  effort  must  n^ 
decrease  the  destruction  in  a  greater  ratio  than  even  5  to  2. 
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WOOD-MEfl^nmn}.  Sfr.  BMhdl^  inTwtito  eoniste  te  tonBeMi'iH  ««i 
tiuroaghotft  #itli  oil  bf  ter  Hikd  other  WtvmSBow  iiwtlei«,  iWHttihrng  eiwiimj  ni  di» 
With  pyroligiiite  of  irM,  iHd^  hiddi  more  creosote  in  sohttmi  thea  ay  other  viisf 
liieiutraniii. 

The  wood  is  put  in  a  close  iron  tank,  like  n  high-^pieseoie  item-Mlcr,  which  is  tha 
dosed  and  filled  With  the  Ur  oO  or  pytolignite.  The  «ir  i«  then  fwrhnnHfd  hf  vr- 
pnmpsy  and  aftem^arS  jttore  6i]  or  pyrofignite  is  forced  in  bf  hydrottntie  p«]nps,iam  a 
pressure  eqaal  to  fhmi  100  to  160  pounds  to  the  inch  is  ohinined.  This  pnssuc  is 
kept  up  by  the  frequent  working  of  the  pmnps  dunng  six  or  eeyen  homsy  whochf  Ihs 
wood  becomes  thoroughly  saturated  with  the  tat  cAI,  or  the  pfre^gmi^  of  issB,  ani 
will  be  found  to  #eigh  ftom  8  to  12  pounds  per  enbe  foot  hcvfifcr  than  htSdn. 

In  a  large  tank,  like  one  of  those  used  on  the  Bristol  and  Eteter  nihray,  80  kaii 
of  timber  per  day  can  b^  preptuvd. 

The  effect  produced  is  that  of  perfectly  coagulating  tiie  albvmen  in  Uie  sap»  thns  prs- 
renting  its  putrefaction.  For  wood  that  will  be  much  exposed  to  the  weather^  and  al- 
ternately wet  and  dry,  the  mere  coagulation  of  the  sap  is  not  sufficient ;  for  slthsagfc 
the  albumen  toutained  in  the  sap  of  the  wood  is  the  merit  liaUe  alid  the  fint  to  pi- 
trefy,  yet  the  ligneous  fibre  itseM*)  after  it  has  been  deprived  of  M  snp^  will,  when  a- 
posed  in  a  warm  damp  situatioif,  rot  and  ommble  into  dust.  To  presenre  wood,  there* 
fore,  that  will  be  inuch  exposed  to  the  weather,  it  is  not  only  necessary  that  ^c  sap 
should  be  coagulated,  but  that  the  fibres  ehould  be  protected  frcMS  meiatorey  which  m 
efifectually  done  by  this  process. 

The  atmospheric  nction  on  wood  thus  prepared  renden  it  tougher,  and  iafinilelr 
stronger.  A  post  made  of  beech,  or  eren  of  Scotch  fir,  is  rendered  more  dnraUe,  anl 
as  strong  as  one  made  of  the  best  oak ;  the  bittminons  mixture  with  which  all  its  pora 
are  filled  acting  as  a  ceinent  to  Mnd  the  fibres  together  in  a  elooe  towth  maas^  and  the 
more  porous  the  Wood  is,  the  more  durable  and  tough  it  beeomes>  as  it  imtabes  a 
greater  quantity  of  the  bituminous  oil,  which  is  proved  by  its  increased  weight.  Thi 
materials  which  are  injected  preserve  iron  and  metnls  from  eorrosion ;  and  an  iroa  bok 
driven  into  wood  so  saturated,  remains  peri^ctly  sound  and  free  fran  msL  It  aks 
resists  the  attack  of  insects  t  and  it  has  been  proved  by  Mr.  Pritchard,  at  ShnrehaBHsr- 
bor,  that  the  Uredo  navalU,  or  naval  worm,  wiH  not  touch  it. 

Wood  thus  prepared  for  sleepers,  piles,  post,  fencing,  &c*,  is  not  at  aU  affcded  If 
alternate  exposure  to  wet  and  dry ;  it  requires  no  painting,  and  after  it  has  been  cx> 
posed  to  the  air  for  sotae  days  it  loses  every  unpleasant  smell. 

This  process  has  been  adopted  by  the  following  eminent  engineers,  viz. :  Mr.  Roheft 
Stephenson,  Mr.  Brunei,  Mr.  Bidder,  Mr.  Brathwaite,  Mr.  Buck,  Mr.  Kanisy  Mr.  Wick- 
stead,  Mr.  Pritchard,  and  others ;  and  has  been  used  with  the  greatest  sneceas  on  the 
Great  Western  railway,  the  Bristol  and  Exeter  raflway,  the  Mafichester  and  Bniag* 
ham  railway,  the  North  Eastern,  tiie  South  Eastern,  the  Stockton  and  BailiagtoB,  sni 
at  Shoreham  Harbor  $  and  lately,  in  consequenee  of  the  exedlent  appearance  of  the 
prepaeed  sleepers,  after  three  years'  exposure  to  the  weather,  an  order  has  been  issaed 
oy  Mr.  Robert  Stephenson,  that  the  sleepers  hereafter  to  be  used  on  the  London  and  Bir« 
ninirham  railway  are  to  be  prepared  with  it  before  being  put  down. 

llie  expense  of  preparing  the  wood  curies  from  10«.  to  16s.  per  load,  aeeordiag  ts 
fcitnation,  and  the  distance  from  the  manufactories  where  the  material  Is  made. 

Mr.  Bethell  supplies  the  materihl  at  a  low  price  from  his  manufnctories,  dthcr  at 
Ifine  Elms,  Vauxhallj  Bow  Common ;  or  Birmingham ;  and  parties  prqiare  the  tinher 
themselves. 

For  railway  sleepers  it  is  highly  useful,  as  the  commonest  Scotch  fir  sleeper,  when 
thus  prepared,  will  last  for  centuries.  Those  which  have  been  in  use  3  yean  ud  up- 
ward, look  much  better  now  than  when  first  laid  down,  having  become  haider,  msR 
consolidated,  and  perfeetfy  wuterpreof;  which  qualities,  combined  with  thai  a  pcr- 
fbctlv  resisting  this  worm,  reader  this  process  eminenUy  useful  for  piles,  and  all  other 
woodworic  placed  under  wnter.  Posts  for  gates  or  fencing,  if  preRared  in  this  manner 
may  be  made  of  Scotch  fir,  Or  the  cheapbst  wood  thnt  can  be  obtained,  and  wiO  not  de- 
cay like  oak  posts,  whieh  invarinibly  beoome  rotten  Hoar  the  earth  after  a  few  yeais. 

Y. 

Y£AST,  ARTIFICIAL.  Mix  two  parts,  by  W^ht,  ef  the  fine  fiOnr  ^  pale 
barley  malt  with  one  part  of  wlieal  flour.  S^  80  pounds  of  thm  nuxture  |prndn> 
nlly  into  100  quarts  of  cold  wntef,  With  a  wooden  spatulk,  tfU  it  forms  a  smooth  pafu 
Put  this  pap  into  a  copper  over  a  ihrW  fire;  stir  it  W<ell  till  the  temperature  mt  ts 
fully  155^  to  1603,  ^h^n  a  Iphrtfal  fbrmatfon  to  sujir<^  irfll  fakte  plaee,  but  this  sweet- 
ening must  not  be  pushed  too  far  j  turn  out  the  thinned  paste  into  a  flat  eookr,  aal 
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il  fttte  Hon  !•  tiHt.  JU  laMi  M  tlM  wort  iMf  Alltt  to  M^  S^ar«»  iMUttftv  H  to  « 
«iby  mad  add  'Ibr  flvery  Mqvsruof  k  1  qaait  of  good  Arotk  boer^yoMl,  which  wiU  Ihfow 
the  woit  into  bfiik  fermentation  fin  the  eonne  of  12  hosn.  Thli  rnrepontioa  will  be 
Mod  fee«l»  it  for  bnken'  tmd  brewers*  nees,  and  will  ooatinio  fi«ih  and  aetive  fiat  ^ 
daya.    It  fhontd  be  oecaoianally  atiired, 

Whea  beer  bam  haa  beeone  old  aad  flat,  but  not  eoar,  it  may  be  revived  by  mixing 
with  every  quart  of  it  a  small  potato,  boiled,  peeled,  and  mbbcd  dowa  into  a  paste. 
The  Bttztaro  is  lo  be  plaeod  in  a  warm  sitaalion,  where  it  will  speedily  ehow  its 
lahewed  activity,  by  throwing  np  n  ftoth  apon  its  surface.  It  must  be  forthwith 
Ineerporated  with  the  dough,  rar  the  purpose  of  baking  bread.  Whea  the  barm  has 
beoome  «o«r,  its  aeid  should  be  ncartrsliaed  with  a  IHtie  powdered  carbonate  of  soda, 
and  then  treated  as  ahvre,  when  it  win,  in  like  manner,  be  levived.  A  bottle  of  brisk 
smnil  beer  may  furnish  ferment  enough  to  form,  in  this  way,  a  supply  of  good  yeast  for 
a  snwll  baking. 

The  German  yeast  imported  into  this  country  in  large  quantities,  and  employed  by 
nor  baken,  ia  baldsg  eakes,  aad  other  /mcsf  bread,  is  made  by  putting  the  wiiUrh€f$ 
fane  Bxca,  Boeorvaa),  into  thick  sacks  of  liaen  or  hempen  yam,  letting  tke  liquid  part, 
or  beer,  drain  nwnyi  placing  the  drained  sacks  between  bonds,  aad  exposing  them  to 
a  gradually  iaereastng  pressare,  till  a  mass  of  a  thin  cheesy  consistence  is  obtained. 
This  cake  is  broken  into  small  pieces,  which  are  wrapped  in  separate  linen  ck>ths; 
these  parcels  are  afterward  enclosed  in  waxed  cloth,  for  exportation.  The  yeast  cake 
may  also  be  rammed  hard  into  a  pitched  cask,  which  is  to  be  closed  air-tight.  In  this 
state,  if  kept  cool,  it  may  be  preserved  active  for  a  considerable  time.  When  this  is  to 
be  used  for  beer,  the  proportion  required  should  be  mixed  with  a  quantity  of  worts  at 
60°  Fahr.,  and  the  mixture  left  for  a  little  to  work,  and  send  op  a  lively  froth ;  when 
it  is  quite  ready  for  adding  to  the  cooled  worts  in  the  fermenting  back. 

Yeast,  Patent.  Bofl  %  oances  of  bops  in  3  gallons  of  water  3  hours  {  strain  it  off, 
and  let  it  stond  10  minutes  {  then  add  half  a  peck  of  ground  malt,  stir  it  well  up,  and 
cover  it  over;  return  the  hops,  and  put  the  same  quantity  of  water  to  them  again, 
boiling  them  the  same  time  as  before,  straining  it  off  to  the  first  mash ;  stir  it  up,  and 
let  it  remain  4  hours,  then  stmin  it  off,  and  set  it  to  work  at  90°,  with  3  pints  of  patent 
yenst)  let  it  ataad  about  90  honn }  take  the  scum  off  the  top,  ^nd  strnin  it  throagh 
a  hair  sievei  it  wiH  be  then  At  for  nsc.    One  pint  is  solSeient  to  make  a  bnshol 


z. 


ZCf  C.  Mr.  Kicbolas  Tronghton,  of  Swansea,  obtained  a  patent  in  May,  1830, 
for  improvements  in  the  mannfaeture  of  this  metal.  His  invention  relntes  to  the  appli- 
caiion  of  a  peculiar  apparatus  in  roasting  the  ores,  and  in  smelting  the  sine    Fig»  179, 


represents  the  section  of  a  series  of  retorts  for  calcining  sine  ores,  asranytd  and  eon- 
slmetrd  aecoidlng  to  tfm  invention.  The  retoits  sboum  in  this  figare  are  eomMsed  of 
a  «etfes  of  ire^iles  or  pttalleJogiaia  slabs,  a,  a,  a,  are  the  slabs  or  tiles,  iTldeh  con- 
atftnto  ttie  bottoms  df  the  rftarta ;  h,  ft,  are  the  slabs,  wlilch  constitirte  the  upper  snr- 
faeesiir  tops  of  the  reverts;  ande,  e,  are  slabs,  plaeedveitically,  to  produce  the  sides  of 
the  retorts.  The  bad[  ends  of  the  retorts  are  dosed  by  similar  tiles  or  slabs,  having  a 
hole  throagh  tteatfor  the  passage  of  the  vapon  errelfed  Irom  the  oresf  these  vapors 


M»  zmc. 

■ra  eokTojiBd  io  ■&;  dlnctioo  br  thellae  at  that  ead,>»l  bong  !]«••■. 
prodacU  of  eombualJOD,  msf  beseparatelT  acted  on,  ■ccordios  ■»  eillierortfac|H 
Tonner  invenliODS,  wbich  treat  oT  Ibe  separated  yufon  of  copper  ore*  ia  the  prMCM  M 
'^Icining  or  roaaliug  inch  onti  orlbeiepBraled  prndaetiof  the  ore  mar  bealknrei  W 
pass  into  the  atmosphere.  The  pileatee  states,  that  by  treating  tine  <vca  ia  IWiaaeca 
oi  retorts,  saeb  ai  are  above  deiciibed,  eoosidenble  MTing  of  fad  will  reaolt,  aad  the 
zinc  ore  will  b«  more  CTeoly  roasted  or  calcined. 

Tbe  front  ends  of  the  relortt  are  closed  bf  meaas  of  tiles  or  dooti,  hanas  a  iiaaH 
hole  or  opening  io  esdi,  Tor  the  passage  of  aUnospheric  air;  and  tbe  ludei  bb;  be 
dosed,  or  more  or  less  open,  according  t«  (he  object  required.  Tbe  leloTts  are  chuyei 
Ukroagh  (he  hoppers  abore,  which  have  proper  slides  to  close  the  opening*  iato  th« 
retorts ;  the  quanlit]'  charged  into  each  retort  betn^  sufficient  to  eover  the  ic^irer  swfaa« 
thereof  two  or  three  inches  deep.  Dniiog  the  opeiation  the  ore  mast  be  r«ked  Ih^ 
tine  to  lime,  to  change  the  surfbces,  and  the  retorts  should  be  kepi  to  *  uodetBle  icd 
heat. 

The  secoitd  part  of  tbi<  invention  relates  to  an  aiiangement  of  appantai  oc  fsmac 
for  calcining  zinc  ores,  wherein  tbeore  is  anbieeted  to  the  direct  actian  of  tbe 
of  eoinbnsiion.    Fi$.  180,  shows  a  kwgitadiiitd  aeelion  of  the  Aiinaee,  vbkk  i 


strneted  tbat  while  one  portion  of  the  tine  ore  u  being  heated  in  a  manner  sinilu  t» 
Ibe  WOTking  of  an  ordinary  calcining  sarface,  other  line  ore  is  going  thmngh  a  pe- 
paratarj  process  by  (he  heat  that  has  passed  awa;  from  the  ore  which  is  undcrgMlK 
the  completing  process  of  calcining,  Thia  furnace  may  be  heated  by  a  sepnie  fire,  W 
bom  by  blast  or  by  draught ;  or  the  Sue  frooi  the  smelling  fomace  may  be  eondncted  inU 
the  entrance  of  ihis  furnace,  and  the  otherwise  waste  heat  of  the  smeltini  fnniBee  wHI 
be  thus  brought  into  useful  application  for  calcining  or  roasting  of  zinc  ore;  aal 
Ihis  part  of  the  invention  is  applicable,  whether  it  be  applied  to  tbe  fiiraacv,  «r 
to  the  retorts  herein-before  explained,  and  will  be  fonnd  a  means  of  saving  mack 
fhel  in  the  processes  of  obtaining  zinc  from  ore.  a,  fig.  180,  represents  the  fanwce, 
which  is  snilable  for  blast,  and  a  constant  supply  of  fael  is  kept  up  in  tbe  ehamba  h, 
ther«  being  a  close  cover,  with  a  sand-joint,  c,  is  the  bed  or  floor  on  wbieh  the  on  it 
sinnd,  in  like  manner  to  an  ordinary  reverberatory  furnace ;  tbe  ore  is  stirred  abntt 
on  the  floor  by  passing  tbe  ordinary  rakes  or  instruments  through  the  openings,  if,  d; 
and  when  the  process  has  been  suffictently  carried  on,  the  ore  is  dischai^ed  Ihroogh  the 
openings  t,  t,  which,  at  other  limes,  remain  closed  by  Gre-tiles.  The  heat  af  tbe  fire, 
and  tbe  flame  thereof,  passing  in  contact  witb  the  ore  on  tbe  floor  or  bed,  c,  also  aed 
on  the  roof,/,  and  that  roof,/,  being  hot,  reverberates  the  heat  on  to  the  Boor  or  bed, 
at  the  same  time  the  heat,  which  passes  through  the  roof,  heats  tbe  ore  in  the  appcr 
chamber,  g ;  and,  in  addition  lo  such  heat  passing  Ihroogh  tbe  roof,  tbe  flame  tad 
heat  from  the  furnace,  having  passed  over  the  zinc  ore,  in  the  lower  comparUnent  of  tbe 
•pparatui,  enters  into  and  passes  over  the  ore  in  the  chamber  ^ ;  and,  in  doing  so,  beats 
the  roof  h,  of  that  chamber,  and  also  the  ore  contained  therein  {  and  it  will  be  aeea 
thai  there  is  a  tliird  chamber,  i ;  tbe  heat,  therefore,  which  passes  thrvngb  the  not  k, 
bests  the  ore  in  tbe  chamber  i.  In  working  this  arrangement  of  calcining  fiunace  or 
Kpparatns,  when  Ibe  charge  is  withdrawn  from  the  lower  chamber,  tbe  ebarge  in  tbe 
chamber  g  is  to  be  raked  into  the  lower  chamber,  tbrongh  the  openings  for  that  porpow^ 
which,  St  other  times,  are  kept  covered  witb  flre-tiles,  as  shown  in  the  drawing;  Bad 
the  charge  in  the  diamber  i  is  to  be  raked  into  the  chamber  f,  and  a  fnah  sopplyoTon 
charged  into  the  chamber  i. 

Tbe  third  part  of  this  invention  relates  to  a  mode  of  arranging  a  series  of  teUKta 
sida  by  side,  and  of  applying  heal  thereto  in  tbe  process  of  smelting  or  distilling  liae 
from  the  ore.  According  to  the  practice  moat  geaerallj  parsned  in  smelting  zinc,  tbe 
ore  is  submitted  to  the  action  of  beat  in  cmeiblcs,  having  desccndii^  iron  pipes,  wbl^ 
enter  into  vessels  containing  water:  all  which  is  well  ttndersttiod,  as  well  as  Ibe  pniecM 
of  smelting  or  distilling  linc  from  tbe  ores.    .Fig,  181,  is  a  fide  eleiatiaagftwa  aeli  tt 


fonuteea  and  retoiti ,  irraiif  cd  ftecordiiig  to  thu  in 
one  of  the  fhmacee  being  in  tectJoD ;  and  fit-  IH2,  is  ■ 
transverse  leetioDor  the  Mine.  a,a,Breasene»orretorti 
orBre'clay,  aninged,  side  b;  side,  on  a  ihelf  of  t'Ma  or 
flre-tiles.  Theae  retorts  are  each  closed  at  one  end  and  jj 
open  at  each,  other,  toch  open  end  beinft  closed,  wben  ia 
operation,  by  a  tile  or  door,  b,  fitting  close!;,  and  Inled 
vith  fire-claf,  as  iritl  mdil;  be  traced  in  the  drawing. 
Each  serin  a(  retorts  is  placed  in  a  chamber,  e,  t,  in  sacfa 
a  manner  that  4he  heal  and  flame  of  the  fire  will  paia 
from  the   fireplace   or  fnmace,  and   aet  on   one  side 

oT  the  retorts  i  and  baling  passed  alon^  all  the  seriei,  will  proceed  to  the  upper 
part  of  the  clisjnber,  c,  c,  and  heat  (he  other  side  of  (he  retorts ;  and  as  the  Sres  aie 
maintained  and  urged  by  means  o(  blasts  of  atmospheric  air,  the  heal  may  be  maintained 
nnd  regalated  with  great  adranlage,  aadat  comparatiTelT  small  coat.  The  blasts  of  air 
may  be  produced  by  any  ordinary  blowing  machinery,  but  rotatory  blowers  &re  pre- 
ferred, and  the  air  may  be  cold  or  healed.  When  anthracite  coal  is  used  as  the  fuel, 
the  patentee  prefen  adopting  the  hat  blast,  al  a  temperalnre  of  a(  least  500°  Fabr., 
and  aach  beating  may  be  performed  by  any  of  tbe  well-known  means  now  very 
generally  resort^  to  for  heating  the  blasts  of  air  for  smelting  [ron.  d,  d,  are  iron 
pipes,  descending  from  the  retorts  end  entering  into  Teasels  containing  water,  similar  to 
the  apparatui  at  preaeni  in  nae  for  like  purpoaea.  Each  chamber,  c,  a  heated  by  it« 
•eparate  fomaee  or  fireplace,  which  hare  opening,  to  be  cloaed  when  at  work  ;  and  in 
order  to  keep  ap  a  supply  of  Ihel  to  the  fire,  each  fireplace  has  an  inclined  chamber,  s, 
which  ia  filled  with  fnel,  and  then  cloaed  aii^light  by  the  cover,  /,  fitting  inio  a  sand* 
bath  or  joint,  in  order  to  prevent  draught  upward.  By  this  means  the  lower  portiiiD 
only  of  the  fuel  will  be  in  an  ignited  slate  when  at  work,  g,  ^,  areaaeriea  of  iron  doors, 
one  oppoaite  the  month  of  each  retort;  these  doors  are  capable  of  being  removed  by 
■lidiBg  them  upwanl,  till  the  portions  cat  oat  at  the  sides  come  opposite  the  dips  or 
holders,  h,  h,  wben  tbe  doors  may  be  removed,  in  order  to  get  at  the  retorts,  i,  it  • 
ehamb^  in  which  the  ore  ia  heated  previous  to  its  being  placed  in  (he  retorts.  The 
arrangement  of  (he  brickwoi^,  the  constroction  and  setting  ofthefnmacei,  being  clearly 
shown  in  the  drawing,  do  further  description  need  he  given. 

Tbe  patentee  remarks,  that  he  i»  aware  attempts  have  been  made  to  employ  retorts 
in  the  smelting  of  xinc,  and  he  doe*  not,  (hererore,  claim  the  same  generally)  but  he 
does  claim,  in  respect  10  the  third  part  of  (his  invention,  the  mode  of  placing  a  aerica  of 
retorts  in  a  chamber,  c,  and  eanaing  the  heat  and  flame  to  pass  along,  under  and  over, 
•neb  series  of  retorts,  ■■  above  described ;  and  he  alao  claim*  the  nuide  of  smelting  line 
l^meanaof  Uast,  whether  tbe  heat  of  the  f\i«l  is  caused  to  aet  on  a  series  oT  retorts  or 
veaaeis,  in  the  manner  shon,  or  od  other  arrangeiiienti  oTretorti  or  vessela,  pleeod  ia 
a  loilable  chamber  or  ehanben. — Stwto^t  J<mr%al,  uiii.,  p,  91.  C.  8.- 


APPENDIX. 


ALKALIMETRY.  Twcoty-eigiit  yean  haT«  d«pMd  aiiice  I  inm  led,  by  pecvlkr 
eircniD«taiic4M,  lo  eoMtnidt  «  t«i7  aIjb^  metliod  of  tcstinf  slkaiiiy  ttui  ]»tiiidpk  df 
which  I  soon  aAerward  applied  to  acids,  bleaching  powder,  dye-staffs,  and  most  othflT 
chemical  substances  exlensivcly  used  in  maniifactares.*  In  1814  and  1815,  during  the 
Munoier  vacation  of  my  GUasgow  dasses^  I  Was  engaged  in  deliyeriag  eonraes  of  lectatei 
•n  chemistry  in  the  Bellast  Aeademical  In^tatioo^  aad  had  many  of  the  most  emi'^ 
nent  members  of  the  Linen  Boaid  of  that  town  for  my  pupils.  BeSftg  oeeasioaally 
eonsnlted  Upon  the  qnalitiee  of  the  alhalis,  idiieh  were  used  to  the  valne  of  200fi00k  by 
the  linen  bleacher*  of  Ireland,  I  saw  the  tmportanoe  to  them  of  a  simple  alkidimetriefll 
test,  both  for  parohasing  aad  for  viing  their  bariltas  and  potashes.  The  following 
•ztiact  from  the  Belfast  Asaw  LttUr,  of  July  9th,  1816,  will  show  the  natUrt  &£  my 
contrivance  :•— 

^  This  day  one  of  the  potters  of  the  Lihen  Hall,  Belfast,  was  called  into  the  library- 
hMMn  at  the  request  of  Dr.  Ure,  who  being  quite  unknown  to  Dr.  Ure,  and  never 
hh*tmg  seen  any  experiments  made  With  acids  and  alkalis,  he  took  the  instrument  at 
dtnr  desire.  Which  being  filled  with  colored  acid,  by  pouring  it  slowly  on  adulterated 
Idk^i,  Which  we  had  previously  prepared,  he  ascertained  exactly  the  per-centage  of 
gcfnttine  alkali  in  the  mixture.    Belihst,  25th  June,  1816. 

**  John  S.  f^snousoiv.  Chairman. 

Jamxs  M^DoNNEt,  M.  D. 

JoHK  M.  Stoufe. 

8.  Thomson,  M.  D." 


Of  these  gentlemen,  two  were  leading  memben  of  the  Linen  Board,  and  tht  othert 
the  two  prineipal  phyoidans  of  the  toWn.  The  publication  of  the  details  of  my  method 
of  alkalimetry  was  delayed  till  anraageuients  were  mnde  for  its  genend  introduetiott* 
under  the  direction  af  (he  Linen  Board  of  Dublin,  whooe  praflessor  of  chemistry,  Mr* 
W.  Hiffgins,  as  well  as  Dr.  Barker,  proftesar  of  chemistry  in  Trinity  College,  graaied 
certificates  of  the  **  acemracy  and  the  national  importance''  of  the  instrument.  The 
alkaline  matter  then  imported  into  Ireland  was  often  largely  contaminated  with  common 
salt,  even  to  the  extent  of  80  or  90  per  cent.  During  the  procrastination  of  the  Boaardi 
I  lent  my  Treatise  on  Alkalimetry  to  Dr.  Henry,  of  Mandietter,  iriko  inadvertently  pub* 
lished  an  aeconnt  of  it,  though  with  reference  to  me,  in  the  next  edition  of  his  EUmttii$ 
(f  ChtmUiry*  Earing,  in  the  long  interval  since,  contrived  many  modtftcationa  of  the 
inirtrument,  and  having  extended  its  principie  to  testing  other  articles  I  am  induced  t# 
offer  it  now  to  the  world,  in  consequence  of  the  ivoent  appearance  of  a  publication  npoh 
the  same  fubjeet^  by  two  very  ingenions  chemists  «f  LMig's  school,  Drs.  R.  Fresenins 
and  H.  WiU.  Of  their  system  of  alkalimetry,  Itc,  a  copious  abstmct  appeared  4n  thn 
JhmaUn  ^  ChimU  tmd  Pharmaem  fbr  Jaly  last,  and  about  the  same  time  a  pampl^d 
was  published  by  Winter,  at  Heidelberg,  under  the  title  N9W  ViffakrtmgiwHnk  anr 
Be«/tmmang  dts  Werthet  dtr  Pottatdu  und  Soda^  dtr  Saunn,  wid  du  BrtmiuMn ;  or 
*'  New  Processea  Ibr  determining  the  Value  of  Potash  and  Soda,  of  Acids,  and  Black 
Oxide  of  Mangaaescw"  However  accurate  these  processes  aMty  be,  and  however  apt 
for  a  Grerman  or  French  atudent  of  chemistry,  they  are,  in  my  appMheasion,  not  at  all 
fitted  for  the  familiar  use  of  manufacturers  and  dealers  in  any  country,  and  certainly 
not  ibr  those  of  thn  United  Eingdoh. 

Dcscroicilles  was  the  first  prison  w^  contrivtBd  an  instiumcnt,  called  an  alkalii»- 
etov,  to  aaccitafa  the  aUudine  ctrengA  of  poUch  nod  iocl^  without  unch  cakaln* 
tion.  His  method  wns  described  iii  the  AmaU%  d§  Cftintfo  ibr  1806,  tom.  Ix., 
and  a  translation  of  it  a^ppcai^d  in  oar  Fkiknopkieml  Mm$(uHm^  rok  zxviii.,  for  July 


.  •  Amonf  oth«n  to  nltnU  of  polMh,  aMrato  of  wMa.  tad  to  White  lead,  «Mliar  te  powder  or  ia  aattt* 
Mfy  afti^mot^r  enkbl^s  a  porton  not  At  aU  roriAnt  in  cboatotoy  to  ASCortAln  te  a  qoAitor  of  an  aoaiv 
bat  by  timtyttSaet  pro^MMt,  iha  oaaadty  of  puro  nttrate  In  elthor  of  fheia  salts,  to  one  pait  la  IM. 
Tho  cenuiA-motoi  Is  eqaallj  limfua  And  expoditions. 
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290  ALKALIMETRY.  [ 

and  August  of  the  following  ye«r.  Hb  appvatns  consisted  of  a  glass  tube,  8  or  9 
inches  long,  and  7  or  8  lines  in  diameter,  dosed  at  one  end,  but  tenninatcd  at  the 
other  ia  a  kind  of  small  funnel  (with  a  beak  or  spout),  connected  to  the  tube  bj  a 
narrow  neck,  having  a  calibre  of  two  lines  and  a  half.  Upon  the  shooldery  under 
the  throat,  there  was  a  hole  for  admitting  air  to  the  long  tube  in  the  act  of  being 
emptied,  by  sloping  its  mouth  downward.  This  cylindrical  vessel  was  to  contain 
38  grammes  of  water,  which  space  was  divided  into  76  equal  pails,  which  it  was 
extremely  important  to  proportion  accurately.  The  liquor  was  prepared  by  taking 
concentrated  sulphuric  acid,  at  66^  Baum6  (1*845  spec,  grav.),  and  dilutinir  it  with 
nine  times  its  weight  of  water.  The  instrument  being  poised  in  a  balance,  he 
introduced  into  it  very  exactly  two  grammes  of  the  above  test  add,  and  when  the 
instrument  stood  upright,  he  scratched  a  line  at  the  level  of  the  liquor,  and  thus 
proceeded  by  addition  of  successive  grammes  to  graduate  the  whole,  till  36  weie 
•added,  af^er  which  he  subdivided  these  spaces  by  lines  into  72  demi-sramme  vfriumes. 
He  then  proceeds  to  describe  eight  different  sobsidiary  artides  required  for  bis  oper- 
ations : — 

**  jSUiaHmMtrical  triaU  ofpotath.-^W&gh  exactly  one  demi-gnunmeof  potash,  pat  it  ials 
a  glass,  and  pour  upon  it  about  four  fiAhs  of  a  decOitre  of  water ;  fadlitate  the  solution  of 
the  potash  by  stirring  it  with  a  small  chip  of  wood,  three  or  four  times  in  an  hoar  and  a 
half,  a  mioute  at  each  time.  When  the  solution  is  effected,  pour  it  into  the  amall  tin 
measure.  No.  4,  which  is  to  be  then  filled  up  with  water ;  pour  it  back  again  into  the 
glass,  in  which  you  must  still  pour  a  measure  fuU  of  pure  watvr)  stir  this  new  mixtnrt 
also  three  or  four  times  within  half  an  hour,  in  order  to  facilitate  the  precipitation  of  a 
slight  sediment,  which  soon  falls  down.  This  sediment  being  completely  formei^ 
slope  the  glass  with  caution,  in  order  to  fill  with  dear  liquor  the  small  measure ;  thes 
empty  this  last  into  another  large  glass  ;  aAer  this  place  round  the  edges  of  a  plate 
drops  of  syrup  of  violets ;  pour  also  into  the  alkalimeter  test  liquor  until  the  line 
marks  0 ;  take  it  afterward  with  the  left  hand,  inclining  it  upon  the  glass  which  eon- 
tains  the  moiety  of  the  clean  alkaline  solution :  the  acid  liquor  will  faU  into  it  by  bastj 
drops,  or  in  a  very  small  thread,  which  you  may  moderate  at  pleasure,  by  retarding  the 
entrance  of  the  air  at  the  latend  hole  or  vent,  upon  which  mast  be  placed  the  end  of 
the  finger ;  at  the  same  time,  with  a  small  stick  or  match,  assist  the  mixture  and  fa- 
cilitate the  development  of  the  carbonic  acid  which  is  manifested  by  effervescence. 
When  you  have  emptied  the  alkalimeter  to  about  the  line  40,  try  if  the  saturmtkiB 
approaches,  by  drawing  your  small  stick  from  the  mixture,  and  resting  it  upon  the 
drops  of  syrup  of  violets,  which  should  become  green,  if  the  potash  is  not  of  a  very 
inferior  quality.  If,  on  the  contrary,  the  violet  color  is  not  altered,  or  what  would 
be  worse,  if  it  be  clmnged  into  red,  there  would  be,  in  the  first  case,  an  indication  of 
saturation,  and  in  the  second  a  proof  of  super-saturation.  But  this  is  not  the  case  with 
good  potashes ;  at  that  line,  the  liquor  tried  can  alter  the  syrup  of  violets  into  green 
only ;  or  cause  to  return  to  the  violet,  and  even  to  the  green,  the  drops  which  had  been 
changed  into  red  at  the  time  of  a  former  trial ;  we  must,  therefore,  in  genera]  add  more 
acid,  which  occasions  a  new  effervescence.  This  addition  must  always  be  made  with 
caution,  and  we  must  touch  every  time  a  drop  of  syrup  of  violets  hi  order  lo  stopu 
When  at  last  the  latter  assumes  a  red  hue,  then,  after  having  restored  the  alkalimeter 
to  a  perpendicular  position,  in  order  to  see  at  what  line  the  testing  liquor  stops,  you 
must  reckon  one  degree  less,  in  order  to  compensate  the  excess  ^  satuntion.  The 
mean  term  of  potashes  is  56 ;  this  implies  that  they  require  for  their  saturation  ,/|/l)p^fM 
hwtdredifu  of  their  weight  of  sulphuric  add." 

For  the  analysis  of  commercial  sodas  of  all  kinds,  M.  Deseroizilles  prescribes  using 
ten  and  a  half  deci-gmnunes  of  this  alkali,  instead  oif  the  ten  ded-grammes  for  potashes^ 
and  proceeds  as  above  detailed.  In  his  table  of  results  annexed,  we  find  American 
potashes  called  6(f  to  63^. 

American  pearlashes        -  -  •    '  50^  to  65^ 

Dantsic  potash      •  •  -  -   -    45    to  56 

Alieantaoda         -  •  •  -       20    to  33 

It  is  obvious,  from  these  statements,  that  the  alkalimeter»  so  made  and  graduated 
denoted  comparative,  bat  not  abfolute,  quantities  of  alkalis  present  in  the  com 
merdal  samples.  The  rest  of  his  very  long  memoir  is  oeeupied  with  what  he  calls  the 
gradufitien  of  potashes  and  sodasi  the  economy  of  their  graduation,  the  proportions  of 
carbonic  acid  in  them,  the  processes  of  caustificntion,  the  presence  of  potash  in  all 
lime  which  is  burnt  by  a  wood  fire,  origin  of  neutral  soda,  and  probable  origin  of 
natmm ;  without  any  more  explicit  instructions.  The  instrumeof ,  as  left  in  this  vague 
state,  never  was  employed^  nor  could  it  come  into  use,  among  RngV'yh  manulhctnias 
and  dealers 
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The  next  alkalimeter,  of  which  an  aecoiiat  has  been  puUiBhed,  was  my  own.  In  con- 
structing this  instrument,  I  availed  myself  of  the  lights  recently  shed  on  chemical  pro- 
portions by  Dr.  Dalton's  atomic  theory,  and  I  thus  nmde  it  to  represent,  not  relative,  but 
absolute  measures  of  the  amount  of  real  aikaU  existing  in  any  commercial  sample. 
The  test-liquor  used  at  that  time  was  sulphuric  acid,  which  is  most  readily  and  accurately 
diluted  to  the  requisite  degree  by  means  of  a  glass  bead,  very  carefully  made,  of  the 
specific  gravity  that  the  standard  acid  should  have.  In  order  to  make  the  test-liquor, 
therefore,  nothing  more  is  requisite  than  to  put  the  bead  into  distilled  water,  and  to 
add  to  it  somewhat  dilate  but  pure  sulphuric  acid,  slowly  and  with  agitation,  till  the 
bead  rises  from  the  bottom,  and  floats  in  the  middle  of  the  liquor  at  the  temperature  of 
60^  Fahr.  The  delicacy  of  this  means  of  adjustment  is  so  great,  that  a  single  degree  of 
increase  of  heat  will  cause  the  bead  to  sink  to  the  bottom — a  precision  which  no  hydrom- 
eter can  rival.  The  test-tube,  about  14  inches  long,  contains  generally  1,000  grains 
of  water,  and  is  graduated  into  100  equal  parts  by  means  of  equal  measures  of  mercury. 
The  test-liquor  is  faintly  tinged  with  red  cabbage  or  litmus;  so  that  the  change  of 
color,  as  it  approaches  to  the  saturating  pitch,  on  adding  it  to  100  grains  of  the  com- 
mercial alkali,  becomes  a  sure  guide  in  conducting  the  experiment  to  a  successful  issue. 
One  hundred  measures  of  this  test-liquor  neutralize  exactly  100  grains  of  absolute  soda 
(oxide  of  sodium),  and  of  course  very  nearly  150  of  potash.  A  bead  mav  also  be  ad- 
justed for  test-liquors,  of  which  1,000  grain  measures  neutralize  100  of  potash,  and 
therefore  66}  of  soda,  as  well  as  other  proportions,  for  special  purposes  of  greater 
minuteness  of  research.  One  may  be  so  graduated  as  to  indicate  clearly  a  difference  of 
y^  of  a  grain  of  ammonia.    In  making  such  nice  experiments,  it  is  of  course  requisite 

to  free  the  alkaline  matter  beforehand  from  sulphurets,  sulphites,  and  hyposulphites,  by 
igniting  it  in  contact  with  chlorate  of  potash,  as  long  since  recommended  by  Gkiy- 
Lussac.  With  such  means  in  eareAil  hands,  all  the  problems  of  alkalimetry  may  be 
accurately  solved  by  an  ordinary  operator. 

On  the  same  principle,  my  JiMimdwr  is  constructed ;  pure  water  of  ammonia  is 
made  of  such  a  standard  strength  by  an  adjusted  glass  bead,  as  that  1,000  grain  meas- 
ures of  it  neutralize  exactly  a  quantity  of  any  one  real  add,  denoted  by  its  atomic 
weight,  upon  either  the  hydrogen  or  oxygen  scale  or  radix ;  as  for  example,  40  grains 
of  sulphuric  acid.  Hence  it  becomes  a  universal  acidimeter;  after  the  neutralization 
of  10  or  100  grains  of  any  acid,  as  denoted  by  the  well-defined  color  in  the  litmus- 
tinted  ammonia,  the  test-tube  measures  of  ammonia  expended  being  multiplied  by  the 
atomic  weight  of  the  acid,  the  product  denotes  the  quantity  of  it  present  in  10  or  100 
grains.  The  proportion  of  any  one  free  acid  in  any  substance  may  thus  be  deter- 
mined with  precision,  or  to  one  fiftieth  of  a  grain,  in  the  course  of  five  minutes.  Like 
methods  are  applied  to  Chlorometry,  and  other  analytical  purposes,  with  equal  facility ; 
adapting  the  test-liquor  to  the  particular  object  in  view.  Instead  of  using  beads  for 
preparing  the  alkalimetric  and  acidimetric  test-liquors,  specific  gravity  bottles,  or  hy- 
drometers, may  of  course  be  employed ;  but  they  furnish  incomparably  more  tedious, 
and  less  delicate  means  of  adjustment.  To  adapt  the  above  methods  to  the  French 
weights  and  measures,  now  used  generally  also  by  the  German  chemists,  we  need  only 
substitute  100  did-grammu  for  100  grains,  and  proceed  in  the  graduation,  &c.,  as 
already  described. 

The  possession  of  two  reciprocal  test-liquids  affords  ready  and  rigid  means  of  verifi- 
cation. For  microscopic  analyses  of  alkaline  and  acid  matter,  a  graduated  tube  of 
small  bore,  mounted  in  a  frame  with  a  valve  apparatus  at  top,  so  as  to  let  fall  drops  of 
any  size,  and  at  any  interval,  is  desirable ;  and  such  I  have  employed  for  many  years. 
Of  this  kind  is  my  ammonia-meter,  used  in  the  ultimate  analysis  of  guanos  and  other 
aiotized  products,  in  conjunction  with  a  modified  apparatus  on  the  principle  of  that 
of  Yarrentrapp  and  Will.  It  may  be  remarked,  that  when  the  crude  alkali  contains 
some  hyposulphite,  it  should  not  be  calcined  with  cJilorate  of  potash,  because  one  atom 
of  hyposulphurous  acid  is  thereby  converted  into  two  atoms  of  sulphuric,  which 
of  course  saturate  double  the  quantity  of  alkali,  previously  in  combination  with  the 
hyposulphurous  add.  In  such  cases  it  is  preferable  to  change  the  condition  of 
the  sulphurets,  sulphites,  and  hyposulphites,  by  adding  a  little  neutral  chromate  of 
potash  to  the  alkaline  solation,  whence  result  sulphate  of  chromium,  water,  and 
sulphur,  three  bodies,  which  will  not  affect  the  accuracy  of  the  above  alkalimetrical 
process. 

In  the  jSwiaU  of  PhUotopky  for  October,  1817, 1  described  a  new  instrument  for 
analyzing  the  earthy  and  alkaline  carbonates,  and  for  determining  the  quantity  of  base 
present  in  them  from  the  volume  of  carbonic  acid,  disengaged  by  their  solution  in  acids, 
upon  the  data  of  the  atomic  theory.  This  method  was  applied  to  the  analysis  of  the 
carbonates  ofammonia,  soda,  potash,  lime,  magnesian  limestone  (dolomite),  &.c. 

**  The  indieations  of  the  above  analytical  instrument  are  so  minnte  as  to  enable  us, 
by  the  help  of  the  old  and  well-known  theorem  for  computing  the  proportions  of  two 
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meCrifl  tnm  tiie  gfi^Mt  f|ra<vitf  of  ao  aHoy  to  d«d(Ke  tke  pi«|mtlMM  •T  ifce 
the  Toliime  of  gat  disengaged  by  a  given  weight  of  a  miieA  eavhoaaile.''* 
Tliat  smaH  instnuaeat  ooasiated  of  a  bent  gkia  tobe,  open  at  one  €mi, 
at  the  other  with  an  en-thaped  bnlb  fVom  two  to  three  inehcs  in  djaoMler,  aad  H 
reqnired  for  operating  with  k.  aboat  five  pounds  of  qaiekailvcr.    The  foBoiiug  gf 
i^vparatne  {Jig*  163)  will  be  Rmnd  more  genetallyeonTenieat,  and  eqaally  cxaet.    a 

a  cylinder,  2  inches  in  diameter,  mt4  14  iac&es  kmg.  It 
tains  10,000  grains  of  water  in  the  graduated  porlioD ;  0,  or 
being  at  the  top.  It  has  a  tabnlvre  in  the  side  dose  to  the 
bottom,  through  the  cork  of  which  a  short  tube  passes  tight,  and 
is  ooanected  to  a  collar  of  caoutchouc,  s,  whieh  serves  fisr  a  joint 
to  the  upright  tube,  n,  resting  near  its  open  upper  end  in  a 
hooked  wire.  Tiirough  the  eork  in  the  ihohA  of  the  cylinder, 
the  Uper  tail  of  the  flask  c  passes  air-tight.  The  small  tabe  r, 
open  at  both  ends,  is  cemented  at  bottom  into  the  tail  of  c,  and 
rises  to  the  shoulder  of  the  fladc.  The  ootk  of  c  is  perforated, 
and  receives  air-tight  the  taper  tube  r,  which  can  also  be  dosed 
with  the  stopcock. 
In  operating  with  this  apparatus,  proceed  as  follows : — 
Fill  the  cylinder  with  water,  and  cover  its  surftee  with  balf 
an  inch  of  oil.  Insert  the  tail  of  the  flask.  Put  into  the  flask 
C,  58*6  grains  of  carbonate  of  potash,  or  45-3  of  carbonate  of  soda, 
according  as  common  pearl-ash  or  soda-ash  is  to  be  tested,  along 
with  as  mueh  water  as  win  cover  fuUy  the  krwer  end  of  d,  and 
then  introduce  this  tube.  Hnve  a  bottle  containing  abovt  40 
parts  of  oil  of  vitriol,  previoasly  mixed  with  60  of  water,  and 
cooled.  Take  of  this,  in  a  pouring  or  dropping  glass,  100  water 
grain  measures,  and  suck  this  quantity  gradually  up  into  the  tube 
p,  then  shnt  the  stopcock.  On  opening  it  slightly  the  acid  wffl 
fnU  into  c,  and  as  slowly  as  may  be  pradent.  The  eaiboaic  acid 
gas,  ibvthwi^  dasengaged,  wiQ  depress  the  water  in  ▲,  canae  an 
ovcoflow  of  it  Irom  the  tube  b,  whieh,  being  held  in  the  left  hand, 
must  have  its  swanbeak  placed  over  a  basin,  and  progressivdy 
lowered  to  the  level  of  the  descending  water  in.  the  cylinder. 
When  all  the  sulphuric  add  has  been  introduced  by  the  right 
hand,  the  orifice  of  d  is  to  be  coiked,  and  the  tidie  n  continually 
lowered  with  the  left,  till  the  eflTervescence  being  finished,  the 
water  in  a  remains  stationary.  The  number  on  the  ceatigrade 
soale,  opposite  to  the  sunfhce  of  tiie  oil,  dednrting  100  grain  meas- 
ures fbr  the  bulk  of  dilute  aeid  added,  denotes  the  per-centage  of  pure  carbonate  of  pot- 
ash, or  of  soda,  in  the  sample  under  exaniaation.  The  above  prescribed  weights  of  Aese 
two  carbonates,  when  pure,  disengage  each  by  the  action  of  sulphuric  acid  (used  hc*a 
in  small  excess)  10,000  water  grain  measures  of  carbonie  add  gas,  or  100  nenanrcs 
ef  the  seals  on  a.  The  cylinder  whieh  I  employ  contains  about  12,000  water  grain 
measures,  so  that  the  bottom  of  the  centigrade  scale  is  fully  two  inches  above  the  levd 
of  the  lower  tubulups.  This  capadty  and  the  graduation  into  120  pnits,  wiU  be  fiiund 
convenient  in  oertain  eases,  partieuUu^  in  analysing  bicarbonates  of  potesh  and  soda.f 
We  may  estimate  10,000  wateT  grain  measures  of  carbonic  add  at  00^  Fahr^  to 
weigh  }9'4  grains,  and  we  thus  peredve  what  a  magnified  scale  we  should  poissestj  if 
we  applied  the  vtnrier  eontrivaaoe  here,  as  we  do  to  barometers.  At  any  latie,  he  must 
be  an  awkward  operator  who  can  aot  detenaine  the  value  of  aa  alkaline  caibonate,  by 
tfie  nbove  meaas,  to  one  part  in  a  thousand. 

In  operating  upon  limestones,  BBav]es>  dite.,  42*1  grains  shoidd  be  taken  as  the 
standard  weight  of  assay,  because  that  weight  of  pure  caibonate  of  time  ikanU  give 
out  on  solution  in  dilute  muriatic  add  10,000  water  grain  measures  of  eaibonie  add 
gss.  Since  100  water  grain  measures  of  liquid  hydFachlorie  add,  speeifie  gravity  1*14, 
will  supersaturate  the  lime  in  the  above  weight  of  carbonates,  that  quantity  amy  be 
used  in  the  experiment.  The  preceding  instrument  will  be  found  more  convenient  in 
experimenting,  as  also  the  system  of  indication,  than  one  on  simalar  psinciplcs  esa- 
structed  by  the  ingenious  Dr.  Mohr,  of  Coblens. 

In  examining  bicarbonates  of  potash  and  (Mfsoda,  the  weights  to  be  used  In  tke  above 
apparatus  are  42  grains  of  the  former,  and  SM^  grains  or  the  latter,  each  of  wkseh 
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Tbim  nixtnn  ^inf  poured  lu  sacecMire  porttona  into  th*  flask  o  (fspiMsntsd  amcb  too  luge  ia  af»- 
portioB  to  tbe  cylinder  a),  will  eiwure  the  ezpolsion  of  ell  the  ceibgafe  add  jtaa  o,  whlc^  awr  he  s|Ur« 
WMd  cooled  by  wiepptog  imnd  it  a  towel  d^ped  In  cold  watar. 
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qttunjtiety  if  tke  Mte  b«  puftcl,  will  ^iteamv  lO/M  val«r  gimia  iiflMims  of  eaiv 
bonie  add  gu,  by  the  aclkm  of  sulphwie  aeuL  Tliiare  will  be  ao  luurm  in  taking  the 
finDerly  preeeribed  meeenre  of  the  aaliihiirie  acid  thon^h  considerably  leu  would 
•newer  the  pwrpoee^  The  centigrade  meaeares  of  gae  obtained  in  a  will  indicate  the 
carbonated  etate  of  the  two  alkidis  respeetiTely.  Their  alkaline  Ibree  nMiy  be  most 
readily  aaceriained  by  my  old  aUKalimeter^  with  colored  teat  acid.  Since  the  bicar- 
bonalea  nsnally  sold  in  oar  shopsy  etpeciaUy  that  of  soda,  are  iar  from  being  exact 
atomic  oomponnde,  they  should  be  always  ezaminedy  both  for  their  ba«e  and  acid, 
which  may  aJso  be  well  dene  in  the  following  way,  where  the  quantity  of  carbonic  add 
gas  is  determined  by  weight  instead  of  by  volnme* 
For  this  pvpoM^  a  small  compact  apparatus  of  the  annexed  form  ifig.  1S4)  will  be 

Csnnd  convenient}  it  is  to  be  nsed  in  coigunction  with  my 
nlkalimeter.  a  in  the  dotted  line  is  the  phial  for  receiving 
the  carbonate  to  be  tested,  b,  the  funnel  into  which  the 
test  add  is  to  be  poured  $  c  c,  an  inverted  syphon  filled 
with  pieces  of  chkuride  ef  oaldnm  for  absorbing  the  aqueous 
vapors  exhaled  by  the  carbonic  acid.  The  loss  of  weight 
in  the  phial  above  that  in  the  tube  of  test  add  shows  the 
quantity  ef  add  gas,  and  the  indication  of  the  alkalimeter 
tube,  that  of  alkaline  base,  from  which  data  the  proportion 
of  neiUral  carbonate  and  bicarbonate  may  be  immediately 
deduced.  Thus,  100  grains  of  bicarbonate  ef  soda  should 
ipve  out  51|  grains  of  carbonic  add,  and  saturate  37*6  cen- 
tkiade  measures  of  the  test  add,  equivalent  to  87*6  grains 
of  real  soda.  Bat  if  neutral  carbonate  of  soda  be  present, 
less  gas  will  be  given  out,  and  more  or  less  alkali  may  be 
indicated,  aooordiag  to  tfcwe  degree  of  dryness  of  the  neutral 
soda.  The  amount  of  water  in  the  bicarbonate  may  be  de» 
termined  by  igniting  30  grains  in  a  test  tube,  connected  with 
the  cUercsldum  inverted  syphon ;  10|  grains  of  carbonic 
add  gas  should  be  expelled,  and  2i  of  water«  making  a  tcM 
loss  of  12^  grains,  of  which  2|  will  be  found  as  water  a^ 

sorbed  by  the  eUorealdum.  But  since  a  very  moderate  heat 
suffices  to  expel  the  second  atom  of  carbonic  acid  from  the 
bicarbonate  of  soda,  the  readiest  mode  of  estimating  its 
quality  is  to  heat,  over  a  spirit  lamp,  in  a  small  flask,  eg 
retort,  oonnected  air-tight  by  a  tube  with  the  mouth  of  tha 
cylinder  a,  ifig,  183),  70f  grains  of  the  supposed  bicarboa* 
ate.  Of  the  pcarfect  salt  this  quantity  should  give  out  prettf 
exactly  10,000  grain  measures  of  gas ;  and  whatever  aliquot  part  of  this  volume  ig 
evolved  will  indicate^  without  calculation,  the  relative  value  of  the  substance  as  a 
bisalt.  Thus  if  8,1500  giain  measures  of  gas  are  obtained,  85  parts  of  bicarbonate 
of  soda  are  present  in  100.  The  crystalline  form  of  bicarbonate  of  potash  is  a  toleiaUj 
good  criterion  of  its  quality. 

The  quantity  of  caustic  alkali  mixed  with  carbonate  may  be  readily  determined, 
with  suffident  accuracy,  by  the  expert  use  of  my  alkalimeter;  because,  till  the  causae 
portion  be  nearly  neutralized,  Uttle  or  no  carbonic  gas  is  expdled.  When  tha 
effervescence  at  length  begins,  the  test  measures  already  expended  denote  the  per- 
centage of  caustic  alkali.  It  is  not  right  to  •  disregard  the  alkali  which  is  present  in  the 
state  of  sulphuret,  because  as  sueh  it  is  effective  m  many  processes  of  the  chemical  arts  i 
in  the  manuiactore  of  ydk>w  soap,  crown  ^lass^  in  the  bleaching  of  linen  and  cotton 
goods,  Itc.  The  alkalmieter,  directly  applied,  will  show  the  aUciUi  present  in  this  foim» 
when  compared  with  that  indicated  after  ignition  of  the  crude  alkali  with  chlorate  of 
potash,  or  after  its  treatment  with  yellow  chromate  of  potash.* 

A  few  years  ago  I  had  the  following  apparatus  made  for  the  rea4y  analysis  of  car- 
bonates, by  ascertaining  the  loss  of  weight  they  suffered  from  the  disengagement  of  their 
carbonic  acid  gas,  duriag  their  solution  in  an  add.  a,  n  (  fig.  186)  are  two  globes,  of  about 
two  inches  in  diameter  each ;  A  has  its  inferior  neck  strangled  into  a  hm  nearly  capil- 
hiry  I  B  stands  lower,  with  its  centre  line  on  a  levd  with  the  narrow  neck  of  n.  The 
tubes  of  these  globes  are  about  oae  half  inch  in  diameter,  c  is  shut  at  top  with  a  per- 
forated cork,  through  which  enters,  air-tight,  a  small  glass  tube,  which  is  bent  across  to 
the  mouth  of  the  tube  s,  and  then  passes  down  into  it  a  little  bdow  the  centre  line  of 

•  If  the  slkaJiM  — ib<iwite  coataias  mlpharat,  mlpUte,  or  kypMolphlto,  a  tesspoonfol  of  yoUow 
chro«afc»of  potMh  an^  bo  addtd  to  ii,  whorotom  retato  oalphato  of  ohnimiam,  wetor,  aad  kolphart 
which  remain  In  the  appanttae  without  elToctinf  lu  weight.  The  arataal  actiMi  of  aoatral  ehronalo  tl 
potash,  aadof  aaljihwat  of  pottsh,  Jy^hsa  been  disc— sd  in  an Jagsatoea  paper  piihlidieri 
b  tlio  Aiwelm  dbr  CkimU  for  May,  Mtf,  p.  I7t.  r*<r- r 
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the  globe  8.    This  globe  is  Ather  more  than  half  filled  "with  svlpfaiiric  add,  vb«n  ^c 

JBStnuQent  is  employed  in  the  analysis  of  the  carbonates.  Tbe  standard  weight  of  car- 
bonate of  soda  «  24|  grains,  t>r  of  carbonate  of  polaah  « 
31|  grains,  is  then  put  into  a,  haTing  previoaely  laid  a 
minute  globe  of  glass  over  the  lower  orifice ;  tlie  eotk, 
with  its  small  tube,  is  now  firmly  adjusted ;  and  the  appa- 
ratus is  weighed  in  its  upright  position,  either  by  snspen* 
sion  with  a  hook  to  the  end  of  the  beam,  or  by  resting  k  en 
the  scale  in  a  light  socket  of  any  kind.  It  is  next  laid  hold 
of,  and  inclined  so  as  to  cause  a  little  of  the  add  in  b  to  pass 
over  into  ▲.  Efifervescence  ensues  with  greater  or  less 
vehemence,  according  to  the  nature  of  the  carbonate  and 
quantity  of  the  aeid  introduced.  Should  it  be  too  Ticdcnt, 
and  threaten  an  overflow  by  intumescence,  it  can  be  in- 
stantly abated  to  any  degree  by  the  sligbtest  slope  of  tbe 
instrument.  Now,  this  power  of  control  forms  tlie  pe- 
culiar feature  and  advantage  of  this  contrivance ;  whereas 
in  all  other  forms  of  such  apparatus  that  I  know,  wfacikcr 
by  sucking  over  or  ponring  in,  if  a  little  too  much  add 
comes  upon  the  carbonate,  the  experiment  is  effectnaHj 
marred.  The  gas  disengaged  in  a  must  neeessaiily  tin- 
verse  the  sulphuric  acid  in  b,  and  be  stripped  of  its 
moisture  before  escaping  into  the  air.  Having  super- 
saturated the  alkaline  base,  and  cooled  the  apparatus, 
we  weigh  it  again,  and  the  loss  of  weight  in  grains  and 
tenths  denotes  the  per-centage  of  soda  or  potash,  provided 
their  neutral  carbonates  had  been  the  subjects  of  expcn- 
ment.  For  limestone,  on  the  same  plan  of  compatatioB, 
22|  grains  may  be  taken.  It  deserves  to  be  noted,  tbat  tha 
present  instrument  has  only  one  junction,  and  needs  no 

chloride  of  calcium,  a  substance  so  apt  by  its  sweUing  to  burst  the  glass  tubes  that 

contain  it.* 

II.   ACIDIMmiT. 

I  have  already  stated,  that  water  of  ammonia  of  standard  strength,  faintly  tinted 
with  litmus,  affords  a  most  exact  and  convenient  acidimeter,  when  poured  or  let  fall 
from  a  graduated  dropping-tube.  Bicarbonate  of  potash  also,  when  dissolved  in  water, 
so  that  1,000  grain  measures  contain  one  atom  of  the  salt  counted  in  grains,  is  a  good 
test-liquor  for  the  same  purpose  ;  for  if  the  centigrade  measures  expended  in  efifecting 
neutralization  are  multiplied  by  the  atomic  weight  of  the  given  acid,  the  product  is  the 
quantity  in  grains  of  acid  present. 

Acidimttry  may  be  likewise  exactly  performed  by  measuring  in  the  cylindric  gas- 
meter  {fig,  183)  the  volumes  of  carbonic  acid  gas  disengaged  from  pure  bicarbonate  ol 
potash  or  soda,  by  a  given  weight  of  any  acid,  taking  care  to  use  a  small  excess  of  tbe 
salt.  Thus,  for  example,  16*8  grains  of  dry  and  20f  of  hydrated  sulphuric  add  disen- 
gage 10,000  water  grain  measures  of  gas  from  bicarbonate  of  potash.  Therefore,  if 
20(  grains  of  a  given  sulphuric  acid  be  poured  into  the  flask  of^g.  183,  upon  about  50 
grains  of  the  bicarbonate,  powdered  and  covered  with  a  little  water,  it  will  cause  the 
evolution  of  a  volume  of  gas  proportioned  to  its  strength.  If  the  acid  be  pure  oQ  of 
vitriol,  that  weight  of  it  will  disengage  10,000  grain  measures  of  gas ;  but  if  it  be 
weaker,  so  much  less  gas — the  centigrade  measures  of  which  will  denote  tbe  pei^cent- 
age  value  of  the  acid.  If  the  question  be  put,  how  much  dry  acid  is  present  ]>er  cent, 
in  a  given  sulphuric  acid,  then  16*8  grains  of  the  acid  under  trial  must  be  used;  and 
the  resulting  volume  of  carbonic  acid  gas  read  on  the  scale  will  denote  the  i>er-centage 
of  dry  acid. t 

For  nitric  acid,  we  should  take  22-6  grains ;  for  hydrochloric  or  muriatic  acid,  15-34 ; 
for  acetic  aeid,  21*6 ;  for  citric  aeid,  24*6 ;  for  tartaric  add,  28  grains :  then  in  each 
case  we  shall  obtain  a  volume  of  carbonic  add  gas  proportioned  to  the  strength  and 
purity  of  these  acids  respectivdy.  The  nitric,  hydrochloric,  and  acetic  acids  are  re- 
ferred to  in  their  anhydrous  state ;  the  tartaric  and  dtric  in  thdr  crystalline.  If  the 
latter  two  acids  be  pure,  a  solution  of  24*6  grains  of  tbe  fint  and  of  28  of  tbe  last 


*  1,000  water  grain  measares  of  sulphuric  acid  of  apocific  rraTity  1*0331,  or  a  above  wal«r, 
SS  grrftins  of  soda,  and,  consequently,  one  atom,  on  the  hydrogen  scale,  of  each  of  the  other 
reckoned  in  grains. 

Having  in  tbe  couiae  of  many  years  suMacted  mr  taUee  of  salphatte,  nitric,  and  naitatJe  acids,  as 
well  ae  of  ammonia,  to  strict  cross-ezamuiatloa,  rhave  found  them  tntstwortliy  for  all  alkalimecneal 
aad  addimetrical  purposes. 

t  Tbe  bicaibenate  musi  be  free  from  carbonate,  a  point  easily  seearad  by  waahiag  its  powder  with 
cold  water,  and  drying  it  In  the  air. 
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will  disengage  from  50  gnlns  nf  hwarixNutte  of  poUah  10,000  grain  ntasurcs  of  car- 
-  bonte  acid  gas.* 

Aeidiaetrieal  operations  may  likewise  be  performed  by  determining  tbe  weight  of 
carbonic  acid  gas  expelled  from  the  bicarboaate  of  potash  or  soda,  by  a  given  quantity 
of  any  acid,  in  the  apparatus  either  yig*  18^  or^lg.  185.  Here  the  weights  to  be  takn 
«re  as  follows,  in  rdfercaee  to 


Grains* 
9-127 

12-83 
8-29 

11*«7 

13*31 

15*13 


18« 


Dry  Sulphuric  acid      ... 
«    Nitric 

**    Hydrochloric       •       .       - 
*'    Acetic         -       .       -       - 
Grystalliied  Tartaric  •       •       •> 
"  Citric       * 

Each  of  these  quaatities  of  real  acid,  with  25  or  26  graias  of  bicarboaate  of  potash, 
will  give  off  10  graias  of  carbonic  acid  gas ;  and  hence  whatever  weight  the  apparatus 

loses,  being  reckoned  in  graias  and  tenths  of  a  grain,  denotes  the 
per-centage  of  acid  in  the  sample  under  trial,  without  the  ne- 
eessity  of  any  arithmetical  rednetien«  Persons  accustomed  to 
the  French  metrical  system  may  vAe  de^-grammes  instead  of 
grains,  and  they  will  arrive  at  the  same  per-centage  results. 

The  preceding  experiments,  in  reference  to  the  weight  of  car- 
bonic acid  gas  expelled  for  the  purpose  of  either  alkalimetry  or 
acidimetry,  may  also  be  made  by  means  of  the  ordinary  apparatus 
represented  in^g.  186.  a  is  a  small  matrass  which  contains  the 
acid  or  carbonated  alkaU  at  its  bottom.;  and  conversely  the  alkali 
or  acid,  for  their  mutual  decomposition  in  the  small  test-tuhe, 
shown  first  at  6  nearly  upright  and  filled,  but  afterward  at  a, 
horizontal  and  emptied,  b  is  a  bulbous  tube  filled  with  frag- 
ments of  chlorcaleium  for  absorbing  the  aqueous  vapor  that 
rises  with  the  carbonic  acid  gas,  aad  (i  £  is  a  small  beat  tube 
which  dips  into  the  liquid  in  the  matrass.  The  weighings,  &C.,. 
may  be  conducted  as  already  detailed;  and  when  the  effer- 
vescence  is  completed,  the  residuary  gas  is  sucked  up  through 
B,  while  the  atmospheric  air  enters  to  replace  it  at  the  orifice  d 
of  the  bent  tube. 

The  msw  methods  which  pervade  the  whole  treatise  of  I)rs. 
Fresenius  and  Will  are  all  based  on  the  principle  of  estimating 
alkalinity,  acidity,  and  the  oxygen  in  manganese  (or  chlorom- 
etry)  by  the  weight  of  carbonic  acid  gas  evolved.  As  in 
taking  these  measures  the  gas  must  be  discharged  without 
carrying  water  off  with  it,  an  elegant  and  ingenious  little  piece 
of  apparatus  has  been  invented  by  the  authors  for  effecting  that 
purpose,  and  it  will  do  it  well,  a  and  b  {Ji^.  187)  are  two  flasks  (wide-mouthed 
medicine-bottles  may  be  employed),    a  must  have  a  capacity  of  from  2  ounces  to  2| 

ounces  of  water ;  it  is  advisable  that  b  should  be 
somewhat  smaller,  say  of  a  capacity  of  about  1  to 
H  ounces.  Both  flasks  are  closed  by  means  of 
doubly  perforated  corks.  These  perforations  serve 
for  the  reception  of  the  tubes  a,  c,  and  d»  c  is  a 
tube  bent  twice  at  right  angles,  which  enters  at 
its  one  end  just  into  the  flask  a,  but  descends  at 
its  other  end,  near  to  the  bottom  of  b.  These  tubes 
are  open  at  both  ends  when  operating ;  except  the 
lop  end  h  of  the  tube  a,  which  is  closed  by  means 
of  a  pellet  of  wax.  The  substance  to  be  ex- 
amined is  weighed  and  put  into  the  flask  A,  into 
which  water  is  then  poured  to  the  extent  of  one 
third  of  its  capacity,  b  is  filled  wkh  common 
English  snlphurie  acid  to  about  half  its  capacity. 
Both  flasks  are  then  corked  (by  which  they  be^* 
come  united  by  the  rectangular  tube),  and  the  ap- 
paratus is  weighed. 

The  air  of  the  whole  apparatus  is  next  rarefied  by 
applying  suction  to  the  tube  d :  the  consequence  i^ 
that  the  sulphuric  acid  oontaiaed  in  b  ascends  into 

*  The  expulsion  of  the  gas  may  be  completed  by  lurroanding  the  Auk  with  a  towel  dipped  in  hot 
water. 
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the  tabe  c,  aod  ttanf  ■  portioa  of  it.  fl«wi  orer  into  b.    ImiMdiately  upon  Hi 

into  contact  with  the  carbonate  contained  in  a,  carbonic  acid  gas  is  disengaged,  and  m 
its  escape  must  necessarily  traverse  the  oil  of  ritriol  in  b,  and  therein  depoaile  all  ilB 
aqneoos  vapor  before  issuing  from  d.  The  siUphuric  acid  in  passing  over  into  a  hcati 
the  miitore  at  the  same  time,  and  thus  promotes  the  expulsion  of  the  gas.  Whenever 
this  ceases  to  flow,  a  little  more  sulphuric  acid  must  be  sent  over  into  a  hf  sndion 
from  d  (or  rather  from  a  reenrved  tube  attached,  pro  temporcy  to  it) ;  an  artifice  whidi 
may  be  repeated  till  no  more  gas  ean  be  expelled,  even  when  the  contents  of  a  aie 
heated,  as  they  must  be  at  the  end  by  the  excess  of  oil  of  vitriol. 

<'  From  the  aperture  (  of  the  tube  a,  which  has  been  all  the  time  closed,  the  bit  of 
wax  is  now  to  lie  removed,  and  to  the  tube  connected  with  dy  suction  is  to  be  applaei^ 
till  all  the  carbonic  acid  lodged  in  the  apparatus  be  replaced  by  atmospheric  air.  The 
whole  is  to  be  then  cooled,  wiped,  and  weighed ;  the  loss  of  weight  indicates  exaetff 
the  quantity  of  carbonic  acid  which  existed  in  the  carbonate  snlunitted  to  espcnnieBt. 
The  ^NTocess  is  no  less  neat  than  it  is  simple,  and  does  honor  to  the  ingenuity  of  its  ia- 
ventors.  Their  mode  of  deducing  the  per-eentage  of  aUcali  from  the  quantity  of 
carbonic  acid  discharged  in  the  operation  is  also  quite  exact,  and  suitable  l«r  con- 
tinental chemists  familiar  with  gramme  weights  and  calculations,  but  certainly  not  fti 
persons  conversant  oply  with  ounces,  (bums,  and  scruples,  or  even  with  grain  anbdi- 
visions.  The  whole  bode,  however  excelleni,  needs,  for  the  British  pnUic,  tmnapo- 
sition,  before  it  can  serve  in  this  country  the  purpose  intended  by  its  scientific  nuthon, 
•  Thus,  in  section  4,  where  several  results  of  their  analyses  are  given,  the  stnteiMBiB 
have  a  somewhat  mysterious  aspect.  Should  any  one  adc  why  the  oracolar  Bumber  oT 
4-83  grammes  of  carbonate  of  soda  is  used  as  their  standard  weight  for  analyais,  he 
can  obtain  no  response  in  the  book,  either  in  a  note  or  anywhere  else.  A  Gennan  or 
French  student,  familiar  with  chemical  computation,  will  probably  be  able  to  discow 
that  4-83  grammes  of  pure  carbonate  of  soda  contain,  by  Berzdius's  tables  of  nioDie 
weights,  2  grammes  of  carbonic  acid;  for  53*47  (1  atom  of  carbonate) :  22-15  (1  of 
carbonic  acid) : :  4*83  :  2-00.  Such  is  the  simple  solution  of  this  apparent  migBMiy 
and  of  some  other  similar  puzzles  in  the  book.  Indeed,  unless  the  reader  is  aware  of 
that  proportion,  he  can  not  see  the  grounds  of  the  accordance  in  the  results  between 
experiment  and  theory,  or  why  the  numbers  2*010,  1.993,  and  2*020,  are  pieoented  a* 
specimens  of  great  precisjon.  This  accofdanee  gives  satisfaction  when  it  is  known 
that  these  numbers,  in  experhnents  1,2,  and  3,  oscillate  on  one  side  or  other  so  Bear  to 
the  theoretical  number  2*00.  But  4  grammes  and  83  centi-grammes,  as  also  1  graniBie 
and  995  milli-grammes,  are  awkward  wei^ts  for  an  ordinary  Engfish  chemist  or 
apothecary,  which  would  require  a  month  or  two's  residence  in  the  laboratories  of 
Giessen  and  Paris  to  manipulate  with  reaidiness. 

Again,  in  testing  carbonate  of  potash,  our  authors  take  6*29  gianunes  as  their  unity  of 
weight,  undoubtedly,  because,  if  pure,  it  should  discharge,  by  saturation  with  the  sul- 
phuric acid,  2  grammes  of  carbonic  acid.  Here,  however,  Uiey  have  not  stuck  so  rigidftr 
as  the  school  of  Oiessen  usually  does  to  BerzeHus's  atomic  numbers ;  for  his  atom  of 
carbonate  of  potash  is  69*42;  whence,  22*15  :  69*42  : :  2-00  :  6-<8,  hydiogen  =  1-00; 
or  276*44  :  866*33  :  :  2*00  :  6-268  oxygen  » 100. 

Admitting  the  value  of  the  new  method  in  testing  neutial  carbonates,  it  can  not  be 
directly  applied  to  the  mixed  carbonate  and  bicarbonate  of  soda,  so  conaaonly  sold 
in  this  country  for  bicarbonate ;  nor  is  it  applicaUe  to  the  case  of  a  mixture  of  canstie 
and  carbonated  alkali,  without  the  tedious  process  of  previous  treatment  with  car- 
bonate of  ammonia  and  heat. 

The  new  German  method  of  acidimetry  consists  in  determining  how  mudi  carbonie 
acid  gas  is  disengaged  from  a  standard  bicarbonate  of  soda,  by  a  given  weight  of  ai^ 
acid.  The  twin-Aask  apparatus  {fig'  1^7)  '^  °8^*  The  weighed  portion  of  acid  i* 
put  into  A,  and  a  sufficient  quantity  of  the  soda  into  a  test-tube,  which  is  suspended 
upright  with  a  silk  thread  Ihstened  by  the  pressure  of  the  cork  to  the  month  of  the 
flask.  On  letting  the  thread  loose,  the  test-tube  falls,  and  the  eoric  bemg  mstantly  re- 
placed, the  whole  gas  evolved  is  foreed  to  pass  through  the  sulphuric  acid  in  b,  aad 
there  to  deposite  its  moisture.  The  experiment  is  eonducted  in  other  respects  as  already 
described  for  alkalimetry. 

The  following  extract  from  Drs.  Fresenius  and  WOTs  Ntw  Mithodt  9f  JtlkaJimtirfj 
Itc,  will  show  the  Giessen  plan  of  calculating  results: — 

*'  The  amount  of  anhydrous  add  contained  in  the  hydrated  add  under  exnmina^on 
is  determined  from  the  amount  of  carbonic  acid  escaped,  as  follows  »— 

**  Two  measures  of  carbonic  acid  bear  the  same  proportion  to  one  measnre  oTHm 
anhydrous  acid  in  question,  as  the  amount  of  carbonic  acid  expelled  does  to  the  avooBt 
sought  of  anhydrous  acid.  Thus,  let  us  suppose,  for  instance,  we  have  examined 
dilute  sulphuric  acid,  and  obtained  1*5  grammes  of  carbonic  add,  the 
would  he  i — 
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560  <2  X  270)  :  501  =  1-5  :  X 

a:  =1-36. 

The  UBoant  of  sulphuric  acid  operated  upon  oooseqaently  would  contain  1*36 
'grammes  of  anhydrous  acid.  Let  us  suppose  the  weight  of  this  amount  to  have 
been  16  grammes,  the  sulphuric  acid  under  examination  would  contain  a  per-centage 
amount  of  lH)6s  for 

26  :  1*36  =r  100  :  z 
x  =  9*06.»* 

^<  Sectioit  XXIX.  SlaHng  the  Qua»tiH€$  qf  the  various  Jloid$  to  be  ted  in  their 
MxamwuUion, — ^To  enable  our  readers  at  once,  without  the  trouble  of  calculation,  to 
determine  from  the  weight  of  carbonic  acid  expelled,  the  exact  amount  of  anhydrous 
acid  contained  in  those  acids  which  are  of  most  frequent  occurrence,  we  have  subjoined 
lists  of  certain  quantities  to  be  taken  of  each  acid  for  experiment,  so  that  the  number 
of  centi-grammes  of  carbonic  acid  expelled  will  directly  indicate  the  per-centage  amount 
of  anhy£ottS  acid  in  the  add  under  examination. 

"  Multiples  of  those  weights  may  of  course  be  substituted  for  the  numbers  given, 
according  to  the  degree  of  dilution  of  the  acid  under  examination.  In  such  cases  the 
number  of  centi-grammes  of  the  carbonic  acid  expelled  must  be  divided  by  the  same 
number,  which  has  served  as  the  multiplier. 

**  These  numbers  are  obtained  by  dividing  the  atomic  weight  of  the  acid  by  550^^ 
(2  X  276,  one  eq.  of  carbon),t  as  follows : —  ^^ 

''  Two  eq.  of  carbonic  acid,  corresponding  to  one  eq.  of  the  acid  to  be  exam- 
ined, how  mnch  should  be  taiken  of  the  latter  to  expel  1*00  grammes  of  carbonic 
acid? 

^^The  arrangement  of  sulphuric  acid,  for  instance,  is  as  follows : — 

560  :  601  =z  1-00  :  x 
^:'  '  «  =  0*91  (or,  more  conrectly,  0*91 1). 

<<  When  examining  acids,  it  is  most  advisable  to  use  that  multiple  of  the  unity  (ac- 
cording to  the  degree  of  concentration)  which  will '  expel  from  one  to  two  grammes  of 
earbonic  acid. 

^I,   SULPHOBIC  ACID. 


**  Unity  0*91  granunes  (or,  more  correctly,  0*911 
<«  Multiples  .— 

grammes 

2  X  0*911  =s    1*822  grammes. 

3  X  0*911  =    2*733 

u 

4  X  0*911  =:=    3*644 

w 

5  X  0*911  =    4*565 

u 

€  X  0*911  =r    5*466 

u 

7  X  0*911  ==    6*377 

u 

8  X  0*911  =    7*288 

€4 

9  X  0*911  =    8*199 

€€ 

10X0*911=    9*110 

U 

16  X  0*911  =  13*665 

U 

20  X  0*911  =  18*220 

U 

30  X  0*911  =  27*330       «  Ite. 

''Thus,  knowing  that  0*91  of  anhydrous  sulphuric  acid  will  expel  1*00  of  carbonic 
meid,  it  will  be  easy  to  determine  what  multiple  ought  to  be  used,  according  to  the  de- 
gree of  concentration  of  the  aetd  to  be  examined.''^ 

f 

III.   CHLOROMEnT, 

jtnd  tiu  tetiiHg  ef  Blade  Oxide  of  MamgameH  for  ite  avaiUMe  Oxygeiu 

The  value  of  manganese  may  be  estimated  very  exactly  by  measuring  the  quantity 
of  chlorine  which  a  given  weight  of  it  produces  with  hydrochloric  acid;  the  chlorine 
being  at  the  same  time  estimated  by  the  quantity  of  solution  of  green  sulphate  of  iron, 
which  it  will  peroxidize.  A  process  of  this  kind  was  long  ago  practised  with  diloride 
of  lime  (bleachiog  powder  or  liquor)  by  Dr.  Dalton ;  and  it  has  been  since  improved 
by  Mr.  Waltercmm.  As  the  conversion  of  two  atoms  of  green  sulphate  of  iron  into 
red  sulphate  requires  only  one  atom  of  oxygen,  this  change  may  be  effectiMl  by  the 
reaction  of  one  atom  of  chlorine  in  liberating  one  atom  of  oxygen,  while  this  appro- 
priates one  of  hydrogen  from  the  hydrochloric  acid. 

*  iV«v  Methods  of  AataKmetrv,  4e.,  pp.  99,  M. 

t  A  typographical  error  in  Mr.  Bauock'i  edition ;  it  should  he  orrftonie  meU. 

tlhw  Mtthod$  of  AOMmetryt  4c.,  pp.  lOS-105. 
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The  weight  of  2  atoms  of  green  suiphate  of  iron  ii  278  =  (139  X  2),  coaiiitiig  of  2 
atoms  of  protoxide  =  72,  X  2  of  sulphnnc  add  =  80.  X  14ofwater=  126;  ia  •11  =  278; 
and  this  weight  is  equivalent  to  36  of  chlorine,  to  8  of  oxygen,  and  to  44  of  peiwdde  of 
manganese.*  Therefore,  if  we  take  a  solation  of  copperas,  eontaiajng  278  gniai  is 
1,000  water  giain  measures,  that  Tolume  of  liquid  will  represent,  by  the  coarcniM  of 
its  protoxide  into  peroxide,  exactly  one  atom,  either  of  peroxide  of  inaagancw=44 
grains,  or  1  atom  of  chlorine  =  36.  Hence  the  following  plan  of  research  : — 
Into  the  flask  or  phial  c  of  my  chlorometric  apparatus  (Jig.  188),  put  100  gniai  ofthe 

manganese  to  he  tested,  and  into  the  globes  a,  b,  poar  osl 
of  an  alkalimetrical  tube  charged  with  1,000  giaia  measum 
of  the  above  equivalent  copperas  solution,  from  200  to  500 
grain  measures,  according  to  the  supposed  quality  of  the 
manganese ;  then  introduce  through  the  funnel  d,  some  hydro- 
chloric acid  of  known  specific  grarity  (suppose  I'l),  costBis- 
ing  nearly  20  per  cent,  of  chJorine,  also  firom  a  chirgcd 
alkalimetrical  tube,  and  apply  gentle  heat  to  the  bottom  of 
the  flask  by  placing  it  in  a  capsule  of  water  standing  orer 
a  spirit-lamp.  The  chlorine  evolved  will  rise  up  throurt 
the  tube/,  which  passes  merely  beyond  the  cork,  and  viQ 
enter  into  the  solution  in  b  and  a,  converting  it  into  red 
sulphate.  Have  ready  some  drr  paper  imbued  with  solotion 
of  red  ferrocyanide  of  potassium  (red  prussiate  of  iron). 
Dip  a  slip  of  whalebone  into  the  liquor  ia  the  globe  a, 
through  the  funnel  e  (represented  in  the  figure  rather  too 
high  above  the  globe),  and  touch  the  paper  with  its  point. 
As  long  as  it  forms  a  bine  spot,  some  of  the  iron  still  exists 
as  blade  oxide,  and  the  process  is  to  be  urged  by  the  ad- 
dition of  a  little  more  hydrochloric  add  to  the  manganese, 
as  long  as  chlorine  gas  continues  to  be  disengaged,  and  while 
it  maintains  the  level  of  the  liquor  in  a  above  that  ia  i. 
Whenever  the  liquor,  by  the  reaction  of  the  chlorine,  ccajcs 
to  stain  the  test-paper  blue,  more  of  the  solution  from  the 
graduated  tube  mast  be  added  till  it  begins  to  do  so.  By 
the  cautious  administration  of  the  hydrochloric  acid  on  the 
one  hand,  and  of  the  copperas  liquor  on  the  other,  the  tena 
of  saturation  will  be  arrived  at  in  a  few  minutes.  The 
manganese  has  then  produced  aH  the  chlorine  which  it  eas 
yield.  The  number  of  water  grain  measures,  of  the  liqaor, 
or  degrees  of  its  alkalimeter  scale  being  multiplied  by  44, 
will  give  a  product  denoting  the  per-centage  of  pure  manga- 
nese present  in  the  sample ;  or  being  multiplied  by  36,  a  product  which  will  deaotc 
the  quantity  of  chlorine  by  weight  which  100  grains  of  it  can  serve  to  generate. 

Since  one  atom  of  pure  manganese  (44  grains),  in  producing  36  grains  of  cUorisf, 
consumes  2  atoms  =  74  grains  of  hydrochloric  acid,  the  quantity  of  Uiis  ackl  expended 
from  the  graduated  tubes,  beyond  the  due  proportion  of  chlorine  obtained,  wiD  sbov 
how  much  of  the  acid  is  unprofitably  consumed  by  foreign  substances  in  the  manganese. 
In  fact,  every  grain  of  chlorine  should,  with-  pyrolusite,  be  generated  by  an  expenditnie 
of  little  more  than  2  grains  of  real  muriatic  acid,  or  10  grains  weight  of  the  dilute  acid,  = 
about  9  grain  measures  ofthe  graduated  tube.  Liquid  hydrochloric  acid  of  spec.  grar. 
1  '093  contains  in  1 ,000  grain  measures  exactly  200  grains  of  real  add.  Hence  100  snixa 
of  pure  pyrosulite  should  produce  about  82  grains  of  chlorine,  and  consume  about  1® 
of  real  muriatic  add  =  845  grain  measures  of  liquid  acid,  spec.  gniv.  1-093.  Instead 
of  taking  100  grains  of  monganese  as  the  testing  dose,  10  or  20  grains  may  be  takeo, 
according  to  the  dimensions  ofthe  apparatus  and  the  exactness  ofthe  operator. 

But  if  it  be  wished  to  obtain  direct  per-centage  of  mttnganeie  by  the  graduated  tabes 
without  the  trouble  of  reduction,  then  for  a  dose  of  10  grains  take  a  solution  of  fresh  greeo 
copperas  (free  from  adhering  moisture),  containing  632  grains  in  10,000  grain  measnm. 
Proceed  as  abore  directed.     If  the  manganese  be  a  pure  peroxide,  10  grains  of  il 


*  Berzelius,  in  the  4Ui  e<litlon  of  bis  Lehrbarh,  tatea  tbe  atom  of  the  gnm  anlphato  «f  bwi  (tanw 
sulphate)  at  190-43,  hydrogen  =>  J ,  and  considers  it.  after  Mltscherlich.  to  contain  only  6«ionsofwBter- 
1  liaTe  ascertained,  by  the  most  careful  experiments,  that  ft  contatna  7  atoms  of  water ;  and  that  138 
(pmins  of  it,  or  138*44  (Beraallus)  are  aqairalent  to  I  atom  of  chlorbarian,  and  to  very  naarly  4S  praia* 
of  peroxide  of  iron. 

This  remarkable  error  has  probably  arisen  from  an  attempt  to  measure  the  proportion  of  water  m  tbe 
aalt  from  ita  loss  of  weight  by  desiccation.    Bat  I  have  found  it  impoasiUe  br  thia  means  to  expel  man 

<P  '  ISiiP'"'  ^^  water  without  causinf  partial  decompoaition  of  the  aalt  by  dlsengagemeBt  of  solptaiic 

T\r^^  copperas  so  dried  acquires  such  an  affinity  for  water,  that  it  abaoite  fUly  -  -— 

weight  tof  moistnxe  from  the  atmosphere  in  the  course  of  an  hoar. 
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will  generate  as  mneli  ehloriae  as  will  perozidize  exactly  1,000  grain  meaaurea,  or  100 
degrees  by  the  teat-tube  of  the  copperas  solution.  But  if  the  manganese  contain 
only  40  or  50  per  cent,  of  peroxide,  then  40  or  50  centigrade  measures  of  the  said 
solution  will  be  equivalent  to  the  chlorine  evc^ved  from  it  by  the  reaction  of  hydro- 
chloric acid. 

If  the  object  is  on  the  other  hand  to  obtain  direct  indications  as  to  ekloriru,  then  ji 
test  solution  of  copperas,  containing  772  grains  in  10,000  grain  measures,  will  serve 
to  show,  by  the  peroxidizement  of  each  10  grain  measures,  or  of  one  degree  of  the  cen- 
testimal  scale  of  the  test-tube,  the  reaction  of  one  grain  of  chlorine  available  for 
bleaching,  &c.,  in  the  chloride  of  lime  or  of  soda,  &.c.  The  test  solutions  of  copperas 
should  be  kept  in  well-corked  bottles,  containing  a  little  powdered  sulphuret  of  iron  at 
their  bottom,  which  is  to  be  shaken  up  occasionally  in  order  to  preserve  the  iron  in  the 
state  of  protoxide. 

The  manganese  should  always  be  treated  with  dilute  nitric  acid  before  submitting  it 
to  the  above-described  ordeal;  and  if  it  exhibits  effervescence,  100  grains  of  it  should 
be  digested  with  the  acid  for  a  sufficient  time  to  dissolve  out  all  the  carbonates  present, 
then  thrown  upon  a  filter,  washed  and  dried  before  weighing  it  for  the  testing  opera- 
tion. The  loss  of  weight  thereby  sustained  denotes  the  per-centage  of  carbonates,  and 
if  calcareous  it  will  measure  the  waste  of  acid  that  would  ensue  from  that  source  alone, 
in  using  that  manganese  for  the  production  of  chlorine. 

That  maoganese  is  most  chlorogerums  which  contains  no  carbonates,  the  least  pro- 
portion of  oxide  of  iron,  and  of  sesquioxide  of  manganese. 

The  plan  of  testing  manganese  with  oxalic  and  sulphuric  acids  was  originally  prac- 
tised by  M.  Berthier  and  Dr.  Thomson,  but  is  lately  modified  by  Drs.  Fresenius  and 
Will,  who  employ  oxalate  of  potash,  as  likely  to  afford  more  exact  results.  They  pre- 
scribe a  multiple  by  3  of  993  miUi-grammes  ?=  2*979  grammes,  as  the  quantity  of 
manganese  best  adapted  to  experiment ;  but  this  quantity  will  not  be  found  convenient 
by  ordinary  British  operators. 

I,  therefore,  take  leave  to  prescribe  the  following  proportions :  Into  the  vessel  a 
of  my  twin-globe  apparatus  (jig,  185),  put  100  grains  of  the  ground  manganese  under 
trial,  along  with  250  grains  of  oxalate  of  potash  and  a  little  water ;  poise  the  whole  in 
the  scale  oif  a  balance;  then,  by  gentle  inclination,  cause  a  little  of  the  strong  sulphuric 
acid  to  pass  from  b  up  into  a.  The  oxygen  thereby  liberated  from  the  manganese, 
reacting  in  its  nascent  state  upon  the  oxalic  acid,  will  convert  it  into  carbonic  acid  gas ; 
which,  in  passing  through  b,  will  deposite  its  moisture  before  escaping  into  the  air. 
Whenever  the  extrication  of  gas  ceases,  after  such  a  quantity  of  oil  of  vitriol  has  been 
introduced  into  the  globe  a,  as  both  to  complete  the  decomposition  of  the  oxalic  acid 
and  to  heat  the  mixture,  withdraw  the  cork  for  a  moment,  to  replace  the  carbonic  acid 
with  air,  then  cool,  and  weigh  the  apparatus.  The  loss  of  weight,  in  grains,  will 
denote  the  per-centage  value  of  the  manganese ;  that  is,  the  proportion  per  cent, 
of  perfect  peroxide  in  the  sample.  If  the  manganese  be  pure  no  black  powder  should 
remain. 

The  preceding  experiment  is  founded  upon  the  following  principle:  One  atom  of 
peroxide  of  manganese  =  44,  contains  one  atom  of  oxygen  separable  by  sulphuric  acid, 
and  capable  of  converting  one  atom  of  oxalic  acid  into  two  atoms  of  carbonic  acid, 
also  =  44,  which  fly  off;  and  causQ  therefore  a  loss  of  weight  equal  to  that  of  the 
whole  peroxide.  To  one  atom  of  oxalic  acid,  which  consists  of  three  atoms  of  oxygen, 
and  two  of  carbon — if  one  atom  of  oxygen  be  added,  the  sum  is  obviously  four  atoms 
of  oxygen  and  two  of  carbon  =  2  atoms  of  carbonic  acid. 

The  apparatus  (fig.  187)  of  Drs.  Fresenius  and  Will  will  answer  perfectly  well  for 
making  the  same  experiment,  the  manganese  being  put  into  A,  with  about  two  and  a 
half  times  its  weight  of  oxalate  of  potash,  and  the  sulphuric  acid  being  drawn  over  into 
the  mixture  by  suction,  as  above  describeid. 

The  economy  of  any  sample  of  manganese  in  reference  to  its  consumption  of  acid,  in 
generating  a  given  quantity  of  chlorine,  may  be  ascertained  idso  by  the  oxalic  acid 
test:  44  grains  of  the  pure  peroxide,  with  93  grains  of  neutral  oxalate  of  potash, 
and  98  of  oil  of  vitriol  disengage  44  grains  of  carbonie  acid,  and  afford  a  eomi^ete 
neutral  solution ;  because  the  one  half  of  the  sulphuric  acid,  ^=  49  grains,  goes  to  form 
en  atom  of  sulphate  of  manganese,  and  the  other  half  to  form  an  atom  of  sulphate  of 
potash. 

The  deficiency  in  the  weight  of  carbonic  acid  thrown  off  wiU  show  the  defieieney  of 
peroxide  of  manganese ;  the  quantity  of  free  sulphuric  acid  may  be  measured  by  a  test 
solution  of  bicarbonate  of  potash,  and  the  quantity  neutralized,  compared  to  the  car- 
bonic gas  produced,  will  show,  by  the  ratio  of  98  to  44,  the  amount  of  acid  unprofitably 
consumed. 
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In  fig,  183,  the  tube,  d,  may  also  be  gradoated,  and  may  oontam  the  qmBtity  of 
acid,  for  the  purpose  either  of  alkalimetry  or  acidimetry ;  and  if  the  lower  orScc  he 
capillary,  it  will  allow  none  of  its  contents  to  flow  oat,  till  the  stopeock  in  the  lap 
orifice  is  opened. 

In  fig.  184,  such  a  tnbe  as  r  {fig.  183)  may  he  snhstitnted  with  adToitage  Ua 
the  funnel,  b  ;  and  as  that  tube,  d,  may  be  made  of  such  dimensions  as  to  eontaia 
enough  of  add  to  supersaturate  the  bases  af  the  carbonates  in  the  phial,  ▲,  there  will 
be  no  necessity  for  a  separate  ressel  to  hoM  the  decomposing  acid.  Thus  the  apparatns 
becomes  very  lip^ht,  convenient,  and  may  be  placed  in  the  small  scale  of  a  fine  balance; 
whereas  the  twin  matrasses  of  Dm.  Fresenius  and  WiH  {fig,  187),  as  lumiriied  bj  Mr. 
Bullock,  require  a  very  large  pan  or  scale  to  stand  in.  I  flatter  myself  that  the  in- 
strument, ^Eg.  184,  so  mouoted,  will  be  found  an  acceptaUe  present  to  practical  chem- 
ists, and  that  it  will  enable  them  readily  to  examine,  not  only  carbonates,  bnt  also 
manganese  and  bleaching  substances,  with  great  precision,  by  the  weight  c»f  carbonic 
acid  gas  disengaged,  on  the  principles  above  explained. 

Into  the  twin  globe  apparatus  {fig*  185),  after  the  suTphuric  add  is  poured  rat» 
B,  a  little  water  should  be  poured  into  c,  befbre  the  carbonate  is  introduced  into  the 
latter.  By  this  means,  the  capillary  throat  of  the  tube  under  a  wiR  not  be  apt  to  get 
choked  with  concrete  salt. 

The  following  quotations  are  from  the  work  of  Drs.  Fresenius  and  WiH,  as  edited 
by  Mr.  Bullock  for  the  English  reader.  An  accurate  comparison  nay  thus  be  made 
between  the  relative  utility  of  their  methods  and  mine  to  the  practice  of  ordinary 
operators : — 

'<  Section  XXXIV.  Examinati(m  of  Manganese :  having  at  ike  tamt  timtthte  regari 
to  the  amount  of  jScid  required  for  Us  complete  Decomposition, — ^We  have  -stated,  at 
Section  30,  that  it  is  not  a  matter  of  indifl*erence,  with  regard  to  the  amount  of  acid 
employed  in  the  production  of  chlorine  from  manganese,  what  are  the  minerals  which 
this  substance  contains  in  admixture  with  the  peroxide.  The  Ibllowing  nodificatieB 
of  our  method  will  .give  the  most  correct  information  on  this  point: — 

**  Sulphuric  acid  of  commerce  is  taken,  and  its  amount  of  anhydrous  acid  deter- 
mined, as  directed  at  Section  26,  or  by  means  of  an  accurate  hydrometer.  Of  this 
sulphuric  acid  as  much  is  weighed  into  a  {fig- 187),  as  to  give  an  amount  of  5-47 
grammes  of  anhydrous  acid. 

"  The  fbllowing  table  will  show  the  amount  which  ought  to  be  taken,  aeooiding  te 
the  various  degree  of  concentration  of  the  acid  : — 


Specific  weight 
found. 

Per-cenUge 
amount  of 
atthydious 
acid  found. 

Amount  to 
be  nsed  for 
the  exani- 
nation. 

specific  weight 
found. 

Per>cratage 
amount  of 
anhydiooa 
acid  found. 

Anount  to 
beueedfor 
th«  exMBi- 
natioiD. 

1*8485 

81-64 

6'708 

1-8336 

76-65 

7-136 

1*8480 

81X3 

6-742 

1-8313 

76-24 

7-174 

1-8475 

80-72 

6-776 

1-8290 

76-83 

7-213 

1-8467 

80-31 

6-811 

1-8261 

75-42 

7-252 

1-8460 

79-90 

6-846 

1-8233 

76-02 

7-291 

1-8449 

79-49 

6-881 

1-8206 

74-61 

7-331 

1-8439 

79-09 

6-916 

1-8179 

74-20 

7-371 

1-8424 

78-68 

6-951 

1-8147 

73-79 

7-412 

1-8410 

78-28 

6-987 

I-8I15 

73-39 

7-453 

1-8393 

77-84 

7-027 

1-8079 

72-97 

7-495 

1-8376 

77-40 

7067 

1-8043 

72-57 

7-537 

1-8356 

77-02 

T-101 

**  As  much  water  is  then  poured  into  a  as  will  fill  the  flask  to  about  one  fimiA; 
and,  lastly,  from  6-5  to  7  grammes  of  neutral  oxalate  of  potash,  or  from  5-5  to  6 
grammes  of  neutral  oxalate  of  soda,  are  added;  2*98  grammes  of  the  (finely-pomded) 
manganese  to  be  examined  are  then  weighed  (the  manganese  must  have  been  pre- 
Yiously  tested  for  carbonate  alkaline  earths :  compare^  this  section  at  the  end)  into  a 
small  glass  tube,  such  as  used  in  acidimetry,  and  described  in  Section  25.  About  the 
same  quantity  of  pure  pyrohisite>*  in  powder,  ia  then  put  into  another  similar  ntbe. 
The  tube,  with  the  manganese  to  be  examined,  is  then  suspended  in  a  {fig.  187),  aa 
described  at  Section  26,  and  the  apparatus  prepared,  as  directed  at  Section  3.    The 

*  "  Any  variety  ofpyrolirstte  wili  serve  this  purpose,  provided  it  be  free  front  other  man^uiese  ovea. 
If  i*"  contains  heavy  spar,  it  may  be  employed  directly ;  but  should  it  contain  alumina  or  bm».  it  mmtH 
be  treated  first  with  dilute  nitric  acid,  at  a  gentle  heat,  until  ail  soluble  parts  hare  been  dissoJTed :  il 
Is  then  washed  %iid  dried.  Artiiicially  prepared,  Uydrated  peroxide  of  man^nese  xoay  bo  nihntiTiifiA 
for  pyrolttsite  ' 
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mppvatai  it  then  placed  en  one  sctJe  of  a  balance^  together  with  the  other  little  tube 
containing  the  pyrosulite,  and  exactly  weighed. 

"  The  cork  of  a  is  then  somewhat  raised  to  allow  the  little  tube  with  the  manganese 
to  fall  into  the  flask.  The  evolution  of  carbonic  acid  commences  immcxliately,  and 
^ontinnes  until  all  the  manganese  is  decomposed.  When  the  operation  begins  to  get 
on  mote  slowly,  the  flask,  a,  is  placed  in  boiling  water,  and  allowed  to  remain  there 
ttntil  no  more  bubbles  appear.  The  little  wax-stopper  is  then  remoTed*  from  a,  the 
flask.  A,  taken  ont  of  the  hot  water,  and  suction  applied  to  dj  untO  the  sucked  air 
Castes  no  longer  of  carbonic  acid.  The  apparatus,  after  having  been  allowed  to  cool, 
is  wiped  dry,  and  replaced  in  the  original  scale,  where  the  little  tube  with  the  pyro- 
insite  still  remains;  weights  are  then  substituted  for  the  loss  of  carbonic  acid.  The 
number  of  centigrammes  required,  divided  by  three,  directly  indicates  the  per-centage 
amount  of  peroxide  of  manganese  iviie  Section  32).  The  centigrammes  substituted 
lor  the  loss  of  carbonic  acid  are  then  removed  from  the  balance,  and  the  little  tube 
with  the  pyrosuiite  is  thrown  into  a.  (The  little  wax-stopper  must  of  course  pre- 
viously be  replaced  on  a).  If  no  fresh  evolntton  of  carbonic  acid  takes  place,  the 
manganese  examined  consists  of  pure  pyrosuiite,  and  the  experiment  is  at  an  end.  But 
nhould  a  fresh  evolutiou  of  carbonic  acid  take  place,  the  operation  must  be  further 
conducted,  aud  brought  to  a  close,  exactly  as  just  stated  (vide  mprd).  The  apparatus 
is  then  replaced  on  the  balance,  with  an  additional  weight  of  three  grammes  on  the 
same  scale.  If  this  is  suffieient  to  restore  a  perfect  equilibriam,  no  loss  of  acid  has 
taken  place ;  the  manganese,  indeed,  contains  other  matters  in  admixture,  but  only 
«uch  as  do  not  consume  any  acid.  But  if  the  scale  with  the  apparatus  sinks,  this  is  n 
certain  sign  ihat  a  portion  of  the  acid  has  been  lost  by  eombiaing  with  the  oxides  which 
Che  manganese  under  examination  contains.  The  number  of  centigrammes  required 
Co  restore  the  perfect  equilibrnim  of  the  balance,  nultiplied  by  0*6114,  immediately 
indicates  bow  much  anhydrons  sulphnric  acid  has  been  wasted  in  the  decomposition  of 
100  parts  of  the  manganese  under  exaininatioau  The  same  number,  mnitiplied  by 
0*333,  indicates  the  amount  of  acid  wasted  in  eveiy  100  parts  of  sulphuric  ncid  em* 
ployed  for  the  decomposition  of  the  manganese  in  question.  The  same  nnmber,  multi- 
plied by  0*5552,  indicate  how  much  anhydrons  hydrochloric  acid  would  be  wasted  in 
the  decomposition  of  100  parts  of  the  mnagaaese.  The  same  nnmber,  multiplied  by 
0*333,  indicates  also  how  mnch  acid  would  be  wasted  in  every  hOO  puts  of  hydrochloric 
acid  employed  for  the  decomposition  of  the  fnaaganese. 

**  These  figures  result  from  the  following  equations  >— 
^I.  275  <eq.  of  carbonic  acid):  501  (eq.  of  solpharic  acid)  ssthe  carbonic  ncM  ob- 
tained mums  <in  proportion  to  the  snl^nric  ncid  need)  :  x. 

jrrrthis  enrbonk  acid  X  |^}^  i.  «.  X  1*822. 

Thus,  the  number  obtained  for  x  indicates  the  amoual  of  sulphuric  acid  corresponding 
Co  the  asMuat  of  carbonic  acid  obtained  tnina^. 

'*  IL  ^98  of  manganese:  10t=:r  of  equation  f. :  jr. 
«=arofI.  X^gf»t.  «.  XO*33557. 

**  The  j: of  the  first  equation  tells  us  how  much  sulphuric  acid  has  been  wasted  without 
contributing  to  the  decomposition  of '2*98  grammes  of  the  manganese;  the  jrof  the 
second  equation  tells  us  the  same  for  100  parts  of  manganese. 

<*  If,  therefore,  the  amount  of  carbonic  add  obtained  mimu  be  directly  multiplied  by 
Che  product  of  the  quotients  of  I.  and  11., 

1-622  and  ••335S7« 
i*.  e.  with  0*61141  (the  number  given  above),  the  amount  of  aahydrons  sulphuric  acid 
wasted  in  the  decomposition  of  every  100  paics  of  maagaaese  will  immedialely  be 
"found. 

*  nL  5*47  (the  amount  of  sulphnne  acid  nsed>8 
K>0=:the  £  of  L  s  c 
«=thex  of  I.  X  Uf ,  f.  c  X  0*1«2«2. 
*'  Of  5-47  of  sulphuric  acid,  the  x  of  I.  has  been  wasted,  JOO  oonresponds  to  the  a 

«fni. 

<<  The  X  of  III.  is,  therelore,  found  directly  by  multiplyHig  the  nnount  of  carbonic 
acid  obtained  miaiua  with  the  product  of  the  quotients,  1'822  and  0*18262,  t.  s.= 
«'33301. 

<<The  figures  for  hydrochloric  acid  are  found  in  the  jame  manner  (4*067  of  hydro- 
^loric  acid  must  be  taken  instead  of  5-47  of  the  sulphuric  acid).**f 


« '*  Thii  must  of  necesritylM  done  wliile  the  flaik  it  still  ttandfnf  in  th«  hot  wctacM  slss  tba  suV 
f>hiir1e  acid  wHl  recede  upon  the  sppftratut  beinc  remored  from  the  hot  w«ter.** 

tXcw  Meihedt  of  AlkaUmetm,  and  of  dtteimming  tko  CommtrcM  Fatar  •/  Addt  md 
B>' JDoL  £.  R.  Rreieniiu  «o4  H  wiiU    Sdiisd  ly  J.  Uo|yd  BuUock :  pp.  4tV10. 


BEER.  A  g^Dtlemwi  well  aeqiutinted  vilb  tbc  brewing  af  porter  ia  Jjiad**  tm 
hvored  me  wilb  tbe  foUowing  iafocinaluD. 

Etitaiia  Una  tia*  been  diKaDtinacd  b]r  the  Lomlon  ptiiler  bi«wen  uaee  tbe  cmplef- 
mcDt  of  black  nmlt,  which  is  prepand  by  rowliug  ia  Mtb  a  c^Undn  u  ooflee  ii  oibb^ 
Toaated  in  ovei  a  fire.  A  pFCuliaiflaTor  hai  xunetimM  beeo  lTiip»rt»it  bf  naiMg  maalcd 
harlej  ioatead  of  malt.  Tbe  usual  qaaatily  of  yeait  esiployed  in.  the  LoadMi  psnv 
breweriea  ia  from  5  to  T  lentba  percent.  Tbe  griil,aiit  ia  lechnical|r  teimed,  or  liar^e 
for  a  maBh-tan,  it  composed  of  from  f  to  4  P>k  malt,  aad  tbe  rest  <^  higb  dried  Hallt 
ofwbieh  aboQl  from  ^'j  to-g^j^  hlBck.  The  oil  orbircb  bark  ii  nottued  by  bb;  reipeet- 
■blebrewera  iathis  coaalry.  Tbe  proportion  of  bopi  for  danble  itoat  ia  Kblam  aMK 
than  16  poanda  to  the  8  bushels  of  malt. 

FLAX.  The  uw  rorini;  machine,  called  by  the  ingeiiiMi  inrcntor,  Mr.  W.  E. 
WcaLky,  of  Leeda,  the  Sutm  Rovma  Fhami,  •cemi  to  be  a  jAUuopkieai  ndmffiaa 
happily  dnwn  fixjm  the  nalnre  of  lie  material  itaelf,  aad  aeeammodatcd  to  iu  pccaliaT 
coDBtitDtioo.  It  ia  rcmatkaMe  for  tbe  iimplicit?  oi  its  eonitnieUon,  aid,  at  the  a^ae 
time,  for  iti  comprthenaireuesa ;  rcqairiajt  ao  nicety  of  adjaalneit  ib  it*  apptioiica, 
and  no  tediooa  apprealiceship  to  be  able  to  wotk  it. 

Il  k  knvwn,  that  the  gtalinoai  matter  of  the  plaat  may  fce  lofteBcd  b;  water,  aad 
banleaed  again  by  heat ;  of  this  fact  adiaBtage  i>  taken,  in  order  to  predaee  a  rariag 
wholly  witboal  Iwist ;  that  ia,  in  the  forra  of  a  riband  w  (liver,  in  which  the  Gbrei  are 
held  logelber  by  the  glatinoua  Matter  which  may  be  oatuial  to  IboD;  at  which  mkt, 
tor  thai  purpose,  he  artificially  applied.  The  sliver  roriag,  ai  long  >a  il  reaaaiaa  dry, 
poe»easea  all  reqnisile  teaacily,  and  IJeely  unwinds  from  the  bobbin,  bat  on  becomiag 
^ain  wetted  in  tbe  spinning  lraHie,it  readily  admits,  with  a  slight  force,  of  beug  dnw> 
into  Tarn,  preserving  the  fibres  quite  pwaOel. 

Th«  diagmntjlj.  190,  shows  lb  cxpUaatiom,  that 

A,  is  tbe  drawing  roller  <^  the  muc 
firaiBe  in  front  of  ^e  usnal  comb. 

B,  Ihe  pressing  drawing  roller. 
G,  a  shallow  trongh  of  water. 

D,  a  eyKnder  heated  by  steam. 

E,  a  plain  iron  roller  lor  windsag. 

F,  a  bobbin  lying  loose  upon  tke 
wnding  roller,  and  revolviBg  apwa  it, 
by  the  fHction  oTiti  ow>  weicht. 

Tbe  roTing,  or  sBreT,  as  shown  hj 
the  dotted  line,  after  traving  the  draw> 
ing  rollers  A  B,  passe*  throagh  tke 
water,  in  the  Irowh  C,  which  softcaa 
the  glutea  of  the  Itrea  ;  and  then  it  it 
earned  roaad  by  the  steam  cytindetD, 
which  Aies  it,  aad  deli*en  il  baid  tad 
tenacnaa  to  the  bobbin  F,  on  which  it 
H  wonnd  b;  the  action  of  tbe  rvller  E. 
T^is  h  the  wfiate  af  the  mechanism  reqnired  in  piadacing  the  afinr  raring.  All 
de  FoBplel  ttrrBngementa  oTlhe  eonunon  eane  roving  are  anperseded,  and  tbe  aiaebiae 
at  OBee  becamat  incomparably  mare  duraUe,  and  eaaier  la  manatgc;  rcqniiing  aalj 
half  the  matire  power,  and  occopying  onl]'  half  the  room.  A  frame  of  48  bobbjna  i 
oalf  fi  &et  lon^  and  afforda  cavingi  sufficieol.  to  suppl;  1,S0Q  apinning  scindle*. 


.]  FLAX. 

The  machine  is  taj  general  in  its  application,  being  equally  well  adapted  for  hea^y 
as  for  fine  rorings. 

In  making  a  roving  in  the  vsoal  way,  the  twist,  in  addition  to  other  eircumstanecs^ 
sets  a  limit  to  the  degree  to  which  a  materal  of  a  given  fineness  may  be  roved ;  be- 
eause  the  quantity  of  twist  required  to  give  a  roving  the  necessary  cohesion,  increases 
in  proportion  as  the  number  of  fibres  composing  that  roving  diminishes,  till  it 
accumulates  to  such  a  degree,  that  the  fibres  are  prevented  firom  drawing  regularly, 
or,  if  drawn,  are  broken  and  scattered  by  the  violence  of  the  action.  It  is  impos- 
sible, therefore,  to  make  a  light  roving,  good  for  anything,  out  of  a  coarse  material ; 
but  in  the  sliver  roving,  there  is  no  difficulty  in  making  a  roving  of  almost  any 
fineness,  with  little  reference  to  the  quality  of  the  material  employed,  because,  while 
one  fibre  can  be  glued  to  another  by  any  portion  of  its  extremity,  a  roving  may 
be  made. 

It  becomes  easy,  with  a  sliver  roving,  to  use  a  double  or  triple  roving  on  the  spin- 
ning frame.  The  great  advantage  of  this  practice  has  long  been  well  known,  and 
acted  upon,  in  the  spinning  of  cotton ;  but  in  that  of  flax,  it  has  hitherto  been  un- 
attainable :  yet  the  vast  benefit  to  be  expected,  from  doubling  on  the  spinning 
frame  all  the  equalization  of  the  previous  preparation,  is  too  sdf-evident  to  be  insisted 
upon. 

The  sliver  roving,  made  however  fine,  is  perfectly  solid,  tenacious,  and  compact ;  no 
fibres  in  it,  when  once  laid  straight,  can  afterward  be  rufiled  or  disturbed ;  and,  as 
they  are  placed  in  the  yam  in  the  exact  position  in  which  they  leave  the  combs,  being 
kept  straight  without  any  rufiling  or  tangling  from  twist,  the  inelastic  nature  of  the 
material  is  not  injured,  and  the  yam  acquires  a  superior  lustre,  roundness,  and 
strength. 

The  sliver  roving  is  drav^n  with  less  force  than  the  twisted  roving,  and  is  therefore 
less  liable  to  make  snarU  in  the  yam ;  while  it  has  another  advantage  arising  from  the 
absence  of  twist.  The  fibres  of  flax  and  tow  being  various  in  length,  a  uniform  twist 
upon  them  will  naturally  retain  the  longer  fibres  more  efiectuaily  than  the  shorter 
ones,  which  will  hence  have  a  tendency  to  run  into  thick  places  In  the  yarn.  From 
this  inconvenience  the  sliver  roving  is  completely  free. 

In  the  spinning  frame,  there  is  also  a  benefit  derived  from  the  bruising  action  of  the 
detaining  roller :  the  pressure  is  supposed  to  split  the  fibres  laterally,  and  thereby  make 
them  finer,  in  the  same  way  as  a  board  would  be  split  by  being  passed  through  iron 
rollers,  under  a  pressure ;  but  it  is  evident  that  in  a  twisted  roving  a  portion  of  each 
fibre  must  escape  this  action,  by  winding  round  the  body  of  the  roving,  and,  con- 
sequently, the  fibres  can  be  but  partially  split.  By  this  circumstance,  in  addition  to 
the  direct  loss  of  benefit,  a  new  and  serious  evil  is  created ;  a  fibre  split  has  always,  in 
the  split  portion,  one  end  longer  than  another,  and  the  longest  end,  of  course,  arrives 
first  at  the  drawing  rollers.  Now,  if  the  fibre  be  only  partially  split ;  if  that  portion 
whose  end  arrives  first  be  not  wholly  separated  from  the  rest  of  the  fibre ;  it  follows, 
that  when  the  longer  end  is  seized  by  the  drawing  rollers,  the  shorter  end  will  be  drawn 
into  a  knot,  or  thickening ;  because  its  fore  end  is  still  held  back  by  the  adhesion  of  its 
contiguous  fibres,  while  its  back  end  is  drawn  forward,  by  being  still  attached  to  its 
original  fibre.  In  the  sliver  roving,  the  fibres,  being  perfectly  straight  and  parallel,  are 
exposed  to  the  bruising  of  the  rollers  equally,  and  are  split  uniformly  and  entirely  firom 
end  to  end. 

The  sliver  roving,  being  so  much  simpler  in  constraction  than  any  other,  is  capable 
of  mnning  quicker ;  but  if  running  only  at  the  same  speed,  it  will  produce  from  25  to 
30  per  cent,  more  work,  because  it  is  never  stopped  in  order  to  be  defied.  The  bobbins 
are  so  placed,  that  the  attendant  has  only  to  remove  a  filled  bobbin,  and  replace  it  with 
an  empty  one,  without  the  slightest  interraption  to  the  progress  of  the  machine. 
Owing  to  this  circumstance,  the  attendant  is  provided  with  an  easy  and  uniform  em- 
ployment for  her  time,  instead  of  occasionally  doing  nothing,  and  again  hurrying 
through  the  labor  of  doffing ;  and  the  work  also,  being  simpler,  may  be  performed  by 
cheaper  hands. 

It  must  be  noted  that  doffing  is  of  frequent  occurrence,  especially  in  heavy  numbers, 
and  occupies  much  time  where  one  person  has  to  dofi"  a  great  many  spindles,  and  it  is  often 
inconvenient,  where  other  hands  are  called  from  their  work  to  assist :  but  it  is  not  only 
in  doffing  that  time  is  lost ;  it  is  in  wiping,  picking,  and  oiling  the  numerous  fiyers 
and  spindles  carefuUy,  and  which  should  not  be  hurried;  and,  moreover,  when  the 
machine  requires  thorough  cleaning,  the  complication  of  its  mechanism  materially  in- 
ereases  the  loss  of  time  as  well  as  expense ;  so  that  the  saving  effected  by  not  stopping 
the  frame  to  doff  becomes  very  considerable,  and  soon  repays  the  whole  cost  of  the 
machine. 


8M  FLAX.  [. 

£ach  bobbin  has  in  faet  iU  own  regulating  motion,  independent  of  the  nal;  and 
this  18  at  all  times  eorrect,  without  reqoirlng  any  fresh  adjustment  or  adapCatfan  in 
different  thicknesses  of  roving,  wnaWing  the  spinner  to  rove  at  the  same  time,  on 
the  same  frame,  as  many  sorts  or  thicknesses  of  roving  as  there  are  bobbins  in  a 
firame;  whereas  on  the  common  machine  he  is  compelled  to  rove  but  one  son  or 
thickness  at  a  time ;  and  whenever  he  alters  the  sort,  the  mechanism  reqnircs  a  Ireah 
acliastment,  involving  the  chances  of  error,  and  attended  withloasof  time  and 
material. 


[ 


•'V 


